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WHO IS PROTECTION ENGINEERING? 

• Leading supplier of permanent/temporary composite 
repair solutions for regulated and non-regulated 
pipelines.

• Leading supplier of liquid coatings, pipeline tape 
systems, epoxy pipeline coatings, shrink sleeves, 
waterproofing products, and CP products.

• Over 45 years in the business of structural coating 
systems, industrial coating systems, waterproofing 
products, and pipeline coating systems.

• Solutions for safe and sustainable 
construction, repair, and maintenance of 
critical infrastructure.

• Products include Moisture Cured Fiberglass, 
Carbon Fiber/Epoxy, Rigid Coil E-glass, and 
Fiberglass/Epoxy Systems.

• These products are supported with best-in-
class design, engineering, testing, and 
training services.

• Products are easy to install, cost-effective 
to deploy, and durable for decades.

What are Composite Solutions?
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Composites 101
Development, Engineering, Testing

WHAT IS A COMPOSITE?

• Merriam-Webster Definition:
• “Something made up of distinct parts”

• Examples: 
• Cement: Crushed limestone and clay

• Reinforced concrete:  concrete matrix, rebar reinforcement

• Particle Board:  wood chips, sawdust and binder

• In industry, composites refers to:
• Matrix Phase

• Reinforcing Phase
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TECHNOLOGY ADOPTION

• Other industries that are rapidly adopting composites
• Aerospace

• Civil

• Automotive

• Leisure

TECHNOLOGY ADOPTION

• Other industries are rapidly adopting
• Aerospace

• Civil

• Automotive

• Leisure
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TECHNOLOGY ADOPTION

• How far have composites come over the years?

• When rigid e-glass coils came out in the mid 1990’s, handheld phones 
were huge

TECHNOLOGY ADOPTION

• When Water-Activated composites came out in the early 2000’s, handheld 
phones were smaller and had more capabilities
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TECHNOLOGY ADOPTION

• Carbon fiber composites have been around for 20+ years and are now 
tested, validated, and being used for crack reinforcement

WHY DO ASSET OWNERS/OPERATORS TRUST COMPOSITES FOR 
CRITICAL REPAIRS?

• Robust engineering: solutions designed to restore safety and prevent 
failure

• Track record: There are more and more successful repairs on 
infrastructure assets every year.

• Testing/validation: every composite solution we assist with has been 
rigorously tested in the lab and the field

• Ease of use: Composite solutions are easy to install, ensuring the highest 
quality repair each and every time
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WHO TRUSTS COMPOSITES FOR PERMANENT REPAIRS?

And many more…

THINKING OUTSIDE THE BOX

• A composite is not the same as a Type A sleeve
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COMPOSITE PIPE REPAIR

• Composite Repairs consist of:

• Thermoset Polymer Matrix
• Protects the fibers

• Holds repair together

• Puts limits on temperature capabilities

AND

• Fiber Reinforcement
• Primary load carrying member

• Directionally dependent

• Resin or ‘Matrix’ Contributions:

• Environmental resistance

• Chemical resistance

• Temperature limit

• Impact resistance

• Abrasion resistance

• Fiber Contributions:

• Directional strength

• Binding for resin

• Increased stiffness

Fibers

Matrix

Cross Section

COMPOSITE SYSTEM



1/18/2024

9

STYLES OF COMPOSITES

• Wet Lay-up
• Resin and Fabric are sold separately

• Best for on-site customization

• Requires resin mixing

• Ex: Carbon/Fiberglass

• Pre-impregnated
• Resin and Fabric is shipped pre-mixed

• Controlled resin / fiber ratio

• Limited on-site customization

• Ex: Water-Activated Wraps

• Pre-Cured
• Resin is already set on the fabric

• No on-site customization

• Ex: Rigid Fiberglass

17

• Stress in corroded pipe

• Constant pressure through entire pipe wall causes stress in 
pipe

• Reduced wall thickness means increased stress

• If Stress is high enough, failure will occur

Cross section of pipe wall

FUNDAMENTALS OF A COMPOSITE REPAIR
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• Substrate (pipe) - Pipe needs to be cleaned and abraded

• Load Transfer Filler - Reshapes pipe and inhibits substrate yielding

• Adhesive Primer - Prevents water ingress, acts as coating

• Composite Lay-up - Provides structural rehabilitation

FUNDAMENTALS OF A COMPOSITE REPAIR

• Composite Strength Reinforcement

• Stress is distributed through the filler to the composite

• Stress absorbed by composite reduces strain in pipe

• Reduced strain means increased life

FUNDAMENTALS OF A COMPOSITE REPAIR



1/18/2024

11

WHAT MAKES A REPAIR SYSTEM WORK?

Sound Science…
• Polymer Chemistry

• Fabric Architecture

• Composite Design

• Stress Distribution

• Metallurgy

… Proven Through Testing
• Component Level

• System Level

• Long-Term Testing

• Defect Specific Testing

• Third Party Certification

…and Designed Correctly
• Engineering Design and Review

• Documentation

• Follow ASME & ISO standards

• Custom designs as needed

• Conservative

PERMANENT PIPELINE REPAIR SOLUTIONS
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PIPELINE SOLUTIONS OVERVIEW

• Composite Pipeline solutions are the industries:
• High performing products

• Highly tested products

• Composite repairs
• Deliver fast, reliable and durable solutions

• Withstand the test of time

• Meet the required regulations

Follows, as applicable:Addressable Defects
• US CFR Title 49 Part 192 & 195
• ASME B31.8
• ASME B31.4
• ASME PCC-2
• CSA Z662
• ISO 24817
• and many more local requirements

• External Corrosion
• Internal Wall Loss
• Dents
• Gouges
• Crack-like features
• Wrinkle Bends
• Manufacturing Defects

PIPELINE VALUE CREATION

• Composite solutions provide the following cost saving opportunities:
• Quicker time to backfill

• Installation while the pipeline is in service

• Shorter repair length due to no landing zone restrictions

• Less wait time to perform NDE

• Average cost savings per dig can be upwards of 50% compared to steel 
sleeves
• Example: 8" OD, 3 ft repair length

• Steel Sleeve = $22k: 3 days, welders, NDE technicians, materials

• Composite = $11k: 1-day, quick install and curing, immediate coating and backfill, materials
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APPROVALS AND REGULATORY COMPLIANCE

• United States DOT CFR 192 and 195
• CFR 192.713, 195.585: “repair the pipe by a method that reliable engineering tests and 

analyses show can permanently restore the serviceability of the pipe”

• CSA Z662 – complies with code and is considered a “permanent repair” 
• Reference Clause 10.11.4.3 and Table 10.2 for specifics

• ASME B31.1, B31.3, B31.4, and B31.8 allow for composite repairs

• ASME PCC-2 Article 401 and ISO/TS 24817 
• Meets all required testing and provides basic design methodology

• Det Norske Veritas (DNV), ABS and Lloyd’s Register Type Approval

RELIABLE ENGINEERING TESTING: 3RD PARTY VALIDATED

• PRCI:
• MATR-3-4: Long-term Performance (10-year)

• MATR-3-5: Dented Weld Seam

• MATR-3-7: Vintage Girth Weld Reinforcement

• MATR-3-11: Load Transfer Study

• MATR-3-13: Repair of Dents Installing at Pressure

• JIP’s:
• GRI – 10-year study

• GTI – long term adhesive and cathodic disbondment testing

• Wrinkle Bend Reinforcement

• The Reinforcement of Non-Leaking Crack-Like Defects using Composite Repair Materials

• 10,000hr Offshore Test

• Dent Validation (DVCIP)

• Selective Seam Weld Corrosion (SSWC)

• Stress Corrosion Cracking (SCC)

• Girth Weld Geohazard Reinforcement JIP

• Many more
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CORROSION – PRCI MATR-3-4: LONG-TERM 10-YEAR BURIED STUDY

• 40%, 60%, and 75% machined wall loss

• Installed same repair thickness on all specimens with same wall loss 
regardless of repair design life

• Subjected to 900 pressure cycles per year and then burst a test specimen 
every year for 10 years

CORROSION – PRCI MATR-3-4: LONG-TERM 10-YEAR BURIED STUDY

• All burst pressures were within 100 psi of the average

• All burst pressures were within a standard deviation of 65 psi of each other

• Shows that Carbon Fiber / Epoxy systems maintain strength over time
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0.352 inches

20 years 24.0 inches

28.0 inches

32.0 inches

3.03 Release Date : 7/9/2018

Repair Project Overview
Reference code for this repair is : CS070918-20-1

Sales representative : Colin Schaub

          This design package was created for Example Company in order to address a Structural Reinforcement need. The 
following information contains a summary of design output:

Primary Repair System

Installation Method

A+ Wrap™

Offset method

Composite Repair Zone

Design Method Used Custom Design

          The primary composite repair system should be installed in 2, 12-inch long segments. Each segment should utilize 
1ea 12 in. x 90 ft. fabric roll for a total of 180 linear feet.

          The pipe being repaired has a 20 inch diameter and a nominal wall thickness of 0.375 inches. The specified 
component to be wrapped is classified as a Straight Pipe. The substrate material is considered to be Carbon Steel with a 
minimum yield strength of 46000 psi. The line is primarily carrying Natural Gas and follows the B31.8 - Gas and 
Distribution Pipelines standard. Normal operating conditions run the pipe at 1380 psi and 90 °F. However, the maximum 
design considerations require the the composite repair to withstand pressures of 1380 psi at 140 °F.

          The defect being repaired contained 0.15 inches of external wall loss and 0 inches of assumed end-of-life internal 
wall loss for a total assumed wall loss of 40%. The total affected length, considering all defects, is determined as 5 
inches.

          The design methodology assumes that the substrate does provide structural support and that the substrate can or 
does yield. When properly installed, the proposed composite repair will restore the pipe to a failure pressure of 2854.8 psi 
with a maximum allowable pressure of 1741.7 psi for a maximum of 20 years.

Adhesive Primer Length

Min. Surface Prep Length

Repair Thickness

Myles Johnson

Design Life

colin.schaub@milliken.com

This repair was designed by :                        Design reviewed and approved by :       

WrapCalc Version : 

281-999-7100

*All designs performed were done with information provided prior to, or on the day, listed in this package. Any new information that may change the design conditions of 
any repair requires a new design package or a documented statement of no change needed by a Pipe Wrap Engineer.
**The repair and all materials are subject to Milliken Infrastructure Solutions standard warranty policy
***All information presented as part of this bid package (quote and any calculations) are confidential and shall not be shared with anyone beyond the receiving company.
****Before using any Milliken Infrastructure Solutions, LLC product, the user must review the most recent version of the product’s technical data sheet, material safety 
data sheet and other applicable documents, available at infrastructure.milliken.com or by calling 1-855-655-6750.
*****Milliken Infrastructure Solutions, LLC is a subsidiary of Milliken & Company. The Milliken logo is registered by Milliken & Company and used under license by 
Milliken Infrastructure Solutions, LLC, all rights reserved. The Milliken Infrastructure and Pipe Wrap logos are trademarks of Milliken Infrastructure Solutions, LLC.

July 9, 2018

Casey Whalen

July 9, 2018

casey.whalen@milliken.com myles.johnson@milliken.com

12 inches 12

16 layers

0.352 inches

24.0 inches 32.0 inches

1,725.0 psi 1,380.0 psi

1,035.0 psi 828.0 psi

2,854.8 psi 1,741.7 psi

 2 ea 12x90

1 each - 2 Qt Kit

1 each - 1/2 Pt Kit

Fabric

1ea Large Constrictor Wrap - 15"x600

1ea 1 gal Large Pump Sprayer

Repair Zone Considerations

Summary of Pressure Analysis (with end-of-life conditions)

Minimum Pipe Prep Length

Include ILI Markers Yes (+4 inches to repair)

1ea Large Perforator Tool

1ea PM4 - ILI Markers - set of 4

2ea AK-25 Application Kit - Primer

Supplemental Tools 

Kit Name

Pre-Impregnated

EP-420 (Standard Paste)

PWAP Rolls

EP-420 Paste 

PPR Paste 

Size 1

 12 in. x 90 ft. FG-200 

Adhesive Primer 

Load Transfer Filler 

B31.G Pressure Method

Yes

Offset method

Repaired Failure Pressure

Composite Repair Zone

Equivalent Thickness

FG-200 (Fiberglass)

Composite 
Kits

Yes

Include substrate support

Constrictor Wrapping

Design Considerations

Allow substrate to yield

Performance Testing Available

Barlow's Formula

Compression Method

Yes

Accessory Kits 

Recommended Repair Materials

The A+ Wrap™ Repair System

Damaged Safety Pressure

Design Pressure (MAOP)

Repaired Safety Pressure

Repair Composition One repair system

Final quote may differ based on materials available or considerations not covered specifically by this design.

Repair Zone Options No limitation

media blastingSurface Prep Available

Pristine Pipe Yield Pressure

Fabric Width

Damaged Yield Pressure

Installation Method

Resin Matrix Used

Number of Layers

Primary Adhesive Primer Primary Load Transfer FillerPPR (Standard)

PP-101 (Polyurethane)

Repair Fabric Used

Fabric Orientation Hoop Direction

Offset method

Resin

Size 2

Include Top-Coat

Hoop Direction

0.0 psi 0 36,123 psi 18,062 psi 58,121 0.000000

134.2 psi 0 32,611 psi 16,306 psi 96,923 0.000000

325.8 psi 0 27,594 psi 13,797 psi 223,450 0.000000

517.5 psi 25 22,577 psi 11,288 psi 609,441 0.000041

709.2 psi 50 17,560 psi 8,780 psi 2,141,183 0.000023

900.8 psi 100 12,543 psi 6,271 psi 11,515,798 0.000009

13,688

1,207.5 psi 8.28 31,608 psi 15,804 psi 113,316 0.00007

10% SMYS or Pmin 172.5                psi 13,688

80% SMYS or Pmax 1,380.0             psi

166                    Cycles

Annual 

Frequency

Localized Fatigue 

Demand

Design Life 

(Cycles)

Annual Usage 

Factor

0.0 psi 0 59,731 psi 29,866 psi 4,702 0.00000

134.2 psi 0 53,924 psi 26,962 psi 7,841 0.00000

325.8 psi 0 45,628 psi 22,814 psi 18,076 0.00000

517.5 psi 25 37,332 psi 18,666 psi 49,301 0.00051

709.2 psi 50 29,036 psi 14,518 psi 173,210 0.00029

900.8 psi 100 20,740 psi 10,370 psi 931,567 0.00011

1,107

Annual 

Frequency

Localized Fatigue 

Demand

Design Life 

(Cycles)

Annual Usage 

Factor

0.0 psi 0 58,094 psi 29,047 psi 5,403 0.00000

134.2 psi 0 52,287 psi 26,143 psi 9,148 0.00000

325.8 psi 0 43,991 psi 21,995 psi 21,700 0.00000

517.5 psi 25 35,695 psi 17,847 psi 61,694 0.00041

709.2 psi 50 27,399 psi 13,699 psi 231,534 0.00022

900.8 psi 100 19,103 psi 9,551 psi 1,405,381 0.00007

1,444

0 years 1,444.4 years

0 years 20.0 years

0.5

Equivalent Condition - Nominal Wall Thickness
Max Hoop Stress 

Amplitude in Pipe

Design Life 

(Cycles)

Lifetime Cycles (N)

Low Pressures Reached           

(Other than Operating)

Max Hoop Stress 

Amplitude in Pipe

Annual 

Frequency

Pressure Range

10% - 80% SMYS

Cyclic Loading Severity (Rc) 0.13

Annual Usage 

Factor

Pipe Fatigue Design Life (years)

Localized Fatigue 

Demand

Design Life Safety Factor = 

Defected Pipe Condition - End of Life Wall Thickness

Intended Service Life

72.2

Design Life Remaining

Repaired Pipe Fatigue Design Life (years)

Years of service defect free

Years of service with defect

Pipe Fatigue Design Life (years)

Low Pressures Reached           

(Other than Operating)

Max Hoop Stress 

Amplitude in Pipe

Repaired Pipe Condition - End of Life Wall Thickness

Estimated Reduced SCF 1.00 Estimated Reduced SIF

Cyclic Fatigue Evaluation
          The following page summarizes the anticipated effects of cyclic fatigue on the substrate and composite repair.

Pipe Fatigue Design Life (years)

Stress Concentration factor Stress Intensification factor1.00 0.50

Original Pipe Condition - Nominal Wall Thickness
Design Life 

(Cycles)

Annual Usage 

Factor

Max Hoop Stress 

Amplitude in Pipe

Low Pressures Reached           

(Other than Operating)

Annual 

Frequency

Localized Fatigue 

Demand

20 inches

0.375 inches

29,068,000 psi

120 inches 1,178 in⁴

5.00 inches 787 lbs

0.150 inches 1,257 lbs

60 inches N/A

676 in⁴ lbs

2,044 lbs

17.0 lbs/in

24 inches 433,540 lbs

0.352 inches 0.0 lbs

1,400,000 psi 0.0 inches

0 inches 0.0 lbs

1,227 in⁴ 120.0 inches

-0.0003 inches

-0.0003 inches

18,925 psi 1,893 psi

Analysis of Bending and Axial Loads
          The following page summarizes the anticipated shear and moment plots due to bending loads.

Max Axial Strain in Composite 0.065%

Design Output
Pristine Pipe Max Displacement

Distributed Weight (w)

Repair Length

Repaired Max Displacement

Max Axial Stress in Pipe

Percent of Short Term Strength 9.6%

Max Axial Stress in Composite

Max Defected Pipe Axial Strain 0.065%

Percent of Design Strength 51.4%

Max Pristine Pipe Axial Strain 0.065%

Max Axial Stress Across Span Length

Plot of Shear Forces (lbs) and Moment Forces (in-lbs) Vertical displacement over entire span (in)

Additional Axial Load

Repair Thickness Primary Load Point

Composite Modulus Load Location

Load Location

Offset from Defect Center Second Load Point

Composite Izz

Defect Pipe Izz Estimated Soil Weight

Total Bending Load

Composite Repair Properties

Defect Length Estimated Pipe Weight

Defect Depth Estimated Fluid Weight

Defect Location in Span Length Buried Depth

Estimated Span Length Pristine Pipe Izz

Defected Pipe Properties Load Estimates

Load is Evenly Distributed Pipe Modulus

Pipe Orientation Horizontal Wall Thickness

Assumed Bending Load Configuration Pipe Properties

Ends are Fixed Pipe Diameter

-30,000

-20,000

-10,000

0

10,000

20,000

-1,500

-1,000

-500

0

500

1,000

1,500

0.0 50.0 100.0 150.0

Shear Forces Moment Forces

-0.0004

-0.0003

-0.0002

-0.0001

0.0000

0.0001

0.0 50.0 100.0 150.0

Pristine Pipe Pipe Repaired Pipe

0

5,000

10,000

15,000

20,000

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0

Max Stress in Pipe Max Stress in Composite

0.150 inches

5 inches

2.5 inches

20 psi-in^.5 0.660 inches

61,725 psi-in^.5 1,104 psi

1,380 psi 1,293 psi

1,380 psi 1,293 psi

1,307 psi 1,437 psi

44,318 psi-in^.5

41,519 psi-in^.5

42,772 psi-in^.5

43,045 psi

40,327 psi

41,741 psi

API 579 Reference Stress Assessment - Hoop Loading

Failure Assessment Diagram (FAD)

0.6727

Assessment Type Local Ligament Criteria

Yield Stress used : 46000 psi

Flow Stress used : 50000 psi

Estimated Stress Loading on 

Remaining Pipe Thickness

Estimated Stress Loading

/ Yield Stress Ratio

Unrepaired Pipe at Design Pressure

Estimated Fracture

Toughness Loading

Estimated FT Loading

/ Material FT Ratio

Repaired Pipe at Design Pressure

Repaired Pipe at Failure Pressure

Installation Pressure

Charpy Lower Bound Repair Thickness

Est. Failure Pressure - no rep Est. Failure Pressure - w/ rep

Design Pressure Equivalent Design Pressure

Operating Pressure Equivalent Operating Pressure

0.9074

0.8767

Crack and Crack-Like Burst Evaluation

Cross Sectional Area Ratio (C) 0.850

Crack Location External Crack Crack Depth (a)

Crack Orientation Longitudinal Crack Length (2c)

Crack Shape Elliptical Half Crack Length (c)

0.7180

0.6962

Any points lying outside of the line are in potential of failure.

Repaired Pipe at Design Pressure

Repaired Pipe at Failure Pressure

Newman-Raju Fracture Toughness Assessment

Unrepaired Pipe at Design Pressure 0.9358

Material Fracture Toughness

0.000

0.200

0.400

0.600

0.800
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1.200

0.000 0.200 0.400 0.600 0.800 1.000 1.200
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Stress Load Ratio
Unrepaired Pipe at Design Pressure Repaired Pipe at Design Pressure Repaired Pipe at Failure Pressure

Plastic

Collapse
Zone

Brittle Fracture Zone

90 degrees

62.8 inches

47.1 inches

31.4 inches

5.0 inches 10.0 inches

13.0 inches 26.0 inches

4.0 inches 8.0 inches

17.0 inches 34.0 inches

20.0 inches

102.8 inches 20.0 inches

6,964 in² 6,461 in²

48.36 ft² 44.87 ft²

0 6 6

0 2 4 6 6

Elbow Repair - Additional Considerations

Degree of Bend

Radius Type Long

Repair Length Past Weld 1

Defect Location Near the Intrados

Total Affected Defect Length

Minimum Repair Length

Additional Item Length

Equivalent Extrados LengthInitial Length

Adjusted Min. Repair Length

Elbow Repair Type Full Elbow beyond weld

Elbow Extrados Length

          When installing a composite repair on an elbow, the spiral wrap method is always recommended. A fabric width typically 

smaller than twice the diameter of the pipe is recommended to minimize installation difficulties.

     1) Begin at the end of the marked repair zone - wrap 2 complete layers.

     2) Continue wrapping the elbow using the spiral wrap method - It is critical that the recommended overlap (typically 

          50%) is achieved on the Extrados of the elbow. This will result ensure that the specified composite thickness is 

          achieved across the entire elbow.

     3) At the end of the repair zone, apply 2 complete layers, reverse direction and continue until all layers are applied.

Composite Repair Length

Elbow Intrados Length

Additional notes on the application of the composite repair on an elbow.

Elbow Centerline Length

          The repair of an elbow, either full or partial, requires special consideration due to the geometric conditions. In addition to the 

minimum lengths required, the repair zone length is re-calculated based on the equivalent extrados length. 

Geometric considerations on an elbow.

          For a full elbow repair, the repair zone is cited as the full weld-to-weld extrados length plus a specified length beyond each 

weld (by default, this length is the pipe OD).

Lastly, the surface area of the adhesive primer region and the total area of composite required is calculated.

Total Surface Area for the 

Composite Repair

Total Surface Area for the 

Adhesive Primer

Repair Length Past Weld 2

Ex. Initial
defect length

Ex. Equivalent
defect length

El
bo

w
 W

el
d

Elbow Weld

1)                 2)      3)

1) 2)

3) 4)

1) 2)

3) 4)

1) 2)

3) 4)

0 6 12 12

0 2 4 6 12 12

Layer over Layer

          Before beginning, verify which installation technique should be used. The following section depicts a brief summary of each 

installation technique commonly used. These steps assume that all steps are complete up to composite wrapping.

          The layer over layer technique is the most basic installation technique. This is used when the repair zone is equal to or smaller 

than the width of fabric to be applied. With this technique, the wrap is applied to the center of the repair zone and continuously 

applied, overlapping itself, until all the provided material has been utilized.

Offset Method

Spiral Wrap

Composite Wrap Installation Techniques Overview

Overlap
          The overlap method is used only on small repairs with a low layer count where space may be limited. In this technique, two 

segments of fabric will overlap each other a specified distance. This overlap is to ensure that the composite repair will fit within the 

restricted repair length. It is best to alternate layers as much as possible.

          The spiral wrap technique is used primarily for long repair zones on small / medium sized pipes. This technique involves 

wrapping the pipe at an angle causing the wrap to overlap itself, typically 50% of the fabric width. By spiral wrapping from one edge 

to the other, two layers are applied before reversing direction. At the edges of the repair, always wrap 2 full layers before the initial 

spiral wrap and always when reversing direction. 

          For very long repairs, spirally wrapped segments may be pieced together similar to the offset method.

          The offset method is used primarily for large diameter pipes with repair zones greater than 12 inches. The core element of this 

method is that the first two layers are offset from each other by two inches. This creates a tie-in region between multiple segments. 

After these first two layers are applied, the remaining layers are applied similar to the "Layer over Layer" installation technique. 

When beginning the next section, this two inch offset continues until the last segment is reached. On the last segment, directly wrap 

over the offset tab using the standard "Layer over Layer" install.

2 inch
offset 
tab

Overlap
region

14,700 psi 1.5 in³

580,000 psi 0 in³

40 °F 0.0 in³

350 °F 1.5 in³

2,826 48.36 ft²

0.075 44.87 ft²

302 °F 93.23 ft²

1.5 in³

Total Surface Area Required

Adhesive Primer / Top-Coat

20 minutes

External Wall Loss Overview

          After applying the load transfer filler and primer adhesive to the pipe, the surface to be wrapped should be concentric with no 

sharp points or stress risers present. It is expected that all further external wall loss has been stopped.

View of pipe wall thickness - 

circumferential cut

View of pipe wall thickness - axial cut

1 hour

24 hours

Additional Volume (shaping)

          The adhesive primer resin comes in 2 equal volume containers. With a 1:1 mix ratio by volume, scoop out the required amount 

of Part A and Part B and mix on a cardboard mixing pallet or in a disposable mixing bucket. Mix until uniform in color (2-3 minutes 

minimum) and then apply as needed.

Adhesive Primer Application Overview

Working Time

Filler Type Paste

Load Transfer Filler Name EP-420

Load Transfer Filler Application Overview

Defect Volume

Total Filler Volume Required

Compressive Modulus (psi)

Cure Time

Compressive Strength (psi)

Minimum Cure Temp.

Load Transfer Filler

Set Time

          The primary load transfer filler being used is the EP-420 system. It is a 2-part epoxy with very high compressive strength and 

modulus. Its primary purpose is to reshape any defect or provide a transitional zone while maintaining stress distribution from the 

substrate to the composite.

Filler Item Number EP-420

Top-Coat Surface Area

Lap Shear Strength Primer Surface Area

Adhesive Type Standard

Ahesive Item Number PPR-2L

          The primary adhesive primer being used is the PPR adhesive system. It is a 2-part epoxy used to ensure maximum bonding 

between the composite system and the substrate material. For any composite repair, the bond-line is the most critical element in 

the repair system. Below are the relevant material properties.

Cure Time (hours)

Set Time (minutes)

Adhesive Name PPR Working Time (minutes)

Glass Transition Temp.

Energy Release Rate

Weld Transition Volume

          The EP-420 resin comes as pre-measured dump kits. When ready to begin, open up the jars and and mix A & B together on a 

cardboard mixing pallet. Once uniform in color (minimum 2 minutes of mixing), begin applying to the defect area - apply to all voids 

and "tented" areas.

          Properly applying the load transfer filler and adhesive primer is critical to the long-term success of a repair. Ensure that 

sufficient time is provided beforehand to discuss any unique circumstance and what the best approach may be for a specific repair. 

Time well spent on this step will ensure a quicker and easier composite installation.

External Defect Volume

24 hours

2 hours

30 minutes

Glass Transition Temp.

20 layers 2

0.44 inches

6.00 inches 6.00

3.00 inches

60.0 inches 60.0 inches

2 segments 2 segments

1 each - 1/2 Pt Kit

1 each - 2 Gal Kit

110.8 inches

2.00 inches

24.0 inches 24.0 inches

106.8 inches

2.00 inches

22.0 inches 22.0 inches

1.0 inches

102.8 inches

5 inches

20.0 inches 20.0 inches

Install Segment Length Install Segment Length

 Resin and  Fabric.

     This page is intended to display a limited output for use by on-site personnel during the repair installation. 

The following is to be used to accurately define the intended repair length and required material. If the information provided does 

not match on-site expectationg, stop work and inform an Engineering supervisor or contact a Milliken representative.

Accessories to be used

Secondary Repair SystemPrimary Repair System

Fabric Width

Fabric Orientation Hoop Direction

Installation Method Spiral Wrap

Fabric Offset

1ea Large Perforator Tool 1ea 1 gal Large Pump Sprayer

Spiral Wrap

EP-420 (Standard Paste): Used for All

PP-101 (Polyurethane) Resin and FG-200 (Fiberglass) Fabric.

A+ Wrap™

1ea AK-25 Bulk Application Kit - Primer

Composite Repair Summary

1ea PM4 - ILI Markers - set of 4

Number of Layers

Equivalent Thickness

Sizes Provided 

per Segment : 

Repair System Purpose

PPR (Standard): Used for Primer and Top-Coat

Structural Reinforcement

Load Transfer Filler to be used

Sizes Provided 

per Segment : 

10ea 06 in. x 90 ft.Kits

Number of Segments

Total Repair Length - 

Total Primer Length - 

Repair past defect on side 1 Repair past defect on side 2

A+ Wrap™Primary Repair SystemTotal Affected Defect Length

Adhesive Primer to be used

Prep length past Primer

Prep past defect on side 1 Prep past defect on side 2

Surface Prep Available media blasting

Total Surface Prep Length - 

1ea Large Constrictor Wrap - 15"x600ft

Primer Material Primer length past Repair

Primer past defect on side 1 Primer past defect on side 2

Hoop Direction

Number of Segments

PPR (Standard)

**Note: Side 1 and side 2 reference distance past the defect or weld. They may vary based on limitations or defect location. If applicable, 

Side 1 will contain defect of limitation.

Initials

Start Time : End Time : 

Start Time : End Time : 

Start Time : End Time : 

Initials

Initials

Initials

Initials

Initials

Initials

Time applied :

For the A+ Wrap™ repair system.
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14 After the repair has sufficiently set (or cured), remove the Constrictor Wrapping. There should be no tackiness 

or wet resin during the removal process. Use a Shore D Pencil Durometer Tester to measure the hardness of the 

repair system. The minimum value shall not be less than 72 on the Shore D Scale.

Begin wrapping the impregnated fabric around the pipe surace while applying uniform tension. 

**Refer to the product's Installer Manual for detailed application instructions as needed. 

- Once fabric has over-wrapped itself, continously pull tight.

- Remove all underlying air pockets as they occur by either:

     - massaging the bubble outward or

     - cutting the fabric, "flipping" the roll and re-apply remaining length.

- Continously spray the rolls with water through-out the entire installation.

12 Apply the Constrictor Wrap tightly around the entire repair (or segment) with 4-6 layers. For most applications, 

a spiral wrap technique works best. Lightly puncture the constrictor wrap with the perforator  around the entire 

repair.

13 Allow the materials to set in accordance with the cure profile. For most conditions, a minimum of 2 hours at 

78°F (25°C) is recommended. The lower the temperature, the longer the set or cure time is. With increased 

temperature, the set or cure time is decreased.

**For systems requiring a high Tg, a post-cure beyond the minimum cure temperature is required.

System (or step) : 

System (or step) : 

Repair Completion Time : Repair approved by : 

Hold point : Perform a Tap Test on the composite and ensure no large voids are present.

Inspected By : Durometer Value : 

Finished Set Time : Install Completion Time : 

16 Apply top-coat, if applicable. It is always recommended to use a top-coat to protect the repair.

Top-Coat applied : 

Inspected By : Circle One :   Acceptable     /    Unacceptable

15 Visually inspect the repair. Reference the Disposition and Acceptance Chart on the following page.

Inspected By : Circle One :   Acceptable     /    Unacceptable

Hold point : Inspect the hardness of the composite as an indicator for correct and copleteness of curing.

14 Perform a basic Ultrasonic Test (Tap Test). Lightly "tap" the repaired surface. Listen for any flat or "dead" 

sounds. This will indicate the lack of intimate compaction of the repair (voids, delaminations or disbonded 

regions). Any localized area greater than 1" x 1" in unacceptable. This may not be possible if underwater.

Anticipated temperature profile over cure duration : 

System (or step) : 

Quality Verification Form QV Form
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Initials

Initials

Initials

106.8 inches

22.0 inches

22.0 inches

mils

Initials

Verified By : 

Initials

For the A+ Wrap™ repair system.

8 Apply a thin layer of the adhesive primer over the intended repair segment.

*note - if multiple segments are to be wrapped, constrictor wrap can be applied on exposed pipe to preserve 

the surface preparation until that segment is to be wrapped.

9

THIS STEP IS ONLY FOR WHEN ILI MARKERS ARE TO BE USED

Total Primer Length : 

Side 1 Primer Length : 

Side 2 Primer Length : 

Adhesive Primer Batch Information Part A Batch Number Part B Batch Number

6 Apply the load transfer filler to all external defects, welds and transitional spots in the marked repair area. 

Create a smooth contour for the wrap to be applied over.

7 Mix the adhesive primer for 2 to 3 minutes until uniform in color and "streak-free". Adhesives are either 

provided in bulk (1 : 1 mix ratio by volume) or in smaller "dump-kits" (mix entire kit).

Quality Verification Form

Hold point : Inspect the adhesive to ensure complete coverage. Pay close attention to the bottom of the pipe.

Inspected by : 

10

QV Form
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Preparation for a water-activated pre-impregnated composite installation. 

- Sufficient quantities of water must be present in spray form and in a bucket. 

     - In hot weather, the water should be cold (iced); In cold weather, the water should be warm. 

- DO NOT open the packaging on a roll until that specific roll is ready to be used.

- When ready, open the pouch and remove roll from foil pouch and internal plastic bagging.

- Place the roll in the bucket of water for one minute.

- Remove from water and begin application of the roll (next step).

- As needed, prepare the next roll in accordance to these steps.

Roll Batch Number

The ILI Marker Kit contains 4 magents to be placed at the repair ends.  Begin step 11 until the first layer is 

achieved at either end. On both sides (after the 1st layer), perform the following:

- Apply a small lump of coating at the intended ILI Marker sites.

- Firmly seat the ILI Markers at each site and apply primer over the ILI Marker to prevent air pockets.

- Continue applying the composite repair as instructed.

Hold Point : Verify that the ILI Markers were properly installed on both ends of the repair.

ILI Markers installed on both ends : 

Primer Thickness : 

Project ID : 

Weather : 

Applicator ID Exp. Date

NOTE:

Initials

110.8 inches

24.0 inches

24.0 inches

Initials

106.8 inches

22.0 inches

22.0 inches

mils

Initials

Initials

Start Time End Time

Initials

Load Transfer Filler Batch Information Part A Batch Number Part B Batch Number

INSTRUCTIONS: EACH ITEM LISTED REQUIRES VERIFICATION THAT THE STEP HAS BEEN COMPLETED IN ACCORDANCE 

WITH THE APPLICATION PROCEDURES.

THE USE OF STANDARD PPE IS REQUIRED TO PROMOTE SAFETY.

1 Mark the ends of the designated surface prep zone. Unless otherwise specified, the center of the defect shall be 

considered to be the center of the prep zone.

2

Ambient Temperature

5 Mix the load transfer filler for 2 to 3 minutes until uniform in color and "streak-free". For putties, mix by hand 

(with gloves). For paste, mix with spatula on a flat cardboard surface.

Ensure NACE 3 abraded surface and the removal of all soft coatings. Mark the ends of the designated repair 

zone. 

3 Solvent wipe the abraded surface with Acetone, MEK or Toluene and allow to flash for 1 to minutes. The use of 

other solvents are not permitted without approval from a Pipe Wrap representative.

4

THIS STEP IS ONLY FOR AMBIENT TEMPERATURES BELOW 70°F (21°C ) OR ABOVE 90°F (32°C).

Warm or cool all load transfer fillers, adhesive primers and pre-preg rolls to a suitable application temperatre 

(near 75°F - 80°F) for a minimum of 30 minutes. Leave materials until ready for use.

Side 2 Primer Length : 

Total Prep Length : 

Side 1 Prep Length : 

Side 2 Prep Length : 

Total Primer Length : 

Side 1 Primer Length : 

Quality Verification Form QV Form

pg 1/4

Date of Application : 

For the A+ Wrap™ repair system.

Project Name / Summary : CS070918-20-1

Surface Profile : 

Greater than 

2.5 mils 

required

Name (Print) Role Signature

Instrument

Length : Depth : Area : 

Quantity

Length : Depth : Area : 

Quantity

For the A+ Wrap™ repair system.

Disposition and Acceptance Chart
Measurement

Measurement

0.418 inches Apply Additional Layers

Corrective Action Required : 

Material used in Corrective Action

Quality Verification Form QV Form
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If depth < 2 layers, remove all material affected - 

refill with filler material.

If depth >= 2 layers or over defect, remove affected 

material, fill and apply additional layers.

On thick repairs, 

shallow wrinkles

Wrinkle in the 

Composite

Broken Fiber None

Defect Type : 

Width : 

Defect Type : 

Width : 

If any of the above defects are found, record location, size and corrective action (if needed) below : 

Batch Number Batch Number

Defect Location : 

Dry Fiber

If depth < 20% of repair thickness, apply filler.

If depth > 20% or repair thickness, fill and apply 

additional layers.

0.43" Wide x 12" Long

Not Allowed

Defect Location : 

None Not Allowed

if depth < 2 layers, apply additional resin.

If depth >= 2 layers, remove affected material, fill 

and apply additional layers.

Dimple None 1" Diameter x 0.125" Deep Fill with filler material or resin.

Corrective Action Required : 

Material used in Corrective Action

Expected Values Maximum Acceptance Corrective Action

Internal Void None discernable by tap test Surface Area = 1 in²

Minimum Acceptance Corrective Action

Shore D 

Hardness

Pencil 

Durometer
> 72 > 72

Allow 4 additional hours of cure. 

(Raise temperature if possible).

Expected Values

Repair 

Thickness
0.44 inches

Batch Number Batch Number

External Void None discernable by tap test
Surface Area = 1 in²

or depth = 0.078 in.

Contact Milliken Representative

Fill with Resin or Putty

Pi Tape

Attach replica tape here for documentation:

20 inches 3,010,000 psi

1,380.0 psi 828 psi

552.0 psi

29,068,000 psi 1,104 psi

36,800 psi 0.225 inches

552.0 psi

0.337 inches 16 layers

Determining Pressure Load - The first step is to determine the pressure load that the composite repair is expected to handle. The 

main determination here is whether or not the substrate is to be ignored.

System Design Pressure (P)

0.54%

Min. Repair Thickness (tmin,c)

Target Pressure Range (ΔP)

Pipe Yield Strain (εhy)

Yes Additional 

Explanation

The pipe can and is allowed to yield. The pipe is 

assumed to provide no more strength beyond it's 

specified yield or failure point.

This is a very conservative default value.

          The minimum repair thickness required due to hoop loading is 0.337 inches as determined by Milliken Pipe Wrap's custom 

design. This thickness corresponds with a minimum layer count of 16 layers.

0.17%

Strain avail. to yield (εhs f)

0.13%

Use Performance Testing : Yes

Composite Design Strain (εc)

Standard Allowable Strain - In the case where no other design strains are available, an allowable strain value that closely follows 

the ISO 24817 standard is used. See prior pages for more information.

Additional 

Explanation

Yes
Additional 

Explanation

By including the substrate strength in the 

equation, the target pressure, ΔP, can be reduced 

by the safe pressure of the substrate at end-of-life 

conditions.

Additional 

Explanation

Structural Minimum Thickness Equations - The following two pages represent the simple state scenario that a 

composite repair undergoes. Using strain as the limiting design factor, a minimum required thickness is 

determined to handle loading conditions in both, the hoop and axial, stress states.

Include Substrate Strength :

Pipe Diameter (D) Hoop Modulus of Repair (Ec)

Modulus of Substrate (Es) Install Pressure (Pl ive)

Long Term Strain with SF (εs lt)

Design Stress (s) Thickness at Install (tl ive)

Performance Based Strain - If the repair system has undergone extensive long-term testing and the substrate strain is not limited, a 

performance based strain value can be used. Refer to the ASME PCC-2 or ISO 24817 standard for guidance.

Equation 1 

Basic

Assumptions

Direct influence from axial loading ignored.

Design is limited by chosen strain value.

Influence from external forces ignored.

Limiting Substrate Strain - If the repair system is to prevent the substrate from reaching a critical strain value, the composite 

allowable strain must be determined as the difference between install strain and design strain.

Long Term Strain (εlt) 1.20%

Allowable Strain (εcT) 0.23%

0.54%

Design Methodology Used - Performance Based Strain including substrate support.

Target Pressure Range (ΔP)

Minimum Layers Required

Comp. Strain to failure (εcf) 1.80%

The composite has passed performance testing 

and is not limited by any other conditions.

Pipe Strain at Install (εhli ve)

Equation 1 - stress in the hoop direction

Allow beyond design strain :

Safe Pressure with SCF (Ps)

Hoop stress - The fundamental equation below is presented as the starting equation for all hoop stress calculations. The variables 

ΔP and εc can be modified based on the design scenario.

Hoop - Structural Pressure Containment - Custom Milliken Design

N/A
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Tm = Tg  - 36°F

20 years Tm = HDT -  27°F

Tm = Tg  - 36°F

Tm = HDT -  27°F

302.0 °F Tm = Tg  - 58°F

266.0 °F Tm = HDT -  36°F

140.0 °F 90.0 °F

50.0 °F 90.0 °F

78.0 °F

0.90

78.0 °F 78.0 °F

0.90 0.90

5.64E-06 1/°F 1.13E-05 1/°F 6.50E-06 1/°F

50 -40

Composite Substrate Difference Composite Substrate Difference

Hoop Strain 0.028% 0.033% -0.004% Hoop Strain -0.023% -0.026% 0.003%

Axial Strain 0.056% 0.033% 0.024% Axial Strain -0.045% -0.026% -0.019%

-7.65E-04

0.0 inches

0.0 inches

828 psi 0.000 inches

Component Type Multiplier

Standard Temperature De-Rate Factor (fT1)

Leak Temperature De-Rate Factor (fT2) Performance Temp De-Rate Factor (fT3)

Composite - Axial (αa) Substrate (αs)

Installation to Max. Temp

Mechanical Damage Type N/A

Determining Safety Factor and Stress Concentration Factor

Straight Pipe

When there is a difference between the pipe temperature at installation and the design temperature, the composite and pipe will 

expand (or contract) at different rates. These strain differences will result in a thermal stress in the hoop, axial and radial directions. 

In extreme temperature swings, these stresses may result in a composite failure. The values below are used later to ensure that 

failure is not achieved by considering temperature and pressure variations.

Leak Qual. Test Temp (Tt2)

Thermal Properties

          The following section discusses basic input requirements for a custom Milliken design. Information is heavily 

reliant upon the ASME PCC-2 and ISO 24817 standards as well as more rigorous internal requirements.

Initial Design Considerations - Custom Milliken Design

Substrate leaking

Std. Operating Temp. (Top)

Measured HDT Value

Min. Design Temp. (Tdm)

Glass Transition Temp (Tg).Property measured as

Max. Design Temp. (Td)

the PPR resin.Limiting Temp. component is

Installation Temp. (Tl ive)

Max Service Temp. (Tm)

Determining Temperature De-rate Factor

Design Lifetime ≤ 2 years

Substrate not leaking

Substrate leaking

Design Lifetime > 2 years

Substrate is Not Leaking

Design Lifetime (tli fe ti me)

To account for temperatures above tested conditions, a linear de-rate factor is used to extrapolate.

          The installation, operating and design temperatures are all used to determine the physical response of the repair system under 

the proposed conditions. First, the maximum service temperature is determined.

Safety Factor - The default safety factor used is loosely based on the ISO 24817 safety factors. This value may be replaced.

Coefficient of Thermal 

Expansion (CTE) Values

Estimated SCF 1.00

Default Safety Factor (SFc)

2.0

Long-Term Safe Pressure (Ps)

Component Type

Length of Mech. Damage

2.0

Width of Mech. Damage (dw)

Evaluating Effects of Thermal Expansion

Max Damage Height / Depth

N/ASafety Factor Override

Safety Factor Used (SF)

Coupon level Test Temp (Tt1)

Composite - Hoop (αc)

Performance Test Temp (Tt3)

1.00

Installation to Min. Temp

Stress Concentration Factor - The SCF is determined by the geometric shape and mechanical deformation. Estimated.
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1,725.0 psi 1,380.0 psi

1,380.0 psi 1,380.0 psi

0.375 inches 0.150 inches

0.225 inches 5.00 inches

2.00 inches

36,800 psi

46,000 psi 50,600 psi

56,000 psi 56,000 psi

45,000 psi 50,000 psi

55,000 psi 50,000 psi

20.00 inches

27,600 psi

1,035.0 psi

42,599 psi

1,597.5 psi

40,971 psi

1,536.4 psi

in²

psi

psi

828.0 psi

Flaw Unacceptable Ratio 167%

Determining Safety Pressure

          Safe operating pressure is based on the lowest operating pressure that can safely be held with current defect conditions. This 

value can change based on the evaluation method.

Level 0 Evaluation - Barlow's Formula

Pipe Diameter (D)

Estimated Stress Failure Level (SF)

Estimated Pressure Failure Level (PF)

Flaw Unacceptable Ratio

Bulging Stress Magnification Factor (M) 1.75

Estimated Stress Failure Level (SF)

Estimated Pressure Failure Level (PF)

Flaw Unacceptable Ratio 112%

Flaw Unacceptable Ratio 108%

Level 1 Evaluation - Modified B31G

Safe Operating Pressure (Ps)Safe Pressure Method Barlow's Formula

Level 2 Evaluation - Modified B31G

Local Area of Metal Loss

Estimated Stress Failure Level (SF)

Estimated Pressure Failure Level (PF)

Level 1 Evaluation - Original B31G

Bulging Stress Magnification Factor (M) 1.91

Estimated Stress Failure Level (SF)

Estimated Pressure Failure Level (PF)

Minimum Tensile at Ambient

Minimum Sfl ow valueUltimate Tensile at Temp.

Yield Strength at Temp.

Sflow Definition 1

Sflow Definition 3

Sflow Definition 2

Determining Flow Stress - refer to B31G section 1.7 for flow stress definition and parameters

Component MAOP/MOP

pipe constant z (L2/Dt) 3.3

SMYS

Operating Hoop Stress (SO)

Pressure Analysis - Defect Conditions

The first step of performing a design analysis is to determine the remaining structural capabilities of the substrate material. A 

summary of the pressure ratings of the system as well as the remaining substrate thickness (if any) is represented below. The values 

used are assumed to be end-of-life, worst-case conditions.

Defect Width

Defect Length (L)

Wall Loss

Remaining Wall (ts)

Defect Depth (d)

40.0%

Original Wall Thickness (t)

Safety Pressure - Using B31.G as Guidance

Pressure Analysis - Pristine Conditions

The first step of performing a design analysis is to determine the remaining structural capabilities of the substrate material. A 

summary of the pressure ratings of the system as well as the remaining substrate thickness (if any) is represented below.

Pristine Pipe Yield Pressure

System Design Pressure Operating Pressure

Class Location 1.25Class 1 Div 1 Safety Factor

𝑠ி ൌ 𝑠௙௟௢௪
1 െ 𝐴 𝐴଴⁄

1 െ
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𝑃ி ൌ

2 ∗ 𝑆𝑀𝑌𝑆 ∗ 𝑡௦

𝐷

1,400,000 psi

5.000                inches

20 inches 2,826 psi

0.375                inches 0.352                inches

5.48                   inches 1.31                   inches

N/A 2.00                   inches

N/A 2.00                   inches

2.00                   inches

5.00                   inches

N/A 9.0 inches

4.0 inches

0.0 inches

N/A

13.0 inches

N/A 4.0 inches

N/A 4.0 inches

13.0 inches

9.5 inches

12 inches 9.5 inches

24.00 inches

2 inches 2 inches

11.5 inches 13.5 inches

11.5 inches 13.5 inches

28.00 inches 32.00 inches

Straight PipeGeometric Considerations

Determining the Repair Zone

If the repair is leaking :
For slot type defects :

Total Surface Prep LengthTotal Adhesive Primer Length

Prep past defect on side 2

Min. Length Over (Lf,ove r)

          In addition to the minimum required repair length, factors that may increase the total repair length are reviewed.

Axial Strain (εa)Defect length (Lde fe ct)

Axial Modulus (Ea)Structural ReinforcementRepair Type

Addt'l Surface Prep per Side

Pig Markers to be wrapped

          The minimum length past the defect is guided by ISO 24817 section 7.5.8.

If goverend by axial loads, a 5:1 taper is required For low cyclic frequency, a 2 inch (50.8mm) Lover is sufficient

Cyclic Frequency Light

0.25%

Override Length

Composite Repair Zone

Repair past defect on side 2

          Installation method will also need to be examined to ensure sufficient space is available.

Fabric Width

Repair past defect on side 1

          The final minimum repair length is determined by adding the correct Lover, Ltaper and Ldefect.

Taper Length (Ltape r)

No

No limitation

Minimum Repair Length (L)Taper Length (Ltape r)

Defect length (Lde fe ct)

Axial goverend repair

Surface Preparation

Pig Marker LengthYes

Min. Repair Length on side 2

Modified Min. Repair Length

N/ALimitation factor (fth,overla y)Limited Min. Repair Length

N/AAvailable Length (lava il abl e)
ISO 24817

Equation 22

Length Over (Love r)

Prep. Penalty Lengthmedia blasting

Repair Zone Options

For Circular type defects :                                where

YesIs there sufficient space?

Minimum Length Over (Lmi n)Circ. Min. Length Over (Lc,ove r)

Axial Min. Length Over (Lh,over)Min. Length Over (Ls ,ove r)

Repair Thickness (trepair)Pipe Wall Thickness (t)

Lap Shear Strength (τ)Pipe Outside Diameter (D)

Primer past defect on side 1

Primer past defect on side 2

Prep past defect on side 1

Offset methodInstallation Method

Limiting Length on side 2

Min. Repair Length on side 1Limiting Length on side 1

          If limited lengths exist and Love r exceeds this value, ISO 24817 equation 22 can be utilized.

Addt'l Primer per Side

          Lastly, the area beyond the composite is examined. It is recommended that the adhesive primer extends beyond the 

composite repair to act as a tie-in for any re-coating efforts. It is recommended to prep a few inches past the tie-in.
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𝑙௢௩௘௥
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ଶ
ଷ

𝐿௦,௢௩௘௥ ൌ 2 𝐷𝑡
𝐿௖,௢௩௘௥ ൌ 4𝑑 𝑑 ൏ 0.5 𝐷𝑡

N/A

0.072 lb/in.³

N/A

N/A

0.0 psi 0.225 inches

0.000 inches

0.337 inches 0.000 inches N/A

0.337 inches 16 layers

0.337 inches 16 layers

0.337 inches 16 layers

0.000 inches 0 layers

0.000 inches 0 layers

0.337 inches 16 layers

0.337 inches 16 layers

0.132 inches 6 layers

0.000 inches 0 layers

0.337 inches 16 layers

0 extra layers

0.352 inches 16 layers

Installation Considerations Offset method

          Next, the calculated thickness is compared with the company minimum layer count to determine the final minimum repair 

thickness required.

          Lastly, the final minimum repair thickness is rounded up to the nearest layer thickness and adjusted, if needed, to fit with the 

prescribed installation technique.

Company Minimum Thickness (tmin,c)

Final Minimum Repair Thickness

Limited Length (fth,overl ay) N/A

Multiplied Calculated Thickness (tmi n,m)

          Any additional layers are then added, whether from external erosion protection or due to other non-standard influences on 

the substrate or repair system.

External Loading or Vacuum (tmi n,e)

if Lover is larger than Lava il able

Multiplied Minimum Thickness

          The initial minimum thickness is determined by comparing the appropriate structural, axial or leak repair thickness and 

determining which value is highest, if applicable.

Other Design Considerations

Min. Repair Thickness (tmi n,e)

Vacuum Pressure (Pvac)

Soil Loading

Soil Pressure (Ps oi l)

Initial Minimum Calculated Thickness (tmi n,i )

          The initial minimum calculted thickness is then multiplied against the limiting length multiplier, if applicable. 

Leak Repair Scenario

Determining the Repair Thickness

Structural - Hoop Direction Structural - Axial Direction

Timoshenko's equation for the collapse of a round steel pipe has been modified below to account for the additional support 

provided by a composite repair while including the substrate up to a specified hole size (if applicable). 

External Pressure or Vacuum

Assumptions

Effective ts is assumed to be minimum remaining 

wall unless leaking, in which case it decreases 

linear until it is assumed a value of 0 with a hole 

diameter of 3 inches or more.

Effective Wall Thickness (ts)Target Pressure (Pc)

Internal Vacuum

Final Calculated Thickness (tmi n,f)

Soil Weight (γs oi l)

Depth Buried (h)

Final Calculated Thickness (tmi n,f)

External Erosion Protection

Additional Recommended Layers

Rounded Thickness (trep)
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20 inches 1,400,000 psi

23.12 in² 850,822 lbf

36,800 psi

22.82 in² 346,832 lbf

0 lbf

22.82 in²

839,865 lbf

1,380.0 psi 433,540 lbf

0 lbf

0 lbf

0 lbf

0.000 inches 0 layersMinimum Layers Required

The target load, ΔF, is reduced by the safe end-of-

life axial load capacity of the substrate.

Comp. Strain to failure (εaf) 1.45%

Min. Repair Thickness (tmi n,a )

Strain avail. to yield (εas f) Not considered

0.13%

Pipe Strain at Install (εali ve)

Allowable Strain (εa T)

Pipe Diameter (D)

Area of Pristine Pipe (A)

End of Life Conditions

0.05%

Include Substrate Strength :

Pristine Pipe Conditions

Install Conditions

Additional Axial Loads (Fa)

Limiting Substrate Strain - If the repair system is to prevent the substrate from reaching a critical strain value, the composite 

allowable strain must be determined as the difference between install strain and design strain.

Pristine Pipe Max Load (Ff)

Pipe Area at End of Life (As)

Additional 

Explanation

0.25%

Target Load Range (ΔF)Composite Design Strain (εa)

Axial Modulus of Repair (Ea)

Default Allowable Strain including substrate support.

Additional 

Explanation

Install Addtl. Axial Load (Fai )

Axial - Structural Pressure Containment - Custom Milliken Design

Design Methodology Used -

Direct influence from hoop loading ignored.

Influence fro external forces ignored.

A general equation for determining additional axial loads can be

Axial stress - The fundamental equation below is presented as the starting equation for all axial stress calculations. The variables ΔF 

and εa  can be modified based on the design scenario.

Equation 2 - stress in the axial direction

          The minimum repair thickness required due to hoop loading is 0 inches as determined by Milliken Pipe Wrap's custom 

design. This thickness corresponds with a minimum layer count of 0 layers.

Standard Allowable Strain - In the case where no other design strains are available, an allowable strain value that closely follows 

the ISO 24817 standard is used. See prior pages for more information.

System Design Pressure (P)

Area of Pipe at Install (Ali ve)

Yes

Design is limited by chosen strain value.

Design Axial Load (F) :

Axial Load at Install (Fl ive)

Equation 2 

Basic

Assumptions

Determining Axial Loads - The following contains the cross sectional pipe areas and the axial loading condtions.

Safe Axial Load with SCF (Fs)

This is a very conservative default value.

0.25%

Allow Substrate to Yield : Yes

Target Load Range (ΔF)

Additional 

Explanation

The pipe can and is allowed to yield. The pipe is 

assumed to provide no more strength beyond it's 

specified yield or failure point.
Pipe Yield Strain (εay)

Design Stress (s)
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RELIABLE ENGINEERING ANALYSIS: IN-DEPTH DOCUMENTATION 
FROM START TO FINISH

• Repair Questionnaire

• Design Package

• Job Package
• Repair Summary

• Defect Verification

• Quality Verification Form

• Field Installation Report

ENGINEERING DESIGN
• Corrosion

• Barlow’s, B31G, RSTRENG, etc.

• Dents

• Including with interacting defects

• Wrinkles

• Manufacturing defects

• Cracks/fracture mechanics

• Cyclic fatigue

• Axial loading

• Bending loading

• Geohazard loading

• ECA’s for additional anomalies
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• ASME PCC-2 mandates that all installers must 
be certified, using AT LEAST the following 
parameters:

1. Classroom training to cover basic repair 
concepts, composite theory and common 
mistakes to avoid

2. Hands on training, in which each participant will 
partake in a minimum of 2 installations

3. Must pass a certification exam with a score of 
80% or higher

• After initial certification, installers may 
recertify for the next 2 years via an online 
program or retaking the exam

• Every 3rd year they must go through the full 
training course again

“Practice does not make perfect. 
Only perfect practice makes perfect.”

- Vince Lombardi

TRAINING

Permanent Pipeline Repair 
Products

Pre-Impregnated Water Activated Wrap

Carbon Fiber/Epoxy Resin Wrap
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PRE-PREG WATER ACTIVATED

• The system
• Utilizes a standard filler and primer

• High-strength, bi-directional fiberglass

• Pre-impregnated polyurethane resin

• Water activated system
• Only need water to install and cure

• Applies wet, can conform to geometry

• Best suited for low severity defects
• Corrosion, gouges, and small dents

• Works on elbows and bends

PRCI MATR-3-4 3-YEAR CORROSION BURIED STUDY
• 12”, X42, 0.375” original WT

• 40%, 60%, and 75% machined wall loss

• Subjected to 900 pressure cycles at ΔP = 36% SMYS per year and then 
burst a test specimen every year for 10 years

• Survived cyclic fatigue, burst outside the defected area in base pipe

Year 3Year 2Year 1Year 0Wall Loss

4,189 psi4,250 psi4,161 psi4,182 psi40%

4,233 psi4,327 psi4,203 psi4,100 psi60%

4,285 psi4,265 psi4,168 psi4,211 psi75%
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PRCI MATR-3-5 DENT REPAIR STUDY

• 12”, X42, 0.375” original WT

• Dent on pipe body, ERW seam weld, and girth weld

• Subjected to 250,000 pressure cycles at ΔP = 72% SMYS or failure

INSTALLATION STEPS 

36

Measure Defect Fill Defect Apply Primer

Apply Composite Wrap Constrict & Perforate Apply Over Coating
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• Location: 

• Southern California

• Pipe Details: 

• 12” OD, X52, 0.5” Wall, Crude Oil Pipeline

• 1036psi MAOP, Operating pressure = 600psi

• Defect Information: 

• 0.36 Wall Loss – External Corrosion

• Application:

• 16-layer system was installed over 5’ section via spiral 
wrap in about 2 hours. 

• Line was kept in service during install, and composite 
repair installation avoided a costly shutdown

37

PRE-PREG WRAP – EXTERNAL CORROSION

CARBON/EPOXY SYSTEM

• The system: carbon fiber and epoxy
• Utilizes a load transfer filler and epoxy coating
• High-strength, bi-directional carbon fiber
• 2-part epoxy wet-out system, pre-measured

• Field saturated wet lay-up
• Can be applied to unique geometries
• Provides best close-fit to the pipe

• Best suited for high severity defects
• Large dents, wrinkle bends, and weld defects
• Crack and crack-like features
• Great for lines with heavy cycling
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CARBON/EPOXY VARIANTS

• Standard
• Bi-directional carbon fiber

• Ambient cure epoxy

• Engineered for hoop stresses

• High Temperature
• Bi-directional carbon fiber

• High-temp epoxy (450°F)

• Engineered for hoop stresses

• UA (HT)
• Uni-directional carbon (axial)

• Ambient or HT cure epoxy

• Engineered for axial stresses

CARBON COMPOSITE – INSTALLATION

FILLER PRIMER CARBON FIBER

COMPRESSION PERFORATE
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CARBON COMPOSITE –
SEAM WELD CRACKS
• Location

• Louisiana

• Overview

• Pipe Diameter: 16”

• Design Pressure: 1336 psi MAOP 

• Pipe Contents: Ethylene

• Pipe Defect: 33% deep by 3” crack-like defect in the seam weld

• Solution

• Atlas engineered for 3’ repair length

• Based on test program

• Type B welded sleeve was not feasible as it would have caused 
an explosion 

• Avoided down time, kept line in service, and restored pipe to 
beyond original strength

41

CARBON COMPOSITE –
WRINKLE BEND 
• Location:

• Louisiana

• Overview: 
• 3 Wrinkles with External Corrosion on a 26”OD 

Natural Gas Pipeline

• 0.281” WT, X52, 840psi MAOP, Class 1

• Wrinkles: 0.75” high, 4” wide, 3:30-8:30 position

• Ext. Corrosion: 15” long, 19” wide, 0.59” max depth

• Solution:
• Engineered design called for carbon composite over an 89 linear 

inch repair zone

• Repair intended to have a 20-year design life

• Applied in 2 hours and 20 minutes by certified installers

• Restored strength and prevents failure due to bending fatigue

42
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CARBON COMPOSITE –
HARD SPOTS
• Location

• Pennsylvania

• Overview
• Pipe Diameter: 20”

• Design Pressure: 1134 psi MAOP 

• Pipe Contents: Natural Gas

• Pipe Defect: Hard spots, brittle seam weld, Brinell Hardness >300

• Solution
• Atlas engineered for 53’ repair length

• Type B welded sleeve was not feasible due to length and down 
time required

• Avoided down time, kept line in service, and restored pipe to 
beyond original strength

43

CARBON COMPOSITE –
VINTAGE GIRTH WELDS
• Location

• Europe

• Overview
• 20” and 24” Crude Oil Pipelines, 

435 psi design

• Reinforce vintage (Soviet era) girth welds

• Manufacturing Defects

• Lack of fusion

• Solution
• Validated with FEA and full-scale spools 

• Reinforced over 1500 welds

• Kept line in service during rehabilitation

• Saved millions of dollars compared to alternative repairs

44
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CARBON COMPOSITE –
INTERNAL CORROSION
• Location: 

• Texas

• Overview: 
• 26” OD, X65, .406” wall, crude oil pipeline
• 1440psi MAOP, Operating pressure = 350psi
• Design pressure: 1465 psi
• Internal corrosion designed to 80% wall loss over 

(1) 6ft span and (1) 8ft span.

• Solution:
• Both spans completed in 2 days utilizing 

engineered carbon fiber repair.
• Pipeline operator was able to extend the life of the 

pipeline and will be able to clearly monitor this area 
of corrosion with ILI tools without any interference 
of the repair.

45

NEW(ISH) APPLICATION - COMPOSITE REPAIRS ON CRACKS

• 2015 – Testing on pipe with seam weld cracks using 
the carbon composite repair system – Operator: 
Boardwalk 

• Test showed that composite repairs can reinforce a cracked 
seam weld 

• Tested 3-inch-long cracks at 33% and 75% depth 

• 2016 – JIP test program on similar cracks with a 
focus on cyclic fatigue 

• Test showed that composite repairs can significantly increase 
remaining crack life 

• Tested 3-inch-long cracks at 15% and 50% depth

• 2017-2021 - various owner / operator private testing

• Shows continued success under various conditions 

• Includes testing with ExxonMobil, Williams, and more 

• JIP (2021 with ADV) – ongoing
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SUMMARY OF BURST TESTING

• Diameters tested: 8, 12, 16, 22, 36 inches 

• Wall thicknesses: 0.219, 0.250, 0.312, 0.406 inches  

• Crack lengths: 0.6 – 10.2 inches 

• Crack depths: 33% ~ 75% 

• Fracture toughness range: 32,000 – 321,000 psi-in0.5

• Over 50 crack or crack-like features burst 
• All reasonable scenarios had failure initiate outside of the 

composite repair zone 

• Exceptions: very low layer counts in severe defects (intentional 
failure in repair) 

• Conclusion: 
• In short term burst scenarios, a properly designed 

composite prevents rapid crack growth initiation

SUMMARY OF CYCLIC TESTING

• Diameters tested: 8, 12, 16, 22, 30 inches 

• Wall thicknesses: 0.219, 0.250, 0.312 inches 

• Crack lengths: 1.5 – 3 inches 

• Crack depths: 15% ~ 57% 

• Fracture toughness range: 32,000 – 321,000 psi-in0.5 

• Over 60 cracks cycled to failure 

• Measured cycles to failure compared to un-reinforced 2-125 times longer 

• The more severe the initial crack, the more dramatic the impact 

• Conclusion: 

• In cyclic fatigue scenarios, a properly designed composite repair can drastically reduce crack propagation 
rate
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RECAP BENEFITS OF USING COMPOSITE REPAIRS

• Easy to install

• Leads to higher reliability of repair performance in the field, quicker installation

• Liquid epoxy primer coating – prevents moisture ingress

• Thinner fabric is easier to saturate and install with less sagging and install defects

• Engineering supported field designs with rapid turn around time

• New product developments have brought down cost per repair

• Continuously testing and improving the product capabilities and engineering support

• Materials engineered to be able to install, topcoat and backfill same day, allowing 
ditch to close quicker

• Compatible with CP Systems

49

PRESENTATIONS 
SHOULD ALWAYS 
END WITH A 
BANG!

QUESTIONS?


