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SECTION 02 41 19 
SELECTIVE DEMOLITION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Selective demolition of existing building elements to prepare for new construction. 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Coordinate utility and building service interruptions with Owner. 

1. Notify Owner seven days, minimum, before disrupting building fire protection and life 
safety systems.  

2. Schedule tie-ins to existing systems to minimize disruption. 
3. Coordinate Work so fire protection and life safety systems remain continuously 

operational in occupied areas. 

B. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting one week, minimum, before starting Work of this Section. 

C. Owner will conduct salvage operations before demolition begins to remove materials Owner 
chooses to retain. 

D. Schedule Work to coincide with new construction. 

E. Cooperate with Owner in scheduling noisy operations and waste removal that may impact 
Owners operation and occupancy of adjoining spaces. 

1.3 ACTION SUBMITTALS 

A. Shop Drawings: 

1. Indicate demolition sequence. 
2. Indicate location of items designated for reuse or Owner's retention. 
3. Indicate location and construction of temporary partitions. 

B. Demolition Schedule: Indicate overall schedule and interruptions required for utility and 
building services. 
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1.4 CLOSEOUT SUBMITTALS 

A. Project Record Documents: Accurately record actual locations of  capped utilities, concealed 
utilities discovered during demolition, and subsurface obstructions. 

1.5 FIELD CONDITIONS 

A. Conduct demolition to minimize interference with adjacent building areas. 

B. Cease operations immediately if structure appears to be in danger and notify Architect. Do not 
resume operations until directed. 

PART 2 - PRODUCTS - NOT USED 

PART 3 - EXECUTION 

3.1 GENERAL REQUIREMENTS 

A. Comply with the following reference standards: 

1. ANSI/ASSP A10.6. 
2. NFPA 241. 

B. Conform to applicable code for demolition work, dust control, products requiring electrical 
disconnection and re-connection. 

C. Perform Work in accordance with State of New Jersey standard. 

3.2 PREPARATION 

A. Notify affected utility companies before starting work; comply with requirements. 

B. Mark location and termination of utilities. 

C. Erect, and maintain temporary barriers and security devices, including warning signs and lights, 
and similar measures, for protection of  the public and the Owner. 

D. Erect and maintain weatherproof closures for exterior openings. 

E. Erect and maintain temporary partitions to prevent spread of dust, odors, and noise to permit 
continued Owner occupancy. 

F. Prevent movement of structure; provide temporary bracing and shoring required to ensure safety 
of existing structure. 

G. Provide appropriate temporary signage including signage for exit or building egress. 
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H. Do not close or obstruct building egress paths. 

3.3 SALVAGE REQUIREMENTS 

A. Coordinate with Owner to identify building components and equipment required to be removed 
and delivered to Owner. 

B. Tag components and equipment Owner designates for salvage. 

C. Protect designated salvage items from demolition operations until items can be removed. 

D. Carefully remove building components and equipment indicated to be salvaged. 

E. Disassemble as required to permit removal from building. 

F. Package small and loose parts to avoid loss. 

G. Mark equipment and packaged parts to permit identification and consolidation of components of 
each salvaged item. 

H. Prepare assembly instructions consistent with disassembled parts. Package assembly 
instructions in protective envelope and securely attach to each disassembled salvaged item. 

I. Deliver salvaged items to Owner. Obtain signed receipt from Owner. 

3.4 DEMOLITION 

A. Conduct demolition to minimize interference with adjacent building areas. 

B. Maintain protected egress from and access to adjacent existing buildings at all times. 

C. Do not close or obstruct roadways or sidewalks without permits. 

D. Disconnect and remove designated utilities within demolition areas. 

E. Cap and identify abandoned utilities at termination points when utility is not completely 
removed. Annotate Record Drawings indicating location and type of service for capped utilities 
remaining after demolition. 

F. Demolish in orderly and careful manner. Protect existing improvements. 

G. Carefully remove building components indicated to be reused. 

1. Disassemble components as required to permit removal. 
2. Package small and loose parts to avoid loss. 
3. Mark components and packaged parts to permit reinstallation. 
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4. Store components, protected from construction operations, until reinstalled. 

H. Remove demolished materials from site except where specifically noted otherwise. Do not burn 
or bury materials on site. 

I. Transport friable and dusty demolished materials through building in enclosed containers. 

J. Remove materials as Work progresses. 

END OF SECTION 
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SECTION 04 20 00 
UNIT MASONRY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results: 

1. Load-bearing CMU walls 

B. Principal Products: 

1. Concrete masonry units 
2. Joint reinforcement. 
3. Reinforcing bars 
4. Mortar and grout 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meeting: 

1. Conduct meeting one week, minimum, before starting Work of this Section. 

1.3 ACTION SUBMITTALS 

A. Product Data. 

B. Shop Drawings. 

1. Masonry Units: Shapes, sizes, profiles, and coursing. 
2. Reinforcing Steel: ACI 315, show placement of bars in masonry, including elevations of 

walls.  

1.4 INFORMATIONAL SUBMITTALS 

A. Certificates: Data substantiation compliance with requirements for the following: 

1. Structural Masonry: Net-area compressive strength. 
2. Mortar and Grout: Mix designs for compressive strength. 

B. Installer Qualification Statements: Evidence of passing International Masonry Institute upgrade 
training. 
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1.5 QUALITY ASSURANCE 

A. Qualifications: 

1. Grout and Reinforcing Installers: Workers who have completed International Masonry 
Institute grouting and reinforced masonry upgrade course. 

B. Preconstruction Testing: Test each product. Complete testing 30 days, minimum, before 
scheduled field installation. 

1. CMU: Compressive strength, per ASTM C140. 
2. Mortar (Property Specification): Compressive strength, per ASTM C109/C109M. 
3. Grout: Compressive strength, per ASTM C1019. 

C. Mockup: Construct full thickness masonry wall containing all components required for finished 
construction.  

1. Mockup Size: 60 inches long by 60 inches high. 
2. Demonstrate the following: 

a. Supporting structure. 
b. EIFS System - See Section 07 24 00. 
c. Tooled mortar joints. 
d. Flashing. 

3. Approved mockup establishes work results standard. 
4. Remove mock up when Architect directs. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Handling Requirements: 

1. Masonry Units: Store elevated above grade, protected from precipitation and stormwater 
runoff. Do not use wet units. 

2. Mortar and Grout: Store elevated above grade, protected from moisture. Do not use 
materials that have become damp. 

1.7 FIELD CONDITIONS 

A. Cold Weather: Comply with TMS 602 requirements. 

1. Do not use frozen or frost-damaged materials. 

B. Hot Weather: Comply with TMS 602 requirements. 
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PART 2 - PRODUCTS 

2.1 CONCRETE MASONRY UNITS 

A. CMUs: ASTM C90. 

1. Net Area CMU Compressive Strength: 2000 psi, minimum. 
2. Density Classification: Normal weight. 
3. Nominal Size: 8 inches high by 16 inches long; 12 inches wide. 

2.2 MORTAR AND GROUT 

A. Portland Cement: ASTM C150/C150M, Type I. 

1. Cold Weather Applications: Type III. 
2. Color: White. 

B. Hydrated Lime: ASTM C207, Type S. 

C. Grout Aggregate: ASTM C404, coarse. 

D. Water: Potable, free of substances that cause discoloration or adversely affect mortar setting or 
strength. 

E. Mortar Mixes: 

1. Mortar: Portland cement-lime mortar, ASTM C270, Proportion Specification. 
2. Mortar Compressive Strength: 

a. Structural Masonry: Mortar type required to provide masonry compressive strength 
shown on Drawings. 

3. Admixtures: Containing no calcium chloride. 

F. Grout Mixes: 

1. Masonry Grout: ASTM C476, complying with Table 1.15.1 in TMS 602 for dimensions 
of grout spaces and pour height. 

2. Grout Compressive Strength: Match F'm compressive strength of wall. 
3. Slump: 8 to 11 inches per ASTM C143/C143M. 

2.3 STEEL MATERIALS 

A. Stainless Steel Wire: ASTM A580/A580M, Type 316. 

B. Stainless Steel Sheet: ASTM A666, Type 316. 

C. Stainless Steel Anchors: ASTM F593 and ASTM F594, Alloy Group 2. 
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2.4 REINFORCING STEEL 

A. Reinforcing Steel: ASTM A615/A615M, 60 ksi, deformed billet bars, uncoated finish. 

1. Rebar Positioners: Preformed stainless steel wire positioned in mortar beds to support 
reinforcing steel. 

a. Manufacturers and Products: 

1) Heckmann Building Products 376. 
2) Hohman & Barnard RB Series. 
3) Wire-Bond O-Ring Series. 

2.5 JOINT REINFORCEMENT 

A. Joint Reinforcement: ASTM A951/A951M. 

1. Exterior Walls: Stainless steel. 
2. Side Rod Wires: 0.148 inch diameter. 
3. Cross Rod Wires: 0.148 inch diameter. 
4. Length: 10 feet, minimum. 
5. Corners: Prefabricated or field-fabricated. 

B. Masonry Joint Reinforcement: Ladder type. 

1. Manufacturers and Products: 

a. Heckmann Building Products #1100. 
b. Hohmann & Barnard 220 Ladder Mesh. 
c. Wire-Bond Ladder 2 Wire. 

2.6 SHEET METAL FLASHING 

A. Stainless Steel Flashing: 

1. Stainless Steel Sheet: ASTM A240, Type 304, 0.016 inch thick. 
2. Solder: ASTM B32, Grade Sn60, type recommended by flashing manufacturer. 

B. Flashing Fabrication: Cut and form flashing as follows: 

1. End Dams: Extend flashing 6 inches minimum beyond lintels and turn up 2 inches 
minimum. 

2. Drip Edges: Extend flashing through veneer, turn down 45 degrees and hem edge. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify field conditions are acceptable and are ready to receive Work. 

1. Verify foundations are within specified tolerances. 
2. Verify reinforcing is properly placed. 
3. Verify rough-in for piping and electrical systems are properly placed. 

3.2 PREPARATION 

A. Coordinate placement of anchors provided under other Sections. 

3.3 INSTALLATION - GENERAL 

A. Maintain masonry courses to uniform dimension. Form vertical and horizontal joints of uniform 
thickness. 

B. Use full size units unless cutting is unavoidable. Cut units to provide clean, sharp, unchipped 
edges. Conceal cut edges wherever possible. 

C. Protection During Installation: Cover open masonry walls, projections, and sills when work is 
not in progress, utilize waterproof membrane. 

1. Extend protection 24 inches, minimum, on both sides of wall. 

D. Stain Prevention: Immediately remove mortar and soil. 

1. Protect in place construction below work from mortar droppings. 
2. Protect walls from rain water splashing up from ground or scaffold. 

3.4 CONCRETE MASONRY UNITS 

A. Coursing: 

1. Bond: Running. 
2. Mortar Joints: Concave. 

B. Joint Reinforcement Placement: 

1. 16 inch intervals. 
2. First and second course below top of walls. 
3. Above and Below Openings: Installed in first and second courses, 16 inches minimum 

each side of opening. 
4. Corners and Intersections: Reinforced with prefabricated units or field-formed units. 

C. Reinforcement and Grouting: Follow TMS 602. 
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1. Grouted Components: See Drawings. 

a. Support and secure reinforcing bars from displacement. 
b. Place and consolidate grout fill without displacing reinforcing. 
c. At bearing locations, fill masonry cores with grout for minimum 12 inches both 

sides of opening. 

2. Grout Pour Height: 60 inches, maximum.  

3.5 FLASHING, WEEPS, AND DRAINAGE 

A. Flashing: Install flashing where shown on Drawings and at obstructions to downward flow of 
water in wall. 

B. Rigid Sheet Metal Flashing: 

1. Extend flashing horizontally through EIFS, extend out beyond face and turn down and 
hem to form continuous drip edge. 

2. Turn flashing up backup construction, 8 inches minimum and secure in termination bar. 

3.6 LINTELS 

A. Install lintels over openings. 

3.7 FIELD QUALITY CONTROL 

A. Testing and Inspecting: Owner will engage inspectors to perform tests and inspections and 
prepare reports. Allow inspectors access to work areas.  

1. Retesting of Failed Tests: Performed at Contractor's expense. 
2. Do not begin construction until inspectors have verified compliance of materials. 
3. Do not use materials that fail tests and inspections. 

B. CMU Compressive Strength Test: ASTM C140. 

C. Mortar Tests: Test each mix provided per ASTM C780 to determine the following: 

1. Mortar Aggregate Ratio. 
2. Air Content. 
3. Consistency. 
4. Board life. 

D. Grout Compressive Strength Test: ASTM C1019. 

3.8 REPAIRING AND POINTING 

A. Repairing and Replacing: 
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1. Remove and replace chipped, broken, or stained units. 
2. Remove and replace units that do not match adjacent units. 
3. Set replacement units in fresh mortar; point to eliminate evidence of replacement. 

B. Pointing: Enlarge voids and holes and fill with mortar. Point joints to provide neat, uniform 
appearance. 

3.9 CLEANING 

A. In Progress Cleaning: Dry brush to remove excess mortar before tooling joints. 

B. Final Cleaning: Clean exposed masonry as follows: 

1. Allow mortar to set and cure. 
2. Scrape to remove excess mortar. 
3. Clean decorative concrete masonry by bucket-and-brush hand-cleaning method per BIA 

Technical Note 20. 

END OF SECTION 
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SECTION 05 50 00 
METAL FABRICATIONS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Miscellaneous metal supports and lintels 
2. Roof access ladders 
3. Bollards. 

B. Principal Products 

1. Aluminum crossover ladders 
2. Miscellaneous steel supports and framing. 
3. Stair nosings 
4. Concrete-clad steel bollards. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Metal nosings for stairs. 
2. Manufactured ladders and bollard covers. 

B. Shop Drawings: Layouts, details, connections, anchorages.  

1. Ladders. 
2. Bollards. 

C. Samples: 

1. Stair Nosings: 6 inch long section. 

1.3 QUALITY ASSURANCE 

A. Welding Qualifications: Provide copies of welder certificates as informational submittals if 
requested by Architect. 

1. Steel Fabrications:  AWS D1.1, Structural Welding Code - Steel. 
2. Aluminum Fabrications: AWS D1.2, Structural Welding Code - Aluminum. 
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1.4 FIELD CONDITIONS 

A. Existing Conditions: Verify field measurements before fabrication. Show field measurements 
on Shop Drawings. 

PART 2 - PRODUCTS 

2.1 MATERIALS - STEEL 

A. Steel Structural Wide Flange Shapes: ASTM A992. 

B. Steel Hollow Structural Sections: ASTM A500, Grade B. 

C. Other Steel Structural Shapes: ASTM A36. 

D. Steel Plates: ASTM A36 or A572, Grade 50. 

E. Steel Pipe: ASTM A53, Grade B. 

F. Steel Sheet: ASTM A653, Grade 33 Structural Quality, G40 galvanizing. 

G. Steel Bolts: ASTM A307, Grade A or B, heavy hex style. 

1. Finish: Hot dip galvanized. 

H. Steel Nuts: ASTM A563, types appropriate for bolts 

1. Finish: Hot dip galvanized. 

I. Welding Materials: AWS D1.1, types as required for materials being welded. 

2.2 MATERIALS - ALUMINUM 

A. Extruded Aluminum: ASTM B221, Alloy 6063, Temper T5. 

B. Aluminum Sheet: ASTM B209, Alloy 6063, Temper T6. 

C. Aluminum Drawn Seamless Tubes: ASTM B210, Alloy 6063, Temper T6. 

D. Aluminum Bars: ASTM B211, Alloy 6063, Temper T6. 

E. Bolts, Nuts, and Washers for Aluminum Components: Stainless steel, Type 316. 

F. Welding Materials: AWS D1.2, types as required for materials being welded. 

2.3 MISCELLANEOUS MATERIALS 

A. Post-Installed Anchors: Torque controlled expansion or chemical anchors. 
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1. Material: Stainless steel. 

B. Anchors for Embedment in Concrete: Wedge type for adjustable bolt location; malleable iron or 
cast steel. Supply bolts, washers, and shims with ASTM F2329 hot-dip galvanized finish. 

C. Shop Primer: primer specified in Section 09 90 00. 

D. Zinc Rich Primer: SSPC Paint 20, Type II Organic. 

E. Separation Coating: Bituminous paint; SSPC-Paint 12. 

F. Stair Nosings: Extruded aluminum with slip-resistant epoxy-quartz abrasive inserts. 

1. Manufacturers: 

a. Balco. 
b. Wooster Products, Inc. 
c. Nystrom. 

2. Length: Tread width minus 4 inches. 
3. Configuration: Single component, cast-in fasteners. 
4. Aluminum Finish: Mill. 
5. Insert Color: Architect selected. 

2.4 FABRICATION - GENERAL 

A. Fit and shop assemble items in largest practical sections, for delivery to site. 

B. Fabricate items with joints tightly fitted and secured. 

C. Seal joined members by continuous welds. 

D. Grind exposed joints flush and smooth with adjacent finish surface. Make exposed joints butt 
tight, flush, and hairline. Ease exposed edges to uniform small radius. 

E. Exposed Welded Joints: NOMMA Guideline 1 Joint Finish 3. 

F. Exposed Mechanical Fastenings: Flush countersunk screws or bolts; unobtrusively located; 
consistent with design of component, except where specifically noted otherwise. 

G. Supply components required for anchorage of fabrications. Fabricate anchors and related 
components of same material and finish as fabrication, except where specifically noted 
otherwise. 

H. Tolerances: 

1. Squareness: 1/8 inch maximum difference in diagonal measurements. 
2. Face Offset: 1/16 inch, maximum. 
3. Misalignment of Adjacent Members: 1/16 inch, maximum. 
4. Bow: 1/8 inch in 48 inches, maximum. 
5. Plane: 1/8 inch deviation in 48 inches, maximum. 
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2.5 FABRICATION - LINTELS 

A. Loose Steel Lintels: Steel sections, size and configuration shown on Drawings, length for 
minimum 8-inch bearing on both sides of opening. 

B. Finishes: 

1. Exterior Walls: Galvanized and shop primed. 
2. Interior Walls: Shop primer. 

2.6 FABRICATION - OVERHEAD DOOR FRAMES 

A. Frames: Steel channels with minimum 4 adjustable jamb anchors.  

1. Finish: Galvanized and shop primed. 

2.7 FABRICATION - BOLLARDS 

A. Bollards: Schedule 40 steel pipe. 

1. Diameter: 6 inches. 
2. Fill metal-capped bollards with concrete. Cure concrete minimum 7 days before 

installation. 
3. Anchorage: Sleeves embedded in concrete or cored holes. 
4. Finish: Galvanized. 

B. Concrete Fill: 3,000 psi concrete. 

C. Precast Concrete Bollard Covers: Fabricated with sleeves for installation over steel pipe 
bollards. 

1. Size: 12 by 12 inches square, 36 inches tall, flat top. 
2. Reveal: 1 by 1 inch all four sides, 4 inches from top of bollard 
3. Color and Finish: See Drawings. 

2.8 FABRICATION - LADDERS 

A. Manufactured Parapet Crossover Ladders with Platform and Return: OSHA 1926.1053; 
Aluminum. 

1. Manufacturers: 

a. Alaco Ladder Company 565-PRPC 
b. O'Keefe's, Inc. Model 503 
c. Royalite ELL Series. 

2. Side Rails: Aluminum channels with cover plates. 
3. Rungs: 1-1/4 inch square serrated extruded aluminum spaced 12 inches on center. 
4. Platform: Serrated treads. 
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5. Aluminum Finish: Mill or clear anodized. 

2.9 STEEL FINISHES 

A. Prepare surfaces to be primed per SSPC SP 2. 

B. Clean surfaces of rust, scale, grease, and foreign matter before finishing. 

C. Do not prime surfaces in direct contact with concrete or where field welding is required. 

D. Galvanizing: ASTM A123; hot dip galvanize after fabrication. 

E. Prime paint items in fabrication shop with one coat 

F. Galvanizing for Fasteners, Connectors, and Anchors: 

1. Hot-Dipped Galvanizing: ASTM A153. 

2.10 ALUMINUM FINISHES 

A. Aluminum: Mill finish. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean and strip primed steel items to bare metal where site welding is required. 

B. Supply items required to be cast into concrete or embedded in masonry with setting templates to 
appropriate installers. 

C. Apply separation coating to aluminum surfaces contacting dissimilar metals, concrete, and 
masonry. 

3.2 INSTALLATION 

A. Install items plumb and level, accurately fitted, free from distortion or defects. 

B. Separate dissimilar exterior metals with non-absorptive gaskets. 

C. Make provisions for erection stresses. Install temporary bracing to maintain alignment, until 
permanent bracing and attachments are installed. 

D. Fasten work rigidly and securely to supports. 

E. Field weld components per AWS D1.1. 
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F. Obtain Architect approval before site cutting or making adjustments not scheduled. 

G. After erection, touch up welds, abrasions, and damaged finishes with prime paint or zinc-rich 
paint to match shop finishes. 

H. Miscellaneous Framing and Supports: 

1. Attach supports rigidly and securely to building structural elements. 
2. Brace overhead support framing to prevent movement of supported items. 

I. Bollards: 

1. Anchor bollards in sleeves or cored holes with anchorage cement or non-shrink grout. 
Slope cement or grout 1/4 inch. 

2. Fill bollards with concrete.  

3.3 INSTALLATION TOLERANCES 

A. Plumb: Maximum 1/4 inch deviation per story or for every 12 ft in height, whichever is greater; 
non-cumulative. 

B. Alignment: Maximum 1/8 inch offset. 

C. Position: Maximum 1/4 inch deviation. 

3.4 ADJUSTING 

A. Clean and touch up damaged primer paint with same product applied in shop. 

END OF SECTION 
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SECTION 05 52 13 
PIPE AND TUBE RAILINGS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Handrails and guardrails for interior and exterior concrete stairs 

B. Principal Products 

1. Manufactured aluminum railings 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Coordination Procedures: 

1. Coordinate railing post installation with cast-in-place concrete stairs. 

B. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting one week, minimum, before starting Work of this Section. 
2. Additional Attendees: Concrete installer. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. Railing system componenets. 
2. Handrail brackets. 
3. Shop primer. 
4. Prefinished Components: Initial selection color . 

B. Shop Drawings: 

1. Railing layout, profiles and sizes, and anchorage details. 
2. Railing connections. 
3. Anchorage accessories and fasteners. 

1.4 INFORMATIONAL SUBMITTALS 

A. Delegated Design Submittals: Sealed calculations and shop drawings. 

1. Guards and infill. 
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2. Handrails. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: Fabricator of railings. 

B. Licensed Professional Qualifications: Engineer experienced in designing railings, licensed in 
New Jersey. 

1.6 FIELD CONDITIONS 

A. Existing Conditions: Verify field measurements before fabricating. Show field measurements 
on Shop Drawings. 

PART 2 - PRODUCTS 

2.1 ALUMINUM RAILINGS 

A. Manufactured Aluminum Railings: 

1. Manufacturers and Products: 

a. Hollaender Interna-Rail. 
b. Julius Blum & Co. Inc. Connectorail. 
c. Wagner Companies Wagnerail. 

B. Components: 

1. Rails and Posts: 1-1/4 inch diameter. 
2. Guard Infill: Round tubes. 
3. Joints and Connections: Extruded aluminum. 

a. Nonwelded: Connect members with concealed fittings and fasteners. 

4. Exposed Fasteners: Stainless steel, flush countersunk screws or bolts; consistent with 
railing design. 

5. Anchors: Stainless steel; selected to meet structural performance requirements and 
substrate conditions. 

C. Wall Brackets: 

1. Wall Mounted Brackets: Concealed fastener design. 

a. Material and Finish: Same as railing. 
b. Clearance: 1-1/2 inch clear from handrail to wall surface. 

D. Aluminum Finish: Mill. 
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2.2 PERFORMANCE 

A. Delegate railing design to manufacturer licensed Professional Engineer. 

B. Handrail Structural Design: 

1. Live Loads: 100 psf uniform, 300 lbf concentrated, non-simultaneous. 

C. Guard Structural Design: 

1. Top of Guard: 50 psf, uniform and 200 lbf concentrated, both omnidirectional and non-
simultaneous. 

2. Guard Infill: 50 psf uniform and 200 lbf concentrated, both horizontal and non-
simultaneous. 

D. Allowable Deflection: 1/360, maximum. 

2.3 INSTALLATION MATERIALS 

A. Bituminous Paint: ASTM D1187 asphalt emulsion. 

B. Grout: ASTM C1107, factory-packaged nonmetallic, shrinkage-resistant grout for exterior use. 

C. Embedded Sleeves: Stainless steel tubes; sized to fit posts, 6 inches long, minimum, with closed 
bottom.  

2.4 FABRICATION 

A. Factory Assembly: Fit and shop assemble components in largest practical sizes for delivery to 
site. 

B. Fabricate components with joints tightly fitted and secured. Furnish spigots and sleeves to 
accommodate site assembly and installation. 

C. Exposed Mechanical Fastenings: Flush countersunk screws or bolts; unobtrusively located; 
consistent with design of component. 

D. Supply components required for anchorage of fabrications. Fabricate anchors and related 
components of same material and finish as railing assembly. 

E. Accurately form components to suit stairs and landings, to each other and to building structure. 

F. Accommodate for expansion and contraction of members and building movement without 
damage to connections or members. 

G. Railing Ends: Closed. 

H. Changes in Direction: 

1. Uniform, without out buckling, twisting, deforming or cracking surfaces. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify field conditions are acceptable and are ready to receive work. 

B. Verify concealed blocking and reinforcement is installed and correctly located to receive wall 
mounted handrails. 

3.2 PREPARATION 

A. Supply items required to be cast into concrete with setting templates, to appropriate sections. 

3.3 INSTALLATION 

A. Install components plumb and level, accurately fitted, free from distortion or defects. 

B. Anchor Posts to structure. 

1. Posts: Preset sleeves in concrete; set post in sleeve and fill space around post with grout. 

C. Attach Railings:  

1. Wall Mounting: Mount with wall brackets. 
2. Guardrail Mounting: Fasten railing brackets to posts. 

D. Assemble with spigots and sleeves to accommodate tight joints and secure installation 

E. Exterior Railings: Locate weep holes to promote water drainage. 

3.4 CLEANING 

A. Clean aluminum with soap and clean water. 

3.5 PROTECTION 

A. Protect railings during construction period against soiling and damage. 

END OF SECTION 
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SECTION 06 10 53 
MISCELLANEOUS ROUGH CARPENTRY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Rough carpentry associated with roofing and copings 

B. Principal Products 

1. Wood nailers and blocking 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Wood preservative treatment. 

1.3 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Handling Requirements: 

1. Store lumber indoors, protected from elements. 
2. Store lumber elevated above grade, protected from moisture. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Lumber: DOC PS 20. Grading rules certified by ALSC Board of Review. 

1. Maximum Moisture Content: 19 percent. 

B. Wood Preservative (Pressure Treatment): AWPA U1 Category UC3b. 

1. ACQ Preservative: Water-borne ammoniacal copper quat (ACQ) preservative. 
2. Applications: 

a. Roofing and Exterior Wall Assemblies: Wood nailers and blocking; Category 
UC2. 

b. Concrete- and Masonry-Adjacent: Wood plates, sills, and blocking; Category 
UC3b. 
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c. Items shown on Drawings. 

3. Kiln-dry after treatment. 

a. Lumber: 19 percent maximum moisture content. 
b. Plywood: 15 percent maximum moisture content. 

2.2 INSTALLATION ACCESSORIES 

A. Fasteners and Anchors: 

1. General: Comply with requirements for wood member size and type. 

a. ACQ Preservative Treated Wood: Type 316 stainless steel. 
b. Other Applications: ASTM A153/A153M hot-dip galvanized. 

2. Power-Driven Fasteners: NES NER-272. 
3. Wood Screws: ASME B18.6.1. 
4. Screws for Fastening to Metal Framing: 

a. Cold-Formed Metal Framing: ASTM C954. 
b. Other Metal Framing: ASTM C1002. 

5. Anchors:  

a. Toggle bolt type for anchorage to hollow masonry. 
b. Expansion shield and lag bolt type for anchorage to solid masonry or concrete. 
c. Bolt or ballistic fastener for anchorages to steel. 

B. Separation Layer: Butyl Rubber or rubberized asphalt flashing sheet membrane. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Set members level and plumb, in correct position. 

B. Place horizontal members crown side up. 

C. Install continuous flexible flashing separator as follows: 

1. ACQ Wood-Preservative-Treated Lumber: Between wood and metal decking. 

END OF SECTION 
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SECTION 07 13 26 
SELF-ADHERING SHEET WATERPROOFING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Waterproofing below grade foundation walls 

B. Principal Products 

1. Modified bituminous self-adhering sheet waterproofing 
2. Protection board 
3. Rigid insulation 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Coordination Procedures: 

1. Coordinate Work results of this Section with foundation insulation installation.. 

B. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting one week, minimum, before starting concrete work to receive 
waterproofing. 

2. Additional Attendees: 

a. Waterproofing membrane manufacturer. 
b. Concrete contractor. 
c. Installers of elements penetrating waterproofing. 

3. Additional Agenda Items: 

a. Substrate preparation. 
b. Testing and inspection. 
c. Protecting and repairing waterproofing. 

1.3 ACTION SUBMITTALS 

A. Product Data: Waterproofing membrane and accessory products. 

B. Shop Drawings: 

1. Indicate joint and termination conditions, details at penetrations, and conditions of 
interface with other materials. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Test and Evaluation Reports: Manufacturer test results showing: 

1. Groundwater composition is not deleterious to waterproofing membrane. 

B. Manufacturer Reports: Field inspection reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Manufacturer warranty documentation. 

1.6 QUALITY ASSURANCE 

A. Qualifications: 

1. Installers: Trained or approved by manufacturer. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver sheet waterproofing and accessories in manufacturer's undamaged packaging. 

1.8 FIELD CONDITIONS 

A. Ambient Conditions: Perform work within following limitations. 

1. Temperature: Do not apply membrane when air or surface temperatures are below 40 
degrees F. 

2. Precipitation: None occurring during installation of the Work or forecast within 24 hours. 
3. Protect rolls from direct sunlight until ready for use. 

PART 2 - PRODUCTS 

2.1 MODIFIED BITUMINOUS SHEET WATERPROOFING 

A. General: Provide waterproofing components manufactured or recommended by primary 
membrane manufacturer for a fully compatible system. 

B. Modified Bituminous Sheet Waterproofing: Self adhering sheet, rubberized asphalt laminated to 
polyethylene  or aluminum film reinforcement, with release liner. 

1. Manufacturers and Products: 

a. American Hydrotech, Inc. VM 60. 
b. AVM Aussie Mate 580-AL 
c. Carlisle Coatings & Waterproofing Inc. CCW MiraDRI 860/861. 
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d. CETCO Envirosheet. 
e. GCP Applied Technologies, Inc. Bituthene 3000/Low Temperature. 
f. Henry Company Blueskin WP 200. 
g. W.R. Meadows Mel-Rol Low-Temp. 
h. Polyguard Products, Inc. Polyguard 650. 

C. Installation Materials:  

1. Transition Strips: Self-adhering, rubberized-asphalt sheet waterproofing strips. 
2. Liquid Accessory Materials:  

a. Primer: Waterproofing manufacturer's recommended liquid primer. 
b. Surface Conditioner: Liquid, waterborne surface conditioner recommended for 

substrate by sheet-waterproofing material manufacturer. 
c. Liquid Membrane: Elastomeric, cold fluid applied liquid; trowel grade or low 

viscosity. 
d. Substrate Patching Membrane: Low-viscosity, two-component, modified asphalt 

coating. 

3. Mastic, Adhesives, and Tapes: Manufacturer's recommended products. 
4. Termination Bars: Stainless steel, approximately 1 by 1/8 inch thick, predrilled at 9-

inches on center. 

2.2 PROTECTION COURSE 

A. Protection Course: ASTM D6506, semirigid sheets, fiberglass or reinforced asphaltic core 
laminated to asphalt saturated fibrous liners on both sides. 

1. Nominal Thickness:  1/8 inch. 
2. Adhesive: Rubber/solvent based, recommended by membrane manufacturer. 

2.3 MOLDED SHEET DRAINAGE PANELS 

A. Molded-Sheet Drainage Panel, Nonwoven Geotextile Type: Composite drainage panel with 
nonbiodegradable molded-plastic sheet drainage core, and nonwoven, needle-punched 
geotextile facing laminated to one side of core and a polymeric film laminated to the other side. 

1. Manufacturers and Products: 

a. American Hydrotech, Inc. Hydrodrain 400. 
b. AVM Drain Board 2000. 
c. Carlisle Coatings & Waterproofing Inc. CCW MiraDRAIN 6000. 
d. GCP Applied Technologies Inc. Hydroduct 220. 
e. Polyguard Products Polyflow 10. 
f. W.R. Meadows Mel-Drain 5035. 

2. Flow Rate: Vertical flow 9 to 15 gpm per ft. 
3. Openings: No. 70 sieve maximum. 
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2.4 INSULATION 

A. Board Insulation: Extruded-polystyrene, ASTM C578, shiplap edged, Type IV. 

1. Manufacturers and Products: 

a. DiversiFoam Products CertiFoam 25. 
b. DuPont STYROFOAM. 
c. GreenGuard Type IV 25 psi XPS Insulation Board. 
d. Owens Corning FOAMULAR 250. 

B. Insulation Fasteners:  

1. Zinc-coated metal power-actuated fasteners with integrated plastic washer caps. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions: 

1. Verify substrate surfaces are free of matter detrimental to adhesion or application of 
waterproofing system. 

2. Verify items penetrating substrate surfaces to receive waterproofing are securely 
installed. 

3. Verify substrate surface slopes to drain for horizontal waterproofing applications. 

3.2 PREPARATION 

A. Protect adjacent surfaces not designated to receive waterproofing. 

B. Do not apply waterproofing to surfaces unacceptable to manufacturer. 

C. Seal cracks and joints with sealant materials as recommended by waterproofing manufacturer. 

D. Apply surface conditioner at a rate recommended by manufacturer. Protect conditioner from 
rain or frost until dry. 

3.3 MEMBRANE INSTALLATION 

A. Roll out membrane. Minimize wrinkles and bubbles. 

B. Remove release paper layer. Roll out on substrate with a mechanical roller for full contact bond. 

C. For vertical application, mechanically-fasten top-leading edge approximately 1/2 inch from 
edge of sheets with fasteners approved by the manufacturer. 

D. Lap sides and ends of waterproofing sheets. 
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E. Reinforce membrane with multiple thickness of membrane material over joints. 

F. Lap joints on sloped surfaces in direction of drainage with higher sheets lapping lower sheets. 

G. Install and seal all flexible flashings. 

H. Seal membrane and flashings to adjacent materials. 

I. Seal and counterflash all penetrations, including all fastener penetrations. 

3.4 DRAINAGE AND PROTECTION BOARD INSTALLATION 

A. Place board with correct side outward, directly against membrane, butt joints, place to 
encourage drainage downward. 

B. Adhere board to substrate with mastic. Scribe and cut boards around projections, penetrations, 
and interruptions. 

3.5 FIELD QUALITY CONTROL 

A. Manufacturer's Representative:Engage a site representative qualified by waterproofing 
membrane manufacturer to inspect substrate conditions, surface preparation, membrane 
application, flashings, protection, and drainage components, and to furnish daily reports to 
Architect. 

B. Provide test and inspection reports. 

3.6 PROTECTION 

A. Do not permit foot or vehicular traffic on unprotected membrane. 

B. Protect waterproofing, board insulation, and drainage panels from damage, wear, and the 
elements during remainder of construction period. 

C. Correct or replace damaged or deficient waterproofing that does not comply with requirements; 
repair substrates, reapply waterproofing, and repair sheet flashings. 

END OF SECTION 
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SECTION 07 24 00 
EXTERIOR INSULATION AND FINISH SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Water drainage type exterior insulation and finish systems. 

B. Principal Products 

1. Exterior insulation and finish system. 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Coordination Procedures: 

1. Coordinate EIFS installation with installation of sheathing and adjacent doors, storefront, 
and masonry. 

B. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting one week, minimum, before starting Work of this Section. 

1.3 ACTION SUBMITTALS 

A. Product Data: Submit system materials. 

1. Primary Components: 

a. Finish coats. 
b. Reinforcing. 
c. Insulation. 
d. Air barrier. 
e. Adhesive. 

2. Associated Products: 

a. Joint sealants. 
b. Flashing. 

B. Shop Drawings: 

1. Assembly details. 
2. Wall joint patterns. 



Offshore Wind Safety Center - Training Room Issue for Permit 
Atlantic City, NJ October 27, 2021 

EXTERIOR INSULATION AND FINISH SYSTEMS 07 24 00 - 2 

3. Profiles of moldings and sills made from insulation. 
4. Transitions to other elements. 

C. Samples: 

1. Assembly Samples: Assemble EIFS on plywood, 12 by 12 inches in size, showing air 
barrier layer, adhesive, insulation, reinforcement, and finish system. 

1.4 INFORMATIONAL SUBMITTALS 

A. Certificates: 

1. Manufacturer Certificates: Certify the following. 

a. Substrates are acceptable to EIFS manufacturer. 
b. EIFS complies with requirements. 
c. Accessory materials installed with EIFS are acceptable to EIFS manufacturer. 

B. Test and Evaluation Reports: Independent testing agency test results showing: 

1. Air barrier complies with requirements 

1.5 QUALITY ASSURANCE 

A. Qualifications: 

1. Installers: Certified in writing by EIFS manufacturer as qualified to install system. 

B. Mockups: Construct EIFS wall mockup on masonry mockup specified in Section 04 20 00.  
Include air barrier and all system layers.  inches minimum size. Demonstrate product interfaces, 
intersections, and terminations. 

1. Use "stepped back" assembly to demonstrate application of each material layer. 
2. Approved mockups establish work results standard. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Protect adhesives and finish materials from freezing, temperatures below 40 degrees F and 
temperatures in excess of 90 degrees F. 

1.7 FIELD CONDITIONS 

A. Prepare EIFS materials under conditions within manufacturer recommended limitations.   

B. Protect installed EIFS from inclement weather until material has dried. 

C. Limit insulation board exposure to sunlight to duration recommended by manufacturer.  Apply 
base coat as rapidly as possible. 
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1.8 WARRANTY 

A. Manufacturer Warranty: 

1. EIFS: Warrant against product and installation failure. 
2. Failure includes:  

a. Bond integrity. 
b. Weathertightness. 
c. Deterioration beyond normal weathering. 

3. Warranty Period: 10 years. 

PART 2 - PRODUCTS 

2.1 EXTERIOR INSULATION AND FINISH SYSTEM (EIFS) 

A. EIFS: Drainage type, reinforced finish coating on insulation board adhesively applied to air- and 
water-resistive barrier over substrate. System acts as continuous air- and water-resistive 
assembly. 

1. Manufacturers and Products: 

a. Dryvit Outsulation Plus MD. 
b. Master Builders Solutions Senergy Senerflex Channeled Adhesive CI. 
c. Parex USA Standard WaterMaster CI. 
d. Sto StoTherm ci 

2. Finish Coat: Water-based, air curing acrylic or polymer based finish with integral color 
and texture. 

3. Base Coat: Fiber-reinforced acrylic or polymer-based product. 
4. Reinforcing Mesh: EIFS manufacturer open-weave, glass fiber fabric. 

a. Mesh Weight and Tensile Strength: Recommended by EIFS manufacturer for 
impact classification. 

5. Insulation Board:  

a. Molded expanded polystyrene board, ASTM C578, Type II. 
b. Thickness: See Drawings. 

6. Air- and Water-Resistive Barrier Coating: Fluid-applied membrane, furnished or 
approved by EIFS manufacturer. 

7. Fluid-Applied Flashing:  Flexible water based polymer material suitable for use with 
reinforcing mesh. 

8. Color and Texture: Match Architect sample. 

B. Accessory Materials: 
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1. Insulation Adhesive: EIFS manufacturer recommended type. 
2. Trim:  EIFS manufacturer standard PVC trim accessories, as required for a complete 

project and including starter track and drainage accessories. 
3. Joint Sealants: EIFS manufacture recommended type. 

2.2 PERFORMANCE 

A. EIFS Performance: ASTM E2568 and ICC-ES AC219 and the following: 

1. Water Penetration Resistance: No water penetration beyond the plane of the base 
coat/insulation board interface after 15 minutes per ASTM E331 at 6.24 psf differential 
pressure with tracer dye in the water spray. 

2. Air Infiltration: 

a. Material: 0.004 cfm/sf at a pressure differential of 1.57 lb/sq ft per ASTM E283 or 
ASTM E783. 

b. Assembly: 0.04 cfm/sf at 1.57 lb/sq ft per ASTM E2357. 

3. Drainage: Average minimum efficiency of 90 percent; test per ASTM E2273 for 75 
minutes 

4. Durability: No cracking, checking, crazing, erosion, blistering, peeling, delamination, or 
corrosion of finish coating when tested per the following: 

a. Salt Spray Resistance: 300 hours exposure per ASTM B117. 
b. Freeze-Thaw Resistance: 10 cycles per ICC-ES AC219. 
c. Weathering: 2000 hours per ASTM G153 Cycle 1. 
d. Water Degradation: 14 days per ASTM D2247. 

5. Mildew Resistance: No growth at 28 days per ASTM D3273. 

B. Impact Classification: ASTM E2568, tested per ASTM E2486. 

1. Ultra High Performance:  

a. Wall surfaces within occupant reach. 
b. Corners. 

2. High Performance: Other surfaces. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions: 

1. Verify that substrates are sound and free of oil, dirt, other surface contaminants, 
efflorescence, loose materials, or protrusions that could interfere with EIFS installation. 

2. Verify substrate is acceptable to EIFS manufacturer.  
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B. Substrate Tolerances: 

1. Deflection: 1/240 of span, maximum. 
2. Flatness: 1/4 inch variation in 48 inch radius. 

C. Do not begin work until substrate and adjacent materials are complete and thoroughly dry. 

3.2 PREPARATION 

A. Protect adjoining work and property during installation. 

3.3 INSTALLATION - GENERAL 

A. Install EIFS per ASTM C1397. 

3.4 INSTALLATION - AIR- AND WATER-RESISTIVE BARRIER 

A. Seal all substrate transitions and intersections with other materials to form continuous air- and 
water-resistive barrier on substrate. 

B. At door and window rough openings and other wall penetrations, seal air- and water-resistive 
barrier and flexible flashings to rough opening before installing metal flashings, sills, or frames. 

C. Lap flexible flashing or flashing tape 2 inches minimum on each side of joint or transition. 

3.5 INSTALLATION - INSULATION 

A. Adhesive Attachment:  Use method required by manufacturer to achieve drainage efficiency 
specified; do not close up drainage channels when placing insulation board. 

1. Supplemental Mechanical Attachment: Fasten insulation to substrate when recommended 
by manufacturer. 

B. Place boards to maximize tight joints.  Stagger vertical joints and interlock at corners.  Butt 
edges and ends tight to adjacent board and to protrusions.  Achieve a continuous flush insulation 
surface, with no gaps over 1/16 inch. 

1. Interrupt insulation for control and expansion joints where shown on Drawings.  

C. Fill gaps greater than 1/16 inch with EPS or spray foam insulation. 

D. Rasp irregularities off surface of installed insulation board. 

E. Cut aesthetic reveals in insulation at locations and profiles shown on Drawings. 

F. Build up layers of insulation and carve to form projections and reveals shown on Drawings. 
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G. Wrap reinforcing mesh over insulation at openings and terminations that are not to be protected 
with trim. 

3.6 INSTALLATION - FINISH 

A. Base Coat:  Apply in thickness as necessary to fully embed reinforcing mesh, wrinkle free, 
including back-wrap at all terminations of the EIFS.  Install reinforcing mesh in wet base coat. 

1. Lap reinforcing mesh edges and ends a minimum of 2-1/2 inches. 
2. Allow base coat to dry a minimum of 24 hours before next coating application. 

B. Double-Layer Reinforcing Mesh: Apply second base coat and second layer of reinforcing mesh 
where required for impact resistance. Lap layers 2-1/2 inches minimum. 

C. Additional Reinforcing: Embed additional minimum 8-inch wide reinforcing strips in base coat 
at outside corners, openings, and projections.  

D. Apply finish coat. Embed finish aggregate, and finish to match approved mockup. 

E. Finish Coat Thickness: Manufacturer recommended. 

F. Apply sealant at joints between EIFS and dissimilar materials. 

3.7 FIELD QUALITY CONTROL 

A. Field Tests and Inspections: Engage inspectors to perform tests and inspections and prepare 
reports. Allow inspectors access to work areas.  

1. Failed Test Retest Cost: Contractor responsibility. 

B. Tests and Inspections:  

1. EIFS Assembly: Test per ASTM E2359 or ICC-ES AC219. 

C. Non-Conforming Work: Remove and replace, and re-test. 

D. Prepare test and inspection reports. 

3.8 CLEANING 

A. Clean EIFS surfaces and work areas of foreign materials resulting from EIFS operations. 

3.9 PROTECTION 

A. Protect completed work from damage and soiling by subsequent work. 

END OF SECTION 
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SECTION 07 50 00 
MEMBRANE ROOFING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Fully adhered elastomeric membrane roofing system. 

B. Principal Products 

1. Roof membrane. 
2. Cover board. 
3. Insulation. 
4. Substrate board. 

1.2 REFERENCES 

A. Definitions: 

1. Roofing Terminology: See ASTM D1079 and glossary of NRCA's "The NRCA Roofing 
and Waterproofing Manual." 

1.3 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting one week, minimum, before starting Work of this Section. 
2. Additional Agenda Items: 

a. Preparation procedures. 
b. Installation procedures. 
c. Coordination and scheduling required with related Work. 
d. Protection of construction and site. 

1.4 ACTION SUBMITTALS 

A. Product Data: 

1. Roofing membrane and accessory products. 
2. Substrate board. 
3. Roof insulation and cover board. 
4. Roof walkway material. 
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B. Shop Drawings: Include plans, elevations, sections, details, intersections with adjacent 
assemblies, terminations, and attachments, including: 

1. Base flashings. 
2. Membrane terminations. 
3. Flat and tapered insulation, including cants and slopes. 

C. Samples: 

1. Membrane Sheet: 6 by 6 inch sample of each type and color. 
2. Walkway materials. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Statements:  

1. Installer: Manufacturer's authorization. 

B. Certificates: Manufacturer affidavit that Project design and conditions have been reviewed and 
that the installation will be fully warrantable if correctly installed. This submittal may be in the 
form of a photocopy of manufacturer's authorization to Installer to proceed with installation. 

C. Field Quality Control Submittals: Field test and inspection reports. 

D. Manufacturer Reports: Field quality control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Maintenance Data: Roof system maintenance requirements. 

B. Warranty Documentation: For complete roof system. 

C. Project Plaque: Provide permanent sign or framed document with the following information 
attached to wall near primary access to main roof. 

1. Roofing installer name, address, and telephone number. 
2. Roofing system manufacturer name, address, and telephone number. 
3. Starting date of warranty and length of warranty period. 

1.7 QUALITY ASSURANCE 

A. Qualifications: 

1. Installer: Licensed, authorized, or approved by roofing manufacturer to install 
manufacturer’s roofing system and provide full specified warranty.
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1.8 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Handling Requirements: Store roofing system components protected from the 
elements, precipitation and standing water, freeze/thaw cycling, and protected from sunlight, if 
required. 

1.9 FIELD CONDITIONS 

A. Ambient Conditions: Perform work within limitations recommended by manufacturer. 

1.10 WARRANTY 

A. Manufacturer Warranty: Warrant roofing system against failure. 

1. Total System Warranty: Include primary roof membrane and substrate boards, roof 
insulation, cover boards, flashings, and metal edge assemblies, and other components of 
roofing system. 

a. Warranty Period: 20 years. 
b. Dollar Limit: None. 

PART 2 - PRODUCTS 

2.1 EPDM ROOFING 

A. EPDM Sheet: ASTM D4637, Type II, scrim or fabric internally reinforced. 

1. Manufacturers: 

a. Carlisle SynTec Incorporated. 
b. Firestone Building Products. 
c. GenFlex. 
d. Johns Manville. 
e. Versico Incorporated 

2. Membrane Thickness: 60 mils. 
3. Exposed Face Color: White on black. 

2.2 COMPONENT MATERIALS 

A. General: Provide components of roofing system recommended by manufacturer for a complete 
system. 

1. Component materials are all compatible with each other and adjacent materials. 

B. Adhesive: Manufacturer’s standard water based bonding adhesive.
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C. Seams: Butyl splicing adhesive, single component, and cleaner or butyl splicing tape, minimum 
3 inches wide with release film, and rubber polymer primer. 

D. Flexible Flashing: Same material as roofing membrane, manufacturer's recommended thickness. 

E. Lap Joint Sealant: Manufacturer’s standard, color to match membrane.

F. Butyl Mastic: Manufacturer’s standard water stop mastic.

G. Termination Bars: Manufacturer’s standard stainless steel, pre-drilled for included anchors. 

H. Fasteners: Compliant with FM Global 4470 for corrosion resistance, including metal or plastic 
washers, and acceptable to roof system manufacturer. 

I. Accessories: Miscellaneous flashing, sealant, reinforcing, sealants, and other accessories as 
recommended by manufacturer for a complete installation. 

1. Colors: Match roofing membrane color. 

2.3 SUBSTRATE BOARDS 

A. Substrate Board: ASTM C1177, gypsum core, glass-mat facing, water-resistant. 

1. Manufacturers and Products: 

a. Georgia-Pacific Corporation DensDeck. 
b. National Gypsum Company Gold Bond eXP Extended Exposure Sheathing. 
c. USG Corporation Securock Glass Mat Roof Board. 

2. Thickness: 5/8 inch, Type X. 

B. Fasteners: FM Global 4470 compliant for corrosion resistance, including metal or plastic 
washers. 

2.4 ROOF INSULATION 

A. General: Roof insulation, preformed boards, manufactured or approved by roof membrane 
manufacturer, manufacturer's standard sizes, thicknesses as indicated. 

B. Polyisocyanurate Board Insulation: ASTM C1289, Type II, Class 2, Grade 3. 

1. Manufacturers: 

a. Atlas Roofing Corporation. 
b. Carlisle SynTec Incorporated. 
c. Firestone Building Products. 
d. GAF Materials Corporation. 
e. Hunter Panels. 
f. Insulfoam LLC. 
g. Johns Manville. 
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h. Rmax, Inc. 

2. Thickness: 2 inches maximum per layer. 

C. Tapered Insulation:  Factory formed, tapered insulation boards, 1/4 inch per foot slope or as 
shown on Drawings. 

D. Special Shapes: Provide preformed insulation shapes to form crickets, saddles, tapers, and other 
shapes to facilitate drainage. 

E. Fasteners: FM Global 4470 compliant for corrosion resistance, including metal or plastic 
washers. 

F. Adhesive: Recommended by insulation manufacturer for adhering insulation layers together. 

1. Adhesive Types:  Asphaltic, asbestos free, cold-applied, Single or multi-component 
urethane low-rise, apply in beads or full spread as recommended by manufacturer.. 

2.5 COVER BOARDS 

A. Water Resistant Gypsum Board: ASTM C1177 or ASTM C1278,  inch thick . 

1. Manufacturers and Products: 

a. Georgia-Pacific Corporation DensDeck Prime with Eonic Technology. 
b. National Gypsum Company DEXcell FA Glass Mat Roof Board. 
c. USG Corporation Securock Gypsum Fiber Roof Board. 

2.6 WALKWAYS 

A. Flexible Walkways: Factory-formed, heavy-duty, solid-rubber walkway pads, approved or 
acceptable to roof membrane manufacturer. 

1. Slip-resistant. 
2. Texture; Manufacturer’s standard.

3. Configuration:   Walkway pads or rolls. 
4. Thickness: Approximately 3/16 inch thick. 

2.7 PERFORMANCE 

A. Accelerated Weathering: ASTM G152, ASTM G154 or ASTM G155; withstand 2,000 hours of 
testing. 

B. Impact Resistance: ASTM D3746 or ASTM D4272. 

C. Compatibility: Roof system materials are to be compatible within themselves and with all 
adjacent material as installed. 
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D. Roof System Design: Certified by testing to resist uplift pressures as shown on Structural 
Drawings. 

E. Fire/Windstorm Classification: Class 1A-120. 

F. Hail Resistance Rating: SH. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine and verify conditions for compliance with roof system manufacturer’s
recommendations: 

1. Substrate. 
2. Roof openings and penetrations. 
3. Curbs, nailers, and cants. 

3.2 PREPARATION 

A. Clean and prepare substrate per manufacturer’s written instructions.

B. Protect roof drainage and other equipment and surfaces from roofing materials. 

3.3 ROOFING INSTALLATION - GENERAL 

A. Complete terminations, flashings, roofing installation, and temporary measures by end of each 
workday and during rain events. 

3.4 INSTALLATION - SUBSTRATE BOARD 

A. Install substrate boards with long sides perpendicular to roof slopes in straight lines, stagger end 
joints. Install with tight butt joints. 

1. Fasten substrate board to steel deck flanges per FM Global's "RoofNav" and FM Global 
Loss Prevention Data Sheet 1-29 for specified Windstorm Resistance Classification. 

3.5 INSTALLATION - INSULATION 

A. Do not allow insulation to be exposed to precipitation or left exposed at the end of the workday. 

B. Install tapered insulation under area of roofing to conform to slopes shown on Drawings. 

C. Install insulation to required thickness. Where overall insulation thickness is 2.7 inches or 
greater, install in layers with staggered joints from joints of previous layer. Stagger joints a 
minimum of 6 inches in each direction. 
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D. Install insulation with long sides in straight rows with end joints staggered between rows, butt 
joints at edges and ends between boards. Fill gaps exceeding 1/4 inch with insulation. 

1. Fit insulation by trimming, within 1/4 inch of nailers, obstructions, and penetrations. 
2. Trim and fit insulation at roof drains. 

E. Mechanically Fastened and Adhered Insulation: Fasten first layer of insulation to deck using 
mechanical fasteners designed and sized for fastening roof insulation to each deck type. 

1. Fasten first layer of insulation per FM Global's "RoofNav" for specified Windstorm 
Resistance Classification. 

2. Set each subsequent layer of insulation in ribbons or full spread adhesive, firmly pressing 
insulation in place. 

3.6 INSTALLATION - COVER BOARD 

A. Install cover boards over insulation with long sides in straight lines and end joints staggered 
between rows. Offset joints from insulation layer below a minimum of 6 inches in each 
direction. Loosely butt cover boards together. 

1. Adhere cover boards per FM Global's "RoofNav" for specified Windstorm Resistance 
Classification. 

3.7 INSTALLATION - ADHERED ROOFING MEMBRANE 

A. Unroll roofing membrane and allow to relax before installing. 

B. Start installation of roofing in presence of roofing system manufacturer's technical personnel. 

C. Align roofing to an accurate layout, maintaining side and end laps of minimum dimensions 
required by manufacturer. Stagger end laps. 

D. Bonding Adhesive: Apply to substrate and underside of roofing as recommended by 
manufacturer. Do not apply adhesive at splice areas of roofing. 

E. Apply roofing with uphill side laps overlapping lower layers with slope of roof deck where 
possible. 

F. Repair tears, voids, lapped seams, or defects in roofing that do not comply with requirements. 

G. Spread sealant or mastic bed over deck-drain flanges at roof drains, and securely seal membrane 
roofing in place with clamping ring. 

3.8 MEMBRANE SEAMING 

A. Adhesive Seam Installation: Clean both faces of splice areas, apply splicing cement, and firmly 
roll laps of overlapping roofing per manufacturer's written instructions. Apply lap sealant and 
seal exposed edges of roofing terminations. 
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1. Apply continuous bead of in-seam sealant within splice if required by roofing system 
manufacturer. 

3.9 INSTALLATION - BASE FLASHING 

A. Adhere flashings and flashing accessories to substrates. 

B. Apply adhesive to substrate and underside of sheet flashing, and allow to partially dry. Do not 
apply to seam area of flashing. 

C. Flash penetrations and field-formed inside and outside corners per roofing manufacturer’s
recommendations. 

D. Clean splice areas, apply splicing cement, and firmly roll side and end laps of overlapping 
sheets per manufacturer’s requirements. Seal exposed edges of sheet flashing terminations.

E. Terminate and seal top of sheet flashings and mechanically anchor to substrate using 
termination bars. 

3.10 INSTALLATION - WALKWAYS 

A. Flexible Walkways: Adhere walkway components to substrate with compatible adhesive. 

3.11 FIELD QUALITY CONTROL 

A. Field Tests and Inspections: Owner will engage inspectors to perform tests and inspections and 
prepare reports. Allow inspectors access to work areas.  

1. Failed Test Retest Cost: Contractor responsibility. 
2. Do not begin construction until inspectors have verified compliance of materials. 
3. Do not use materials that fail tests and inspections. 

B. Inspections: 

1. Substrate conditions. 
2. Substrate preparation. 
3. Vapor barrier application, if required. 
4. Membrane application. 
5. Flashings. 
6. Protection components. 
7. Penetrations and drainage components 
8. Furnish reports to Architect. 

C. Electric Leak Detection: ASTM D7877 and ASTM D8231. Engage testing agency to survey 
entire roof area for potential leaksusing one of the following methods: 

1. EFVM. 
2. High-voltage spark testing. 
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3. Electric roller scanning platform. 

D. Final Roof Inspection: Arrange for roofing system manufacturer or testing agency to inspect 
completed roofing installation. 

E. Repair or remove and replace roofing system components that fail tests or do not comply with 
requirements. 

3.12 PROTECTING AND CLEANING 

A. Protect membrane roofing system from damage and wear during remainder of construction 
period. 

B. Clean overspray and spillage from adjacent construction using cleaning agents and procedures 
recommended by manufacturer of affected construction. 

END OF SECTION 
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SECTION 07 62 00 
SHEET METAL FLASHING AND TRIM 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Wall and roof flashing 

B. Principal Products 

1. Prefinished aluminum sheets 
2. Stainless steel sheets 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Coordination Procedures: 

1. Coordinate flashing installation with roofing and EIFS work. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. Coil-coated sheet metal. 

B. Shop Drawings. 

1. Show fabrication and profiles for each item. 
2. Indicate base metals, thicknesses, and finishes. 
3. Include attachment and connection details. 
4. Include details for corners, changes in plane, expansion joints, and terminations. 
5. Show locations of expansion joints. 

C. Samples: 

1. Coil-Coated Metal: 12-inch long sections in required finish. 

1.4 CLOSEOUT SUBMITTALS 

A. Warranty Documentation: Coil-coated sheet metal finish. 
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1.5 WARRANTY 

A. Finish Warranty: Repair deteriorated finishes or replace components. 

1. Deterioration includes the following: 

a. Color Fading: More than 5 Hunter units per ASTM D2244. 
b. Chalking: More than No. 8 rating per ASTM D4214. 
c. Paint cracking, peeling or checking. 

2. Warranty Period: 20 years. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE CRITERIA 

A. Environmental Performance: 

1. Expansion and Contraction: Withstand thermal cycling over 120 degrees F ambient and 
180 degrees F on material surfaces.  

2.2 MATERIALS 

A. Aluminum Sheet: ASTM B209, alloy and temper required for use and finish. 

1. Finish: Two coat fluoropolymer. 
2. Coil Coating Color:  Architect selected. 

B. Stainless Steel Sheet: ASTM A240; Type 316, dead soft fully annealed. 

1. Surface: Smooth. 
2. Finish: #4. 

2.3 ACCESSORIES 

A. Fasteners for Aluminum: Stainless steel, Type 316, with soft neoprene washers where exposed. 

B. Fasteners for Other Metals: Same material and finish as item being fastened, with soft neoprene 
washers where exposed. 

C. Solder: ASTM B32; type suitable for application and material being soldered. 

D. Concealed Sealant: Butyl, ASTM C1311.  

1. Manufacturers and Products: 

a. Pecora Corporation BA-98. 
b. Tremco Butyl Sealant. 
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E. Exposed Sealant: See Section 07 92 00 - Joint Sealants. 

F. Separation Coating: Bituminous paint; SSPC-Paint 12. 

G. Plastic Cement: ASTM D4586, Type I. 

H. Surface-Applied Reglets: Extruded aluminum with bottom edge drip and top edge sealant 
recess. Supply with stainless steel screws with neoprene washers and anchorage devices 
appropriate to substrate.  

2.4 FABRICATION 

A. Fabrication Reference Standards:  

1. SMACNA Architectural Sheet Metal Manual. 

B. Form section shapes shown on Drawings, accurate in size, square, and free from distortion or 
defects. 

C. Fabricate cleats of same material as sheet metal, interlocking with sheet. 

D. Hem exposed edges on underside 1/2 inch; miter and seam corners. 

E. Moving Joints: Sealed lapped, bayonet-type, or interlocking hooked seams. 

F. Non-Moving Joints: Sealed watertight. 

G. Roof Drain Flashing:  

1. Material: 

a. Stainless Steel: SMACNA recommended minimum thickness. 

2.5 ALUMINUM FINISHES 

A. Color Coating: Two-coat fluropolymer finish with minimum 70 percent PVDF resin by weight 
in color; AAMA 2605. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that roof openings are solidly set, reglets in place, and nailing strips located. 

B. Verify that roofing base flashings are in place, sealed, and secure. 
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3.2 PREPARATION 

A. Paint concealed uncoated metal surfaces with 15 mil minimum thickness separation coating. 

3.3 INSTALLATION  

A. Installation Reference Standards:  

1. SMACNA Architectural Sheet Metal Manual. 

B. Install flashing with concealed fasteners. 

C. Secure fabrications with concealed fasteners where possible. 

D. Apply plastic cement between metal and bituminous materials. 

E. Separate dissimilar metals with separation coating or non-absorptive gaskets. 

F. Counterflashing: Install counterflashing in contact with base flashing. 

1. Anchor counterflashing in reglets with wedges and apply sealant to joint per Section 
07 92 00 - Joint Sealants. 

2. Drill counterflashing installed with surface-mounted reglets so that anchorage fasteners 
go through the sheet metal. Apply sealant to back side of top edge and fasten reglet to 
wall construction. Apply sealant to top edge per Section 07 92 00 - Joint Sealants. 

3. Lap ends of counterflashing minimum 4 inches. 

3.4 CLEANING 

A. Remove soiling, stains, and hand prints. 

END OF SECTION 
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SECTION 07 71 00 
ROOF SPECIALTIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Coping caps designed to wtihstand roof uplift 

B. Principal Products 

1. Prefinished metal copings 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Coordination Procedures: 

1. Coordinate work results of this Section with roofing and EIFS work for continuity of 
protection against water and air infiltration. 

B. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting in conjunction with roofing preinstallation meeting. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. Manufactured coping system; include information on factory-fabricated termination and 
transition shapes. 

B. Shop Drawings: Show profiles, joining method, location of accessory items, anchorage and 
flashing details, adjacent construction interface, and dimensions. 

C. Samples: Minimum 6- by 8-inch samples of cover metal with required finish. 

1.4 INFORMATIONAL SUBMITTALS 

A. Test and Evaluation Reports: Manufacturer or Independent testing agency test results showing 
wind uplift resistance as tested per ANSI/SPRI/FM 4435 ES-1. 



Offshore Wind Safety Center - Training Room Issue for Permit 
Atlantic City, NJ October 27, 2021 

ROOF SPECIALTIES 07 71 00 - 2 

1.5 CLOSEOUT SUBMITTALS 

A. Maintenance data. 

B. Warranty documentation. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: Installer of roofing system specified in Section 07 50 00. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Prevent deformation, abrasion, and other damage during handling and installation. 

B. Remove strippable finish protection film when recommended by manufacturer. 

1.8 WARRANTY 

A. Include roof specialties in warranty for roofing system specified in Section 07 50 00. 

B. Coil-Coated Sheet Metal Finish Warranty: Repair deteriorated finishes or replace components. 

1. Deterioration includes the following: 

a. Color Fading: More than 5 Hunter units per ASTM D2244. 
b. Chalking: More than No. 8 rating per ASTM D4214. 
c. Paint cracking, peeling or checking. 

2. Warranty Period: 20 years. 

PART 2 - PRODUCTS 

2.1 MANUFACTURED ROOF EDGE SYSTEMS 

A. Roof Edge Requirements: Engineered systems tested per ANSI/SPRI/FM 4435 ES-1 for 
securement of roofing membrane. 

B. Manufactured Coping System: Snap-on cover with concealed gasketed splice plates that 
accommodate thermal movement and drain water out of system. 

1. Manufacturers: 

a. ATAS International, Inc. 
b. Carlisle - Drexel Metals. 
c. Hickman Edge Systems LLC 
d. Metal-Era, Inc. 
e. Petersen Aluminum. 
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f. SAF Perimeter Systems. 

2. Configuration: See Drawings. 
3. Cover Material: Aluminum sheet, smooth finish. 
4. Cover Thickness: Required for edge securement. 
5. Cover Finish: PVDF coil coating. 
6. Securement: Continuous cleats. 
7. Anchorage Fasteners: Stainless steel screws. 
8. Accessories: Factory-fabricated units for terminations and changes in direction or plane. 

2.2 PERFORMANCE 

A. Structural Loads: See Structural Drawings. 

B. Environmental Performance: 

1. Expansion and Contraction: Accommodate 180 degree F surface and 120 degree F 
ambient temperature differential without failure.  

2.3 ALUMINUM FINISHES 

A. Color Coating: Two-coat fluoropolymer finish with minimum 70 percent PVDF resin by weight 
in color; AAMA 2605. 

1. Color: Match existing. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that wood blocking for support and anchorage is positioned correctly, securely fastened, 
level, and in plane. 

B. Verify that installation surfaces are clean, dry, and free of foreign matter. 

C. Verify that EIFS system installation is complete. 

D. Verify that roof membrane flashing extends over anchorage blocking and is securely fastened to 
the blocking. 

3.2 INSTALLATION 

A. Install roof specialties to provide weatherproof performance and prevent water intrusion into 
building enclosure elements or interior. 

B. Copings: 
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1. Install copings in straight lines with accurately aligned profiles. 
2. Install anchorage base and cleats with screws. 
3. Install splice plates with continuous gaskets that prevent lateral movement of water to 

void below cover. 
4. Install covers with full engagement of anchorage cleats and uniform joint width. 

3.3 CLEANING 

A. Remove soiling and stains from installed components. 

END OF SECTION 



Offshore Wind Safety Center - Training Room Issue for Permit 
Atlantic City, NJ October 27, 2021 

FIRESTOPPING 07 84 00 - 1 

SECTION 07 84 00 
FIRESTOPPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Firestopping penetration and joints 

B. Principal Products 

1. Firestopping sealants, putties, foams, and other materials used in firestopping systems. 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Coordination Procedures: 

1. Coordinate joint construction and penetrations to accommodate firestopping 

B. Scheduling: Notify Owner's testing agency seven days minimum before firestopping installation 
and provide access for inspection. 

1.3 ACTION SUBMITTALS 

A. Product Data:  

1. Product characteristics, performance and limitation criteria. 
2. Submit descriptions of tested designs listed in submitted schedule. 

B. Engineering Judgements: For conditions not covered by listed designs, provide judgements on 
systems or assemblies to meet fire protection requirements by a licensed professional engineer, 
for presentation to authority having jurisdiction. 

C. Schedule: List opening locations and sizes, penetrating items, and assembly numbers. 

1.4 QUALITY ASSURANCE 

A. Qualifications: 

1. Licensed Professionals: Registered in state in which Project is located. 

B. Certifications: From Installer that firestopping is installed properly. 
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C. Field Samples: Construct example of exposed firestopping, minimum size of a standard 
installation. Demonstrate finish. 

1. Approved samples establish work results standard. 

1.5 FIELD CONDITIONS 

A. Ambient Conditions: Perform work within field conditions recommended by manufacturer of 
firestopping. 

PART 2 - PRODUCTS 

2.1 PENETRATION AND JOINT FIRESTOPPING 

A. General: 

1. Materials manufactured and installed to resist the spread of fire, smoke, and gasses, that 
maintain the fire resistance ratings of the horizontal and vertical assemblies into which 
they are installed. 

2. All firestopping materials and systems are to be compatible with each other and 
substrates where installed. 

B. Fire-Rated Wall Penetrations: Firestopping rated per ASTM E814 or UL 1479, positive pressure 
differential tested at 0.01 inch wg. 

1. F-Rating: Equal to or greater than assembly where installed. 

C. Fire Rated Joint Assemblies: Firestopping rated per ASTM E1966 or UL 2079.  

1. Fire Resistance Rating: Equal to or greater than assembly where installed. 

D. Exposed Firestopping Materials: ASTM E84; Flame Spread 25, Smoke Developed 450, 
maximum. 

1. Color: Red. 

E. Accessory Materials: Materials and components specified by firestopping manufacturer and 
approved by qualified testing and inspection agency that are required for a complete installation 
and fire rating of each firestopping assembly or system. 

1. Forming and backing materials: 

a. Rock wool and mineral wool insulation. 
b. Sealants. 
c. Form boards. 
d. Fillers and backers for sealants. 
e. Temporary forms. 

2. Primers. 
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3. Collars. 
4. Sleeves. 

2.2 PERFORMANCE 

A. Provide firestopping systems that are tested by a qualified testing agency acceptable to 
authorities having jurisdiction. 

B. Mark firestopping systems with classification markings by one of the following. 

1. UL “Fire Resistance Directory.”
2. FM Global “Building Materials Approval Guide.”

3. Intertek Group “Directory of Building Products.”

2.3 MATERIALS AND COMPONENTS 

A. Collars and Sleeves: Factory assembled collars and sleeves, consisting of a metal outer sleeve 
lined with intumescent material, and flanges and gaskets to mount the unit and seal the ends. 

B. Sealants: 

1. Latex: Single component, moisture resistant after curing. 
2. Silicone: Single component, neutral curing, pourable for horizontal and nonsag for 

vertical or sloped applications. 

C. Intumescent Sheets: Composite sheets of galvanized steel and intumescent material designed for 
various opening sizes. 

D. Wrap Strips: Foil faced, intumescent, elastomeric sheets. 

E. Pillows: Compressible, intumescent cases. 

F. Putties: Non-hardening, water-resistant, dielectric materials containing no inorganic fibers, 
silicones, or solvents. 

G. Mortars: Prepackaged dry mixes of hydraulic cement, binders, and lightweight aggregates, 
mixed with water at installation site. 

H. Silicone Foam: Multicomponent, site-mixed elastomer that expands and cures in-place as a 
stable, flexible foam. 

2.4 MIXING 

A. Mix materials to produce product characteristics required by manufacturer and testing agency. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions: Comply with manufacturer’s requirements for each type of
firestopping installation. 

3.2 PREPARATION 

A. Surface Preparation: 

1. Mask surfaces that will remain exposed after installation of firestopping. 

3.3 INSTALLATION 

A. Forming Materials: Install to retain and properly shape installed firestopping to achieve required 
fire rating. 

1. Remove combustible or temporary forming materials after curing firestopping. 

B. Install firestopping materials to achieve required fire ratings. 

1. Apply materials to adhere to all contact surfaces. 
2. Fill all voids around openings. 
3. Finish firestopping that will be exposed after curing. 

3.4 IDENTIFICATION 

A. Permanently attach identification labels within 6 inches of edge of firestopping installations. 
Make labels visible toward the direction from which a person might approach to remove or alter 
the firestopping. 

B. Provide labels that contain the following: 

1. Required Text: “Warning - Penetration Firestopping - Do Not Disturb. Notify Building 
Management of Any Damage.”

2. Contact information for installation Contractor. 
3. Firestopping testing agency's design designation. 
4. Date of installation. 
5. Name of Manufacturer. 
6. Name of Installer. 

3.5 FIELD QUALITY CONTROL 

A. Field Tests and Inspections: Owner will engage inspectors to perform tests and inspections and 
prepare reports. Allow inspectors access to work areas. 
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1. Retesting of Failed Tests: Performed at Contractor's expense. 
2. Do not begin construction until inspectors have verified compliance of materials. 
3. Do not use materials that fail tests and inspections. 

B. Testing: ASTM E2174. 

C. Repair or replace firestopping that is damaged or removed during inspection and testing. 

D. Complete enclosure Work over firestopping only after inspection reports indicated all 
firestopping is compliant with requirements. 

3.6 CLEANING AND PROTECTION 

A. Remove excess materials by methods approved by firestopping manufacturer. Do not damage 
adjacent materials. 

B. Protect firestopping installations from damage or deterioration during the Work. Repair or 
replace any firestopping that is damaged or removed, before Substantial Completion. 

END OF SECTION 
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SECTION 07 92 00 
JOINT SEALANTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Sealing exterior joints around doors, windows, roof metal, and other conditions. 
2. Interior calking and joint sealing 

B. Principal Products 

1. Joint sealants 

1.2 ACTION SUBMITTALS 

A. Submittal Procedures: 

1. Provide submittals for all sealants, exterior and interior, in a single group, regardless of 
how many subcontractors will install sealants. Multiple submittals for sealants are not 
acceptable. 

B. Product Data: 

1. Each sealant type. 

C. Samples: 

1. Cured sealant custom color ribbons; 12 inches minimum length. 

1.3 INFORMATIONAL SUBMITTALS 

A. Test and Evaluation Reports: Manufacturer or independent testing agency test results showing: 

1. Compatibility between sealant and substrate. 
2. Priming requirements for each substrate and sealant. 
3. Staining potential. 

1.4 CLOSEOUT SUBMITTALS 

A. Warranty Documentation: Sealants. 
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1.5 QUALITY ASSURANCE 

A. Preconstruction Testing: Complete testing minimum 30 days before scheduled field installation. 

1. Adhesion: Test exterior wall sealants for adhesion to metal, masonry, concrete, and EIFS 
per ASTM C794 to determine need for primer and substrate preparation. 

2. Staining: Test exterior wall sealants for staining of EIFS per ASTM C1248. 

1.6 FIELD CONDITIONS 

A. Ambient Conditions: Perform work within following limitations. 

1. Temperature: Perform work within sealant manufacturer temperature limits, but not 
below 40 deg F. 

1.7 WARRANTY 

A. Manufacturer Warranty: 

1. Exterior Sealants: Warrant against product failure. 

a. Failure includes loss of elastomeric properties and required performance attributes, 
and discoloration of substrates. 

b. Warranty Period - Urethanes: Five years. 
c. Warranty Period - Silicones: 20 years. 

PART 2 - PRODUCTS 

2.1 SEALANTS - GENERAL 

A. Source Control: Provide one proprietary product for each type of sealant required, regardless of 
what subcontractor installs the sealant. 

1. Installers of joint sealants under subsequent work packages must use the same proprietary 
sealants used in the first work package that includes joint sealants. 

B. Select proprietary sealants for compatibility with other construction products that the sealants 
will contact. 

C. Multiple colors may be required for exposed sealants to coordinate with substrate colors. 

2.2 EXTERIOR EXPOSED NONTRAFFIC SEALANTS 

A. Medium Modulus Silicone Nonstaining Sealant: Single-component, nonsag, neutral-curing; 
ASTM C920, Type S, Grade NS, Class 50, Use NT; classed as nonstaining when tested per 
ASTM C1248.  
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1. Manufacturers and Products: 

a. Dow DOWSIL 756 SMS. 
b. GE Construction Sealants SCS9000 SilPruf NB. 
c. Pecora Corporation 864NST. 
d. Tremco Spectrem 3. 

2. Colors: Architect selected. 

2.3 EXTERIOR CONCEALED SEALANTS 

A. Butyl Sealant: ASTM C1311. 

1. Manufacturers and Products: 

a. Pecora Corporation BC-158. 
b. Tremco Butyl Sealant. 
c. C.R. Laurence 888. 

2.4 INTERIOR SEALANTS AND CAULKING 

A. Interior Color Sealant: Silane-modified polymer sealant or urethane; ASTM C920, S, Grade NS, 
Class 50, Uses T and NT. 

1. Manufacturers and Products: 

a. Master Builders Solutions MasterSeal NP2. 
b. Pecora Corporation DynaTrol I XL Hybrid. 
c. Sika Corporation Sikaflex 2c NS EZ Mix. 
d. Tremco Dymeric 240FC. 

2. Colors: Architect selected. 
3. Applications: 

a. Interior joints noted as‘sealant’ on Drawings.

B. Paintable Caulking: Acrylic latex or siliconized acrylic latex, ASTM C834, Type OP, 
Grade NF. 

1. Manufacturers and Products: 

a. Master Builders Solutions MasterSeal NP 520. 
b. Pecora Corporation AC20. 
c. Tremco Tremflex 834. 

2. Applications: 

a. Interior joints noted as 'caulking.' 
b. Joints, crevices, and irregularities wider than hairline joints in or between 

dissimilar materials or painted surfaces. 
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c. Perimeters of door frames, frames and trim for glazing, and frames or trim for 
other wall and ceiling openings at painted surfaces. 

2.5 INSTALLATION ACCESSORIES 

A. Primer: As required by sealant manufacturer. 

B. Backer Rod: ASTM C1330, Type C, closed-cell or Type O, open-cell, as recommended by 
sealant manufacturer. 

C. Bond Breaker Tape: Self-adhesive plastic tape to prevent sealant from adhering to back of joint. 

D. Cleaners: As recommended by sealant manufacturer. 

E. Masking: Non-staining, self-adhesive. 

2.6 MIXES 

A. Multicomponent Sealants: Mix tinting colorant with base sealant to uniform consistency and 
custom color. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean joint surfaces for optimum adhesion. Remove dirt, moisture, and incompatible 
substances. 

B. Existing Joints: Cut out and remove existing joint sealants down to original substrate. Small 
amounts of elastomeric sealants left in surface irregularities of concrete and masonry may be 
left in place subject to Architect’s approval, provided that they are securely bonded to surface,

are compatible with new sealant, and are tested to demonstrate that suitable adhesion with new 
sealant can be achieved. Where these conditions cannot be met, remove existing sealants 
completely. 

C. Prime joint surfaces where recommended by sealant manufacturer. Protect adjacent surfaces 
from misapplication or spillage of primer. 

D. Mask surfaces adjacent to joints to receive elastomeric sealants. Remove masking after tooling. 

3.2 INSTALLATION 

A. Installation Reference Standard: Follow ASTM C1193. 

B. General Installation Requirements: 
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1. Exterior Joint Sealants: Provide continuous, weatherproof seals to prevent infiltration of 
air and water through the joints. 

2. Interior Joint Sealants: Provide continuous seals to prevent air infiltration through the 
joints in which they are installed. 

3. Appearance: Apply sealants with smooth surfaces free of gaps, voids, bubbles, lumps, 
crevices, runs, drips, striations, and other irregularities. 

C. Set joint filler units at uniform depths in joints to support sealants and maintain proper sealant 
cross-section shape and depth within the following general limitations, measured at center (thin) 
section of beads. 

1. Pavement Joints: Sealant depth equal to 75 percent of joint width, but not more than 5/8 
inch deep nor less than 3/8 inch deep. 

2. Other Joints: Sealant depth equal to 50 percent of joint width, but not more than 1/2 inch 
deep nor less than 1/4 inch deep. 

D. Set joint filler for sealant neck dimension of maximum 1/3 of joint width. 

E. Install joint fillers under compression and friction fit. Do not install filler units that have 
absorbed water. 

1. Do not leave voids or gaps between ends of joint filler units. 
2. Do not stretch, twist, puncture, or tear joint fillers. 
3. Remove joint fillers that have absorbed moisture or which have ruptured gas cells and 

install suitable new fillers before sealant application. 

F. Install bond breaker tape where indicated or where joint filler is not used to prevent adhesion to 
back of joint. 

G. Deposit sealants in uniform, continuous ribbons without gaps and air pockets. 

H. Tool sealants to ensure full adhesion. Form smooth, slightly concave surface. 

I. Cure joint sealants. 

3.3 CLEANING 

A. Clean spills, misapplications, and material migrations immediately as they occur. 

B. Clean marred surfaces by whatever means are necessary to eliminate evidence of spillage. 

END OF SECTION 
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SECTION 08 11 13 
HOLLOW METAL DOORS AND FRAMES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. New exterior door in hollow metal frame. 

B. Principal Products 

1. Hollow metal doors 
2. Hollow metal frames 

1.2 ACTION SUBMITTALS 

A. Product Data. 

1. Hollow metal doors and frames. 

B. Shop Drawings: Show construction, sizes, configurations, reinforcements, anchorages, 
installation details. 

1. Door elevations showing cutouts. 
2. Door frame elevations. 
3. Hardware mounting locations. 

1.3 INFORMATIONAL SUBMITTALS 

A. Test and Evaluation Reports: Manufacturer test results showing thermal performance. 

1.4 QUALITY ASSURANCE 

A. Qualifications: 

1. Manufacturers: SDI Certified. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Handling Requirements: 

1. Store and handle door frames maintaining spreader bars in place until installation. 
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1.6 FIELD CONDITIONS 

A. Existing Conditions: Verify field measurements before fabrication. Show field measurements 
on Shop Drawings. 

PART 2 - PRODUCTS 

2.1 EXTERIOR DOORS AND FRAMES - EXTRA HEAVY DUTY 

A. Doors: ANSI/SDI A250.8; 1-3/4 inch thick. 

1. Classification: Level 3, Physical Performance Level A. 
2. Model: 2, seamless. 
3. Faces: Steel sheet, 0.053 inch thick, A60 coating. 
4. Core: Insulated. 
5. Top and Bottom Edges: Closure channel, top edge sealed watertight. 

B. Frames: ANSI/SDI A250.8. 

1. Material: Steel sheet, 0.053 inch thick, coating matching door face. 
2. Construction: Face welded, mitered corners. 
3. Thermal Break: Manufacturer standard. 

2.2 PERFORMANCE 

A. Environmental Performance: Exterior doors. 

1. Air Infiltration: AAMA/WDMA/CSA 101/I.S.2/A440; 0.30 cfm/sf, maximum at 6.24 psf 
pressure differential. 

2. Water Penetration: AAMA/WDMA/CSA 101/I.S.2/A440; no leakage at 9.19 psf pressure 
differential. 

3. Thermal Transmission: U-0.61, maximum. 

2.3 MATERIALS 

A. Steel Sheet: ASTM A653/A653M; hot-dipped galvanealed coating. 

B. Insulation: 

1. Door Core: Polyurethane or polystyrene. 
2. Door Frame: ASTM C665, Type 1, unfaced mineral fiber. 

C. Fasteners: Manufacturer's standard, Type 316 stainless steel. 

2.4 FABRICATION 

A. Fabricate doors and frames with hardware reinforcement welded in place. 
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1. Reinforce doors and frames for surface applied hardware without through bolting. 
2. Hardware Locations: ANSI A250.8. 

B. Door Edges: Beveled. 

C. Fabrication Tolerances: SDI-117 

2.5 FINISHES 

A. Primer Materials: ANSI/SDI A250.10, rust inhibiting. 

2.6 ACCESSORIES 

A. Galvanizing Repair Materials: ASTM A780/A780M. 

B. Weatherstripping: See Section 08 71 00. 

C. Silencers: See Section 08 71 00. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions: 

1. Verify opening sizes are within tolerance limits. 

3.2 INSTALLATION 

A. Install doors and frames. Follow ANSI/SDI A250.8. 

B. Interface with Other Work: 

1. Coordinate door frame and anchor installation with masonry jamb construction. 
2. Coordinate door and frame installation with door hardware installation.  

C. Installation Tolerances: SDI-117. 

D. Repair damaged zinc coatings. Follow ASTM A780/A780M. 

E. Seal door frames to adjacent wall construction. See Section 07 92 00. 

F. Field paint doors and frames. See Section 09 90 00. 



Offshore Wind Safety Center - Training Room Issue for Permit 
Atlantic City, NJ October 27, 2021 

HOLLOW METAL DOORS AND FRAMES 08 11 13 - 4 

3.3 REINSTALLATION 

A. Reinstall existing doors and frames at new location. 

3.4 ADJUSTING 

A. Adjust doors for smooth and balanced door movement. 

END OF SECTION 
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SECTION 08 33 23 
OVERHEAD COILING DOORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results: 

1. Insulated overhead coiling door. 

B. Principal Products: 

1. Motorized coiling door 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Coordination Procedures: 

1. Coordinate installation of work for support and anchorage of overhead coiling doors. 
2. Coordinate power and control wiring for electrically operated doors. 

B. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting one week, minimum, before starting Work of this Section. 
2. Additional Attendees: Installers of power and control wiring. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. Each type of overhead coiling door, including tracks and hardware. 
2. Motor operators, controls, obstruction detection devices. 

B. Shop Drawings. 

1. Each type of overhead coiling door. 
2. Support and anchorage details. 
3. Schedule of overhead doors. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

B. Warranty documentation. 
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1.5 QUALITY ASSURANCE 

A. Qualifications: 

1. Installers: Factory trained and authorized. 

1.6 WARRANTY 

A. Manufacturer Warranty: Warrant doors against defects in material and workmanship. 

1. Warranty Period: 2 years. 

PART 2 - PRODUCTS 

2.1 EXTERIOR OVERHEAD COILING DOORS 

A. Insulated Exterior Overhead Coiling Doors: 

1. Manufacturers and Products: 

a. Overhead Door Corp Model 625. 
b. C.H.I. Overhead Doors Series 6000 Insulated Service Doors. 
c. Clopay Building Products CESD20 Insulated Heavy Duty Service Door. 
d. CornellCookson Thermiser Max. 
e. McKeon ClimateGuard IS3000 Series. 

B. Operation Cycles: 20 cycles per day; 20,000, minimum, cumulative with tamperproof counter. 

C. Air Infiltration: 1.0 cfm/sq ft, maximum at 25 mph wind speed as tested per ASTM E283. 

D. Door Curtain: 

1. Slats: Flat, 2-5/8 inch wide. 
2. Material: Extruded aluminum. 
3. Insulation: Minimum R-7. 
4. Interior Facing: Same material and finish as exterior 
5. Perimeter Weather Seals: Replaceable resilient gaskets. 
6. Finish: Factory-applied baked enamel on curtains and components visible when door is in 

fully open (retracted) position.. 

a. Color: Architect selected. 

E. Operation: Electric. 

2.2 COMMON COMPONENTS 

A. Hood: 
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1. Material, Finish: Same as curtain. 
2. Shape: Rounded. 

B. Bottom Bars: 

1. Material, Finish: Extruded aluminum, 1/8 inch minimum thickness. 
2. Supply sloped bottom bar at doorways with cross-slope pavement. 

C. Jamb Guides: 

1. Material, Finish: Aluminum. 
2. Endlocks: Manufacturer recommended for door size and operation. 

D. Counterbalance: Adjustable enclosed helical torsion spring with grease sealed ball bearings or 
self-lubricating graphite bearings for rotating members. 

E. Motor Operators: 

1. Gear reduced type, mounted on head shaft. 
2. Sufficient power to operate door between 9 and 12 inches per second.  
3. Manually operable in case of power failure. 
4. Electrical characteristics: 115/230 VAC, single phase, 60 Hz. 
5. Disconnect Switch: Factory mounted on equipment. 

F. Controls: 

1. Control Station: Surface mounted. 
2. Automatic Re-Opening: Electric sensing strip on bottom bar and photoelectric sensors 

that immediately stop downward travel and reverse direction to fully opened position 
when obstruction is detected. 

2.3 PERFORMANCE 

A. Wind Loads: See Drawings. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that work for structural support and anchorage is adequate. 

3.2 INSTALLATION 

A. Install doors plumb and parallel to supporting walls. 

B. Anchor door tracks and operators rigidly and securely to prevent movement during door 
operation. 



Offshore Wind Safety Center - Training Room Issue for Permit 
Atlantic City, NJ October 27, 2021 

OVERHEAD COILING DOORS 08 33 23 - 4 

C. Install doors to operate smoothly without binding or distortion. 

D. Install perimeter gaskets to provide continuous seals and for uniform compression. 

E. Electrically-Operated Doors: 

1. Make wiring connections between power supply and operator and between operator and 
controls. 

2. Adjust limit switches for accurate movement. 
3. Adjust obstruction detection controls. 

3.3 FIELD QUALITY CONTROL 

A. Testing: 

1. Test obstruction detection controls. 

B. Non-Conforming Work: Make corrections or replace, and re-test. 

3.4 CLEANING 

A. Clean factory-primed surfaces of soiling and substances that affect subsequent finish painting. 

3.5 CLOSEOUT ACTIVITIES 

A. Demonstration: Coordinate demonstration with Owner’s staff.

1. Demonstrate operation and maintenance of electrically-operated doors. 

END OF SECTION 
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SECTION 08 41 13 
ALUMINUM-FRAMED ENTRANCES AND STOREFRONTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Fixed aluminum storefront framing with glass 

B. Principal Products 

1. Storefront framing 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Storefront framing, included tested performances. 

B. Shop Drawings: 

1. Plans and elevations for each installation. 
2. Details of anchorage and support. 
3. Details for continuity of air and water barrier with adjacent construction. 
4. Details of flashing and internal drainage. 
5. Provisions for thermal expansion and deflection. 
6. Details of trim. 
7. Details of extruded sills . 

C. Samples: 

1. Typical Framing Member: 12 inches long in required finish. 

1.3 INFORMATIONAL SUBMITTALS 

A. Impact Resistance Data: 

1. Manufacturer’s current Florida Product Approval Number indicating product acceptance,
as tested for large and small missile impact per ASTM E1886 and ASTM E1996 as 
modified by the FBC for design wind speeds. 

a. Openings Within 30 ft of Grade: Large missile test. 
b. Openings Above 30 ft of Grade: Small missile test. 
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1.4 CLOSEOUT SUBMITTALS 

A. Warranty Documentation: For framing system. 

1.5 QUALITY ASSURANCE 

A. Qualifications: 

1. Installer: Trained by system manufacturer. 

B. Impact Test Labeling: 

1. Provide labels on storefront framing required to be tested for impact resistance rating per 
requirements of authorities having jurisdiction.. 

2. Labels: Permanent metal labels, readily visible but inconspicuous from general view. 
3. Label Information: 

a. Manufacturer identification. 
b. Model number. 
c. Serial number or definitive information describing product performance 

characteristics. 
d. Approved agency's identification. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Handling Requirements: Follow AAMA CW-10. 

1. Protect aluminum components from bending and from impact, abrasion, and other 
harmful contacts. 

2. Maintain factory applied finish protections intact until time removal is recommended by 
manufacturer. 

1.7 FIELD CONDITIONS 

A. Existing Conditions: Verify field measurements before fabrication. Show field measurements 
on Shop Drawings. 

1.8 WARRANTY 

A. Manufacturer Warranty: Repair or replace components that do not comply with requirements or 
that fail in materials or workmanship. 

1. Failures  under design conditions specified in performance requirements. 

a. Breakage or loss of glass. 
b. Permanent deformation of components or assemblies. 
c. Water penetration through fixed glazing. 
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2. Warranty Period: Five years. 

B. Finish Warranty: Repair deteriorated finishes or replace components. 

1. Deterioration includes the following: 

a. Color Fading: More than 5 Hunter units per ASTM D2244. 
b. Chalking: More than No. 8 rating per ASTM D4214. 
c. Paint cracking, peeling or checking. 

2. Warranty Period: 20 years. 

PART 2 - PRODUCTS 

2.1 ALUMINUM-FRAMED STOREFRONTS 

A. Description: Extruded aluminum framing system, reinforced to support loads. 

B. Exterior Storefront: Thermally broken and impact resistant. 

1. Manufacturers and Products: 

a. EFCO Corporation Series 526. 
b. Kawneer IR 501UT. 
c. Oldcastle BuildingEnvelope FG-5100T StormMax. 
d. YKK AP YHS 50 TU. 

2. Construction: Thermally broken. 
3. Glass Installation: 4-side captured, installed fromexterior. 
4. Glazing Plane: Center. 
5. Finish: Color coating. 

C. Sills: Extruded aluminum, finished same as framing. 

D. Stools: Extruded aluminum finished same as framing. 

E. Formed Trim: Aluminum sheet, 0.060 inch minimum thickness, finished same as framing. 

F. Exposed Flashing: Aluminum sheet, 0.060 inch minimum thickness, finished same as framing. 

2.2 GLAZING 

A. Glass: Specified in Section 08 80 00. 

B. Glazing Gaskets: 

1. Material: Silicone; PVC not permitted. 
2. Color: Black. 
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2.3 PERFORMANCE  

A. Structural Loads: See Drawings. 

B. Deflection: At design wind speed. 

1. Perpendicular to Wall: 1/180 of span, not to exceed 3/4 inch edge of glass deflection. 
2. Parallel to Glass Plane: 1/360 of span, not to exceed 1/8 inch. 

C. Wind Movement: Design to criteria stated on Structural Drawings. 

D. Wind-Borne Debris Resistance: 

1. Florida Non-High Velocity Hurricane Zone product approval. 

E. Environmental Performance: 

1. Air Infiltration: ASTM E283. 

a. Fixed Framing and Glass: 0.06 cfm/sq. ft., maximum at 1.57 lbf/sq.ft. static air 
pressure differential. 

2. Water Penetration: ASTM E331 

a. Fixed Framing and Glass: No water at 10.0 lbf/sq.ft. static air pressure differential. 

3. Thermal Transmission: NFRC 100; 0.38 U-Factor, maximum. 
4. Condensation Resistance: NFRC 500; 45, minimum. 
5. Solar Heat Gain Coefficient: NFRC 200; 0.36, maximum. 
6. Expansion and Contraction: Withstand thermal cycling over 120 degrees F ambient 

temperature and 180 degrees F on material surfaces.  

2.4 MATERIALS 

A. Aluminum: Manufacturer's recommended alloy and temper. 

1. Extruded Profiles: ASTM B221. 
2. Sheet and Plate: ASTM B209. 
3. Structural Items: ASTM B308. 

B. Steel Reinforcement: Manufacturer's recommended coating to prevent galvanic reaction with 
aluminum framing. 

1. Structural Shapes: ASTM A36/A36M. 
2. Cold-Rolled Shapes: ASTM A1008/A1008M. 
3. Hot-Rolled Shapes: ASTM A1011/A1011M 

C. Concealed Flashing: Dead-soft stainless steel 0.018 inch thick. 

D. Assembly Sealants: Silicone. 
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E. Fasteners: Stainless steel. 

1. Where exposed or semi-exposed, use countersunk flathead screws finished to match 
adjacent surface. 

F. Separation Coating: Bituminous paint; SSPC-Paint 12. 

G. Concrete Anchors: Group 1 stainless steel expansion anchors. 

2.5 FABRICATION 

A. Fabricate components for uniform 1/2 inch shim space at jambs and heads. 

B. Fabricate joints flush, hairline, and weathertight. 

C. Provide internal reinforcements needed for performance requirements. 

D. Maintain thermal break of exterior assemblies. 

E. Conceal fasteners and attachments from view. 

F. Provide flat closure plates for open channel perimeter frame members. 

G. Fabricate sheet metal components per SMACNA Architectural Sheet Metal Manual. 

1. Fabricate trim and flashing in lengths to minimize number of joints. 
2. Fabricate trim to uniform sizes and profiles with smooth, flat surfaces free of oil-canning 

or other distortion. 
3. Fabricate trim for concealed anchorage where possible. 

H. Provide continuity of drainage for condensation and infiltrated water to system weeps. 

I. Fabrication Tolerances: 

1. Square: 1/8 inch maximum difference in diagonal measurements. 
2. Corner, Face Offsets: 1/32 inch maximum. 
3. Bow in Framing Members: 1/16 inch maximum. 
4. Joints: Hairline at permanent connections, 1/32 inch maximum at removable glazing 

stops. 

2.6 FINISHES 

A. Color Coating: Two-coat fluoropolymer finish with minimum 70 percent PVDF resin by weight 
in color; AAMA 2605. 

1. Color: See Drawings. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that adjoining air and water barriers are in place and extend into rough openings beyond 
location of exterior joint seals. 

3.2 PREPARATION 

A. Separation Coating: Apply bituminous paint to surfaces that will contact dissimilar metals, 
masonry, or preservative-treated wood, or provide other permanent isolation material. 

3.3 INSTALLATION 

A. Do not install damaged or substandard components, including items that have deficient finishes. 

1. Corrections in field are subject to Architect's approval before installation. 
2. Return components to factory for remanufacturing or refinishing, or provide new 

components to replace items that cannot be satisfactorily corrected in field. 

B. Coordinate attachment and sealing of exterior assemblies to air and water barrier materials to 
ensure continuity. 

C. Install assemblies plumb, level, square, and accurately aligned. 

D. Anchor assemblies securely to structural elements. 

E. Set sill members with two lines of continuous sealant per Section 07 92 00. 

F. Install flashing with end dams. Lap joints minimum 6 inches and seal watertight. Secure 
flashing with non-penetrating anchorages. 

G. Fill shim spaces with mineral fiber or spray poyurethane foam insulation. 

H. Remove debris, dirt, aluminum scraps, and other materials from glazing channels. 

I. Verify that internal drainage and weeps are fully functional. 

J. Glass Installation: Section 08 80 00. 

K. Tolerances: 

1. Variance from Plumb, Plane, and Level: 1/8 inch in 10 feet and 1/4 inch in 40 feet, 
maximum. 
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3.4 FIELD QUALITY CONTROL 

A. Field Tests and Inspections: Owner will engage agency to perform tests and inspections and 
prepare reports. Allow inspectors access to work areas.  

1. Verify that sealants have cured fully before testing. 
2. Perform tests before interior wall finishes installation. 
3. Failed Test Retest Cost: Contractor responsibility. 

B. Water Spray Test: AAMA 501.2. 

1. Initial Test Location: Architect designated area of storefront. 
2. Additional Locations: Test two additional Architect designated areas during remaining 

installation period. 
3. Pass Criteria: No water penetration. 

C. Air Infiltration Testing: AAMA 503. 

1. Locations: Water resistance test locations. 
2. Test Pressure: Specified in Performance article. 
3. Allowable Leakage: 1.5 times rate specified in Performance article per ASTM E283. 

D. Non-Conforming Work: Remove and replace, and re-test. 

3.5 CLEANING 

A. Remove protective material from factory finished aluminum surfaces. 

B. Wash surfaces as recommended by storefront and sealant manufacturers. 

C. Remove excess sealant. 

END OF SECTION 
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SECTION 08 71 00 
DOOR HARDWARE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Hardware for swinging doors. 

B. Principal Products 

1. Hinges. 
2. Exit devices. 
3. Closers. 
4. Weatherstripping and thresholds. 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Coordination Procedures: 

1. Coordinate door and frame preparation to accommodate door hardware installation.  

a. Provide door and frame preparation templates. 

B. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting one week, minimum, before starting Work of this Section. 
2. Additional Attendees: Door and frame installers. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. Include catalog cuts indicating materials, construction, finishes, functions, and specified 
options. 

B. Shop Drawings: 

1. Show hardware locations and mounting heights. 

C. Schedules: 

1. Hardware schedule for each opening using specified hardware set numbers. 
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1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For operating hardware, including lubrication requirements, 
inspection procedures, and preventative maintenance. 

B. Warranty Documentation: For exit devices and closers. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Tools: Manufacturer's recommended special tools required to maintain hardware. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Handling Requirements: 

1. Package hardware items individually with necessary fasteners, instructions, and 
installation templates. 

2. Label packages with door hardware schedule opening code. 
3. Store hardware indoors, secured from theft. 

1.7 WARRANTY 

A. Manufacturer Warranty: 

1. Warrant against product failure. 

a. Closer Warranty Period: 10 years. 
b. Exit Device Warranty Period: Five years. 

PART 2 - PRODUCTS 

2.1 HARDWARE COMPONENTS 

A. Hinges: ANSI A156.1, full mortise type. 

1. Manufacturers: 

a. Ives. 
b. McKinney. 
c. Hager. 

2. Width: 4-1/2 inches minimum; permit 180 degree door swing.  
3. Height and Weight: 4.5 inches minimum, extra heavy weight. 
4. Number per Door Leaf: Three. 
5. Pins: Non-removable pins (NRP). 
6. Tips: Flat button with matching plug. 
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B. Exit Devices: ANSI/BHMA A156.3, Grade 1; standard strike with extended lip to protect trim 
from latch bolt. 

1. Manufacturers and Products: 

a. Von Duprin 99 Series. 
b. Sargent 8800 Series. 
c. Corbin-Russwin ED5000 Series. 

2. Type: Rim. 

C. Closers: ANSI/BHMA A156.4; full rack and pinion type with steel spring and non-freezing 
hydraulic fluid. 

1. Manufacturers and Products: 

a. LCN 4040XP Series. 
b. Sargent 351 Series. 
c. Norton 7500 Series. 

2. Adjustability: Controllable closing and latching speeds and back checking. 
3. Arms: Type to suit individual condition; parallel-arm. 
4. Location: Mount closers on inside of exterior doors, room side of interior doors typical, 

pull side of other doors. 
5. Operating Pressure: 

a. Exterior Doors: 10 pounds, maximum. 

6. Full Covers: Provide at overhead surface mounted closers. 

D. Overhead Stops: ANSI/BHMA A156.8, Grade 1. 

1. Manufacturers and Products: 

a. Glynn-Johnson 90S Series. 
b. Rockwood OH900S Series. 
c. Hager 7000 Series. 

2. Length: Selected for door width. 

E. Kickplates: ANSI A156.6; 0.050 inch thick. 

1. Manufacturers and Products: 

a. Ives 8400 Series. 
b. Rockwood K1050 Series. 
c. Hager 190S Series. 

2. Length: 2 inches less door width. 
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F. Thermal Bumper Thresholds: BHMA A156.21; aluminum, thermally broken, resilient thermal 
insert; fabricated to full width of opening. 

1. Manufacturers and Products: 

a. Pemko 274x224AFGT. 
b. National Guard Products 8633N. 
c. Reese S483. 

2. Accessibility: Comply with ANSI A117.1 

G. Door Gasketing: BHMA A156.22; air leakage not to exceed 0.50 cfm per foot of crack length.  

1. Manufacturers and Products:  

a. Pemko S88BL 
b. National Guard Products 5050 
c. Zero 188S. 

2.2 ACCESSORIES 

A. Fasteners: Furnish hardware items with machine screws required for installation. 

1. Through bolts are not permitted. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify doors and frames are ready to receive door hardware. 

3.2 INSTALLATION 

A. Mounting Heights: Per door manufacturer instructions. 

B. Install hardware plumb, level, and true to line and location. 

C. Secure hardware with required fasteners located per installation templates. 

3.3 PROTECTION 

A. Protect hardware from damage. 
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3.4 SCHEDULES - GENERAL 

A. Hardware sets establish type and standard of quality together with specified requirements. 
Examine Drawings and Specifications. Provide proper hardware for door openings. 

3.5 SCHEDULE - EXTERIOR DOORS 

A. Hardware Set: 

1. Application: Exit at Grade.  
2. Type: Single, HM x HM, unrated.  
3. Hardware: 

Qty Product Description Finish 
3 Hinges Heavy Weight 630 

1 Exit Device Rim, Exit Only 630 
1 Closer 689 
1 Overhead Stop Surface Mounted 630 
1 Kickplate 0.050" x 10" x 2" LDW 630 
1 Threshold 628 
1 Set Seals 628 
1 Door Sweep 628 
Notes: 

END OF SECTION 
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SECTION 08 80 00 
GLAZING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Glass for aluminum-framed storefront windows 

B. Principal Products 

1. Insulating glazing units. 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting at project site in conjunction with preinstallation meetings for 
fenestration framing systems. 

2. Agenda Items: 

a. Coordinate schedules and material deliveries. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. Each type of glass. 

B. Samples: 12- by 12-inch samples of each glass type except clear monolithic. 

1.4 CLOSEOUT SUBMITTALS 

A. Warranty Documentation: For insulating glass. 

1.5 FIELD CONDITIONS 

A. Ambient Conditions: 

1. Temperature: Minimum 40 degrees F and rising. 
2. Install glass only on when glazing frames are free of moisture, including condensation, 

frost, and ice. 
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1.6 WARRANTY 

A. Manufacturer Warranty: 

1. Laminated Glass: Warrant against edge separation, delamination, or other defects. 

a. Warranty Period: 5 years. 

2. Insulating Glass: Warrant against the following: 

a. Edge seal failure. 
b. Internal condensation that does not dissipate. 
c. Spacer delamination. 
d. Warranty Period: 10 years. 

PART 2 - PRODUCTS 

2.1 BASE GLASS 

A. Clear Glass: ASTM C1036, Type I, Class 1, Quality-Q3. 

2.2 HEAT TREATED GLASS 

A. Heat Treated Glass: ASTM C1048, Type 1, Quality Q3; free of mosaic or pattern distortion 
visible from fixed viewpoint and other defects caused by roller pick. 

1. Heat Strengthened Glass: Kind HS. 
2. Tempered Glass: Kind FT. 

B. Roll Ripple (Surface Wave) Tolerances: 

1. Heat Strengthened Glass: 0.002 inch, maximum. 
2. Tempered Glass: 0.005 inch, maximum. 

C. Roll Ripple Orientation: Horizontal. 

D. Fabricate heat-treated units with permanent label in consistent location at either lower corner. 

2.3 COATED GLASS 

A. Vacuum Deposition Coated Glass: ASTM C1376. 

1. Color and Performance Attributes: See glass schedule. 
2. Insulating Glass: Delete or omit coating from glass edges where spacer sealant is applied. 
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2.4 INSULATING GLASS 

A. Insulating Glass Units (IGU): Factory assembled double-pane units tested per ASTM E2190 
and certified by IGCC. 

B. Warm Edge Spacer Strips: Rigid plastic or stainless steel with desiccant fill. 

1. Manufacturers and Products: 

a. Quanex Building Products Duraseal. 
b. Technoform TGI-Spacer M. 
c. Viracon VTS. 
d. Vitro Intercept. 

C. Space Fill: Dehydrated argon. 

D. Edge Seals: 

1. Primary Seal: Polyisobutylene. 
2. Secondary Seal: Silicone. 

2.5 LAMINATED GLASS 

A. Laminated Glass: Two glass plies permanently bonded with interlayer; ASTM C1172. 

1. Glass Plies: Heat-strengthened glass. 
2. Interlayer Type: ionomeric polymer cast-in-place cured resin. 
3. Interlayer Thickness: 

a. Windborne Debris Impact Resistance: 0.060 inch. 

4. Interlayer Appearance: Clear. 

2.6 GLASS TYPES 

A. Exterior Glass: Insulating unit. 

1. Outer Lite: 6 mm fully tempered glass. 

a. Tint: Clear. 
b. Vacuum Deposition Coating: Low-E, #2 surface. 

2. Air Space: 1/2 inch. 
3. Inner Lite: Laminated glass. 

a. Glass: Two layers 6 mm heat-strengthened glass. 
b. Interlayer: 0.060 inch. 
c. Tint: Clear. 

4. Optical and Thermal Performance: 
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a. Visible Light Transmittance: 68 percent, minimum. 
b. Exterior Reflectance: 11 percent, maximum. 
c. Winter U-Factor: 0.28, maximum. 
d. Solar Heat Gain Coefficient: 0.38, maximum. 

2.7 INSTALLATION MATERIALS 

A. Setting Blocks: ASTM C864, neoprene or EPDM, or ASTM C1115, silicone; 80 to 90 Shore A 
durometer hardness. 

B. Spacers: ASTM C864, neoprene or EPDM, or ASTM C1115, silicone; 50 to 60 Shore A 
durometer hardness. 

C. Glazing Gaskets: Specified with framing system. 

2.8 PERFORMANCE 

A. Wind-Borne Debris Resistance: 

1. ASTM E1886 missile impact and cyclic-pressure for Wind Zone 1per ASTM E1996. 

2.9 FABRICATION 

A. Perform fabrication before delivering glass to site. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions: 

1. Framing is ready to receive glazing. 
2. Weep systems are unblocked and functional. 
3. Face and edge clearances are sufficient. 
4. Framing joints are properly sealed. 

B. Examine glass lites for damage and defects before installation. 

C. Do not install tempered glass with noticeable roller pick optical distortion. 

3.2 PREPARATION 

A. Clean glazing channels and rabbets; remove loose materials and moisture. 

B. Remove protective coatings on metal surfaces. 
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C. Clean glass just before installation. 

3.3 INSTALLATION - GENERAL 

A. Install glass without direct contact on framing surfaces. 

B. Maintain manufacturer recommended edge and face clearances between glass and frame 
members. 

C. Set glass centered in openings on setting blocks. 

D. Provide edge blocking needed to prevent sideways movement of glass in framing. 

E. Set glass with correct orientation of exterior side. 

3.4 INSTALLATION - GASKET GLAZING 

A. Fabricate gaskets to fit openings. 

B. Install gaskets in single pieces on each side of opening with joints only at corners. 

C. Where recommended by framing system manufacturer, seal corners watertight. 

D. Compress gaskets to produce weathertight seal without causing bending stresses in glass. 

3.5 CLEANING 

A. Remove nonpermanent labels and clean surfaces after installation. 

B. Clean glass on both sides shortly before inspection for Substantial Completion. 

3.6 PROTECTION 

A. Protect glass vulnerable to damage with streamers attached to framing. 

B. Exterior Glass: 

1. Protect glass from contact with contaminating substances. 
2. Examine glass surfaces below concrete or masonry for alkaline deposits and dirt, and 

remove such soiling when observed. 
3. Provide new replacement units for damaged glass, including glass with stains or etching 

that cannot be removed. 

END OF SECTION 
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SECTION 09 05 61 
COMMON WORK RESULTS FOR FLOORING PREPARATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results: 

1. Prepare existing concrete slabs for the following flooring types: 

a. Resilient tile and sheet. 

2. Test concrete floor slabs for moisture and alkalinity (pH). 
3. Remediate concrete floor slabs due to unsatisfactory moisture or alkalinity (pH) 

conditions. 

B. Principal Products: 

1. Testing apparatus 
2. Patching and self-leveling compounds. 
3. Remedial floor coatings. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Floor Covering and Adhesive Manufacturers' Product Literature: For each specific 
combination of substrate, floor covering, and adhesive to be used; showing: 

a. Moisture and alkalinity (pH) limits and test methods. 
b. Manufacturer's required bond/compatibility test procedure. 

2. Remedial Materials:  

a. Test reports indicating compliance with specified performance requirements, 
performed by nationally recognized independent testing agency. 

1.3 INFORMATIONAL SUBMITTALS 

A. Testing Agency's Report: 

1. Description of areas tested; include floor plans and photographs if helpful. 
2. Summary of conditions encountered. 
3. Moisture and alkalinity (pH) test reports. 
4. Copies of specified test methods. 
5. Recommendations for remediation of unsatisfactory surfaces. 
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6. Include certification of accuracy by authorized official of testing agency. 
7. Submit report to Architect not more than two business days after conclusion of testing. 

B. Adhesive Bond and Compatibility Test Report. 

C. Specimen Warranty: Issued by remedial material manufacturer. 

1.4 CLOSEOUT SUBMITTALS 

A. Warranty Documentation: For remedial floor coatings. 

1.5 QUALITY ASSURANCE 

A. Testing Agency:Employ and pay for an independent testing agency to perform moisture and 
alkalinity (pH) testing. 

1. Qualifications: Experienced in specified testing methods. 
2. Contractor's Responsibility Relating to Independent Agency Testing: 

a. Provide access for and cooperate with testing agency. 
b. Confirm date of start of testing at least 10 days before actual start. 
c. Allow at least 4 business days on site for testing agency activities. 
d. Achieve and maintain specified ambient conditions. 
e. Notify Owner when specified ambient conditions have been achieved and when 

testing will start. 

B. Remedial Coating Installer Qualifications: Company specializing in performing work of the 
type specified in this section, trained by or employed by coating manufacturer. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver and store materials in manufacturer’s packaging; include installation instructions.

B. Keep materials from freezing. 

1.7 FIELD CONDITIONS 

A. Maintain ambient temperature in spaces where concrete testing is being performed, and for at 
least 48 hours before testing, at not less than 65 degrees F or more than 85 degrees F. 

B. Maintain relative humidity in spaces where concrete testing is being performed, and for at least 
48 hours before testing, at not less than 40 percent and not more than 60 percent. 
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PART 2 - PRODUCTS 

2.1 FLOORING PREPARATION MATERIALS 

A. Patching and Self-Leveling Compound: 

1. Cementitious moisture-, mildew-, and alkali-resistant compound, compatible with floor, 
floor covering, and floor covering adhesive, and capable of being installed to thicknesses 
indicated and feathered to nothing at edges. 

2. Compressive Strength: 4000 psi, minimum, after 28 days, per ASTM C109/C109M or 
ASTM C472, whichever is appropriate. 

B. Alternate Flooring Adhesive: Floor covering or adhesive manufacturer's recommended product, 
suitable for the moisture and pH conditions present.  

C. Remedial Floor Coating: Single- or multi-layer coating or coating/overlay combination. 

1. Manufacturers and Products: Recommended by testing agency or one of the following: 

a. ARDEX Engineered Cements; ARDEX MC ULTRA with ARDEX V 1000. 
b. Custom Building Products; CustomTech Tech MVC with TechLevel 100. 
c. Dependable Floor Products; VAPORSEAL-HM with Dependable SKIMFLOW 

ES. 
d. Koster American Corporation; Koster VAP I 2000 with Koster SL Premium 

overlay. 
e. LATICRETE International, Inc; NXT Vapor Reduction Coating with NXT Level. 
f. MAPEI Planiseal VS with Mapei PlaniLevel 560. 
g. UZIN; UZIN PE 460 with UZIN PE 280 and UZIN NC 150. 

PART 3 - EXECUTION 

3.1 INSTALLATION - GENERAL 

A. Follow ASTM F3010. 

3.2 CONCRETE SLAB PREPARATION 

A. Follow recommendations of testing agency and ASTM F3010. 

B. Perform following operations in the following order: 

1. Perform preliminary cleaning. 
2. Internal Relative Humidity Testing: 3 tests. 
3. Alkalinity (pH) Tests: Perform in same locations as relative humidity tests. 
4. Specified remediation, if required due to relative humidity test result. 
5. Patching, smoothing, and leveling. 
6. Other preparation specified in finish flooring sections. 
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7. Adhesive bond and compatibility test. 
8. Protection. 

C. Remediations: 

1. Active Water Leaks or Continuing Moisture Migration to Surface of Slab: Correct before 
doing any other remediation; re-test after correction. 

2. Excessive Relative Humidity: If an adhesive that is resistant to the level of moisture 
present is available and acceptable to flooring manufacturer, use that adhesive for 
installation of the flooring; if not, apply remedial floor coating over entire suspect floor 
area. 

3. Excessive Alkalinity (pH): 

a. If remedial floor coating is necessary to address excessive moisture, no additional 
remediation is required for pH. 

b. If an adhesive that is resistant to the pH level present is available and acceptable to 
the flooring manufacturer, use that adhesive for installation of the flooring; 
otherwise, apply a skim coat of specified patching compound over entire suspect 
floor area. 

3.3 PRELIMINARY CLEANING 

A. Clean floors of dust, solvents, paint, wax, oil, grease, asphalt, residual adhesive, adhesive 
removers, film-forming curing compounds, sealing compounds, alkaline salts, excessive 
laitance, mold, mildew, and other materials that might prevent adhesive bond. 

B. Do not use solvents for cleaning. 

3.4 INTERNAL RELATIVE HUMIDITY TESTING 

A. Where the floor covering manufacturer's requirements conflict with either the referenced test 
method or this specification, comply with the manufacturer's requirements. 

B. Test in accordance with ASTM F2170 Procedure A. Calcium Chloride and electrical impedance 
or resistance testing may not be substituted. 

C. In the event that test values exceed floor covering manufacturer's limits, perform remediation. 
In the absence of manufacturer limits, perform remediation if any test value exceeds 75 percent 
relative humidity. 

D. Report: Report the information required by the test method. 

3.5 ALKALINITY TESTING 

A. Where the floor covering manufacturer's requirements conflict with either the referenced test 
method or this specification, comply with the manufacturer's requirements. 

B. Use a wide range alkalinity (pH) test paper, its associated chart, and distilled or deionized water. 



Offshore Wind Safety Center - Training Room Issue for Permit 
Atlantic City, NJ October 27, 2021 

COMMON WORK RESULTS FOR FLOORING PREPARATION 09 05 61 - 5 

C. Place several drops of water on a clean surface of concrete, forming a puddle approximately 1 
inch in diameter. Allow the puddle to set for approximately 60 seconds, then dip the alkalinity 
(pH) test paper into the water, remove it, and compare immediately to chart to determine 
alkalinity (pH) reading. 

D. In the event that test values exceed floor covering manufacturer's limits, perform remediation. 
In the absence of manufacturer limits, perform remediation if alkalinity (pH) test value is over 
10. 

3.6 PREPARATION 

A. See individual floor covering sections for additional requirements. 

B. Comply with recommendations of testing agency. 

C. Fill and smooth surface cracks, grooves, depressions, control joints and other non-moving 
joints, and other irregularities with patching compound. 

D. Do not fill expansion joints, isolation joints, or other moving joints. 

3.7 ADHESIVE BOND AND COMPATIBILITY TESTING 

A. Comply with requirements and recommendations of floor covering manufacturer. 

3.8 APPLICATION OF REMEDIAL FLOOR COATING 

A. Mix and apply remedial floor coating. 

1. Prohibit traffic during application. 
2. Honor substrate control, isolation and expansion joints. 
3. Prime substrate, and apply floor coating in layers as recommended by manufacturer. 
4. Allow coating to cure before applying finish flooring. 

3.9 PROTECTION 

A. Cover prepared floors with building paper or other durable covering until finish flooring is 
installed. 

END OF SECTION 
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SECTION 09 22 16 
NON-STRUCTURAL METAL FRAMING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Gypsum board partitions 

B. Principal Products 

1. Studs and tracks 

1.2 ACTION SUBMITTALS 

A. Product Data. 

PART 2 - PRODUCTS 

2.1 PARTITION FRAMING 

A. Framing Members and Components - General: AISI S220, sheet steel. 

1. Protective Coating:  ASTM A653/A653M, G40, hot-dip galvanized. 

B. Standard Studs and Tracks: 

1. Depth: See Drawings. 
2. Thickness: See Drawings. 

C. Deflection Top Track: Provide one of the following: 

1. Single Long-Leg Track: Steel top track with 2 times deflection plus 1 inch deep flanges; 
studs friction fit. 

2. Single Slotted Track: Steel top track with 2 times deflection plus 1 inch deep slotted 
flanges; studs fastened through slots. 

3. Double Track: Steel top track system with inside track fastened to studs and outside track 
fastened to structure. 

a. Outside Track: 2 times deflection plus 1 inch flanges. 
b. Inside Track:  Flanges 1/2 inch shorter than outside track. 

4. Steel Thickness: Match studs. 
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2.2 BACKING 

A. Backing Materials - General: At Contractor's option, use manufactured flexible wood backing 
system and flat strap backing plates. 

B. Manufactured, Preformed Sheet Steel Backing: 6 inch wide, 68 mil steel, formed to fit stud 
spacing. 

1. Manufacturers and Products: 

a. Perfect Wall, Inc. Flush-Mount Flat Reinforced Backing. 

C. Wood Backing System: Fire-retardant treated wood and predrilled steel clips for fastening to 
steel studs. 

1. Manufacturers and Products: 

a. ClarkDietrich Danback. 
b. Mantisgrip Mantisgrip Backing Clip. 
c. SCAFCO Kiwk-Back. 

D. Flat Strap Backing Plates: Steel sheet screwed to studs. 

1. Width: As needed for secure anchorage of wall-mounted items, but not less than 6 inches. 
2. Thickness: 33 mils minimum. 

2.3 ACOUSTICAL ACCESSORIES 

A. Acoustical Sealant: Section 09 29 00. 

2.4 ACCESSORIES 

A. Anchors: Types recommended by framing manufacturer for substrates. 

B. Fasteners:  ASTM C1002; Type S or GA-216; length to suit application. 

C. Isolation Strips at Exterior Walls: 

1. Asphalt-Saturated Organic Felt: ASTM D226, Type I (#15 asphalt felt), nonperforated. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify rough-in utilities in are proper locations. 
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3.2 INSTALLATION - GENERAL 

A. Installation Standard: Comply with ASTM C754. 

3.3 INSTALLATION - PARTITION FRAMING 

A. Framing to Structure: Extend partition framing to underside of structure. Attach ceiling track to 
structure. 

B. Brace stud framing system rigid; attach bridging to prevent stud rotation. 

C. Orient stud flanges the same direction within wall assembly. 

D. Stud Spacing: 

1. Single-Layer Applications: See Drawings. 

E. Deflection Accommodation: Install deflection top track systems to prevent axial loading of 
finished assemblies. 

3.4 INSTALLATION TOLERANCES 

A. Deviation from Indicated Position: 1/8 inch in 10 feet, maximum. 

B. Deviation from Plumb and Level: 1/8 inch in 12 feet, maximum. 

END OF SECTION 
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SECTION 09 29 00 
GYPSUM BOARD 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Gypsum board partitions 

B. Principal Products 

1. Gypsum panels 
2. Acoustic sealant and insulation 

1.2 ACTION SUBMITTALS 

A. Product Data. 

1. Each type of gypsum board. 
2. Trim accessories. 
3. Sound attenuation blankets. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Panel Products: 

1. CertainTeed Corp. 
2. Georgia-Pacific Gypsum LLC. 
3. National Gypsum Company. 
4. USG Corporation. 

2.2 GYPSUM BOARD FOR INTERIOR APPLICATIONS 

A. Fire-Resistant Gypsum Board: ASTM C1396. 

1. Core: 5/8 inch, Type X. 

2.3 INSTALLATION MATERIALS 

A. PVC Trim: ASTM C1047 and ASTM D3678. 
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1. Manufacturers: 

a. ClarkDietrich. 
b. Plastic Components, Inc. 
c. Trim-Tex Inc. 

2. Shapes: Cornerbead. 

B. Sound Attenuation Blankets: ASTM C665, Type I, unfaced semi rigid mineral wool or 
fiberglass, thickness shown on Drawings, sized for friction fit. 

1. Thickness: 

a. Walls: 3 1/2 inches. 

C. Acoustic Sealant: ASTM C834; nonsag, paintable, nonstaining, butyl-free, latex sealant. Supply 
fire rated sealant for use in fire rated assemblies. 

1. Manufacturers and Products: 

a. Accumetric LLC BOSS 824 Acoustical Sound Sealant. 
b. GE Construction Sealants RCS20. 
c. Grabber Construction Products Acoustical Sealant GSC. 
d. Hilti, Inc. CP509 Smoke and Acoustical Sealant. 
e. Pecora Corporation AIS-919. 
f. Specified Technologies, Inc. Smoke N Sound Acoustical Sealant. 
g. USG Corporation SHEETROCK Acoustical Sealant. 

D. Fasteners for Gypsum Board: 

1. Metal Framing 33 mils Thick and Less: ASTM C1002, Type S. 

E. Joint Materials: 

1. Interior Gypsum Board: ASTM C475/C475M; products compatible with substrate and 
other coatings applied to surface. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify locations and sizes of framing supports for openings and penetrations. 

B. Examine panels for moisture and mold; discard damaged panels. 

3.2 INSTALLATION - ACOUSTICAL ACCESSORIES 

A. Comply with ASTM C919 for locations of acoustical sealant beads. Close off sound-flanking 
paths around or through the work, including sealing of partitions above acoustical ceilings. 
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B. Do not install sound attenuation blankets until mechanical and electrical work within framing 
spaces is complete. 

C. Fill framing spaces for complete coverage after gypsum board has been installed on one side of 
partition. 

D. Fit sound attenuation blankets tight around cut openings and penetrations, and behind and 
around electrical and mechanical items within framing spaces. 

E. Pack blankets around door and window frames, between jamb studs, in boxed headers, and in 
other voids. 

F. Provide wires or other means of mechanical supports to maintain full coverage and prevent 
insulation displacement. 

G. Where concealed acoustical sealant beads are required at floor line, apply sealant to clean floor 
surface first and set gypsum boards into wet sealant. 

H. At other locations tool beads to ensure complete contact with joint surfaces. Where exposed, 
form smooth concave surface suitable for finish painting. 

3.3 INSTALLATION - INTERIOR GYPSUM BOARD 

A. Comply with ASTM C840. 

B. Cut panels to fit obstructions and openings without tearing face paper or cracking core. 

C. Install panels with face side out with lightly butted joints. 

D. Stagger joints on opposite sides of partitions. 

E. Locate panel ends over support framing. 

F. Fit panels to ducts, pipes, conduit, and other penetrations and obstructions with maximum 1/4 
inch joints. 

G. Attach gypsum board to framing and to supplementary framing and blocking provided for 
additional support at openings and cutouts. 

H. Form control joints and expansion joints with space between edges of boards, prepared to 
receive trim accessories. 

I. Isolate perimeter of non-loadbearing drywall partitions from structural members. Provide 1/4 to 
1/2-inch space and trim edge with edge bead. Seal joints with acoustical sealant. 

J. Single Layer Installation: 

1. Install panels vertically with long edges on continuous supports. 
2. Attach panels to framing with screws. 
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3.4 INSTALLATION - TRIM 

A. Vertical Trim: Install in single pieces where length is 9 feet or less. 

B. Control Joints: Install per ASTM C840 and as follows. 

1. Locations of control and expansion joints in substrate or framing. 
2. Walls: 

a. At changes in backup material. 

C. Corner Bead: Outside corners. 

3.5 FINISHING 

A. Reference Standard: ASTM C840. 

B. Finish panel joints, inside corners, trim flanges, fastener heads, and surface defects to provide 
smooth, continuous surfaces of monolithic appearance that are suitable for applied finishes. 

C. Finish Levels: 

1. Level 4: Surfaces that receive flat or low sheen paint. 

3.6 CLEANING 

A. Remove spills, spatters, and misapplications of finishing materials as they occur. 

B. Repair other finish surfaces damaged during drywall operations. 

3.7 PROTECTION 

A. Protection: 

1. Protect adjacent surfaces from gypsum panel compounds, adhesives, and sealants 
2. Protect finished gypsum panels from being marred from ongoing work. 

END OF SECTION 



Offshore Wind Safety Center - Training Room Issue for Permit 
Atlantic City, NJ October 27, 2021 

RESILIENT FLOORING 09 65 00 - 1 

SECTION 09 65 00 
RESILIENT FLOORING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Rubber flooring and wall base 

B. Principal Products 

1. Rubber floor tile 
2. Rubber base 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Resilient flooring products. 
2. Resilient accessories. 
3. Installation materials. 

B. Samples: 

1. Resilient Tile Flooring: Full sized samples of each product. 
2. Resilient Base: 12 inch length of each product. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For resilient flooring. 

1.4 MAINTENANCE MATERIAL SUBMITTALS 

A. Extra Stock Materials: 

1. Resilient Tile Flooring: One box. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Handling Requirements: 

1. Store resilient flooring indoors and within ambient temperature range recommended by 
manufacturer. 
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2. Store resilient tile flooring on flat surfaces. 

1.6 FIELD CONDITIONS 

A. Ambient Conditions: Perform work within following limitations. 

1. Building enclosed and environmental systems maintaining design conditions for Owner 
occupancy. 

2. Establish ambient conditions 48 hours, minimum before and maintain conditions during 
and 48 hours, minimum after installation. 

PART 2 - PRODUCTS 

2.1 RESILIENT TILE FLOORING 

A. Rubber Floor Tile: ASTM F1344. 

1. Manufacturers and Products: See Finish Schedule on Drawings. 

2.2 RESILIENT BASE 

A. Rubber Base: ASTM F1861. 

1. Manufacturers and Products: See Finish Schedule on Drawings. 
2. Length: Coils. 
3. Inside Corners: Job formed. 
4. Outside Corners: Job formed. 

2.3 INSTALLATION MATERIALS 

A. Patching and Leveling Materials: Products recommended by flooring manufacturer for indicated 
substrates. 

B. Edge Strips: Rubber; profiles shown on Drawings. 

1. Colors: Architect selected. 

C. Adhesives: Flooring and base manufacturer recommended water-based products. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Moisture and Alkalinity Testing: See Section 09 05 61. 
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3.2 PREPARATION 

A. Preparing Concrete Substrates: See Section 09 05 61. 

3.3 TILE FLOORING INSTALLATION 

A. Mix materials from multiple containers for consistent blend of colors. 

B. Lay out tiles so that units at opposite walls are equal width and more than half size. 

C. Extend tile into recesses and under equipment. 

D. Terminate tile flooring at centerline of doors where adjacent floor finish is dissimilar. 

E. Scribe and cut tile for close fit at vertical surfaces so that cut edge will be concealed by wall 
base or other trim. 

F. Install tile with full adhesive coverage. 

G. Roll tile to eliminate entrapped air and ensure full adhesion. 

H. Install edge strips where tile terminates against dissimilar flooring. Butt end seams tight. 

3.4 BASE INSTALLATION 

A. Installation:    

1. Form tight joints.  
2. Align the tops of bases with adjacent units.. 
3. Ensure continuous contact between base and substrate.  Fill voids between base and 

substrate with manufacturer recommended filler material. 
4. Do not stretch base. 

B. Job-Formed Corners:  

1. Outside Corners: Form bends without discoloration in corners. 
2. Inside Corners: Miter. 

3.5 CLEANING AND PROTECTION 

A. Remove excess adhesive. 

B. Do not allow traffic on flooring until adhesives have fully set. 

C. Provide surface protection during construction period. 

END OF SECTION 
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SECTION 09 90 00 
PAINTING AND COATING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Painting for CMU, gypsum board, and steel substrates 

B. Principal Products 

1. Primer. 
2. Paint. 

1.2 REFERENCES 

A. Definitions: 

1. Sheen Levels: ASTM D523. 

a. Flat: Five gloss units at 60 degrees and 10 gloss units at 85 degrees, maximum. 
b. Eggshell: 10 to 25 gloss units at 60 degrees and 10 to 35 gloss units at 85 degrees. 
c. Satin: 20 to 35 gloss units at 60 degrees and 35 gloss units minimum at 85 degrees. 
d. Semi-Gloss: 35 to 70 gloss units at 60 degrees. 
e. Gloss: 70 gloss units at 60 degrees, minimum.  

1.3 ACTION SUBMITTALS 

A. Product Data. 

B. Samples: 

1. Draw Down Samples: Each type of paint system and each topcoat color and gloss. 

a. Label each Sample for paint type, location, and substrate. 

1.4 CLOSEOUT SUBMITTALS 

A. Maintenance Data: 

1. Cleaning, touch-up, and repair instructions for painted and coated surfaces. 
2. Area summary with finish schedule and color samples, designating where each product, 

color and finish was used. 
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1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Extra Stock Materials: 

1. Paint from same product run as installed materials. 

a. Quantity: 5 percent, but not less than 1 gallon of each material and color. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Handling Requirements: 

1. Store paint products in sealed containers until ready for use. 

1.7 FIELD CONDITIONS 

A. Apply materials only when surface and ambient temperatures are within temperature ranges 
required by paint product manufacturer. 

B. Apply exterior coatings when rain or snow are not occurring or forecasted, and when relative 
humidity is inside humidity ranges, and moisture content of surfaces is within acceptable levels 
required by paint product manufacturer. 

PART 2 - PRODUCTS 

2.1 COLORS 

A. Colors by Basis of Design Manufacturer Designations: See Finish Schedule on Drawings. 

B. Products: Scheduled in this Section. 

2.2 PAINT, GENERAL 

A. Paint Systems: Primers, intermediate coats and topcoats compatible with substrates and one 
another. 

B. Coatings: Ready mixed or field-catalyzed. 

C. Preparation: 

1. Mix to soft paste consistency, capable of being readily and uniformly dispersed to 
homogenous coating. 

2. Blend tints and catalyzers to uniform consistency and color, capable of drying or curing 
free of streaks or sags. 
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2.3 SOURCE QUALITY CONTROL 

A. Tests: 

1. Testing: Owner may engage a qualified testing agency to sample paint materials 
delivered to project site or taken from supplier's facility. 

2. Acceptance Criteria: Products comply with specified requirements. 

B. Non-Conforming Work: Remove materials from substrates, pay for testing of replacement 
products, and repaint surfaces. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions: Verify substrates are ready to receive work. 

B. Preinstallation Testing: Test moisture content of substrate does not exceed the following: 

1. Masonry: 12 percent. 
2. Gypsum Board: 12 percent. 

C. Gypsum Board: Verify that finishing compound is dried and sanded smooth. 

D. Masonry: Verify surface has cured at least 30 days and that the pH of the surface is between 6 
and 9. 

3.2 PREPARATION 

A. Surface Preparation: Remove electrical plates, hardware, trim, escutcheons, and fittings.  
Correct defects in substrates capable of affecting work. 

B. Cleaning: Remove substances that could impair paint bond, including dust, oil, grease, and 
incompatible coatings. 

1. Impervious Surfaces: Remove mildew by scrubbing with cleaning solution recommended 
by finish coating manufacturer. Rinse with clean water and allow surface to dry. 

2. Gypsum Board Surfaces: Fill minor defects with filler compound. Spot prime defects 
after repair. 

3. CMU Surfaces: Remove dirt, loose mortar, scale, efflorescence and chalk. Remove oil 
and grease by scrubbing with cleaning solution recommended by finish coating 
manufacturer. Rinse with clean water and allow surface to dry. 

4. Non-Passivated Galvanized Surfaces: Smooth and hand or power tool clean per ASTM 
D6386. 

5. Passivated Galvanized Surfaces: Remove soluble and insoluble contaminants and 
corrosion. Sweep blast per ASTM D6386 to achieve uniform 1.0 to 2.0 mil anchor 
profile. 

6. Primed Steel: Clean field welds, fasteners, and abraded shop primer. 
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3.3 APPLICATION 

A. Follow manufacturer instructions for application method, thickness of coatings, and number of 
coats. 

1. Apply finishes when surfaces are dry. Allow applied coats to dry before next coat is 
applied. 

2. Apply each coat of paint slightly darker than preceding coat. 
3. Apply coatings to uniform appearance. 
4. Sand metal surfaces lightly between coats. 
5. Leave testing agency, equipment identification, and performance labels unpainted. 

B. Appearance: 

1. Apply paints without cloudiness, spotting, holidays, laps, brush marks, roller tracking, 
runs, sags, or other imperfections. 

2. Edges and Color Breaks: Produce sharp edges. 

3.4 FIELD QUALITY CONTROL 

A. Field Tests and Inspections: Owner may engage inspectors to perform tests and inspections and 
prepare reports. Allow inspectors access to work areas.  

1. Failed Test Retest Cost: Contractor responsibility. 

B. Testing: Dry film thickness. 

C. Non-Conforming Work: Remove and replace or apply additional coats, and re-test. 

3.5 CLEANING 

A. Cleaning: 

1. Remove rubbish, empty cans, rags, and other discarded materials. 
2. Remove splattered paints. Protect adjacent surfaces from damage. 

3.6 PROTECTION 

A. Protection: Protect painted surfaces from subsequent construction work. Touch up and restore 
damaged painted surfaces. 

3.7 INTERIOR PAINTING SCHEDULE 

A. CMU Substrates: 

1. Block Filler: 

a. BEHR: Behr Pro Block Filler Primer, PR50. 
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b. Benjamin Moore: Corotech Waterborne Epoxy Block Filler 163 
c. PPG Paints: Perma-Crete Concrete Block & Masonry Surfacer/Filler. 
d. Sherwin-Williams: Pro Industrial Heavy Duty Block Filler, B42W00150. 

2. Epoxy Topcoat: Semi-gloss finish. 

a. BEHR: US Coatings EpoxyGrip 2000 VOC Epoxy Mastic Coating. 
b. Benjamin Moore: Corotech Surface Tolerant Epoxy Mastic V160. 
c. PPG Paints: Amerlock 2/400. 
d. Sherwin-Williams: Macropoxy 646. 

B. Gypsum Board Walls: 

1. Latex Primer: 

a. BEHR: Drywall Plus Interior Primer & Sealer 73. 
b. Benjamin Moore: Ultra Spec 500 Interior Latex Primer N534. 
c. PPG Paints: SPEEDHIDE zero Interior Latex Sealer 6-4900XI. 
d. Sherwin-Williams: ProMar 200 Zero VOC Interior Latex Primer B28W02600. 

2. Acrylic-Latex Enamel: Eggshell finish. 

a. BEHR: Behr Pro i300 Interior. 
b. Benjamin Moore: Ultra Spec 500 Series. 
c. PPG Paints: SPEEDHIDE Zero Interior Latex. 
d. Sherwin-Williams: ProMar 200 Zero VOC Interior Latex. 

C. Steel Doors and Frames: 

1. Pre-Primed Metal: Touch up with same shop primer product used by manufacturer. 
2. Acrylic-Latex Enamel: Semi-gloss finish. 

a. BEHR: PREMIUM Interior/Exterior Direct to Metal Paint. 
b. Benjamin Moore: Ultra Spec HP D.T.M Acrylic Enamel. 
c. PPG Paints: Pitt-Tech Plus Interior/Exterior DTM Industrial Enamel 4216 SG or 

90 Series. 
d. Sherwin-Williams: Pro Industrial Acrylic. 

3.8 EXTERIOR PAINTING SCHEDULE 

A. Shop-Primed Ferrous Metal: Pigmented polyurethane over high-build epoxy system. 

1. Epoxy Primer: 

a. BEHR: US Coatings EpoxyGrip 2000 VOC Epoxy Mastic. 
b. Benjamin Moore: Corotech Surface Tolerant Epoxy Mastic (V160). 
c. PPG Paints: Amerlock 2/400. 
d. Sherwin-Williams: Macropoxy 646-100 Fast Cure Epoxy. 
e. Tnemec Series 135 Chembuild. 
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2. Polyurethane Topcoat: finish.  

a. BEHR: US Coatings UreGrip 3010 VOC HS Polyester Polyurethane. 
b. Benjamin Moore: Corotech Aliphatic Acrylic Urethane. 
c. PPG Paints: Pitthane Ultra Urethane Enamel 95-812. 
d. Sherwin-Williams: Hi-Solids Polyurethane B65-300. 
e. Tnemec: Series 73 Endura-Shield. 

END OF SECTION 
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SECTION 10 44 00 
FIRE PROTECTION SPECIALTIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. Recessed fire extinguisher cabinets with dry chemical fire extinguishers. 

B. Principal Products 

1. Fire extinguisher cabinets. 
2. Fire extinguishers. 

1.2 ACTION SUBMITTALS 

A. Product Data. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fire extinguishers. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Delivery and Acceptance Requirements: 

1. Deliver fire protection specialties in manufacturer's undamaged packaging. 

1.5 WARRANTY 

A. Manufacturer Warranty: 

1. Fire Extinguishers: Warrant against product failure. 

a. Failure includes material and workmanship. 
b. Warranty Period: Six years. 
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PART 2 - PRODUCTS 

2.1 FIRE EXTINGUISHERS 

A. Fire Extinguishers - General: 

1. Fire Extinguisher Fabrication and Labeling: NFPA 10:  
2. FM Global approved. 

B. Multipurpose Dry-Chemical:  

1. Manufacturers and Products: 

a. Amerex Model B441. 
b. J.L. Industries Cosmic 10E 
c. Larsen's Manufacturing Company MP10 
d. Potter Roemer 3010. 

2. UL Rating: 4A:80-B:C. 
3. Nominal Capacity: 10 pounds. 
4. Container: Enameled-steel container with chrome plated brass valve. 

2.2 FIRE EXTINGUISHER CABINETS 

A. Flush Framed Door Fire Extinguisher Cabinets: 

1. Manufacturers and Products: 

a. Larsen's Manufacturing Company 2409 Series Architectural. 
b. J.L. Industries Cosmopolitan. 
c. Potter-Roemer Alta 7000 Series. 

2. Cabinet: Cold rolled steel, sized for extinguisher; recessed type.  

a. Interior Finish: White baked enamel. 

3. Door: Stainless steel, No. 4 finish. 
4. Frames: Hollow metal, 1/2 inch thick. 
5. Glazing: Vertical duo. 
6. Glass Type: Tempered. 

a. Glass Color: Clear. 

7. Hardware: Piano hinge and door pull. 
8. Trim: Material to match door, rolled edge, depth to suit mounting conditions. 

2.3 FABRICATION 

A. Shop Fabrication:  Provide cabinets with trim, frame, door, and hardware.  
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2.4 FINISHES 

A. Shop Finishing Methods: Follow NAAMM's AMP 500. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions: 

1. Verify rough openings and blocking for cabinet are correctly sized and located. 

3.2 INSTALLATION - GENERAL 

A. General: NFPA 10. 

B. Secure cabinets in place. 

C. Place extinguishers in cabinets. 

D. Apply signage. 

3.3 ADJUSTING 

A. Adjust fire protection cabinet doors for smooth operation. 

3.4 CLEANING 

A. Clean interior and exterior surfaces. 

END OF SECTION 
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SECTION 10 51 00 
LOCKERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results 

1. New lockers and benches in existing classroom. 

B. Principal Products 

1. Metal lockers. 
2. Wood locker benches. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Locker types, sizes, hardware, and accessories. 

B. Shop Drawings: 

1. Locker plan layout with numbering. 

C. Samples:  

1. Metal Lockers: 6 by 6 inch in size, of each color on base metal. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

B. Warranty documentation. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Handling Requirements: 

1. Metal Lockers: Store inside building. 
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1.5 FIELD CONDITIONS 

A. Existing Conditions: Verify field measurements before fabrication. Show field measurements 
on Shop Drawings. 

1.6 WARRANTY 

A. Manufacturer Warranty: 

1. Lockers: Warrant against product failure. 

a. Warranty Period: 3 years, minimum. 

PART 2 - PRODUCTS 

2.1 METAL LOCKERS 

A. Knocked-Down Athletic Lockers:  

1. Manufacturers and Products: 

a. Salisbury 70018. 
b. Lyon LLC Collegiate. 
c. Republic Storage Systems, Inc. MVP. 

2. Configuration:  

a. Tiers: Single. 
b. Overall Height: 72 inches. 
c. Width: 24 inches. 
d. Depth: 18 inches. 

3. Doors: None. 
4. Sides and Dividers: 0.060 inch minimum Perforated or 0.090 inch expanded metal steel 

sheet welded to angle frame. 
5. Compartments:  

a. 12 by 12 inch lockable hinged compartment above top shelf. 
b. Lift-top lockable foot locker. 

6. Hinges: Knuckle butt hinges; welded to frames. 
7. Locking: Padlock hasp. 
8. Finish: Thermoset enamel or powder coating. 

a. Color: Architect selected. 

9. Number Plates: Aluminum. 

B. Interior Accessories:  
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1. Coat Hooks: One prongs, steel. 

a. Quantity: Two per locker. 

2. Hanging Bar: 1 inch diameter steel tube. 

2.2 LOCKER BENCHES 

A. Design: Movable pedestal supports. 

1. Pedestals: Painted steel or Powder-coated aluminum; round posts. 

B. Seats: Maple; clear finish. 

2.3 MATERIALS 

A. Wood: AWI 300. 

2.4 FABRICATION 

A. Complete locker fabrication before shipment to site. 

B. Attach number identification plates. 

2.5 FINISHES 

A. Powder Coating: Thermoset polyester; AAMA 2603 but 1.5 mil minimum thickness. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify locations and sizes of anchorage framing or backing. 

3.2 LOCKER INSTALLATION  

A. Knocked-Down Lockers: Assemble lockers square and without distortion. 

B. Install lockers plumb, level, and aligned in plane. 

C. Connect lockers into rigid, stable assemblies with flush, full contact joints. 

D. Anchor lockers to floor and to adjacent walls. 
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3.3 BENCH INSTALLATION 

A. Set movable benches in rooms. 

3.4 ADJUSTING 

A. Adjust doors for smooth, accurate movement and secure latching. 

3.5 CLEANING 

A. Cleaning: Clean interiors and exteriors of lockers. 

3.6 PROTECTION 

A. Do not use installed lockers for storing construction materials or clothing. 

END OF SECTION 



Offshore Wind Safety Center - Training Room Issue for Permit 
Atlantic City, NJ October 27, 2021 

EXTERIOR SUN CONTROL DEVICES 10 71 13 - 1 

SECTION 10 71 13 
EXTERIOR SUN CONTROL DEVICES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results: 

1. Cantilevered horizontal aluminum sun shade outriggers with airfoil-shaped blades 

B. Principal Products: 

1. Fabricated aluminum sun shade 

1.2 ACTION SUBMITTALS 

A. Product Data. 

B. Shop Drawings: 

1. Include elevations, sections and specific details for each sunshade. 
2. Show anchorage details and connections for all component parts. 

C. Samples:  

1. Metal finish, 3 by 3 inches, minimum. 
2. Airfoil Blade: 12 inches long. 

1.3 INFORMATIONAL SUBMITTALS 

A. Delegated Design Submittals: 

1. Structural design of sun shades. 

1.4 QUALITY ASSURANCE 

A. Licensed Professionals: Engineer specializing in design of cantilevered sun shades, licensed in 
New Jersey. 

1.5 WARRANTY 

A. Finish Warranty: Repair deteriorated finishes or replace components. 

1. Deterioration includes the following: 
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a. Color Fading: More than 5 Hunter units per ASTM D2244. 
b. Chalking: More than No. 8 rating per ASTM D4214. 
c. Paint cracking, peeling or checking. 

2. Warranty Period: 20 years. 

PART 2 - PRODUCTS 

2.1 CANTILIEVERD SUN SHADES 

A. Custom, Factory-Fabricated Aluminum Sun Shades: 

1. Manufacturers: 

a. Construction Specialties, Inc. 
b. DAMS Incorporated. 
c. AGS Shades, Inc. 

2. Configuration: Match existing, or as shown on Drawings. 
3. Finish: Color coating. 

2.2 PERFORMANCE 

A. Delegate exterior sun shades to manufacturer's licensed Professional Engineer. 

B. Structural Loads: 

1. Snow and Wind Loads: See Structural drawings. 

2.3 MATERIALS 

A. Aluminum: Manufacturer's recommended alloy and temper. 

1. Extruded Profiles: ASTM B221. 
2. Sheet and Plate: ASTM B209. 
3. Structural Items: ASTM B308. 

B. Fasteners: Stainless steel. 

1. Where exposed or semi-exposed, use countersunk flathead screws finished to match 
adjacent surface. 

C. Separation Coating: Bituminous paint; SSPC-Paint 12. 

2.4 FABRICATION 

A. Fabricate joints flush, hairline, and weathertight. 
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B. Provide internal reinforcements needed for performance requirements. 

C. Conceal fasteners and attachments from view. 

2.5 FINISHES 

A. Color Coating: Two-coat fluoropolymer finish with minimum 70 percent PVDF resin by weight 
in color; AAMA 2605. 

1. Color: Architect selected. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine structural members to receive sun shades. Verify dimensions and anchorage points. 

B. Examine sun shades. Do not install warped, bowed, deformed or otherwise damaged or defaced 
members. 

3.2 INSTALLATION 

A. Anchor sunshades to the building substructure as indicated on approved shop drawings. 

B. Set units level, plumb, and true to line, with uniform joints. 

C. Installation Tolerances: 

1. Variation From Plane or Location: 1/8 inch per 12 feet, but not exceeding 1/2 inch total, 
maximum. 

3.3 CLEANING 

A. Remove protective material from factory finished aluminum surfaces. 

B. Clean exposed surfaces.  Remove excess sealants. 

3.4 PROTECTION 

A. Protect installed sun shadesto prevent damage by subsequent construction operations. 

END OF SECTION 
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SECTION 11 13 00 
LOADING DOCK EQUIPMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Principal Products 

1. Rubber dock bumpers. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Dock bumpers. 

PART 2 - PRODUCTS 

2.1 DOCK BUMPERS 

A. Laminated Tread Dock Bumpers: Multiple plies from fiber-reinforced rubber tires laminated 
with two pressure rods at angle ends; minimum 1 inch projection beyond end angles. 

1. Thickness: 4-1/2 inches. 
2. Horizontal Type: 6 inches high by 14 inches long. 

2.2 MATERIALS 

A. Steel Plates, Shapes, and Bars: ASTM A36. 

B. Expansion Anchors: Stainless steel, sized per manufacturer recommendations. 

2.3 FINISHES 

A. Finish: Rust-inhibitive baked enamel or powder coat system. 

1. Color: Black. 
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PART 3 - EXECUTION 

3.1 INSTALLATION - DOCK BUMPERS 

A. Install bumpers level and plumb. 

B. Secure bumpers to dock structure with expansion anchors. 

END OF SECTION 
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SECTION 14 42 00 
WHEELCHAIR LIFTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Work Results: 

1. Self-contained vertical platform lift 

B. Principal Products: 

1. Platform lift 

1.2 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meeting Attendees and Procedures: 

1. Conduct meeting one  week before starting work of this section. 

a. Coordinate electrical work and connections to other construction. 

B. Coordinate installation of concrete slab recess, lift travel distance with finish floor elevations on 
drawings, and electric service power characteristics and location, grounding connections. 

1.3 ACTION SUBMITTALS 

A. Product Data: Signal and operating fixtures, lift design, layout, components, and schematic of 
wiring diagrams. 

1. Include color selection information. 

B. Shop Drawings: 

1. Indicate drive mechanism, lift construction, dimensions, control functions and operational 
description. 

2. Show anchorages to building structure. 

C. Samples: Painted finishes. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: 
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1. Submit parts catalog with complete list of equipment replacement parts; identify each 
entry with equipment description and identifying code. 

2. Submit technical information for servicing operating equipment. 

B. Manufacturer warranties. 

C. Inspection certificates and operating permits. 

1.5 QUALITY ASSURANCE 

A. Qualifications: 

1. Installer: Trained and approved by manufacturer. 

1.6 WARRANTY 

A. Manufacturer Warranty: 

1. Warrant against drive train failure. 

a. Warranty Period: 10 years. 

2. Warrant against other parts failure. 

a. Warranty Period: Four years. 

PART 2 - PRODUCTS 

2.1 INTERIOR WHEELCHAIR LIFTS 

A. Self-Contained, Non-Enclosed Interior Wheelchair Lifts: ASME A18.1. 

1. Manufacturers and Products: 

a. Ascension Protégé; as basis of design 
b. Garaventa Genesis OPAL 
c. Savaria V-1504. 

2. Rated Net Capacity: 750 lbs, minimum. 
3. Rated Speed: 5 feet per minute, minimum 
4. Travel Distance: See Drawings. 
5. Nominal Platform Size: See Drawings. 
6. Gate Type: Single, swing interlocking type, 42 inches high. 

a. Gate Materials: Metal frames with 1/4 inch thick high impact strength clear plastic 
panels. 

7. Features: 
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a. Ramps: None required or automatic folding type if ramps are part of system. 
b. Automatic gate openers 
c. Gate interlocks prevent lift operation unless gates are closed. 
d. Manual Override: Hydraulic hand pump. 

2.2 OPERATION AND SAFETY COMPONENTS 

A. Upper and lower limit switches. 

B. Brake: Electro-mechanical type applied automatically by restrained compression spring to hold 
lift in position, and released electrically. 

C. Controls:  push button controls located at top and bottom landings, enabling lift to be called or 
sent to landing. 

D. Platform and Access Ramp Surfaces: Slip resistant, minimum 0.6 static coefficient of friction. 

E. Key-lock on/off controls meeting requirements of ANSI A17.1, Part 2000. 

2.3 ELECTRICAL CHARACTERISTICS AND COMPONENTS 

A. Electrical Characteristics: 

1. 110 volts, single phase, 60 Hz., 24 volt control circuit. 

B. Motor: NEMA MG1, instant reversing. 

C. Disconnect Switch: Factory mount disconnect switch on equipment. 

D. Battery Backup: Minimum five lift cycles at full load during power outage events. 

2.4 FINISHES 

A. Metal Finish: Thermoset enamel or powder coating; Architect selected color. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify liftway and machine space are ready for work of this Section. 

B. Verify required openings are of correct size and within tolerances. 

C. Verify electrical power is available and of correct characteristics. 
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3.2 INSTALLATION 

A. Install in accordance with ASME A17.1. 

B. Install system components and connect to building utilities and electrical service. 

3.3 FIELD QUALITY CONTROL 

A. Field Tests and Inspections: Owner will engage inspectors to perform tests and inspections and 
prepare reports. Allow inspectors access to work areas.  

1. Failed Test Retest Cost: Contractor responsibility. 

B. Testing: Required by ASME A17.2.3. 

1. Submit test and approval certificates issued by authorities having jurisdiction. 

C. Non-Conforming Work: Make corrections or replace, and re-test. 

3.4 ADJUSTING 

A. Adjust automatic floor leveling feature at each stop to stop platform within 1/8 inch of finished 
floor. 

B. Adjust for smooth operation. 

3.5 CLEANING 

A. Remove protective coverings from finished surfaces. Clean surfaces and components ready for 
inspection. 

3.6 DEMONSTRATION 

A. Demonstrate wheelchair lift operation and maintenance to Owner’s personnel.

3.7 PROTECTION 

A. Do not allow wheelchair lift to be used for construction. 

END OF SECTION 
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SECTION 210523 - GENERAL-DUTY VALVES FOR WATER-BASED FIRE-SUPPRESSION 
PIPING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Iron butterfly valves with indicators.
2. Check valves.
3. Iron OS&Y gate valves.

4. NRS gate valves.
5. Indicator posts.
6. Trim and drain valves.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of valve.

PART 2 - PRODUCTS

2.1 SOURCE LIMITATIONS

A. Obtain each type of valve from single manufacturer.

2.2 PERFORMANCE REQUIREMENTS

A. UL Listed: Valves shall be listed in UL's "Online Certifications Directory" under the headings 
listed below and shall bear UL mark:

1. Fire Main Equipment: HAMV - Main Level.

a. Indicator Posts, Gate Valve: HCBZ - Level 1.
b. Ball Valves, System Control: HLUG - Level 3.

c. Butterfly Valves: HLXS - Level 3.
d. Check Valves: HMER - Level 3.
e. Gate Valves: HMRZ - Level 3.

2. Sprinkler System & Water Spray System Devices: VDGT - Main Level.

a. Valves, Trim and Drain: VQGU - Level 1.
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B. FM Global Approved: Valves shall be listed in its "Approval Guide," under the headings listed 
below:

1. Automated Sprinkler Systems:

a. Indicator posts.
b. Valves.

1) Gate valves.
2) Check valves
3) Miscellaneous valves.

C. ASME Compliance:

1. ASME B1.20.1 for threads for threaded-end valves.
2. ASME B16.1 for flanges on iron valves.

3. ASME B31.9 for building services piping valves.

D. AWWA Compliance: Comply with AWWA C606 for grooved-end connections.

E. NFPA Compliance for valves:

1. Comply with NFPA 13, NFPA 14, NFPA 20, and NFPA 24.

F. Valve Pressure Ratings: Not less than the minimum pressure rating indicated or higher, as 
required by system pressures.

G. Valve Sizes: Same as upstream piping unless otherwise indicated.

H. Valve Actuator Types:

1. Worm-gear actuator with handwheel for quarter-turn valves, except for trim and drain 

valves.
2. Handwheel: For other than quarter-turn trim and drain valves.

3. Handlever: For quarter-turn trim and drain valves NPS 2 and smaller.

2.3 IRON BUTTERFLY VALVES WITH INDICATORS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Globe Fire Sprinkler Corporation.
2. Kennedy Valve Company; a division of McWane, Inc.

3. Tyco by Johnson Controls Company.
4. Victaulic Company.

B. Description:
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1. Standard: UL 1091 and FM Global standard for indicating valves, (butterfly or ball type), 
Class Number 112.

2. Minimum Pressure Rating: 175 psig.
3. Body Material: Cast or ductile iron with nylon, EPDM, epoxy, or polyamide coating.
4. Seat Material: EPDM.

5. Stem: Stainless steel.
6. Disc: Ductile iron, and EPDM or SBR coated.
7. Actuator: Worm gear.

8. Supervisory Switch: Internal or external.
9. Body Design:  Grooved-end connections.

2.4 CHECK VALVES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

1. Ames Fire & Waterworks; A WATTS Brand.

2. FEBCO; A WATTS Brand.
3. Globe Fire Sprinkler Corporation.
4. Kennedy Valve Company; a division of McWane, Inc.

B. Description:

1. Standard: UL 312 and FM Global standard for swing check valves, Class Number 1210.
2. Minimum Pressure Rating: 175 psig.

3. Type: Single swing check.
4. Body Material: Cast iron, ductile iron, or bronze.

5. Clapper: Bronze, ductile iron, or stainless steel with elastomeric seal.
6. Clapper Seat: Brass, bronze, or stainless steel.
7. Hinge Shaft: Bronze or stainless steel.

8. Hinge Spring: Stainless steel.
9. End Connections: Flanged, grooved, or threaded.

2.5 IRON OS&Y GATE VALVES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

1. Kennedy Valve Company; a division of McWane, Inc.

2. Mueller Co.
3. Victaulic Company.
4. WATTS.

5. Zurn Industries, LLC.

B. Description:

1. Standard: UL 262 and FM Global standard for fire-service water control valves (OS&Y- 

and NRS-type gate valves).
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2. Minimum Pressure Rating: 175 psig.
3. Body and Bonnet Material: Cast or ductile iron.

4. Wedge: Cast or ductile iron, or bronze with elastomeric coating.
5. Wedge Seat: Cast or ductile iron, or bronze with elastomeric coating.
6. Stem: Brass or bronze.

7. Packing: Non-asbestos PTFE.
8. Supervisory Switch: External.
9. End Connections:  Grooved.

2.6 NRS GATE VALVES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

1. Mueller Co.
2. NIBCO INC.
3. Victaulic Company.

4. Zurn Industries, LLC.

B. Description:

1. Standard: UL 262 and FM Global standard for fire-service water control valves (OS&Y- 

and NRS-type gate valves).
2. Minimum Pressure Rating: 175 psig.
3. Body and Bonnet Material: Cast or ductile iron.

4. Wedge: Cast or ductile iron with elastomeric coating.
5. Wedge Seat: Cast or ductile iron, or bronze with elastomeric coating.

6. Stem: Brass or bronze.
7. Packing: Non-asbestos PTFE.
8. Supervisory Switch: External.

9. End Connections:  Grooved.

2.7 INDICATOR POSTS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. American Cast Iron Pipe Company.
2. Clow Valve Company; a subsidiary of McWane, Inc.

3. Kennedy Valve Company; a division of McWane, Inc.
4. Mueller Co.

B. Description:

1. Standard: UL 789 and FM Global standard for indicator posts.
2. Type:  Underground Upright.
3. Base Barrel Material:  Cast or ductile iron.

4. Extension Barrel: Cast or ductile iron.
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5. Cap: Cast or ductile iron.
6. Operation:  Wrench.

2.8 TRIM AND DRAIN VALVES

A. Ball Valves:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. Apollo Flow Controls; Conbraco Industries, Inc.
b. Tyco by Johnson Controls Company.

c. Victaulic Company.
d. WATTS.

2. Description:

a. Pressure Rating:  175 psig.
b. Body Design: Two piece.
c. Body Material: Forged brass or bronze.

d. Port size: Full or standard.
e. Seats: PTFE.
f. Stem: Bronze or stainless steel.

g. Ball: Chrome-plated brass.
h. Actuator: Handlever.
i. End Connections for Valves NPS 1 through NPS 2-1/2: Threaded ends.

j. End Connections for Valves NPS 1-1/4 and NPS 2-1/2: Grooved ends.

B. Angle Valves:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. Fire Protection Products, Inc.

b. NIBCO INC.
c. United Brass Works, Inc.

2. Description:

a. Pressure Rating:  175 psig.
b. Body Material: Brass or bronze.
c. Ends: Threaded.

d. Stem: Bronze.
e. Disc: Bronze.
f. Packing: Asbestos free.

g. Handwheel: Malleable iron, bronze, or aluminum.

C. Globe Valves:
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. NIBCO INC.
b. United Brass Works, Inc.

2. Description:

a. Pressure Rating:  175 psig.
b. Body Material: Bronze with integral seat and screw-in bonnet.
c. Ends: Threaded.

d. Stem: Bronze.
e. Disc Holder and Nut: Bronze.
f. Disc Seat: Nitrile.

g. Packing: Asbestos free.
h. Handwheel: Malleable iron, bronze, or aluminum.

PART 3 - EXECUTION

3.1 INSTALLATION, GENERAL

A. Comply with requirements in the following Sections for specific valve-installation requirements 
and applications:

1. Section 211100 "Facility Fire-Suppression Water-Service Piping" for application of 
valves in fire-suppression water-service piping.

2. Section 211200 "Fire-Suppression Standpipes" for application of valves in fire-

suppression standpipes.
3. Section 211313 "Wet-Pipe Sprinkler Systems" for application of valves in wet-pipe, fire-

suppression sprinkler systems.
4. Section 211316 "Dry-Pipe Sprinkler Systems" for application of valves in dry-pipe, fire-

suppression sprinkler systems.

5. Section 211339 "Foam-Water Systems" for application of valves in AFFF piping.

B. Install listed fire-protection shutoff valves supervised-open, located to control sources of water 
supply, except from fire-department connections. Install permanent identification signs, 

indicating portion of system controlled by each valve.

C. Install double-check valve assembly in each fire-protection water-supply connection.

D. Install valves having threaded connections with unions at each piece of equipment arranged to 

allow easy access, service, maintenance, and equipment removal without system shutdown. 
Provide separate support where necessary.

E. Install valves in horizontal piping with stem at or above the pipe center.

F. Install valves in position to allow full stem movement.
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G. Install valve tags. Comply with requirements in Section 210553 "Identification for Fire-
Suppression Piping and Equipment" for valve tags and schedules and signs on surfaces 

concealing valves; and the NFPA standard applying to the piping system in which valves are 
installed. Install permanent identification signs indicating the portion of system controlled by 
each valve.

END OF SECTION 210523



Offshore Wind Safety Center - Training Room Issue for Permit

Atlantic City, NJ October 27, 2021

HANGERS AND SUPPORTS FOR FIRE-SUPPRESSION PIPING AND 
EQUIPMENT

210529 - 1

SECTION 210529 - HANGERS AND SUPPORTS FOR FIRE-SUPPRESSION PIPING AND 
EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Metal pipe hangers and supports.
2. Trapeze pipe hangers.
3. Thermal hanger-shield inserts.

4. Fastener systems.
5. Equipment supports.

B. Related Requirements:

1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for trapeze 
hangers for pipe and equipment supports.

2. Section 210516 "Expansion Fittings and Loops for Fire-Suppression Piping" for pipe 

guides and anchors.
3. Section 210548 "Vibration and Seismic Controls for Fire-Suppression Piping and 

Equipment" for vibration isolation devices and seismic restraints.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and 

installation details and include calculations.

C. Delegated-Design Submittal: For trapeze hangers indicated to comply with performance 

requirements and design criteria, including analysis data signed and sealed by the qualified 
professional engineer responsible for their preparation.

1.3 INFORMATIONAL SUBMITTALS

A. Welding certificates.

1.4 QUALITY ASSURANCE

A. Structural-Steel Welding Qualifications: Qualify procedures and personnel according to 

AWS D1.1/D1.1M.
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B. Pipe Welding Qualifications: Qualify procedures and operators according to "2015 ASME 
Boiler and Pressure Vessel Code, Section IX."

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 

"Quality Requirements," to design trapeze pipe hangers and equipment supports.

B. Structural Performance: Hangers and supports for fire-suppression piping and equipment shall 
withstand the effects of gravity loads and stresses within limits and under conditions indicated 

according to ASCE/SEI 7.

1. Design supports for multiple pipes, including pipe stands, capable of supporting 
combined weight of supported systems, system contents, and test water.

2. Design equipment supports capable of supporting combined operating weight of 
supported equipment and connected systems and components.

3. Design seismic-restraint hangers and supports for piping and equipment.

C. NFPA Compliance: Comply with NFPA 13.

D. UL Compliance: Comply with UL 203.

2.2 METAL PIPE HANGERS AND SUPPORTS

A. Carbon-Steel Pipe Hangers and Supports:

1. Description: Factory-fabricated components, NFPA approved, UL listed, or FM approved 
for fire-suppression piping support.

2. Galvanized Metallic Coatings: Pregalvanized or hot-dip galvanized.
3. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

B. Copper Pipe and Tube Hangers:

1. Description: Copper-coated-steel, factory-fabricated components, NFPA approved, UL 
listed, or FM approved for fire-suppression piping support.

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.

2.3 TRAPEZE PIPE HANGERS

A. Description: MSS SP-58, Type 59, shop- or field-fabricated pipe-support assembly, made from 

structural-carbon-steel shapes, with NFPA-approved, UL-listed, or FM-approved carbon-steel 
hanger rods, nuts, saddles, and U-bolts.
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2.4 THERMAL HANGER-SHIELD INSERTS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Carpenter & Paterson, Inc.
2. National Pipe Hanger Corporation.

3. nVent (CADDY).
4. Pipe Shields Inc.

B. Insulation-Insert Material:  Water-repellent-treated, ASTM C533, Type I calcium silicate with 

100-psi ASTM C552, Type II cellular glass with 100-psi or ASTM C591, Type VI, Grade 1 
polyisocyanurate with 125-psi minimum compressive strength.

C. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.

D. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.

E. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air 
temperature.

2.5 FASTENER SYSTEMS

A. Powder-Actuated Fasteners: NFPA-approved, UL-listed, or FM-approved threaded-steel stud, 
for use in hardened portland cement concrete, with pull-out, tension, and shear capacities 

appropriate for supported loads and building materials where used.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. Hilti, Inc.
b. ITW Ramset/Red Head; Illinois Tool Works, Inc.

c. MKT Fastening, LLC.
d. Simpson Strong-Tie Co., Inc.

B. Mechanical-Expansion Anchors: NFPA-approved, UL-listed, or FM-approved, insert-wedge-

type anchors, for use in hardened portland cement concrete; with pull-out, tension, and shear 
capacities appropriate for supported loads and building materials where used.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. Eaton (B-line).
b. Empire Tool and Manufacturing Co., Inc.

c. Hilti, Inc.

2. Indoor Applications:  Zinc-coated or Stainless steel.
3. Outdoor Applications: Stainless steel.
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2.6 EQUIPMENT SUPPORTS

A. Description: NFPA-approved, UL-listed, or FM-approved, welded, shop- or field-fabricated 

equipment support, made from structural-carbon-steel shapes.

2.7 MATERIALS

A. Aluminum: ASTM B221.

B. Carbon Steel: ASTM A1011/A1011M.

C. Structural Steel: ASTM A36/A36M, carbon-steel plates, shapes, and bars; black and galvanized.

D. Stainless Steel: ASTM A240/A240M.

E. Grout: ASTM C1107/C1107M, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink 
and nonmetallic grout, suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.

2. Design Mix: 5000-psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1 APPLICATION

A. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 
materials and installation, for penetrations through fire-rated walls, ceilings, and assemblies.

B. Strength of Support Assemblies: Where not indicated, select sizes of components, so strength 

will be adequate to carry present and future static loads within specified loading limits. 
Minimum static design load used for strength determination shall be weight of supported 
components plus 200 lb.

3.2 HANGER AND SUPPORT INSTALLATION

A. Metal Pipe-Hanger Installation: Comply with installation requirements of approvals and 

listings. Install hangers, supports, clamps, and attachments as required to properly support 
piping from building structure.

B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-58. Arrange for grouping of 

parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers.

1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe size, or 
install intermediate supports for smaller-diameter pipes as specified for individual pipe 

hangers.
2. Field fabricate from ASTM A36/A36M carbon-steel shapes selected for loads being 

supported. Weld steel according to AWS D1.1/D1.1M.
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C. Thermal Hanger-Shield Installation: Install in pipe hanger or shield for insulated piping.

D. Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 
than 4 inches thick in concrete, after concrete is placed and completely cured. Use 
operators that are licensed by powder-actuated tool manufacturer. Install fasteners 

according to powder-actuated tool manufacturer's operating manual. Install in accordance 
with approvals and listings.

2. Install mechanical-expansion anchors in concrete, after concrete is placed and completely 

cured. Install fasteners according to manufacturer's written instructions. Install in 
accordance with approvals and listings.

E. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 

washers, and other accessories.

F. Equipment Support Installation: Fabricate from welded-structural-steel shapes.

G. Install hangers and supports to allow controlled thermal and seismic movement of piping 

systems, to permit freedom of movement between pipe anchors, and to facilitate action of 
expansion joints, expansion loops, expansion bends, and similar units.

H. Install lateral bracing with pipe hangers and supports to prevent swaying.

I. Install building attachments within concrete slabs or attach to structural steel. Install additional 
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger 
and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten 

inserts to forms, and install reinforcing bars through openings at top of inserts.

J. Load Distribution: Install hangers and supports, so that piping live and dead loads and stresses 

from movement will not be transmitted to connected equipment.

K. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed 
maximum pipe deflections allowed by ASME B31.9 for building services piping.

L. Insulated Piping:

1. Attach clamps and spacers to piping.

a. Piping Operating Above Ambient Air Temperature: Clamp may project through 

insulation.
b. Piping Operating Below Ambient Air Temperature: Use thermal hanger-shield 

insert with clamp sized to match OD of insert.

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services 
piping.

2. Install MSS SP-58, Type 39 protection saddles if insulation without vapor barrier is 

indicated. Fill interior voids with insulation that matches adjoining insulation.
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a. Option: Thermal hanger-shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

3. Install MSS SP-58, Type 40 protective shields on cold piping with vapor barrier. Shields 
shall span an arc of 180 degrees.

a. Option: Thermal hanger-shield inserts may be used. Include steel weight-

distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

4. Shield Dimensions for Pipe: Not less than the following:

a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.

b. NPS 4: 12 inches long and 0.06 inch thick.
c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.
d. NPS 8 to NPS 14: 24 inches long and 0.075 inch thick.

e. NPS 16 to NPS 24: 24 inches long and 0.105 inch thick.

5. Pipes NPS 8 and Larger: Include wood or reinforced calcium-silicate-insulation inserts of 
length at least as long as protective shield.

6. Thermal Hanger Shields: Install with insulation of same thickness as piping insulation.

3.3 EQUIPMENT SUPPORTS

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support 

equipment above floor.

B. Grouting: Place grout under supports for equipment, and make bearing surface smooth.

C. Provide lateral bracing, to prevent swaying, for equipment supports.

3.4 METAL FABRICATIONS

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment 

supports.

B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be 
shop welded because of shipping size limitations.

C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; 
appearance and quality of welds; and methods used in correcting welding work.

3.5 ADJUSTING

A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve 
indicated slope of pipe.

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.
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3.6 PAINTING

A. Touchup: Clean field welds and abraded, shop-painted areas. Paint exposed areas immediately 

after erecting hangers and supports. Use same materials as those used for shop painting. Comply 
with SSPC-PA 1 requirements for touching up field-painted surfaces.

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils.

B. Touchup: Cleaning and touchup painting of field welds, bolted connections, and abraded, shop-
painted areas on miscellaneous metal are specified in Section 099113 "Exterior Painting."

C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas, and apply 

galvanizing-repair paint to comply with ASTM A780/A780M.

3.7 HANGER AND SUPPORT SCHEDULE

A. Specific hanger and support requirements are in Sections specifying piping systems and 

equipment.

B. Comply with NFPA requirements for pipe-hanger selections and applications that are not 
specified in piping system Sections.

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 
not have field-applied finishes.

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 

direct contact with copper tubing.

E. Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and attachments for 
general service applications.

F. Use stainless-steel pipe hangers and stainless-steel or corrosion-resistant attachments for hostile 
environment applications.

G. Use copper-plated pipe hangers and copper or stainless-steel attachments for copper piping and 
tubing.

H. Use thermal hanger-shield inserts for insulated piping and tubing.

I. Horizontal-Piping Hangers and Supports: Comply with NFPA requirements. Unless otherwise 
indicated and except as specified in piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or 

insulated, stationary pipes NPS 1/2 to NPS 30.
2. Steel Pipe Clamps (MSS Type 4): For suspension of NPS 1/2 to NPS 24 if little or no 

insulation is required.

3. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8.
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4. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For suspension of 
noninsulated, stationary pipes NPS 3/8 to NPS 8.

5. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension of 
noninsulated, stationary pipes NPS 3/8 to NPS 3.

6. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.

7. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, with steel-
pipe base stanchion support and cast-iron floor flange or carbon-steel plate.

8. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, with 

steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and 
with U-bolt to retain pipe.

9. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for pipes 

NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base stanchion 
support and cast-iron floor flange.

J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system 

Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to 
NPS 24.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4 
to NPS 24 if longer ends are required for riser clamps.

K. Hanger-Rod Attachments: Comply with NFPA requirements.

L. Building Attachments: Comply with NFPA requirements. Unless otherwise indicated and 
except as specified in piping system Sections, install the following types:

1. Steel or Malleable-Concrete Inserts (MSS Type 18): For upper attachment to suspend 
pipe hangers from concrete ceiling.

2. C-Clamps (MSS Type 23): For structural shapes.

3. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.

M. Saddles and Shields: Comply with NFPA requirements. Unless otherwise indicated and except 
as specified in piping system Sections, install the following types:

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with 
insulation that matches adjoining insulation.

2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer 

to prevent crushing insulation.
3. Thermal Hanger-Shield Inserts: For supporting insulated pipe.

N. Comply with NFPA requirements for trapeze pipe-hanger selections and applications that are 

not specified in piping system Sections.

O. Use powder-actuated fasteners or mechanical-expansion anchors instead of building 
attachments where required in concrete construction.

END OF SECTION 210529
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SECTION 211313 - WET-PIPE SPRINKLER SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Pipes, fittings, and specialties.

2. Cover system for sprinkler piping.
3. Specialty valves.
4. Sprinklers.

5. Manual control stations.
6. Pressure gauges.

B. Related Requirements:

1. Section 211119 "Fire Department Connections" for exposed-, flush-, and yard-type fire 
department connections.

2. Section 230523 "General-Duty Valves for Water-Based Fire-Suppression Piping" for 

ball, butterfly, check, gate, post-indicator, and trim and drain valves.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings: For wet-pipe sprinkler systems.

1. Include plans, elevations, sections, and attachment details.
2. Include diagrams for power, signal, and control wiring.

C. Delegated-Design Submittal: For wet-pipe sprinkler systems indicated to comply with 
performance requirements and design criteria, including analysis data signed and sealed by the 

qualified professional engineer responsible for their preparation.

1.3 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Sprinkler systems, or BIM model, drawn to scale, on which items of 

other systems and equipment are shown and coordinated with each other, using input from 
installers of the items involved.

B. Qualification Data: For qualified Installer and professional engineer.

C. Design Data:
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1. Approved Sprinkler Piping Drawings: Working plans, prepared according to NFPA 13, 
that have been approved by authorities having jurisdiction, including hydraulic 

calculations if applicable.

D. Field Test Reports: Indicate and interpret test results for compliance with performance 
requirements and as described in NFPA 13. Include "Contractor's Material and Test Certificate 

for Aboveground Piping."

E. Field quality-control reports.

1.4 CLOSEOUT SUBMITTALS

A. Operation and maintenance data.

1.5 QUALITY ASSURANCE

A. Installer Qualifications:

1. Installer's responsibilities include designing, fabricating, and installing sprinkler systems 
and providing professional engineering services needed to assume engineering 
responsibility. Base calculations on results of fire-hydrant flow test.

a. Engineering Responsibility: Preparation of working plans, calculations, and field 
test reports by a qualified professional engineer.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application.

B. Sprinkler system equipment, specialties, accessories, installation, and testing shall comply with 
NFPA 13.

C. Standard-Pressure Piping System Component: Listed for 175-psig minimum working pressure.

D. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 
"Quality Requirements," to design wet-pipe sprinkler systems.

1. Available fire-hydrant flow test records indicate the following conditions:

a. Date: 02/14/2019.
b. Performed by: Michael L Willis, PE of Suez Water.

c. Location of Residual Fire Hydrant R: #1-982 Charles Drive & Route 37 East.
d. Location of Flow Fire Hydrant F: #1-99 Cedar Grove Road & Charles Drive.
e. Static Pressure at Residual Fire Hydrant R: 55 psig.
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f. Measured Flow at Flow Fire Hydrant F: 1996 gpm.
g. Residual Pressure at Residual Fire Hydrant R: 38 psig.

2. Sprinkler system design shall be approved by authorities having jurisdiction.

a. Margin of Safety for Available Water Flow and Pressure:  10 percent, including 
losses through water-service piping, valves, and backflow preventers.

b. Sprinkler Occupancy Hazard Classifications:
1) Building Service Areas:  Ordinary Hazard, Group 1.
2) Electrical Equipment Rooms:  Ordinary Hazard, Group 1.

3) Elevator Machine Room and Hoistway:  Ordinary Hazard, Group 1.
4) General Storage Areas:  Ordinary Hazard, Group 1.
5) Mechanical Equipment Rooms:  Ordinary Hazard, Group 1.

6) Office and Public Areas:  Light Hazard.

3. Minimum Density for Automatic-Sprinkler Piping Design:
a. Light-Hazard Occupancy:  0.10 gpm over 1500-sq. ft. area.

b. Ordinary-Hazard, Group 1 Occupancy:  0.15 gpm over 1500-sq. ft. area.

4. Maximum protection area per sprinkler according to UL listing.
5. Maximum Protection Area per Sprinkler:

a. Office Spaces:  225 sq. ft..
b. Storage Areas:  130 sq. ft..
c. Mechanical Equipment Rooms:  130 sq. ft..

d. Electrical Equipment Rooms:  130 sq. ft..
e. Other Areas: According to NFPA 13 recommendations unless otherwise indicated.

E. Seismic Performance: Sprinkler piping shall withstand the effects of earthquake motions 
determined according to NFPA 13 and ASCE/SEI 7. See Section 210548 "Vibration and 
Seismic Controls for Fire-Suppression Piping and Equipment."

2.2 STEEL PIPE AND FITTINGS

A. Standard-Weight, Black-Steel Pipe: ASTM A53/A53M, Type E, Grade B. Pipe ends may be 
factory or field formed to match joining method.

B. Schedule 30, Black-Steel Pipe: ASTM A135/A135M; ASTM A795/A795M, Type E; or 
ASME B36.10M wrought steel, with wall thickness not less than Schedule 30 and not more 
than Schedule 40. Pipe ends may be factory or field formed to match joining method.

C. Thinwall Black-Steel Pipe: ASTM A135/A135M or ASTM A795/A795M, threadable, with wall 
thickness less than Schedule 30 and equal to or greater than Schedule 10. Pipe ends may be 
factory or field formed to match joining method.

D. Schedule 10, Black-Steel Pipe: ASTM A135/A135M or ASTM A795/A795M, Schedule 10 in 
NPS 5 and smaller; and NFPA 13-specified wall thickness in NPS 6 to NPS 10, plain end.

E. Nonstandard OD, Thinwall Black-Steel Pipe: ASTM A135/A135M or ASTM A795/A795M 

thinwall with plain ends and wall thickness less than Schedule 10.
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F. Hybrid Black-Steel Pipe: ASTM A135/A135M or ASTM A795/A795M lightwall, with wall 
thickness less than Schedule 10 and greater than Schedule 5.

G. Schedule 5 Steel Pipe: ASTM A135/A135M or ASTM A795/A795M lightwall with plain ends.

H. Black-Steel Pipe Nipples: ASTM A733, made of ASTM A53/A53M, standard-weight, seamless 
steel pipe with threaded ends.

I. Uncoated-Steel Couplings: ASTM A865/A865M, threaded.

J. Uncoated, Gray-Iron Threaded Fittings: ASME B16.4, Class 125, standard pattern.

K. Malleable- or Ductile-Iron Unions: UL 860.

L. Cast-Iron Flanges: ASME 16.1, Class 125.

M. Steel Flanges and Flanged Fittings: ASME B16.5, Class 150.

1. Pipe-Flange Gasket Materials:  AWWA C110, rubber, flat face, 1/8 inch thick or EPDM 

rubber gasket.

a. Class 125 and Class 250, Cast-Iron, Flat-Face Flanges: Full-face gaskets.
b. Class 150 and Class 300, Ductile-Iron or -Steel, Raised-Face Flanges: Ring-type 

gaskets.

N. Grooved-Joint, Steel-Pipe Appurtenances:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. Anvil International.
b. CPS Products, Inc.

c. Tyco by Johnson Controls Company.
d. Victaulic Company.

2. Pressure Rating:  175-psig minimum.
3. Uncoated Grooved-End Fittings for Steel Piping: ASTM A47/A47M, malleable-iron 

casting or ASTM A536, ductile-iron casting, with dimensions matching steel pipe.

4. Grooved-End-Pipe Couplings for Steel Piping: AWWA C606 and UL 213 rigid pattern, 
unless otherwise indicated, for steel-pipe dimensions. Include ferrous housing sections, 
EPDM-rubber gasket, and bolts and nuts.

O. Steel Pressure-Seal Fittings: UL 213, FM Global-approved, 175-psig pressure rating with steel 
housing, rubber O-rings, and pipe stop; for use with fitting manufacturers' pressure-seal tools.

1. Manufacturers: Subject to compliance with requirements, provide products by the 

following:

a. Victaulic Company.
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2.3 SPECIALTY VALVES

A. Listed in UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide."

B. Specialty Valves Pressure Rating: 175-psig minimum.

C. Body Material: Cast or ductile iron.

D. Size: Same as connected piping.

E. End Connections: Flanged or grooved.

F. Alarm Valves:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. Globe Fire Sprinkler Corporation.
b. Reliable Automatic Sprinkler Co., Inc. (The).

c. Tyco by Johnson Controls Company.
d. Victaulic Company.

2. Standard: UL 193.

3. Design: For horizontal or vertical installation.
4. Include trim sets for bypass, drain, electrical sprinkler alarm switch, pressure 

gauges, retarding chamber, and fill-line attachment with strainer.

5. Drip cup assembly pipe drain without valves and separate from main drain piping

G. Automatic (Ball Drip) Drain Valves:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. Reliable Automatic Sprinkler Co., Inc. (The).

b. Tyco by Johnson Controls Company.

2. Standard: UL 1726.
3. Pressure Rating: 175-psig minimum.

4. Type: Automatic draining, ball check.
5. Size: NPS 3/4.
6. End Connections: Threaded.

2.4 AIR VENT

A. Manual Air Vent/Valve:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:
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a. AGF Manufacturing, Inc.
b. National Fittings, Inc.

c. Victaulic Company.

2. Description: Ball valve that requires human intervention to vent air.
3. Body: Forged brass.

4. Ends: Threaded.
5. Minimize Size: 1/2 inch.
6. Minimum Water Working Pressure Rating: 300 psig.

B. Automatic Air Vent:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. AGF Manufacturing, Inc.
b. Metraflex Company (The).
c. Val-Matic Valve & Manufacturing Corp.

2. Description: Automatic air vent that automatically vents trapped air without human 
intervention.

3. Standard: UL listed or FM Global approved for wet-pipe fire sprinkler systems.

4. Vents oxygen continuously from system.
5. Float valve to prevent water discharge.
6. Minimum Water Working Pressure Rating: 175 psig.

C. Automatic Air Vent Assembly:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. AGF Manufacturing, Inc.
b. Engineered Corrosion Solutions.

c. Potter Electric Signal Company, LLC.
2. Description: Automaticair vent assembly that automatically vents trapped air without 

human intervention, including Y-strainer and ball valve in a prepiped assembly.

3. Standard: UL listed or FM Global approved for use in wet-pipe fire sprinkler system.
4. Vents oxygen continuously from system.
5. Float valve to prevent water discharge.

6. Minimum Water Working Pressure Rating: 175 psig.

2.5 SPRINKLER PIPING SPECIALTIES

A. Branch Outlet Fittings:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. AGF Manufacturing, Inc.
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b. Anvil International.
c. National Fittings, Inc.

d. Victaulic Company.

2. Standard: UL 213.
3. Pressure Rating:  175-psig minimum.

4. Body Material: Ductile-iron housing with EPDM seals and bolts and nuts.
5. Type: Mechanical-tee and -cross fittings.
6. Configurations: Snap-on and strapless, ductile-iron housing with branch outlets.

7. Size: Of dimension to fit onto sprinkler main and with outlet connections as required to 
match connected branch piping.

8. Branch Outlets: Grooved, plain-end pipe, or threaded.

B. Flow Detection and Test Assemblies:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. AGF Manufacturing, Inc.
b. Reliable Automatic Sprinkler Co., Inc. (The).
c. Victaulic Company.

2. Standard: UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide."
3. Pressure Rating:  175-psig minimum.
4. Body Material: Cast- or ductile-iron housing with orifice, sight glass, and integral test 

valve.
5. Size: Same as connected piping.

6. Inlet and Outlet: Threaded or grooved.

C. Branch Line Testers:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. AGF Manufacturing, Inc.
b. Elkhart Brass Mfg. Co., Inc.

c. Potter Electric Signal Company, LLC.
d. Potter Roemer LLC; a Division of Morris Group International.

2. Standard: UL 199.

3. Pressure Rating: 175 psig.
4. Body Material: Brass.
5. Size: Same as connected piping.

6. Inlet: Threaded.
7. Drain Outlet: Threaded and capped.
8. Branch Outlet: Threaded, for sprinkler.

D. Sprinkler Inspector's Test Fittings:
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. AGF Manufacturing, Inc.
b. Tyco by Johnson Controls Company.
c. Victaulic Company.

2. Standard: UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide."
3. Pressure Rating:  175-psig minimum.
4. Body Material: Cast- or ductile-iron housing with sight glass.

5. Size: Same as connected piping.
6. Inlet and Outlet: Threaded.

E. Adjustable Drop Nipples:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. Aegis Technologies, Inc.

b. CECA, LLC.
c. CPS Products, Inc.
d. Merit Manufacturing.

2. Standard: UL 1474.
3. Pressure Rating:  250-psig minimum.
4. Body Material: Steel pipe with EPDM-rubber O-ring seals.

5. Size: Same as connected piping.
6. Length: Adjustable.

7. Inlet and Outlet: Threaded.

F. Flexible Sprinkler Hose Fittings:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. ALEUM USA.
b. FlexHead Industries, Inc.

c. Gateway Tubing, Inc.
d. Victaulic Company.

2. Standard: UL 1474.

3. Type: Flexible hose for connection to sprinkler, and with bracket for connection to 
ceiling grid.

4. Pressure Rating:  175-psig minimum.

5. Size: Same as connected piping, for sprinkler.
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2.6 SPRINKLERS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

1. Globe Fire Sprinkler Corporation.
2. Reliable Automatic Sprinkler Co., Inc. (The).

3. Tyco by Johnson Controls Company.
4. Victaulic Company.

B. Listed in UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide."

C. Pressure Rating for Residential Sprinklers: 175-psig maximum.

D. Pressure Rating for Automatic Sprinklers: 175-psig minimum.

E. Automatic Sprinklers with Heat-Responsive Element:

1. Fast-Response Applications:  UL 1767.
2. Nonresidential Applications:  UL 199.
3. Characteristics: Nominal 1/2-inch orifice, quick response with Discharge Coefficient K 

of 5.6, and for "Ordinary" temperature classification rating unless otherwise indicated or 
required by application.

F. Sprinkler Finishes:  bronze.

G. Sprinkler Escutcheons: Materials, types, and finishes for the following sprinkler mounting 
applications. Escutcheons for concealed, flush, and recessed-type sprinklers are specified with 
sprinklers.

1. Ceiling Mounting:  Chrome-plated steel, two piece, with 1-inch vertical adjustment.
2. Sidewall Mounting:  Chrome-plated steel, one piece, flat.

H. Sprinkler Guards:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. Reliable Automatic Sprinkler Co., Inc. (The).
b. Tyco by Johnson Controls Company.
c. Victaulic Company.

2. Standard: UL 199.
3. Type: Wire cage with fastening device for attaching to sprinkler.

2.7 MANUAL CONTROL STATIONS

A. Listed in UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide" for 
hydraulic operation, with union, NPS 1/2 pipe nipple, and bronze ball valve.
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B. Include metal enclosure labeled "MANUAL CONTROL STATION," with operating 
instructions and cover held closed by breakable strut to prevent accidental opening.

2.8 PRESSURE GAUGES

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

1. AGF Manufacturing, Inc.
2. AMETEK, Inc.
3. Ashcroft Inc.

B. Standard: UL 393.

C. Dial Size: 3-1/2- to 4-1/2-inch diameter.

D. Pressure Gauge Range:  0- to 250-psig minimum.

E. Label: Include "WATER" label on dial face.

PART 3 - EXECUTION

3.1 SERVICE-ENTRANCE PIPING

A. Connect sprinkler piping to water-service piping for service entrance to building. Comply with 
requirements for exterior piping in Section 211100 "Facility Fire-Suppression Water-Service 
Piping" for exterior piping.

B. Install shutoff valve, backflow preventer, pressure gauge, drain, and other accessories indicated 
at connection to water-service piping. Comply with requirements for backflow preventers in 
Section 211100 "Facility Fire-Suppression Water-Service Piping."

C. Install shutoff valve, check valve, pressure gauge, and drain at connection to water service.

3.2 WATER-SUPPLY CONNECTIONS

A. Connect sprinkler piping to building's interior water-distribution piping. Comply with 
requirements for interior piping in Section 221116 "Domestic Water Piping."

B. Install shutoff valve, backflow preventer, pressure gauge, drain, and other accessories indicated 

at connection to water-distribution piping. Comply with requirements for backflow preventers 
in Section 211100 "Facility Fire-Suppression Water-Service Piping."

C. Install shutoff valve, check valve, pressure gauge, and drain at connection to water supply.
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3.3 PIPING INSTALLATION

A. Locations and Arrangements: Drawing plans, schematics, and diagrams indicate general 

location and arrangement of piping. Install piping as indicated on approved working plans.

1. Deviations from approved working plans for piping require written approval from 
authorities having jurisdiction. File written approval with Architect before deviating from 

approved working plans.
2. Coordinate layout and installation of sprinklers with other construction that penetrates 

ceilings, including light fixtures, HVAC equipment, and partition assemblies.

B. Piping Standard: Comply with NFPA 13 requirements for installation of sprinkler piping.

C. Install seismic restraints on piping. Comply with NFPA 13 requirements for seismic-restraint 
device materials and installation.

D. Use listed fittings to make changes in direction, branch takeoffs from mains, and reductions in 
pipe sizes.

E. Install unions adjacent to each valve in pipes NPS 2 and smaller.

F. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, and 
equipment having NPS 2-1/2 and larger end connections.

G. Install "Inspector's Test Connections" in sprinkler system piping, complete with shutoff valve, 

and sized and located according to NFPA 13.

H. Install sprinkler piping with drains for complete system drainage.

I. Install sprinkler control valves, test assemblies, and drain risers adjacent to standpipes when 

sprinkler piping is connected to standpipes.

J. Install automatic (ball drip) drain valve at each check valve for fire-department connection, to 

drain piping between fire-department connection and check valve. Install drain piping to and 
spill over floor drain or to outside building.

K. Install alarm devices in piping systems.

L. Install hangers and supports for sprinkler system piping according to NFPA 13. Comply with 
requirements for hanger materials in NFPA 13. In seismic-rated areas, refer to Section 210548 
"Vibration and Seismic Controls for Fire-Suppression Piping and Equipment."

M. Install pressure gauges on riser or feed main, at each sprinkler test connection, and at top of 
each standpipe. Include pressure gauges with connection not less than NPS 1/4 and with soft-
metal seated globe valve, arranged for draining pipe between gauge and valve. Install gauges to 

permit removal, and install where they are not subject to freezing.

N. Fill sprinkler system piping with water.
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O. Install electric heating cables and pipe insulation on sprinkler piping in areas subject to freezing. 
Comply with requirements for heating cables in Section 210533 "Heat Tracing for Fire-

Suppression Piping" and for piping insulation in Section 210700 "Fire-Suppression Systems 
Insulation."

P. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements 

for sleeves specified in Section 210517 "Sleeves and Sleeve Seals for Fire-Suppression Piping."

Q. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with 
requirements for sleeve seals specified in Section 210517 "Sleeves and Sleeve Seals for Fire-

Suppression Piping."

R. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 
requirements for escutcheons specified in Section 210518 "Escutcheons for Fire-Suppression 

Piping."

3.4 JOINT CONSTRUCTION

A. Install couplings, flanges, flanged fittings, unions, nipples, and transition and special fittings 

that have finish and pressure ratings same as or higher than system's pressure rating for 
aboveground applications unless otherwise indicated.

B. Install unions adjacent to each valve in pipes NPS 2 and smaller.

C. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, and 
equipment having NPS 2-1/2 and larger end connections.

D. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

E. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before 
assembly.

F. Flanged Joints: Select appropriate gasket material in size, type, and thickness suitable for water 
service. Join flanges with gasket and bolts according to ASME B31.9.

G. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut 

threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore 
full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads.

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or 
damaged.

H. Twist-Locked Joints: Insert plain end of steel pipe into plain-end-pipe fitting. Rotate retainer 

lugs one-quarter turn or tighten retainer pin.

I. Steel-Piping, Pressure-Sealed Joints: Join lightwall steel pipe and steel pressure-seal fittings 
with tools recommended by fitting manufacturer.
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J. Steel-Piping, Cut-Grooved Joints: Cut square-edge groove in end of pipe according to 
AWWA C606. Assemble coupling with housing, gasket, lubricant, and bolts. Join steel pipe and 

grooved-end fittings according to AWWA C606 for steel-pipe joints.

K. Steel-Piping, Roll-Grooved Joints: Roll rounded-edge groove in end of pipe according to 
AWWA C606. Assemble coupling with housing, gasket, lubricant, and bolts. Join steel pipe and 

grooved-end fittings according to AWWA C606 for steel-pipe grooved joints.

L. Extruded-Tee Connections: Form tee in copper tube according to ASTM F2014. Use tool 
designed for copper tube; drill pilot hole, form collar for outlet, dimple tube to form seating 

stop, and braze branch tube into collar.

M. Dissimilar-Material Piping Joints: Make joints using adapters compatible with materials of both 
piping systems.

N. Plastic-Piping, Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and fittings 
according to the following:

1. Comply with ASTM F402 for safe-handling practice of cleaners, primers, and solvent 

cements. Apply primer.
2. CPVC Piping: Join according to ASTM D2846/D2846M Appendix.

3.5 INSTALLATION OF COVER SYSTEM FOR SPRINKLER PIPING

A. Install cover system, brackets, and cover components for sprinkler piping according to 
manufacturer's "Installation Manual" and NFPA 13 or NFPA 13R for supports.

3.6 VALVE AND SPECIALTIES INSTALLATION

A. Install listed fire-protection valves, trim and drain valves, specialty valves and trim, controls, 
and specialties according to NFPA 13 and authorities having jurisdiction.

B. Install listed fire-protection shutoff valves supervised open, located to control sources of water 
supply except from fire-department connections. Install permanent identification signs 
indicating portion of system controlled by each valve.

C. Install check valve in each water-supply connection. Install backflow preventers instead of 
check valves in potable-water-supply sources.

D. Specialty Valves:

1. Install valves in vertical position for proper direction of flow, in main supply to system.
2. Install alarm valves with bypass check valve and retarding chamber drain-line 

connection.

3. Install deluge valves in vertical position, in proper direction of flow, and in main supply 
to deluge system. Install trim sets for drain, priming level, alarm connections, ball drip 
valves, pressure gauges, priming chamber attachment, and fill-line attachment.
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E. Air Vent:

1. Provide at least one air vent in each wet pipe sprinkler system in accordance with NFPA 

13 requirements. Connect vent into top of fire sprinkler piping.
2. Provide dielectric union for dissimilar metals, ball or globe valve, and strainer upstream 

of automatic air vent. Do not retain the first subparagraph below if dual air vents are 

specified under "Automatic Air Vent Assembly" Paragraph above, or if air vent assembly 
configuration is such that the manufacturer does not require piping of the air vent to 
drain.

3.7 SPRINKLER INSTALLATION

A. Install sprinklers in suspended ceilings in center of narrow dimension of acoustical ceiling 
panels.

B. Install dry-type sprinklers with water supply from heated space. Do not install pendent or 
sidewall, wet-type sprinklers in areas subject to freezing.

C. Install sprinklers into flexible, sprinkler hose fittings, and install hose into bracket on ceiling 

grid.

3.8 IDENTIFICATION

A. Install labeling and pipe markers on equipment and piping according to requirements in 

NFPA 13.

B. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems."

3.9 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. Leak Test: After installation, charge systems and test for leaks. Repair leaks and retest 
until no leaks exist.

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 

equipment.
3. Flush, test, and inspect sprinkler systems according to NFPA 13, "Systems Acceptance" 

Chapter.

4. Energize circuits to electrical equipment and devices.
5. Coordinate with fire-alarm tests. Operate as required.
6. Coordinate with fire-pump tests. Operate as required.

7. Verify that equipment hose threads are same as local fire department equipment.

B. Sprinkler piping system will be considered defective if it does not pass tests and inspections.

C. Prepare test and inspection reports.
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3.10 CLEANING

A. Clean dirt and debris from sprinklers.

B. Only sprinklers with their original factory finish are acceptable. Remove and replace any 
sprinklers that are painted or have any other finish than their original factory finish.

3.11 PIPING SCHEDULE

A. Piping between Fire Department Connections and Check Valves: Galvanized, standard-weight 
steel pipe with grooved ends, grooved-end fittings, grooved-end-pipe couplings, and grooved 
joints.

B. Sprinkler specialty fittings may be used, downstream of control valves, instead of specified 
fittings.

C. Standard-pressure, wet-pipe sprinkler system, NPS 2 and smaller, shall be one of the following: 

1. Standard-weight or Schedule 30, black-steel pipe with threaded ends; uncoated, gray-iron 
threaded fittings; and threaded joints.

2.  Standard-weight or Schedule 30, black-steel pipe with roll-grooved ends; uncoated, 

grooved-end fittings for steel piping; grooved-end-pipe couplings for steel piping; and 
grooved joints.

D. Standard-pressure, wet-pipe sprinkler system, NPS 2-1/2 to NPS 4, shall be one of the 

following: 

1. Standard-weight or Schedule 30, black-steel pipe with threaded ends; uncoated, gray-iron 
threaded fittings; and threaded joints.

2. Standard-weight or Schedule 30, black-steel pipe with roll-grooved ends; uncoated, 
grooved-end fittings for steel piping; grooved-end-pipe couplings for steel piping; and 

grooved joints.
3. Thinwall, Schedule 10 black-steel pipe with roll-grooved ends; uncoated, grooved-end 

fittings for steel piping; grooved-end-pipe couplings for steel piping; and grooved joints.

E. Standard-pressure, wet-pipe sprinkler system, NPS 5 and larger, shall be one of the following: 

1. Standard-weight or Schedule 30, black-steel pipe with threaded ends; uncoated, gray-iron 
threaded fittings; and threaded joints.

2. Standard-weight or Schedule 30, black-steel pipe with roll-grooved ends; uncoated, 
grooved-end fittings for steel piping; grooved-end-pipe couplings for steel piping; and 
grooved joints.

3. Thinwall, Schedule 10 black-steel pipe with roll-grooved ends; uncoated, grooved-end 
fittings for steel piping; grooved-end-pipe couplings for steel piping; and grooved joints.

3.12 SPRINKLER SCHEDULE

A. Use sprinkler types in subparagraphs below for the following applications:
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1. Rooms without Ceilings:  Upright sprinklers.
2. Rooms with Suspended Ceilings:  Concealed sprinklers.

3. Wall Mounting: Sidewall sprinklers.

B. Provide sprinkler types in subparagraphs below with finishes indicated.

1. Concealed Sprinklers: Rough brass, with factory-painted white cover plate.

2. Flush Sprinklers: Bright chrome, with painted white escutcheon.
3. Recessed Sprinklers: Bright chrome, with bright chrome escutcheon.
4.  Upright and Sidewall Sprinklers: Chrome plated in finished spaces exposed to view; 

rough bronze in unfinished spaces not exposed to view; wax coated where exposed to 
acids, chemicals, or other corrosive fumes.

END OF SECTION 211313
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S) @9C ?]SdbcaXTb)
T) I\XcW(8[PXa' ?]R)
U) LXZX]V @^W]b^])
V) Ea P__a^eTS T`dP[)

-) K]STaVa^d]S FX_X]V DFI ,(,*- P]S I\P[[Ta5  CP]dUPRcdaTS UXccX]V ^a R^d_[X]V)
.) K]STaVa^d]S FX_X]V DFI - P]S BPaVTa5  7MM7 9-,4' \TcP[ b[TTeT(ch_T R^d_[X]V)
/) 7Q^eTVa^d]S FaTbbdaT FX_X]V5  FX_T UXccX]V)

8) F[PbcXR(c^(CTcP[ JaP]bXcX^] <XccX]Vb5 9FL9 ^]T(_XTRT UXccX]V fXcW \P]dUPRcdaTajb IRWTSd[T 3+ 
T`dXeP[T]c SX\T]bX^]b6 ^]T T]S fXcW cWaTPSTS QaPbb X]bTac' P]S ^]T b^[eT]c(RT\T]c(Y^X]c T]S)

,) CP]dUPRcdaTab5

P) ;b[^] JWTa\^_[PbcXRb)
Q) Ea P__a^eTS T`dP[)

9) F[PbcXR(c^(CTcP[ JaP]bXcX^] 7SP_c^ab5 E]T(_XTRT UXccX]V fXcW \P]dUPRcdaTajb I:H ,, T`dXeP[T]c 
SX\T]bX^]b6 ^]T T]S fXcW cWaTPSTS QaPbb X]bTac' P]S ^]T b^[eT]c(RT\T]c(Y^X]c T]S)
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,) CP]dUPRcdaTab5

P) JW^\_b^] F[PbcXRb' ?]R)
Q) Ea P__a^eTS T`dP[)

:) F[PbcXR(c^(CTcP[ JaP]bXcX^] K]X^]b5 CII IF(,+2' 9FL9 U^da(_Pac d]X^]) ?]R[dST QaPbb T]S' 
b^[eT]c(RT\T]c(Y^X]c T]S' adQQTa E(aX]V' P]S d]X^] ]dc)

,) CP]dUPRcdaTab5

P) D?89E ?D9)
Q) D?89E' ?]R)6 9WT\ca^[ :Xe)

R) Ea P__a^eTS T`dP[)

;) <[TgXQ[T JaP]bXcX^] 9^d_[X]Vb U^a K]STaVa^d]S D^]_aTbbdaT :aPX]PVT FX_X]V5 7IJC 9 ,,2. 
fXcW T[Pbc^\TaXR b[TTeT' T]Sb bP\T bXiT Pb _X_X]V c^ QT Y^X]TS' P]S R^aa^bX^](aTbXbcP]c \TcP[ 

QP]S ^] TPRW T]S)

,) CP]dUPRcdaTab5

P) 9PbRPST MPcTaf^aZb CUV) 9^)
Q) <Ta]R^' ?]R)

R) CXbbX^] HdQQTa 9^\_P]h)
S) F[PbcXR ESSXcXTb' ?]R)
T) Ea P__a^eTS T`dP[)

-)0 :?;B;9JH?9 <?JJ?D=I

7) :TbRaX_cX^]5 9^\QX]PcX^] UXccX]V ^U R^__Ta P[[^h P]S UTaa^db \PcTaXP[b fXcW cWaTPSTS' b^[STa( 

Y^X]c' _[PX]' ^a fT[S(]TRZ T]S R^]]TRcX^]b cWPc \PcRW _X_X]V bhbcT\ \PcTaXP[b)

8) ?]bd[PcX]V CPcTaXP[5 IdXcPQ[T U^a bhbcT\ U[dXS' _aTbbdaT' P]S cT\_TaPcdaT)

9) :XT[TRcaXR <[P]VTb5 <PRc^ah(UPQaXRPcTS' R^\_P]X^](U[P]VT PbbT\Q[h' U^a ,0+(_bXV \X]X\d\ 
f^aZX]V _aTbbdaT Pb aT`dXaTS c^ bdXc bhbcT\ _aTbbdaTb)

,) CP]dUPRcdaTab5

P) 9P_Xc^[ CP]dUPRcdaX]V 9^)
Q) 9T]caP[ F[PbcXRb 9^\_P]h)
R) ;_R^ IP[Tb' ?]R)

S) MPccb ?]SdbcaXTb' ?]R)6 MPcTa Fa^SdRcb :Xe)
T) Ea P__a^eTS T`dP[)

:) :XT[TRcaXR(<[P]VT AXcb5 9^\_P]X^](U[P]VT PbbT\Q[h U^a UXT[S PbbT\Q[h) ?]R[dST U[P]VTb' Ud[[( 
UPRT( ^a aX]V(ch_T ]T^_aT]T ^a _WT]^[XR VPbZTc' _WT]^[XR ^a _^[hTcWh[T]T Q^[c b[TTeTb' _WT]^[XR 
fPbWTab' P]S bcTT[ QPRZX]V fPbWTab)
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,) CP]dUPRcdaTab5

P) 7SeP]RT Fa^SdRcb # IhbcT\b' ?]R)
Q) 9P[_XR^' ?]R)

R) 9T]caP[ F[PbcXRb 9^\_P]h)
S) FX_T[X]T ITP[ P]S ?]bd[Pc^a' ?]R)

T) Ea P__a^eTS T`dP[)

-) IT_PaPcT  R^\_P]X^]  U[P]VTb  P]S  bcTT[  Q^[cb  P]S  ]dcb  bWP[[  WPeT  ,0+(_bXV  \X]X\d\ 
f^aZX]V _aTbbdaT fWTaT aT`dXaTS c^ bdXc bhbcT\ _aTbbdaTb)

;) :XT[TRcaXR 9^d_[X]Vb5 =P[eP]XiTS(bcTT[ R^d_[X]V fXcW X]Tac P]S ]^]R^aa^bXeT' cWTa\^_[PbcXR 
[X]X]V6 cWaTPSTS T]Sb6 P]S .++(_bXV \X]X\d\ f^aZX]V _aTbbdaT Pc --0 STV <)

,) CP]dUPRcdaTab5

P) 9P[_XR^' ?]R)
Q) B^RWX]ePa 9^a_)
R) Ea P__a^eTS T`dP[)

<) :XT[TRcaXR DX__[Tb5  ;[TRca^_[PcTS bcTT[ ]X__[T fXcW X]Tac P]S ]^]R^aa^bXeT' cWTa\^_[PbcXR [X]X]V6 
_[PX]' cWaTPSTS' ^a Va^^eTS T]Sb6 P]S .++(_bXV \X]X\d\ f^aZX]V _aTbbdaT Pc --0 STV <)

,) CP]dUPRcdaTab5

P) FTaUTRcX^] 9^a_)

Q) FaTRXbX^] F[d\QX]V Fa^SdRcb' ?]R)
R) IX^dg 9WXTU CP]dUPRcdaX]V 9^)' ?]R)
S) LXRcPd[XR 9^) ^U 7\TaXRP)

T) Ea P__a^eTS T`dP[)

-)1 C;9>7D?97B IB;;L; I;7BI

7) :TbRaX_cX^]5  C^Sd[Pa bTP[X]V T[T\T]c d]Xc' STbXV]TS U^a UXT[S PbbT\Q[h' c^ UX[[ P]]d[Pa b_PRT 
QTcfTT] _X_T P]S b[TTeT)

,) CP]dUPRcdaTab5

P) 7SeP]RT Fa^SdRcb # IhbcT\b' ?]R)
Q) 9P[_XR^' ?]R)

R) CTcaPU[Tg 9^)
S) FX_T[X]T ITP[ P]S ?]bd[Pc^a' ?]R)
T) Ea P__a^eTS T`dP[)

-) ITP[X]V ;[T\T]cb5  ;F:C X]cTa[^RZX]V [X]Zb bWP_TS c^ UXc bdaUPRT ^U _X_T)  ?]R[dST ch_T 
P]S ]d\QTa aT`dXaTS U^a _X_T \PcTaXP[ P]S bXiT ^U _X_T)

.) FaTbbdaT F[PcTb5  9PaQ^] bcTT[) ?]R[dST cf^ U^a TPRW bTP[X]V T[T\T]c)

/) 9^]]TRcX]V 8^[cb P]S Ddcb5 9PaQ^] bcTT[ fXcW R^aa^bX^](aTbXbcP]c R^PcX]V ^U [T]VcW 
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aT`dXaTS c^ bTRdaT _aTbbdaT _[PcTb c^ bTP[X]V T[T\T]cb) ?]R[dST ^]T U^a TPRW bTP[X]V 
T[T\T]c)

-)2 IB;;L;I

7) =P[eP]XiTS(IcTT[  IWTTc5 +)+-.4(X]RW  \X]X\d\  cWXRZ]Tbb6  a^d]S  cdQT  R[^bTS  fXcW  fT[STS 
[^]VXcdSX]P[ Y^X]c)

8) IcTT[ FX_T5  7IJC 7 0.' Jh_T ;' =aPST 8' IRWTSd[T /+' VP[eP]XiTS' _[PX] T]Sb)

9) 9Pbc ?a^]5  9Pbc ^a UPQaXRPcTS kfP[[ _X_Tl T`dXeP[T]c c^ SdRcX[T(Xa^] _aTbbdaT _X_T' fXcW _[PX] 
T]Sb P]S X]cTVaP[ fPcTabc^_' d][Tbb ^cWTafXbT X]SXRPcTS)

:) IcPRZ I[TTeT <XccX]Vb5  CP]dUPRcdaTS' RPbc(Xa^] b[TTeT fXcW X]cTVaP[ R[P\_X]V U[P]VT)  ?]R[dST 
R[P\_X]V aX]V P]S Q^[cb P]S ]dcb U^a \T\QaP]T U[PbWX]V)

,) K]STaSTRZ 9[P\_5  9[P\_X]V aX]V fXcW bTc bRaTfb)

-)3 ;I9KJ9>;EDI

7) :TbRaX_cX^]5 CP]dUPRcdaTS fP[[ P]S RTX[X]V TbRdcRWT^]b P]S U[^^a _[PcTb' fXcW P] ?: c^ R[^bT[h 

UXc Pa^d]S _X_T' cdQT' P]S X]bd[PcX^] ^U X]bd[PcTS _X_X]V P]S P] E: cWPc R^\_[TcT[h R^eTab 
^_T]X]V)

8) E]T(FXTRT' :TT_(FPccTa] Jh_T5   :TT_(SaPf]' Q^g(bWP_TS QaPbb fXcW _^[XbWTS RWa^\T(_[PcTS 
UX]XbW)

9) E]T(FXTRT' 9Pbc(8aPbb Jh_T5  MXcW bTc bRaTf)

,) <X]XbW5  F^[XbWTS RWa^\T(_[PcTS)

:) I_[Xc(9PbcX]V' 9Pbc(8aPbb Jh_T5  MXcW R^]RTP[TS WX]VT P]S bTc bRaTf)
,) <X]XbW5  F^[XbWTS RWa^\T(_[PcTS

;) E]T(FXTRT' IcP\_TS(IcTT[ Jh_T5 MXcW bTc bRaTf P]S RWa^\T(_[PcTS UX]XbW)

<) I_[Xc(F[PcT' IcP\_TS(IcTT[ Jh_T5 MXcW R^]RTP[TS WX]VT' bTc bRaTf P]S RWa^\T(_[PcTS UX]XbW)

=) E]T(FXTRT' <[^^a(F[PcT Jh_T5  9Pbc(Xa^] U[^^a _[PcT)

>) I_[Xc(9PbcX]V' <[^^a(F[PcT Jh_T5  9Pbc QaPbb fXcW R^]RTP[TS WX]VT P]S bTc bRaTf)

-)4 =HEKJ

7) :TbRaX_cX^]5  7IJC 9 ,,+2' =aPST 8' ]^]bWaX]Z P]S ]^]\TcP[[XR' Sah WhSaPd[XR(RT\T]c Va^dc)
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,) 9WPaPRcTaXbcXRb5 F^bc(WPaST]X]V' e^[d\T(PSYdbcX]V' ]^]bcPX]X]V'
]^]R^aa^bXeT' ]^]VPbT^db' P]S aTR^\\T]STS U^a X]cTaX^a P]S TgcTaX^a P__[XRPcX^]b)

-) :TbXV] CXg5  0+++(_bX' -3(SPh R^\_aTbbXeT bcaT]VcW)

.) FPRZPVX]V5  FaT\XgTS P]S UPRc^ah _PRZPVTS)

PART 3 - EXECUTION

.), F?F?D= IOIJ;CI ( 9ECCED H;GK?H;C;DJI

7) ?]bcP[[ _X_X]V PRR^aSX]V c^ cWT U^[[^fX]V aT`dXaT\T]cb P]S :XeXbX^] -- ITRcX^]b b_TRXUhX]V 
_X_X]V bhbcT\b)

8) :aPfX]V _[P]b' bRWT\PcXRb' P]S SXPVaP\b X]SXRPcT VT]TaP[ [^RPcX^] P]S PaaP]VT\T]c ^U _X_X]V 
bhbcT\b) ?]SXRPcTS [^RPcX^]b P]S PaaP]VT\T]cb fTaT dbTS c^ bXiT _X_T P]S RP[Rd[PcT UaXRcX^] 
[^bb' Tg_P]bX^]' _d\_ bXiX]V' P]S ^cWTa STbXV] R^]bXSTaPcX^]b) ?]bcP[[ _X_X]V Pb X]SXRPcTS d][Tbb 

STeXPcX^]b c^ [Ph^dc PaT P__a^eTS ^] 9^^aSX]PcX^] :aPfX]Vb)

9) ?]bcP[[ _X_X]V X] R^]RTP[TS [^RPcX^]b' d][Tbb ^cWTafXbT X]SXRPcTS P]S TgRT_c X] T`dX_\T]c a^^\b 
P]S bTaeXRT PaTPb)

:) ?]bcP[[ _X_X]V X]SXRPcTS c^ QT Tg_^bTS P]S _X_X]V X] T`dX_\T]c a^^\b P]S bTaeXRT PaTPb Pc aXVWc 
P]V[Tb ^a _PaP[[T[ c^ QdX[SX]V fP[[b) :XPV^]P[ ad]b PaT _a^WXQXcTS d][Tbb b_TRXUXRP[[h X]SXRPcTS 
^cWTafXbT)

;) ?]bcP[[ _X_X]V PQ^eT PRRTbbXQ[T RTX[X]Vb c^ P[[^f bdUUXRXT]c b_PRT U^a RTX[X]V _P]T[ aT\^eP[)

<) ?]bcP[[ _X_X]V c^ _Ta\Xc eP[eT bTaeXRX]V)

=) ?]bcP[[ _X_X]V Pc X]SXRPcTS b[^_Tb)

>) ?]bcP[[ _X_X]V UaTT ^U bPVb P]S QT]Sb)

?) ?]bcP[[ UXccX]Vb U^a RWP]VTb X] SXaTRcX^] P]S QaP]RW R^]]TRcX^]b)

@) ?]bcP[[ _X_X]V c^ P[[^f P__[XRPcX^] ^U X]bd[PcX^])

A) IT[TRc bhbcT\ R^\_^]T]cb fXcW _aTbbdaT aPcX]V T`dP[ c^ ^a VaTPcTa cWP] bhbcT\ ^_TaPcX]V 
_aTbbdaT)

B) ?]bcP[[ TbRdcRWT^]b U^a _T]TcaPcX^]b ^U fP[[b' RTX[X]Vb' P]S U[^^ab)

C) ?]bcP[[ b[TTeTb U^a _X_Tb _PbbX]V cWa^dVW R^]RaTcT P]S \Pb^]ah fP[[b' Vh_bd\(Q^PaS _PacXcX^]b' 
P]S R^]RaTcT U[^^a P]S a^^U b[PQb)

D) 7Q^eTVa^d]S' ;gcTaX^a(MP[[ FX_T FT]TcaPcX^]b5 ITP[ _T]TcaPcX^]b dbX]V b[TTeTb P]S \TRWP]XRP[ 

b[TTeT bTP[b) IT[TRc b[TTeT bXiT c^ P[[^f U^a ,(X]RW %-0(\\& P]]d[Pa R[TPa b_PRT QTcfTT] _X_T 
P]S b[TTeT U^a X]bcP[[X]V \TRWP]XRP[ b[TTeT bTP[b)
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,) ?]bcP[[ bcTT[ _X_T U^a b[TTeTb b\P[[Ta cWP] 1 X]RWTb %,0+ \\& X] SXP\TcTa)
-) ?]bcP[[ RPbc(Xa^] !fP[[ _X_Tb! U^a b[TTeTb 1 X]RWTb %,0+ \\& P]S [PaVTa X] SXP\TcTa)

CTRWP]XRP[  I[TTeT  ITP[  ?]bcP[[PcX^]5 IT[TRc  ch_T  P]S  ]d\QTa  ^U  bTP[X]V  T[T\T]cb 

aT`dXaTS  U^a  _X_T  \PcTaXP[  P]S  bXiT) F^bXcX^] _X_T X] RT]cTa ^U b[TTeT)  7bbT\Q[T 
\TRWP]XRP[ b[TTeT bTP[b P]S X]bcP[[ X] P]]d[Pa b_PRT QTcfTT] _X_T P]S b[TTeT) JXVWcT] 
Q^[cb PVPX]bc _aTbbdaT _[PcTb cWPc RPdbT bTP[X]V T[T\T]cb c^ Tg_P]S P]S \PZT fPcTacXVWc 

bTP[)

E) <XaT(8PaaXTa FT]TcaPcX^]b5 CPX]cPX] X]SXRPcTS UXaT aPcX]V ^U fP[[b' _PacXcX^]b' RTX[X]Vb' P]S U[^^ab 
Pc _X_T _T]TcaPcX^]b) ITP[ _X_T _T]TcaPcX^]b fXcW UXaTbc^_ \PcTaXP[b) HTUTa c^ :XeXbX^] +2 

ITRcX^] !FT]TcaPcX^] <XaTbc^__X]V! U^a \PcTaXP[b)

F) LTaXUh UX]P[ T`dX_\T]c [^RPcX^]b U^a a^dVWX]V(X])

G) HTUTa c^ T`dX_\T]c b_TRXUXRPcX^]b X] ^cWTa ITRcX^]b ^U cWTbT I_TRXUXRPcX^]b U^a a^dVWX]V(X] 

aT`dXaT\T]cb)

.)- F?F?D= @E?DJ 9EDIJHK9J?ED

7) @^X] _X_T P]S UXccX]Vb PRR^aSX]V c^ cWT U^[[^fX]V aT`dXaT\T]cb P]S :XeXbX^] -- ITRcX^]b 

b_TRXUhX]V _X_X]V bhbcT\b)

8) HTP\ T]Sb ^U _X_Tb P]S cdQTb P]S aT\^eT Qdaab) 8TeT[ _[PX] T]Sb ^U bcTT[ _X_T)

9) HT\^eT bRP[T' b[PV' SXac' P]S STQaXb Ua^\ X]bXST P]S ^dcbXST ^U _X_T P]S UXccX]Vb QTU^aT 

PbbT\Q[h)

:) I^[STaTS @^X]cb5 7__[h 7IJC 8 3,.' fPcTa(U[dbWPQ[T U[dg' d][Tbb ^cWTafXbT X]SXRPcTS' c^ cdQT 

T]S) 9^]bcadRc Y^X]cb PRR^aSX]V c^ 7IJC 8 3-3 ^a 9:7$b !9^__Ta JdQT >P]SQ^^Z'! dbX]V 
[TPS(UaTT b^[STa P[[^h R^\_[hX]V fXcW 7IJC 8 .-)

;) JWaTPSTS @^X]cb5 JWaTPS _X_T fXcW cP_TaTS _X_T cWaTPSb PRR^aSX]V c^ 7IC; 8,)-+),) 9dc 

cWaTPSb Ud[[ P]S R[TP] dbX]V bWPa_ SXTb) HTP\ cWaTPSTS _X_T T]Sb c^ aT\^eT Qdaab P]S aTbc^aT 
Ud[[ ?:) @^X] _X_T UXccX]Vb P]S eP[eTb Pb U^[[^fb5

,) 7__[h P__a^_aXPcT cP_T ^a cWaTPS R^\_^d]S c^ TgcTa]P[ _X_T cWaTPSb d][Tbb Sah bTP[ 

cWaTPSX]V Xb b_TRXUXTS)
-) :P\PVTS JWaTPSb5 :^ ]^c dbT _X_T ^a _X_T UXccX]Vb fXcW cWaTPSb cWPc PaT R^aa^STS ^a 

SP\PVTS)  :^ ]^c dbT _X_T bTRcX^]b cWPc WPeT RaPRZTS ^a ^_T] fT[Sb)

<) MT[STS @^X]cb5 9^]bcadRc Y^X]cb PRR^aSX]V c^ 7MI :,+),-' dbX]V `dP[XUXTS _a^RTbbTb P]S 
fT[SX]V ^_TaPc^ab PRR^aSX]V c^ FPac , !GdP[Xch 7bbdaP]RT! 7acXR[T)

=) <[P]VTS @^X]cb5 IT[TRc P__a^_aXPcT VPbZTc \PcTaXP[' bXiT' ch_T' P]S cWXRZ]Tbb U^a bTaeXRT 

P__[XRPcX^])  ?]bcP[[ VPbZTc R^]RT]caXRP[[h _^bXcX^]TS) KbT bdXcPQ[T [dQaXRP]cb ^] Q^[c cWaTPSb)
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.). F?F?D= 9EDD;9J?EDI

7) CPZT R^]]TRcX^]b PRR^aSX]V c^ cWT U^[[^fX]V' d][Tbb ^cWTafXbT X]SXRPcTS5

,) ?]bcP[[ d]X^]b' X] _X_X]V DFI - %:D 0+& P]S b\P[[Ta' Pc UX]P[ R^]]TRcX^] c^ TPRW _XTRT ^U 
T`dX_\T]c)

-) ?]bcP[[ U[P]VTb' X] _X_X]V DFI -(,*- %:D 10& P]S [PaVTa' PSYPRT]c c^ U[P]VTS eP[eTb P]S Pc 
UX]P[ R^]]TRcX^] c^ TPRW _XTRT ^U T`dX_\T]c)
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SECTION 220529 - HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Metal pipe hangers and supports.

2. Trapeze pipe hangers.
3. Thermal hanger-shield inserts.
4. Fastener systems.

5. Pipe-positioning systems.
6. Equipment supports.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and 
installation details and include calculations.

C. Delegated-Design Submittal: For trapeze hangers indicated to comply with performance 
requirements and design criteria, including analysis data signed and sealed by the qualified 
professional engineer responsible for their preparation.

1.3 INFORMATIONAL SUBMITTALS

A. Welding certificates.

1.4 QUALITY ASSURANCE

A. Structural-Steel Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M.

B. Pipe Welding Qualifications: Qualify procedures and operators according to "2015 ASME 
Boiler and Pressure Vessel Code, Section IX."
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 
"Quality Requirements," to design trapeze pipe hangers and equipment supports.

B. Structural Performance: Hangers and supports for plumbing piping and equipment shall 

withstand the effects of gravity loads and stresses within limits and under conditions indicated 
according to ASCE/SEI 7.

1. Design supports for multiple pipes, including pipe stands, capable of supporting 

combined weight of supported systems, system contents, and test water.
2. Design equipment supports capable of supporting combined operating weight of 

supported equipment and connected systems and components.

3. Design seismic-restraint hangers and supports for piping and equipment and obtain 
approval from authorities having jurisdiction.

2.2 METAL PIPE HANGERS AND SUPPORTS

A. Carbon-Steel Pipe Hangers and Supports:

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
2. Galvanized Metallic Coatings: Pregalvanized, hot-dip galvanized, or electro-galvanized.

3. Nonmetallic Coatings: Plastic coated or epoxy powder coated.
4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping.

5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

B. Copper Pipe and Tube Hangers:

1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated 
components.

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.

2.3 TRAPEZE PIPE HANGERS

A. Description: MSS SP-58, Type 59, shop- or field-fabricated pipe-support assembly, made from 
structural-carbon-steel shapes, with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-

bolts.

2.4 THERMAL HANGER-SHIELD INSERTS

A. Insulation-Insert Material for Cold Piping:  ASTM C552, Type II cellular glass with 100-psig or 

ASTM C591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive strength 
and vapor barrier.
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B. Insulation-Insert Material for Hot Piping:  Water-repellent-treated, ASTM C533, Type I 
calcium silicate with 100-psig ASTM C552, Type II cellular glass with 100-psig or 

ASTM C591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive 
strength.

C. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.

D. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.

E. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air 
temperature.

2.5 FASTENER SYSTEMS

A. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete, 
with pull-out, tension, and shear capacities appropriate for supported loads and building 

materials where used.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. Hilti, Inc.
b. ITW Ramset/Red Head; Illinois Tool Works, Inc.
c. MKT Fastening, LLC.

d. Simpson Strong-Tie Co., Inc.

B. Mechanical-Expansion Anchors: Insert-wedge-type anchors, for use in hardened portland 
cement concrete, with pull-out, tension, and shear capacities appropriate for supported loads and 

building materials where used.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. Eaton (B-line).
b. Empire Tool and Manufacturing Co., Inc.

c. Hilti, Inc.
d. ITW Ramset/Red Head; Illinois Tool Works, Inc.
e. MKT Fastening, LLC.

2. Indoor Applications:  Zinc-coated or stainless steel.
3. Outdoor Applications: Stainless steel.

2.6 PIPE-POSITIONING SYSTEMS

A. Description: IAPMO PS 42 positioning system composed of metal brackets, clips, and straps for 
positioning piping in pipe spaces; for plumbing fixtures in commercial applications.
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2.7 EQUIPMENT SUPPORTS

A. Description: Welded, shop- or field-fabricated equipment support made from structural-carbon-

steel shapes.

2.8 MATERIALS

A. Aluminum: ASTM B221.

B. Carbon Steel: ASTM A1011/A1011M.

C. Structural Steel: ASTM A36/A36M carbon-steel plates, shapes, and bars; black and galvanized.

D. Stainless Steel: ASTM A240/A240M.

E. Grout: ASTM C1107/C1107M, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink 
and nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.

2. Design Mix: 5000-psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1 APPLICATION

A. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 
materials and installation, for penetrations through fire-rated walls, ceilings, and assemblies.

B. Strength of Support Assemblies: Where not indicated, select sizes of components, so strength 

will be adequate to carry present and future static loads within specified loading limits. 
Minimum static design load used for strength determination shall be weight of supported 
components plus 200 lb.

3.2 HANGER AND SUPPORT INSTALLATION

A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, clamps, 

and attachments as required to properly support piping from building structure.

B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-58. Arrange for grouping of 
parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers.

1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe size, or 
install intermediate supports for smaller-diameter pipes as specified for individual pipe 
hangers.

2. Field fabricate from ASTM A36/A36M carbon-steel shapes selected for loads being 
supported. Weld steel according to AWS D1.1/D1.1M.
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C. Thermal Hanger-Shield Installation: Install in pipe hanger or shield for insulated piping.

D. Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 
than 4 inches thick in concrete, after concrete is placed and completely cured. Use 
operators that are licensed by powder-actuated tool manufacturer. Install fasteners 

according to powder-actuated tool manufacturer's operating manual.
2. Install mechanical-expansion anchors in concrete, after concrete is placed and completely 

cured. Install fasteners according to manufacturer's written instructions.

E. Pipe-Positioning-System Installation: Install support devices to make rigid supply and waste 
piping connections to each plumbing fixture.

F. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 

washers, and other accessories.

G. Equipment Support Installation: Fabricate from welded-structural-steel shapes.

H. Install hangers and supports to allow controlled thermal and seismic movement of piping 

systems, to permit freedom of movement between pipe anchors, and to facilitate action of 
expansion joints, expansion loops, expansion bends, and similar units.

I. Install lateral bracing with pipe hangers and supports to prevent swaying.

J. Install building attachments within concrete slabs or attach to structural steel. Install additional 
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger 
and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten 

inserts to forms, and install reinforcing bars through openings at top of inserts.

K. Load Distribution: Install hangers and supports, so that piping live and dead loads and stresses 

from movement will not be transmitted to connected equipment.

L. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed 
maximum pipe deflections allowed by ASME B31.9 for building services piping.

M. Insulated Piping:

1. Attach clamps and spacers to piping.

a. Piping Operating Above Ambient Air Temperature: Clamp may project through 

insulation.
b. Piping Operating Below Ambient Air Temperature: Use thermal hanger-shield 

insert with clamp sized to match OD of insert.

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services 
piping.

2. Install MSS SP-58, Type 39 protection saddles if insulation without vapor barrier is 

indicated. Fill interior voids with insulation that matches adjoining insulation.
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a. Option: Thermal hanger-shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

3. Install MSS SP-58, Type 40 protective shields on cold piping with vapor barrier. Shields 
shall span an arc of 180 degrees.

a. Option: Thermal hanger-shield inserts may be used. Include steel weight-

distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

4. Shield Dimensions for Pipe: Not less than the following:

a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.

b. NPS 4: 12 inches long and 0.06 inch thick.
c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.
d. NPS 8 to NPS 14: 24 inches long and 0.075 inch thick.

e. NPS 16 to NPS 24: 24 inches long and 0.105 inch thick.

5. Pipes NPS 8 and Larger: Include wood or reinforced calcium-silicate-insulation inserts of 
length at least as long as protective shield.

6. Thermal Hanger Shields: Install with insulation of same thickness as piping insulation.

3.3 EQUIPMENT SUPPORTS

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support 

equipment above floor.

B. Grouting: Place grout under supports for equipment, and make bearing surface smooth.

C. Provide lateral bracing, to prevent swaying, for equipment supports.

3.4 METAL FABRICATIONS

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment 

supports.

B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be 
shop welded because of shipping size limitations.

C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; 
appearance and quality of welds; and methods used in correcting welding work.

3.5 ADJUSTING

A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve 
indicated slope of pipe.

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.
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3.6 PAINTING

A. Touchup: Clean field welds and abraded, shop-painted areas. Paint exposed areas immediately 

after erecting hangers and supports. Use same materials as those used for shop painting. Comply 
with SSPC-PA 1 requirements for touching up field-painted surfaces.

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils.

B. Touchup: Cleaning and touchup painting of field welds, bolted connections, and abraded, shop-
painted areas on miscellaneous metal are specified in Section 099123 "Interior Painting."

C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas, and apply 

galvanizing-repair paint to comply with ASTM A780/A780M.

3.7 HANGER AND SUPPORT SCHEDULE

A. Specific hanger and support requirements are in Sections specifying piping systems and 

equipment.

B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in 
piping system Sections.

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 
not have field-applied finishes.

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 

direct contact with copper tubing.

E. Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and attachments for 
general service applications.

F. Use copper-plated pipe hangers and copper or stainless-steel attachments for copper piping and 
tubing.

G. Use padded hangers for piping that is subject to scratching.

H. Use thermal hanger-shield inserts for insulated piping and tubing.

I. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in 

piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or 
insulated, stationary pipes NPS 1/2 to NPS 30.

2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F pipes NPS 4 
to NPS 24, requiring up to 4 inches of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of 

pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of insulation.
4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 to 

NPS 24 if little or no insulation is required.
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5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow off-
center closure for hanger installation before pipe erection.

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of 
noninsulated, stationary pipes NPS 3/4 to NPS 8.

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, 

stationary pipes NPS 1/2 to NPS 8.
8. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated, stationary 

pipes NPS 1/2 to NPS 8.

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8.

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 8.
11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 3.

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.
13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or 

contraction.

14. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, with steel-
pipe base stanchion support and cast-iron floor flange or carbon-steel plate.

15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, with 

steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and 
with U-bolt to retain pipe.

16. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for pipes 
NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base stanchion 
support and cast-iron floor flange.

17. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, from two 
rods if longitudinal movement caused by expansion and contraction occurs.

18. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to 

NPS 24, from single rod if horizontal movement caused by expansion and contraction 
occurs.

19. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if 

longitudinal movement caused by expansion and contraction occurs but vertical 
adjustment is unnecessary.

20. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 if small 

horizontal movement caused by expansion and contraction occurs and vertical adjustment 
is unnecessary.

21. Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes NPS 2 to 

NPS 30 if vertical and lateral adjustment during installation, in addition to expansion and 
contraction, is required.

J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to 

NPS 24.
2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4 

to NPS 24 if longer ends are required for riser clamps.

K. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:
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1. Steel Turnbuckles (MSS Type 13): For adjustment of up to 6 inches for heavy loads.
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.

3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11 split pipe rings.
4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of 

building attachments.

5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations.

L. Building Attachments: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:

1. Steel or Malleable-Concrete Inserts (MSS Type 18): For upper attachment to suspend 
pipe hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist 

construction, to attach to top flange of structural shape.
3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams, 

channels, or angles.

4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams.
5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads are 

considerable and rod sizes are large.

6. C-Clamps (MSS Type 23): For structural shapes.
7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent to 

flange edge.

8. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams.
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of steel I-

beams for heavy loads.
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of steel I-

beams for heavy loads, with link extensions.

11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to 
structural steel.

12. Welded-Steel Brackets: For support of pipes from below or for suspending from above 

by using clip and rod. Use one of the following for indicated loads:

a. Light (MSS Type 31): 750 lb.
b. Medium (MSS Type 32): 1500 lb.

c. Heavy (MSS Type 33): 3000 lb.

13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is required.

15. Horizontal Travelers (MSS Type 58): For supporting piping systems subject to linear 
horizontal movement where headroom is limited.

M. Saddles and Shields: Unless otherwise indicated and except as specified in piping system 

Sections, install the following types:

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with 

insulation that matches adjoining insulation.
2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer 

to prevent crushing insulation.

3. Thermal Hanger-Shield Inserts: For supporting insulated pipe.
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N. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types:

1. Restraint-Control Devices (MSS Type 47): Where indicated to control piping movement.
2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not exceed 1-

1/4 inches.

3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41 roll hanger with 
springs.

4. Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or thermal 

expansion in piping systems.
5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load, and limit variability 

factor to 25 percent to allow expansion and contraction of piping system from hanger.

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load, and limit 
variability factor to 25 percent to allow expansion and contraction of piping system from 
base support.

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load, and limit 
variability factor to 25 percent to allow expansion and contraction of piping system from 
trapeze support.

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of stress 
from one support to another support, critical terminal, or connected equipment. Include 
auxiliary stops for erection, hydrostatic test, and load-adjustment capability. These 

supports include the following types:

a. Horizontal (MSS Type 54): Mounted horizontally.

b. Vertical (MSS Type 55): Mounted vertically.
c. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze member.

O. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are not 

specified in piping system Sections.

P. Use powder-actuated fasteners or mechanical-expansion anchors instead of building 
attachments where required in concrete construction.

Q. Use pipe-positioning systems in pipe spaces behind plumbing fixtures to support supply and 
waste piping for plumbing fixtures.

END OF SECTION 220529
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SECTION 22 07 19 - PLUMBING PIPING INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes insulating the following plumbing piping services: 

1. Domestic cold-water piping. 

2. Domestic hot-water piping. 
3. Domestic recirculating hot-water piping. 
4. Domestic chilled-water piping for drinking fountains. 

5. Sanitary waste piping exposed to freezing conditions. 
6. Storm-water piping exposed to freezing conditions. 
7. Roof drains and rainwater leaders. 

8. Supplies and drains for handicap-accessible lavatories and sinks. 

B. Related Sections: 

1. Section 220716 "Plumbing Equipment Insulation" for equipment insulation. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work. 

1. Detail application of protective shields, saddles, and inserts at hangers for each type of 
insulation and hanger. 

2. Detail attachment and covering of heat tracing inside insulation. 

3. Detail insulation application at pipe expansion joints for each type of insulation. 
4. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each 

type of insulation. 
5. Detail removable insulation at piping specialties, equipment connections, and access 

panels. 

6. Detail application of field-applied jackets. 
7. Detail application at linkages of control devices. 

C. Samples: For each type of insulation and jacket indicated. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified Installer. 

B. Material test reports. 
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C. Field quality-control reports. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship 

program or another craft training program certified by the Department of Labor, Bureau of 
Apprenticeship and Training. 

B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing 
identical products in accordance with ASTM E84 by a testing agency acceptable to authorities 
having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, 

and cement material containers, with appropriate markings of applicable testing agency. 

1. Insulation Installed Indoors: Flame-spread index of 25 or less and smoke-developed 
index of 50 or less. 

2. Insulation Installed Outdoors: Flame-spread index of 75 or less and smoke-developed 
index of 150 or less. 

C. Comply with the following applicable standards and other requirements specified for 

miscellaneous components: 

1. Supply and Drain Protective Shielding Guards: ICC A117.1. 

1.5 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 220529 "Hangers and Supports for Plumbing Piping and Equipment." 

B. Coordinate clearance requirements with piping Installer for piping insulation application. 

Before preparing piping Shop Drawings, establish and maintain clearance requirements for 
installation of insulation and field-applied jackets and finishes and for space required for 

maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.6 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, after 

installing and testing heat tracing. Insulation application may begin on segments that have 
satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in each area of 

construction. 
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PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation 

Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground 
Piping Insulation Schedule" articles for where insulating materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come into contact with stainless steel shall have a leachable chloride content of 
less than 50 ppm when tested in accordance with ASTM C871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable in 
accordance with ASTM C795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 

process. 

F. Cellular Glass: Inorganic, incombustible, foamed or cellulated glass with annealed, rigid, 
hermetically sealed cells. Comply with ASTM C552. 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following: 

a. Pittsburgh Corning Corporation. 

2. Preformed Pipe Insulation: Type II, Class 1, without jacket. 
3. Preformed Pipe Insulation: Type II, Class 2, with factory-applied ASJ jacket. 
4. Factory fabricate shapes in accordance with ASTM C450 and ASTM C585. 

5. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

G. Flexible Elastomeric: Closed-cell, sponge- or expanded-rubber materials. Comply with 

ASTM C534/C534M, Type I for tubular materials. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Aeroflex USA. 
b. Armacell LLC. 
c. K-Flex USA. 

H. Mineral-Fiber, Preformed Pipe: Mineral or glass fibers bonded with a thermosetting resin. 
Comply with ASTM C547. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Johns Manville; a Berkshire Hathaway company. 



Offshore Wind Safety Center - Training Room Issue for Permit 

Atlantic City, NJ October 27, 2021 

PLUMBING PIPING INSULATION 22 07 19 - 4 

b. Knauf Insulation. 
c. Manson Insulation Inc. 
d. Owens Corning. 

2. Preformed Pipe Insulation: Type I, Grade A with factory-applied ASJ. 
3. 850 deg F. 

4. Factory fabricate shapes in accordance with ASTM C450 and ASTM C585. 
5. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

I. Polyolefin: Unicellular, polyethylene thermal plastic insulation. Comply with 

ASTM C534/C534M or ASTM C1427, Type I, Grade 1, for tubular materials. 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following: 

a. Armacell LLC. 

2.2 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 
insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Cellular-Glass Adhesive: Two-component, thermosetting urethane adhesive containing no 
flammable solvents, with a service temperature range of minus 100 to plus 200 deg F. 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following: 

a. Foster Brand; H. B. Fuller Construction Products. 

C. Flexible Elastomeric and Polyolefin Adhesive: Solvent-based adhesive. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Aeroflex USA. 
b. Armacell LLC. 
c. Foster Brand; H. B. Fuller Construction Products. 

d. K-Flex USA. 
2. Flame-spread index shall be 25 or less and smoke-developed index shall be 50 or less as 

tested in accordance with ASTM E84. 

3. Wet Flash Point: Below 0 deg F. 
4. Service Temperature Range: 40 to 200 deg F. 
5. Color:  Black. 

D. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
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a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller Construction Products. 

E. ASJ Adhesive and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A, for 

bonding insulation jacket lap seams and joints. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller Construction Products. 

c. Mon-Eco Industries, Inc. 

F. PVC Jacket Adhesive: Compatible with PVC jacket. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Dow Consumer Solutions. 
b. Johns Manville; a Berkshire Hathaway company. 

c. P.I.C. Plastics, Inc. 
d. Speedline Corporation. 

2.3 MASTICS AND COATINGS 

A. Materials shall be compatible with insulation materials, jackets, and substrates. 

B. Vapor-Retarder Mastic, Water Based: Suitable for indoor use on below-ambient services. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Childers Brand; H. B. Fuller Construction Products. 

b. Foster Brand; H. B. Fuller Construction Products. 
c. Knauf Insulation. 
d. Vimasco Corporation. 

2. Water-Vapor Permeance: Comply with ASTM E96/E96M or ASTM F1249. 
3. Service Temperature Range:  0 to plus 180 deg F. 
4. Comply with MIL-PRF-19565C, Type II, for permeance requirements. 

5. Color:  White. 

C. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller Construction Products. 
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c. Knauf Insulation. 
d. Mon-Eco Industries, Inc. 
e. Vimasco Corporation. 

2. Water-Vapor Permeance: ASTM E96/E96M, greater than 1.0 perm at manufacturer's 
recommended dry film thickness. 

3. Service Temperature Range:  0 to plus 180 deg F Minus 20 to plus 180 deg F. 
4. Color:  White. 

2.4 SEALANTS 

A. Materials shall be as recommended by the insulation manufacturer and shall be compatible with 
insulation materials, jackets, and substrates. 

B. Joint Sealants: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 

b. Foster Brand; H. B. Fuller Construction Products. 
c. Mon-Eco Industries, Inc. 
d. Pittsburgh Corning Corporation. 

2. Permanently flexible, elastomeric sealant. 
3. Service Temperature Range:  Minus 58 to plus 176 deg F. 
4. Color: White or gray. 

C. FSK and Metal Jacket Flashing Sealants: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller Construction Products. 

c. Mon-Eco Industries, Inc. 

2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: Aluminum. 

D. ASJ Flashing Sealants and PVC Jacket Flashing Sealants: 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 

2. Fire- and water-resistant, flexible, elastomeric sealant. 
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3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: White. 

2.5 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications. When 
factory-applied jackets are indicated, comply with the following: 

1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C1136, Type I. 

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 

removable protective strip; complying with ASTM C1136, Type I. 
3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C1136, Type II. 

2.6 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C1136, Type I, unless otherwise indicated. 

B. FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing. 

C. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D1784, 

Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming. 
Thickness is indicated in field-applied jacket schedules. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Johns Manville; a Berkshire Hathaway company. 

b. P.I.C. Plastics, Inc. 
c. Proto Corporation. 
d. Speedline Corporation. 

2. Adhesive: As recommended by jacket material manufacturer. 
3. Color:  White. 
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate. 

a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, 
unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and 
supply covers for lavatories. 

2.7 TAPES 

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 
complying with ASTM C1136. 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. 3M Industrial Adhesives and Tapes Division. 

b. Avery Dennison Corporation, Specialty Tapes Division. 
c. Ideal Tape Co., Inc., an American Biltrite Company. 

d. Knauf Insulation. 

2. Width:  3 inches. 
3. Thickness:  11.5 mils. 

4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 

7. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape. 

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C1136. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. 3M Industrial Adhesives and Tapes Division. 

b. Avery Dennison Corporation, Specialty Tapes Division. 
c. Ideal Tape Co., Inc., an American Biltrite Company. 
d. Knauf Insulation. 

2. Width: 3 inches. 
3. Thickness: 6.5 mils. 

4. Adhesion: 90 ounces force/inch in width. 
5. Elongation: 2 percent. 
6. Tensile Strength: 40 lbf/inch in width. 

7. FSK Tape Disks and Squares: Precut disks or squares of FSK tape. 

C. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 
suitable for indoor and outdoor applications. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. 3M Industrial Adhesives and Tapes Division. 

b. Ideal Tape Co., Inc., an American Biltrite Company. 

2. Width: 2 inches. 
3. Thickness: 6 mils. 
4. Adhesion: 64 ounces force/inch in width. 

5. Elongation: 500 percent. 
6. Tensile Strength: 18 lbf/inch in width. 

D. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive. 
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. 3M Industrial Adhesives and Tapes Division. 

b. Avery Dennison Corporation, Specialty Tapes Division. 
c. Ideal Tape Co., Inc., an American Biltrite Company. 

d. Knauf Insulation. 

2. Width: 2 inches. 
3. Thickness: 3.7 mils. 

4. Adhesion: 100 ounces force/inch in width. 
5. Elongation: 5 percent. 
6. Tensile Strength: 34 lbf/inch in width. 

2.8 SECUREMENTS 

A. Bands: 

1. Stainless Steel: ASTM A240/A240M, Type 304; 0.015 inch thick, 1/2 inch wide with 

wing seal or closed seal. 
2. Aluminum: ASTM B209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch 

thick, 1/2 inch wide with wing seal or closed seal. 

B. Staples: Outward-clinching insulation staples, nominal 3/4-inch-wide, stainless steel or Monel. 

C. Wire:  0.080-inch nickel-copper alloy. 

2.9 PROTECTIVE SHIELDING GUARDS 

A. Protective Shielding Pipe Covers: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Buckaroos, Inc. 
b. Just Manufacturing. 

c. McGuire Manufacturing. 
d. MVG Molded Products. 
e. Truebro. 

2. Description: Manufactured plastic wraps for covering plumbing fixture hot- and cold-
water supplies and trap and drain piping. Comply with Americans with Disabilities Act 
(ADA) requirements. 

B. Protective Shielding Piping Enclosures: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
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a. Truebro. 
b. Zurn Industries, LLC. 

2. Description: Manufactured plastic enclosure for covering plumbing fixture hot- and cold-

water supplies and trap and drain piping. Comply with ADA requirements. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean and dry surfaces to receive insulation. Remove materials that will adversely affect 
insulation application. 

B. Clean and prepare surfaces to be insulated. Before insulating, apply a corrosion coating to 
insulated surfaces as follows: 

1. Stainless Steel: Coat 300 series stainless steel with an epoxy primer 5 mils thick and an 

epoxy finish 5 mils thick if operating in a temperature range of between 140 and 300 
deg F. Consult coating manufacturer for appropriate coating materials and application 
methods for operating temperature range. 

2. Carbon Steel: Coat carbon steel operating at a service temperature of between 32 and 300 
deg F with an epoxy coating. Consult coating manufacturer for appropriate coating 
materials and application methods for operating temperature range. 

C. Coordinate insulation installation with the tradesman installing heat tracing. Comply with 
requirements for heat tracing that apply to insulation. 

D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 

stainless steel surfaces, use demineralized water. 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 
free of voids throughout the length of piping, including fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and of thicknesses 

required for each item of pipe system, as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service. Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 

dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties. 
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G. Keep insulation materials dry during storage, application, and finishing. Replace insulation 
materials that get wet. 

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with 

adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 

2. For insulation application where vapor barriers are indicated, extend insulation on anchor 
legs from point of attachment to supported item to point of attachment to structure. Taper 
and seal ends attached to structure with vapor-barrier mastic. 

3. Install insert materials and insulation to tightly join the insert. Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over 

jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 

and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 

2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation 
jacket. Secure strips with adhesive and outward-clinching staples along both edges of 
strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with 
longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap. 

Staple laps with outward-clinching staples along edge at 4 inches o.c. 

a. For below-ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape, in accordance with insulation material manufacturer's 
written instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 
ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 25 percent of its nominal 

thickness. 

N. Finish installation with systems at operating conditions. Repair joint separations and cracking 
due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over damaged areas. 
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches in 

similar fashion to butt joints. 
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P. For above-ambient services, do not install insulation to the following: 

1. Vibration-control devices. 
2. Testing agency labels and stamps. 

3. Nameplates and data plates. 
4. Cleanouts. 

3.3 PENETRATIONS 

A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof 
penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof surface 

and seal with joint sealant. For applications requiring indoor and outdoor insulation, 

install insulation for outdoor applications tightly joined to indoor insulation ends. Seal 
joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of 

roof flashing. 
4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Underground Exterior Wall Penetrations: Terminate insulation flush 

with sleeve seal. Seal terminations with flashing sealant. 

C. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation 
continuously through wall penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation inside wall surface 

and seal with joint sealant. For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal 
joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at 
least 2 inches. 

4. Seal jacket to wall flashing with flashing sealant. 

D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): 
Install insulation continuously through walls and partitions. 

E. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation 

continuously through penetrations of fire-rated walls and partitions. 

1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 
and fire-resistive joint sealers. 

F. Insulation Installation at Floor Penetrations: 

1. Pipe: Install insulation continuously through floor penetrations. 
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2. Seal penetrations through fire-rated assemblies. Comply with requirements in 
Section 078413 "Penetration Firestopping." 

3.4 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials, except where more 
specific requirements are specified in various pipe insulation material installation articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, Mechanical Couplings, and 
Unions: 

1. Install insulation over fittings, valves, strainers, flanges, mechanical couplings, unions, 

and other specialties with continuous thermal and vapor-retarder integrity unless 
otherwise indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from 

same material and density as that of adjacent pipe insulation. Each piece shall be butted 
tightly against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and 
irregular surfaces with insulating cement finished to a smooth, hard, and uniform contour 

that is uniform with adjoining pipe insulation. 
3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same 

material and thickness as that used for adjacent pipe. Cut sectional pipe insulation to fit. 

Butt each section closely to the next and hold in place with tie wire. Bond pieces with 
adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same 

material, density, and thickness as that used for adjacent pipe. Overlap adjoining pipe 
insulation by not less than 2 times the thickness of pipe insulation, or one pipe diameter, 

whichever is thicker. For valves, insulate up to and including the bonnets, valve stuffing-
box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with insulating 
cement. 

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe 
insulation by not less than 2 times the thickness of pipe insulation, or one pipe diameter, 

whichever is thicker. Fill joints, seams, and irregular surfaces with insulating cement. 
Insulate strainers, so strainer basket flange or plug can be easily removed and replaced 
without damaging the insulation and jacket. Provide a removable reusable insulation 

cover. For below-ambient services, provide a design that maintains vapor barrier. 
6. Insulate flanges, mechanical couplings, and unions, using a section of oversized 

preformed pipe insulation. Overlap adjoining pipe insulation by not less than 2 times the 

thickness of pipe insulation, or one pipe diameter, whichever is thicker. Stencil or label 
the outside insulation jacket of each union with the word "union" matching size and color 
of pipe labels. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a 
mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for 

above-ambient services. Reinforce the mastic with fabric-reinforcing mesh. Trowel the 
mastic to a smooth and well-shaped contour. 

8. For services not specified to receive a field-applied jacket, except for flexible elastomeric 

and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and 
unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining insulation 
facing, using PVC tape. 
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C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, 
test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape 
insulation at these connections by tapering it to and around the connection with insulating 

cement and finish with finishing cement, mastic, and flashing sealant. 

D. Install removable insulation covers at locations indicated. Installation shall conform to the 

following: 

1. Make removable flange and union insulation from sectional pipe insulation of same 
thickness as that on adjoining pipe. Install same insulation jacket as that of adjoining pipe 

insulation. 
2. When flange and union covers are made from sectional pipe insulation, extend insulation 

from flanges or union at least 2 times the insulation thickness over adjacent pipe 

insulation on each side of flange or union. Secure flange cover in place with stainless 
steel or aluminum bands. Select band material compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, except divide 

the two-part section on the vertical center line of valve body. 
4. When covers are made from block insulation, make two halves, each consisting of 

mitered blocks wired to stainless steel fabric. Secure this wire frame, with its attached 

insulation, to flanges with tie wire. Extend insulation at least 2 inches over adjacent pipe 
insulation on each side of valve. Fill space between flange or union cover and pipe 
insulation with insulating cement. Finish cover assembly with insulating cement applied 

in two coats. After first coat is dry, apply and trowel second coat to a smooth finish. 
5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed 

surfaces with a metal jacket. 

3.5 INSTALLATION OF CELLULAR-GLASS INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of insulation to pipe with wire or bands, and tighten bands without 

deforming insulation materials. 
2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions 

with vapor-barrier mastic and joint sealant. 
3. For insulation with factory-applied jackets on above-ambient services, secure laps with 

outward-clinched staples at 6 inches o.c. 
4. For insulation with factory-applied jackets on below-ambient services, do not staple 

longitudinal tabs. Instead, secure tabs with additional adhesive, as recommended by 
insulation material manufacturer, and seal with vapor-barrier mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with cut sections of cellular-glass block insulation of 

same thickness as that of pipe insulation. 
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4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 
1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as that of straight segments of pipe insulation 
when available. Secure according to manufacturer's written instructions. 

2. When preformed sections of insulation are not available, install mitered sections of 
cellular-glass insulation. Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed sections of cellular-glass insulation to valve body. 
2. Arrange insulation to permit access to packing and to allow valve operation without 

disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 

3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate 
openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 

1. Install pipe insulation to outer diameter of pipe flange. 

2. Make width of insulation section same as overall width of flange and bolts, plus twice the 
thickness of pipe insulation. 

3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with cut sections of sheet insulation of same thickness as 
that of pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive 

to eliminate openings in insulation that allow passage of air to surface being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install mitered sections of pipe insulation. 

2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed valve covers manufactured of same material as that of pipe insulation 
when available. 

2. When preformed valve covers are not available, install cut sections of pipe and sheet 

insulation to valve body. Arrange insulation to permit access to packing and to allow 
valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
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4. Secure insulation to valves and specialties, and seal seams with manufacturer's 
recommended adhesive to eliminate openings in insulation that allow passage of air to 
surface being insulated. 

3.7 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of preformed pipe insulation to pipe with wire or bands, and tighten 
bands without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions 

with vapor-barrier mastic and joint sealant. 
3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with 

outward-clinched staples at 6 inches o.c. 

4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple 
longitudinal tabs. Instead, secure tabs with additional adhesive, as recommended by 
insulation material manufacturer, and seal with vapor-barrier mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with mineral-fiber blanket insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 
1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as that of straight segments of pipe insulation 
when available. 

2. When preformed insulation elbows and fittings are not available, install mitered sections 
of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure insulation 
materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed sections of same material as that of straight segments of pipe insulation 
when available. 

2. When preformed sections are not available, install mitered sections of pipe insulation to 
valve body. 

3. Arrange insulation to permit access to packing and to allow valve operation without 

disturbing insulation. 
4. Install insulation to flanges as specified for flange insulation application. 
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3.8 INSTALLATION OF POLYOLEFIN INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Seal split-tube longitudinal seams and end joints with manufacturer's recommended 

adhesive to eliminate openings in insulation that allow passage of air to surface being 
insulated. 

B. Insulation Installation on Pipe Flanges: 

1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with cut sections of polyolefin sheet insulation of same 

thickness as that of pipe insulation. 
4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive 

to eliminate openings in insulation that allow passage of air to surface being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install mitered sections of polyolefin pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to 

eliminate openings in insulation that allow passage of air to surface being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install cut sections of polyolefin pipe and sheet insulation to valve body. 

2. Arrange insulation to permit access to packing and to allow valve operation without 
disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties, and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of air to 

surface being insulated. 

3.9 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with 

factory-applied jackets. 

1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints. 
2. Embed glass cloth between two 0.062-inch-thick coats of lagging adhesive. 

3. Completely encapsulate insulation with coating, leaving no exposed insulation. 

B. Where FSK jackets are indicated, install as follows: 

1. Draw jacket material smooth and tight. 
2. Install lap or joint strips with same material as jacket. 

3. Secure jacket to insulation with manufacturer's recommended adhesive. 
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4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch-wide joint strips at 
end joints. 

5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation 

with vapor-barrier mastic. 

C. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end 

joints. Seal with manufacturer's recommended adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 
finish bead along seam and joint edge. 

D. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end 
joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof 
sealant recommended by insulation manufacturer. Secure jacket with stainless steel bands 12 

inches o.c. and at end joints. 

3.10 FINISHES 

A. Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint 
system identified below and as specified in Section 099113 "Exterior Painting" and 

Section 099123 "Interior Painting." 

1. Flat Acrylic Finish:  Two finish coats over a primer that is compatible with jacket 

material and finish coat paint. Add fungicidal agent to render fabric mildew proof. 

a. Finish Coat Material: Interior, flat, latex-emulsion size. 

B. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of 

insulation manufacturer's recommended protective coating. 

C. Color: Final color as selected by Architect. Vary first and second coats to allow visual 
inspection of the completed Work. 

D. Do not field paint aluminum or stainless steel jackets. 

3.11 FIELD QUALITY CONTROL 

A. Owner will engage a qualified testing agency to perform tests and inspections. 

B. Engage a qualified testing agency to perform tests and inspections. 

C. Perform tests and inspections. 

D. Tests and Inspections: Inspect pipe, fittings, strainers, and valves, randomly selected by 

Architect, by removing field-applied jacket and insulation in layers in reverse order of their 
installation. Extent of inspection shall be limited to three locations of straight pipe, three 
locations of threaded fittings, three locations of welded fittings, two locations of threaded 

strainers, two locations of welded strainers, three locations of threaded valves, and three 
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locations of flanged valves for each pipe service defined in the "Piping Insulation Schedule, 
General" Article. 

E. All insulation applications will be considered defective if they do not pass tests and inspections. 

F. Prepare test and inspection reports. 

3.12 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for 
each piping system and pipe size range. If more than one material is listed for a piping system, 
selection from materials listed is Contractor's option. 

B. Items Not Insulated: Unless otherwise indicated, do not install insulation on the following: 

1. Drainage piping located in crawl spaces. 
2. Underground piping. 

3. Chrome-plated pipes and fittings unless there is a potential for personnel injury. 

3.13 INDOOR PIPING INSULATION SCHEDULE 

A. Domestic Cold Water:  

1. NPS 1 and Smaller: Insulation shall be one of the following: 

a. Flexible Elastomeric:  1/2 inch thick. 
b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 

c. Polyolefin:  1 inch thick. 

2. NPS 1-1/4 and Larger: Insulation shall be[ one of] the following: 

a. Flexible Elastomeric:  1 inch thick. 

b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 
c. Polyolefin:  1 inch thick. 

B. Domestic Hot and Recirculated Hot Water:  

1. NPS 1-1/4 and Smaller: Insulation shall be one of the following: 

a. Flexible Elastomeric:  3/4 inch thick. 

b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 
c. Polyolefin:  1 inch thick. 

2. NPS 1-1/2 and Larger: Insulation shall be one of the following: 

a. Flexible Elastomeric:  1.5 inch thick. 

b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1.5 inch thick. 
c. Polyolefin:  1.5 inch thick. 
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C. Stormwater and Overflow: 

1. All Pipe Sizes: Insulation shall be one of the following: 

a. Flexible Elastomeric:  1 inch thick. 

b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 
c. Polyolefin:  1 inch thick. 

D. Roof Drain and Overflow Drain Bodies: 

1. All Pipe Sizes: Insulation shall be one of the following: 

a. Flexible Elastomeric:  1 inch thick. 

b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 
c. Polyolefin:  1 inch thick. 

E. Exposed Sanitary Drains, Domestic Water, Domestic Hot Water, and Stops for Plumbing 

Fixtures for People with Disabilities: 

1. All Pipe Sizes: Insulation shall be one of the following: 

a. Flexible Elastomeric:  1/2 inch thick. 

b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 
c. Polyolefin:  3/4 inch thick. 

END OF SECTION 220719 
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SECTION 22 11 16 - DOMESTIC WATER PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Copper tube and fittings.

2. Ductile-iron pipe and fittings.
3. Piping joining materials.
4. Encasement for piping.

5. Transition fittings.
6. Dielectric fittings.

B. Related Requirements:

1. Section 221113 "Facility Water Distribution Piping" for water-service piping and water 
meters outside the building from source to the point where water-service piping enters the 
building.

1.3 ACTION SUBMITTALS

A. Product Data: For transition fittings and dielectric fittings.

B. Coordination Drawings: Plumbing systems, drawn to scale, on which the following items are 

shown and coordinated with each other, using input from the installers of the items involved:

1. Domestic water piping.

1.4 INFORMATIONAL SUBMITTALS

A. System purging and disinfecting activities report.

B. Field quality-control reports.



Offshore Wind Safety Center - Training Room Issue for Permit

Atlantic City, NJ October 27, 2021

DOMESTIC WATER PIPING 22 11 16 - 2

PART 2 - PRODUCTS

2.1 PIPING MATERIALS

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting 
materials, and joining methods for specific services, service locations, and pipe sizes.

B. Potable-water piping and components shall comply with NSF 14, NSF 61, and NSF 372.

2.2 COPPER TUBE AND FITTINGS

A. Hard Copper Tube: ASTM B88, Type L water tube, drawn temper.

B. Soft Copper Tube: ASTM B88, Type L water tube, annealed temper.

C. Wrought-Copper, Solder-Joint Fittings: ASME B16.22, wrought-copper pressure fittings.

D. Bronze Flanges: ASME B16.24, Class 150, with solder-joint, press-connect, or threaded ends.

E. Copper Unions:

1. MSS SP-123.
2. Cast-copper-alloy, hexagonal-stock body.
3. Ball-and-socket, metal-to-metal seating surfaces.

4. Solder-joint or threaded ends.

F. Copper Press-Connect Fittings:

1. Basis-of-Design Product: Subject to compliance with requirements, provide products by 

Viega LLC; ProPress or comparable products by one of the following:

a. Apollo Flow Controls; Conbraco Industries, Inc., ApolloXpress.
b. Elkhart Products Corporation.

c. NIBCO INC.

2. Fittings for NPS 2 and Smaller: Cast-bronze or wrought-copper fitting with EPDM-

rubber, O-ring seal in each end.
3. Fittings for NPS 2-1/2 to NPS 4: Wrought-copper fitting with EPDM-rubber, O-ring seal 

in each end.

4. Press Ends: Unpressed fitting identification feature to the fitting wall.
5. Sealing Element: EPDM.

G. Cast Copper Alloy Pipe Flanges with Press-Connect Fittings:

1. Basis-of-Design Product: Subject to compliance with requirements, provide Viega LLC; 
ProPress Copper or comparable products by one of the following:

a. NIBCO INC.
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2. Flanges: ASME B 16.24, Class 150, powder coated steel plate; two-piece design.
3. NPS 2-1/2 thru NPS 4 Fittings: Stainless steel grip ring and EPDM O-ring seal in each 

end.
4. Housing: Copper or bronze.
5. Press Ends: Unpressed fitting identification feature to the fitting wall.

6. Sealing Element: EPDM.

2.3 DUCTILE-IRON PIPE AND FITTINGS

A. Mechanical-Joint, Ductile-Iron Pipe:

1. AWWA C151/A21.51, with mechanical-joint bell and plain spigot end unless grooved or 
flanged ends are indicated.

2. Glands, Gaskets, and Bolts: AWWA C111/A21.11, ductile- or gray-iron glands, rubber 

gaskets, and steel bolts.

B. Standard-Pattern, Mechanical-Joint Fittings:

1. AWWA C110/A21.10, ductile or gray iron.

2. Glands, Gaskets, and Bolts: AWWA C111/A21.11, ductile- or gray-iron glands, rubber 
gaskets, and steel bolts.

C. Compact-Pattern, Mechanical-Joint Fittings:

1. AWWA C153/A21.53, ductile iron.
2. Glands, Gaskets, and Bolts: AWWA C111/A21.11, ductile- or gray-iron glands, rubber 

gaskets, and steel bolts.

D. Push-on-Joint, Ductile-Iron Pipe:

1. AWWA C151/A21.51.

2. Push-on-joint bell and plain spigot end unless grooved or flanged ends are indicated.

E. Standard-Pattern, Push-on-Joint Fittings:

1. AWWA C110/A21.10, ductile or gray iron.

2. Gaskets: AWWA C111/A21.11, rubber.

F. Compact-Pattern, Push-on-Joint Fittings:

1. AWWA C153/A21.53, ductile iron.

2. Gaskets: AWWA C111/A21.11, rubber.

G. Plain-End, Ductile-Iron Pipe: AWWA C151/A21.51.

2.4 PIPING JOINING MATERIALS

A. Pipe-Flange Gasket Materials:
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1. AWWA C110/A21.10, rubber, flat face, 1/8 inch thick or ASME B16.21, nonmetallic 
and asbestos free unless otherwise indicated.

2. Full-face or ring type unless otherwise indicated.

B. Metal, Pipe-Flange Bolts and Nuts: ASME B18.2.1, carbon steel unless otherwise indicated.

C. Solder Filler Metals: ASTM B32, lead-free alloys.

D. Flux: ASTM B813, water flushable.

E. Brazing Filler Metals: AWS A5.8M/A5.8, BCuP Series, copper-phosphorus alloys for general-
duty brazing unless otherwise indicated.

2.5 DIELECTRIC FITTINGS

A. General Requirements: Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material. Include end connections compatible with pipes to be joined.

B. Dielectric Unions:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. A.Y. McDonald Mfg. Co.
b. Capitol Manufacturing Company.
c. Central Plastics Company.

d. HART Industrial Unions, LLC.
e. Jomar Valve.
f. Matco-Norca.

g. WATTS.
h. Wilkins.

i. Zurn Industries, LLC.

2. Standard: ASSE 1079.
3. Pressure Rating: 125 psig minimum at 180 deg F.

4. End Connections: Solder-joint, or press-connect joint, copper alloy and threaded ferrous.

C. Dielectric Flanges:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. Capitol Manufacturing Company.
b. Central Plastics Company.

c. Matco-Norca.
d. WATTS.
e. Wilkins.

f. Zurn Industries, LLC.
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2. Standard: ASSE 1079.
3. Factory-fabricated, bolted, companion-flange assembly.

4. Pressure Rating: 125 psig minimum at 180 deg F.
5. End Connections: Solder-joint, threaded, or press-connect, copper alloy and threaded 

ferrous; threaded solder-joint copper alloy and threaded ferrous.

D. Dielectric-Flange Insulating Kits:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Central Plastics Company.

d. Pipeline Seal and Insulator, Inc.

2. Nonconducting materials for field assembly of companion flanges.
3. Pressure Rating: 150 psig.

4. Gasket: Neoprene or phenolic.
5. Bolt Sleeves: Phenolic or polyethylene.
6. Washers: Phenolic with steel backing washers.

E. Dielectric Nipples:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. Elster Perfection Corporation.
b. Grinnell Mechanical Products.

c. Matco-Norca.
d. Precision Plumbing Products.
e. Victaulic Company.

2. Standard: IAPMO PS 66.
3. Electroplated steel nipple complying with ASTM F1545.
4. Pressure Rating and Temperature: 300 psig at 225 deg F.

5. End Connections: Male threaded.
6. Lining: Inert and noncorrosive, propylene.

PART 3 - EXECUTION

3.1 EARTHWORK

A. Comply with requirements in Section 312000 "Earth Moving" for excavating, trenching, and 
backfilling.
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3.2 PIPING INSTALLATION

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of domestic 

water piping. Indicated locations and arrangements are used to size pipe and calculate friction 
loss, expansion, and other design considerations. Install piping as indicated unless deviations to 
layout are approved on coordination drawings.

B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook."

C. Install ductile-iron piping under building slab with restrained joints according to AWWA C600 
and AWWA M41.

D. Install underground copper tube in PE encasement according to ASTM A674 or 
AWWA C105/A21.5.

E. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve inside 

the building at each domestic water-service entrance. Comply with requirements for pressure 
gages in Section 220519 "Meters and Gages for Plumbing Piping" and with requirements for 
drain valves and strainers in Section 221119 "Domestic Water Piping Specialties."

F. Install shutoff valve immediately upstream of each dielectric fitting.

G. Install water-pressure-reducing valves downstream from shutoff valves. Comply with 
requirements for pressure-reducing valves in Section 221119 "Domestic Water Piping 

Specialties."

H. Install domestic water piping level and plumb.

I. Rough-in domestic water piping for water-meter installation according to utility company's 

requirements.

J. Install piping concealed from view and protected from physical contact by building occupants 

unless otherwise indicated and except in equipment rooms and service areas.

K. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 

otherwise.

L. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal, and 
coordinate with other services occupying that space.

M. Install piping to permit valve servicing.

N. Install nipples, unions, special fittings, and valves with pressure ratings the same as or higher 
than the system pressure rating used in applications below unless otherwise indicated.

O. Install piping free of sags and bends.

P. Install fittings for changes in direction and branch connections.
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Q. Install unions in copper tubing at final connection to each piece of equipment, machine, and 
specialty.

R. Install pressure gages on suction and discharge piping for each plumbing pump and packaged 
booster pump. Comply with requirements for pressure gages in Section 220519 "Meters and 
Gages for Plumbing Piping."

S. Install thermostats in hot-water circulation piping. Comply with requirements for thermostats in 
Section 221123 "Domestic Water Pumps."

T. Install thermometers on inlet and outlet piping from each water heater. Comply with 

requirements for thermometers in Section 220519 "Meters and Gages for Plumbing Piping."

U. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements 
for sleeves specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."

V. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with 
requirements for sleeve seals specified in Section 220517 "Sleeves and Sleeve Seals for 
Plumbing Piping."

W. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 
requirements for escutcheons specified in Section 220518 "Escutcheons for Plumbing Piping."

3.3 JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before 
assembly.

C. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut 
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore 

full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or 

damaged.

D. Brazed Joints for Copper Tubing: Comply with CDA's "Copper Tube Handbook," "Brazed 
Joints" chapter.

E. Soldered Joints for Copper Tubing: Apply ASTM B813, water-flushable flux to end of tube. 
Join copper tube and fittings according to ASTM B828 or CDA's "Copper Tube Handbook."

F. Press-Connect Joints for Copper Tubing: Join copper tube and pressure-connect fittings with 

tools recommended by fitting manufacturer.

1. Mark proper insertion depth prior to making press connection.
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G. Flanged Joints: Select appropriate asbestos-free, nonmetallic gasket material in size, type, and 
thickness suitable for domestic water service. Join flanges with gasket and bolts according to 

ASME B31.9.

3.4 DIELECTRIC FITTING INSTALLATION

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.

B. Dielectric Fittings for NPS 2 and Smaller: Use dielectric couplings or unions.

C. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flange kits or nipples.

3.5 HANGER AND SUPPORT INSTALLATION

A. Comply with requirements for seismic-restraint devices in Section 220548 "Vibration and 
Seismic Controls for Plumbing Piping and Equipment."

B. Comply with requirements for pipe hanger, support products, and installation in Section 220529 

"Hangers and Supports for Plumbing Piping and Equipment."

1. Vertical Piping: MSS Type 8 or 42, clamps.
2. Individual, Straight, Horizontal Piping Runs:

a. 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers.
b. Longer Than 100 Feet: MSS Type 43, adjustable roller hangers.

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer: MSS Type 44, pipe rolls. 

Support pipe rolls on trapeze.
4. Base of Vertical Piping: MSS Type 52, spring hangers.

C. Support vertical piping and tubing at base and at each floor.

D. Rod diameter may be reduced one size for double-rod hangers, to a minimum of 3/8 inch.

E. Install hangers for copper tubing with the following maximum horizontal spacing and minimum 

rod diameters:

1. NPS 3/4 and Smaller: 60 inches with 3/8-inch rod.
2. NPS 1 and NPS 1-1/4: 72 inches with 3/8-inch rod.

3. NPS 1-1/2 and NPS 2: 96 inches with 3/8-inch rod.
4. NPS 2-1/2 (DN 65): 108 inches with 1/2-inch rod.
5. NPS 3 to NPS 5: 10 feet with 1/2-inch rod.

6. NPS 6: 10 feet with 5/8-inch rod.

F. Install supports for vertical copper tubing every 10 feet.

G. Support piping and tubing not listed in this article according to MSS SP-58 and manufacturer's 

written instructions.
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3.6 CONNECTIONS

A. Drawings indicate general arrangement of piping, fittings, and specialties.

B. When installing piping adjacent to equipment and machines, allow space for service and 
maintenance.

C. Connect domestic water piping to exterior water-service piping. Use transition fitting to join 

dissimilar piping materials.

D. Connect domestic water piping to water-service piping with shutoff valve; extend and connect 
to the following:

1. Domestic Water Booster Pumps: Cold-water suction and discharge piping.
2. Water Heaters: Cold-water inlet and hot-water outlet piping in sizes indicated, but not 

smaller than sizes of water heater connections.

3. Plumbing Fixtures: Cold- and hot-water-supply piping in sizes indicated, but not smaller 
than that required by plumbing code.

4. Equipment (ManaBloc/MiniBloc): Cold- and hot-water-supply piping as indicated, but 

not smaller than equipment connections. Provide shutoff valve and union for each 
connection. Use flanges instead of unions for NPS 2-1/2 and larger.

3.7 IDENTIFICATION

A. Identify system components. Comply with requirements for identification materials and 
installation in Section 220553 "Identification for Plumbing Piping and Equipment."

B. Label pressure piping with system operating pressure.

3.8 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. Piping Inspections:

a. Do not enclose, cover, or put piping into operation until it has been inspected and 
approved by authorities having jurisdiction.

b. During installation, notify authorities having jurisdiction at least one day before 
inspection must be made. Perform tests specified below in presence of authorities 
having jurisdiction:

1) Roughing-in Inspection: Arrange for inspection of piping before concealing 
or closing in after roughing in and before setting fixtures.

2) Final Inspection: Arrange for authorities having jurisdiction to observe tests 

specified in "Piping Tests" Subparagraph below and to ensure compliance 
with requirements.
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c. Reinspection: If authorities having jurisdiction find that piping will not pass tests 
or inspections, make required corrections and arrange for reinspection.

d. Reports: Prepare inspection reports and have them signed by authorities having 
jurisdiction.

2. Piping Tests:

a. Fill domestic water piping. Check components to determine that they are not air 
bound and that piping is full of water.

b. Test for leaks and defects in new piping and parts of existing piping that have been 

altered, extended, or repaired. If testing is performed in segments, submit a 
separate report for each test, complete with diagram of portion of piping tested.

c. Leave new, altered, extended, or replaced domestic water piping uncovered and 

unconcealed until it has been tested and approved. Expose work that was covered 
or concealed before it was tested.

d. Cap and subject piping to static water pressure of 50 psig above operating pressure, 

without exceeding pressure rating of piping system materials. Isolate test source 
and allow it to stand for four hours. Leaks and loss in test pressure constitute 
defects that must be repaired.

e. Repair leaks and defects with new materials, and retest piping or portion thereof 
until satisfactory results are obtained.

f. Prepare reports for tests and for corrective action required.

B. Domestic water piping will be considered defective if it does not pass tests and inspections.

C. Prepare test and inspection reports.

3.9 ADJUSTING

A. Perform the following adjustments before operation:

1. Close drain valves, hydrants, and hose bibbs.

2. Open shutoff valves to fully open position.
3. Open throttling valves to proper setting.
4. Adjust balancing valves in hot-water-circulation return piping to provide adequate flow.

a. Manually adjust ball-type balancing valves in hot-water-circulation return piping 
to provide hot-water flow in each branch.

b. Adjust calibrated balancing valves to flows indicated.

5. Remove plugs used during testing of piping and for temporary sealing of piping during 
installation.

6. Remove and clean strainer screens. Close drain valves and replace drain plugs.

7. Remove filter cartridges from housings and verify that cartridges are as specified for 
application where used and are clean and ready for use.

8. Check plumbing specialties and verify proper settings, adjustments, and operation.
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3.10 CLEANING

A. Clean and disinfect potable domestic water piping as follows:

1. Purge new piping and parts of existing piping that have been altered, extended, or 
repaired before using.

2. Use purging and disinfecting procedures prescribed by authorities having jurisdiction; if 

methods are not prescribed, use procedures described in either AWWA C651 or 
AWWA C652 or follow procedures described below:

a. Flush piping system with clean, potable water until dirty water does not appear at 

outlets.
b. Fill and isolate system according to either of the following:

1) Fill system or part thereof with water/chlorine solution with at least 50 ppm 

of chlorine. Isolate with valves and allow to stand for 24 hours.
2) Fill system or part thereof with water/chlorine solution with at least 200 

ppm of chlorine. Isolate and allow to stand for three hours.

c. Flush system with clean, potable water until no chlorine is in water coming from 
system after the standing time.

d. Repeat procedures if biological examination shows contamination.

e. Submit water samples in sterile bottles to authorities having jurisdiction.

B. Clean non-potable domestic water piping as follows:

1. Purge new piping and parts of existing piping that have been altered, extended, or 

repaired before using.
2. Use purging procedures prescribed by authorities having jurisdiction or; if methods are 

not prescribed, follow procedures described below:

a. Flush piping system with clean, potable water until dirty water does not appear at 
outlets.

b. Submit water samples in sterile bottles to authorities having jurisdiction. Repeat 
procedures if biological examination shows contamination.

C. Prepare and submit reports of purging and disinfecting activities. Include copies of water-

sample approvals from authorities having jurisdiction.

D. Clean interior of domestic water piping system. Remove dirt and debris as work progresses.

3.11 PIPING SCHEDULE

A. Transition and special fittings with pressure ratings at least equal to piping rating may be used 
in applications below unless otherwise indicated.

B. Flanges and unions may be used for aboveground piping joints unless otherwise indicated.
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C. Fitting Option: Extruded-tee connections and brazed joints may be used on aboveground copper 
tubing.

D. Under-building-slab, domestic water, building-service piping, [NPS 3 and smaller shall be the 
following:

1. Soft copper tube, ASTM B88, Type L; wrought-copper, solder-joint fittings and copper 

press-connect fittings; and press-connect joints.

E. Under-building-slab, combined domestic water, building-service, and fire-service-main piping, 
NPS 6 to NPS 12, shall be the following:

1. Mechanical-joint, ductile-iron pipe; standard or compact pattern, mechanical-joint 
fittings; and mechanical joints.

F. Aboveground domestic water piping, NPS 2 and smaller, shall be one of the following:

1. Hard copper tube, ASTM B88, Type L wrought-copper, solder-joint fittings; and soldered 
joints.

2. Hard copper tube, ASTM B88, Type L copper press-connect fittings; and press-connect 

joints.

G. Aboveground domestic water piping, NPS 2-1/2 to NPS 4, shall be one of the following:

1. Hard copper tube, ASTM B88, Type L wrought-copper, solder-joint fittings; and soldered 

joints.
2. Hard copper tube, ASTM B88, Type L; copper press-connect fittings; and press-connect 

joints.

3.12 VALVE SCHEDULE

A. Drawings indicate valve types to be used. Where specific valve types are not indicated, the 

following requirements apply:

1. Shutoff Duty: Use ball or gate valves for piping NPS 2 and smaller. Use ball or gate 
valves with flanged ends for piping NPS 2-1/2 and larger.

2. Throttling Duty: Use ball or globe valves for piping NPS 2 and smaller. Use ball valves 
with flanged ends for piping NPS 2-1/2 and larger.

3. Hot-Water Circulation Piping, Balancing Duty: Memory-stop or Thermostatic balancing 

valves.  Refer to Drawing Schedule.
4. Drain Duty: Hose-end drain valves.

B. Use check valves to maintain correct direction of domestic water flow to and from equipment.

END OF SECTION 221116
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+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 

>^TecdbYUc& AA85 LY\[Y^c5 B_TU\ -/*6 $AUQT';bUU% _b S_]`QbQR\U `b_TeSd Ri _^U _V dXU 
V_\\_gY^W4
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Q( 8_^RbQS_ >^TecdbYUc& >^S(
R( LQddc5 Q LQddc LQdUb IUSX^_\_WYUc S_]`Q^i(

,( HdQ^TQbT4 6HH: +*+/(
-( D`UbQdY_^4 8_^dY^e_ec'`bUccebU Q``\YSQdY_^c e^\Ucc _dXUbgYcU Y^TYSQdUT(
.( EbUccebU A_cc4 / `cYW ]QhY]e]& dXb_eWX ]YTT\U dXYbT _V V\_g bQ^WU(

/( HYjU4 CEH +), d_ CEH +,(
0( 7_Ti4 7b_^jU V_b CEH , Q^T c]Q\\Ub5 SQcd Yb_^ gYdX Y^dUbY_b \Y^Y^W dXQd S_]`\YUc gYdX 

6LL6 8//* V_b CEH ,'+), Q^T \QbWUb(

1( 8_^VYWebQdY_^4 9UcYW^UT V_b X_bYj_^dQ\ V\_g(
2( 6SSUcc_bYUc4

Q( KQ\fUc CEH , Q^T H]Q\\Ub4 7Q\\ di`U gYdX dXbUQTUT U^Tc _^ Y^\Ud Q^T _ed\Ud(

R( KQ\fUc CEH ,'+), Q^T AQbWUb4 

+% KQ\fU Ii`U4  C_^'bYcY^W cdU] WQdU fQ\fUc(
,% :^T 8_^^USdY_^4 ;\Q^WUT U^T S_^^USdY_^c(

S( HdbQY^Ub D`dY_^4  :`_hi S_QdUT giU cdbQY^Ub( 

9( 7UfUbQWU'9Yc`U^cY^W':aeY`]U^d 7QS[V\_g EbUfU^dUbc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 

>^TecdbYUc& AA85 LY\[Y^c5 B_TU\ -1/HI $AUQT';bUU% _b S_]`QbQR\U `b_TeSd Ri _^U _V dXU 
V_\\_gY^W4

Q( 8_^RbQS_ >^TecdbYUc& >^S(

R( LQddc5 Q LQddc LQdUb IUSX^_\_WYUc S_]`Q^i(

,( HdQ^TQbT4 6HH: +*,,(

-( D`UbQdY_^4 8_^dY^e_ec'`bUccebU Q``\YSQdY_^c(
.( HYjU4 CEH +). d_ CEH +(
/( 7_Ti4 HdQY^\Ucc cdUU\(

0( :^T 8_^^USdY_^c4 IXbUQTUT(

:( =_cU'8_^^USdY_^ 7QS[V\_g EbUfU^dUbc4

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU `b_TeSdc Ri dXU 

V_\\_gY^W4

Q( 8_^RbQS_ >^TecdbYUc& >^S(
R( LQddc5 Q LQddc LQdUb IUSX^_\_WYUc S_]`Q^i(

S( L__TV_bT BQ^eVQSdebY^W 8_]`Q^i5 Q TYfYcY_^ _V L8B >^TecdbYUc& >^S(

,( HdQ^TQbT4 6HH: +*/,(
-( D`UbQdY_^4 J` d_ +*'V__d XUQT _V gQdUb RQS[ `bUccebU(

.( >^\Ud HYjU4 CEH +), _b CEH -).(
/( Ded\Ud HYjU4 <QbTU^'X_cU dXbUQT S_]`\iY^W gYdX 6HB: 7+(,*(1(
0( 8Q`QSYdi4 6d \UQcd -'W`] V\_g(
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,(/ L6I:G EG:HHJG:'G:9J8>C< K6AK:H

6( LQdUb GUWe\Qd_bc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 
>^TecdbYUc& AA85 LY\[Y^c5 B_TU\ 1*MA $AUQT';bUU% _b S_]`QbQR\U `b_TeSd Ri _^U _V dXU 
V_\\_gY^W4

Q( 8QcX 6S]U5 Q TYfYcY_^ _V GU\YQ^SU L_b\TgYTU 8_b`_bQdY_^(
R( LQddc5 Q LQddc LQdUb IUSX^_\_WYUc S_]`Q^i(

,( HdQ^TQbT4 6HH: +**-(

-( EbUccebU GQdY^W4 >^YdYQ\ g_b[Y^W `bUccebU _V +/* `cYW(
.( HYjU4 CEH +), d_ CEH -(
/( 7_Ti4 7b_^jU(

0( KQ\fUc V_b 7__cdUb =UQdUb LQdUb He``\i4 >^S\eTU Y^dUWbQ\ Ri`Qcc(
1( :^T 8_^^USdY_^c4 IXbUQTUT(

7( LQdUb'8_^db_\ KQ\fUc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 
>^TecdbYUc& AA85 LY\[Y^c5 B_TU\ OL,*. $AUQT';bUU% _b S_]`QbQR\U `b_TeSd Ri _^U _V 
dXU V_\\_gY^W4

Q( 8A6'K6A(
R( D8K 8_^db_\ KQ\fUc(

,( 9UcSbY`dY_^4 EY\_d'_`UbQdUT& TYQ`XbQW]'di`U& cY^W\U'cUQdUT& ]QY^ gQdUb'S_^db_\ fQ\fU(

-( EbUccebU GQdY^W4 >^YdYQ\ g_b[Y^W `bUccebU _V +/* `cYW ]Y^Y]e] gYdX 6LL6 8//* _b 
;96'Q``b_fUT& Y^dUbY_b U`_hi S_QdY^W( >^S\eTU c]Q\\ `Y\_d'S_^db_\ fQ\fU& bUcdbYSd_b 

TUfYSU& c`USYQ\di VYddY^Wc& Q^T cU^c_b `Y`Y^W(
.( BQY^ KQ\fU 7_Ti4 8Qcd' _b TeSdY\U'Yb_^ R_Ti gYdX 6LL6 8//* _b ;96'Q``b_fUT& 

Y^dUbY_b U`_hi S_QdY^W5 _b cdQY^\Ucc'cdUU\ R_Ti(

Q( HYjU4 CEH +'+), d_ CEH +*(
R( EQddUb^4 <\_RU'fQ\fU TUcYW^(
S( IbY]4 HdQY^\Ucc cdUU\(

/( :^T 8_^^USdY_^c4 IXbUQTUT V_b CEH , Q^T c]Q\\Ub5 V\Q^WUT V_b CEH ,'+), Q^T \QbWUb(

,(0 76A6C8>C< K6AK:H

6( BU]_bi'Hd_` 7Q\Q^SY^W KQ\fUc4

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 
_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( 8_^RbQS_ >^TecdbYUc& >^S(
R( 7U\\ " <_ccUdd
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S( 8bQ^U 8_(5 8bQ^U KQ\fU <b_e`5 8bQ^U KQ\fUc(
T( 8bQ^U 8_(5 8bQ^U KQ\fU <b_e`5 ?U^[Y^c KQ\fUc(

U( 8bQ^U 8_(5 8bQ^U KQ\fU <b_e`5 Hd_S[XQ] 9Yf(
V( =Q]]_^T KQ\fU(
W( BY\gQe[UU KQ\fU 8_]`Q^i(

X( C>78D >^S(
Y( GUT'LXYdU KQ\fU 8_b`(

,( HdQ^TQbT4 BHH HE'++* V_b dg_'`YUSU& S_``Ub'Q\\_i RQ\\ fQ\fUc(

-( EbUccebU GQdY^W4 .**'`cYW ]Y^Y]e] 8LE(
.( HYjU4 CEH , _b c]Q\\Ub(
/( 7_Ti4 8_``Ub Q\\_i(

0( E_bd4 HdQ^TQbT _b Ve\\ `_bd(
1( 7Q\\4 8Xb_]U'`\QdUT RbQcc(
2( HUQdc Q^T HUQ\c4 GU`\QSUQR\U(

3( :^T 8_^^USdY_^c4 H_\TUb Z_Y^d _b dXbUQTUT(
+*( =Q^T\U4 KY^i\'S_fUbUT cdUU\ gYdX ]U]_bi'cUddY^W TUfYSU(

,(1 I:BE:G6IJG:'68IJ6I:9& L6I:G B>M>C< K6AK:H

6( LQdUb'IU]`UbQdebU AY]YdY^W 9UfYSUc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 
>^TecdbYUc& AA85 LY\[Y^c5 B_TU\ OL+*+1MA $AUQT';bUU% _b S_]`QbQR\U `b_TeSd Ri _^U 

_V dXU V_\\_gY^W4

Q( AU_^QbT KQ\fU 8_]`Q^i(

R( E_gUbc5 Q TYfYcY_^ _V LQddc LQdUb IUSX^_\_WYUc& >^S(

,( HdQ^TQbT4 6HH: +*+1(
-( EbUccebU GQdY^W4 +,/ `cYW(

.( Ii`U4 IXUb]_cdQdYSQ\\i S_^db_\\UT& gQdUb ]YhY^W fQ\fU(
/( BQdUbYQ\4 7b_^jU R_Ti gYdX S_bb_cY_^'bUcYcdQ^d Y^dUbY_b S_]`_^U^dc(
0( 8_^^USdY_^c4 IXbUQTUT e^Y_^ Y^\Udc Q^T _ed\Ud(

1( 6SSUcc_bYUc4 8XUS[ cd_`c _^ X_d' Q^T S_\T'gQdUb ce``\YUc& Q^T QTZecdQR\U& dU]`UbQdebU'
S_^db_\ XQ^T\U(

2( KQ\fU ;Y^YcX4 G_eWX Rb_^jU(

7( >^TYfYTeQ\';YhdebU& LQdUb IU]`UbY^W KQ\fUc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 
>^TecdbYUc& AA85 LY\[Y^c5 B_TU\ OL-21*MAI $AUQT';bUU% _b S_]`QbQR\U `b_TeSd Ri 

_^U _V dXU V_\\_gY^W4

Q( 8QcX 6S]U5 Q TYfYcY_^ _V GU\YQ^SU L_b\TgYTU 8_b`_bQdY_^(
R( LQddc5 Q LQddc LQdUb IUSX^_\_WYUc S_]`Q^i(

,( HdQ^TQbT4 6HH: +*+0& dXUb]_cdQdYSQ\\i S_^db_\\UT& gQdUb dU]`UbY^W fQ\fU(
-( EbUccebU GQdY^W4 +,/ `cYW ]Y^Y]e] e^\Ucc _dXUbgYcU Y^TYSQdUT(
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.( 7_Ti4 7b_^jU R_Ti gYdX S_bb_cY_^'bUcYcdQ^d Y^dUbY_b S_]`_^U^dc(
/( IU]`UbQdebU 8_^db_\4 6TZecdQR\U(

0( >^\Udc Q^T Ded\Ud4 IXbUQTUT(
1( ;Y^YcX4 G_eWX _b SXb_]U'`\QdUT Rb_^jU(

,(2 HIG6>C:GH ;DG 9DB:HI>8 L6I:G E>E>C<

6( N'EQddUb^ HdbQY^Ubc4

+( EbUccebU GQdY^W4 +,/ `cYW ]Y^Y]e] e^\Ucc _dXUbgYcU Y^TYSQdUT(
,( 7_Ti4 7b_^jU V_b CEH , Q^T c]Q\\Ub5 SQcd Yb_^ gYdX Y^dUbY_b \Y^Y^W dXQd S_]`\YUc gYdX 

6LL6 8//* V_b CEH ,'+), Q^T \QbWUb(
-( :^T 8_^^USdY_^c4 IXbUQTUT V_b CEH , Q^T c]Q\\Ub5 V\Q^WUT V_b CEH ,'+), Q^T \QbWUb(
.( HSbUU^4 HdQY^\Ucc cdUU\ gYdX b_e^T `UbV_bQdY_^c e^\Ucc _dXUbgYcU Y^TYSQdUT(

/( EUbV_bQdY_^ HYjU4

Q( HdbQY^Ubc CEH , Q^T H]Q\\Ub4 *(*,* Y^SX(
R( HdbQY^Ubc CEH ,'+), d_ CEH .4 *(*./ Y^SX(

S( HdbQY^Ubc CEH / Q^T AQbWUb4 *(+* Y^SX(

0( 9bQY^4 ;QSd_bi'Y^cdQ\\UT& X_cU'U^T TbQY^ fQ\fU(

,(3 DJIA:I 7DM:H

6( 8\_dXUc LQcXUb Ded\Ud 7_hUc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 
>^TecdbYUc& AA85 AYWXd 8_]]UbSYQ\ Eb_TeSdc5 _b S_]`QbQR\U `b_TeSd Ri _^U _V dXU 

V_\\_gY^W4

Q( 6S_b^ :^WY^UUbY^W 8_]`Q^i(

R( <ei <bQi BQ^eVQSdebY^W 8_(& >^S(
S( >EH 8_b`_bQdY_^(
T( AHE Eb_TeSdc <b_e`& >^S(

U( DQdUi(
V( E\QcdYS DTTYdYUc(
W( Hi]]_^c >^TecdbYUc& >^S(

X( LQddc5 Q LQddc LQdUb IUSX^_\_WYUc S_]`Q^i(
Y( LXYdUXQ\\ BQ^eVQSdebY^W5 Q TYf( _V 6S_b^ :^WY^UUbY^W 8_]`Q^i(

,( B_e^dY^W4 GUSUccUT(

-( BQdUbYQ\ Q^T ;Y^YcX4 :^Q]U\UT'cdUU\& U`_hi'`QY^dUT'cdUU\& _b `\QcdYS R_h Q^T VQSU`\QdU(
.( ;QeSUd4 8_]RY^QdY_^ fQ\fUT VYddY^W _b cU`QbQdU X_d' Q^T S_\T'gQdUb fQ\fUT VYddY^Wc 

S_]`\iY^W gYdX 6HB: 6++,(+2(+( >^S\eTU WQbTU^'X_cU dXbUQT S_]`\iY^W gYdX 

6HB: 7+(,*(1 _^ _ed\Udc(
/( He``\i HXed_VV ;YddY^Wc4 CEH +), WQdU& W\_RU& _b RQ\\ fQ\fUc Q^T CEH +), S_``Ub& gQdUb 

deRY^W(

0( 9bQY^4 CEH +'+), cdQ^T`Y`U Q^T E'dbQ` V_b TYbUSd gQcdU S_^^USdY_^ d_ TbQY^QWU `Y`Y^W(
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1( >^\Ud =_cUc4 Ig_ 0*'Y^SX'\_^W& beRRUb X_ecUX_\T S\_dXUc gQcXUb Y^\Ud X_cUc gYdX VU]Q\U& 
WQbTU^'X_cU'dXbUQT S_e`\Y^Wc( >^S\eTU beRRUb gQcXUbc(

2( 9bQY^ =_cU4 D^U .2'Y^SX'\_^W& beRRUb X_ecUX_\T S\_dXUc gQcXUb TbQY^ X_cU gYdX X__[UT 
U^T(

7( >SU]Q[Ub Ded\Ud 7_hUc4

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 
_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( 6S_b^ :^WY^UUbY^W 8_]`Q^i(
R( >EH 8_b`_bQdY_^(
S( AHE Eb_TeSdc <b_e`& >^S(

T( DQdUi(
U( E\QcdYS DTTYdYUc(

,( B_e^dY^W4 GUSUccUT(

-( BQdUbYQ\ Q^T ;Y^YcX4 :^Q]U\UT'cdUU\& U`_hi'`QY^dUT'cdUU\& _b `\QcdYS R_h Q^T VQSU`\QdU(
.( ;QeSUd4 KQ\fUT VYddY^W S_]`\iY^W gYdX 6HB: 6++,(+2(+( >^S\eTU CEH +), _b c]Q\\Ub 

S_``Ub deRU _ed\Ud(

/( He``\i HXed_VV ;YddY^W4 CEH +), WQdU& W\_RU& _b RQ\\ fQ\fU Q^T CEH +), S_``Ub& gQdUb 
deRY^W(

,(+* =DH: HI6I>DCH

6( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc _VVUbY^W 
`b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& dXU V_\\_gY^W4

+( 6G8=DC >^TecdbYUc& >^S(
,( 6b]cdb_^W >^dUb^QdY_^Q\& >^S(
-( 8__^Ui 7b_dXUbc& >^S(

.( 9i^Q;\eYT AdT(
/( AU_^QbT KQ\fU 8_]`Q^i(
0( HdbQX]Q^ KQ\fUc& >^S(

1( I " H 7bQcc(

,(++ =DH: 7>77H

6( =_cU 7YRRc4

+( HdQ^TQbT4 6HB: 6++,(+2(+ V_b cUTY]U^d VQeSUdc(
,( 7_Ti BQdUbYQ\4 7b_^jU(
-( HUQd4 7b_^jU& bU`\QSUQR\U(

.( He``\i 8_^^USdY_^c4 CEH +), _b CEH -). dXbUQTUT _b c_\TUb'Z_Y^d Y^\Ud(
/( Ded\Ud 8_^^USdY_^4 <QbTU^'X_cU dXbUQT S_]`\iY^W gYdX 6HB: 7+(,*(1(
0( EbUccebU GQdY^W4 +,/ `cYW(
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1( KQSee] 7bUQ[Ub4 >^dUWbQ\& ^_^bU]_fQR\U& TbQY^QR\U& X_cU'S_^^USdY_^ fQSee] RbUQ[Ub 
S_]`\iY^W gYdX 6HH: +*++(

2( ;Y^YcX V_b :aeY`]U^d G__]c4 G_eWX Rb_^jU& _b SXb_]U _b ^YS[U\ `\QdUT(
3( ;Y^YcX V_b HUbfYSU 6bUQc4 G_eWX Rb_^jU(
+*( ;Y^YcX V_b ;Y^YcXUT G__]c4 8Xb_]U _b ^YS[U\ `\QdUT(

++( D`UbQdY_^ V_b :aeY`]U^d G__]c4 LXUU\ XQ^T\U _b _`UbQdY^W [Ui(
+,( D`UbQdY_^ V_b HUbfYSU 6bUQc4 LXUU\ XQ^T\U(
+-( D`UbQdY_^ V_b ;Y^YcXUT G__]c4 D`UbQdY^W [Ui(

+.( >^S\eTU _`UbQdY^W [Ui gYdX UQSX _`UbQdY^W'[Ui X_cU RYRR(
+/( >^S\eTU Y^dUWbQ\ gQ\\ V\Q^WU gYdX UQSX SXb_]U' _b ^YS[U\'`\QdUT X_cU RYRR(

,(+, L6AA =N9G6CIH

6( C_^VbUUjU LQ\\ =iTbQ^dc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 
>^TecdbYUc& AA85 AYWXd 8_]]UbSYQ\ Eb_TeSdc _b S_]`QbQR\U `b_TeSd Ri _^U _V dXU 

V_\\_gY^W4

Q( H]YdX& ?Qi G( BVW( 8_(5 9YfYcY_^ _V H]YdX >^TecdbYUc& >^S(
R( L__TV_bT BQ^eVQSdebY^W 8_]`Q^i5 Q TYfYcY_^ _V L8B >^TecdbYUc& >^S(

,( HdQ^TQbT4 6HB: 6++,(,+(-B V_b S_^SUQ\UT'_ed\Ud& cU\V'TbQY^Y^W gQ\\ XiTbQ^dc(
-( EbUccebU GQdY^W4 +,/ `cYW(
.( D`UbQdY_^4 A__cU [Ui(

/( 8QcY^W Q^T D`UbQdY^W G_T4 DV \U^WdX bUaeYbUT d_ ]QdSX gQ\\ dXYS[^Ucc( >^S\eTU gQ\\ 
S\Q]`(

0( >^\Ud4 CEH -). _b CEH +(
1( Ded\Ud4 8_^SUQ\UT& gYdX Y^dUWbQ\ fQSee] RbUQ[Ub Q^T WQbTU^'X_cU dXbUQT S_]`\iY^W gYdX 

6HB: 7+(,*(1(

2( 7_h4 9UU`& V\ecX ]_e^dUT gYdX S_fUb(
3( 7_h Q^T 8_fUb ;Y^YcX4 E_\YcXUT ^YS[U\ Rb_^jU(
+*( Ded\Ud4 :h`_cUT& gYdX Y^dUWbQ\ fQSee] RbUQ[Ub Q^T WQbTU^'X_cU dXbUQT S_]`\iY^W gYdX 

6HB: 7+(,*(1(
++( C_jj\U Q^T LQ\\'E\QdU ;Y^YcX4 E_\YcXUT ^YS[U\ Rb_^jU(
+,( D`UbQdY^W @Uic$c%4 Ig_ gYdX UQSX gQ\\ XiTbQ^d(

7( C_^VbUUjU& =_d' Q^T 8_\T'LQdUb LQ\\ =iTbQ^dc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 
>^TecdbYUc& AA85 H`USYVYSQdY_^ 9bQY^QWU Eb_TeSdc5 O+-,/ _b S_]`QbQR\U `b_TeSd Ri _^U 

_V dXU V_\\_gY^W4

Q( H]YdX& ?Qi G( BVW( 8_(5 9YfYcY_^ _V H]YdX >^TecdbYUc& >^S(
R( L__TV_bT BQ^eVQSdebY^W 8_]`Q^i5 Q TYfYcY_^ _V L8B >^TecdbYUc& >^S(

,( HdQ^TQbT4 6HB: 6++,(,+(-B V_b S_^SUQ\UT'_ed\Ud& cU\V'TbQY^Y^W gQ\\ XiTbQ^dc(
-( EbUccebU GQdY^W4 +,/ `cYW(

.( D`UbQdY_^4 A__cU [Ui(
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/( 8QcY^W Q^T D`UbQdY^W G_Tc4 DV \U^WdX bUaeYbUT d_ ]QdSX gQ\\ dXYS[^Ucc( >^S\eTU gQ\\ 
S\Q]`c(

0( >^\Ud4 CEH -). _b CEH +(
1( Ded\Ud4 8_^SUQ\UT(
2( 7_h4 9UU`& V\ecX ]_e^dUT gYdX S_fUb(

3( 7_h Q^T 8_fUb ;Y^YcX4 E_\YcXUT ^YS[U\ Rb_^jU(
+*( KQSee] 7bUQ[Ub4

Q( C_^bU]_fQR\U& ]Q^eQ\'TbQY^'di`U& X_cU'S_^^USdY_^ fQSee] RbUQ[Ub S_]`\iY^W 

gYdX 6HH: +*++ _b RQS[V\_g `bUfU^dUb S_]`\iY^W gYdX 6HH: +*/,(
R( <QbTU^'X_cU dXbUQT S_]`\iY^W gYdX 6HB: 7+(,*(1 _^ _ed\Ud(

++( D`UbQdY^W @Uic$c%4 Ig_ gYdX UQSX gQ\\ XiTbQ^d(

,(+- 9G6>C K6AK:H

6( <QdU'KQ\fU'Ii`U& =_cU':^T 9bQY^ KQ\fUc4

+( HdQ^TQbT4 BHH HE'2* V_b WQdU fQ\fUc(

,( EbUccebU GQdY^W4 8\Qcc +,/(
-( HYjU4 CEH -).(
.( 7_Ti4 6HIB 7 0, Rb_^jU(

/( >^\Ud4 CEH -). dXbUQTUT _b c_\TUb Z_Y^d(
0( Ded\Ud4 <QbTU^'X_cU dXbUQT S_]`\iY^W gYdX 6HB: 7+(,*(1 Q^T SQ` gYdX RbQcc SXQY^(

7( Hd_`'Q^T'LQcdU 9bQY^ KQ\fUc4

+( HdQ^TQbT4 BHH HE'++* V_b RQ\\ fQ\fUc _b BHH HE'2* V_b WQdU fQ\fUc(
,( EbUccebU GQdY^W4 ,**'`cYW ]Y^Y]e] 8LE _b 8\Qcc +,/(

-( HYjU4 CEH -).(
.( 7_Ti4 8_``Ub Q\\_i _b 6HIB 7 0, Rb_^jU(
/( 9bQY^4 CEH +)2 cYTU _ed\Ud gYdX SQ`(

,(+. L6I:G'=6BB:G 6GG:HI:GH

6( LQdUb'=Q]]Ub 6bbUcdUbc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 

>^TecdbYUc& AA85 H`USYVYSQdY_^ 9bQY^QWU Eb_TeSdc5 O+1** _b S_]`QbQR\U `b_TeSd Ri _^U 
_V dXU V_\\_gY^W4

Q( EbUSYcY_^ E\e]RY^W Eb_TeSdc& >^S(

R( HY_eh 8XYUV BQ^eVQSdebY^W 8_]`Q^i& >^S(

,( HdQ^TQbT4 6HH: +*+* _b E9>'L= ,*+(
-( Ii`U4 8_``Ub deRU gYdX `Ycd_^(

.( HYjU4 6HH: +*+*& HYjUc 66 Q^T 6 dXb_eWX ;& _b E9>'L= ,*+& HYjUc 6 dXb_eWX ;(
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9DB:HI>8 L6I:G E>E>C< HE:8>6AI>:H ,, ++ +3 ' +,

,(+/ 6>G K:CIH

6( 7_\dUT'8_^cdbeSdY_^ 6ed_]QdYS 6Yb KU^dc4

+( 7_Ti4 7b_^jU(
,( EbUccebU GQdY^W Q^T IU]`UbQdebU4 +,/'`cYW ]Y^Y]e] `bUccebU bQdY^W Qd +.* TUW ;(
-( ;\_Qd4 GU`\QSUQR\U& S_bb_cY_^'bUcYcdQ^d ]UdQ\(

.( BUSXQ^Yc] Q^T HUQd4 HdQY^\Ucc cdUU\(
/( HYjU4 CEH -)2 ]Y^Y]e] Y^\Ud(
0( >^\Ud Q^T KU^d Ded\Ud :^T 8_^^USdY_^c4 IXbUQTUT(

,(+0 IG6E'H:6A EG>B:G 9:K>8:

6( He``\i'Ii`U& IbQ`'HUQ\ EbY]Ub 9UfYSU4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 

>^TecdbYUc& AA85 O+*,+ _b S_]`QbQR\U `b_TeSd Ri _^U _V dXU V_\\_gY^W4

Q( H]YdX& ?Qi G( BVW( 8_(5 9YfYcY_^ _V H]YdX >^TecdbYUc& >^S(
R( LQddc5 Q LQddc LQdUb IUSX^_\_WYUc S_]`Q^i(

S( EbUSYcY_^ EY`Y^W Eb_TeSdc(

,( HdQ^TQbT4 6HH: +*+2(
-( EbUccebU GQdY^W4 +,/ `cYW ]Y^Y]e](

.( 7_Ti4 7b_^jU(
/( >^\Ud Q^T Ded\Ud 8_^^USdY_^c4 CEH +), dXbUQTUT& e^Y_^& _b c_\TUb Z_Y^d(
0( <bQfYdi 9bQY^ Ded\Ud 8_^^USdY_^4 CEH +), dXbUQTUT _b c_\TUb Z_Y^d(

1( ;Y^YcX4 8Xb_]U `\QdUT& _b b_eWX Rb_^jU V_b e^Ydc ecUT gYdX `Y`U _b deRU dXQd Yc ^_d 
SXb_]U VY^YcXUT(

,(+1 IG6E'H:6A EG>B:G HNHI:BH

6( IbQ`'HUQ\ EbY]Ub HicdU]c4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU Oeb^ 

>^TecdbYUc& AA85 O+*,*MA _b S_]`QbQR\U `b_TeSd Ri _^U _V dXU V_\\_gY^W4

Q( H]YdX& ?Qi G( BVW( 8_(5 9YfYcY_^ _V H]YdX >^TecdbYUc& >^S(
R( EbUSYcY_^ EY`Y^W Eb_TeSdc

S( LQddc5 Q LQddc LQdUb IUSX^_\_WYUc S_]`Q^i(

,( HdQ^TQbT4 6HH: +*..(
-( EY`Y^W4 CEH -).& 6HIB 7 22& Ii`U A5 S_``Ub& gQdUb deRY^W(

.( 8QRY^Ud4 HebVQSU']_e^dUT cdUU\ R_h gYdX cdQY^\Ucc'cdUU\ S_fUb(
/( :\USdbYS 8_^db_\c4 ,.'X_eb dY]Ub& c_\U^_YT fQ\fU& Q^T ]Q^eQ\ cgYdSX V_b +,*'K QS `_gUb(



DVVcX_bU LY^T HQVUdi 8U^dUb ' IbQY^Y^W G__] >cceU V_b EUb]Yd

6d\Q^dYS 8Ydi& C? DSd_RUb ,1& ,*,+

9DB:HI>8 L6I:G E>E>C< HE:8>6AI>:H ,, ++ +3 ' +-

Q( :\USdbYSQ\ 8_]`_^U^dc& 9UfYSUc& Q^T 6SSUcc_bYUc4 AYcdUT Q^T \QRU\UT Qc TUVY^UT Y^ 
C;E6 1*& Ri Q aeQ\YVYUT dUcdY^W QWU^Si& Q^T ]Qb[UT V_b Y^dU^TUT \_SQdY_^ Q^T 

Q``\YSQdY_^(

0( KQSee] 7bUQ[Ub4 6HH: +**+(
1( HYjU Ded\Udc4 CEH +),(

,(+2 ;A:M>7A: 8DCC:8IDGH

6( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc _VVUbY^W 
`b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& dXU V_\\_gY^W4

+( ;\Uh'=_cU 8_(& >^S(
,( ;\UhYSbQVd >^TecdbYUc(
-( ;\Uh EbUccY_^& AdT(

.( ;\Uh'LU\T >^S_b`_bQdUT(
/( =ic`Q^ EbUSYcY_^ Eb_TeSdc& >^S(
0( BUbSUb <Qc[Ud " HXY]& >^S(

1( BUdbQV\Uh& >^S(
2( Eb_S_ Eb_TeSdc& >^S(
3( IDO:C 8_b`_bQdY_^(

+*( J^QV\Uh(J^YfUbcQ\ BUdQ\ =_cU5 Q =ic`Q^ S_]`Q^i

7( HdQY^\Ucc'HdUU\'=_cU ;\UhYR\U 8_^^USd_bc4 8_bbeWQdUT'cdQY^\Ucc'cdUU\ deRY^W gYdX cdQY^\Ucc'cdUU\ 
gYbU'RbQYT S_fUbY^W Q^T U^Tc gU\TUT d_ Y^^Ub deRY^W(

+( L_b[Y^W'EbUccebU GQdY^W4 BY^Y]e] ,** `cYW(
,( :^T 8_^^USdY_^c CEH , Q^T H]Q\\Ub4 IXbUQTUT cdUU\'`Y`U ^Y``\U(

,(+3 L6I:G B:I:GH

6( 9Yc`\QSU]U^d'Ii`U LQdUb BUdUbc4

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 

_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( 66A>6CI5 Q KU^debU BUQcebU]U^d `b_TeSd \Y^U(

R( 677(
S( 7QTWUb BUdUb& >^S(
T( 8Qb\_^ BUdUb(

U( BeU\\Ub 8_( AdT(5 Q ceRcYTYQbi _V BeU\\Ub LQdUb Eb_TeSdc >^S(
V( HSX\e]RUbWUb AY]YdUT5 LQdUb HUbfYSUc(
W( HU^cec(

,( 9UcSbY`dY_^4

Q( HdQ^TQbT4 6LL6 81**(
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R( EbUccebU GQdY^W4 +/*'`cYW  g_b[Y^W `bUccebU(
S( 7_Ti 9UcYW^4 CedQdY^W TYcS5 d_dQ\YjQdY_^ ]UdUb(

T( GUWYcdbQdY_^4 >^ WQ\\_^c _b Qc bUaeYbUT Ri edY\Ydi S_]`Q^i(
U( 8QcU4 7b_^jU(
V( :^T 8_^^USdY_^c4 IXbUQTUT(

7( IebRY^U'Ii`U LQdUb BUdUbc4

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 
_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 

dXU V_\\_gY^W4

Q( 66A>6CI5 Q KU^debU BUQcebU]U^d `b_TeSd \Y^U(
R( 677(

S( 7QTWUb BUdUb& >^S(
T( =Qic ;\eYT 8_^db_\c(
U( BQcdUb BUdUb& >^S(

V( BS8b_]UdUb& >^S(
W( BeU\\Ub 8_( AdT(5 Q ceRcYTYQbi _V BeU\\Ub LQdUb Eb_TeSdc >^S(
X( HSX\e]RUbWUb AY]YdUT5 LQdUb HUbfYSUc(

Y( HUQBUdbYSc >^S(
Z( HU^cec(

,( 9UcSbY`dY_^4

Q( HdQ^TQbT4 6LL6 81*+(
R( EbUccebU GQdY^W4 P+/*'`cYW g_b[Y^W `bUccebU(

S( 7_Ti 9UcYW^4 IebRY^U5 d_dQ\YjQdY_^ ]UdUb(
T( GUWYcdbQdY_^4 >^ WQ\\_^c& _b Qc bUaeYbUT Ri edY\Ydi S_]`Q^i(
U( 8QcU4 7b_^jU(

V( :^T 8_^^USdY_^c V_b BUdUbc CEH , Q^T H]Q\\Ub4 IXbUQTUT(
W( :^T 8_^^USdY_^c V_b BUdUbc CEH ,'+), Q^T AQbWUb4 ;\Q^WUT(

8( 8_]`_e^T'Ii`U LQdUb BUdUbc4

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 
_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( 677(
R( 7QTWUb BUdUb& >^S(
S( BQcdUb BUdUb& >^S(

T( BeU\\Ub 8_( AdT(5 Q ceRcYTYQbi _V BeU\\Ub LQdUb Eb_TeSdc >^S(
U( HSX\e]RUbWUb AY]YdUT5 LQdUb HUbfYSUc(
V( HU^cec(

,( 9UcSbY`dY_^4

Q( HdQ^TQbT4 6LL6 81*,(

R( EbUccebU GQdY^W4 +/*'`cYW g_b[Y^W `bUccebU(
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S( 7_Ti 9UcYW^4 LYdX Y^dUWbQ\ ]QY^\Y^U Q^T Ri`Qcc ]UdUbc5 d_dQ\YjQdY_^ ]UdUb(
T( GUWYcdbQdY_^4 >^ WQ\\_^c _b Qc bUaeYbUT Ri edY\Ydi S_]`Q^i(

U( 8QcU4 7b_^jU(
V( EY`U 8_^^USdY_^c4 ;\Q^WUT(

9( GU]_dU GUWYcdbQdY_^ HicdU]4 9YbUSd'bUQTY^W di`U S_]`\iY^W gYdX 6LL6 81*05 ]_TYVYUT gYdX 

cYW^Q\'dbQ^c]YddY^W QccU]R\i& \_g'f_\dQWU S_^^USdY^W gYbY^W& Q^T bU]_dU bUWYcdUb QccU]R\i Qc 
bUaeYbUT Ri edY\Ydi S_]`Q^i(

:( GU]_dU GUWYcdbQdY_^ HicdU]4 :^S_TUb di`U S_]`\iY^W gYdX 6LL6 81*15 ]_TYVYUT gYdX 

cYW^Q\'dbQ^c]YddY^W QccU]R\i& \_g'f_\dQWU S_^^USdY^W gYbY^W& Q^T bU]_dU bUWYcdUb QccU]R\i Qc 
bUaeYbUT Ri edY\Ydi S_]`Q^i(

PART 3 - EXECUTION

-(+ >CHI6AA6I>DC

6( >^cdQ\\ RQS[V\_g `bUfU^dUbc Y^ UQSX gQdUb ce``\i d_ ]USXQ^YSQ\ UaeY`]U^d Q^T cicdU]c Q^T d_ 
_dXUb UaeY`]U^d Q^T gQdUb cicdU]c dXQd ]Qi RU c_ebSUc _V S_^dQ]Y^QdY_^( 8_]`\i gYdX 

QedX_bYdYUc XQfY^W ZebYcTYSdY_^(

+( A_SQdU RQS[V\_g `bUfU^dUbc Y^ cQ]U b__] Qc S_^^USdUT UaeY`]U^d _b cicdU](
,( >^cdQ\\ TbQY^ V_b RQS[V\_g `bUfU^dUbc gYdX Qd]_c`XUbYS'fU^d TbQY^ S_^^USdY_^ gYdX QYb'WQ` 

VYddY^W& VYhUT QYb'WQ` VYddY^W& _b UaeYfQ\U^d `_cYdYfU `Y`U cU`QbQdY_^ _V Qd \UQcd dg_ `Y`U 
TYQ]UdUbc Y^ TbQY^ `Y`Y^W Q^T `Y`U'd_'V\__b TbQY^( A_SQdU QYb'WQ` TUfYSU QddQSXUT d_ _b 
e^TUb RQS[V\_g `bUfU^dUb( HY]`\U QYb RbUQ[c QbU e^QSSU`dQR\U V_b dXYc Q``\YSQdY_^(

-( 9_ ^_d Y^cdQ\\ Ri`Qcc `Y`Y^W Qb_e^T RQS[V\_g `bUfU^dUbc(

7( >^cdQ\\ gQdUb bUWe\Qd_bc gYdX Y^\Ud Q^T _ed\Ud cXed_VV fQ\fUc Q^T Ri`Qcc gYdX ]U]_bi'cd_` 

RQ\Q^SY^W fQ\fU( >^cdQ\\ `bUccebU WQWUc _^ Y^\Ud Q^T _ed\Ud(

8( >^cdQ\\ gQdUb'S_^db_\ fQ\fUc gYdX Y^\Ud Q^T _ed\Ud cXed_VV fQ\fUc Q^T Ri`Qcc gYdX W\_RU fQ\fU( 
>^cdQ\\ `bUccebU WQWUc _^ Y^\Ud Q^T _ed\Ud(

9( >^cdQ\\ RQ\Q^SY^W fQ\fUc Y^ \_SQdY_^c gXUbU dXUi SQ^ UQcY\i RU QTZecdUT(

:( >^cdQ\\ dU]`UbQdebU'QSdeQdUT& gQdUb ]YhY^W fQ\fUc gYdX SXUS[ cd_`c _b cXed_VV fQ\fUc _^ Y^\Udc 
Q^T gYdX cXed_VV fQ\fU _^ _ed\Ud(

;( >^cdQ\\ N'`QddUb^ cdbQY^Ubc V_b gQdUb _^ ce``\i cYTU _V UQSX S_^db_\ fQ\fU& gQdUb `bUccebU'
bUTeSY^W fQ\fU Q^T `e]`(

<( >^cdQ\\ _ed\Ud R_hUc bUSUccUT Y^ gQ\\ _b cebVQSU ]_e^dUT _^ gQ\\( >^cdQ\\ ,'Ri'.'Y^SX VYbU'

bUdQbTQ^d'dbUQdUT'g__T R\_S[Y^W& gQ\\ bUY^V_bSU]U^d RUdgUU^ cdeTc( 8_]`\i gYdX bUaeYbU]U^dc 
V_b VYbU'bUdQbTQ^d'dbUQdUT'g__T R\_S[Y^W Y^ HUSdY_^ *0+*** !G_eWX 8Qb`U^dbi(!

=( >^cdQ\\ X_cU cdQdY_^c gYdX SXUS[ cd_`c _b cXed_VV fQ\fUc _^ Y^\Udc Q^T gYdX dXUb]_]UdUb _^ _ed\Ud(
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>( >^cdQ\\ gQdUb'XQ]]Ub QbbUcdUbc Y^ gQdUb `Y`Y^W QSS_bTY^W d_ E9>'L= ,*+(

?( >^cdQ\\ QYb fU^dc Qd XYWX `_Y^dc _V gQdUb `Y`Y^W(

@( >^cdQ\\ ce``\i'di`U& dbQ`'cUQ\ `bY]Ub fQ\fUc gYdX _ed\Ud `Y`Y^W `YdSXUT T_g^ d_gQbT TbQY^ dbQ` Q 
]Y^Y]e] _V + `UbSU^d& Q^T S_^^USd d_ V\__b'TbQY^ R_Ti& dbQ`& _b Y^\Ud VYddY^W( 6TZecd fQ\fU V_b 
`b_`Ub V\_g(

A( >^cdQ\\ TbQY^QWU'di`U& dbQ`'cUQ\ `bY]Ub fQ\fUc Qc \QfQd_bi dbQ` gYdX _ed\Ud `Y`Y^W `YdSXUT T_g^ 
d_gQbT TbQY^ dbQ` Q ]Y^Y]e] _V + `UbSU^d& Q^T S_^^USd d_ V\__b'TbQY^ R_Ti& dbQ`& _b Y^\Ud VYddY^W(

B( >^cdQ\\ dbQ`'cUQ\ `bY]Ub cicdU]c gYdX _ed\Ud `Y`Y^W `YdSXUT T_g^ d_gQbT TbQY^ dbQ` Q ]Y^Y]e] _V 

+ `UbSU^d& Q^T S_^^USd d_ V\__b'TbQY^ R_Ti& dbQ`& _b Y^\Ud VYddY^W( 6TZecd cicdU] V_b `b_`Ub V\_g(

-(, 8DCC:8I>DCH

6( 8_]`\i gYdX bUaeYbU]U^dc V_b Wb_e^T UaeY`]U^d Y^ HUSdY_^ ,0*/,0 !<b_e^TY^W Q^T 7_^TY^W 

V_b :\USdbYSQ\ HicdU]c(!

7( ;YbU'bUdQbTQ^d'dbUQdUT'g__T R\_S[Y^W Yc c`USYVYUT Y^ HUSdY_^ ,0*/+3 !A_g'K_\dQWU :\USdbYSQ\ 
E_gUb 8_^TeSd_bc Q^T 8QR\Uc! V_b U\USdbYSQ\ S_^^USdY_^c(

-(- A67:A>C< 6C9 >9:CI>;N>C<

6( :aeY`]U^d CQ]U`\QdUc Q^T HYW^c4 >^cdQ\\ U^WbQfUT `\QcdYS'\Q]Y^QdU UaeY`]U^d ^Q]U`\QdU _b 
cYW^ _^ _b ^UQb UQSX _V dXU V_\\_gY^W4

+( EbUccebU fQSee] RbUQ[Ubc(
,( >^dUb]UTYQdU Qd]_c`XUbYS'fU^d RQS[V\_g `bUfU^dUbc(
-( GUTeSUT'`bUccebU'`bY^SY`\U RQS[V\_g `bUfU^dUbc(

.( 9_eR\U'SXUS[& RQS[V\_g'`bUfU^dY_^ QccU]R\YUc(
/( 8QbR_^QdUT'RUfUbQWU']QSXY^U RQS[V\_g `bUfU^dUbc(

0( 9eQ\'SXUS['fQ\fU RQS[V\_g `bUfU^dUbc(
1( GUTeSUT'`bUccebU'TUdUSd_b& VYbU'`b_dUSdY_^& RQS[V\_g'`bUfU^dUb QccU]R\YUc(
2( LQdUb `bUccebU'bUTeSY^W fQ\fUc(

3( 8Q\YRbQdUT RQ\Q^SY^W fQ\fUc(
+*( EbY]Qbi& dXUb]_cdQdYS& gQdUb ]YhY^W fQ\fUc(
++( Ded\Ud R_hUc(

+,( =_cU cdQdY_^c(
+-( He``\i'di`U& dbQ`'cUQ\ `bY]Ub fQ\fUc(
+.( IbQ`'cUQ\ `bY]Ub cicdU]c(

7( 9YcdY^WeYcX Q]_^W ]e\dY`\U e^Ydc& Y^V_b] _`UbQd_b _V _`UbQdY_^Q\ bUaeYbU]U^dc& Y^TYSQdU cQVUdi 
Q^T U]UbWU^Si `bUSQedY_^c& Q^T gQb^ _V XQjQbTc Q^T Y]`b_`Ub _`UbQdY_^c& Y^ QTTYdY_^ d_ 
YTU^dYViY^W e^Yd( CQ]U`\QdUc Q^T cYW^c QbU c`USYVYUT Y^ HUSdY_^ ,,*//- !>TU^dYVYSQdY_^ V_b 

E\e]RY^W EY`Y^W Q^T :aeY`]U^d(!
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-(. ;>:A9 FJ6A>IN 8DCIGDA

6( EUbV_b] dXU V_\\_gY^W dUcdc Q^T Y^c`USdY_^c4

+( IUcd UQSX bUTeSUT'`bUccebU'`bY^SY`\U RQS[V\_g `bUfU^dUb Q^T T_eR\U'SXUS[& RQS[V\_g'
`bUfU^dY_^ QccU]R\i QSS_bTY^W d_ QedX_bYdYUc XQfY^W ZebYcTYSdY_^ Q^T dXU TUfYSU#c 
bUVUbU^SU cdQ^TQbT(

7( 9_]UcdYS gQdUb `Y`Y^W c`USYQ\dYUc gY\\ RU S_^cYTUbUT TUVUSdYfU YV dXUi T_ ^_d `Qcc dUcdc Q^T 
Y^c`USdY_^c(

8( EbU`QbU dUcd Q^T Y^c`USdY_^ bU`_bdc(

-(/ 69?JHI>C<

6( HUd VYU\T'QTZecdQR\U `bUccebU cUd `_Y^dc _V gQdUb `bUccebU'bUTeSY^W fQ\fUc(

7( HUd VYU\T'QTZecdQR\U V\_g cUd `_Y^dc _V RQ\Q^SY^W fQ\fUc(

8( HUd VYU\T'QTZecdQR\U dU]`UbQdebU cUd `_Y^dc _V dU]`UbQdebU'QSdeQdUT& gQdUb ]YhY^W fQ\fUc(

END OF SECTION 221119
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SECTION 22 11 23 - FACILITY NATURAL-GAS PIPING

PART 1 - GENERAL

+(+ G:A6I:9 9D8JB:CIH

6( 9bQgY^Wc Q^T WU^UbQ\ `b_fYcY_^c _V dXU 8_^dbQSd& Y^S\eTY^W <U^UbQ\ Q^T He``\U]U^dQbi 
8_^TYdY_^c Q^T 9YfYcY_^ *+ H`USYVYSQdY_^ HUSdY_^c& Q``\i d_ dXYc HUSdY_^(

+(, HJBB6GN

6( HUSdY_^ >^S\eTUc4

+( EY`Uc& deRUc& Q^T VYddY^Wc(

,( EY`Y^W c`USYQ\dYUc(
-( EY`Y^W Q^T deRY^W Z_Y^Y^W ]QdUbYQ\c(
.( KQ\fUc(

/( EbUccebU bUWe\Qd_bc(
0( HUbfYSU ]UdUbc(
1( 8_^SbUdU RQcUc(

+(- 9:;>C>I>DCH

6( ;Y^YcXUT H`QSUc4 H`QSUc _dXUb dXQ^ ]USXQ^YSQ\ Q^T U\USdbYSQ\ UaeY`]U^d b__]c& VebbUT c`QSUc& 
`Y`U Q^T TeSd cXQVdc& e^XUQdUT c`QSUc Y]]UTYQdU\i RU\_g b__V& c`QSUc QR_fU SUY\Y^Wc& 

e^UhSQfQdUT c`QSUc& SbQg\c`QSUc& Q^T de^^U\c(

7( :h`_cUT& >^dUbY_b >^cdQ\\QdY_^c4 :h`_cUT d_ fYUg Y^T__bc( :hQ]`\Uc Y^S\eTU VY^YcXUT _SSe`YUT 
c`QSUc Q^T ]USXQ^YSQ\ UaeY`]U^d b__]c(

8( :h`_cUT& :hdUbY_b >^cdQ\\QdY_^c4 :h`_cUT d_ fYUg _edT__bc _b ceRZUSd d_ _edT__b Q]RYU^d 
dU]`UbQdebUc Q^T gUQdXUb S_^TYdY_^c( :hQ]`\Uc Y^S\eTU b__Vd_` \_SQdY_^c(

+(. E:G;DGB6C8: G:FJ>G:B:CIH

6( BY^Y]e] D`UbQdY^W'EbUccebU GQdY^Wc4

+( EY`Y^W Q^T KQ\fUc4 +** `cYW ]Y^Y]e] e^\Ucc _dXUbgYcU Y^TYSQdUT(

,( HUbfYSU GUWe\Qd_bc4 0/ `cYW  ]Y^Y]e] e^\Ucc _dXUbgYcU Y^TYSQdUT(
-( BY^Y]e] D`UbQdY^W EbUccebU _V HUbfYSU BUdUb4 / `cYW(

7( CQdebQ\'<Qc HicdU] EbUccebU gYdXY^ 7eY\TY^Wc4 B_bU dXQ^ *(/ `cYW Red ^_d ]_bU dXQ^ , `cYW(
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+(/ 68I>DC HJ7B>II6AH

6( Eb_TeSd 9QdQ4 ;_b UQSX di`U _V dXU V_\\_gY^W4

+( EY`Y^W c`USYQ\dYUc(
,( 8_bbeWQdUT& cdQY^\Ucc'cdUU\ deRY^W gYdX Qcc_SYQdUT S_]`_^U^dc(
-( KQ\fUc( >^S\eTU `bUccebU bQdY^W& SQ`QSYdi& cUddY^Wc& Q^T U\USdbYSQ\ S_^^USdY_^ TQdQ _V 

cU\USdUT ]_TU\c(
.( EbUccebU bUWe\Qd_bc( >^TYSQdU `bUccebU bQdY^Wc Q^T SQ`QSYdYUc(
/( HUbfYSU ]UdUbc(

0( 9YU\USdbYS VYddY^Wc(

+(0 >C;DGB6I>DC6A HJ7B>II6AH

6( 8__bTY^QdY_^ 9bQgY^Wc4 E\Q^c Q^T TUdQY\c& TbQg^ d_ cSQ\U& _^ gXYSX ^QdebQ\'WQc `Y`Y^W Yc cX_g^ 

Q^T S__bTY^QdUT gYdX _dXUb Y^cdQ\\QdY_^c& ecY^W Y^`ed Vb_] Y^cdQ\\Ubc _V dXU YdU]c Y^f_\fUT(

7( HYdU HebfUi4 E\Q^c& TbQg^ d_ cSQ\U& _^ gXYSX ^QdebQ\'WQc `Y`Y^W Yc cX_g^ Q^T S__bTY^QdUT gYdX 
_dXUb cUbfYSUc Q^T edY\YdYUc(

8( FeQ\YVYSQdY_^ 9QdQ4 ;_b aeQ\YVYUT `b_VUccY_^Q\ U^WY^UUb(

9( LU\TY^W SUbdYVYSQdUc(

:( ;YU\T aeQ\Ydi'S_^db_\ bU`_bdc(

+(1 8ADH:DJI HJ7B>II6AH

6( D`UbQdY_^ Q^T BQY^dU^Q^SU 9QdQ4 ;_b ]_d_bYjUT WQc fQ\fUc& `bUccebU bUWe\Qd_bc& Q^T cUbfYSU 
]UdUbc d_ Y^S\eTU Y^ U]UbWU^Si& _`UbQdY_^& Q^T ]QY^dU^Q^SU ]Q^eQ\c(

+(2 FJ6A>IN 6HHJG6C8:

6( HdUU\ He``_bd LU\TY^W FeQ\YVYSQdY_^c4 FeQ\YVi `b_SUTebUc Q^T `Ubc_^^U\ QSS_bTY^W d_ 

6LH 9+(+)9+(+B& !HdbeSdebQ\ LU\TY^W 8_TU ' HdUU\(!

7( EY`U LU\TY^W FeQ\YVYSQdY_^c4 FeQ\YVi `b_SUTebUc Q^T _`UbQd_bc QSS_bTY^W d_ 6HB: 7_Y\Ub Q^T 
EbUccebU KUccU\ 8_TU(

8( :\USdbYSQ\ 8_]`_^U^dc& 9UfYSUc& Q^T 6SSUcc_bYUc4 AYcdUT Q^T \QRU\UT Qc TUVY^UT Y^ C;E6 1*& Ri 
Q aeQ\YVYUT dUcdY^W QWU^Si& Q^T ]Qb[UT V_b Y^dU^TUT \_SQdY_^ Q^T Q``\YSQdY_^(

+(3 9:A>K:GN& HIDG6<:& 6C9 =6C9A>C<

6( =Q^T\Y^W ;\Q]]QR\U AYaeYTc4 GU]_fU Q^T TYc`_cU _V \YaeYTc Vb_] UhYcdY^W ^QdebQ\'WQc `Y`Y^W 
QSS_bTY^W d_ bUaeYbU]U^dc _V QedX_bYdYUc XQfY^W ZebYcTYSdY_^(
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7( 9U\YfUb `Y`Uc Q^T deRUc gYdX VQSd_bi'Q``\YUT U^T SQ`c( BQY^dQY^ U^T SQ`c dXb_eWX cXY``Y^W& 
cd_bQWU& Q^T XQ^T\Y^W d_ `bUfU^d `Y`U U^T TQ]QWU Q^T d_ `bUfU^d U^dbQ^SU _V TYbd& TURbYc& Q^T 

]_YcdebU(

8( Hd_bU Q^T XQ^T\U `Y`Uc Q^T deRUc XQfY^W VQSd_bi'Q``\YUT `b_dUSdYfU S_QdY^Wc d_ Qf_YT TQ]QWY^W 
S_QdY^W& Q^T `b_dUSd Vb_] TYbUSd ce^\YWXd(

+(+* EGD?:8I 8DC9>I>DCH

6( EUbV_b] cYdU cebfUi& bUcUQbSX `eR\YS edY\Ydi bUS_bTc& Q^T fUbYVi UhYcdY^W edY\Ydi \_SQdY_^c( 8_^dQSd 
edY\Ydi'\_SQdY^W cUbfYSU V_b QbUQ gXUbU Eb_ZUSd Yc \_SQdUT(

+(++ 8DDG9>C6I>DC

6( 8__bTY^QdU cYjUc Q^T \_SQdY_^c _V S_^SbUdU RQcUc gYdX QSdeQ\ UaeY`]U^d `b_fYTUT(

7( 8__bTY^QdU bUaeYbU]U^dc V_b QSSUcc `Q^U\c Q^T T__bc V_b fQ\fUc Y^cdQ\\UT S_^SUQ\UT RUXY^T 

VY^YcXUT cebVQSUc( 8_]`\i gYdX bUaeYbU]U^dc Y^ HUSdY_^ *2-++- !6SSUcc 9__bc Q^T ;bQ]Uc(!

PART 2 - PRODUCTS

,(+ E>E:H& IJ7:H& 6C9 ;>II>C<H

6( HdUU\ EY`U4 6HIB 6 /-)6 /-B& R\QS[ cdUU\& HSXUTe\U .*& Ii`U : _b H& <bQTU 7(

+( BQ\\UQR\U'>b_^ IXbUQTUT ;YddY^Wc4 6HB: 7+0(-& 8\Qcc +/*& cdQ^TQbT `QddUb^(
,( Lb_eWXd'HdUU\ LU\TY^W ;YddY^Wc4 6HIB 6 ,-.)6 ,-.B V_b Redd gU\TY^W Q^T c_S[Ud 

gU\TY^W(
-( J^Y_^c4 6HB: 7+0(-3& 8\Qcc +/*& ]Q\\UQR\U Yb_^ gYdX RbQcc'd_'Yb_^ cUQd& Wb_e^T Z_Y^d& 

Q^T dXbUQTUT U^Tc(

.( ;_bWUT'HdUU\ ;\Q^WUc Q^T ;\Q^WUT ;YddY^Wc4 6HB: 7+0(/& ]Y^Y]e] 8\Qcc +/*& Y^S\eTY^W 
R_\dc& ^edc& Q^T WQc[Udc _V dXU V_\\_gY^W ]QdUbYQ\ Wb_e`& U^T S_^^USdY_^c& Q^T VQSY^Wc4

Q( BQdUbYQ\ <b_e`4 +(+(
R( :^T 8_^^USdY_^c4 IXbUQTUT _b Redd gU\TY^W d_ ]QdSX `Y`U(
S( AQ``UT ;QSU4 C_d `Ub]YddUT e^TUbWb_e^T(

T( <Qc[Ud BQdUbYQ\c4 6HB: 7+0(,*& ]UdQ\\YS& V\Qd& QcRUcd_c VbUU& Q\e]Y^e] _'bY^Wc& 
Q^T c`YbQ\'g_e^T ]UdQ\ WQc[Udc(

U( 7_\dc Q^T Cedc4 6HB: 7+2(,(+& SQbR_^ cdUU\ QR_fUWb_e^T Q^T cdQY^\Ucc cdUU\ 

e^TUbWb_e^T(

/( Eb_dUSdYfU 8_QdY^W V_b J^TUbWb_e^T EY`Y^W4 ;QSd_bi'Q``\YUT& dXbUU'\QiUb S_QdY^W _V 
U`_hi& QTXUcYfU& Q^T E:(

Q( ?_Y^d 8_fUb @Ydc4 :`_hi `QY^d& QTXUcYfU& Q^T XUQd'cXbY^[ E: c\UUfUc(
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,(, E>E>C< HE:8>6AI>:H

6( 6``\YQ^SU ;\UhYR\U 8_^^USd_bc4

+( >^T__b& ;YhUT'6``\YQ^SU ;\UhYR\U 8_^^USd_bc4 8_]`\i gYdX 6CH> O,+(,.(
,( >^T__b& B_fQR\U'6``\YQ^SU ;\UhYR\U 8_^^USd_bc4 8_]`\i gYdX 6CH> O,+(03(

-( DedT__b& 6``\YQ^SU ;\UhYR\U 8_^^USd_bc4 8_]`\i gYdX 6CH> O,+(1/(
.( 8_bbeWQdUT cdQY^\Ucc'cdUU\ deRY^W gYdX `_\i]Ub S_QdY^W(
/( D`UbQdY^W'EbUccebU GQdY^W4 *(/ `cYW(

0( :^T ;YddY^Wc4 OY^S'S_QdUT cdUU\(
1( IXbUQTUT :^Tc4 8_]`\i gYdX 6HB: 7+(,*(+(
2( BQhY]e] AU^WdX4 1, Y^SXUc

7( FeYS['9YcS_^^USd 9UfYSUc4 8_]`\i gYdX 6CH> O,+(.+(

+( 8_``Ub'Q\\_i S_^fU^YU^SU _ed\Ud Q^T ]QdSXY^W `\eW S_^^USd_b(
,( CYdbY\U cUQ\c(

-( =Q^T _`UbQdUT gYdX Qed_]QdYS cXed_VV gXU^ TYcS_^^USdUT(
.( ;_b Y^T__b _b _edT__b Q``\YSQdY_^c(
/( 6TZecdQR\U& bUdbQSdQR\U bUcdbQY^Y^W SQR\U(

8( N'EQddUb^ HdbQY^Ubc4

+( 7_Ti4 6HIB 6 +,0& 8\Qcc 7& SQcd Yb_^ gYdX R_\dUT S_fUb Q^T R_dd_] TbQY^ S_^^USdY_^(
,( :^T 8_^^USdY_^c4 IXbUQTUT U^Tc V_b CEH , Q^T c]Q\\Ub5 V\Q^WUT U^Tc V_b CEH ,'+), Q^T 

\QbWUb(
-( HdbQY^Ub HSbUU^4 .*']UcX cdQbde` cdbQY^Ub Q^T `UbV_bQdUT cdQY^\Ucc'cdUU\ RQc[Ud gYdX /* 

`UbSU^d VbUU QbUQ(
.( 8LE GQdY^W4 +,/ `cYW(

9( LUQdXUb`b__V KU^d 8Q`4 8Qcd' _b ]Q\\UQR\U'Yb_^ Y^SbUQcUb VYddY^W gYdX S_bb_cY_^'bUcYcdQ^d gYbU 

cSbUU^& gYdX VbUU QbUQ Qd \UQcd UaeQ\ d_ Sb_cc'cUSdY_^Q\ QbUQ _V S_^^USdY^W `Y`U Q^T dXbUQTUT'U^T 
S_^^USdY_^(

,(- ?D>C>C< B6I:G>6AH

6( ?_Y^d 8_]`_e^T Q^T IQ`U4 HeYdQR\U V_b ^QdebQ\ WQc(

7( LU\TY^W ;Y\\Ub BUdQ\c4 8_]`\i gYdX 6LH 9+*(+,)9+*(+,B V_b gU\TY^W ]QdUbYQ\c Q``b_`bYQdU 
V_b gQ\\ dXYS[^Ucc Q^T SXU]YSQ\ Q^Q\icYc _V cdUU\ `Y`U RUY^W gU\TUT(

8( 7bQjY^W ;Y\\Ub BUdQ\c4 6\\_i gYdX ]U\dY^W `_Y^d WbUQdUb dXQ^ +*** TUW ; S_]`\iY^W gYdX 
6LH 6/(2)6/(2B( 7bQjY^W Q\\_ic S_^dQY^Y^W ]_bU dXQ^ *(*/ `UbSU^d `X_c`X_bec QbU 
`b_XYRYdUT(
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,(. B6CJ6A <6H H=JID;; K6AK:H

6( HUU !J^TUbWb_e^T BQ^eQ\ <Qc HXed_VV KQ\fU HSXUTe\U! Q^T !6R_fUWb_e^T BQ^eQ\ <Qc 

HXed_VV KQ\fU HSXUTe\U! 6bdYS\Uc V_b gXUbU UQSX fQ\fU di`U Yc Q``\YUT Y^ fQbY_ec cUbfYSUc(

7( <U^UbQ\ GUaeYbU]U^dc V_b BUdQ\\YS KQ\fUc& CEH , Q^T H]Q\\Ub4 8_]`\i gYdX 6HB: 7+0(--(

+( 8LE GQdY^W4 +,/ `cYW(

,( IXbUQTUT :^Tc4 8_]`\i gYdX 6HB: 7+(,*(+(
-( 9bicUQ\ IXbUQTc _^ ;\QbU :^Tc4 8_]`\i gYdX 6HB: 7+(,*(-(
.( IQ]`Ub`b__V ;UQdebU4 A_S[Y^W VUQdebU V_b fQ\fUc Y^TYSQdUT Y^ !J^TUbWb_e^T BQ^eQ\ <Qc 

HXed_VV KQ\fU HSXUTe\U! Q^T !6R_fUWb_e^T BQ^eQ\ <Qc HXed_VV KQ\fU HSXUTe\U! 
6bdYS\Uc(

/( AYcdY^W4 AYcdUT Q^T \QRU\UT Ri Q^ CGIA QSSU`dQR\U d_ QedX_bYdYUc XQfY^W ZebYcTYSdY_^ V_b 

fQ\fUc + Y^SX Q^T c]Q\\Ub(
0( HUbfYSU BQb[4 KQ\fUc +'+). Y^SXUc d_ CEH , cXQ\\ XQfU Y^YdYQ\c !LD<! `Ub]Q^U^d\i 

]Qb[UT _^ fQ\fU R_Ti(

8( <U^UbQ\ GUaeYbU]U^dc V_b BUdQ\\YS KQ\fUc& CEH ,'+), Q^T AQbWUb4 8_]`\i gYdX 6HB: 7+0(-2(

+( 8LE GQdY^W4 P+,/ `cYW(
,( ;\Q^WUT :^Tc4 8_]`\i gYdX 6HB: 7+0(/ V_b cdUU\ V\Q^WUc(

-( IQ]`Ub`b__V ;UQdebU4 A_S[Y^W VUQdebU V_b fQ\fUc Y^TYSQdUT Y^ !J^TUbWb_e^T BQ^eQ\ <Qc 
HXed_VV KQ\fU HSXUTe\U! Q^T !6R_fUWb_e^T BQ^eQ\ <Qc HXed_VV KQ\fU HSXUTe\U! 
6bdYS\Uc(

.( HUbfYSU BQb[4 >^YdYQ\c !LD<! cXQ\\ RU `Ub]Q^U^d\i ]Qb[UT _^ fQ\fU R_Ti(

9( D^U'EYUSU& 7b_^jU 7Q\\ KQ\fU gYdX 7b_^jU IbY]4 BHH HE'++*(

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 
_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( 7bQcc8bQVd BQ^eVQSdebY^W 8_]`Q^i5 Q BQcS_ S_]`Q^i(
R( 8_^RbQS_ >^TecdbYUc& >^S(5 6`_\\_ 9Yf(
S( AiQ\\& G( L( " 8_]`Q^i& >^S(

T( BS9_^Q\T& 6( N( BVW( 8_(
U( EUbVUSdY_^ 8_b`_bQdY_^5 Q ceRcYTYQbi _V 6]UbYSQ^ BUdUb 8_]`Q^i(

,( 7_Ti4 7b_^jU& S_]`\iY^W gYdX 6HIB 7 /2.(

-( 7Q\\4 8Xb_]U'`\QdUT RbQcc(
.( HdU]4 7b_^jU5 R\_g_ed `b__V(
/( HUQdc4 GUY^V_bSUT I;:5 R\_g_ed `b__V(

0( EQS[Y^W4 HU`QbQdU `QS[^ed gYdX QTZecdQR\U'cdU] `QS[Y^W dXbUQTUT U^Tc(
1( :^Tc4 IXbUQTUT& V\QbUT& _b c_S[Ud Qc Y^TYSQdUT Y^ !J^TUbWb_e^T BQ^eQ\ <Qc HXed_VV 

KQ\fU HSXUTe\U! Q^T !6R_fUWb_e^T BQ^eQ\ <Qc HXed_VV KQ\fU HSXUTe\U! 6bdYS\Uc(

2( 8LE GQdY^W4 0** `cYW(
3( AYcdY^W4 KQ\fUc CEH + Q^T c]Q\\Ub cXQ\\ RU \YcdUT Q^T \QRU\UT Ri Q^ CGIA QSSU`dQR\U d_ 

QedX_bYdYUc XQfY^W ZebYcTYSdY_^(
+*( HUbfYSU4 HeYdQR\U V_b ^QdebQ\'WQc cUbfYSU gYdX !LD<! Y^TYSQdUT _^ fQ\fU R_Ti(
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:( Ig_'EYUSU& ;e\\'E_bd& 7b_^jU 7Q\\ KQ\fUc gYdX 7b_^jU IbY]4 BHH HE'++*(

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 

_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( 7bQcc8bQVd BQ^eVQSdebY^W 8_]`Q^i5 Q BQcS_ S_]`Q^i(

R( 8_^RbQS_ >^TecdbYUc& >^S(5 6`_\\_ 9Yf(
S( AiQ\\& G( L( " 8_]`Q^i& >^S(
T( BS9_^Q\T& 6( N( BVW( 8_(

U( EUbVUSdY_^ 8_b`_bQdY_^5 Q ceRcYTYQbi _V 6]UbYSQ^ BUdUb 8_]`Q^i(

,( 7_Ti4 7b_^jU& S_]`\iY^W gYdX 6HIB 7 /2.(
-( 7Q\\4 8Xb_]U'`\QdUT Rb_^jU(

.( HdU]4 7b_^jU5 R\_g_ed `b__V(
/( HUQdc4 GUY^V_bSUT I;:5 R\_g_ed `b__V(
0( EQS[Y^W4 IXbUQTUT'R_Ti `QS[^ed TUcYW^ gYdX QTZecdQR\U'cdU] `QS[Y^W(

1( :^Tc4 IXbUQTUT& V\QbUT& _b c_S[Ud Qc Y^TYSQdUT Y^ !J^TUbWb_e^T BQ^eQ\ <Qc HXed_VV 
KQ\fU HSXUTe\U! Q^T !6R_fUWb_e^T BQ^eQ\ <Qc HXed_VV KQ\fU HSXUTe\U! 6bdYS\Uc(

2( 8LE GQdY^W4 0** `cYW(

3( AYcdY^W4 KQ\fUc CEH + Q^T c]Q\\Ub cXQ\\ RU \YcdUT Q^T \QRU\UT Ri Q^ CGIA QSSU`dQR\U d_ 
QedX_bYdYUc XQfY^W ZebYcTYSdY_^(

+*( HUbfYSU4 HeYdQR\U V_b ^QdebQ\'WQc cUbfYSU gYdX !LD<! Y^TYSQdUT _^ fQ\fU R_Ti(

;( 7b_^jU E\eW KQ\fUc4 BHH HE'12(

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 

_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( AUU 7bQcc 8_]`Q^i(

R( BS9_^Q\T& 6( N( BVW( 8_(

,( 7_Ti4 7b_^jU& S_]`\iY^W gYdX 6HIB 7 /2.(
-( E\eW4 7b_^jU(

.( :^Tc4 IXbUQTUT& c_S[Ud& _b V\Q^WUT Qc Y^TYSQdUT Y^ !J^TUbWb_e^T BQ^eQ\ <Qc HXed_VV 
KQ\fU HSXUTe\U! Q^T !6R_fUWb_e^T BQ^eQ\ <Qc HXed_VV KQ\fU HSXUTe\U! 6bdYS\Uc(

/( D`UbQd_b4 HaeQbU XUQT _b \eW di`U gYdX dQ]`Ub`b__V VUQdebU gXUbU Y^TYSQdUT(

0( EbUccebU 8\Qcc4 +,/ `cYW(
1( AYcdY^W4 KQ\fUc CEH + Q^T c]Q\\Ub cXQ\\ RU \YcdUT Q^T \QRU\UT Ri Q^ CGIA QSSU`dQR\U d_ 

QedX_bYdYUc XQfY^W ZebYcTYSdY_^(

2( HUbfYSU4 HeYdQR\U V_b ^QdebQ\'WQc cUbfYSU gYdX !LD<! Y^TYSQdUT _^ fQ\fU R_Ti(

<( 8Qcd'>b_^& AeRbYSQdUT E\eW KQ\fUc4 BHH HE'12(

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 

_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( ;\_gcUbfU(
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R( =_]UcdUQT KQ\fU5 Q TYfYcY_^ _V D\c_^ IUSX^_\_WYUc& >^S(
S( BS9_^Q\T& 6( N( BVW( 8_(

T( BY\\Y[U^ KQ\fU 8_]`Q^i(
U( BeU\\Ub 8_(5 <Qc Eb_TeSdc 9Yf(
V( G"B :^UbWi HicdU]c& 6 J^Yd _V G_RRY^c " BiUbc& >^S(

,( 7_Ti4 8Qcd Yb_^& S_]`\iY^W gYdX 6HIB 6 +,0& 8\Qcc 7(
-( E\eW4 7b_^jU _b ^YS[U\'`\QdUT SQcd Yb_^(
.( HUQd4 8_QdUT gYdX dXUb]_`\QcdYS(

/( HdU] HUQ\4 8_]`QdYR\U gYdX ^QdebQ\ WQc(
0( :^Tc4 IXbUQTUT _b V\Q^WUT Qc Y^TYSQdUT Y^ !J^TUbWb_e^T BQ^eQ\ <Qc HXed_VV KQ\fU 

HSXUTe\U! Q^T !6R_fUWb_e^T BQ^eQ\ <Qc HXed_VV KQ\fU HSXUTe\U! 6bdYS\Uc(

1( D`UbQd_b4 HaeQbU XUQT _b \eW di`U gYdX dQ]`Ub`b__V VUQdebU gXUbU Y^TYSQdUT(
2( EbUccebU 8\Qcc4 +,/ `cYW(
3( AYcdY^W4 KQ\fUc CEH + Q^T c]Q\\Ub cXQ\\ RU \YcdUT Q^T \QRU\UT Ri Q^ CGIA QSSU`dQR\U d_ 

QedX_bYdYUc XQfY^W ZebYcTYSdY_^(
+*( HUbfYSU4 HeYdQR\U V_b ^QdebQ\'WQc cUbfYSU gYdX !LD<! Y^TYSQdUT _^ fQ\fU R_Ti(

=( KQ\fU 7_hUc4

+( 8Qcd'Yb_^& dg_'cUSdY_^ R_h(
,( I_` cUSdY_^ gYdX S_fUb gYdX !<6H! \UddUbY^W(
-( 7_dd_] cUSdY_^ gYdX RQcU d_ VYd _fUb fQ\fU Q^T RQbbU\ Q ]Y^Y]e] _V / Y^SXUc Y^ TYQ]UdUb(

.( 6TZecdQR\U SQcd'Yb_^ UhdU^cY_^c _V \U^WdX bUaeYbUT V_b TU`dX _V Rebi(
/( >^S\eTU dUU'XQ^T\U& cdUU\ _`UbQdY^W gbU^SX gYdX c_S[Ud U^T VYddY^W fQ\fU ^ed _b V\Qd XUQT& 

Q^T gYdX cdU] _V \U^WdX bUaeYbUT d_ _`UbQdU fQ\fU(

,(/ BDIDG>O:9 <6H K6AK:H

6( 6ed_]QdYS <Qc KQ\fUc4 8_]`\i gYdX 6CH> O,+(,+(

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 
_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( 6H8D E_gUb IUSX^_\_WYUc& AE5 9YfYcY_^ _V :]Ubc_^(
R( 9e^Wc& @Qb\& >^S(
S( :Qd_^ 8_b`_bQdY_^5 8_^db_\c 9Yf(

T( :S\Y`cU 8_]RecdY_^& >^S(
U( =_^UigU\\ >^dUb^QdY_^Q\ >^S(
V( ?_X^c_^ 8_^db_\c(

,( 7_Ti4 7bQcc _b Q\e]Y^e](
-( HUQdc Q^T 9YcS4 CYdbY\U beRRUb(
.( H`bY^Wc Q^T KQ\fU IbY]4 HdQY^\Ucc cdUU\(

/( C_b]Q\\i S\_cUT(
0( KYceQ\ `_cYdY_^ Y^TYSQd_b(

1( :\USdbYSQ\ _`UbQd_b V_b QSdeQdY_^ Ri Q``\YQ^SU Qed_]QdYS cXed_VV TUfYSU(
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,(0 EG:HHJG: G:<JA6IDGH

6( <U^UbQ\ GUaeYbU]U^dc4

+( HY^W\U cdQWU Q^T ceYdQR\U V_b ^QdebQ\ WQc(
,( HdUU\ ZQS[Ud Q^T S_bb_cY_^'bUcYcdQ^d S_]`_^U^dc(
-( :\UfQdY_^ S_]`U^cQd_b(

.( :^T 8_^^USdY_^c4 IXbUQTUT V_b bUWe\Qd_bc CEH , Q^T c]Q\\Ub5 V\Q^WUT V_b bUWe\Qd_bc 
CEH ,'+), Q^T \QbWUb(

7( AY^U EbUccebU GUWe\Qd_bc4 8_]`\i gYdX 6CH> O,+(2*(

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 
_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( 6SdQbYc(
R( 6]UbYSQ^ BUdUb 8_]`Q^i(
S( :S\Y`cU 8_]RecdY_^& >^S(

T( ;YcXUb 8_^db_\ KQ\fUc Q^T GUWe\Qd_bc5 9YfYcY_^ _V :]Ubc_^ Eb_SUcc BQ^QWU]U^d(
U( >^fU^cic(
V( BQhYdb_\ 8_]`Q^i(

W( GYSXQbTc >^TecdbYUc5 ?_bTQ^ KQ\fU 9Yf(

,( 7_Ti Q^T 9YQ`XbQW] 8QcU4 8Qcd Yb_^ _b TYU'SQcd Q\e]Y^e](
-( H`bY^Wc4 OY^S'`\QdUT cdUU\5 Y^dUbSXQ^WUQR\U(

.( 9YQ`XbQW] E\QdU4 OY^S'`\QdUT cdUU\(
/( HUQd 9YcS4 CYdbY\U beRRUb bUcYcdQ^d d_ WQc Y]`ebYdYUc& QRbQcY_^& Q^T TUV_b]QdY_^ Qd dXU 

fQ\fU `_bd(
0( DbYVYSU4 6\e]Y^e]5 Y^dUbSXQ^WUQR\U(
1( HUQ\ E\eW4 J\dbQfY_\Ud'cdQRY\YjUT& ]Y^UbQ\'VY\\UT ^i\_^(

2( HY^W\U'`_bd& cU\V'S_^dQY^UT bUWe\Qd_b gYdX _bYVYSU ^_ \QbWUb dXQ^ bUaeYbUT Qd ]QhY]e] 
`bUccebU Y^\Ud& Q^T ^_ `bUccebU cU^cY^W `Y`Y^W UhdUb^Q\ d_ dXU bUWe\Qd_b(

3( EbUccebU bUWe\Qd_b cXQ\\ ]QY^dQY^ TYcSXQbWU `bUccebU cUddY^W T_g^cdbUQ]& Q^T ^_d UhSUUT 

+/* `UbSU^d _V TUcYW^ TYcSXQbWU `bUccebU Qd cXed_VV(
+*( DfUb`bUccebU Eb_dUSdY_^ 9UfYSU4 ;QSd_bi ]_e^dUT _^ `bUccebU bUWe\Qd_b(
++( 6d]_c`XUbYS KU^d4 ;QSd_bi' _b VYU\T'Y^cdQ\\UT& cdQY^\Ucc'cdUU\ cSbUU^ Y^ _`U^Y^W YV ^_d 

S_^^USdUT d_ fU^d `Y`Y^W(
+,( BQhY]e] >^\Ud EbUccebU4 / `cYW(

8( 6``\YQ^SU EbUccebU GUWe\Qd_bc4 8_]`\i gYdX 6CH> O,+(+2(

+( BQ^eVQSdebUbc4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& QfQY\QR\U ]Q^eVQSdebUbc 
_VVUbY^W `b_TeSdc dXQd ]Qi RU Y^S_b`_bQdUT Y^d_ dXU L_b[ Y^S\eTU& Red QbU ^_d \Y]YdUT d_& 
dXU V_\\_gY^W4

Q( 8Q^QTYQ^ BUdUb 8_]`Q^i >^S(
R( :Qd_^ 8_b`_bQdY_^5 8_^db_\c 9Yf(

S( =Qb`Ub Li]Q^ 8_(
T( BQhYdb_\ 8_]`Q^i(
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U( H8E& >^S(

,( 7_Ti Q^T 9YQ`XbQW] 8QcU4 9YU'SQcd Q\e]Y^e](

-( H`bY^Wc4 OY^S'`\QdUT cdUU\5 Y^dUbSXQ^WUQR\U(
.( 9YQ`XbQW] E\QdU4 OY^S'`\QdUT cdUU\(
/( HUQd 9YcS4 CYdbY\U beRRUb(

0( HUQ\ E\eW4 J\dbQfY_\Ud'cdQRY\YjUT& ]Y^UbQ\'VY\\UT ^i\_^(
1( ;QSd_bi'6``\YUT ;Y^YcX4 BY^Y]e] dXbUU'\QiUb `_\iUcdUb Q^T `_\iebUdXQ^U `QY^d VY^YcX(
2( GUWe\Qd_b ]Qi Y^S\eTU fU^d \Y]YdY^W TUfYSU& Y^cdUQT _V fU^d S_^^USdY_^& YV Q``b_fUT Ri 

QedX_bYdYUc XQfY^W ZebYcTYSdY_^(
3( BQhY]e] >^\Ud EbUccebU4 / `cYW(

,(1 9>:A:8IG>8 ;>II>C<H

6( <U^UbQ\ GUaeYbU]U^dc4 6ccU]R\i _V S_``Ub Q\\_i Q^T VUbb_ec ]QdUbYQ\c gYdX cU`QbQdY^W 
^_^S_^TeSdYfU Y^ce\QdY^W ]QdUbYQ\( >^S\eTU U^T S_^^USdY_^c S_]`QdYR\U gYdX `Y`Uc d_ RU Z_Y^UT(

7( 9YU\USdbYS J^Y_^c4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4  HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU LY\[Y^c5 Q 
Oeb^ S_]`Q^i5 B_TU\ 9J7> _b S_]`QbQR\U `b_TeSd Ri _^U _V dXU V_\\_gY^W4

Q( 8Q`Yd_\ BQ^eVQSdebY^W 8_]`Q^i(

R( 8U^dbQ\ E\QcdYSc 8_]`Q^i(
S( =Qbd >^TecdbYUc >^dUb^QdY_^Q\& >^S(
T( ?_]Qb >^dUb^QdY_^Q\ AdT(

U( BQdS_'C_bSQ& >^S(
V( BS9_^Q\T& 6( N( BVW( 8_(

W( LQddc GUWe\Qd_b 8_(5 Q TYfYcY_^ _V LQddc LQdUb IUSX^_\_WYUc& >^S(

,( 9UcSbY`dY_^4

Q( HdQ^TQbT4 6HH: +*13(

R( EbUccebU GQdY^W4 +,/ `cYW(
S( :^T 8_^^USdY_^c4 H_\TUb'Z_Y^d S_``Ub Q\\_i Q^T dXbUQTUT VUbb_ec(

8( 9YU\USdbYS ;\Q^WUc4

+( 7QcYc'_V'9UcYW^ Eb_TeSd4 HeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc& `b_fYTU LY\[Y^c5 Q 
Oeb^ S_]`Q^i5 B_TU\ 9J7> _b S_]`QbQR\U `b_TeSd Ri _^U _V dXU V_\\_gY^W4

Q( 8Q`Yd_\ BQ^eVQSdebY^W 8_]`Q^i(

R( 8U^dbQ\ E\QcdYSc 8_]`Q^i(
S( BQdS_'C_bSQ& >^S(
T( LQddc GUWe\Qd_b 8_(5 Q TYfYcY_^ _V LQddc LQdUb IUSX^_\_WYUc& >^S(

,( 9UcSbY`dY_^4

Q( HdQ^TQbT4 6HH: +*13(



DVVcX_bU LY^T HQVUdi 8U^dUb ' IbQY^Y^W G__] >cceU V_b EUb]Yd

6d\Q^dYS 8Ydi& C? DSd_RUb ,1& ,*,+

;68>A>IN C6IJG6A'<6H E>E>C< ,, ++ ,- ' +*

R( ;QSd_bi'VQRbYSQdUT& R_\dUT& S_]`Q^Y_^'V\Q^WU QccU]R\i(
S( EbUccebU GQdY^W4 +,/ `cYW ]Y^Y]e] Qd +2* TUW ;(

T( :^T 8_^^USdY_^c4 H_\TUb'Z_Y^d S_``Ub Q\\_i Q^T dXbUQTUT VUbb_ec5 dXbUQTUT c_\TUb'
Z_Y^d S_``Ub Q\\_i Q^T dXbUQTUT VUbb_ec(

,(2 A67:A>C< 6C9 >9:CI>;N>C<

6( 9UdUSdQR\U LQb^Y^W IQ`U4 6SYT' Q^T Q\[Q\Y'bUcYcdQ^d& E: VY\] gQb^Y^W dQ`U ]Q^eVQSdebUT V_b 
]Qb[Y^W Q^T YTU^dYViY^W e^TUbWb_e^T edY\YdYUc& Q ]Y^Y]e] _V 0 Y^SXUc gYTU Q^T . ]Y\c dXYS[& 
S_^dY^e_ec\i Y^cSbYRUT gYdX Q TUcSbY`dY_^ _V edY\Ydi& gYdX ]UdQ\\YS S_bU U^SQcUT Y^ Q `b_dUSdYfU 

ZQS[Ud V_b S_bb_cY_^ `b_dUSdY_^& TUdUSdQR\U Ri ]UdQ\ TUdUSd_b gXU^ dQ`U Yc RebYUT e` d_ -* Y^SXUc 
TUU`5 S_\_bUT iU\\_g(

PART 3 - EXECUTION

-(+ :M6B>C6I>DC

6( :hQ]Y^U b_eWXY^W'Y^ V_b ^QdebQ\'WQc `Y`Y^W cicdU] d_ fUbYVi QSdeQ\ \_SQdY_^c _V `Y`Y^W 
S_^^USdY_^c RUV_bU UaeY`]U^d Y^cdQ\\QdY_^(

7( Eb_SUUT gYdX Y^cdQ\\QdY_^ _^\i QVdUb e^cQdYcVQSd_bi S_^TYdY_^c XQfU RUU^ S_bbUSdUT(

-(, EG:E6G6I>DC

6( 8\_cU UaeY`]U^d cXed_VV fQ\fUc RUV_bU deb^Y^W _VV ^QdebQ\ WQc d_ `bU]YcUc _b `Y`Y^W cUSdY_^(

7( >^c`USd ^QdebQ\'WQc `Y`Y^W QSS_bTY^W d_ dXU >^dUb^QdY_^Q\ ;eU\ <Qc 8_TU d_ TUdUb]Y^U dXQd 
^QdebQ\'WQc edY\YjQdY_^ TUfYSUc QbU deb^UT _VV Y^ `Y`Y^W cUSdY_^ QVVUSdUT(

8( 8_]`\i gYdX dXU >^dUb^QdY_^Q\ ;eU\ <Qc 8_TU bUaeYbU]U^dc V_b `bUfU^dY_^ _V QSSYTU^dQ\ 

YW^YdY_^(

-(- DJI9DDG E>E>C< >CHI6AA6I>DC

6( 8_]`\i gYdX dXU >^dUb^QdY_^Q\ ;eU\ <Qc 8_TU V_b Y^cdQ\\QdY_^ Q^T `ebWY^W _V ^QdebQ\'WQc `Y`Y^W(

7( >^cdQ\\ e^TUbWb_e^T& ^QdebQ\'WQc `Y`Y^W RebYUT Qd \UQcd -0 Y^SXUc RU\_g VY^YcXUT WbQTU( 8_]`\i 
gYdX bUaeYbU]U^dc Y^ HUSdY_^ -+,*** !:QbdX B_fY^W! V_b UhSQfQdY^W& dbU^SXY^W& Q^T RQS[VY\\Y^W(

+( >V ^QdebQ\'WQc `Y`Y^W Yc Y^cdQ\\UT \Ucc dXQ^ -0 Y^SXUc RU\_g VY^YcXUT WbQTU& Y^cdQ\\ Yd Y^ 
S_^dQY^]U^d S_^TeYd(

8( >^cdQ\\ e^TUbWb_e^T& E:& ^QdebQ\'WQc `Y`Y^W QSS_bTY^W d_ 6HIB 9 ,11.(

9( >^cdQ\\ VYddY^Wc V_b SXQ^WUc Y^ TYbUSdY_^ Q^T RbQ^SX S_^^USdY_^c(
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:( >^cdQ\\ `bUccebU WQWU T_g^cdbUQ] _V UQSX cUbfYSU bUWe\Qd_b( EbUccebU WQWUc QbU c`USYVYUT Y^ 
HUSdY_^ ,,*/+3 !BUdUbc Q^T <QWUc V_b =K68 EY`Y^W(!

-(. >C9DDG E>E>C< >CHI6AA6I>DC

6( 8_]`\i gYdX dXU >^dUb^QdY_^Q\ ;eU\ <Qc 8_TU V_b Y^cdQ\\QdY_^ Q^T `ebWY^W _V ^QdebQ\'WQc `Y`Y^W(

7( 9bQgY^W `\Q^c& cSXU]QdYSc& Q^T TYQWbQ]c Y^TYSQdU WU^UbQ\ \_SQdY_^ Q^T QbbQ^WU]U^d _V `Y`Y^W 

cicdU]c( >^TYSQdUT \_SQdY_^c Q^T QbbQ^WU]U^dc QbU ecUT d_ cYjU `Y`U Q^T SQ\Se\QdU VbYSdY_^ \_cc& 
Uh`Q^cY_^& Q^T _dXUb TUcYW^ S_^cYTUbQdY_^c( >^cdQ\\ `Y`Y^W Qc Y^TYSQdUT e^\Ucc TUfYQdY_^c d_ 
\Qi_ed QbU Q``b_fUT _^ 8__bTY^QdY_^ 9bQgY^Wc(

8( 6bbQ^WU V_b `Y`U c`QSUc& SXQcUc& c\_dc& c\UUfUc& Q^T _`U^Y^Wc Y^ ReY\TY^W cdbeSdebU TebY^W 
`b_WbUcc _V S_^cdbeSdY_^& d_ Q\\_g V_b ]USXQ^YSQ\ Y^cdQ\\QdY_^c(

9( >^cdQ\\ `Y`Y^W Y^ S_^SUQ\UT \_SQdY_^c e^\Ucc _dXUbgYcU Y^TYSQdUT Q^T UhSU`d Y^ UaeY`]U^d b__]c 

Q^T cUbfYSU QbUQc(

:( >^cdQ\\ `Y`Y^W Y^TYSQdUT d_ RU Uh`_cUT Q^T `Y`Y^W Y^ UaeY`]U^d b__]c Q^T cUbfYSU QbUQc Qd bYWXd 
Q^W\Uc _b `QbQ\\U\ d_ ReY\TY^W gQ\\c( 9YQW_^Q\ be^c QbU `b_XYRYdUT e^\Ucc c`USYVYSQ\\i Y^TYSQdUT 

_dXUbgYcU(

;( >^cdQ\\ `Y`Y^W QR_fU QSSUccYR\U SUY\Y^Wc d_ Q\\_g ceVVYSYU^d c`QSU V_b SUY\Y^W `Q^U\ bU]_fQ\(

<( A_SQdU fQ\fUc V_b UQci QSSUcc(

=( >^cdQ\\ ^QdebQ\'WQc `Y`Y^W Qd e^YV_b] WbQTU _V , `UbSU^d T_g^ d_gQbT TbY` Q^T cUTY]U^d dbQ`c(

>( >^cdQ\\ `Y`Y^W VbUU _V cQWc Q^T RU^Tc(

?( >^cdQ\\ VYddY^Wc V_b SXQ^WUc Y^ TYbUSdY_^ Q^T RbQ^SX S_^^USdY_^c(

@( KUbYVi VY^Q\ UaeY`]U^d \_SQdY_^c V_b b_eWXY^W'Y^(

A( 8_]`\i gYdX bUaeYbU]U^dc Y^ HUSdY_^c c`USYViY^W WQc'VYbUT Q``\YQ^SUc Q^T UaeY`]U^d V_b 

b_eWXY^W'Y^ bUaeYbU]U^dc(

B( 9bY`c Q^T HUTY]U^d IbQ`c4 >^cdQ\\ TbY`c Qd `_Y^dc gXUbU S_^TU^cQdU ]Qi S_\\USd& Y^S\eTY^W 
cUbfYSU']UdUb _ed\Udc( A_SQdU gXUbU QSSUccYR\U d_ `Ub]Yd S\UQ^Y^W Q^T U]`diY^W( 9_ ^_d Y^cdQ\\ 

gXUbU S_^TU^cQdU Yc ceRZUSd d_ VbUUjY^W(

+( 8_^cdbeSd TbY`c Q^T cUTY]U^d dbQ`c ecY^W dUU VYddY^W gYdX R_dd_] _ed\Ud `\eWWUT _b SQ``UT( 
JcU ^Y``\U Q ]Y^Y]e] \U^WdX _V - `Y`U TYQ]UdUbc& Red ^_d \Ucc dXQ^ - Y^SXUc \_^W Q^T 

cQ]U cYjU Qc S_^^USdUT `Y`U( >^cdQ\\ gYdX c`QSU RU\_g R_dd_] _V TbY` d_ bU]_fU `\eW _b 
SQ`(

C( :hdU^T bU\YUV fU^d S_^^USdY_^c V_b cUbfYSU bUWe\Qd_bc& \Y^U bUWe\Qd_bc& Q^T _fUb`bUccebU 

`b_dUSdY_^ TUfYSUc d_ _edT__bc Q^T dUb]Y^QdU gYdX gUQdXUb`b__V fU^d SQ`(
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D( 8_^SUQ\ `Y`U Y^cdQ\\QdY_^c Y^ gQ\\c& `Y`U c`QSUc& edY\Ydi c`QSUc& QR_fU SUY\Y^Wc& RU\_g WbQTU _b 
V\__bc& Q^T Y^ V\__b SXQ^^U\c e^\Ucc Y^TYSQdUT d_ RU Uh`_cUT d_ fYUg(

E( 8_^SUQ\UT A_SQdY_^ >^cdQ\\QdY_^c4 :hSU`d Qc c`USYVYUT RU\_g& Y^cdQ\\ S_^SUQ\UT ^QdebQ\'WQc 
`Y`Y^W Q^T `Y`Y^W Y^cdQ\\UT e^TUb dXU ReY\TY^W Y^ S_^dQY^]U^d S_^TeYd S_^cdbeSdUT _V cdUU\ `Y`U 
gYdX gU\TUT Z_Y^dc Qc TUcSbYRUT Y^ EQbd ,( >^cdQ\\ Q fU^d `Y`U Vb_] S_^dQY^]U^d S_^TeYd d_ 

_edT__bc Q^T dUb]Y^QdU gYdX gUQdXUb`b__V fU^d SQ`(

+( 6R_fU 6SSUccYR\U 8UY\Y^Wc4 CQdebQ\'WQc `Y`Y^W& VYddY^Wc& fQ\fUc& Q^T bUWe\Qd_bc ]Qi RU 
Y^cdQ\\UT Y^ QSSUccYR\U c`QSUc gYdX_ed S_^dQY^]U^d S_^TeYd(

,( >^ ;\__b 8XQ^^U\c4 >^cdQ\\ ^QdebQ\'WQc `Y`Y^W Y^ V\__b SXQ^^U\c( 8XQ^^U\c ]ecd XQfU S_fUb 
Q^T RU _`U^ d_ c`QSU QR_fU S_fUb V_b fU^dY\QdY_^(

-( >^ LQ\\c _b EQbdYdY_^c4 Eb_dUSd deRY^W Y^cdQ\\UT Y^cYTU `QbdYdY_^c _b X_\\_g gQ\\c Vb_] 

`XicYSQ\ TQ]QWU ecY^W cdUU\ cdbY[Ub RQbbYUbc Qd bYWYT ce``_bdc(

Q( :hSU`dY_^4 IeRY^W `QccY^W dXb_eWX `QbdYdY_^c _b gQ\\c T_Uc ^_d bUaeYbU cdbY[Ub 
RQbbYUbc(

.( Eb_XYRYdUT A_SQdY_^c4

Q( 9_ ^_d Y^cdQ\\ ^QdebQ\'WQc `Y`Y^W Y^ _b dXb_eWX SYbSe\QdY^W QYb TeSdc& S\_dXUc _b dbQcX 
SXedUc& SXY]^Uic _b WQc fU^dc $V\eUc%& fU^dY\QdY^W TeSdc& _b Te]RgQYdUb _b U\UfQd_b 

cXQVdc(
R( 9_ ^_d Y^cdQ\\ ^QdebQ\'WQc `Y`Y^W Y^ c_\YT gQ\\c _b `QbdYdY_^c(

F( JcU USSU^dbYS bUTeSUb VYddY^Wc d_ ]Q[U bUTeSdY_^c Y^ `Y`U cYjUc( >^cdQ\\ VYddY^Wc gYdX \UfU\ cYTU 

T_g^(

G( 8_^^USd RbQ^SX `Y`Y^W Vb_] d_` _b cYTU _V X_bYj_^dQ\ `Y`Y^W(

H( >^cdQ\\ e^Y_^c Y^ `Y`Uc CEH , Q^T c]Q\\Ub& QTZQSU^d d_ UQSX fQ\fU& Qd VY^Q\ S_^^USdY_^ d_ UQSX 
`YUSU _V UaeY`]U^d( J^Y_^c QbU ^_d bUaeYbUT Qd V\Q^WUT S_^^USdY_^c(

I( 9_ ^_d ecU ^QdebQ\'WQc `Y`Y^W Qc Wb_e^TY^W U\USdb_TU(

J( >^cdQ\\ cdbQY^Ub _^ Y^\Ud _V UQSX \Y^U'`bUccebU bUWe\Qd_b Q^T Qed_]QdYS _b U\USdbYSQ\\i _`UbQdUT 
fQ\fU(

K( >^cdQ\\ `bUccebU WQWU T_g^cdbUQ] Vb_] UQSX \Y^U bUWe\Qd_b( EbUccebU WQWUc QbU c`USYVYUT Y^ 

HUSdY_^ ,,*/+3 !BUdUbc Q^T <QWUc V_b E\e]RY^W EY`Y^W(!

L( >^cdQ\\ c\UUfUc V_b `Y`Y^W `U^UdbQdY_^c _V gQ\\c& SUY\Y^Wc& Q^T V\__bc( 8_]`\i gYdX bUaeYbU]U^dc 
V_b c\UUfUc c`USYVYUT Y^ HUSdY_^ ,,*/+1 !H\UUfUc Q^T H\UUfU HUQ\c V_b E\e]RY^W EY`Y^W(!

M( >^cdQ\\ c\UUfU cUQ\c V_b `Y`Y^W `U^UdbQdY_^c _V S_^SbUdU gQ\\c Q^T c\QRc( 8_]`\i gYdX 
bUaeYbU]U^dc V_b c\UUfU cUQ\c c`USYVYUT Y^ HUSdY_^ ,,*/+1 !H\UUfUc Q^T H\UUfU HUQ\c V_b 
E\e]RY^W EY`Y^W(!

N( >^cdQ\\ UcSedSXU_^c V_b `Y`Y^W `U^UdbQdY_^c _V gQ\\c& SUY\Y^Wc& Q^T V\__bc( 8_]`\i gYdX 
bUaeYbU]U^dc V_b UcSedSXU_^c c`USYVYUT Y^ HUSdY_^ ,,*/+2 !:cSedSXU_^c V_b E\e]RY^W EY`Y^W(!
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-(/ H:GK>8:'B:I:G 6HH:B7AN >CHI6AA6I>DC

6( >^cdQ\\ cUbfYSU']UdUb QccU]R\YUc QR_fUWb_e^T, _^ S_^SbUdU RQcUc(

7( >^cdQ\\ ]UdQ\ cXed_VV fQ\fUc e`cdbUQ] Vb_] cUbfYSU bUWe\Qd_bc( HXed_VV fQ\fUc QbU ^_d bUaeYbUT Qd 
cUS_^T bUWe\Qd_bc YV dg_ bUWe\Qd_bc QbU Y^cdQ\\UT Y^ cUbYUc(

8( >^cdQ\\ cdbQY^Ub _^ Y^\Ud _V cUbfYSU'`bUccebU bUWe\Qd_b Q^T ]UdUb cUd(

9( >^cdQ\\ cUbfYSU bUWe\Qd_bc ]_e^dUT _edcYTU gYdX fU^d _ed\Ud X_bYj_^dQ\ _b VQSY^W T_g^( >^cdQ\\ 
cSbUU^ Y^ fU^d _ed\Ud YV ^_d Y^dUWbQ\ gYdX cUbfYSU bUWe\Qd_b(

:( >^cdQ\\ ]UdQ\ cXed_VV fQ\fUc e`cdbUQ] Vb_] cUbfYSU ]UdUbc( >^cdQ\\ TYU\USdbYS VYddY^Wc T_g^cdbUQ] 

Vb_] cUbfYSU ]UdUbc(

;( >^cdQ\\ cUbfYSU ]UdUbc T_g^cdbUQ] Vb_] `bUccebU bUWe\Qd_bc(

<( >^cdQ\\ ]UdQ\ R_\\QbTc d_ `b_dUSd ]UdUb QccU]R\YUc( 8_]`\i gYdX bUaeYbU]U^dc Y^ HUSdY_^ *//*** 

!BUdQ\ ;QRbYSQdY_^c! V_b `Y`U R_\\QbTc(

-(0 K6AK: >CHI6AA6I>DC

6( >^cdQ\\ ]Q^eQ\ WQc cXed_VV fQ\fU V_b UQSX WQc Q``\YQ^SU QXUQT _V S_bbeWQdUT cdQY^\Ucc'cdUU\ 

deRY^W& Q\e]Y^e]& _b S_``Ub S_^^USd_b(

7( >^cdQ\\ e^TUbWb_e^T fQ\fUc gYdX fQ\fU R_hUc(

8( >^cdQ\\ bUWe\Qd_bc Q^T _fUb`bUccebU `b_dUSdY_^ TUfYSUc gYdX ]QY^dU^Q^SU QSSUcc c`QSU QTUaeQdU 

V_b cUbfYSY^W Q^T dUcdY^W(

9( >^cdQ\\ UQbdXaeQ[U fQ\fUc QR_fUWb_e^T _edcYTU ReY\TY^Wc QSS_bTY^W d_ \YcdY^W(

:( >^cdQ\\ Q^_TU V_b ]UdQ\\YS fQ\fUc Y^ e^TUbWb_e^T E: `Y`Y^W(

-(1 E>E>C< ?D>CI 8DCHIGJ8I>DC

6( GUQ] U^Tc _V `Y`Uc Q^T deRUc Q^T bU]_fU Rebbc(

7( GU]_fU cSQ\U& c\QW& TYbd& Q^T TURbYc Vb_] Y^cYTU Q^T _edcYTU _V `Y`U Q^T VYddY^Wc RUV_bU 
QccU]R\i(

8( IXbUQTUT ?_Y^dc4

+( IXbUQT `Y`U gYdX dQ`UbUT `Y`U dXbUQTc S_]`\iY^W gYdX 6HB: 7+(,*(+(
,( 8ed dXbUQTc Ve\\ Q^T S\UQ^ ecY^W cXQb` TYUc(
-( GUQ] dXbUQTUT `Y`U U^Tc d_ bU]_fU Rebbc Q^T bUcd_bU Ve\\ Y^cYTU TYQ]UdUb _V `Y`U(

.( 6``\i Q``b_`bYQdU dQ`U _b dXbUQT S_]`_e^T d_ UhdUb^Q\ `Y`U dXbUQTc e^\Ucc TbicUQ\ 
dXbUQTY^W Yc c`USYVYUT(
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/( 9Q]QWUT IXbUQTc4 9_ ^_d ecU `Y`U _b `Y`U VYddY^Wc gYdX dXbUQTc dXQd QbU S_bb_TUT _b 
TQ]QWUT( 9_ ^_d ecU `Y`U cUSdY_^c dXQd XQfU SbQS[UT _b _`U^ gU\Tc(

9( LU\TUT ?_Y^dc4

+( 8_^cdbeSd Z_Y^dc QSS_bTY^W d_ 6LH 9+*(+,)9+*(+,B& ecY^W aeQ\YVYUT `b_SUccUc Q^T 
gU\TY^W _`UbQd_bc(

,( 7UfU\ `\QY^ U^Tc _V cdUU\ `Y`U(
-( EQdSX VQSd_bi'Q``\YUT `b_dUSdYfU S_QdY^W Qc bUS_]]U^TUT Ri ]Q^eVQSdebUb Qd VYU\T gU\Tc 

Q^T gXUbU TQ]QWU d_ S_QdY^W _SSebc TebY^W S_^cdbeSdY_^(

:( 7bQjUT ?_Y^dc4 8_^cdbeSd Z_Y^dc QSS_bTY^W d_ 6LH#c !7bQjY^W =Q^TR__[&! !EY`U Q^T IeRU! 
8XQ`dUb(

;( ;\Q^WUT ?_Y^dc4 >^cdQ\\ WQc[Ud ]QdUbYQ\& cYjU& di`U& Q^T dXYS[^Ucc Q``b_`bYQdU V_b ^QdebQ\'WQc 

cUbfYSU( >^cdQ\\ WQc[Ud S_^SU^dbYSQ\\i `_cYdY_^UT(

<( ;\QbUT ?_Y^dc4 8ed deRY^W gYdX b_\\ SeddY^W d__\( ;\QbU deRU U^T gYdX d__\ d_ bUce\d Y^ V\QbU 
TY]U^cY_^c S_]`\iY^W gYdX H6: ?/+-( IYWXdU^ VY^WUb dYWXd& dXU^ ecU gbU^SX( 9_ ^_d 

_fUbdYWXdU^(

=( E: EY`Y^W =UQd';ecY_^ ?_Y^dc4 8\UQ^ Q^T Tbi Z_Y^Y^W cebVQSUc Ri gY`Y^W gYdX S\UQ^ S\_dX _b 
`Q`Ub d_gU\c( ?_Y^ QSS_bTY^W d_ 6HIB 9 ,0/1(

+( E\QY^':^T EY`U Q^T ;YddY^Wc4 JcU Redd VecY_^(
,( E\QY^':^T EY`U Q^T H_S[Ud ;YddY^Wc4 JcU c_S[Ud VecY_^(

-(2 =6C<:G 6C9 HJEEDGI >CHI6AA6I>DC

6( >^cdQ\\ cUYc]YS bUcdbQY^dc _^ `Y`Y^W( 8_]`\i gYdX bUaeYbU]U^dc V_b cUYc]YS'bUcdbQY^d TUfYSUc 
c`USYVYUT Y^ HUSdY_^ ,-*/.2 !KYRbQdY_^ Q^T HUYc]YS 8_^db_\c V_b =K68(!

7( 8_]`\i gYdX bUaeYbU]U^dc V_b `Y`U XQ^WUbc Q^T ce``_bdc c`USYVYUT Y^ HUSdY_^ ,-*/,3 !=Q^WUbc 
Q^T He``_bdc V_b =K68 EY`Y^W Q^T :aeY`]U^d(!

8( >^cdQ\\ XQ^WUbc V_b X_bYj_^dQ\ cdUU\ `Y`Y^W gYdX dXU V_\\_gY^W ]QhY]e] c`QSY^W Q^T ]Y^Y]e] 

b_T cYjUc4

+( CEH + Q^T H]Q\\Ub4 BQhY]e] c`Q^& 30 Y^SXUc5 ]Y^Y]e] b_T cYjU& -)2 Y^SX(
,( CEH +'+).4 BQhY]e] c`Q^& +*2 Y^SXUc5 ]Y^Y]e] b_T cYjU& -)2 Y^SX(

-( CEH +'+), Q^T CEH ,4 BQhY]e] c`Q^& +*2 Y^SXUc5 ]Y^Y]e] b_T cYjU& -)2 Y^SX(
.( CEH ,'+), d_ CEH -'+),4 BQhY]e] c`Q^& +* VUUd5 ]Y^Y]e] b_T cYjU& +), Y^SX(
/( CEH . Q^T AQbWUb4 BQhY]e] c`Q^& +* VUUd5 ]Y^Y]e] b_T cYjU& /)2 Y^SX(

-(3 8DCC:8I>DCH

6( 8_^^USd d_ edY\Ydi#c WQc ]QY^ QSS_bTY^W d_ edY\Ydi#c `b_SUTebUc Q^T bUaeYbU]U^dc(
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7( >^cdQ\\ ^QdebQ\'WQc `Y`Y^W U\USdbYSQ\\i S_^dY^e_ec& Q^T R_^TUT d_ WQc Q``\YQ^SU UaeY`]U^d 
Wb_e^TY^W S_^TeSd_b _V dXU SYbSeYd `_gUbY^W dXU Q``\YQ^SU QSS_bTY^W d_ C;E6 1*(

8( >^cdQ\\ `Y`Y^W QTZQSU^d d_ Q``\YQ^SUc d_ Q\\_g cUbfYSU Q^T ]QY^dU^Q^SU _V Q``\YQ^SUc(

9( 8_^^USd `Y`Y^W d_ Q``\YQ^SUc ecY^W ]Q^eQ\ WQc cXed_VV fQ\fUc Q^T e^Y_^c( >^cdQ\\ fQ\fU gYdXY^ 
1, Y^SXUc _V UQSX WQc'VYbUT Q``\YQ^SU Q^T UaeY`]U^d( >^cdQ\\ e^Y_^ RUdgUU^ fQ\fU Q^T 

Q``\YQ^SUc _b UaeY`]U^d(

:( HUTY]U^d IbQ`c4 >^cdQ\\ dUU VYddY^W gYdX SQ``UT ^Y``\U Y^ R_dd_] d_ V_b] TbY`& Qc S\_cU Qc 
`bQSdYSQ\ d_ Y^\Ud _V UQSX Q``\YQ^SU(

-(+* A67:A>C< 6C9 >9:CI>;N>C<

6( 8_]`\i gYdX bUaeYbU]U^dc Y^ HUSdY_^ ,-*//- !>TU^dYVYSQdY_^ V_b =K68 EY`Y^W Q^T :aeY`]U^d! 
V_b `Y`Y^W Q^T fQ\fU YTU^dYVYSQdY_^(

7( >^cdQ\\ TUdUSdQR\U gQb^Y^W dQ`U TYbUSd\i QR_fU WQc `Y`Y^W& +, Y^SXUc RU\_g VY^YcXUT WbQTU& 
UhSU`d 0 Y^SXUc RU\_g ceRWbQTU e^TUb `QfU]U^dc Q^T c\QRc(

-(++ E6>CI>C<

6( 8_]`\i gYdX bUaeYbU]U^dc Y^ HUSdY_^ *33++- !:hdUbY_b EQY^dY^W! Q^T HUSdY_^ *33+,- !>^dUbY_b 
EQY^dY^W! V_b `QY^dY^W Y^dUbY_b Q^T UhdUbY_b ^QdebQ\'WQc `Y`Y^W(

7( EQY^d Uh`_cUT& UhdUbY_b ]UdQ\ `Y`Y^W& fQ\fUc& cUbfYSU bUWe\Qd_bc& cUbfYSU ]UdUbc Q^T ]UdUb RQbc& 

UQbdXaeQ[U fQ\fUc& Q^T `Y`Y^W c`USYQ\dYUc& UhSU`d S_]`_^U^dc& gYdX VQSd_bi'Q``\YUT `QY^d _b 
`b_dUSdYfU S_QdY^W(

+( 6\[iT HicdU]4 BE> :MI /(+9(

Q( EbY]U 8_Qd4 6\[iT Q^dYS_bb_cYfU ]UdQ\ `bY]Ub(
R( >^dUb]UTYQdU 8_Qd4 :hdUbY_b Q\[iT U^Q]U\ ]QdSXY^W d_`S_Qd(

S( I_`S_Qd4 :hdUbY_b Q\[iT U^Q]U\ cU]YW\_cc(
T( 8_\_b4 EY`U k HQVUdi NU\\_g& 6SSUcc_bYUc ' <bQi(

8( 9Q]QWU Q^T I_eSXe`4 GU`QYb ]QbbUT Q^T TQ]QWUT VQSd_bi'Q``\YUT VY^YcXUc gYdX ]QdUbYQ\c Q^T 

Ri `b_SUTebUc d_ ]QdSX _bYWY^Q\ VQSd_bi VY^YcX(

-(+, 8DC8G:I: 76H:H

6( 8_^SbUdU 7QcUc4 6^SX_b UaeY`]U^d d_ S_^SbUdU RQcU(

+( 8_^cdbeSd S_^SbUdU RQcUc _V TY]U^cY_^c Y^TYSQdUT& Red ^_d \Ucc dXQ^ . Y^SXUc \QbWUb Y^ R_dX 
TYbUSdY_^c dXQ^ ce``_bdUT e^Yd(

,( >^cdQ\\ T_gU\ b_Tc d_ S_^^USd S_^SbUdU RQcU d_ S_^SbUdU V\__b( J^\Ucc _dXUbgYcU Y^TYSQdUT& 

Y^cdQ\\ T_gU\ b_Tc _^ +2'Y^SX SU^dUbc Qb_e^T dXU Ve\\ `UbY]UdUb _V dXU RQcU(
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-( >^cdQ\\ U`_hi'S_QdUT Q^SX_b R_\dc V_b ce``_bdUT UaeY`]U^d dXQd UhdU^T dXb_eWX S_^SbUdU 
RQcU& Q^T Q^SX_b Y^d_ cdbeSdebQ\ S_^SbUdU V\__b(

.( E\QSU Q^T cUSebU Q^SX_bQWU TUfYSUc( JcU ce``_bdUT UaeY`]U^d ]Q^eVQSdebUb#c cUddY^W 
TbQgY^Wc& dU]`\QdUc& TYQWbQ]c& Y^cdbeSdY_^c& Q^T TYbUSdY_^c Veb^YcXUT gYdX YdU]c d_ RU 
U]RUTTUT(

/( >^cdQ\\ Q^SX_b R_\dc d_ U\UfQdY_^c bUaeYbUT V_b `b_`Ub QddQSX]U^d d_ ce``_bdUT UaeY`]U^d(
0( JcU -***'`cYW& ,2'TQi& S_]`bUccYfU'cdbU^WdX S_^SbUdU Q^T bUY^V_bSU]U^d Qc c`USYVYUT Y^ 

HUSdY_^ *--*** !8Qcd'Y^'E\QSU 8_^SbUdU(!

-(+- ;>:A9 FJ6A>IN 8DCIGDA

6( EUbV_b] dUcdc Q^T Y^c`USdY_^c(

7( IUcdc Q^T >^c`USdY_^c4

+( IUcd& Y^c`USd& Q^T `ebWU ^QdebQ\ WQc QSS_bTY^W d_ dXU >^dUb^QdY_^Q\ ;eU\ <Qc 8_TU Q^T 
QedX_bYdYUc XQfY^W ZebYcTYSdY_^(

8( CQdebQ\'WQc `Y`Y^W gY\\ RU S_^cYTUbUT TUVUSdYfU YV Yd T_Uc ^_d `Qcc dUcdc Q^T Y^c`USdY_^c(

9( EbU`QbU dUcd Q^T Y^c`USdY_^ bU`_bdc(

-(+. 9:BDCHIG6I>DC

6( :^WQWU Q VQSd_bi'QedX_bYjUT cUbfYSU bU`bUcU^dQdYfU d_ dbQY^ Dg^Ub#c ]QY^dU^Q^SU `Ubc_^^U\ d_ 

QTZecd& _`UbQdU& Q^T ]QY^dQY^ UQbdXaeQ[U fQ\fUc(

-(+/ DJI9DDG E>E>C< H8=:9JA:

6( J^TUbWb_e^T ^QdebQ\'WQc `Y`Y^W cXQ\\ RU dXU V_\\_gY^W4

+( E: `Y`U Q^T VYddY^Wc Z_Y^UT Ri XUQd VecY_^& _b ]USXQ^YSQ\ S_e`\Y^Wc5 cUbfYSU'\Y^U bYcUbc 
gYdX dbQSUb gYbU dUb]Y^QdUT Y^ Q^ QSSUccYR\U \_SQdY_^(

7( 6R_fUWb_e^T ^QdebQ\'WQc `Y`Y^W cXQ\\ RU _^U _V dXU V_\\_gY^W4

+( HdUU\ `Y`U gYdX ]Q\\UQR\U'Yb_^ VYddY^Wc Q^T dXbUQTUT Z_Y^dc(
,( HdUU\ `Y`U gYdX gb_eWXd'cdUU\ VYddY^Wc Q^T gU\TUT Z_Y^dc(

8( 8_^dQY^]U^d 8_^TeYd4 HdUU\ `Y`U gYdX gb_eWXd'cdUU\ VYddY^Wc Q^T gU\TUT Z_Y^dc( 8_Qd `Y`U Q^T 
VYddY^Wc gYdX `b_dUSdYfU S_QdY^W V_b cdUU\ `Y`Y^W(

-(+0 >C9DDG E>E>C< H8=:9JA: ;DG HNHI:B EG:HHJG:H A:HH I=6C *(/ EH><

6( 6R_fUWb_e^T& TYcdbYRedY_^ `Y`Y^W cXQ\\ RU _^U _V dXU V_\\_gY^W4

+( HdUU\ `Y`U gYdX ]Q\\UQR\U'Yb_^ VYddY^Wc Q^T dXbUQTUT Z_Y^dc(



DVVcX_bU LY^T HQVUdi 8U^dUb ' IbQY^Y^W G__] >cceU V_b EUb]Yd

6d\Q^dYS 8Ydi& C? DSd_RUb ,1& ,*,+

;68>A>IN C6IJG6A'<6H E>E>C< ,, ++ ,- ' +1

,( HdUU\ `Y`U gYdX gb_eWXd'cdUU\ VYddY^Wc Q^T gU\TUT Z_Y^dc(

7( 8_^dQY^]U^d 8_^TeYd4 HdUU\ `Y`U gYdX gb_eWXd'cdUU\ VYddY^Wc Q^T gU\TUT Z_Y^dc( 8_Qd `Y`U Q^T 

VYddY^Wc gYdX `b_dUSdYfU S_QdY^W V_b cdUU\ `Y`Y^W(

8( 8_^dQY^]U^d 8_^TeYd KU^d EY`Y^W4 HdUU\ `Y`U gYdX ]Q\\UQR\U'Yb_^ VYddY^Wc Q^T dXbUQTUT _b 
gb_eWXd'cdUU\ VYddY^Wc gYdX gU\TUT Z_Y^dc( 8_Qd e^TUbWb_e^T `Y`U Q^T VYddY^Wc gYdX `b_dUSdYfU 

S_QdY^W V_b cdUU\ `Y`Y^W(

-(+1 >C9DDG E>E>C< H8=:9JA: ;DG HNHI:B EG:HHJG:H BDG: I=6C *(/ EH>< 6C9 
A:HH I=6C / EH><4

6( 6R_fUWb_e^T& RbQ^SX `Y`Y^W CEH + Q^T c]Q\\Ub cXQ\\ RU dXU V_\\_gY^W4
+( HdUU\ `Y`U gYdX ]Q\\UQR\U'Yb_^ VYddY^Wc Q^T dXbUQTUT Z_Y^dc(

7( 6R_fUWb_e^T& TYcdbYRedY_^ `Y`Y^W cXQ\\ RU _^U _V dXU V_\\_gY^W4

+( HdUU\ `Y`U gYdX ]Q\\UQR\U'Yb_^ VYddY^Wc Q^T dXbUQTUT Z_Y^dc(
,( HdUU\ `Y`U gYdX cdUU\ gU\TY^W VYddY^Wc Q^T gU\TUT Z_Y^dc(

8( 8_^dQY^]U^d 8_^TeYd4 HdUU\ `Y`U gYdX gb_eWXd'cdUU\ VYddY^Wc Q^T gU\TUT Z_Y^dc( 8_Qd 

e^TUbWb_e^T `Y`U Q^T VYddY^Wc gYdX `b_dUSdYfU S_QdY^W V_b cdUU\ `Y`Y^W(

9( 8_^dQY^]U^d 8_^TeYd KU^d EY`Y^W4 HdUU\ `Y`U gYdX ]Q\\UQR\U'Yb_^ VYddY^Wc Q^T dXbUQTUT _b 
gb_eWXd'cdUU\ VYddY^Wc gYdX gU\TUT Z_Y^dc( 8_Qd e^TUbWb_e^T `Y`U Q^T VYddY^Wc gYdX `b_dUSdYfU 

S_QdY^W V_b cdUU\ `Y`Y^W(

-(+2 JC9:G<GDJC9 B6CJ6A <6H H=JID;; K6AK: H8=:9JA:

6( 8_^^USdY_^c d_ :hYcdY^W <Qc EY`Y^W4 JcU fQ\fU Q^T VYddY^W QccU]R\YUc ]QTU V_b dQ``Y^W edY\Ydi#c 

WQc ]QY^c Q^T \YcdUT Ri Q^ CGIA(

7( J^TUbWb_e^T4

+( E: fQ\fUc(
,( CEH , Q^T H]Q\\Ub4 7b_^jU `\eW fQ\fUc(
-( CEH ,'+), Q^T AQbWUb4 8Qcd'Yb_^& \eRbYSQdUT `\eW fQ\fUc(

-(+3 67DK:<GDJC9 B6CJ6A <6H H=JID;; K6AK: H8=:9JA:

6( KQ\fUc V_b `Y`U cYjUc CEH , Q^T c]Q\\Ub Qd cUbfYSU ]UdUb cXQ\\ RU _^U _V dXU V_\\_gY^W4

+( D^U'`YUSU& Rb_^jU RQ\\ fQ\fU gYdX Rb_^jU dbY](

,( Ig_'`YUSU& Ve\\'`_bd& Rb_^jU RQ\\ fQ\fUc gYdX Rb_^jU dbY](
-( 7b_^jU `\eW fQ\fU(

7( KQ\fUc V_b `Y`U cYjUc CEH ,'+), Q^T \QbWUb Qd cUbfYSU ]UdUb cXQ\\ RU _^U _V dXU V_\\_gY^W4
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+( Ig_'`YUSU& Ve\\'`_bd& Rb_^jU RQ\\ fQ\fUc gYdX Rb_^jU dbY](
,( 7b_^jU `\eW fQ\fU(

-( 8Qcd'Yb_^& ^_^\eRbYSQdUT `\eW fQ\fU(

8( 9YcdbYRedY_^ `Y`Y^W fQ\fUc V_b `Y`U cYjUc CEH , Q^T c]Q\\Ub cXQ\\ RU _^U _V dXU V_\\_gY^W4

+( D^U'`YUSU& Rb_^jU RQ\\ fQ\fU gYdX Rb_^jU dbY](

,( Ig_'`YUSU& Ve\\'`_bd& Rb_^jU RQ\\ fQ\fUc gYdX Rb_^jU dbY](
-( 7b_^jU `\eW fQ\fU(

9( 9YcdbYRedY_^ `Y`Y^W fQ\fUc V_b `Y`U cYjUc CEH ,'+), Q^T \QbWUb cXQ\\ RU _^U _V dXU V_\\_gY^W4

+( Ig_'`YUSU& Ve\\'`_bd& Rb_^jU RQ\\ fQ\fUc gYdX Rb_^jU dbY](
,( 7b_^jU `\eW fQ\fU(
-( 8Qcd'Yb_^& \eRbYSQdUT `\eW fQ\fU(

:( KQ\fUc Y^ RbQ^SX `Y`Y^W V_b cY^W\U Q``\YQ^SU cXQ\\ RU _^U _V dXU V_\\_gY^W4

+( D^U'`YUSU& Rb_^jU RQ\\ fQ\fU gYdX Rb_^jU dbY](
,( Ig_'`YUSU& Ve\\'`_bd& Rb_^jU RQ\\ fQ\fUc gYdX Rb_^jU dbY](

-( 7b_^jU `\eW fQ\fU(

END OF SECTION 231123
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SECTION 221413 - FACILITY STORM DRAINAGE PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Hub-and-spigot, cast-iron soil pipe and fittings.

2. Hubless, cast-iron soil pipe and fittings.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1.4 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Detail storm drainage piping. Show support locations, type of support, 
weight on each support, required clearances, and other details, drawn to scale, on which the 

following items are shown and coordinated with each other, using input from installers of the 
items involved:

1. Structural members to which drainage piping will be attached or suspended from.

B. Field quality-control reports.

1.5 QUALITY ASSURANCE

A. Piping materials shall bear label, stamp, or other markings of specified testing agency.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Components and installation shall be capable of withstanding the following minimum working 
pressure unless otherwise indicated:
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1. Storm Drainage Piping: 10-foot head of water.

2.2 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

1. AB & I Foundry; a part of the McWane family of companies.

2. Charlotte Pipe and Foundry Company.
3. NewAge Casting.
4. Tyler Pipe; a part of McWane family of companies.

B. Pipe and Fittings:

1. Marked with CISPI collective trademark and NSF certification mark.
2. Class: ASTM A74, Service class.

C. Gaskets: ASTM C564, rubber.

D. Caulking Materials: ASTM B29, pure lead and oakum or hemp fiber.

2.3 HUBLESS, CAST-IRON SOIL PIPE AND FITTINGS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

1. AB & I Foundry; a part of the McWane family of companies.

2. Charlotte Pipe and Foundry Company.
3. NewAge Casting.
4. Tyler Pipe; a part of McWane family of companies.

B. Pipe and Fittings:

1. Marked with CISPI collective trademark and NSF certification mark.

2. Standard: ASTM A888 or CISPI 301.

C. CISPI, Hubless-Piping Couplings:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following:

a. ANACO-Husky.
b. Charlotte Pipe and Foundry Company.

c. Dallas Specialty & Mfg. Co.
d. Fernco Inc.
e. Ideal Clamp Products, Inc.

f. Matco-Norca.
g. MIFAB, Inc.
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h. Mission Rubber Company, LLC; a division of MCP Industries.
i. NewAge Casting.

j. Tyler Pipe; a subsidiary of McWane Inc.

2. Couplings shall bear CISPI collective trademark.
3. Standards: ASTM C1277 and CISPI 310.

4. Description: Stainless steel corrugated shield with stainless steel bands and tightening 
devices; and ASTM C564, rubber sleeve with integral, center pipe stop.

D. Heavy-Duty, Hubless-Piping Couplings:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

a. ANACO-Husky.

b. Charlotte Pipe and Foundry Company.
c. Clamp-All Corp.
d. Dallas Specialty & Mfg. Co.

e. Ideal Clamp Products, Inc.
f. MIFAB, Inc.
g. Mission Rubber Company, LLC; a division of MCP Industries.

h. NewAge Casting.
i. Tyler Pipe; a subsidiary of McWane Inc.

2. Standard: ASTM C1540.

3. Description: Stainless steel shield with stainless steel bands and tightening devices; and 
ASTM C564, rubber sleeve with integral, center pipe stop.

PART 3 - EXECUTION

3.1 EARTH MOVING

A. Comply with requirements for excavating, trenching, and backfilling specified in 

Section 312000 "Earth Moving."

3.2 PIPING INSTALLATION

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems.

1. Indicated locations and arrangements were used to size pipe and calculate friction loss, 
expansion, pump sizing, and other design considerations.

2. Install piping as indicated unless deviations from layout are approved on coordination 
drawings.

B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 

and service areas.
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C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 

otherwise.

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

E. Install piping at indicated slopes.

F. Install piping free of sags and bends.

G. Install fittings for changes in direction and branch connections.

H. Install piping to allow application of insulation.

I. Make changes in direction for piping using appropriate branches, bends, and long-sweep bends.

1. Do not change direction of flow more than 90 degrees.
2. Use proper size of standard increasers and reducers if pipes of different sizes are 

connected.

a. Reducing size of drainage piping in direction of flow is prohibited.

J. Lay buried building piping beginning at low point of each system.

1. Install true to grades and alignment indicated, with unbroken continuity of invert. Place 
hub ends of piping upstream.

2. Install required gaskets in accordance with manufacturer's written instructions for use of 

lubricants, cements, and other installation requirements.
3. Maintain swab in piping and pull past each joint as completed.

K. Install piping at the following minimum slopes unless otherwise indicated:

1. Building Storm Drain: 2 percent downward in direction of flow for piping NPS 3 and 
smaller; 1 percent downward in direction of flow for piping NPS 4 and larger.

L. Install cast-iron soil piping in accordance with CISPI's "Cast Iron Soil Pipe and Fittings 
Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."

1. Install encasement on underground piping in accordance with ASTM A674 or 

AWWA C105/A 21.5.

M. Plumbing Specialties:

1. Install cleanouts at grade and extend to where building storm drains connect to building 

storm sewers in storm drainage gravity-flow piping.

a. Install cleanout fitting with closure plug inside the building in storm drainage 
force-main piping.

b. Comply with requirements for cleanouts specified in Section 221423 "Storm 
Drainage Piping Specialties."
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2. Install drains in storm drainage gravity-flow piping.

a. Comply with requirements for drains specified in Section 221423 "Storm Drainage 

Piping Specialties."

N. Do not enclose, cover, or put piping into operation until it is inspected and approved by 
authorities having jurisdiction.

O. Install sleeves for piping penetrations of walls, ceilings, and floors.

1. Comply with requirements for sleeves specified in Section 220517 "Sleeves and Sleeve 
Seals for Plumbing Piping."

P. Install sleeve seals for piping penetrations of concrete walls and slabs.

1. Comply with requirements for sleeve seals specified in Section 220517 "Sleeves and 
Sleeve Seals for Plumbing Piping."

Q. Install escutcheons for piping penetrations of walls, ceilings, and floors.

1. Comply with requirements for escutcheons specified in Section 220518 "Escutcheons for 
Plumbing Piping."

3.3 JOINT CONSTRUCTION

A. Hub-and-Spigot, Cast-Iron Soil Piping Gasketed Joints: Join in accordance with CISPI's "Cast 
Iron Soil Pipe and Fittings Handbook" for compression joints.

B. Hub-and-Spigot, Cast-Iron Soil Piping Caulked Joints: Join in accordance with CISPI's "Cast 
Iron Soil Pipe and Fittings Handbook" for lead-and-oakum caulked joints.

C. Hubless, Cast-Iron Soil Piping Coupled Joints:

1. Join in accordance with CISPI 310 and CISPI's "Cast Iron Soil Pipe and Fittings 
Handbook" for hubless-piping coupling joints.

3.4 HANGER AND SUPPORT INSTALLATION

A. Comply with requirements for pipe hanger and support devices and installation specified in 
Section 220529 "Hangers and Supports for Plumbing Piping and Equipment."

1. Vertical Piping: MSS Type 8 or Type 42, clamps.
2. Install individual, straight, horizontal piping runs:

a. 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers.

b. Longer Than 100 Feet: MSS Type 43, adjustable roller hangers.

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer: MSS Type 44, pipe rolls. 
Support pipe rolls on trapeze.
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4. Base of Vertical Piping: MSS Type 52, spring hangers.

B. Support horizontal piping and tubing within 12 inches of each fitting and coupling.

C. Support vertical piping and tubing at base and at each floor.

D. Rod diameter may be reduced one size for double-rod hangers, with 3/8-inch minimum rods.

E. Install hangers for cast-iron soil piping with the following maximum horizontal spacing and 

minimum rod diameters:

1. NPS 1-1/2 and NPS 2: 60 inches with 3/8-inch rod.
2. NPS 3: 60 inches with 1/2-inch rod.

3. NPS 4 and NPS 5: 60 inches with 5/8-inch rod.
4. NPS 6 and NPS 8: 60 inches with 3/4-inch rod.
5. Spacing for 10-foot pipe lengths may be increased to 10 feet. Spacing for fittings is 

limited to 60 inches.

F. Install supports for vertical cast-iron soil piping every 15 feet.

3.5 CONNECTIONS

A. Drawings indicate general arrangement of piping, fittings, and specialties.

B. Connect interior storm drainage piping to exterior storm drainage piping. Use transition fitting 
to join dissimilar piping materials.

C. Connect storm drainage piping to roof drains and storm drainage specialties.

1. Install test tees (wall cleanouts) in conductors near floor, and floor cleanouts with cover 
flush with floor.

2. Comply with requirements for cleanouts and drains specified in Section 221423 "Storm 
Drainage Piping Specialties."

3.6 IDENTIFICATION

A. Identify exposed storm drainage piping.

B. Comply with requirements for identification specified in Section 220553 "Identification for 

Plumbing Piping and Equipment."

3.7 FIELD QUALITY CONTROL

A. During installation, notify authorities having jurisdiction at least 24 hours before inspection 

must be made. Perform tests specified below in presence of authorities having jurisdiction.

1. Roughing-in Inspection: Arrange for inspection of piping before concealing or closing-in 
after roughing-in.
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2. Final Inspection: Arrange for final inspection by authorities having jurisdiction to 
observe tests specified below and to ensure compliance with requirements.

B. Test storm drainage piping in accordance with procedures of authorities having jurisdiction or, 
in absence of published procedures, as follows:

1. Test for leaks and defects in new piping and parts of existing piping that have been 

altered, extended, or repaired.

a. If testing is performed in segments, submit separate report for each test, complete 
with diagram of portion of piping tested.

2. Leave uncovered and unconcealed new, altered, extended, or replaced storm drainage 
piping until it has been tested and approved.

a. Expose work that was covered or concealed before it was tested.

3. Test Procedure:

a. Test storm drainage piping, except outside leaders, on completion of roughing-in.
b. Close openings in piping system and fill with water to point of overflow, but not 

less than 10-foot head of water. From 15 minutes before inspection starts until 
completion of inspection, water level must not drop. Inspect joints for leaks.

4. Repair leaks and defects with new materials and retest piping, or portion thereof, until 

satisfactory results are obtained.
5. Prepare reports for tests and required corrective action.

C. Piping will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports.

3.8 CLEANING AND PROTECTION

A. Clean interior of piping. Remove dirt and debris as work progresses.

B. Protect drains during remainder of construction period to avoid clogging with dirt and debris 
and to prevent damage from traffic and construction work.

C. Place plugs in ends of uncompleted piping at end of day and when work stops.

3.9 PIPING SCHEDULE

A. Flanges and unions may be used on aboveground pressure piping unless otherwise indicated.

B. Aboveground storm drainage piping NPS 4 to NPS 10 shall be the following:

1. Hubless, cast-iron soil pipe and fittings; CISPI, hubless-piping couplings; and coupled 
joints.
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C. Underground storm drainage piping NPS 4 to NPS 10 shall be the following:

1. Push-Fit, 316L Stainless steel pipe and fittings; gaskets; and gasketed joints.

2. Service class, cast-iron soil pipe and fittings; lead and oakum joints.

END OF SECTION 221413
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Q( 8T]caP[ E[PbcXRb 8^\_P]h(
R( :_R^ HP[Tb& >]R(
S( LPccb >]SdbcaXTb& >]R(5 LPcTa Ea^SdRcb 9Xe(

T( Da P__a^eTS T`dXeP[T]c(

:( 9XT[TRcaXR';[P]VT @Xcb4  8^\_P]X^]'U[P]VT PbbT\Q[h U^a UXT[S PbbT\Q[h(  >]R[dST U[P]VTb& Ud[['
UPRT' ^a aX]V'ch_T ]T^_aT]T ^a _WT]^[XR VPbZTc& _WT]^[XR ^a _^[hTcWh[T]T Q^[c b[TTeTb& _WT]^[XR 

fPbWTab& P]S bcTT[ QPRZX]V fPbWTab(

+( BP]dUPRcdaTab4

P( 6SeP]RT Ea^SdRcb " HhbcT\b& >]R(
Q( 8P[_XR^& >]R(
R( 8T]caP[ E[PbcXRb 8^\_P]h(

S( EX_T[X]T HTP[ P]S >]bd[Pc^a& >]R(
T( Da P__a^eTS T`dXeP[T]c(

,( HT_PaPcT R^\_P]X^] U[P]VTb P]S bcTT[ Q^[cb P]S ]dcb bWP[[ WPeT +/*' ^a -**'_bXV 

\X]X\d\ f^aZX]V _aTbbdaT fWTaT aT`dXaTS c^ bdXc bhbcT\ _aTbbdaTb(

;( 9XT[TRcaXR 8^d_[X]Vb4  <P[eP]XiTS'bcTT[ R^d_[X]V fXcW X]Tac P]S ]^]R^aa^bXeT& cWTa\^_[PbcXR 
[X]X]V5 cWaTPSTS T]Sb5 P]S -**'_bXV \X]X\d\ f^aZX]V _aTbbdaT Pc ,,/ STV ; $+*1 STV 8%(

+( BP]dUPRcdaTab4

P( 8P[_XR^& >]R(
Q( A^RWX]ePa 8^a_(

R( Da P__a^eTS T`dXeP[T]c(
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<( 9XT[TRcaXR CX__[Tb4  :[TRca^_[PcTS bcTT[ ]X__[T fXcW X]Tac P]S ]^]R^aa^bXeT& cWTa\^_[PbcXR [X]X]V5 

_[PX]& cWaTPSTS& ^a Va^^eTS T]Sb5 P]S -**'_bXV \X]X\d\ f^aZX]V _aTbbdaT Pc ,,/ STV ; 
$+*1 STV 8%(

+( BP]dUPRcdaTab4

P( ETaUTRcX^] 8^a_(
Q( EaTRXbX^] E[d\QX]V Ea^SdRcb& >]R(

R( HX^dg 8WXTU BP]dUPRcdaX]V 8^(& >]R(
S( KXRcPd[XR 8^( ^U 6\TaXRP(
T( Da P__a^eTS T`dXeP[T]c(

,(0 B:8=6C>86A HA::K: H:6AH

6( 9TbRaX_cX^]4  B^Sd[Pa bTP[X]V T[T\T]c d]Xc& STbXV]TS U^a UXT[S PbbT\Q[h& c^ UX[[ P]]d[Pa b_PRT 
QTcfTT] _X_T P]S b[TTeT(

+( BP]dUPRcdaTab4

P( 6SeP]RT Ea^SdRcb " HhbcT\b& >]R(
Q( 8P[_XR^& >]R(

R( BTcaPU[Tg 8^(
S( EX_T[X]T HTP[ P]S >]bd[Pc^a& >]R(
T( Da P__a^eTS T`dXeP[T]c(

,( HTP[X]V :[T\T]cb4  :E9B X]cTa[^RZX]V [X]Zb bWP_TS c^ UXc bdaUPRT ^U _X_T(  >]R[dST ch_T 
P]S ]d\QTa aT`dXaTS U^a _X_T \PcTaXP[ P]S bXiT ^U _X_T(

-( EaTbbdaT E[PcTb4  8PaQ^] bcTT[(  >]R[dST cf^ U^a TPRW bTP[X]V T[T\T]c(

.( 8^]]TRcX]V 7^[cb P]S Cdcb4  8PaQ^] bcTT[ fXcW R^aa^bX^]'aTbXbcP]c R^PcX]V ^U [T]VcW 
aT`dXaTS c^ bTRdaT _aTbbdaT _[PcTb c^ bTP[X]V T[T\T]cb(  >]R[dST ^]T U^a TPRW bTP[X]V 

T[T\T]c(

,(1 HA::K:H

6( <P[eP]XiTS'HcTT[ HWTTc4  *(*,-3'X]RW \X]X\d\ cWXRZ]Tbb5 a^d]S cdQT R[^bTS fXcW fT[STS 

[^]VXcdSX]P[ Y^X]c(

7( HcTT[ EX_T4  6HIB 6 /-& Ih_T :& <aPST 7& HRWTSd[T .*& VP[eP]XiTS& _[PX] T]Sb(

8( HcPRZ H[TTeT ;XccX]Vb4  BP]dUPRcdaTS& RPbc'Xa^] b[TTeT fXcW X]cTVaP[ R[P\_X]V U[P]VT(  >]R[dST 

R[P\_X]V aX]V P]S Q^[cb P]S ]dcb U^a \T\QaP]T U[PbWX]V(

+( J]STaSTRZ 8[P\_4  8[P\_X]V aX]V fXcW bTc bRaTfb(

,(2 <GDJI

6( 9TbRaX_cX^]4  6HIB 8 ++*1& <aPST 7& ]^]'bWaX]Z P]S ]^]\TcP[[XR& Sah WhSaPd[XR'RT\T]c Va^dc(
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+( 8WPaPRcTaXbcXRb4  E^bc'WPaST]X]V& e^[d\T'PSYdbcX]V& ]^]'bcPX]X]V& ]^]R^aa^bXeT& 

]^]VPbT^db& P]S aTR^\\T]STS U^a X]cTaX^a P]S TgcTaX^a P__[XRPcX^]b(
,( 9TbXV] BXg4  /***'_bX& ,2'SPh R^\_aTbbXeT bcaT]VcW(

-( EPRZPVX]V4  EaT\XgTS P]S UPRc^ah _PRZPVTS(

E6GI - ' :M:8JI>DC

-(+ 8DBEA>6C8: L>I= 8D9:H& HI6C96G9H 6C9 G:<JA6I>DCH

6( >] PSSXcX^] c^ VT]TaP[ X]bcadRcX^]b R^]cPX]TS X] cWT <T]TaP[ ^a Ea^YTRc GT`dXaT\T]cb& T`dX_\T]c 
P]S Xcb X]bcP[[PcX^] bWP[[ R^]U^a\ c^ cWT U^[[^fX]V P__[XRPQ[T R^STb& bcP]SPaSb P]S aTVd[PcX^]b& 
[PcTbc TSXcX^]b4

+( 6\TaXRP] H^RXTch U^a ITbcX]V P]S BPcTaXP[b $6HIB%(
,( 6\TaXRP] H^RXTch ^U BTRWP]XRP[ :]VX]TTab $6HB:%(
-( 6\TaXRP] CPcX^]P[ HcP]SPaS >]bcXcdcT $6CH>%(

.( 6\TaXRP] H^RXTch ^U =TPcX]V& GTUaXVTaPcX]V P]S 6Xa 8^]SXcX^]X]V :]VX]TTab $6H=G6:%(
/( 6\TaXRP] GTUaXVTaPcX^] >]bcXcdcT $6G>%(
0( 6\TaXRP] LT[SX]V H^RXTch 8^ST $6LH8%(

1( 8^ST U^a EaTbbdaT EX_X]V $6CH> 7 -+(+%(
2( >]cTa]PcX^]P[ 7dX[SX]V 8^ST(
3( >]cTa]PcX^]P[ BTRWP]XRP[ 8^ST(

+*( CPcX^]P[ HcP]SPaS E[d\QX]V 8^ST P]S >]cTa]PcX^]P[ E[d\QX]V 8^ST(
++( >]cTa]PcX^]P[ :]TaVh 8^]bTaePcX^] 8^ST(
+,( CPcX^]P[ :[TRcaXRP[ 8^ST $C:8%(

+-( CPcX^]P[ ;XaT Ea^cTRcX^] 6bb^RXPcX^] $C;E6%(
+.( CPcX^]P[ P]S A^RP[ 7dX[SX]V& E[d\QX]V P]S BTRWP]XRP[ 8^STb(

+/( DRRd_PcX^]P[ HPUTch " =TP[cW 6Rc $DH=6%(
+0( HWTTc BTcP[ " 6Xa 8^]SXcX^]X]V 8^]caPRc^ab CPcX^]P[ 6bb^RXPcX^] $HB68C6%(
+1( J]STafaXcTab# APQ^aPc^aXTb& >]R( $JA%(

+2( 6Xa B^eX]V P]S 8^]SXcX^]X]V 6bb^RXPcX^]& >]R( $6B86%(
+3( 6bb^RXPcTS 6Xa 7P[P]RT 8^d]RX[ $6678%(
,*( CPcX^]P[ :]eXa^]\T]cP[ 7P[P]RX]V 7daTPd $C:77%(

,+( 7dX[SX]V DUUXRXP[b P]S 8^ST 6S\X]XbcaPc^ab $7D86%(
,,( =hSaPd[XR >]bcXcdcT $=>%(
,-( BP]dUPRcdaTa#b HcP]SPaSXiPcX^] H^RXTch $BHH%(

,.( 8^^[X]V I^fTa >]bcXcdcT $8I>%(
,/( :]eXa^]\T]cP[ Ea^cTRcX^] 6VT]RXTb ' ;TSTaP[& HcPcT P]S A^RP[ $:E6%(

-(, HI6C96G9 D; FJ6A>IN

6( IWT b_TRXUXRPcX^]b TbcPQ[XbW cWT bcP]SPaSb ^U `dP[Xch aT`dXaTS& TXcWTa Qh STbRaX_cX^] ^a Qh 
aTUTaT]RTb c^ QaP]S ]P\T& ]P\T ^U \P]dUPRcdaTab ^a \P]dUPRcdaTa#b \^ST[ ]d\QTa(

7( LWTaT ^]T _a^SdRc ^][h Xb b_TRXUXRP[[h XST]cXUXTS Qh ]P\T ^a \P]dUPRcdaTa#b \^ST[ ]d\QTa& cWT 

8^]caPRc^a bWP[[ QPbT WXb QXS ^] cWT dbT ^U cWT ]P\TS _a^SdRc( LWTaT \d[cX_[T ]P\Tb PaT dbTS& 
cWT 8^]caPRc^a bWP[[ QPbT WXb QXS ^] cWT dbT ^U P]h ^U cW^bT _a^SdRcb ]P\TS(  IWT 8^]caPRc^a 



DUUbW^aT LX]S HPUTch 8T]cTa ' IaPX]X]V G^^\ >bbdT U^a ETa\Xc

6c[P]cXR 8Xch& C? DRc^QTa ,1& ,*,+

8DBBDC LDG@ G:HJAIH ;DG =K68 ,-*/** ' 2

QTPab Ud[[ aTb_^]bXQX[Xch U^a cWT R^bc ^U P]h RWP]VTb X]RdaaTS Qh dbX]V T`dX_\T]c ^cWTa cWP] P 

[XbcTS \P]dUPRcdaTa(  

8( LWTaT ]^ \P]dUPRcdaTa Xb b_TRXUXTS& cWT 8^]caPRc^a bWP[[ \TTc cWT _TaU^a\P]RT aT`dXaT\T]cb ^U 

cWT T`dX_\T]c bRWTSd[T P]S aTb_TRcXeT b_TRXUXRPcX^] bTRcX^](

9( LWT] T`dX_\T]c P]S)^a \PcTaXP[b PaT _a^_^bTS c^ QT _daRWPbTS Ua^\ P \P]dUPRcdaTa ^cWTa cWP] 
cW^bT b_TRXUXTS& cWT 8^]caPRc^a bWP[[ _a^eXST SPcP bdUUXRXT]c c^ X]U^a\ cWT :]VX]TTa ^U cWT QPbXb 

^U T`dP[Xch ^U cWT bdQbcXcdcX^] c^ cWPc ^U cWT T`dX_\T]c P]S)^a \PcTaXP[b b_TRXUXTS(

:( LWT] T`dX_\T]c ^cWTa cWP] cWPc b_TRXUXTS Xb dbTS& cWT 8^]caPRc^a bWP[[ QT aTb_^]bXQ[T U^a P]h 
TgcaP R^bc ^U aT`dXaTS aTeXbX^]b bdRW Pb bcadRcdaP[ bcTT[& R^]RaTcT& T[TRcaXRP[& _X_X]V& SdRcf^aZ 

P]S P]h T]VX]TTaX]V aTeXTf ^a aTSTbXV]& TcR(  HdRW PSSXcX^]P[ R^bc bWP[[ QT XST]cXUXTS Pc cWT cX\T 
bdRW bdQbcXcdcX^]b PaT _a^_^bTS(

;( 8^]caPRc^a Xb aTb_^]bXQ[T U^a cWT X]bcP[[PcX^] ^U P[[ bhbcT\b P]S T`dX_\T]c X] bcaXRc PRR^aSP]RT 

fXcW cWT T`dX_\T]c ^a bhbcT\b \P]dUPRcdaTajb aTR^\\T]SPcX^]b P]S)^a aT`dXaT\T]cb(  >] cWT 
TeT]c cWPc cWT R^]caPRc S^Rd\T]cb PaT ]^c X] PRR^aSP]RT fXcW cWT \P]dUPRcdaTajb 
aTR^\\T]SPcX^]b& cWT 8^]caPRc^a \dbc ]^cXUh cWT :]VX]TTa ^U cWT SXbRaT_P]Rh& _aX^a c^ 

_a^RTTSX]V fXcW cWT X]bcP[[PcX^] ^U cWT T`dX_\T]c(

-(- EGDI:8I>DC D; LDG@

6( 8^]caPRc^a Xb aTb_^]bXQ[T U^a cWT _a^cTRcX^] ^U WXb \PcTaXP[b& T`dX_\T]c P]S R^\_[TcTS f^aZ Pb 

STUX]TS X] cWT <T]TaP[ ^a Ea^YTRc GT`dXaT\T]cb P]S Pb bd__[T\T]cTS WTaTX](

-(. BDK>C< D; :FJ>EB:CI

6( KTaXUh cWPc \TRWP]XRP[ T`dX_\T]c fX[[ _Pbb cWa^dVW P[[ aTbcaXRcX]V ^_T]X]Vb& P]S fWT] 

T`dX_\T]c ^a bTRcX^]b ^U T`dX_\T]c PaT [PaVTa cWP] cWTbT ^_T]X]Vb& X]bcP[[ cWXb T`dX_\T]c _aX^a 
c^ R^]bcadRcX^] ^U T]R[^bX]V fP[[b& U[^^ab ^a a^^Ub(

7( JbT _[P]ZX]V ^a RaXQQX]V Pb aT`dXaTS c^ _a^cTRc PSY^X]X]V TgXbcX]V R^]bcadRcX^] ^a ]Tf 
R^]bcadRcX^] Ua^\ SP\PVT(

-(/ E>E>C< HNHI:BH ' 8DBBDC G:FJ>G:B:CIH

6( >]bcP[[ _X_X]V PRR^aSX]V c^ cWT U^[[^fX]V aT`dXaT\T]cb P]S 9XeXbX^] ,- HTRcX^]b b_TRXUhX]V 
_X_X]V bhbcT\b(

7( 9aPfX]V _[P]b& bRWT\PcXRb& P]S SXPVaP\b X]SXRPcT VT]TaP[ [^RPcX^] P]S PaaP]VT\T]c ^U _X_X]V 

bhbcT\b(  >]SXRPcTS [^RPcX^]b P]S PaaP]VT\T]cb fTaT dbTS c^ bXiT _X_T P]S RP[Rd[PcT UaXRcX^] 
[^bb& Tg_P]bX^]& _d\_ bXiX]V& P]S ^cWTa STbXV] R^]bXSTaPcX^]b(  >]bcP[[ _X_X]V Pb X]SXRPcTS d][Tbb 
STeXPcX^]b c^ [Ph^dc PaT P__a^eTS ^] 8^^aSX]PcX^] 9aPfX]Vb(

8( >]bcP[[ _X_X]V X] R^]RTP[TS [^RPcX^]b& d][Tbb ^cWTafXbT X]SXRPcTS P]S TgRT_c X] T`dX_\T]c a^^\b 
P]S bTaeXRT PaTPb(
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9( >]bcP[[ _X_X]V X]SXRPcTS c^ QT Tg_^bTS P]S _X_X]V X] T`dX_\T]c a^^\b P]S bTaeXRT PaTPb Pc aXVWc 

P]V[Tb ^a _PaP[[T[ c^ QdX[SX]V fP[[b fWTaT _^bbXQ[T(  9XPV^]P[ ad]b PaT _a^WXQXcTS d][Tbb 
b_TRXUXRP[[h X]SXRPcTS ^cWTafXbT ^a Pb X]SXRPcTS ^] cWT R^^aSX]PcX^] SaPfX]Vb(

:( >]bcP[[ _X_X]V PQ^eT PRRTbbXQ[T RTX[X]Vb c^ P[[^f bdUUXRXT]c b_PRT U^a RTX[X]V _P]T[ aT\^eP[(

;( >]bcP[[ _X_X]V c^ _Ta\Xc eP[eT bTaeXRX]V(

<( >]bcP[[ _X_X]V Pc X]SXRPcTS b[^_Tb(

=( >]bcP[[ _X_X]V UaTT ^U bPVb P]S QT]Sb(

>( >]bcP[[ UXccX]Vb U^a RWP]VTb X] SXaTRcX^] P]S QaP]RW R^]]TRcX^]b(

?( >]bcP[[ _X_X]V c^ P[[^f P__[XRPcX^] ^U X]bd[PcX^](

@( HT[TRc bhbcT\ R^\_^]T]cb fXcW _aTbbdaT aPcX]V T`dP[ c^ ^a VaTPcTa cWP] bhbcT\ ^_TaPcX]V 
_aTbbdaT(

A( H[TTeTb PaT ]^c aT`dXaTS U^a R^aT'SaX[[TS W^[Tb(

B( ETa\P]T]c b[TTeTb PaT ]^c aT`dXaTS U^a W^[Tb U^a\TS Qh aT\^ePQ[T E: b[TTeTb(

C( >]bcP[[ b[TTeTb U^a _X_Tb _PbbX]V cWa^dVW R^]RaTcT P]S \Pb^]ah fP[[b P]S R^]RaTcT U[^^a P]S a^^U 
b[PQb(

D( >]bcP[[ b[TTeTb U^a _X_Tb _PbbX]V cWa^dVW R^]RaTcT P]S \Pb^]ah fP[[b& _PacXcX^]b& P]S R^]RaTcT 
U[^^a P]S a^^U b[PQb(

+( 8dc b[TTeTb c^ [T]VcW U^a \^d]cX]V U[dbW fXcW Q^cW bdaUPRTb(

P( :gRT_cX^]4  :gcT]S b[TTeTb X]bcP[[TS X] U[^^ab ^U \TRWP]XRP[ T`dX_\T]c PaTPb ^a 
^cWTa fTc PaTPb , X]RWTb PQ^eT UX]XbWTS U[^^a [TeT[(  :gcT]S RPbc'Xa^] b[TTeT UXccX]Vb 
QT[^f U[^^a b[PQ Pb aT`dXaTS c^ bTRdaT R[P\_X]V aX]V XU aX]V Xb b_TRXUXTS(

,( >]bcP[[ b[TTeTb X] ]Tf fP[[b P]S b[PQb Pb ]Tf fP[[b P]S b[PQb PaT R^]bcadRcTS(
-( >]bcP[[ b[TTeTb cWPc PaT [PaVT T]^dVW c^ _a^eXST +).'X]RW P]]d[Pa R[TPa b_PRT QTcfTT] 

b[TTeT P]S _X_T ^a _X_T X]bd[PcX^](  JbT cWT U^[[^fX]V b[TTeT \PcTaXP[b4

P( HcTT[ EX_T H[TTeTb4  ;^a _X_Tb b\P[[Ta cWP] CEH 0(
Q( HcTT[ HWTTc H[TTeTb4  ;^a _X_Tb CEH 0 P]S [PaVTa& _T]TcaPcX]V Vh_bd\'Q^PaS 

_PacXcX^]b(
R( HcPRZ H[TTeT ;XccX]Vb4  ;^a _X_Tb _T]TcaPcX]V U[^^ab fXcW \T\QaP]T fPcTa_a^^UX]V(  

HTRdaT U[PbWX]V QTcfTT] R[P\_X]V U[P]VTb(  >]bcP[[ bTRcX^] ^U RPbc'Xa^] b^X[ _X_T c^ 

TgcT]S b[TTeT c^ , X]RWTb PQ^eT UX]XbWTS U[^^a [TeT[(  GTUTa c^ 9XeXbX^] *1 HTRcX^] 
!HWTTc BTcP[ ;[PbWX]V P]S IaX\! U^a U[PbWX]V(

+% HTP[ b_PRT ^dcbXST ^U b[TTeT UXccX]Vb fXcW Va^dc(
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.( :gRT_c U^a d]STaVa^d]S fP[[ _T]TcaPcX^]b& bTP[ P]]d[Pa b_PRT QTcfTT] b[TTeT P]S _X_T ^a 

_X_T X]bd[PcX^]& dbX]V Y^X]c bTP[P]cb P__a^_aXPcT U^a bXiT& ST_cW& P]S [^RPcX^] ^U Y^X]c(  
GTUTa c^ 9XeXbX^] *1 HTRcX^] !?^X]c HTP[P]cb! U^a \PcTaXP[b P]S X]bcP[[PcX^](

E( 6Q^eTVa^d]S& :gcTaX^a'LP[[ EX_T ET]TcaPcX^]b4  HTP[ _T]TcaPcX^]b dbX]V b[TTeTb P]S \TRWP]XRP[ 
b[TTeT bTP[b(  HT[TRc b[TTeT bXiT c^ P[[^f U^a +'X]RW P]]d[Pa R[TPa b_PRT QTcfTT] _X_T P]S b[TTeT 
U^a X]bcP[[X]V \TRWP]XRP[ b[TTeT bTP[b(

+( >]bcP[[ bcTT[ _X_T U^a b[TTeTb U^a P[[ _X_T bXiTb(

F( J]STaVa^d]S& :gcTaX^a'LP[[ EX_T ET]TcaPcX^]b4  >]bcP[[ RPbc'Xa^] !fP[[ _X_Tb! U^a b[TTeTb(  HTP[ 
_X_T _T]TcaPcX^]b dbX]V \TRWP]XRP[ b[TTeT bTP[b(  HT[TRc b[TTeT bXiT c^ P[[^f U^a +'X]RW P]]d[Pa 

R[TPa b_PRT QTcfTT] _X_T P]S b[TTeT U^a X]bcP[[X]V \TRWP]XRP[ b[TTeT bTP[b(

+( BTRWP]XRP[ H[TTeT HTP[ >]bcP[[PcX^]4  HT[TRc ch_T P]S ]d\QTa ^U bTP[X]V T[T\T]cb 
aT`dXaTS U^a _X_T \PcTaXP[ P]S bXiT(  E^bXcX^] _X_T X] RT]cTa ^U b[TTeT(  6bbT\Q[T 

\TRWP]XRP[ b[TTeT bTP[b P]S X]bcP[[ X] P]]d[Pa b_PRT QTcfTT] _X_T P]S b[TTeT(  IXVWcT] 
Q^[cb PVPX]bc _aTbbdaT _[PcTb cWPc RPdbT bTP[X]V T[T\T]cb c^ Tg_P]S P]S \PZT fPcTacXVWc 
bTP[(

G( ;XaT'7PaaXTa ET]TcaPcX^]b4  BPX]cPX] X]SXRPcTS UXaT aPcX]V ^U fP[[b& _PacXcX^]b& RTX[X]Vb& P]S U[^^ab 
Pc _X_T _T]TcaPcX^]b(  HTP[ _X_T _T]TcaPcX^]b fXcW UXaTbc^_ \PcTaXP[b(  GTUTa c^ 9XeXbX^] *1 
HTRcX^] !ET]TcaPcX^] ;XaTbc^__X]V! U^a \PcTaXP[b(

H( KTaXUh UX]P[ T`dX_\T]c [^RPcX^]b U^a a^dVWX]V'X](

I( GTUTa c^ T`dX_\T]c b_TRXUXRPcX^]b X] ^cWTa HTRcX^]b ^U cWTbT H_TRXUXRPcX^]b U^a a^dVWX]V'X] 
aT`dXaT\T]cb(

-(0 E>E>C< ?D>CI 8DCHIGJ8I>DC

6( ?^X] _X_T P]S UXccX]Vb PRR^aSX]V c^ cWT U^[[^fX]V aT`dXaT\T]cb P]S 9XeXbX^] ,- HTRcX^]b 

b_TRXUhX]V _X_X]V bhbcT\b(

7( GTP\ T]Sb ^U _X_Tb P]S cdQTb P]S aT\^eT Qdaab(  7TeT[ _[PX] T]Sb ^U bcTT[ _X_T(

8( GT\^eT bRP[T& b[PV& SXac& P]S STQaXb Ua^\ X]bXST P]S ^dcbXST ^U _X_T P]S UXccX]Vb QTU^aT 

PbbT\Q[h(

9( H^[STaTS ?^X]cb4  6__[h 6HIB 7 2+-& fPcTa'U[dbWPQ[T U[dg& d][Tbb ^cWTafXbT X]SXRPcTS& c^ cdQT 
T]S(  8^]bcadRc Y^X]cb PRR^aSX]V c^ 6HIB 7 2,2 ^a 896#b !8^__Ta IdQT =P]SQ^^Z&! dbX]V 

[TPS'UaTT b^[STa P[[^h R^\_[hX]V fXcW 6HIB 7 -,(

:( 7aPiTS ?^X]cb4  8^]bcadRc Y^X]cb PRR^aSX]V c^ 6LH#b !7aPiX]V =P]SQ^^Z&! !EX_T P]S IdQT! 
8WP_cTa& dbX]V R^__Ta'_W^b_W^adb QaPiX]V UX[[Ta \TcP[ R^\_[hX]V fXcW 6LH 6/(2(

;( IWaTPSTS ?^X]cb4  IWaTPS _X_T fXcW cP_TaTS _X_T cWaTPSb PRR^aSX]V c^ 6HB: 7+(,*(+(  8dc 
cWaTPSb Ud[[ P]S R[TP] dbX]V bWPa_ SXTb(  GTP\ cWaTPSTS _X_T T]Sb c^ aT\^eT Qdaab P]S aTbc^aT 
Ud[[ >9(  ?^X] _X_T UXccX]Vb P]S eP[eTb Pb U^[[^fb4
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+( 6__[h P__a^_aXPcT cP_T ^a cWaTPS R^\_^d]S c^ TgcTa]P[ _X_T cWaTPSb d][Tbb Sah bTP[ 

cWaTPSX]V Xb b_TRXUXTS(
,( 9P\PVTS IWaTPSb4  9^ ]^c dbT _X_T ^a _X_T UXccX]Vb fXcW cWaTPSb cWPc PaT R^aa^STS ^a 

SP\PVTS(  9^ ]^c dbT _X_T bTRcX^]b cWPc WPeT RaPRZTS ^a ^_T] fT[Sb(

<( LT[STS ?^X]cb4  8^]bcadRc Y^X]cb PRR^aSX]V c^ 6LH 9+*(+,& dbX]V `dP[XUXTS _a^RTbbTb P]S 
fT[SX]V ^_TaPc^ab PRR^aSX]V c^ EPac + !FdP[Xch 6bbdaP]RT! 6acXR[T(

=( ;[P]VTS ?^X]cb4  HT[TRc P__a^_aXPcT VPbZTc \PcTaXP[& bXiT& ch_T& P]S cWXRZ]Tbb U^a bTaeXRT 
P__[XRPcX^](  >]bcP[[ VPbZTc R^]RT]caXRP[[h _^bXcX^]TS(  JbT bdXcPQ[T [dQaXRP]cb ^] Q^[c cWaTPSb(

>( E[PbcXR EX_X]V H^[eT]c'8T\T]c ?^X]cb4  8[TP] P]S Sah Y^X]X]V bdaUPRTb(  ?^X] _X_T P]S UXccX]Vb 

PRR^aSX]V c^ cWT U^[[^fX]V4

+( 8^\_[h fXcW 6HIB ; .*, U^a bPUT'WP]S[X]V _aPRcXRT ^U R[TP]Tab& _aX\Tab& P]S b^[eT]c 
RT\T]cb(

,( 8EK8 EX_X]V4  ?^X] PRR^aSX]V c^ 6HIB 9 ,2.0)9 ,2.0B 6__T]SXg(
-( EK8 EaTbbdaT EX_X]V4  ?^X] bRWTSd[T ]d\QTa 6HIB 9 +12/& EK8 _X_T P]S EK8 b^RZTc 

UXccX]Vb PRR^aSX]V c^ 6HIB 9 ,01,(  ?^X] ^cWTa'cWP]'bRWTSd[T']d\QTa EK8 _X_T P]S 

b^RZTc UXccX]Vb PRR^aSX]V c^ 6HIB 9 ,2//(
.( EK8 C^]_aTbbdaT EX_X]V4  ?^X] PRR^aSX]V c^ 6HIB 9 ,2//(

-(1 E>E>C< 8DCC:8I>DCH

6( BPZT R^]]TRcX^]b PRR^aSX]V c^ cWT U^[[^fX]V& d][Tbb ^cWTafXbT X]SXRPcTS4

+( >]bcP[[ d]X^]b& X] _X_X]V CEH , P]S b\P[[Ta& PSYPRT]c c^ TPRW eP[eT P]S Pc UX]P[ R^]]TRcX^] 
c^ TPRW _XTRT ^U T`dX_\T]c(

,( 9ah EX_X]V HhbcT\b4  >]bcP[[ SXT[TRcaXR d]X^]b P]S U[P]VTb c^ R^]]TRc _X_X]V \PcTaXP[b ^U 
SXbbX\X[Pa \TcP[b(

-( LTc EX_X]V HhbcT\b4  >]bcP[[ SXT[TRcaXR R^d_[X]V P]S ]X__[T UXccX]Vb c^ R^]]TRc _X_X]V 
\PcTaXP[b ^U SXbbX\X[Pa \TcP[b(

-(2 :FJ>EB:CI >CHI6AA6I>DC ' 8DBBDC G:FJ>G:B:CIH

6( >]bcP[[ T`dX_\T]c c^ P[[^f \PgX\d\ _^bbXQ[T WTPSa^^\ d][Tbb b_TRXUXR \^d]cX]V WTXVWcb PaT 
]^c X]SXRPcTS(

7( >]bcP[[ T`dX_\T]c [TeT[ P]S _[d\Q& _PaP[[T[ P]S _Ta_T]SXRd[Pa c^ ^cWTa QdX[SX]V bhbcT\b P]S 

R^\_^]T]cb X] Tg_^bTS X]cTaX^a b_PRTb& d][Tbb ^cWTafXbT X]SXRPcTS(

8( >]bcP[[ =K68 T`dX_\T]c c^ UPRX[XcPcT bTaeXRT& \PX]cT]P]RT& P]S aT_PXa ^a aT_[PRT\T]c ^U 
R^\_^]T]cb(  8^]]TRc T`dX_\T]c U^a TPbT ^U SXbR^]]TRcX]V& fXcW \X]X\d\ X]cTaUTaT]RT c^ ^cWTa 

X]bcP[[PcX^]b( 

9( >]bcP[[ T`dX_\T]c c^ P[[^f aXVWc ^U fPh U^a _X_X]V X]bcP[[TS Pc aT`dXaTS b[^_T(
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6( 9P\PVT P]S I^dRWd_4  GT_PXa \PaaTS P]S SP\PVTS UPRc^ah'_PX]cTS UX]XbWTb fXcW \PcTaXP[b P]S 
_a^RTSdaTb c^ \PcRW ^aXVX]P[ UPRc^ah UX]XbW(

7( Ea^eXST P[[ ^_T]X]Vb cWa^dVW fP[[b& U[^^ab P]S RTX[X]Vb& TcR( aT`dXaTS U^a cWT X]bcP[[PcX^] ^U f^aZ 
STUX]TS ^] cWT 8^]caPRc 9aPfX]Vb P]S H_TRXUXRPcX^]b(

8( 8dccX]V P]S _PcRWX]V bWP[[ QT _TaU^a\TS ^][h Qh caPSTb\T] UP\X[XPa fXcW cWT R^]bcadRcX^] 

X]e^[eTS(

-(+* ;A6H=>C<

6( LWTaT SdRcb& _X_Tb ^a ^cWTa XcT\b _Pbb cWa^dVW P]h a^^U& fP[[ ^a ^cWTa TgcTaX^a R^\_^]T]c& 

_a^eXST U[PbWX]V Pb STcPX[TS ^] 8^]caPRc 9aPfX]Vb(  6c P \X]X\d\& U^a a^^UX]V _T]TcaPcX^]b& 
R^]caPRc^a bWP[[ UX]P[XiT P[[ _T]TcaPcX^]b X] PRR^aSP]RT fXcW a^^UX]V bhbcT\ \P]dUPRcdaTajb 
aT`dXaT\T]cb $fWTcWTa fPaaP]ch Xb eP[XS ^a X]eP[XS%(  >U a^^U fPaaP]ch Xb X]cPRc& R^]caPRc^a bWP[[ 

]^cXUh a^^UX]V \P]dUPRcdaTa _aX^a c^ R^\\T]RX]V f^aZ c^ X]bdaT P[[ fPaaP]cXTb fX[[ QT 
\PX]cPX]TS _^bc f^aZ R^\_[TcX^](

-(++ :G:8I>DC D; B:I6A HJEEDGIH 6C9 6C8=DG6<:H

6( GTUTa c^ 9XeXbX^] */ HTRcX^] !HcadRcdaP[ HcTT[ ;aP\X]V! U^a bcadRcdaP[ bcTT[(

7( 8dc& UXc& P]S _[PRT \XbRT[[P]T^db \TcP[ bd__^acb PRRdaPcT[h X] [^RPcX^]& P[XV]\T]c& P]S T[TePcX^] 
c^ bd__^ac P]S P]RW^a =K68 \PcTaXP[b P]S T`dX_\T]c(  Ea^eXST P[[ \XbRT[[P]T^db bcTT[ bd__^acb 
P]S P]RW^ab aT`dXaTS U^a T`dX_\T]c P]S \PcTaXP[b X]bcP[[TS d]STa cWXb H_TRXUXRPcX^](  BP]dP[ ^U 

8^]bcadRcX^] Qh 6\TaXRP] >]bcXcdcT ^U HcTT[ 8^]bcadRcX^] [PcTbc TSXcX^] bWP[[ QT U^[[^fTS X] 
STbXV] P]S R^]bcadRcX^] TgRT_c _PaPVaP_W .(,(+ P]S .(,(,& HTRcX^] . ^U 9XeXbX^] /& _PVT /'+11 
fX[[ ]^c P__[h(  HcadRcdaP[ bcTT[ \T\QTab bWP[[ R^]U^a\ c^ 6HIB 6-0& P]S bWP[[ WPeT P bW^_ 

P__[XTS R^Pc ^U adbc X]WXQXcXeT _PX]c(

8( ;XT[S LT[SX]V4  8^\_[h fXcW 6LH 9+(+(

9( 7^[cb& ]dcb P]S fPbWTa bWP[[ QT WXVW cT]bX[T ch_T \X]X\d\ -).! SXP\TcTa R^]U^a\X]V c^ 6HIB 

6-,/(
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6( 8dc& UXc& P]S _[PRT f^^S Va^d]Sb& ]PX[Tab& Q[^RZX]V& P]S P]RW^aPVTb c^ bd__^ac& P]S P]RW^a 

=K68 \PcTaXP[b P]S T`dX_\T]c(

7( HT[TRc UPbcT]Ta bXiTb cWPc fX[[ ]^c _T]TcaPcT \T\QTab XU ^__^bXcT bXST fX[[ QT Tg_^bTS c^ eXTf ^a 

fX[[ aTRTXeT UX]XbW \PcTaXP[b(  IXVWcT] R^]]TRcX^]b QTcfTT] \T\QTab(  >]bcP[[ UPbcT]Tab fXcW^dc 
b_[XccX]V f^^S \T\QTab(

8( 6ccPRW c^ bdQbcaPcTb Pb aT`dXaTS c^ bd__^ac P__[XTS [^PSb(
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9( 6e^XS PXa T]caP_\T]c SdaX]V _[PRT\T]c ^U Va^dc(

:( E[PRT Va^dc& R^\_[TcT[h UX[[X]V T`dX_\T]c QPbTb(

;( E[PRT Va^dc ^] R^]RaTcT QPbTb P]S _a^eXST b\^^cW QTPaX]V bdaUPRT U^a T`dX_\T]c(
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SECTION 230513

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes general requirements for single-phase and polyphase, general-purpose, 
horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to 
600 V and installed at equipment manufacturer's factory or shipped separately by equipment 

manufacturer for field installation.

1.2 COORDINATION

A. Coordinate features of motors, installed units, and accessory devices to be compatible with the 

following:

1. Motor controllers.
2. Torque, speed, and horsepower requirements of the load.

3. Ratings and characteristics of supply circuit and required control sequence.
4. Ambient and environmental conditions of installation location.

PART 2 - PRODUCTS

2.1 GENERAL MOTOR REQUIREMENTS

A. Comply with requirements in this Section except when stricter requirements are specified in 
HVAC equipment schedules or Sections.

B. Comply with NEMA MG 1 unless otherwise indicated.

2.2 MOTOR CHARACTERISTICS

A. Duty:  Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above 
sea level.

B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads 

at designated speeds, at installed altitude and environment, with indicated operating sequence, 
and without exceeding nameplate ratings or considering service factor.
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2.3 POLYPHASE MOTORS

A. Description:  NEMA MG 1, Design B, medium induction motor.

B. Efficiency:  Premium efficient, as defined in NEMA MG 1.

C. Service Factor:  1.15.

D. Multispeed Motors:  Variable torque.

1. For motors with 2:1 speed ratio, consequent pole, single winding.

2. For motors with other than 2:1 speed ratio, separate winding for each speed.

E. Rotor:  Random-wound, squirrel cage.

F. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.

G. Temperature Rise:  Match insulation rating.

H. Insulation:  Class F.

I. Code Letter Designation:

1. Motors 15 HP and Larger:  NEMA starting Code F or Code G.
2. Motors Smaller than 15 HP:  Manufacturer's standard starting characteristic.

J. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for motor 

frame sizes smaller than 324T.

2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS

A. Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring connection 

requirements for controller with required motor leads.  Provide terminals in motor terminal box, 
suited to control method.

B. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features 

coordinated with and approved by controller manufacturer.

1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and 

tested to resist transient spikes, high frequencies, and short time rise pulses produced by 
pulse-width modulated inverters.

2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation.

3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation.
4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected 

motors.

5. Bearings: Insulated to eliminate shaft voltages and bearing currents. Must provide a high 
impedance to high frequency signals to be effective against common mode voltage 
induced bearing currents.

6. Shaft Grounding: Means to ground shaft to mitigate stay currents.
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2.5 SINGLE-PHASE MOTORS

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and 
requirements of specific motor application:

1. Permanent-split capacitor.
2. Split phase.
3. Capacitor start, inductor run.

4. Capacitor start, capacitor run.

B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type.

C. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and 

thrust loading.

D. Motors 1/20 HP and Smaller:  Shaded-pole type.

E. Thermal Protection:  Internal protection to automatically open power supply circuit to motor 

when winding temperature exceeds a safe value calibrated to temperature rating of motor 
insulation.  Thermal-protection device shall automatically reset when motor temperature returns 
to normal range.

END OF SECTION 230513
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SECTION 230516

EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Flexible, ball-joint, packed expansion joints.

2. Slip-joint packed expansion joints.
3. Expansion-compensator packless expansion joints.
4. Flexible-hose packless expansion joints.

5. Metal-bellows packless expansion joints.
6. Rubber packless expansion joints.
7. Pipe loops and swing connections.

8. Alignment guides and anchors.

1.3 PERFORMANCE REQUIREMENTS

A. Compatibility:  Products shall be suitable for piping service fluids, materials, working pressures, 

and temperatures.

B. Capability:  Products to absorb 200 percent of maximum axial movement between anchors.

1.4 SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Welding certificates.

C. Product Certificates:  For each type of expansion joint, from manufacturer.

D. Maintenance Data:  For expansion joints to include in maintenance manuals.

1.5 QUALITY ASSURANCE

A. Welding Qualifications:  Qualify procedures and personnel according to the following:

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel."
2. ASME Boiler and Pressure Vessel Code:  Section IX.
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PART 2 - PRODUCTS

2.1 PACKLESS EXPANSION JOINTS

A. Metal, Expansion-Compensator Packless Expansion Joints:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following

a. Adsco Manufacturing LLC.

b. Flexicraft Industries.
c. Flex Pression Ltd.
d. Flex-Weld, Inc.

e. Hyspan Precision Products, Inc.
f. Metraflex, Inc.
g. Senior Flexonics Pathway.

h. Unaflex.
i. Unisource Manufacturing, Inc.
j. Or approved equal.

2. Minimum Pressure Rating:  150 psig unless otherwise indicated.
3. Configuration for Copper Tubing:  Two-ply, phosphor-bronze bellows with copper pipe 

ends.

a. End Connections for Copper Tubing NPS 2 and Smaller:  Solder joint or threaded.
b. End Connections for Copper Tubing NPS 2-1/2 to NPS 4:  Threaded.

4. Configuration for Steel Piping:  Two-ply, stainless-steel bellows; steel-pipe end 

connections; and carbon-steel shroud.

a. End Connections for Steel Pipe NPS 2 and Smaller:  Threaded.

b. End Connections for Steel Pipe NPS 2-1/2 to NPS 4:  Flanged or Weld.

B. Rubber, Expansion-Compensator Packless Expansion Joints:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following:

a. Amber/Booth Company, Inc.; a div. of Vibration Isolation Products of Texas, Inc.
b. Flex-Hose Co., Inc.

c. Flexicraft Industries.
d. General Rubber Corporation.
e. Mason Industries, Inc.; Mercer Rubber Co.

f. Proco Products, Inc.
g. Tozen Corporation.
h. Unaflex.

i. Unisource Manufacturing, Inc.
j. Or approved equal.

2. Material:  Twin reinforced-rubber spheres with external restraining cables.
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3. Minimum Pressure Rating:  150 psig at 170 deg F unless otherwise indicated.

4. End Connections for NPS 2 and Smaller:  Threaded.

C. Flexible-Hose Packless Expansion Joints:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:

a. Flex-Hose Co., Inc.

b. Flexicraft Industries.
c. Flex Pression Ltd.
d. Metraflex, Inc.

e. Unisource Manufacturing, Inc.
f. Or approved equal.

2. Description:  Manufactured assembly with inlet and outlet elbow fittings and two 

flexible-metal-hose legs joined by long-radius, 180-degree return bend or center section 
of flexible hose.

3. Flexible Hose:  Corrugated-metal inner hoses and braided outer sheaths.

4. Expansion Joints for Copper Tubing NPS 2 and Smaller:  Copper-alloy fittings with 
solder-joint end connections.

a. Bronze hoses and single-braid bronze sheaths with 450 psig at 70 deg F and 340 

psig at 450 deg F ratings.
b. Bronze hoses and double-braid bronze sheaths with 700 psig at 70 deg F and 500 

psig at 450 deg F ratings.

5. Expansion Joints for Copper Tubing NPS 2-1/2 to NPS 4:  Copper-alloy fittings with 
threaded end connections.

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 300 psig at 70 
deg F and 225 psig at 450 deg F ratings.

b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 420 psig at 70 

deg F and 315 psig at 450 deg F ratings.

6. Expansion Joints for Steel Piping NPS 2 and Smaller:  Carbon-steel fittings with threaded 
end connections.

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 450 psig at 70 
deg F and 325 psig at 600 deg F ratings.

b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 700 psig at 70 

deg F and 515 psig at 600 deg F ratings.

7. Expansion Joints for Steel Piping NPS 2-1/2 to NPS 6:  Carbon-steel fittings with flanged 
or weld end connections.

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 200 psig at 70 
deg F and 145 psig at 600 deg F ratings.

b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 275 psig at 70 

deg F and 200 psig at 600 deg F ratings.
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8. Expansion Joints for Steel Piping NPS 8 to NPS 12:  Carbon-steel fittings with flanged or 

weld end connections.

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 125 psig at 70 

deg F and 90 psig at 600 deg F ratings.
b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 165 psig at 70 

deg F and 120 psig at 600 deg F ratings.

9. Expansion Joints for Steel Piping NPS 14 and Larger:  Carbon-steel fittings with weld 
end connections.

a. Stainless-steel hoses and double-braid, stainless-steel sheaths with 165 psig at 70 

deg F and 120 psig at 600 deg F ratings.

D. Metal-Bellows Packless Expansion Joints:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following:

a. Adsco Manufacturing LLC.
b. American BOA, Inc.

c. Badger Industries, Inc.
d. Expansion Joint Systems, Inc.
e. Flex-Hose Co., Inc.

f. Flexicraft Industries.
g. Flex Pression Ltd.
h. Flex-Weld, Inc.

i. Flo Fab inc.
j. Hyspan Precision Products, Inc.

k. Metraflex, Inc.
l. Proco Products, Inc.
m. Senior Flexonics Pathway.

n. Tozen Corporation.
o. Unaflex.
p. Unisource Manufacturing, Inc.

q. Universal Metal Hose; a subsidiary of Hyspan Precision Products, Inc.
r. U.S. Bellows, Inc.
s. WahlcoMetroflex.

t. Or approved equal.

2. Standards:  ASTM F 1120 and EJMA's "Standards of the Expansion Joint Manufacturers 
Association, Inc."

3. Type:  Circular, corrugated bellows with external tie rods.
4. Minimum Pressure Rating:  150 psig unless otherwise indicated.
5. Configuration:  Single joint with base class(es) unless otherwise indicated.

6. Expansion Joints for Copper Tubing:  Single- or multi-ply phosphor-bronze bellows, 
copper pipe ends, and brass shrouds.

a. End Connections for Copper Tubing NPS 2 and Smaller:  Solder joint or threaded.
b. End Connections for Copper Tubing NPS 2-1/2 to NPS 4:  Threaded.
c. End Connections for Copper Tubing NPS 5 and Larger:  Flanged.
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7. Expansion Joints for Steel Piping:  Single- or multi-ply stainless-steel bellows, steel pipe 

ends, and carbon-steel shroud.

a. End Connections for Steel Pipe NPS 2 and Smaller:  Threaded.

b. End Connections for Steel Pipe NPS 2-1/2 and Larger:  Flanged or Weld.

E. Rubber Packless Expansion Joints:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following:

a. Amber/Booth Company, Inc.; a div. of Vibration Isolation Products of Texas, Inc.
b. Flex-Hose Co., Inc.

c. Flexicraft Industries.
d. Flex-Weld, Inc.
e. Garlock Sealing Technologies.

f. General Rubber Corporation.
g. Mason Industries, Inc.; Mercer Rubber Co.
h. Metraflex, Inc.

i. Proco Products, Inc.
j. Red Valve Company, Inc.
k. Tozen Corporation.

l. Unaflex.
m. Unisource Manufacturing, Inc.
n. Or approved equal.

2. Standards:  ASTM F 1123 and FSA's "Technical Handbook:  Non-Metallic Expansion 
Joints and Flexible Pipe Connectors."

3. Material:  Fabric-reinforced rubber complying with FSA-NMEJ-703.
4. Arch Type:  Single or multiple arches with external control rods.
5. Spherical Type:  Single or multiple spheres with external control rods.

6. Minimum Pressure Rating for NPS 1-1/2 to NPS 4:  150 psig at 220 deg F.
7. Minimum Pressure Rating for NPS 5 and NPS 6: 140 psig at 200 deg F.
8. Minimum Pressure Rating for NPS 8 to NPS 12:  140 psig at 180 deg F.

9. Material for Fluids Containing Acids, Alkalies, or Chemicals:  BR.
10. Material for Fluids Containing Gas, Hydrocarbons, or Oil:  Buna-N.
11. Material for Water:  EPDM.

12. End Connections:  Full-faced, integral steel flanges with steel retaining rings.

2.2 ALIGNMENT GUIDES AND ANCHORS

A. Alignment Guides:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:

a. Adsco Manufacturing LLC.

b. Advanced Thermal Systems, Inc.
c. Flex-Hose Co., Inc.

d. Flexicraft Industries.
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e. Flex-Weld, Inc.

f. Hyspan Precision Products, Inc.
g. Metraflex, Inc.

h. Senior Flexonics Pathway.
i. Unisource Manufacturing, Inc.
j. U.S. Bellows, Inc.

k. Or approved equal.

2. Description:  Steel, factory-fabricated alignment guide, with bolted two-section outer 
cylinder and base for attaching to structure; with two-section guiding spider for bolting to 

pipe.

B. Anchor Materials:

1. Steel Shapes and Plates:  ASTM A 36/A 36M.

2. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel hex head.
3. Washers:  ASTM F 844, steel, plain, flat washers.
4. Mechanical Fasteners:  Insert-wedge-type stud with expansion plug anchor for use in 

hardened portland cement concrete, with tension and shear capacities appropriate for 
application.

a. Stud:  Threaded, zinc-coated carbon steel.

b. Expansion Plug:  Zinc-coated steel.
c. Washer and Nut:  Zinc-coated steel.

5. Chemical Fasteners:  Insert-type-stud, bonding-system anchor for use with hardened 

portland cement concrete, with tension and shear capacities appropriate for application.

a. Bonding Material:  ASTM C 881/C 881M, Type IV, Grade 3, two-component 

epoxy resin suitable for surface temperature of hardened concrete where fastener is 
to be installed.

b. Stud:  ASTM A 307, zinc-coated carbon steel with continuous thread on stud 

unless otherwise indicated.
c. Washer and Nut:  Zinc-coated steel.

PART 3 - EXECUTION

3.1 EXPANSION-JOINT INSTALLATION

A. Install expansion joints of sizes matching sizes of piping in which they are installed.

B. Install packed-type expansion joints with packing suitable for fluid service.

C. Install metal-bellows expansion joints according to EJMA's "Standards of the Expansion Joint 
Manufacturers Association, Inc."

D. Install rubber packless expansion joints according to FSA-NMEJ-702.
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3.2 PIPE LOOP AND SWING CONNECTION INSTALLATION

A. Install pipe loops cold-sprung in tension or compression as required to partly absorb tension or 
compression produced during anticipated change in temperature.

B. Connect mains, risers and branch connections as indicated on the contract drawings.

3.3 ALIGNMENT-GUIDE AND ANCHOR INSTALLATION

A. Install alignment guides to guide expansion and to avoid end-loading and torsional stress.

B. Install two guide(s) on each side of pipe expansion fittings and loops.  Install guides nearest to 
expansion joint not more than four pipe diameters from expansion joint.

C. Attach guides to pipe and secure guides to building structure.

D. Install anchors at locations to prevent stresses from exceeding those permitted by ASME B31.9 
and to prevent transfer of loading and stresses to connected equipment.

E. Anchor Attachments:

1. Anchor Attachment to Steel Pipe:  Attach by welding.  Comply with ASME B31.9 and 
ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing 
Qualifications."

2. Anchor Attachment to Copper Tubing:  Attach with pipe hangers.  Use MSS SP-69, 
Type 24, U-bolts bolted to anchor.

F. Fabricate and install steel anchors by welding steel shapes, plates, and bars.  Comply with 

ASME B31.9 and AWS D1.1/D1.1M.

1. Anchor Attachment to Steel Structural Members:  Attach by welding.
2. Anchor Attachment to Concrete Structural Members:  Attach by fasteners.  Follow 

fastener manufacturer's written instructions.

G. Use grout to form flat bearing surfaces for guides and anchors attached to concrete.

END OF SECTION 230516
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SECTION 230517

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Sleeves.
2. Sleeve-seal systems.
3. Grout.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product indicated.

PART 2 - PRODUCTS

2.1 SLEEVES

A. Cast-Iron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron 
pressure pipe, with plain ends and integral waterstop unless otherwise indicated.

B. Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded 
steel collar; zinc coated.

C. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc 

coated, with plain ends.

D. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.

E. Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed with 

welded longitudinal joint.

2.2 SLEEVE-SEAL SYSTEMS

A. Description: Modular sealing-element unit, designed for field assembly, for filling annular 
space between piping and sleeve.

1. Sealing Elements: EPDM-rubber interlocking links shaped to fit surface of pipe. Include 

type and number required for pipe material and size of pipe.
2. Pressure Plates: Carbon steel.
3. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating of length 

required to secure pressure plates to sealing elements.
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2.3 GROUT

A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, 
hydraulic-cement grout.

B. Characteristics: Nonshrink; recommended for interior and exterior applications.

C. Design Mix: 5000-psi, 28-day compressive strength.

D. Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1 SLEEVE INSTALLATION

A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.

B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to 
provide 1-inch annular clear space between piping and concrete slabs and walls.

1. Sleeves are not required for core-drilled holes.

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls 
are constructed.

1. Cut sleeves to length for mounting flush with both surfaces.

a. Exception: Extend sleeves installed in floors of mechanical equipment areas or 
other wet areas 2 inches above finished floor level.

2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal 

system.

D. Install sleeves for pipes passing through interior partitions.

1. Cut sleeves to length for mounting flush with both surfaces.

2. Install sleeves that are large enough to provide 1/4-inch annular clear space between 
sleeve and pipe or pipe insulation.

3. Seal annular space between sleeve and piping or piping insulation; use joint sealants 
appropriate for size, depth, and location of joint. Comply with requirements for sealants 
specified in Section 079220 "Interior Joint Sealants."

E. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors 
at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements 
for firestopping specified in Section 078413 "Penetration Firestopping."
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3.2 SLEEVE-SEAL-SYSTEM INSTALLATION

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service 
piping entries into building.

B. Select type, size, and number of sealing elements required for piping material and size and for 
sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, 
assemble sleeve-seal system components, and install in annular space between piping and 

sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a 
watertight seal.

3.3 SLEEVE AND SLEEVE-SEAL SCHEDULE

A. Use sleeves and sleeve seals for the following piping-penetration applications:

1. Exterior Concrete Walls above Grade:

a. Piping Smaller Than NPS 6 Cast-iron wall sleeves.

b. Piping NPS 6 and Larger: Cast-iron wall sleeves.

2. Exterior Concrete Walls below Grade:

a. Piping Smaller Than NPS 6 Cast-iron wall sleeves with sleeve-seal system.

1) Select sleeve size to allow for 1-inch annular clear space between piping and 
sleeve for installing sleeve-seal system.

b. Piping NPS 6 Cast-iron wall sleeves with sleeve-seal system.

1) Select sleeve size to allow for 1-inch annular clear space between piping and 
sleeve for installing sleeve-seal system.

3. Concrete Slabs-on-Grade:

a. Piping Smaller Than NPS 6 Cast-iron wall sleeves with sleeve-seal system.

1) Select sleeve size to allow for 1-inch annular clear space between piping and 

sleeve for installing sleeve-seal system.

b. Piping NPS 6 and Larger: Cast-iron wall sleeves with sleeve-seal system.

1) Select sleeve size to allow for 1-inch annular clear space between piping and 

sleeve for installing sleeve-seal system.

4. Concrete Slabs above Grade:

a. Piping Smaller Than NPS 6 Galvanized-steel-pipe sleeves.

b. Piping NPS 6 and Larger: Galvanized-steel-pipe sleeves.

5. Interior Partitions:
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a. Piping Smaller Than NPS 6 Galvanized-steel-pipe sleeves.

b. Piping NPS 6 and Larger: Galvanized-steel-sheet sleeves.

END OF SECTION 230517
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SECTION 230519

METERS AND GAGES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions, apply to this Section.

1.2 SUMMARY

A. This Section includes the following meters and gauges for mechanical systems:

1. Thermometers.
2. Gauges.
3. Test plugs.

4. Flowmeters.
5. Flow Totalizer for Make-up Water.

1.3 DEFINITIONS

A. CR:  Chlorosulfonated polyethylene synthetic rubber.

B. EPDM:  Ethylene-propylene-diene terpolymer rubber.

C. Condenser Water Loop requirements shall apply to Water-Source Heat Pump piping.

1.4 SUBMITTALS

A. Product Data:  For each type of product indicated; include performance curves.

B. Shop Drawings:  Schedule for thermometers, gauges, flowmeters and thermal-energy meters 

indicating manufacturer's number, scale range, and location for each.

C. Product Certificates:  For each type of thermometer, gauge, flowmeter and thermal-energy 

meter, signed by product manufacturer.

D. Operation and Maintenance Data:  For flowmeters and thermal-energy meters to include in 
emergency, operation, and maintenance manuals.
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PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 

product selection:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
manufacturers specified.

2.2 METAL-CASE, LIQUID-IN-GLASS THERMOMETERS

A. Manufacturers:

1. Palmer - Wahl Instruments Inc.

2. Trerice, H. O. Co.
3. Weiss Instruments, Inc.
4. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.

5. Or approved equivalent.

B. Case:  Die-cast aluminum, 7 inches long.

C. Tube:  Red or blue reading, organic-liquid filled, with magnifying lens.

D. Tube Background:  Satin-faced, nonreflective aluminum with permanently etched scale 
markings.

E. Window:  Glass or plastic.

F. Connector:  Adjustable type, 180 degrees in vertical plane, 360 degrees in horizontal plane, with 
locking device.

G. Stem:  Copper-plated steel, aluminum, or brass for thermowell installation and of length to suit 

installation.

H. Accuracy:  Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of 

1.5 percent of range.

2.3 DIRECT-MOUNTING, VAPOR-ACTUATED DIAL THERMOMETERS

A. Manufacturers:

1. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
2. KOBOLD Instruments, Inc.
3. Marsh Bellofram.

4. Trerice, H. O. Co.
5. Weiss Instruments, Inc.
6. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.
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7. Or approved equivalent.

B. Case:  Liquid-filled type, drawn steel or cast aluminum, 4-1/2-inch diameter.

C. Element:  Bourdon tube or other type of pressure element.

D. Movement:  Mechanical, connecting element and pointer.

E. Dial:  Satin-faced, nonreflective aluminum with permanently etched scale markings.

F. Pointer:  Red metal.

G. Window:  Glass or plastic.

H. Ring:  Metal or plastic.

I. Connector:  Adjustable type, 180 degrees in vertical plane, 360 degrees in horizontal plane, with 

locking device.

J. Thermal System:  Liquid- or mercury-filled bulb in copper-plated steel, aluminum, or brass 
stem for thermowell installation and of length to suit installation.

K. Accuracy:  Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of 
1.5 percent of range.

2.4 REMOTE-MOUNTING, VAPOR-ACTUATED DIAL THERMOMETERS

A. Manufacturers:

1. AMETEK, Inc.; U.S. Gauge Div.
2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.

3. Marsh Bellofram.
4. Miljoco Corp.
5. Palmer - Wahl Instruments Inc.

6. REO TEMP Instrument Corporation.
7. Tel-Tru Manufacturing Company.

8. Trerice, H. O. Co.
9. Weiss Instruments, Inc.
10. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.

11. Winters Instruments.
12. Or approved equivalent.

B. Case:  Dry type, drawn steel or cast aluminum, 4-1/2-inch diameter with for panel mounting.

C. Element:  Bourdon tube or other type of pressure element.

D. Movement:  Mechanical, connecting element and pointer.

E. Dial:  Satin-faced, nonreflective aluminum with permanently etched scale markings.
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F. Pointer:  Red metal.

G. Window:  Glass or plastic.

H. Ring:  Metal.

I. Connector:  Bottom union type.

J. Thermal System:  Liquid- or mercury-filled bulb in copper-plated steel, aluminum, or brass 
stem for thermowell installation and of length to suit installation.

K. Accuracy:  Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of 
1.5 percent of range.

2.5 BIMETALLIC-ACTUATED DIAL THERMOMETERS

A. Manufacturers:

1. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
2. Ernst Gage Co.

3. Eugene Ernst Products Co.
4. Marsh Bellofram.
5. Miljoco Corp.

6. NANMAC Corporation.
7. Noshok, Inc.
8. Palmer - Wahl Instruments Inc.

9. REO TEMP Instrument Corporation.
10. Tel-Tru Manufacturing Company.
11. Trerice, H. O. Co.

12. Weiss Instruments, Inc.
13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.

14. WIKA Instrument Corporation.
15. Winters Instruments.
16. Or approved equivalent.

B. Description:  Direct-mounting, bimetallic-actuated dial thermometers complying with 
ASME B40.3.

C. Case:  Liquid-filled type, stainless steel with 5-inch diameter.

D. Element:  Bimetal coil.

E. Dial:  Satin-faced, nonreflective aluminum with permanently etched scale markings.

F. Pointer:  Red metal.

G. Window:  Glass or plastic.

H. Ring:  Stainless steel.
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I. Connector:  Adjustable angle type.

J. Stem:  Metal, for thermowell installation and of length to suit installation.

K. Accuracy:  Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of 

1.5 percent of range.

2.6 THERMOWELLS

A. Manufacturers:

1. AMETEK, Inc.; U.S. Gauge Div.
2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
3. Ernst Gage Co.

4. Marsh Bellofram.
5. Miljoco Corp.
6. NANMAC Corporation.

7. Noshok, Inc.
8. Palmer - Wahl Instruments Inc.
9. REO TEMP Instrument Corporation.

10. Tel-Tru Manufacturing Company.
11. Trerice, H. O. Co.
12. Weiss Instruments, Inc.

13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.
14. WIKA Instrument Corporation.
15. Winters Instruments.

16. Or approved equivalent.

B. Description:  Pressure-tight, socket-type metal fitting made for insertion into piping and of type, 

diameter, and length required to hold thermometer.

2.7 PRESSURE GAUGES

A. Manufacturers:

1. AMETEK, Inc.; U.S. Gauge Div.
2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
3. Ernst Gage Co.

4. Eugene Ernst Products Co.
5. KOBOLD Instruments, Inc.
6. Marsh Bellofram.

7. Miljoco Corp.
8. Noshok, Inc.
9. Palmer - Wahl Instruments Inc.

10. REO TEMP Instrument Corporation.
11. Trerice, H. O. Co.
12. Weiss Instruments, Inc.

13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.
14. WIKA Instrument Corporation.
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15. Winters Instruments.

16. Or approved equivalent.

B. Direct-Mounting, Dial-Type Pressure Gauges:  Indicating-dial type complying with 

ASME B40.100.

1. Case:  Liquid-filled type, drawn steel or cast aluminum, 4-1/2-inch diameter.
2. Pressure-Element Assembly:  Bourdon tube, unless otherwise indicated.

3. Pressure Connection:  Brass, NPS 1/4, bottom-outlet type unless back-outlet type is 
indicated.

4. Movement:  Mechanical, with link to pressure element and connection to pointer.

5. Dial:  Satin-faced, nonreflective aluminum with permanently etched scale markings.
6. Pointer:  Red metal.
7. Window:  Glass or plastic.

8. Ring:  Metal or plastic.
9. Accuracy:  Grade A, plus or minus 1 percent of middle half scale.
10. Vacuum-Pressure Range:  30-in. Hg of vacuum to 15 psig of pressure.

11. Range for Fluids under Pressure:  Two times operating pressure.

C. Direct or Remote-Mounting, Dial-Type Pressure Gauges:  ASME B40.100, indicating-dial type.

1. Case:  Dry type, drawn steel or cast aluminum, 4-1/2-inch diameter with holes for panel 

mounting.
2. Pressure-Element Assembly:  Bourdon tube, unless otherwise indicated.
3. Pressure Connection:  Brass, NPS 1/4, bottom-outlet type unless back-outlet type is 

indicated.
4. Movement:  Mechanical, with link to pressure element and connection to pointer.

5. Dial:  Satin-faced, nonreflective aluminum with permanently etched scale markings.
6. Pointer:  Red metal.
7. Window:  Glass or plastic.

8. Ring:  Metal or plastic.
9. Accuracy:  Grade A, plus or minus 1 percent of middle half scale.
10. Vacuum-Pressure Range:  30-in. Hg of vacuum to 15 psig of pressure.

11. Range for Fluids under Pressure:  Two times operating pressure.

D. Pressure-Gauge Fittings:

1. Valves:  NPS 1/4 brass or stainless-steel needle type.

2. Syphons:  NPS 1/4 coil of brass tubing with threaded ends.
3. Snubbers:  ASME B40.5, NPS 1/4 brass bushing with corrosion-resistant, porous-metal 

disc of material suitable for system fluid and working pressure.

2.8 TEST PLUGS

A. Manufacturers:

1. Flow Design, Inc.

2. MG Piping Products Co.
3. National Meter, Inc.

4. Peterson Equipment Co., Inc.



Offshore Wind Safety Center - Training Room Issue for Permit

Atlantic City, NJ October 27, 2021

METERS AND GAGES               230519 - 7

5. Sisco Manufacturing Co.

6. Trerice, H. O. Co.
7. Watts Industries, Inc.; Water Products Div.

8. Or approved equivalent.

B. Description:  Corrosion-resistant brass or stainless-steel body with core inserts and gasketed and 
threaded cap, with extended stem for units to be installed in insulated piping.

C. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F.

D. Core Inserts:  One or two self-sealing rubber valves.

1. Insert material for air, water, oil, or gas service at 20 to 200 deg F shall be CR.

2. Insert material for air or water service at minus 30 to plus 275 deg F shall be EPDM.

E. Test Kit:  Furnish one test kit(s) containing one pressure gauge and adaptor, two 
thermometer(s), and carrying case.  Pressure gauge, adapter probes, and thermometer sensing 

elements shall be of diameter to fit test plugs and of length to project into piping.

1. Pressure Gauge:  Small bourdon-tube insertion type with 2- to 3-inch- diameter dial and 
probe.  Dial range shall be 0 to 200 psig.

2. Low-Range Thermometer:  Small bimetallic insertion type with 1- to 2-inch- Insert other 
diameter dial and tapered-end sensing element.  Dial ranges shall be 25 to 125 deg F.

3. High-Range Thermometer:  Small bimetallic insertion type with 1- to 2-inch- diameter 

dial and tapered-end sensing element.  Dial ranges shall be 0 to 220 deg F.
4. Carrying case shall have formed instrument padding.

PART 3 - EXECUTION

3.1 THERMOMETER APPLICATIONS

A. Install bimetallic-actuated dial thermometers in the following locations:

1. Inlet and outlet of each hydronic zone or equipment as noted on plans.

B. Install liquid-filled-case-type, bimetallic-actuated dial thermometers at suction and discharge of 
each pump.

C. Provide the following temperature ranges for thermometers:

1. Domestic Hot Water:  30 to 180 deg F, with 2-degree scale divisions.
2. Domestic Cold Water:  0 to 100 deg F, with 2-degree scale divisions.

3. Heating Hot Water:  30 to 240 deg F, with 2-degree scale divisions.
4. Condenser Water (Heat Pump):  0 to 160 deg F, with 2-degree scale divisions.
5. Chilled Water:  0 to 100 deg F, with 2-degree scale divisions.

6. Glycol:  0 to 160 deg F, with 2-degree scale divisions.
7. Steam and Condensate:  30 to 300 deg F, with 5-degree scale divisions.
8. Air Ducts:  Minus 40 to plus 110 deg F, with 2-degree scale divisions.
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3.2 GAUGE APPLICATIONS

A. Install dry-case-type pressure gauges for discharge of each pressure-reducing valve.

B. Install dry-case-type pressure gauges at chilled- and condenser-water inlets and outlets of 

chillers.

C. Install dry-case-type pressure gauges at suction and discharge of each pump.

3.3 INSTALLATIONS

A. Install direct-mounting thermometers and adjust vertical and tilted positions.

B. Install remote-mounting dial thermometers on panel, with tubing connecting panel and 
thermometer bulb supported to prevent kinks.  Use minimum tubing length.

C. Install thermowells with socket extending to center of pipe and in vertical position in piping tees 
where thermometers are indicated.

D. Install direct-mounting pressure gauges in piping tees with pressure gauge located on pipe at 

most readable position.

E. Install remote-mounting pressure gauges on panel.

F. Install needle-valve and snubber fitting in piping for each pressure gauge for fluids (except 

steam).

G. Install needle-valve and syphon fitting in piping for each pressure gauge for steam.

H. Install test plugs in tees in piping.

I. Install flow indicators, in accessible positions for easy viewing, in piping systems.

J. Assemble and install connections, tubing, and accessories between flow-measuring elements 
and flowmeters as prescribed by manufacturer's written instructions.

K. Install flowmeter elements in accessible positions in piping systems.

L. Install differential-pressure-type flowmeter elements with at least minimum straight lengths of 

pipe upstream and downstream from element as prescribed by manufacturer's written 
instructions.

M. Install permanent indicators on walls or brackets in accessible and readable positions.

N. Install connection fittings for attachment to portable indicators in accessible locations.

O. Install flowmeters at discharge of hydronic system pumps or as shown on dwgs.

P. Assemble components and install thermal-energy meters.
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Q. Mount meters on wall if accessible; if not, provide brackets to support meters.

3.4 CONNECTIONS

A. Install meters and gauges adjacent to machines and equipment to allow service and maintenance 

for meters, gauges, machines, and equipment.

B. Connect flowmeter-system elements to meters.

C. Connect flowmeter transmitters to meters.

D. Connect thermal-energy-meter transmitters to meters.

E. Ground equipment according to Division 26 Section "Grounding and Bonding."

F. Connect wiring according to Division 26 Section "Conductors and Cables."

3.5 ADJUSTING

A. Calibrate meters according to manufacturer's written instructions, after installation.

B. Adjust faces of meters and gauges to proper angle for best visibility.

END OF SECTION 230519
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SECTION 230529

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Metal pipe hangers and supports.
2. Trapeze pipe hangers.
3. Thermal-hanger shield inserts.

4. Fastener systems.
5. Equipment supports.

1.2 SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Shop Drawings:  Submit product data, fabrication and installation details and include 
calculations for the following:

1. Metal pipe hangers and supports.
2. Trapeze pipe hangers.
3. Equipment supports.

C. Welding certificates.

1.3 QUALITY ASSURANCE

A. Structural Steel Welding Qualifications:  Qualify procedures and personnel according to 

AWS D1.1/D1.1M, "Structural Welding Code - Steel."

B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and 

Pressure Vessel Code.

PART 2 - PRODUCTS

2.1 METAL PIPE HANGERS AND SUPPORTS

A. Carbon-Steel Pipe Hangers and Supports:

1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.
2. Galvanized Metallic Coatings:  Pregalvanized or hot dipped.

3. Nonmetallic Coatings:  Plastic coating, jacket, or liner.
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4. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping.
5. Hanger Rods:  Continuous-thread rod, nuts, and washer made of carbon steel.

B. Stainless-Steel Pipe Hangers and Supports:

1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.
2. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping.
3. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel.

C. Copper Pipe Hangers:

1. Description:  MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated 
components.

2. Hanger Rods:  Continuous-thread rod, nuts, and washer made of copper-coated steel or 

stainless steel.

2.2 TRAPEZE PIPE HANGERS

A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from 

structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-
bolts.

2.3 THERMAL-HANGER SHIELD INSERTS

A. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with 100-psig 
or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive 
strength and vapor barrier.

B. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe.

C. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe.

D. Insert Length:  Extend 2 inches beyond sheet metal shield for piping operating below ambient 
air temperature.

2.4 FASTENER SYSTEMS

A. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated or stainless-steel anchors, for 
use in hardened portland cement concrete; with pull-out, tension, and shear capacities 
appropriate for supported loads and building materials where used.

2.5 EQUIPMENT SUPPORTS

A. Description:  Welded, shop- or field-fabricated equipment support made from structural carbon-
steel shapes.
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2.6 MISCELLANEOUS MATERIALS

A. Structural Steel:  ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and 
galvanized.

B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and 
nonmetallic grout; suitable for interior and exterior applications.

1. Properties:  Nonstaining, noncorrosive, and nongaseous.

2. Design Mix:  5000-psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1 HANGER AND SUPPORT INSTALLATION

A. Metal Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, 
supports, clamps, and attachments as required to properly support piping from the building 
structure.

B. Metal Trapeze Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Arrange 
for grouping of parallel runs of horizontal piping, and support together on field-fabricated 
trapeze pipe hangers.

1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or 
install intermediate supports for smaller diameter pipes as specified for individual pipe 
hangers.

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being 
supported.  Weld steel according to AWS D1.1/D1.1M.

C. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping.

D. Fastener System Installation:

1. Install mechanical-expansion anchors in concrete after concrete is placed and completely 

cured.  Install fasteners according to manufacturer's written instructions.

E. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 
washers, and other accessories.

F. Equipment Support Installation:  Fabricate from welded-structural-steel shapes.

G. Install hangers and supports to allow controlled thermal movement of piping systems, to permit 
freedom of movement between pipe anchors, and to facilitate action of expansion joints, 

expansion loops, expansion bends, and similar units.

H. Install building attachments within concrete slabs or attach to structural steel.  Install additional 
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger 

and at changes in direction of piping.  Install concrete inserts before concrete is placed; fasten 
inserts to forms and install reinforcing bars through openings at top of inserts.
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I. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses 

from movement will not be transmitted to connected equipment.

J. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and to not exceed 

maximum pipe deflections allowed by ASME B31.9 for building services piping.

K. Insulated Piping:

1. Attach clamps and spacers to piping.

a. Piping Operating above Ambient Air Temperature:  Clamp may project through 
insulation.

b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield 

insert with clamp sized to match OD of insert.
c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services 

piping.

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is 
indicated.  Fill interior voids with insulation that matches adjoining insulation.

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.  Shields 
shall span an arc of 180 degrees.

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

4. Shield Dimensions for Pipe:  Not less than the following:

a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick.
b. NPS 4 to NPS 6:  12 inches long and 0.06 inch thick.

c. NPS 8 to NPS 10:  18 inches long and 0.06 inch thick.
d. NPS 12 to NPS 30:  24 inches long and 0.07 inch thick up to NPS 18 and .10 inch 

thick from NPS 20 to NPS 30.

5. Pipes NPS 8 and Larger:  Include wood or reinforced calcium-silicate-insulation inserts 
of length at least as long as protective shield.

6. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation.

3.2 EQUIPMENT SUPPORTS

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support 
equipment above floor.

B. Grouting:  Place grout under supports for equipment and make bearing surface smooth.
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3.3 METAL FABRICATIONS

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment 
supports.

B. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be 
shop welded because of shipping size limitations.

C. Field Welding:  Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; 

appearance and quality of welds; and methods used in correcting welding work; and with the 
following:

1. Use materials and methods that minimize distortion and develop strength and corrosion 

resistance of base metals.
2. Obtain fusion without undercut or overlap.
3. Remove welding flux immediately.

4. Finish welds at exposed connections so no roughness shows after finishing and so 
contours of welded surfaces match adjacent contours.

3.4 ADJUSTING

A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve 
indicated slope of pipe.

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

3.5 PAINTING

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately 
after erecting hangers and supports.  Use same materials as used for shop painting.  Comply 

with SSPC-PA 1 requirements for touching up field-painted surfaces.

B. Touchup:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas 

of shop paint on miscellaneous metal are specified in Division 09 painting Sections. 

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780.

3.6 HANGER AND SUPPORT SCHEDULE

A. Specific hanger and support requirements are in Sections specifying piping systems and 
equipment.

B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in 
piping system Sections.

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 

not have field-applied finish.
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D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 

direct contact with copper tubing.

E. Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and attachments for 

general service applications.

F. Use stainless-steel pipe hangers and stainless-steel or corrosion-resistant attachments for hostile 
environment applications.

G. Use copper-plated pipe hangers and copper or stainless-steel attachments for copper piping and 
tubing.

H. Use thermal-hanger shield inserts for insulated piping and tubing.

I. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in 
piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or 

insulated, stationary pipes NPS 1/2 to NPS 30.
2. Yoke-Type Pipe Clamps (MSS Type 2):  For suspension of up to 1050 deg F, pipes 

NPS 4 to NPS 24, requiring up to 4 inches of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3):  For suspension of 
pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of insulation.

4. Adjustable, Steel Band Hangers (MSS Type 7):  For suspension of noninsulated, 

stationary pipes NPS 1/2 to NPS 8.
5. U-Bolts (MSS Type 24):  For support of heavy pipes NPS 1/2 to NPS 30.
6. Pipe Saddle Supports (MSS Type 36):  For support of pipes NPS 4 to NPS 36, with steel-

pipe base stanchion support and cast-iron floor flange or carbon-steel plate.
7. Pipe Stanchion Saddles (MSS Type 37):  For support of pipes NPS 4 to NPS 36, with 

steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and 
with U-bolt to retain pipe.

8. Single-Pipe Rolls (MSS Type 41):  For suspension of pipes NPS 1 to NPS 30, from two 

rods if longitudinal movement caused by expansion and contraction might occur.
9. Complete Pipe Rolls (MSS Type 44):  For support of pipes NPS 2 to NPS 42 if 

longitudinal movement caused by expansion and contraction might occur but vertical 

adjustment is not necessary.

J. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers NPS 3/4 to 
NPS 24.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers NPS 3/4 

to NPS 24 if longer ends are required for riser clamps.

K. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:

1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches for heavy loads.
2. Steel Clevises (MSS Type 14):  For 120 to 450 deg F piping installations.
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L. Building Attachments:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper attachment to suspend 

pipe hangers from concrete ceiling.
2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist 

construction, to attach to top flange of structural shape.

3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, 
channels, or angles.

4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams.

5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads 
are considerable and rod sizes are large.

6. C-Clamps (MSS Type 23):  For structural shapes.

7. Welded-Steel Brackets:  For support of pipes from below, or for suspending from above 
by using clip and rod.  Use one of the following for indicated loads:

a. Light (MSS Type 31):  750 lb.

b. Medium (MSS Type 32):  1500 lb.
c. Heavy (MSS Type 33):  3000 lb.

8. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams.

9. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required.

M. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system 
Sections, install the following types:

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with 
insulation that matches adjoining insulation.

2. Protection Shields (MSS Type 40):  Of length recommended in writing by manufacturer 
to prevent crushing insulation.

3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe.

N. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping 
system Sections, install the following types:

1. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 

1-1/4 inches.
2. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41, roll hanger with 

springs.

3. Variable-Spring Base Supports (MSS Type 52):  Preset to indicated load and limit 
variability factor to 25 percent to allow expansion and contraction of piping system from 
base support.

O. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not 
specified in piping system Sections.

P. Use mechanical-expansion anchors instead of building attachments where required in concrete 

construction.

END OF SECTION 230529
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2( 9]] T`^a`_V_ed cVbfZcZ_X A:; T`^a]ZR_TV R_U TVceZWZTReZ`_(

3( 9]] Z_daVTeZ`_ R_U eVde ac`TVUfcVd W`c T`^a`_V_ed cVbfZcZ_X A:; T`^a]ZR_TV(

;( 9]] ^VTYR_ZTR] VbfZa^V_e& aZaV R_U UfTeh`c\& hZeYZ_& `_ `c `feU``cd `W eYV SfZ]UZ_X R_U V_ecj 
`W dVcgZTVd e` eYV SfZ]UZ_X& fa e` Sfe _`e Z_T]fUZ_X& eYV feZ]Zej T`__VTeZ`_& Zd aRce `W eYZd 

KaVTZWZTReZ`_(

<( ;`^a`_V_ed cVWVccVU e` SV]`h RcV ejaZTR]( #;`^a`_V_ed _`e ]ZdeVU RcV deZ]] Z_T]fUVU Z_ eYZd 
daVTZWZTReZ`_($ 9]] djdeV^d eYRe RcV aRce `W eYV SfZ]UZ_X Z_ R_j hRj RcV cVWVccVU e` Rd 

T`^a`_V_ed& Z_T]fUZ_X4

$ 9; M_Zed
$ 9URaeVc ;fcS

$ 9Zc @R_U]Z_X M_Zed
$ 9Zc KVaRcRe`cd

$ :`Z]Vcd
$ ;RSZ_Ve M_Ze @VReVcd
$ ;YZ]]Vcd

$ ;`^acVdd`c
$ ;`^afeVc J``^ M_Zed
$ ;`_UV_dZ_X M_Zed

$ ;``]Z_X L`hVcd
$ ;fcSd
$ <cj ;``]Vcd

$ <fTeh`c\
$ =bfZa^V_e Kfaa`ced
$ >R_d #R]] ejaVd$

$ >R_ ;`Z] M_Zed
$ ?Rd <VeVTeZ`_ KjdeV^d

$ @VRe =iTYR_XVcd
$ @f^ZUZWZVcd

$ HZaV
$ Hf^ad #R]] ejaVd$
$ JZdVcd

$ J``We`a M_Zed
$ Kfaa`ced
$ LR_\d #R]] ejaVd$

$ M_Ze @VReVcd
$ M_Ze NV_eZ]Re`cd
$ NRcZRS]V >cVbfV_Tj <cZgVd

$ N9N :`iVd
$ NZScReZ`_ Ad`]Re`cd
$ OReVc @VReVcd
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+(- <=>AFALAGFK #:MAD<AF? 9F< ;GEHGF=FLK& 9DD ;G<=K$

9( =KK=FLA9D >9;ADALA=K& #GTTfaR_Tj ;ReVX`cj& A:;',*+2$

+( :fZ]UZ_Xd R_U `eYVc decfTefcVd eYRe RcV Z_eV_UVU e` cV^RZ_ `aVcReZ`_R] Z_ eYV VgV_e `W 
ViecV^V V_gZc`_^V_eR] ]`RUZ_X Wc`  ̂W]``U& hZ_U& d_`h `c VRceYbfR\Vd(

:( ?V_VcR]

+( 9_TY`c4 9 UVgZTV& dfTY Rd R_ ViaR_dZ`_ S`]e& W`c T`__VTeZ_X VbfZa^V_e ScRTZ_X ^V^SVcd 

e` eYV decfTefcV `W R SfZ]UZ_X(

,( 9aac`gVU 9XV_Tj4  9_ VdeRS]ZdYVU R_U cVT`X_ZkVU RXV_Tj cVXf]Rc]j V_XRXVU Z_ 
T`_UfTeZ_X eVded `c Wfc_ZdYZ_X R_R]jeZTR] `c Z_daVTeZ`_ dVcgZTVd& hYV_ dfTY RXV_Tj YRd 

SVV_ Raac`gVU(

-( 9eeRTY^V_e4 KVV H`dZeZgV 9eeRTY^V_e SV]`h(

.( :RdZT OZ_U KaVVU4 LYV SRdZT hZ_U daVVU& Z_ ^aY& W`c UVeVc^Z_ReZ`_ `W eYV hZ_U ]`RUd 

dYR]] SV Rd aVc KVTeZ`_ +0*3 #A:;',*+2$& `c ]`TR] T`UV& ZW ^`cV dVgVcV( D`TR] [fcZdUZTeZ`_d 
dYR]] UVeVc^Z_V hZ_U daVVUd W`c Z_UZTReVU daVTZR] hZ_U cVXZ`_d ]`TReVU _VRc X`cXVd `c 
^`f_eRZ_`fd eVccRZ_( KVTeZ`_ 0(/(. `W 9K;= 1'*/ dYR]] SV fdVU RWeVc UVeVc^Z_ReZ`_ `W 

SRdZT hZ_U daVVU Sj eYV ]`TR] [fcZdUZTeZ`_( KVV KVTeZ`_ +0*3(- 9K;= 1'*/ W`c SRdZT hZ_U 
daVVU UVeVc^Z_ReZ`_ Z_ _`_'YfccZTR_V ac`_V cVXZ`_d(

/( :cRTZ_X4 EVeR] TYR__V]d& TRS]Vd `c YR_XVc R_X]Vd eYRe acVgV_e T`^a`_V_ed Wc`  ̂ScVR\Z_X 

RhRj Wc`^ eYV decfTefcV UfcZ_X R_ VRceYbfR\V `c YZXY hZ_Ud( KVV R]d` D`_XZefUZ_R] 
:cRTZ_X R_U LcR_dgVcdV :cRTZ_X( L`XVeYVc& eYVj cVdZde V_gZc`_^V_eR] ]`RUd Wc`^ R_j 
UZcVTeZ`_(

0( ;VceZWZTReV `W ;`^a]ZR_TV4 9 TVceZWZTReV deReZ_X eYRe ^ReVcZR]d R_U ac`UfTed ^VVe daVTZWZVU 
deR_URcUd `c eYRe h`c\ hRd U`_V Z_ T`^a]ZR_TV hZeY Raac`gVU T`_decfTeZ`_ U`Tf^V_ed& 

ac`gZUVU Sj R_ Raac`gVU RXV_Tj( #;VceZWZTReV e` SV dfaa]ZVU Sj VbfZa^V_e T`^a`_V_e 
^R_fWRTefcVc($

1( ;`^a`_V_e4 9 _`_'decfTefcR] aRce `c V]V^V_e `W R_ RcTYZeVTefcR]& V]VTecZTR]& ^VTYR_ZTR]& 

a]f^SZ_X `c WZcV ac`eVTeZ`_ djdeV^ hZeYZ_ `c hZeY`fe `W R SfZ]UZ_X djdeV^(

2( ;`^a`_V_e A^a`ceR_TV >RTe`c4 >RTe`c Raa]ZVU e` R T`^a`_V_e eYRe UVWZ_Vd eYV TcZeZTR]Zej 
`W eYRe T`^a`_V_e( LYZd WRTe`c TR_ SV +(* `c +(/(

3( ;`^a`_V_e& W]ViZS]V4 ;`^a`_V_e& Z_T]fUZ_X Zed ReeRTY^V_ed& YRgZ_X R Wf_UR^V_eR] aVcZ`U 
XcVReVc eYR_ *(*0 dVT`_Ud(

+*( ;`^a`_V_e& cZXZU4 ;`^a`_V_e& Z_T]fUZ_X Zed ReeRTY^V_ed& YRgZ_X R Wf_UR^V_eR] aVcZ`U 

]Vdd eYR_ `c VbfR] e` *(*0 dVT`_Ud(
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++( ;`_dVbfV_eZR] <R^RXV4  LYV Wf_TeZ`_R] R_U aYjdZTR] Z_eVccV]ReZ`_dYZa `W T`^a`_V_ed& 

eYVZc dfaa`ced R_U eYVZc VWWVTe `_ VRTY `eYVc dYR]] SV T`_dZUVcVU d` eYRe eYV WRZ]fcV `W R_ 
VddV_eZR] `c _`_'VddV_eZR] RcTYZeVTefcR]& ^VTYR_ZTR] `c V]VTecZTR] T`^a`_V_e dYR]] _`e 
TRfdV eYV WRZ]fcV `W R_ VddV_eZR] RcTYZeVTefcR]& ^VTYR_ZTR] `c V]VTecZTR] T`^a`_V_e(

+,( =bfZa^V_e4 KjdeV^d Rdd`TZReVU hZeY UfTed& aZaVd R_U T`_UfZed R]d` TR]]VU T`^a`_V_ed(

+-( >]``U `c >]``UZ_X4 9 XV_VcR] R_U eV^a`cRcj T`_UZeZ`_ `c aRceZR] R_U T`^a]VeV Z_f_UReZ`_ 

`W _`c^R]]j Ucj ]R_U Wc`^4

R( LYV `gVcW]`h `W Z_]R_U `c eZUR] hReVcd(

S( LYV f_fdfR] R_U cRaZU RTTf^f]ReZ`_ `W cf_`WW `W dfcWRTV hReVcd Wc`^ R_j d`fcTV(

+.( >]``U @RkRcU 9cVR4 LYV XcVReVc `W eYV W`]]`hZ_X `W eh` RcVRd4

R( LYV RcVR hZeYZ_ R W]``U a]RZ_ dfS[VTe e` R + aVcTV_e `c XcVReVc TYR_TV `W W]``UZ_X Z_ 
R_j jVRc(

S( LYV RcVR UVdZX_ReVU Rd R W]``U YRkRcU RcVR `_ R T`^^f_Zejld W]``U YRkRcU ^Ra& `c 

`eYVchZdV ]VXR]]j UVdZX_ReVU(

+/( KaVTZR] >]``U @RkRcU 9cVR KfS[VTe e` @ZXY NV]`TZej ORgV 9TeZ`_4 9cVR hZeYZ_ eYV W]``U 
YRkRcU RcVR eYRe Zd dfS[VTe e` YZXY gV]`TZej hRgV RTeZ`_ R_U dY`h_ `_ R >]``U A_dfcR_TV 

JReV ERa #>AJE$ `c `eYVc W]``U YRkRcU ^Ra Rd k`_V N& NG& N= `c NA'-*(

+0( >]``U A_dfcR_TV JReV ERa #>AJE$4 9_ `WWZTZR] ^Ra `W R T`^^f_Zej `_ hYZTY eYV 
>VUVcR] =^VcXV_Tj ER_RXV^V_e 9XV_Tj #>=E9$ YRd UV]Z_VReVU S`eY eYV daVTZR] W]``U 

YRkRcU RcVRd R_U eYV cZd\ acV^Zf^ k`_Vd Raa]ZTRS]V e` eYV T`^^f_Zej(

+1( ?Rd aZaVd4 >`c eYV afca`dVd `W eYZd KaVTZWZTReZ`_ ?fZUV& XRd aZaV Zd R_j aZaV eYRe TRccZVd 

WfV]& XRd& WfV] `Z]& ^VUZTR] XRd& `c T`^acVddVU RZc(

+2( @RkRcU`fd ;`_eV_ed4 9 ^ReVcZR] eYRe Zd YZXY]j e`iZT `c a`eV_eZR]]j Via]`dZgV `c T`cc`dZgV 
R_U Z_ dfWWZTZV_e bfR_eZej e` a`dV R dZX_ZWZTR_e ]ZWV'dRWVej eYcVRe e` eYV XV_VcR] afS]ZT ZW R_ 

f_T`_ec`]]VU cV]VRdV hVcV e` `TTfc(

+3( @fccZTR_V Hc`_V JVXZ`_d4 9cVRd ac`_V e` YfccZTR_Vd Z_T]fUV eYV M(K( 9e]R_eZT GTVR_& 
?f]W ;`Rded& @RhRZZ& HfVce` JZT`& ?fR^& NZcXZ_ Ad]R_Ud& R_U 9^VcZTR_ KR^`R hYVcV eYV 

hZ_U daVVU Zd XcVReVc eYR_ 3* ^aY(

,*( A^a`ceR_TV >RTe`c& A4 9 WRTe`c eYRe RTT`f_ed W`c eYV UVXcVV `W YRkRcU e` Yf^R_ ]ZWV R_U 
UR^RXV e` ac`aVcej(

,+( A_daVTeZ`_ ;VceZWZTReV4 9_ ZUV_eZWZTReZ`_ Raa]ZVU `_ R ac`UfTe Sj R_ Raac`gVU RXV_Tj 
T`_eRZ_Z_X eYV _R^V `W eYV ^R_fWRTefcVc& eYV Wf_TeZ`_ R_U aVcW`c^R_TV TYRcRTeVcZdeZTd& 
R_U eYV _R^V R_U ZUV_eZWZTReZ`_ `W R_ Raac`gVU RXV_Tj eYRe Z_UZTReVd eYRe eYV ac`UfTe `c 

^ReVcZR] YRd SVV_ Z_daVTeVU R_U VgR]fReVU Sj R_ Raac`gVU RXV_Tj #dVV KVTeZ`_ +1*-(/ 
R_U mDRSV]n R_U mER_fWRTefcVcld <VdZX_ReZ`_n R_U mERc\n$(

,,( DRSV]4 9_ ZUV_eZWZTReZ`_ Raa]ZVU `_ R ac`UfTe Sj eYV ^R_fWRTefcVc eYRe T`_eRZ_d eYV _R^V 

`W eYV ^R_fWRTefcVc& eYV Wf_TeZ`_ R_U aVcW`c^R_TV TYRcRTeVcZdeZTd& R_U eYV _R^V R_U 
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ZUV_eZWZTReZ`_ `W R_ Raac`gVU RXV_Tj eYRe Z_UZTReVd eYRe eYV cVacVdV_eReZgV dR^a]V `W eYV 

ac`UfTe `c ^ReVcZR] YRd SVV_ eVdeVU R_U VgR]fReVU Sj R_ Raac`gVU RXV_Tj #dVV KVTeZ`_ 
+1*-(/ R_U mA_daVTeZ`_ ;VceZWZTReV&n mER_fWRTefcVcld <VdZX_ReZ`_n R_U mERc\n$(

,-( DReVcR] W`cTVd4 9 W`cTV RTeZ_X `_ R T`^a`_V_e Z_ eYV Y`cZk`_eR] a]R_V( LYZd W`cTV TR_ SV 

Z_ R_j UZcVTeZ`_(

,.( D`_XZefUZ_R] ScRTZ_X4 :cRTZ_X eYRe acVgV_ed R T`^a`_V_e Wc`^ ^`gZ_X Z_ eYV UZcVTeZ`_ `W 

Zed cf_(

,/( D`_XZefUZ_R] W`cTV4 9_ Raa]ZVU W`cTV eYRe YRaaV_d e` SV Z_ eYV dR^V UZcVTeZ`_ Rd eYV UfTe 
`c aZaV cf_(

,0( ERc\4 9_ ZUV_eZWZTReZ`_ Raa]ZVU `_ R ac`UfTe Sj eYV ^R_fWRTefcVc Z_UZTReZ_X eYV _R^V `W 
eYV ^R_fWRTefcVc R_U eYV Wf_TeZ`_ `W R ac`UfTe `c ^ReVcZR] #dVV R]d` mA_daVTeZ`_ 
;VceZWZTReV&n mDRSV]n R_U mER_fWRTefcVcld <VdZX_ReZ`_n$(

,1( ER_fWRTefcVcld <VdZX_ReZ`_4 9_ ZUV_eZWZTReZ`_ Raa]ZVU `_ R ac`UfTe Sj eYV ^R_fWRTefcVc 
Z_UZTReZ_X eYRe R ac`UfTe `c ^ReVcZR] T`^a]ZVd hZeY R daVTZWZVU deR_URcU `c dVe `W cf]Vd 
#dVV R]d` mA_daVTeZ`_ ;VceZWZTReV&n mDRSV]n R_U mERc\n($

,2( GTTfaR_Tj ;ReVX`cj4 9 T]RddZWZTReZ`_ fdVU e` UVeVc^Z_V decfTefcR] ]`RU cVbfZcV^V_ed 
Z_T]fUZ_X eY`dV Z^a`dVU Sj hZ_U& W]``U& d_`h R_U dVZd^ZT SRdVU `_ `TTfaR_Tj `W eYV 
decfTefcV(

,3( H`dZeZgV 9eeRTY^V_e4 9 ^VTYR_ZTR] UVgZTV& UVdZX_VU e` cVdZde dVZd^ZT W`cTVd& hYZTY 
T`__VTed R _`_'decfTefcR] V]V^V_e& dfTY Rd R UfTe& e` R decfTefcR] V]V^V_e& dfTY Rd R SVR^( 
:`]ed R_U hV]UZ_X RcV ViR^a]Vd `W a`dZeZgV ReeRTY^V_ed( KfcWRTV X]fV R_U WcZTeZ`_ 

R_TY`cRXV U` _`e T`_deZefeV a`dZeZgV ReeRTY^V_e( =iR^a]Vd `W a`dZeZgV ReeRTY^V_e RcV 
Va`ij TRde Z_ R_TY`cd R_U UcZ]] Z_ hVUXV dYRaVU R_TY`c S`]ed e` T`_TcVeV R_U hV]UVU `c 

S`]eVU T`__VTeZ`_d UZcVTe]j e` eYV SfZ]UZ_X decfTefcV( <`fS]V'dZUVU SVR^ T]R^ad& ; ejaV 
RcV _`e RTTVaeRS]V Rd VZeYVc ScRTV a`Z_e ReeRTY^V_ed e` eYV decfTefcV `c W`c eYV dfaa`ce `W 
eYV T`^a`_V_e Re eYV ScRTZ_X ]`TReZ`_(

-*( KZeV ;]Rdd4 9 T]RddZWZTReZ`_ RddZX_VU e` R dZeV SRdVU `_ eYV ejaVd `W d`Z]d acVdV_e R_U eYVZc 
V_XZ_VVcZ_X ac`aVceZVd Rd UVWZ_VU Z_ LRS]V +0+-(/(, #A:;',*+2$(

-+( KaVTZR] A_daVTeZ`_4 A_daVTeZ`_ Rd YVcVZ_ cVbfZcVU `W eYV ^ReVcZR]d& Z_deR]]ReZ`_& WRScZTReZ`_& 

VcVTeZ`_ `c a]RTV^V_e `W T`^a`_V_ed R_U T`__VTeZ`_d cVbfZcZ_X daVTZR] U`Tf^V_ed R_U 
cVWVcV_TVU deR_URcUd #dVV KVTeZ`_ +1*.& A:;',*+2$(

-,( KaVTZR] A_daVTeZ`_& ;`_eZ_f`fd4 LYV Wf]]'eZ^V `SdVcgReZ`_ `W h`c\ cVbfZcZ_X daVTZR] 

Z_daVTeZ`_ Sj R_ Raac`gVU daVTZR] Z_daVTe`c hY` Zd acVdV_e Z_ eYV RcVR hYVcV eYV h`c\ Zd 
SVZ_X aVcW`c^VU(

--( KaVTZR] A_daVTeZ`_& HVcZ`UZT4 LYV aRce'eZ^V `c Z_eVc^ZeeV_e `SdVcgReZ`_ `W h`c\ cVbfZcZ_X 

daVTZR] Z_daVTeZ`_ Sj R_ Raac`gVU daVTZR] Z_daVTe`c hY` Zd acVdV_e Z_ eYV RcVR hYVcV eYV 
h`c\ YRd SVV_ `c Zd SVZ_X aVcW`c^VU R_U Re eYV T`^a]VeZ`_ `W eYV h`c\(

-.( Ke`cj <cZWe JReZ`4 LYV de`cj UcZWe #DReVcR] UZda]RTV^V_e$ UZgZUVU Sj eYV de`cj YVZXYe(
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-/( OZ_U':`c_V <VScZd JVXZ`_4 H`ceZ`_d `W YfccZTR_V'ac`_V cVXZ`_d eYRe RcV hZeYZ_ + ^Z]V `W 

eYV T`RdeR] ^VR_ YZXY hReVc ]Z_V hYVcV eYV SRdZT hZ_U daVVU Zd ++* ^aY `c XcVReVc& `c 
a`ceZ`_d `W YfccZTR_V'ac`_V cVXZ`_d hYVcV eYV SRdZT hZ_U daVVU Zd +,* ^aY `c XcVReVc5 `c 
@RhRZZ(

+(. ?=F=J9D <=KA?F 9F< H=J>GJE9F;= J=IMAJ=E=FLK

9( ?V_VcR] <VdZX_ JVbfZcV^V_ed(

+( K=AKEA; ;GFKA<=J9LAGFK4 LYZd ac`[VTe YRd dVZd^ZT UVdZX_ cVbfZcV^V_ed Rd W`]]`hd4

R( FGF=(

,( OAF< ;GFKA<=J9LAGFK4 LYZd ac`[VTe YRd hZ_U UVdZX_ cVbfZcV^V_ed Rd W`]]`hd4

R( >`c _Vh VbfZa^V_e R_U ViZdeZ_X VbfZa^V_e cVTVZgZ_X _Vh c``W TfcSd `c VbfZa^V_e 
dfaa`ced& ac`gZUV a`dZeZgV ReeRTY^V_ed R_U cVdecRZ_ed TRaRS]V `W hZeYdeR_UZ_X eYV 
W`]]`hZ_X aRcR^VeVcd4

+$ M]eZ^ReV OZ_U KaVVU4 +,/ ^aY(
,$ JZd\ ;ReVX`cj4 AAA(

-$ OZ_U =ia`dfcV ;ReVX`cj4 <(

-( >DGG< ;GFKA<=J9LAGFK4 LYZd ac`[VTe YRd UVdZX_ cVbfZcV^V_ed Z_ RTT`cUR_TV hZeY 

>=E9 R_U)`c >AJE Rd W`]]`hd4

R( FGF=(

:( ?V_VcR] <VdZX_ HVcW`c^R_TV JVbfZcV^V_ed

+( <VdZX_ OZ_U D`RUd4

R( 9]] `feU``c ^`f_eVU T`^a`_V_ed dYR]] SV a`dZeZgV]j WRdeV_VU e` eYVZc dfaa`ceZ_X 
decfTefcV Rd UZdTfddVU SV]`h(  >RdeV_Z_X e` ^VeR] UVT\ Zd f_RTTVaeRS]V( 

+$ AW T`^a`_V_e Zd TfcS ^`f_eVU& RceZT]V 1& <VdZX_ KVZd^ZT D`RUd& aRcRXcRaY X 
dYR]] SV W`]]`hVU W`c R]] c``W'^`f_eVU T`^a`_V_ed Z_ ViTVdd `W 3 db( We( Z_ 
Tc`dd'dVTeZ`_R] RcVR( ;fcSd dYR]] SV Rd UVdTcZSVU Z_ :RdV ejaV :'- ZW Zd`]ReVU& 

:RdV ejaV :'. ZW _`_'Zd`]ReVU(
,$ AW T`^a`_V_e Zd dfaa`ce ^`f_eVU& RceZT]V 1& <VdZX_ KVZd^ZT D`RUd& 

aRcRXcRaY X dYR]] SV W`]]`hVU W`c R]] c``W'^`f_eVU T`^a`_V_ed cVbfZcZ_X 

hReVcac``WVU cRZ] dfaa`ced( =bfZa^V_e dfaa`ced dYR]] SV :RdV ejaV :'/ ZW 
Zd`]ReVU& :RdV ejaV :'0 ZW _`_'Zd`]ReVU( 

-$ AW VbfZa^V_e Zd Uf__RXV ^`f_eVU& a`dZeZgV ReeRTY^V_e dYR]] `TTfc eYc`fXY 

hV]UZ_X `c S`]eZ_X `W VbfZa^V_e e` Uf__RXV deVV](

S( D`RUd R_U TR]Tf]ReZ`_d dYR]] SV SRdVU `_ A:;',*+2& WZXfcV +0*3 R_U cV]ReVU 

dVTeZ`_d Z_ 9K;= 1'*/(
T( OYVcV SfZ]UZ_Xd RcV ]Vdd eYR_ `c VbfR] e` 0* WVVe Z_ YVZXYe e` eYV e`a `W eYV c``W 

d]RS #_`e aRcRaVe hR]]d$& eYV W`cTV `_ c``W'^`f_eVU T`^a`_V_ed dYR]] SV SRdVU `_ 

KVTeZ`_ 0(/(+/(+& 9K;= 1'*/(



GWWdY`cV OZ_U KRWVej ;V_eVc ' LcRZ_Z_X J``^ AddfV W`c HVc^Ze

9e]R_eZT ;Zej& FB GTe`SVc ,1& ,*,+

NA:J9LAGF AKGD9LAGF 9F< OAF< DG9< J=KLJ9AFLK >GJ @N9; 

;GEHGF=FLK
,-*/.2 ' 1

U( =bfZgR]V_e SRdZT hZ_U daVVU dYR]] SV SRdVU `_ A:;',*+2& LRS]V +0*3(-(+(

V( A_ _` VgV_e dYR]] RU[RTV_e SfZ]UZ_Xd& decfTefcVd `c dTcVV_d SV T`_dZUVcVU e` 
UZ^Z_ZdY eYV TR]Tf]ReVU hZ_U ]`RU `c Zed VWWVTe `_ R_ `feU``c T`^a`_V_e(

+(/ KM:EALL9DK

9( JVWVc e` HRce +& ?V_VcR](

:( Hc`UfTe <ReR4 LYV ^R_fWRTefcVc `W gZScReZ`_ Zd`]ReZ`_& dVZd^ZT& hZ_U R_U W]``U cVdecRZ_ed dYR]] 

ac`gZUV dfS^ZeeR]d W`c ac`UfTed Rd W`]]`hd4

+( <VdTcZaeZgV <ReR4

R( ;ReR]`X Tfed `c UReR dYVVed `_ gZScReZ`_ Zd`]Re`cd R_U daVTZWZT cVdecRZ_ed UVeRZ]Z_X 

T`^a]ZR_TV hZeY eYV daVTZWZTReZ`_(
S( <VeRZ]VU dTYVUf]Vd `W W]ViZS]V R_U cZXZU]j ^`f_eVU VbfZa^V_e& dY`hZ_X gZScReZ`_ 

Zd`]Re`cd R_U cVdecRZ_ed Sj cVWVcV_TZ_X _f^SVcVU UVdTcZaeZgV UcRhZ_Xd(

,( KY`a <cRhZ_Xd4

R( KfS^Ze WRScZTReZ`_ UVeRZ]d W`c VbfZa^V_e SRdVd Z_T]fUZ_X UZ^V_dZ`_d& decfTefcR] 
^V^SVc dZkVd R_U dfaa`ce a`Z_e ]`TReZ`_d(

S( Hc`gZUV R]] UVeRZ]d `W dfdaV_dZ`_ R_U dfaa`ce W`c TVZ]Z_X Yf_X VbfZa^V_e(
T( Hc`gZUV daVTZWZT UVeRZ]d `W cVdecRZ_ed R_U R_TY`cd& Z_T]fUV _f^SVc& dZkV R_U 

]`TReZ`_d W`c VRTY aZVTV `W VbfZa^V_e( JVdecRZ_e R_U R_TY`c R]]`hRS]Vd dYR]] SV Sj 

decfTefcR] eVdeZ_X& dYR\V eVdeZ_X& R_R]jdZd `c eYZcU aRcej TVceZWZTReZ`_(
U( ;R]Tf]ReZ`_d dYR]] SV dfS^ZeeVU Rd cVbfZcVU Z_ KVTeZ`_ +(.& ?V_VcR] <VdZX_ R_U 

HVcW`c^R_TV JVbfZcV^V_ed(

+(0 IM9DALQ 9KKMJ9F;=

9( ER_fWRTefcVc `W gZScReZ`_ Zd`]ReZ`_ R_U hZ_U ]`RU T`_ec`] VbfZa^V_e `c ^R_fWRTefcVcld 

Raac`gVU cVacVdV_eReZgV dYR]] YRgV eYV W`]]`hZ_X cVda`_dZSZ]ZeZVd4

+( <VeVc^Z_V gZScReZ`_ Zd`]ReZ`_ R_U cVdecRZ_e dZkVd R_U ]`TReZ`_d(

,( Hc`gZUV gZScReZ`_ Zd`]ReZ`_ R_U cVdecRZ_ed Rd dTYVUf]VU `c daVTZWZVU(

-( Hc`gZUV TR]Tf]ReZ`_d R_U ^ReVcZR]d& ZW cVbfZcVU& W`c cVdecRZ_e `W _`_'Zd`]ReVU VbfZa^V_e(

.( Hc`gZUV Z_deR]]ReZ`_ Z_decfTeZ`_d Z_ hcZeZ_X& UcRhZ_Xd R_U ecRZ_VU WZV]U dfaVcgZdZ`_& hYVcV 
_VTVddRcj& e` Z_dfcV ac`aVc Z_deR]]ReZ`_ R_U aVcW`c^R_TV(

/( ;VceZWj T`ccVTe_Vdd `W Z_deR]]ReZ`_ fa`_ T`^a]VeZ`_& Z_ hcZeZ_X(

0( 9]] ac`gZdZ`_d `W KVTeZ`_ +(.& ?V_VcR] <VdZX_ R_U HVcW`c^R_TV JVbfZcV^V_ed(
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:( 9]] ^R_fWRTefcVcd `W gZScReZ`_ T`_ec`]& hZ_U `c W]``U cVdecRZ_Z_X djdeV^d ^fde ac`gZUV R <VdZX_ 

=cc`c R_U G^ZddZ`_d A_dfcR_TV ;VceZWZTReV W`c eYVZc WZc^ `c eYVZc UVdZX_ T`_df]eR_e e` TVceZWj 
eYVZc RSZ]Zej e` ac`gZUV V_XZ_VVcZ_X R_U UVdZX_ Rd cVbfZcVU Sj eYZd dVTeZ`_( LYZd U`Tf^V_e dYR]] 
SV ac`gZUVU Re eYV eZ^V `W WZcde dfS^ZeeR] Wc`^ eYV cVdecRZ_e ac`gZUVc(

;( 9]] ^R_fWRTefcVcd `W R_j ejaV `W VbfZa^V_e Z_T]fUZ_X G=E RcV cVda`_dZS]V W`c KVTeZ`_ +(.(

<( =bfZa^V_e ^R_fWRTefcVcld dfSdeZefeZ`_ `W Z_eVc_R]]j `c VieVc_R]]j Zd`]ReVU R_U)`c cVdecRZ_VU 

VbfZa^V_e dfaa]ZVU Sj eYV VbfZa^V_e gV_U`c& Z_ ]ZVf `W eYV Zd`]ReZ`_ R_U cVdecRZ_ed daVTZWZVU Z_ 
eYZd dVTeZ`_& Zd RTTVaeRS]V ac`gZUVU R]] T`_UZeZ`_d `W eYZd dVTeZ`_ RcV ^Ve( 

=( 9]] T`ded W`c T`_gVceZ_X e` eYV daVTZWZVU gZScReZ`_ Zd`]ReZ`_ R_U)`c cVdecRZ_ed dYR]] SV S`c_V Sj 

eYV T`^a`_V_e gV_U`c Z_ eYV VgV_e `W _`_'T`^a]ZR_TV hZeY eYV acVTVUZ_X( KfSdeZefeZ`_ `W 
Z_eVc_R] Zd`]ReZ`_ Zd f_RTTVaeRS]V(

+(1 J=D9L=< OGJC

9( @`fdV\VVaZ_X aRU decfTefcR] UVdZX_& Z_T]fUZ_X Zed ReeRTY^V_e e` SfZ]UZ_X decfTefcV& dYR]] SV Sj 
eYV decfTefcR] V_XZ_VVc `W cVT`cU `c Rd dY`h_ `_ eYV T`_ecRTe UcRhZ_Xd( 9eeRTY^V_e `W R]] 
T`^a`_V_ed R_U cVdecRZ_ed e` eYV aRU R_U dZkV `W eYV aRU dYR]] SV UVdZX_VU R_U TVceZWZVU 

RTT`cUZ_X e` eYZd dVTeZ`_ Sj eYV dVZd^ZT)Zd`]ReZ`_ dfaa]ZVc( EReVcZR] R_U ]RS`c cVbfZcVU W`c 
ReeRTY^V_e R_U T`_decfTeZ`_ dYR]] SV Sj eYV T`_TcVeV dVTeZ`_ T`_ecRTe`c& `c Sj eYV T`_ecRTe`c 
hYVcV daVTZWZVU( @`fdV\VVaZ_X aRUd dYR]] SV dZkVU e` RTT`^^`UReV R ^Z_Z^f  ̂0n `W T]VRcR_TV 

R]] Rc`f_U eYV VbfZa^V_e5 `c +, eZ^Vd eYV `feVc^`de R_TY`c S`]e UZR^VeVc& hYZTYVgVc Zd XcVReVc( 
OYVcV VieVcZ`c Zd`]Re`cd RcV fdVU& eYZd UZdeR_TV dYR]] SV Rd ^VRdfcVU Wc`  ̂eYV `feVc^`de Y`]Vd Z_ 
eYV Zd`]Re`c SRdV a]ReV e` eYV VUXV `W eYV Y`fdV\VVaZ_X aRU(

:( LYV ac`[VTeld decfTefcR] V_XZ_VVc dYR]] UVdZX_ R]] c``W R_U Z_eVcZ`c deVV] e` dfaa`ce R_U ^R\V 
T`__VTeZ`_d e` R]] T`^a`_V_ed& Z_T]fUZ_X c``W'^`f_eVU VbfZa^V_e daVTZWZVU Z_ `eYVc dVTeZ`_d( 

<VdZX_ dYR]] T`^a]j hZeY A:; cVbfZcV^V_ed Z_T]fUZ_X ]`RU aReY e` decfTefcV(

;( J``W deVV] dfaa`ceZ_X c``W'^`f_eVU VbfZa^V_e dYR]] SV UVdZX_VU W`c R]] hZ_U W`cTVd Z_T]fUZ_X& 
Sfe _`e ]Z^ZeVU e`& eV_dZ`_& T`^acVddZ`_ R_U ^`^V_e ]`RUd(

<( ;YZ^_Vjd& deRT\d R_U S`Z]Vc ScVVTYZ_X aRddZ_X eYc`fXY W]``cd RcV e` SV ReeRTYVU Re VRTY W]``c 
]VgV] hZeY R cZdVc XfZUV(

+(2 ;G<= 9F< KL9F<9J<K J=IMAJ=E=FLK

9( LjaZTR] 9aa]ZTRS]V ;`UVd R_U KeR_URcUd

+( 9]] ;Zej& KeReV R_U D`TR] ;`UVd #;`UV$

R( 9^VcZTR_ K`TZVej >`c LVdeZ_X R_U EReVcZR]d #9KLE$ #KeR_URcU$

S( A_eVc_ReZ`_R] ;`_WVcV_TV `W :fZ]UZ_X GWWZTZR]d #A;:G$ #KeR_URcU$
T( A_eVc_ReZ`_R] :fZ]UZ_X ;`UV #;`UV$
U( 9K@J9= #KeR_URcU cVWVcV_TV& e` SV fdVU W`c UVdZX_ afca`dVd `_]j& _`e T`UV$(
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V( NAK;E9 #NZScReZ`_ Ad`]ReZ`_ R_U KVZd^ZT ;`_ec`]d ER_fWRTefcVcd 9dd`TZReZ`_$ 

#KeR_URcU cVWVcV_TV& e` SV fdVU W`c UVdZX_ afca`dVd `_]j& _`e T`UV$( 

:( A_ TRdVd hYVcV cVbfZcV^V_ed gRcj& eYV XfZUV]Z_V W`c eYV ^`de decZ_XV_e dYR]] SV feZ]ZkVU(

;( A_eVc_ReZ`_R] >ZcV ;`UV

<( MdV A:;',*+2 Rd cVWVcV_TV T`UV deR_URcU f_]Vdd `eYVchZdV UVdZX_ReVU(

H9JL , ' HJG<M;LK

,(+ <=K;JAHLAGF

9( 9]] gZScReZ`_ Zd`]Re`cd R_U dVZd^ZT cVdecRZ_ed UVdTcZSVU Z_ eYZd KVTeZ`_ dYR]] SV eYV ac`UfTe `W R 
dZ_X]V ^R_fWRTefcVc( LYV SRdZd `W eYZd daVTZWZTReZ`_ Zd LYV NE; ?c`fa& Z_T]fUZ_X NZScReZ`_ 

E`f_eZ_Xd " ;`_ec`]d& 9^SVc):``eY `c C`cWf_U <j_R^ZTd( Hc`UfTed Wc`^ `eYVc _ReZ`_R]]j 
cVT`X_ZkVU ^R_fWRTefcVcd RcV RTTVaeRS]V ac`gZUVU eYVZc djdeV^d decZTe]j T`^a]j hZeY eYVdV 
daVTZWZTReZ`_d R_U YRgV eYV Raac`gR] `W eYV daVTZWjZ_X V_XZ_VVc( ER_fWRTefcVc dYR]] SV R cVXf]Rc 

^V^SVc `W NAK;E9 #NZScReZ`_ Ad`]ReZ`_ R_U KVZd^ZT ;`_ec`]d ER_fWRTefcVcd 9dd`TZReZ`_$( 
KVV >`c  ̂ND'+ ]ZdeZ_X `eYVc ^R_fWRTefcVcd e` SV T`_dZUVcVU W`c fdV `_ eYZd ac`[VTe(

,(, NA:J9LAGF AKGD9LAGF LQH=K

9( LjaV 94 KacZ_X Ad`]Re`c o >cVV KeR_UZ_X& 
9%

+( KacZ_X Zd`]Re`cd dYR]] SV WcVV deR_UZ_X R_U ]ReVcR]]j deRS]V hZeY`fe R_j Y`fdZ_X R_U 

T`^a]VeV hZeY R ^`]UVU V]Rde`^VcZT Tfa `c rn V]Rde`^VcZT RT`fdeZTR] WcZTeZ`_ aRU 
SVehVV_ eYV S`ee`^ `W Zd`]Re`c R_U eYV dfaa`ce(

,( 9]] ^`f_eZ_Xd dYR]] YRgV ]VgV]Z_X S`]ed eYRe ^fde SV cZXZU]j S`]eVU e` eYV VbfZa^V_e(

-( KacZ_X UZR^VeVcd dYR]] SV _` ]Vdd eYR_ *(2n `W eYV T`^acVddVU YVZXYe `W eYV dacZ_X Re cReVU 
]`RU(

.( KacZ_Xd dYR]] YRgV R ^Z_Z^f^ RUUZeZ`_R] ecRgV] e` d`]ZU VbfR] e` /*! `W eYV `aVcReZ_X 
UVW]VTeZ`_(

:( LjaV :4 OZ_U JVdecRZ_VU KacZ_X Ad`]Re`c

EK& EKK& 9=IE& 9K;E& 9EKJ

+( JVdecRZ_VU dacZ_X ^`f_eZ_Xd dYR]] YRgV R LjaV 9 dacZ_X Zd`]Re`c hZeYZ_ R cZXZU Y`fdZ_X 
eYRe Z_T]fUVd gVceZTR] ]Z^Ze de`ad e` acVgV_e dacZ_X VieV_dZ`_ ZW hVZXYe Zd cV^`gVU( LYV 

Y`fdZ_X dYR]] dVcgV Rd S]`T\Z_X UfcZ_X VcVTeZ`_( 9 ^RiZ^f^ T]VRcR_TV `W rn dYR]] SV 
^RZ_eRZ_VU Rc`f_U cVdecRZ_Z_X S`]ed R_U Z_eVc_R] V]Rde`^VcZT UVTV]VcReZ`_ SfdYZ_Xd( DZ^Ze 
de`ad dYR]] SV `fe `W T`_eRTe UfcZ_X _`c^R] `aVcReZ`_( AW Y`fdZ_Xd RcV e` SV S`]eVU `c 
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hV]UVU Z_ a`dZeZ`_ eYVcV ^fde SV R_ Z_eVc_R] Zd`]ReZ`_ aRU `c V]Rde`^VcZT Tfa( @`fdZ_X 

dYR]] SV UVdZX_VU e` cVdZde R]] dVZd^ZT W`cTVd(

;( LjaV ;4 ;`^SZ_ReZ`_ KacZ_X)=]Rde`^Vc @R_XVc Ad`]Re`c #-*p LjaV$
@JK9

+( @R_XVcd dYR]] T`_dZde `W cZXZU deVV] WcR^Vd T`_eRZ_Z_X ^Z_Z^f^ + rn eYZT\ V]Rde`^VcZT 
V]V^V_ed Re eYV e`a R_U R deVV] dacZ_X hZeY XV_VcR] TYRcRTeVcZdeZTd Rd Z_ LjaV 9( LYV 

V]Rde`^VcZT V]V^V_e dYR]] YRgV cVdZ]ZV_e SfdYZ_Xd ac`[VTeZ_X eYc`fXY eYV deVV] S`i(

,( KacZ_X UZR^VeVcd R_U YR_XVc S`i ]`hVc Y`]V dZkVd dYR]] SV ]RcXV V_`fXY e` aVc^Ze eYV 
YR_XVc c`U e` dhZ_X eYc`fXY R -*p RcT Wc`^ dZUV e` dZUV SVW`cV T`_eRTeZ_X eYV c`U SfdYZ_X 

R_U dY`ce'TZcTfZeZ_X eYV dacZ_X(

-( KfS^ZeeR]d dYR]] Z_T]fUV R YR_XVc UcRhZ_X dY`hZ_X eYV -*p TRaRSZ]Zej(

.( @R_XVc ]`TReZ`_d cVbfZcZ_X acV'T`^acVddZ`_ W`c Y`]UZ_X aZaZ_X Re WZiVU V]VgReZ`_ dYR]] SV 

ejaV acV'T`^acVddVU `c acV'a`dZeZ`_Z_X W`c R]] ^R_fWRTefcVcd(

<( LjaV <4 =]Rde`^Vc <`fS]V <VW]VTeZ`_ @R_XVc Ad`]Re`c
@J

+( E`]UVU #^Z_Z^f^ + rn eYZT\$ V]Rde`^VcZT V]V^V_e hZeY ac`[VTeZ_X SfdYZ_X ]Z_Z_X eYV 
c`U T]VRcR_TV Y`]V( KeReZT UVW]VTeZ`_ Re cReVU ]`RU dYR]] SV R ^Z_Z^f  ̂`W *(-/(n

,( KeVV] cVeRZ_Vc S`i V_TRdZ_X V]Rde`^VcZT ^`f_eZ_X TRaRS]V `W dfaa`ceZ_X VbfZa^V_e fa e` 

eh` eZ^Vd eYV cReVU TRaRTZej `W eYV V]V^V_e(

=( LjaV =4 ;`^SZ_ReZ`_ KacZ_X)=]Rde`^Vc @R_XVc Ad`]Re`c
@JK

+( KacZ_X R_U V]Rde`^VcZT V]V^V_ed Z_ R deVV] cVeRZ_Vc S`i hZeY eYV WVRefcVd Rd UVdTcZSVU W`c 
LjaV ; R_U < Zd`]Re`cd(

,( @R_XVc ]`TReZ`_d cVbfZcZ_X acV'T`^acVddZ`_ W`c Y`]UZ_X aZaZ_X Re WZiVU V]VgReZ`_ dYR]] SV 
ejaV acV'T`^acVddVU `c acV'a`dZeZ`_Z_X W`c R]] ^R_fWRTefcVcd(

-( -*p R_Xf]RcZej WVRefcV Zd _`e cVbfZcVU( 

>( LjaV >4 OZ_U JVdecRZ_VU =]Rde`^Vc >]``c Ad`]Re`c
JKE& E:& JM<

+( :cZUXV'SVRcZ_X V]Rde`^VcZT ^`f_eZ_Xd dYR]] YRgV R ^Z_Z^f^ deReZT UVW]VTeZ`_ `W *(,n R_U 
R]]'UZcVTeZ`_R] dVZd^ZT TRaRSZ]Zej( LYV ^`f_e dYR]] T`_dZde `W R UfTeZ]V Zc`_ `c R]f^Z_f^ 
TRdeZ_X T`_eRZ_Z_X ^`]UVU V]Rde`^VcZT V]V^V_ed( LYV V]V^V_ed dYR]] acVgV_e eYV TV_ecR] 

eYcVRUVU d]VVgV R_U ReeRTY^V_e S`]e Wc`^ T`_eRTeZ_X eYV TRdeZ_X UfcZ_X _`c^R] `aVcReZ`_( 
LYV dY`T\'RSd`cSZ_X V]Rde`^VcZT ^ReVcZR]d dYR]] SV T`^a`f_UVU e` ScZUXV'SVRcZ_X `c 
<fcf]V_VLE daVTZWZTReZ`_d(
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?( LjaV ?4 HRU LjaV =]Rde`^Vc Ad`]Re`c #KeR_URcU$

   ERiZW]Vi

+( G_V ]RjVc `W tn eYZT\ V]Rde`^VcZT aRU T`_dZdeZ_X `W ,n dbfRcV ^`Uf]Vd W`c dZkV cVbfZcVU(

,( D`RU UZdecZSfeZ`_ a]ReVd dYR]] SV fdVU Rd cVbfZcVU(

-( :`]eZ_X cVbfZcVU W`c dVZd^ZT T`^a]ZR_TV( =]Rde`^VcZT R_U UfT\ hRdYVcd R_U SfdYZ_Xd 
dYR]] SV ac`gZUVU e` acVgV_e dY`ce'TZcTfZeZ_X(

@( LjaV @4 HRU LjaV =]Rde`^Vc Ad`]Re`c #@ZXY <V_dZej$
>RScZ'>]Vi& F<:& FJ;

+( DR^Z_ReVU TR_gRd UfT\ R_U _V`acV_V& ^RiZ^f^ ]`RUZ_X +*** adZ& ^Z_Z^f^ sn eYZT\(

,( D`RU UZdecZSfeZ`_ a]ReV dYR]] SV fdVU Rd cVbfZcVU(

-( :`]eZ_X cVbfZcVU W`c dVZd^ZT T`^a]ZR_TV( =]Rde`^VcZT R_U UfT\ hRdYVcd R_U SfdYZ_Xd 
dYR]] SV ac`gZUVU e` acVgV_e dY`ce'TZcTfZeZ_X(

A( LjaV A4 LYcfde JVdecRZ_ed
JK@LJ& LJC

+( 9 dacZ_X V]V^V_e dZ^Z]Rc e` LjaV 9 Zd`]Re`c dYR]] SV T`^SZ_VU hZeY deVV] R_X]Vd& SRT\fa 

a]ReVd& eYcVRUVU c`U& hRdYVcd R_U _fed e` ac`UfTV R aRZc `W UVgZTVd TRaRS]V `W ]Z^ZeZ_X 
^`gV^V_e `W RZc YR_U]Z_X VbfZa^V_e e` rn UfV e` eYcfde W`cTVd( ;`_ecRTe`c dYR]] dfaa]j 
YRcUhRcV(

,( LYcfde cVdecRZ_ed dYR]] SV Z_deR]]VU `_ R]] TRSZ_Ve WR_ YVRUd& RiZR] `c TV_ecZWfXR] WR_d 
hY`dV eYcfde ViTVVUd +*! `W f_Ze hVZXYe(

B( LjaV B4 HZaV 9_TY`cd

E<H9& 9?

+( 9]]'UZcVTeZ`_R] RT`fdeZTR] aZaV R_TY`c& T`_dZdeZ_X `W eh` dZkVd `W deVV] efSZ_X `c aZaZ_X 

dVaRcReVU Sj R ^Z_Z^f^ sn eYZT\ 0* Ufc`^VeVc V]Rde`^Vc(

,( NVceZTR] cVdecRZ_e dYR]] SV ac`gZUVU Sj dZ^Z]Rc ^ReVcZR] RccR_XVU e` acVgV_e gVceZTR] ecRgV] 
Z_ VZeYVc UZcVTeZ`_(

-( 9aa]ZVU ]`RUd `_ eYV Zd`]ReZ`_ ^ReVcZR] dYR]] _`e ViTVVU /** adZ R_U eYV UVdZX_ dYR]] SV 
SR]R_TVU W`c VbfR] cVdZdeR_TV Z_ R_j UZcVTeZ`_(

C( LjaV C4 HZaV ?fZUVd

H?)9?)KOH)KOP

+( HZaV XfZUVd dYR]] T`_dZde `W R eV]VdT`aZT RccR_XV^V_e `W eh` dZkVd `W deVV] efSZ_X `c aZaZ_X 
dVaRcReVU Sj R ^Z_Z^f^ sn eYZT\_Vdd `W 0* Ufc`^VeVc V]Rde`^Vc(
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,( LYV YVZXYe `W eYV XfZUVd dYR]] SV acVdVe hZeY R dYVRc aZ_ e` R]]`h gVceZTR] ^`eZ`_ UfV e` 

aZaV ViaR_dZ`_ `c T`_ecRTeZ`_( KYVRc aZ_ dYR]] SV cV^`gRS]V R_U cVa]RTVRS]V e` R]]`h W`c 
dV]VTeZ`_ `W aZaV ^`gV^V_e(

-( ?fZUVd dYR]] SV TRaRS]V `W q + /)2n ^`eZ`_& `c e` ^VVe ]`TReZ`_ cVbfZcV^V_ed(

D( LjaV D4 Ad`]ReVU HZaV @R_XVc KjdeV^
;A@& ;AJ& LA@& HA@

+( HcV'T`^acVddVU dacZ_X R_U V]Rde`^Vc Zd`]ReZ`_ YR_XVc T`^SZ_VU hZeY aZaV dfaa`ce Z_e` 
`_V RddV^S]j( JVa]RTVd deR_URcU T]VgZd& dZ_X]V `c U`fS]V c`U c`]]Vc& `c U`fS]V c`U WZiVU 
dfaa`ce(

,( KacZ_X V]V^V_e #dR^V Rd LjaV 9$ hZeY deVV] ]`hVc dacZ_X cVeRZ_Vc R_U R_ faaVc V]Rde`^Vc 
cVeRZ_Vc Tfa hZeY R_ Z_eVXcR] SfdYZ_X e` Z_df]ReV dfaa`ce c`U Wc`^ eYV Zd`]ReZ`_ YR_XVc(

-( LYV V]Rde`^VcZT V]V^V_e f_UVc eYV ]`hVc deVV] dacZ_X cVeRZ_Vc dYR]] YRgV R_ Z_eVXcR] 

SfdYZ_X e` Z_df]ReV eYV dfaa`ce c`U Wc`^ eYV deVV] dacZ_X cVeRZ_Vc(

.( @R_XVcd dYR]] SV UVdZX_VU R_U T`_decfTeVU e` dfaa`ce ]`RUd `gVc eYcVV eZ^Vd eYV cReVU 
]`RU hZeY`fe WRZ]fcV(

/( KjdeV^d dYR]] SV acV'T`^acVddVU e` R]]`h W`c c`U Z_dVceZ`_ R_U deR_URcU ]VgV]Z_X(

,(- OAF< J=KLJ9AFL LQH=K

9( LjaV A4 KacZ_X Ad`]Re`c& JVdecRZ_VU

EK& EKK& 9=IE& 9K;E& 9EJK

+( JVWVc e` gZScReZ`_ Zd`]ReZ`_ LjaV :(

:( LjaV AA4 OZ_U JVdecRZ_VU =]Rde`^Vc >]``c Ad`]Re`c

E:& JM< 

+( JVWVc e` gZScReZ`_ Zd`]ReZ`_ LjaV >(

;( LjaV AAA4 9]]'<ZcVTeZ`_R] OZ_U K_fSSVc
KJ& =J

+( 9]]'UZcVTeZ`_R] d_fSSVcd dYR]] T`_dZde `W Z_eVc]`T\Z_X deVV] ^V^SVcd cVdecRZ_VU Sj R_ 

V]Rde`^VcZT SfdYZ_X( :fdYZ_X dYR]] SV cVa]RTVRS]V R_U R ^Z_Z^f^ `W rn eYZT\( 9aa]ZVU 
]`RUZ_X dYR]] _`e ViTVVU +*** adZ( 9 ^Z_Z^f^ RZc XRa `W +)2n dYR]] SV Z_T`ca`cReVU Z_ eYV 
d_fSSVc UVdZX_ Z_ R]] UZcVTeZ`_d SVW`cV T`_eRTe Zd ^RUV SVehVV_ eYV cZXZU R_U cVdZ]ZV_e 

dfcWRTVd( K_fSSVc V_U TRad dYR]] SV cV^`gRS]V e` R]]`h Z_daVTeZ`_ `W Z_eVc_R] T]VRcR_TVd( 
=]Rde`^VcZT SfdYZ_Xd dYR]] SV c`eReVU e` Z_dfcV _` dY`ce TZcTfZed ViZde SVW`cV djdeV^d RcV 
RTeZgReVU(

<( LjaV AN4 >]``c `c J``W 9_TY`cRXV
;Rde'A_ H]ReVd
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+( JZXZU ReeRTY^V_e e` decfTefcV feZ]ZkZ_X hVUXV ejaV R_TY`c S`]ed& R_TY`cVU a]ReVd& ^RTYZ_V 

dTcVh& S`]eZ_X `c hV]UZ_X( H`hVc dY`ed RcV f_RTTVaeRS]V(

,(. =IMAHE=FL :9K=K

9( ?V_VcR]

+( 9]] TfcSd R_U c``W cRZ]d RcV e` SV S`]eVU `c hV]UVU e` eYV SfZ]UZ_X deVV] `c R_TY`cVU e` eYV 
T`_TcVeV UVT\ #^Z_Z^f^ eYZT\_Vdd dYR]] SV .n$ W`c cVdZdeZ_X hZ_U R_U dVZd^ZT W`cTVd Z_ 

RTT`cUR_TV hZeY eYV ac`[VTe ]`TReZ`_( #>RdeV_Z_X e` ^VeR] UVT\ Zd f_RTTVaeRS]V($

:( :RdV LjaVd

+( LjaV :'+4 A_eVXcR] KecfTefcR] KeVV] :RdV

O>:& K>:& OK:

R( JVTeR_Xf]Rc SRdVd RcV acVWVccVU W`c R]] VbfZa^V_e(
S( ;V_ecZWfXR] cVWcZXVcReZ`_ ^RTYZ_Vd R_U af^a SRdVd ^Rj SV L `c D dYRaVU hYVcV 

daRTV Zd R ac`S]V^( Hf^a SRdVd W`c da]Ze TRdV R_U V_U dfTeZ`_ af^ad dYR]] Z_T]fUV 
dfaa`ced W`c dfTeZ`_ R_U UZdTYRcXV V]S`hd(

T( 9]] aVcZ^VeVc ^V^SVcd dYR]] SV decfTefcR] deVV] SVR^d hZeY R ^Z_Z^f  ̂UVaeY VbfR] 

e` +)+, `W eYV ]`_XVde UZ^V_dZ`_ SVehVV_ Zd`]Re`cd(
U( :RdV UVaeY _VVU _`e ViTVVU +,n ac`gZUVU eYRe eYV UVW]VTeZ`_ R_U ^ZdR]ZX_^V_e Zd 

\Vae hZeYZ_ RTTVaeRS]V ]Z^Zed Rd UVeVc^Z_VU Sj eYV ^R_fWRTefcVc(

V( @VZXYe dRgZ_X ScRT\Ved dYR]] SV V^a]`jVU Z_ R]] ^`f_eZ_X ]`TReZ`_d e` ac`gZUV R 
^Z_Z^f^ SRdV T]VRcR_TV `W ,(n

,( LjaV :',4 ;`_TcVeV A_VceZR :RdV

EH>& OH>& ;H>

R( NZScReZ`_ Zd`]ReZ`_ ^R_fWRTefcVc dYR]] Wfc_ZdY cVTeR_Xf]Rc hV]UVU `c S`]eVU 

^`Uf]Rc deVV] T`_TcVeV a`fcZ_X W`c^d W`c W]`ReZ_X R_U Z_VceZR W`f_UReZ`_d(
S( :RdVd W`c da]Ze TRdV R_U V_U dfTeZ`_ af^ad dYR]] SV ]RcXV V_`fXY e` ac`gZUV W`c 

dfTeZ`_ R_U UZdTYRcXV V]S`hd(

T( :RdVd dYR]] SV R ^Z_Z^f^ `W +)+, `W eYV ]`_XVde UZ^V_dZ`_ SVehVV_ Zd`]Re`cd Sfe 
_`e ]Vdd eYR_ 0(n

U( LYV SRdV UVaeY _VVU _`e ViTVVU +,n f_]Vdd daVTZWZTR]]j cVT`^^V_UVU Sj eYV SRdV 

^R_fWRTefcVc W`c ^Rdd `c cZXZUZej(
V( >`c^d dYR]] Z_T]fUV R ^Z_Z^f  ̂ T`_TcVeV cVZ_W`cTZ_X T`_dZdeZ_X `W -)2n SRcd 

hV]UVU Z_ a]RTV R ^RiZ^f^ `W +0n `_ TV_eVcd cf__Z_X S`eY hRjd Z_ R ]RjVc + e` 

+sn RS`gV eYV S`ee` (̂
W( >`c^d dYR]] SV Wfc_ZdYVU hZeY deVV] eV^a]ReVd e` Y`]U eYV T`^a`_V_e R_TY`c S`]ed 

d]VVgVd R_U R_TY`cd hYZ]V T`_TcVeV Zd SVZ_X a`fcVU(

X( @VZXYe dRgZ_X ScRT\Ved dYR]] SV V^a]`jVU Z_ R]] ^`f_eZ_X ]`TReZ`_d e` ^RZ_eRZ_ R 
,n ^Z_Z^f  ̂`aVcReZ`_R] T]VRcR_TV SV]`h eYV SRdV(

-( LjaV :'-4 OZ_U D`RU Ad`]ReZ`_ ;fcS
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H0,**& H0-**

R( GaeZ`_4 K`f_U HRT\RXV + " , NE;)9:'JH>E9)KJH>E9
+$ ;fcS'^`f_eVU c``We`a VbfZa^V_e dY`h_ `_ Zd`]ReZ`_ dTYVUf]V dYR]] SV 

^`f_eVU `_ decfTefcR] hZ_U cVdecRZ_VU dacZ_X Zd`]ReZ`_ TfcSd( LYV faaVc 

WcR^V ^fde ac`gZUV T`_eZ_f`fd dfaa`ce W`c eYV VbfZa^V_e R_U ^fde SV 
TRaeZgV d` Rd e` cVdZ]ZV_e]j cVdZde hZ_U ]`RU W`cTVd( LYV ]`hVc WcR^V ^fde 

RTTVae a`Z_e dfaa`ce W`c S`eY hZ_U ]`RU ReeRTY^V_e R_U ]VgV]Z_X( LYV faaVc 
WcR^V ^fde SV UVdZX_VU hZeY a`dZeZgV WRdeV_Z_X ac`gZdZ`_d #hV]UZ_X `c 
S`]eZ_X$& e` R_TY`c eYV c``We`a f_Ze e` eYV TfcS& hYZTY hZ]] _`e gZ`]ReV eYV 

FReZ`_R] J``WZ_X ;`_ecRTe`cd 9dd`TZReZ`_ #FJ;9$ cReZ_Xd `W eYV ^V^ScR_V 
hReVcac``WZ_X( KYVVe ^VeR] dTcVhd RcV `_]j RTTVaeRS]V ZW R]] ac`gZdZ`_d Z_ 
KVTeZ`_ +(.& 9ceZT]V :& aRcRXcRaY 1& <VdZX_ OZ_U D`RUd& RcV ^Ve( ;`_eRTe 

a`Z_ed SVehVV_ eYV c``We`a f_Ze& eYV TfcS R_U eYV SfZ]UZ_Xld decfTefcV dYR]] 
dY`h ]`RU aReY eYc`fXY eY`dV ]`TReZ`_d `_]j(

,$ 9]]'UZcVTeZ`_R] V]Rde`^VcZT d_fSSVc SfdYZ_Xd dYR]] SV ^Z_Z^f  ̂`W rn eYZT\( 

KeVV] dacZ_Xd dYR]] SV ]ReVcR]]j deRS]V R_U cVde `_ rn eYZT\ V]Rde`^VcZT 
RT`fdeZTR] aRUd `c Tfad(

-$ @RcUhRcV ^fde SV a]ReVU R_U eYV dacZ_Xd dYR]] SV a`hUVc'T`ReVU `c 

TRU^Zf^'a]ReVU(
.$ LYV TfcSld hReVcac``WZ_X dYR]] SV UVdZX_VU e` ^VVe R]] FJ;9 cVbfZcV^V_ed(
/$ 9]] dacZ_X ]`TReZ`_d dYR]] YRgV Wf]] dacZ_X gZVh RTTVdd a`ced hZeY cV^`gRS]V 

hReVcac``W T`gVcd R_U R]] Zd`]Re`cd dYR]] SV RU[fdeRS]V& cV^`gRS]V R_U 
Z_eVcTYR_XVRS]V(

0$ Ad`]ReVU TfcSd dYR]] SV dfaa]ZVU hZeY R T`_eZ_f`fd RZc dVR] SVehVV_ eYV faaVc 
W]`ReZ_X ^V^SVc R_U eYV deReZ`_Rcj h``U _RZ]Vc(

.( LjaV :'.4 OZ_U D`RU F`_'Ad`]ReVU ;fcSd

H0***

R( GaeZ`_4 K`f_U HRT\RXV NE;'JH>E9)KJH>E9 KjdeV^

+$ OZ_U ]`RU TfcSd dYR]] YRgV R]] ac`gZdZ`_d Rd LjaV :'- TfcSd hZeY eYV 
ViTVaeZ`_ `W dacZ_X Zd`]ReZ`_(

,$ KjdeV  ̂dYR]] SV UVdZX_VU W`c a`dZeZgV R_TY`cRXV `c hV]UZ_X `W VbfZa^V_e e` 

dfaa`ced R_U hV]UZ_X `W dfaa`ced e` eYV SfZ]UZ_X deVV]& TRaRS]V `W TRccjZ_X 
eYV UVdZX_ hZ_U ]`RUd(

/( LjaV :'/4 Ad`]ReVU =bfZa^V_e Kfaa`ced

J1,**)J1-**

R( ;`_eZ_f`fd decfTefcR] VbfZa^V_e dfaa`ce cRZ]d eYRe T`^SZ_V VbfZa^V_e dfaa`ce R_U 
Zd`]ReZ`_ ^`f_eZ_X Z_e` `_V f_ZeZkVU c``W W]RdYVU RddV^S]j hZeY R]] WVRefcVd Rd 

UVdTcZSVU W`c LjaV :'-(
S( KjdeV  ̂ dYR]] SV UVdZX_VU W`c a`dZeZgV R_TY`cRXV `c hV]UZ_X `W VbfZa^V_e e` 

dfaa`ced R_U hV]UZ_X `W dfaa`ced e` eYV SfZ]UZ_X deVV]& TRaRS]V `W TRccjZ_X eYV 
UVdZX_ hZ_U ]`RUd(

0( LjaV :'04 F`_'Ad`]ReVU =bfZa^V_e Kfaa`ced

J1***
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R( LYZd dYR]] YRgV eYV dR^V ac`gZdZ`_d Rd LjaV :'/ hZeY`fe eYV dacZ_X Zd`]ReZ`_(

1( LjaV :'2   9@M ) 9; f_Ze KecfTefcR] :RdV >cR^Vd

R( OYVcV c``W ^`f_eVU 9Zc ;`_UZeZ`_Z_X `c 9Zc @R_U]Z_X M_Zed RcV a]RTVU `_        
deVV] a]ReW`c^d R_U RcV Z_TRaRS]V `W SVZ_X a`Z_e ]`RUVU `c dfaa`ceVU& decfTefcR] 

WcR^Vd dYR]] SV Wfc_ZdYVU hYZTY hZ]] VZeYVc ^ReTY eYV TV_eVc]Z_V UZ^V_dZ`_d `W eYV 
f_Zeld SRdV WcR^V cRZ] `c Zed TfcS UZ^V_dZ`_d( LYV decfTefcR] WcR^V dYR]] YRgV 

ac`gZdZ`_d e` SV hV]UVU `c S`]eVU e` eYV f_Zeld SRdV WcR^V R_U dYR]] SV dfaa`ceVU 
`_ ejaV m:n hZ_U cVdecRZ_VU Zd`]ReZ`_ djdeV^(  

S( Ad`]Re`c UVW]VTeZ`_ dYR]] SV VZeYVc +(/n `c ,(/n UVaV_UZ_X `_ eYV e`__RXV `W eYV c``W 

^`f_eVU T`^a`_V_e Rd dY`h_ Z_ Ad`]ReZ`_ LRS]V m9n(  KecfTefcR] :RdV >cR^V dYR]] 
SV ejaV JLK:> Rd ^R_fWRTefcVU Sj LYV NE; ?c`fa(

,(/ >D=PA:D= ;GFF=;LGJK

9( LjaV >;',4 >]ViZS]V KeRZ_]Vdd KeVV] @`dV
   KK'>H& KK'>O& KK'HE& KK'O=

+( >]ViZS]V deRZ_]Vdd deVV] Y`dV dYR]] YRgV deRZ_]Vdd deVV] ScRZU R_U TRcS`_ deVV] WZeeZ_Xd( KZkVd 

-n R_U ]RcXVc dYR]] SV W]R_XVU( K^R]]Vc dZkVd dYR]] YRgV ^R]V _Zaa]Vd(

:( LjaV :;', T`__VTe`c dYR]] SV ScRZUVU Sc`_kV W`c >cV`_ T`__VTeZ`_d(

+( EZ_Z^f^ ]V_XeYd dYR]] SV Rd eRSf]ReVU4

>]R_XVU ER]V FZaa]Vd
- i +. +* i ,0      s i 3 + s i +-

. i +/ +, i ,2      t i +* , i +.
/ i +3 +. i -*      + i ++ , s i +2

0 i ,* +0 i -,      + r i +,       2 i ,,

,( @`dVd dYR]] SV Z_deR]]VU `_ eYV VbfZa^V_e dZUV `W eYV dYfe'`WW gR]gVd Y`cZk`_eR]]j R_U 
aRcR]]V] e` eYV VbfZa^V_e dYRWed hYVcVgVc a`ddZS]V(

H9JL - ' =P=;MLAGF

-(+ =P9EAF9LAGF

9( 9]] RcVRd eYRe hZ]] cVTVZgV T`^a`_V_ed cVbfZcZ_X gZScReZ`_ T`_ec`] `c hZ_U ]`RU ScRTZ_X dYR]] SV 

eY`c`fXY]j ViR^Z_VU W`c UVWZTZV_TZVd eYRe hZ]] RWWVTe eYVZc Z_deR]]ReZ`_ `c aVcW`c^R_TV( KfTY 
UVWZTZV_TZVd dYR]] SV T`ccVTeVU acZ`c e` eYV Z_deR]]ReZ`_ `W R_j dfTY djdeV (̂

:( =iR^Z_V R]] mc`fXY Z_dn Z_T]fUZ_X R_TY`cd R_U cVZ_W`cTZ_X acZ`c e` a]RTV^V_e(

-(, 9HHDA;9LAGFK
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9( 9]] gZScReZ`_ Zd`]Re`cd R_U hZ_U cVdecRZ_e djdeV^d ^fde SV Z_deR]]VU Z_ decZTe RTT`cUR_TV hZeY eYV 

^R_fWRTefcVcld hcZeeV_ Z_decfTeZ`_d R_U R]] TVceZWZVU dfS^ZeeR] UReR(

:( A_deR]]ReZ`_ `W gZScReZ`_ Zd`]Re`cd R_U hZ_U cVdecRZ_ed ^fde _`e TRfdV R_j TYR_XV `W a`dZeZ`_ `W 
VbfZa^V_e& aZaZ_X `c UfTeh`c\ cVdf]eZ_X Z_ decVddVd `c ^ZdR]ZX_^V_e(

;( F` cZXZU T`__VTeZ`_d SVehVV_ VbfZa^V_e R_U eYV SfZ]UZ_X decfTefcV dYR]] SV ^RUV eYRe UVXcRUVd 
eYV _`ZdV R_U gZScReZ`_ T`_ec`] djdeV^ daVTZWZVU YVcVZ_(

<( LYV T`_ecRTe`c dYR]] _`e Z_deR]] R_j Zd`]ReVU T`^a`_V_ed Z_ R ^R__Vc eYRe ^R\Vd cZXZU 
T`__VTeZ`_d hZeY eYV SfZ]UZ_X f_]Vdd Zd`]ReZ`_ Zd _`e daVTZWZVU( m:fZ]UZ_Xn Z_T]fUVd& Sfe Zd _`e 
]Z^ZeVU e`& d]RSd& SVR^d& T`]f^_d& defUd R_U hR]]d(

=( ;``cUZ_ReV h`c\ hZeY `eYVc ecRUVd e` Rg`ZU cZXZU T`_eRTe hZeY eYV SfZ]UZ_X(

>( GgVcdecVddZ_X `W eYV SfZ]UZ_X decfTefcV ^fde _`e `TTfc UfV e` `gVcYVRU dfaa`ce `W VbfZa^V_e( 
;`_ecRTe`c ^fde dfS^Ze ]`RUd e` eYV decfTefcR] V_XZ_VVc `W cVT`cU W`c Raac`gR]( ?V_VcR] ScRTZ_X 

^Rj `TTfc Wc`^ W]R_XVd `W decfTefcR] SVR^d& faaVc ecfdd T`cUd Z_ SRc [`Zde T`_decfTeZ`_ R_U TRde 
Z_ a]RTV Z_dVced `c hVUXV ejaV UcZ]]'Z_ T`_TcVeV R_TY`cd(

?( NZScReZ`_ Zd`]ReZ`_ ^R_fWRTefcVc dYR]] Wfc_ZdY Z_eVXcR] decfTefcR] deVV] SRdVd Rd cVbfZcVU( 

A_UVaV_UV_e deVV] cRZ]d RcV _`e aVc^ZeeVU(

@( 9Zc YR_U]Z_X VbfZa^V_e R_U TV_ecZWfXR] WR_d dYR]] SV ac`eVTeVU RXRZ_de ViTVddZgV UZda]RTV^V_e 
hYZTY cVdf]ed Wc`^ YZXY RZc eYcfde Z_ cV]ReZ`_ e` eYV VbfZa^V_e hVZXYe( @`cZk`_eR] eYcfde 

cVdecRZ_ed dYR]] SV eY`dV UVdTcZSVU Z_ eYV daVTZWZTReZ`_ hYV_ Y`cZk`_eR] ^`eZ`_ ViTVVUd -)2(n

-(- =IMAHE=FL AFKL9DD9LAGF

9( =bfZa^V_e dYR]] SV Zd`]ReVU R_U)`c cVdecRZ_VU Rd aVc LRS]Vd 9'= Re eYV V_U `W eYZd dVTeZ`_(

:( H]RTV W]``c ^`f_eVU VbfZa^V_e `_ .n RTefR] YVZXYe T`_TcVeV Y`fdV\VVaZ_X aRUd ac`aVc]j dZkVU 

R_U U`hV]VU `c ViaR_dZ`_ dYZV]UVU e` eYV decfTefcR] UVT\( 9_TY`c Zd`]Re`cd R_U)`c SRdVd e` 
Y`fdV\VVaZ_X aRUd( ;`_TcVeV h`c\ Zd daVTZWZVU f_UVc eYRe dVTeZ`_ `W eYV T`_ecRTe U`Tf^V_ed(

;( 9UUZeZ`_R] JVbfZcV^V_ed4

+( LYV ^Z_Z^f  ̂`aVcReZ_X T]VRcR_TV f_UVc R]] Zd`]ReVU T`^a`_V_ed SRdVd dYR]] SV ,(n

,( 9]] SRdVd dYR]] SV a]RTVU Z_ a`dZeZ`_ R_U dfaa`ceVU eV^a`cRcZ]j Sj S]`T\d `c dYZ^d& Rd 
Raac`acZReV& acZ`c e` eYV Z_deR]]ReZ`_ `W eYV VbfZa^V_e& Zd`]Re`cd R_U cVdecRZ_ed(

-( 9]] T`^a`_V_ed dYR]] SV Z_deR]]VU `_ S]`T\d e` eYV `aVcReZ_X YVZXYe `W eYV Zd`]Re`cd( 9WeVc 
eYV V_eZcV Z_deR]]ReZ`_ Zd T`^a]VeV R_U f_UVc Wf]] ]`RU Z_T]fUZ_X hReVc& eYV Zd`]Re`cd dYR]] 
SV RU[fdeVU d` eYRe eYV ]`RU Zd ecR_dWVccVU Wc`^ eYV S]`T\d e` eYV Zd`]Re`cd( JV^`gV R]] 

UVScZd Wc`^ SV_VReY eYV VbfZa^V_e R_U gVcZWj eYRe eYVcV RcV _` dY`ce TZcTfZed `W eYV 
Zd`]ReZ`_( LYV VbfZa^V_e dYR]] SV WcVV e` ^`gV Z_ R]] UZcVTeZ`_d& hZeYZ_ eYV ]Z^Zed `W eYV 
cVdecRZ_ed(
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.( 9]] W]``c `c hR]]'^`f_eVU VbfZa^V_e R_U eR_\d dYR]] SV cVdecRZ_VU hZeY LjaV N cVdecRZ_ed(

-(. HAHAF? 9F< <M;LOGJC AKGD9LAGF

9( NZScReZ`_ Ad`]ReZ`_ `W HZaZ_X4

+( @N9; OReVc HZaZ_X4 9]] dacZ_X ejaV Zd`]ReZ`_ YR_XVcd dYR]] SV acV'T`^acVddVU `c acV'

a`dZeZ`_VU ZW Zd`]Re`cd RcV Z_deR]]VU acZ`c e` W]fZU TYRcXV( AW Z_deR]]VU RWeVchRcUd& WZV]U acV'
T`^acVddVU Zd`]Re`cd TR_ SV fdVU( 9]] @N9; aZaZ_X Z_ eYV ^RTYZ_V c``^ dYR]] SV 

Zd`]ReVU( @VRe ViTYR_XVcd R_U ViaR_dZ`_ eR_\d RcV T`_dZUVcVU aRce `W eYV aZaZ_X cf_( LYV 
WZcde - Zd`]Re`cd Wc`^ eYV Zd`]ReVU VbfZa^V_e dYR]] YRgV Re ]VRde eYV dR^V deReZT UVW]VTeZ`_ 
Rd daVTZWZVU W`c eYV ^`f_eZ_Xd f_UVc eYV T`__VTeVU VbfZa^V_e( AW aZaZ_X Zd T`__VTeVU e` 

VbfZa^V_e ]`TReVU Z_ SRdV^V_ed R_U YR_Xd Wc`^ TVZ]Z_Xd f_UVc `TTfaZVU daRTVd& eYV WZcde 
- YR_XVcd dYR]] YRgV *(1/n _`^Z_R] UVW]VTeZ`_ `c XcVReVc W`c aZaV dZkVd fa e` R_U 
Z_T]fUZ_X -&n + -)2n _`^Z_R] UVW]VTeZ`_ `c XcVReVc W`c aZaV dZkVd XcVReVc eYR_ -(n OYVcV 

T`]f^_ daRTZ_X ViTVVUd -/l& Zd`]ReZ`_ YR_XVc UVW]VTeZ`_ dYR]] SV ,sn W`c aZaVd ViTVVUZ_X 
-n UZR^VeVc( LjaV D YR_XVcd ^Rj SV dfSdeZefeVU W`c eYV RS`gV hYVcV Zd`]ReZ`_ YR_XVcd RcV 
cVbfZcVU(

,( H]f^SZ_X OReVc DZ_Vd4 H]f^SZ_X hReVc ]Z_Vd Z_ eYV ^RTYZ_V c``^ dYR]] `_]j SV Zd`]ReVU 
ZW T`__VTeVU e` Zd`]ReVU VbfZa^V_e( #KVV LRS]V :($ Ad`]Re`c ejaV dYR]] SV Rd ]ZdeVU Z_ 
9ceZT]V +& RS`gV(

-( ?Rd ]Z_Vd dYR]] _`e SV Zd`]ReVU(

.( >ZcV ac`eVTeZ`_ ]Z_Vd dYR]] _`e SV Zd`]ReVU(
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H9JL . ' K=D=;LAGF ?MA<= >GJ NA:J9LAGF AKGD9LAGF 9F< OAF< J=KLJ9AFLK

%KVV EZ_Z^f^ <VW]VTeZ`_ ?fZUV W`c =bfZa^V_e hZeY D`h JHE
%OYVcV ;`^a`_V_e TR__`e SV a`Z_e dfaa`ceVU& :RdV LjaV :'+ dYR]] SV fdVU(

EZ_Z^f^ <VW]VTeZ`_ ?fZUV W`c =bfZa^V_e hZeY D`h JHE4

L9:D= m9n @N9; =IMAHE=FL

GF ?J9<=& :9K=E=FL GJ KD9: GF ?J9<= 9:GN= ?J9<=

=IMAHE=FL 

#KVV F`eVd$
KZkV)LjaV EeX Ad`]

F`  ̂

<VW]%
:RdV JVdec Ad`]

F`^ 

<VW]%
:RdV JVdec

>]``c 9 *(1/ ''' 9 +(/ '''9Zc @R_U]Z_X M_Zed
A_U``c ;VZ]Z_X ''' ''' ''' ''' = *(1/ '''

<cj ;``]Vcd

GfeU``c ;`_UV_dZ_X 
M_Zed);`_UV_dVcd

J``W ''' ''' ''' AN :
+(* 

EZ_Z^f^
:'/ AN

>]``c 9 *(1/ ''' 9 KVV ?fZUV '''9iZR] >R_d #A_]Z_V 
LjaV$ ;VZ]Z_X ''' ''' ''' ''' = KVV ?fZUV '''

L` +/ @H >]``c 9 *(1/ :', 9 *(1/ :',
:RdV E`f_eVU Hf^ad

8+/ @H >]``c 9 *(1/ :', 9 +(/* :',

:`Z]Vcd >]``c ? *(+* ''' AN : *(1/ '''

L` + @H >]``c > *(,* ''' 9 *(1/ '''

;VZ]Z_X ''' ''' ''' ''' 9 *(1/ '''

8+ @H >]``c 9 *(1/ ''' 7 9 KVV ?fZUV '''

;RSZ_Ve >R_d "

HRT\RXVU 9@M 
A_U``c

;VZ]Z_X ''' ''' ''' ''' 9 KVV ?fZUV '''

;]Rdd + >]``c 9 *(1/ :'+ 9 KVV ?fZUV :'+
;V_ecZWfXR] >R_d

9cc( + " -
;]Rdd , " 

-
>]``c 9 *(1/ :', 9 KVV ?fZUV :',

;]Rdd + >]``c 9 *(1/ ''' 9 KVV ?fZUV
KVV F`eV 

.
;V_ecZW( >R_d #NV_e 

KVed$
9cc( 3 " +*

;]Rdd , " 

-
;VZ]Z_X ''' ''' ''' ''' 9 KVV ?fZUV :',

;fcS EeU( =bfZa(
#F`_'Ad`]($

J``W ''' ''' ''' AN ''' ''' :'0 '''

>]``c > *(,* ''' 9 *(1/ '''
>R_ ;`Z] M_Zed

;VZ]Z_X ''' ''' ''' ''' = *(1/ '''

6 ,* L`_ J``W ''' ''' ''' ''' ''' ''' ''' '''
J``We`a 9@M)9;

(curb mounted) 8 ,* L`_ J``W ''' ''' ''' AN : ,(/*
:'- KVV 

F`eVd /&0
'''

6 +* L`_ J``W ''' ''' ''' AN : +(/* :'2 '''J``We`a 9@M)9;
 (dunnage mounted) 8 +* L`_ J``W ''' ''' ''' AN : ,(/* :'2 '''
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D`hVde JHE `W 

J`eReZ_X =bfZa^V_e

EZ_Z^f^

9TefR] <VW]VTeZ`_

DVdd LYR_ .** -(/n

.*+ eYcf 0** ,(/n

0*+ eYcf 3** +(/n

?cVReVc eYR_ 3** *(1/n

?V_VcR] F`eVd W`c LRS]V4

+( 9SScVgZReZ`_d4
#+$ EeX 7 E`f_eZ_X
#,$ `] 7 NZScReZ`_ Ad`]Re`c LjaV aVc KVTeZ`_ ,(,& NZScReZ`_ Ad`]ReZ`_ LjaVd

#-$ <VW] 7 EZ_Z^f^ <VW]VTeZ`_ `W NZScReZ`_ Ad`]Re`c
#.$ :RdV 7 :RdV LjaV aVc KVTeZ`_ ,(.& =bfZa^V_e :RdVd
#/$ JVdec 7 KVZd^ZT JVdecRZ_e LjaV aVc KVTeZ`_ ,(- KVZd^ZT JVdecRZ_e LjaVd 

,( 9]] UVW]VTeZ`_d Z_UZTReVU RcV Z_ Z_TYVd( >`c VbfZa^V_e hZeY gRcZRS]V daVVU UcZgV_ T`^a`_V_ed 
YRgZ_X UcZgV_ `aVcReZ_X daVVU SV]`h 0** ca^& dV]VTe Zd`]ReZ`_ UVW]VTeZ`_ Wc`^ ^Z_Z^f^ 

UVW]VTeZ`_ XfZUV(

-( >`c c``W Raa]ZTReZ`_d& fdV SRdV LjaV :'/(

.( M_Zed ^Rj _`e SV TRaRS]V `W a`Z_e dfaa`ce( JVWVc e` dVaRcReV RZc YR_U]Z_X f_Ze daVTZWZTReZ`_ 

dVTeZ`_(  AW eYRe dVTeZ`_ U`Vd _`e ac`gZUV SRdV R_U VieVc_R] Zd`]ReZ`_ Zd cVbfZcVU& ac`gZUV LjaV 
:'+ SRdV Sj eYZd dVTeZ`_ W`c V_eZcV f_Ze(

/( KeReZT UVW]VTeZ`_ dYR]] SV UVeVc^Z_VU SRdVU `_ eYV UVW]VTeZ`_ XfZUV W`c LRS]V m9(n

0( <VW]VTeZ`_d Z_UZTReVU RcV ^Z_Z^f^d Re RTefR] ]`RU R_U dYR]] SV dV]VTeVU W`c ^R_fWRTefcVcld 

_`^Z_R] /&n .&n -&n ,n R_U +n UVW]VTeZ`_ dacZ_X dVcZVd5 JHE Zd UVWZ_VU Rd eYV ]`hVde `aVcReZ_X 
daVVU `W eYV VbfZa^V_e(

1( KZ_X]V dec`\V T`^acVdd`cd ^Rj cVbfZcV Z_VceZR SRdVd hZeY eYZT\_VddVd XcVReVc eYR_ +.n 
^RiZ^f  ̂Rd UVdTcZSVU W`c SRdV :',( A_VceZR SRdV ^Rdd dYR]] SV dfWWZTZV_e e` ^RZ_eRZ_ U`fS]V 
R^a]ZefUV W`c +)2(n

2( >]``c ^`f_eVU WR_d& dfSdeZefeV SRdV LjaV :', W`c T]Rdd , `c - `c R_j WR_ YRgZ_X deReZT 
acVddfcV `gVc /(n

3( A_U``c feZ]Zej dVed hZeY hYVV] UZR^VeVcd ]Vdd eYR_ ,.n _VVU _`e YRgV UVW]VTeZ`_d XcVReVc eYR_ 

(1/(n

+*( ;fcS'^`f_eVU WR_d hZeY TfcS RcVR ]Vdd eYR_ 3 dbfRcV WVVe RcV ViT]fUVU(

++( >`c VbfZa^V_e hZeY ^f]eZa]V ^`e`cd& @`cdVa`hVc T]RddZWZTReZ`_ Raa]ZVd e` ]RcXVde dZ_X]V 
^`e`c(

=F< G> K=;LAGF ,-*/.2
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SECTION 230553

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Equipment labels.
2. Warning signs and labels.
3. Pipe labels.

4. Duct labels.
5. Valve tags.

1.2 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Samples:  For color, letter style, and graphic representation required for each identification 
material and device.

C. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed 
content for each label.

D. Valve numbering scheme.

E. Valve Schedules:  For each piping system to include in maintenance manuals.

1.3 COORDINATION

A. Coordinate installation of identifying devices with completion of covering and painting of 

surfaces where devices are to be applied.

B. Coordinate installation of identifying devices with locations of access panels and doors.

C. Install identifying devices before installing acoustical ceilings and similar concealment.
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PART 2 - PRODUCTS

2.1 EQUIPMENT LABELS

A. Metal Labels for Equipment:

1. Material and Thickness:  Stainless steel, 0.025-inch, Aluminum, 0.032-inch or anodized 
aluminum, 0.032-inch minimum thickness, and having predrilled or stamped holes for 
attachment hardware.

2. Minimum Label Size:  Length and width vary for required label content, but not less than 
2-1/2 by 3/4 inch.

3. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 

inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering 
for greater viewing distances.  Include secondary lettering two-thirds to three-fourths the 
size of principal lettering.

4. Fasteners:  Stainless-steel rivets or self-tapping screws.
5. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.

B. Plastic Labels for Equipment:

1. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 
1/8 inch thick, and having predrilled holes for attachment hardware.

2. Letter Color:  White.

3. Background Color:  Black.
4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.
5. Minimum Label Size:  Length and width vary for required label content, but not less than 

2-1/2 by 3/4 inch.
6. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 

inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering 
for greater viewing distances.  Include secondary lettering two-thirds to three-fourths the 
size of principal lettering.

7. Fasteners:  Stainless-steel rivets or self-tapping screws.
8. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.

C. Label Content:  Include equipment's Drawing designation or unique equipment number, 

Drawing numbers where equipment is indicated (plans, details, and schedules), plus the 
Specification Section number and title where equipment is specified.

D. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch 

bond paper.  Tabulate equipment identification number and identify Drawing numbers where 
equipment is indicated (plans, details, and schedules), plus the Specification Section number 
and title where equipment is specified.  Equipment schedule shall be included in operation and 

maintenance data.

2.2 WARNING SIGNS AND LABELS

A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 

inch thick, and having predrilled holes for attachment hardware.
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B. Letter Color:  White. Unless otherwise directed by owner.

C. Background Color:  Red. Unless otherwise directed by owner

D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.

E. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 
by 3/4 inch.

F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 

inch for viewing distances up to 72 inches, and proportionately larger lettering for greater 
viewing distances.  Include secondary lettering two-thirds to three-fourths the size of principal 
lettering.

G. Fasteners:  Stainless-steel rivets or self-tapping screws.

H. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.

I. Label Content:  Include caution and warning information, plus emergency notification 

instructions.

2.3 PIPE LABELS

A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with lettering 

indicating service, and showing flow direction.

B. Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to cover full circumference of 
pipe and to attach to pipe without fasteners or adhesive.

C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive backing.

D. Pipe Label Contents:  Include identification of piping service using same designations or 
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.

1. Flow-Direction Arrows:  Integral with piping system service lettering to accommodate 
both directions, or as separate unit on each pipe label to indicate flow direction.

2. Lettering Size:  At least 1-1/2 inches high.

2.4 DUCT LABELS

A. General Requirements for Manufactured Duct Labels:  Preprinted, color-coded, with lettering 

indicating service, and showing flow direction.

B. Plastic Labels:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, 
and having predrilled holes for attachment hardware.

C. Self-Adhesive Duct Labels:  Printed plastic with contact-type, permanent-adhesive backing.

D. Duct Label Contents:  Include identification of duct service using same designations or 
abbreviations as used on Drawings, duct size, and an arrow indicating flow direction.
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1. Flow-Direction Arrows:  Integral with duct system service lettering to accommodate both 

directions, or as separate unit on each duct label to indicate flow direction.
2. Lettering Size:  At least 1-1/2 inches high.

2.5 VALVE TAGS

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-
inch numbers.

1. Tag Material:  Brass, 0.032-inch minimum thickness, and having predrilled or stamped 
holes for attachment hardware.

2. Fasteners:  Brass wire-link or beaded chain; or S-hook.

B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch bond paper.  Tabulate valve 
number, piping system, system abbreviation (as shown on valve tag), location of valve (room or 
space), normal-operating position (open, closed, or modulating), and variations for 

identification.  Mark valves for emergency shutoff and similar special uses.

1. Valve-tag schedule shall be included in operation and maintenance data.

PART 3 - EXECUTION

3.1 PREPARATION

A. Clean piping and equipment surfaces of substances that could impair bond of identification 
devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and 

encapsulants.

3.2 EQUIPMENT LABEL INSTALLATION

A. Install or permanently fasten labels on each major item of mechanical equipment.

B. Locate equipment labels where accessible and visible.

3.3 PIPE LABEL INSTALLATION

A. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; 
machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and 
exterior exposed locations as follows:

1. Near each valve and control device.
2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  

Where flow pattern is not obvious, mark each pipe at branch.

3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures.
4. At access doors, manholes, and similar access points that permit view of concealed 

piping.

5. Near major equipment items and other points of origination and termination.
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6. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 feet in 

areas of congested piping and equipment.
7. On piping above removable acoustical ceilings.  Omit intermediately spaced labels.

B. Pipe Label Color Schedule:

1. Chilled-Water, Glycol, Dual Temperature or Condenser (Heat Pump) Piping:

a. Background Color:  Green.

b. Letter Color:  White.

2. Hot-Water Piping:

a. Background Color:  Green.

b. Letter Color:  White.

3. Natural Gas:
a. Background Color: Yellow.

b. Letter Color: Black.

4. Dual Temperature (Hot and Chilled Water) Piping:

a. Background Color: Green.

b. Letter Color:  White.

5. Refrigerant Liquid and Suction Piping:

a. Background Color:  Green.

b. Letter Color:  White.

6. Refrigerant Relief Piping:

a. Background Color:  Black.

b. Letter Color:  White.

3.4 DUCT LABEL INSTALLATION

A. Install plastic-laminated or self-adhesive duct labels with permanent adhesive on air ducts in the 
following color codes:

1. Supply, Intake or Outdoor Air Ducts:

a. Background Color:  Green.
b. Letter Color:  White.

2. Return or ERU Return/Exhaust Air Ducts:

a. Background Color:  Green.
b. Letter Color:  White.

3. Exhaust Air Ducts:
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a. Background Color:  Yellow.

b. Letter Color:  Black.

4. ASME A13.1 Colors and Designs:  For hazardous material exhaust.

B. Locate labels near points where ducts enter into concealed spaces and at maximum intervals of 
50 feet in each space where ducts are exposed or concealed by removable ceiling system.

3.5 VALVE-TAG INSTALLATION

A. Install tags on valves and control devices in piping systems, except check valves; valves within 
factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-watering 

hose connections; and HVAC terminal devices and similar roughing-in connections of end-use 
fixtures and units.  List tagged valves in a valve schedule.

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and 

with captions similar to those indicated in the following subparagraphs:

1. Valve-Tag Size and Shape:

a. Chilled Water, Glycol, Dual Temperature or Condenser (Heat Pump):  1-1/2 

inches, round.
b. Refrigerant:  1-1/2 inches, square.
c. Hot Water:  1-1/2 inches, round.

d. Dual Temperature: 1-1/2 inches, round.
e. Gas:  1-1/2 inches, square.

2. Valve-Tag Color:

a. Chilled Water, Glycol, Dual Temperature or Condenser (Heat Pump):  Natural.
b. Refrigerant:  Natural.

c. Hot Water:  Natural.
d. Gas:  Natural.

3. Letter Color:

a. Chilled Water, Glycol, Dual Temperature or Condenser (Heat Pump):  Black.
b. Refrigerant:  Black.
c. Dual Temperature:  Black.

d. Hot Water: Black.
e. Gas:  Black.

END OF SECTION 230553
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SECTION 230593

TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes Testing, Adjusting and Balancing (TAB) to produce design objectives for 

the following:

1. Balancing Air Systems:

a. Constant-volume air systems.

b. Variable-air-volume systems.

2. Balancing Hydronic Piping Systems:

a. Constant-flow hydronic systems.

b. Variable-flow hydronic systems.

3. Balancing and Verification that automatic control devices are functioning properly for all 
equipment covered by this Section including their interlock/monitoring with the fire 

alarm system.

4. Reporting results of activities and procedures specified in this Section.

1.2 REFERENCE SECTIONS

A. Section 230900 HVAC Instrumentation and Controls.

B. Mechanical Contract Drawings including equipment schedules, diagrams and details.

1.3 DEFINITIONS

A. AABC:  Associated Air Balance Council.

B. NEBB:  National Environmental Balancing Bureau.

C. TAB:  Testing, adjusting, and balancing.

D. TABB:  Testing, Adjusting, and Balancing Bureau.

E. TAB Specialist:  An entity engaged to perform TAB Work.
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1.4 SUBMITTALS

A. Strategies and Procedures Plan:  Within 30 days of Contractor's Notice to Proceed, submit TAB 
strategies and step-by-step procedures as specified in "Preparation" Article.

B. Certified TAB reports.

1.5 QUALITY ASSURANCE

A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC NEBB or TABB.

1. TAB Field Supervisor:  Employee of the TAB contractor and certified by AABC NEBB 
or TABB.

2. TAB Technician:  Employee of the TAB contractor and who is certified by AABC NEBB 

or TABB as a TAB technician.

B. Certify TAB field data reports and perform the following:

1. Review field data reports to validate accuracy of data and to prepare certified TAB 

reports.
2. Certify that the TAB team complied with the approved TAB plan and the procedures 

specified and referenced in this Specification.

C. TAB Report Forms:  Use standard TAB contractor's forms approved by Owner.

D. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, 
Section 5, "Instrumentation."

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine the Contract Documents to become familiar with Project requirements and to discover 
conditions in systems' designs that may preclude proper TAB of systems and equipment.

B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer 
wells, flow-control devices, balancing valves and fittings, and manual volume dampers.  Verify 
that locations of these balancing devices are accessible.

C. Examine the approved submittals for HVAC systems and equipment.

D. Examine design data including HVAC system descriptions, statements of design assumptions 
for environmental conditions and systems' output, and statements of philosophies and 

assumptions about HVAC system and equipment controls.
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E. Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to 

verify that they meet the leakage class of connected ducts as specified in Division 23 Section 
"Metal Ducts" and are properly separated from adjacent areas.  Verify that penetrations in 

plenum walls are sealed and fire-stopped if required.

F. Examine equipment performance data including fan and pump curves.

1. Relate performance data to Project conditions and requirements, including system effects 

that can create undesired or unpredicted conditions that cause reduced capacities in all or 
part of a system.

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when 

installed under conditions different from the conditions used to rate equipment 
performance.  To calculate system effects for air systems, use tables and charts found in 
AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."  

Compare results with the design data and installed conditions.

G. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed.

H. Examine test reports specified in individual system and equipment Sections.

I. Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned 
and tight, and equipment with functioning controls is ready for operation.

J. Examine strainers.  Verify that startup screens are replaced by permanent screens with indicated 
perforations.

K. Examine system pumps to ensure absence of entrained air in the suction piping.

L. Examine operating safety interlocks and controls on HVAC equipment.

M. Report deficiencies discovered before and during performance of TAB procedures.  Observe 

and record system reactions to changes in conditions.  Record default set points if different from 
indicated values.

3.2 PREPARATION

A. Prepare a TAB plan that includes strategies and step-by-step procedures.

B. Complete system-readiness checks and prepare reports.  Verify the following:

1. Permanent electrical-power wiring is complete.

2. Hydronic systems are filled, clean, and free of air.
3. Automatic temperature-control systems are operational.
4. Equipment and duct access doors are securely closed.

5. Balance, smoke, and fire dampers are open.
6. Isolating and balancing valves are open and control valves are operational.
7. Ceilings are installed in critical areas where air-pattern adjustments are required and 

access to balancing devices is provided.
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8. Windows and doors can be closed so indicated conditions for system operations can be 

met.

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING

A. Perform testing and balancing procedures on each system according to the procedures contained 
in AABC's "National Standards for Total System Balance" or ASHRAE 111 or NEBB's 
"Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" or 

SMACNA's "HVAC Systems - Testing, Adjusting, and Balancing" and in this Section.

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the 
minimum extent necessary for TAB procedures.

1. After testing and balancing, patch probe holes in ducts with same material and thickness 
as used to construct ducts.

2. Install and join new insulation that matches removed materials.  Restore insulation, 

coverings, vapor barrier, and finish according to Division 23 Section "HVAC Insulation."

C. Mark equipment and balancing devices, including damper-control positions, valve position 
indicators, fan-speed-control levers, and similar controls and devices, with paint or other 

suitable, permanent identification material to show final settings.

D. Take and report testing and balancing measurements in inch-pound (IP) and metric (SI) units.

3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and 
recommended testing procedures.  Crosscheck the summation of required outlet volumes with 
required fan volumes.

B. Prepare schematic diagrams of systems' "as-built" duct layouts.

C. Determine the best locations in main and branch ducts for accurate duct-airflow measurements.

D. Check airflow patterns from the outdoor-air louvers and dampers and the supply- and exhaust-
air dampers through the supply and exhaust-fan discharge.

E. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.

F. Verify that motor starters are equipped with properly sized thermal protection.

G. Check dampers for proper position to achieve desired airflow path.

H. Check for airflow blockages.

I. Check condensate drains for proper connections and functioning.

J. Check for proper sealing of exhaust fan components.
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K. Verify that air duct system is sealed as specified in Division 23 Section "Metal Ducts."

3.5 TESTING, ADJUSTING AND BALANCING OF HVAC EQUIPMENT

A. Test, adjust and balance HVAC equipment and systems affected by the scope of work as 

indicated on Drawings.  
1. All new HVAC equipment as indicated on drawings.  

B. Refer to reporting requirements in Sections below for further clarifications for data to be 

collected and procedures to be executed.

3.6 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by 

fan manufacturer.

1. Measure total airflow.

a. Where sufficient space in ducts is unavailable for Pitot-tube traverse 

measurements, measure airflow at terminal outlets and inlets and calculate the total 
airflow.

2. Measure fan static pressures as follows to determine actual static pressure:

a. Measure outlet static pressure as far downstream from the fan as practical and 
upstream from restrictions in ducts such as elbows and transitions.

b. Measure static pressure directly at the fan outlet or through the flexible connection.

c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as 
possible, upstream from the flexible connection, and downstream from duct 
restrictions.

3. Review Record Documents to determine variations in design static pressures versus 
actual static pressures.  Calculate actual system-effect factors.  Recommend adjustments 

to accommodate actual conditions.
4. Obtain approval from Owner for adjustment of fan speed higher or lower than indicated 

speed.  Comply with requirements in Division 23 Sections for adjustment of fans, belts, 

and pulley sizes to achieve indicated unit performance.
5. Do not make fan-speed adjustments that result in motor overload.  Consult equipment 

manufacturers about fan-speed safety factors.  Modulate dampers and measure fan-motor 

amperage to ensure that no overload will occur.  Measure amperage in full-exhaust, full-
supply, and any other operating mode to determine the maximum required brake 
horsepower.

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated 
airflows within specified tolerances.

1. Measure airflow of submain and branch ducts.
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a. Where sufficient space in submain and branch ducts is unavailable for Pitot-tube 

traverse measurements, measure airflow at terminal outlets and inlets and calculate 
the total airflow for that zone.

2. Measure static pressure at a point downstream from the balancing damper and adjust 
volume dampers until the proper static pressure is achieved.

3. Remeasure each submain and branch duct after all have been adjusted.  Continue to 

adjust submain and branch ducts to indicated airflows within specified tolerances.

C. Measure air outlets and inlets without making adjustments.

1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's written 

instructions and calculating factors.

D. Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of 
indicated values.  Make adjustments using branch volume dampers rather than extractors and 

the dampers at air terminals.

1. Adjust each outlet in same room or space to within specified tolerances of indicated 
quantities without generating noise levels above the limitations prescribed by the 

Contract Documents.
2. Adjust patterns of adjustable outlets for proper distribution without drafts.

3.7 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS

A. Compensating for Diversity:  When the total airflow of all terminal units is more than the 
indicated airflow of the fan, place a selected number of terminal units at a minimum set-point 
airflow with the remainder at maximum-airflow condition until the total airflow of the terminal 

units equals the indicated airflow of the fan.  Select the reduced-airflow terminal units so they 
are distributed evenly among the branch ducts.

B. Pressure Dependent, Variable Air Volume Systems:  Adjust the variable-air-volume systems as 
follows:

1. Verify that the system static pressure sensor is located two-thirds of the distance down 

the duct from the fan discharge.
2. Verify that the system is under static pressure control.
3. Select the terminal unit that is most critical to the supply-fan airflow. Measure inlet static 

pressure, and adjust system static pressure control set point so the entering static pressure 
for the critical terminal unit is not less than the sum of the terminal-unit manufacturer's 
recommended minimum inlet static pressure plus the static pressure needed to overcome 

terminal-unit discharge system losses.
4. Calibrate and balance each terminal unit for maximum and minimum design airflow as 

follows:

a. Adjust controls so that terminal is calling for maximum airflow. Some controllers 
require starting with minimum airflow. Verify calibration procedure for specific 
project.

b. Measure airflow and adjust calibration factor as required for design maximum 
airflow. Record calibration factor.
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c. When maximum airflow is correct, balance the air outlets downstream from 

terminal units.
d. Adjust controls so that terminal is calling for minimum airflow.

e. Measure airflow and adjust calibration factor as required for design minimum 
airflow. Record calibration factor. If no minimum calibration is available, note any 
deviation from design airflow.

f. On constant volume terminals, in critical areas where room pressure is to be 
maintained, verify that the airflow remains constant over the full range of full 
cooling to full heating. Note any deviation from design airflow or room pressure.

5. After terminals have been calibrated and balanced, test and adjust system for total 
airflow. Adjust fans to deliver total design airflows within the maximum allowable fan 
speed listed by fan manufacturer.

a. Set outside-air, return-air, and relief-air dampers for proper position that simulates 
minimum outdoor-air conditions.

b. Set terminals for maximum airflow. If system design includes diversity, adjust 

terminals for maximum and minimum airflow, so that connected total matches fan 
selection and simulates actual load in the building.

c. Where duct conditions allow, measure airflow by main Pitot-tube traverse. If 

necessary, perform multiple Pitot-tube traverses close to the fan and prior to any 
outlets, to obtain total airflow.

d. Where duct conditions are unsuitable for Pitot-tube traverse measurements, a coil 

traverse may be acceptable.

6. Measure fan static pressures as follows:

a. Measure static pressure directly at the fan outlet or through the flexible connection.
b. Measure static pressure directly at the fan inlet or through the flexible connection.
c. Measure static pressure across each component that makes up the air-handling 

system.
d. Report any artificial loading of filters at the time static pressures are measured.

7. Set final return and outside airflow to the fan while operating at maximum return airflow 

and minimum outdoor airflow.

a. Balance the return-air ducts and inlets.
b. Verify that terminal units are meeting design airflow under system maximum flow.

8. Re-measure the inlet static pressure at the most critical terminal unit, and adjust the 
system static pressure set point to the most energy-efficient set point to maintain the 
optimum system static pressure. Record set point and give to controls Contractor.

9. Verify final system conditions as follows:

a. Re-measure and confirm that minimum outdoor, return, and relief airflows are 
within design. Readjust to match design if necessary.

b. Re-measure and confirm that total airflow is within design.
c. Re-measure final fan operating data, speed, volts, amps, and static profile.

d. Mark final settings.
e. Test system in economizer mode. Verify proper operation and adjust if necessary. 

Measure and record all operating data.
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f. Verify tracking between supply and return fans.

3.8 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

A. Prepare test reports with pertinent design data, and number in sequence starting at pump to end 

of system.  Check the sum of branch-circuit flows against the approved pump flow rate.  Correct 
variations that exceed plus or minus 5 percent.

B. Prepare schematic diagrams of systems' "as-built" piping layouts.

C. Prepare hydronic systems for testing and balancing according to the following, in addition to the 
general preparation procedures specified above:

1. Open all manual valves for maximum flow.

2. Check expansion tank pressure setting.
3. Check makeup water-station pressure gage for adequate pressure for highest vent.
4. Check flow-control valves for specified sequence of operation and set at indicated flow.

5. Set differential-pressure control valves at the specified differential pressure.  Do not set at 
fully closed position when pump is positive-displacement type unless several terminal 
valves are kept open.

6. Set system controls so automatic valves are wide open to heat exchangers.
7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so 

motor nameplate rating is not exceeded.

8. Check air vents for a forceful liquid flow exiting from vents when manually operated.

3.9 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS

A. Measure water flow at pumps.  Use the following procedures except for positive-displacement 

pumps:

1. Verify impeller size by operating the pump with the discharge valve closed.  Read 

pressure differential across the pump.  Convert pressure to head and correct for 
differences in gage heights.  Note the point on manufacturer's pump curve at zero flow 
and verify that the pump has the intended impeller size.

a. If impeller sizes must be adjusted to achieve pump performance, obtain approval 
from Engineer and comply with requirements in Division 23 Section "Hydronic 
Pumps."

2. Check system resistance.  With all valves open, read pressure differential across the 
pump and mark pump manufacturer's head-capacity curve.  Adjust pump discharge valve 
until indicated water flow is achieved.

a. Monitor motor performance during procedures and do not operate motors in 
overload conditions.

3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the 

system based on pump manufacturer's performance data.  Compare calculated brake 
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horsepower with nameplate data on the pump motor.  Report conditions where actual 

amperage exceeds motor nameplate amperage.
4. Report flow rates that are not within plus or minus 10 percent of design.

B. Measure flow at all automatic flow control valves to verify that valves are functioning as 
designed.

C. Measure flow at all pressure-independent characterized control valves, with valves in fully open 

position, to verify that valves are functioning as designed.

D. Set calibrated balancing valves, if installed, at calculated pre-settings.

E. Measure flow at all stations and adjust, where necessary, to obtain first balance.

1. System components that have Cv rating or an accurately cataloged flow-pressure-drop 
relationship may be used as a flow-indicating device.

F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 

percent greater than indicated flow.

G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows:

1. Determine the balancing station with the highest percentage over indicated flow.

2. Adjust each station in turn, beginning with the station with the highest percentage over 
indicated flow and proceeding to the station with the lowest percentage over indicated 
flow.

3. Record settings and mark balancing devices.

H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump 
heads, and systems' pressures and temperatures including outdoor-air temperature.

I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing.

J. Check settings and operation of each safety valve.  Record settings.

3.10 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS

A. Balance systems with automatic two- and three-way control valves by setting systems at 
maximum flow through heat-exchange terminals and proceed as specified above for constant-

volume hydronic systems.

3.11 PROCEDURES FOR MOTORS

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:

1. Manufacturer's name, model number, and serial number.
2. Motor horsepower rating.
3. Motor rpm.

4. Efficiency rating.
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5. Nameplate and measured voltage, each phase.

6. Nameplate and measured amperage, each phase.
7. Starter thermal-protection-element rating.

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying 
from minimum to maximum.  Test the manual bypass of the controller to prove proper 
operation.  Record observations including name of controller manufacturer, model number, 

serial number, and nameplate data.

3.12 PROCEDURES FOR CONDENSING UNITS

A. Verify proper rotation of fans.

B. Measure entering- and leaving-air temperatures.

C. Record compressor data.

3.13 PROCEDURES FOR HEAT-TRANSFER COILS

A. Water Coils:  Measure the following data for each coil:

1. Entering- and leaving-water temperature.
2. Water flow rate.

3. Water pressure drop.
4. Dry-bulb temperature of entering and leaving air.
5. Wet-bulb temperature of entering and leaving air for cooling coils.

6. Airflow.
7. Air pressure drop.

B. Electric-Heating Coils:  Measure the following data for each coil:

1. Nameplate data.
2. Airflow.

3. Entering- and leaving-air temperature at full load.
4. Voltage and amperage input of each phase at full load and at each incremental stage.
5. Calculated kilowatt at full load.

6. Fuse or circuit-breaker rating for overload protection.

C. Refrigerant Coils:  Measure the following data for each coil:

1. Dry-bulb temperature of entering and leaving air.

2. Wet-bulb temperature of entering and leaving air.
3. Airflow.
4. Air pressure drop.

5. Refrigerant suction pressure and temperature.
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3.14 TOLERANCES

A. Set HVAC system's air flow rates and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 percent.

2. Air Outlets and Inlets:  Plus or minus 10 percent.
3. Heating-Water Flow Rate:  Plus or minus 10 percent.
4. Cooling-Water Flow Rate:  Plus or minus 10 percent.

5. Dual Temperature Flow Rate:  Plus or minus 10 percent.

3.15 REPORTING

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as 

specified in "Examination" Article, prepare a report on the adequacy of design for systems' 
balancing devices.  Recommend changes and additions to systems' balancing devices to 
facilitate proper performance measuring and balancing.  Recommend changes and additions to 

HVAC systems and general construction to allow access for performance measuring and 
balancing devices.

B. Status Reports:  Prepare weekly progress reports to describe completed procedures, procedures 

in progress, and scheduled procedures.  Include a list of deficiencies and problems found in 
systems being tested and balanced.  Prepare a separate report for each system and each building 
floor for systems serving multiple floors.

3.16 FINAL REPORT

A. General:  Prepare a certified written report; tabulate and divide the report into separate sections 
for tested systems and balanced systems.

1. Include a certification sheet at the front of the report's binder, signed and sealed by the 
certified testing and balancing engineer.

2. Include a list of instruments used for procedures, along with proof of calibration.

B. Final Report Contents:  In addition to certified field-report data, include the following:

1. Pump curves.

2. Fan curves.
3. Manufacturers' test data.
4. Field test reports prepared by system and equipment installers.

5. Other information relative to equipment performance; do not include Shop Drawings and 
product data.

C. General Report Data:  In addition to form titles and entries, include the following data:

1. Title page.
2. Name and address of the TAB contractor.
3. Project name.

4. Project location.
5. Engineer's name and address.
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6. Contractor's name and address.

7. Report date.
8. Signature of TAB supervisor who certifies the report.

9. Table of Contents with the total number of pages defined for each section of the report.  
Number each page in the report.

10. Summary of contents including the following:

a. Indicated versus final performance.
b. Notable characteristics of systems.
c. Description of system operation sequence if it varies from the Contract 

Documents.

11. Nomenclature sheets for each item of equipment.
12. Data for terminal units, including manufacturer's name, type, size, and fittings.

13. Notes to explain why certain final data in the body of reports vary from indicated values.
14. Test conditions for fans and pump performance forms including the following:

a. Settings for outdoor-, return-, and exhaust-air dampers.

b. Conditions of filters.
c. Cooling coil, wet- and dry-bulb conditions.
d. Face and bypass damper settings at coils.

e. Fan drive settings including settings and percentage of maximum pitch diameter.
f. Inlet vane settings for variable-air-volume systems.
g. Settings for supply-air, static-pressure controller.

h. Other system operating conditions that affect performance.

D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present 

each system with single-line diagram and include the following:

1. Quantities of outdoor, supply, return, and exhaust airflows.
2. Water and steam flow rates.

3. Duct, outlet, and inlet sizes.
4. Pipe and valve sizes and locations.
5. Terminal units.

6. Balancing stations.
7. Position of balancing devices.

E. Air-Handling-Unit Test Reports <DOAS, VRF>:  For air-handling units with coils, include the 

following:

1. Unit Data:

a. Unit identification.

b. Location.
c. Make and type.
d. Model number and unit size.

e. Manufacturer's serial number.
f. Unit arrangement and class.

g. Discharge arrangement.
h. Sheave make, size in inches, and bore.
i. Center-to-center dimensions of sheave, and amount of adjustments in inches.
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j. Number, make, and size of belts.

k. Number, type, and size of filters.

2. Motor Data:

a. Motor make, and frame type and size.
b. Horsepower and rpm.
c. Volts, phase, and hertz.

d. Full-load amperage and service factor.
e. Sheave make, size in inches, and bore.
f. Center-to-center dimensions of sheave, and amount of adjustments in inches.

3. Test Data (Indicated and Actual Values):

a. Total air flow rate in cfm.
b. Total system static pressure in inches wg.

c. Fan rpm.
d. Discharge static pressure in inches wg.
e. Filter static-pressure differential in inches wg.

f. Preheat-coil static-pressure differential in inches wg.
g. Cooling-coil static-pressure differential in inches wg.
h. Heating-coil static-pressure differential in inches wg.

i. Outdoor airflow in cfm.
j. Return airflow in cfm.
k. Outdoor-air damper position.

l. Return-air damper position.
m. Vortex damper position.

F. Fan Test Reports <EF, SF>:  For supply, return, and exhaust fans, include the following:

1. Fan Data:

a. System identification.

b. Location.
c. Make and type.
d. Model number and size.

e. Manufacturer's serial number.
f. Arrangement and class.
g. Sheave make, size in inches, and bore.

h. Center-to-center dimensions of sheave, and amount of adjustments in inches.

2. Motor Data:

a. Motor make, and frame type and size.

b. Horsepower and rpm.
c. Volts, phase, and hertz.
d. Full-load amperage and service factor.

e. Sheave make, size in inches, and bore.
f. Center-to-center dimensions of sheave, and amount of adjustments in inches.

g. Number, make, and size of belts.
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3. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm.
b. Total system static pressure in inches wg.

c. Fan rpm.
d. Discharge static pressure in inches wg.
e. Suction static pressure in inches wg.

G. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a grid 
representing the duct cross-section and record the following:

1. Report Data:

a. System and air-handling-unit number.
b. Location and zone.
c. Traverse air temperature in deg F.

d. Duct static pressure in inches wg.
e. Duct size in inches.
f. Duct area in sq. ft.

g. Indicated air flow rate in cfm.
h. Indicated velocity in fpm.
i. Actual air flow rate in cfm.

j. Actual average velocity in fpm.
k. Barometric pressure in psig.

H. Pump Test Reports <P>:  Calculate impeller size by plotting the shutoff head on pump curves 

and include the following:

1. Unit Data:

a. Unit identification.
b. Location.
c. Service.

d. Make and size.
e. Model number and serial number.
f. Water flow rate in gpm.

g. Water pressure differential in feet of head or psig.
h. Required net positive suction head in feet of head or psig.
i. Pump rpm.

j. Impeller diameter in inches.
k. Motor make and frame size.
l. Motor horsepower and rpm.

m. Voltage at each connection.
n. Amperage for each phase.
o. Full-load amperage and service factor.

p. Seal type.

2. Test Data (Indicated and Actual Values):

a. Static head in feet of head or psig.
b. Pump shutoff pressure in feet of head or psig.
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c. Actual impeller size in inches.

d. Full-open flow rate in gpm.
e. Full-open pressure in feet of head or psig.

f. Final discharge pressure in feet of head or psig.
g. Final suction pressure in feet of head or psig.
h. Final total pressure in feet of head or psig.

i. Final water flow rate in gpm.
j. Voltage at each connection.
k. Amperage for each phase.

I. Electric-Coil Test Reports:  For electric furnaces, duct coils, and electric coils installed in 
central-station air-handling units, include the following:

1. Unit Data:

a. System identification.
b. Location.
c. Coil identification.

d. Capacity in Btuh.
e. Number of stages.
f. Connected volts, phase, and hertz.

g. Rated amperage.
h. Airflow rate in cfm.
i. Face area in sq. ft..

j. Minimum face velocity in fpm.

2. Test Data (Indicated and Actual Values):

a. Heat output in Btuh.
b. Airflow rate in cfm.
c. Air velocity in fpm.

d. Entering-air temperature in deg F.
e. Leaving-air temperature in deg F.
f. Voltage at each connection.

g. Amperage for each phase.

J. Apparatus-Coil Test Reports <Integral (Unit) or Duct-Mounted Coils as they apply to all 
equipment>:

1. Coil Data:

a. System identification.
b. Location.

c. Coil type.
d. Number of rows.
e. Fin spacing in fins per inch o.c.

f. Make and model number.
g. Face area in sq. ft.

h. Tube size in NPS.
i. Tube and fin materials.
j. Circuiting arrangement.
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2. Test Data (Indicated and Actual Values); As Applicable to Specific Coil Type:

a. Air flow rate in cfm.
b. Average face velocity in fpm.

c. Air pressure drop in inches wg.
d. Outdoor-air, wet- and dry-bulb temperatures in deg F.
e. Return-air, wet- and dry-bulb temperatures in deg F.

f. Entering-air, wet- and dry-bulb temperatures in deg F.
g. Leaving-air, wet- and dry-bulb temperatures in deg F.
h. Water flow rate in gpm.

i. Water pressure differential in feet of head or psig.
j. Entering-water temperature in deg F.
k. Leaving-water temperature in deg F.

l. Refrigerant expansion valve and refrigerant types.
m. Refrigerant suction pressure in psig.
n. Refrigerant suction temperature in deg F.

o. Inlet steam pressure in psig.

K. System-Coil Reports <UV, CUH, UH>:  For water coils of terminal units, include the 
following:

1. Unit Data:

a. System and air-handling-unit identification.
b. Location and zone.

c. Room or riser served.
d. Coil make and size.

e. Flowmeter type.

2. Test Data (Indicated and Actual Values); Provide for Heating and Cooling Modes of 
Operation:

a. Air flow rate in cfm.
b. Entering-water temperature in deg F.
c. Leaving-water temperature in deg F.

d. Water pressure drop in feet of head or psig.
e. Entering-air temperature in deg F.
f. Leaving-air temperature in deg F.

L. Air-Terminal-Device Reports:

1. Unit Data:

a. System and air-handling unit identification.

b. Location and zone.
c. Test apparatus used.
d. Area served.

e. Air-terminal-device make.
f. Air-terminal-device number from system diagram.

g. Air-terminal-device type and model number.
h. Air-terminal-device size.
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i. Air-terminal-device effective area in sq. ft..

2. Test Data (Indicated and Actual Values):

a. Airflow rate in cfm.

b. Air velocity in fpm.
c. Preliminary airflow rate as needed in cfm.
d. Preliminary velocity as needed in fpm.

e. Final airflow rate in cfm.
f. Final velocity in fpm.
g. Space temperature in deg F.

M. Compressor and Condenser Reports:  For refrigerant side of unitary systems, stand-alone 
refrigerant compressors, air-cooled condensing units, or water-cooled condensing units, include 
the following:

1. Unit Data:

a. Unit identification.
b. Location.

c. Unit make and model number.
d. Compressor make.
e. Compressor model and serial numbers.

f. Refrigerant weight in lb.
g. Low ambient temperature cutoff in deg F.

2. Test Data (Indicated and Actual Values):

a. Inlet-duct static pressure in inches wg.
b. Outlet-duct static pressure in inches wg.

c. Entering-air, dry-bulb temperature in deg F.
d. Leaving-air, dry-bulb temperature in deg F.
e. Condenser entering-water temperature in deg F.

f. Condenser leaving-water temperature in deg F.
g. Condenser-water temperature differential in deg F.
h. Condenser entering-water pressure in feet of head or psig.

i. Condenser leaving-water pressure in feet of head or psig.
j. Condenser-water pressure differential in feet of head or psig.
k. Control settings.

l. Unloader set points.
m. Low-pressure-cutout set point in psig.
n. High-pressure-cutout set point in psig.

o. Suction pressure in psig.
p. Suction temperature in deg F.
q. Condenser refrigerant pressure in psig.

r. Condenser refrigerant temperature in deg F.
s. Oil pressure in psig.

t. Oil temperature in deg F.
u. Voltage at each connection.
v. Amperage for each phase.

w. Kilowatt input.
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x. Crankcase heater kilowatt.

y. Number of fans.
z. Condenser fan rpm.

aa. Condenser fan airflow rate in cfm.
bb. Condenser fan motor make, frame size, rpm, and horsepower.
cc. Condenser fan motor voltage at each connection.

dd. Condenser fan motor amperage for each phase.

N.

O. Instrument Calibration Reports:

1. Report Data:

a. Instrument type and make.
b. Serial number.

c. Application.
d. Dates of use.
e. Dates of calibration.

3.17 INSPECTIONS

A. Initial Inspection:

1. After testing and balancing efforts are complete, operate each system and randomly 

check measurements to verify that the system is operating according to the final test and 
balance readings documented in the Final Report.

B. Final Inspection:

1. After initial inspection is complete and evidence by random checks verifies that testing 
and balancing are complete and accurately documented in the final report, request that a 

final inspection be made by Owner, Engineer and/or Commissioning Agent.

2. TAB firm test and balance representative shall conduct the inspection in the presence of 
the Owner, Engineer and/or Commissioning Agent.

3. The Engineer or Commissioning Agent shall randomly select measurements documented 
in the final report to be rechecked. The rechecking shall be limited to either 10 percent of 
the total measurements recorded, or the extent of measurements that can be accomplished 

in a normal 8-hour business day.

4. If the rechecks yield measurements that differ from the measurements documented in the 
final report by more than the tolerances allowed, the measurements shall be noted as 

"FAILED."

5. If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the testing and balancing shall be 

considered incomplete and shall be rejected.
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6. TAB firm shall recheck all measurements and make adjustments. Revise the final report 

and balancing device settings to include all changes and resubmit the final report.

7. Request a second final inspection. If the second final inspection also fails, Owner shall 

contract the services of another TAB firm to complete the testing and balancing in 
accordance with the Contract Documents and deduct the cost of the services from the 
final payment.

3.18 ADDITIONAL TESTS

A. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and 
winter conditions, perform additional TAB during near-peak summer and winter conditions.

END OF SECTION 230593
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S\Ra ORXOQS\b b] RcQb O\R ^W^S TZO\USa O\R TWbbW\Ua'

B' 7cb W\acZObW]\ W\ O [O\\S` b] Od]WR Q][^`SaaW\U W\acZObW]\ []`S bVO\ 0. ^S`QS\b ]T Wba \][W\OZ 
bVWQY\Saa'

C' :W\WaV W\abOZZObW]\ eWbV agabS[a Ob ]^S`ObW\U Q]\RWbW]\a'  FS^OW` X]W\b aS^O`ObW]\a O\R Q`OQYW\U 

RcS b] bVS`[OZ []dS[S\b'

D' FS^OW` RO[OUSR W\acZObW]\ TOQW\Ua Pg O^^ZgW\U aO[S TOQW\U [ObS`WOZ ]dS` RO[OUSR O`SOa'  
9fbS\R ^ObQVSa Ob ZSOab - W\QVSa PSg]\R RO[OUSR O`SOa'  5RVS`S% abO^ZS% O\R aSOZ ^ObQVSa aW[WZO` 

b] Pcbb X]W\ba'

E' :]` OP]dS O[PWS\b aS`dWQSa% R] \]b W\abOZZ W\acZObW]\ b] bVS T]ZZ]eW\U3

*' JWP`ObW]\&Q]\b`]Z RSdWQSa'

+' HSabW\U OUS\Qg ZOPSZa O\R abO[^a'
,' BO[S^ZObSa O\R RObO ^ZObSa'
-' AO\V]ZSa'

.' <O\RV]ZSa'
/' 7ZSO\]cba'
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,'- D9B9HF5H=CBG

5' =\acZObW]\ =\abOZZObW]\ Ob F]]T DS\Sb`ObW]\a3  =\abOZZ W\acZObW]\ Q]\bW\c]caZg bV`]cUV `]]T 
^S\Sb`ObW]\a'

*' GSOZ ^S\Sb`ObW]\a eWbV TZOaVW\U aSOZO\b'
+' :]` O^^ZWQObW]\a `S_cW`W\U ]\Zg W\R]]` W\acZObW]\% bS`[W\ObS W\acZObW]\ OP]dS `]]T ac`TOQS 

O\R aSOZ eWbV X]W\b aSOZO\b'  :]` O^^ZWQObW]\a `S_cW`W\U W\R]]` O\R ]cbR]]` W\acZObW]\% 

W\abOZZ W\acZObW]\ T]` ]cbR]]` O^^ZWQObW]\a bWUVbZg X]W\SR b] W\R]]` W\acZObW]\ S\Ra'  GSOZ 
X]W\b eWbV X]W\b aSOZO\b'

,' 9fbS\R XOQYSb ]T ]cbR]]` W\acZObW]\ ]cbaWRS `]]T TZOaVW\U Ob ZSOab + W\QVSa PSZ]e b]^ ]T 

`]]T TZOaVW\U'
-' GSOZ XOQYSb b] `]]T TZOaVW\U eWbV TZOaVW\U aSOZO\b'

6' =\acZObW]\ =\abOZZObW]\ Ob 6SZ]e&;`ORS 9fbS`W]` KOZZ DS\Sb`ObW]\a3  HS`[W\ObS W\acZObW]\ TZcaV 

eWbV aZSSdS aSOZ'  GSOZ bS`[W\ObW]\a eWbV TZOaVW\U aSOZO\b'

7' =\acZObW]\ =\abOZZObW]\ Ob 5P]dSU`]c\R 9fbS`W]` KOZZ DS\Sb`ObW]\a3  =\abOZZ W\acZObW]\ 
Q]\bW\c]caZg bV`]cUV eOZZ ^S\Sb`ObW]\a'

*' GSOZ ^S\Sb`ObW]\a eWbV TZOaVW\U aSOZO\b'
+' :]` O^^ZWQObW]\a `S_cW`W\U ]\Zg W\R]]` W\acZObW]\% bS`[W\ObS W\acZObW]\ W\aWRS eOZZ ac`TOQS 

O\R aSOZ eWbV X]W\b aSOZO\b'  :]` O^^ZWQObW]\a `S_cW`W\U W\R]]` O\R ]cbR]]` W\acZObW]\% 

W\abOZZ W\acZObW]\ T]` ]cbR]]` O^^ZWQObW]\a bWUVbZg X]W\SR b] W\R]]` W\acZObW]\ S\Ra'  GSOZ 
X]W\b eWbV X]W\b aSOZO\b'

,' 9fbS\R XOQYSb ]T ]cbR]]` W\acZObW]\ ]cbaWRS eOZZ TZOaVW\U O\R ]dS`ZO^ eOZZ TZOaVW\U Ob 

ZSOab + W\QVSa'
-' GSOZ XOQYSb b] eOZZ TZOaVW\U eWbV TZOaVW\U aSOZO\b'

8' =\acZObW]\ =\abOZZObW]\ Ob =\bS`W]` KOZZ O\R DO`bWbW]\ DS\Sb`ObW]\a #HVOb 5`S B]b :W`S FObSR$3  
=\abOZZ W\acZObW]\ Q]\bW\c]caZg bV`]cUV eOZZa O\R ^O`bWbW]\a'

9' =\acZObW]\ =\abOZZObW]\ Ob :W`S&FObSR KOZZ O\R DO`bWbW]\ DS\Sb`ObW]\a3  =\abOZZ W\acZObW]\ 

Q]\bW\c]caZg bV`]cUV ^S\Sb`ObW]\a ]T TW`S&`ObSR eOZZa O\R ^O`bWbW]\a'  HS`[W\ObS W\acZObW]\ Ob TW`S 
RO[^S` aZSSdSa T]` TW`S&`ObSR eOZZ O\R ^O`bWbW]\ ^S\Sb`ObW]\a'  9fbS`\OZZg W\acZObS RO[^S` 
aZSSdSa b] [ObQV ORXOQS\b W\acZObW]\ O\R ]dS`ZO^ RcQb W\acZObW]\ Ob ZSOab + W\QVSa'  GSOZ 

^S\Sb`ObW]\ eWbV TW`Sab]^^W\U [ObS`WOZa b] [ObQV SfWabW\U TW`S `ObW\U'  

:' =\acZObW]\ =\abOZZObW]\ Ob :Z]]` DS\Sb`ObW]\a3

*' 8cQb3  =\abOZZ W\acZObW]\ Q]\bW\c]caZg bV`]cUV TZ]]` ^S\Sb`ObW]\a bVOb O`S \]b TW`S `ObSR'  

:]` ^S\Sb`ObW]\a bV`]cUV TW`S&`ObSR OaaS[PZWSa% bS`[W\ObS W\acZObW]\ Ob TW`S RO[^S` aZSSdSa 
O\R SfbS`\OZZg W\acZObS RO[^S` aZSSdS PSg]\R TZ]]` b] [ObQV ORXOQS\b RcQb W\acZObW]\'  
CdS`ZO^ RO[^S` aZSSdS O\R RcQb W\acZObW]\ Ob ZSOab + W\QVSa'

+' DW^S3  =\abOZZ W\acZObW]\ Q]\bW\c]caZg bV`]cUV TZ]]` ^S\Sb`ObW]\a'
,' GSOZ ^S\Sb`ObW]\a bV`]cUV TW`S&`ObSR OaaS[PZWSa eWbV TW`Sab]^^W\U [ObS`WOZa b] [ObQV 

SfWabW\U TW`S `ObW\U'
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5' 6ZO\YSb =\acZObW]\ =\abOZZObW]\ ]\ 8cQba O\R DZS\c[a3  GSQc`S eWbV ORVSaWdS O\R W\acZObW]\ 
^W\a'

*' 5^^Zg ORVSaWdSa OQQ]`RW\U b] [O\cTOQbc`S`"a `SQ][[S\RSR Q]dS`OUS `ObSa ^S` c\Wb O`SO% 
T]` *)) ^S`QS\b Q]dS`OUS ]T RcQb O\R ^ZS\c[ ac`TOQSa'

+' 5^^Zg ORVSaWdS b] S\bW`S QW`Qc[TS`S\QS ]T RcQba O\R b] OZZ ac`TOQSa ]T TWbbW\Ua O\R 

b`O\aWbW]\a'
,' =\abOZZ SWbVS` QO^OQWb]`&RWaQVO`US&eSZR ^W\a O\R a^SSR eOaVS`a ]` Qc^^SR&VSOR% QO^OQWb]`&

RWaQVO`US&eSZR ^W\a ]\ aWRSa O\R P]bb][ ]T V]`Wh]\bOZ RcQba O\R aWRSa ]T dS`bWQOZ RcQba Oa 

T]ZZ]ea3

O' C\ RcQb aWRSa eWbV RW[S\aW]\a *1 W\QVSa O\R a[OZZS`% ^ZOQS ^W\a OZ]\U Z]\UWbcRW\OZ 
QS\bS`ZW\S ]T RcQb'  G^OQS , W\QVSa [OfW[c[ T`][ W\acZObW]\ S\R X]W\ba% O\R */ 

W\QVSa ]'Q'
P' C\ RcQb aWRSa eWbV RW[S\aW]\a ZO`US` bVO\ *1 W\QVSa% ^ZOQS ^W\a */ W\QVSa ]'Q' SOQV 

eOg% O\R , W\QVSa [OfW[c[ T`][ W\acZObW]\ X]W\ba'  =\abOZZ ORRWbW]\OZ ^W\a b] V]ZR 

W\acZObW]\ bWUVbZg OUOW\ab ac`TOQS Ob Q`]aa P`OQW\U'
Q' DW\a [Og PS ][WbbSR T`][ b]^ ac`TOQS ]T V]`Wh]\bOZ% `SQbO\UcZO` RcQba O\R ^ZS\c[a'
R' 8] \]b ]dS`Q][^`Saa W\acZObW]\ Rc`W\U W\abOZZObW]\'

S' =[^OZS W\acZObW]\ ]dS` ^W\a O\R ObbOQV a^SSR eOaVS`a'
T' 7cb SfQSaa ^]`bW]\ ]T ^W\a SfbS\RW\U PSg]\R a^SSR eOaVS`a ]` PS\R ^O`OZZSZ eWbV 

W\acZObW]\ ac`TOQS'  7]dS` Sf^]aSR ^W\a O\R eOaVS`a eWbV bO^S [ObQVW\U W\acZObW]\ 

TOQW\U'

-' :]` RcQba O\R ^ZS\c[a eWbV ac`TOQS bS[^S`Obc`Sa PSZ]e O[PWS\b% W\abOZZ O Q]\bW\c]ca 

c\P`]YS\ dO^]` PO``WS`'  7`SObS O TOQW\U ZO^ T]` Z]\UWbcRW\OZ aSO[a O\R S\R X]W\ba eWbV 
W\acZObW]\ Pg `S[]dW\U + W\QVSa T`][ * SRUS O\R * S\R ]T W\acZObW]\ aSU[S\b'  GSQc`S 
ZO^a b] ORXOQS\b W\acZObW]\ aSQbW]\ eWbV *(+&W\QV ]cbeO`R&QZW\QVW\U abO^ZSa% * W\QV ]'Q'  

=\abOZZ dO^]` PO``WS` Q]\aWabW\U ]T TOQb]`g& ]` TWSZR&O^^ZWSR XOQYSb% ORVSaWdS% dO^]`&PO``WS` 
[OabWQ% O\R aSOZO\b Ob X]W\ba% aSO[a% O\R ^`]b`caW]\a'

O' FS^OW` ^c\Qbc`Sa% bSO`a% O\R ^S\Sb`ObW]\a eWbV bO^S ]` [OabWQ b] [OW\bOW\ dO^]`&

PO``WS` aSOZ'
P' =\abOZZ dO^]` ab]^a T]` RcQbe]`Y O\R ^ZS\c[a ]^S`ObW\U PSZ]e .) RSU : Ob *1&T]]b 

W\bS`dOZa'  JO^]` ab]^a aVOZZ Q]\aWab ]T dO^]`&PO``WS` [OabWQ O^^ZWSR W\ O N&aVO^SR 

^ObbS`\ ]dS` W\acZObW]\ TOQS% OZ]\U Pcbb S\R ]T W\acZObW]\% O\R ]dS` bVS ac`TOQS'  
7]dS` W\acZObW]\ TOQS O\R ac`TOQS b] PS W\acZObSR O eWRbV S_cOZ b] + bW[Sa bVS 
W\acZObW]\ bVWQY\Saa Pcb \]b ZSaa bVO\ , W\QVSa'

.' CdS`ZO^ c\TOQSR PZO\YSba O [W\W[c[ ]T + W\QVSa ]\ Z]\UWbcRW\OZ aSO[a O\R S\R X]W\ba'  
5b S\R X]W\ba% aSQc`S eWbV abSSZ PO\Ra a^OQSR O [OfW[c[ ]T *1 W\QVSa ]'Q'

/' =\abOZZ W\acZObW]\ ]\ `SQbO\UcZO` RcQb SZP]ea O\R b`O\aWbW]\a eWbV O TcZZ W\acZObW]\ aSQbW]\ 

T]` SOQV ac`TOQS'
0' =\acZObS RcQb abWTTS\S`a% VO\US`a% O\R TZO\USa bVOb ^`]b`cRS PSg]\R W\acZObW]\ ac`TOQS eWbV 

/&W\QV& eWRS ab`W^a ]T aO[S [ObS`WOZ caSR b] W\acZObS RcQb'  GSQc`S ]\ OZbS`\ObW\U aWRSa ]T 
abWTTS\S`% VO\US`% O\R TZO\US eWbV ^W\a a^OQSR / W\QVSa ]'Q'

6' 6]O`R =\acZObW]\ =\abOZZObW]\ ]\ 8cQba O\R DZS\c[a3  GSQc`S eWbV ORVSaWdS O\R W\acZObW]\ ^W\a'
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*' 5^^Zg ORVSaWdSa OQQ]`RW\U b] [O\cTOQbc`S`"a `SQ][[S\RSR Q]dS`OUS `ObSa ^S` c\Wb O`SO% 

T]` *)) ^S`QS\b Q]dS`OUS ]T RcQb O\R ^ZS\c[ ac`TOQSa'
+' 5^^Zg ORVSaWdS b] S\bW`S QW`Qc[TS`S\QS ]T RcQba O\R b] OZZ ac`TOQSa ]T TWbbW\Ua O\R 

b`O\aWbW]\a'
,' =\abOZZ SWbVS` QO^OQWb]`&RWaQVO`US&eSZR ^W\a O\R a^SSR eOaVS`a ]` Qc^^SR&VSOR% QO^OQWb]`&

RWaQVO`US&eSZR ^W\a ]\ aWRSa O\R P]bb][ ]T V]`Wh]\bOZ RcQba O\R aWRSa ]T dS`bWQOZ RcQba Oa 

T]ZZ]ea3

O' C\ RcQb aWRSa eWbV RW[S\aW]\a *1 W\QVSa O\R a[OZZS`% ^ZOQS ^W\a OZ]\U Z]\UWbcRW\OZ 
QS\bS`ZW\S ]T RcQb'  G^OQS , W\QVSa [OfW[c[ T`][ W\acZObW]\ S\R X]W\ba% O\R */ 

W\QVSa ]'Q'
P' C\ RcQb aWRSa eWbV RW[S\aW]\a ZO`US` bVO\ *1 W\QVSa% a^OQS ^W\a */ W\QVSa ]'Q' SOQV 

eOg% O\R , W\QVSa [OfW[c[ T`][ W\acZObW]\ X]W\ba'  =\abOZZ ORRWbW]\OZ ^W\a b] V]ZR 

W\acZObW]\ bWUVbZg OUOW\ab ac`TOQS Ob Q`]aa P`OQW\U'
Q' DW\a [Og PS ][WbbSR T`][ b]^ ac`TOQS ]T V]`Wh]\bOZ% `SQbO\UcZO` RcQba O\R ^ZS\c[a'
R' 8] \]b ]dS`Q][^`Saa W\acZObW]\ Rc`W\U W\abOZZObW]\'

S' 7cb SfQSaa ^]`bW]\ ]T ^W\a SfbS\RW\U PSg]\R a^SSR eOaVS`a ]` PS\R ^O`OZZSZ eWbV 
W\acZObW]\ ac`TOQS'  7]dS` Sf^]aSR ^W\a O\R eOaVS`a eWbV bO^S [ObQVW\U W\acZObW]\ 
TOQW\U'

-' :]` RcQba O\R ^ZS\c[a eWbV ac`TOQS bS[^S`Obc`Sa PSZ]e O[PWS\b% W\abOZZ O Q]\bW\c]ca 
c\P`]YS\ dO^]` PO``WS`'  7`SObS O TOQW\U ZO^ T]` Z]\UWbcRW\OZ aSO[a O\R S\R X]W\ba eWbV 
W\acZObW]\ Pg `S[]dW\U + W\QVSa T`][ * SRUS O\R * S\R ]T W\acZObW]\ aSU[S\b'  GSQc`S 

ZO^a b] ORXOQS\b W\acZObW]\ aSQbW]\ eWbV *(+&W\QV ]cbeO`R&QZW\QVW\U abO^ZSa% * W\QV ]'Q'  
=\abOZZ dO^]` PO``WS` Q]\aWabW\U ]T TOQb]`g& ]` TWSZR&O^^ZWSR XOQYSb% ORVSaWdS% dO^]`&PO``WS` 

[OabWQ% O\R aSOZO\b Ob X]W\ba% aSO[a% O\R ^`]b`caW]\a'

O' FS^OW` ^c\Qbc`Sa% bSO`a% O\R ^S\Sb`ObW]\a eWbV bO^S ]` [OabWQ b] [OW\bOW\ dO^]`&
PO``WS` aSOZ'

P' =\abOZZ dO^]` ab]^a T]` RcQbe]`Y O\R ^ZS\c[a ]^S`ObW\U PSZ]e .) RSU : Ob *1&T]]b 
W\bS`dOZa'  JO^]` ab]^a aVOZZ Q]\aWab ]T dO^]`&PO``WS` [OabWQ O^^ZWSR W\ O N&aVO^SR 
^ObbS`\ ]dS` W\acZObW]\ TOQS% OZ]\U Pcbb S\R ]T W\acZObW]\% O\R ]dS` bVS ac`TOQS'  

7]dS` W\acZObW]\ TOQS O\R ac`TOQS b] PS W\acZObSR O eWRbV S_cOZ b] + bW[Sa bVS 
W\acZObW]\ bVWQY\Saa Pcb \]b ZSaa bVO\ , W\QVSa'

.' =\abOZZ W\acZObW]\ ]\ `SQbO\UcZO` RcQb SZP]ea O\R b`O\aWbW]\a eWbV O TcZZ W\acZObW]\ aSQbW]\ 

T]` SOQV ac`TOQS'  ;`]]dS O\R aQ]`S W\acZObW]\ b] TWb Oa QZ]aSZg Oa ^]aaWPZS b] ]cbaWRS O\R 
W\aWRS `ORWca ]T SZP]ea'

/' =\acZObS RcQb abWTTS\S`a% VO\US`a% O\R TZO\USa bVOb ^`]b`cRS PSg]\R W\acZObW]\ ac`TOQS eWbV 

/&W\QV& eWRS ab`W^a ]T aO[S [ObS`WOZ caSR b] W\acZObS RcQb'  GSQc`S ]\ OZbS`\ObW\U aWRSa ]T 
abWTTS\S`% VO\US`% O\R TZO\US eWbV ^W\a a^OQSR / W\QVSa ]'Q'

,'/ 9EI=DA9BH% H5B?% 5B8 J9GG9@ =BGI@5H=CB =BGH5@@5H=CB

5' GSQc`S W\acZObW]\ eWbV ORVSaWdS O\R O\QV]` ^W\a O\R a^SSR eOaVS`a'

*' 5^^Zg ORVSaWdSa OQQ]`RW\U b] [O\cTOQbc`S`"a `SQ][[S\RSR Q]dS`OUS `ObSa ^S` c\Wb O`SO% 

T]` *)) ^S`QS\b Q]dS`OUS ]T bO\Y O\R dSaaSZ ac`TOQSa'
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+' ;`]]dS O\R aQ]`S W\acZObW]\ [ObS`WOZa b] TWb Oa QZ]aSZg Oa ^]aaWPZS b] S_cW^[S\b% W\QZcRW\U 

Q]\b]c`a'  6SdSZ W\acZObW]\ SRUSa T]` QgZW\R`WQOZ ac`TOQSa T]` bWUVb X]W\ba'  GbOUUS` S\R 
X]W\ba'

,' D`]bSQb Sf^]aSR Q]`\S`a eWbV aSQc`SR Q]`\S` O\UZSa'
-' =\abOZZ ORVSaWdSZg ObbOQVSR ]` aSZT&abWQYW\U W\acZObW]\ VO\US`a O\R a^SSR eOaVS`a ]\ aWRSa 

]T bO\Ya O\R dSaaSZa Oa T]ZZ]ea3

O' 8] \]b eSZR O\QV]` ^W\a b] 5GA9&ZOPSZSR ^`Saac`S dSaaSZa'
P' GSZSQb W\acZObW]\ VO\US`a O\R ORVSaWdS bVOb O`S Q][^ObWPZS eWbV aS`dWQS 

bS[^S`Obc`S O\R eWbV acPab`ObS'

Q' C\ bO\Ya O\R dSaaSZa% [OfW[c[ O\QV]`&^W\ a^OQW\U Wa , W\QVSa T`][ W\acZObW]\ S\R 
X]W\ba% O\R */ W\QVSa ]'Q' W\ P]bV RW`SQbW]\a'

R' 8] \]b ]dS`Q][^`Saa W\acZObW]\ Rc`W\U W\abOZZObW]\'

S' 7cb O\R [WbS` W\acZObW]\ aSU[S\ba b] TWb Qc`dSR aWRSa O\R R][SR VSORa ]T bO\Ya 
O\R dSaaSZa'

T' =[^OZS W\acZObW]\ ]dS` O\QV]` ^W\a O\R ObbOQV a^SSR eOaVS`a'

U' 7cb SfQSaa ^]`bW]\ ]T ^W\a SfbS\RW\U PSg]\R a^SSR eOaVS`a ]` PS\R ^O`OZZSZ eWbV 
W\acZObW]\ ac`TOQS'  7]dS` Sf^]aSR ^W\a O\R eOaVS`a eWbV bO^S [ObQVW\U W\acZObW]\ 
TOQW\U'

.' GSQc`S SOQV ZOgS` ]T W\acZObW]\ eWbV abOW\ZSaa&abSSZ ]` OZc[W\c[ PO\Ra'  GSZSQb PO\R 
[ObS`WOZ Q][^ObWPZS eWbV W\acZObW]\ [ObS`WOZa'

/' KVS`S W\acZObW]\ VO\US`a ]\ S_cW^[S\b O\R dSaaSZa O`S \]b ^S`[WbbSR ]` ^`OQbWQOZ O\R 

eVS`S W\acZObW]\ ac^^]`b `W\Ua O`S \]b ^`]dWRSR% W\abOZZ O UW`RZS \Sbe]`Y T]` aSQc`W\U 
W\acZObW]\'  Gb`SbQV ^`Sab`SaaSR OW`Q`OTb QOPZS O`]c\R bVS RWO[SbS` ]T dSaaSZ O\R [OYS bOcb 

eWbV QZO[^a% bc`\PcQYZSa% ]` P`SObVS` a^`W\Ua'  DZOQS ]\S QW`Qc[TS`S\bWOZ UW`RZS O`]c\R 
S_cW^[S\b O^^`]fW[ObSZg / W\QVSa T`][ SOQV S\R'  =\abOZZ eW`S ]` QOPZS PSbeSS\ be] 
QW`Qc[TS`S\bWOZ UW`RZSa *+ W\QVSa ]'Q'  =\abOZZ O eW`S `W\U O`]c\R SOQV S\R O\R O`]c\R 

]cbS` ^S`W^VS`g ]T QS\bS` ]^S\W\Ua O\R ab`SbQV ^`Sab`SaaSR OW`Q`OTb QOPZS `ORWOZZg T`][ bVS 
eW`S `W\U b] \SO`Sab QW`Qc[TS`S\bWOZ UW`RZS'  =\abOZZ ORRWbW]\OZ QW`Qc[TS`S\bWOZ UW`RZSa OZ]\U 
bVS P]Rg ]T S_cW^[S\b ]` bO\Y Ob O [W\W[c[ a^OQW\U ]T -1 W\QVSa ]'Q'  IaS bVWa \Sbe]`Y 

T]` aSQc`W\U W\acZObW]\ eWbV bWS eW`S ]` PO\Ra'
0' GbOUUS` X]W\ba PSbeSS\ W\acZObW]\ ZOgS`a Ob ZSOab , W\QVSa'
1' =\abOZZ W\acZObW]\ W\ `S[]dOPZS aSU[S\ba ]\ S_cW^[S\b OQQSaa R]]`a% [O\V]ZSa% 

VO\RV]ZSa% O\R ]bVS` SZS[S\ba bVOb `S_cW`S T`S_cS\b `S[]dOZ T]` aS`dWQS O\R W\a^SQbW]\'
2' 6SdSZ O\R aSOZ W\acZObW]\ S\Ra O`]c\R [O\V]ZSa% VO\RV]ZSa% 5GA9 abO[^a% O\R 

\O[S^ZObSa'

*)' :]` S_cW^[S\b eWbV ac`TOQS bS[^S`Obc`Sa PSZ]e O[PWS\b% O^^Zg dO^]`&PO``WS` [OabWQ b] 
]^S\ S\Ra% X]W\ba% aSO[a% P`SOYa% O\R ^c\Qbc`Sa W\ W\acZObW]\'  7`SObS O TOQW\U ZO^ T]` 
Z]\UWbcRW\OZ aSO[a O\R S\R X]W\ba eWbV W\acZObW]\ Pg `S[]dW\U + W\QVSa T`][ * SRUS O\R 

* S\R ]T W\acZObW]\ aSU[S\b'  GSQc`S ZO^a b] ORXOQS\b W\acZObW]\ aSQbW]\ eWbV *(+&W\QV 
]cbeO`R&QZW\QVW\U abO^ZSa% * W\QV ]'Q'  =\abOZZ dO^]` PO``WS` Q]\aWabW\U ]T TOQb]`g& ]` TWSZR&

O^^ZWSR XOQYSb% ORVSaWdS% dO^]`&PO``WS` [OabWQ% O\R aSOZO\b Ob X]W\ba% aSO[a% O\R 
^`]b`caW]\a'  FS^OW` ^c\Qbc`Sa% bSO`a% O\R ^S\Sb`ObW]\a eWbV bO^S ]` [OabWQ b] [OW\bOW\ 
dO^]`&PO``WS` aSOZ'

6' :ZSfWPZS 9ZOab][S`WQ HVS`[OZ =\acZObW]\ =\abOZZObW]\ T]` HO\Ya O\R JSaaSZa3  =\abOZZ W\acZObW]\ 
]dS` S\bW`S ac`TOQS ]T bO\Ya O\R dSaaSZa'

*' 5^^Zg *)) ^S`QS\b Q]dS`OUS ]T ORVSaWdS b] ac`TOQS eWbV [O\cTOQbc`S`"a `SQ][[S\RSR 

ORVSaWdS'
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+' GSOZ Z]\UWbcRW\OZ aSO[a O\R S\R X]W\ba'

7' =\acZObW]\ =\abOZZObW]\ ]\ Dc[^a3

*' :OP`WQObS [SbOZ P]fSa ZW\SR eWbV W\acZObW]\'  :Wb P]fSa O`]c\R ^c[^a O\R Q]W\QWRS P]f 

X]W\ba eWbV a^ZWba W\ ^c[^ QOaW\Ua'  :OP`WQObS X]W\ba eWbV ]cbeO`R P]ZbSR TZO\USa'  6]Zb 
TZO\USa ]\ /&W\QV QS\bS`a% abO`bW\U Ob Q]`\S`a'  =\abOZZ ,(1&W\QV& RWO[SbS` TOabS\S`a eWbV 
eW\U \cba'  5ZbS`\ObWdSZg% aSQc`S bVS P]f aSQbW]\a b]USbVS` caW\U O ZObQVW\U [SQVO\Wa['

+' :OP`WQObS P]fSa T`][ OZc[W\c[% Ob ZSOab )')-) W\QV bVWQY'
,' :]` PSZ]e O[PWS\b aS`dWQSa% W\abOZZ O dO^]` PO``WS` Ob aSO[a% X]W\ba% O\R ^S\Sb`ObW]\a'  

GSOZ PSbeSS\ TZO\USa eWbV `S^ZOQSOPZS UOaYSb [ObS`WOZ b] T]`[ O dO^]` PO``WS`'

,'0 D=D9 =BGI@5H=CB =BGH5@@5H=CB

5' FS_cW`S[S\ba W\ bVWa 5`bWQZS US\S`OZZg O^^Zg b] OZZ W\acZObW]\ [ObS`WOZa SfQS^b eVS`S []`S 
a^SQWTWQ `S_cW`S[S\ba O`S a^SQWTWSR W\ dO`W]ca ^W^S W\acZObW]\ [ObS`WOZ W\abOZZObW]\ O`bWQZSa'

6' GSQc`S aW\UZS&ZOgS` W\acZObW]\ eWbV PO\Ra Ob *+&W\QV W\bS`dOZa O\R bWUVbS\ PO\Ra eWbV]cb 
RST]`[W\U W\acZObW]\ [ObS`WOZa'

7' =\abOZZ +&ZOgS` W\acZObW]\ eWbV X]W\ba bWUVbZg PcbbSR O\R abOUUS`SR Ob ZSOab , W\QVSa'  GSQc`S W\\S` 

ZOgS` eWbV )')/+&W\QV eW`S a^OQSR Ob *+&W\QV W\bS`dOZa'  GSQc`S ]cbS` ZOgS` eWbV PO\Ra Ob *+&W\QV 
W\bS`dOZa'

8' =\abOZZ W\acZObW]\ ]dS` TWbbW\Ua% dOZdSa% ab`OW\S`a% TZO\USa% c\W]\a% O\R ]bVS` a^SQWOZbWSa eWbV 

Q]\bW\c]ca bVS`[OZ O\R dO^]`&`SbO`RS` W\bSU`Wbg% c\ZSaa ]bVS`eWaS W\RWQObSR'

9' 7]dS` aSU[S\bSR W\acZObSR ac`TOQSa eWbV O ZOgS` ]T W\acZObW\U QS[S\b O\R Q]Ob eWbV O [OabWQ'  
=\abOZZ dO^]`&PO``WS` [OabWQ T]` PSZ]e O[PWS\b aS`dWQSa O\R O P`SObVS` [OabWQ T]` OP]dS O[PWS\b 

aS`dWQSa'  FSW\T]`QS bVS [OabWQ eWbV TOP`WQ&`SW\T]`QW\U [SaV'  H`]eSZ bVS [OabWQ b] O a[]]bV O\R 
eSZZ&aVO^SR Q]\b]c`'

:' :]` aS`dWQSa \]b a^SQWTWSR b] `SQSWdS O TWSZR&O^^ZWSR XOQYSb SfQS^b T]` TZSfWPZS SZOab][S`WQ O\R 
^]Zg]ZSTW\% W\abOZZ TWbbSR DJ7 Q]dS` ]dS` SZP]ea% bSSa% ab`OW\S`a% dOZdSa% TZO\USa% O\R c\W]\a'  
HS`[W\ObS S\Ra eWbV DJ7 S\R QO^a'  HO^S DJ7 Q]dS`a b] ORX]W\W\U W\acZObW]\ TOQW\U caW\U DJ7 

bO^S'

;' GbS\QWZ ]` ZOPSZ bVS ]cbaWRS W\acZObW]\ XOQYSb ]T SOQV c\W]\ eWbV bVS e]`R !IB=CB'!  AObQV aWhS 
O\R Q]Z]` ]T ^W^S ZOPSZa'

<' =\acZObW]\ =\abOZZObW]\ ]\ Gb`OWUVb DW^Sa O\R HcPSa3

*' GSQc`S SOQV ZOgS` ]T ^`ST]`[SR W\acZObW]\ b] ^W^S eWbV eW`S ]` PO\Ra O\R bWUVbS\ PO\Ra 
eWbV]cb RST]`[W\U W\acZObW]\ [ObS`WOZa'  C`WS\b Z]\UWbcRW\OZ X]W\ba PSbeSS\ VOZT aSQbW]\a 

W\ , O\R 2 ]"QZ]QY ^]aWbW]\a ]\ bVS ^W^S'
+' KVS`S dO^]` PO``WS`a O`S W\RWQObSR% aSOZ Z]\UWbcRW\OZ aSO[a% S\R X]W\ba% O\R ^`]b`caW]\a 

eWbV dO^]`&PO``WS` [OabWQ O\R X]W\b aSOZO\b'

,' :]` W\acZObW]\ eWbV TOQb]`g&O^^ZWSR XOQYSba ]\ OP]dS O[PWS\b aS`dWQSa% aSQc`S ZO^a eWbV 
]cbeO`R QZW\QVSR abO^ZSa Ob / W\QVSa ]'Q'



CTTaV]`S KW\R GOTSbg 7S\bS` & H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg% B> CQb]PS` +0% +)+*

A97<5B=75@ =BGI@5H=CB +,)0)) & +)

-' :]` W\acZObW]\ eWbV TOQb]`g&O^^ZWSR XOQYSba eWbV dO^]` PO``WS`a% R] \]b abO^ZS Z]\UWbcRW\OZ 

bOPa Pcb aSQc`S bOPa eWbV ORRWbW]\OZ ORVSaWdS ]` bO^S Oa `SQ][[S\RSR Pg W\acZObW]\ 
[ObS`WOZ [O\cTOQbc`S` O\R aSOZ eWbV dO^]`&PO``WS` [OabWQ'

.' :]` W\acZObW]\ eWbV TOQb]`g&O^^ZWSR XOQYSba ]\ PSZ]e O[PWS\b aS`dWQSa% R] \]b abO^ZS 
Z]\UWbcRW\OZ bOPa Pcb aSQc`S bOPa eWbV ORRWbW]\OZ ORVSaWdS Oa `SQ][[S\RSR Pg W\acZObW]\ 
[ObS`WOZ [O\cTOQbc`S` O\R aSOZ eWbV dO^]`&PO``WS` [OabWQ O\R TZOaVW\U aSOZO\b'

=' =\acZObW]\ =\abOZZObW]\ ]\ DW^S :ZO\USa3

*' =\abOZZ ^`ST]`[SR ^W^S W\acZObW]\ b] ]cbS` RWO[SbS` ]T ^W^S TZO\US'
+' AOYS eWRbV ]T W\acZObW]\ aSQbW]\ aO[S Oa ]dS`OZZ eWRbV ]T TZO\US O\R P]Zba% ^Zca beWQS bVS 

bVWQY\Saa ]T ^W^S W\acZObW]\'
,' :WZZ d]WRa PSbeSS\ W\\S` QW`Qc[TS`S\QS ]T TZO\US W\acZObW]\ O\R ]cbS` QW`Qc[TS`S\QS ]T 

ORXOQS\b ab`OWUVb ^W^S aSU[S\ba eWbV Qcb aSQbW]\a ]T aO[S W\acZObW]\ [ObS`WOZ O\R 

bVWQY\Saa Oa ^W^S W\acZObW]\'
-' =\abOZZ XOQYSb [ObS`WOZ eWbV [O\cTOQbc`S`"a `SQ][[S\RSR ORVSaWdS% ]dS`ZO^ aSO[a Ob ZSOab 

* W\QV% O\R aSOZ X]W\ba eWbV TZOaVW\U aSOZO\b'

.' GSQc`S W\acZObW]\ b] TZO\USa O\R aSOZ aSO[a eWbV [O\cTOQbc`S "̀a `SQ][[S\RSR ORVSaWdS 
b] SZW[W\ObS ]^S\W\Ua W\ W\acZObW]\ bVOb OZZ]e ^OaaOUS ]T OW` b] ac`TOQS PSW\U W\acZObSR'

>' =\acZObW]\ =\abOZZObW]\ ]\ DW^S :WbbW\Ua O\R 9ZP]ea3

*' =\acZObS ^W^S SZP]ea caW\U ^`ST]`[SR TWbbW\U W\acZObW]\ ]` [WbS`SR TWbbW\Ua [ORS T`][ 
aO[S [ObS`WOZ O\R RS\aWbg Oa ORXOQS\b ^W^S W\acZObW]\'  9OQV ^WSQS aVOZZ PS PcbbSR bWUVbZg 
OUOW\ab ORX]W\W\U ^WSQS O\R P]\RSR eWbV ORVSaWdS'  :WZZ X]W\ba% aSO[a% d]WRa% O\R W``SUcZO` 

ac`TOQSa eWbV W\acZObW\U QS[S\b TW\WaVSR b] O a[]]bV% VO`R% O\R c\WT]`[ Q]\b]c` bVOb Wa 
c\WT]`[ eWbV ORX]W\W\U ^W^S W\acZObW]\'  :OQb]`g&ac^^ZWSR ^`S&Qcb W\aS`ba O`S OQQS^bOPZS'

+' =\acZObS bSS TWbbW\Ua eWbV ^`ST]`[SR TWbbW\U W\acZObW]\ ]` aSQbW]\OZ ^W^S W\acZObW]\ ]T aO[S 
[ObS`WOZ O\R bVWQY\Saa Oa caSR T]` ORXOQS\b ^W^S'  7cb aSQbW]\OZ ^W^S W\acZObW]\ b] TWb'  6cbb 
SOQV aSQbW]\ QZ]aSZg b] bVS \Sfb O\R V]ZR W\ ^ZOQS eWbV bWS eW`S'  6]\R ^WSQSa eWbV 

ORVSaWdS'  :OQb]`g&ac^^ZWSR ^`S&Qcb W\aS`ba O`S OQQS^bOPZS'

?' =\acZObW]\ =\abOZZObW]\ ]\ JOZdSa O\R DW^S G^SQWOZbWSa3

*' =\abOZZ ^`ST]`[SR aSQbW]\a ]T aO[S [ObS`WOZ Oa ab`OWUVb aSU[S\ba ]T ^W^S W\acZObW]\ eVS\ 

OdOWZOPZS'
+' =\acZObS dOZdSa caW\U ^`ST]`[SR TWbbW\U W\acZObW]\ ]` aSQbW]\OZ ^W^S W\acZObW]\ ]T aO[S 

[ObS`WOZ% RS\aWbg% O\R bVWQY\Saa Oa caSR T]` ORXOQS\b ^W^S'  CdS`ZO^ ORX]W\W\U ^W^S 

W\acZObW]\ Pg \]b ZSaa bVO\ be] bW[Sa bVS bVWQY\Saa ]T ^W^S W\acZObW]\% ]` ]\S ^W^S 
RWO[SbS`% eVWQVSdS` Wa bVWQYS`'  :]` dOZdSa% W\acZObS c^ b] O\R W\QZcRW\U bVS P]\\Sba% 
dOZdS abcTTW\U&P]f abcRa% P]Zba% O\R \cba'  :WZZ X]W\ba% aSO[a% O\R W``SUcZO` ac`TOQSa eWbV 

W\acZObW\U QS[S\b'
,' 5``O\US W\acZObW]\ b] ^S`[Wb OQQSaa b] ^OQYW\U O\R b] OZZ]e dOZdS ]^S`ObW]\ eWbV]cb 

RWabc`PW\U W\acZObW]\'

-' =\acZObS ab`OW\S`a caW\U ^`ST]`[SR TWbbW\U W\acZObW]\ ]` aSQbW]\OZ ^W^S W\acZObW]\ ]T aO[S 
[ObS`WOZ% RS\aWbg% O\R bVWQY\Saa Oa caSR T]` ORXOQS\b ^W^S'  CdS`ZO^ ORX]W\W\U ^W^S 

W\acZObW]\ Pg \]b ZSaa bVO\ be] bW[Sa bVS bVWQY\Saa ]T ^W^S W\acZObW]\% ]` ]\S ^W^S 
RWO[SbS`% eVWQVSdS` Wa bVWQYS`'  :WZZ X]W\ba% aSO[a% O\R W``SUcZO` ac`TOQSa eWbV W\acZObW\U 
QS[S\b'  =\acZObS ab`OW\S`a a] ab`OW\S` POaYSb TZO\US ]` ^ZcU QO\ PS SOaWZg `S[]dSR O\R 

`S^ZOQSR eWbV]cb RO[OUW\U bVS W\acZObW]\ O\R XOQYSb'  D`]dWRS O `S[]dOPZS `ScaOPZS 
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W\acZObW]\ Q]dS`'  :]` PSZ]e O[PWS\b aS`dWQSa% ^`]dWRS O RSaWU\ bVOb [OW\bOW\a dO^]` 

PO``WS`'
.' =\abOZZ W\acZObW]\ b] TZO\USa Oa a^SQWTWSR T]` TZO\US W\acZObW]\ O^^ZWQObW]\'

@' =\acZObS W\ab`c[S\b Q]\\SQbW]\a T]` bVS`[][SbS`a% ^`Saac`S UOUSa% ^`Saac`S bS[^S`Obc`S bO^a% 
bSab Q]\\SQbW]\a% TZ]e [SbS`a% aS\a]`a% aeWbQVSa% O\R b`O\a[WbbS`a ]\ W\acZObSR ^W^Sa% dSaaSZa% 
O\R S_cW^[S\b'  GVO^S W\acZObW]\ Ob bVSaS Q]\\SQbW]\a Pg bO^S`W\U Wb b] O\R O`]c\R bVS 

Q]\\SQbW]\ eWbV W\acZObW\U QS[S\b O\R TW\WaV eWbV TW\WaVW\U QS[S\b% [OabWQ% O\R TZOaVW\U 
aSOZO\b'

A' =\abOZZ `S[]dOPZS W\acZObW]\ Q]dS`a Ob Z]QObW]\a W\RWQObSR'  =\abOZZObW]\ aVOZZ Q]\T]`[ b] bVS 

T]ZZ]eW\U3

*' AOYS `S[]dOPZS TZO\US O\R c\W]\ W\acZObW]\ T`][ aSQbW]\OZ ^W^S W\acZObW]\ ]T aO[S 
bVWQY\Saa Oa bVOb ]\ ORX]W\W\U ^W^S'  =\abOZZ aO[S W\acZObW]\ XOQYSb Oa ORX]W\W\U ^W^S 

W\acZObW]\'
+' KVS\ TZO\US O\R c\W]\ Q]dS`a O`S [ORS T`][ aSQbW]\OZ ^W^S W\acZObW]\% SfbS\R W\acZObW]\ 

T`][ TZO\USa ]` c\W]\ Z]\U Ob ZSOab be] bW[Sa bVS W\acZObW]\ bVWQY\Saa ]dS` ORXOQS\b ^W^S 

W\acZObW]\ ]\ SOQV aWRS ]T TZO\US ]` c\W]\'  GSQc`S TZO\US Q]dS` W\ ^ZOQS eWbV abOW\ZSaa&
abSSZ ]` OZc[W\c[ PO\Ra'  GSZSQb PO\R [ObS`WOZ Q][^ObWPZS eWbV W\acZObW]\ O\R XOQYSb'

,' 7]\ab`cQb `S[]dOPZS dOZdS W\acZObW]\ Q]dS`a W\ aO[S [O\\S` Oa T]` TZO\USa SfQS^b RWdWRS 

bVS be]&^O`b aSQbW]\ ]\ bVS dS`bWQOZ QS\bS` ZW\S ]T dOZdS P]Rg'
-' KVS\ Q]dS`a O`S [ORS T`][ PZ]QY W\acZObW]\% [OYS be] VOZdSa% SOQV Q]\aWabW\U ]T 

[WbS`SR PZ]QYa eW`SR b] abOW\ZSaa&abSSZ TOP`WQ'  GSQc`S bVWa eW`S T`O[S% eWbV Wba ObbOQVSR 

W\acZObW]\% b] TZO\USa eWbV bWS eW`S'  9fbS\R W\acZObW]\ Ob ZSOab + W\QVSa ]dS` ORXOQS\b ^W^S 
W\acZObW]\ ]\ SOQV aWRS ]T dOZdS'  :WZZ a^OQS PSbeSS\ TZO\US ]` c\W]\ Q]dS` O\R ^W^S 

W\acZObW]\ eWbV W\acZObW\U QS[S\b'  :W\WaV Q]dS` OaaS[PZg eWbV W\acZObW\U QS[S\b O^^ZWSR 
W\ be] Q]Oba'  5TbS` TW`ab Q]Ob Wa R`g% O^^Zg O\R b`]eSZ aSQ]\R Q]Ob b] O a[]]bV TW\WaV'

.' I\ZSaa O DJ7 XOQYSb Wa W\RWQObSR W\ TWSZR&O^^ZWSR XOQYSb aQVSRcZSa% TW\WaV Sf^]aSR 

ac`TOQSa eWbV O [SbOZ XOQYSb'

B' G^SQWOZ =\abOZZObW]\ FS_cW`S[S\ba T]` :ZSfWPZS 9ZOab][S`WQ O\R D]Zg]ZSTW\ =\acZObW]\3

*' GSOZ Z]\UWbcRW\OZ aSO[a O\R S\R X]W\ba eWbV [O\cTOQbc`S`"a `SQ][[S\RSR ORVSaWdS b] 

SZW[W\ObS ]^S\W\Ua W\ W\acZObW]\ bVOb OZZ]e ^OaaOUS ]T OW` b] ac`TOQS PSW\U W\acZObSR'
+' =\acZObW]\ =\abOZZObW]\ ]\ DW^S :ZO\USa3

O' =\abOZZ ^W^S W\acZObW]\ b] ]cbS` RWO[SbS` ]T ^W^S TZO\US'

P' AOYS eWRbV ]T W\acZObW]\ aSQbW]\ aO[S Oa ]dS`OZZ eWRbV ]T TZO\US O\R P]Zba% ^Zca 
beWQS bVS bVWQY\Saa ]T ^W^S W\acZObW]\'

Q' :WZZ d]WRa PSbeSS\ W\\S` QW`Qc[TS`S\QS ]T TZO\US W\acZObW]\ O\R ]cbS` 

QW`Qc[TS`S\QS ]T ORXOQS\b ab`OWUVb ^W^S aSU[S\ba eWbV Qcb aSQbW]\a ]T aVSSb 
W\acZObW]\ ]T aO[S bVWQY\Saa Oa ^W^S W\acZObW]\'

R' GSQc`S W\acZObW]\ b] TZO\USa O\R aSOZ aSO[a eWbV [O\cTOQbc`S "̀a `SQ][[S\RSR 

ORVSaWdS b] SZW[W\ObS ]^S\W\Ua W\ W\acZObW]\ bVOb OZZ]e ^OaaOUS ]T OW` b] ac`TOQS 
PSW\U W\acZObSR'

,' =\acZObW]\ =\abOZZObW]\ ]\ DW^S :WbbW\Ua O\R 9ZP]ea3

O' =\abOZZ [WbS`SR aSQbW]\a ]T ^W^S W\acZObW]\'



CTTaV]`S KW\R GOTSbg 7S\bS` & H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg% B> CQb]PS` +0% +)+*

A97<5B=75@ =BGI@5H=CB +,)0)) & ++

P' GSQc`S W\acZObW]\ [ObS`WOZa O\R aSOZ aSO[a eWbV [O\cTOQbc`S`"a `SQ][[S\RSR 

ORVSaWdS b] SZW[W\ObS ]^S\W\Ua W\ W\acZObW]\ bVOb OZZ]e ^OaaOUS ]T OW` b] ac`TOQS 
PSW\U W\acZObSR'

,'1 :=9@8&5DD@=98 >57?9H =BGH5@@5H=CB

5' KVS`S :G? XOQYSba O`S W\RWQObSR% W\abOZZ Oa T]ZZ]ea3

*' 8`Oe XOQYSb [ObS`WOZ a[]]bV O\R bWUVb'

+' =\abOZZ ZO^ ]` X]W\b ab`W^a eWbV aO[S [ObS`WOZ Oa XOQYSb'
,' GSQc`S XOQYSb b] W\acZObW]\ eWbV [O\cTOQbc`S "̀a `SQ][[S\RSR ORVSaWdS'
-' =\abOZZ XOQYSb eWbV *&*(+&W\QV ZO^a Ob Z]\UWbcRW\OZ aSO[a O\R ,&W\QV& eWRS X]W\b ab`W^a Ob 

S\R X]W\ba'
.' GSOZ ]^S\W\Ua% ^c\Qbc`Sa% O\R P`SOYa W\ dO^]`&`SbO`RS` XOQYSba O\R Sf^]aSR W\acZObW]\ 

eWbV dO^]`&`SbO`RS` [OabWQ'

6' KVS`S DJ7 XOQYSba O`S W\RWQObSR% W\abOZZ eWbV *&W\QV ]dS`ZO^ Ob Z]\UWbcRW\OZ aSO[a O\R S\R 
X]W\ba4 T]` V]`Wh]\bOZ O^^ZWQObW]\a% W\abOZZ eWbV Z]\UWbcRW\OZ aSO[a OZ]\U b]^ O\R P]bb][ ]T bO\Ya 
O\R dSaaSZa'  GSOZ eWbV [O\cTOQbc`S "̀a `SQ][[S\RSR ORVSaWdS'

*' 5^^Zg be] Q]\bW\c]ca PSORa ]T ORVSaWdS b] aSO[a O\R X]W\ba% ]\S PSOR c\RS` ZO^ O\R bVS 
TW\WaV PSOR OZ]\U aSO[ O\R X]W\b SRUS'

7' KVS`S [SbOZ XOQYSba O`S W\RWQObSR% W\abOZZ eWbV +&W\QV ]dS`ZO^ Ob Z]\UWbcRW\OZ aSO[a O\R S\R 

X]W\ba'  CdS`ZO^ Z]\UWbcRW\OZ aSO[a O``O\USR b] aVSR eObS`'  GSOZ S\R X]W\ba eWbV eSObVS`^`]]T 
aSOZO\b `SQ][[S\RSR Pg W\acZObW]\ [O\cTOQbc`S`'  GSQc`S XOQYSb eWbV abOW\ZSaa&abSSZ PO\Ra *+ 
W\QVSa ]'Q' O\R Ob S\R X]W\ba' D`]dWRS [SbOZ XOQYSba T]` OZZ ]cbR]]` ^W^W\U'

,'2 :=F9&F5H98 =BGI@5H=CB GMGH9A =BGH5@@5H=CB

5' KVS`S TW`S&`ObSR W\acZObW]\ agabS[ Wa W\RWQObSR% aSQc`S agabS[ b] RcQba O\R RcQb VO\US`a O\R 

ac^^]`ba b] [OW\bOW\ O Q]\bW\c]ca I@&ZWabSR TW`S `ObW\U'

6' =\acZObS RcQb OQQSaa ^O\SZa O\R R]]`a b] OQVWSdS aO[S TW`S `ObW\U Oa RcQb'

7' =\abOZZ TW`Sab]^^W\U Ob ^S\Sb`ObW]\a bV`]cUV TW`S&`ObSR OaaS[PZWSa b] [OW\bOW\ SfWabW\U TW`S `ObW\U'  

,'*) :=B=G<9G

5' 8cQb% 9_cW^[S\b% O\R DW^S =\acZObW]\ eWbV 5G> ]` CbVS` DOW\bOPZS >OQYSb AObS`WOZ3  

*' KVS`S `S_cW`SR Pg bVS Q]\b`OQb R]Qc[S\ba% 7]\b`OQb]` `Sa^]\aWPZS T]` bVWa e]`Y aVOZZ 

O^^Zg be] TW\WaV Q]Oba ]T W\bS`W]`% TZOb% ZObSf&S[cZaW]\ aWhS ]dS` O ^`W[S` bVOb Wa 
Q][^ObWPZS eWbV XOQYSb [ObS`WOZ O\R TW\WaV Q]Ob ^OW\b'  5RR Tc\UWQWROZ OUS\b b] `S\RS` 
TOP`WQ [WZRSe ^`]]T'  FSTS` b] ;S\S`OZ 7]\b`OQb]` T]` `Sa^]\aWPWZWbg'

6' :ZSfWPZS 9ZOab][S`WQ HVS`[OZ =\acZObW]\3  5TbS` ORVSaWdS VOa TcZZg Qc`SR% O^^Zg be] Q]Oba ]T 
W\acZObW]\ [O\cTOQbc`S`"a `SQ][[S\RSR ^`]bSQbWdS Q]ObW\U'



CTTaV]`S KW\R GOTSbg 7S\bS` & H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg% B> CQb]PS` +0% +)+*

A97<5B=75@ =BGI@5H=CB +,)0)) & +,

7' 7]Z]`3  :W\OZ Q]Z]` Oa aSZSQbSR Pg Ce\S`'  JO`g TW`ab O\R aSQ]\R Q]Oba b] OZZ]e dWacOZ W\a^SQbW]\ 

]T bVS Q][^ZSbSR K]`Y'

8' 8] \]b TWSZR ^OW\b OZc[W\c[ XOQYSba'

,'** :=9@8 EI5@=HM 7CBHFC@

5' DS`T]`[ bVS T]ZZ]eW\U TWSZR bSaba O\R W\a^SQbW]\a O\R ^`S^O`S bSab `S^]`ba3

*' =\a^SQb RcQbe]`Y% `O\R][Zg aSZSQbSR Pg 9\UW\SS` ]` 7]\ab`cQbW]\ AO\OUS`% Pg `S[]dW\U 

TWSZR&O^^ZWSR XOQYSb O\R W\acZObW]\ W\ ZOgS`a W\ `SdS`aS ]`RS` ]T bVSW` W\abOZZObW]\'  9fbS\b 
]T W\a^SQbW]\ aVOZZ PS ZW[WbSR b] ]\S Z]QObW]\#a$ T]` SOQV RcQb agabS[ RSTW\SR W\ bVS !8cQb 
=\acZObW]\ GQVSRcZS% ;S\S`OZ! 5`bWQZS'

+' =\a^SQb TWSZR&W\acZObSR S_cW^[S\b% `O\R][Zg aSZSQbSR Pg 9\UW\SS` ]` 7]\ab`cQbW]\ 
AO\OUS`% Pg `S[]dW\U TWSZR&O^^ZWSR XOQYSb O\R W\acZObW]\ W\ ZOgS`a W\ `SdS`aS ]`RS` ]T 
bVSW` W\abOZZObW]\'  9fbS\b ]T W\a^SQbW]\ aVOZZ PS ZW[WbSR b] ]\S Z]QObW]\#a$ T]` SOQV bg^S ]T 

S_cW^[S\b RSTW\SR W\ bVS !9_cW^[S\b =\acZObW]\ GQVSRcZS! 5`bWQZS'  :]` ZO`US S_cW^[S\b% 
`S[]dS ]\Zg O ^]`bW]\ ORS_cObS b] RSbS`[W\S Q][^ZWO\QS'

,' =\a^SQb ^W^S% TWbbW\Ua% ab`OW\S`a% O\R dOZdSa% `O\R][Zg aSZSQbSR Pg 9\UW\SS` ]` 

7]\ab`cQbW]\ AO\OUS`% Pg `S[]dW\U TWSZR&O^^ZWSR XOQYSb O\R W\acZObW]\ W\ ZOgS`a W\ 
`SdS`aS ]`RS` ]T bVSW` W\abOZZObW]\'  9fbS\b ]T W\a^SQbW]\ aVOZZ PS ZW[WbSR b] bV`SS Z]QObW]\a 
]T ab`OWUVb ^W^S% bV`SS Z]QObW]\a ]T bV`SORSR TWbbW\Ua% bV`SS Z]QObW]\a ]T eSZRSR TWbbW\Ua% be] 

Z]QObW]\a ]T bV`SORSR ab`OW\S`a% be] Z]QObW]\a ]T eSZRSR ab`OW\S`a% bV`SS Z]QObW]\a ]T 
bV`SORSR dOZdSa% O\R bV`SS Z]QObW]\a ]T TZO\USR dOZdSa T]` SOQV ^W^S aS`dWQS RSTW\SR W\ bVS 
!DW^W\U =\acZObW]\ GQVSRcZS% ;S\S`OZ! 5`bWQZS'

6' 5ZZ W\acZObW]\ O^^ZWQObW]\a eWZZ PS Q]\aWRS`SR RSTSQbWdS K]`Y WT aO[^ZS W\a^SQbW]\ `SdSOZa 
\]\Q][^ZWO\QS eWbV `S_cW`S[S\ba'  FS[]dS RSTSQbWdS K]`Y'

7' =\abOZZ \Se W\acZObW]\ O\R XOQYSba b] `S^ZOQS W\acZObW]\ O\R XOQYSba `S[]dSR T]` W\a^SQbW]\'  
FS^SOb W\a^SQbW]\ ^`]QSRc`Sa OTbS` \Se [ObS`WOZa O`S W\abOZZSR'

,'*+ 8I7H =BGI@5H=CB G7<98I@9% ;9B9F5@

5' DZS\c[a O\R 8cQba FS_cW`W\U =\acZObW]\3

*' =\R]]`% Q]\QSOZSR ac^^Zg O\R ]cbR]]` OW`'
+' =\R]]`% Sf^]aSR ac^^Zg O\R ]cbR]]` OW`'

,' =\R]]`% Q]\QSOZSR `Sbc`\ Z]QObSR W\ \]\&Q]\RWbW]\SR a^OQS'
-' =\R]]`% Sf^]aSR `Sbc`\ Z]QObSR W\ \]\&Q]\RWbW]\SR a^OQS'
.' =\R]]`% Q]\QSOZSR SfVOcab PSbeSS\ Wa]ZObW]\ RO[^S` O\R ^S\Sb`ObW]\ ]T PcWZRW\U SfbS`W]`'

/' =\R]]`% Sf^]aSR SfVOcab PSbeSS\ Wa]ZObW]\ RO[^S` O\R ^S\Sb`ObW]\ ]T PcWZRW\U SfbS`W]`'
0' CcbR]]`% Q]\QSOZSR ac^^Zg O\R `Sbc`\'
1' CcbR]]`% Sf^]aSR ac^^Zg O\R `Sbc`\'

6' =bS[a B]b =\acZObSR3

*' :WP`]ca&UZOaa RcQba'



CTTaV]`S KW\R GOTSbg 7S\bS` & H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg% B> CQb]PS` +0% +)+*

A97<5B=75@ =BGI@5H=CB +,)0)) & +-

+' ASbOZ RcQba eWbV RcQb ZW\S` ]T acTTWQWS\b bVWQY\Saa b] Q][^Zg eWbV S\S`Ug Q]RS O\R 

5G<F59(=9GB5 2)'*'
,' :OQb]`g&W\acZObSR TZSfWPZS RcQba'

-' :OQb]`g&W\acZObSR ^ZS\c[a O\R QOaW\Ua'
.' :ZSfWPZS Q]\\SQb]`a'
/' JWP`ObW]\&Q]\b`]Z RSdWQSa'

0' :OQb]`g&W\acZObSR OQQSaa ^O\SZa O\R R]]`a'
1' FST`WUS`O\b SfVOcab RcQb'
2' :OP`WQ RcQb'

,'*, =B8CCF 8I7H 5B8 D@9BIA =BGI@5H=CB G7<98I@9

5' ;S\S`OZ3  =\acZObW]\ [ObS`WOZa O\R bVWQY\SaaSa O`S Oa WRS\bWTWSR PSZ]e'  FSTS` b] 8WdWaW]\ +, 
GSQbW]\ jASbOZ 8cQbak O\R Q]\b`OQb R`OeW\Ua T]` P]bV `SQbO\UcZO` O\R a^W`OZ RcQb agabS[a 

`S_cW`SR RcQb ZW\S` ]` eVS`S R]cPZS&eOZZ RcQbe]`Y Wa `S_cW`SR'

6' 7]\QSOZSR% Gc^^Zg&5W` O\R CcbR]]`&5W` #H`SObSR$ 8cQb O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` 
PZO\YSb% *&*(+ W\QVSa bVWQY O\R )'0.&ZP(Qc' Tb' \][W\OZ RS\aWbg #F&-'+$'

7' 7]\QSOZSR% FSbc`\&5W` 8cQb O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` PZO\YSb% *&*(+ W\QVSa bVWQY 
O\R )'0.&ZP(Qc' Tb' \][W\OZ RS\aWbg #F&-'+$'

8' 7]\QSOZSR% CcbR]]`&5W` #I\b`SObSR$ 8cQb O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` PZO\YSb% *&*(+ 

W\QVSa bVWQY O\R )'0.&ZP(Qc' Tb' \][W\OZ RS\aWbg #F&-'+$'

9' 7]\QSOZSR% 9fVOcab 5W` #9\S`Ug FSQ]dS`g C\Zg$ 8cQb O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` 
PZO\YSb% *&*(+ W\QVSa bVWQY O\R ,&ZP(Qc' Tb' \][W\OZ RS\aWbg #F&-'+$'

:' 9f^]aSR% Gc^^Zg&5W` O\R CcbR]]`&5W` #H`SObSR$ 8cQb O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` 
P]O`R% *&W\QVSa bVWQY O\R ,')&ZP(Qc' Tb' \][W\OZ RS\aWbg #F&-',$'

;' 9f^]aSR% FSbc`\&5W` 8cQb O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` P]O`R% *&W\QVSa bVWQY O\R ,')&
ZP(Qc' Tb' \][W\OZ RS\aWbg #F&-',$'

<' 9f^]aSR% CcbR]]`&5W` 8cQb #I\b`SObSR$ O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` P]O`R% *&W\QVSa 

bVWQY O\R ,&ZP(Qc' Tb' \][W\OZ RS\aWbg #F&-',$'

=' 9f^]aSR% 9fVOcab&5W` 8cQb #9\S`Ug FSQ]dS`g C\Zg$ O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` 
P]O`R% *&W\QVSa bVWQY O\R ,&ZP(Qc' Tb' \][W\OZ RS\aWbg #F&-',$'  B]bS3 5ZZ ]bVS` US\S`OZ SfVOcab&

OW` #\]\&S\S`Ug `SQ]dS`g$ RcQb W\ agabS[ Wa \]\&W\acZObSR'

>' 7]\QSOZSR% H`O\aTS` 5W` 8cQb3  9ZOab][S`WQ 8cQb @W\S`% ,(-k HVWQY'

?' 7]\QSOZSR O\R 9f^]aSR% ;`SOaS 8cQb3  :W`S FObSR =\acZObW]\ GgabS[% + W\QVSa bVWQY'

@' 7]\QSOZSR O\R 9f^]aSR% Gc^^Zg 5W` 8cQb eWbVW\ *1k ]T bVS ?WbQVS\ <]]R3 :W`S FObSR 
=\acZObW]\ GgabS[% + W\QVSa bVWQY'



CTTaV]`S KW\R GOTSbg 7S\bS` & H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg% B> CQb]PS` +0% +)+*

A97<5B=75@ =BGI@5H=CB +,)0)) & +.

,'*- 56CJ9;FCIB8% CIH8CCF 8I7H 5B8 D@9BIA =BGI@5H=CB G7<98I@9

5' ;S\S`OZ3  =\acZObW]\ [ObS`WOZa O\R bVWQY\SaaSa O`S Oa WRS\bWTWSR PSZ]e'  FSTS` b] 8WdWaW]\ +, 
GSQbW]\ jASbOZ 8cQbak O\R Q]\b`OQb R`OeW\Ua T]` P]bV `SQbO\UcZO` O\R a^W`OZ RcQb agabS[a 

`S_cW`SR RcQb ZW\S` ]` eVS`S R]cPZS&eOZZ RcQbe]`Y Wa `S_cW`SR'

6' 9fbS`W]` RcQbe]`Y aVOZZ VOdS W\acZObW]\ aZ]^SR b] ]\S aWRS b] S\ac`S ^`]^S` eObS` `c\]TT'  FSTS` 
b] GSQbW]\ ,'+) T]` ]cbR]]` XOQYSbW\U `S_cW`S[S\ba'

7' Gc^^Zg&5W` 8cQb O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` P]O`R% , W\QVSa bVWQY O\R ,&ZP(Qc' Tb' 
\][W\OZ RS\aWbg #F&*,$'

8' FSbc`\&5W` 8cQb O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` P]O`R% , W\QVSa bVWQY O\R ,&ZP(Qc' Tb' 

\][W\OZ RS\aWbg #F&*,$'

9' CcbR]]`&5W` 8cQb O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` P]O`R% , W\QVSa bVWQY O\R ,&ZP(Qc' Tb' 
\][W\OZ RS\aWbg #F&*,$'

:' 9fVOcab&5W` 8cQb #9\S`Ug FSQ]dS`g C\Zg$ O\R DZS\c[ =\acZObW]\3  AW\S`OZ&TWPS` P]O`R% , 
W\QVSa bVWQY O\R ,&ZP(Qc' Tb' \][W\OZ RS\aWbg #F&*,$' 

;' ;`SOaS 8cQb O\R DZS\c[ =\acZObW]\3 :W`S FObSR =\acZObW]\ GgabS[% + W\QVSa bVWQY'

,'*. 9EI=DA9BH =BGI@5H=CB G7<98I@9

5' =\acZObW]\ [ObS`WOZa O\R bVWQY\SaaSa O`S WRS\bWTWSR PSZ]e'  =T []`S bVO\ ]\S [ObS`WOZ Wa ZWabSR T]` 
O bg^S ]T S_cW^[S\b% aSZSQbW]\ T`][ [ObS`WOZa ZWabSR Wa 7]\b`OQb] "̀a ]^bW]\'

6' =\acZObS W\R]]` O\R ]cbR]]` S_cW^[S\b W\ ^O`OU`O^Va PSZ]e bVOb O`S \]b TOQb]`g W\acZObSR'

7' :]` 8cOZ HS[^S`Obc`S ]` <SOb Dc[^ DW^W\U GgabS[a W\acZObS W\ OQQ]`RO\QS eWbV []`S ab`W\US\b 
]T V]b&eObS` ]` QVWZZSR&eObS` `S_cW`S[S\ba \]bSR PSZ]e'

8' 7VWZZSR&eObS` ^c[^ W\acZObW]\ aVOZZ PS bVS T]ZZ]eW\U3

*' AW\S`OZ&TWPS` P]O`R% *&*(+ W\QVSa bVWQY O\R ,&ZP(Qc' Tb' \][W\OZ RS\aWbg RSaWU\SR b] PS 
`S[]dSR T]` [OW\bS\O\QS'

9' 7VWZZSR&eObS` Sf^O\aW]\(Q][^`SaaW]\ bO\Y W\acZObW]\ aVOZZ PS bVS T]ZZ]eW\U3

*' AW\S`OZ&TWPS` ^W^S O\R bO\Y% *&*(+ W\QVSa bVWQY'

:' 7VWZZSR&eObS` OW`&aS^O`Ob]` W\acZObW]\ aVOZZ PS bVS T]ZZ]eW\U3

*' AW\S`OZ&TWPS` ^W^S O\R bO\Y% *&*(+ W\QVSa bVWQY'

;' <]b&eObS` Sf^O\aW]\(Q][^`SaaW]\ bO\Y W\acZObW]\ aVOZZ PS bVS T]ZZ]eW\U3

*' AW\S`OZ&TWPS` ^W^S O\R bO\Y% + W\QVSa bVWQY'

<' <]b&eObS` OW`&aS^O`Ob]` W\acZObW]\ aVOZZ PS bVS T]ZZ]eW\U3



CTTaV]`S KW\R GOTSbg 7S\bS` & H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg% B> CQb]PS` +0% +)+*

A97<5B=75@ =BGI@5H=CB +,)0)) & +/

*' AW\S`OZ&TWPS` ^W^S O\R bO\Y% + W\QVSa bVWQY'

,'*/ D=D=B; =BGI@5H=CB G7<98I@9% ;9B9F5@

5' 5QQS^bOPZS ^`ST]`[SR ^W^S O\R bcPcZO` W\acZObW]\ [ObS`WOZa O\R bVWQY\SaaSa O`S WRS\bWTWSR T]` 

SOQV ^W^W\U agabS[ O\R ^W^S aWhS `O\US'  =T []`S bVO\ ]\S [ObS`WOZ Wa ZWabSR T]` O ^W^W\U agabS[% 
aSZSQbW]\ T`][ [ObS`WOZa ZWabSR Wa 7]\b`OQb]`"a ]^bW]\'

6' =bS[a B]b =\acZObSR3  I\ZSaa ]bVS`eWaS W\RWQObSR% R] \]b W\abOZZ W\acZObW]\ ]\ bVS T]ZZ]eW\U3

*' :W`S&ac^^`SaaW]\ ^W^W\U'
+' 8`OW\OUS ^W^W\U Z]QObSR W\ Q`OeZ a^OQSa'
,' 6SZ]e&U`ORS ^W^W\U'

-' 7V`][S&^ZObSR ^W^Sa O\R TWbbW\Ua c\ZSaa bVS`S Wa O ^]bS\bWOZ T]` ^S`a]\\SZ W\Xc`g'
.' FST`WUS`O\b `SZWST dS\b ^W^W\U'
/' <]b KObS` Dc[^a'

0' :OQb]`g =\acZObSR 9_cW^[S\b'

,'*0 =B8CCF D=D=B; =BGI@5H=CB G7<98I@9

5' 7]\RS\aObS O\R S_cW^[S\b R`OW\ ^W^W\U #W\QZcRW\U OZZ <J57 S_cW^[S\b% Q]]ZW\U Q]WZ 

Q]\RS\aObS% P]WZS` Q]\RS\aObS% SbQ'$3  AW\S`OZ&:WPS` ^W^S W\acZObW]\% Hg^S =% * W\QV bVWQY'

*' DW^S aWhS ZSaa bVO\ ]` S_cOZ b] *&*(-k3  AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% *(+ W\QV 
bVWQY'

+' DW^S aWhS U`SObS` bVO\ *&*(-k3 AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% *&W\QV bVWQY'

6' 8][SabWQ 7]ZR AOYS&I^ KObS`3  AW\S`OZ&TWPS` ^W^S W\acZObW]\% Hg^S =% *&W\QV bVWQY'

7' 7VWZZSR KObS` #KObS` ]` ;ZgQ]Z$% OP]dS -) b] /) 8SU :3

*' DW^S aWhS ZSaa bVO\ ]` S_cOZ b] *&*(-k3  AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% *&*(+ W\QV 
bVWQY'

+' DW^S aWhS U`SObS` bVO\ *&*(-k3 AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% *&*(+&W\QV bVWQY'

8' <SObW\U&<]b&KObS` Gc^^Zg O\R FSbc`\% *-* b] +)) 8SU : O\R PSZ]e3

*' DW^S aWhS ZSaa bVO\ ]` S_cOZ b] *&*(-k3  AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% *&*(+ W\QV 

bVWQY'
+' DW^S aWhS U`SObS` bVO\ *&*(-k3 AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% +&W\QV bVWQY'

9' 8cOZ HS[^S`Obc`S KObS` O\R 7]\RS\aS` KObS` #<SOb Dc[^$% OP]dS -) 8SU :% ZSaa bVO\ *.) 

8SU :'3  

*' DW^S aWhS ZSaa bVO\ ]` S_cOZ b] *&*(-k3  AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% *&*(+ W\QV 
bVWQY'

+' DW^S aWhS U`SObS` bVO\ *&*(-k3 AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% *&*(+ W\QV bVWQY'



CTTaV]`S KW\R GOTSbg 7S\bS` & H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg% B> CQb]PS` +0% +)+*

A97<5B=75@ =BGI@5H=CB +,)0)) & +0

:' KObS` H`SOb[S\b Pg^Oaa QVS[WQOZ TSSR3 =\acZObW]\ aVOZZ PS ^`]dWRSR b] [SSb aO[S 

QVO`OQbS`WabWQa Oa bVS agabS[ Pg^Oaa TSSRS` Wb Wa W\abOZZSR W\'

;' FST`WUS`O\b GcQbW]\ O\R @W_cWR DW^W\U3  :ZSfWPZS SZOab][S`WQ% Hg^S =% ;`ORS ,% *(+ W\QV bVWQY'

,'*1 CIH8CCF D=D=B; =BGI@5H=CB G7<98I@9

5' 8][SabWQ KObS` AOYS&c^ DW^W\U3  AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% + W\QVSa bVWQY'

6' 7VWZZSR KObS` #KObS` ]` ;ZgQ]Z$ O\R 7]\RS\aS` KObS` #<SOb Dc[^$ DW^W\U3  

*' :ZSfWPZS 9ZOab][S`WQ% ^`ST]`[SR ^W^S% Hg^S =% ;`ORS ,% , W\QVSa bVWQY% ]` 
+' AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% + W\QVSa bVWQY'

7' <SObW\U <]b KObS` DW^W\U3  AW\S`OZ&TWPS`% ^`ST]`[SR ^W^S% Hg^S =% + W\QVSa bVWQY'

8' FST`WUS`O\b GcQbW]\ O\R @W_cWR DW^W\U3  :ZSfWPZS 9ZOab][S`WQ% ^`ST]`[SR ^W^S% Hg^S =% * W\QVSa 
bVWQY eWbV [O\cTOQbc`S` O^^ZWSR TW\WaV'

,'*2 =B8CCF% :=9@8&5DD@=98 >57?9H G7<98I@9

5' =\abOZZ XOQYSb ]dS` W\acZObW]\ [ObS`WOZ'  :]` W\acZObW]\ eWbV TOQb]`g&O^^ZWSR XOQYSb% W\abOZZ bVS 

TWSZR&O^^ZWSR XOQYSb ]dS` bVS TOQb]`g&O^^ZWSR XOQYSb'

6' =T []`S bVO\ ]\S [ObS`WOZ Wa ZWabSR% aSZSQbW]\ T`][ [ObS`WOZa ZWabSR Wa 7]\b`OQb] "̀a ]^bW]\'

7' 8cQba O\R DZS\c[a% 7]\QSOZSR3  B]\S4 AO\cTOQbc`S` 5ZZ&GS`dWQS >OQYSb C\Zg'

8' 8cQba O\R DZS\c[a% 9f^]aSR3  B]\S4 AO\cTOQbc`S` 5ZZ&GS`dWQS >OQYSb C\Zg'

9' DW^W\U% 7]\QSOZSR3  B]\S4 AO\cTOQbc`S` 5ZZ&GS`dWQS >OQYSb C\Zg'

:' DW^W\U% 9f^]aSR3  DJ7% +) [WZa bVWQY ]\ TWbbW\Ua ]\Zg T]` ^W^W\U agabS[a ]cbaWRS ]T bVS 

ASQVO\WQOZ F]]['  :]` ^W^W\U eWbVW\ bVS ASQVO\WQOZ F]][% ^`]dWRS DJ7% +) [WZa bVWQY ]\ 
^W^W\U O\R TWbbW\U T]` O VSWUVb ]T /i&)k OP]dS bVS TW\WaVSR TZ]]`'  DW^W\U OP]dS /i&)k aVOZZ 
`SQSWdS DJ7% +) AWZa bVWQY ]\ TWbbW\Ua ]\Zg'

;' Dc[^a #7VWZZSR KObS` ]` 8cOZ HS[^S`Obc`S C\Zg$% 9f^]aSR3  DJ7% ,) [WZa bVWQY T]` `S[]dOPZS 
^c[^ W\acZObW]\ P]f'

,'+) CIH8CCF% :=9@8&5DD@=98 >57?9H G7<98I@9

5' =\abOZZ XOQYSb ]dS` W\acZObW]\ [ObS`WOZ'  :]` W\acZObW]\ eWbV TOQb]`g&O^^ZWSR XOQYSb% W\abOZZ bVS 
TWSZR&O^^ZWSR XOQYSb ]dS` bVS TOQb]`g&O^^ZWSR XOQYSb'

6' =T []`S bVO\ ]\S [ObS`WOZ Wa ZWabSR% aSZSQbW]\ T`][ [ObS`WOZa ZWabSR Wa 7]\b`OQb] "̀a ]^bW]\'

7' 8cQba O\R DZS\c[a3 



CTTaV]`S KW\R GOTSbg 7S\bS` & H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg% B> CQb]PS` +0% +)+*

A97<5B=75@ =BGI@5H=CB +,)0)) & +1

*' JS\bc`S7ZOR *.007K >OQYSbW\U GgabS[% ]` O^^`]dSR S_cWdOZS\b% T]` ]cbR]]` O^^ZWQObW]\'

+' KVWbS 9D8A% GSOZSR 5W` O\R KObS` HWUVb'

8' DW^W\U3  >OQYSbW\U aVOZZ PS ]\S ]T bVS T]ZZ]eW\U3

*' DJ7% +) [WZa bVWQY'
+' 5Zc[W\c[% Q]``cUObSR eWbV h&aVO^SR Z]QYW\U aSO[% )')*/ W\QV bVWQY'

9B8 C: G97H=CB +,)0))



CTTaV]`S KW\R GOTSbg 7S\bS` ' H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg& B> CQb]PS` ,1& ,*,+

D9B9HF5H=CB :=F9 GHCDD=B; :CF <J57 ,-*1+* ' +

G97H=CB ,-*1+*

D9B9HF5H=CB :=F9GHCDD=B; :CF <J57

D5FH + ' ;9B9F5@

+(+ F9@5H98 8C7IA9BHG

5( 8`OeW\Ua O\R US\S`OZ ^`]dWaW]\a ]T 7]\b`OQb O^^Zg b] e]`Y a^SQWTWSR W\ bVWa aSQbW]\(

+(, 89:=B=H=CBG

5( :W`Sab]^^W\U4  AObS`WOZ ]` Q][PW\ObW]\ ]T [ObS`WOZa caSR b] `SbOW\ W\bSU`Wbg ]T TW`S'`ObSR 

Q]\ab`cQbW]\ Pg [OW\bOW\W\U O\ STTSQbWdS PO``WS` OUOW\ab bVS a^`SOR ]T TZO[S& a[]YS& O\R 

V]b UOaSa bV`]cUV ^S\Sb`ObW]\a W\ TW`S `ObSR eOZZ O\R TZ]]` OaaS[PZWSa(

+(- ;9B9F5@ 89G7F=DH=CB C: H<9 KCF? C: H<=G G97H=CB

C\Zg bSabSR TW`Sab]^ agabS[a aVOZZ PS caSR W\ a^SQWTWQ Z]QObW]\a Oa T]ZZ]ea4

5( DS\Sb`ObW]\a T]` bVS ^OaaOUS ]T RcQb& ^W^W\U& O\R ]bVS` [SQVO\WQOZ S_cW^[S\b bV`]cUV TW`S'

`ObSR dS`bWQOZ PO``WS`a $eOZZa O\R ^O`bWbW]\a%& V]`Wh]\bOZ PO``WS`a $TZ]]`)QSWZW\U OaaS[PZWSa%& 

O\R dS`bWQOZ aS`dWQS aVOTb eOZZa O\R ^O`bWbW]\a( 

6(      FS^SbWbWdS ^Zc[PW\U ^S\Sb`ObW]\a W\ TW`S'`ObSR TZ]]` OaaS[PZWSa(  DS\Sb`ObW]\a SfWab T]` bVS 

W\abOZZObW]\ ]T bcPa& aV]eS`a& OS`Ob]`a O\R ]bVS` ^Zc[PW\U TWfbc`Sa(

+(. F9@5H98 KCF? C: CH<9F G97H=CBG

5( 7]]`RW\ObS e]`Y ]T bVWa aSQbW]\ eWbV e]`Y ]T ]bVS` aSQbW]\a Oa `S_cW`SR b] ^`]^S`Zg SfSQcbS 

bVS e]`Y O\R Oa \SQSaaO`g b] [OW\bOW\ aObWaTOQb]`g ^`]U`Saa ]T bVS e]`Y ]T ]bVS` aSQbW]\a& 

W\QZcRW\U& Pcb \]b ZW[WbSR b]4

 +( GSQbW]\ *12.+- l DS\Sb`ObW]\ :W`Sab]^^W\U(

+(/ F9:9F9B79G

5( HSab FS_cW`S[S\ba4 5GHA 9 2+.& !GbO\RO`R ASbV]R ]T :W`S HSaba ]T HV`]cUV DS\Sb`ObW]\ 

:W`S Gb]^a! 

6( HSab FS_cW`S[S\ba4  I@ +.13& j:W`S HSaba ]T HV`]cUV'DS\Sb`ObW]\ :W`Sab]^ak

7( I\RS`e`WbS`a @OP]`Ob]`WSa $I@% ]T B]`bVP`]]Y& =@ ^cPZWaVSa bSabSR agabS[a W\ bVSW` !:=F9 

F9G=GH5B79 8=F97HCFM! bVOb Wa c^RObSR O\\cOZZg(

+( I@ :W`S FSaWabO\QS 8W`SQb]`g4 

O( :W`Sab]^ 8SdWQSa $L<>=%

P( :W`S FSaWabO\QS FObW\Ua $6LF<%

Q( HV`]cUV'DS\Sb`ObW]\ :W`Sab]^ GgabS[a $L<9N%



CTTaV]`S KW\R GOTSbg 7S\bS` ' H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg& B> CQb]PS` ,1& ,*,+

D9B9HF5H=CB :=F9 GHCDD=B; :CF <J57 ,-*1+* ' ,

R( :WZZ& J]WRa& ]` 7OdWbg AObS`WOZ $L<<K%

S( :]`[W\U AObS`WOZa $L<?I%

8( =\bS`\ObW]\OZ :W`Sab]^ 7]c\QWZ ;cWRSZW\Sa T]` 9dOZcObW\U :W`Sab]^ GgabS[a 9\UW\SS`W\U 

>cRU[S\ba

9( =\a^SQbW]\ FS_cW`S[S\ba4  5GHA 9 ,+1.& jGbO\RO`R D`OQbWQS T]` C\'aWbS =\a^SQbW]\ ]T 

=\abOZZSR :W`S Gb]^a(k

:( 5GHA 9 2.& jGbO\RO`R HSab ASbV]R T]` Gc`TOQS 6c`\W\U 7VO`OQbS`WabWQa ]T 6cWZRW\U 

AObS`WOZa(k

;( =\bS`\ObW]\OZ 6cWZRW\U 7]RS ,**3& B> 9RWbW]\(

<( B:D5 +*+ ' @WTS GOTSbg 7]RS

+(0 EI5@=HM 5GGIF5B79

5( 5 [O\cTOQbc`S #̀a RW`SQb `S^`SaS\bObWdS $\]b RWab`WPcb]` ]` OUS\b% b] PS ]\'aWbS Rc`W\U W\WbWOZ 

W\abOZZObW]\ ]T TW`Sab]^ agabS[a b] b`OW\ O^^`]^`WObS Q]\b`OQb]` ^S`a]\\SZ W\ ^`]^S` aSZSQbW]\ 

O\R W\abOZZObW]\ ^`]QSRc`Sa(  HVWa eWZZ PS R]\S ^S` [O\cTOQbc`S`#a e`WbbS\ 

`SQ][[S\RObW]\a ^cPZWaVSR W\ bVSW` ZWbS`Obc`S O\R R`OeW\U RSbOWZa(

6( :W`Sab]^ GgabS[ W\abOZZObW]\ [cab [SSb `S_cW`S[S\ba ]T 5GHA 9 2+. ]` I@ +.13 bSabSR 

OaaS[PZWSa bVOb ^`]dWRS O TW`S `ObW\U S_cOZ b] bVOb ]T Q]\ab`cQbW]\ PSW\U ^S\Sb`ObSR(

7( D`]^]aSR TW`Sab]^ [ObS`WOZa O\R [SbV]Ra aVOZZ Q]\T]`[ b] O^^ZWQOPZS U]dS`\W\U Q]RSa 

VOdW\U Z]QOZ Xc`WaRWQbW]\(

8( :W`Sab]^ GgabS[a R] \]b `SSabOPZWaV bVS ab`cQbc`OZ W\bSU`Wbg ]T Z]OR PSO`W\U 

^O`bWbW]\a)OaaS[PZWSa ]` ac^^]`b ZWdS Z]ORa O\R b`OTTWQ(  =\abOZZS` aVOZZ Q]\acZb bVS ab`cQbc`OZ 

S\UW\SS` ^`W]` b] ^S\Sb`ObW\U O\g Z]OR PSO`W\U OaaS[PZg(

9( :]` bV]aS TW`Sab]^ O^^ZWQObW]\a bVOb SfWab T]` eVWQV \] I@ bSabSR agabS[ Wa OdOWZOPZS 

bV`]cUV O [O\cTOQbc`S`& O [O\cTOQbc`S`#a S\UW\SS`W\U XcRU[S\b RS`WdSR T`][ aW[WZO` I@ 

agabS[ RSaWU\a ]` ]bVS` bSaba eWZZ PS acP[WbbSR b] Z]QOZ OcbV]`WbWSa VOdW\U Xc`WaRWQbW]\ T]` 

bVSW` `SdWSe O\R O^^`]dOZ ^`W]` b] W\abOZZObW]\(  9\UW\SS`W\U XcRU[S\b R`OeW\Ua [cab 

T]ZZ]e `S_cW`S[S\ba aSb T]`bV Pg bVS =\bS`\ObW]\OZ :W`Sab]^ 7]c\QWZ(

+(1 GI6A=HH5@G

5( GcP[Wb D`]RcQb 8ObO4 AO\cTOQbc`S`ia a^SQWTWQObW]\a O\R bSQV\WQOZ RObO T]` SOQV [ObS`WOZ 

W\QZcRW\U bVS Q][^]aWbW]\ O\R ZW[WbObW]\a& R]Qc[S\bObW]\ ]T I@ TW`Sab]^ agabS[a b] PS 

caSR O\R [O\cTOQbc`S #̀a W\abOZZObW]\ W\ab`cQbW]\a(

6( AO\cTOQbc`S #̀a S\UW\SS`W\U XcRU[S\b WRS\bWTWQObW]\ \c[PS` O\R R`OeW\U RSbOWZa eVS\ \] 

I@ agabS[ Wa OdOWZOPZS T]` O\ O^^ZWQObW]\(  9\UW\SS`W\U XcRU[S\b [cab W\QZcRS P]bV ^`]XSQb 

\O[S O\R Q]\b`OQb]`ia \O[S eV] eWZZ W\abOZZ TW`Sab]^ agabS[ Oa RSaQ`WPSR W\ R`OeW\U(



CTTaV]`S KW\R GOTSbg 7S\bS` ' H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg& B> CQb]PS` ,1& ,*,+

D9B9HF5H=CB :=F9 GHCDD=B; :CF <J57 ,-*1+* ' -

7( GcP[Wb [ObS`WOZ aOTSbg RObO aVSSba ^`]dWRSR eWbV ^`]RcQb RSZWdS`SR b] X]P'aWbS(

+(2 =BGH5@@9F EI5@=:=75H=CBG

5( 9\UOUS O\ Sf^S`WS\QSR =\abOZZS` eV] Wa QS`bWTWSR& ZWQS\aSR& ]` ]bVS`eWaS _cOZWTWSR Pg bVS 

TW`Sab]^^W\U [O\cTOQbc`S` Oa VOdW\U PSS\ ^`]dWRSR bVS \SQSaaO`g b`OW\W\U b] W\abOZZ 

[O\cTOQbc`S`ia ^`]RcQba ^S` a^SQWTWSR `S_cW`S[S\ba(  5 [O\cTOQbc`S`ia eWZZW\U\Saa b] aSZZ 

Wba TW`Sab]^^W\U ^`]RcQba b] bVS 7]\b`OQb]` ]` b] O\ =\abOZZS` S\UOUSR Pg bVS 7]\b`OQb]` R]Sa 

\]b W\ WbaSZT Q]\TS` _cOZWTWQObW]\ ]\ bVS PcgS`(

6( =\abOZZObW]\ FSa^]\aWPWZWbg4 OaaWU\ W\abOZZObW]\ ]T bV`]cUV'^S\Sb`ObW]\ TW`Sab]^ agabS[a       

O\R TW`S'`SaWabWdS X]W\b agabS[a W\ D`]XSQb b] O aW\UZS a]ZS a]c`QS TW`Sab]^ a^SQWOZbg 

Q]\b`OQb]`(

7( HVS e]`Y Wa b] PS W\abOZZSR Pg O Q]\b`OQb]` eWbV Ob ZSOab ]\S ]T bVS T]ZZ]eW\U 

_cOZWTWQObW]\a4

 :A .33+ 5^^`]dSR 7]\b`OQb]`

 I@ 5^^`]dSR 7]\b`OQb]`

 <WZbW 5QQ`SRWbSR :W`S Gb]^ G^SQWOZbg 7]\b`OQb]`

8( :W`[ eWbV \]b ZSaa bVO\ bV`SS gSO`a ]T Sf^S`WS\QS eWbV TW`S ab]^ W\abOZZObW]\(

9( GcQQSaaTcZZg Q][^ZSbSR \]b ZSaa bVO\ bV`SS Q][^O`OPZS aQOZS ^`]XSQba caW\U aW[WZO` 

agabS[a(

+(3 89@=J9FM& GHCF5;9& 5B8 <5B8@=B;

5( 8SZWdS` [ObS`WOZa c\RO[OUSR W\ [O\cTOQbc`S`#a QZSO`Zg ZOPSZSR& c\]^S\SR Q]\bOW\S`a& 

WRS\bWTWSR eWbV P`O\R& bg^S& O\R I@ ZOPSZ eVS`S O^^ZWQOPZS(

6( 7]]`RW\ObS RSZWdS`g ]T [ObS`WOZa eWbV aQVSRcZSR W\abOZZObW]\ RObS b] OZZ]e [W\W[c[ ab]`OUS 

bW[S Ob X]P'aWbS(

7( Gb]`S [ObS`WOZa c\RS` Q]dS` O\R ^`]bSQb T`][ eSObVS` O\R RO[OUS W\ Q][^ZWO\QS eWbV 

[O\cTOQbc`S #̀a `S_cW`S[S\ba(

8( 7][^Zg eWbV `SQ][[S\RSR ^`]QSRc`Sa& ^`SQOcbW]\a ]` `S[SRWSa RSaQ`WPSR W\ [ObS`WOZ 

aOTSbg RObO aVSSba Oa O^^ZWQOPZS(

9( 8] \]b caS RO[OUSR ]` Sf^W`SR [ObS`WOZa(

+(+* DFC>97H 7CB8=H=CBG

5( 8] \]b caS [ObS`WOZa bVOb Q]\bOW\ TZO[[OPZS a]ZdS\ba(

6( GQVSRcZW\U



CTTaV]`S KW\R GOTSbg 7S\bS` ' H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg& B> CQb]PS` ,1& ,*,+

D9B9HF5H=CB :=F9 GHCDD=B; :CF <J57 ,-*1+* ' .

+(  GQVSRcZS W\abOZZObW]\ ]T 75GH =B D@579 TW`Sab]^ RSdWQSa OTbS` Q][^ZSbW]\ ]T 

TZ]]` T]`[e]`Y& [SbOZ T]`[ RSQY& ]` Q][^]aWbS RSQY Pcb PST]`S ^ZOQS[S\b ]T 

Q]\Q`SbS(

,( GQVSRcZS W\abOZZObW]\ ]T ]bVS` TW`Sab]^^W\U [ObS`WOZa OTbS` Q][^ZSbW]\ ]T 

^S\Sb`ObW\U WbS[ W\abOZZObW]\ Pcb ^`W]` b] Q]dS`W\U ]` Q]\QSOZW\U ]T ]^S\W\Ua(

7( JS`WTg SfWabW\U Q]\RWbW]\a O\R acPab`ObSa PST]`S abO`bW\U e]`Y(  7]``SQb c\aObWaTOQb]`g 

Q]\RWbW]\a PST]`S ^`]QSSRW\U(

8( KSObVS` Q]\RWbW]\a4  8] \]b ^`]QSSR eWbV W\abOZZObW]\ ]T TW`Sab]^ [ObS`WOZa eVS\ 

bS[^S`Obc`Sa SfQSSR bVS [O\cTOQbc`S`#a `SQ][[S\RSR ZW[WbObW]\a T]` W\abOZZObW]\ ^`W\bSR 

]\ ^`]RcQb ZOPSZ O\R ^`]RcQb RObO aVSSb(

9( 8c`W\U W\abOZZObW]\& ^`]dWRS [OaYW\U O\R R`]^ QZ]bVa b] ^`SdS\b TW`Sab]^^W\U [ObS`WOZa T`][ 

Q]\bO[W\ObW\U O\g ORXOQS\b ac`TOQSa(

D5FH , ' DFC8I7HG

,(+ :=F9GHCDD=B; ' ;9B9F5@

5( D`]dWRS TW`Sab]^^W\U Q][^]aSR ]T Q][^]\S\ba bVOb O`S Q][^ObWPZS eWbV SOQV ]bVS`& bVS 

acPab`ObSa T]`[W\U ]^S\W\Ua& O\R bVS WbS[a& WT O\g& ^S\Sb`ObW\U bVS TW`Sab]^^W\U c\RS` 

Q]\RWbW]\a ]T aS`dWQS O\R O^^ZWQObW]\& Oa RS[]\ab`ObSR Pg bVS TW`Sab]^^W\U [O\cTOQbc`S` 

POaSR ]\ bSabW\U O\R TWSZR Sf^S`WS\QS(

6( D`]dWRS Q][^]\S\ba T]` SOQV TW`Sab]^^W\U agabS[ bVOb O`S \SSRSR b] W\abOZZ TWZZ [ObS`WOZ(  

IaS ]\Zg Q][^]\S\ba a^SQWTWSR Pg bVS TW`Sab]^^W\U [O\cTOQbc`S` O\R O^^`]dSR Pg bVS 

_cOZWTWSR bSabW\U OUS\Qg T]` bVS RSaWU\ObSR TW`S'`SaWabO\QS'`ObSR agabS[a(

7( DS\Sb`ObW]\a W\ :W`S FSaWabO\QS FObSR KOZZa4 D`]dWRS TW`Sab]^^W\U eWbV `ObW\Ua RSbS`[W\SR 

W\ OQQ]`RO\QS eWbV I@ +.13 ]` 5GHA 9 2+.(

+( :'FObW\U4 B]b ZSaa bVO\ bVS TW`S'`SaWabO\QS `ObW\U ]T bVS eOZZ Q]\ab`cQbW]\ PSW\U 

^S\Sb`ObSR(

8( DS\Sb`ObW]\a W\ <]`Wh]\bOZ 5aaS[PZWSa4 D`]dWRS TW`Sab]^^W\U eWbV `ObW\Ua RSbS`[W\SR W\ 

OQQ]`RO\QS eWbV I@ +.13 ]` 5GHA 9 2+.(

+( :'FObW\U4 AW\W[c[ ]T +'V]c` `ObW\U& Pcb \]b ZSaa bVO\ bVS TW`S'`SaWabO\QS `ObW\U ]T 

bVS TZ]]` Q]\ab`cQbW]\ PSW\U ^S\Sb`ObSR(

,( H'FObW\U4 eVS\ ^S\Sb`O\b Wa Z]QObSR ]cbaWRS ]T O eOZZ QOdWbg& [W\W[c[ ]T +'V]c` 

`ObW\U& Pcb \]b ZSaa bVO\ bVS TW`S'`SaWabO\QS `ObW\U ]T bVS TZ]]` Q]\ab`cQbW]\ PSW\U 

^S\Sb`ObSR(

-( K'FObW\U4 7ZOaa + `ObW\U W\ OQQ]`RO\QS eWbV eObS` ZSOYOUS bSab ^S` I@ +.13(

9( DS\Sb`ObW]\a W\ G[]YS 6O``WS`a4 D`]dWRS TW`Sab]^^W\U eWbV `ObW\Ua RSbS`[W\SR W\ 

OQQ]`RO\QS eWbV I@ +.13 ]` 5GHA 9 2+.(  
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+( @'FObW\U4 B]b SfQSSRW\U /(* QT[)a_( Tb( ]T ^S\Sb`ObW]\ ]^S\W\U Ob P]bV O[PWS\b O\R 

SZSdObSR bS[^S`Obc`Sa(

:( A]ZR FSaWabO\QS4 D`]dWRS ^S\Sb`ObW]\ TW`Sab]^^W\U eWbV []ZR O\R [WZRSe `SaWabO\QS `ObW\U 

]T * Oa RSbS`[W\SR Pg 5GHA ;,+(

,(, 5779DH56@9 A5BI:57HIF9FG

5( GcPXSQb b] Q][^ZWO\QS eWbV bV`]cUV ^S\Sb`ObW]\ TW`Sab]^ agabS[a $L<9N% ZWabSR W\ J]Zc[S 

== ]T bVS I@ :W`S FSaWabO\QS 8W`SQb]`g& ^`]dWRS ^`]RcQba ]T bVS T]ZZ]eW\U [O\cTOQbc`S`a Oa 

WRS\bWTWSR PSZ]e4

+( <WZbW& =\Q(

,( C` O^^`]dSR S_cWdOZS\b(

,(- A5H9F=5@G

5( IaS ]\Zg TW`Sab]^ ^`]RcQba bVOb VOdS PSS\ I@ +.13 ]` 5GHA 9 2+. bSabSR T]` a^SQWTWQ TW`S'

`ObSR Q]\ab`cQbW]\ Q]\RWbW]\a Q]\T]`[W\U b] Q]\ab`cQbW]\ OaaS[PZg bg^S& ^S\Sb`ObW\U WbS[ 

bg^S& O\\cZO` a^OQS `S_cW`S[S\ba& O\R TW`S'`ObW\U W\d]ZdSR T]` SOQV aS^O`ObS W\abO\QS(

6( D`S'W\abOZZSR TW`Sab]^ RSdWQSa T]` caS eWbV \]\Q][PcabWPZS O\R Q][PcabWPZS ^W^Sa $QZ]aSR 

O\R ]^S\ agabS[a% ^S\Sb`ObW\U Q]\Q`SbS TZ]]`a O\R)]` Ug^ac[ eOZZa& bVS T]ZZ]eW\U ^`]RcQba 

O`S OQQS^bOPZS4

+( <WZbW 7Oab'=\ DZOQS :W`Sab]^ 8SdWQS $7D 02*'D% T]` caS eWbV Q][PcabWPZS 

^S\Sb`O\ba(

,( <WZbW 7Oab'=\ DZOQS :W`Sab]^ 8SdWQS $7D 02*'A% T]` caS eWbV \]\Q][PcabWPZS 

^S\Sb`O\ba(

-( <WZbW :W`Sab]^ G^SSR GZSSdS $7D 0/-% T]` caS eWbV QOPZS ^S\Sb`ObW]\a(

.( <WZbW :W`Sab]^ 8`]^'=\ 8SdWQS $7:G'8=8% T]` caS eWbV \]\Q][PcabWPZS O\R 

Q][PcabWPZS ^S\Sb`O\ba(

/( <WZbW :W`Sab]^ 6Z]QY $7:G'6@%

7( GSOZO\ba& QOcZYW\U [ObS`WOZa& ]` T]O[a T]` caS eWbV \]\'Q][PcabWPZS WbS[a W\QZcRW\U abSSZ 

^W^S& Q]^^S` ^W^S& `WUWR abSSZ Q]\RcWb O\R SZSQb`WQOZ [SbOZZWQ bcPW\U $9AH%& bVS T]ZZ]eW\U 

^`]RcQba O`S OQQS^bOPZS4

+( <WZbW =\bc[SaQS\b :W`Sab]^ GSOZO\b $:G'CB9 A5L%

,( <WZbW :W`S :]O[ $7D 0,*%

-( <WZbW :ZSfWPZS :W`Sab]^ GSOZO\b $7D 0*0%

8( GSOZO\ba ]` QOcZYW\U [ObS`WOZa T]` caS eWbV aVSSb [SbOZ RcQba& bVS T]ZZ]eW\U ^`]RcQba O`S 

OQQS^bOPZS4

+( <WZbW :ZSfWPZS :W`Sab]^ GSOZO\b $7D 0*0%

,( <WZbW =\bc[SaQS\b :W`Sab]^ GSOZO\b $:G'CB9 A5L%
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9( =\bc[SaQS\b aSOZO\ba& QOcZYW\U [ObS`WOZa T]` caS eWbV Q][PcabWPZS WbS[a $^S\Sb`O\ba 

Q]\ac[SR Pg VWUV VSOb O\R TZO[S% W\QZcRW\U W\acZObSR [SbOZ ^W^S& DJ7 XOQYSbSR& TZSfWPZS 

QOPZS ]` QOPZS Pc\RZSa O\R ^ZOabWQ ^W^S& bVS T]ZZ]eW\U ^`]RcQba O`S OQQS^bOPZS4

+( <WZbW =\bc[SaQS\b :W`Sab]^ GSOZO\b $:G'CB9 A5L%

:( :]O[a& W\bc[SaQS\b aSOZO\ba& ]` QOcZYW\U [ObS`WOZa T]` caS eWbV TZSfWPZS QOPZS ]` QOPZS 

Pc\RZSa& bVS T]ZZ]eW\U ^`]RcQba O`S OQQS^bOPZS4

+( <WZbW =\bc[SaQS\b :W`Sab]^ GSOZO\b $:G'CB9 A5L%

,(         <WZbW :W`S :]O[ $7D 0,*%

-( <WZbW :ZSfWPZS :W`Sab]^ GSOZO\b $7D 0*0%

;( B]\'Qc`W\U& `S'^S\Sb`OPZS& W\bc[SaQS\b ^cbbg ]` T]O[ [ObS`WOZa T]` caS eWbV TZSfWPZS QOPZS 

]` QOPZS Pc\RZSa& bVS T]ZZ]eW\U ^`]RcQba O`S OQQS^bOPZS4

+( <WZbW :W`Sab]^ Dcbbg GbWQY $7D 0+2%

,( <WZbW :W`Sab]^ DZcU $7:G'D@%

<( :W`Sab]^ Q]ZZO` ]` e`O^ RSdWQSa ObbOQVSR b] OaaS[PZg O`]c\R Q][PcabWPZS ^ZOabWQ ^W^S 

$QZ]aSR O\R ]^S\ ^W^W\U agabS[a%& bVS T]ZZ]eW\U ^`]RcQba O`S OQQS^bOPZS4

+( <WZbW :W`Sab]^ 7]ZZO` $7D 0.-B%

,( <WZbW :W`Sab]^ 7]ZZO` $7D 0..%

-( <WZbW K`O^ Gb`W^a $7D 0.29)0.2G%

=( AObS`WOZa caSR T]` ZO`US ]^S\W\Ua O\R Q][^ZSf ^S\Sb`ObW]\a [ORS b] OQQ][[]RObS QOPZS 

b`Oga O\R Pc\RZSa& [cZbW^ZS abSSZ O\R Q]^^S` ^W^Sa& SZSQb`WQOZ PcaeOga W\ `OQSeOga& bVS 

T]ZZ]eW\U ^`]RcQba O`S OQQS^bOPZS4

+( <WZbW :W`Sab]^ A]`bO` $7D 0-1%

,( <WZbW :W`Sab]^ 6Z]QY $7:G'6@%

-(         <WZbW :W`S :]O[ $7D 0,*%

.( <WZbW :W`Sab]^ 6]O`R $7D 01/H%

>( B]\ Qc`W\U& `S'^S\Sb`OPZS [ObS`WOZa caSR T]` ZO`US ]^S\W\Ua O\R Q][^ZSf ^S\Sb`ObW]\a 

[ORS b] OQQ][[]RObS QOPZS b`Oga O\R Pc\RZSa& [cZbW^ZS abSSZ O\R Q]^^S` ^W^Sa& SZSQb`WQOZ 

PcaeOga W\ `OQSeOga& bVS T]ZZ]eW\U ^`]RcQba O`S OQQS^bOPZS4

+( <WZbW :W`Sab]^ 6Z]QY $7:G'6@%

,( <WZbW :W`Sab]^ 6]O`R $7D 01/H%

?( :]` PZO\Y ]^S\W\Ua [ORS W\ TW`S'`ObSR eOZZ ]` TZ]]` OaaS[PZWSa& eVS`S Tcbc`S ^S\Sb`ObW]\ ]T 

^W^Sa& Q]\RcWba& ]` QOPZSa Wa Sf^SQbSR& bVS T]ZZ]eW\U ^`]RcQba O`S OQQS^bOPZS4

+( <WZbW :W`Sab]^ 6Z]QY $7:G'6@%

,( <WZbW :W`Sab]^ DZcU $7:G'D@%
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@( D`]dWRS O TW`Sab]^ agabS[ eWbV O !:! FObW\U Oa RSbS`[W\SR Pg I@ +.13 ]` 5GHA 9 2+. 

eVWQV Wa S_cOZ b] bVS bW[S `ObW\U ]T Q]\ab`cQbW]\ PSW\U ^S\Sb`ObSR(

D5FH - ' 9L97IH=CB

-(+ DF9D5F5H=CB

5( JS`WTWQObW]\ ]T 7]\RWbW]\a4  9fO[W\S O`SOa O\R Q]\RWbW]\a c\RS` eVWQV e]`Y Wa b] PS 

^S`T]`[SR O\R WRS\bWTg Q]\RWbW]\a RSb`W[S\bOZ b] ^`]^S` ]` bW[SZg Q][^ZSbW]\(

+( JS`WTg ^S\Sb`ObW]\a O`S ^`]^S`Zg aWhSR O\R W\ acWbOPZS Q]\RWbW]\ T]` O^^ZWQObW]\ ]T 

[ObS`WOZa(

,( Gc`TOQSa b] eVWQV TW`Sab]^ [ObS`WOZa eWZZ PS O^^ZWSR aVOZZ PS T`SS ]T RW`b& U`SOaS& 

]WZ& `cab& ZOWbO\QS& `SZSOaS OUS\ba& eObS` `S^SZZS\ba& O\R O\g ]bVS` acPabO\QSa bVOb 

[Og OTTSQb ^`]^S` ORVSaW]\(

-( D`]dWRS [OaYW\U O\R bS[^]`O`g Q]dS`W\U b] ^`SdS\b a]WZW\U ]T ORXOQS\b ac`TOQSa Pg 

TW`Sab]^^W\U [ObS`WOZa(

.( 7][^Zg eWbV [O\cTOQbc`S #̀a `SQ][[S\RObW]\a T]` bS[^S`Obc`S O\R Vc[WRWbg 

Q]\RWbW]\a PST]`S& Rc`W\U O\R OTbS` W\abOZZObW]\ ]T TW`Sab]^^W\U(

/( 8] \]b ^`]QSSR c\bWZ c\aObWaTOQb]`g Q]\RWbW]\a VOdS PSS\ Q]``SQbSR(

-(, 7CCF8=B5H=CB

5( 7]]`RW\ObS Z]QObW]\ O\R ^`]^S` aSZSQbW]\ ]T QOab'W\'^ZOQS :W`Sab]^ 8SdWQSa eWbV 

b`ORS `Sa^]\aWPZS T]` bVS e]`Y(  9\ac`S RSdWQS Wa W\abOZZSR PST]`S ^ZOQS[S\b ]T 

Q]\Q`SbS(

6( FSa^]\aWPZS b`ORS b] ^`]dWRS ORS_cObS a^OQW\U ]T TWSZR `c\ ^W^Sa b] OZZ]e T]` 

W\abOZZObW]\ ]T QOab'W\'^ZOQS TW`Sab]^ RSdWQSa eWbV]cb W\bS`TS`S\QSa(

-(- =BGH5@@5H=CB

5( FSUcZOb]`g FS_cW`S[S\ba4  =\abOZZ TW`Sab]^ [ObS`WOZa W\ OQQ]`RO\QS eWbV I@ :W`S FSaWabO\QS 

8W`SQb]`g(

6( AO\cTOQbc`S #̀a =\ab`cQbW]\a4  7][^Zg eWbV [O\cTOQbc`S`#a W\ab`cQbW]\a T]` W\abOZZObW]\ ]T 

bV`]cUV'^S\Sb`ObW]\ X]W\b [ObS`WOZa(

+( GSOZ OZZ V]ZSa ]` d]WRa [ORS Pg ^S\Sb`ObW]\a b] S\ac`S O\ OW` O\R eObS` `SaWabO\b 

aSOZ(

,( 7]\acZb eWbV [SQVO\WQOZ S\UW\SS`& ^`]XSQb [O\OUS`& O\R RO[^S` [O\cTOQbc`S` 

^`W]` b] W\abOZZObW]\ ]T I@ TW`Sab]^ agabS[a bVOb [WUVb VO[^S` bVS ^S`T]`[O\QS ]T 

TW`S RO[^S`a Oa Wb ^S`bOW\a b] RcQb e]`Y(

-( D`]bSQb [ObS`WOZa T`][ RO[OUS ]\ ac`TOQSa acPXSQbSR b] b`OTTWQ(

-(. :=9@8 EI5@=HM 7CBHFC@
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5( 9fO[W\S aSOZSR ^S\Sb`ObW]\ O`SOa b] S\ac`S ^`]^S` W\abOZZObW]\ PST]`S Q]\QSOZW\U ]` 

S\QZ]aW\U O`SOa(

6( ?SS^ O`SOa ]T e]`Y OQQSaaWPZS c\bWZ W\a^SQbW]\ Pg O^^ZWQOPZS Q]RS OcbV]`WbWSa(

7( =\a^SQbW]\ ]T bV`]cUV'^S\Sb`ObW]\ TW`Sab]^^W\U aVOZZ PS ^S`T]`[SR W\ OQQ]`RO\QS eWbV 

5GHA 9 ,+1.& jGbO\RO`R D`OQbWQS T]` C\'GWbS =\a^SQbW]\ ]T =\abOZZSR :W`S Gb]^ak ]` ]bVS` 

`SQ]U\WhSR abO\RO`R(

8( DS`T]`[ c\RS` bVWa aSQbW]\ ^ObQVW\U O\R `S^OW`W\U ]T TW`Sab]^^W\U QOcaSR Pg QcbbW\U ]` 

^S\Sb`ObW\U ]T SfWabW\U TW`Sab]^ agabS[a OZ`SORg W\abOZZSR Pg ]bVS` b`ORSa(

-(/ =89BH=:=75H=CB " 8C7IA9BH5H=CB

5(      HVS TW`Sab]^ Q]\b`OQb]` Wa b] ac^^Zg R]Qc[S\bObW]\ T]` SOQV aW\UZS O^^ZWQObW]\ ORR`SaaSR(        

HVWa R]Qc[S\bObW]\ Wa b] WRS\bWTg SOQV ^S\Sb`ObW]\ Z]QObW]\ ]\ bVS S\bW`S ^`]XSQb(

+( HVS 8]Qc[S\bObW]\ :]`[ T]` bV`]cUV ^S\Sb`ObW]\a Wa b] W\QZcRS4

O( 5 GS_cS\bWOZ @]QObW]\ Bc[PS`

P( HVS D`]XSQb BO[S

Q( 8ObS ]T =\abOZZObW]\

R( 8SbOWZSR RSaQ`W^bW]\ ]T bVS ^S\Sb`ObW]\a Z]QObW]\

S( HSabSR GgabS[ ]` 9\UW\SS`SR >cRU[S\b Bc[PS`

T( Hg^S ]T OaaS[PZg ^S\Sb`ObSR

U( 5 RSbOWZSR RSaQ`W^bW]\ ]T bVS  aWhS O\R bg^S ]T ^S\Sb`ObW\U WbS[

V( GWhS ]T ]^S\W\U

W( Bc[PS` ]T aWRSa ]T OaaS[PZWSa ORR`SaaSR

X( <]c`Zg `ObW\U b] PS OQVWSdSR

Y( =\abOZZS`a BO[S

6( 7]^WSa ]T bVSaS R]Qc[S\ba O`S b] PS ^`]dWRSR b] bVS US\S`OZ Q]\b`OQb]` Ob bVS Q][^ZSbW]\ 

]T bVS ^`]XSQb(

7( =RS\bWTg bV`]cUV'^S\Sb`ObW]\ TW`Sab]^ agabS[a eWbV ^`Saac`S'aS\aWbWdS& aSZT'ORVSaWdS& 

^`S^`W\bSR dW\gZ ZOPSZa(  5bbOQV ZOPSZa ^S`[O\S\bZg b] ac`TOQSa ]T ^S\Sb`ObSR Q]\ab`cQbW]\ 

]\ P]bV aWRSa ]T SOQV TW`Sab]^ agabS[ W\abOZZObW]\ eVS`S ZOPSZa eWZZ PS dWaWPZS b] O\g]\S 

aSSYW\U b] `S[]dS ^S\Sb`ObW\U WbS[a ]` TW`Sab]^ agabS[a(  =\QZcRS bVS T]ZZ]eW\U 

W\T]`[ObW]\ ]\ ZOPSZa4

+( HVS e]`Ra4  !KO`\W\U 'HV`]cUV DS\Sb`ObW]\ :W`Sab]^ GgabS['8] B]b 8Wabc`P(  

B]bWTg 6cWZRW\U AO\OUS[S\b ]T 5\g 8O[OUS(!

 ,( 7]\b`OQb]`#a BO[S& ORR`Saa& O\R ^V]\S \c[PS`(

-( HV`]cUV'DS\Sb`ObW]\ TW`Sab]^ agabS[ RSaWU\ObW]\ ]T O^^ZWQOPZS bSabW\U O\R 

W\a^SQbW\U OUS\Qg(

.( 8ObS ]T =\abOZZObW]\(

/( HV`]cUV'DS\Sb`ObW]\ TW`Sab]^ agabS[ [O\cTOQbc`S #̀a \O[S(

0( =\abOZZS`#a BO[S(



CTTaV]`S KW\R GOTSbg 7S\bS` ' H`OW\W\U F]][ =aacS T]` DS`[Wb

5bZO\bWQ 7Wbg& B> CQb]PS` ,1& ,*,+

D9B9HF5H=CB :=F9 GHCDD=B; :CF <J57 ,-*1+* ' 3

-(0 58>IGH=B; 5B8 7@95B=B;

5(     FS[]dS S_cW^[S\b& [ObS`WOZa O\R RSP`Wa& ZSOdW\U O`SO W\ c\RO[OUSR& QZSO\ Q]\RWbW]\(

6( 7ZSO\ OZZ ac`TOQSa ORXOQS\b b] aSOZSR V]ZSa O\R X]W\ba b] PS T`SS ]T SfQSaa TW`Sab]^ [ObS`WOZa O\R 

a]WZW\U Oa e]`Y ^`]U`SaaSa(

9B8 C: G97H=CB ,-*1+*



FWWdY`cV NZ_U JRWVej :V_eVc ( KcRZ_Z_X I``^ @ddfV W`c GVc^Ze

8e]R_eZT :Zej' EA FTe`SVc -2' -+-,

?M8: @EJKILD<EK8K@FE 8E; :FEKIFCJ   -.+4++ ( ,

J<:K@FE -.+4++ ( ?M8: @EJKILD<EK8K@FE 8E; :FEKIFCJ

G8IK , ( ><E<I8C

,), I<C8K<; ;F:LD<EKJ

8) ;cRhZ_Xd R_U XV_VcR] ac`gZdZ`_d `W eYV :`_ecRTe' Z_T]fUZ_X >V_VcR] R_U Jfaa]V^V_eRcj :`_UZeZ`_d R_U 

;ZgZdZ`_ , JaVTZWZTReZ`_ JVTeZ`_d' Raa]j e` eYZd JVTeZ`_)

,)- ><E<I8C JLDD8IP F= NFIB

8) KYZd JVTeZ`_ Z_T]fUVd Z_decf^V_eReZ`_ W`c ?M8: djdeV^d R_U T`^a`_V_ed ]`TReVU Re 8e]R_eZT :RaV 

:`^^f_Zej :`]]VXV N`ceYZ_Xe`_ :R^afd Rd ZUV_eZWZVU Z_ eYZd JVTeZ`_ R_U eYV cV]ReVU U`Tf^V_ed 

cVWVcV_TVU SV]`h)

,) KYZd T`_ecRTe`c dYR]] ac`gZUV T`_ec`] aR_V]d' UVgZTVd R_U T`_ec`]]Vcd' VeT) W`c ViZdeZ_X' _Vh `c 

^`UZWZVU VbfZa^V_e daVTZWZVU hZeYZ_ eYZd T`_ecRTe R_U dYR]] cVda`_dZS]V e` T``cUZ_ReZ_X*Z_eVcWRTZ_X 

hZeY 98J T`_ecRTe`c e` ^R\V a`Z_ed RgRZ]RS]V W`c T`__VTeZ`_ e` eYV ViZdeZ_X 98J djdeV^) 

-) -E ;D E:7 ;?E7?E @8 E:;D DA75;8;53E;@? E@ 7IE7?6 E:7 7I;DE;?9 53>AFD H;67 ,@?7JH7== 

-?E7C?3E;@?3= *F;=6;?9 )FE@>3E;@? DJDE7> E:3E ;D @A7C3E;@?3= @? E:7 +@==797KD +3>AFD7D 

3?6 AC@G;67 AC@9C3>>;?9# ;?E79C3E;@? 3?6 9C3A:;5D 8@C 3== >@6;8;76 DJDE7>D ?@E76 H;E:;? 

E:7 H@C<$  )== 7I;DE;?9 5@?EC@= DJDE7>D# ?@E 47;?9 C7A=3576 F?67C E:;D 5@?EC35E D:3== C7>3;? 

;? A=357 3?6 8F?5E;@?3=$  0787C E@ 175E;@? &'%((' L17BF7?57 @8 .A7C3E;@?D 8@C ,2)+ 

+@?EC@=DM 8@C 366;E;@?3= 5=3C;8;53E;@?$  =fc_ZdY R]] ]RS`c' ^ReVcZR]d' VbfZa^V_e' R_U dVcgZTV 

_VTVddRcj W`c R T`^a]VeV R_U `aVcReZ_X eV^aVcRefcV T`_ec`] djdeV^' feZ]ZkZ_X R YZXY(daVVU' aVVc(e`(

aVVc _Veh`c\ `W ;ZcVTe ;ZXZeR] :`_ec`]d' c`feVcd' cVaVReVcd' R_U V]VTec`_ZT Z_eVcWRTVd R_U RTefReZ`_ 

UVgZTVd' Rd cVbfZcVU e` ^VVe eYV dT`aV `W h`c\) ;cRhZ_Xd RcV UZRXcR^^ReZT `_]j R_U UVdTcZSV eYV 
SRdZT Z_eV_e) <bfZa^V_e R_U ]RS`c _`e daVTZWZTR]]j cVWVccVU e` YVcV `c `_ eYV a]R_d' hYZTY RcV 

cVbfZcVU e` ^VVe eYV Wf_TeZ`_R] Z_eV_e' dYR]] SV ac`gZUVU hZeY`fe RUUZeZ`_R] T`de e` eYV Fh_Vc) 

/7C8@C>3?57 3?6 53A34;=;E;7D 3C7 43D76 @? E:7 ,@?7JH7== *F;=6;?9 1@=FE;@?D *F;=6;?9 

)FE@>3E;@? 1JDE7> !*)1" @C 3AAC@G76 7BF3=$

.) KYV <iZdeZ_X 9fZ]UZ_X 8fe`^ReZ`_ JjdeV^ `_ eYV :R^afd Zd R <_eVcacZdV 9fZ]UZ_X @_eVXcRe`c 

%<9@& Sj ?`_VjhV]])  KYV ViZdeZ_X 98J dYR]] SV ViaV_UVU R_U ^`UZWZVU e` dVR^]Vdd]j Z_eVXcReV 

eYV _Vh VbfZa^V_e _`eVd Rd aRce `W eYZd ac`[VTe)  8]] _Vh T`_ec`]d dYR]] SV T`^aReZS]V hZeY eYV 

?`_VjhV]] <9@)  KYV T`_ecRTe`c dYR]] T``cUZ_ReV hZeY eYV <iZdeZ_X 98J JjdeV^ ac`gZUVcd W`c eYV 

:`]]VXV R_U Z_T]fUV R]] Rdd`TZReVU T`ded Z_ eYVZc SZU)  KYV <iZdeZ_X 98J JjdeV^ JVcgZTV ac`gZUVc Zd 

?`_VjhV]]' 0./ =V]]`hdYZa I`RU D`f_e CRfcV]' EA +3+0/)  :`_eRTe @_W`c^ReZ`_5 

<U)D`XT\7Y`_VjhV]])T`^' %301& /.2(,3/2)  

9) 8]] _Vh T`_ec`]d dYR]] SV Z_eVXcReVU Z_e` eYV ViZdeZ_X ?`_VjhV]] @_eVc_ReZ`_R] 9fZ]UZ_X 8fe`^ReZ`_ 

JjdeV^ Re eYV WRTZ]Zej R_U feZ]ZkV eYV ?`_VjhV]] <9@ Gc`UfTe CZ_V `c Raac`gVU VbfR]) Gc`gZUV ?`_VjhV]] 

djdeV^ ViaR_dZ`_' a`Z_e RddZX_^V_e R_U ac`XcR^^Z_X cVbfZcVU e` ac`gZUV R]] _Vh T`_ec`] a`Z_ed e` eYV 

ViZdeZ_X ?`_VjhV]] 98J djdeV^) Gc`gZUV R]] _Vh XcRaYZTd R_U a`Z_e RddZX_^V_ed cVbfZcVU e` ac`gZUV R 

T`^a]VeV Z_eVXcReVU 98J djdeV^)

:) IV]ReVU JVTeZ`_d Z_T]fUV eYV W`]]`hZ_X5

,) ;ZgZdZ`_ -. JVTeZ`_ !DVeVcd R_U >RXVd! W`c ^VRdfcZ_X VbfZa^V_e eYRe cV]ReVd e` eYZd JVTeZ`_)
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-) ;ZgZdZ`_ -. JVTeZ`_ !JVbfV_TV `W FaVcReZ`_d W`c ?M8: :`_ec`]d! W`c cVbfZcV^V_ed eYRe cV]ReV e` 
eYZd JVTeZ`_)

R) KYV a`Z_ed ]Zde R_U dVbfV_TV `W `aVcReZ`_d Zd W`f_U Z_ JVTeZ`_ -. mJVbfV_TV `W FaVcReZ`_d 

W`c ?M8: :`_ec`]dn R_U eYV cVdaVTeZgV VbfZa^V_e daVTZWZTReZ`_ dVTeZ`_d)

;) IV]ReVU :`_ecRTe ;`Tf^V_ed Z_T]fUV eYV W`]]`hZ_X5

,) DVTYR_ZTR] R_U V]VTecZTR] T`_decfTeZ`_ UcRhZ_Xd Rd Z_T]fUVU hZeYZ_ eYV T`_ecRTe U`Tf^V_ed)

,). JG<:@=@: JLDD8IP F= NFIB

8) N`c\ UVdTcZSVU Z_ eYZd JVTeZ`_ dYR]] SV Z_deR]]VU' hZcVU' TZcTfZe eVdeVU' R_U TR]ZScReVU Sj WRTe`cj(TVceZWZVU 

R_U V^a]`jVU eVTY_ZTZR_d bfR]ZWZVU W`c eYZd h`c\ R_U Z_ eYV cVXf]Rc V^a]`j^V_e `W eYV eV^aVcRefcV 

T`_ec`] djdeV^ ^R_fWRTefcVc) 

9) =fc_ZdY R]] ]RS`c' ^ReVcZR]d' VbfZa^V_e' R_U dVcgZTV _VTVddRcj W`c R T`^a]VeV R_U `aVcReZ_X eV^aVcRefcV 

T`_ec`] djdeV^' feZ]ZkZ_X R YZXY(daVVU' aVVc(e`(aVVc _Veh`c\ `W ;ZcVTe ;ZXZeR] :`_ec`]d' c`feVcd' cVaVReVcd' 

R_U V]VTec`_ZT Z_eVcWRTVd R_U RTefReZ`_ UVgZTVd' Rd dY`h_ `_ eYV UcRhZ_Xd R_U Rd UVdTcZSVU YVcVZ_) 8]] 

ViZdeZ_X T`_ec`] djdeV^d' _`e SVZ_X cVa]RTVU f_UVc eYZd T`_ecRTe dYR]] cV^RZ_ Z_ a]RTV R_U SV VieV_UVU e` 

Z_T`ca`cReV eYV _Vh djdeV^d)  ;cRhZ_Xd RcV UZRXcR^^ReZT `_]j) <bfZa^V_e R_U ]RS`c _`e daVTZWZTR]]j 

cVWVccVU e` YVcV `c `_ eYV a]R_d' hYZTY RcV cVbfZcVU e` ^VVe eYV Wf_TeZ`_R] Z_eV_e' dYR]] SV ac`gZUVU 

hZeY`fe RUUZeZ`_R] T`de e` eYV Fh_Vc)  GVcW`c^R_TV R_U TRaRSZ]ZeZVd RcV SRdVU `_ eYV ?`_VjhV]] 

@_eVc_ReZ`_R] <_eVcacZdV 9fZ]UZ_X @_eVXcRe`c %<9@& dfZeV feZ]ZkZ_X ?`_VjhV]] :`^W`ce G`Z_e FaV_ :`_ec`]d 

Gc`UfTed CZ_V)

:) 8]] _Vh T`_ec`]d dYR]] SV Z_eVXcReVU Z_e` eYV ViZdeZ_X ?`_VjhV]] @_eVc_ReZ`_R] <_eVcacZdV 9fZ]UZ_X 

@_eVXcRe`c %<9@& aRT\RXV) Gc`gZUV <9@ djdeV^ ViaR_dZ`_' a`Z_e RddZX_^V_e R_U ac`XcR^^Z_X cVbfZcVU e` 

ac`gZUV R]] _Vh T`_ec`] a`Z_ed e` eYV ViZdeZ_X <9@ djdeV^) Gc`gZUV R]] _Vh XcRaYZTd R_U a`Z_e RddZX_^V_ed 

cVbfZcVU e` ac`gZUV R T`^a]VeV Z_eVXcReVU <9@ djdeV^) 

,)/ GIFA<:K J:?<;LC@E>

8) 98J :`_ecRTe`c dYR]] dTYVUf]V R]] h`c\ eYc`fXY eYV GcZ^V :`_ecRTe`c)  GcZ^V :`_ecRTe`c dYR]] dTYVUf]V 

UZcVTe]j hZeY Fh_Vc `c Fh_Vcld cVacVdV_eReZgV)  8e R ^Z_Z^f^' eYV 98J :`_ecRTe`c dYR]] dfS^Ze eYV 

W`]]`hZ_X e` eYV GcZ^V :`_ecRTe`c W`c dfS^ZddZ`_ e` eYV Fh_Vc5

,) NZeYZ_ `_V ^`_eY `W T`_ecRTe RhRcU' ac`gZUV R dTYVUf]V `W eYV h`c\ Z_UZTReZ_X eYV W`]]`hZ_X5

R) @_eV_UVU dVbfV_TV `W h`c\ ZeV^d

S) JeRce UReVd `W Z_UZgZUfR] h`c\ ZeV^d

T) ;fcReZ`_ `W Z_UZgZUfR] h`c\ ZeV^d

U) G]R__VU UV]ZgVcj UReVd W`c ^R[`c ^ReVcZR] R_U VbfZa^V_e' R_U ViaVTeVU ]VRU eZ^Vd

V) DZ]Vde`_Vd Z_UZTReZ_X a`ddZS]V cVdecRZ_ed `_ h`c\ Sj `eYVc ecRUVd `c dZefReZ`_d

-) Gc`gZUV ^`_eY]j hcZeeV_ deRefd cVa`ced Z_UZTReZ_X h`c\ T`^a]VeVU R_U cVgZdZ`_d e` ViaVTeVU 

UV]ZgVcj UReVd) 8_ faUReVU ac`[VTe dTYVUf]V dYR]] SV Z_T]fUVU)

,)0 8GGIFM<; :FEKIFC JPJK<D D8EL=8:KLI<IJ

8) KYV W`]]`hZ_X RcV eYV Raac`gVU T`_ec`] djdeV^ ^R_fWRTefcVcd Rd daVTZWZVU5

,) ?`_VjhV]] @_eVc_ReZ`_R]' 0./ =V]]`hdYZa IU' De) CRfcV] EA6 :`^W`ce G`Z_e FaV_ Gc`e`T`] 

:`_ec`]d Gc`UfTe CZ_V `c Raac`gVU VbfR])
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-) KYV Z_deR]]Z_X :`_ecRTe`c dYR]] `_]j fdV ac`UfTed T`ccVda`_UZ_X e` eYV ac`UfTe ]Z_V ]ZdeVU R_U*`c 
Raac`gVU Sj eYV Fh_Vc gZR eYV dfSdeZefeZ`_ ac`TVdd)

.) KYV ^R_fWRTefcVc ]ZdeVU RS`gV Raa]ZVd e` R]] T]ZV_e R_U dVcgVc d`WehRcV' ac`XcR^^Z_X' T`_ec`]]Vc 

d`WehRcV' T`^afeVc(XV_VcReVU Tfde`^ Raa]ZTReZ`_ ac`XcR^^Z_X' XV_VcR] afca`dV R_U f_ZeRcj 

T`_ec`]]Vcd)

,)1 JPJK<D G<I=FID8E:<

8) :`^a]j hZeY eYV W`]]`hZ_X aVcW`c^R_TV cVbfZcV^V_ed5

,) >cRaYZT ;Zda]Rj5  ;Zda]Rj XcRaYZT hZeY ^Z_Z^f^ -+ Uj_R^ZT a`Z_ed hZeY TfccV_e UReR hZeYZ_ ,+ 

dVT`_Ud)

-) >cRaYZT IVWcVdY5  LaUReV XcRaYZT hZeY ^Z_Z^f^ -+ Uj_R^ZT a`Z_ed hZeY TfccV_e UReR hZeYZ_ 3 

dVT`_Ud)

.) FS[VTe :`^^R_U5  IVRTeZ`_ eZ^V `W ]Vdd eYR_ eh` dVT`_Ud SVehVV_ `aVcRe`c T`^^R_U `W R SZ_Rcj 

`S[VTe R_U UVgZTV cVRTeZ`_)

/) FS[VTe JTR_5  KcR_d^Ze TYR_XV `W deReV R_U TYR_XV `W R_R]`X gR]fVd e` T`_ec`] f_Zed `c h`c\deReZ`_ 

hZeYZ_ dZi dVT`_Ud)

0) 8]Rc^ IVda`_dV KZ^V5  8__f_TZReV R]Rc^ Re h`c\deReZ`_ hZeYZ_ /0 dVT`_Ud)  Df]eZa]V 

h`c\deReZ`_d ^fde cVTVZgV R]Rc^d hZeYZ_ WZgV dVT`_Ud `W VRTY `eYVc)

1) Gc`XcR^ <iVTfeZ`_ =cVbfV_Tj5  If_ TRaRSZ]Zej `W Raa]ZTReZ`_d Rd `WeV_ Rd WZgV dVT`_Ud' Sfe 

dV]VTeVU T`_dZdeV_e hZeY ^VTYR_ZTR] ac`TVdd f_UVc T`_ec`])

2) GVcW`c^R_TV5  Gc`XcR^^RS]V T`_ec`]]Vcd dYR]] ViVTfeV ;;: G@; T`_ec`] ]``ad' R_U dTR_ R_U 

faUReV ac`TVdd gR]fVd R_U `feafed Re ]VRde `_TV aVc dVT`_U)

3) IVa`ceZ_X 8TTfcRTj R_U JeRSZ]Zej `W :`_ec`]5  IVa`ce gR]fVd R_U ^RZ_eRZ_ ^VRdfcVU gRcZRS]Vd 

hZeYZ_ e`]VcR_TVd Rd W`]]`hd5

R) NReVc KV^aVcRefcV5  G]fd `c ^Z_fd , UVX =)

S) NReVc =]`h5  G]fd `c ^Z_fd 0 aVcTV_e `W Wf]] dTR]V)

T) NReVc GcVddfcV5  G]fd `c ^Z_fd - aVcTV_e `W Wf]] dTR]V)

U) JaRTV KV^aVcRefcV5  G]fd `c ^Z_fd , UVX =)

V) ;fTeVU 8Zc KV^aVcRefcV5  G]fd `c ^Z_fd , UVX =)

W) FfedZUV 8Zc KV^aVcRefcV5  G]fd `c ^Z_fd - UVX =)

X) ;Vh G`Z_e KV^aVcRefcV5  G]fd `c ^Z_fd . UVX =)

Y) KV^aVcRefcV ;ZWWVcV_eZR]5  G]fd `c ^Z_fd +)-0 UVX =)

Z) IV]ReZgV ?f^ZUZej5  G]fd `c ^Z_fd 0 aVcTV_e)

[) 8ZcW]`h %GcVddfcZkVU JaRTVd&5  G]fd `c ^Z_fd . aVcTV_e `W Wf]] dTR]V)

\) 8ZcW]`h %DVRdfcZ_X JeReZ`_d&5  G]fd `c ^Z_fd 0 aVcTV_e `W Wf]] dTR]V)

]) 8ZcW]`h %KVc^Z_R]&5  G]fd `c ^Z_fd ,+ aVcTV_e `W Wf]] dTR]V)

^) 8Zc GcVddfcV %JaRTV&5  G]fd `c ^Z_fd +)+,(Z_TY hX)

_) 8Zc GcVddfcV %;fTed&5  G]fd `c ^Z_fd +),(Z_TY hX)

`) :RcS`_ ;Z`iZUV5  G]fd `c ^Z_fd 0+ aa^)

a) <]VTecZTR]5  G]fd `c ^Z_fd 0 aVcTV_e `W cVRUZ_X)

,)2 JL9D@KK8CJ

8) Gc`UfTe ;ReR5  @_T]fUV ^R_fWRTefcVc$d eVTY_ZTR] ]ZeVcRefcV W`c VRTY T`_ec`] UVgZTV)  @_UZTReV UZ^V_dZ`_d' 

TRaRTZeZVd' aVcW`c^R_TV TYRcRTeVcZdeZTd' V]VTecZTR] TYRcRTeVcZdeZTd' WZ_ZdYVd W`c ^ReVcZR]d' R_U Z_deR]]ReZ`_ 

R_U deRcefa Z_decfTeZ`_d W`c VRTY ejaV `W ac`UfTe Z_UZTReVU)

,) :`_ec`]]VU JjdeV^d5  @_decf^V_eReZ`_ ]Zde hZeY V]V^V_e _R^V' ejaV `W UVgZTV' ^R_fWRTefcVc' ^`UV] 

_f^SVc' R_U ac`UfTe UReR)  @_T]fUV hcZeeV_ UVdTcZaeZ`_ `W dVbfV_TV `W `aVcReZ`_ Z_T]fUZ_X 

dTYV^ReZT UZRXcR^)
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9) JY`a ;cRhZ_Xd5  ;VeRZ] VbfZa^V_e RddV^S]ZVd R_U Z_UZTReV UZ^V_dZ`_d' hVZXYed' ]`RUd' cVbfZcVU 
T]VRcR_TVd' ^VeY`U `W WZV]U RddV^S]j' T`^a`_V_ed' R_U ]`TReZ`_ R_U dZkV `W VRTY WZV]U T`__VTeZ`_)

,) 9Z]] `W ^ReVcZR]d `W VbfZa^V_e Z_UZTReZ_X bfR_eZej' ^R_fWRTefcVc' R_U ^`UV] _f^SVc)

-) JTYV^ReZT W]`h UZRXcR^d dY`hZ_X WR_d' af^ad' T`Z]d' UR^aVcd' gR]gVd' R_U T`_ec`] UVgZTVd)

.) NZcZ_X ;ZRXcR^d5  G`hVc' dZX_R]' R_U T`_ec`] hZcZ_X)

/) ;VeRZ]d `W T`_ec`] aR_V] WRTVd' Z_T]fUZ_X T`_ec`]d' Z_decf^V_ed' R_U ]RSV]Z_X)

0) NcZeeV_ UVdTcZaeZ`_ `W dVbfV_TV `W `aVcReZ`_)

1) JTYVUf]V `W UR^aVcd Z_T]fUZ_X dZkV' ]VR\RXV' R_U W]`h TYRcRTeVcZdeZTd)

2) JTYVUf]V `W gR]gVd Z_T]fUZ_X W]`h TYRcRTeVcZdeZTd)

3) ;;: JjdeV^ ?RcUhRcV5

R) NZcZ_X UZRXcR^d W`c T`_ec`] f_Zed hZeY eVc^Z_ReZ`_ _f^SVcd)

S) JTYV^ReZT UZRXcR^d R_U W]``c a]R_d W`c WZV]U dV_d`cd R_U T`_ec`] YRcUhRcV)

T) JTYV^ReZT UZRXcR^d W`c T`_ec`]' T`^^f_ZTReZ`_' R_U a`hVc hZcZ_X' dY`hZ_X ecf_\ UReR 

T`_UfTe`cd R_U hZcZ_X SVehVV_ `aVcRe`c h`c\deReZ`_ R_U T`_ec`] f_Ze ]`TReZ`_d)

4) :`_ec`] JjdeV^ J`WehRcV5  CZde `W T`]`c XcRaYZTd Z_UZTReZ_X ^`_Ze`cVU djdeV^d' UReR %T`__VTeVU 

R_U TR]Tf]ReVU& a`Z_e RUUcVddVd' `feafe dTYVUf]V' R_U `aVcRe`c _`eReZ`_d)

,+) :`_ec`]]VU JjdeV^d5

R) JTYV^ReZT UZRXcR^d `W VRTY T`_ec`]]VU djdeV^ hZeY T`_ec`] a`Z_ed ]RSV]VU R_U T`_ec`] 

V]V^V_ed XcRaYZTR]]j dY`h_' hZeY hZcZ_X)

S) JTR]VU UcRhZ_Xd dY`hZ_X ^`f_eZ_X' c`feZ_X' R_U hZcZ_X `W V]V^V_ed Z_T]fUZ_X SRdVd R_U 

daVTZR] T`_decfTeZ`_)

T) NcZeeV_ UVdTcZaeZ`_ `W dVbfV_TV `W `aVcReZ`_ Z_T]fUZ_X dTYV^ReZT UZRXcR^)

U) G`Z_ed ]Zde)

:) ;ReR :`^^f_ZTReZ`_d Gc`e`T`] :VceZWZTReVd5  :VceZWj eYRe VRTY ac`a`dVU ;;: djdeV^ T`^a`_V_e 

T`^a]ZVd hZeY 8J?I8< ,.0 98:_Ve T`^^f_ZTReZ`_ ac`e`T`])

;) JR^a]Vd W`c @_ZeZR] JV]VTeZ`_5  =`c VRTY T`]`c cVbfZcVU' `W VRTY ejaV `W eYVc^`deRe `c dV_d`c T`gVc hZeY 

WRTe`cj(Raa]ZVU T`]`c WZ_ZdYVd)

<) JR^a]Vd W`c MVcZWZTReZ`_5  =`c VRTY T`]`c cVbfZcVU' `W VRTY ejaV `W eYVc^`deRe `c dV_d`c T`gVc)

=) J`WehRcV R_U =Zc^hRcV FaVcReZ`_R] ;`Tf^V_eReZ`_5  @_T]fUV eYV W`]]`hZ_X5

,) J`WehRcV `aVcReZ_X R_U faXcRUV ^R_fR]d)

-) Gc`XcR^ J`WehRcV 9RT\fa5  F_ R ^RX_VeZT ^VUZR `c T`^aRTe UZdT' T`^a]VeV hZeY UReR WZ]Vd)

.) ;VgZTV RUUcVdd ]Zde)

/) GcZ_e`fe `W d`WehRcV Raa]ZTReZ`_ R_U XcRaYZT dTcVV_d)

0) J`WehRcV ]ZTV_dV cVbfZcVU Sj R_U Z_deR]]VU W`c ;;: h`c\deReZ`_d R_U T`_ec`] djdeV^d)

>) J`WehRcV LaXcRUV BZe5  =`c Fh_Vc e` fdV Z_ ^`UZWjZ_X d`WehRcV e` dfZe WfefcV djdeV^d cVgZdZ`_d `c 

^`_Ze`cZ_X R_U T`_ec`] cVgZdZ`_d)

?) HfR]ZWZTReZ`_ ;ReR5  =`c @_deR]]Vc R_U ^R_fWRTefcVc)  IVWVc e` JVTeZ`_ RS`gV W`c cVbfZcV^V_ed)

@) =ZV]U bfR]Zej(T`_ec`] eVde cVa`ced)

A) FaVcReZ`_ R_U DRZ_eV_R_TV ;ReR5  =`c ?M8: Z_decf^V_eReZ`_ R_U T`_ec`] djdeV^ e` Z_T]fUV Z_ 

V^VcXV_Tj' `aVcReZ`_' R_U ^RZ_eV_R_TV ^R_fR]d)  @_ RUUZeZ`_ e` ZeV^d daVTZWZVU Z_ ;ZgZdZ`_ , JVTeZ`_ 

!FaVcReZ`_ R_U DRZ_eV_R_TV ;ReR'! Z_T]fUV eYV W`]]`hZ_X5
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S) @_eVcT`__VTeZ`_ hZcZ_X UZRXcR^d hZeY ZUV_eZWZVU R_U _f^SVcVU djdeV^ T`^a`_V_ed R_U 

UVgZTVd)

T) BVjS`RcU Z]]fdecReZ`_d R_U deVa(Sj(deVa ac`TVUfcVd Z_UViVU W`c VRTY `aVcRe`c Wf_TeZ`_)

U) @_daVTeZ`_ aVcZ`U' T]VR_Z_X ^VeY`Ud' T]VR_Z_X ^ReVcZR]d cVT`^^V_UVU' R_U TR]ZScReZ`_ 

e`]VcR_TVd)

V) :R]ZScReZ`_ cVT`cUd R_U ]Zde `W dVe a`Z_ed)

,)3 HL8C@KP 8JJLI8E:<

8) >V_VcR]

,) 98J :`_ecRTe`c dYR]] SV R UZcVTe WRTe`cj ScR_TY `WWZTV `c RfeY`cZkVU cVacVdV_eReZgV W`c 

^R_fWRTefcVc `W =c`_e <_U J`WehRcV' ;;: JjdeV^ ?RcUhRcV R_U `eYVc cV]ReVU djdeV^d)  @_deR]]Z_X 

`WWZTV dYR]] YRgV R ^Z_Z^f^ `W eV_ jVRcd `W Z_deR]]ReZ`_ ViaVcZV_TV hZeY eYV ^R_fWRTefcVc R_U 

dYR]] ac`gZUV U`Tf^V_eReZ`_ Z_ dfS^ZeeR] aRT\RXV gVcZWjZ_X ]`_XVgZej `W eYV Z_deR]]Z_X T`^aR_j$d 

cV]ReZ`_dYZa hZeY eYV ^R_fWRTefcVc) 

-) 98J :`_ecRTe`c dYR]] YRgV R ^Z_Z^f^ `W eV_ %,+& jVRcdl ViaVcZV_TV Rd R_ 8K: Z_deR]]Z_X 

T`_ecRTe`c)   

.) 9ZUd Sj hY`]VdR]Vcd' UVR]Vcd `c R_j `eYVc WZc^d _`e RfeY`cZkVU e` ac`gZUV' Z_deR]]' dVcgZTV R_U 

^RZ_eRZ_ ?`_VjhV]] <_eVcacZdV 9fZ]UZ_X @_eVXcRe`c Gc`UfTe CZ_V ?M8: :`_ec`]d hZ]] _`e SV 

RTTVaeRS]V)

/) 8]] h`c\ UVdTcZSVU Z_ eYZd dVTeZ`_ dYR]] SV Z_deR]]VU' hZcVU' TZcTfZe eVdeVU' R_U TR]ZScReVU Sj 

WRTe`cj(TVceZWZVU eVTY_ZTZR_d bfR]ZWZVU W`c eYZd h`c\ R_U Z_ eYV UZcVTe V^a]`j^V_e `W eYV 
eV^aVcRefcV T`_ec`] djdeV^ ^R_fWRTefcVc)  98J :`_ecRTe`c dYR]] ac`gZUV ,++ aVcTV_e `W R]] 

dVcgZTVd hZeY T`^aR_j aVcd`__V]) E` a`ceZ`_ `W dVcgZTVd TR_ SV dfST`_ecRTeVU e` `eYVcd hZeY`fe 

ViacVdd hcZeeV_ aVc^ZddZ`_ `W eYV Fh_Vc6 hZeY dfTY aVc^ZddZ`_' R]] daVTZWZTReZ`_d' eVc^d' R_U 

T`_UZeZ`_d daVTZWZVU YVcVZ_ dYR]] SV eYV cVda`_dZSZ]Zej `W eYV GcZ^V :`_ecRTe`c)

0) 98J :`_ecRTe`c * ^R_fWRTefcVc dYR]] YRgV R d`]ZU cVafeReZ`_ `W Z_deR]]Z_X' dVcgZTZ_X R_U 

^RZ_eRZ_Z_X m`aV_ ac`e`T`]n :`_ec`] djdeV^d eYRe RcV T`^a]ZR_e hZeY dVcgZTZ_X ^f]eZa]V 

^R_fWRTefcVcd `gVc R deR_URcU @*G ac`e`T`] %98:_Ve&)

1) 98J :`_ecRTe`c dYR]] YRgV R ]`TR] ScR_TY WRTZ]Zej hZeYZ_ R 0+(^Z]V cRUZfd `W eYV [`S dZeV)  

<^VcXV_Tj dVcgZTV dYR]] SV RgRZ]RS]V `_ R -/(Y`fc' 2(URj(R(hVV\ SRdZd)

2) 98J :`_ecRTe`c hZ]] T``cUZ_ReV hZeY `eYVc KcRUV :`_ecRTe`cd cVXRcUZ_X eYV ]`TReZ`_ R_U dZkV `W 

aZaVd' VbfZa^V_e' WZiefcVd' T`_UfZe' UfTed' `aV_Z_Xd' dhZeTYVd' `fe]Ved' R_U d` W`ceY' Z_ `cUVc e` 

V]Z^Z_ReV R_j UV]Rjd Z_ eYV ac`XcVdd `W eYV [`S)

3) 98J :`_ecRTe`c dYR]] T`^a]VeV h`c\ _VTVddRcj e` R]]`h eYV KVde R_U 9R]R_TV :`_ecRTe`c e` 

aVcW`c^ h`c\ Z_ R eZ^V]j ^R__Vc)  KYV 98J :`_ecRTe`c dYR]] T`^a]VeV R]] h`c\ _VTVddRcj e` R]]`h 

`aVcReZ`_ R_U UV^`_decReZ`_ `W gRcZRS]V WcVbfV_Tj UcZgVd)

9) <iaVcZV_TV IVT`cU

,) KYV 98J :`_ecRTe`c dYR]] YRgV R ^Z_Z^f^ `W eV_ jVRcdl ViaVcZV_TV hZeY eYV T`^a]VeV' efc_\Vj 

Z_deR]]ReZ`_ `W 98J :`_ec`] JjdeV^d `W dZ^Z]Rc dZkV R_U eVTY_ZTR] T`^a]ViZej)

:) Gc`UfTed

,) :`_ec`]]Vc R_U ;;: %;ZcVTe ;ZXZeR] :`_ec`]& djdeV^ T`^a`_V_ed dYR]] SV TfccV_e ac`UfTeZ`_ 

ac`UfTed)

;) @JF(4++,
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JVcgZTZ_X&)

<) HfR]Zej 8ddfcR_TV Gc`XcR^

,) KYV 98J :`_ecRTe`c dYR]] RddZX_ R dZ_X]V Z_UZgZUfR] e` dVcgV Rd eYV HfR]Zej 8ddfcR_TV DR_RXVc' 

hY` Zd e` SV cVda`_dZS]V W`c eYV ^R_RXV^V_e `W eYV ac`XcR^)

=) >`gVc_Z_X :`UV :`^a]ZR_TV

,) KYV 98J :`_ecRTe`c dYR]] T`^a]j hZeY R]] TfccV_e X`gVc_Z_X T`UVd `cUZ_R_TVd R_U cVXf]ReZ`_d' 

Z_T]fUZ_X LC' E=G8' eYV ]`TR] 9fZ]UZ_X :`UV' E<:' R_U d` W`ceY)

>) =:: IVXf]ReZ`_

,) 8]] V]VTec`_ZT VbfZa^V_e dYR]] T`_W`c^ e` eYV cVbfZcV^V_ed `W =:: IVXf]ReZ`_' GRce -.' JVTeZ`_ 

-.' >`gVc_Z_X IRUZ` =cVbfV_Tj <]VTec`^RX_VeZT @_eVcWVcV_TV' R_U SV d` ]RSV]VU)

?) <]VTecZTR] :`^a`_V_ed' ;VgZTVd' R_U 8TTVdd`cZVd5  CZdeVU R_U ]RSV]VU Rd UVWZ_VU Z_ E=G8 2+' 

8ceZT]V ,++' Sj R eVdeZ_X RXV_Tj RTTVaeRS]V e` RfeY`cZeZVd YRgZ_X [fcZdUZTeZ`_' R_U ^Rc\VU W`c Z_eV_UVU 

fdV)

@) :`^a]j hZeY 8J?I8< ,.0 W`c ;;: djdeV^ T`^a`_V_ed)

,)4 ;<C@M<IP' JKFI8><' 8E; ?8E;C@E>

8) =RTe`cj(D`f_eVU :`^a`_V_ed5  NYVcV T`_ec`] UVgZTVd daVTZWZVU Z_ eYZd JVTeZ`_ RcV Z_UZTReVU e` SV 

WRTe`cj ^`f_eVU `_ VbfZa^V_e' RccR_XV W`c dYZaaZ_X `W T`_ec`] UVgZTVd e` VbfZa^V_e ^R_fWRTefcVc)

9) JjdeV^ J`WehRcV5  LaUReV e` ]ReVde gVcdZ`_ `W d`WehRcV Re Gc`[VTe T`^a]VeZ`_)

,),+ :FFI;@E8K@FE

8) :``cUZ_ReV ]`TReZ`_ `W eYVc^`deRed' Yf^ZUZdeRed' R_U `eYVc Via`dVU T`_ec`] dV_d`cd hZeY a]R_d R_U c``^ 

UVeRZ]d SVW`cV Z_deR]]ReZ`_)

9) :``cUZ_ReV dfaa]j `W T`_UZeZ`_VU V]VTecZTR] ScR_TY TZcTfZed W`c T`_ec`] f_Zed R_U `aVcRe`c h`c\deReZ`_)

:) :``cUZ_ReV VbfZa^V_e hZeY ;ZgZdZ`_ -1 JVTeZ`_ !GR_V]S`RcUd! e` RTYZVgV T`^aReZSZ]Zej hZeY deRceVc T`Z]d 

R_U R__f_TZReZ`_ UVgZTVd)

;) :``cUZ_ReV VbfZa^V_e hZeY ;ZgZdZ`_ -1 JVTeZ`_ !D`e`c(:`_ec`] :V_eVcd! e` RTYZVgV T`^aReZSZ]Zej hZeY 

^`e`c deRceVcd R_U R__f_TZReZ`_ UVgZTVd)

<) @_eVc(;ZgZdZ`_d :``cUZ_ReZ`_

,) KYV 98J :`_ecRTe`c dYR]] T``aVcReV hZeY `eYVc UZgZdZ`_d aVcW`c^Z_X h`c\ `_ eYZd ac`[VTe Rd 

_VTVddRcj e` RTYZVgV R T`^a]VeV R_U _VRe Z_deR]]ReZ`_)  KYV :`_ecRTe`c dYR]] R]d` T`_df]e eYV 

UcRhZ_Xd R_U daVTZWZTReZ`_d `W R]] ecRUVd e` UVeVc^Z_V eYV _RefcV R_U VieV_e `W `eYVcdl h`c\)  @e hZ]] 

SV eYV Ufej `W eYZd :`_ecRTe`c e` h`c\ Z_ T``aVcReZ`_ hZeY `eYVc T`_ecRTe`cd' R_U hZeY `eYVc dfS(

T`_ecRTe`cd R_U V^a]`jVVd' cV_UVcZ_X RddZdeR_TV R_U RccR_XZ_X YZd `c YVc h`c\ d` eYRe eYV V_eZcV 

ac`[VTe hZ]] SV UV]ZgVcVU Z_ eYV SVde a`ddZS]V T`_UZeZ`_ R_U Z_ eYV dY`ceVde eZ^V)
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eYZd T`_ecRTe Zd f_UVc eYV Rddf^aeZ`_ eYRe eYVcV RcV deZ]] `aV_ ZddfVd eYRe cVdecZTe YV `c dYV Wc`^ 

T`^a]VeZ_X eYVZc h`c\' YV `c dYV ^fde R]Vce S`eY eYV Fh_Vcld cVacVdV_eReZgV `W eYV ac`S]V^ Z_ R 

eZ^V]j ^R__Vc)

,),, N8II8EKP

8) NRccR_e R]] h`c\ Rd W`]]`hd5

,) CRS`c R_U ^ReVcZR]d W`c eYV T`_ec`] djdeV^ daVTZWZVU dYR]] SV hRccR_eVU WcVV Wc`^ UVWVTed W`c R 

aVcZ`U `W -/ ^`_eYd RWeVc WZ_R] T`^a]VeZ`_ R_U RTTVaeR_TV) :`_ec`] djdeV^ WRZ]fcVd UfcZ_X eYV 

hRccR_ej aVcZ`U dYR]] SV RU[fdeVU' cVaRZcVU' `c cVa]RTVU Re _` RUUZeZ`_R] T`de `c cVUfTeZ`_ Z_ dVcgZTV 

e` eYV Fh_Vc) KYV T`_ecRTe`c dYR]] cVda`_U e` eYV Fh_Vcld cVbfVde W`c hRccR_ej dVcgZTV hZeYZ_ -/ 

Y`fcd UfcZ_X _`c^R] SfdZ_Vdd Y`fcd)

-) 8]] h`c\ dYR]] YRgV R dZ_X]V hRccR_ej UReV' VgV_ hYV_ eYV Fh_Vc YRd cVTVZgVU SV_VWZTZR] fdV UfV 

e` R_ VRc]j djdeV^ deRce(fa) @W eYV h`c\ daVTZWZVU Zd da]Ze Z_e` ^f]eZa]V T`_ecRTed `c R ^f]eZaYRdV 

T`_ecRTe' eYV_ VRTY T`_ecRTe `c aYRdV dYR]] YRgV R dVaRcReV hRccR_ej deRce UReV R_U aVcZ`U)

.) 8e eYV V_U `W eYV WZ_R] deRce(fa' eVdeZ_X' R_U T`^^ZddZ`_Z_X aYRdV' ZW VbfZa^V_e R_U djdeV^d RcV 

`aVcReZ_X dReZdWRTe`cZ]j e` eYV <_XZ_VVc' eYV <_XZ_VVc dYR]] dZX_ TVceZWZTReVd TVceZWjZ_X eYRe eYV 

T`_ec`] djdeV^ld `aVcReZ`_ YRd SVV_ eVdeVU R_U RTTVaeVU Z_ RTT`cUR_TV hZeY eYV eVc^d `W eYZd 

JaVTZWZTReZ`_) KYV UReV `W RTTVaeR_TV dYR]] SV eYV deRce `W hRccR_ej)

R) <iTVaeZ`_5 :`_ecRTe`c dYR]] _`e SV cVbfZcVU e` hRccR_e cVfdVU UVgZTVd' ViTVae W`c eY`dV eYRe 

YRgV SVV_ cVSfZ]e `c cVaRZcVU) :`_ecRTe`c dYR]] hRccR_e R]] Z_deR]]ReZ`_ ]RS`c R_U ^ReVcZR]d' 

Y`hVgVc' R_U dYR]] UV^`_decReV eYRe R]] cVfdVU UVgZTVd RcV Z_ `aVcRS]V T`_UZeZ`_ Re eYV eZ^V 

`W eYV <_XZ_VVcld RTTVaeR_TV)

,),- FNE<IJ?@G F= GIFGI@<K8IP D8K<I@8C

8) Gc`[VTe(UVgV]`aVU d`WehRcV R_U U`Tf^V_eReZ`_ dYR]] SVT`^V eYV ac`aVcej `W eYV Fh_Vc) KYVdV Z_T]fUV' 

Sfe RcV _`e ]Z^ZeVU e`5

,) Gc`[VTe XcRaYZT Z^RXVd)

-) IVT`cU UcRhZ_Xd)

.) Gc`[VTe UReRSRdV)

/) Gc`[VTe(daVTZWZT Raa]ZTReZ`_ ac`XcR^^Z_X T`UV)

0) 8]] U`Tf^V_eReZ`_)

,),. ;<=@E@K@FEJ

8) 98J5  ;ZcVTe ;ZXZeR] :`_ec`]' 8fe`^ReZT KV^aVcRefcV :`_ec`])

9) 98J :`_ecRTe`c5  IVWVcV_TV e` eYV :`_ecRTe`c T`^a]VeZ_X WZV]U Z_deR]]ReZ`_ `W eYV ?M8: :`_ec`]d)  GcZ^V 

:`_ecRTe`c Zd cVda`_dZS]V W`c R]] h`c\ aVcW`c^VU Sj dfS(T`_ecRTe`cd R_U Z_T]fUVU hZeYZ_ eYZd JVTeZ`_)

:) @*F5  @_afe*`feafe)

;) G@;5  Gc`a`ceZ`_R] a]fd Z_eVXcR] a]fd UVcZgReZgV)

<) IK;5  IVdZdeR_TV eV^aVcRefcV UVeVTe`c)
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Z_deR]]ReZ`_ R_U dVcgZTV W`c R T`^a]VeV R_U Wf_TeZ`_R] T`_ec`]d djdeV^) 8]] T`_ec`] UVgZTVd %gR]gVd' 

UR^aVcd' RTefRe`cd' VeT)& RcV Z_T]fUVU f_UVc eYV T`_ecRTe f_]Vdd daVTZWZTR]]j daVTZWZVU V]dVhYVcV Z_ eYV 

T`_ecRTe U`Tf^V_ed)

9) KYV @_deR]]VU djdeV^ dYR]] ac`gZUV dVTfcV aRddh`cU RTTVdd e` R]] WVRefcVd' Wf_TeZ`_d R_U UReR hZeYZ_ eYV 

`gVcR]] =DJ Z_ R UVWZ_VU YZVcRcTYj)

-)- FG<E' @EK<IFG<I89C< @EK<>I8K<; 8I:?@K<:KLI<J

8) KYV Z_eV_e `W eYZd daVTZWZTReZ`_ Zd e` ac`gZUV R_ FaV_ JjdeV^ d`]feZ`_ eYRe feZ]ZkVd Z_Ufdecj deR_URcU 

T`^^f_ZTReZ`_d ac`e`T`]d T`_dZdeZ_X `W aVVc(e`(aVVc _Veh`c\VU' deR_U(R]`_V' UZdecZSfeVU T`_ec`]d Z_ 

T`^a]ZR_TV hZeY 8EJ@*8J?I8< JeR_URcU ,.0(,440*-++/ 98:_Ver T`^^f_ZTReZ`_ ac`e`T`] Z_ `_V 

`aV_' Z_eVc`aVcRS]V djdeV^)  FaV_ JjdeV^ T`^^f_ZTReZ`_ ac`e`T`]d dYR]] SV feZ]ZkVU K`a(e`(9`ee`^ Wc`^ 

Wc`_e(V_U >cRaYZTR] LdVc @_eVcWRTV %>L@& e` eYV WZV]U ]VgV] UZdecZSfeVU T`_ec`]]Vcd)  Gc`acZVeRcj 

T`^^f_ZTReZ`_d' `S[VTed' `c T`^^f_ZTReZ`_ mKZVcdn RcV _`e RTTVaeRS]V R]]`hZ_X YZXYVde ]VgV] `W 

Z_eVc`aVcRSZ]Zej SVehVV_ T`_ec`] UVgZTVd R_U djdeV^d)

9) KYV dfaa]ZVU T`^afeVc d`WehRcV dYR]] V^a]`j `S[VTe(`cZV_eVU eVTY_`]`Xj %FFK& W`c cVacVdV_eReZ`_ `W R]] 

UReR R_U T`_ec`] UVgZTVd hZeYZ_ eYV djdeV^)  @_ RUUZeZ`_' RUYVcV_TV e` Z_Ufdecj deR_URcUd Z_T]fUZ_X 8EJ@ * 

8J?I8<q JeR_URcU ,.0(,440*-++/ 98:_Ver e` RddfcV Z_eVc`aVcRSZ]Zej SVehVV_ R]] djdeV^ 

T`^a`_V_ed Zd cVbfZcVU)  =`c R]] _ReZgV 98:_Ver UVgZTV' eYV UVgZTV dfaa]ZVc ^fde ac`gZUV R G@:J 

U`Tf^V_e dY`hZ_X eYV Z_deR]]VU UVgZTVld T`^a]ZR_TV ]VgV]' `c 9@99ld ]ZdeZ_X dfaa`ceVU `S[VTed' 

ac`aVceZVd' R_U dVcgZTVd)  8]] _ReZgV 98:_Ver :`_ec`]]Vcd dY`f]U T`_WZc^ e` 9@99ld ac`WZ]V W`c 9(9:' 9(

8J:' 9(88: Rd Raa]ZTRS]V hZeY eYV RSZ]Zej e` dfaa`ce ^Z_Z^f^ UReR cVRU R_U hcZeV Wf_TeZ`_R]Zej ]ZdeVU Z_ 
eYV Rdd`TZReVU T`_ec`] UcRhZ_Xd R_U a`Z_ed ]Zde))  GYjdZTR] T`__VTeZ`_ `W 98:_Ver UVgZTVd dYR]] SV gZR 

<eYVc_Ve feZ]ZkZ_X 98:_Ver `gVc @G hZeY`fe eYV _VVU W`c RUUZeZ`_R] YRcUhRcV gZk) c`feVcd R_U * `c 

XReVhRjd)

:) 8]] _Veh`c\ T`_ec`]]Vcd dfaa]ZVU f_UVc eYZd T`_ecRTe dYR]] SV ecfV maVVc(e`(aVVcn T`^^f_ZTReZ_X UVgZTVd)  

G]R_e T`_ec`]]Vcd cVbfZcZ_X ma`]]Z_Xn Sj R Y`de e` aRdd UReR dYR]] _`e SV RTTVaeRS]V) 

;) 8 YZVcRcTYZTR] e`a`]`Xj Zd cVbfZcVU e` RddfcV cVRd`_RS]V djdeV^ cVda`_dV eZ^Vd R_U e` ^R_RXV eYV W]`h 

R_U dYRcZ_X `W UReR hZeY`fe f_Uf]j SfcUV_Z_X eYV Tfde`^Vcld Z_eVc_R] @_ecR_Ve _Veh`c\)  JjdeV^d 

V^a]`jZ_X R mW]Ren dZ_X]V eZVcVU RcTYZeVTefcV dYR]] _`e SV RTTVaeRS]V)

-). E<KNFIBJ

8) KYV C`TR] 8cVR EVeh`c\ %C8E& dYR]] SV VZeYVc R ,+ `c ,++ DVXRSZed*dVT <eYVc_Ve _Veh`c\ dfaa`ceZ_X 

98:_Ver' ARgR' ODC' ?KKG' R_U :FI98 @@FG W`c ^RiZ^f^ W]ViZSZ]Zej W`c Z_eVXcReZ`_ `W SfZ]UZ_X UReR 

hZeY V_eVcacZdV Z_W`c^ReZ`_ djdeV^d R_U ac`gZUZ_X dfaa`ce W`c ^f]eZa]V EVeh`c\ 8cVR :`_ec`]]Vcd 

%E8:d&' fdVc h`c\deReZ`_d R_U' R ]`TR] Y`de T`^afeVc djdeV^)

9) C`TR] RcVR _Veh`c\ ^Z_Z^f^ aYjdZTR] R_U ^VUZR RTTVdd cVbfZcV^V_ed5

,) <eYVc_Ve6 @<<< deR_URcU 3+-).

-) :RS]V6 ,+ 9RdV(K' LKG(3 hZcV' TReVX`cj 0

.) DZ_Z^f^ eYc`fXYafe6 ,+ DSad' hZeY RSZ]Zej e` Z_TcVRdV e` ,++ DSad
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-)/ G8:B8>@E> 8E; <EM@IFED<EKJ

8) ;ZdecZSfeVU f_ZeRcj T`_ec`]]Vc V_T]`dfcVd %aR_V]d& dYR]] SV ]`T\Z_X ejaV' ^VeR] TRSZ_Ve' hZeY T`^^`_ 

\VjZ_X)  KYV aR_V]d dYR]] YRgV R ^VeR] acZ_e a`T\Ve dfZeRS]V W`c de`cZ_X hZcZ_X' dVcgZTV R_U ]`X 

Z_W`c^ReZ`_)  @_U``c aR_V]d dYR]] SV E<D8 , V_T]`dfcVd hZeY XRd\Ved)  8_j aR_V]d Z_ T``]Z_X e`hVc `c 

TYV^ZTR]]j ecVReVU RcVRd dYR]] SV deRZ_]Vdd deVV] %=ZSVcX]Rdd V_T]`dfcVd cReVU W`c `fedZUV Raa]ZTReZ`_d RcV 

RTTVaeRS]V&)

9) KYV aR_V]' hYV_ cVbfZcVU' ^fde Wf_TeZ`_R]]j `aVcReV `gVc R eV^aVcRefcV cR_XV `W + e` 0+' R_U R Yf^ZUZej 

cR_XV `W + ( 4." _`_(T`_UV_dZ_X)

:) ;;: aR_V]d dYR]] T`^V hZeY R ^Z_Z^f^ `W dZi acV(ViZdeZ_X RgRZ]RS]V \_`T\`fed W`c VRdV `W hZcZ_X UfcZ_X 

Z_deR]]ReZ`_)

;) KYV V]VTecZTR] cVbfZcV^V_ed dYR]] SV ZUV_eZWZVU R_U T``cUZ_ReVU Sj eYV 98J :`_ecRTe`c)  8_j -.+ M8: 

cVbfZcV^V_ed RcV e` SV T``cUZ_ReVU hZeY <]VTecZTR] :`_ecRTe`c)  KYV <]VTecZTR] :`_ecRTe`c dYR]] ac`gZUV 

-.+ M8: a`hVc TZcTfZed e` VRTY aR_V])  -.+ M8: a`hVc dY`f]U _`e SV Z_deR]]VU Z_ eYV dR^V aR_V] Rd -/ 

M8:)  ?`hVgVc' ZW -.+ M8: a`hVc ^fde SV Z_deR]]VU Z_ eYV dR^V aR_V] hZeY -/ M8: a`hVc UfV e` 

UVdZX_ R_U*`c djdeV^ T`_decRZ_ed' eYV -.+ M8: dZUV `W eYV aR_V] dYR]] SV aYjdZTR]]j Zd`]ReVU Wc`^ eYV 

-/M8: dZUV R_U T]VRc]j ]RSV]VU) LdV cRTVhRjd %GR_UfZe `c VbfZgR]V_e& Z_ VRTY T`_ec`] aR_V] e` T`_TVR] R]] 

hZcZ_X)  =fdV R]] ecR_dW`c^Vcd)

<) :`_ec`] aR_V]d dYR]] SV T]VRc]j ZUV_eZWZVU Sj ]RSV]d hZeY -n YZXY ]VeeVcZ_X)

=) Gc`gZUV R_U Z_deR]] Rd(SfZ]e hZcZ_X UZRXcR^d e` Z_UZTReV eYV T`_ec`] a`Z_ed `_ R]] VbfZa^V_e)  8]d` ac`gZUV 

]R^Z_ReVU a`Z_e ]Zded Z_ R]] T`_ec`] aR_V]d)

-)0 JPJK<D GIF>I8DD@E>

8) KYV >cRaYZTR] LdVc @_eVcWRTV d`WehRcV %>L@& dYR]] ac`gZUV eYV RSZ]Zej e` aVcW`c^ djdeV^ ac`XcR^^Z_X 

R_U XcRaYZT UZda]Rj V_XZ_VVcZ_X Rd aRce `W R T`^a]VeV d`WehRcV aRT\RXV)  8TTVdd e` eYV ac`XcR^^Z_X 
Wf_TeZ`_d R_U WVRefcVd `W eYV >L@ dYR]] SV eYc`fXY aRddh`cU RTTVdd Rd RddZX_VU Sj eYV djdeV^ 

RU^Z_ZdecRe`c)  

9) 8 ]ZScRcj `W T`_ec`]' Raa]ZTReZ`_' R_U XcRaYZT `S[VTed dYR]] SV ac`gZUVU e` V_RS]V eYV TcVReZ`_ `W R]] 

Raa]ZTReZ`_d R_U fdVc Z_eVcWRTV dTcVV_d)   8aa]ZTReZ`_d RcV e` SV TcVReVU Sj dV]VTeZ_X eYV UVdZcVU T`_ec`] 

`S[VTed Wc`^ eYV ]ZScRcj' UcRXXZ_X `c aRdeZ_X eYV^ `_ eYV dTcVV_' R_U ]Z_\Z_X eYV^ e`XVeYVc fdZ_X R SfZ]e 

Z_ XcRaYZTR] T`__VTeZ`_ e``])  :`^a]VeVU Raa]ZTReZ`_d ^Rj SV de`cVU Z_ eYV ]ZScRcj W`c WfefcV fdV)  

>cRaYZTR] LdVc @_eVcWRTV dTcVV_d dYR]] SV TcVReVU Z_ eYV dR^V WRdYZ`_)

-)1 :FEKIFC LE@KJ

8) :`_ec`] L_Zed5  D`Uf]Rc' T`^acZdZ_X ac`TVdd`c S`RcU hZeY ac`XcR^^RS]V' _`_g`]ReZ]V' cR_U`^(RTTVdd 

^V^`cj6 ]`TR] `aVcRe`c RTTVdd R_U UZda]Rj aR_V]6 Z_eVXcR] Z_eVcWRTV VbfZa^V_e6 R_U SRT\fa a`hVc d`fcTV)

,) L_Zed ^`_Ze`c `c T`_ec`] VRTY @*F a`Z_e6 ac`TVdd Z_W`c^ReZ`_6 ViVTfeV T`^^R_Ud Wc`^ `eYVc 

T`_ec`] f_Zed' UVgZTVd' R_U `aVcRe`c deReZ`_d6 R_U U`h_]`RU Wc`^ `c fa]`RU e` `aVcRe`c h`c\deReZ`_ 

`c UZRX_`deZT eVc^Z_R] f_Ze)

-) JeR_U(R]`_V ^`UV T`_ec`] Wf_TeZ`_d `aVcReV cVXRcU]Vdd `W _Veh`c\ deRefd)  =f_TeZ`_d Z_T]fUV eYV 

W`]]`hZ_X5

R) >]`SR] T`^^f_ZTReZ`_d)

S) ;ZdTcVeV*UZXZeR]' R_R]`X' R_U af]dV @*F)
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T) D`_Ze`cZ_X' T`_ec`]]Z_X' `c RUUcVddZ_X UReR a`Z_ed)
U) J`WehRcV Raa]ZTReZ`_d' dTYVUf]Z_X' R_U R]Rc^ ac`TVddZ_X)

V) KVdeZ_X R_U UVgV]`aZ_X T`_ec`] R]X`cZeY^d hZeY`fe UZdcfaeZ_X WZV]U YRcUhRcV R_U T`_ec`]]VU 

V_gZc`_^V_e)

.) JeR_URcU 8aa]ZTReZ`_ Gc`XcR^d5

R) <]VTecZT :`_ec`] Gc`XcR^d5  ;V^R_U ]Z^ZeZ_X' Ufej TjT]Z_X' Rfe`^ReZT eZ^V dTYVUf]Z_X' 

deRce*de`a eZ^V `aeZ^ZkReZ`_' _ZXYe dVeSRT\*dVefa' `_(`WW T`_ec`] hZeY UZWWVcV_eZR] 

dVbfV_TZ_X' deRXXVcVU deRce' R_eZdY`ce TjT]Z_X' G@; T`_ec`]' ;;: hZeY WZ_V ef_Z_X' R_U ecV_U 

]`XXZ_X)

S) ?M8: :`_ec`] Gc`XcR^d5  FaeZ^R] cf_ eZ^V' dfaa]j(RZc cVdVe' R_U V_eYR]aj dhZeTY`gVc)

T) :YZ]]Vc :`_ec`] Gc`XcR^d5  :`_ec`] Wf_TeZ`_ `W T`_UV_dVc(hReVc cVdVe' TYZ]]VU(hReVc cVdVe' 

R_U VbfZa^V_e dVbfV_TZ_X)

U) 9`Z]Vc :`_ec`] Gc`XcR^d5  :`_ec`] Wf_TeZ`_ `W Y`e(hReVc cVdVe R_U VbfZa^V_e dVbfV_TZ_X)

V) Gc`XcR^^Z_X 8aa]ZTReZ`_ =VRefcVd5  @_T]fUV ecV_U a`Z_e6 R]Rc^ ac`TVddZ_X R_U ^VddRXZ_X6 

hVV\]j' ^`_eY]j' R_U R__fR] dTYVUf]Z_X6 V_VcXj TR]Tf]ReZ`_d6 cf_(eZ^V e`eR]ZkReZ`_6 R_U 

dVTfcZej RTTVdd)

W) @_T]fUV RUUZeZ`_R] ac`XcR^d Rd cVbfZcVU e` ac`gZUV dVbfV_TVd Rd UVdTcZSVU Z_ JVTeZ`_ -. 

mJVbfV_TV `W FaVcReZ`_d W`c ?M8: :`_ec`]d)n

X) IV^`eV T`^^f_ZTReZ`_d)

Y) DRZ_eV_R_TV ^R_RXV^V_e)

Z) L_Zed `W DVRdfcV5  @_TY(a`f_U R_U J@ %^VecZT&)

/) C`TR] `aVcRe`c Z_eVcWRTV ac`gZUVd W`c U`h_]`RU Wc`^ `c fa]`RU e` `aVcRe`c h`c\deReZ`_ `c 

UZRX_`deZT eVc^Z_R] f_Ze)
0) 8J?I8< ,.0 :`^a]ZR_TV5  :`_ec`] f_Zed dYR]] fdV 8J?I8< ,.0 ac`e`T`] R_U T`^^f_ZTReV 

fdZ_X @JF 33+-(. %<eYVc_Ve& UReR]Z_\*aYjdZTR] ]RjVc ac`e`T`])

9) C`TR] :`_ec`] L_Zed5  D`Uf]Rc' T`^acZdZ_X ac`TVdd`c S`RcU hZeY V]VTec`_ZTR]]j ac`XcR^^RS]V' 

_`_g`]ReZ]V' cVRU(`_]j ^V^`cj6 R_U SRT\fa a`hVc d`fcTV)

,) L_Zed ^`_Ze`c `c T`_ec`] VRTY @*F a`Z_e' ac`TVdd Z_W`c^ReZ`_' R_U U`h_]`RU Wc`^ `c fa]`RU e` 

`aVcRe`c h`c\deReZ`_ `c UZRX_`deZT eVc^Z_R] f_Ze)

-) JeR_U(R]`_V ^`UV T`_ec`] Wf_TeZ`_d `aVcReV cVXRcU]Vdd `W _Veh`c\ deRefd)  =f_TeZ`_d Z_T]fUV eYV 

W`]]`hZ_X5

R) >]`SR] T`^^f_ZTReZ`_d)

S) ;ZdTcVeV*UZXZeR]' R_R]`X' R_U af]dV @*F)

T) D`_Ze`cZ_X' T`_ec`]]Z_X' `c RUUcVddZ_X UReR a`Z_ed)

.) C`TR] `aVcRe`c Z_eVcWRTV ac`gZUVd W`c U`h_]`RU Wc`^ `c fa]`RU e` `aVcRe`c h`c\deReZ`_ `c 

UZRX_`deZT eVc^Z_R] f_Ze)

/) 8J?I8< ,.0 :`^a]ZR_TV5  :`_ec`] f_Zed dYR]] fdV 8J?I8< ,.0 ac`e`T`] R_U T`^^f_ZTReV 

fdZ_X @JF 33+-(. %<eYVc_Ve& UReR]Z_\*aYjdZTR] ]RjVc ac`e`T`])

:) @*F @_eVcWRTV5  ?RcUhZcVU Z_afed R_U `feafed ^Rj eZV Z_e` djdeV^ eYc`fXY T`_ec`]]Vcd)  Gc`eVTe a`Z_ed d` 

eYRe dY`ceZ_X hZ]] TRfdV _` UR^RXV e` T`_ec`]]Vcd)

,) 9Z_Rcj @_afed5  8]]`h ^`_Ze`cZ_X `W `_(`WW dZX_R]d hZeY`fe VieVc_R] a`hVc)

-) Gf]dV 8TTf^f]ReZ`_ @_afed5  8TTVae fa e` ,+ af]dVd aVc dVT`_U)

.) 8_R]`X @_afed5  8]]`h ^`_Ze`cZ_X `W ]`h(g`]eRXV %+( e` ,+(M UT&' TfccV_e %/ e` -+ ^8&' `c 

cVdZdeR_TV dZX_R]d)

/) 9Z_Rcj Ffeafed5  Gc`gZUV `_(`WW `c af]dVU ]`h(g`]eRXV dZX_R]' dV]VTeRS]V W`c _`c^R]]j `aV_ `c 

_`c^R]]j T]`dVU `aVcReZ`_ hZeY eYcVV(a`dZeZ`_ %`_(`WW(Rfe`& `gVccZUV dhZeTYVd R_U deRefd ]ZXYed)
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0) 8_R]`X Ffeafed5  Gc`gZUV ^`Uf]ReZ_X dZX_R]' VZeYVc ]`h g`]eRXV %+( e` ,+(M UT& `c TfccV_e %/ e` -+ 
^8& hZeY deRefd ]ZXYed' eh`(a`dZeZ`_ %Rfe`(^R_fR]& dhZeTY' R_U ^R_fR]]j RU[fdeRS]V a`eV_eZ`^VeVc)

1) KcZ(JeReV Ffeafed5  Gc`gZUV eh` T``cUZ_ReVU SZ_Rcj `feafed W`c T`_ec`] `W eYcVV(a`Z_e' W]`ReZ_X(ejaV 

V]VTec`_ZT RTefRe`cd)

2) L_ZgVcdR] @*Fd5  Gc`gZUV d`WehRcV dV]VTeRS]V SZ_Rcj `c R_R]`X `feafed)

;) G`hVc Jfaa]ZVd5  KcR_dW`c^Vcd hZeY :]Rdd - TfccV_e(]Z^ZeZ_X ejaV `c `gVcTfccV_e ac`eVTeZ`_6 ]Z^Ze 

T`__VTeVU ]`RUd e` 3+ aVcTV_e `W cReVU TRaRTZej)  ;: a`hVc dfaa]j dYR]] ^ReTY `feafe TfccV_e R_U g`]eRXV 

cVbfZcV^V_ed R_U SV Wf]](hRgV cVTeZWZVc ejaV hZeY eYV W`]]`hZ_X5

,) Ffeafe cZaa]V `W 0)+ ^M ^RiZ^f^ aVR\ e` aVR\)

-) :`^SZ_VU , aVcTV_e ]Z_V R_U ]`RU cVXf]ReZ`_ hZeY ,++(^ZT)dVT) cVda`_dV eZ^V W`c 0+ aVcTV_e ]`RU 

TYR_XVd)

.) 9fZ]e(Z_ `gVcg`]eRXV R_U `gVcTfccV_e ac`eVTeZ`_ R_U SV RS]V e` hZeYdeR_U -.+ aVcTV_e `gVc]`RU W`c 

Re ]VRde . dVT`_Ud hZeY`fe WRZ]fcV)

<) G`hVc CZ_V =Z]eVcZ_X5  @_eVc_R] `c VieVc_R] ecR_dZV_e g`]eRXV R_U dfcXV dfaacVddZ`_ W`c h`c\deReZ`_d `c 

T`_ec`]]Vcd hZeY eYV W`]]`hZ_X5

,) DZ_Z^f^ UZV]VTecZT decV_XeY `W ,+++ M)

-) DRiZ^f^ cVda`_dV eZ^V `W ,+ _R_`dVT`_Ud)

.) DZ_Z^f^ ecR_dgVcdV(^`UV _`ZdV ReeV_fReZ`_ `W 10 U9)

/) DZ_Z^f^ T`^^`_(^`UV _`ZdV ReeV_fReZ`_ `W -.+ U9 Re /+ e` ,++ ?k)

-)2 LE@K8IP :FEKIFCC<IJ

8) L_ZeZkVU' TRaRS]V `W deR_U(R]`_V `aVcReZ`_ hZeY dfWWZTZV_e ^V^`cj e` dfaa`ce Zed `aVcReZ_X djdeV^' 

UReRSRdV' R_U ac`XcR^^Z_X cVbfZcV^V_ed' R_U hZeY dfWWZTZV_e @*F TRaRTZej W`c eYV Raa]ZTReZ`_)

,) :`_WZXfcReZ`_5  C`TR] \VjaRU R_U UZda]Rj6 UZRX_`deZT C<;d W`c a`hVc' T`^^f_ZTReZ`_' R_U 
ac`TVdd`c6 hZcZ_X eVc^Z_ReZ`_ e` eVc^Z_R] decZa `c TRcU T`__VTeVU hZeY cZSS`_ TRS]V6 ^V^`cj hZeY 

SZ`d6 R_U 2-(Y`fc SReeVcj SRT\fa)

-) FaVcReZ_X JjdeV^5  DR_RXV @*F T`^^f_ZTReZ`_ e` R]]`h UZdecZSfeVU T`_ec`]]Vcd e` dYRcV cVR] R_U 

gZcefR] `S[VTe Z_W`c^ReZ`_ R_U R]]`h TV_ecR] ^`_Ze`cZ_X R_U R]Rc^d)  GVcW`c^ dTYVUf]Z_X hZeY cVR](

eZ^V T]`T\)   GVcW`c^ Rfe`^ReZT djdeV^ UZRX_`deZTd6 ^`_Ze`c djdeV^ R_U cVa`ce WRZ]fcVd)

.) 8J?I8< ,.0 :`^a]ZR_TV5  :`^^f_ZTReV fdZ_X cVRU %ViVTfeV R_U Z_ZeZReV& R_U hcZeV %ViVTfeV 

R_U Z_ZeZReV& ac`aVcej dVcgZTVd UVWZ_VU Z_ 8J?I8< ,.0)  IVdZUV `_ _Veh`c\ fdZ_X DJ*KG 

UReR]Z_\*aYjdZTR] ]RjVc ac`e`T`] R_U YRgV dVcgZTV T`^^f_ZTReZ`_ a`ce W`c T`__VTeZ`_ e` UZRX_`deZT 

eVc^Z_R] f_Ze)

/) <_T]`dfcV5  ;fdeac``W cReVU W`c `aVcReZ`_ Re .- e` ,-+ UVX =)

-)3 8C8ID G8E<CJ

8) L_ZeZkVU TRSZ_Ve hZeY dfZeRS]V ScRT\Ved W`c hR]] `c W]``c ^`f_eZ_X)  =RScZTReV `W +)+1(Z_TY( eYZT\' 

Wfc_ZefcV(bfR]Zej deVV] `c ViecfUVU(R]f^Z_f^ R]]`j' e`eR]]j V_T]`dVU' hZeY YZ_XVU U``cd R_U \VjVU ]`T\ 

R_U hZeY ^R_fWRTefcVc$d deR_URcU dY`a(aRZ_eVU WZ_ZdY)  Gc`gZUV T`^^`_ \VjZ_X W`c R]] aR_V]d)

9) @_UZTReZ_X ]ZXYe W`c VRTY R]Rc^ a`Z_e' dZ_X]V Y`c_' RT\_`h]VUXV dhZeTY' R_U eVde dhZeTY' ^`f_eVU `_ 

YZ_XVU T`gVc)

,) 8]Rc^ :`_UZeZ`_5  @_UZTReZ_X ]ZXYe W]RdYVd R_U Y`c_ d`f_Ud)

-) 8T\_`h]VUXV JhZeTY5  ?`c_ Zd dZ]V_e R_U Z_UZTReZ_X ]ZXYe Zd deVRUj)

.) JVT`_U 8]Rc^5  ?`c_ d`f_Ud R_U Z_UZTReZ_X ]ZXYe Zd deVRUj)
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/) 8]Rc^ :`_UZeZ`_ :]VRcVU5  JjdeV^ Zd cVdVe R_U Z_UZTReZ_X ]ZXYe Zd VieZ_XfZdYVU)
0) :`_eRTed Z_ R]Rc^ aR_V] R]]`h cV^`eV ^`_Ze`cZ_X Sj Z_UVaV_UV_e R]Rc^ T`^aR_j)

-)4 K@D< :CF:BJ

8) J`]ZU(deReV' ac`XcR^^RS]V eZ^V T`_ec`] hZeY 3 dVaRcReV ac`XcR^d VRTY hZeY fa e` ,++ `_(`WW `aVcReZ`_d6 

,(dVT`_U cVd`]feZ`_6 ]ZeYZf^ SReeVcj SRT\fa6 \VjS`RcU Z_eVcWRTV R_U ^R_fR] `gVccZUV6 Z_UZgZUfR] `_(`WW(

Rfe` dhZeTYVd W`c VRTY ac`XcR^6 .10(URj TR]V_URc hZeY -+ ac`XcR^^RS]V Y`]ZURjd6 TY`ZTV `W WRZ](dRWV 

`aVcReZ`_ W`c VRTY ac`XcR^6 djdeV^ WRf]e R]Rc^6 R_U T`^^f_ZTReZ`_d aRT\RXV R]]`hZ_X _Veh`c\Z_X `W 

eZ^V T`_ec`]d R_U ac`XcR^^Z_X Wc`^ G:)

-),+ <C<:KIFE@: J<EJFIJ

8) ;VdTcZaeZ`_5  MZScReZ`_ R_U T`cc`dZ`_ cVdZdeR_e6 W`c hR]]' Z^^VcdZ`_' `c UfTe ^`f_eZ_X Rd cVbfZcVU)

9) KYVc^Zde`c KV^aVcRefcV JV_d`cd R_U KcR_d^ZeeVcd5

,) 8TTfcRTj5  G]fd `c ^Z_fd +)0 UVX = Re TR]ZScReZ`_ a`Z_e)

-) NZcV5  KhZdeVU' dYZV]UVU(aRZc TRS]V)

.) @_dVceZ`_ <]V^V_ed Z_ ;fTed5  JZ_X]V a`Z_e' 3 Z_TYVd e` ,3 Z_TYVd ]`_X6 fdV hYVcV _`e RWWVTeVU Sj 

eV^aVcRefcV decReZWZTReZ`_ `c hYVcV UfTed RcV d^R]]Vc eYR_ 4 db) We))

/) 8gVcRXZ_X <]V^V_ed Z_ ;fTed5  .1 e` 2- Z_TYVd ]`_X' W]ViZS]V6 fdV hYVcV ac`_V e` eV^aVcRefcV 

decReZWZTReZ`_ `c hYVcV UfTed RcV ]RcXVc eYR_ ,+ db) We))

0) @_dVceZ`_ <]V^V_ed W`c CZbfZUd5  9cRdd `c deRZ_]Vdd(deVV] d`T\Ve hZeY ^Z_Z^f^ Z_dVceZ`_ ]V_XeY `W 

-(,*- Z_TYVd)

1) I``^ JV_d`c :`gVc :`_decfTeZ`_5  DR_fWRTefcVc$d deR_URcU ]`T\Z_X T`gVcd)

R) JVe(G`Z_e 8U[fde^V_e5  :`_TVR]VU)

S) JVe(G`Z_e @_UZTReZ`_5  :`_TVR]VU)

T) KYVc^`^VeVc5  :`_TVR]VU)
U) :`]`c5  NYZeV)

V) FcZV_eReZ`_5  MVceZTR])

2) FfedZUV(8Zc JV_d`cd5  NReVceZXYe Z_]Ve WZeeZ_X' dYZV]UVU Wc`^ UZcVTe df_]ZXYe)

3) I``^ JVTfcZej JV_d`cd5  JeRZ_]Vdd(deVV] T`gVc a]ReV hZeY Z_df]ReVU SRT\ R_U dVTfcZej dTcVhd)

:) IK;d R_U KcR_d^ZeeVcd5

,) 8TTfcRTj5  G]fd `c ^Z_fd +)- aVcTV_e Re TR]ZScReZ`_ a`Z_e)

-) NZcV5  KhZdeVU' dYZV]UVU(aRZc TRS]V)

.) @_dVceZ`_ <]V^V_ed Z_ ;fTed5  JZ_X]V a`Z_e' 3 Z_TYVd e` ,3 Z_TYVd ]`_X6 fdV hYVcV _`e RWWVTeVU Sj 

eV^aVcRefcV decReZWZTReZ`_ `c hYVcV UfTed RcV d^R]]Vc eYR_ 4 db) We))

/) 8gVcRXZ_X <]V^V_ed Z_ ;fTed5  ,3 e` /3 Z_TYVd ]`_X' cZXZU6 fdV hYVcV ac`_V e` eV^aVcRefcV 

decReZWZTReZ`_ `c hYVcV UfTed RcV ]RcXVc eYR_ 4 db) We)6 ]V_XeY Rd cVbfZcVU)

0) @_dVceZ`_ <]V^V_ed W`c CZbfZUd5  9cRdd d`T\Ve hZeY ^Z_Z^f^ Z_dVceZ`_ ]V_XeY `W -(,*- Z_TYVd)

1) I``^ JV_d`c :`gVc :`_decfTeZ`_5  DR_fWRTefcVc$d deR_URcU ]`T\Z_X T`gVcd)

R) JVe(G`Z_e 8U[fde^V_e5  :`_TVR]VU)

S) JVe(G`Z_e @_UZTReZ`_5  :`_TVR]VU)

T) KYVc^`^VeVc5  :`_TVR]VU)

U) :`]`c5  NYZeV)

V) FcZV_eReZ`_5  MVceZTR])
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2) FfedZUV(8Zc JV_d`cd5  NReVceZXYe Z_]Ve WZeeZ_X' dYZV]UVU Wc`^ UZcVTe df_]ZXYe)
3) I``^ JVTfcZej JV_d`cd5  JeRZ_]Vdd(deVV] T`gVc a]ReV hZeY Z_df]ReVU SRT\ R_U dVTfcZej dTcVhd)

;) ?f^ZUZej JV_d`cd5  9f]\ a`]j^Vc dV_d`c V]V^V_e)

,) 8TTfcRTj5  - aVcTV_e Wf]] cR_XV hZeY ]Z_VRc `feafe)

-) I``^ JV_d`c IR_XV5  -+ e` 3+ aVcTV_e cV]ReZgV Yf^ZUZej)

.) I``^ JV_d`c :`gVc :`_decfTeZ`_5  DR_fWRTefcVc$d deR_URcU ]`T\Z_X T`gVcd)

R) JVe(G`Z_e 8U[fde^V_e5  :`_TVR]VU)

S) JVe(G`Z_e @_UZTReZ`_5  :`_TVR]VU)

T) KYVc^`^VeVc5  :`_TVR]VU)

U) :`]`c5  NYZeV)

V) FcZV_eReZ`_5  MVceZTR])

/) ;fTe JV_d`c5  -+ e` 3+ aVcTV_e cV]ReZgV Yf^ZUZej cR_XV hZeY V]V^V_e XfRcU R_U ^`f_eZ_X a]ReV)

0) FfedZUV(8Zc JV_d`c5  -+ e` 3+ aVcTV_e cV]ReZgV Yf^ZUZej cR_XV hZeY ^`f_eZ_X V_T]`dfcV' dfZeRS]V 

W`c `aVcReZ`_ Re `feU``c eV^aVcRefcVd `W ^Z_fd -- e` a]fd ,30 UVX =)

1) ;fTe R_U JV_d`cd5  NZeY V]V^V_e XfRcU R_U ^`f_eZ_X a]ReV' cR_XV `W + e` ,++ aVcTV_e cV]ReZgV 

Yf^ZUZej)

<) GcVddfcV KcR_d^ZeeVcd*KcR_dUfTVcd5

,) JeReZT(GcVddfcV KcR_d^ZeeVc5  E`_UZcVTeZ`_R] dV_d`c hZeY dfZeRS]V cR_XV W`c ViaVTeVU Z_afe' R_U 

eV^aVcRefcV T`^aV_dReVU)

R) 8TTfcRTj5  - aVcTV_e `W Wf]] dTR]V hZeY cVaVReRSZ]Zej `W +)0 aVcTV_e)

S) Ffeafe5  / e` -+ ^8)

T) 9fZ]UZ_X JeReZT(GcVddfcV IR_XV5  +( e` +)-0(Z_TY hX)

U) ;fTe JeReZT(GcVddfcV IR_XV5  +( e` 0(Z_TY hX)

-) NReVc GcVddfcV KcR_dUfTVcd5  JeRZ_]Vdd(deVV] UZRaYcRX^ T`_decfTeZ`_' dfZeRS]V W`c dVcgZTV6 

^Z_Z^f^ -.+(adZX `aVcReZ_X acVddfcV6 ]Z_VRc `feafe / e` -+ ^8)

.) NReVc ;ZWWVcV_eZR](GcVddfcV KcR_dUfTVcd5  JeRZ_]Vdd(deVV] UZRaYcRX^ T`_decfTeZ`_' dfZeRS]V W`c 

dVcgZTV6 ^Z_Z^f^ -.+(adZX `aVcReZ_X acVddfcV R_U eVdeVU e` .++(adZX6 ]Z_VRc `feafe / e` -+ ^8)

/) ;ZWWVcV_eZR](GcVddfcV JhZeTY %8Zc `c NReVc&5  J_Ra RTeZ_X' hZeY aZ]`e(Ufej cReZ_X R_U hZeY dfZeRS]V 

dTR]V cR_XV R_U UZWWVcV_eZR])

0) GcVddfcV KcR_d^ZeeVcd5  ;ZcVTe RTeZ_X W`c XRd' ]ZbfZU' `c deVR^ dVcgZTV6 cR_XV dfZeRS]V W`c djdeV^6 

]Z_VRc `feafe / e` -+ ^8)

=) I``^ JV_d`c :`gVc :`_decfTeZ`_5  DR_fWRTefcVc$d deR_URcU ]`T\Z_X T`gVcd)

,) JVe(G`Z_e 8U[fde^V_e5  :`_TVR]VU)

-) JVe(G`Z_e @_UZTReZ`_5  :`_TVR]VU)

.) KYVc^`^VeVc5  :`_TVR]VU)

/) :`]`c5  NYZeV)

0) FcZV_eReZ`_5  MVceZTR])

>) I``^ dV_d`c RTTVdd`cZVd Z_T]fUV eYV W`]]`hZ_X5

,) @_df]ReZ_X 9RdVd5  =`c dV_d`cd ]`TReVU `_ VieVcZ`c hR]]d)

-) >fRcUd5  C`T\Z_X6 YVRgj(Ufej' ecR_daRcV_e a]RdeZT6 ^`f_eVU `_ dVaRcReV SRdV)

.) 8U[fdeZ_X BVj5  8d cVbfZcVU W`c TR]ZScReZ`_ R_U T`gVc dTcVhd)
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-),, JK8KLJ J<EJFIJ

8) JeRefd @_afed W`c =R_d5  ;ZWWVcV_eZR](acVddfcV dhZeTY hZeY aZ]`e(Ufej cReZ_X R_U hZeY RU[fdeRS]V cR_XV `W +( 

e` 0(Z_TY hX)

9) JeRefd @_afed W`c Gf^ad5  ;ZWWVcV_eZR](acVddfcV dhZeTY hZeY aZ]`e(Ufej cReZ_X R_U hZeY RU[fdeRS]V acVddfcV(

UZWWVcV_eZR] cR_XV `W 3 e` 4+ adZX' aZaVU RTc`dd af^a)

:) JeRefd @_afed W`c <]VTecZT D`e`cd5  :`^a]j hZeY @J8 0+)++)+,' TfccV_e(dV_dZ_X WZiVU( `c da]Ze(T`cV 

ecR_dW`c^Vcd hZeY dV]W(a`hVcVU ecR_d^ZeeVc' RU[fdeRS]V R_U dfZeRS]V W`c ,20 aVcTV_e `W cReVU ^`e`c TfccV_e)

;) M`]eRXV KcR_d^ZeeVc %,++( e` 1++(M RT&5  :`^a]j hZeY @J8 0+)++)+,' dZ_X]V(]``a' dV]W(a`hVcVU 

ecR_d^ZeeVc' RU[fdeRS]V' hZeY dfZeRS]V cR_XV R_U , aVcTV_e Wf]](dTR]V RTTfcRTj)

<) G`hVc D`_Ze`c5  .(aYRdV ejaV hZeY UZdT`__VTe*dY`ceZ_X dhZeTY RddV^S]j' ]ZdeVU g`]eRXV R_U TfccV_e 

ecR_dW`c^Vcd' hZeY af]dV \Z]`hRee Y`fc `feafe R_U /( e` -+(^8 \N `feafe' hZeY ^RiZ^f^ - aVcTV_e Vcc`c 

Re ,)+ a`hVc WRTe`c R_U -)0 aVcTV_e Vcc`c Re +)0 a`hVc WRTe`c)

=) :fccV_e JhZeTYVd5  JV]W(a`hVcVU' d`]ZU(deReV hZeY RU[fdeRS]V ecZa TfccV_e' dV]VTeVU e` ^ReTY TfccV_e R_U 

djdeV^ `feafe cVbfZcV^V_ed)

>) <]VTec`_ZT MR]gV*;R^aVc G`dZeZ`_ @_UZTRe`c5  MZdfR] dTR]V Z_UZTReZ_X aVcTV_e `W ecRgV] R_U -( e` ,+(M UT' 

WVVUSRT\ dZX_R])

?) NReVc(=]`h JhZeTYVd5  9V]]`hd(RTefReVU ^VcTfcj `c d_Ra(RTeZ_X ejaV hZeY aZ]`e(Ufej cReZ_X' deRZ_]Vdd(

deVV] `c Sc`_kV aRUU]V' hZeY Raac`acZReV cR_XV R_U UZWWVcV_eZR] RU[fde^V_e' Z_ E<D8 -0+' KjaV , 

V_T]`dfcV)

-),- K?<IDFJK8KJ

8) :`^SZ_ReZ`_ KYVc^`deRe R_U =R_ JhZeTYVd5  CZ_V(g`]eRXV eYVc^`deRe hZeY afdY(Sfee`_ `c ]VgVc(`aVcReVU 

WR_ dhZeTY)

,) CRSV] dhZeTYVd !=8E FE(F==!)

-) D`f_e `_ dZ_X]V V]VTecZT dhZeTY S`i)

9) <]VTecZT' d`]ZU(deReV' ^ZTc`T`^afeVc(SRdVU c``^ eYVc^`deRe hZeY cV^`eV dV_d`c)

,) 8fe`^ReZT dhZeTYZ_X Wc`^ YVReZ_X e` T``]Z_X)

-) GcVWVcV_eZR] cReV T`_ec`] e` ^Z_Z^ZkV `gVcdY``e R_U UVgZReZ`_ Wc`^ dVe a`Z_e)

.) JVe fa W`c W`fc dVaRcReV eV^aVcRefcVd aVc URj)

/) @_deR_e `gVccZUV `W dVe a`Z_e W`c T`_eZ_f`fd `c eZ^VU aVcZ`U Wc`^ , Y`fc e` ., URjd)

0) JY`ce(TjT]V ac`eVTeZ`_)

1) Gc`XcR^^Z_X SRdVU `_ VgVcj URj `W hVV\)

2) JV]VTeZ`_ WVRefcVd Z_T]fUV UVXcVV = `c UVXcVV : UZda]Rj' ,-( `c -/(Y`fc T]`T\' \VjS`RcU UZdRS]V' 

cV^`eV dV_d`c' R_U WR_ `_(Rfe`)

3) 9ReeVcj cVa]RTV^V_e hZeY`fe ac`XcR^ ]`dd)

4) KYVc^`deRe UZda]Rj WVRefcVd Z_T]fUV eYV W`]]`hZ_X5

R) KZ^V `W URj)

S) 8TefR] c``^ eV^aVcRefcV)

T) Gc`XcR^^VU eV^aVcRefcV)

U) Gc`XcR^^VU eZ^V)

V) ;fcReZ`_ `W eZ^VU `gVccZUV)
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W) ;Rj `W hVV\)
X) JjdeV^ ^`UV Z_UZTReZ`_d Z_T]fUV !YVReZ_X'! !`WW'! !WR_ Rfe`'! R_U !WR_ `_)!

:) C`h(M`]eRXV' F_(FWW KYVc^`deRed5  E<D8 ;: .' -/(M' SZ^VeR](`aVcReVU' ^VcTfcj(dhZeTY ejaV' hZeY 

RU[fdeRS]V `c WZiVU R_eZTZaReZ`_ YVReVc' T`_TVR]VU dVe(a`Z_e RU[fde^V_e' 00 e` 30 UVX = dVe(a`Z_e cR_XV' R_U 

- UVX = ^RiZ^f^ UZWWVcV_eZR])

;) CZ_V(M`]eRXV' F_(FWW KYVc^`deRed5  9Z^VeR](RTefReVU' `aV_ T`_eRTe `c SV]]`hd(RTefReVU' V_T]`dVU' d_Ra(

dhZeTY `c VbfZgR]V_e d`]ZU(deReV ejaV' hZeY YVRe R_eZTZaRe`c6 ]ZdeVU W`c V]VTecZTR] cReZ_X6 hZeY T`_TVR]VU dVe(

a`Z_e RU[fde^V_e' 00 e` 30 UVX = dVe(a`Z_e cR_XV' R_U - UVX = ^RiZ^f^ UZWWVcV_eZR])

,) <]VTecZT ?VReZ_X KYVc^`deRed5  <bfZa hZeY `WW a`dZeZ`_ `_ UZR] hZcVU e` ScVR\ f_Xc`f_UVU 

T`_UfTe`cd)

-) JV]VTe`c JhZeTY5  @_eVXcR]' ^R_fR] `_(`WW(Rfe`)

<) IV^`eV(9f]S KYVc^`deRed5  F_(`WW `c ^`Uf]ReZ_X ejaV' ]ZbfZU WZ]]VU e` T`^aV_dReV W`c TYR_XVd Z_ 

R^SZV_e eV^aVcRefcV6 hZeY T`aaVc TRaZ]]Rcj R_U Sf]S' f_]Vdd `eYVchZdV Z_UZTReVU)

,) 9f]Sd Z_ hReVc ]Z_Vd hZeY dVaRcReV hV]]d `W dR^V ^ReVcZR] Rd Sf]S)

-) 9f]Sd Z_ RZc UfTed hZeY W]R_XVd R_U dYZV]Ud)

.) 8gVcRXZ_X <]V^V_ed5  :`aaVc efSZ_X hZeY VZeYVc dZ_X]V( `c ^f]eZa]V(f_Ze V]V^V_ed' VieV_UVU e` 

T`gVc Wf]] hZUeY `W UfTe `c f_Ze6 RUVbfReV]j dfaa`ceVU)

/) JTR]V dVeeZ_Xd R_U UZWWVcV_eZR] dVeeZ_Xd RcV T]VRc]j gZdZS]V R_U RU[fdeRS]V Wc`^ Wc`_e `W Z_decf^V_e)

0) F_(FWW KYVc^`deRe5  NZeY acVTZdZ`_ d_Ra dhZeTYVd R_U hZeY V]VTecZTR] cReZ_Xd cVbfZcVU Sj 

Raa]ZTReZ`_)

1) D`Uf]ReZ_X KYVc^`deRed5  :`_decfTe d` T`^a]VeV a`eV_eZ`^VeVc T`Z] R_U hZaVc RddV^S]j Zd 

cV^`gRS]V W`c Z_daVTeZ`_ `c cVa]RTV^V_e hZeY`fe UZdefcSZ_X TR]ZScReZ`_ `W Z_decf^V_e)

=) @^^VcdZ`_ KYVc^`deRe5  IV^`eV(Sf]S `c SZ^VeR] c`U(R_U(efSV ejaV' ac`a`ceZ`_Z_X RTeZ`_ hZeY RU[fdeRS]V 
eYc`ee]Z_X cR_XV R_U RU[fdeRS]V dVe a`Z_e)

>) 8ZcdecVR^ KYVc^`deRed5  Kh`(aZaV' Wf]]j ac`a`ceZ`_R]' dZ_X]V(eV^aVcRefcV ejaV6 hZeY RU[fdeRS]V dVe a`Z_e 

Z_ ^ZUU]V `W cR_XV' RU[fdeRS]V eYc`ee]Z_X cR_XV' a]fX(Z_ eVde WZeeZ_X `c aVc^R_V_e acVddfcV XRXV' cV^`eV 

Sf]S' SZ^VeR] c`U R_U efSV' `c RgVcRXZ_X V]V^V_e)

?) <]VTecZT' C`h(CZ^Ze ;fTe KYVc^`deRe5  J_Ra(RTeZ_X' dZ_X]V(a`]V' dZ_X]V(eYc`h' ^R_fR]( `c Rfe`^ReZT(

 cVdVe dhZeTY eYRe ecZad ZW eV^aVcRefcV dV_dVU RTc`dd R_j ,- Z_TYVd `W Sf]S ]V_XeY Zd VbfR] e` `c SV]`h dVe 

a`Z_e)

,) 9f]S CV_XeY5  DZ_Z^f^ -+ WVVe)

-) HfR_eZej5  F_V eYVc^`deRe W`c VgVcj -+ db) We) `W T`Z] dfcWRTV)

@) <]VTecZT' ?ZXY(CZ^Ze ;fTe KYVc^`deRe5  J_Ra(RTeZ_X' dZ_X]V(a`]V' dZ_X]V(eYc`h' ^R_fR]( `c Rfe`^ReZT(

 cVdVe dhZeTY eYRe ecZad ZW eV^aVcRefcV dV_dVU RTc`dd R_j ,- Z_TYVd `W Sf]S ]V_XeY Zd VbfR] e` `c RS`gV dVe 

a`Z_e)

,) 9f]S CV_XeY5  DZ_Z^f^ -+ WVVe)

-) HfR_eZej5  F_V eYVc^`deRe W`c VgVcj -+ db) We) `W T`Z] dfcWRTV)

A) ?VReZ_X*:``]Z_X MR]gV(K`a KYVc^`deRed5  Gc`a`ceZ`_R] RTeZ_X W`c ac`a`ceZ`_R] W]`h' hZeY ^`]UVU(cfSSVc 

UZRaYcRX^' cV^`eV(Sf]S ]ZbfZU(WZ]]VU V]V^V_e' UZcVTe R_U cVgVcdV RTeZ_X Re ^Z_Z^f^ dYfe`WW acVddfcV `W 

-0 adZX' R_U TRde Y`fdZ_X hZeY a`dZeZ`_ Z_UZTRe`c R_U RU[fdeZ_X \_`S)

B) JZ_X]V Q`_V o =R_ :`Z] # LM

,) . UVXcVVd a]fd . UVXcVVd ^Z_fd YVReZ_X*T``]Z_X T`_ec`]]RSZ]Zej)
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-) C`h g`]eRXV)
.) FTTfaZVU `gVccZUV Sfee`_)

/) KV^aVcRefcV dVea`Z_e R_U daRTV eV^aVcRefcV cVRU`fe) 

0) C`T\Z_X T`gVc)

C) JZ_X]V Q`_V o :L?*=Z__VU KfSV 9RdVS`RcU

,) . UVXcVVd a]fd . UVXcVVd ^Z_fd YVReZ_X T`_ec`]]RSZ]Zej)

-) C`h g`]eRXV)

.) KV^aVcRefcV dVea`Z_e R_U daRTV eV^aVcRefcV cVRU`fe) 

/) C`T\Z_X T`gVc)

-),. 8:KL8KFIJ

8) <]VTecZT D`e`cd5  JZkV e` `aVcReV hZeY dfWWZTZV_e cVdVcgV a`hVc e` ac`gZUV d^``eY ^`Uf]ReZ_X RTeZ`_ `c 

eh`(a`dZeZ`_ RTeZ`_)

,) :`^a]j hZeY cVbfZcV^V_ed Z_ ;ZgZdZ`_ -. JVTeZ`_ !D`e`cd)!

-) GVc^R_V_e Ja]Ze(:RaRTZe`c `c JYRUVU(G`]V KjaV5  >VRc ecRZ_d T`^a]VeV]j `Z] Z^^VcdVU R_U dVR]VU)  

<bfZa dacZ_X(cVefc_ ^`e`cd hZeY Z_eVXcR] daZcR](dacZ_X ^VTYR_Zd^ Z_ Y`fdZ_Xd UVdZX_VU W`c VRdj 

cV^`gR] W`c dVcgZTV `c RU[fde^V_e `W ]Z^Ze dhZeTYVd' RfiZ]ZRcj dhZeTYVd' `c WVVUSRT\ a`eV_eZ`^VeVc)

.) E`_dacZ_X(IVefc_ D`e`cd W`c MR]gVd CRcXVc KYR_ EGJ -(,*-5  JZkV W`c cf__Z_X e`cbfV `W -.+ Z_) i 

]SW R_U ScVR\RhRj e`cbfV `W .++ Z_) i ]SW)

/) JacZ_X(IVefc_ D`e`cd W`c MR]gVd CRcXVc KYR_ EGJ -(,*-5  JZkV W`c cf__Z_X R_U ScVR\RhRj e`cbfV 

`W -.+ Z_) i ]SW)

0) E`_dacZ_X(IVefc_ D`e`cd W`c ;R^aVcd CRcXVc KYR_ -0 Jb) =e)5  JZkV W`c cf__Z_X e`cbfV `W -.+ Z_) 

i ]SW R_U ScVR\RhRj e`cbfV `W .++ Z_) i ]SW)

1) JacZ_X(IVefc_ D`e`cd W`c ;R^aVcd CRcXVc KYR_ -0 Jb) =e)5  JZkV W`c cf__Z_X R_U ScVR\RhRj 
e`cbfV `W -.+ Z_) i ]SW)

9) <]VTec`_ZT 8TefRe`cd5  ;ZcVTe(T`fa]VU ejaV UVdZX_VU W`c ^Z_Z^f^ 1+'+++ Wf]](dec`\V TjT]Vd Re cReVU 

e`cbfV)

,) MR]gVd5  JZkV W`c e`cbfV cVbfZcVU W`c gR]gV T]`dV `WW Re ^RiZ^f^ af^a UZWWVcV_eZR] acVddfcV)

-) ;R^aVcd5  JZkV W`c cf__Z_X e`cbfV TR]Tf]ReVU Rd W`]]`hd5

R) GRcR]]V](9]RUV ;R^aVc hZeY <UXV JVR]d5  2 Z_TY(]S*db) We) `W UR^aVc)

S) Faa`dVU(9]RUV ;R^aVc hZeY <UXV JVR]d5  0 Z_TY(]S*db) We) `W UR^aVc)

T) GRcR]]V](9]RUV ;R^aVc hZeY`fe <UXV JVR]d5  / Z_TY(]S*db) We `W UR^aVc)

U) Faa`dVU(9]RUV ;R^aVc hZeY`fe <UXV JVR]d5  . Z_TY(]S*db) We) `W UR^aVc)

V) ;R^aVcd hZeY -( e` .(@_TY hX `W GcVddfcV ;c`a `c =RTV MV]`TZeZVd `W ,+++ e` -0++ Wa^5  

@_TcVRdV cf__Z_X e`cbfV Sj ,)0)

W) ;R^aVcd hZeY .( e` /(@_TY hX `W GcVddfcV ;c`a `c =RTV MV]`TZeZVd `W -0++ e` .+++ Wa^5  

@_TcVRdV cf__Z_X e`cbfV Sj -)+)

.) :`fa]Z_X5  M(S`]e R_U M(dYRaVU' e``eYVU TcRU]V)

/) FgVc]`RU Gc`eVTeZ`_5  <]VTec`_ZT `gVc]`RU `c UZXZeR] c`eReZ`_(dV_dZ_X TZcTfZecj)

0) =RZ](JRWV FaVcReZ`_5  DVTYR_ZTR]' dacZ_X(cVefc_ ^VTYR_Zd^)  Gc`gZUV VieVc_R]' ^R_fR] XVRc 

cV]VRdV `_ _`_dacZ_X(cVefc_ RTefRe`cd)

1) G`hVc IVbfZcV^V_ed %Kh`(G`dZeZ`_ JacZ_X IVefc_&5  -/(M RT)

2) G`hVc IVbfZcV^V_ed %D`Uf]ReZ_X&5  DRiZ^f^ ,+ M8 Re -/(M RT `c 3 N Re -/(M UT)

3) Gc`a`ceZ`_R] JZX_R]5  -( e` ,+(M UT `c / e` -+ ^8' R_U -( e` ,+(M UT a`dZeZ`_ WVVUSRT\ dZX_R])

4) KV^aVcRefcV IReZ_X5  DZ_fd -- e` a]fd ,-- UVX =)

,+) KV^aVcRefcV IReZ_X %J^`\V ;R^aVcd&5  DZ_fd -- e` a]fd -0+ UVX =)

,,) If_ KZ^V5  ,- dVT`_Ud `aV_' 0 dVT`_Ud T]`dVU)
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-),/ ;8DG<IJ

8) ;R^aVcd5  8D:8(cReVU' aRcR]]V] R_U `aa`dVU(S]RUV UVdZX_6 +),+3(Z_TY( ^Z_Z^f^ eYZT\' XR]gR_ZkVU(deVV] 

`c +),-0(Z_TY( ^Z_Z^f^ eYZT\' ViecfUVU(R]f^Z_f^ WcR^Vd hZeY Y`]Vd W`c UfTe ^`f_eZ_X6 UR^aVc S]RUVd 

dYR]] _`e SV ]Vdd eYR_ +)+1/(Z_TY( eYZT\ XR]gR_ZkVU deVV] hZeY ^RiZ^f^ S]RUV hZUeY `W 3 Z_TYVd R_U 

]V_XeY `W /3 Z_TYVd)

,) JVTfcV S]RUVd e` ,*-(Z_TY( UZR^VeVc' kZ_T(a]ReVU Ri]Vd fdZ_X kZ_T(a]ReVU YRcUhRcV' hZeY `Z](

Z^acVX_ReVU dZ_eVcVU Sc`_kV `c _j]`_ S]RUV SVRcZ_Xd' S]RUV(]Z_\RXV YRcUhRcV `W kZ_T(a]ReVU deVV] 

R_U ScRdd' V_Ud dVR]VU RXRZ_de dacZ_X(deRZ_]Vdd(deVV] S]RUV SVRcZ_Xd' R_U eYcfde SVRcZ_Xd Re VRTY V_U 

`W VgVcj S]RUV)

-) FaVcReZ_X KV^aVcRefcV IR_XV5  =c`^ ^Z_fd /+ e` a]fd -++ UVX =)

.) <UXV JVR]d' JeR_URcU GcVddfcV 8aa]ZTReZ`_d5  :]`dVU(TV]] _V`acV_V)

9) IVWVc e` ;ZgZdZ`_ -. JVTeZ`_ m8Zc ;fTe 8TTVdd`cZVdn W`c WfceYVc Z_W`c^ReZ`_)

-),0 :FEKIFC :89C<

8) <]VTec`_ZT R_U WZSVc(`aeZT TRS]Vd W`c T`_ec`] hZcZ_X RcV daVTZWZVU Z_ ;ZgZdZ`_ -1 JVTeZ`_ ! C`h M`]eRXV 

<]VTecZTR] G`hVc :`_UfTe`cd R_U :RS]Vd)!

G8IK . ( <O<:LK@FE

.), <O8D@E8K@FE

8) KYV ac`[VTe a]R_d dYR]] SV eY`c`fXY]j ViR^Z_VU W`c T`_ec`] UVgZTV R_U VbfZa^V_e ]`TReZ`_d) 8_j 

UZdTcVaR_TZVd' T`_W]ZTed' `c `^ZddZ`_d dYR]] SV cVa`ceVU e` eYV <_XZ_VVc W`c cVd`]feZ`_ SVW`cV c`fXY(Z_ 

h`c\ Zd deRceVU) 

9) KYV :`_ecRTe`c dYR]] Z_daVTe eYV dZeV e` gVcZWj eYRe VbfZa^V_e ^Rj SV Z_deR]]VU Rd dY`h_) 8_j 

UZdTcVaR_TZVd' T`_W]ZTed' `c `^ZddZ`_d dYR]] SV cVa`ceVU e` eYV <_XZ_VVc W`c cVd`]feZ`_ SVW`cV c`fXY(Z_ 

h`c\ Zd deRceVU)

:) KYV :`_ecRTe`c dYR]] ViR^Z_V eYV UcRhZ_Xd R_U daVTZWZTReZ`_d W`c `eYVc aRced `W eYV N`c\) @W YVRU c``^ `c 
daRTV T`_UZeZ`_d RaaVRc Z_RUVbfReVp`c ZW R_j UZdTcVaR_TZVd `TTfc SVehVV_ eYV a]R_d R_U eYV :`_ecRTe`cld 

h`c\' R_U eYV a]R_d R_U eYV h`c\ `W `eYVcdpeYV :`_ecRTe`c dYR]] cVa`ce eYVdV UZdTcVaR_TZVd e` eYV 

<_XZ_VVc R_U dYR]] `SeRZ_ hcZeeV_ Z_decfTeZ`_d W`c R_j TYR_XVd _VTVddRcj e` RTT`^^`UReV eYV :`_ecRTe`cld 

h`c\ hZeY eYV h`c\ `W `eYVcd) 8_j TYR_XVd Z_ eYV h`c\ T`gVcVU Sj eYZd JaVTZWZTReZ`_ ^RUV _VTVddRcj Sj 

eYV WRZ]fcV `c _VX]VTe `W eYV :`_ecRTe`c e` cVa`ce dfTY UZdTcVaR_TZVd dYR]] SV ^RUV SjpR_U Re eYV ViaV_dV 

`WpeYZd :`_ecRTe`c)

;) :`_ecRTe`c dYR]] gVcZWj eYRe a`hVc dfaa]j Zd RgRZ]RS]V e` T`_ec`] UVgZTVd R_U Zd T`ccVTe g`]eRXV R_U aYRdV 

acZ`c e` ac`TVVUZ_X)

<) :`_ecRTe`c dYR]] gVcZWj eYRe a_Vf^ReZT aZaZ_X R_U UfTe(' aZaV(' R_U VbfZa^V_e(^`f_eVU UVgZTVd RcV 

Z_deR]]VU SVW`cV ac`TVVUZ_X hZeY Z_deR]]ReZ`_)

.)- GIFK<:K@FE F= NFIB

8) KYV :`_ecRTe`c dYR]] ac`eVTe R]] h`c\ R_U ^ReVcZR] Wc`^ UR^RXV Wc`^ Zed h`c\ `c V^a]`jVVd' R_U dYR]] SV 

]ZRS]V W`c R]] UR^RXVd eYfd TRfdVU)
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9) KYV :`_ecRTe`c dYR]] SV cVda`_dZS]V W`c Zed h`c\ R_U VbfZa^V_e f_eZ] WZ_R]]j Z_daVTeVU' eVdeVU' R_U 
RTTVaeVU) KYV :`_ecRTe`c dYR]] ac`eVTe R_j ^ReVcZR] eYRe Zd _`e Z^^VUZReV]j Z_deR]]VU) KYV :`_ecRTe`c dYR]] 

T]`dV R]] `aV_ V_Ud `W h`c\ hZeY eV^a`cRcj T`gVcd `c a]fXd UfcZ_X de`cRXV R_U T`_decfTeZ`_ e` acVgV_e 

V_ecj `W W`cVZX_ `S[VTed)

.). @EJK8CC8K@FE

8) @_deR]] d`WehRcV Z_ T`_ec`] f_Zed R_U `aVcRe`c h`c\deReZ`_%d&)  @^a]V^V_e R]] WVRefcVd `W ac`XcR^d e` 

daVTZWZVU cVbfZcV^V_ed R_U Rd Raac`acZReV e` dVbfV_TV `W `aVcReZ`_)

9) :`__VTe R_U T`_WZXfcV VbfZa^V_e R_U d`WehRcV e` RTYZVgV dVbfV_TV `W `aVcReZ`_ daVTZWZVU)

:) MVcZWj ]`TReZ`_ `W eYVc^`deRed' Yf^ZUZdeRed' R_U `eYVc Via`dVU T`_ec`] dV_d`cd hZeY ;cRhZ_Xd R_U c``^ 

UVeRZ]d SVW`cV Z_deR]]ReZ`_)  @_deR]] UVgZTVd /3 Z_TYVd RS`gV eYV W]``c)

,) @_deR]] RgVcRXZ_X V]V^V_ed Z_ UfTed R_U a]V_f^d Z_ Tc`ddZ_X `c kZXkRX aReeVc_)

;) @_deR]] XfRcUd `_ eYVc^`deRed Z_ eYV W`]]`hZ_X ]`TReZ`_d5

,) <_ecR_TVd)

-) GfS]ZT RcVRd)

.) NYVcV Z_UZTReVU)

<) @_deR]] Rfe`^ReZT UR^aVcd RTT`cUZ_X e` ;ZgZdZ`_ -. JVTeZ`_ !;fTe 8TTVdd`cZVd)!

=) @_deR]] UR^aVc ^`e`cd `_ `fedZUV `W UfTe Z_ hRc^ RcVRd' _`e Z_ ]`TReZ`_d Via`dVU e` `feU``c eV^aVcRefcVd)

>) @_deR]] ]RSV]d R_U _R^Va]ReVd e` ZUV_eZWj T`_ec`] T`^a`_V_ed RTT`cUZ_X e` ;ZgZdZ`_ -. JVTeZ`_ 

!DVTYR_ZTR] @UV_eZWZTReZ`_)!

?) @_deR]] YjUc`_ZT Z_decf^V_e hV]]d' gR]gVd' R_U `eYVc RTTVdd`cZVd RTT`cUZ_X e` ;ZgZdZ`_ -. JVTeZ`_ 

!?jUc`_ZT GZaZ_X)!

@) @_deR]] UfTe g`]f^V(T`_ec`] UR^aVcd RTT`cUZ_X e` ;ZgZdZ`_ -. JVTeZ`_d daVTZWjZ_X RZc UfTed)

A) @_deR]] V]VTec`_ZT R_U WZSVc(`aeZT TRS]Vd RTT`cUZ_X e` ;ZgZdZ`_ -1 JVTeZ`_ !C`h M`]eRXV <]VTecZTR] G`hVc 

:`_UfTe`cd R_U :RS]Vd)!

.)/ @EJK8CC8K@FE F= J<EJFIJ

8) @_deR]] dV_d`cd Z_ RTT`cUR_TV hZeY eYV ^R_fWRTefcVcld cVT`^^V_UReZ`_d)

9) D`f_e dV_d`cd cZXZU]j R_U RUVbfReV]j W`c eYV V_gZc`_^V_e hZeYZ_ hYZTY eYV dV_d`c `aVcReVd)

:) I``^ eV^aVcRefcV dV_d`cd dYR]] SV Z_deR]]VU `_ T`_TVR]VU [f_TeZ`_ S`iVd ac`aVc]j dfaa`ceVU) 

8UUZeZ`_R]]j' eYV hZcZ_X e` eYV dV_d`c dYR]] _`e SV cVbfZcVU e` SV a`]RcZej dV_dZeZgV) KYV UVdZX_ `W eYV 

dV_d`c dYR]] SV ^`Uf]Rc' hYZTY R]]`hd W`c eYV c`fXY(Z_ `W R]] hZcZ_X hZeY`fe eYV acVdV_TV `W eYV 

V]VTec`_ZTd `c VdeYVeZT T`gVcZ_X)

;) 8]] hZcVd ReeRTYVU e` dV_d`cd dYR]] SV RZc dVR]VU Z_ eYVZc cRTVhRjd `c Z_ eYV hR]] e` de`a RZc ecR_d^ZeeVU 

Wc`^ `eYVc RcVRd RWWVTeZ_X dV_d`c cVRUZ_Xd)
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<) JV_d`cd fdVU Z_ ^ZiZ_X a]V_f^d R_U Z_ Y`e R_U T`]U UVT\d dYR]] SV `W eYV RgVcRXZ_X ejaV) 8gVcRXZ_X 
dV_d`cd dYR]] SV Z_deR]]VU Z_ R dVcaV_eZ_V ^R__Vc gVceZTR]]j RTc`dd eYV UfTe) <RTY SV_U dYR]] SV dfaa`ceVU 

hZeY R TRaZ]]Rcj T]Za)

=) C`h(]Z^Ze dV_d`cd fdVU Z_ ^ZiZ_X a]V_f^d dYR]] SV Z_deR]]VU Z_ R dVcaV_eZ_V ^R__Vc Y`cZk`_eR]]j RTc`dd 

UfTe) <RTY SV_U dYR]] SV dfaa`ceVU hZeY R TRaZ]]Rcj T]Za) Gc`gZUV , We `W dV_dZ_X V]V^V_e W`c VRTY dbfRcV We 

`W T`Z] RcVR)

>) 8]] aZaV(^`f_eVU eV^aVcRefcV dV_d`cd dYR]] SV Z_deR]]VU Z_ hV]]d) @_deR]] R]] ]ZbfZU eV^aVcRefcV dV_d`cd 

hZeY YVRe(T`_UfTeZ_X W]fZU Z_ eYVc^R] hV]]d)

?) @_deR]] `feU``c RZc eV^aVcRefcV dV_d`cd `_ eYV _`ceY hR]]' T`^a]VeV hZeY df_ dYZV]U Re UVdZX_ReVU ]`TReZ`_)

.)0 <C<:KI@:8C N@I@E> 8E; :FEE<:K@FE @EJK8CC8K@FE

8) @_deR]] VbfZa^V_e' aZaZ_X' R_U hZcZ_X cRTVhRj aRcR]]V] e` eYV SfZ]UZ_X ]Z_Vd %Z)V)' Y`cZk`_eR]' gVceZTR]' R_U 

aRcR]]V] e` hR]]d& hYVcVgVc a`ddZS]V)

9) Gc`gZUV dfWWZTZV_e d]RT\ R_U W]ViZS]V T`__VTeZ`_d e` R]]`h W`c gZScReZ`_ `W aZaZ_X R_U VbfZa^V_e)

:) @_deR]] R]] VbfZa^V_e Z_ cVRUZ]j RTTVddZS]V ]`TReZ`_d Rd UVWZ_VU Sj :YRaeVc ,' 8ceZT]V ,++' GRce 8 `W eYV 

EReZ`_R] <]VTecZT :`UV %E<:&)

;) @_deR]] cRTVhRjd' S`iVd' R_U TRSZ_Ved RTT`cUZ_X e` ;ZgZdZ`_ -1 JVTeZ`_ !IRTVhRjd R_U 9`iVd)!

<) @_deR]] SfZ]UZ_X hZcV R_U TRS]V RTT`cUZ_X e` ;ZgZdZ`_ -1 JVTeZ`_ !:`_UfTe`cd R_U :RS]Vd)!

=) @_deR]] dZX_R] R_U T`^^f_ZTReZ`_ TRS]V RTT`cUZ_X e` ;ZgZdZ`_ -1 JVTeZ`_ !C`h M`]eRXV <]VTecZTR] G`hVc 

:`_UfTe`cd R_U :RS]Vd)!

,) :`_TVR] TRS]V' ViTVae Z_ ^VTYR_ZTR] c``^d R_U RcVRd hYVcV `eYVc T`_UfZe R_U aZaZ_X RcV Via`dVU)

-) @_deR]] Via`dVU TRS]V Z_ cRTVhRj)

.) @_deR]] T`_TVR]VU TRS]V Z_ cRTVhRj)

/) 9f_U]V R_U YRc_Vdd ^f]eZT`_UfTe`c Z_decf^V_e TRS]V Z_ a]RTV `W dZ_X]V TRS]Vd hYVcV dVgVcR] TRS]Vd 

W`]]`h R T`^^`_ aReY)
0) =RdeV_ W]ViZS]V T`_UfTe`cd' ScZUXZ_X TRSZ_Ved R_U U``cd' R]`_X YZ_XV dZUV6 ac`eVTe RXRZ_de RScRdZ`_)  

KZV R_U dfaa`ce T`_UfTe`cd)

1) Ef^SVc(T`UV `c T`]`c(T`UV T`_UfTe`cd W`c WfefcV ZUV_eZWZTReZ`_ R_U dVcgZTV `W T`_ec`] djdeV^' 

ViTVae ]`TR] Z_UZgZUfR] c``^ T`_ec`] TRS]Vd)

2) @_deR]] hZcV R_U TRS]V hZeY dfWWZTZV_e d]RT\ R_U W]ViZS]V T`__VTeZ`_d e` R]]`h W`c gZScReZ`_ `W 

aZaZ_X R_U VbfZa^V_e)

>) :`__VTe ^R_fR](cVdVe ]Z^Ze T`_ec`]d Z_UVaV_UV_e `W ^R_fR](T`_ec`] dhZeTY a`dZeZ`_d)  8fe`^ReZT UfTe 

YVReVc cVdVed ^Rj SV T`__VTeVU Z_ Z_eVc]`T\ TZcTfZe `W a`hVc T`_ec`]]Vcd)

?) :`__VTe YR_U(`WW(Rfe` dV]VTe`c dhZeTYVd e` `gVccZUV Rfe`^ReZT Z_eVc]`T\ T`_ec`]d hYV_ dhZeTY Zd Z_ YR_U 

a`dZeZ`_)

.)1 =CFN JN@K:? @EJK8CC8K@FE

8) LdV T`ccVTe aRUU]V W`c aZaV UZR^VeVc)

9) 8U[fde W]`h dhZeTY Z_ RTT`cUR_TV hZeY ^R_fWRTefcVcld Z_decfTeZ`_d)
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.)2 8:KL8KFIJ

8) D`f_e R_U ]Z_\ T`_ec`] UR^aVc RTefRe`cd aVc ^R_fWRTefcVcld Z_decfTeZ`_d)

9) :YVT\ `aVcReZ`_ `W UR^aVc R_U RTefRe`c T`^SZ_ReZ`_ e` T`_WZc^ eYRe RTefRe`c ^`Uf]ReVd UR^aVc 

d^``eY]j eYc`fXY`fe dec`\V e` S`eY `aV_ R_U T]`dVU a`dZeZ`_d)

:) Gc`gZUV R]] ^`f_eZ_X YRcUhRcV R_U ]Z_\RXVd W`c RTefRe`c Z_deR]]ReZ`_)

;) <]VTecZT R_U V]VTec`_ZT RTefRe`cd5

,) ;R^aVcd5 8TefRe`cd dYR]] SV UZcVTe(^`f_eVU `_ UR^aVc dYRWe `c [RT\dYRWe f_]Vdd dY`h_ Rd R 

]Z_\RXV Z_deR]]ReZ`_) 8TefRe`cd dYR]] SV ^`f_eVU W`]]`hZ_X ^R_fWRTefcVcld cVT`^^V_UReZ`_d)

-) MR]gVd5 8TefRe`cd dYR]] SV T`__VTeVU e` gR]gVd hZeY RURaeVcd Raac`gVU Sj eYV RTefRe`c 

^R_fWRTefcVc) 8TefRe`cd R_U RURaeVcd dYR]] SV ^`f_eVU W`]]`hZ_X eYV RTefRe`c ^R_fWRTefcVc$d 

cVT`^^V_UReZ`_d)

.)3 :FEKIFCC<IJ

8) IVfdV R]] ViZdeZ_X ?`_VjhV]] aR_V]d Rd TfccV_e]j Z_deR]]VU eYc`fXY`fe eYV :`]]VXV)  

9) Gc`gZUV _Vh T`_ec`]]Vcd' Rd cVbfZcVU' e` RTT`^^`UReV _Vh T`_ec`]d a`Z_ed)  EVh T`_ec`]]Vcd dYR]] SV 

T`^aReZS]V hZeY ViZdeZ_X ?`_VjhV]] VbfZa^V_e)

.)4 =IFEK <E; LG>I8;< 8K <8:? =8:@C@KP

8) IVfdV e` VieV_e a`ddZS]V ViZdeZ_X :`]]VXV(`h_VU ?`_VjhV]] @_eVc_ReZ`_R] Wc`_e V_U dVcgVcd * XcRaYZTd' 

VeT)' ]`TReVU Re eYV ViZdeZ_X :`]]VXV WRTZ]ZeZVd)

9) Gc`gZUV R]] cVbfZcVU d`WehRcV faXcRUVd R_U ]ZTV_dVd W`c Z_eVXcReZ`_ `W `]U R_U _Vh T`_ec`] djdeV^d Z_e` 

eYV ?`_VjhV]] :`_ec`]d G]ReW`c^)

:) Gc`gZUV R]] ac`XcR^^Z_X R_U XcRaYZT UVdZX_ W`c faUReV Z_e` eYV :`]]VXV(hZUV ?`_VjhV]] <9@ djdeV^)

.),+ GIF>I8DD@E>

8) Gc`gZUV dfWWZTZV_e Z_eVc_R] ^V^`cj W`c eYV daVTZWZVU dVbfV_TVd `W `aVcReZ`_ R_U ecV_U ]`XXZ_X) KYVcV dYR]] 

SV R ^Z_Z^f^ `W -0 aVcTV_e `W RgRZ]RS]V ^V^`cj WcVV W`c WfefcV fdV)

9) G`Z_e _R^Z_X R_U a`Z_e gR]fV5 JjdeV^ a`Z_e _R^Vd R_U gR]fVd dYR]] SV `W dfWWZTZV_e dZkV e` R]]`h 

W]ViZSZ]Zej Z_ UVdZX_' R]]`hZ_X VRdj `aVcRe`c Z_eVcWRTV hZeY`fe eYV fdV `W R hcZeeV_ a`Z_e Z_UVi `c TcjaeZT 

R]aYR_f^VcZT dY`ceYR_U)

,) G`Z_e @; Zd fdVU e` UVdZX_ReV eYV ]`TReZ`_ `W eYV a`Z_e hZeYZ_ eYV SfZ]UZ_X' dfTY Rd ^VTYR_ZTR] 

c``^' hZ_X' `c ]VgV]' `c eYV SfZ]UZ_X ZedV]W Z_ R ^f]eZ(SfZ]UZ_X V_gZc`_^V_e) G`Z_e @; dYR]] SV R 

^Z_Z^f^ `W /+ TYRcRTeVcd Z_ ]V_XeY)

-) G`Z_e UVdTcZae`cd dYR]] SV R ^Z_Z^f^ `W ,.- TYRcRTeVcd)

.) G`Z_e deReVd dYR]] SV R ^Z_Z^f^ `W 3 TYRcRTeVcd Z_ ]V_XeY)

/) G`Z_e V_XZ_VVcZ_X f_Zed dYR]] SV R ^Z_Z^f^ `W 1 TYRcRTeVcd Z_ ]V_XeY)

0) G`Z_e gR]fVd dYR]] SV R ^Z_Z^f^ `W ,0 TYRcRTeVcd Z_ ]V_XeY hZeY R gRcZRS]V UVTZ^R] a`Z_e)

:) J`WehRcV ac`XcR^^Z_X5
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,) Gc`gZUV ac`XcR^^Z_X W`c eYV djdeV^ R_U RUYVcV e` eYV dVbfV_TVd `W `aVcReZ`_ ac`gZUVU) @^SVU 
Z_e` eYV T`_ec`] ac`XcR^ dfWWZTZV_e T`^^V_e deReV^V_ed e` T]VRc]j UVdTcZSV VRTY dVTeZ`_ `W eYV 

ac`XcR^)

-) >cRaYZT(SRdVU5

R) JYR]] ac`gZUV RTeZ`_d W`c R]] a`ddZS]V dZefReZ`_d)

S) JYR]] SV U`Tf^V_eVU Z_ eYV W`c^ `W R ]`XZT W]`hTYRce)

.) KVie SRdVU5

R) JYR]] ac`gZUV RTeZ`_d W`c R]] a`ddZS]V dZefReZ`_d)

S) JYR]] SV ^`Uf]Rc R_U decfTefcVU)

T) JYR]] SV T`^^V_eVU)

/) GRcR^VeVc(SRdVU5

R) JYR]] ac`gZUV RTeZ`_d W`c R]] a`ddZS]V dZefReZ`_d)

S) JYR]] SV U`Tf^V_eVU)

;) FaVcRe`c Z_eVcWRTV5

,) JeR_URcU XcRaYZTd5 Gc`gZUV XcRaYZTd W`c R]] ^VTYR_ZTR] djdeV^d R_U W]``c a]R_d `W eYV SfZ]UZ_X) 

KYZd Z_T]fUVd VRTY TYZ]]VU hReVc djdeV^' Y`e hReVc djdeV^' TYZ]]Vc' S`Z]Vc' R_U R]] eVc^Z_R] 

VbfZa^V_e) G`Z_e Z_W`c^ReZ`_ `_ eYV XcRaYZT UZda]Rjd dYR]] Uj_R^ZTR]]j faUReV) JY`h `_ VRTY 

XcRaYZT R]] Z_afe R_U `feafe a`Z_ed W`c eYV djdeV^) 8]d` dY`h cV]VgR_e TR]Tf]ReVU a`Z_ed dfTY Rd dVe 

a`Z_ed)

-) JY`h eVc^Z_R] VbfZa^V_e Z_W`c^ReZ`_ `_ R !XcRaYZT! df^^Rcj eRS]V) Gc`gZUV Uj_R^ZT 

Z_W`c^ReZ`_ W`c VRTY a`Z_e dY`h_)

.) KYV T`_ecRTe`c dYR]] ac`gZUV R]] eYV ]RS`c _VTVddRcj e` Z_deR]]' Z_ZeZR]ZkV' deRce fa' R_U ec`fS]VdY``e 

R]] `aVcRe`c Z_eVcWRTV d`WehRcV R_U eYVZc Wf_TeZ`_d Rd UVdTcZSVU Z_ eYZd dVTeZ`_) KYZd Z_T]fUVd R_j 
`aVcReZ_X djdeV^ d`WehRcV' eYV `aVcRe`c Z_eVcWRTV UReRSRdV' R_U R_j eYZcU(aRcej d`WehRcV 

Z_deR]]ReZ`_ R_U Z_eVXcReZ`_ cVbfZcVU W`c dfTTVddWf] `aVcReZ`_ `W eYV `aVcRe`c Z_eVcWRTV)

.),, =@<C; HL8C@KP :FEKIFC

8) DR_fWRTefcVc$d =ZV]U JVcgZTV5  <_XRXV R WRTe`cj(RfeY`cZkVU dVcgZTV cVacVdV_eReZgV e` Z_daVTe' eVde' R_U 

RU[fde WZV]U(RddV^S]VU T`^a`_V_ed R_U VbfZa^V_e Z_deR]]ReZ`_' Z_T]fUZ_X T`__VTeZ`_d' R_U e` RddZde Z_ 

WZV]U eVdeZ_X)  IVa`ce cVdf]ed Z_ hcZeZ_X)

9) GVcW`c^ eYV W`]]`hZ_X WZV]U eVded R_U Z_daVTeZ`_d R_U acVaRcV eVde cVa`ced6 eVde cVa`ced dYR]] Z_T]fUV R ]`X 

dY`hZ_X eYV UReV' eVTY_ZTZR_$d Z_ZeZR]d' R_U R_j T`ccVTeZgV RTeZ`_ eR\V_ `c _VVUVU5

,) FaVcReZ`_R] KVde5  8WeVc V]VTecZTR] TZcTfZecj YRd SVV_ V_VcXZkVU' deRce f_Zed e` T`_WZc^ ac`aVc f_Ze 

`aVcReZ`_)  IV^`gV R_U cVa]RTV ^R]Wf_TeZ`_Z_X f_Zed R_U cVeVde)  @_dfcV R]] _`c^R] R_U WRZ](dRWV 

a`dZeZ`_d RcV T`ccVTe)

-) KVde R_U RU[fde T`_ec`]d R_U dRWVeZVd)

R) :YVT\ VRTY R]Rc^ dVaRcReV]j Sj Z_T]fUZ_X R_ Raac`acZReV dZX_R] Re R gR]fV eYRe hZ]] ecZa eYV 

R]Rc^)

S) @_eVc]`T\d dYR]] SV ecZaaVU fdZ_X WZV]U T`_eRTed e` TYVT\ eYV ]`XZT' Rd hV]] Rd e` V_dfcV eYRe 

eYV WRZ](dRWV T`_UZeZ`_ W`c R]] RTefRe`cd Zd Z_ eYV ac`aVc UZcVTeZ`_)

T) @_eVc]`T\ RTeZ`_d dYR]] SV eVdeVU Sj dZ^f]ReZ_X R]Rc^ T`_UZeZ`_d e` TYVT\ eYV Z_ZeZReZ_X gR]fV 

`W eYV gRcZRS]V R_U Z_eVc]`T\ RTeZ`_)

.) KVde VRTY a`Z_e eYc`fXY Zed Wf]] `aVcReZ_X cR_XV e` gVcZWj eYRe dRWVej R_U `aVcReZ_X T`_ec`] dVe 

a`Z_ed RcV Rd cVbfZcVU)

/) KVde VRTY T`_ec`] ]``a e` gVcZWj deRS]V ^`UV `W `aVcReZ`_ R_U T`^a]ZR_TV hZeY dVbfV_TV `W 

`aVcReZ`_)  8U[fde G@; RTeZ`_d)

0) KVde VRTY djdeV^ W`c T`^a]ZR_TV hZeY dVbfV_TV `W `aVcReZ`_)
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1) KVde d`WehRcV R_U YRcUhRcV Z_eVc]`T\d)

:) ;;: MVcZWZTReZ`_5

,) MVcZWj eYRe Z_decf^V_ed RcV Z_deR]]VU SVW`cV TR]ZScReZ`_' eVdeZ_X' R_U ]``a `c ]VR\ TYVT\d)

-) :YVT\ Z_decf^V_ed W`c ac`aVc ]`TReZ`_ R_U RTTVddZSZ]Zej)

.) :YVT\ Z_decf^V_e Z_deR]]ReZ`_ W`c UZcVTeZ`_ `W W]`h' V]VgReZ`_' `cZV_eReZ`_' Z_dVceZ`_ UVaeY' R_U 

`eYVc Raa]ZTRS]V T`_dZUVcReZ`_d)

/) :YVT\ Z_decf^V_e efSZ_X W`c ac`aVc WZeeZ_Xd' d]`aV' ^ReVcZR]' R_U dfaa`ce)

0) :YVT\ Z_deR]]ReZ`_ `W RZc dfaa]j W`c VRTY Z_decf^V_e)

1) :YVT\ W]`h Z_decf^V_ed)  @_daVTe eRX _f^SVc R_U ]Z_V R_U S`cV dZkV' R_U gVcZWj eYRe Z_]Ve dZUV Zd 

ZUV_eZWZVU R_U eYRe ^VeVcd RcV Z_deR]]VU T`ccVTe]j)

2) :YVT\ acVddfcV Z_decf^V_ed' aZaZ_X d]`aV' Z_deR]]ReZ`_ `W gR]gV ^R_ZW`]U' R_U dV]W(T`_eRZ_VU 

acVddfcV cVXf]Re`cd)

3) :YVT\ eV^aVcRefcV Z_decf^V_ed R_U ^ReVcZR] R_U ]V_XeY `W dV_dZ_X V]V^V_ed)

4) :YVT\ T`_ec`] gR]gVd)  MVcZWj eYRe eYVj RcV Z_ T`ccVTe UZcVTeZ`_)

,+) :YVT\ RZc(`aVcReVU UR^aVcd)  MVcZWj eYRe acVddfcV XRXVd RcV ac`gZUVU R_U eYRe ac`aVc S]RUV 

R]ZX_^V_e' VZeYVc aRcR]]V] `c `aa`dVU' YRd SVV_ ac`gZUVU)

,,) :YVT\ ;;: djdeV^ Rd W`]]`hd5

R) MVcZWj eYRe ;;: T`_ec`]]Vc a`hVc dfaa]j Zd Wc`^ V^VcXV_Tj a`hVc dfaa]j' ZW Raa]ZTRS]V)

S) MVcZWj eYRe hZcVd Re T`_ec`] aR_V]d RcV eRXXVU hZeY eYVZc dVcgZTV UVdZX_ReZ`_ R_U Raac`gVU 

eRXXZ_X djdeV^)

T) MVcZWj eYRe daRcV @*F TRaRTZej YRd SVV_ ac`gZUVU)

U) MVcZWj eYRe ;;: T`_ec`]]Vcd RcV ac`eVTeVU Wc`^ a`hVc dfaa]j dfcXVd)

;) IVa]RTV UR^RXVU `c ^R]Wf_TeZ`_Z_X T`_ec`]d R_U VbfZa^V_e R_U cVaVRe eVdeZ_X ac`TVUfcVd)

.),- 8;ALJK@E>

8) :R]ZScReZ_X R_U 8U[fdeZ_X5

,) :R]ZScReV Z_decf^V_ed)

-) DR\V eYcVV(a`Z_e TR]ZScReZ`_ eVde W`c S`eY ]Z_VRcZej R_U RTTfcRTj W`c VRTY R_R]`X Z_decf^V_e)

.) :R]ZScReV VbfZa^V_e R_U ac`TVUfcVd fdZ_X ^R_fWRTefcVc$d hcZeeV_ cVT`^^V_UReZ`_d R_U 

Z_decfTeZ`_ ^R_fR]d)  LdV eVde VbfZa^V_e hZeY RTTfcRTj Re ]VRde U`fS]V eYRe `W Z_decf^V_e SVZ_X 

TR]ZScReVU)

/) :`_ec`] JjdeV^ @_afed R_U Ffeafed5

R) :YVT\ R_R]`X Z_afed Re +' 0+' R_U ,++ aVcTV_e `W daR_)

S) :YVT\ R_R]`X `feafed fdZ_X ^Z]]ZR^aVcV ^VeVc Re +' 0+' R_U ,++ aVcTV_e `feafe)

T) :YVT\ UZXZeR] Z_afed fdZ_X [f^aVc hZcV)

U) :YVT\ UZXZeR] `feafed fdZ_X `Y^^VeVc e` eVde W`c T`_eRTe ^R\Z_X `c ScVR\Z_X)

V) :YVT\ cVdZdeR_TV eV^aVcRefcV Z_afed Re +' 0+' R_U ,++ aVcTV_e `W daR_ fdZ_X R acVTZdZ`_(

cVdZdeR_e d`fcTV)

0) =]`h5

R) JVe UZWWVcV_eZR] acVddfcV W]`h ecR_d^ZeeVcd W`c + R_U ,++ aVcTV_e gR]fVd hZeY .(a`Z_e 

TR]ZScReZ`_ RTT`^a]ZdYVU Re 0+' 4+' R_U ,++ aVcTV_e `W daR_)

S) DR_fR]]j `aVcReV W]`h dhZeTYVd e` gVcZWj eYRe eYVj ^R\V `c ScVR\ T`_eRTe)

1) GcVddfcV5
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R) :R]ZScReV acVddfcV ecR_d^ZeeVcd Re +' 0+' R_U ,++ aVcTV_e `W daR_)
S) :R]ZScReV acVddfcV dhZeTYVd e` ^R\V `c ScVR\ T`_eRTed' hZeY RU[fdeRS]V UZWWVcV_eZR] dVe Re 

^Z_Z^f^)

2) KV^aVcRefcV5

R) :R]ZScReV cVdZdeR_TV eV^aVcRefcV ecR_d^ZeeVcd Re +' 0+' R_U ,++ aVcTV_e `W daR_ fdZ_X R 

acVTZdZ`_(cVdZdeR_TV d`fcTV)

S) :R]ZScReV eV^aVcRefcV dhZeTYVd e` ^R\V `c ScVR\ T`_eRTed)

3) Jec`\V R_U RU[fde T`_ec`] gR]gVd R_U UR^aVcd hZeY`fe a`dZeZ`_Vcd' W`]]`hZ_X eYV ^R_fWRTefcVc$d 

cVT`^^V_UVU ac`TVUfcV' d` eYRe gR]gV `c UR^aVc Zd ,++ aVcTV_e `aV_ R_U T]`dVU)

4) Jec`\V R_U RU[fde T`_ec`] gR]gVd R_U UR^aVcd hZeY a`dZeZ`_Vcd' W`]]`hZ_X ^R_fWRTefcVc$d 

cVT`^^V_UVU ac`TVUfcV' d` eYRe gR]gV R_U UR^aVc Zd +' 0+' R_U ,++ aVcTV_e T]`dVU)

,+) Gc`gZUV UZRX_`deZT R_U eVde Z_decf^V_ed W`c TR]ZScReZ`_ R_U RU[fde^V_e `W djdeV^)

,,) Gc`gZUV hcZeeV_ UVdTcZaeZ`_ `W ac`TVUfcVd R_U VbfZa^V_e W`c TR]ZScReZ_X VRTY ejaV `W Z_decf^V_e)  

JfS^Ze ac`TVUfcVd cVgZVh R_U Raac`gR] SVW`cV Z_ZeZReZ_X deRcefa ac`TVUfcVd)

9) 8U[fde Z_ZeZR] eV^aVcRefcV R_U Yf^ZUZej dVe a`Z_ed)

:) FTTfaR_Tj 8U[fde^V_ed5  NYV_ cVbfVdeVU hZeYZ_ ,- ^`_eYd `W UReV `W JfSdeR_eZR] :`^a]VeZ`_' ac`gZUV 

`_(dZeV RddZdeR_TV Z_ RU[fdeZ_X djdeV^ e` dfZe RTefR] `TTfaZVU T`_UZeZ`_d)  Gc`gZUV fa e` eYcVV gZdZed e` 

Gc`[VTe UfcZ_X `eYVc eYR_ _`c^R] `TTfaR_Tj Y`fcd W`c eYZd afca`dV)

.),. :C<8E@E>

8) KYV :`_ecRTe`c dYR]] T]VR_ fa R]] UVScZd cVdf]eZ_X Wc`^ Zed RTeZgZeZVd URZ]j) KYV :`_ecRTe`c dYR]] cV^`gV R]] 

TRce`_d' T`_eRZ_Vcd' R_U TcReVd f_UVc Zed T`_ec`] Rd d``_ Rd eYVZc T`_eV_ed YRgV SVV_ cV^`gVU) NRdeV dYR]] 

SV T`]]VTeVU R_U a]RTVU Z_ R UVdZX_ReVU ]`TReZ`_)

9) 8e eYV T`^a]VeZ`_ `W h`c\ Z_ R_j RcVR' eYV :`_ecRTe`c dYR]] T]VR_ R]] `W Zed h`c\ R_U VbfZa^V_e' \VVaZ_X Ze 
WcVV Wc`^ Ufde' UZce' R_U UVScZd)

:) 8e eYV T`^a]VeZ`_ `W h`c\' R]] VbfZa^V_e Wfc_ZdYVU f_UVc eYZd JVTeZ`_ dYR]] SV TYVT\VU W`c aRZ_e UR^RXV' 

R_U R_j WRTe`cj(WZ_ZdYVU aRZ_e eYRe YRd SVV_ UR^RXVU dYR]] SV cVaRZcVU e` ^ReTY eYV RU[RTV_e RcVRd) 8_j 

TRSZ_Ve `c V_T]`dfcV eYRe YRd SVV_ UVW`c^VU dYR]] SV cVa]RTVU hZeY _Vh ^ReVcZR] R_U cVaRZ_eVU e` ^ReTY 
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SECTION 230923

VARIABLE-FREQUENCY MOTOR CONTROLLERS

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes separately enclosed, pre-assembled, combination variable frequency 
controllers (VFCs), rated 600 V and less, for speed control of three-phase, squirrel-cage 

induction motors.

1.2 DEFINITIONS

A. BAS:  Building automation system.

B. CPT:  Control power transformer.

C. EMI:  Electromagnetic interference.

D. IGBT:  Insulated-gate bipolar transistor.

E. LAN:  Local area network.

F. LED:  Light-emitting diode.

G. MCP:  Motor-circuit protector.

H. NC:  Normally closed.

I. NO:  Normally open.

J. OCPD:  Overcurrent protective device.

K. PCC:  Point of common coupling.

L. PID:  Control action, proportional plus integral plus derivative.

M. PWM:  Pulse-width modulated.

N. RFI:  Radio-frequency interference.

O. TDD:  Total demand (harmonic current) distortion.

P. THD(V):  Total harmonic voltage demand.

Q. VFC:  Variable-frequency motor controller.  Also, referenced as variable frequency drive 
(VFD) on the contract documents.
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1.3 ACTION SUBMITTALS

A. Product Data:  For each type and rating of VFC indicated.  Include features, performance, 
electrical ratings, operating characteristics, shipping and operating weights, and furnished 
specialties and accessories.

B. Shop Drawings:  For each VFC indicated.  Include dimensioned plans, elevations, and sections; 
and conduit entry locations and sizes, mounting arrangements, and details, including required 

clearances and service space around equipment.

1. Show tabulations of installed devices, equipment features, and ratings.  Include the 
following:

a. Each installed unit's type and details.
b. Factory-installed devices.
c. Enclosure types and details.

d. Nameplate legends.
e. Short-circuit current (withstand) rating of enclosed unit.
f. Features, characteristics, ratings, and factory settings of each VFC and installed 

devices.
g. Specified modifications.

2. Schematic and Connection Wiring Diagrams:  For power, signal, and control wiring.

1.4 INFORMATIONAL SUBMITTALS

A. Coordination Drawings:  Floor plans, drawn to scale, showing dimensioned layout, required 
working clearances, and required area above and around VFCs.  Show VFC layout and 

relationships between electrical components and adjacent structural and mechanical elements.  
Show support locations, type of support, and weight on each support.  Indicate field 
measurements.

B. Qualification Data:  For qualified testing agency.

C. Product Certificates:  For each VFC, from manufacturer.

D. Harmonic Analysis Study and Report:  Comply with IEEE 399 and NETA Acceptance Testing 
Specification; identify the effects of nonlinear loads and their associated harmonic contributions 
on the voltages and currents throughout the electrical system.  Analyze possible operating 

scenarios, including recommendations for VFC input filtering to limit TDD and THD(V) at 
each VFC to specified levels.

E. Source quality-control reports.

F. Field quality-control reports.

G. Load-Current and Overload-Relay Heater List:  Compile after motors have been installed, and 
arrange to demonstrate that selection of heaters suits actual motor nameplate, full-load currents.



Offshore Wind Safety Center - Training Room Issue for Permit

Atlantic City, NJ October 27, 2021

VVARIABLE-FREQUENCY MOTOR CONTROLLERS                 230923 - 3

H. Load-Current and List of Settings of Adjustable Overload Relays:  Compile after motors have 

been installed and arrange to demonstrate that switch settings for motor-running overload 
protection suit actual motors to be protected.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:  For VFCs to include in emergency, operation, and 
maintenance manuals.  Include the following:

1. Manufacturer's written instructions for testing and adjusting thermal-magnetic circuit 
breaker and MCP trip settings.

2. Manufacturer's written instructions for setting field-adjustable overload relays.

3. Manufacturer's written instructions for testing, adjusting, and reprogramming 
microprocessor control modules.

4. Manufacturer's written instructions for setting field-adjustable timers, controls, and status 

and alarm points.

1.6 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials described below that match products installed and that are packaged 

with protective covering for storage and identified with labels describing contents.

1. Power Fuses:  Equal to 10 percent of quantity installed for each size and type, but no 
fewer than three of each size and type.

2. Control Power Fuses:  Equal to 10 percent of quantity installed for each size and type, but 
no fewer than two of each size and type.

3. Indicating Lights:  Two of each type and color installed.

4. Auxiliary Contacts:  Furnish one spare(s) for each size and type of magnetic controller 
installed.

5. Power Contacts:  Furnish three spares for each size and type of magnetic contactor 

installed.

1.7 QUALITY ASSURANCE

A. Testing Agency Qualifications:  Member company of NETA or an NRTL.

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site 
testing.

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application.

C. Comply with NFPA 70.
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1.8 DELIVERY, STORAGE, AND HANDLING

A. If stored in space that is not permanently enclosed and air conditioned, remove loose packing 
and flammable materials from inside controllers and install temporary electric heating, with at 
least 250 W per controller.

1.9 PROJECT CONDITIONS

A. Environmental Limitations:  Rate equipment for continuous operation, capable of driving full 

load without derating, under the following conditions unless otherwise indicated:

1. Ambient Temperature:  Not less than 14 deg F and not exceeding 104 deg F.
2. Ambient Storage Temperature:  Not less than minus 4 deg F and not exceeding 140 deg F

3. Humidity:  Less than 95 percent (noncondensing).
4. Altitude:  Not exceeding 3300 feet.

B. Interruption of Existing Electrical Systems:  Do not interrupt electrical systems in facilities 

occupied by Owner or others unless permitted under the following conditions and then only 
after arranging to provide temporary electrical service according to requirements indicated:

1. Notify Construction Manager no fewer than two days in advance of proposed interruption 

of electrical systems.
2. Indicate method of providing temporary electrical service.
3. Do not proceed with interruption of electrical systems without Construction Manager's 

written permission.
4. Comply with NFPA 70E.

C. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for VFCs, 

including clearances between VFCs, and adjacent surfaces and other items.

1.10 COORDINATION

A. Coordinate features of motors, load characteristics, installed units, and accessory devices to be 

compatible with the following:

1. Torque, speed, and horsepower requirements of the load.

2. Ratings and characteristics of supply circuit and required control sequence.
3. Ambient and environmental conditions of installation location.

B. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-

bolt inserts into bases.

C. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with 
actual equipment provided.

1.11 WARRANTY

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace VFCs that fail in materials or workmanship within specified warranty period.
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1. Warranty Period:  One year from date of Substantial Completion or eighteen months 

from shipment.

PART 2 - PRODUCTS

2.1 MANUFACTURED UNITS

A. Basis-of-Design Product: Subject to compliance with requirements, provide Danfoss; VLT 
Series HVAC drives or comparable product by one of the following:

1. ABB.
2. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
3. General Electric Company; GE Consumer & Industrial - Electrical Distribution.

4. Siemens Energy & Automation, Inc.
5. Square D; a brand of Schneider Electric.
6. Yaskawa.

7. Or approved equivalent.

B. General Requirements for VFCs:  Comply with NEMA ICS 7, NEMA ICS 61800-2, and 
UL 508C.

C. Application:  Constant and Variable torque.

D. VFC Description:  Variable-frequency power converter (rectifier, dc bus, and IGBT, PWM 
inverter) factory packaged in an enclosure, with integral disconnecting means and overcurrent 

and overload protection; listed and labeled by an NRTL as a complete unit; arranged to provide 
self-protection, protection, and variable-speed control of one or more three-phase induction 
motors by adjusting output voltage and frequency.

1. Units suitable for operation of NEMA MG 1, Design A and Design B motors as defined 
by NEMA MG 1, Section IV, Part 30, "Application Considerations for Constant Speed 
Motors Used on a Sinusoidal Bus with Harmonic Content and General Purpose Motors 

Used with Adjustable-Voltage or Adjustable-Frequency Controls or Both."
2. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1, 

Section IV, Part 31, "Definite-Purpose Inverter-Fed Polyphase Motors."
3. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL 

acceptable to authorities having jurisdiction.

E. Design and Rating:  Match load type, such as fans, blowers, and pumps; and type of connection 
used between motor and load such as direct or through a power-transmission connection.

F. Output Rating:  Three-phase; 10 to 60 Hz, with voltage proportional to frequency throughout 

voltage range; maximum voltage equals input voltage.

G. Unit Operating Requirements:

1. Input AC Voltage Tolerance:  Plus 10 and minus 10 percent of VFC input voltage rating.

2. Input AC Voltage Unbalance:  Not exceeding 3 percent.
3. Input Frequency Tolerance:  Plus or minus 3 percent of VFC frequency rating.
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4. Minimum Efficiency:  97 percent at 60 Hz, full load.

5. Minimum Displacement Primary-Side Power Factor:  98 percent under any load or speed 
condition.

6. Minimum Short-Circuit Current (Withstand) Rating:  100 kA.

7. Ambient Temperature Rating:  Not less than 14 deg F and not exceeding 104 deg F.
8. Ambient Storage Temperature Rating:  Not less than minus 13 deg F and not exceeding 

149 deg F
9. Humidity Rating:  Less than 95 percent (noncondensing).
10. Altitude Rating:  Not exceeding 3300 feet.

11. Vibration Withstand:  Comply with IEC 60068-2-6.
12. Overload Capability:  1.5 times the base load current for 60 seconds.
13. Starting Torque:  Minimum 100 percent of rated torque from 3 to 60 Hz.

14. Speed Regulation:  Plus or minus 5 percent.
15. Output Carrier Frequency:  Selectable; 3 to 14 kHz.
16. Stop Modes:  Programmable; includes fast, free-wheel, and dc injection braking.

H. Inverter Logic:  Microprocessor based, 32 bit, isolated from all power circuits.

I. Isolated Control Interface:  Allows VFCs to follow remote-control signal over a minimum 40:1 
speed range.

1. Signal:  Electrical.
2. Signal:  Pneumatic.

J. Internal Adjustability Capabilities:

1. Minimum Speed:  5 to 25 percent of maximum rpm.
2. Maximum Speed:  80 to 100 percent of maximum rpm.
3. Acceleration:  0.1 to 3,600 seconds.

4. Deceleration:  0.1 to 3,600 seconds.
5. Current Limit:  30 to minimum of 150 percent of maximum rating.

K. Self-Protection and Reliability Features:

1. Input transient protection by means of surge suppressors to provide three-phase 
protection against damage from supply voltage surges 10 percent or more above nominal 

line voltage.
2. Loss of Input Signal Protection:  Selectable response strategy, including speed default to 

a percent of the most recent speed, a preset speed, or stop; with alarm.

3. Under- and overvoltage trips.
4. Inverter overcurrent trips.
5. VFC and Motor Overload/Overtemperature Protection:  Microprocessor-based thermal 

protection system for monitoring VFCs and motor thermal characteristics, and for 
providing VFC overtemperature and motor overload alarm and trip; settings selectable 
via the keypad; NRTL approved.

6. Critical frequency rejection, with three selectable, adjustable deadbands.
7. Instantaneous line-to-line and line-to-ground overcurrent trips.
8. Loss-of-phase protection.

9. Reverse-phase protection.
10. Short-circuit protection.

11. Motor overtemperature fault.
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L. Automatic Reset/Restart:  Attempt three restarts after drive fault or on return of power after an 

interruption and before shutting down for manual reset or fault correction; adjustable delay time 
between restart attempts.

M. Bidirectional Autospeed Search:  Capable of starting VFC into rotating loads spinning in either 

direction and returning motor to set speed in proper direction, without causing damage to drive, 
motor, or load.

N. Torque Boost:  Automatically varies starting and continuous torque to at least 1.5 times the 
minimum torque to ensure high-starting torque and increased torque at slow speeds.

O. Motor Temperature Compensation at Slow Speeds:  Adjustable current fall-back based on 

output frequency for temperature protection of self-cooled, fan-ventilated motors at slow 
speeds.

P. Integral Input Disconnecting Means and OCPD:  NEMA AB 1, instantaneous-trip circuit 

breaker with pad-lockable, door-mounted handle mechanism.

1. Disconnect Rating:  Not less than 115 percent of NFPA 70 motor full-load current rating 
or VFC input current rating, whichever is larger.

2. Auxiliary contacts "a" and "b" arranged to activate with circuit-breaker handle.
3. NC alarm contact that operates only when circuit breaker has tripped.

2.2 CONTROLS AND INDICATION

A. Status Lights:  Door-mounted LED indicators displaying the following conditions:

1. Power on.
2. Run.

3. Overvoltage.
4. Line fault.
5. Overcurrent.

6. External fault.

B. Panel-Mounted Operator Station:  Manufacturer's standard front-accessible, sealed keypad and 

plain-English language digital display; allows complete programming, program copying, 
operating, monitoring, and diagnostic capability.

1. Keypad:  In addition to required programming and control keys, include keys for HAND, 

OFF, and AUTO modes.
2. Security Access:  Provide electronic security access to controls through identification and 

password with at least three levels of access:  View only; view and operate; and view, 

operate, and service.

a. Control Authority:  Supports at least four conditions:  Off, local manual control at 
VFC, local automatic control at VFC, and automatic control through a remote 

source.

C. Historical Logging Information and Displays:
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1. Real-time clock with current time and date.

2. Running log of total power versus time.
3. Total run time.
4. Fault log, maintaining last four faults with time and date stamp for each.

D. Indicating Devices:  Digital display and additional readout devices as required, mounted flush in 
VFC door and connected to display VFC parameters including, but not limited to:

1. Output frequency (Hz).
2. Motor speed (rpm).
3. Motor status (running, stop, fault).

4. Motor current (amperes).
5. Motor torque (percent).
6. Fault or alarming status (code).

7. PID feedback signal (percent).
8. DC-link voltage (V dc).
9. Set point frequency (Hz).

10. Motor output voltage (V ac).

E. Control Signal Interfaces:

1. Electric Input Signal Interface:

a. A minimum of two programmable analog inputs:  0- to 10-V dc.
b. A minimum of six multifunction programmable digital inputs.

2. Pneumatic Input Signal Interface:  3 to 15 psig.

3. Remote Signal Inputs:  Capability to accept any of the following speed-setting input 
signals from the BAS or other control systems:

a. 0- to 10-V dc.

b. 4- to 20-mA dc.
c. Potentiometer using up/down digital inputs.

d. Fixed frequencies using digital inputs.

4. Output Signal Interface:  A minimum of two programmable analog output signal(s) (0- to 
10-V dc), which can be configured for any of the following:

a. Output frequency (Hz).
b. Output current (load).
c. DC-link voltage (V dc).

d. Motor torque (percent).
e. Motor speed (rpm).
f. Set point frequency (Hz).

5. Remote Indication Interface:  A minimum of two programmable dry-circuit relay outputs 
(120-V ac, 1 A) for remote indication of the following:

a. Motor running.

b. Set point speed reached.
c. Fault and warning indication (overtemperature or overcurrent).
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d. PID high- or low-speed limits reached.

F. PID Control Interface:  Provides closed-loop set point, differential feedback control in response 
to dual feedback signals.  Allows for closed-loop control of fans and pumps for pressure, flow, 
or temperature regulation.

1. Number of Loops:  Two.

G. BAS Interface:  Factory-installed hardware and software to enable the BAS to monitor, control, 

and display VFC status and alarms and energy usage.  Allows VFC to be used with an external 
system within a multidrop LAN configuration; settings retained within VFC's nonvolatile 
memory.

1. Network Communications Ports:  Ethernet and RS-422/485.
2. Embedded BAS Protocols for Network Communications: BACnet, Modbus RTU, 

Johnson Controls Metasys N2, Siemens Apogee FLN or LON accessible via additional 

communication card.  Contractor to coordinate with controls vendor and equipment 
vendor shall supply project specific communication card.

2.3 LINE CONDITIONING AND FILTERING

A. Input Line Conditioning:  Provide 5 percent dual DC link reactors.

B. EMI/RFI Filtering:  CE marked; certify compliance with IEC 61800-3 for Category C2.

2.4 BYPASS SYSTEMS

A. Bypass Operation:  Safely transfers motor between power converter output and bypass circuit, 
manually, automatically, or both.  Selector switches set modes and indicator lights indicate 
mode selected.  Unit is capable of stable operation (starting, stopping, and running) with motor 

completely disconnected from power converter.

B. Bypass Mode:  Manual operation only; requires local operator selection at VFC.  Transfer 
between power converter and bypass contactor and retransfer shall only be allowed with the 

motor at zero speed.

C. Bypass Controller:  Three-contactor-style bypass allows motor operation via the power 

converter or the bypass controller; with input isolating switch and barrier arranged to isolate the 
power converter input and output and permit safe testing and troubleshooting of the power 
converter, both energized and de-energized, while motor is operating in bypass mode.

1. Bypass Contactor:  Load-break, NEMA-rated contactor.
2. Input and Output Isolating Contactors:  Non-load-break, NEMA-rated contactors.
3. Isolating Switch:  Non-load-break switch arranged to isolate power converter and permit 

safe troubleshooting and testing of the power converter, both energized and de-energized, 
while motor is operating in bypass mode; pad-lockable, door-mounted handle 
mechanism.

D. Bypass Contactor Configuration:  Full-voltage (autotransformer) type.
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1. NORMAL/BYPASS selector switch.

2. HAND/OFF/AUTO selector switch.
3. NORMAL/TEST Selector Switch:  Allows testing and adjusting of VFC while the motor 

is running in the bypass mode.

4. Contactor Coils:  Pressure-encapsulated type with coil transient suppressors.

a. Operating Voltage:  Depending on contactor NEMA size and line-voltage rating, 

manufacturer's standard matching control power or line voltage.
b. Power Contacts:  Totally enclosed, double break, and silver-cadmium oxide; 

assembled to allow inspection and replacement without disturbing line or load 

wiring.

5. Control Circuits:  120-V ac; obtained from integral CPT, with primary and secondary 
fuses, with control power source of sufficient capacity to operate all integral devices and 

remotely located pilot, indicating, and control devices.

a. CPT Spare Capacity:  100 VA.

6. Overload Relays:  NEMA ICS 2.

a. Solid-State Overload Relays:

1) Switch or dial selectable for motor-running overload protection.
2) Sensors in each phase.

3) Class 10 tripping characteristic selected to protect motor against voltage and 
current unbalance and single phasing.

4) Class II ground-fault protection, with start and run delays to prevent 

nuisance trip on starting.
5) Analog communication module.

b. NO isolated overload alarm contact.

c. External overload reset push button.

2.5 OPTIONAL FEATURES

A. Damper control circuit with end of travel feedback capability.

B. Sleep Function:  Senses a minimal deviation of a feedback signal and stops the motor.  On an 
increase in speed-command signal deviation, VFC resumes normal operation.

C. Motor Preheat Function:  Preheats motor when idle to prevent moisture accumulation in the 
motor.

D. Remote Indicating Circuit Terminals:  Mode selection, controller status, and controller fault.

E. Communication Port:  RS-232 port, USB 2.0 port, or equivalent connection capable of 
connecting a printer and a notebook computer.
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2.6 ENCLOSURES

A. VFC Enclosures:  NEMA 250, to comply with environmental conditions at installed location.

1. Dry and Clean Indoor Locations:  Type 1.
2. Outdoor Locations:  Type 3R.

3. Kitchen and Wash-Down Areas:  Type 3R.
4. Other Wet or Damp Indoor Locations:  Type 3R.

5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:  
Type 12.

B. Plenum Rating:  UL 1995; NRTL certification label on enclosure, clearly identifying VFC as 

"Plenum Rated."

2.7 ACCESSORIES

A. General Requirements for Control-Circuit and Pilot Devices:  NEMA ICS 5; factory installed in 

VFC enclosure cover unless otherwise indicated.

1. Push Buttons, Pilot Lights, and Selector Switches:  Heavy-duty, type.

a. Push Buttons:  Covered types; maintained.

b. Pilot Lights:  LED types; push to test.
c. Selector Switches:  Rotary type.
d. Stop and Lockout Push-Button Station:  Momentary-break, push-button station 

with a factory-applied hasp arranged so padlock can be used to lock push button in 
depressed position with control circuit open.

B.  NO bypass contactor auxiliary contact(s).

C. Control Relays:  Auxiliary and adjustable solid-state time-delay relays.

D. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays:  Solid-state sensing 
circuit with isolated output contacts for hard-wired connections.  Provide adjustable 

undervoltage, overvoltage, and time-delay settings.

1. Current Transformers:  Continuous current rating, basic impulse insulating level (BIL) 

rating, burden, and accuracy class suitable for connected circuitry.  Comply with 
IEEE C57.13.

E. Supplemental Digital Meters:

1. Elapsed-time meter.
2. Kilowatt meter.
3. Kilowatt-hour meter.

F. Space heaters, with NC auxiliary contacts, to mitigate condensation in NEMA 250, Type 3R or 
Type 12 enclosures installed outdoors or in unconditioned interior spaces subject to humidity 
and temperature swings.
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G. Cooling Fan and Exhaust System:  For NEMA 250, Type 1 or Type 12; UL 508 component 

recognized:  Supply fan, with stainless steel intake and exhaust grills and filters; 120 -V ac; 
obtained from integral CPT.

2.8 SOURCE QUALITY CONTROL

A. Testing:  Test and inspect VFCs according to requirements in NEMA ICS 61800-2.

1. Test each VFC while connected to its specified motor.

2. Verification of Performance:  Rate VFCs according to operation of functions and features 
specified.

B. VFCs will be considered defective if they do not pass tests and inspections.

C. Prepare test and inspection reports.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for compliance 
with requirements for installation tolerances and other conditions affecting performance.

B. Examine VFC before installation.  Reject VFCs that are wet, moisture damaged, or mold 

damaged.

C. Examine roughing-in for conduit systems to verify actual locations of conduit connections 
before VFC installation.

D. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 HARMONIC ANALYSIS STUDY

A. Perform a harmonic analysis study to identify the effects of nonlinear loads and their associated 

harmonic contributions on the voltages and currents throughout the electrical system.  Analyze 
designated operating scenarios, including recommendations for VFC input filtering to limit 
TDD and THD(V) at each VFC to specified levels.

B. Prepare a harmonic analysis study and report complying with IEEE 399 and NETA Acceptance 
Testing Specification.

3.3 INSTALLATION

A. Coordinate layout and installation of VFCs with other construction including conduit, piping, 
equipment, and adjacent surfaces.  Maintain required workspace clearances and required 

clearances for equipment access doors and panels.
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B. Wall-Mounting Controllers:  Install VFCs on walls with tops at uniform height and with 

disconnect operating handles not higher than 79 inches above finished floor unless otherwise 
indicated, and by bolting units to wall or mounting on lightweight structural-steel channels 
bolted to wall. 

C. Floor-Mounting Controllers:  Install VFCs on 4-inch nominal thickness concrete base.

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 

install dowel rods on 18-inch centers around the full perimeter of concrete base.
2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 

base and anchor into structural concrete floor.

3. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to supported equipment.

D. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components.

E. Install fuses in control circuits if not factory installed.

F. Install heaters in thermal-overload relays.  Select heaters based on actual nameplate full-load 
amperes after motors have been installed.

G. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven 

equipment.

H. Comply with NECA 1.

3.4 IDENTIFICATION

A. Identify VFCs, components, and control wiring.

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs.

2. Label each VFC with engraved nameplate.
3. Label each enclosure-mounted control and pilot device.

B. Operating Instructions:  Frame printed operating instructions for VFCs, including control 
sequences and emergency procedures.  Fabricate frame of finished metal, and cover instructions 
with clear acrylic plastic.  Mount on front of VFC units.

3.5 CONTROL WIRING INSTALLATION

A. Install wiring between VFCs and remote devices.

B. Bundle, train, and support wiring in enclosures.

C. Connect selector switches and other automatic control devices where applicable.
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1. Connect selector switches to bypass only those manual- and automatic control devices 

that have no safety functions when switches are in manual-control position.
2. Connect selector switches with control circuit in both manual and automatic positions for 

safety-type control devices such as low- and high-pressure cutouts, high-temperature 

cutouts, and motor overload protectors.

3.6 FIELD QUALITY CONTROL

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 
test, and adjust components, assemblies, and equipment installations, including connections.

C. Perform tests and inspections.

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect components, assemblies, and equipment installations, including connections, and 

to assist in testing.

D. Acceptance Testing Preparation:

1. Test insulation resistance for each VFC element, bus, component, connecting supply, 

feeder, and control circuit.
2. Test continuity of each circuit.

E. Tests and Inspections:

1. Inspect VFC, wiring, components, connections, and equipment installation.  Test and 
adjust controllers, components, and equipment.

2. Test insulation resistance for each VFC element, component, connecting motor supply, 

feeder, and control circuits.
3. Test continuity of each circuit.
4. Verify that voltages at VFC locations are within 10 percent of motor nameplate rated 

voltages.  If outside this range for any motor, notify Construction Manager before starting 
the motor(s).

5. Test each motor for proper phase rotation.
6. Perform each electrical test and visual and mechanical inspection stated in 

NETA Acceptance Testing Specification.  Certify compliance with test parameters.

7. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest.

8. Perform the following infrared (thermographic) scan tests and inspections and prepare 

reports:

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 
after Final Acceptance, perform an infrared scan of each VFC.  Remove front 

panels so joints and connections are accessible to portable scanner.
b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of 

each VFC 11 months after date of Substantial Completion.
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c. Instruments and Equipment:  Use an infrared scanning device designed to measure 

temperature or to detect significant deviations from normal values.  Provide 
calibration record for device.

9. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and 

malfunctioning controls and equipment.

F. VFCs will be considered defective if they do not pass tests and inspections.

G. Prepare test and inspection reports, including a certified report that identifies the VFC and 
describes scanning results.  Include notation of deficiencies detected, remedial action taken, and 
observations made after remedial action.

3.7 STARTUP SERVICE

A. Engage a factory-authorized service representative to perform startup service.

1. Complete installation and startup checks according to manufacturer's written instructions.

3.8 ADJUSTING

A. Program microprocessors for required operational sequences, status indications, alarms, event 
recording, and display features.  Clear events memory after final acceptance testing and prior to 

Substantial Completion.

B. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay 
pickup and trip ranges.

C. Adjust the trip settings of MCPs and thermal-magnetic circuit breakers with adjustable, 
instantaneous trip elements.  Initially adjust to six times the motor nameplate full-load amperes 
and attempt to start motors several times, allowing for motor cool-down between starts.  If 

tripping occurs on motor inrush, adjust settings in increments until motors start without tripping.  
Do not exceed eight times the motor full-load amperes (or 11 times for NEMA Premium 
Efficient motors if required).  Where these maximum settings do not allow starting of a motor, 

notify Construction Manager before increasing settings.

D. Set the taps on reduced-voltage autotransformer controllers.

E. Set field-adjustable circuit-breaker trip ranges.

F. Set field-adjustable pressure switches.

3.9 PROTECTION

A. Temporary Heating:  Apply temporary heat to maintain temperature according to manufacturer's 
written instructions until controllers are ready to be energized and placed into service.

B. Replace VFCs whose interiors have been exposed to water or other liquids prior to Substantial 

Completion.
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3.10 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel on 
procedures and schedules related to startup and shutdown, troubleshooting, servicing, and 
preventive maintenance.  Training for VFCs shall be included for a total of 1 hours; (1) 1-hour 

sessions.

END OF SECTION 230923
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7) E`UbQdY_^ Q^T CQY^dU^Q^SU :QdQ5  <_b HJKc d_ Y^S\eTU Y^ U]UbWU^Si' _`UbQdY_^' Q^T 
]QY^dU^Q^SU ]Q^eQ\c)

,)3 C7?DJ;D7D9; C7J;H?7B IK8C?JJ7BI

7) <eb^YcX UhdbQ ]QdUbYQ\c TUcSbYRUT RU\_g dXQd ]QdSX `b_TeSdc Y^cdQ\\UT Q^T dXQd QbU `QS[QWUT 
gYdX `b_dUSdYfU S_fUbY^W V_b cd_bQWU Q^T YTU^dYVYUT gYdX \QRU\c TUcSbYRY^W S_^dU^dc)

,) <Q^ 8U\dc5  E^U cUd V_b UQSX RU\d(TbYfU^ VQ^)

-) <Y\dUbc5  E^U cUd _V VY\dUbc V_b UQSX e^Yd)

,)4 GK7B?JO 7IIKH7D9;

7) 7H? 9_]`\YQ^SU5

,) 9_]`\i gYdX 7H? -+.*,,+ Q^T 7H? .+.*,,+ V_b dUcdY^W Q^T bQdY^W U^UbWi UVVYSYU^SYUc V_b 
HJKc)

-) 9_]`\i gYdX 7H? -2+ V_b dUcdY^W Q^T bQdY^W c_e^T `UbV_b]Q^SU V_b HJKc)

8) 7I>H7; 9_]`\YQ^SU5

,) 9_]`\i gYdX 7I>H7; ,0 V_b bUVbYWUbQdY_^ cicdU] cQVUdi)

-) 9_]`\i gYdX 7I>H7; .. V_b ]UdX_Tc _V dUcdY^W S__\Y^W Q^T XUQdY^W S_Y\c)
.) 9_]`\i gYdX Q``\YSQR\U bUaeYbU]U^dc Y^ 7I>H7; 1-),' IUSdY_^ 0 ( !IicdU]c Q^T 

;aeY`]U^d! Q^T IUSdY_^ 2 ( !9_^cdbeSdY_^ Q^T IdQbde`)!

9) 7I>H7;*?;ID7 4+), 9_]`\YQ^SU5  7``\YSQR\U bUaeYbU]U^dc Y^ 7I>H7;*?;ID7 4+),' 
IUSdY_^ 1 ( !>UQdY^W' LU^dY\QdY^W' Q^T 7Yb(9_^TYdY_^Y^W)!

:) D<F7 9_]`\YQ^SU5  9_]`\i gYdX D<F7 4+7 Q^T D<F7 4+8)

;) KB 9_]`\YQ^SU5  9_]`\i gYdX KB ,440)
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<) ;\USdbYSQ\ 9_]`_^U^dc' :UfYSUc' Q^T 7SSUcc_bYUc5  BYcdUT Q^T \QRU\UT Qc TUVY^UT Y^ D<F7 2+' 

7bdYS\U ,++' Ri Q dUcdY^W QWU^Si QSSU`dQR\U d_ QedX_bYdYUc XQfY^W ZebYcTYSdY_^' Q^T ]Qb[UT V_b 
Y^dU^TUT ecU)

,),+ M7HH7DJO

7) CQ^eVQSdebUblc cdQ^TQbT gQbbQ^di V_b `QS[QWUT _edT__b QYb(XQ^T\Y^W e^Yd Q^T S_^db_\c V_b 
UYWXdUU^ $,3% ]_^dXc Vb_] TQdU _V cXY`]U^d)  MQbbQ^di g_b[ cXQ\\ RU `UbV_b]UT Ri 

]Q^eVQSdebUblc VQSd_bi(dbQY^UT Q^T VQSd_bi(U]`\_iUT dUSX^YSYQ^) MQbbQ^di T_Uc ^_d UhdU^T d_ 
Q\dUbQdY_^c' ]_TYVYSQdY_^c' _b UhdUb^Q\ S_]`_^U^dc Y^cdQ\\UT QVdUb e^Yd Yc cXY``UT)

,),, IF;9?7B M7HH7DJO

7) CQ^eVQSdebUb#c cdQ^TQbT V_b] Y^ gXYSX ]Q^eVQSdebUb QWbUUc d_ bU`\QSU S_]`_^U^dc _V HJKc 
dXQd VQY\c Y^ ]QdUbYQ\c _b g_b[]Q^cXY` gYdXY^ c`USYVYUT gQbbQ^di `UbY_T)

,) MQbbQ^di FUbY_T V_b 9_]`bUcc_bc5  CQ^eVQSdebUb#c cdQ^TQbT' Red ^_d \Ucc dXQ^ VYfU iUQbc 

Vb_] TQdU _V IeRcdQ^dYQ\ 9_]`\UdY_^)
-) MQbbQ^di FUbY_T V_b =Qc <eb^QSU >UQd ;hSXQ^WUbc5 CQ^eVQSdebUb#c cdQ^TQbT' Red ^_d \Ucc 

dXQ^ ,+ iUQbc Vb_] TQdU _V IeRcdQ^dYQ\ 9_]`\UdY_^)

.) MQbbQ^di FUbY_T V_b I_\YT(IdQdU ?W^YdY_^ C_Te\Uc5 CQ^eVQSdebUb#c cdQ^TQbT' Red ^_d \Ucc 
dXQ^ dXbUU iUQbc Vb_] TQdU _V IeRcdQ^dYQ\ 9_]`\UdY_^)

/) MQbbQ^di FUbY_T V_b 9_^db_\ 8_QbTc5  CQ^eVQSdebUb#c cdQ^TQbT' Red ^_d \Ucc dXQ^ dXbUU 

iUQbc Vb_] TQdU _V IeRcdQ^dYQ\ 9_]`\UdY_^)

F7HJ - ( FHE:K9JI

-), C7DK<79JKH;HI

7) CQ^eVQSdebUbc5  IeRZUSd d_ S_]`\YQ^SU gYdX bUaeYbU]U^dc' `b_fYTU Q S_]`QbQR\U `b_TeSd Ri _^U 
_V dXU V_\\_gY^W5

,) :QY[Y^)
-) JbQ^U)
.) 7Q_^)

/) Eb Q``b_fUT UaeYfQ\U^d)

-)- 978?D;J' 97I?D= 7D: <H7C;

7) FQ^U\ S_^cdbeSdY_^ cXQ\\ RU T_eR\U(gQ\\ S_^cdbeSdY_^ V_b Q\\ `Q^U\c)  7\\ V\__b `Q^U\c cXQ\\ XQfU Q 

c_\YT WQ\fQ^YjUT cdUU\ Y^^Ub \Y^Ub _^ dXU QYb cdbUQ] cYTU _V dXU e^Yd d_ `b_dUSd Y^ce\QdY_^ TebY^W 
cUbfYSU Q^T ]QY^dU^Q^SU) ?^ce\QdY_^ cXQ\\ RU Q ]Y^Y]e] _V ,! dXYS[ gYdX Q^ H(fQ\eU _V 2)+' Q^T 
cXQ\\ RU - `Qbd Y^ZUSdUT V_Q])  FQ^U\ TUcYW^ cXQ\\ Y^S\eTU ^_ Uh`_cUT Y^ce\QdY_^ UTWUc)  K^Yd 

SQRY^Ud cXQ\\ RU TUcYW^UT d_ _`UbQdU Qd d_dQ\ cdQdYS `bUccebUc e` d_ 0)+ Y^SXUc g)W)
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8) ;hdUbY_b cebVQSUc cXQ\\ RU S_^cdbeSdUT _V `QY^dUT WQ\fQ^YjUT cdUU\' V_b QUcdXUdYSc Q^T \_^W(dUb] 

TebQRY\Ydi)  FQY^d VY^YcX gY\\ Y^S\eTU Q RQcU `bY]Ub gYdX Q XYWX(aeQ\Ydi `_\iUcdUb bUcY^ d_`S_Qd)  
<Y^YcXUT' e^QRbQTUT `Q^U\ cebVQSUc cXQ\\ RU Uh`_cUT d_ Q^ 7IJC 8,,2 cQ\d c`bQi U^fYb_^]U^d 

Q^T UhXYRYd ^_ fYcYR\U bUT becd Qd Q ]Y^Y]e] _V .'+++ X_ebc Uh`_cebU)  <Y^YcXUT' QRbQTUT 
cebVQSUc cXQ\\ RU dUcdUT `Ub 7IJC :,10/' XQfY^W Q ]UQ^ cSbYRU SbUU`QWU ^_d UhSUUTY^W ,*,1n 
Qd ,'+++ X_ebc ]Y^Y]e] Uh`_cebU d_ Q^ 7IJC 8,,2 cQ\d c`bQi U^fYb_^]U^d)  CUQcebU]U^dc _V 

bUce\dc cXQ\\ RU aeQ^dYVYUT ecY^W 7IJC :,10/ Y^ S_^Ze^SdY_^ gYdX 7IJC :1,+ Q^T 7IJC 
:2,/ d_ UfQ\eQdU R\YcdUb Q^T becd bQdY^Wc)

9) IUbfYSU T__bc cXQ\\ RU `b_fYTUT _^ dXU VQ^ cUSdY_^' VY\dUb cUSdY_^' S_^db_\ `Q^U\ cUSdY_^' Q^T 

XUQdY^W fUcdYRe\U Y^ _bTUb d_ `b_fYTU ecUb QSSUcc d_ e^Yd S_]`_^U^dc)  7\\ cUbfYSU QSSUcc T__bc 
cXQ\\ RU ]_e^dUT _^ ]e\dY`\U' cdQY^\Ucc cdUU\ XY^WUc Q^T cXQ\\ RU cUSebUT Ri Q \QdSX cicdU])  
HU]_fQR\U cUbfYSU `Q^U\c cUSebUT Ri ]e\dY`\U ]USXQ^YSQ\ VQcdU^Ubc QbU ^_d QSSU`dQR\U) 

:) JXU e^Yd RQcU cXQ\\ _fUbXQ^W dXU b__V SebR V_b `_cYdYfU gQdUb be^_VV Q^T cXQ\\ cUQd _^ dXU b__V 
SebR WQc[Ud d_ `b_fYTU Q `_cYdYfU' gUQdXUbdYWXd cUQ\) BYVdY^W RbQS[Udc cXQ\\ RU `b_fYTUT _^ dXU 
e^Yd RQcU d_ QSSU`d SQR\U _b SXQY^ X__[c V_b bYWWY^W dXU UaeY`]U^d)

-). EKJ:EEH * H;JKHD 7?H I;9J?ED

7) K^Yd cXQ\\ RU `b_fYTUT gYdX Q^ _edT__b QYb US_^_]YjUb cUSdY_^) JXU US_^_]YjUb cUSdY_^ cXQ\\ 
Y^S\eTU _edT__b' bUdeb^' Q^T UhXQecd QYb TQ]`Ubc) JXU US_^_]YjUb _`UbQdY_^ cXQ\\ RU Ve\\i 

Y^dUWbQ\ d_ dXU ]USXQ^YSQ\ S__\Y^W Q^T Q\\_g e` d_ ,++" _V ]USXQ^YSQ\ S__\Y^W YV ^UUTUT d_ 
]QY^dQY^ dXU S__\Y^W TYcSXQbWU QYb dU]`UbQdebU)  JXU _edT__b QYb X__T cXQ\\ RU VQSd_bi Y^cdQ\\UT 
Q^T S_^cdbeSdUT Vb_] WQ\fQ^YjUT cdUU\ VY^YcXUT gYdX dXU cQ]U TebQR\U `QY^d VY^YcX Qc dXU ]QY^ 

e^Yd) JXU X__T cXQ\\ Y^S\eTU ]_YcdebU U\Y]Y^Qd_b VY\dUbc d_ TbQY^ gQdUb QgQi Vb_] dXU U^dUbY^W QYb 
cdbUQ])  JXU _edcYTU Q^T bUdeb^ QYb TQ]`Ubc cXQ\\ RU cYjUT d_ XQ^T\U ,++" _V dXU ce``\i QYb 

f_\e]U) JXU TQ]`Ubc cXQ\\ RU `QbQ\\U\ R\QTU TUcYW^) 7 RQb_]UdbYS UhXQecd TQ]`Ub cXQ\\ RU 
`b_fYTUT d_ UhXQecd QYb _ed _V dXU RQS[ _V dXU e^Yd)  7 RYbT cSbUU^ cXQ\\ RU `b_fYTUT d_ `bUfU^d 
Y^VY\dbQdY_^ _V bQY^ Q^T V_bUYW^ ]QdUbYQ\c) ;hXQecd TQ]`Ub R\QTUc cXQ\\ RU \Y^UT gYdX fY^i\ 

WQc[UdY^W _^ S_^dQSd UTWUc) 

8) Fb_fYTU VQSd_bi Y^cdQ\\UT Q^T dUcdUT' _edT__b QYb ]_^Yd_b dXQd S_^db_\c _edT__b QYb &*( ,0" 
QSSebQSi T_g^ d_ /+ SV] `Ub d_^)

9) :QY[Y^ 7``\YUT K\dbQIUQ\ \_g \UQ[ TQ]`Ubc cXQ\\ RU `b_fYTUT)  :Q]`Ub R\QTUc cXQ\\ RU Ve\\i 
WQc[UdUT Q^T cYTU cUQ\UT Q^T QbbQ^WUT fUbdYSQ\\i Y^ dXU X__T) :Q]`Ub \UQ[QWU cXQ\\ RU \Ucc dXQ^ 
,)0 9<C*Ia) <d) _V TQ]`Ub QbUQ Qd ,)+ Y^SX cdQdYS `bUccebU TYVVUbU^dYQ\)  BUQ[QWU bQdU d_ RU dUcdUT 

Y^ QSS_bTQ^SU gYdX 7C97 IdQ^TQbT 0++) :Q]`Ub R\QTUc cXQ\\ RU _`UbQdUT Vb_] ]e\dY`\U cUdc _V 
\Y^[QWUc ]_e^dUT _^ dXU \UQfY^W VQSU _V dXU TQ]`Ubc)  9_^db_\ _V dXU TQ]`Ubc cXQ\\ RU Vb_] Q 
VQSd_bi Y^cdQ\\UT QSdeQd_b) 

:) 9_^db_\ _V dXU TQ]`Ubc cXQ\\ RU Ri Q VQSd_bi Y^cdQ\\UT TYbUSd S_e`\UT QSdeQd_b) :Q]`Ub QSdeQd_b 
cXQ\\ RU _V dXU ]_Te\QdY^W' c`bY^W bUdeb^ di`U) 7 S_]`QbQdYfU U^dXQ\`i S_^db_\ cXQ\\ RU `b_fYTUT 
d_ cU^cU Q^T S_]`QbU U^dXQ\`i Y^ R_dX dXU _edT__b Q^T bUdeb^ QYb cdbUQ]c d_ TUdUb]Y^U YV _edT__b 

QYb Yc ceYdQR\U V_b mVbUUn S__\Y^W)  ?V _edT__b QYb Yc ceYdQR\U V_b mVbUUn S__\Y^W' dXU _edT__b QYb 
TQ]`Ubc cXQ\\ ]_Te\QdU Y^ bUc`_^cU d_ dXU e^Ydlc dU]`UbQdebU S_^db_\ cicdU])
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-)/ ;N>7KIJ <7D

7) ;hXQecd VQ^ cXQ\\ RU Q cY^W\U gYTdX' cY^W\U Y^\Ud $IMI?% QYbV_Y\ SU^dbYVeWQ\ VQ^) JXU VQ^ gXUU\ 
cXQ\\ RU 9\Qcc ?? S_^cdbeSdY_^ gYdX Q\e]Y^e] VQ^ R\QTUc dXQd QbU S_^dY^e_ec\i gU\TUT d_ dXU XeR 

`\QdU Q^T U^T bY]) JXU UhXQecd VQ^ cXQ\\ RU Q TYbUSd TbYfU VQ^ ]_e^dUT d_ dXU ]_d_b cXQVd)  8U\dc 
Q^T cXUQfUc QbU ^_d QSSU`dQR\U TeU d_ dXU QTTYdY_^Q\ ]QY^dU^Q^SU)

8) JXU VQ^ ]_d_b cXQ\\ RU Q d_dQ\\i U^S\_cUT ;9 ]_d_b dXQd Yc c`UUT S_^db_\\UT Ri dXU b__Vd_` e^Yd 

S_^db_\\Ub)  JXU ]_d_b cXQ\\ Y^S\eTU dXUb]Q\ _fUb\_QT `b_dUSdY_^ Q^T `b_dUSd dXU ]_d_b Y^ dXU 
SQcU _V UhSUccYfU ]_d_b dU]`UbQdebUc)  JXU ]_d_b cXQ\\ XQfU `XQcU VQY\ebU `b_dUSdY_^ Q^T 
`bUfU^d dXU ]_d_b Vb_] _`UbQdY_^ Y^ dXU UfU^d _V Q \_cc _V `XQcU)  C_d_bc cXQ\\ RU `bU]Ye] 

UVVYSYU^Si)  

9) JXU e^Yd ::9 S_^db_\\Ub cXQ\\ `b_fYTU ReY\TY^W cdQdYS `bUccebU S_^db_\) JXU e^Yd S_^db_\\Ub cXQ\\ 
`b_fYTU `b_`_bdY_^Q\ S_^db_\ _V dXU UhXQecd VQ^c Vb_] -0" d_ ,++" _V dXU ce``\i QYb VQ^ 

TUcYW^UT QYbV\_g d_ ]QY^dQY^ dXU QTZecdQR\U ReY\TY^W `bUccebU cUd`_Y^d)  JXU VYU\T cXQ\\ ]_e^d 
dXU bUaeYbUT cU^cY^W deRY^W Vb_] dXU ReY\TY^W d_ dXU VQSd_bi ]_e^dUT ReY\TY^W cdQdYS `bUccebU 
cU^c_b) 

-)0 <?BJ;HI

7) K^Yd cXQ\\ RU `b_fYTUT gYdX Q TbQg(dXb_eWX VY\dUb cUSdY_^) JXU VY\dUb bQS[ cXQ\\ RU TUcYW^UT d_ 
QSSU`d Q -n `bUVY\dUb Q^T Q /n VY^Q\ VY\dUb)  JXU e^Yd TUcYW^ cXQ\\ XQfU Q XY^WUT QSSUcc T__b V_b dXU 

VY\dUb cUSdY_^)  JXU ]Q^eVQSdebUb cXQ\\ cXY` dXU b__Vd_` e^Yd gYdX -n C;HL 3 S_^cdbeSdY_^ VY\dUbc)  
JXU S_^dbQSd_b cXQ\\ Veb^YcX Q^T Y^cdQ\\' Qd ReY\TY^W _SSe`Q^Si' dXU VY^Q\ cUd _V VY\dUbc `Ub dXU 
S_^dbQSd T_Se]U^dc) 

-)1 9EEB?D= 9E?B

7) JXU Y^T__b S_Y\ cUSdY_^ cXQ\\ RU Y^cdQ\\UT Y^ Q TbQg dXb_eWX S_^VYWebQdY_^' e`cdbUQ] _V dXU 

ce``\i QYb VQ^) JXU S_Y\ cUSdY_^ cXQ\\ RU S_]`\UdU gYdX Q VQSd_bi `Y`UT S__\Y^W S_Y\ Q^T Q^ 
7I>H7; 1-), S_]`\YQ^d T_eR\U c\_`UT TbQY^ `Q^)

8) JXU TYbUSd Uh`Q^cY_^ $:N% S__\Y^W S_Y\c cXQ\\ RU VQRbYSQdUT _V cUQ]\Ucc XYWX UVVYSYU^Si S_``Ub 

deRY^W dXQd Yc ]USXQ^YSQ\\i Uh`Q^TUT Y^d_ XYWX UVVYSYU^Si Q\e]Y^e] `\QdU VY^c)  9_Y\c cXQ\\ RU Q 
]e\dY(b_g' cdQWWUbUT deRU TUcYW^ gYdX Q ]Y^Y]e] _V . b_gc)  7\\ S__\Y^W S_Y\c cXQ\\ XQfU Q^ 
Y^dUb\QSUT S_Y\ SYbSeYdY^W dXQd [UU`c dXU Ve\\ S_Y\ VQSU QSdYfU Qd Q\\ \_QT S_^TYdY_^c) 7\\ S_Y\c cXQ\\ 

RU VQSd_bi \UQ[ dUcdUT gYdX XYWX `bUccebU QYb e^TUb gQdUb)  

9) JXU S__\Y^W S_Y\ cXQ\\ XQfU Q^ U\USdb_^YS S_^db_\\UT Uh`Q^cY_^ fQ\fU)  JXU e^Yd S_^db_\\Ub cXQ\\ 
S_^db_\ dXU Uh`Q^cY_^ fQ\fU d_ ]QY^dQY^ \YaeYT ceRS__\Y^W Q^T dXU ce`UbXUQd _V dXU bUVbYWUbQ^d 

cicdU])

:) JXU bUVbYWUbQ^d ceSdY_^ \Y^Uc cXQ\\ RU Ve\\i Y^ce\QdUT Vb_] dXU Uh`Q^cY_^ fQ\fU d_ dXU 
S_]`bUcc_bc)

;) JXU TbQY^ `Q^ cXQ\\ RU cdQY^\Ucc cdUU\ Q^T `_cYdYfU\i c\_`UT)  JXU c\_`U _V dXU TbQY^ `Q^ cXQ\\ RU 
Y^ dg_ TYbUSdY_^c Q^T S_]`\i gYdX 7I>H7; IdQ^TQbT 1-),)  JXU TbQY^ `Q^ cXQ\\ XQfU Q 
]Y^Y]e] c\_`U _V ,*3! `Ub V__d d_ `b_fYTU `_cYdYfU TbQY^Y^W) JXU TbQY^ `Q^ cXQ\\ UhdU^T RUi_^T 
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dXU \UQfY^W cYTU _V dXU S_Y\)  JXU TbQY^ `Q^ cXQ\\ XQfU Q dXbUQTUT TbQY^ S_^^USdY_^ UhdU^TY^W 

dXb_eWX dXU e^Yd RQcU)  

-)2 >EJ =7I H;>;7J

7) K^Yd cXQ\\ RU UaeY``UT gYdX Q Ve\\i ]_Te\QdY^W X_d WQc bUXUQd S_Y\ gYdX X_d WQc S_]Y^W Vb_] dXU 
e^Yd S_^TU^cUb

8) >_d WQc bUXUQd S_Y\ cXQ\\ RU Q CYSb_ 9XQ^^U\ TUcYW^)  JXU Q\e]Y^e] deRU cXQ\\ RU Q ]YSb_ 

SXQ^^U\ TUcYW^ gYdX XYWX UVVYSYU^Si Q\e]Y^e] VY^c)  <Y^c cXQ\\ RU RbQjUT d_ dXU deRY^W V_b Q 
TYbUSd R_^T)  JXU SQ`QSYdi _V dXU bUXUQd S_Y\ cXQ\\ Q\\_g V_b Q -+o< dU]`UbQdebU bYcU Qd Q\\ 
_`UbQdY^W S_^TYdY_^c)

9) JXU ]_Te\QdY^W X_d WQc bUXUQd cicdU]c cXQ\\ Q\\_g V_b Y^TU`U^TU^d S_^db_\ _V dXU S__\Y^W S_Y\ 
\UQfY^W QYb dU]`UbQdebU Q^T dXU bUXUQd S_Y\ \UQfY^W QYb dU]`UbQdebU)  JXU S__\Y^W S_Y\ Q^T bUXUQd 
S_Y\ \UQfY^W QYb dU]`UbQdebU cUd`_Y^dc cXQ\\ RU QTZecdQR\U dXb_eWX dXU e^Yd S_^db_\\Ub)  :ebY^W dXU 

TUXe]YTYVYSQdY_^ SiS\U dXU e^Yd cXQ\\ RU SQ`QR\U _V ,++" _V dXU S__\Y^W SQ`QSYdi)  JXU X_d WQc 
bUXUQd S_Y\ cXQ\\ `b_fYTU TYcSXQbWU dU]`UbQdebU S_^db_\ gYdXY^ &*( -o<)  

:) ;QSX S_Y\ cXQ\\ RU VQSd_bi \UQ[ dUcdUT gYdX XYWX(`bUccebU QYb e^TUb gQdUb)

-)3 IKFFOB <7D

7) Ie``\i VQ^ cXQ\\ RU Q cY^W\U gYTdX' cY^W\U Y^\Ud $IMI?% QYbV_Y\ SU^dbYVeWQ\ VQ^)  JXU VQ^ gXUU\ 
cXQ\\ RU 9\Qcc ?? S_^cdbeSdY_^ gYdX VQ^ R\QTUc dXQd QbU S_^dY^e_ec\i gU\TUT d_ dXU XeR `\QdU Q^T 

U^T bY]) JXU ce``\i VQ^ cXQ\\ RU Q TYbUSd TbYfU VQ^ ]_e^dUT d_ dXU ]_d_b cXQVd)  8U\dc Q^T 
cXUQfUc QbU ^_d QSSU`dQR\U TeU d_ dXU QTTYd_^Q\ ]QY^dU^Q^SU)

8) 7\\ VQ^ QccU]R\YUc cXQ\\ RU cdQdYSQ\\i Q^T Ti^Q]YSQ\\i RQ\Q^SUT Qd dXU VQSd_bi' Y^S\eTY^W Q VY^Q\ 

dbY] RQ\Q^SU' `bY_b d_ cXY`]U^d) 

9) Ie``\i VQ^ Q^T ]_d_b QccU]R\i S_]RY^QdY_^c \QbWUb dXQ^ 3 X` _b --n TYQ]UdUb cXQ\\ RU 

Y^dUb^Q\\i Yc_\QdUT _^ ,n TUV\USdY_^' c`bY^W Yc_\Qd_bc Q^T Y^S\eTU bU]_fQR\U cXY``Y^W dYU T_g^c)

:) JXU VQ^ ]_d_b cXQ\\ RU Q d_dQ\\i U^S\_cUT ;9 ]_d_b dXQd Yc c`UUT S_^db_\\UT Ri dXU b__Vd_` e^Yd 
S_^db_\\Ub)  JXU ]_d_b cXQ\\ Y^S\eTU dXUb]Q\ _fUb\_QT `b_dUSdY_^ Q^T `b_dUSd dXU ]_d_b Y^ dXU 

SQcU _V UhSUccYfU ]_d_b dU]`UbQdebUc)  JXU ]_d_b cXQ\\ XQfU `XQcU VQY\ebU `b_dUSdY_^ Q^T 
`bUfU^d dXU ]_d_b Vb_] _`UbQdY_^ Y^ dXU UfU^d _V Q \_cc _V `XQcU)  C_d_bc cXQ\\ RU `bU]Ye] 
UVVYSYU^Si)  

;) JXU ce``\i VQ^ cXQ\\ RU SQ`QR\U _V QYbV\_g ]_Te\QdY_^ Vb_] .+" d_ ,++" _V dXU cSXUTe\UT 
TUcYW^UT QYbV\_g)  JXU VQ^ cXQ\\ ^_d _`UbQdU Y^ Q cdQdU _V cebWU Qd Q^i `_Y^d gYdXY^ dXU 
]_Te\QdY_^ bQ^WU) 

-)4 L7H?78B; 7?H LEBKC; 9EDJHEB

7) JXU e^Yd S_^db_\\Ub cXQ\\ `b_`_bdY_^Q\\i S_^db_\ dXU ;9C ]_d_bc _^ dXU ce``\i VQ^ RQcUT _^ 
c`QSU dU]`UbQdebU _b e^Yd TYcSXQbWU QYb dU]`UbQdebU RQcUT _^ `b_WbQ]]UT cUaeU^SU)  JXU e^Yd 
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S_^db_\\Ub cXQ\\ Y^SbUQcU*TUSbUQcU dXU c`UUT _V dXU ce``\i VQ^ Y^ _bTUb d_ ]QY^dQY^ dXU c`QSU _b 

TYcSXQbWU dU]`UbQdebU gYdXY^ Ydc cUd`_Y^d Q^T TUQTRQ^T)  JXU e^Yd S_^db_\\Ub cXQ\\ `b_fYTU 
TYcSXQbWU QYb dU]`UbQdebU S_^db_\ gYdX dXU S_]`bUcc_b ]_Te\QdY_^ bQ^WU)

-),+ =7I <KHD79; >;7J?D=

7) JXU b__Vd_` e^Yd cXQ\\ Y^S\eTU Q ^QdebQ\ WQc XUQdY^W cUSdY_^)  JXU WQc Veb^QSU TUcYW^ cXQ\\ RU _^U 
^QdebQ\ WQc VYbUT XUQdY^W ]_Te\U VQSd_bi Y^cdQ\\UT T_g^cdbUQ] _V dXU ce``\i QYb VQ^ Y^ dXU XUQd 

cUSdY_^)  JXU XUQdY^W ]_Te\U cXQ\\ RU Q deRe\Qb TUcYW^ gYdX Y^(cX_d WQc Reb^Ubc)

8) JXU ]_Te\U cXQ\\ RU S_]`\UdU gYdX Veb^QSU S_^db_\\Ub Q^T S_^db_\ fQ\fU SQ`QR\U _V 05, 
]_Te\QdY^W _`UbQdY_^) 

9) JXU XUQd UhSXQ^WUb deRUc cXQ\\ RU S_^cdbeSdUT _V cdQY^\Ucc cdUU\)

:) JXU ]_Te\U cXQ\\ XQfU Q^ Y^TeSUT TbQVd VQ^ dXQd gY\\ ]QY^dQY^ Q ^UWQdYfU `bUccebU Y^ dXU XUQd 
UhSXQ^WUb deRUc V_b dXU bU]_fQ\ _V dXU V\eU WQcUc)

;) ;QSX Reb^Ub ]_Te\U cXQ\\ XQfU dg_ V\Q]U b_\\(_ed cQVUdi `b_dUSdY_^ cgYdSXUc Q^T Q XYWX 
dU]`UbQdebU \Y]Yd cgYdSX dXQd gY\\ cXed dXU WQc fQ\fU _VV e`_^ TUdUSdY_^ _V Y]`b_`Ub Reb^Ub 
]Q^YV_\T _`UbQdY_^)  JXU Y^TeSUT TbQVd VQ^ cXQ\\ XQfU Q^ QYbV\_g cQVUdi cgYdSX dXQd gY\\ `bUfU^d 

dXU XUQdY^W ]_Te\U Vb_] deb^Y^W _^ Y^ dXU UfU^d _V ^_ QYbV\_g Y^ dXU V\eU SXQ]RUb)

<) JXU VQSd_bi(Y^cdQ\\UT ::9 e^Yd S_^db_\ cicdU] cXQ\\ S_^db_\ dXU WQc XUQd ]_Te\U)  <YU\T Y^cdQ\\UT 
XUQdY^W ]_Te\Uc cXQ\\ bUaeYbU Q VYU\T ;JB SUbdYVYSQdY_^) JXU ]Q^eVQSdebUblc b__Vd_` e^Yd ;JB 

SUbdYVYSQdY_^ cXQ\\ S_fUb dXU S_]`\UdU e^Yd Y^S\eTY^W dXU WQc XUQdY^W ]_Te\Uc)

-),, 9ED:;DI?D= I;9J?ED

7) EedT__b S_Y\c cXQ\\ RU SQcd Q\e]Y^e]' ]YSb_(SXQ^^U\ S_Y\c) F\QdU VY^c cXQ\\ RU `b_dUSdUT Q^T 

RbQjUT RUdgUU^ QTZ_Y^Y^W V\Qd deRUc ceSX dXQd dXUi cXQ\\ ^_d UhdU^T _edcYTU dXU deRUc)   7 ceR(
S__\Y^W S_Y\ cXQ\\ RU Q^ Y^dUWbQ\ `Qbd _V dXU ]QY^ _edT__b QYb S_Y\)  ;QSX _edT__b QYb S_Y\ cXQ\\ RU 

VQSd_bi \UQ[ dUcdUT gYdX XYWX(`bUccebU QYb e^TUb gQdUb)

8) <Q^ ]_d_bc cXQ\\ RU Q^ ;9C di`U ]_d_b V_b `b_`_bdY_^Q\ S_^db_\)  JXU e^Yd S_^db_\\Ub cXQ\\ 
`b_`_bdY_^Q\\i S_^db_\ dXU c`UUT _V dXU S_^TU^cUb VQ^ ]_d_bc d_ ]QY^dQY^ dXU XUQT `bUccebU _V 

dXU bUVbYWUbQ^d SYbSeYd Vb_] Q]RYU^d S_^TYdY_^ _V -0k,-+o<)  CUSXQ^YSQ\ S__\Y^W cXQ\\ RU 
`b_fYTUT d_ -0p <)  JXU ]_d_b cXQ\\ Y^S\eTU dXUb]Q\ _fUb\_QT `b_dUSdY_^ Q^T `b_dUSd dXU ]_d_b Y^ 
dXU SQcU _V UhSUccYfU ]_d_b dU]`UbQdebUc)  JXU ]_d_b cXQ\\ XQfU `XQcU VQY\ebU `b_dUSdY_^ Q^T 

`bUfU^d dXU ]_d_b Vb_] _`UbQdY_^ Y^ dXU UfU^d _V Q \_cc _V `XQcU)  

9) JXU S_^TU^cUb VQ^ cXQ\\ RU \_g ^_YcU R\QTU TUcYW^)  <Q^ R\QTU TUcYW^ cXQ\\ RU Q Ti^Q]YS `b_VY\U 
V_b \_g dY` c`UUT)  <Q^ R\QTU cXQ\\ RU _V Q S_]`_cYdU ]QdUbYQ\)  

:) JXU e^Yd cXQ\\ XQfU cSb_\\ S_]`bUcc_bc)  E^U _V dXU S_]`bUcc_bc cXQ\\ RU Q^ Y^fUbdUb S_]`bUcc_b 
`b_fYTY^W `b_`_bdY_^Q\ S_^db_\)  JXU e^Yd S_^db_\\Ub cXQ\\ S_^db_\ dXU c`UUT _V dXU S_]`bUcc_b d_ 
]QY^dQY^ dXU TYcSXQbWU QYb dU]`UbQdebU)  JXU Y^fUbdUb S_]`bUcc_b cXQ\\ XQfU Q cU`QbQdU _Y\ `e]` 

Q^T Q^ _Y\ cU`QbQd_b V_b UQSX S_]`bUcc_b dXQd b_edUc _Y\ RQS[ d_ dXU S_]`bUcc_b Y^cdUQT _V 
dXb_eWX dXU TYcSXQbWU \Y^U)
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;) FbUccebU dbQ^cTeSUbc cXQ\\ RU `b_fYTUT V_b dXU ceSdY_^ `bUccebU Q^T XUQT `bUccebU)  JU]`UbQdebU 

cU^c_b cXQ\\ RU `b_fYTUT V_b dXU ceSdY_^ dU]`UbQdebU Q^T dXU bUVbYWUbQ^d TYcSXQbWU dU]`UbQdebU _V 
dXU S_]`bUcc_bc)  7\\ _V dXU QR_fU TUfYSUc cXQ\\ RU Q^ Y^`ed d_ dXU e^Yd S_^db_\\Ub Q^T dXU fQ\eUc 

RU TYc`\QiUT Qd dXU e^Yd S_^db_\\Ub)

<) HUVbYWUbQ^d SYbSeYd cXQ\\ XQfU Q Ri`Qcc fQ\fU RUdgUU^ dXU ceSdY_^ Q^T TYcSXQbWU bUVbYWUbQ^d \Y^Uc 
V_b \_g XUQT `bUccebU S_]`bUcc_b cdQbdY^W Q^T Y^SbUQcUT S_]`bUcc_b bU\YQRY\Ydi)  MXU^ dXUbU Yc Q 

SQ\\ V_b ]USXQ^YSQ\ S__\Y^W dXU Ri`Qcc fQ\fU cXQ\\ _`U^ d_ UaeQ\YjY^W dXU ceSdY_^ Q^T TYcSXQbWU 
`bUccebUc)  MXU^ `bUccebUc QbU UaeQ\YjUT dXU Ri`Qcc fQ\fU cXQ\\ S\_cU Q^T dXU S_]`bUcc_b cXQ\\ 
RU Q\\_gUT d_ cdQbd)

=) ;QSX SYbSeYd cXQ\\ RU TUXiTbQdUT Q^T VQSd_bi SXQbWUT gYdX H(/,+7 HUVbYWUbQ^d Q^T _Y\)

-),- ;B;9JH?97B

7) K^Yd gYbY^W cXQ\\ S_]`\i gYdX D;9 bUaeYbU]U^dc Q^T gYdX Q\\ Q``\YSQR\U KB cdQ^TQbTc) 7\\ 

U\USdbYSQ\ S_]`_^U^dc cXQ\\ RU KB bUS_W^YjUT gXUbU Q``\YSQR\U) 7\\ gYbY^W Q^T U\USdbYSQ\ 
S_]`_^U^dc `b_fYTUT gYdX dXU e^Yd cXQ\\ RU ^e]RUb Q^T S_\_b(S_TUT Q^T \QRU\UT QSS_bTY^W d_ 
dXU U\USdbYSQ\ TYQWbQ] `b_fYTUT V_b UQci YTU^dYVYSQdY_^) JXU e^Yd cXQ\\ RU `b_fYTUT gYdX Q VQSd_bi 

gYbUT gUQdXUb`b__V S_^db_\ `Q^U\) K^Yd cXQ\\ XQfU Q cY^W\U `_Y^d `_gUb dUb]Y^Q\ R\_S[ V_b ]QY^ 
`_gUb S_^^USdY_^) 7 dUb]Y^Q\ R_QbT cXQ\\ RU `b_fYTUT V_b \_g f_\dQWU S_^db_\ gYbY^W) 8bQ^SX 
cX_bd SYbSeYd `b_dUSdY_^' ,,0(f_\d S_^db_\ SYbSeYd dbQ^cV_b]Ub Q^T VecU' cicdU] cgYdSXUc' Q^T Q 

XYWX dU]`UbQdebU cU^c_b cXQ\\ Q\c_ RU `b_fYTUT gYdX dXU e^Yd) ;QSX S_]`bUcc_b Q^T S_^TU^cUb 
VQ^ ]_d_b cXQ\\ RU Veb^YcXUT gYdX S_^dQSd_bc Q^T Y^XUbU^d dXUb]Q\ _fUb\_QT `b_dUSdY_^) Ie``\i 
VQ^ ]_d_bc cXQ\\ XQfU S_^dQSd_bc Q^T UhdUb^Q\ _fUb\_QT `b_dUSdY_^) A^_S[_edc cXQ\\ RU `b_fYTUT 

Y^ dXU R_dd_] _V dXU ]QY^ S_^db_\ `Q^U\c V_b VYU\T gYbY^W U^dbQ^SU) 

8) 7 cY^W\U ^_^(VecUT TYcS_^^USd cgYdSX cXQ\\ RU `b_fYTUT V_b TYcS_^^USdY^W U\USdbYSQ\ `_gUb Qd dXU 

e^Yd)  :YcS_^^USd cgYdSXUc cXQ\\ RU ]_e^dUT Y^dUb^Q\\i d_ dXU S_^db_\ `Q^U\ Q^T _`UbQdUT Ri Q^ 
UhdUb^Q\\i ]_e^dUT XQ^T\U) 

-),. 9EDJHEBI

7) FQS[QWUT' _edT__b b__Vd_` e^Ydc cXQ\\ RU ce``\YUT gYdX Q e^Yd(]_e^dUT' VQSd_bi Y^cdQ\\UT e^YdQbi 
S_^db_\\Ub edY\YjY^W m_`U^n S_^db_\ \Q^WeQWU `b_d_S_\6 879^Ud `b_d_S_\)  JXU S_^db_\\Ub cXQ\\ 
`UbV_b] Q\\ Ve^SdY_^c Qc TUcSbYRUT Y^ IUSdY_^ -.+44. mIUaeU^SU _V E`UbQdY_^c V_b >L79 

9_^db_\c)n  JXU ::9 S_^db_\\Ub cXQ\\ XQfU f_\QdY\U ]U]_bi RQS[e` Q^T XQfU dXU bUaeYbUT 
S_^^USdY_^c d_ `UbV_b] S_^db_\ Q^T ]_^Yd_bY^W _V cQVUdYUc Qc ^_dUT gYdXY^ IUSdY_^ -.+44. 
mIUaeU^SU _V E`UbQdY_^c V_b >L79 9_^db_\c)n

8) Fb_fYTU Q S_]`\UdU Y^dUWbQdUT ]YSb_`b_SUcc_b RQcUT :YbUSd :YWYdQ\ 9_^db_\ $::9% cicdU] d_ 
S_^db_\ Q\\ e^Yd Ve^SdY_^c Y^S\eTY^W dU]`UbQdebU S_^db_\' cSXUTe\Y^W' ]_^Yd_bY^W' e^Yd cQVUdi 
`b_dUSdY_^' Y^S\eTY^W S_]`bUcc_b ]Y^Y]e] be^ Q^T ]Y^Y]e] _VV dY]Uc' Q^T TYQW^_cdYSc)  JXYc 

cicdU] cXQ\\ S_^cYcd _V Q\\ bUaeYbUT dU]`UbQdebU cU^c_bc' `bUccebU cU^c_bc' S_^db_\\Ub Q^T 
[Ui`QT*TYc`\Qi _`UbQd_b Y^dUbVQSU) 7\\ C98c Q^T cU^c_bc cXQ\\ RU VQSd_bi ]_e^dUT' gYbUT Q^T 
dUcdUT)

9) JXU cdQ^T(Q\_^U ::9 S_^db_\\Ubc cXQ\\ ^_d RU TU`U^TU^d _^ S_]]e^YSQdY_^c gYdX Q^i _^(cYdU _b 
bU]_dU F9 _b ]QcdUb S_^db_\ `Q^U\ V_b `b_`Ub e^Yd _`UbQdY_^) JXU ]YSb_`b_SUcc_b cXQ\\ ]QY^dQY^ 
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UhYcdY^W cUd `_Y^dc Q^T _`UbQdU cdQ^T(Q\_^U YV dXU e^Yd \_cUc UYdXUb TYbUSd S_^^USd _b ^Udg_b[ 

S_]]e^YSQdY_^c) JXU ]YSb_`b_SUcc_b ]U]_bi cXQ\\ RU `b_dUSdUT Vb_] f_\dQWU V\eSdeQdY_^c Qc 
gU\\ Qc Q^i UhdU^TUT `_gUb VQY\ebUc) 7\\ VQSd_bi Q^T ecUb cUd cSXUTe\Uc Q^T S_^db_\ `_Y^dc cXQ\\ 

RU ]QY^dQY^UT Y^ ^_^f_\QdY\U ]U]_bi) D_ cUddY^Wc cXQ\\ RU \_cd' UfU^ TebY^W UhdU^TUT `_gUb 
cXedT_g^c)

:) JXU ::9 S_^db_\ cicdU] cXQ\\ `Ub]Yd cdQbdY^W Q^T cd_``Y^W _V dXU e^Yd \_SQ\\i _b bU]_dU\i) JXU 

S_^db_\ cicdU] cXQ\\ RU SQ`QR\U _V `b_fYTY^W Q bU]_dU Q\Qb] Y^TYSQdY_^) JXU e^Yd S_^db_\ cicdU] 
cXQ\\ `b_fYTU V_b _edcYTU QYb TQ]`Ub QSdeQdY_^' U]UbWU^Si cXedT_g^' bU]_dU XUQd 
U^QR\U*TYcQR\U' bU]_dU S__\ U^QR\U*TYcQR\U' XUQd Y^TYSQdY_^' S__\ Y^TYSQdY_^' Q^T VQ^ _`UbQdY_^)

;) 7\\ TYWYdQ\ Y^`edc Q^T _ed`edc cXQ\\ RU `b_dUSdUT QWQY^cd TQ]QWU Vb_] dbQ^cYU^dc _b Y^S_bbUSd 
f_\dQWUc) 7\\ VYU\T gYbY^W cXQ\\ RU dUb]Y^QdUT Qd Q cU`QbQdU' S\UQb\i ]Qb[UT dUb]Y^Q\ cdbY`)

<) JXU ::9 S_^db_\\Ub cXQ\\ XQfU Q ReY\d(Y^ dY]U cSXUTe\U) JXU cSXUTe\U cXQ\\ RU `b_WbQ]]QR\U 

Vb_] dXU e^Yd [Ui`QT Y^dUbVQSU) JXU cSXUTe\U cXQ\\ RU ]QY^dQY^UT Y^ ^_^f_\QdY\U ]U]_bi d_ 
U^cebU dXQd Yd Yc ^_d \_cd TebY^W Q `_gUb VQY\ebU) JXUbU cXQ\\ RU _^U cdQbd*cd_` `Ub TQi Q^T Q 
cU`QbQdU X_\YTQi cSXUTe\U) JXU S_^db_\\Ub cXQ\\ QSSU`d e` d_ cYhdUU^ X_\YTQic UQSX gYdX e` d_ Q 0(

TQi TebQdY_^) ;QSX e^Yd cXQ\\ Q\c_ XQfU dXU QRY\Ydi d_ QSSU`d Q dY]U cSXUTe\U fYQ 87I ^Udg_b[ 
S_]]e^YSQdY_^c) 

=) JXU [Ui`QT Y^dUbVQSU cXQ\\ Q\\_g S_^fU^YU^d ^QfYWQdY_^ Q^T QSSUcc d_ Q\\ S_^db_\ Ve^SdY_^c)  JXU 

e^Yd [Ui`QT*TYc`\Qi SXQbQSdUb V_b]Qd cXQ\\ RU / \Y^Uc h -+ SXQbQSdUbc) 7\\ S_^db_\ cUddY^Wc cXQ\\ 
RU `Qccg_bT `b_dUSdUT QWQY^cd e^QedX_bYjUT SXQ^WUc)  <_b UQcU _V cUbfYSU' dXU TYc`\Qi V_b]Qd 
cXQ\\ RU ;^W\YcX \Q^WeQWU bUQT_ed) 9_TUT V_b]Qdc gYdX \__[(e` dQR\Uc gY\\ ^_d RU QSSU`dUT)  JXU 

ecUb Y^dUbQSdY_^ gYdX dXU TYc`\Qi cXQ\\ `b_fYTU dXU V_\\_gY^W Y^V_b]QdY_^ Qc Q ]Y^Y]e]5
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Copper building wire rated 600 V or less. 
2. Aluminum building wire rated 600 V or less. 
3. Metal-clad cable, Type MC, rated 600 V or less. 
4. Connectors, splices, and terminations rated 600 V and less. 

B. Related Requirements: 

1. Section 260513 "Medium-Voltage Cables" for single-conductor and multiconductor 
cables, cable splices, and terminations for electrical distribution systems with 601 to 
35,000 V. 

2. Section 260523 "Control-Voltage Electrical Power Cables" for control systems 
communications cables and Classes 1, 2, and 3 control cables. 

3. Section 271500 "Communications Horizontal Cabling" for cabling used for voice and 
data circuits. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Product Schedule: Indicate type, use, location, and termination locations. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

PART 2 - PRODUCTS 

2.1 COPPER BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with 
an overall insulation layer or jacket, or both, rated 600 V or less. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Belden Inc. 
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2. General Cable Technologies Corporation. 
3. Okonite Company (The). 
4. Southwire Company. 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and use. 

2. RoHS compliant. 
3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
ASTM B 496 for stranded conductors. 

E. Conductor Insulation: 

1.  Type USE-2 and Type SE: Comply with UL 854. 
2. Type THHN and Type THWN-2: Comply with UL 83. 
3. Type THW and Type THW-2: Comply with NEMA WC-70/ICEA S-95-658 and UL 83. 
4. Type XHHW-2: Comply with UL 44. 

2.2 METAL-CLAD CABLE, TYPE MC 

A. Description: A factory assembly of one or more current-carrying insulated conductors in an 
overall metallic sheath. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Belden Inc. 
2. Encore Wire Corporation. 
3. General Cable Technologies Corporation. 
4. Okonite Company (The). 
5. Southwire Company. 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and use. 

2. Comply with UL 1569. 
3. RoHS compliant. 
4. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Circuits:  

1. Single circuit. 
2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424. 
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E. Conductors:  Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
for stranded conductors Aluminum, complying with ASTM B 800 and ASTM B 801. 

F. Ground Conductor:  Bare & Insulated. 

G. Conductor Insulation: 

1. Type TFN/THHN/THWN-2: Comply with UL 83. 
2. Type XHHW-2: Comply with UL 44. 

H. Armor:  Aluminum, interlocked. 

I. Jacket: PVC applied over armor. 

2.3 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, 
type, and class for application and service indicated; listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and use. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. 3M Electrical Products. 
2. Hubbell Power Systems, Inc. 
3. Ideal Industries, Inc. 
4. ILSCO. 
5. O-Z/Gedney; a brand of Emerson Industrial Automation. 
6. Thomas & Betts Corporation; A Member of the ABB Group. 

C. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set 
screws, designed to connect conductors specified in this Section. 

D. Lugs: One piece, seamless, designed to terminate conductors specified in this Section. 

1. Material:  Copper. 
2. Type:  Two hole with long barrels. 
3. Termination:  Compression. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

B. Feeders: Copper for feeders smaller than No. 4 AWG; copper or aluminum for feeders No. 4 
AWG and larger. Conductors shall be solid for No. 10 AWG and smaller; stranded for No. 8 
AWG and larger. 
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C. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 
larger. 

D. Branch Circuits: Copper. Solid for No. 12 AWG and smaller; stranded for No. 10 AWG and 
larger. 

E. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS 

A. Service Entrance:  Type THHN/THWN-2, single conductors in raceway. 

B. Exposed Feeders:  Type THHN/THWN-2, single conductors in raceway. 

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN/THWN-2, 
single conductors in raceway. 

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  
Type THHN/THWN-2, single conductors in raceway. 

E. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN/THWN-2, single conductors 
in raceway. 

F. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Metal-clad cable, Type MC. 

G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  
Type THHN/THWN-2, single conductors in raceway. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points according to 
Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 
cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended 
maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and 
follow surface contours where possible. 

F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 
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3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in 
UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material and that 
possess equivalent or better mechanical strength and insulation ratings than unspliced 
conductors. 

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack. 

3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 260553 "Identification for 
Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of 
conductor, and identify as spare conductor. 

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 
with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and 
Cabling." 

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly according to Section 078413 "Penetration 
Firestopping." 

END OF SECTION 260519 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes grounding and bonding systems and equipment. 

B. Section includes grounding and bonding systems and equipment, plus the following special 
applications: 

1. Underground distribution grounding. 
2. Ground bonding common with lightning protection system. 
3. Foundation steel electrodes. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans showing dimensioned as-built locations of grounding features 
specified in "Field Quality Control" Article. 

B. Qualification Data: For testing agency and testing agency's field supervisor. 

C. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1. Plans showing as-built, dimensioned locations of grounding features specified in "Field 
Quality Control" Article, including the following: 

a. Test wells. 
b. Ground rods. 
c. Ground rings. 
d. Grounding arrangements and connections for separately derived systems. 

2. Instructions for periodic testing and inspection of grounding features at test wells ground 
rings grounding connections for separately derived systems  based on NFPA 70B. 
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a. Tests shall determine if ground-resistance or impedance values remain within 
specified maximums, and instructions shall recommend corrective action if values 
do not. 

b. Include recommended testing intervals. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Certified by NETA. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 

2.2 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Advanced Lightning Technology, Ltd. 
2. Burndy; Part of Hubbell Electrical Systems. 
3. ERICO; a brand of nVent. 
4. Harger Lightning & Grounding. 
5. ILSCO. 
6. O-Z/Gedney; a brand of Emerson Industrial Automation. 
7. Robbins Lightning, Inc. 
8. Siemens Industry, Inc., Energy Management Division. 
9. Thomas & Betts Corporation; A Member of the ABB Group. 

2.3 CONDUCTORS 

A. Insulated Conductors:  Copper or tinned-copper wire or cable insulated for 600 V unless 
otherwise required by applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B 3. 
2. Stranded Conductors: ASTM B 8. 
3. Tinned Conductors: ASTM B 33. 
4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter. 
5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 
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6. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8 
inches wide and 1/16 inch thick. 

7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper 
ferrules; 1-5/8 inches wide and 1/16 inch thick. 

C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches by 18 inches in 
cross section, with 9/32-inch holes spaced 1-1/8 inches apart. Stand-off insulators for mounting 
shall comply with UL 891 for use in switchboards, 600 V and shall be Lexan or PVC, impulse 
tested at 5000 V. 

2.4 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 
which used and for specific types, sizes, and combinations of conductors and other items 
connected. 

B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions. 

C. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless compression-type wire 
terminals, and long-barrel, two-bolt connection to ground bus bar. 

D. Bus-Bar Connectors: Compression type, copper or copper alloy, with two wire terminals. 

E. Beam Clamps: Mechanical type, terminal, ground wire access from four directions, with dual, 
tin-plated or silicon bronze bolts. 

F. Cable-to-Cable Connectors: Compression type, copper or copper alloy. 

G. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron. 

H. Conduit Hubs: Mechanical type, terminal with threaded hub. 

I. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt. 

J. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt. 

K. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw. 

L. Service Post Connectors: Mechanical type, bronze alloy terminal, in short- and long-stud 
lengths, capable of single and double conductor connections. 

M. Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head screw. 

N. Straps: Solid copper, copper lugs. Rated for 600 A. 

O. Tower Ground Clamps: Mechanical type, copper or copper alloy, terminal one-piece clamp. 

P. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial. 
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Q. Water Pipe Clamps: 

1. Mechanical type, two pieces with zinc-plated bolts. 

a. Material:  Tin-plated aluminum. 
b. Listed for direct burial. 

2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct 
burial. 

2.5 GROUNDING ELECTRODES 

A. Ground Rods: Copper-clad steel; 3/4 inch by 10 feet. 

B. Ground Plates: 1/4 inch thick, hot-dip galvanized. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for 
No. 6 AWG and larger unless otherwise indicated. 

B. Underground Grounding Conductors: Install bare tinned-copper conductor, No. 3/0 AWG 
minimum. 

1. Bury at least 24 inches below grade. 

C. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and 
elsewhere as indicated. 

1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 inches 
above finished floor unless otherwise indicated. 

2. Where indicated on both sides of doorways, route bus up to top of door frame, across top 
of doorway, and down; connect to horizontal bus. 

D. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated. 
3. Connections to Ground Rods at Test Wells: Bolted connectors. 
4. Connections to Structural Steel: Welded connectors. 
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3.2 GROUNDING AT THE SERVICE 

A. Equipment grounding conductors and grounding electrode conductors shall be connected to the 
ground bus. Install a main bonding jumper between the neutral and ground buses. 

3.3 GROUNDING SEPARATELY DERIVED SYSTEMS 

A. Generator: Install grounding electrode(s) at the generator location. The electrode shall be 
connected to the equipment grounding conductor and to the frame of the generator. 

3.4 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole 
floor, close to wall, and set rod depth so 4 inches will extend above finished floor. If necessary, 
install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-copper 
conductor from ground rod into manhole through a waterproof sleeve in manhole wall. Protect 
ground rods passing through concrete floor with a double wrapping of pressure-sensitive 
insulating tape or heat-shrunk insulating sleeve from 2 inches above to 6 inches below concrete. 
Seal floor opening with waterproof, nonshrink grout. 

C. Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts, 
cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to 
ground rod or grounding conductor. Make connections with No. 4 AWG minimum, stranded, 
hard-drawn copper bonding conductor. Train conductors level or plumb around corners and 
fasten to manhole walls. Connect to cable armor and cable shields according to written 
instructions by manufacturer of splicing and termination kits. 

D. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the 
pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with 
substations by connecting them to underground cable and grounding electrodes. Install tinned-
copper conductor not less than No. 2 AWG for ground ring and for taps to equipment grounding 
terminals. Bury ground ring not less than 6 inches from the foundation. 

E. EQUIPMENT GROUNDING 

F. Install insulated equipment grounding conductors with all feeders and branch circuits. 

G. Install insulated equipment grounding conductors with the following items, in addition to those 
required by NFPA 70: 

1. Feeders and branch circuits. 
2. Lighting circuits. 
3. Receptacle circuits. 
4. Single-phase motor and appliance branch circuits. 
5. Three-phase motor and appliance branch circuits. 
6. Flexible raceway runs. 
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7. Armored and metal-clad cable runs. 
8. Busway Supply Circuits: Install insulated equipment grounding conductor from 

grounding bus in the switchgear, switchboard, or distribution panel to equipment 
grounding bar terminal on busway. 

9. X-Ray Equipment Circuits: Install insulated equipment grounding conductor in circuits 
supplying x-ray equipment. 

H. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-mounted 
electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, 
humidifiers, and other duct electrical equipment. Bond conductor to each unit and to air duct 
and connected metallic piping. 

I. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated 
equipment grounding conductor to each electric water heater and heat-tracing cable. Bond 
conductor to heater units, piping, connected equipment, and components. 

J. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate 
insulated equipment grounding conductor in addition to grounding conductor installed with 
branch-circuit conductors. 

3.5 INSTALLATION 

A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise 
indicated or required by Code. Avoid obstructing access or placing conductors where they may 
be subjected to strain, impact, or damage. 

B. Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 and 
UL 96 when interconnecting with lightning protection system. Bond electrical power system 
ground directly to lightning protection system grounding conductor at closest point to electrical 
service grounding electrode. Use bonding conductor sized same as system grounding electrode 
conductor, and install in conduit. 

C. Ground Rods: Drive rods until tops are 2 inches below finished floor or final grade unless 
otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as 
otherwise indicated. Make connections without exposing steel or damaging coating if 
any. 

D. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance 
except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate 
any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 
bonding so vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection 
is required, use a bolted clamp. 
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E. Grounding and Bonding for Piping: 

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, 
from building's main service equipment, or grounding bus, to main metal water service 
entrances to building. Connect grounding conductors to main metal water service pipes; 
use a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one of 
the lug bolts of the flange. Where a dielectric main water fitting is installed, connect 
grounding conductor on street side of fitting. Bond metal grounding conductor conduit or 
sleeve to conductor at each end. 

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water 
meters. Connect to pipe with a bolted connector. 

3. Bond each aboveground portion of gas piping system downstream from equipment 
shutoff valve. 

3.6 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 
energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with a calibrated torque wrench according to manufacturer's 
written instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 
level is specified, at service disconnect enclosure grounding terminal, and at individual 
ground rods. Make tests at ground rods before any conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of 
precipitation and without soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod 
assembly, and other grounding electrodes. Identify each by letter in alphabetical order, 
and key to the record of tests and observations. Include the number of rods driven and 
their depth at each location, and include observations of weather and other phenomena 
that may affect test results. Describe measures taken to improve test results. 

C. Grounding system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

E. Report measured ground resistances that exceed the following values: 

F. See the Evaluations for discussion on appropriate ground-resistance values. Typical maximum 
permitted values are listed below for different grounding applications; retain applicable 
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subparagraphs and revise to suit Project. Coordinate with requirements in Sections specifying 
equipment to be grounded. 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  10 ohms. 
2. Power and Lighting Equipment or System with Capacity of 500 and above kVA:  5 ohms. 

G. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Engineer 
promptly and include recommendations to reduce ground resistance. 

END OF SECTION 260526 
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Steel slotted support systems. 
2. Conduit and cable support devices. 
3. Support for conductors in vertical conduit. 
4. Structural steel for fabricated supports and restraints. 
5. Mounting, anchoring, and attachment components, including powder-actuated fasteners, 

mechanical expansion anchors, concrete inserts, clamps, through bolts, toggle bolts, and 
hanger rods. 

6. Fabricated metal equipment support assemblies. 

B. Related Requirements: 

1. Section 260548.16 "Seismic Controls for Electrical Systems" for products and 
installation requirements necessary for compliance with seismic criteria. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For fabrication and installation details for electrical hangers and support 
systems. 

1. Hangers. Include product data for components. 
2. Slotted support systems. 
3. Equipment supports. 
4. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments 

to structure and to supported equipment. Include adjustable motor bases, rails, and frames 
for equipment mounting. 

C. Delegated-Design Submittal: For hangers and supports for electrical systems. 

1. Include design calculations and details of hangers. 
2. Include design calculations for seismic restraints. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, and 
coordinated with each other, using input from installers of the items involved. 
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B. Seismic Qualification Data: Certificates, for hangers and supports for electrical equipment and 
systems, accessories, and components, from manufacturer. 

C. Welding certificates. 

1.4 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M. 

B. Welding Qualifications: Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M. 
2. AWS D1.2/D1.2M. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 
"Quality Requirements," to design hanger and support system. 

B. Seismic Performance: Hangers and supports shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 

1. The term "withstand" means "the supported equipment and systems will remain in place 
without separation of any parts when subjected to the seismic forces specified and the 
supported equipment and systems will be fully operational after the seismic event." 

2. Component Importance Factor:  1.0. 

C. Surface-Burning Characteristics: Comply with ASTM E 84; testing by a qualified testing 
agency. Identify products with appropriate markings of applicable testing agency. 

1. Flame Rating: Class 1. 
2. Self-extinguishing according to ASTM D 635. 

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems: Preformed steel channels and angles with minimum 13/32-inch-
diameter holes at a maximum of 8 inches o.c. in at least one surface. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. B-line, an Eaton business. 
b. Thomas & Betts Corporation; A Member of the ABB Group. 
c. Unistrut; Part of Atkore International. 

2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
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3. Material for Channel, Fittings, and Accessories:  Galvanized steel. 
4. Channel Width:  Selected for applicable load criteria. 
5. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-

4. 
6. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating 

applied according to MFMA-4. 
7. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-

4. 
8. Protect finishes on exposed surfaces from damage by applying a strippable, temporary 

protective covering before shipping. 

B. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated fittings, designed 
for types and sizes of raceway or cable to be supported. 

C. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded 
body and insulating wedging plug or plugs for nonarmored electrical conductors or cables in 
riser conduits. Plugs shall have number, size, and shape of conductor gripping pieces as 
required to suit individual conductors or cables supported. Body shall be made of malleable 
iron. 

D. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel plates, shapes, 
and bars; black and galvanized. 

E. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their 
supports to building surfaces include the following: 

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement 
concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for 
supported loads and building materials where used. 

a. Manufacturers: Subject to compliance with requirements, provide products by one 
of the following: 

1) Hilti, Inc. 
2) MKT Fastening, LLC. 
3) Simpson Strong-Tie Co., Inc. 

2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated, for use in hardened 
portland cement concrete, with tension, shear, and pullout capacities appropriate for 
supported loads and building materials where used. 

a. Manufacturers: Subject to compliance with requirements, provide products by one 
of the following: 

1) B-line, an Eaton business. 
2) Hilti, Inc. 
3) MKT Fastening, LLC. 

3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to MSS 
Type 18 units and comply with MFMA-4 or MSS SP-58. 
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4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for 
attached structural element. 

5. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325. 
6. Toggle Bolts:  All-steel springhead type. 
7. Hanger Rods: Threaded steel. 

2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit dimensions 
of supported equipment. 

B. Materials: Comply with requirements in Section 055000 "Metal Fabrications" for steel shapes 
and plates. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with the following standards for application and installation requirements of hangers 
and supports, except where requirements on Drawings or in this Section are stricter: 

1. NECA 1. 
2. NECA 101 
3. NECA 102. 
4. NECA 105. 
5. NECA 111. 

B. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 
materials and installation for penetrations through fire-rated walls, ceilings, and assemblies. 

C. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and 
Boxes for Electrical Systems." 

D. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for 
EMT, IMC, and RMC as scheduled in NECA 1, where its Table 1 lists maximum spacings that 
are less than those stated in NFPA 70. Minimum rod size shall be 1/4 inch in diameter. 

E. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slottedsupport 
system, sized so capacity can be increased by at least 50 percent in future without exceeding 
specified design load limits. 

1. Secure raceways and cables to these supports with single-bolt conduit clamps. 

F. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch and smaller raceways serving branch circuits and communication systems above 
suspended ceilings, and for fastening raceways to trapeze supports. 
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3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 
article. 

B. Raceway Support Methods: In addition to methods described in NECA 1, EMT may be 
supported by openings through structure members, according to NFPA 70. 

C. Strength of Support Assemblies: Where not indicated, select sizes of components so strength 
will be adequate to carry present and future static loads within specified loading limits. 
Minimum static design load used for strength determination shall be weight of supported 
components plus 200 lb. 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten 
electrical items and their supports to building structural elements by the following methods 
unless otherwise indicated by code: 

1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts. 
3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units. 
4. To Existing Concrete: Expansion anchor fasteners. 
5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock 

washers and nuts may be used in existing standard-weight concrete 4 inches thick or 
greater. Do not use for anchorage to lightweight-aggregate concrete or for slabs less than 
4 inches thick. 

6. To Steel:  Beam clamps (MSS SP-58,Type 19, 21, 23, 25, or 27), complying with 
MSS SP-69. 

7. To Light Steel: Sheet metal screws. 
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 
transformers, and other devices on slotted-channel racks attached to substrate by means 
that comply with seismic-restraint strength and anchorage requirements. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for 
reinforcing bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Section 055000 "Metal Fabrications" for site-
fabricated metal supports. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 
to support and anchor electrical materials and equipment. 

C. Field Welding: Comply with AWS D1.1/D1.1M. 

END OF SECTION 260529 
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SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Metal conduits and fittings. 
2. Nonmetallic conduits and fittings. 
3. Metal wireways and auxiliary gutters. 
4. Nonmetal wireways and auxiliary gutters. 
5. Surface raceways. 
6. Boxes, enclosures, and cabinets. 
7. Handholes and boxes for exterior underground cabling. 

B. Related Requirements: 

1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior 
ductbanks, manholes, and underground utility construction. 

2. Section 270528 "Pathways for Communications Systems" for conduits, wireways, 
surface pathways, innerduct, boxes, faceplate adapters, enclosures, cabinets, and 
handholes serving communications systems. 

3. Section 280528 "Pathways for Electronic Safety and Security" for conduits, surface 
pathways, innerduct, boxes, and faceplate adapters serving electronic safety and security. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and 
attachment details. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Conduit routing plans, drawn to scale, on which the following items 
are shown and coordinated with each other, using input from installers of items involved: 

1. Structural members in paths of conduit groups with common supports. 
2. HVAC and plumbing items and architectural features in paths of conduit groups with 

common supports. 

B. Seismic Qualification Data: Certificates, for enclosures, cabinets, and conduit racks and their 
mounting provisions, including those for internal components, from manufacturer. 



Offshore Wind Safety Center - Training Room                                                                    Issue for Permit 
Atlantic City, NJ                                                                                                                   October 27, 2021 

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 - 2 

PART 2 - PRODUCTS 

2.1 METAL CONDUITS AND FITTINGS 

A. Metal Conduit: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. AFC Cable Systems; a part of Atkore International. 
b. Allied Tube & Conduit; a part of Atkore International. 
c. Anamet Electrical, Inc. 
d. Calconduit. 
e. Electri-Flex Company. 
f. FSR Inc. 
g. Korkap. 
h. NEC, Inc. 
i. Opti-Com Manufacturing Network, Inc (OMNI). 
j. O-Z/Gedney; a brand of Emerson Industrial Automation. 
k. Patriot Aluminum Products, LLC. 
l. Perma-Cote. 

2. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

3. GRC: Comply with ANSI C80.1 and UL 6. 
4. ARC: Comply with ANSI C80.5 and UL 6A. 
5. IMC: Comply with ANSI C80.6 and UL 1242. 
6. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit. 

a. Comply with NEMA RN 1. 
b. Coating Thickness: 0.040 inch, minimum. 

7. EMT: Comply with ANSI C80.3 and UL 797. 
8. FMC: Comply with UL 1; aluminum. 
9. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360. 

B. Metal Fittings: Comply with NEMA FB 1 and UL 514B. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. AFC Cable Systems; a part of Atkore International. 
b. Allied Tube & Conduit; a part of Atkore International. 
c. Anamet Electrical, Inc. 
d. Calconduit. 
e. Electri-Flex Company. 
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f. FSR Inc. 
g. Korkap. 
h. NEC, Inc. 
i. NewBasis. 
j. Opti-Com Manufacturing Network, Inc (OMNI). 
k. O-Z/Gedney; a brand of Emerson Industrial Automation. 
l. Patriot Aluminum Products, LLC. 
m. Perma-Cote. 

2. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing 
agency, and marked for intended location and application. 

3. Fittings, General: Listed and labeled for type of conduit, location, and use. 
4. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 1203 and 

NFPA 70. 
5. Fittings for EMT: 

a. Material:  Steel. 
b. Type:  compression. 

6. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated 
for environmental conditions where installed, and including flexible external bonding 
jumper. 

7. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, with 
overlapping sleeves protecting threaded joints. 

C. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authorities 
having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and 
protect threaded conduit joints from corrosion and to enhance their conductivity. 

2.2 NONMETALLIC CONDUITS AND FITTINGS 

A. Nonmetallic Conduit: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. AFC Cable Systems; a part of Atkore International. 
b. CANTEX INC. 
c. Condux International, Inc. 
d. Kraloy. 
e. RACO; Hubbell. 
f. Thomas & Betts Corporation; A Member of the ABB Group. 

B. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing agency, 
and marked for intended location and application. 

1. ENT: Comply with NEMA TC 13 and UL 1653. 
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2. RNC:  Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise 
indicated. 

3. LFNC: Comply with UL 1660. 

C. Nonmetallic Fittings: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. CANTEX INC. 
b. Condux International, Inc. 
c. Kraloy. 
d. RACO; Hubbell. 
e. Thomas & Betts Corporation; A Member of the ABB Group. 

2. Fittings, General: Listed and labeled for type of conduit, location, and use. 

3. Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or tubing type 
and material. 

4. Fittings for LFNC: Comply with UL 514B. 
5. Solvents and Adhesives: As recommended by conduit manufacturer. 

2.3 METAL WIREWAYS AND AUXILIARY GUTTERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. B-line, an Eaton business. 
2. Square D. 

B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 Type 3R unless 
otherwise indicated, and sized according to NFPA 70. 

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, 
hold-down straps, end caps, and other fittings to match and mate with wireways as required for 
complete system. 

2.4 NONMETALLIC WIREWAYS AND AUXILIARY GUTTERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Allied Moulded Products, Inc. 
2. Hoffman; a brand of nVent. 
3. Lamson & Sessions. 
4. Niedax Inc. 
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B. Listing and Labeling: Nonmetallic wireways and auxiliary gutters shall be listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

C. Description: PVC, extruded and fabricated to required size and shape, and having snap-on 
cover, mechanically coupled connections, and plastic fasteners. 

D. Fittings and Accessories: Couplings, offsets, elbows, expansion joints, adapters, hold-down 
straps, end caps, and other fittings shall match and mate with wireways as required for complete 
system. 

E. Solvents and Adhesives: As recommended by conduit manufacturer. 

2.5 BOXES, ENCLOSURES, AND CABINETS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Crouse-Hinds, an Eaton business. 
2. EGS/Appleton Electric. 
3. Erickson Electrical Equipment Company. 
4. Hoffman; a brand of nVent. 
5. Hubbell Incorporated. 
6. Hubbell Incorporated; Wiring Device-Kellems. 
7. Milbank Manufacturing Co. 
8. O-Z/Gedney; a brand of Emerson Industrial Automation. 

B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets 
installed in wet locations shall be listed for use in wet locations. 

C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, aluminum, Type FD, with 
gasketed cover. 

E. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C. 

F. Metal Floor Boxes: 

1. Material:  Cast metal or sheet metal. 
2. Type:  Semi-adjustable. 
3. Shape: Rectangular. 
4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in 

NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

G. Nonmetallic Floor Boxes: Nonadjustable, rectangular. 
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1. Listing and Labeling: Nonmetallic floor boxes shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

H. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb. 
Outlet boxes designed for attachment of luminaires weighing more than 50 lb shall be listed and 
marked for the maximum allowable weight. 

I. Paddle Fan Outlet Boxes: Nonadjustable, designed for attachment of paddle fan weighing 70 lb. 

1. Listing and labeling: Paddle fan outlet boxes shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

J. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

K. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast 
aluminum with gasketed cover. 

L. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box. 

M. Device Box Dimensions:  4 inches square by 2-1/8 inches deep. 

N. Gangable boxes are prohibited. 

O. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 Type 3R with 
continuous-hinge cover with flush latch unless otherwise indicated. 

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel. 
2. Nonmetallic Enclosures: Plastic. 
3. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

P. Cabinets: 

1. NEMA 250, Type 1 Type 3R galvanized-steel box with removable interior panel and 
removable front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

2.6 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING 

A. General Requirements for Handholes and Boxes: 

1. Boxes and handholes for use in underground systems shall be designed and identified as 
defined in NFPA 70, for intended location and application. 
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2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover: Molded of sand and 
aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a 
combination of the two. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Armorcast Products Company. 
b. NewBasis. 
c. Oldcastle Enclosure Solutions. 
d. Oldcastle Precast, Inc. 
e. Quazite: Hubbell Power Systems, Inc. 

2. Standard: Comply with SCTE 77. 
3. Configuration: Designed for flush burial with integral closed bottom unless otherwise 

indicated. 
4. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure and handhole location. 
5. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 
6. Cover Legend: Molded lettering, "ELECTRIC.". 
7. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts 

for secure, fixed installation in enclosure wall. 

C. Fiberglass Handholes and Boxes: Molded of fiberglass-reinforced polyester resin, with frame 
and covers of polymer concrete. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Armorcast Products Company. 
b. NewBasis. 
c. Nordic Fiberglass, Inc. 
d. Oldcastle Enclosure Solutions. 
e. Oldcastle Enclosure Solutions. 
f. Oldcastle Precast, Inc. 
g. Quazite: Hubbell Power Systems, Inc. 

2. Standard: Comply with SCTE 77. 
3. Configuration: Designed for flush burial with integral closed bottom unless otherwise 

indicated. 
4. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure and handhole location. 
5. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 
6. Cover Legend: Molded lettering, "ELECTRIC.". 
7. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts 

for secure, fixed installation in enclosure wall. 
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PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed Conduit:  RNC, Type EPC-80-PVC. 
2. Concealed Conduit, Aboveground:  RNC, Type EPC-40-PVC. 
3. Underground Conduit: RNC, Type EPC-40-PVC. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 
5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R. 

B. Indoors: Apply raceway products as specified below unless otherwise indicated. 

1. Exposed, Not Subject to Physical Damage:  EMT. 
2. Exposed, Not Subject to Severe Physical Damage:  EMT. 
3. Exposed and Subject to Severe Physical Damage:  GRC. Raceway locations include the 

following: 

a. Loading dock. 
b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 
c. Mechanical & Electrical rooms. 
d. Barns, Stables, maintenance buildings and other similar buildings. 
e. Band Shell. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet 
locations. 

6. Damp or Wet Locations:  GRC. 
7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 stainless 

steel in institutional and commercial kitchens and damp or wet locations. 

C. Minimum Raceway Size:  3/4-inch trade size. 

D. Raceway Fittings: Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless 
otherwise indicated. Comply with NEMA FB 2.10. 

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this 
type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after 
installing conduits and fittings. Use sealant recommended by fitting manufacturer and 
apply in thickness and number of coats recommended by manufacturer. 

3. EMT: Use compression, steel fittings. Comply with NEMA FB 2.10. 
4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20. 

E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth. 
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F. Install surface raceways only where indicated on Drawings. 

G. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F. 

3.2 INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements 
on Drawings or in this article are stricter. Comply with NECA 102 for aluminum conduits. 
Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies and 
number of floors. 

B. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes. 
Install horizontal raceway runs above water and steam piping. 

C. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" 
for hangers and supports. 

D. Arrange stub-ups so curved portions of bends are not visible above finished slab. 

E. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
control wiring conduits, for which fewer bends are allowed. Support within 12 inches of 
changes in direction. 

F. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. 
Install conduits parallel or perpendicular to building lines. 

G. Support conduit within 12 inches of enclosures to which attached. 

H. Raceways Embedded in Slabs: 

1. Run conduit larger than 1-inch trade size, parallel or at right angles to main 
reinforcement. Where at right angles to reinforcement, place conduit close to slab 
support. Secure raceways to reinforcement at maximum 10-foot intervals. 

2. Arrange raceways to cross building expansion joints at right angles with expansion 
fittings. 

3. Arrange raceways to keep a minimum of 1 inch of concrete cover in all directions. 
4. Do not embed threadless fittings in concrete unless specifically approved by Architect for 

each specific location. 
5. Change from ENT to GRC or IMC before rising above floor. 

I. Stub-ups to Above Recessed Ceilings: 

1. Use EMT, IMC, or RMC for raceways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure. 

J. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply 
listed compound to threads of raceway and fittings before making up joints. Follow compound 
manufacturer's written instructions. 
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K. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive 
compound prior to assembly. 

L. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings 
to protect conductors including conductors smaller than No. 4 AWG. 

M. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes 
or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal 
bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts. Install insulated 
throat metal grounding bushings on service conduits. 

N. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not 
less than 200-lb tensile strength. Leave at least 12 inches of slack at each end of pull wire. Cap 
underground raceways designated as spare above grade alongside raceways in use. 

O. Surface Raceways: 

1. Install surface raceway with a minimum 2-inchradius control at bend points. 
2. Secure surface raceway with screws or other anchor-type devices at intervals not 

exceeding 48 inches and with no less than two supports per straight raceway section. 
Support surface raceway according to manufacturer's written instructions. Tape and glue 
are not acceptable support methods. 

P. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a 
blank cover plate having a finish similar to that of adjacent plates or surfaces. 

Q. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or 
boxes are between the seal and the following changes of environments. Seal the interior of all 
raceways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces. 

2. Where an underground service raceway enters a building or structure. 
3. Where otherwise required by NFPA 70. 

R. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg F and that has straight-run length that exceeds 25 feet. 

2. Install type and quantity of fittings that accommodate temperature change listed for each 
of the following locations: 

a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F temperature 
change. 

b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F temperature change. 
c. Indoor Spaces Connected with Outdoors without Physical Separation:  125 deg F 

temperature change. 
d. Attics:  135 deg F temperature change. 
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3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 
of length of straight run per degree F of temperature change for PVC conduits. 

4. Install expansion fittings at all locations where conduits cross building or structure 
expansion joints. 

5. Install each expansion-joint fitting with position, mounting, and piston setting selected 
according to manufacturer's written instructions for conditions at specific location at time 
of installation. Install conduit supports to allow for expansion movement. 

S. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches of 
flexible conduit for recessed and semirecessed luminaires,  equipment subject to vibration, noise 
transmission, or movement; and for transformers and motors. 

1. Use LFMC in damp or wet locations subject to severe physical damage. 
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage. 

T. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 
individually indicated, give priority to ADA requirements. Install boxes with height measured to 
center of box unless otherwise indicated. 

U. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, 
and install box flush with surface of wall. Prepare block surfaces to provide a flat surface for a 
raintight connection between the box and cover plate or the supported equipment and box. 

V. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel. 

W. Locate boxes so that cover or plate will not span different building finishes. 

X. Support boxes of three gangs or more from more than one side by spanning two framing 
members or mounting on brackets specifically designed for the purpose. 

Y. Fasten junction and pull boxes to or support from building structure. Do not support boxes by 
conduits. 

Z. Set metal floor boxes level and flush with finished floor surface. 

AA. Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface. 

3.3 INSTALLATION OF UNDERGROUND CONDUIT 

A. Direct-Buried Conduit: 

1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench 
bottom as specified in Section 312000 "Earth Moving" for pipe less than 6 inches in 
nominal diameter. 

2. Install backfill as specified in Section 312000 "Earth Moving." 
3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end 

of conduit run, leaving conduit at end of run free to move with expansion and contraction 
as temperature changes during this process. Firmly hand tamp backfill around conduit to 
provide maximum supporting strength. After placing controlled backfill to within 12 
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inches of finished grade, make final conduit connection at end of run and complete 
backfilling with normal compaction as specified in Section 312000 "Earth Moving." 

4. Install manufactured duct elbows for stub-up at poles and equipment and at building 
entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts 
throughout length of elbow. 

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and 
at building entrances through floor. 

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase 
coupling with 3 inches of concrete for a minimum of 12 inches on each side of the 
coupling. 

b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits 
penetrate building foundations, extend steel conduit horizontally a minimum of 
60 inches from edge of foundation or equipment base. Install insulated grounding 
bushings on terminations at equipment. 

6. Underground Warning Tape: Comply with requirements in Section 260553 
"Identification for Electrical Systems." 

3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES 

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with 
connecting conduits to minimize bends and deflections required for proper entrances. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 
1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth. 

C. Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of 
other enclosures 1 inch above finished grade. 

D. Install handholes with bottom below frost line, 36” below grade. 

E. Field-cut openings for conduits according to enclosure manufacturer's written instructions. Cut 
wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings 
to be used, and seal around penetrations after fittings are installed. 

3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 
with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and 
Cabling." 

3.6 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 
requirements in Section 078413 "Penetration Firestopping." 
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3.7 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

2. Repair damage to PVC coatings or paint finishes with matching touchup coating 
recommended by manufacturer. 

END OF SECTION 260533 
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SECTION 260544 - SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND 
CABLING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors. 
2. Sleeve-seal systems. 
3. Sleeve-seal fittings. 
4. Grout. 
5. Silicone sealants. 

B. Related Requirements: 

1. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-
resistance-rated walls, horizontal assemblies, and smoke barriers, with and without 
penetrating items. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Wall Sleeves: 

1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, 
plain ends. 

2. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure 
pipe, with plain ends and integral waterstop unless otherwise indicated. 

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel 
sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with 
tabs for screw-fastening the sleeve to the board. 

C. Sleeves for Rectangular Openings: 
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1. Material: Galvanized sheet steel. 
2. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches and with no side 
larger than 16 inches, thickness shall be 0.052 inch. 

b. For sleeve cross-section rectangle perimeter 50 inches or more and one or more 
sides larger than 16 inches, thickness shall be 0.138 inch. 

2.2 SLEEVE-SEAL SYSTEMS 

A. Description: Modular sealing device, designed for field assembly, to fill annular space between 
sleeve and raceway or cable. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Advance Products & Systems, Inc. 
b. CALPICO, Inc. 
c. Metraflex Company (The). 
d. Pipeline Seal and Insulator, Inc. 
e. Proco Products, Inc. 

2. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of pipe. Include 
type and number required for pipe material and size of pipe. 

3. Pressure Plates:  Stainless steel. 
4. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to 

sealing elements. 

2.3 SLEEVE-SEAL FITTINGS 

A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in 
concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to 
match piping OD. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. HOLDRITE. 



Offshore Wind Safety Center - Training Room                                                                  Issue for Permit 
Atlantic City, NJ                                                                                                                 October 27, 2021 

SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND 
CABLING 

260544 - 3 

2.4 GROUT 

A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-
rated walls or floors. 

B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, 
hydraulic-cement grout. 

C. Design Mix: 5000-psi, 28-day compressive strength. 

D. Packaging: Premixed and factory packaged. 

2.5 SILICONE SEALANTS 

A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of 
grade indicated below. 

1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal 
surfaces that are not fire rated. 

B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand 
and cure in place to produce a flexible, nonshrinking foam. 

PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS 

A. Comply with NECA 1. 

B. Comply with NEMA VE 2 for cable tray and cable penetrations. 

C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit 
Floors and Walls: 

1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 

a. Seal annular space between sleeve and raceway or cable, using joint sealant 
appropriate for size, depth, and location of joint. Comply with requirements in 
Section 079200 "Joint Sealants." 

b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly 
between sleeve and wall so no voids remain. Tool exposed surfaces smooth; 
protect material while curing. 

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 
3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or 

cable unless sleeve seal is to be installed or unless seismic criteria require different 
clearance. 
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4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are 
used. Install sleeves during erection of walls. Cut sleeves to length for mounting flush 
with both surfaces of walls. Deburr after cutting. 

5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 inches above 
finished floor level. Install sleeves during erection of floors. 

D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 

1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved 
opening. 

2. Seal space outside of sleeves with approved joint compound for gypsum board 
assemblies. 

E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible 
boot-type flashing units applied in coordination with roofing work. 

F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and 
mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space between pipe 
and sleeve for installing mechanical sleeve seals. 

G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves 
to allow for 1-inch annular clear space between raceway or cable and sleeve for installing 
sleeve-seal system. 

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway 
entries into building. 

B. Install type and number of sealing elements recommended by manufacturer for raceway or 
cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical 
sleeve seals and install in annular space between raceway or cable and sleeve. Tighten bolts 
against pressure plates that cause sealing elements to expand and make watertight seal. 

3.3 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and 
walls. Position waterstop flange to be centered in concrete slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Using grout, seal the space around outside of sleeve-seal fittings. 

END OF SECTION 260544 
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Color and legend requirements for raceways, conductors, and warning labels and signs. 
2. Labels. 
3. Bands and tubes. 
4. Tapes and stencils. 
5. Tags. 
6. Signs. 
7. Cable ties. 
8. Paint for identification. 
9. Fasteners for labels and signs. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples: For each type of label and sign to illustrate composition, size, colors, lettering style, 
mounting provisions, and graphic features of identification products. 

C. Delegated-Design Submittal: For arc-flash hazard study. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ASME A13.1 and IEEE C2. 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 
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E. Comply with NFPA 70E and Section 260574 "Overcurrent Protective Device Arc-Flash Study" 
requirements for arc-flash warning labels. 

F. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 
used by label printers, shall comply with UL 969. 

G. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes. 

1. Temperature Change:  120 deg F, ambient; 180 deg F, material surfaces. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Raceways and Cables Carrying Circuits at 600 V or Less:  

1. Black letters on an orange field. 
2. Legend: Indicate voltage and system or service type. 

B. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed 
below for ungrounded  feeder and branch-circuit conductors. 

1. Color shall be factory applied. 
2. Colors for 208/120-V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 
c. Phase C: Blue. 

3. Colors for 240-V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 

4. Colors for 480/277-V Circuits: 

a. Phase A: Brown. 
b. Phase B: Orange. 
c. Phase C: Yellow. 

5. Color for Neutral:  White. 
6. Color for Equipment Grounds:  Bare copper, Green, or Green with a yellow stripe. 
7. Colors for Isolated Grounds: Green with white stripe. 

C. Warning Label Colors: 

1. Identify system voltage with black letters on an orange background. 

D. Warning labels and signs shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 
EQUIPMENT HAS MULTIPLE POWER SOURCES." 
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2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES." 

E. Equipment Identification Labels: 

1. Black letters on a white field. 

a. Panelboards: Typewritten directory of circuits in the location provided by 
panelboard manufacturer. Panelboard identification shall be self-adhesive, 
engraved, laminated acrylic or melamine label. 

b. Enclosures and electrical cabinets. 
c. Access doors and panels for concealed electrical items. 
d. Switchgear. 
e. Switchboards. 
f. Transformers: Label that includes tag designation shown on Drawings for the 

transformer, feeder, and panelboards or equipment supplied by the secondary. 
g. Substations. 
h. Emergency system boxes and enclosures. 
i. Enclosed switches. 
j. Enclosed circuit breakers. 
k. Enclosed controllers. 
l. Variable-speed controllers. 
m. Push-button stations. 
n. Power transfer equipment. 
o. Contactors. 
p. Remote-controlled switches, dimmer modules, and control devices. 
q. Battery racks. 
r. Power-generating units. 
s. Monitoring and control equipment. 
t. UPS equipment. 
u. BMS Server. 
v. Lighting Control System equipment. 

2.3 LABELS 

A. Vinyl Wraparound Labels: Preprinted, flexible labels laminated with a clear, weather- and 
chemical-resistant coating and matching wraparound clear adhesive tape for securing label ends. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Champion America. 
c. emedco. 
d. Grafoplast Wire Markers. 
e. HellermannTyton. 
f. LEM Products Inc. 
g. Marking Services, Inc. 
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h. Panduit Corp. 
i. Seton Identification Products. 

B. Snap-around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves, with 
diameters sized to suit diameter and that stay in place by gripping action. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. HellermannTyton. 
c. Marking Services, Inc. 
d. Panduit Corp. 
e. Seton Identification Products. 

C. Self-Adhesive Wraparound Labels:  Preprinted, 3-mil-thick, polyester flexible label with acrylic 
pressure-sensitive adhesive. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. A'n D Cable Products. 
b. Brady Corporation. 
c. Brother International Corporation. 
d. Grafoplast Wire Markers. 
e. Ideal Industries, Inc. 
f. LEM Products Inc. 
g. Marking Services, Inc. 
h. Panduit Corp. 
i. Seton Identification Products. 

2. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, protective 
shield over the legend. Labels sized such that the clear shield overlaps the entire printed 
legend. 

3. Marker for Labels: Permanent, waterproof, black ink marker recommended by tag 
manufacturer. 

4. Marker for Labels: Machine-printed, permanent, waterproof, black ink recommended by 
printer manufacturer. 

D. Self-Adhesive Labels:  Polyester, thermal, transfer-printed, 3-mil-thick, multicolor, weather- 
and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and location. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. A'n D Cable Products. 
b. Brady Corporation. 
c. Brother International Corporation. 
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d. emedco. 
e. Grafoplast Wire Markers. 
f. HellermannTyton. 
g. Ideal Industries, Inc. 
h. LEM Products Inc. 
i. Marking Services, Inc. 
j. Panduit Corp. 
k. Seton Identification Products. 

2. Minimum Nominal Size: 

a. 1-1/2 by 6 inchesfor raceway and conductors. 
b. 3-1/2 by 5 inchesfor equipment. 
c. As required by authorities having jurisdiction. 

2.4 BANDS AND TUBES 

A. Snap-around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeves, 2 
inches long, with diameters sized to suit diameter and that stay in place by gripping action. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. HellermannTyton. 
c. Marking Services, Inc. 
d. Panduit Corp. 

B. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed 
identification labels, sized to suit diameters of and shrunk to fit firmly around item being 
identified. Full shrink recovery occurs at a maximum of 200 deg F. Comply with UL 224. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Panduit Corp. 

2.5 TAPES AND STENCILS 

A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 
legend machine printed by thermal transfer or equivalent process. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 
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a. Carlton Industries, LP. 
b. Champion America. 
c. HellermannTyton. 
d. Ideal Industries, Inc. 
e. Marking Services, Inc. 
f. Panduit Corp. 

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils 
thick by 1 to 2 inches wide; compounded for outdoor use. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. emedco. 
d. Marking Services, Inc. 

C. Tape and Stencil: 4-inch-wide black stripes on 10-inch centers placed diagonally over orange 
background and is 12 inches wide. Stop stripes at legends. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. HellermannTyton. 
b. LEM Products Inc. 
c. Marking Services, Inc. 
d. Seton Identification Products. 

D. Floor Marking Tape: 2-inch-wide, 5-mil pressure-sensitive vinyl tape, with yellow and black 
stripes and clear vinyl overlay. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Carlton Industries, LP. 
b. Seton Identification Products. 

E. Underground-Line Warning Tape: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Ideal Industries, Inc. 
c. LEM Products Inc. 
d. Marking Services, Inc. 
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e. Reef Industries, Inc. 
f. Seton Identification Products. 

2. Tape: 

a. Recommended by manufacturer for the method of installation and suitable to 
identify and locate underground electrical and communications utility lines. 

b. Printing on tape shall be permanent and shall not be damaged by burial operations. 
c. Tape material and ink shall be chemically inert and not subject to degradation 

when exposed to acids, alkalis, and other destructive substances commonly found 
in soils. 

3. Color and Printing: 

a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and 
ANSI Z535.5. 

b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH VOLTAGE". 
c. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV CABLE, 

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE". 

4. Tag:  Type I: 

a. Pigmented polyolefin, bright colored, continuous-printed on one side with the 
inscription of the utility,  compounded for direct-burial service. 

b. Width: 3 inches. 
c. Thickness: 4 mils. 
d. Weight: 18.5 lb/1000 sq. ft.. 
e. Tensile according to ASTM D 882: 30 lbf and 2500 psi. 

5. Tag:  Type ID: 

a. Detectable three-layer laminate, consisting of a printed pigmented polyolefin film, 
a solid aluminum-foil core, and a clear protective film that allows inspection of the 
continuity of the conductive core; bright colored, continuous-printed on one side 
with the inscription of the utility,  compounded for direct-burial service. 

b. Width: 3 inches. 
c. Overall Thickness: 5 mils. 
d. Foil Core Thickness: 0.35 mil. 
e. Weight: 28 lb/1000 sq. ft.. 
f. Tensile according to ASTM D 882: 70 lbf and 4600 psi. 

F. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be 
1 inch. 

2.6 TAGS 

A. Write-on Tags: 
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1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Carlton Industries, LP. 
b. LEM Products Inc. 
c. Seton Identification Products. 

2. Polyester Tags:  0.015 inch thick, with corrosion-resistant grommet and cable tie for 
attachment. 

3. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag 
manufacturer. 

4. Marker for Tags: Machine-printed, permanent, waterproof, black ink marker 
recommended by printer manufacturer. 

2.7 SIGNS 

A. Baked-Enamel Signs: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Carlton Industries, LP. 
b. Champion America. 
c. emedco. 
d. Marking Services, Inc. 

2. Preprinted aluminum signs, high-intensity reflective,  punched or drilled for fasteners, 
with colors, legend, and size required for application. 

3. 1/4-inch grommets in corners for mounting. 
4. Nominal Size: 7 by 10 inches. 

B. Metal-Backed Butyrate Signs: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Champion America. 
c. emedco. 
d. Marking Services, Inc. 

2. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs, with 0.0396-
inch galvanized-steel backing, punched and drilled for fasteners, and with colors, legend, 
and size required for application. 

3. 1/4-inch grommets in corners for mounting. 
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4. Nominal Size: 10 by 14 inches. 

C. Laminated Acrylic or Melamine Plastic Signs: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. emedco. 
d. Marking Services, Inc. 

2. Engraved legend. 

3. Thickness: 

a. For signs up to 20 sq. in., minimum 1/16 inch thick. 
b. For signs larger than 20 sq. in., 1/8 inch thick. 
c. Engraved legend with black letters on white face. 
d.  Self-adhesive. 
e. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 

2.8 CABLE TIES 

A. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, and 
Type 6/6 nylon. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 Deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black, except where used for color-coding. 

B. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, 
self-extinguishing, one piece, self-locking, and Type 6/6 nylon. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 Deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black. 

C. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 Deg F according to ASTM D 638: 7000 psi. 
3. UL 94 Flame Rating: 94V-0. 
4. Temperature Range: Minus 50 to plus 284 deg F. 
5. Color: Black. 
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2.9 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Retain paint system applicable for surface material and location (exterior or 
interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine 
screws with nuts and flat and lock washers. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features with 
requirements in other Sections requiring identification applications, Drawings, Shop Drawings, 
manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent 
designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of each item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation 
and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, and maintenance 
of electrical systems and connected items. 

G. Self-Adhesive Identification Products: Before applying electrical identification products, clean 
substrates of substances that could impair bond, using materials and methods recommended by 
manufacturer of identification product. 

H. System Identification for Raceways and Cables under 600 V: Identification shall completely 
encircle cable or conduit. Place identification of two-color markings in contact, side by side. 

1. Secure tight to surface of conductor, cable, or raceway. 

I. System Identification for Raceways and Cables over 600 V: Identification shall completely 
encircle cable or conduit. Place adjacent identification of two-color markings in contact, side by 
side. 

1. Secure tight to surface of conductor, cable, or raceway. 

J. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, 
and signal connections. 
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K. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red 
background with minimum 3/8-inch-high letters for emergency instructions at equipment used 
for power transfer and load shedding. 

L. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for 
viewing from the floor. 

M. Accessible Fittings for Raceways: Identify the covers of each junction and pull box of the 
following systems with the wiring system legend and system voltage. System legends shall be 
as follows: 

1. "EMERGENCY POWER." 
2. "POWER." 
3. "UPS." 

N. Vinyl Wraparound Labels: 

1. Secure tight to surface at a location with high visibility and accessibility. 
2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive 

appropriate to the location and substrate. 

O. Snap-around Labels: Secure tight to surface at a location with high visibility and accessibility. 

P. Self-Adhesive Wraparound Labels: Secure tight to surface of raceway or cable at a location 
with high visibility and accessibility. 

Q. Self-Adhesive Labels: 

1. On each unit of equipment, install unique designation label that is consistent with wiring 
diagrams, schedules, and operation and maintenance manual. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters on 1-
1/2-inch-high label; where two lines of text are required, use labels 2 inches high. 

R. Snap-around Color-Coding Bands: Secure tight to surface at a location with high visibility and 
accessibility. 

S. Heat-Shrink, Preprinted Tubes: Secure tight to surface at a location with high visibility and 
accessibility. 

T. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility. 

U. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and 
accessibility. 

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum 
distance of 6 inches where splices or taps are made. Apply last two turns of tape with no 
tension to prevent possible unwinding. 

V. Tape and Stencil: Comply with requirements in painting Sections for surface preparation and 
paint application. 



Offshore Wind Safety Center - Training Room                                                                  Issue for Permit 
Atlantic City, NJ                                                                                                                 October 27, 2021 

IDENTIFICATION FOR ELECTRICAL SYSTEMS 260553 - 12 

W. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's written 
instructions. 

X. Underground Line Warning Tape: 

1. During backfilling of trenches, install continuous underground-line warning tape directly 
above cable or raceway at 6 to 8 inches below finished grade. Use multiple tapes where 
width of multiple lines installed in a common trench or concrete envelope exceeds 16 
inches overall. 

2. Limit use of underground-line warning tape to direct-buried cables. 
3. Install underground-line warning tape for direct-buried cables and cables in raceways. 

Y. Write-on Tags: 

1. Place in a location with high visibility and accessibility. 
2. Secure using UV-stabilized cable ties. 

Z. Baked-Enamel Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to the 
location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters on 
minimum 1-1/2-inch-high sign; where two lines of text are required, use signs minimum 
2 inches high. 

AA. Metal-Backed Butyrate Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to the 
location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters on 
minimum 1-1/2-inch-high sign; where two lines of text are required, use signs minimum 
2 inches high. 

BB. Laminated Acrylic or Melamine Plastic Signs: 

1. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners 
appropriate to the location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters on 
minimum 1-1/2-inch-high sign; where two lines of text are required, use signs minimum 
2 inches high. 

CC. Cable Ties: General purpose, for attaching tags, except as listed below: 

1. Outdoors: UV-stabilized nylon. 
2. In Spaces Handling Environmental Air: Plenum rated. 
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3.2 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing without 
interference with operation and maintenance of equipment. Install access doors or panels to 
provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, 
and locations of high visibility. Identify by system and circuit designation. 

C. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch 
Circuits, More Than 15A and 120 V to Ground: Identify with self-adhesive raceway labels. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-
foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested 
areas. 

D. Accessible Fittings for Raceways and Cables within Buildings: Identify the covers of each 
junction and pull box of the following systems with self-adhesive labels containing the wiring 
system legend and system voltage. System legends shall be as follows: 

1. "EMERGENCY POWER." 
2. "NORMAL POWER." 
3. "UPS." 
4. “LIFE SAFETY EMERGENCY POWER”. 

E. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and 
junction boxes, manholes, and handholes, use self-adhesive vinyl tape to identify the phase. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-
foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested 
areas. 

F. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, 
manholes, and handholes, use self-adhesive wraparound labelswith the conductor or cable 
designation, origin, and destination. 

G. Control-Circuit Conductor Termination Identification: For identification at terminations, 
provide heat-shrink preprinted tubes with the conductor designation. 

H. Conductors to Be Extended in the Future: Attach marker tape to conductors and list source. 

I. Auxiliary Electrical Systems Conductor Identification:  Self-adhesive vinyl tape that is uniform 
and consistent with system used by manufacturer for factory-installed connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 
pull points. Identify by system and circuit designation. 

J. Locations of Underground Lines: Underground-line warning tape for power, lighting, 
communication, and control wiring and optical-fiber cable. 
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K. Workspace Indication: Apply floor marking tape to finished surfaces. Show working clearances 
in the direction of access to live parts. Workspace shall comply with NFPA 70 and 
29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted panelboards and 
similar equipment in finished spaces. 

L. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded 
conductors. 

M. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-
adhesive equipment labels. 

1. Apply to exterior of door, cover, or other access. 
2. For equipment with multiple power or control sources, apply to door or cover of 

equipment, including, but not limited to, the following: 

a. Power-transfer switches. 
b. Controls with external control power connections. 

N. Arc Flash Warning Labeling: Self-adhesive labels. 

O. Operating Instruction Signs:  Self-adhesive labels. 

P. Emergency Operating Instruction Signs:  Self-adhesive labels with white legend on a red 
background with minimum 3/8-inch-high letters for emergency instructions at equipment used 
for power transfer and load shedding. 

Q. Equipment Identification Labels: 

1. Indoor Equipment:  Self-adhesive label. 
2. Outdoor Equipment:  Laminated acrylic or melamine sign. 

END OF SECTION 260553 
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SECTION 260923 - LIGHTING CONTROL DEVICES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Time switches. 
2. Photoelectric switches. 
3. Standalone daylight-harvesting switching and dimming controls. 
4. Indoor occupancy and vacancy sensors. 
5. Switchbox-mounted occupancy and vacancy sensors 
6. Digital timer light switches. 
7. High-bay occupancy and vacancy sensors. 
8. Outdoor motion sensors. 
9. Lighting contactors. 

B. Related Requirements: 

1. Section 262726 "Wiring Devices" for wall-box dimmers, non-networkable wall-switch 
occupancy sensors, and manual light switches. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Show installation details for the following: 

a. Occupancy sensors. 
b. Vacancy sensors. 

2. Interconnection diagrams showing field-installed wiring. 
3. Include diagrams for power, signal, and control wiring. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and elevations, drawn to scale and 
coordinated with each other, using input from installers of the items involved. 

B. Field quality-control reports. 

C. Sample warranty. 
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1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

B. Software and firmware operational documentation. 

1.5 WARRANTY 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace lighting control 
devices that fail(s) in materials or workmanship within specified warranty period. 

1. Warranty Period: 1 year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 TIME SWITCHES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Lutron Controls. 

B. Electronic Time Switches: Solid state, programmable, with alphanumeric display; complying 
with UL 917. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Contact Configuration:  SPST, DPST or DPDT as required. 
3. Contact Rating:  30-A inductive or resistive, 600-V ac. 
4. Programs: Eight on-off set points on a 24-hour schedule and an annual holiday schedule 

that overrides the weekly operation on holidays. 
5. Programs: Two on-off set points on a 24-hour schedule, allowing different set points for 

each day of the week and an annual holiday schedule that overrides the weekly operation 
on holidays. 

6. Programs: 12 channels; each channel is individually programmable with eight on-off set 
points on a 24-hour schedule. 

7. Programs: 12 channels; each channel is individually programmable with two on-off set 
points on a 24-hour schedule with a skip-a-day weekly schedule. 

8. Programs: 12 channels; each channel is individually programmable with two on-off set 
points on a 24-hour schedule, allowing different set points for each day of the week. 

9. Programs: 12 channels; each channel is individually programmable with 40 on-off 
operations per week and an annual holiday schedule that overrides the weekly operation 
on holidays. 

10. Programs: 12 channels; each channel is individually programmable with 40 on-off 
operations per week, plus four seasonal schedules that modify the basic program and an 
annual holiday schedule that overrides the weekly operation on holidays. 

11. Programs: 6 and an annual holiday schedule that overrides the weekly operation on 
holidays. 
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12. Circuitry: Allow connection of a photoelectric relay as substitute for on-off function of a 
program. 

13. Astronomic Time:  All channels. 
14. Automatic daylight savings time changeover. 
15. Battery Backup: Not less than seven days reserve, to maintain schedules and time clock. 

2.2 OUTDOOR PHOTOELECTRIC SWITCHES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Cooper Industries, Inc. 
2. Intermatic, Inc. 
3. Leviton Manufacturing Co., Inc. 
4. NSi Industries LLC. 
5. TE Connectivity Ltd. 

B. Description: Solid state, with SPST or DPST dry contacts as required rated for 1000 W 
incandescent or 1800 VA inductive, to operate connected relay, contactor coils, or 
microprocessor input; complying with UL 773A, and compatible with ballasts and LED lamps. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on and turn-off 
levels within that range, and a directional lens in front of the photocell to prevent fixed 
light sources from causing turn-off. 

3. Time Delay: Fifteen-second minimum, to prevent false operation. 
4. Surge Protection: Metal-oxide varistor. 
5. Mounting: Twist lock complies with NEMA C136.10, with base-and-stem mounting or 

stem-and-swivel mounting accessories as required to direct sensor to the north sky 
exposure. 

6. Failure Mode: Luminaire stays ON. 

C. Description: Solid state; one set of NO dry contacts rated for 24 V ac at 1 A, to operate 
connected load, complying with UL 773, and compatible with luminaire and lighting control 
panelboard. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on and turn-off 
levels within that range. 

3. Time Delay: Thirty-second minimum, to prevent false operation. 
4. Mounting: 1/2-inch threaded male conduit. 
5. Failure Mode: Luminaire stays ON. 

2.3 INDOOR OCCUPANCY AND VACANCY SENSORS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 
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1. Bryant Electric. 
2. Cooper Industries, Inc. 
3. Hubbell Building Automation, Inc. 
4. Intermatic, Inc. 
5. Leviton Manufacturing Co., Inc. 
6. Lithonia Lighting; Acuity Brands Lighting, Inc. 
7. Lutron Electronics Co., Inc. 
8. NSi Industries LLC. 
9. Philips Lighting Controls. 
10. RAB Lighting. 
11. Sensor Switch, Inc. 
12. Square D. 
13. WattStopper; a Legrand® Group brand. 

B. General Requirements for Sensors: 

1.  Ceiling-mounted, solid-state indoor occupancy and vacancy sensors. 
2. Passive infrared & Ultrasonic technology. 
3.  Separate power pack. 
4.  Wireless connection to switch; and BAS and lighting control system. 
5. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 

intended location and application. 
6. Operation: 

a. Occupancy Sensor: Unless otherwise indicated, turn lights on when coverage area 
is occupied, and turn them off when unoccupied; with a time delay for turning 
lights off, adjustable over a minimum range of 1 to 15 minutes. 

b. Vacancy Sensor: Unless otherwise indicated, lights are manually turned on and 
sensor turns lights off when the room is unoccupied; with a time delay for turning 
lights off, adjustable over a minimum range of 1 to 15 minutes. 

c. Combination Sensor: Unless otherwise indicated, sensor shall be programmed to 
turn lights on when coverage area is occupied and turn them off when unoccupied, 
or to turn off lights that have been manually turned on; with a time delay for 
turning lights off, adjustable over a minimum range of 1 to 15 minutes. 

7. Sensor Output:  Contacts rated to operate the connected relay, complying with UL 773A  
Wireless. 

8. Power:  Line voltage. 
9. Power Pack: Dry contacts rated for 20-A LED load at 120- and 277-V ac, for 13-A 

tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor has 24-V dc, 150-mA, Class 2 
power source, as defined by NFPA 70. 

10. Mounting: 

a. Sensor: Suitable for mounting in any position on a standard outlet box. 
b. Relay: Externally mounted through a 1/2-inch knockout in a standard electrical 

enclosure. 
c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged 

door. 

11. Indicator: Digital display, to show when motion is detected during testing and normal 
operation of sensor. 
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12. Bypass Switch: Override the "on" function in case of sensor failure. 
13. Automatic Light-Level Sensor: Adjustable from 2 to 200 fc; turn lights off when selected 

lighting level is present. 

C. PIR Type:  Ceiling mounted; detect occupants in coverage area by their heat and movement. 

1. Detector Sensitivity: Detect occurrences of 6-inch-minimum movement of any portion of 
a human body that presents a target of not less than 36 sq. in.. 

2. Detection Coverage (Room, Ceiling Mounted): Detect occupancy anywhere in a circular 
area of 1000 sq. ft. when mounted on a 96-inch-high ceiling. 

3. Detection Coverage (Corridor, Ceiling Mounted): Detect occupancy within 90 feet when 
mounted on a 10-foot-high ceiling. 

4. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere within a 180-
degree pattern centered on the sensor over an area of 3000 square feet when mounted 48 
inches above finished floor. 

D. Ultrasonic Type:  Ceiling mounted; detect occupants in coverage area through pattern changes 
of reflected ultrasonic energy. 

1. Detector Sensitivity: Detect a person of average size and weight moving not less than 12 
inches in either a horizontal or a vertical manner at an approximate speed of 12 inches/s. 

2. Detection Coverage (Small Room): Detect occupancy anywhere within a circular area of 
600 sq. ft. when mounted on a 96-inch-high ceiling. 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area 
of 1000 sq. ft. when mounted on a 96-inch-high ceiling. 

4. Detection Coverage (Large Room): Detect occupancy anywhere within a circular area of 
2000 sq. ft. when mounted on a 96-inch-high ceiling. 

5. Detection Coverage (Corridor): Detect occupancy anywhere within 90 feet when 
mounted on a 10-foot-high ceiling in a corridor not wider than 14 feet. 

6. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere within a 180-
degree pattern centered on the sensor over an area of 3000 square feet when mounted 84 
inches above finished floor. 

E. Dual-Technology Type:  Ceiling mounted; detect occupants in coverage area using PIR and 
ultrasonic detection methods. The particular technology or combination of technologies that 
control on-off functions is selectable in the field by operating controls on unit. 

1. Sensitivity Adjustment: Separate for each sensing technology. 
2. Detector Sensitivity: Detect occurrences of 6-inch-minimum movement of any portion of 

a human body that presents a target of not less than 36 sq. in., and detect a person of 
average size and weight moving not less than 12 inches in either a horizontal or a vertical 
manner at an approximate speed of 12 inches/s. 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area 
of 1000 sq. ft. when mounted on a 96-inch-high ceiling. 

4. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere within a 180-
degree pattern centered on the sensor over an area of 3000 square feet when mounted 48 
inches above finished floor. 
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2.4 SWITCHBOX-MOUNTED OCCUPANCY SENSORS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Bryant Electric. 
2. Cooper Industries, Inc. 
3. Hubbell Control Solutions; Hubbell Incorporated, Lighting. 
4. Intermatic, Inc. 
5. Lithonia Lighting; Acuity Brands Lighting, Inc. 
6. Lutron Electronics Co., Inc. 
7. Schneider Electric USA (Square D). 

B. General Requirements for Sensors: Automatic-wall-switch occupancy sensor with manual on-
off switch, suitable for mounting in a single gang switchbox, with provisions for connection to 
BAS using hardwired connection or using wireless connection. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Occupancy Sensor Operation: Unless otherwise indicated, turn lights on when coverage 
area is occupied, and turn lights off when unoccupied; with a time delay for turning lights 
off, adjustable over a minimum range of 1 to 15 minutes. 

3. Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F. 
4. Switch Rating: Not less than 800-VA LED load at 120 V, 1200-VA LED load at 277 V, 

and 800-W incandescent. 

C. Wall-Switch Sensor Tag WS1: 

1. Standard Range: 180-degree field of view, field adjustable from 180 to 40 degrees; with a 
minimum coverage area of 900 sq. ft. 

2. Sensing Technology: Dual technology - PIR and ultrasonic. 
3. Switch Type:dual circuit.  
4. Capable of controlling load in three-way application. 
5. Voltage: Dual voltage - 120 and 277 V. 
6. Ambient-Light Override: Concealed, field-adjustable, light-level sensor from 10 to 150 

fc. The switch prevents the lights from turning on when the light level is higher than the 
set point of the sensor. 

7. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes. 
8. Concealed, "off" time-delay selector at 30 seconds and 5, 10, and 20 minutes. 
9. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage patterns of 

the space and helps eliminate false "off" switching. 
10. Color: Black. 
11. Faceplate: Color matched to switch. 

D. Wall-Switch Sensor Tag WS2: 

1. Standard Range: 210-degree field of view, with a minimum coverage area of 900 sq. ft.. 
2. Sensing Technology: PIR. 
3. Switch Type: SP, manual "on," automatic "off."  
4. Capable of controlling load in three-way application. 
5. Voltage: Dual voltage, 120 and 277 V. 



Offshore Wind Safety Center - Training Room                                                                    Issue for Permit 
Atlantic City, NJ                                                                                                                  October 27, 2021 

LIGHTING CONTROL DEVICES 260923 - 7 

6. Ambient-Light Override: Concealed, field-adjustable, light-level sensor from 10 to 150 
fc. The switch prevents the lights from turning on when the light level is higher than the 
set point of the sensor. 

7. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes. 
8. Concealed, "off" time-delay selector at 30 seconds and 5, 10, and 20 minutes. 
9. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage patterns of 

the space and helps eliminate false "off" switching. 
10. Color: Black. 
11. Faceplate: Color matched to switch. 

2.5 DIGITAL TIMER LIGHT SWITCH 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Cooper Industries, Inc. 
2. Intermatic, Inc. 
3. Invensys Controls. 
4. Leviton Manufacturing Co., Inc. 
5. NSi Industries LLC. 
6. TE Connectivity Ltd. 

B. Description: Combination digital timer and conventional switch lighting control unit. 
Switchbox-mounted, backlit LCD display, with selectable time interval in 10-20 minute 
increments. 

1. Rated 960 W at 120-V ac for tungsten lighting, 10 A at 120-V ac or 10 amps at 277-V ac 
for LED, and 1/4 horsepower at 120-V ac. 

2. Integral relay for connection to BAS. 
3. VoltageDual voltage - 120 and 277 V. 
4. Color: Black 
5. Faceplate: Color matched to switch. 

2.6 OUTDOOR MOTION SENSORS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Bryant Electric. 
2. Cooper Industries, Inc. 
3. Hubbell Control Solutions; Hubbell Incorporated, Lighting. 
4. Leviton Manufacturing Co., Inc. 
5. Lithonia Lighting; Acuity Brands Lighting, Inc. 
6. RAB Lighting. 

B. General Requirements for Sensors: Solid-state outdoor motion sensors. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 
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2. Dual-technology (PIR and infrared) type, weatherproof. Detect occurrences of 6-inch-
minimum movement of any portion of a human body that presents a target of not less 
than 36 sq. in.. Comply with UL 773A. 

3. Switch Rating: 

a. Luminaire-Mounted Sensor:500-VA LED. 
b. Separately Mounted Sensor: Dry contacts rated for 20-A ballast load at 120- and 

277-V ac, for 13-A tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor has 24-
V dc, 150-mA, Class 2 power source, as defined by NFPA 70. 

4. Switch Type: SP, manual "on," automatic "off." 
5. Voltage: Dual voltage, 120- and 277-V type. 
6. Detector Coverage: 

a. Standard Range: 210-degree field of view, with a minimum coverage area of 900 
sq. ft.. 

b. Long Range: 180-degree field of view and 110-foot detection range. 

7. Ambient-Light Override: Concealed, field-adjustable, light-level sensor from 10 to 150 
fc. The switch prevents the lights from turning on when the light level is higher than the 
set point of the sensor. 

8. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes. 
9. Concealed, "off" time-delay selector at 30 seconds and 5, 10, and 20 minutes. 
10. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage patterns of 

the space and help eliminate false "off" switching. 
11. Operating Ambient Conditions: Suitable for operation in ambient temperatures ranging 

from minus 40 to plus 130 deg F, rated as "raintight" according to UL 773A. 

2.7 LIGHTING CONTACTORS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Allen-Bradley/Rockwell Automation. 
2. ASCO: a brand of Vertiv. 
3. Eaton. 
4. Schneider Electric USA (Square D). 

B. Description: Electrically operated and mechanically held, combination-type lighting contactors 
with fusible switch, complying with NEMA ICS 2 and UL 508. 

1. Current Rating for Switching: Listing or rating consistent with type of load served, 
including tungsten filament, inductive, and high-inrush ballast (ballast with 15 percent or 
less THD of normal load current). 

2. Fault Current Withstand Rating: Equal to or exceeding the available fault current at the 
point of installation. 

3. Enclosure: Comply with NEMA 250. 
4. Provide with control and pilot devices as indicated on Drawings, matching the NEMA 

type specified for the enclosure. 
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2.8 CONDUCTORS AND CABLES 

A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 
AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 

B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors not 
smaller than No. 18 AWG. Comply with requirements in Section 260519 "Low-Voltage 
Electrical Power Conductors and Cables." 

C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than 
No. 18 AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1. 

B. Examine lighting control devices before installation. Reject lighting control devices that are 
wet, moisture damaged, or mold damaged. 

C. Coordinate layout and installation of ceiling-mounted devices with other construction that 
penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, smoke 
detectors, fire-suppression systems, and partition assemblies. 

D. Install and aim sensors in locations to achieve not less than 90-percent coverage of areas 
indicated. Do not exceed coverage limits specified in manufacturer's written instructions. 

E. Mount electrically held lighting contactors with elastomeric isolator pads to eliminate structure-
borne vibration unless contactors are installed in an enclosure with factory-installed vibration 
isolators. 

3.2 WIRING INSTALLATION 

A. Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." Minimum conduit size is 1/2 inch. 

B. Wiring within Enclosures: Separate power-limited and nonpower-limited conductors according 
to conductor manufacturer's written instructions. 

C. Size conductors according to lighting control device manufacturer's written instructions unless 
otherwise indicated. 

D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in 
junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. 
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3.3 IDENTIFICATION 

A. Identify components and power and control wiring according to Section 260553 "Identification 
for Electrical Systems." 

B. Label time switches and contactors with a unique designation. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. Operational Test: After installing time switches and sensors, and after electrical circuitry 
has been energized, start units to confirm proper unit operation. 

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 
equipment. 

B. Lighting control devices will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

3.5 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months from date of Substantial 
Completion, provide on-site assistance in adjusting lighting control devices to suit actual 
occupied conditions. Provide up to two visits to Project during other-than-normal occupancy 
hours for this purpose. 

1. For occupancy and motion sensors, verify operation at outer limits of detector range. Set 
time delay to suit Owner's operations. 

2. For daylighting controls, adjust set points and deadband controls to suit Owner's 
operations. 

3. Align high-bay occupancy sensors using manufacturer's laser aiming tool. 

3.6 SOFTWARE SERVICE AGREEMENT 

A. Technical Support: Beginning at Substantial Completion, service agreement shall include 
software support for one year. 

B. Upgrade Service: At Substantial Completion, update software to latest version. Install and 
program software upgrades that become available within two years from date of Substantial 
Completion. Upgrading software shall include operating system and new or revised licenses for 
using software. 

1. Upgrade Notice: At least 30 days to allow Owner to schedule and access the system and 
to upgrade computer equipment if necessary. 
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3.7 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain lighting control devices. 

END OF SECTION 260923 
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SECTION 262726 - WIRING DEVICES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Straight-blade convenience receptacles. 
2. USB charger devices. 
3. GFCI receptacles. 
4. SPD receptacles. 
5. Toggle switches. 
6. Decorator-style convenience. 
7. Wall switch sensor light switches with dual technology sensors. 
8. Wall switch sensor light switches with passive infrared sensors. 
9. Wall switch sensor light switches with ultrasonic sensors. 
10. Digital timer light switches. 
11. Residential devices. 
12. Wall-box dimmers. 
13. Wall plates. 

1.2 DEFINITIONS 

A. Abbreviations of Manufacturers' Names: 

1. Cooper: Copper Wiring Devices; Division of Cooper Industries, Inc. 
2. Hubbell: Hubbell Incorporated: Wiring Devices-Kellems. 
3. Leviton: Leviton Mfg. Company, Inc. 
4. Pass & Seymour: Pass& Seymour/Legrand. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: List of legends and description of materials and process used for premarking 
wall plates. 

C. Samples: One for each type of device and wall plate specified, in each color specified. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

PART 2 - PRODUCTS 

2.1 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

C. Devices that are manufactured for use with modular plug-in connectors may be substituted 
under the following conditions: 

1. Connectors shall comply with UL 2459 and shall be made with stranding building wire. 
2. Devices shall comply with the requirements in this Section. 

D. Devices for Owner-Furnished Equipment: 

1. Receptacles: Match plug configurations. 

E. Source Limitations: Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer. 

2.2 STRAIGHT-BLADE RECEPTACLES 

A. Duplex Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 
Configuration 5-20R, UL 498, and FS W-C-596. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

2.3 USB CHARGER DEVICES 

A. Tamper-Resistant, USB Charger Receptacles: 12 V, 2.0 A, USB Type A; Comply with 
NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498 Supplement sd, UL 1310, and 
FS W-C-596. 
1. Description: Single-piece, rivetless, nickel-plated, all-brass grounding system. Nickel-

plated, brass mounting strap. 
2. USB Receptacles:  Dual, Type A. 
3. Line Voltage Receptacles:  Dual, two pole, three wire, and self-grounding. 
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2.4 GFCI RECEPTACLES 

A. General Description: 

1. 125 V, 20 A, straight blade, feed-through type. 
2. Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, UL 943 

Class A, and FS W-C-596. 
3. Include indicator light that shows when the GFCI has malfunctioned and no longer 

provides proper GFCI protection. 

B. Duplex GFCI Convenience Receptacles: 

C. Tamper-Resistant, Duplex GFCI Convenience Receptacles: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Hubbell Incorporated; Wiring Device-Kellems. 
b. Pass & Seymour/Legrand (Pass & Seymour). 

2.5 SPD RECEPTACLES 

A. General Description: Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 1449, and FS W-
C-596, with integral SPD in line to ground, line to neutral, and neutral to ground. 

1. 125 V, 20 A, straight blade type. 
2. SPD Components: Multiple metal-oxide varistors; with a nominal clamp-level rating of 

400 V and minimum single transient pulse energy dissipation of 240 J, according to 
IEEE C62.41.2 and IEEE C62.45. 

3. Active SPD Indication: Visual and audible, with light visible in face of device to indicate 
device is "active" or "no longer in service." 

B. Duplex SPD Convenience Receptacles: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

2. Description: Straight blade, 125 V, 20 A; NEMA WD 6 Configuration 5-20R. 

C. Isolated-Ground Duplex SPD Convenience Receptacles: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Eaton (Arrow Hart). 



Offshore Wind Safety Center - Training Room                                                                    Issue for Permit 
Atlantic City, NJ                                                                                                                   October 27, 2021 

WIRING DEVICES 262726 - 4 

b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

2. Description: 

a. Straight blade, 125 V, 20 A; NEMA WD 6 Configuration 5-20R. 
b. Equipment grounding contacts shall be connected only to the green grounding 

screw terminal of the device and with inherent electrical isolation from mounting 
strap. Isolation shall be integral to receptacle construction and not dependent on 
removable parts. 

D. Pilot-Light Switches, 120/277 V, 20 A: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

2. Description: Single pole, with LED-lighted handle, illuminated when switch is off. 

2.6 DECORATOR-STYLE DEVICES 

A. Convenience Receptacles: Square face, 125 V, 15 A; comply with NEMA WD 1, NEMA WD 6 
Configuration 5-20R, and UL 498. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

B. Tamper-Resistant Convenience Receptacles: Square face, 125 V, 20 A; comply with 
NEMA WD 1, NEMA WD 6 Configuration 5-20R, and UL 498. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 



Offshore Wind Safety Center - Training Room                                                                    Issue for Permit 
Atlantic City, NJ                                                                                                                   October 27, 2021 

WIRING DEVICES 262726 - 5 

2. Description: Labeled to comply with NFPA 70, "Receptacles, Cord Connectors, and 
Attachment Plugs (Caps)" Article, "Tamper-Resistant Receptacles in Dwelling Units" 
Section. 

C. Tamper-Resistant and Weather-Resistant Convenience Receptacles: Square face, 125 V, 15 A; 
comply with NEMA WD 1, NEMA WD 6 Configuration 5-15R, and UL 498. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

2. Description: Labeled to comply with NFPA 70, "Receptacles, Cord Connectors, and 
Attachment Plugs (Caps)" Article, "Tamper-Resistant Receptacles in Dwelling Units" 
Section, when installed in wet and damp locations. 

D. GFCI, Feed-Through Type, Convenience Receptacles: Square face, 125 V, 20 A; comply with 
NEMA WD 1, NEMA WD 6 Configuration 5-15R, UL 498, and UL 943 Class A. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

E. GFCI, Tamper-Resistant and Weather-Resistant Convenience Receptacles: Square face, 125 V, 
15 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-15R, UL 498, and UL 943 
Class A. 

1. Description: Labeled to comply with NFPA 70, "Receptacles, Cord Connectors, and 
Attachment Plugs (Caps)" Article, "Tamper-Resistant Receptacles in Dwelling Units" 
Section. 

F. Toggle Switches: Square Face, 120/277 V, 15 A: Comply with NEMA WD 1, UL 20, and 
FS W-S-896. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 
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G. Lighted Toggle Switches: Square Face, 120 V, 15 A: Comply with NEMA WD 1 and UL 20. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

2. Description: With LED-lighted handle, illuminated when switch is off. 

2.7 WALL PLATES 

A. Single and combination types shall match corresponding wiring devices. 

1. Plate-Securing Screws: Metal with head color to match plate finish. 
2. Material for Finished Spaces:  Steel with white baked enamel, suitable for field painting. 
3. Material for Unfinished Spaces:  Galvanized steel. 
4. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed 

and labeled for use in wet and damp locations. 

B. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-
resistant, die-cast aluminum with lockable cover. 

2.8 FINISHES 

A. Device Color: 

1. Wiring Devices Connected to Normal Power System:  As selected by Architect unless 
otherwise indicated or required by NFPA 70 or device listing. 

2. Wiring Devices Connected to Emergency Power System:  Red. 
3. SPD Devices: Blue. 
4. Isolated-Ground Receptacles:  As specified above, with orange triangle on face. 

B. Wall Plate Color: For plastic covers, match device color. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise 
indicated. 

B. Coordination with Other Trades: 
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1. Protect installed devices and their boxes. Do not place wall finish materials over device 
boxes and do not cut holes for boxes with routers that are guided by riding against 
outside of boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, 
dust, paint, and other material that may contaminate the raceway system, conductors, and 
cables. 

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint 
unless the joint is troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 

C. Conductors: 

1. Do not strip insulation from conductors until right before they are spliced or terminated 
on devices. 

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid 
scoring or nicking of solid wire or cutting strands from stranded wire. 

3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, 
Article 300, without pigtails. 

4. Existing Conductors: 

a. Cut back and pigtail,or replace all damaged conductors. 
b. Straighten conductors that remain and remove corrosion and foreign matter. 
c. Pigtailing existing conductors is permitted, provided the outlet box is large enough. 

D. Device Installation: 

1. Replace devices that have been in temporary use during construction and that were 
installed before building finishing operations were complete. 

2. Keep each wiring device in its package or otherwise protected until it is time to connect 
conductors. 

3. Do not remove surface protection, such as plastic film and smudge covers, until the last 
possible moment. 

4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length. 
5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid 

conductor tightly clockwise, two-thirds to three-fourths of the way around terminal 
screw. 

6. Use a torque screwdriver when a torque is recommended or required by manufacturer. 
7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice 

No. 12 AWG pigtails for device connections. 
8. Tighten unused terminal screws on the device. 
9. When mounting into metal boxes, remove the fiber or plastic washers used to hold 

device-mounting screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles down, and on horizontally mounted 
receptacles to the right. 

F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount 
outlet boxes when standard device plates do not fit flush or do not cover rough wall opening. 
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G. Dimmers: 

1. Install dimmers within terms of their listing. 
2. Verify that dimmers used for fan-speed control are listed for that application. 
3. Install unshared neutral conductors on line and load side of dimmers according to 

manufacturers' device listing conditions in the written instructions. 

H. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical 
and with grounding terminal of receptacles on top. Group adjacent switches under single, 
multigang wall plates. 

I. GFCI Receptacles: Install non-feed-through-type GFCI receptacles where protection of 
downstream receptacles is not required. 

3.2 FIELD QUALITY CONTROL 

A. Test Instruments: Use instruments that comply with UL 1436. 

B. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or 
illuminated digital-display indicators of measurement. 

C. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. Tests for Convenience Receptacles: 

a. Line Voltage: Acceptable range is 105 to 132 V. 
b. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is 

unacceptable. 
c. Ground Impedance: Values of up to 2 ohms are acceptable. 
d. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943. 
e. Using the test plug, verify that the device and its outlet box are securely mounted. 
f. Tests shall be diagnostic, indicating damaged conductors, high resistance at the 

circuit breaker, poor connections, inadequate fault current path, defective devices, 
or similar problems. Correct circuit conditions, remove malfunctioning units and 
replace with new ones, and retest as specified above. 

D. Wiring device will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

END OF SECTION 262726 



AFFIDAVIT OF NON-COLLUSION

SECTION 004519 - AFFIDAVIT OF NON-COLLUSION

Name of Project: WIND SAFETY TRAINING CENTER 
ATLANTIC CITY CAMPUS

Atlantic Cape Community College

I,  (Name) of the County of  (County)

and the State of_________________________(State), of full age, being duly sworn according to law, on 
my oath, depose and say that:

I am _______________________ (Official Position)

of the firm of _____________________________________________ (Bidder’s Name),

the bidder making the Proposal for the above-named project, and that I executed the said Proposal with 
full authority to do so.

I, and to the best of my knowledge, the Bidder, and any officer, director, employee or other representative 
of the bidder, have not, directly or indirectly, entered into any agreement, participated in any collusion, or 

otherwise taken any action in restraint of free, competitive bidding in connection with the above named 
project.

All statements contained in said Bid and all Contract Documents and in this affidavit are true and correct, 
and made with full knowledge that the Board of Trustees of Atlantic Cape Community College relies 

upon the truth of the statements contained in said Bid and contract documents and in the statements 
contained in this affidavit in awarding the contract for the said project.

Sworn on behalf of:

________________________________________

Name of Firm (Bidder)

________________________________________

Signature of Official

Subscribed and sworn to me this

_________ day of ___________,20____

______________________________ (name) (Seal)

Notary Public of: ________________
(State)
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AFFIRMATIVE ACTION LANGUAGE: EXHIBIT B and AFFIRMATIVE ACTION 

ACKNOWLEDGMENT

EXHIBIT B:  N.J.S.A. 10.5-31 et seq. (P.L. 1975, c127)
 N.J.A.C. 17:27-1.1 et seq.

MANDATORY EQUAL OPPORTUNITY LANGUAGE: CONSTRUCTION CONTRACTS

During the performance of this contract, the contractor agrees as follows:

a.   The contractor or subcontractor, where applicable, will not discriminate against any employee or 

applicant for employment because of age, race, creed, color, national origin, ancestry, marital 
status, affectional or sexual orientation or sex.  Except with respect to affectional or sexual 

orientation and gender identity or expression , the contractor will ensure that equal employment 
opportunity is afforded to such applicants in recruitment and employment, and that employees are 
treated during employment, without regard to their age, race, creed, color, national origin, 

ancestry, marital status, affectional or sexual orientation, gender identity or expression, disability, 
nationality or sex.  Such equal employment opportunity shall include, but not be limited to the 
following: employment, upgrading, demotion, or transfer; recruitment or recruitment advertising; 

layoff or termination; rates of pay or other forms of compensation; and selection for training, 
including apprenticeship.  The contractor agrees to post in conspicuous places, available to 
employees and applicants for employment, notices to be provided by the Public Agency 

Compliance Officer setting forth provisions of this nondiscrimination clause.

b.   The contractor or subcontractor, where applicable will, in all solicitations or advertisements for 
employees placed by or on behalf of the contractor, state that all qualified applicants will receive 
consideration for employment without regard to age, race, creed, color, national origin, ancestry, 

marital status, affectional or sexual orientation, gender identity or expression, disability, 
nationality or sex;

c.   The contractor or subcontractor will send to each labor union, with which it has a collective 
bargaining agreement, a notice, to be provided by the agency contracting officer, advising the 

labor union or workers' representative of the contractor's commitments under this act and shall 
post copies of the notice in conspicuous places available to employees and applicants for 
employment.

d.  The contractor or subcontractor, where applicable, agrees to comply with any regulations promulgated 
by the Treasurer pursuant to N.J.S.A. 10:5-31 et seq., as amended and supplemented from time 

to time and the Americans with Disabilities Act.

e.  When hiring or scheduling workers in each construction trade, the contractor or subcontractor agrees to 
make good faith efforts to employ minority and women workers in each construction trade 
consistent with the targeted employment goal prescribed by N.J.A.C. 17:27-7.2; provided, 

however, that the Department of LWD, Construction EEO Monitoring Program, may, in its 
discretion, exempt a contractor or subcontractor from compliance with the good faith procedures 
prescribed by the following provisions, A, B and C, as long as the Department of LWD, 

Construction EEO Monitoring Program is satisfied that the contractor or subcontractor is 
employing workers provided by a union which provides evidence, in accordance with standards 
prescribed by the Department of LWD, Construction EEO Monitoring Program, that its 

percentage of active "card carrying" members who are minority and women workers is equal to 
or greater than the targeted employment goal established in accordance with N.J.S.A. 17:27-7.2. 
The contractor or subcontractor agrees that a good faith effort shall include compliance with the 

following procedures:
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(A) If the contractor or subcontractor has a referral agreement or arrangement with a union for a 

construction trade, the contractor or subcontractor shall, within three business days of the 
contract award, seek assurances from the union that it will cooperate with the contractor or 
subcontractor as it fulfills its affirmative action obligations under this contract and in 

accordance with the rules promulgated by the Treasurer pursuant to N.J.S.A. 10:5-31 et 

seq., as supplemented and amended from time to time and the Americans with Disabilities 

Act.  If the contractor or subcontractor is unable to obtain said assurances from the 
construction trade union,  at least five business days prior to the commencement of 
construction work, the contractor or subcontractor agrees to afford equal employment 

opportunities minority and women workers directly, consistent with this chapter. If the 
contractor's or subcontractor's prior experience with a construction trade union, regardless of 
whether the union has provided said assurances, indicates a significant possibility that the 

trade union will not refer sufficient minority and women workers consistent with affording 
equal employment opportunities,  as specified in this chapter, the contractor or subcontractor 
agrees to be prepared to provide such opportunities to minority and women workers directly, 

consistent with this chapter,  by complying with the hiring or scheduling procedures 
prescribed under (B) below; and the contractor or subcontractor further agrees  to take said 
action immediately if it determines that the union is not referring minority and women 

workers consistent with the equal employment opportunity goals set forth in this chapter.

(B)  If good faith efforts to meet targeted employment goals have not or cannot be met for each 
construction trade by adhering to the procedures of (A) above, or if the contractor does not 
have a referral agreement or arrangement with a union for a construction trade, the 

contractor or subcontractor agrees to take the following actions:

(1) To notify the Public Agency Compliance Officer, the Department of LWD, Construction EEO 

Monitoring Program, and minority and women referral organizations listed by the Division pursuant 
to N.J.A.C. 17:27-5.3, of its workforce needs, and request referral of minority and women workers;

(2) To notify any minority and women workers who have been listed with it as awaiting available 
vacancies;

(3) Prior to commencement of work, to request the local construction trade union refer minority and 

women workers to fill job openings, provided the contractor or subcontractor has a referral 
agreement or arrangement with a union for the construction trade;

(4) To leave standing requests for additional referral to minority and women workers with the local 
construction trade union, provided the contractor or subcontractor has a referral agreement or 

arrangement with a union for the construction trade, the State Training and Employment Service and 
other approved referral sources in the area;

 (5) If it is necessary to lay off some of the workers in a given trade on the construction site, layoffs shall 
be conducted in compliance with the equal employment opportunity and non-discrimination 
standards set forth in this regulation, as well as the applicable Federal and State court decisions;

(6) To adhere to the following procedure when minority and women workers apply or are referred to the 

contractor or subcontractor:

(i)   The contractor or subcontractor shall interview the referred minority or women worker.

(ii)   If said individuals have never previously received any document or certification signifying a level of 

qualification lower than that required in order to perform the work of the construction trade, the 
contractor or subcontractor shall in good faith determine the qualifications of such individuals. The 
contractor or subcontractor shall hire or schedule those individuals who satisfy appropriate qualification 

standards in conformity with the equal employment opportunity and non-discrimination principles set 
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forth in this chapter. However, a contractor or subcontractor shall determine that the individual at least 

possesses the requisite skills, and experience recognized by a union, apprentice program or a referral 
agency, provided the referral agency is acceptable to the Department of LWD, Construction EEO 
Monitoring Program. If necessary, the contractor or subcontractor shall hire or schedule minority and 

women workers who qualify as trainees pursuant to these rules.  All of the requirements, however, are 
limited by the provisions of (C) below.

(iii)  The name of any interested women or minority individual shall be maintained on a waiting list, and 
shall be considered for employment as described in (i) above, whenever vacancies occur. At the request of 

the Department of LWD, Construction EEO Monitoring Program, the contractor or subcontractor shall 
provide evidence of its good faith efforts to employ women and minorities from the list to fill vacancies.

(iv) If, for any reason, said contractor or subcontractor determines that a minority individual or a woman 
is not qualified or if the individual qualifies as an advanced trainee or apprentice, the contractor or 

subcontractor shall inform the individual in writing of the reasons for the determination, maintain a copy 
of the determination in its files, and send a copy to the Public Agency Compliance Officer and to the 
Department of LWD, Construction EEO Monitoring Program.

(7) To keep a complete and accurate record of all requests made for the referral of workers in any trade 

covered by the contract, on forms made available by the Department of LWD, Construction EEO 
Monitoring Program and submitted promptly to the Department of LWD, Construction EEO 
Monitoring Program upon request.

(C)  The contractor or subcontractor agrees that nothing contained in (B) above shall preclude the 
contractor or subcontractor from complying with the union hiring hall or apprenticeship policies in 

any applicable collective bargaining agreement or union hiring hall arrangement, and, where 
required by custom or agreement, it shall send journeymen and trainees to the union for referral, or to 
the apprenticeship program for admission, pursuant to such agreement or arrangement. However, 

where the practices of a union or apprenticeship program will result in the exclusion of minorities 
and women or the failure to refer minorities and women consistent with the targeted county 

employment goal, the contractor or subcontractor shall consider for employment persons referred 
pursuant to (B) above without regard to such agreement or arrangement; provided further, however, 
that the contractor or subcontractor shall not be required to employ women and minority advanced 

trainees and trainees in numbers which result in the employment of advanced trainees and trainees as 
a percentage of the total workforce for the construction trade, which percentage significantly exceeds 
the apprentice to journey worker ratio specified in the applicable collective bargaining agreement, or 

in the absence of a collective bargaining agreement, exceeds the ratio established by practice in the 
area for said construction trade.  Also, the contractor or subcontractor agrees that, in implementing 
the procedures of the procedures of (B) above, it shall, where applicable, employ minority and 

women workers residing within the geographical jurisdiction of the union.

After notification of award, but prior to signing a construction contract, the contractor shall submit to 
the Public Agency Compliance Officer and the Department of LWD, Construction EEO Monitoring 
Program an initial project workforce report (Form AA 201) electronically provided to the public 

agency by the Division, through its website, for distribution to and completion by the contractor, in 
accordance with N.J.A.C. 17:27-7. The contractor also agrees to submit a copy of the Monthly 
Project Workforce Report once a month thereafter for the duration of this contract to the Department 

of LWD, Construction EEO Monitoring Program and to the Public Agency Compliance Officer.

The contractor agrees to cooperate with the public agency in the payment of budgeted funds, as is 
necessary, for the on-the-job and/or off-the-job programs for outreach and training of minorities and 
women.
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(D)  The contractor and its subcontractors shall furnish such reports or other documents to the Department 

of LWD, Construction EEO Monitoring Program as may be requested by the Department of LWD, 
Construction EEO Monitoring Program from time to time in order to carry out the purposes of these 
regulations, and public agencies shall furnish such information as may be requested by the 

Department of LWD, Construction EEO Monitoring Program for conducting a compliance 
investigation pursuant to Subchapter 10 of the Administrative Code at N.J.A.C. 17:27.

_______________________ ________________________ _____________
Authorized Signature Name of Firm Date










































































































































































