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1 Background 

The Town of Holden Beach (Town) purchased the property associated with the existing 

timber fishing pier at 441 Ocean Boulevard West in 2022. Features within the pier property 

included the pier, an historic pier house, an 80-space parking lot, two public beach access 

points, an emergency beach access point, and a multi-site campground. Figure 1-1 

illustrates the location of the pier and pier property. 

The pier and pier house were each originally constructed in the late 1950’s and have 

experienced significant deterioration. The Town closed the pier and pier house to the 

general public shortly after the purchase of the property due to safety concerns; the pier 

house was fully demolished in April 2025.  

The Town engaged HDR Engineering, Inc. (HDR) to provide preliminary design, a lifecycle 

analysis, and a Class 3 construction cost estimate in support of revitalizing the historic pier 

so it may continue to serve as an iconic landmark for the Town and its residents.  

 

 
Figure 1-1. Project Site Map 
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2 Existing Conditions 

2.1 Existing Site Features 

2.1.1 Pier Structure 

The existing pier has undergone significant degradation since initial construction, including 

losing several hundred feet of length at the end of the structure from the effects of 

Hurricanes Hugo (1989) and Floyd (1999). The last known major maintenance event on 

the pier was performed within a couple of years following Hurricane Floyd, whereby the 

end of the pier was repaired to its current form (i.e., approximately 750-feet-long and 

without any form of T-head at the pier terminus). The pier has remained closed to the 

public since the Town purchased the property in 2022 due to safety concerns raised by 

the state of the structure. 

A structural investigation with both level I (i.e., visual inspection) and level II (i.e., 

soundness probing) considerations was performed by HDR on the subaerial portions of 

the pier in early March 2025. The investigation did not include any inspections on the 

sections of piles that were underwater or buried by sand, nor did it include any level II tests 

on the piles that were seaward of the tide line. The investigation was carried out following 

the standards defined by the American Society of Civil Engineers in the Waterfront 

Facilities Inspection and Assessment Manual (ASCE, 2016).  

The investigation determined the overall condition of the pier to be rated as poor, with 

numerous specific structural components further rating as serious or critical condition. 

From this determination, HDR recommended to the Town that any further project scope 

considerations exploring potential pier repairs be curtailed due to the ineffective cost-

benefit value the repairs would entail. With the Town’s acceptance of the recommendation, 

the scope of this project narrowed from a repair and reconstruction alternatives analysis 

to only a preliminary reconstruction design.  

The comprehensive summary report of the structural investigation is found in Appendix A. 

2.1.2 Pier House 

The pier house was not part of this project scope but is mentioned due to this building 

previously providing the tie-in location for the water and electrical utilities servicing the pier. 

The pier house was in a similar state of disrepair as the pier and was likewise closed to 

the public shortly after the Town purchased the property. The building was demolished in 

April of 2025 due to safety concerns, and the Town is in the process of determining how it 

is to be replaced. 

The removal of the pier house structure has two implications on this preliminary 

reconstruction design: 

1) The design of the new pier structure is not constrained by the former locations of the 

pier access doorway or utility meters/junction boxes. 
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2) The design plans for the new pier structure will not include details for how the pier will 

ultimately tie-in to the future pier house as the pier house layout is not yet known. 

2.2 Project Datum 

All horizontal coordinates in this report are relative to the 2011 adjustment of North 

American Datum of 1983 (NAD83 2011), State Plane Coordinate System, North Carolina 

Zone (NC-3200) US feet. All elevations are relative to the North American Vertical Datum 

of 1988 (NAVD88) GEOID 18 Epoch 2001 US feet. All units are US customary. 

Table 2-1 displays the tidal datums with respect to NAVD88 using data from the NOAA 

Station 8661070 at Springmaid Pier in Myrtle Beach, SC (NOAA, 2025b). The Myrtle 

Beach, SC station was selected as the Wilmington, NC station is too far inland to 

appropriately represent coastal conditions, and the Myrtle Beach, SC station was found to 

be spatially closer to the pier site while also reporting more conservative values relative to 

the Wrightsville Beach, NC station. The Town installed a tide gauge on the Intracoastal 

Waterway approximately 650 feet southwest of the Holden Beach Road causeway in 2021; 

the inland location of this gauge provides different tidal dynamics relative to the oceanfront 

location of the pier site and thus is not suitable for use for this particular project. 

 

Table 2-1. Tidal Datums For NOAA Station 8661070 In Myrtle Beach, SC 

Tidal Datum Elevation (Feet NAVD88) 

Mean Higher High Water (MHHW) +2.4 

Mean High Water (MHW) +2.1 

Mean Sea Level (MSL) -0.5 

Mean Low Water (MLW) -3.0 

Mean Lower Low Water (MLLW) -3.2 

Average Tidal Range 5.0 

 

2.3 Beach Profile Elevation Survey 

Elevation data of the beach profile were collected by McKim & Creed on March 19, 2025 

(Figure 2-1). The onshore and nearshore portions of the survey were measured using an 

RTK GNSS rover while the offshore portions were measured using a hydrographic survey-

grade single beam 200 KHz echosounder. The measurements were taken such that the 

offshore and nearshore measurements overlapped to compare between the collection 

methodologies. 
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Six profile transects were collected, with three transects taken on either side of the pier. 

For each side, a transect was first collected near the pier at a distance considered safe 

and logistical by the field crew, with the following two transects being spaced 

approximately 100 feet away from the previous. The westernmost transect (Transect 1) 

and easternmost transect (Transect 6) were approximately 450 feet apart. Each transect 

was approximately 2,100 feet in length. 

In addition to the transects, multibeam data was collected covering an approximately 425-

foot by 65-foot area near the end of the pier at a 10-foot by 10-foot resolution. These data 

had strong agreement with the overlapping single beam transects.  

 

 
Figure 2-1. Survey Transects Under Existing Pier 
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Figure 2-2 shows the profiles along Transects 1, 3, 4, and 6. Transects 1 and 6 provided 

bed profile information approximately 200 feet from the pier while Transects 3 and 4 

provided bed profile information at either side of the pier. 

From Figure 2-2, the effects of the pier on local scour can be observed in the offshore bar 

located between Stations 4+50 and 8+00. The bed within the immediate vicinity of the pier 

is about three feet deeper compared to the bed located approximately 200 feet away. The 

deeper elevation was used in the scour analysis to account for impacts on pile stability 

from bedform variability. 

 

 
Figure 2-2. Beach Profiles Including the Proposed Pier Deck Elevation 

 

2.4 Geotechnical Investigations 

At the direction of the Town, a 2023 geotechnical investigation report for the project site 

prepared by S&ME, Inc. (SM&E) was used to provide the geotechnical data referenced 

within this preliminary design. The report, titled “Report of Geotechnical Exploration – 

Holden Beach Pier and Pier House” (S&ME Job No. 23060076), is dated July 24, 2023, 

and is included in Appendix E of this document (S&ME, 2023). The geotechnical boring 

data from the S&ME  report provides the basis for existing site conditions, while the results 

from HDR’s geotechnical evaluation will provide the design parameters for the 

replacement pier structure. 
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The two borings collected by S&ME in 2023 were located near the dune and tide lines, 

and although deemed sufficient for this preliminary design, at least one additional offshore 

boring located at the end of the proposed pier is necessary during future design phases 

with additional borings being strongly recommended. See Appendix E for further 

geotechnical details and information. 

2.5 Meteorological and Oceanographic Conditions 

A meteorological and oceanographic (metocean) analysis was performed and is 

documented in a metocean report included in Appendix D. The report includes a summary 

of the datum, water level (i.e., measured data, extreme event record, sea level rise, and 

FEMA flood hazard information), wind (i.e., measured data, ASCE effective speeds, and 

extreme storm history), wave, and shoreline change characteristics of the pier site. See 

Appendix D for the full data review and related discussion. 

The locations of the metocean data sources are shown in Figure 2-3 and include the 

National Oceanic and Atmospheric Administration (NOAA) Station 8661070 in Myrtle 

Beach, South Carolina (NOAA, 2025b), and the US Army Corps of Engineers (USACE) 

Wave Information Study (WIS) Station 63310 (USACE, 2025) that is 17 miles offshore of 

the pier. The NOAA National Data Buoy Center (NDBC) Buoy 41013 (NOAA, 2025c) was 

used for verification of the WIS dataset. 

 

 
Figure 2-3. Metocean Data Source Locations  

 

The primary findings from the metocean report are summarized below in Table 2-2. The 

bold rows indicate values that were directly applied during design.
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Table 2-2. Summary Of Metocean Report Design Values (HDR, 2025) 

 Description Value 

W
a
te

r 
L

e
v
e
l 

Projected Sea Level Rise between 1992 and 2055 +1.7 feet 

Projected 50-year Event WSEL in 2055 incl SLR (NAVD88) +8.9 feet 

Max Observed Surge (NAVD88), Hurricane Hazel (NWS, 1954)  +14.6 feet 

FEMA 100-Yr Flood Elevation (NAVD88) +16 feet 

Mean Higher High Water (NAVD88) +2.4 feet 

Mean Lower Low Water (NAVD88) -3.2 feet 

W
in

d
 

Dominant Wind Direction - Spring Southwesterly 

Dominant Wind Direction - Fall Northeasterly 

ASCE Max Design Wind Speed (Converted 20-Minute Wind Duration) 100.3 miles per hour 

Recorded Hurricane Landfall Count Within 60 Nautical Miles of Pier (1851-2023) 42 

W
a
v
e
 

Dominant Offshore Wave Direction Southeasterly 

Peak Offshore Wave Height (Before Depth-Limited Conditions Are Applied) 19.7 feet 

Peak Offshore Wave Period 15.5 seconds 

Design Wave Height at Pier (Depth-Limited Conditions) 17.9 feet 

Design Wave Period at Pier 15.5 seconds 

S
h

o
re

li
n

e
 

Annual Average Erosion Rate in Pier Vicinity (1944-2020) -1.7 feet per year 

Bed Elevation at Proposed End of Pier (NAVD88) -14 feet 

*Bold indicates value directly used for design 
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3 Preliminary Design 

3.1 Structural Service Life 

The proposed pier structure is designed for a 30-year service life consistent with the typical 

longevity of timber piles subjected to standard coastal wind and wave conditions. This 30-

year life may be extended with the adoption of regular inspection and maintenance type 

activities, and thus the life cycle analysis (discussed in Section 5) will include a 50-year life 

cycle horizon. The 30-year service life does not incorporate considerations for 

unpredictable events such as natural disasters (extreme storm events, hurricanes, 

earthquakes, etc.) or acute accidents (vessel strikes, vandalism, etc.). 

While the structural elements are designed for a 30-year service life, several components 

– including decking, benches, railings, and utilities – will require more frequent inspection 

and replacement. Routine maintenance will focus on ensuring pedestrian safety, 

maintaining appearance, and preventing deterioration from exposure to saltwater and 

standard coastal weather. 

The pier’s timber structure will require regular condition assessments to monitor signs of 

decay, marine borer activity, corrosion of fasteners, and scour or instability. Utility system 

maintenance will need to be tracked as part of the included life cycle plan, with 

recommended activities based on material type and corrosion risk. 

3.2 Loadings 

At the guidance of the Town, the proposed pier structure is only intended to support 

passive recreational use such as walking, fishing, and public gathering. A pedestrian load 

of 60 pounds per square feet and a 400-pound concentrated point load at any location 

along the structure will be used to size the structural members (ASCE, 2020; DoD, 2017; 

ICC, 2018). 

The pier is in an exposed coastal environment and is sized for a design wind speed of 148 

miles per hour (3-second gust) and an exposure category D per ASCE 7-16 (ASCE, 2016). 

3.3 Structural Design Specifications 

The pier will utilize marine grade timber pilings and structural members with treated lumber 

decking. Handrails will be furnished on the outboard side along the full length of the pier 

and will be 42-inches-high above the walking surface. The finished deck height of the piers 

is +19 feet NAVD88 to ensure that it is above the FEMA base flood elevation. General 

features include: 

- an approximately 120-foot-long by 16-foot-wide ADA ramp at a 12H:1V slope that 

leads up to the main deck elevation 

- a 12-foot-long by 6-foot-wide observation balcony that begins at the top of the ramp 

- an 828-foot-long by 16-foot-wide main walkway 
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- a 48-foot-square T-head terminus that is centered on the main walkway and includes 

a simple covered structure in the center 

- a top of pier walkway elevation of +19 feet (NAVD88). 

See Appendix B for the comprehensive Basis of Design document. 

3.3.1 Structural Design 

The timber pier is designed as a two-pile bent system along the main pier and as a 4-pile 

bent system (5-piles longitudinally) under the T-head. The pier is designed for strength 

and serviceability with an allowable deflection based on L/360. 

The structural design will follow a defined load path (as outlined below for operational 

gravity loads).  

Decking – The decking spans 2 feet between the joists, while supporting the operational 

loads of 60 pounds per square foot or a concentrated load of 400 pounds, whichever 

produces a more critical load effect. The decking is designed as a one-way system and 

sized based on individual member stresses distributing loads to the supporting joists. The 

minimum decking is taken as a 2x6 timber board. 

Joists – The joists will span between the bent cap beams and are designed for a max 

clear span of 12 feet. The joists support the decking and will be designed to transmit 

vertical and lateral loads from the superstructure to the bent cap beams. The minimum 

joist size is taken as a 3x12 timber. 

Bent Cap Beams – The bent cap beams will span between the piles and support the 

joists. The bent cap beams are designed to have a total span equal to the walkway width 

of 16 feet, and a clear span equal to the nominal pile spacing of 12 feet. The bent cap 

beam section is based on two beams per bent, sitting on either side of the pile. The 

minimum bent cap beam size is taken as a 12x12 timber. 

Piles – The piles will be spaced at a nominal pile spacing of 12 feet apart along the 

walkway (longitudinal) and 12 feet (center-to-center) apart across the walkway 

(transverse). The round timber piles are battered at a 3H:12V slope and sized based on 

axial and lateral capacity and stability. The minimum pile size is taken as a 15-inch 

diameter pile (butt diameter) that tapers to approximately a 10-inch diameter tip according 

to ASTM D25 (ASTM, 2022). The piles are 60 feet long. 

Railing – The timber handrails will be 42 inches tall and be comprised of 4 rows of 2x4 

timber boards. The rail posts will be 4x4 timbers spaced every 4 feet (center-to-center). 

All timbers (structural and railing members) shall be new, southern yellow pine, Grade No. 

2 or better. All timber shall be treated with chromated copper arsenate (CCA) to a retention 

of 2.5 pounds per cubic foot. 

3.3.2 Water Utilities 

The water service will be extended from the existing supply at the meter to the new pier. 

A backflow preventer assembly will be installed near the meter in accordance with local 

utility standards. The proposed water line will use materials that meet applicable local utility 



Draft Summary Report 

 

Town Pier Reconstruction (10426190) 

 

hdrinc.com HDR Engineering, Inc. 
101 North 3rd Street, Suite 201, Wilmington, NC  28401-4034 
(910) 398-9020 

 

10 

standards. The new line will be routed along the pier to service hose bibs and the two fish 

cleaning stations. Final pipe sizing will be determined based on the quantity and spacing 

of these fixtures to ensure adequate flow and pressure. A valve and discharge will be 

provided at the low point of the system for drainage as needed. All components shall 

conform to local utility standards and approved details. 

3.3.3 Electrical Utilities 

A new 120/240V, single phase service will be provided for the pier. An equipment rack will 

be installed on shore which will support the new electric utility meter, service disconnect 

and panelboard. The service disconnect will be an enclosed 60A breaker with a lockable 

NEMA 4X stainless steel enclosure. The panelboard will be 100A main lug-only type with 

18 poles for branch breakers and housed in a lockable NEMA 4X stainless steel enclosure. 

The panelboard will be protected by an externally mounted NEMA 4X surge protection 

device. 

Exposed conduits at the service equipment rack will be rigid aluminum conduit. Conduits 

installed below grade or run exposed along on the pier will be fiberglass type (reinforced 

thermosetting resin conduit). Outlet boxes and junction boxes will be cast aluminum. 

Receptacles will be GFCI type, weather and corrosion resistant, and will have a cast 

aluminum cover rated as weatherproof while in use. Receptacle quantity and locations will 

be coordinated with the Town. Pole mounted light fixtures on the pier will consist of LED 

fixtures with cast aluminum housing, IP68 rating, and full cutoff optics. Desired lighting 

levels will be coordinated with the Town and regulatory agencies. Dusk-to-dawn light 

operations will be provided by photocells installed on the first light pole on the pier. 

3.3.4 Amenities 

To help provide comfort and safety for the pier visitors, several minor amenities are 

included within the design: 

- Benches are placed along the main deck walkway and T-head terminus; no benches 

are found on the ramp. The benches are staggered along the walkway every 50 feet 

such that adjacent benches on the same rail are 100 feet apart. Each side of the T-

head terminus has two benches, with the three uninterrupted sides having a 10-foot 

clearance between the benches and the T-head deck corners. The benches are 

centered along each rail for the side of the terminus that connects with the main 

walkway. This design proposes 25 total benches. 

- Two fish cleaning stations are situated along the main walkway, with one located 

approximately 250 feet from the T-head (~Sta. 6+90) and the other approximately 30 

feet from the T-head (~Sta. 920). 

- Light poles are placed along the entire length of the structure past the top of the ADA 

ramp. The pole locations are roughly 110 feet apart and are staggered similar to the 

benches. Additionally, two light poles are proposed to be along each side of the pier 

where the main walkway connects into the T-head terminus. Railing-mounted lights 

are placed along the ADA ramp and are staggered at 10-foot spacings. 
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- A simple covered structure measuring 30 feet by 30 feet is to provide protection from 

the elements for visitors within the center of the T-head deck. The structure provides 

6 feet of unobstructed walkway from the structure edge to the back of the benches and 

provides 9 feet of unobstructed walkway from the structure edge to the railing. 

Electricity is provided to the structure for overhead lights.  

4 Construction Cost Not-To-Exceed Estimate 

4.1 General Clarifications 

Any opinions on the probable construction cost or cost estimates provided by HDR are 

based on information available to HDR and based on the cost estimator's experience and 

qualifications and represents its judgment as an experienced and qualified professional 

engineer. However, HDR, has no control over the cost of labor, materials, equipment, or 

services furnished by others, or over the contractor(s') methods of determining prices, or 

over competitive bidding or market conditions. HDR does not guarantee that proposals, 

bids, or actual project or construction cost will not vary from opinions of probable cost or 

cost estimates prepared by HDR.  

The pricing is based upon a competitive bidding situation with multiple responsible bidders. 

Any sole sourced work will have an impact on the overall cost.   

The costs provided are consistent with recent experience and market conditions, but as 

demonstrated in the past, markets are dynamic and unpredictable. No market or 

commodity volatility has been considered for this estimate.    

The pricing in this report should be considered primarily for screening and evaluation 

purposes only. Material pricing is based on industry cost publications, recent proposals, 

and historical project cost information.   

The estimate assumes there is no shortage of qualified labor craftsmen. A labor study has 

not been conducted at this stage of the project.   

The estimate does not include specific pricing or schedule impacts for extensive scope 

changes. 

4.2 Classification 

A construction cost estimate was developed for the pier and is considered a Class 3 

estimate based on the overall 30% level of project design. Class 3 estimates are between 

-20% and +30% based on the maturity of the design and estimating methodology. The 

estimate is classified based upon AACE International, Recommended Practices 18R-97 – 

As Applied in Engineering, Procurement, and Construction for the Process Industries 

(AACE, 2020).  
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4.3 Not-To-Exceed Estimate 

During the development of the standard Class 3 cost estimate, the Town was made aware 

that the cost estimate would be further used to establish the value of a potential bond that 

may ultimately provide funds for the pier’s construction pending the results of a resident 

referendum. With the additional implication that the Class 3 cost estimate would be used 

for a bond to potentially pay for the construction in its entirety, the cost estimate was further 

refined into a not-to-exceed (NTE) basis such that an upper-bound cost limit would result. 

4.3.1 Additional Constructability Investigation 

HDR determined that the 30% cost estimate as scoped would not provide an adequate 

NTE construction amount due to the lack of construction methodology considerations at 

this stage of design. Although some engineered projects may suitably employ a standard 

30% Class 3 estimate for construction estimation, a coastal pier structure in particular will 

present numerous construction methods that often vary significantly in cost. Methods can 

include the construction of a work trestle, land- and barge-based construction, top-down 

construction, the creation of a land bridge, or a combination thereof.  

From the initial construction methodology investigation, a work trestle was found to be the 

method constituting the potential upper bound cost limit while still being reasonably 

permittable and suitable for a design not rated for loadings beyond standard pedestrian 

use. Conservative pricing of the trestle construction was used to keep the estimate in line 

with an NTE basis. 

4.3.2 Contingency 

Contingency is calculated on a weighted basis representing areas of risk and unknowns 

and is included as a single-line entry of the cost build-up. For this design, HDR 

recommended a contingency of 25% of total construction cost be used. The contingency 

is preliminary and can be further defined during subsequent design phases. No additional 

owner’s contingency or reserve funds were included.   

4.3.3 Recommended Not-To-Exceed Amount 

With the inclusion of all design and construction methodology aspects and the 25% 

contingency, the total NTE construction cost estimate that HDR recommends be used for 

the bond amount is $7,300,000. 

5 Life Cycle Analysis and Plan 

Life cycle plans provide a structured approach to managing an asset throughout its service 

life. The complete life cycle plan developed for the pier is provided in Appendix C, and 

includes a comprehensive discussion into the details, assumptions, and results from the 

life cycle analysis performed for this preliminary pier design. It outlines the main four 

lifecycle strategies to support ongoing maintenance, protect asset conditions through 

preservation, address issues through periodic rehabilitation, and plan for future 
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replacement needs. The life cycle approach enables the Town to estimate long-term costs, 

prioritize reinvestment, and make informed decisions that align with available resources 

and service expectations. Figure 5-1 provides a visual description of how successfully 

implementing a life cycle plan can be generally expected to extend the service life of an 

asset. 

 
Figure 5-1. Extending Asset Life With Maintenance And Preservation 

 

The four recommended life cycle strategies to manage and maintain Holden Beach’s pier 

are summarized in Table 5-1 on the following page.  

The activity frequency column lists the recommended or estimated time in years between 

applications of the given activity. The frequency values have been determined based on a 

compilation of other pier best practices as recommended by regulatory agencies, industry 

standards, and subject matter experts. Frequency ranges are presented (denoted as low 

and high in the table), where applicable, along with the proposed frequency for life cycle 

planning purposes.  

The activity cost estimate and comment columns provide the basis for estimating the cost 

of these activities. These costs are estimated in 2025 year’s dollars and align to the pier’s 

preliminary design plans. Cost estimates include a combination of average bid prices and 

man-hour assessments.  

By performing maintenance and preservation activities in a timely manner, the frequency 

of major rehabilitations and replacements is predicted to decrease.  
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Table 5-1. Proposed Pier Life Cycle Framework 

Category Activity 
Frequency - 

Low 
Frequency - 

High 
Frequency 

Activity 
Cost 

Comments 

Maintenance 

Inspection 

Above Water Inspection 
and Condition Assessment 

3 yrs 5 yrs 4 yrs $20,000  

Under Water Inspection and 
Condition Assessment 

- - 5 yrs $25,000  

Preventative 
Maintenance  

Debris Management  - - 4x / yr $1,200  

Sealing and Re-Coating of 
Decking 

5 yrs 10 yrs 7 yrs $48,000  

Preservation 

Pile 
Protection 

Pile Wrap Installation or 
Reapplication 

 -  - 
1/ life cycle 

(at 16 yrs) 
$89,595 

Only 50% of piles assumed to get 
wrapped 

Cleaning & 
Drainage 

Maintenance 

Cleaning of Pier 
Superstructure 

- - 1 yr $16,000  

Cleaning of Pier 
Substructure 

3 yrs 5 yrs 4 yrs $6115  

Rehabilitation  

Partial Deck 
Rehab 

Decking Repairs  -  - 10 yrs $3,913 
Estimated 20% of boards will 
need to be replaced every 10 

years 

Structural 
Strengthening  

Addition of Bracing of Pile 
Caps 

5 yrs 10 yrs 7 yrs $5,250 
Assuming 2.5% of elements are 

braced every occurrence 

Upgrading 
Benches 

Upgrade and/or replace 
worn benches 

15 yrs 20 yrs 17 yrs $15,000 Includes all benches 

Replacement 

Upgrading 
Utilities and 

Fixtures 

Electrical and Lighting 
Upgrades 

- - 
1/ life cycle 

(at 30 yrs) 
$262,000 

Replacement of entire electrical 
system 

Plumbing Upgrades - - 
1/ life cycle 

(at 30 yrs) 
$19,000 

Replacement of entire plumbing 
system 

Full Deck Replacement - - 
1/ life cycle 

(at 30 yrs) 
$124,000 

Replacement of entire 
superstructure  

Pile Replacement - - 
1/ life cycle 

(at 30 yrs) 
$375,000 

10% of piles over beach replaced, 
50% of piles over water replaced 

Full Roof Replacement - - 
1/ life cycle 

(at 30 yrs) 
$4,600 

Replacement of entire roof 
structure  
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5.1 Cost Forecast: Recurring Activities 

The first three life cycle management strategies of maintenance, preservation, and 

rehabilitation are collectively known as recurring activities. These activities occur more 

than once over the lifespan of the asset and are developed into a framework that forecasts 

the year-by-year spending using assumed activity frequencies. The recurring activities 

supporting the pier are designed on an unconstrained scenario, meaning all scheduled 

work is performed as planned at the recommended standard time interval. 

Figure 5-2 illustrates the resulting year-by-year spending, showing considerable variability 

due to the assumption that each activity occurs in the exact year it is due. Notable spikes 

include a major preservation project to wrap piles in 2041. Full pier replacement is 

anticipated at the end of the 50-year period and that cost is not included in this forecast. 

 

 
Figure 5-2. Estimated Needs For An Unconstrained Recurring Activity Forecast 

 

Table 5-2 below shows the annualized cost for each activity type and the total cost over 

the 50-year period. These annualized costs represent a high-level annual estimate and 

are calculated based on the initial design of the pier. 
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Table 5-2. Future Annualized Funding Needs Projection (2025 Dollars) 

Activity Type Avg. Annual Cost 50-Year Cost 

Maintenance $20,901 $1,066,000 

Preservation $18,881 $962,975 

Rehabilitation $1,512 $77,151 

Total*  $41,296   $2,106,127  

* Replacement activities are not included 

 

5.2 Cost Forecast: Mid-Life Replacement 

Figure 5-2 shows the calculated average annual cost that only includes planned 

maintenance, preservation, and rehabilitation activities. Not included in that projection is a 

major capital project classified as replacement work, anticipated in 2056 at the 30-year 

mark. 

This replacement effort is expected to cost approximately $784,700 and is intended to 

extend the pier’s service life to 50 years in a cost-effective manner, avoiding the need for 

full reconstruction. Table 5-3 provides a breakdown of the estimated costs for the 2056 

replacement activities. The pile replacement rate is noted as deriving from the assumption 

that 10% of piles landward and 50% of piles seaward of the mid-tide line will be replaced.  

Note that the following replacement line-item costs are not inclusive of construction 

methodology considerations (i.e., barge rentals, trestle construction, etc.). The line items 

include base labor and material costs only. 

 

Table 5-3. Replacement Activities Cost in 2056 (2025 Dollars) 

Activity Cost Notes 

Utility Replacements $281,000 Electrical and Plumbing systems replacement 

Deck Replacement $124,000 Complete replacement of superstructure 

Roof Replacement $4,600 Complete replacement of roof structure 

Pile Replacement  $375,100 Replacement of approx. 38% of piles 

Total  $784,700   

 

5.3 Cost Forecast: Total Life Cycle 

Table 5-4 shows the annualized funding needs projection similar to the one shown in Table 

5-2, however Table 5-4 includes the annualized cost of replacement activities. Adding 

replacement costs provides a more complete picture of the full life cycle cost and shows 

the resulting increase in average annual cost due to major replacement work. 
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Table 5-4. Total Future Annualized Funding Needs Projection (2025 Dollars) 

Activity Type Avg. Annual Cost 50-Year Cost 

Maintenance $20,901 $1,066,000 

Preservation $18,881 $962,975 

Rehabilitation $1,512 $77,151 

Replacement $15,386 $784,700 

Total*  $56,682   $2,890,827 

* Reactive activities are not included in the Total Costs 

 

See Appendix C for full details and discussion from the full life cycle analysis and plan. 
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1 Executive Summary 

1.1 Overview  

The recreational fishing pier and historic pier house in Holden Beach, North Carolina are in 
disrepair and have been closed off to the public. The Town of Holden Beach (Town) has asked 
HDR to perform a site investigation of their historic fishing pier, shown in Figure 1.   

 

 

Figure 1 - Holden Beach Fishing Pier Plan View and Project Stationing 

On March 3, 2025, HDR conducted a site investigation and condition assessment as defined 

in the “Waterfront Facilities Inspection and Assessment – Manuals and Reports on Engineering 

Practice No. 130” published by the American Society of Civil Engineers. The deficiencies 

recorded have been divided into the following condition assessment categories in line with 

ASCE’s published condition assessment ratings:  

1. Good (No repairs required)  

2. Satisfactory (No repairs required)  

3. Fair (Low priority repair)  

4. Poor (Moderate priority repair)  

5. Serious (High to very high priority repairs)  

6. Critical (High to very high priority repairs)  

1.2 Findings 

The field investigation of the timber pier was performed from both the pier topside and from 

below along the beach shoreline to collect data and photos of the pier superstructure and above 

waterline substructure elements. The substructure investigation from the shore was performed 

at low tide in order to capture as much of the pier’s timber pilings as observable. The structure 

was divided into four sections or areas: 

• Access Ramp Section (Sta 0+00 to 0+75) 

• Balcony Viewing Area (Sta 0+75 to 0+90) 

• Narrow Pier Segment (Sta 0+75 to 2+50) 

• Wide Pier Segment (Sta 2+50 to 7+50) 



Town of Holden Beach | Beach Pier Repair 
CONDITION ASSESSMENT | Project No.10426190  

 

Page 2  

The overall assessment of the timber recreational pier is in POOR condition and displays 

varying degrees of individual deterioration as represented in Table 1. In general, the condition 

of superstructure elements exhibits a higher degree of damage or deficiencies relative to the 

substructure components.  

Table 1 - Condition Assessment Summary 

Location Access Ramp Section Balcony Area Narrow Pier Segment Wide Pier Segment 

Superstructure POOR1 CRITICAL POOR SERIOUS 

Substructure FAIR1 POOR FAIR POOR 

The pier’s superstructure, which includes the deck boards, support joist, handrails, etc., is 

heavily deteriorated, warped and/or damaged with deficiencies consisting of checks, splits, 

gouges, and railing failures, and should be entirely replaced. 

• The handrails and rail post hardware connections are in CRITICAL condition, 

particularly the eastern rail. The hardware and rail posts are damaged and heavily 

corroded and therefore insufficient in transferring or supporting the required OSHA rail 

load standards. 

• There are numerous timber deck boards inadequately connected to the supporting 

joists as well as several locations where the deck boards deflect excessively under 

pedestrian loading. 

• The spacing between the existing primary timber support joists was field measured at 

approximately 30-in on center at several locations. The deck boards overlaid atop of 

the timber joists were visually observed to consist of nominal 2x6 boards. Industry 

standard spacing recommendations for support joists is 24-in on center to support the 

serviceability requirements for typical pedestrian loading on recreational piers 

(assuming 2x6 deck boards). 

• Timber rotting / cross-section loss of the primary timber support joists at multiple 

locations was also observed and in POOR or SERIOUS condition. 

• The balcony or viewing pavilion located near station 0+85 was observed to be in 

CRITICAL condition with deficiencies including failed handrails, loose deck boards, 

corroded steel hardware, rotted supports, and hollowed timber piles. 

The condition of the existing substructure, consisting of pressure treated timber pilings, timber 

bent caps and timber cross-bracing, was observed to range from FAIR to POOR overall, with 

individual elements being more serious. Furthermore, the condition assessment was limited to 

what was visually observed above the waterline at the time of the investigation. Additional 

deficiencies may exist below the waterline.  

• The general condition of pilings that could be visually observed from shore or the pier 

topsides is FAIR. However, multiple pilings were noted to be in POOR to SERIOUS 

condition, including a cluster of pilings near the shoreline at low tide. The pier structure 

 

1 Ramp Section needs to be completely replaced due to ADA non-compliance 
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consists of approximately 64 total bent systems. Piling and pile bents beyond Station 

4+00 were not able to be completely assessed due to the water inaccessibility. 

Considering the pile bents that were visually observable from both topsides and 

underneath (approximately 40 of the 64 bents), over 30% of these assessed bent 

systems were noted to have some piling damage, deterioration or degree of 

deficiencies requiring repair. It can be reasonably assumed the degree of damage of 

the bent systems / pilings not assessed have similar if not further degree of 

deterioration.    

• The overall condition of the timber pile caps is FAIR; however, timber rot of the pile 

caps supporting the timber joists was recorded at several locations. The nominal size 

of the timber pile caps at each bent system varied between 8x10 to 10x10. Considering 

the pile bents that were observable (as noted in the previous bullet), over 25% of these 

timber bents were noted to have some structural deficiencies. 

• Several existing cross-bracings were observed to be in POOR or SERIOUS condition. 

There are multiple locations where cross bracing has either split or separated at its 

connection to the piles, rendering the member ineffective. Some bracings are broken, 

snapped, or missing and need to be replaced. When only considering the pile bents 

that were observable, over 40% of these pile bents were observed to have some cross-

bracing deficiencies. 

• The majority of the existing bolted hardware connections have experienced heavy 

corrosion, section loss, or failure and are classified in POOR to SERIOUS condition. 

• There are numerous locations of deteriorated, missing and/or failed hardware 

connections between the existing timber piles and the timber pile cap. 

Additional factors and considerations affecting the condition of the structure includes: 

• Limited remaining useful service life of the existing timbers. Timber substructure 

elements are understood to be a minimum of 25 years old. 

• Insufficient or minimal information is available regarding the design loadings for the 

existing timber pier structure.  

• Insufficient or minimal official information is available regarding the as-built condition 

of the foundation pilings. Strike tests would be recommended to understand the in-situ 

capacity of the existing piles. 

• The substructure and superstructure for the Ramp Section will be required to be 

entirely replaced in order to meet federal ADA requirements for pedestrian access. 

• The anticipated construction means and methods that would be required to perform a 

large quantity of the localized repairs would be similar to those needed for new 

construction (i.e. construction from a work barge in the water OR building out a working 

jetty (sand or gravel deposit) parallel to the pier. It is HDR recommendation that 

machinery and/or construction equipment shall NOT be utilized atop of the existing pier 

deck for operations in the structures present deteriorated state. 
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1.3 Recommendations 

In summary, the overall condition of the existing fishing pier was assessed to be in POOR 

condition and HDR recommends replacing the timber superstructure in its entirety. The pier 

approach (superstructure and substructure) will also be required to be rebuilt and reconfigured 

to satisfy federal ADA requirements. The existing substructure has many structural deficiencies 

which would require extensive repairs and is currently at the end of its useful service life. This 

coupled with the fact the recommended construction methods would be similar for both repair 

and replacement options supports the conclusion that repairing the existing pier would not be 

structurally cost effective, nor would it provide the longevity or service life that results from 

replacing the timber fishing pier. Therefore, it is HDR’s recommendation that the Town of 

Holden Beach consider a pier replacement option only.   
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2 Introduction 

2.1 Authorization / Background 

The work outlined in this study was authorized by the Town of Holden Beach, North Carolina 

(Town). The Town is a municipal corporation located in Brunswick County, North Carolina 

serving a community of nearly 1,000 year-round residents and a higher seasonal population. 

The work performed herein is in accordance with HDR’s proposal dated January 27, 2025, and 

agreed to on February 11, 2025. 

2.2 Purpose and Scope 

The recreational fishing pier and historic pier house in Holden Beach are in disrepair and have 

been closed off to the public. The pier is over 65 years old. The Town has retained HDR to 

provide preliminary design and cost estimating services related to revitalizing the historic 

fishing pier. As part of the repair design, the Town has asked HDR to perform a site 

investigation and condition assessment of their historic fishing pier, shown in Figure 2. 

 

Figure 2 - Holden Beach Fishing Pier Plan View and Project Stationing 

The 750-ft long recreational fishing pier consists of a timber superstructure (i.e. deck boards, 

joists, handrails, benches, appurtenances, utility poles, etc.) supported by a timber substructure 

comprised of a series of pile bent systems (i.e. piles, bracing, pile cap, etc.). There are 64 

substructure bents are generally spaced 12-ft apart. For the purpose of this field investigation, 

project stationing started at the pier house and ended at the end of the existing pier, as seen 

in Figure 2. Evidence of previous repairs to structure were noted during the field investigation. 

2.3 Report Terminology and Rating System 

Throughout this document, references are made to the American Society of Civil Engineers’ 

(ASCE) Waterfront Facilities Inspection and Assessment, Standard Practice Manual, ASCE 

Manuals and Reports on Engineering Practice No. 130, herein referred to as ASCE, or ASCE 

guidelines. This document was used as the basis for the condition rating system to rate the 

individual components as well as the structure’s overall condition on a scale from GOOD to 

CRITICAL. Refer to Appendix D for a detailed description of the condition assessment ratings.  
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The field investigation performed is classified by ASCE as a special purpose inspection. Special 

purpose inspections are conducted to collect more detailed information than normally collected 

during a routine or structural repair or upgrade design inspection. Such information may be 

necessary to understand the nature and/or extent of deterioration prior to determining the need 

for any type of repairs. Special purpose inspections may also be utilized to generally estimate 

the approximate remaining useful life of the structure. 

The field observations consisted of both a Level I and Level II inspection according to the ASCE 

guidelines. A Level I inspection generally consists of a non-destructive visual inspection of the 

system which is detailed enough to identify major or large areas of damage or deterioration. It 

also confirms the structural continuity of members. A Level II inspection is more detailed and 

intended to detect and identify damaged and deteriorated areas that may be hidden on the 

surface. For this investigation, this included occasional probing of various components to 

determine their soundness.  

3 Summary of Findings 

3.1 Field Investigation / Methodology 

General conditions of the timber pier as shown in Figure 2 along with the typical deficiencies 

encountered are described in the following sections. The deficiencies are divided into following 

condition assessment categories in line with ASCE’s condition assessment ratings: 

1. Good (No repairs required) 

2. Satisfactory (No repairs required) 

3. Fair (Low priority repair) 

4. Poor (Moderate priority repair) 

5. Serious (High to very high priority repairs) 

6. Critical (High to very high priority repairs) 

Localized and general deficiencies have been captured in the Photo Log in Appendix C. Photo 

numbers referenced in this report refer to the numbering identifier in the Photo Log of Appendix 

C. 

The field investigation of the timber pier was performed from both the pier topside and from the 

beach shoreline to collect data and photos of the pier superstructure and accessible 

substructure elements. The substructure investigation from the shore was performed at low 

tide in order to capture as much of the pier’s structural pilings as observable. 

3.2 Superstructure 

The superstructure generally consists of nominal 2” x 6” or 2” x 8” timber decking supported by 

a series of 3” x 10” joists. The overall width of the timber fishing pier is approximately 12’-0” 

wide from station 0+00 to 2+50 and then widens to approximately 16’-0” wide from station 2+50 

to the end of the pier structure (approximately station 7+50). See Figure 3 and Figure 4 below 

for typical superstructure details. The fishing pier has side rails that extend approximately 45-

inches above the top pedestrian walking surface with 2” x 4” midrails and 2” x 6” toe boards. 

The top rail is an angled 2” x 10” board. The rail posts alternate between 4”x4” and 4”x6” posts 

spaced approximately 4-feet on center. Public features atop of the fishing pier structure begin 
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at approximately station 3+25 and consist of various timber benches (spaced about 12-feet on 

center), a fish cleaning station as well as water and electric utility tie-ins located at station 4+85.  

 

Figure 3 - Narrow Pier Segment 

 

Figure 4 – Wide Pier Segment 

3.2.1 Access Ramp Section (Sta 0+00 to Sta 0+75) 

The access ramp section from the pier house to the top of pier walking elevation is 

approximately 75-ft long. For security purposes, the side railing has a continuous chain link 

fence to prevent unwanted access to the recreational pier. Deficiencies observed include 

• Missing or broken railing elements (Photo 1) 

• Cut or disconnected chain link fence (Photo 1) 

• Checks and flaking in edge joist (Photo 2) 

As shown in Photo 1 of Appendix C, the typical side rails, toe boards, and chain link fencing 

are in POOR condition. There are over 12 locations where the toe boards, midrails, rail posts, 

and top rails are disconnected and/or split. The chain link fence has also been cut or 

disconnected in at least 3 locations. Structurally, the railings are POOR, and the deck boards 

appear SATISFACTORY. However, it was noted that the ramp does NOT meet federal ADA 

requirements for pedestrian access and would require to be reconfigured and/or replaced.  

3.2.2 Balcony Viewing Area (Sta 0+75 to Sta 0+90) 

At the end of the access ramp or start of the main pier, there is a balcony area that acts as an 

overlook for the beach (Figure 5). The balcony superstructure is in CRITICAL condition overall. 

Deficiencies observed include: 

• Railing detachment and failure (Photo 5) 

• Loose and soft deck boards  

• Split rail posts (Photos 3 and 6) 

• Corroded steel hardware (Photo 6 and 67) 

• Hollow pile (Photos 4).  
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While timber piles are a substructure element, the pile top was observed from the balcony as 

hollowed. Individually, the railing is in CRITICAL condition while the deck boards and hollowed 

pile are in POOR to SERIOUS condition. The hardware is heavily corroded with sections of 

failed timber railing and therefore insufficient in transferring or supporting the required OSHA 

rail load standards. 

 

Figure 5 - Balcony Area Between Sta 0+75 and 0+90 

 

3.2.3 Narrow (12-ft Wide) Pier Segment (Sta 0+75 to Sta 2+50) 

The main recreational pier is comprised of two segments – a narrower 12-ft wide section that 

extends from the top of the access ramp (STA 0+75) to approximately station 2+50 and then 

transitions to a wider 16-ft wide pier section to the end of the pier. The Narrow (12-ft wide) Pier 

Segment superstructure is in POOR condition overall. Deficiencies observed include: 

• Missing rail elements (Photo 7)  

• Edge joist deterioration and splitting (Photos 8 and 11) 

• Corroded connection hardware (Photo 11) 

• Past joist splice/replacement (Photo 12).  

The eastern railing and rail posts have connection issues between Sta 1+00 to approximately 

1+50 and are in SERIOUS condition overall with stretches of CRITICAL condition. These 

railings are insufficient in transferring or supporting the required OSHA rail load standards. 



Town of Holden Beach | Beach Pier Repair 
CONDITION ASSESSMENT | Project No.10426190  

 

Page 9  

3.2.4 Wide (16-ft Wide) Pier Segment (Sta 2+50 to Sta 7+50) 

The main recreational pier widens around Sta 2+50 from 12-ft wide to 16-ft wide and continues 

at 16-ft wide until the end of the pier. As discussed previously, this pier segment includes timber 

benches and a fish cleaning station (Photo 32). The Wide Pier Segment superstructure is in 

POOR to SERIOUS condition overall. Deficiencies observed include: 

• Warping joist and top deck from Sta 3+25 to about 4+25 (Photos 17 and 18) 

• Missing joists between Sta 3+80 to 4+10 (Photos 24 and 25) 

• Observed 30-in joist spacing (Photo 24 and 25) 

• Joist checking and splitting (Photo 15) 

• Corroded connection hardware (various Photos 13-56) 

• Disconnected or broken railing elements (Photos 13, 22, 42, 43, 45, 50, 53, & 54) 

• Loose and soft deck boards from  

o Sta 3+55 to Sta 3+65  

o Sta 3+85 to Sta 3+95 

o Sta 5+00 to Sta 5+50 

o Sta 5+75 to Sta 6+50 

o Sta 6+75 to Sta 7+50 

• Cracked PVC utility conduit (Photo 31) 

Photos 13-56 of Appendix C cover the photographed deficiencies observed from the topside 

pier investigation of the Wide Pier Segment. Of these deficiencies noted, the most widespread 

issues are the deck warping and the missing and replacement joists.  

The spacing between the existing primary timber support joists in these repaired locations was 

field measured at approximately 30-in on center. The currently installed deck boards were field 

measured as 2” x 6” timbers. To support the constructed 2”x6” timber deck planks for both 

structural and serviceability requirements, the industry recommended joist spacing for 

pedestrian loadings on recreational piers is typically 24-in on center. As a result, many locations 

where the spacing exceeds 24” exhibit large deformations under gravity pedestrian loadings. 

Furthermore, there are numerous timber deck boards inadequately connected to the supporting 

joists. 

The deck warping observed is likely a result or combination of poor construction installation 

tolerances of uneven pile heights, joist rotting deterioration, and excessive deck board spacing. 

This is more of a serviceability deficiency as opposed to a structural deficiency with the 

exception of the joist rotting deficiency. Railing condition is rated as SERIOUS due to the safety 

implications from the various damage noted from missing top rails, mid rails, and toe boards. 

3.3 Substructure and Foundations 

The substructure generally consists of a two-pile bent with a 10x10 timber pile cap or transfer 

beam above the timber piles. The diameters of the timber piles were field measured at various 

locations and heights due to the current pier being comprised of a mix of original aged piles 
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and newer repair timber piles. The measured diameters ranged from just over 12-in to 8.5-in 

each with varying conditions. It is assumed the original pile size installed consisted of a 

combination of 12-in and 10-in diameter piles. The pile lengths and subsequent embedded 

penetration below the ground surface is unknown at the time of this investigation report. The 

image shown in Figure 6 below was provided to HDR by a contractor who performed repair 

work on the pier circa year 2000/2001. The sketch indicates that the piles should have been 

installed with 14.5-ft below ground surface penetration. 

 

Figure 6 - Typical Bent 

 

3.3.1 Access Ramp Section (Sta 0+00 to Sta 0+75) 

The access ramp from the pier house to the top of pier walking surface elevation is 

approximately 75-ft long. The ramp’s substructure is in FAIR condition overall, though there 

are individual components that range from POOR to SERIOUS. Deficiencies observed include: 

• Exterior rot and interior pile hollowing (Photos 57 and 58) 

• Cross bracing splits and checks (Photos 59) 

• Corroded connections between piles and cross bracing (Photos 61 and 62) 

Additionally, it was observed that the substructure is comprised of different structural elements. 

The largest pile was measured to have a diameter of 13.5-in versus the smallest pile was 
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measured to have a diameter of 8.5-in. The pile caps also were a blend of 10x10 and 8x10 

members. Structurally, the timber members are generally FAIR, but the steel connections are 

POOR. However, as noted previously, the geometry of the superstructure ramp and 

subsequent support locations for the substructure elements does NOT meet federal ADA 

requirements for pedestrian access and would require to be reconfigured and/or replaced. 

3.3.2 Balcony Viewing Area (Sta 0+75 to Sta 0+90) 

At the end of the access ramp or the start of the main pier, there is a balcony area that acts as 

an overlook for the beach (Figure 5). The balcony area consists of 2 substructure support bents 

with the substructure rated in POOR condition overall, though there are individual components 

that are rated as SERIOUS. Deficiencies observed include: 

• Corroded connections and steel hardware 

• Rotted and deteriorated members (Photos 63, 65, and 66) 

• Detached railing includes a disconnection of joist from pile cap (Photo 64) 

• Checking and splitting of cross-bracing and support members (Photos 67 and 68) 

Pile caps were observed to be 8x10 members under the balcony viewing platform and piles 

were measured to be 12-in in diameter. The SERIOUS elements include the rotting support 

and bracing members. 

3.3.3 Narrow (12-ft Wide) Pier Section (Sta 0+75 to Sta 2+50) 

The main recreational pier is comprised of two segments – a narrower 12-ft wide section that 

extends from the top of the access ramp (STA 0+75) to approximately station 2+50 and then 

transitions to a wider 16-ft pier section to the end of the pier. This pier segment consists of 

about 15 pile bent systems. The supporting substructure condition within the Narrow Pier 

Section is in FAIR condition overall, though there are individual components that are rated as 

either POOR or SERIOUS. Deficiencies observed include: 

• Disconnected and failed bracing (Photo 73) 

• Rotting pile caps (Photos 71, 72, and 74) 

• Rotting and split joists (Photo 70) 

• Checking and splitting of cross-bracing and support members (Photos 69 and 74) 

• At least 3 hollow piles 

• Corroded connections and steel hardware (Photos 75 and 76) 

Pile caps were observed to generally be 10x10 members and piles were typically field 

measured as 12-in in diameter. The SERIOUS elements include the corroded/failed pile to pile 

cap connections and the disconnected and split bracing members which are no longer 

structurally effective. 

3.3.4 Wide (16-ft Wide) Pier Section (Sta 2+50 to Sta 7+50) 

The main recreational pier widens around Sta 2+50 from 12-ft wide to 16-ft wide and continues 

at 16-ft wide until the end of the pier. This pier segment consists of about 38 pile bent systems. 
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The supporting substructure condition within the Wide Pier Section is in POOR condition 

overall, though there are individual components that are rated as SERIOUS. 

• Missing pile cross bracing between at least 10 different substructure bents 

(Miscellaneous Photos 19-56 and 79-90)  

• Split or cracked piles (Photos 46 and 47) 

• Pile necking, which refers to the reduction in critical pile diameter 

• Corroded connections and steel hardware (Miscellaneous Photos 19-56 and Photos 

80, 88, 89, and 90) 

• Misaligned or damaged pile to pile cap connections (Photos 80, 81, 82, 88, and 89)  

• Rotting pile caps and joists (Photos 85, 86, and 87) 

• Pile gouging and flaking (Photos 34, 35, 37, 40, 51, 55, 56 and 83) 

Pile caps were generally visually observed as 10x10 members, and the largest pile was field 

measured with a diameter of 12-in while the smallest pile diameter encountered was field 

measured as 10-in. The Town shall be advised that the limits of the substructure investigations 

was limited to the visual observations performed the beach shoreline around station 4+00 

(Photo 84). The SERIOUS elements include the broken or missing lateral cross bracing 

members, the cracked piles, and the misaligned or damaged pile to pile cap connections which 

are not fully connected. 

3.4 Summary of Deficiencies 

The various deficiencies recorded and mentioned in the report are summarized below. Note 

that these deficiencies are limited to what was observed above the waterline at the time of 

observation. Additional deficiencies may potentially exist below the waterline. Deficiencies 

include: 

Railing Element Damages: Missing, broken, or deteriorated top rails, mid rails, and toe 

boards are included under this category. Railing element damage is where an individual 

railing element has deteriorated to the point that the railing is unable to carry the OSHA 

required rail loading locally, but replacing the individual element in kind would restore the 

OSHA compliance. 

1. Railing Segment Failure: A railing segment failure occurs when the rail post or rail post 

connection has deteriorated to the point that the railing is detaching from the pier or is not 

structurally capable to resist or support the OSHA required rail loading as a system. 

Replacing an individual element would not be sufficient. 

2. Deck Board Deficiency: Deck board deficiency covers the condition when the main timber 

decking is inadequately connected to or supported by the transfer joists. Additionally, this 

includes locations where the boards appear to be “soft” or “flexible” and where section rot 

may be likely.  

3. Joist (Checks, Splits, etc.): This covers various types of observed deterioration to the main 

support joist members. This includes: 
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• Checks or splitting (where the timber section starts to develop cracks or starts 

separating along the grain. These occur either along the member or at the 

connection point.) 

• Flaking (where the timber is noticeable peeling, separating, or delaminating along 

the outer surface) 

• Rotting (where timber organic material is decaying, and the timber was observed 

to be soft) 

• Gouging (where the timber has localized recesses, divots, or seams usually 

caused external abrasion or erosion) 

4. Corroded Connections and Steel Hardware: Steel connection hardware such as bolts and 

nails are considered corroded if the thread or nut is no longer operable or if the section has 

experienced visually noticeable necking or loss of section. 

5. Pile Cap (Splits, Checks, etc.): This covers various types of observed deterioration to the 

pile cap members. This includes: 

• Checks or splitting (where the timber section starts to develop cracks or starts 

separating along the grain. These occur either along the member or at the 

connection point.) 

• Flaking (where the timber is noticeable peeling, separating, or delaminating along 

the outer surface) 

• Rotting (where timber organic material is decaying and the timber was observed 

to be soft) 

6. Cross Bracing (Splits, Checks, etc.): This covers various types of observed deterioration 

to the cross-bracing members. This includes: 

• Checks or splitting (where the timber section starts to develop cracks or starts 

separating along the grain. These occur either along the member or at the 

connection point.) 

• Flaking (where the timber is noticeable peeling, separating, or delaminating along 

the outer surface) 

• Rotting (where timber organic material is decaying and the timber was observed 

to be soft) 

• Broken / Missing / Disconnected (where the member is unable to carry load from 

one pile to the other) 

• Gouging (where the timber has localized recesses, divots, or seams usually 

caused external abrasion or erosion) 

7. Pile (Splits, Checks, Cracks, Flaking, etc.): This covers various types of observed 

deterioration to the pile members. This includes: 

• Checks or splitting (where the timber section starts to develop cracks or starts 

separating along the grain. These occur either along the member or at the 

connection point.) 
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• Flaking (where the timber is noticeable peeling, separating, or delaminating along 

the outer surface) 

• Misalignment (where the pile cap does not fully bear on the pile or where 

connection elements are missing such that load is not fully transferred from the 

pile cap to the pile as designed) 

• Cracking (where the timber is splitting due to localized overstressing. This is 

different than checking or splitting due to the generation mechanism of the 

cracking) 

• Gouging (where the timber has localized recesses, divots, or seams usually 

caused external abrasion or erosion) 

Table 2 - Summary of Deficiency Quantities by Pier Section 

Pier 

Section 

Section 

Length 

(LF of 

Pier) 

Railing 

Element 

Deficiency 

(LF of Pier) 

Railing 

Segment 

Failure 

(LF of 

Pier) 

Deck Board 

Deficiency 

(LF of Pier) 

Joist 

Checks, 

Splits, Etc. 

(EA) 

Corroded 

Connections and 

Steel Hardware 

(% of 

Connections) 

Pile Cap 

Splits, 

Checks, 

Etc. (EA) 

Cross 

Bracing 

Splits, 

Checks, 

Etc. (EA) 

Pile Splits, 

Checks, 

Cracks, 

Flaking, 

Etc. (EA) 

Access 

Ramp 

Section 

75 60 0 0 1 >50% 1 2 2 

Balcony 

Viewing 

Area 

15 15 15 10 2 >50% 1 2 1 

Narrow 

Pier 

Segment 

175 60 50 0 4 >50% 3 10 3 

Wide Pier 

Segment 

500 200 0 220 2 >50% 2 16 16 

4 Repair Option Considerations  

The Town would like to consider the possibility and cost of performing isolated repairs to restore 

the functionality of the timber pier versus a complete replacement of the pier. In addition to the 

observed deficiencies from the site investigations, there are a few other considerations factors 

that impact the viability of a pier repair plan highlighted in the subsections below. 

4.1 Existing Piles & Remaining Useful Service Life 

The existing pilings are a combination of replacement and original timber piles. The 

replacement piles were noted as marine treated timber with 2.5 CCA (Chromated Copper 

Arsenate). The lifespan of marine timber treated with 2.5 CCA is on the order of 20-40 years. 

These replacement piles were installed circa 2000 according to the Town and are 

approximately 25 years old. Therefore, they are effectively near the end of their recommended 

service life. Existing pilings that were not a part of the pile replacement are likely significantly 

older. From field observations of the relative decay as well as review of the Town’s provided 

documents, it is assumed the original piling could be over 50 years old (see Appendix B). 
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4.2 Design Loading and Operations for Existing Structure  

Insufficient and/or minimal information is available regarding the design loadings for the 

existing timber pier structure. It should be noted that during the field investigation, the existing 

pier was observed to noticeably sway under cross current and normal wave loads. Additionally, 

several areas along the timber pier deck were observed to noticeably deflect under the 

investigation team’s pedestrian walking load. 

The design capacity of the existing piles is unknown. While a contractor provided a sketch of 

typical bent indicating 14.5 feet of penetration below ground surface (Figure 6), there are no 

official Town records of what was required or constructed. A pile strike testing program could 

be implemented and recommended to determine the in-situ geotechnical supporting capacity 

of the existing piles. 

4.3 ADA Compliance 

The access ramp section from station 0+00 to approximately 0+75 was noted as being 

noncompliant for ADA considerations as its slope is too steep and will need to be reconfigured 

or replaced prior to public access. This will require the substructure and respective 

superstructure between stations 0+00 and around 0+75 to be entirely reconstructed in order to 

meet federal ADA requirements for pedestrian access. Furthermore, this may impact the 

substructure interface transition at the start of the Narrow Pier Segment as the new modified 

ramp would need to tie into the restored pier. 

4.4 Construction Methodology 

The anticipated construction means and methods that would be required to perform a large 

quantity of the localized repairs would be similar to those needed for new construction (i.e. 

construction from a work barge in the water OR building out a working jetty (sand or gravel 

deposit) parallel to the pier. It is HDR recommendation that machinery and/or construction 

equipment shall NOT be utilized atop of the existing pier deck for operations in the structures 

present deteriorated state. 

The substructure capacity would need to be verified prior to supporting construction equipment 

(as noted in Section 4.2), and it is HDR’s opinion that modifications to the substructure 

(additional piles or closer pile bents) would be needed to support construction activities. 

5 Summary and Recommendations  

5.1 Summary  

The overall assessment of the timber recreational pier is in POOR condition and exhibits 

varying degrees of individual deterioration as represented in Table 3. In general, the condition 

of the superstructure elements exhibits a higher degree of damage or deficiencies relative to 

the substructure components.  



Town of Holden Beach | Beach Pier Repair 
CONDITION ASSESSMENT | Project No.10426190  

 

Page 16  

Table 3 - Condition Assessment Summary 

Location Access Ramp Section Balcony Area Narrow Pier Segment Wide Pier Segment 

Superstructure POOR2 CRITICAL POOR SERIOUS 

Substructure FAIR2 POOR FAIR POOR 

The pier’s superstructure, which includes the deck boards, support joist, handrails, etc., is 

heavily deteriorated, warped and/or damaged with deficiencies consisting of checks, splits, 

gouges, and railing failures, and should be entirely replaced. 

• The handrails and rail post hardware connections are in CRITICAL condition, 

particularly the eastern rail. The hardware and rail posts are damaged and heavily 

corroded and therefore insufficient in transferring or supporting the required OSHA rail 

load standards. 

• There are numerous timber deck boards inadequately connected to the supporting 

joists as well as several locations where the deck boards deflect excessively under 

pedestrian loading. 

• The spacing between the existing primary timber support joists was field measured at 

approximately 30-in on center at several locations. The deck boards overlaid atop of 

the timber joists were visually observed to consist of nominal 2x6 boards. Industry 

standard spacing recommendations for support joist spacing is 24-in on center to 

support the serviceability requirements for typical pedestrian loading on recreational 

piers (assuming 2x6 deck boards). 

• Timber rotting / cross-section loss of the primary timber support joists at multiple 

locations was also observed and in POOR or SERIOUS condition. 

• The balcony or viewing pavilion located near station 0+85 was observed to be in 

CRITICAL condition with deficiencies including failed handrails, loose deck boards, 

corroded steel hardware, rotted supports, and hollowed timber piles. 

The condition of the existing substructure, consisting of pressure treated timber pilings, timber 

bent caps and timber lateral cross-bracings, was observed to range from FAIR to POOR 

overall, with individual elements being more serious. Furthermore, the condition assessment 

was limited to what was visually observed above the waterline at the time of the investigation. 

Additional deficiencies may exist below the waterline.  

• The general condition of pilings that could be observed from shore or the pier topsides 

is FAIR. However, multiple pilings were noted to be in POOR to SERIOUS condition, 

including a cluster of pilings near the shoreline at low tide. The pier structure consists 

of approximately 64 total bent systems. Piling and pile bents beyond Station 4+00 were 

not able to be completely assessed due to the water inaccessibility. Considering the 

pile bents that were visually observable from both topsides and underneath 

(approximately 40 of the 64 bents), over 30% of these assessed bent systems were 

noted to have some piling damage, deterioration or degree of deficiencies requiring 

 

2 Ramp Section needs to be completely replaced due to ADA non-compliance 
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repair. It can be reasonably assumed the degree of damage of the bent systems / 

pilings not assessed have similar if not further degree of deterioration. 

• The overall condition of the timber pile caps is FAIR; however, timber rot of the pile 

caps supporting the timber joists was recorded at several locations. The nominal size 

of the timber pile caps at each bent system varied between 8x10 and 

10x10.Considering the pile bents that were observable (as noted previously), over 25% 

of these timber bents were noted to have some structural deficiencies. 

• Several existing lateral cross-bracings were observed to be in POOR or SERIOUS 

condition. There are multiple locations where cross bracing has either split or 

separated at its connection to the piles, rendering the member ineffective. Some 

bracings are broken, snapped, or missing and need to be replaced. When only 

considering the pile bents that were observable, over 40% of these pile bents were 

observed to have some cross-bracing deficiencies. 

• The majority of the existing bolted hardware connections have experienced heavy 

corrosion, section loss, or failure and are classified in POOR to SERIOUS condition. 

• There are numerous locations of deteriorated, missing and/or failed hardware 

connections between the existing timber piles and the timber pile cap. 

Additional factors and considerations affecting the condition of the structure includes:  

• Limited remaining useful service life of the existing timbers. Timber substructure 

elements are understood to be a minimum of 25 years old. 

• Insufficient or minimal information is available regarding the design loadings for the 

existing timber pier structure.  

• Insufficient or minimal official information is available regarding the as-built condition 

of the foundation pilings. Strike tests would be recommended to understand the in-situ 

capacity of the existing piles. 

• The substructure and superstructure for the Ramp Section will be required to be 

entirely replaced in order to meet federal ADA requirements for pedestrian access. 

• The anticipated construction means and methods that would be required to perform a 

large quantity of the localized repairs would be similar to those needed for new 

construction (i.e. construction from a work barge in the water OR building out a working 

jetty (sand or gravel deposit) parallel to the pier. It is HDR recommendation that 

machinery and/or construction equipment shall NOT be utilized atop of the existing pier 

deck for operations in the structures present deteriorated state. 

After visiting the site and performing a level I and level II condition assessment of the pier, HDR 

does not recommend pursuing isolated repairs or relying on the existing substructure to restore 

the existing timber fishing pier. 
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5.2 Recommendations  

In summary, the overall condition of the existing fishing pier was assessed to be in POOR 

condition and HDR recommends replacing the timber superstructure in its entirety. The pier 

approach (superstructure and substructure) will also be required to be rebuilt or reconfigured 

to satisfy federal ADA requirements. The existing substructure has many structural deficiencies 

which would require extensive repairs and is currently at the end of its useful service life. This 

coupled with the fact the recommended construction methods would be similar for both repair 

and replacement options supports the conclusion that repairing the existing pier would not be 

structurally cost effective, nor would it provide the longevity or service life that results from 

replacing the timber fishing pier. Therefore, it is HDR’s recommendation that the Town of 

Holden Beach consider a pier replacement option only.   
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PIER

ACCESS

POS
TICKETING

ICE CREAM/
COFFEE SHOP

TACKLE/T-SHIRT'S CONCESSIONS
KITCHEN

CONCESSIONS

RAMP DN

RAMP DN

F.F.E. - 10.3'

F.F.E. - 14.3'
LANDING

DN

R
AM

P 
D

N

F.F.E. - 12.05'

LANDING

F.F.E. - 12.63'
LANDING

LANDING

CLO.
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OUTDOOR
SEATING
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53.5'  (7
5 ft m

ax.)

(2) 3'-2"w x 7'-0"h EXIT DOORS
CLEAR WIDTH = 69"
69 / 0.2 = 345 occ. capacity max.

calculated EXIT occ. load
 of pier

STORAGE

Life Safety Plan Sheet #:

BASIC BUILDING DATA

I-AConstruction Type:
(check all that apply)

I-B

II-A

II-B

III-A

III-B

IV V-A

V-B
NFPA 13 NFPA 13R NFPA 13D

Fire District:

PartialSprinklers: No

Flood Hazard Area:

Assembly

Primary Occupancy Classification(s): 

Mercantile

Yes

PrescriptiveExisting: Chapter 14

(date)

LIFE SAFETY PLAN REQUIREMENTS

Fire and / or smoke rated wall locations (Chapter 7)

Assumed and real property line locations (if not onthe site plan)

Exterior wall opening area with respect to distance to assumed property lines (705.8)

Occupancy Use for each area as it relates to occupant load calculation (Table 1004.1.2) 

Occupant loads for each area 
Occupant loads for each area

Exit access travel distances (1017) 

Common path of travel distances (Tables 1006.2.1 & 1006.3.2(1)) 

Dead end lengths (1020.4) 
Clear exit widths for each exit door
Maximum calculated occupant load capacity each exit door can accommodate based on 
egress width (1005.3) 
Actual occupant load for each exit door
A separate schematic plan indicating where fire rated floor/ceiling and/or roof structure is 
provided for purposes of occupancy separation

Location of doors with panic hardware (1010.1.10) 

Location of doors with delayed egress locks and the amount of delay (1010.1.9.7) 

Location of doors with electromagnetic egress locks (1010.1.9.9) 

(date)

Standpipes: No Yes Class: I III DryII Wet

No Yes No Yes

Floor Existing (sq ft) New (sq ft) Sub Total (sq ft)

Total

A-1 A-2 A-3 A-4 A-5

2018 NC EXISTING BUILDING CODE:

CONSTRUCTED:

RENOVATED:

CURRENT OCCUPANCY(S)   (Ch. 3): 

PROPOSED OCCUPANCY(S) (Ch. 3): 

GROSS BUILDING AREA TABLE

BUILDING HEIGHT

PLUMBING FIXTURES

Upfit (sq ft)

SPECIAL APPROVALS

Special approval: (Local Jurisdiction, Department of Insurance, SBCCI, ICC, etc., describe below.)

Name of Project:

Address:

Proposed Use:

Owner or Authorized Agent

Owned By:

Code Enforcement Jurisdiction:

Phone #:

City / County Private State

County:City: State

E-mail

Zip Code

LEAD DESIGN PROFESSIONAL:

DESIGNER
Architectural

FIRM

Civil
Electrical

Plumbing
Mechanical

Fire Alarm

Sprinkler/Standpipe

Retaining Walls > 5' High
Other

NAME LIC# TEL#

Structural

E-MAIL

Emergency Lighting

Exit Signs

LIFE SAFETY SYSTEM REQUIREMENTS

Fire Alarms

Carbon Monoxide Detection

YesNo

YesNo

YesNo

YesNo

Smoke Detection Systems YesNo Partial

2 0 1 8   A P P E N D I X   B
EXISTING BUILDING DATA SUMMARY

Repair

Level IAlteration: Level  IIILevel II

Historic Property Change of Use

RISK CATEGORY (Table 1604.5): ICurrent:

IProposed:

II III IV

II III IV

Special Inspections Required: No Yes

Primary Occupancy Classification(s): 

Mixed Occupancy: No Yes Separation: Hr.

Non-Separated Use (508.3)

Location of doors equipped with hold-open devices 

Location of emergency escape windows (1030) 

The square footage of each fire area (202) 

The square footage of each smoke compartment for Occupancy Classification I-2 (407.5) 
Note any code exceptions or table notes that may have been utilized regarding the items above 

ENERGY SUMMARY

ELECTRICAL SUMMARY

MECHANICAL SUMMARY

Roof/ceiling Assembly  (each assembly)
Description of assembly
U-Value of total assembly
R-Value of insulation
Skylights in each assembly

Exterior Walls  (each assembly)
Description of assembly
U-Value of total assembly
R-Value of insulation
Openings (windows or doors with glazing)

U-Value of assembly:
Solar heat gain coefficient:
projection factor:
Door R-Values:

Floor Slab on Grade  
Description of assembly
U-Value of total assembly
R-Value of insulation

Existing building envelope complies with code: No Yes (The remainder of this 
section is not applicable) 

Exempt Building: No Yes (Provide code or statutory reference):

Climate Zone 3A 4A 5A

Method of Compliance: Energy Code Performance Prescriptive

ASHRAE 90.1 Performance Prescriptive

(If “Other” specify source here) 

THERMAL ENVELOPE (Prescriptive method only)

STRUCTURAL DESIGN

DESIGN LOADS:
Importance Factors: sSnow (I  )

ESeismic (I  )

Live Loads: Roof
Mezzanine
Floor

Ground Snow Loads:

Wind Loads: Ultimate Wind Speed mph (ASCE-7)
Exposure Category

SEISMIC DESIGN CATEGORY:

Provide the following Seismic Design Parameters:

Risk Category (Table 1604.5)

Spectral Response Acceleration

Site Classification (ASCE 7)

Field Test Presumptive Historical Data

Basic Structural System Bearing Wall

Building Frame

Moment Frame

Dual w/Special Moment Frame

Dual w/Intermediate R/C or Special Steel

Inverted Pendulum

Analysis Procedure

Architectural, Mechanical, Components anchored?  

LATERAL DESIGN CONTROL:

SOIL BEARING CAPACITIES:

psf
psf
psf

A B C D

I II III IV

%gSS %gSI

A B C D E F

Data Source:

Simplified Equivalent Lateral Force Dynamic

Yes No

Earthquake Wind

Field Test (provide copy of test report) psf
Presumptive Bearing capacity psf
Pile size, type, and capacity

psf

FLOOD  DATA:

OCCUPANCY

FIRE PROTECTION REQUIREMENTS

ACCESSIBLE PARKING

X

1960  (PIER)

Local Jurisdiction

441 Ocean Blvd West,    Holden Beach, NC

Public Fishing Pier with Tackle Shop, Concessions, Public Restrooms 

Holden Beach Pier Renovation

--

--

28462

Bowman Murray Hemingway George (Chip) Hemingway 910.762.2621 hemingway @ bmharch.com7487

Text

3,891

--

Merchantile, A-2

Holden Beach

1980  (PIER HOUSE) Merchantile, A-2

(Pier House Only)

0 

3,891

First Floor

Flood Zone - AE
Base Flood Elevation (BFE): 11 FT
County: Brunswick
Panel: 2015
Map Number: 3720201500K
Existing Finish Floor: 9.95 FT

0 

A-2 ASSEMBLY

0 

EXISTING BUILDING HEIGHT = 10'-6"+/- AVERAGE (FLAT ROOF)
TOP OF PARAPET = 13'-6" +/-

TYPE 5B NON-PROTECTED COMBUSTIBLE

FIRE SEPARATION:  30+ MIN. ALL SIDES
NON-RATED EXTERIOR WALLS

OPENING PROTECTION:  NOT APPLICABLE
OPEN RESTRICTIONS:  NONE

Andrew Consulting Engineers Neal W. Andrew 910.202.5555 —23591

103 EXISTING ON-SITE PARKING SPACES (TOTAL)
    6 ACCESSIBLE SPACES (INCLUDED)

[TBD]

[TBD]

[TBD]

[TBD]

[TBD]

[TBD]

CLASSIFICATION OF WORK:  WORK AREA METHOD  (PIER HOUSE ONLY)
Repair:      Damaged exterior walls at specific locations

Alteration Level I:  Exterior fenestration to be restored and painted.
    Exterior walls to received new interior finish & insulation.
    New floor finishes.

Alteration Level II: New restrooms for ADA compliance.
                              Reconfigure interior spaces.

    New concrete slab-on-grade.
    New Plumbing, Mechanical, and Electrical systems.
    New windows and doors.
    New public restrooms for Beach & Pier visitors     

TBD

TBD

TBD

[Preliminary]

CONCESSIONS: 1,976 SF seating area = 1,976 / 15 = 132  (66 male, 66 female)
Required:  [A-2] (1) WC per 75,  (1) LAV per 75  each sex.
Provided:  (2) Single use toilets with (1) WC & (1) LAV each.
Maximum supported occupants = 150 

TACKLE SHOP: 1,160 SF space = 1,160 / 60 = 20 occupants
Required:  [M] (1) WC per 500,  (1) LAV per 750
Provided:  (1) Single use toilet with (1) WC & (1) LAV
Maximum supported occupants = 100
D.F. not required when under 100 occupants. 

RETAIL [TBD]: 400 SF space = 400 / 100 = 4  (2 male, 2 female)
Required:  [TBD] (1) WC per 25,  (1) LAV per 40
Provided:  (1) Single use toilet with (1) WC & (1) LAV (shared with Tackle Shop)
Maximum supported occupants = 25  (for single unisex restroom)
D.F. :  To be determined depending on occupancy.
(Calculation for Business shown for reference.)

[TBD]

PUBLIC RRs: Provided:  (2) Mulit-Use restroom with (2) WC & (1) LAV each.
Assuming use similar to [A-5] with (1) WC per 100
the supported occupancy load is (4) WC x 100 = 400 people.

32
3

16
2

16
1

20

32
3

34
3

Andrew Consulting Engineers Neal W. Andrew 910.202.5555 —23591
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03.31.23   ADD UPDATED
                 SURVEY INFO. 

N84° 53' 55"E     60.77'
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STATIC VEGETATION LINE
PER DIVISION OF COASTAL
MANAGEMENT MAPPING

FIRST LINE OF STABLE NATURAL 
VEGETATION AS MARKED BY 
TOWN OF HOLDEN BEACH LPO 
11-30-2018

60' OCEAN HAZARD SETBACK LINE
FROM FIRST LINE OF STABLE 
NATURAL VEGETATION

120' OCEAN HAZARD SETBACK LINE
FROM FIRST LINE OF STABLE 
NATURAL VEGETATION

FIRST LINE OF STABLE NATURAL 
VEGETATION AS MARKED BY 
TOWN OF HOLDEN BEACH LPO 
01.04.2023

60 FT OCEAN HAZARD SETBACK LINE 
FROM STATIC VEGETATION LINE

TOE OF FRONTAL DUNE AS MARKED 
BY TOWN OF HOLDEN BEACH LPO 
11-15-2022
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Atlantic Ocean

EXISTING PIER TO BE REPAIRED AS NEEDED

REPLACE HANDRAILS WHERE THEY ARE TOO LOOSE
REPLACE THE TOP RAIL OF HANDRAIL THE 
ENTIRE LENGTH

Holden Beach

NEW OR MODIFIED 
STRUCTURE WITH NEW DECKING
AND HANDRAIL

REPAIR HANDRAIL ON 
EXISTING STRUCTURE

EXISTING PIER HOUSE
TO BE RENOVATED

CAMA SETBACK LINE

CURRENT BEACH ACCESS
TO REMAIN
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03.31.23   ADD UPDATED
                 SURVEY INFO. 
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11-15-2022

EXISTING WOOD PIER

MEAN HIGH WATER LINE BASED ON
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Existing / Demo Floor Plan
scale: 1/4" = 1'-0"A2.0
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2'

EXISTING
WOOD PIER

EX. TIMBER PILES
TO REMAIN (TYPICAL)

EX. STEEL COLUMNS
TO REMAIN (TYPICAL)

EX. WOOD FLOOR 
STRUCTURE

(TO BE REMOVED)

EX. CONC. SLAB
ON GRADE

(TO BE REMOVED)

EX. ELEC.
PANELS
(TBR)

EX.TOILET STORAGE

EXISTING EXTERIOR WALL (TYPICAL):
WOOD PANEL SIDING ON
WOOD FRAMING WITH
WOOD PANEL ON INTERIOR

EX. ROOF SUPPORT BEAM
w/ WOOD PANEL ENCLOSURE
--EXISTING ENCLOSURE TO BE
REMOVED TO EXPOSE STRUCTURE
(TYPICAL)

REPUTED SANITARY LINE
(VERIFY IN FIELD)
(TO BE REMOVED)

EX. PLUMBING
VENT ON ROOF
TO BE REMOVED

CLOSET
SHELVING

CLOSET

STORAGE

TOILET

3-COMP
FRYER

EXISTING 
ELEC. METER
(TBR)

EX. KITCHEN EXHAUST FAN
ON ROOF TO BE REMOVED

RANGE w/HOOD
SAND.
PREP.ICE

SODA
COUNTER

LOW COUNTER

REFRIG.

C
O

U
N

TE
R
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R

ALL EX. MILLWORK, FURNITURE,
AND EQUIPMENT TO BE REMOVED

C
O

U
N

TE
R

FREEZER

REPUTED EX. ROOF
DRAIN TO REMAIN
(TYP. 2 LOCATIONS)

REPUTED EX. ROOF
DRAIN TO RELOCATED/
COORDINATED WITH 
NEW FLOOR PLAN
(TYP. 2 LOCATIONS)

RD

RD

TYPICAL NEW OPENING:
EX. WALL TO BE REMOVED
FOR NEW WINDOW OR DOOR
(SEE FLOOR PLAN #1/A2.1)

  

RDL

RDL

REPUTED SANITARY LINE
(VERIFY IN FIELD)
(TO BE REMOVED)
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EX. A/C
UNIT #1
(TBR)

EX. A/C
UNIT #2
(TBR)

EX. A/C UNIT #1
CONDENSER
(TO BE REMOVED)

A/C ELEC.
(TBR)

ALL EX. DUCTWORK
TO BE REMOVED

ALL EX. DUCTWORK
TO BE REMOVED

ALL EXISTING WINDOWS
TO BE REMOVED
(TYPICAL)

ALL EXISTING DOORS
TO BE REMOVED
(TYPICAL)

NOTE: 
EQUIP. NAMES PROVIDED
FOR REFERENCE ONLY

DEMOLITION NOTES:

1. EXISTING CMU FOUNDATION TO REMAIN; 
PROTECT FROM DAMAGE.

2. EXISTING COLUMNS TO REMAIN; PROTECT FROM 
DAMAGE.

3. EXISTING CONCRETE FLOOR TO BE REMOVED.

4. EXISTING WOOD FLOOR ASSEMBLY AND 
STRUCTURE TO BE REMOVED.

5. ALL UNDER SLAB AND UNDER FLOOR UTILITIES 
SHALL BE REMOVED; I.E.  WATER & SEWER 
LINES, ELECTRICAL LINES AND CONDUIT, LOW 
VOLTAGE AND DATA LINES.

6. ALL EXISTING WINDOWS AND DOORS SHALL BE 
REMOVED.

7. ALL INTERIOR PARTITIONS AND WALLS TO BE 
REMOVED.  VERIFY PARTITIONS ARE NON-LOAD 
BEARING PRIOR TO REMOVAL.

8. EXISTING WOOD CEILING PANELS AND BEAM 
COVERS TO BE REMOVED.

9. EXISTING FINISHES (WOOD AND OTHER) ON 
INTERIOR SIDE OF EXTERIOR WALLS TO BE 
REMOVED.   

10. ALL ELECTRICAL WIRING, CONDUITS AND 
FIXTURES TO BE REMOVED;  AT INTERIOR AND 
ON EXTERIOR OF BUILDING.

 

EX. ROOF SUPPORT BEAM
w/ WOOD PANEL ENCLOSURE
--EXISTING ENCLOSURE TO BE
REMOVED TO EXPOSE STRUCTURE
(TYPICAL)
 

REMOVE EXISTING PIER STRUCTURE
AND ASSOCIATED FENCING

REMOVE EXISTING LIGHT POSTS
AND ASSOCIATED ELECTRICAL

REMOVE ALL EXISTING GALV. FENCING
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SEE DETAIL #1/A4.0
FOR EXISTING PIER SECTION

SEE ALSO STRUCTURAL DRAWINGS
FOR PIER REPAIR INFORMATION
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Town of Holden Beach | Beach Pier Repair
Appendix C – Photo Log

 

 
Photo 1: Typical Railing and Fence Damage near 
station 0+10 

 
Photo 2: Typical Checking and Flaking at Joists 
near station 0+90 

 
Photo 3: Typical Rail Post Connection Corrosion 
and Splitting near station 0+90 

 
Photo 4: Typical Hollow Pile near station 0+90 

 
Photo 5: Typical Railing Detachment and Failure 
near station 0+90 

 
Photo 6: Typical Rail Post Gouging and 
Connection Bolt Corrosion near station 0+90 
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Photo 7: Typical Midrail Separation near station 
1+25 

 
Photo 8: Typical Joist Deterioration near station 
1+25 

 
Photo 9: Typical Utility Conduit Timber Casing 
near station 2+00 

 
Photo 10: Typical Utility Post near station 2+00 

 
Photo 11: Typical Joist Checking Along Joist and 
Corroded Connection Bolt near station 2+00 

 
Photo 12: Typical Joist Replacement near station 
2+25 
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Photo 13: Top Rail Split and Conduit Running 
along Midrails near station 2+75 

 
Photo 14: Typical Checks and Splits in the Cross 
Bracing near station 3+00 

 
Photo 15: Typical Joist Checking near station 
3+00 

 
Photo 16: Typical Spliced Pile Repair. Pile with 
Observed Gouging near station 3+25 

 
Photo 17: Typical Deck Warping between station 
3+25 and station 4+10 

Photo 18: Typical Deck Warping between station 
3+25 and station 4+10 
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Photo 19: Typical Corroded Pile Bracing 
Connection with Missing Brace near station 3+25 

 
Photo 20: Typical Corroded Pile Bracing 
Connection with Missing Brace near station 3+75 

 
Photo 21: Typical Timber Pile Flaking and 
Gouging near station 3+75 

 
Photo 22: Rail Post Corroded Connection Bolt 
near station 3+75 

 
Photo 23: Corroded Connection and Checking at 
Rail Post and Timber Pile Cap Beam. Pile with 
Missing Brace and near station 4+00 

 
Photo 24: Typical Joist Replacement near station 
4+00.  
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Photo 25: Typical Joist Replacement near station 
4+00. 

 
Photo 26: Typical Light Post Deterioration Near 
Base Connection near station 4+00 

 
Photo 27: Typical Corroded Bracing Connection 
near station 4+25 

 
Photo 28: Typical Replacement Pile with Previous 
Cut-off Pile in Water near station 4+25 

 
Photo 29: Typical Joist Replacement near station 
4+25 

 
Photo 30: Typical Corroded Bracing and Pile 
Connection near station 4+25 
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Photo 31: Typical Conduit Housing Damage near 
station 4+75 

 
Photo 32: Fish Cleaning Station near station 5+00 

 
Photo 33: Typical Corroded Bracing Connection 
Bolts near station 5+00 

 
Photo 34: Typical Corroded Bracing Connection 
Bolts with Pile Gouging near station 5+50 

 
Photo 35: Typical Pile Flaking and Gouging near 
station 5+75 

 
Photo 36: Typical Broken (Disconnected) Bracing 
near station 6+00 



Town of Holden Beach | Beach Pier Repair
Appendix C – Photo Log

 

 
Photo 37: Pile Flaking and Gouging and Bracing 
Checking near station 6+00 

 
Photo 38: Typical Missing Bracing Member and 
Corroded Bolt near station 6+25 

 
Photo 39: Typical Broken Bracing Member near 
station 6+50 

 
Photo 40:  Pile Checking and Gouging near 
station 6+50 

 
Photo 41: Typical Broken Bracing Member and 
Pile Cap Checking near station 6+75 

 
Photo 42: Typical Top Rail Disconnection near 
station 6+75 
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Photo 43: Typical Bench and Disconnected Toe 
Boards near station 6+75 

 
Photo 44: Typical Broken Bracing Member and 
Corroded Bolts near station 6+75 

 
Photo 45: Typical Bench and Missing Toe Boards 
near station 7+00 

 
Photo 46: Cracked Pile near station 7+00 

 
Photo 47: Cracked Pile near station 7+00  

Photo 48: Typical Checking in Bracing near 
station 7+00 
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Photo 49: Typical Broken Bracing Member and 
Corroded Bolts near station 7+25 

 
Photo 50: Typical Missing Top Rail and Toe 
Boards near station 7+25 

Photo 51: Typical Pile Gouging and Checking 
near station 7+25 

 
Photo 52: Typical Broken and Missing Bracing 
Member and Corroded Bolts near station 7+50 

 
Photo 53: Typical Missing Midrail and Toe Board 
near station 7+50 

 
Photo 54: Broken Pile Beyond station 7+50 
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Photo 55: Typical Pile Gouging and Flaking near 
station 7+50 

 
Photo 56: Typical Pile Gouging and Pitting with 
Broken Bracing near station 7+50 

 
Photo 57: Typical Pile Exterior Rot Deterioration 
near station 0+00 

 
Photo 58: Typical Hollow Pile Deterioration near 
station 0+00 

 
Photo 59: Typical Cross Bracing Checking and 
Splitting near station 0+50 

 
Photo 60: Typical Joist Notching at Support near 
station 0+75 
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Photo 61: Typical Corroded Bolt Between Pile 
and Bracing Member near station 0+75 

 
Photo 62: Typical Corroded Bolt Between Pile and 
Bracing Member near station 0+75 

 
Photo 63: Typical Rotting Joist / Supports near 
station 0+90 Balcony 

 
Photo 64: Typical Detached Railing near station 
0+90 Balcony 

 
Photo 65: Typical Rotting Joist near station 0+90 
Balcony 

 
Photo 66: Typical Rotting / Hollow Bracing 
Member near station 0+90 Balcony 
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Photo 67: Typical Support Checking and Splitting 
near station 0+90 Balcony 

  
Photo 68: Typical Bracing Member Checking and 
Splitting near station 0+90 Balcony 

 
Photo 69: Cross Bracing Checking and Splitting 
near station 1+00 

 
Photo 70: Typical Disconnected and Split Joist 
near station 1+00 

 
Photo 71: Typical Pile Cap End Rot and Detached 
Railing Post near station 1+25 

 
Photo 72: Typical Pile Cap End Rot near station 
1+50 
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Photo 73: Disconnected Cross Bracing near 
station 2+25 

 
Photo 74: Split / Checked Cross Bracing and Pile 
Cap End Rot near station 2+25 

 
Photo 75: Corroded and Failed Pile / Pile Cap 
Connection near station 2+50 

 
Photo 76: Corroded Pile / Pile Cap Connection 
and Cross Bracing Connection near station 2+50 
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Photo 77: Typical Pile Marine Growth and 
Localized Scour in the Tidal Zone near station 
2+75 

 
Photo 78: Typical Pile Sistering Repair near 
station 2+75 

 
Photo 79: Typical Pile with Missing Cross Bracing 
and Missing Pile / Pile Cap Connection near 
station 3+00 

 
Photo 80: Split Pile Head with missing Pile / Pile 
Cap Connection Tie near station 3+50 
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Photo 81: Misaligned Pile Missing Pile / Pile Cap 
Connection and Missing Bracing near station 
3+75 

 
Photo 82: Misaligned Pile Missing Pile / Pile Cap 
Connection and Missing Bracing near station 
3+75 

 
Photo 83: Pile Gouging and Flaking near station 
3+75 

 
Photo 84: End of Observable Substructure 
Investigation near station 4+00 
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Photo 85: Typical Rotting Joist near station 4+00 

 
Photo 86: Rotting Joist and Pile Cap End Rot near 
station 4+00 

 
Photo 87: Pile Cap Splicing / Repair near station 
4+00 

 
Photo 89: Pile / Pile Cap Connection Failure and 
Gouging at Pile Top near station 4+00 

 
Photo 88: Disconnected Pile / Pile Cap 
Connection and Corroded Bolts near station 4+00 

 
Photo 90: Broken Bracing and Corroded 
Connection Bolts Beyond station 4+00 
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Table D-1: Condition Assessment Ratings 

Rating Description 

Good 

No visible damage, or only minor damage is noted. 

Structural elements may show very minor deterioration, but no overstressing is observed. 

No repairs are required. 

Satisfactory 
Limited minor to moderate defects or deterioration are observed, but no overstressing is 

observed. 

No repairs are required 

Fair 

All primary structural elements are sound, but minor to moderate defects or deterioration is 

observed. 

Localized areas of moderate to advanced deterioration may be present but do not 

significantly reduce the load-bearing capacity of the structure. 

Repairs are recommended, but the priority of the recommended repairs is low. 

Poor 
Advanced deterioration or overstressing is observed on widespread portions of the structure 

but does not significantly reduce the load-bearing capacity of the structure. 

Repairs may need to be carried out with moderate urgency. 

Serious 

Advanced deterioration, overstressing, or breakage may have significantly affected the load-

bearing capacity of primary structural components. 

Local failures are possible and load restrictions may be necessary.  Repairs may need to be 

carried out on a high-priority basis with urgency. 

Critical 

Very advanced deterioration, overstressing, or breakage has resulted in localized failure(s) of 

primary structural components. 

More widespread failures are possible or likely to occur, and load restrictions should be 

implemented as necessary. 

Repairs may need to be carried out on a very high priority basis with strong urgency. 

Source: Waterfront Facilities Inspection and Assessment, ASCE Manuals and Reports on Engineering Practice 

No. 130, Edited by Ronald E. Heffron., 2015, Published by American Society of Civil Engineers, 1801 Alexander 

Bell Drive, Reston, VA 20191-4400; p 59. 
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1 Introduction and Background 

1.1 Project Overview and Description 

In the spring of 2022, the town of Holden Beach, North Carolina (the Town) purchased a 

recreational pier property. The site currently includes a historic pier house, an ocean fishing 

pier, an 80-space parking lot, modular restrooms, two public beach access points, one 

emergency beach access and a six-site campground with utility hookups.  

Due to the age and heavy deterioration, both the recreational fishing pier and the historic pier 

house – now over 65 years old – have been closed to the public. The overall site layout is 

shown in Figure 1-1. 

To support the revitalization of this landmark facility, the Town has engaged HDR to provide 

preliminary design services and develop cost estimates for revitalizing the historic fishing pier. 

 

Figure 1-1. Existing Pier Site Plan 

1.2 Location of Site  

The Town is a municipal corporation located in Brunswick County, North Carolina serving a 

community of nearly 1,000 year-round residents, with a significantly larger population during 

the tourist season. The pier is situated on the oceanfront side of Holden Beach, just off Ocean 

Boulevard West. The site’s location is illustrated in the map provided in Figure 1-2. 
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Figure 1-2. Site Location Map 

1.3 Project Scope  

The existing 750-foot-long recreational pier will be completely replaced and extended out to a 

final length of approximately 1,000 feet as part of this project. However, the adjacent pier 

house, located at the landward end of the pier structure, is not included within the current 

project scope.  

HDR will develop a preliminary design for the new replacement pier and prepare a 30-year 

lifecycle maintenance plan that aligns with the proposed reconstruction strategy. A Class 3 cost 

estimate will be provided, encompassing both the construction of the replacement pier and the 

associated long-term maintenance requirements. 

The new pier will be designed for a 30-year service life, consistent with the duration of the 

lifecycle assessment and the typical longevity of timber piles subjected to standard coastal 

wind and wave conditions. The design life does not account for potential damage resulting from 

extreme weather or storm events, due to the inherent unpredictability of their frequency, 

intensity, and impact. 

A beach profile survey, conducted by subconsultant McKim and Creed, will be used to support 

the preliminary structural design. The scope of work also includes utility restoration, specifically 

reestablishing electrical and water service to the new pier.  
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2 Existing Conditions and Data Collection 

 

Figure 2-1. Station Locations Used During Data Collection 

2.1 Datum 

Horizontal plane coordinates will be referenced to the 2011 adjustment of North American 

Datum of 1983 (NAD83 2011), State Plane Coordinate System, North Carolina Zone (NC-

3200) US feet. The vertical datum for the project is the North American Vertical Datum of 1988 

(NAVD88) GEOID 18 Epoch 2001 US feet. All project measurements will use US standard 

units and all elevation values presented in this document will be referenced to NAVD88.  

2.2 Beach Profile Surveys 

Beach profile surveys were taken by subconsultant McKim & Creed on March 19, 2025, under 

favorable conditions. Data was collected using an RTK GNSS 200 kHz single beam 

echosounder for offshore measurements and an RTK GNSS rover for upland and nearshore 

areas. The alongshore spacing was designed to position a profile as close to the existing 

structure as safely possible, with the subsequent two profiles spaced 100-foot away, resulting 

in approximately 450 feet between the two outermost profiles. 

The cross-shore extent of the profiles was defined to start in-line with Station 0+00 of the pier 

structure and extend 2,000 ft offshore (i.e., twice the length of the proposed pier design).  

Based on the McKim & Creed survey, the existing ground/bed elevations at the upland and 

offshore ends of the proposed 1,000-foot pier structure were found to be +9.5 feet and -14 feet, 

respectively. 

The raw survey data files from will be provided to the Town by HDR as a project deliverable. 
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2.3 Geotechnical Data and Subsurface Conditions  

The Town provided a copy of a 2023 geotechnical investigation report for the project site, 

prepared by S&ME, Inc. (S&ME). The report titled, “Report of Geotechnical Exploration – 

Holden Beach Pier and Pier House” (S&ME Job No. 23060076), is dated July 24, 2023, and is 

included in Appendix E of the Summary Report. The geotechnical boring data from this report 

provides the basis for existing site conditions, while the results from HDR’s geotechnical 

evaluation will provide the design parameters for the replacement pier structure.  

2.4 Water Levels 

2.4.1 Tides 

The anticipated range of water surface elevations for the project site was obtained from the 

NOAA Station 8661070 located at the Springmaid Pier in Myrtle Beach, SC, as shown in 

Table 2-1. For design purposes, the maximum water elevation was considered to be the 

Highest Astronomical Tide (HAT) at EL. +4.2 ft and the minimum water elevation was taken as 

the Lowest Astronomical Tide (LAT) at EL. -4.7 ft. A summary of the water elevations from the 

tidal gauge is below, with additional details about the tidal gauge station provided within the 

Metocean report (Appendix D of the Summary Report).  

Table 2-1. Design Tidal Datums from NOAA Station 8661070 in Myrtle Beach, SC 

Water Level 
Datum (ft)  

NAVD88  MLLW  

Mean Higher High Water (MHHW) +2.44 +5.60 

Mean High Water (MHW) +2.05 +5.21 

Mean Sea Level (MSL) -0.45 +2.71 

Mean Tide Level (MTL) -0.46 +2.70 

Mean Low Water (MLW) -2.97 +0.19 

Mean Lower Low Water (MLLW) -3.16 0.00 

Water surface elevations and wave heights will be affected by rainfall, wind direction (including 

velocity and duration), vessel traffic, and tidal fluctuations. Additionally, tropical weather events 

such as tropical storms and hurricanes can significantly impact both water surface elevations 

and wave heights.  

2.4.2 Flood Base Elevation 

The FEMA National Flood Hazard Layer (NFHL) map for Holden Beach, NC (Panel #2015) 

shows varying base flood elevations (BFE) across the pier property. Table 2-2 presents the 

range of BFE values along with their corresponding locations.  

Table 2-2. FEMA Base Flood Elevations Across Pier Property 

Location BFE (Ft-NAVD88) 

Pier structure between approx. Stations 0+20 to 1+20 +13 
Pier structure seaward of Station 1+20 +16 
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2.4.3 Relative Sea Level Rise 

Relative Sea Level Rise (RSLR) for this project is based on the NOAA intermediate-high 

projection scenario. Over the 30-year design life of the structure, this scenario is projected to 

result in 1.7 feet of RSLR above the year 1992 reference sea level. This RSLR timeframe was 

used based on the available RSLR data and the mid-year for the tidal datum analysis period of 

the NOAA station in Myrtle Beach, SC (Section 2.4.1). 

2.5 Seismicity  

The project site is located in a region of low seismic activity, with anticipated peak ground 

accelerations being minimal. As a result, seismicity is not a factor in the design considerations. 

Acceleration value maps are provided in Appendix B1.  

2.6 Wind Data  

The wind gust speed for structural design was determined using ASCE 7-16 standards. The 

project site is located in a hurricane-prone region as defined by ASCE/SEI 7-16 Section 26.2. 

The design wind speed is provided in Appendix B1. 

Wind time series data is sourced from both the NOAA Station 8661070 in Myrtle Beach, SC 

and the USACE Wave Information System (WIS) hindcast model station offshore of Holden 

Beach (ST63310). The NOAA time series will be compared to the modeled WIS hindcast data 

to validate the suitability of the WIS dataset. Design wave information will be based on the 

statistical summaries derived from the WIS data. For further discussion on the WIS time series, 

see Section 2.7.  

2.7 Wave Data  

Wave data for the project was sourced from the USACE-developed Wave Information System 

(WIS) hindcast time series. The dataset spans a 43-year period from 1980 through 2023 and 

represents modeled wave conditions based on global historical weather records. Key design 

inputs will be extracted from this model output, including extreme event analysis, percent 

occurrence statistics, and hourly time series data. 

Design wave parameters were identified using the highest recorded events within the WIS time 

series. These top events are considered appropriate for design purposes, given that the 

dataset spans a continuous 43-year record – nearly 50% longer than the pier’s 30-year design 

life. Table 2-3 summarizes the wave information used in the project design.  

The wave height used for design is noted to be depth-limited, constrained by the standard 0.78 

breaker index criterion. To determine the depth that limits the wave height, the 50-year return 

period water surface elevation (WSEL) for the year 2060 (i.e., nearest year with available data 

to the 30-year design lifespan) was used. This WSEL will include RSLR projections. 
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Table 2-3. Wave Information Used for Project Design 

Scenario WSEL 

(Ft-NAVD88) 

Depth 
(ft) 

Wave Height 
(ft) 

Wave Period 
(sec) 

With RSLR (2055), Offshore 
50-yr Event Wave 

- 59.1 19.7 15.5 

With RSLR (2055), 50-yr 
Event Depth-Limited Wave 

+9.0 23 17.9 15.5 

2.8 Shoreline Change 

Shoreline change and related morphological analyses were not included within the scope of 

this project. According to Town records, Holden Beach has undergone multiple beach 

nourishment events in recent decades, with approximately 2 million cubic yards of sand placed 

between 2002 and 2014. Given the expectation that engineered shoreline management such 

as continued nourishment will persist into the future, the project design assumes that the 

shoreline erosion will not progress to a level that compromises the structural stability of the 

proposed pier. 

3 Operational and Functional Considerations  

3.1 Project Layout  

The existing Holden Beach Pier is located off Ocean Blvd. W and features an 80-space parking 

lot in front of the pier house. It is understood that the existing pier house will be completely 

demolished by others. The new recreational pier will be constructed in approximately the same 

location as the existing timber pier, with a new paved path connecting the pier entrance to the 

existing parking lot. During construction, the existing parking lot and six-space campground will 

be used as a staging and laydown area for the contractor. 

3.1.1 Pier Layout  

The new pier will be constructed entirely of timber and designed to meet ADA standards. An 

accessible ramp at a 12H:1V slope will provide a safe pedestrian transition from existing grade 

to the working elevation of EL +19 feet. At the top of the access ramp, a sitting/viewing balcony 

will be located landward of the existing dunes, with the potential for a second emergency egress 

connection from this area.  

The pier design will be 16-feet wide to accommodate pedestrian traffic and recreational fishing. 

Benches will be installed at a regular interval along the pier to provide public seating. The 

structure shall be designed to extend approximately 1,000 feet into the water – 250-feet beyond 

the length of the existing pier – and shall terminate in a T-head that includes a covered seating 

area. 

3.2 Pier Operations  

The new pier is intended to support a variety of public recreational activities, including fishing, 

sightseeing, and general pedestrian access. Benches will be placed at regular intervals along 
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the pier to provide seating, and a covered area at the pier’s end will offer shade and comfort 

for users. A fish cleaning station will be located near the pier entrance for the convenience of 

anglers. The pier shall be equipped with electrical and potable water utilities to support general 

lighting and operation of the fish cleaning station. 

3.3 Vehicle and Equipment Data  

3.3.1 Trucks  

The pier is not designed to accommodate maintenance or other vehicular access. 

3.3.2 Utility Vehicles 

Topsides access for maintenance and emergency services (EMS) utility vehicles is not 

included in the new pier design.  

3.3.3 Construction Equipment  

The new recreational pier is not intended to support construction equipment loads. All 

demolition of the existing pier and construction of the replacement pier will require the use of 

barges or temporary structures, such as work trestles, to facilitate access and construction 

operations. 

3.4 Special Equipment  

3.4.1 Fire Prevention and Extinguishing Equipment 

Fire prevention and suppression systems – such as dedicated water lines for firefighting - are 

not included in the new pier design. 

3.4.2 Potable Water and Electrical   

Potable water and electrical lines will be the only utilities provided along the new pier. Lighting 

will be installed to ensure pedestrian safety, with fixtures similar in style and function to those 

on the existing pier. The water lines will supply the fish cleaning stations and may also support 

potential shower facilities located at the upland end of the pier. 

4 Constraints  

4.1 Permitting  

The Town will be responsible for applying for and obtaining the necessary USACE and CAMA 

Permits. It is assumed that the pier replacement would require a CAMA Major Permit. To 

support timely and successful permitting, it is strongly recommended that the Town consider 

agency review timelines and engage in early pre-coordination with the relevant regulatory 

agencies prior to advancing beyond the preliminary design phase. 
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4.2 Client & Code Constraints  

The Town has specified a preference for an all-timber pier, consisting of a timber superstructure 

supported by timber bents, bracing and piles. While the 2018 North Carolina Building Code 

(NC IBC) includes requirements related to means of egress and the use of noncombustible 

materials for substructures, a 2023 legislative change has reinstated the applicable standards 

from the 2009 NC IBC.  

Specifically, NC IBC 2018 Chapter 3606.8.2 states: 

“Piers intended for recreational fishing, assembly, or educational distances with travel 

distance to exit discharge exceeding 600 feet and greater than 15 feet above mean low 

water shall have emergency access ladders at 300 feet intervals and at the end of the pier. 

The pier shall be constructed of noncombustible material, with the exception that the floor 

decking may be heavy timber.” 

However, General Assembly Session Law 2023-137, Section 35 mandates the reinstatement 

of Chapter 36 from the 2009 NC IBC for docks, piers, bulkheads, and other waterway structures 

built within estuarine waters. 

As a result of this legislative update, the design is not subject to the noncombustible structures 

and egress requirements outlined in the 2018 code. These provisions will not impact the design 

of the new pier and shall not be considered.  

Additionally, any FEMA A/AE zones on the pier property will be effectively considered as 

V/VE zones per Town Code §154.20 (D). 

4.3 Environmental Constraints  

Construction activities will need to adhere to restrictions related to federally protected species, 

including plants, fish, birds and sea turtles, through designated construction windows and 

specific methods of work. Early coordination with United States Fish and Wildlife Service 

(USFWS) and National Marine Fisheries Services (NMFS) will be carried out during the design 

and permitting process to determine required surveys and moratoria windows of federally listed 

aquatic species. Seabeach amaranth (Amaranthus pumilus) is a federally listed plant that 

occurs on barrier beaches in North Carolina. Qualified biologists should complete plant surveys 

during the permitting and agency coordination phase of the project. It is not anticipated that the 

project will impact the existing dunes. 

Anticipated regulatory permits include but are not limited to Clean Water Act (401/404/Section 

10) permits from U.S. Army Corps of Engineers (USACE) and N.C. Department of 

Environmental Quality (DEQ), and a N.C. Coastal Area Management Act (CAMA) permit. 

4.4 Existing Underground Features  

4.4.1 Pipelines 

According to the National Pipeline Mapping System, there are no known pipeline crossings 

beneath the existing recreational pier or the project site property. 
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4.4.2 Utilities 

The Town has indicated that there are no known underground utility features, nor any overhead 

utilities or other known obstructions, along the shoreline in the area of the proposed pier. 

4.5 Existing Facilities  

4.5.1 Pier 

The existing 750-foot-long recreational fishing pier features a timber superstructure supported 

by a timber substructure comprised of a series of pile bent systems. The substructure includes 

64 bents generally spaced 12 feet apart. The existing pier will need to be demolished and 

removed before the installation of the replacement pier. 

4.6 Easements and Property Constraints  

The location of the replacement pier might need to be slightly offset from the existing pier due 

to remaining broken piles or other residual structures not removed during the demolition 

process. The existing pier is situated at least 68 feet away from the western adjacent parcel, 

ensuring that the replacement pier, if placed adjacent to the existing one, will not impact any 

private landowners / stakeholders. Additionally, it is HDR’s understanding that the nearest 

adjacent parcel is Town-owned, with a clearance of approximately 120 ft from the nearest 

landowner. A parcel map is provided in Figure 4-1. 

The location of the replacement pier will not obstruct any existing public beach access points. 

Since the historic pier house was demolished in April 2025, the design and utility connections 

for the replacement pier will not be constrained by the existing pier house.  

 

Figure 4-1. Holden Beach Pier Property Limits 
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4.7 Material and Equipment Availability  

It is assumed that the material and equipment required for construction and operation of the 

structure will be readily available at the time of construction. The design will prioritize the use 

of commonly available and appropriate components to help minimize risks related to schedule 

delays or cost escalation. 

5 Design Loads  

5.1 Dead Load  

Dead loads to be evaluated will include the self-weight of the structure, as well as any 

permanent equipment or fixtures associated with the facility. The following unit weights will be 

used in determining dead loads in the design: 

Table 5-1. Material Unit Weights 

Material Unit Weight 

Steel or Cast Steel 490 pcf 

Aluminum Alloys 175 pcf 

Treated Timber 60 pcf 

Salt Water 64 pcf 

Source: UFC 4-152-01 

5.2 Live Loads  

5.2.1 Operational Loading 

Operational live loads will be based on pedestrian personnel loading as outlined in UFC 4-152-

07, NC IBC 2018, and ASCE MoP 50 and will be taken as 60 psf. Additionally, the pier will be 

designed to support a 400-lb concentrated point load at any location along the structure. 

5.2.2 Vehicular Loading  

5.2.2.1  Truck / EMS Loading  

Topside access for maintenance and emergency service (EMS) utility vehicles is not 

considered in the new pier design.  

5.2.2.2  Vehicle and Vessel Impact Loading  

The pier is not designed for lateral loads due to vessel (small watercraft) or debris impacts to 

the timber structure / piles. Similarly, the pier is not designed for lateral loads due to vehicular 

impact from any vehicles which may be driving on the beach or landside portion of the pier. 
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5.2.2.3  Construction Equipment Loading  

The structure is not designed to support heavy construction equipment (e.g. cranes) or to 

accommodate lifting and/or mooring operations during construction. Therefore, load 

calculations for construction equipment live loads will not be included in the design. 

5.3 Wind Loads  

Wind loading on the structure will be calculated based on wind speeds at the project site as 

outlined in ASCE 7-16. The maximum design 3-second gust wind speed of 148 mph shall be 

used for structures, determined by the geographical location, Class II structure risk category, 

and wind speeds specified in Chapter 26 of ASCE 7-16.  

5.4 Hydrodynamic and Hydrostatic Loads  

5.4.1 Wave Loading  

Wave loading on the structure is based on the 50-year WSEL event as reported by the offshore 

WIS station but reduced to a depth-limited height due to nearshore shoaling. The wave break 

criteria will follow the standard 0.78 wave height-to-water depth ratio. 

Wave loading calculations will use standard Goda equations for estimating lateral forces on the 

pile caps, the Morison equation for lateral forces on the pile, and AASHTO guidelines for lateral 

and uplift forces on the superstructure. 

5.4.2 Current Loading  

The lateral inertial and drag forces on the structure’s piles shall be calculated using Morison’s 

equation. The water velocity used within the equation is assumed to be 1 ft/s based on general 

surf zone conditions during storm events. 

5.5 Load Combinations 

Load combinations will be performed in general conformance with ASCE 7-16, as shown below. 

One change is proposed from the standard ASCE 7 load combinations. Wave loads and 

hydrodynamic loads for marine structures are typically based on a design storm with modeled 

hydrodynamic conditions. Other design guidelines specific to marine structures and piers (such 

as UFC 4-152-01) recommend a reduced load factor for hydrodynamic loads (compared with 

ASCE 7) due to less uncertainty surrounding the likelihood and definition of the loading. The 

pier design will adopt a 1.2 (LRFD) and 1.0 (ASD) load factor to remain consistent with industry 

guidelines for marine structures.   

5.5.1 Load Symbols  

The following load symbols are applicable for Tables 5-2 and 5-3:  
 
D = Dead load  
Lu = Live load (uniform)  
Lc = Live load (concentrated)  
I = Impact load (for Lc only)  
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B = Buoyancy load  
C = Current and wave load on structure  
W = Wind load on structure  

5.5.2 Load and Resistance Factor Design (LRFD)  

Load combinations are presented in Table 5-2. Load Combination 3 removed by inspection. 

Table 5-2. Load Combinations - Load and Resistance Factor Design (LRFD) 

 1 2 4 5 

D 1.4 1.2 1.2 0.9 

(Lc+I)|Lu - 1.6 1.0 - 

B 1.4 1.2 1.2 0.9 

C - - 1.21 1.21 

W - - 1.0 1.0 

5.5.3 Service Load Design/Allowable Stress Design (ASD) 

Load combinations are presented in Table 5-3. Load Combination 3 removed by inspection. 

Table 5-3. Load Combinations - Allowable Stress Design (ASD) 

 1 2 4 5 6 7 

D 1.0 1.0 1.0 1.0 1.0 0.6 

(Lc+I)|Lu - 1.0 0.75 - 0.75 - 

B 1.0 1.0 1.0 1.0 1.0 0.6 

C - - - 1.01 1.01 1.01 

W - - - 0.6 0.45 0.6 

6 Design Methodology  

6.1 Pier Approach  

6.1.1 Layout  

The new recreational pier will be designed with a total length of 1,000 feet and will terminate in 

a T-head configuration. It will feature a timber superstructure supported by a series of timber 

bent substructures. Utility connections for water and electrical will be incorporated to support 

lighting and one or more fish cleaning stations. The pier walkway elevation will be established 

to ensure the superstructure remains above the FEMA base flood elevation of +16.0 feet.  

 

1 UFC 4-152-01 load factor for currents and waves on the structure are used in lieu of ASCE 7 flood load 
factors.  
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6.1.2 Design Approach  

The structural design will follow a defined load path as outlined below, with all members 

evaluated for both strength and serviceability. 

Decking – The decking will be designed as a one-way system to span its maximum distance 

while supporting a live load of 60 PSF or a concentrated load of 400-lbf (whichever produces 

a more critical load effect) in accordance with NC IBC 2018, and ASCE MoP 50. Loads will be 

transferred and distributed to the supporting timber joists. 

Joists – Timber joists will span between the bent cap beams and are designed for a max clear 

span of 12-ft. The joists support the decking and will be designed to transmit vertical and lateral 

loads from the superstructure to the bent cap beams. They will be designed for strength and 

serviceability. 

Bent Cap Beams – Timber bent cap beams will span between timber piles and transfer the 

loads from the joists above. They will be designed for a clear span of up to 12 feet, not 

exceeding the overall pier walkway width of 16 feet.  

Piles – Round timber piles will be spaced no more than 12 feet apart both longitudinally and 

transversely along the pier walkway. They will be designed to resist both axial and lateral loads 

in accordance with applicable design standards.  

6.1.3 Design Software  

• APILE v2022, by ENSOFT for determining the axial requirements for the timber piles 

• GROUP v2022, by ENSOFT for analysis of stress, soil-structure pile interaction, and 

relative deformation of pile groups subjected to axial and/or lateral loading. 

• LPILE v2022 by ENSOFT for analysis of stress and deformation of individual piles or 

drilled shafts under axial and/or lateral loading. 

6.1.4 Additional Design Criteria  

The recreational pier will also be designed for the following general criteria: 

• Maximum design scour allowance of 10 feet 

• Top of pier walkway elevation will be +19 feet. 

• Overall width of the Pier walkway structure shall be 16 feet. 

• The T-head is currently assumed to have both a length and width of 48 feet, pending 

further guidance from the Town. 

• Pile diameters will be based on a maximum of 15-inch timbers, subject to material 

availability. 

• Sufficient anchorage against uplift forces between all components, except elements 

specifically designed to break away, shall be provided. The resisting capacity shall be 

at least 1.5 times the applied uplift force. 
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6.2 Utility Design 

6.2.1 Water 

The water service will be extended from the existing supply at the meter to the new pier. A 

backflow preventer assembly will be installed near the meter in accordance with local utility 

standards. The proposed water line will use materials that meet applicable local utility 

standards. The new line will be routed along the pier to service hose bibs and fish cleaning 

stations. Final pipe sizing will be determined based on the quantity and spacing of these fixtures 

to ensure adequate flow and pressure. A valve and discharge will be provided at the low point 

of the system for drainage as needed. All components shall conform to local utility standards 

and approved details. 

6.2.2 Electrical 

A new 120/240V, single phase service will be provided for the pier. An equipment rack will be 

installed on shore which will support the new electric utility meter, service disconnect and 

panelboard. The service disconnect will be an enclosed 60A breaker with a lockable NEMA 4X 

stainless steel enclosure. The panelboard will be 100A main lug-only type with 18-poles for 

branch breakers and housed in a lockable NEMA 4X stainless steel enclosure. The panelboard 

will be protected by an externally mounted, NEMA 4X surge protection device. 

Exposed conduits at the service equipment rack will be rigid aluminum conduit. Conduits 

installed below grade or run exposed along on the pier will be fiberglass type (reinforced 

thermosetting resin conduit). Outlet boxes and junction boxes will be cast aluminum. 

Receptacles will be GFCI type, weather and corrosion resistant, and will have a cast aluminum 

cover rated as weatherproof while in use. Receptacle quantity and locations will be coordinated 

with the Town. Pole mounted light fixtures on the pier will consist of LED fixtures with cast 

aluminum housing, IP68 rating, and full cutoff optics. Desired lighting levels will be coordinated 

with the Town and regulatory agencies. Dusk-to-dawn operation of the lights will be provided 

by photocells installed on the first light pole on the pier. 

7 Corrosion Protection & Lifespan 

7.1.1 Design Life 

The design service life of the new timber pier is 30 years. 

7.1.2 General Concept  

Corrosion protection for this facility will be a combination of details, material specifications, 

and coatings. 

7.1.3 Coating  

All structural steel shall be either stainless steel or hot-dip galvanized after fabrication. 
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7.2 Construction Material Requirements 

7.2.1 Timber 

i. All timber shall be new, southern yellow pine, Grade No. 2 or better. 

ii. All timber shall be treated with chromated copper arsenate (CCA) to a retention of 2.5 

lb/cu-ft. 

iii. The timber piles and planks shall be installed to the following tolerances: 

a. Variance from horizontal alignment  ½ inch per 20 ft 

b. Variance from plumb (front to back)  ½ inch per 10 ft 

c. Variance from plumb (side to side)  ¼ inch per 10 ft 

d. Variance in elevation   1 inch 

iv. Timber piles shall meet the requirements of ASTM D-25. 

v. Timber piling shall not be notched so that the cross-section is reduced below 50 

percent. 

vi. Wood species, preservative treatment, minimum lumber size and grade shall be in 

accordance with Table 7-1 below. 
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Table 7-1. Specifications for Southern Pine Lumber in Fresh and Saltwater Service 

 

7.2.2 Structural Steel  

i. Steel work shall be performed in accordance with ANSI/AISC 360-05, “Specification 

for Structural Steel Buildings”, American Institute of Steel Construction, Steel 

construction Manual. 

ii. Welding shall conform to the requirements of ANSI/AWS D1.1. 

iii. Anchor bolts shall conform to the requirements of ASTM F1554, unless otherwise 

noted. 

iv. Structural bolts shall conform to ASTM A325.  

v. Steek bolts, rods, and other hardware shall be hot-dip galvanized and no smaller than 

5/8-inch diameter.  

vi. Threaded fasteners shall not be tightened directly against wood surfaces but used in 

conjunction with standard ogee or flat washers. 
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8 Design Codes and References  

8.1 Marine Structures  

New marine structures shall be designed in accordance with codes and references listed in this 

section as applicable.  Refer to other sections in this document for modifications and/or 

limitations of these codes and references as they apply to different components of the project. 

8.1.1 Design Codes and Manuals  

The following codes, references, and standards shall be utilized in the project design as 

applicable unless modified by individual sections in the Design Basis: 

American Association of State Highway and Transportation Officials (AASHTO), LRFD Bridge 

Design Specifications, 6th Edition, 2012 

American Institute of Steel Construction, Steel Construction Manual, 14th Edition, 2011 

American Institute of Steel Construction, Specification for Structural Steel Buildings 

(ANSI/AISC 360-10) 

American Wood Council National Design Specification (NDS), 2018 

ANSI/ASCE 7-16, Standard, Minimum Design Loads for Buildings and Other Structures, 2016 

ASCE Manuals and Reports on Engineering Practice No. 50 – Planning and Design 

Guidelines for Small Craft Harbors, Third Edition (ASCE MoP 50) 

ANSI/AWS D1.1, Structural Welding Code - Steel, Latest Edition 

International Code Council, International Building Code (IBC), 2018 

Occupational Safety and Health Administration 

Unified Facilities Criteria – General Criteria for Waterfront Construction (UFC 4-151-10) 

Unified Facilities Criteria – Design: Piers and Wharves (UFC 4-152-01) 

8.1.2 Previous Reports  

Report of Geotechnical Exploration – Holden Beach Pier and Pier House, July 2023 
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Appendix B1 

ASCE 7 Hazard Data 

 

 

 

  

 



ASCE Hazards Report
Address:
No Address at This Location

Standard: ASCE/SEI 7-16 Latitude: 33.910656

Risk Category: II Longitude: -78.297109

Soil Class: undefined Elevation: 0.50000945825752 ft (NAVD 
88)

Wind

Results: 

Wind Speed 148 Vmph

10-year MRI 80 Vmph

25-year MRI 95 Vmph

50-year MRI 107 Vmph

100-year MRI 118 Vmph

Data Source: ASCE/SEI 7-16, Fig. 26.5-1B and Figs. CC.2-1–CC.2-4, and Section 26.5.2

Date Accessed: Mon May 12 2025

Value provided is 3-second gust wind speeds at 33 ft above ground for Exposure C Category, based on linear 
interpolation between contours. Wind speeds are interpolated in accordance with the 7-16 Standard. Wind speeds 
correspond to approximately a 7% probability of exceedance in 50 years (annual exceedance probability = 
0.00143, MRI = 700 years).

Site is in a hurricane-prone region as defined in ASCE/SEI 7-16 Section 26.2. Glazed openings shall be protected 
against wind-borne debris as specified in Section 26.12.3.

Page 1 of 2https://ascehazardtool.org/ Mon May 12 2025

https://ascehazardtool.org/


The ASCE Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of any 
kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers; or 
has been extrapolated from maps incorporated in the ASCE standard. While ASCE has made every effort to use data obtained from reliable 
sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability, currency, or 
quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement, affiliation, 
relationship, or sponsorship of such third-party content by or from ASCE.

ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent 
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such 
professionals in interpreting and applying the contents of this Tool or the ASCE standard.

In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors, 
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential 
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by 
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data 
provided by the ASCE Hazard Tool.

Page 2 of 2https://ascehazardtool.org/ Mon May 12 2025
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1 Introduction 

1.1 Pier Overview 

In 2022, the Town of Holden Beach acquired a coastal pier property with the goal of restoring 

public access to a key recreational amenity. Located along Ocean Boulevard West in 

Brunswick County, North Carolina, the site includes an 80-space parking lot, beach access 

points, modular restrooms, and a small campground. The main focal point – a timber 

recreational fishing pier and adjacent pier house – was closed to the public due to advanced 

age and structural deterioration. The overall site layout is shown in Figure 1-1. 

 

Figure 1-1. Overall Site Layout 

To address this need, the Town has initiated a project to replace the 750-foot-long fishing pier. 

The adjacent pier house is outside the current project scope and is planned to be demolished 

separately. A new, 1,000-foot pier will be constructed at the same location and will restore 

opportunities for fishing, sightseeing, and shoreline access. This life cycle plan is intended to 

guide long-term maintenance, funding, and renewal activities following reconstruction of the 

pier. 

1.2 Ownership and Management Responsibility 

The pier is owned and managed by the Town of Holden Beach. As the responsible entity, the 

Town will oversee operations, maintenance, inspections, and capital reinvestment over the life 

of the asset. This plan supports the Town’s stewardship by providing clear guidance on 

sustaining asset performance and managing funding over time. 
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1.3 Design and Construction Details 

The new pier will be constructed entirely of timber and designed in accordance with coastal 

resiliency best practices, with pressure-treated timber and stainless-steel hardware expected 

to be the primary materials. The structure includes ADA-compliant access via a ramp and a T-

head with a covered area at the seaward end. The 16-foot-wide pier will include benches and 

other features to support public use. The design prioritizes durability in a saltwater environment 

while remaining consistent with the character of the original pier. The pier is not designed to 

support vehicle or construction loads; all construction will be performed via barge or temporary 

trestles. No fire suppression system is included. 

1.4 Life Cycle Plan  

The life cycle plan provides a structured approach to managing the pier throughout its service. 

It outlines strategies to support ongoing maintenance, protect asset condition through 

preservation, address issues through periodic rehabilitation, and plan for future replacement 

needs. The life cycle approach enables the Town to estimate long-term costs, prioritize 

reinvestment, and make informed decisions that align with available resources and service 

expectations.  

1.5 Key Assumptions 

The following assumptions inform the life cycle planning approach and support long-term 

maintenance and funding strategies: 

• The new timber pier is designed for a 30-year design life, consistent with exposure to 

coastal wind, wave, and saltwater conditions. 

• A 50-year life cycle horizon is used to capture longer-term maintenance and renewal 

needs beyond the initial service period. 

• Life cycle costs are presented in current year dollars (2025).  

• Reactive work was not included as part of the life cycle plan; see Section 3.3.5 for 

additional details.  

• The pier will be used exclusively by pedestrians and will not be designed for vehicle 

access, construction loading, or fire suppression systems. 

• Utilities (potable water and electrical) are part of the pier design and have been 

incorporated into the life cycle plan. 

• No buried utilities or subsurface conflicts have been identified, and therefore these 

factors are not included in the life cycle plan. 
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2 Life Cycle and Performance Expectations 

2.1 Functional Intent  

The new pier is intended to support passive recreational use, including walking, fishing, and 

public gathering. Design features such as ADA-accessible pathways, public seating, and 

shaded areas will enhance usability and comfort. The pier will also include lighting, potable 

water service, and a fish cleaning station, with infrastructure located above deck level for ease 

of access and maintenance. These elements have been incorporated into the life cycle plan. 

2.2 Service and Maintenance Requirements 

While the structural elements are designed for a 30-year service life, several components – 

including decking, benches, railings, and utilities – will require more frequent inspection and 

replacement. Routine maintenance will focus on ensuring pedestrian safety, maintaining 

appearance, and preventing deterioration from exposure to saltwater and coastal weather. 

The pier’s timber structure will require regular condition assessments to monitor for signs of 

decay, marine borer activity, corrosion of fasteners, and settlement. Utility system maintenance 

will need to be tracked as part of the life cycle plan, with recommended activities based on 

material type and corrosion risk. 

2.3 Access and Operational Constraints 

Given that the pier will not support vehicles or heavy equipment, all life cycle activities will need 

to be performed from the pier deck or via watercraft access. This constraint must be factored 

into planning for inspections, utility access, and future repairs. Emergency response access 

will also be limited to the pier entrance and adjacent beach areas. 

2.4 Life Cycle Performance Goals 

Establishing clear performance goals helps define the expected function and condition of the 

pier over time, providing a basis for planning maintenance, monitoring performance, and 

guiding future investments. Life cycle performance goals over the life of the pier include: 

• Maintaining safe and unobstructed public access to the end of the structure. 

• Ensuring utilities remain operational and meet safety standards. 

• Preserving visual condition and minimizing the appearance of deterioration. 

• Managing risk from environmental exposure through timely maintenance and repair. 

While the pier will be designed in accordance with applicable standards and coastal 

engineering methods, the life cycle plan does not account for severe damage from extreme 

weather events. With that said, reactive life cycle activities have been incorporated in the life 

cycle plan; however, such events should be addressed through separate emergency 

response and disaster recovery planning. 
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3 Life Cycle Planning 

3.1 Life Cycle Approach 

Holden Beach Pier’s life cycle plan establishes life cycle activities and implementation 

decisions based on age, current conditions, risks to asset failure, cost-benefit information, and 

available funding. The benefit of applying life cycle planning is the ability to balance short-term 

spending and long-term needs to manage the pier in an efficient, cost-effective manner.  

Piers deteriorate over time because of exposure to a variety of factors such as environmental 

impacts, construction and material quality, maintenance frequency, and human impacts. 

Holden Beach considers the impacts of these factors in life cycle planning and performance 

forecasting to determine the most cost-effective investment strategies to maximize the life of 

the pier. Figure 3-1 presents a conceptual illustration of asset deterioration and the impact of 

regular asset maintenance and preservation activities. When applied to the piers at the right 

time, preservation treatments help extend asset life at a fraction of the cost of more expensive 

repairs and replacements.  

 

Figure 3-1: Extending Asset Life with Maintenance and Preservation  

3.2 Life Cycle Strategies 

The Town’s life cycle activities can be broken into the following five key categories:  

• Maintenance – Ongoing activities focused on routine inspections, preventative care, 

and minor upkeep to ensure the pier remains safe, functional, and visually appealing 

throughout its service life. These are activities that are performed with shorter 

frequencies (every 7 years or less) to keep the pier in a state of good repair. This 

includes activities such as inspecting, cleaning, and sealing.  

• Preservation – Minor repair activities to address specific deterioration and/or extend 

the expected service life of the pier. These are targeted actions designed to slow 

deterioration, extend the life of components, and preserve the structural integrity of the 

pier without major repairs or replacements. This includes activities such as pile wraps, 

reinforcing critical members, and cleaning. 
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• Rehabilitation – More substantial repairs or upgrades performed to restore 

functionality, address localized deterioration, or enhance structural performance 

beyond routine maintenance. This includes activities such as decking repair and 

additional pile bracing. 

• Replacement – Full replacement or reconstruction of the entire pier or a large portion 

of it. Before performing these activities, a rehab versus replacement analysis should 

be conducted to confirm that the activities will be cost effective over the remaining life 

of the pier. End-of-life actions involving the full replacement of major structural 

elements or complete removal of the pier when no longer serviceable. 

• Reactive Work – Response activities designed to address unforeseen damage or 

failures. These actions are incorporated into life cycle planning to support timely repair 

and restoration of the pier’s safety and functionality following unexpected events such 

as storms, vessel impacts, or sudden deterioration. 

3.3 Life Cycle Activities, Frequencies, and Costs 

The recommended life cycle activities to manage and maintain Holden Beach’s pier are 

summarized in Table 3-1 on the following page.  

The activity frequency column lists the recommended or estimated time in years between 

applications of the given activity. The frequency values have been determined based on a 

compilation of other agencies recommended pier best practices, industry standards, and 

subject matter experts. Frequency ranges are presented (denoted as low and high in the table), 

where applicable, along with the proposed frequency for life cycle planning purposes.  

The activity cost estimate and comment columns provide the basis for estimating the cost of 

these activities. These costs are estimated in current year dollars and align to the pier’s 

preliminary design plans. Cost estimates include a combination of average bid prices and man-

hour assessments.  

By performing maintenance and preservation activities in a timely manner, the frequency of 

major rehabilitations and replacements is predicted to decrease.  

The five life cycle strategies are presented in the following sub-sections, along with the specific 

activities associated with each to support effective pier life cycle management. 
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Category Activity 
Frequency - 

Low 
Frequency - 

High 
Frequency 

Activity 
Cost 

Comments 

Maintenance 

Inspection 

Above Water Inspection 
and Condition Assessment 

3 yrs 5 yrs 4 yrs $20,000  

Under Water Inspection and 
Condition Assessment 

- - 5 yrs $25,000  

Preventative 
Maintenance  

Debris Management  - - 4x / yr $1,200  

Sealing and Re-Coating of 
Decking 

5 yrs 10 yrs 7 yrs $48,000  

Preservation 

Pile 
Protection 

Pile Wrap Installation or 
Reapplication 

 -  - 
1/ life cycle 

(at 16 yrs) 
$89,595 

Only 50% of piles assumed to get 
wrapped 

Cleaning & 
Drainage 

Maintenance 

Cleaning of Pier 
Superstructure 

- - 1 yr $16,000  

Cleaning of Pier 
Substructure 

3 yrs 5 yrs 4 yrs $6115  

Rehabilitation  

Partial Deck 
Rehab 

Decking Repairs  -  - 10 yrs $3,913 
Estimated 20% of boards will 
need to be replaced every 10 

years 

Structural 
Strengthening  

Addition of Bracing of Pile 
Caps 

5 yrs 10 yrs 7 yrs $5,250 
Assuming 2.5% of elements are 

braced every occurrence 

Upgrading 
Benches 

Upgrade and/or replace 
worn benches 

15 yrs 20 yrs 17 yrs $15,000 Includes all benches 

Replacement 

Upgrading 
Utilities and 

Fixtures 

Electrical and Lighting 
Upgrades 

- - 
1/ life cycle 

(at 30 yrs) 
$262,000 

Replacement of entire electrical 
system 

Plumbing Upgrades - - 
1/ life cycle 

(at 30 yrs) 
$19,000 

Replacement of entire plumbing 
system 

Full Deck Replacement - - 
1/ life cycle 

(at 30 yrs) 
$124,000 

Replacement of entire 
superstructure  

Pile Replacement - - 
1/ life cycle 

(at 30 yrs) 
$375,000 

10% of piles over beach replaced, 
50% of piles over water replaced 

Full Roof Replacement - - 
1/ life cycle 

(at 30 yrs) 
$4,600 

Replacement of entire roof 
structure  

Table 3-1: Proposed Pier Life Cycle Framework 
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3.3.1 Maintenance 

Maintenance includes routine inspections, preventive care, and minor upkeep to keep the pier 

safe and functional. The following life cycle activities for maintenance include: 

• Inspections – Systematically examine the pier’s structural components, surfaces, and 

fixtures to identify signs of wear, damage, or potential safety hazards. This includes 

checking for cracks, corrosion, loose or damaged elements, and any changes in 

condition that could affect performance. Regular documentation and condition tracking 

are essential to monitor deterioration trends and prioritize maintenance needs. These 

inspections include:  

▪ Above Water Inspection and Condition Assessment – Evaluate visible 

structural and surface elements, and overall visible condition of the pier 

(Frequency: 3-5 Years) 

▪ Under Water Inspection and Condition Assessment – Involves detailed 

examination of submerged piles and supports for marine growth, corrosion, 

structural integrity, and potential scour (Frequency: 5 Years).  

• Preventive Maintenance – Consists of scheduled activities aimed at preserving the 

pier’s condition and slowing deterioration. These tasks include regular removal of 

debris to prevent damage or drainage blockages and protective treatments applied to 

decking surfaces to guard against water and environmental exposure. Key activities 

include:  

▪ Debris Management – Involves clearing trash, natural debris (like seaweed 

or driftwood), and accumulated sediments from decking, drainage channels, 

and structural components to reduce moisture retention and prevent clogging 

that can lead to water damage or accelerated material decay. (Frequency: 

Quarterly). 

▪ Sealing and Recoating of Decking – Entails applying water-resistant 

sealants or protective coatings to wood and/or decking surfaces to shield 

against UV damage, moisture intrusion, and wear from foot traffic. (Frequency: 

5-10 Years) 

3.3.2 Preservation 

Preservation includes targeted minor repairs to slow deterioration and extend the service life 

of pier components. The following life cycle activities for preservation include: 

• Pile Protection (Pile Wrap Installation and Reapplication) – Focuses on 

maintaining the integrity of piles against environmental and biological threats such as 

marine borers and physical impacts. This requires regular inspection and timely 

maintenance or replacement of protective coverings to prevent deterioration. 

(Frequency: 1 per life cycle at 15-20 Years) 

• Cleaning and Drainage Maintenance – Entails the removal of debris, marine growth, 

and contaminants that could accelerate deterioration or obstruct drainage systems. 

Key activities include:  
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▪ Cleaning of Pier Superstructure – Involves washing down structural 

surfaces to remove salt, dirt, and other airborne contaminants; clearing out 

joints and utility supports; and removing buildup from ledges and connections 

where debris can collect. (Frequency: Annually) 

▪ Cleaning of Pier Substructure – Involves removing marine growth, sediment, 

and debris from piles, pile caps, and other submerged or partially submerged 

components. (Frequency: 3-5 Years) 

3.3.3 Rehabilitation  

Rehabilitation includes more substantial repairs or upgrades to restore or improve pier 

functionality and address localized deterioration. The following life cycle activities for 

rehabilitation include: 

• Partial Deck Replacement – Addresses localized areas of decking that have 

deteriorated beyond preservation thresholds but do not require full deck replacement. 

This involves inspecting and replacing deck sections showing significant wear or 

damage. (Frequency: 10 Years) 

• Structural Strengthening – Entails adding bracing, pile caps, or other structural 

supports as identified through detailed inspections and analyses to extend the pier’s 

service life. (Frequency: 5-10 Years) 

• Upgrading Benches – Replace worn benches with durable, accessible seating using 

weather-resistant materials. (Frequency: 15-20 Years) 

3.3.4 Replacement 

Replacement includes full reconstruction or removal of major pier elements at the end of 

service life. The following life cycle activities for replacement include: 

• Full Deck Replacement – Involves the complete removal and reconstruction of the 

pier deck, planned based on condition data and anticipated service life. (Frequency: at 

30 Years) 

• Pile Replacement – Includes the removal and replacement or reinforcement of piles 

that have deteriorated significantly and can no longer be preserved. Timing depends 

on condition monitoring and structural evaluations. (Frequency: at 30 Years) 

• Upgrading Utilities and Fixtures – Covers periodic updates to electrical systems, 

lighting, plumbing, and other amenities to improve safety, efficiency, and user 

experience. Key activities include:  

▪ Electrical and Lighting Upgrades – Replace outdated wiring, panels, and 

fixtures; upgrade to latest energy-efficient lighting. (Frequency: at 30 Years) 

▪ Plumbing Upgrades – Update aging pipes and fixtures to improve reliability, 

reduce water use, and meet current codes. (Frequency: at 30 Years) 

• Full Roof Replacement – Entails replacing the entire roof system at the end of its 

service life or due to significant deterioration. (Frequency: at 30 Years) 
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3.3.5 Reactive Work 

Reactive work is intended to cover unplanned repairs and urgent actions that fall outside the 

scope of routine, preventive, or planned maintenance activities. This primarily includes storm 

damage and vessel collision repairs, such as replacing broken decking, realigning pilings, and 

clearing debris. It also addresses unexpected deterioration or failures caused by factors like 

marine borers, corrosion, or climate impacts, that are not covered under preventive 

maintenance. Accounting specifically for reactive needs helps maintain the pier’s safety, 

functionality, and longevity without disrupting scheduled activities. 

Following any event or when unexpected issues are suspected, a special inspection should be 

conducted to assess the extent and nature of the damage. This inspection helps prioritize 

repairs, inform budgeting, and guide decisions about necessary interventions. The inspection 

may include visual assessments, underwater surveys, and material testing, depending on the 

damage suspected. 

Typical reactive work activities may include:  

• Repair or replacement of broken or dislodged decking planks, handrails, and structural 

members. 

• Realignment or resetting of pilings that have shifted, tilted, or been impacted. 

• Removal of debris and obstructions caused by storms or vessel collisions. 

• Emergency replacement or reinforcement of timber piles or structural members 

affected by marine borers or other accelerated deterioration. 

• Tightening or replacement of unexpected, corroded bolts, fasteners, and steel 

connectors. 

• Reactive treatment or replacement of rusted hardware and exposed steel components 

showing corrosion. 

Reactive work typically accounts for approximately 5% to 15% of the total life cycle budget, 

depending on asset condition, exposure, and risk tolerance. In addition to this baseline, a 

separate contingency should be held to address major events such as hurricanes, vessel 

impacts, or other extreme conditions that may require significant emergency repairs beyond 

the typical reactive response. 
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4 Financial Life Cycle Plan 

4.1 Life Cycle Framework 

The life cycle framework described in Section 3 provides the basis for the financial life cycle 

plan. It defines the timing, frequency, and unit costs of key maintenance, preservation, 

rehabilitation, and replacement activities over the 50-year horizon. For clarity, the financial life 

cycle plan is presented in two parts: recurring activities (maintenance, preservation, and 

rehabilitation) and the one-time mid-life replacement activity. These inputs are used to 

generate the life cycle cost projections, which help forecast long-term funding needs and 

maintenance requirements for the pier. 

4.2 Recurring Activities Cost Forecast 

A cost forecast was developed for recurring life cycle activities – specifically maintenance, 

preservation, and rehabilitation – based on an unconstrained, or “fully funded,” scenario in 

which all scheduled work is performed as planned. 

Figure 4-1 illustrates the resulting year-by-year spending, showing considerable variability due 

to the assumption that each activity occurs in the exact year it is due. Notable spikes include a 

major preservation project to wrap piles in 2041. While full pier replacement is anticipated at 

the end of the 50-year period, its cost is not included in this forecast. 

 

Figure 4-1: Estimated Need for “Unconstrained” Scenario 
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This idealized scenario is intended to illustrate the general magnitude and timing of recurring 

financial needs. It focuses exclusively on maintenance, preservation, and rehabilitation—costs 

that are ongoing, frequent, and central to long-term management. Replacement activities are 

addressed separately in Section 4.3. 

Over the 50-year analysis period, the average annual cost is approximately $41,296, as shown 

by the horizontal line in Figure 4-1. This average helps contextualize the variability and informs 

long-term funding strategies. 

To improve practicality, the activity schedule was later optimized to reflect likely implementation 

conditions. For example, rehabilitation activities near the end of the pier’s life were eliminated, 

and partial deck replacements were timed to align with inspection intervals. These adjustments 

reduce inefficiencies and support a more practical, deliverable plan. 

4.3 Recurring Activities Annualized Cost 

An annual investment is necessary to maintain the pier’s desired condition. Based on the 

estimated cost and frequency of the life cycle activities (as shown in Table 3-1), an 

annualized unit cost is assigned to each life cycle category. This results in a total annualized 

cost for all the pier life cycle activities. Table 4-1 below shows the annualized cost for each 

activity type and the total cost over the 50-year period. These annualized costs represent a 

high-level annual estimate and are calculated based on the initial design of the pier. A more 

detailed breakdown of Table 4-1 can be found in Appendix C-1. 

 

Activity Type Avg. Annual Cost 50-Year Cost 

Maintenance $20,901 $1,066,000 

Preservation $18,881 $962,975 

Rehabilitation $1,512 $77,151 

Total*  $41,296   $2,106,127  

*Replacement activities are not included; see Section 4.3 for more details.  

Table 4-1: Future Annualized Funding Needs Projection (in 2025 $)  
 

The unconstrained scenario only accounts for maintenance, preservation, and rehabilitation 

activities and leaves out the one-time major replacement activity. It is shown this way to 

better illustrate the annual cost required to keep the pier in good condition. Since 

replacement activities represent a large, one-time cost, including the replacement would 

skew the average annual cost. The total life cycle costs with replacement activities included 

are presented in Section 4.5. 

4.4 Mid-Life Replacement Cost 

Figure 4-1 shows the calculated average annual cost, which includes only planned 

maintenance, preservation, and rehabilitation activities. Not included in that projection is a 

major capital project classified as replacement work, anticipated in 2056 at the 30-year mark. 
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This replacement effort, detailed in Section 3.3.4, is expected to cost $784.7K and is intended 

to extend the pier’s service life to 50 years in a cost-effective manner, avoiding the need for 

full reconstruction. Table 4-2 provides a breakdown of the estimated costs for the 2056 

replacement activities. Note that the following replacement line-item costs are not inclusive of 

construction methodology considerations (i.e., barge rentals, trestle construction, etc.). The 

line items include base labor and material costs only. 

 

Activity Cost Notes 

Utility Replacements $281,000 Electrical and Plumbing systems replacement  

Deck Replacement $124,000 Complete replacement of superstructure 

Roof Replacement $4,600 Complete replacement of roof structure 

Pile Replacement  $375,100 Replacement of approx. 38% of piles 

Total  $784,700   

Table 4-2: Replacement Activities Cost in 2056 (in 2025 $) 
 

4.5 Total Life Cycle Annualized Cost 

Table 4-3 shows the annualized funding needs projection similar to the one shown in Table 

4-1, however Table 4-3 includes the annualized cost of replacement activities. Adding 

replacement costs provides a more complete picture of the full life cycle cost and shows the 

resulting increase in average annual cost due to major replacement work. 

 

Activity Type Avg. Annual Cost 50-Year Cost 

Maintenance $20,901 $1,066,000 

Preservation $18,881 $962,975 

Rehabilitation $1,512 $77,151 

Replacement $15,386 $784,700 

Total*  $56,682   $2,890,827 

*Reactive activities not included in Total Costs; see Section 4.3 for more details.  

Table 4-3: Total Future Annualized Funding Needs Projection (in 2025 $)  
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5 Life Cycle Implementation 

To carry the life cycle plan forward into long-term practice, several actions should be taken as 

the pier transitions from construction to operation. These steps help embed the plan into 

ongoing maintenance, management, and decision-making processes so that it remains 

practical, current, and aligned with the pier’s performance over time. The following activities 

outline how to implement, monitor, and maintain the life cycle plan. 

1. Monitor Construction Progress and Adjust the Plan as Needed – Track 

construction activities to ensure alignment with life cycle expectations. Identify any 

design changes or material substitutions that may affect long-term performance or 

maintenance strategies. Update the life cycle plan to reflect construction realities, 

including any deviations from the original assumptions. Regular coordination between 

construction and the Town will support timely updates. This helps ensure that the life 

cycle plan remains a living, relevant document from the start. 

2. Capture Critical Documentation at Handover – During handover, compile a 

complete set of baseline records for the pier, including as-built drawings, inspection 

reports, O&M manuals, warranties, and equipment specifications. These records form 

the foundation for future maintenance, renewal, and repair decisions. Ensure all 

documentation is verified, digitized, and stored in an accessible format. This step is 

essential for establishing an accurate asset inventory and understanding operational 

requirements prior to commissioning. 

3. Develop Operational Procedures Aligned with the Life Cycle Plan – Establish 

routine and non-routine procedures that reflect the full range of interventions defined 

in the life cycle plan – maintenance, preservation, rehabilitation, replacement, and 

reactive actions. Set criteria for larger repairs, supported by cost-effectiveness reviews, 

and include protocols for end-of-life replacement and emergency response. Clear roles 

and responsibilities will ensure consistent execution and long-term performance. 

4. Define and Monitor Key Performance Indicators (KPIs) – Implement KPIs to track 

asset condition, maintenance effectiveness, safety performance, and cost trends over 

time. These indicators provide objective feedback on how the pier is performing relative 

to life cycle expectations. Use KPI trends to support continuous improvement and 

adjust life cycle strategies as needed. 

5. Conduct Final Review of the Life Cycle Plan Before Commissioning – Prior to full 

operation, review and refine the life cycle plan to ensure it incorporates the latest 

construction and handover information. Confirm that asset hierarchies, inspection 

protocols, and baseline condition data are all in place. Identify any remaining gaps in 

documentation or procedures.  

6. Schedule Periodic Updates to the Life Cycle Plan – Plan for regular review and 

updates of the life cycle plan every five years, or following major weather events, 

operational changes, or structural upgrades. Use performance data and inspection 

findings to refine future maintenance and investment strategies. This will help keep the 

life cycle plan aligned with the pier’s actual performance and evolving needs. 
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Frequency - Low Frequency - High Frequency 2026 2027 2028 2029 2030 2031 2032
Above Water inspection and Condition Assessment 3 yrs 5 yrs 4 yrs 0 0 0 1 0 0 0

Under Water inspection and Condition Assessment - - 5 yrs 0 0 0 0 1 0 0

Debris Management - - 4x / yr 4 4 4 4 4 4 4

Sealing and re-coating of decking 5 yrs 10 yrs 7 yrs 0 0 0 0 0 0 1

Pile Protection Pile Wrap installation or reapplication 1/ lifecycle 0 0 0 0 0 0 0

Cleaning of Pier Superstructure - - 1 yr 1 1 1 1 1 1 1

Cleaning of Pier Substructure 3 yrs 5 yrs 4 yrs 0 0 0 1 0 0 0

Partial Deck Rehab Decking inspections and repairs 10 yrs 0 0 0 0 0 0 0

Structural 
Strengthening 

Addition of bracing of pile caps 5 yrs 10 yrs 7 yrs 0 0 0 0 0 0 0

Replacing Benches 15 yrs 20 yrs 17 yrs 0 0 0 0 0 0 0

Electrical and Lighting Upgrades 30 yrs 0 0 0 0 0 0 0

Plumbing Upgrades 30 yrs 0 0 0 0 0 0 0

after 30 yr 0 0 0 0 0 0 0

after 30 yr 0 0 0 0 0 0 0
30 yrs 0 0 0 0 0 0 0

Cost/Activity 2026 2027 2028 2029 2030 2031 2032
Above Water inspection and Condition Assessment 20,000.00$                   -$                            -$                    -$                    20,000.00$     -$                    -$                    -$                  
Under Water inspection and Condition Assessment 25,000.00$                   -$                            -$                    -$                    -$                    25,000.00$     -$                    -$                  
Debris Management 1,200.00$                     4,800.00$               4,800.00$       4,800.00$       4,800.00$       4,800.00$       4,800.00$       4,800.00$      
Sealing and re-coating of decking 48,000.00$                   -$                            -$                    -$                    -$                    -$                    -$                    48,000.00$   

Pile Protection Pile Wrap installation or reapplication 89,595.00$                   -$                            -$                    -$                    -$                    -$                    -$                    -$                  
Cleaning of Pier Superstructure 16,000.00$                   16,000.00$             16,000.00$     16,000.00$     16,000.00$     16,000.00$     16,000.00$     16,000.00$   
Cleaning of Pier Substructure 6,115.06$                     -$                            -$                    -$                    6,115.06$       -$                    -$                    -$                  

Partial Deck 
Replacement

Decking inspections and replacement 3,912.96$                     -$                            -$                    -$                    -$                    -$                    -$                    -$                  

Structural 
Strengthening 

Addition of bracing or pile caps 5,250.00$                     -$                            -$                    -$                    -$                    -$                    -$                    -$                  

Replacing Benches 15,000.00$                   -$                            -$                    -$                    -$                    -$                    -$                    -$                  
Electrical and Lighting Upgrades 262,000.00$                -$                            -$                    -$                    -$                    -$                    -$                    -$                  
Plumbing Upgrades 19,000.00$                   -$                            -$                    -$                    -$                    -$                    -$                    -$                  

124,000.00$                -$                            -$                    -$                    -$                    -$                    -$                    -$                  
375,100.00$                -$                            -$                    -$                    -$                    -$                    -$                    -$                  

4,600.00$                     -$                            -$                    -$                    -$                    -$                    -$                    -$                  

2026 2027 2028 2029 2030 2031 2032
Maintenance 4,800.00$               4,800.00$       4,800.00$       24,800.00$     29,800.00$     4,800.00$       52,800.00$   
Preservation 16,000.00$             16,000.00$     16,000.00$     22,115.06$     16,000.00$     16,000.00$     16,000.00$   
Rehabilitation -$                            -$                    -$                    -$                    -$                    -$                    -$                  
Replacement -$                            -$                    -$                    -$                    -$                    -$                    -$                  

Total 20,800.00$            20,800.00$    20,800.00$    46,915.06$    45,800.00$    20,800.00$    68,800.00$   
Annualized Cost 41,296.62$             41,296.62$     41,296.62$     41,296.62$     41,296.62$     41,296.62$     41,296.62$   

Activity

C
os

t

Maintenance
Inspection

Preventative 
Maintenance 

Preservation Cleaning & Drainage 
Maintenance

Upgrading Utilities 
and Fixtures

Full Deck Replacement 

Full Roof Replacement
Pile Replacement

Replacement

Rehabilitation 

Fr
eq

ue
nc

y

Full Deck Replacement 

Preservation Cleaning & Drainage 
Maintenance

Upgrading Utilities 
and Fixtures

Pile Replacement

Replacement

Rehabilitation 

Activity

Maintenance

Inspection

Preventative 
Maintenance 

Full Roof Replacement



2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052
1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052
20,000.00$   -$                  -$                  -$                  20,000.00$   -$                  -$                  -$                  20,000.00$      -$                  -$                  -$                  20,000.00$      -$                  -$                  -$                  20,000.00$   -$                  -$                  -$                  

-$                  -$                  25,000.00$   -$                  -$                  -$                  -$                  25,000.00$   -$                     -$                  -$                  -$                  25,000.00$      -$                  -$                  -$                  -$                  25,000.00$   -$                  -$                  
4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$        4,800.00$      4,800.00$      4,800.00$      4,800.00$        4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      

-$                  -$                  -$                  -$                  -$                  -$                  48,000.00$   -$                  -$                     -$                  -$                  -$                  -$                     48,000.00$   -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  89,595.00$      -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  -$                  

16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$      16,000.00$   16,000.00$   16,000.00$   16,000.00$      16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   
6,115.06$      -$                  -$                  -$                  6,115.06$      -$                  -$                  -$                  6,115.06$        -$                  -$                  -$                  6,115.06$        -$                  -$                  -$                  6,115.06$      -$                  -$                  -$                  

-$                  -$                  3,912.96$      -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  3,912.96$        -$                  -$                  -$                  -$                  -$                  -$                  -$                  

5,250.00$      -$                  -$                  -$                  -$                  -$                  -$                  5,250.00$      -$                     -$                  -$                  -$                  -$                     5,250.00$      -$                  -$                  -$                  -$                  -$                  -$                  

-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     15,000.00$   -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  -$                  

2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052
24,800.00$   4,800.00$      29,800.00$   4,800.00$      24,800.00$   4,800.00$      52,800.00$   29,800.00$   24,800.00$      4,800.00$      4,800.00$      4,800.00$      49,800.00$      52,800.00$   4,800.00$      4,800.00$      24,800.00$   29,800.00$   4,800.00$      4,800.00$      
22,115.06$   16,000.00$   16,000.00$   16,000.00$   22,115.06$   16,000.00$   16,000.00$   16,000.00$   111,710.06$   16,000.00$   16,000.00$   16,000.00$   22,115.06$      16,000.00$   16,000.00$   16,000.00$   22,115.06$   16,000.00$   16,000.00$   16,000.00$   

5,250.00$      -$                  3,912.96$      -$                  -$                  -$                  -$                  5,250.00$      -$                     15,000.00$   -$                  -$                  3,912.96$        5,250.00$      -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  -$                  

52,165.06$   20,800.00$   49,712.96$   20,800.00$   46,915.06$   20,800.00$   68,800.00$   51,050.00$   136,510.06$   35,800.00$   20,800.00$   20,800.00$   75,828.02$     74,050.00$   20,800.00$   20,800.00$   46,915.06$   45,800.00$   20,800.00$   20,800.00$   
41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$      41,296.62$   41,296.62$   41,296.62$   41,296.62$      41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   



2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 2064 2065 2066 2067 2068 2069 2070 2071 2072
1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 2064 2065 2066 2067 2068 2069 2070 2071 2072
20,000.00$   -$                  -$                  -$                       20,000.00$   -$                  -$                  -$                  20,000.00$   -$                  -$                  -$                  20,000.00$   -$                     -$                  -$                  20,000.00$   -$                  -$                  -$                  

-$                  -$                  25,000.00$   -$                       -$                  -$                  -$                  25,000.00$   -$                  -$                  -$                  -$                  25,000.00$   -$                     -$                  -$                  -$                  25,000.00$   -$                  -$                  
4,800.00$      4,800.00$      4,800.00$      4,800.00$          4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$        4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      4,800.00$      

48,000.00$   -$                  -$                  -$                       -$                  -$                  -$                  48,000.00$   -$                  -$                  -$                  -$                  -$                  -$                     48,000.00$   -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  -$                       -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  

16,000.00$   16,000.00$   16,000.00$   16,000.00$        16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$      16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   16,000.00$   
6,115.06$      -$                  -$                  -$                       6,115.06$      -$                  -$                  -$                  6,115.06$      -$                  -$                  -$                  6,115.06$      -$                     -$                  -$                  6,115.06$      -$                  -$                  -$                  

-$                  -$                  3,912.96$      -$                       -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  3,912.96$      -$                     -$                  -$                  -$                  -$                  -$                  -$                  

5,250.00$      -$                  -$                  -$                       -$                  -$                  -$                  -$                  -$                  5,250.00$      -$                  -$                  -$                  -$                     -$                  -$                  -$                  5,250.00$      -$                  -$                  

-$                  -$                  -$                  -$                       -$                  -$                  15,000.00$   -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  262,000.00$     -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  19,000.00$        -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  124,000.00$     -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  375,100.00$     -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  
-$                  -$                  -$                  4,600.00$          -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  

2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 2064 2065 2066 2067 2068 2069 2070 2071 2072
72,800.00$   4,800.00$      29,800.00$   4,800.00$          24,800.00$   4,800.00$      4,800.00$      77,800.00$   24,800.00$   4,800.00$      4,800.00$      4,800.00$      49,800.00$   4,800.00$        52,800.00$   4,800.00$      24,800.00$   29,800.00$   4,800.00$      4,800.00$      
22,115.06$   16,000.00$   16,000.00$   16,000.00$        22,115.06$   16,000.00$   16,000.00$   16,000.00$   22,115.06$   16,000.00$   16,000.00$   16,000.00$   22,115.06$   16,000.00$      16,000.00$   16,000.00$   22,115.06$   16,000.00$   16,000.00$   16,000.00$   

5,250.00$      -$                  3,912.96$      -$                       -$                  -$                  15,000.00$   -$                  -$                  5,250.00$      -$                  -$                  3,912.96$      -$                     -$                  -$                  -$                  5,250.00$      -$                  -$                  
-$                  -$                  -$                  784,700.00$     -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                     -$                  -$                  -$                  -$                  -$                  -$                  

########## 20,800.00$   49,712.96$   20,800.00$       46,915.06$   20,800.00$   35,800.00$   93,800.00$   46,915.06$   26,050.00$   20,800.00$   20,800.00$   75,828.02$   20,800.00$     68,800.00$   20,800.00$   46,915.06$   51,050.00$   20,800.00$   20,800.00$   
41,296.62$   41,296.62$   41,296.62$   41,296.62$        41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$      41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   41,296.62$   



2073 2074 2075 2076
1 0 0 0

0 0 1 0

4 4 4 0

0 1 0 0

0 0 0 0

1 1 1 0

1 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0
0 0 0 0

2073 2074 2075 2076
20,000.00$   -$                  -$                  -$                          

-$                  -$                  25,000.00$   -$                          
4,800.00$      4,800.00$      4,800.00$      -$                          

-$                  48,000.00$   -$                  -$                          
-$                  -$                  -$                  -$                          

16,000.00$   16,000.00$   16,000.00$   -$                          
6,115.06$      -$                  -$                  -$                          

-$                  -$                  -$                  -$                          

-$                  -$                  -$                  -$                          

-$                  -$                  -$                  -$                          
-$                  -$                  -$                  -$                          
-$                  -$                  -$                  -$                          
-$                  -$                  -$                  -$                          
-$                  -$                  -$                  -$                          
-$                  -$                  -$                  -$                          

2073 2074 2075 2076
24,800.00$   52,800.00$   29,800.00$   -$                          
22,115.06$   16,000.00$   16,000.00$   -$                          

-$                  -$                  -$                  -$                          
-$                  -$                  -$                  -$                          

46,915.06$   68,800.00$   45,800.00$   -$                         
41,296.62$   41,296.62$   41,296.62$   41,296.62$           
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1 Location 

The Town of Holden Beach fishing pier is located near the center of the Holden Beach 

barrier island, extending offshore into the Atlantic Ocean. Meteorological and 

oceanographic data for the design were sourced from two locations, a National Oceanic 

and Atmospheric Administration (NOAA) tidal station to the southwest and a US Army 

Corps of Engineers (USACE) Wave Information Study (WIS) model extraction station to 

the south. These data summarize the overall conditions impacting the pier and inform the 

various decisions that guide project design. Figure 1-1 displays the locations of the data 

sources relative to the pier property.  

 

 
Figure 1-1. Data Source Locations With Respect To The Pier Site 

2 Datums 

All horizontal coordinates in this report are relative to the 2011 adjustment of North 

American Datum of 1983 (NAD83 2011), State Plane Coordinate System, North Carolina 

Zone (NC-3200) US feet. All elevations are relative to the North American Vertical Datum 

of 1988 (NAVD88) GEOID 18 Epoch 2001 US feet. All units will be US customary. 

Table 2-1 displays the tidal datums with respect to NAVD88 using data from the NOAA 

Station 8661070 at Springmaid Pier in Myrtle Beach, SC (NOAA, 2025b) (Figure 1-1 for 

location). This station is located approximately 40 miles southwest of the project site as 

shown in Figure 1-1. 
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 Table 2-1. Tidal Datums For NOAA Station 8661070 In Myrtle Beach, SC 

Tidal Datum Elevation (ft NAVD88) 

Mean Higher High Water (MHHW) +2.44 

Mean High Water (MHW) +2.05 

Mean Sea Level (MSL) -0.45 

Mean Low Water (MLW) -2.97 

Mean Lower Low Water (MLLW) -3.16 

Average Tidal Range 5.02 

3 Water Levels 

Water level data is a key consideration for wave loading analysis and the general design 

of coastal structures. The local water depth influences design factors such as wave 

generation, the cross-shore location where wave breaking occurs, and the level of 

inundation or submergence during extreme events.  

Water level data from NOAA Station 8661070 in Myrtle Beach, SC is plotted in Figure 3-1. 

Across the 24-year time series, 95% (i.e., two standard deviations) of the recorded data is 

between -3.56 ft and +3.04 ft NAVD88. 

 

 
Figure 3-1. Water Level Time Series Data For NOAA Station 8661070 
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3.1 Extreme Water Level Events 

Storm surge can contribute to upland inundation and the generation of larger waves, which 

are important considerations when designing the pier structure. The top five extreme water 

level events as recorded by NOAA Station 8661070 at Myrtle Beach, SC are listed in Table 

3-1 (NOAA, 2025b).  

 

Table 3-1. Extreme Water Level Events For NOAA Station 8661070 

Date Elevation (ft NAVD88) Event 

09/21/1989 +11.21 Hurricane Hugo 

10/08/2016 +8.57 Hurricane 
Matthew 

09/30/2022 +7.61 Hurricane Ian 

08/04/2020 +7.02 Hurricane Isaias 

12/17/2023 +6.81 December East 
Coast Storm 

3.2 Sea Level Rise 

Relative sea level rise (RSLR) is the net change in sea level at a location, incorporating 

changes in both water surface elevation and land elevation. In North Carolina, land 

elevation changes are typically associated with subsidence, which decreases the land 

elevation and increases the impacts of sea level rise. Considering RSLR projections can 

help increase future resiliency of a project. 

 

 
Figure 3-2. Projected Relative Sea Level Rise for Myrtle Beach, SC Using 1992 
As The Reference Year (NOAA, 2025d)  
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The five RSLR scenarios at the Myrtle Beach, SC NOAA station are provided in Figure 3-2 

(NOAA, 2025d). HDR recommends using the intermediate-high scenario. The 30- and 50-

year projection values under this scenario are 1.7 ft and 3.0 ft of RSLR above the 1992 

baseline values, respectively. 

3.3 FEMA FIRM and FIS 

The Federal Emergency Management Agency (FEMA) publishes Flood Insurance Rate 

Maps (FIRMs) developed from data and calculations that are documented in Flood 

Insurance Studies (FIS). North Carolina has created the Flood Risk Information System 

(NC FRIS) dashboard to comprehensively display the various FIRMs and FIS datasets in 

North Carolina (NCFRIS, 2025). NC FRIS includes the flood zone, base flood elevations, 

and coastal transect parameters.  

Figure 3-3 shows the FEMA flood zones covering the site. The pier property is within four 

distinct flood zones: two AE zones covering the parking lot campground area with base 

flood elevations of 11 ft and 12 ft, and two VE zones covering the pier structure with base 

flood elevations of 13 ft and 16 ft. Base flood elevations within VE Zones include the effects 

of wave setup, runup, overtopping, and overland propagation by coastal waves (FEMA, 

2018). Although sections of the property are classified as AE zones, the Town is noted to 

still treat these areas as effectively V/VE zones per Town Code §154.20 (D) (TOHB, 2025). 

 

 
Figure 3-3. FEMA Flood Zones For The Pier Property 
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4 Wind 

4.1 Measured Data 

Wind is a primary forcing mechanism that affects the intensity and direction of a local wave 

field. The wind roses shown in Figure 4-1 were generated using the time series data 

provided by WIS Station 63310 and NDBC Buoy 42035. Wind roses classify the data in 

terms of speed, direction, and occurrence frequency. The data helps identify the dominant 

wind direction and the typical origin of the fastest windspeeds. The observed buoy and 

hindcasted WIS datasets show strong agreement, with winds tending to originate from 

either a southwesterly or northeasterly direction.  

 

 
Figure 4-1. Wind Roses For NDBC Buoy 41013 (Left) And WIS Station 63310 
(Right) With Wind Directions Oriented From Direction Of Origination 

 

4.2 Wind Speed 

Wind speeds were obtained from the ASCE/SEI 7-16 (ASCE, 2016) as 3-second gusts. 

Table 4-1 lists the 3-second gust and converted 20-minute duration wind speeds at the 

pier location. 
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Table 4-1. ASCE Effective 3-Sec Gust And Converted 20-Min Wind Speeds 

Return 
Interval 

3-Second Wind 
Speed (mph) 

20-Minute Wind 
Speed (mph) 

10-year 80 54.2 

25-year 95 64.4 

50-year 107 72.5 

100-year 118 80.0 

Max Design 148 100.3 

4.3 Extreme Storms 

Tropical cyclones are common sources for beach erosion and damage of shoreline 

infrastructure. Hurricane tracks within a 60 nautical mile radius of Holden Beach from 1851 

to 2023 are provided in Figure 4-2 (NOAA, 2025a). Recorded storms range from tropical 

storms to Category 4 hurricanes. Table 4-2 provides the frequency of each recorded 

hurricane category impacting the Holden Beach area. 

 

 
Figure 4-2. Historical Track Lines Of Tropical Storms Passing Within 60 
Nautical Miles Of Holden Beach From 1851-2023 As Recorded By NOAA 
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Table 4-2. Occurrence Frequency Of Each Hurricane Category Passing Within 
60 Nautical Miles Of Holden Beach As Recorded By NOAA 

Hurricane 
Category 

Wind Speed (mph) Occurrences 

5 ≥ 157 0 

4 130-156 3 

3 111-129 4 

2 96-110 12 

1 74-95 23 

5 Waves 

The wave heights, periods, and directional approach at the site can contribute to sediment 

transport and coastal hydrodynamic loadings on the project. Wave information will be used 

to approximate piling scour depth and wave loadings on the structure for design purposes. 

Wave information can be collected from databases consisting of observed or hindcasted 

metocean data. The USACE hindcast model developed for WIS Station 63310 (USACE, 

2023) was used for this design with measured data from a NOAA National Data Buoy 

Center (NDBC) Buoy 41013 (NOAA, 2023c) used for verification.  

The WIS station provides long-term hindcast climatological studies of all US coastal waters 

to provide historical wind and wave data time series. The top events and return period 

values can be identified from these time series (USACE, 2023).  

A wave rose displaying the direction, height, and occurrence frequency of offshore waves 

from both WIS and NDBC datasets is shown in Figure 5-1. The agreement between the 

two roses validates the usage of referencing the WIS data set for design wave information. 

The slight underprediction by the modeled WIS wave heights relative to the measured 

NDBC wave heights is negligible as the WIS results already indicate the design wave 

height is capped at depth-limited conditions. The design wave period was approximated 

from the typical wave periods observed within the listed top extreme events. 
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Figure 5-1. Wave Roses For NDBC Buoy 41013 (Left) And WIS Station 63310 
(Right) With Wave Directions Oriented From Direction Of Origination 

6 Shoreline Change 

Shoreline change is a key component of coastal structure development as movements in 

the shoreline and bed level elevations can impact structural stability. The NC Department 

of Environmental Quality Division of Coastal Management (NCDCM) provides a database 

of calculated erosion rates and shoreline position locations since 1944 for the Holden 

Beach area (NCDCM, 2025). The erosion rates within approximately 1,000 ft of either side 

of the pier range from approximately -1.4 to -1.89 ft/year. The shoreline change from 1944 

to 2020 is displayed in Figure 6-1. The information shown represents 5 selected years of 

shoreline positions, along with an overlay of the 2020 localized cross-shore erosion rates. 

Shoreline change and related morphological analyses were not included within the scope 

of this project. According to Town records, Holden Beach has undergone multiple beach 

nourishment events in recent decades, with approximately 2 million cubic yards of sand 

placed between 2002 and 2014 along the Town’s entire shoreline. Given the expectation 

that engineered shoreline management such as continued nourishment will persist into the 

future, the project design assumes that the shoreline erosion will not progress to a level 

that compromises the structural stability of the proposed pier. 
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Figure 6-1. NC DEQ Shoreline Locations And Change Rates From 1944-2020 
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 Report at a Glance 

Key geotechnical findings based on our current understanding of the proposed project are presented below.  

These findings are presented as an overview and should not be used in place of the more detailed 

recommendations presented in the remainder of this report. 

Category Key Geotechnical Findings 

Site Development 

Challenges 

The site appears generally suitable for the proposed development.  Specific 

geotechnical issues identified on this site that should be considered include: 

• Jetting of the upper roughly 15 to 20 feet (maximum of 23 feet) of the piles 

for the pier to prevent early refusal on shallow medium dense to dense 

sands, followed by impact driving to the target tip depth. 

• Installation of piles in tidal zones. 

Subsurface Conditions 

• Coastal Plain sands and sand mixtures with occasional isolated thin clay 

seams to the maximum exploration depth of 60 feet. 

• Groundwater observed at depths of 1 to 7 feet. (May fluctuate in tidal 

zones).  

Seismic Considerations 
Liquefaction risk during seismic shaking is low.  Site Class D for both ASCE 7-10 and 

7-16.  

Foundation Type 

Based on boring B-2, deep foundations consisting of either 8 inch or 10 inch 

diameter naturally tapered timber piles will be need to support the pier.  Based on 

boring B-1, deep foundations consisting of at least 8 inch diameter naturally 

tapered timber piles will be needed to support the pedestrian beach access.   

The required embedment depth (or design tip elevation) for the pier piles may vary 

as the pier advances out into the Atlantic Ocean.  Subsurface conditions may differ 

from what was observed at boring B-2, which could affect pile installation or target 

tip depth, axial capacity, and lateral response.  To reduce the risk of variability and 

allow better anticipation of necessary pile lengths along the entire pier, additional 

soil borings could be performed in the Atlantic Ocean along the future pier 

alignment.  Please contact us if you would like a proposal from S&ME to perform 

this additional work.  Any assumptions or extrapolations made by the design or 

construction teams regarding the subsurface conditions along the pier alignment at 

locations other than at our boring B-2 location are at the risk of the assuming party. 

Slab Support 
On-grade (soil supported); designed for scour.  Modulus of subgrade reaction of 175 

lbs./cu.in. is available. 

1.0 Introduction 

The purpose of this exploration was to obtain subsurface information to allow us to characterize the subsurface 

conditions at the site and to develop recommendations concerning earthwork, foundations, and other related 

construction issues.  This report describes our understanding of the project, presents the results of the field 

exploration and laboratory testing, and discusses our conclusions and recommendations. 
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A site plan showing the approximate exploration test locations is included in Appendix I.  The boring and 

sounding logs, discussion of the field exploration procedures, and legends of soil classification and symbols are 

included in Appendix II.  Appendix III contains the results of the laboratory testing and our laboratory test 

procedures.  

1.1 Site and Project Description 

Project information was provided via email correspondence between Mr. Neal Andrew (Andrew Consulting 

Engineers) and Mr. Nate Buffum (S&ME) on May 9, 2023.  The email included a drawing titled “Holden Beach 

Ocean Pier and Pier House” by Bowman Murray Hemmingway Architects dated April 21, 2023, which included the 

overall site plan, pier demolition plan, framing plan, building plan and details, existing pier layout, and other 

structural sections and framing details.       

The site is located at the existing Holden Beach Pier, at 441 Ocean Blvd. W., Holden Beach, North Carolina.  A site 

vicinity map is included in Appendix I as Figure 1.  We understand that the project will include the replacement of 

deteriorated and broken existing piles, the replacement of the framing and piles for the existing pier area adjacent 

to the Pier House to be in ADA compliance, and a new pile supported outdoor seating area around the Pier House 

with a new pile supported pedestrian beach access with limited exposed pile height.   

Updated project information was provided in email correspondence between Mr. Zackery Norris (Andrew 

Consulting Engineers) and Mr. Jonathan Prevatte (S&ME) on July 12, 2023.  In that correspondence Mr. Norris 

indicated that the outdoor seating area indicated on the plans is no longer planned to be constructed.  

1.2 Structural Loading Information  

S&ME has not been provided with structural loads or allowable pile lateral deflections for the pier.  

 

Structural loading parameters for the pedestrian beach access were provided by Mr. Norris on July 12, 2023, as 

follows: 

 

• An axial capacity of 4,200 pounds per pile or less. 

• Uplift of 2,000 pounds per pile or less. 

• Lateral loads of 530 pounds per pile or less. 

Based on the information provided previous projects of this nature we have made assumptions for structural loads 

for axial (download and uplift) and lateral loading conditions for the pier. We utilized the provided loading for the 

pedestrian beach access to formulate our recommendations for the beach access.  If the assumed loads differ 

from the actual loading for this project, please contact us as our recommendations may require revision.  
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2.0 Exploration Procedures 

2.1 Field Exploration 

Before visiting the site, NC-811 was contacted for clearance to dig at the site.  On June 16, 2023, representatives 

of S&ME, Inc. visited the site.  Using the information provided, we performed the following tasks: 

1. We performed a site walkover, observing features of topography, ground cover, and surface soils at the 

project site. 

2. We advanced two Standard Penetration Test (SPT) borings (B-1 and B-2) to a target depth of 

approximately 60 feet each.  

3. In conjunction with the standard penetration testing, split-spoon disturbed soil samples were recovered at 

regular depth intervals within the boring and transported to our laboratory for classification and testing. 

4. The groundwater level in the borings was measured in the field at the time of boring and were 

immediately backfilled with soil cutting to the ground surface due to high foot traffic in the vicinity of the 

test locations. 

A brief description of the field exploration procedures performed, as well as a soil classification legend, and the 

SPT boring logs are attached in Appendix II.   

2.2 Laboratory Testing 

After the recovered soil samples were brought to our laboratory, a geotechnical professional examined and/or 

tested each sample to estimate its distribution of grain sizes, plasticity, organic content, moisture condition, color, 

presence of lenses and seams, and apparent geologic origin in general accordance with ASTM D 2488, “Standard 

Practice for Description and Identification of Soils (Visual-Manual Procedure)”.  The resulting classifications are 

presented on the logs, included in Appendix II.  Similar soils were grouped into representative strata on the logs.  

The strata contact lines represent approximate boundaries between soil types.  The actual transitions between soil 

types in the field are likely more gradual in both the vertical and horizontal directions than those which are 

indicated on the logs. 

 

We performed the following quantitative ASTM-standardized laboratory tests on recovered samples, to help 

classify the soils and formulate our conclusions and recommendations:   

 

• Two split-spoon samples were tested in general accordance with ASTM D 2216, “Standard Test Methods 

for Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass”, to measure the in-situ 

moisture content of the soil. 

• Two split-spoon samples were tested in general accordance with ASTM D 1140, “Standard Test Methods 

for Amount of Material in Soils Finer than No. 200 (75-μm) Sieve”, to measure the percent clay and silt 

fraction. 

• Two split-spoon samples were tested in general accordance with ASTM D 4318, “Standard Test Methods 

for Liquid Limit, Plastic Limit, and Plasticity Index of Soils”, to measure the plasticity of the soil.  
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A summary of the laboratory procedures used to perform these tests is presented in Appendix III.  The individual 

test results are also included in Appendix III. 

3.0 Site and Surface Conditions 

This section of the report describes the general site and surface conditions observed at the time of our 

exploration.   

3.1 Topography 

Based on Google Earth® aerial imagery, elevations at the site may range from roughly 0 to 7 feet above mean sea 

level (MSL) and sloping toward the Atlantic Ocean.  It was beyond our scope to confirm these elevations; 

therefore, these elevations should be considered approximate and should not be used for design considerations.  

Ground surface elevations were not directly surveyed, and no site specific topographic plan was made available to 

us; therefore, for the purpose of our boring logs (Appendix II), the ground surface level was set to zero, which is 

not representative of the actual topographic conditions. 

3.2 Site Surface Conditions 

Test location B-1 was located north of the dune and is covered with sparse grasses and some maritime shrubs 

along the dunes.  There was no standing water observed on the ground surface at test location B-1 at the time of 

this assessment.  Test location B-2 was located in the tidal zone along the beach west of the existing pier.      

3.3 Local Geology 

Figure 3-1: Physiography 

                    

The site is located in the Coastal Plain Physiographic Region of South Carolina.  The Coastal Plain Province is 

typically characterized by marine, alluvial, and aeolian sediments that were deposited during periods of fluctuating 

sea levels and moving shorelines.  The soils and basal formations in the North Carolina Coastal Plain Physiographic 

Province are typical of those laid down in a shallow sloping sea bottom; interbedded sands and clays with 

irregular deposits of shells and layers of limestone and cemented sands.  Alluvial sands, silts, and clays are typically 

SITE 
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present near rivers and creeks.  Deposits of peat, organic silt, and organic clay are also typically present in or near 

current or former tidal marsh areas in the outer portion of the Coastal Plain. 

According to the 1985 Geologic Map of North Carolina, the site lies within an outcrop area of the Waccamaw 

Formation (Tpyw) of Tertiary age.     

4.0 Subsurface Conditions 

The generalized subsurface conditions at the site are described below.  For more detailed descriptions and 

stratifications at test locations, the respective boring and sounding logs should be reviewed in Appendix II.   

4.1 Description of Subsurface Soils 

This section describes subsurface soil conditions observed at the site.   

4.1.1 Stratum I:  Coastal Plain Sands and Sand Mixtures 

Beginning at the ground surface at the test locations, Coastal Plain sands and sand mixtures were encountered to 

the maximum exploration depths of 60 feet below the ground surface.   The soils encountered in this stratum 

generally consisted of poorly graded sand (USCS Classification “SP”), poorly graded sand with silt (SP-SM), and 

silty sand (SM), with occasional isolated thin seams of sandy fat clay (CH).  These soils were generally moist to wet 

tan, brown, blueish gray, and gray to dark gray coloration.  The SPT N-values within this stratum ranged from 5 to 

35 blows per foot (bpf) and averaged about 17 bpf indicating a generally medium dense relative density with 

some loose to dense layers.  

4.1.2 Groundwater 

Groundwater at the completion of drilling was measured at depths ranging from 1 to 7 feet below the surface in 

the borings.  Due to the mud rotary method of drilling used to advance borings, which uses a drilling slurry to 

stabilize the boreholes, the groundwater level measurement at the time of drilling is likely to be slightly greater 

than actual groundwater levels.  Groundwater levels may fluctuate seasonally at the site, being influenced by 

rainfall variation and other factors.  Site construction activities can also influence groundwater elevations.           

4.1.3 Summary of Laboratory Test Results 

We performed laboratory testing on two grab samples to further assess the engineering index properties of the 

subsurface soils.  The laboratory soil index test results are presented in Appendix III and are summarized in the 

following table. 
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Table 4-1: Summary of Laboratory Soil Index Testing Results 

Boring/  

(Sample No.) 

Sample 

Depth 

Range (ft.-

ft.) 

Natural 

Moisture 

Content 

(%) 

Silt/Clay 

Fines 

Content 

(%) 

Atterberg Plasticity 

Limits 
USCS Classification 

LL PL PI 

B-1/(S-9) 33.5’ – 35’ 27.2 7.8 --- NP* --- SP-SM 
B-2/(S-13) 53.5’ – 55’ 24.3 27.9 --- NP* --- SM 

*NP = Non-Plastic 

5.0 Seismic Site Class and Design Parameters 

There are no known, mapped faults in the area of the site.  The historic earthquake event which influences the 

design seismicity of the site the most is the 1886 Charleston, South Carolina earthquake with a magnitude of 

approximately 7.3.   

We analyzed the liquefaction potential of the site in general accordance with the 2018 North Carolina Building 

Code.  The initial step in site class definition is to check for the four conditions described for Site Class F, which 

would require a site-specific evaluation to determine site coefficients FA and FV.  Soils vulnerable to potential 

failure include the following: 1) quick and highly sensitive clays or collapsible weakly cemented soils, 2) peats and 

highly organic clays, 3) very high plasticity clays, and 4) very thick soft/medium stiff clays.  These soils were not 

evident in the soundings. 

One other determining characteristic, liquefaction potential under seismic conditions, was assessed.  Soils were 

assessed qualitatively for liquefaction susceptibility based on their age, stratum, mode of deposition, degree of 

cementation, and size composition.  This assessment considered observed liquefaction behavior in various soils in 

areas of previous seismic activity.   

Our analysis, which is more fully described below, indicates that liquefaction of subsoils appears unlikely to occur 

on a widespread basis at this site in the event of the design magnitude.    

5.1.1 Liquefaction Analysis 

An age correction factor, which increases the liquefaction resistance of older sand deposits of the type that were 

encountered at this site, was applied.  To help evaluate the consequences of liquefaction, we have computed the 

Liquefaction Potential Index (LPI), which is an empirical tool used to evaluate the potential for liquefaction to 

cause damage. The LPI considers the factor of safety against liquefaction, the depth to the liquefiable soils, and 

the thickness of the liquefiable soils to compute an index that ranges from 0 to 100.  An LPI of 0 means there is no 

risk of liquefaction; an LPI of 100 means the entire profile is expected to liquefy.  The level of risk is generally 

defined as: 

• LPI < 5 – surface manifestation and liquefaction-induced damage not expected. 

• 5 ≤ LPI ≤ 15 – moderate liquefaction with some surface manifestation possible.  

• LPI > 15 – severe liquefaction and foundation damage is likely. 
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The average LPI for this site was less than 1 using both the ASCE 7-10 and ASCE 7-16 site modified peak ground 

accelerations, which indicates that the risk of surface damage due to liquefaction is low, and liquefaction-related 

surface damage is not expected to occur.  Significant ground settlements during an earthquake caused by the 

volumetric compression of the saturated sands are not expected.  Therefore, Site Class F does not apply to this 

site.   

5.1.2 Seismic Spectral Design Values for Site Class D 

The current North Carolina Building Code (NCBC) references the 2015 International Building Code and ASCE 7-10 

for determining the design spectral accelerations and liquefaction potential; however, Seismic Ground Motion 

Maps were updated in 2014 and are incorporated into ASCE 7-16, which is referenced by the 2018 version of the 

International Building Code (IBC).  The updated seismic maps, which result in lower spectral accelerations, 

represent the latest understanding of the seismic hazards and will presumably eventually be incorporated into the 

next edition of the NCBC, which is based on the IBC.  Listed in the table below are the ground motion parameters 

from both resources, ASCE 7-10 and ASCE 7-16.  Use of the newer, more up to date seismic parameters may 

require the authorization of the local Building Official. 

Table 5-1: Ground Motion Parameters 

Method 

Site 

Class SS S1 SDS SD1 PGAM 

2018 North Carolina 

Building Code (ASCE 7-10) 
D 0.283 0.111 0.297 0.175 0.224g 

2018 International Building 

Code* (ASCE 7-16) 
D 0.201 0.082 0.215 0.131 0.166g 

  *not currently in effect in North Carolina, but may be adopted in the next NCBC version. 

5.1.3 Seismic Design Category 

For a structure having a Risk Category classification of I, II, or III, the SDS and SD1 values obtained are consistent 

with “Seismic Design Category C” as defined by the 2018 North Carolina Building Code and ASCE 7-10.   

For a structure having a Risk Category classification of I, II, or III, the SDS and SD1 values obtained are consistent 

with “Seismic Design Category B” as defined by the 2018 International Building Code and ASCE 7-16.             

6.0 Conclusions and Recommendations  

The conclusions and recommendations included in this section are based on the project information outlined 

previously and the data obtained during our exploration.  If the construction scope is altered, the proposed layout 

is changed, or if conditions are encountered during construction that differ from those encountered in the SPT 

borings, then S&ME, Inc. should be retained to review the following recommendations based upon the new 

information and make any necessary changes.  
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6.1 Driven Timber Pile Foundations 

The following section details the size, depth, axial and uplift capacity for the proposed timber piles.   

6.1.1 Axial Capacity of Timber Piles 

We estimated static capacity for timber piles using the method outlined in the NAVFAC Design Manual 7.2 (1984), 

based upon information obtained from the soil test borings performed at the referenced site.  Our pile 

calculations were modeled to a bearing depth of 30 feet below the existing ground surface considering boring B-2 

for the pier, and to a depth of 12 feet considering boring B-1 for the pedestrian beach access.   

Normally, several index (test) piles are advanced prior to ordering the production piles to determine the depth at 

which the production piles are expected to terminate driving and to confirm that our assumptions about the 

required tip depths are correct.  A reasonably safe pile length for the testing may be piles long enough to 

accommodate up to about 40 feet of subsurface penetration, adjusted to account for any grade design elevation 

changes, water depths, and stickup above grade.   

Based on our exploration and analysis, individual 8-inch (minimum) tip and 10-inch tip diameter naturally tapered 

timber piles jetted to a depth of 20 feet and then driven to a depth of 30 feet or refusal, considering a low tide 

elevation datum, are anticipated to provide an allowable axial compressive capacity ranging from 15 to 21 tons for 

the pier.  Jetting to 20 feet is recommended due to the N=26 bpf medium dense sands encountered between 

depths of about 8 and 18 feet in boring B-2, and has been considered during our axial capacity calculations and 

lateral deflection response analyses.   

Individual 8-inch (minimum) tip diameter naturally tapered timber piles pre-augered to a depth of 5 feet and then 

driven to a depth of 12 feet or refusal is anticipated to provide an allowable axial compressive capacity of 2.1 tons 

for the pedestrian beach access.   

The estimated allowable (design) axial compressive and uplift resistance capacity values are provided in Table 6-1 

below.  These values assume a factor of safety of 3 against the ultimate capacity for this embedment depth under 

static conditions. 
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Table 6-1: Timber Pile Vertical Capacities 

Pile Type & Size Single Pile 

Allowable Axial 

CapacityA (tons) 

Single Pile  

Allowable Uplift 

CapacityB (tons) 

Modeled 

Embedment Depth 

(feet) 

8-inch Tip Diameter Naturally 

Tapered Timber Pile 

(Pier) 

15 5 30C 

10-inch Tip Diameter Naturally 

Tapered Timber Pile 

(Pier) 

21 6.5 30C 

8-inch Tip Diameter Naturally 

Tapered Timber Pile 

(Pedestrian Beach Access)  

2.1 1 12D 

A. Allowable compressive capacity assumes a factor of safety of 3 applied to the ultimate axial compressive capacity. 

B. Allowable uplift capacity assumes a factor of safety of 3 applied to the estimated ultimate skin friction capacity. 

C. Assumes pile is advanced from the ground surface elevation that was existing at boring B-2 at the time of this exploration using 

the proper impact (non-vibratory) hammer.  Adjust pile lengths to consider grade changes, water depths, and stick up. 

D. Assumes pile is advanced from the ground surface elevation that was existing at boring B-1 at the time of this exploration using 

the proper impact (non-vibratory) hammer.  Adjust pile lengths to consider grade changes and stick up. 

For the purpose of developing our axial capacity recommendations, the upper 5 feet of existing soils surrounding 

the piles was not considered to contribute to the skin friction support of the piles.  The maximum pre-augering 

depth should be set at 5 feet.  We also assumed that the piles would not be installed using vibratory hammer 

techniques.  Vibratory installation methods should be prohibited unless otherwise approved by the engineer.  The 

ultimate pile capacity values are for a single, isolated foundation, and assume a spacing of at least 3 feet between 

piles, center-to-center.  A pile spacing of less than 3 feet is not recommended; a greater spacing may be used. 

If the capacities used in Table 6-1 are used for design, then a static load test is not required.  If it is desired to 

increase the design axial (download) capacity above the values given in Table 6-1, then an axial static load test or 

dynamic testing would be required to be performed under the observation of the Geotechnical Engineer, unless 

the pile size (diameter) is increased sufficiently to maintain a minimum factor of safety of 3 against the ultimate 

capacity.  Please contact us for more information if this alternative is desired. 

6.1.2 Lateral Stability of Piles 

We analyzed the geotechnical response of a laterally loaded, 8-inch and 10-inch tip diameter, naturally tapered 

timber pile using L-PILE 2019.11.05 and a generalized subsurface profile based upon the soil conditions observed 

at borings B-1 and B-2.  The L-PILE program performs a beam-column analysis of single piles subjected to given 

lateral and axial loading and assuming a non-linear soil response.  The piles were modeled using fixed head pile 

top boundary conditions under the assumption that sufficient cross-bracing of the piles will be used to generate a 

fixed head condition, with a modeled embedment depths of 30 feet below soil grade for the pier and 12 feet 

below soil grade for the pedestrian beach access.  The stick-up on the pier piles was modeled as 15 feet, with the 
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mid-point of the cross-bracing modeled at 7.5 feet.  The stick-up on the pedestrian beach access piles was 

modeled as 10 feet, with the mid-point of the cross-bracing modeled at 5 feet.  Only static loading conditions 

were considered for this analysis; please contact us to analyze lateral reactions under seismic loading conditions if 

needed. 

At the top of the pile, axial loads ranging from 15 to 20 tons were applied for the pier piles and 2 tons of axial 

load was applied for the pedestrian beach access.  Lateral loads were applied under a fixed head conditions to 

result in horizontal deflections ranging from ¼ inch to 1 inch.  Lateral loads and bending moments for the piles 

can be found in tables 6-2 through 6-4.  The resulting graphic plots of pile deflection, shear, and bending moment 

as a function of depth along the pile are attached in Appendix IV for your review. 

The structural capacity and integrity of the piles under the applied shear forces and moment at each structural 

connection has not been considered in our analysis and must be evaluated by the Structural Engineer.  The 

Structural Engineer should also review the boundary condition assumptions to confirm that these assumptions are 

compatible with the foundation design.   

Table 6-2: Lateral Response for Fixed Head under Static Loading, 8 inch tip dia. Tapered 

Timber Pile jetted to 20 ft. and then driven to 30 ft.  

Applied Axial 

Load 

(tons) 

Embedment 

DepthA 

(feet) 

Head  

Deflection 

(inches) 

Applied Lateral 

Load 

(kips) 

Minimum/Maximum 

Bending Moments 

(in-kips) 

15 30 ¼ 0.56 -46 / 22 

15 30 ½ 0.98 -84 / 40 

15 30 ¾ 1.4 -119 / 57 

15 30 1 1.7 -154 / 73 

 AAs measured from the original existing ground surface at B-2; adjust for grade changes.   

Table 6-3: Lateral Response for Fixed Head under Static Loading, 10 inch tip dia. 

Tapered Timber Pile jetted to 20 ft. and then driven to 30 ft.  

Applied Axial 

Load 

(tons) 

Embedment 

DepthA 

(feet) 

Head 

Deflection 

(inches) 

Applied Lateral 

Load 

(kips) 

Minimum/Maximum 

Bending Moments 

(in-kips) 

20 30 ¼ 0.6 -49 / 25 

20 30 ½ 1.0 -86 / 42 

20 30 ¾ 1.4 -122 / 59 

20 30 1 1.7 -157 / 75 

 AAs measured from the original existing ground surface at B-2; adjust for grade changes.   
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Table 6-4: Lateral Response for Fixed Head under Static Loading, 8 inch tip dia. Tapered 

Timber Pile pre-augered to 5 ft. and then driven to 12 ft.  

Applied Axial 

Load 

(tons) 

Embedment 

DepthA 

(feet) 

Head 

Deflection 

(inches) 

Applied Lateral 

Load 

(kips) 

Minimum/Maximum 

Bending Moments 

(in-kips) 

2 12 ¼ 1.1 -66 / 24 

2 12 ½ 1.8 -118 / 44 

2 12 ¾ 2.5 -168 / 63 

2 12 1 3.2 -215 / 81 

 AAs measured from the original existing ground surface at B-1; adjust for grade changes.    

6.1.3 Pile Settlement  

Settlements of pile supported foundations are anticipated to be ½-inch or less under static loading due to elastic 

shortening of the piles.  Settlements contributed by consolidation of the bearing layer under the axial loads 

applied are anticipated to be insignificant for a single pile bearing in the dense soil conditions observed at these 

depths.   

Settlement of pile groups may be greater than for individual piles.  Group settlements may be estimated using the 

equivalent footing method, assuming the enclosed area by the group to act similar to a spread footing that bears 

at an elevation equal to two-thirds the pile length below the surface.  To use this method requires that the size of 

the pile group, number and spacing of piles, and axial load on the group be known.  We may be retained to 

estimate the total group settlements as well as check the differential settlement between adjacent dissimilar 

groups (if applicable) once the actual pile loads and the configurations of the pile groups have been finally 

determined. 

6.1.4 Installation Depth of Piles 

Foundation piles for the pier should be driven to a depth of 30 feet below the original ground surface elevation 

based on the subsurface soil conditions at boring B-2, and foundation piles for the pedestrian bridge should be 

driven to a depth of 12 feet below the ground surface elevation based on the subsurface soil conditions at boring 

B-1.   

• Important:  The required embedment depth (or design tip elevation) for the pier piles may vary as the 

pier advances out into the Atlantic Ocean.  Subsurface conditions may differ from what was observed at 

boring B 2, which could affect pile installation or target tip depth, axial capacity, and lateral response.  To 

reduce the risk of variability and allow better anticipation of necessary pile lengths along the entire pier, 

additional soil borings could be performed in the Atlantic Ocean along the future pier alignment.  Please 

contact us if you would like a proposal from S&ME to perform this additional work.  Any assumptions or 

extrapolations made by the design or construction teams regarding the subsurface conditions along the 

pier alignment at locations other than at our boring B-2 location are at the risk of the assuming party. 
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The piles should be driven using the driving criteria that are established at the time of construction based upon 

the energy of the hammer being used, or to refusal.   

In areas where piles refuse at depths less than recommended, the full allowable capacity may or may not be 

available depending upon the conditions at termination of driving, and extra piles may become necessary to 

accommodate the axial, lateral, or uplift loads of the structure.  The anticipated pile embedment depths may also 

need to be adjusted if any grade changes occur due to removal of soils or if new fill placement is performed prior 

to pile driving operations, and to accommodate pile caps and stick up. 

6.1.5 Pile Driving Equipment 

Timber piles should be driven with an impact hammer delivering at least 5,000 foot-pounds of driving energy per 

stroke and not more than 20,000 foot-pounds of energy per stroke.  Ram weight should not exceed 5,000 pounds, 

and a minimum ram weight of 2,000 pounds is recommended.  A project-specific driving criteria should be 

developed prior to construction based upon the contractor’s proposed hammer specifications and observations 

made during driving of indicator (index) piles.   

Do not use vibratory hammers to advance the piles unless otherwise approved by the engineer. Driving hammers 

may be diesel, steam, or air operated.  The use of a gravity-drop hammer to drive piles is discouraged, since this 

type of hammer can produce excessively high and damaging stresses and may not be capable of advancing the 

pile to the designed depth.   

If any individual pile achieves the driving criteria that indicates the desired capacity has been achieved prior to 

reaching the recommended embedment depths, then that pile may be terminated early; however, in no case shall 

termination above an embedment depth of at least 10 feet below the soil surface grade be accepted, because 

these are the minimum depths to lateral tip fixity (defined as zero deflection at the tip when lateral load is applied 

at the head). 

Timber piles should be driven with the aid of a metal casting that is designed to securely hold the piles in position 

during driving, and will distribute the load on the head of the pile to reduce splitting or brooming. All timber piles 

should be clean peeled and pressure treated in accordance with the requirements of AWPA C3.  Timber pile 

design stresses should be established in accordance with ASTM D-2899. 

6.1.6 Pile Installation Observations during Production 

Due to the relatively light loads (the Building Code only requires static load testing when piles support loads of 40 

tons or more), load testing is not required, provided that the recommendations presented in this report are 

followed and the allowable design capacity values (or lower) provided in Table 6-1 are used for design; however, it 

is strongly recommended that the Geotechnical Engineer, or a qualified representative under his direction, 

observe the pile driving operations during production.  This allows us to maintain driving records, detect 

variations in pile installation if they occur, and assess the pile driving operations for variability from the design 

assumptions so that adjustments can be made in the field at the time of construction, if appropriate. 
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6.2 Grade Slab Support and Construction 

The following recommendations are given for the support and construction of soil-supported grade slabs: 

1. Soils similar to those recommended as fill material or the native near surface materials should provide 

adequate support to proposed soil-supported grade slabs, assuming preparation and compaction of the 

subgrade as recommended above and that any scour risk is properly considered during design.  A 

modulus of subgrade reaction (k) of 175 lbs/in3 may be used for reinforcing design considering reworked 

and stable native soils.     

2. Structural design should incorporate installation of a vapor barrier prior to placing concrete for grade slab 

systems, to limit moisture-infiltration into finished spaces, where appropriate. 

3. Below the floor slab, place a layer of at least 4 inches of compacted clean granular materials to provide a 

capillary break between the native soils and the floor slab in finished spaces.   

A. Granular materials used may consist of a clean sand, classifying as USCS type SP or SW and having 

less than 5 percent silt/clay fines by weight passing the No. 200 sieve when tested by ASTM D1140, or 

may consist of a crushed, well-graded gravel blend meeting the requirements of NCDOT Aggregate 

Base Course (ABC), or an open-graded, manufactured washed gravel such as NCDOT No. 57 or No. 67 

stone.    

B. If sand is used, this underslab layer should be compacted to at least 98 percent of the standard 

Proctor maximum dry density (ASTM D 698). 

C. If an ABC blend is used, this underslab layer should be compacted to at least 95 percent of the 

modified Proctor maximum dry density (ASTM D 1557). 

4. Have the Geotechnical Engineer observe a proofroll of all slab subgrades prior to concrete placement.  

Softened soils may need to be undercut or stabilized before concrete placement. 

6.3 Lateral Earth Pressures for Below Grade Earth Retaining Structures 

Earth-retaining structures must be capable of resisting any lateral earth pressures that will be imposed on them.  If 

the walls are relatively rigid and structurally braced against rotation, they should be designed for a condition 

approaching the “at-rest” lateral earth pressure. 

In the event that the wall is free to deflect, such as for walls that are not restrained or rigidly braced, the “active” 

earth pressure conditions would be applicable for design.  Cantilevered retaining walls or sheet piles are normally 

designed to yield (rotate outward) under the influence of this pressure, which is termed the “active” case. 

The lateral earth pressure coefficients in Table 6-5 are recommended for use during the design of earth-retaining 

systems at this site that are constructed neat against the upper fill soils of Stratum I.  These recommended earth 

pressure coefficients would also apply to subsurface structures that are backfilled with new sandy fill material that 

is compacted to at least 95 percent of the soil’s standard Proctor maximum dry density (ASTM D698).  

The given earth pressure coefficients (Ko, Ka, and Kp) in Table 6-5 assume level backfill, a frictionless wall, and no 

hydrostatic pressure (drained condition).  Permanent drainage should be maintained behind the walls to prevent 

build-up of hydrostatic pressure along the wall, or else the wall should be designed to withstand hydrostatic 
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pressures.  Structures below the water table must consider hydrostatic pressures.  We note that at the time of our 

exploration, the water level ranged from 1 to 7 feet below the existing ground surface.  However, this water level 

may fluctuate based on seasonal factors and construction modifications made to the site, which must also be 

considered. 

Table 6-5: Lateral Earth Pressure Coefficients 

Support 

Condition 

Angle of 

Internal 

Friction  

(φ’) 

Effective 

Cohesion 

(lbs./sq.ft.) 

Moist Unit 

Weight  

(γ) 

Drained Static 

Earth Pressure 

Coefficient  

(K) 

Drained Seismic Earth Pressure 

Coefficient (K) 

PGAM=0.224g 

ASCE 7-10 

PGAM=0.166g 

ASCE 7-16 

Active (Ka) 30 0 120 0.33 0.39 0.37 

At-Rest (Ko) 30 0 120 0.50 0.59 0.56 

Passive (Kp) 30 0 120 3.0 2.8 2.9 

A. The above values represent a fully-drained soil condition at or near the optimum moisture content.  Where backfill soils are not 

fully drained, the lateral soil pressure must consider hydrostatic forces below the water level, and submerged soil unit weight.   

B. A coefficient of sliding friction (tan ) of 0.36 may be used in computation of the lateral sliding resistance. 

Drainage systems can be constructed of open-graded washed stone isolated from the soil backfill with 

geosynthetic filter fabric and drained by perforated pipe, or several wall drainage products are made specifically 

for this application.  Additionally, below grade walls should be designed to support any applied surcharge or 

structural loads, including fill.  Lateral earth pressures arising from surcharge loading (including construction 

equipment) and slopes above the walls should be added to the earth pressures given above in Table 6-5 to 

determine the total lateral pressure. 

We have not been provided details regarding the location or height of any retaining walls. Note that any wall 

which is backfilled prior to being braced internally by framing must, in addition to being designed as a fully 

braced wall using the at-rest earth pressure, also be designed to resist the lateral earth pressure for the active case 

as a fully cantilevered wall.   

Inorganic plastic clays or silts (CL, CH, ML, MH) soils should not be used as backfill immediately behind retaining 

walls, because these soils are not freely draining.  Compact the backfill directly behind walls with light, hand-held 

compactors.  Heavy compactors and grading equipment should not be allowed to operate within 5 feet of the 

walls during backfilling to avoid developing excessive temporary or long-term lateral soil pressures.  We caution 

that operating compaction equipment directly behind the retaining structures can create lateral earth pressures 

far in excess of those recommended for design.  Therefore, bracing of the walls may be needed during backfilling 

operations. 

6.4 Soil Strength Parameters 

Our proposal stated that we would provide soil strength parameters for use by others in designing helical pier or 

soil anchors; however, at the time of this writing it is our understanding that timber piles are the preferred method 

for support; therefore, we have not included soil strength parameters as part of this report.  If it is determined that 

these parameters are needed at a later date, we can provide them in an addendum to this report once notified. 
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7.0 Limitations of Report 

This report has been prepared in accordance with generally accepted geotechnical engineering practice for 

specific application to this project.  The conclusions and recommendations contained in this report are based 

upon applicable standards of our practice in this geographic area at the time this report was prepared.  No other 

representation or warranty either express or implied, is made. 

We relied on project information given to us to develop our conclusions and recommendations.  If project 

information described in this report is not accurate, or if it changes during project development, we should be 

notified of the changes so that we can modify our recommendations based on this additional information if 

necessary. 

Our conclusions and recommendations are based on limited data from a field exploration program.  Subsurface 

conditions can vary widely between explored areas.  Some variations may not become evident until construction.  

If conditions are encountered which appear different than those described in our report, we should be notified.  

This report should not be construed to represent subsurface conditions for the entire site. 

Unless specifically noted otherwise, our field exploration program did not include an assessment of regulatory 

compliance, environmental conditions or pollutants or presence of any biological materials (mold, fungi, bacteria).  

If there is a concern about these items, other studies should be performed.  S&ME can provide a proposal and 

perform these services if requested.  

S&ME should be retained to review the final plans and specifications to confirm that earthwork, foundation, and 

other recommendations are properly interpreted and implemented. The recommendations in this report are 

contingent on S&ME’s review of final plans and specifications followed by our observation and testing of 

earthwork and foundation construction activities. 
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Appendix II – Exploration Procedures and Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



❖ Summary of Exploration Procedures 

The American Society for Testing and Materials (ASTM) publishes standard methods to explore 

soil, rock and ground water conditions in Practice D-420-18, “Standard Guide for Site 

Characterization for Engineering Design and Construction Purposes.”   The boring and sampling 

plan must consider the geologic or topographic setting.  It must consider the proposed 

construction.  It must also allow for the background, training, and experience of the geotechnical 

engineer.   While the scope and extent of the exploration may vary with the objectives of the 

client, each exploration includes the following key tasks:   

 
 Reconnaissance of the Project Area 

 Preparation of Exploration Plan 

 Layout and Access to Field Sampling Locations 

 Field  Sampling and Testing of Earth Materials 

 Laboratory  Evaluation of Recovered Field Samples 

 Evaluation of Subsurface Conditions 

The standard methods do not apply to all conditions or to every site.  Nor do they replace 

education and experience, which together make up engineering judgment.  Finally, ASTM D 420 

does not apply to environmental investigations. 

❖ Boring and Sampling 

Soil Test Boring with Mud-Rotary Drilling 

Soil sampling and penetration testing were performed in general accordance with ASTM D1586, 

“Standard Test Method for Penetration Test and Split Barrel Sampling of Soils. Mud-rotary drilling 

methods were used to advance the borings. Soil samples were obtained with a standard 1.4 inch I. 

D., two-inch O. D., split barrel sampler. The sampler was first seated six inches to penetrate any 

loose cuttings, then driven an additional 12 inches with blows of a 140-pound hammer falling 30 

inches. The number of hammer blows required to drive the sampler through the two final six inch 

increments was recorded as the penetration resistance (SPT N) value. The N-value, when properly 

interpreted by qualified professional staff, is an index of the soil strength and foundation support 

capability. 

Water Level Determination 

Subsurface water levels in the soundings were measured at the end of the drilling by measuring 

depths from the existing grade to the current water level using a measuring tape.   

Backfilling of Borings  

Boring spoils were backfilled into the open bore holes to the existing ground surface.   
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Appendix III – Laboratory Procedures and Data 
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 Summary of Laboratory Test Procedures 

Moisture Content Testing of Soil Samples by Oven Drying  

Moisture content was determined in general conformance with the methods outlined in ASTM D 2216, “Standard 

Test Method for Laboratory Determination of Water (Moisture) Content of Soil or Rock by Mass.”  This method is 

limited in scope to Group B, C, or D samples of earth materials which do not contain appreciable amounts of 

organic material, soluble solids such as salt or reactive solids such as cement.  This method is also limited to 

samples which do not contain contamination.   

A representative portion of the soil was divided from the sample using one of the methods described in Section 9 

of ASTM D 2216.  The split portion was then placed in a drying oven and heated to approximately 110 degrees C 

overnight or until a constant mass was achieved after repetitive weighing.  The moisture content of the soil was 

then computed as the mass of water removed from the sample by drying, divided by the mass of the sample dry, 

times 100 percent.   No attempt was made to exclude any particular particle size from the portion split from the 

sample.   

Grain Size Analysis of Samples (with Wash No. 200 Sieve) 

The distribution of particle sizes greater than 75 mm was determined in general accordance with the procedures 

described by ASTM D 421, “Standard Practice for Dry Preparation of Soil Samples for Particle-Size Analysis and 

Determination of Soil Constants”, and D 6913, “Standard Test Method for Particle-Size Distribution (Gradation) of 

Soils Using Sieve Analysis,”.   

A selected specimen of soils was washed over a No. 200 sieve after being thoroughly mixed and dried.  This test 

was conducted in general accordance with ASTM D 1140, “Standard Test Method for Amount of Material Finer Than 

the No. 200 Sieve.”  Method B, using a hexametaphosphate solution to pre-soak the specimen for at least 2 hours, 

was used to prepare the sample.  The sample is then washed through the No. 200 sieve the percentage by weight 

of material washed through the sieve was deemed the “percent fines” or percent clay and silt fraction.  

The results of the D6913 and D1140 tests are shown on the same form. 

Liquid and Plastic Limits Testing 

Atterberg limits of the soils was determined generally following the methods described by ASTM D 4318, 

“Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils.”  Albert Atterberg originally 

defined “limits of consistency” of fine-grained soils in terms of their relative ease of deformation at various 

moisture contents.  In current engineering usage, the liquid limit of a soil is defined as the moisture content, in 

percent, marking the upper limit of viscous flow and the boundary with a semi-liquid state.  The plastic limit 

defines the lower limit of plastic behavior, above which a soil behaves plastically below which it retains its shape 

upon drying.  The plasticity index (PI) is the range of water content over which a soil behaves plastically.  

Numerically, the PI is the difference between liquid limit and plastic limit values.   

Representative portions of fine-grained Group A, B, C, or D samples were prepared using the wet method 

described in Section 11.1 of ASTM D 4318.  Unless otherwise noted on the report form, the liquid limit of each 
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sample was determined using the multipoint method (Method A) described in Section 12.   The liquid limit is, by 

definition, the moisture content where 25 drops of a hand operated liquid limit device are required to close a 

standard width groove cut in a soil sample placed in the device.  After each test, the moisture content of the 

sample was adjusted and the sample replaced in the device.  The test was repeated to provide a minimum of three 

widely spaced combinations of N versus moisture content.  When plotted on semi-log paper, the liquid limit 

moisture content was determined by straight line interpolation between the data points at N equals 25 blows. 

The plastic limit was determined using the procedure described in Section 17 of ASTM D 4318.  A selected portion 

of the soil used in the liquid limit test was kneaded and rolled by hand until it could no longer be rolled to a 3.2 

mm thread on a glass plate.  This procedure was repeated until at least 6 grams of material was accumulated, at 

which point the moisture content was determined using the methods described in ASTM D 2216. 



Method: A (1%) B (0.1%)
Oven ID. 14603 Calibration Date: 7/20/22

7/10/2023

24.3%

Jason Faucette Laboratory Supervisor

Signature Position DateTechnical Responsibility

Water 

Weight

%

Percent 

Moisture

S&ME, Inc. - Wilmington: 3006 Hall Waters Drive, Suite 100, Wilmington, NC 28405

6/16/23

Project #: 23060076 Report Date: 7/10/23

Client Name:

Client Address:

7/8-7/10/23

7/1/23

27.2%

14862

33.5'-35.0' N 0.00

Tare Wt.+ 

Wet Wt 

Sample 

Depth

Tare # Tare Weight

grams

Project Name: Holden Beach Pier

Sample by: J.Prevatte

Balance ID.

Town of Holden Beach

Sample Dates:

Calibration Date:

Test Date(s):

Sample              

No.

Boring   No.

196.33

S-9

grams

S-13 53.5'-55.0' G 0.00

255.41 200.74 54.67

157.92 38.41

Notes / Deviations / References

Form No: TR-D2216-T265-2

Revision No. 1

Revision Date: 08/16/17

ASTM D 2216

LABORATORY DETERMINATION OF 

WATER CONTENT

AASHTO T 265

110 Rothschild St., Holden Beach, NC 28462

Sampling Method: Split Spoon

B-1

B-2

CME-45Drill Rig :

Tare Wt. + 

Dry Wt 

gramsft. or m. grams

Tests Performed By:  J.FAUCETTE

Jason Faucette

ASTM D 2216: Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass

Results shown in this report, relate only to the samples noted above.

S&ME, Inc. - Corporate  3201 Spring Forest Road

Raleigh, NC. 27616

23060076(MC)(1).xlsm

Page 1 of 4



A B

This report shall not be reproduced, except in full without the written approval of S&ME, Inc.

Balance ID. 14862 Calibration Date: 7/1/22 #200 Sieve 14977 Calibration Date: 1/26/23

Results shown in this report, relate only to the samples noted above.

Jason Faucette
Date

Jason Faucette
Signature

Laboratory Supervisor
PositionTechnical Responsibility

B-2 S-13

MATERIAL FINER THAN THE #200 SIEVE

Notes / Deviations / References:  ASTM D1140: Amount of Material in Soil Finer Than the No. 200 (75-um) ) Sieve 

0.00 196.33

Form No: TR-D1140-1

Revision No. 1

Revision Date: 8/2/17

ASTM D1140

grams

Tare # Tare Weight

CME-45

33.5'-35.0' NB-1

Boring # Sample #

53.5'-55.0' G

3.5 hrs

%

% Passing 

#200

Sampling Method: Split Spoon

grams

Tare Wt. + Dry 

Wt 

Tare Wt. + Dry 

Wt. after Wash

Tare Wt.+ Wet 

Wt 

7/10/2023

Sample Depth

grams

Project Name: Holden Beach Pier Test Date(s):

Sample by: J.Prevatte Sample Dates:

Town of Holden Beach

110 Rothschild St., Holden Beach, NC 28462

7/8-7/10/23

Method; Soaked Soak Time

7.8%S-9 0.00 255.41 200.74 185.06

Drill Rig :

27.9%157.92

Client Address:

113.92

grams

S&ME, Inc. - Wilmington: 3006 Hall Waters Drive, Suite 100, Wilmington, NC 28405

6/16/23

Project #: 23060076 Report Date: 7/10/23

Client Name:

Tests Performed By:  J.FAUCETTE

S&ME, Inc. - Corporate  3201 Spring Forest Road

Raleigh, NC. 27616

23060076(Wash 200)(1).xlsm

Page 1 of 1



A

B

C

D

E

F

N

LL

25

LIQUID LIMIT, PLASTIC LIMIT, 

& PLASTIC INDEX

Form No. TR-D4318-T89-90

Tests Performed By:  J.FAUCETTE                    

One Point Liquid Limit

AASHTO T 90x o

Revision Date: 7/26/17

Revision No. 1

Project #:

Project Name:

ASTM D 4318 AASHTO T 89

23060076

o

S&ME ID # Cal Date:

S&ME, Inc. - Wilmington: 3006 Hall Waters Drive, Suite 100, Wilmington, NC 28405

Sample Description:

7/1/2023

7/10/23

110 Rothschild St., Holden Beach, NC 28462Client Address:

Client Name:

Grooving tool 

Cal Date: Type and Specification

B-1/S-9Location:

Sample Id:

Type and Specification

Oven 14993

7/11/2022

14862

Town of Holden Beach

14947(A)

Gray Poorly Graded SAND with Silt (SP-SM)

Report Date:

Sample Date:

Holden Beach Peir Test Date(s) 7/8-7/10/23

S&ME ID #

7/11/2022

Site Material

Balance  (0.01 g)

113 Type:

Source Loc.:

6/16/23

Depth(ft):Soil Boring 33.5'-35.0'

5

Tare Weight

Moisture Contents determined by 

ASTM D 2216

# OF DROPS

% Moisture (D/E)*100

4

Dry Soil Weight (C-A)

LL = F * FACTOR

Wet Soil Weight + A

Dry Soil Weight + A

Water Weight (B-C)

23

Factor

0.979

0.985

0.99

Ave. Average

Wet Preparation Dry Preparation

Group Symbol

Plastic Limit

One-point Method

Plastic Index

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.

17%

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils

SP-SM

NP

29 1.018

1.009

N

20

21

22

N Factor

LL Apparatus 14958

2

7/20/2022

Liquid LimitPan #

Tare #: 1 3

Grooving tool 

Grooving tool 

Plastic Limit

x

0.974

28

27

26 1.005

Multipoint Method

0.995

1.014

30 1.022

Liquid Limit

Date

24

        Estimate the % Retained on the #40 Sieve: 

1.000

NP, Non-Plastic

Technical Responsibility

Air Dried

Signature Position

Notes / Deviations / References:

Jason Faucette Jason Faucette Laboratory Supervisor 7/10/2023

Results shown in this report, relate only to the sample noted above

15 20 25 30 35 40

20.0

25.0

30.0

35.0

40.0

45.0

50.0

55.0

60.0

65.0

10 100

%
 M

oi
st

u
re

 C
on

te
n

t

# of Drops

S&ME, INC. - Corporate  3201 Spring Forest Road

Raleigh, NC. 27616

23060076(Att)(1)(B1-S9).xlsx

Page 1 of 1



A

B

C

D

E

F

N

LL

25

Jason Faucette Jason Faucette Laboratory Supervisor 7/10/2023

Results shown in this report, relate only to the sample noted above

30 1.022

Liquid Limit

Date

24

     Estimate the % Retained on the #40 Sieve: 

1.000

NP, Non-Plastic

Technical Responsibility

Air Dried

Signature Position

Notes / Deviations / References:

x

0.974

28

27

26 1.005

Multipoint Method

0.995

1.014

Plastic Limit

LL Apparatus 14958

2

7/20/2022

Liquid LimitPan #

Tare #: 1 3

Grooving tool 

Grooving tool 

29 1.018

1.009

N

20

21

22

N Factor

17%

ASTM D 4318: Liquid Limit, Plastic Limit, & Plastic Index of Soils

SM Group Symbol

Plastic Limit

One-point Method

Plastic Index

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.

23

Factor

0.979

0.985

0.99

Ave. Average

Wet Preparation Dry Preparation

5

Tare Weight

Moisture Contents determined by 

ASTM D 2216

# OF DROPS

% Moisture (D/E)*100

4

Dry Soil Weight (C-A)

LL = F * FACTOR

Wet Soil Weight + A

Dry Soil Weight + A

Water Weight (B-C)

14947(A)

Gray Silty SAND (SM)

Report Date:

Sample Date:

Holden Beach Peir Test Date(s) 7/8-7/10/23

S&ME ID #

7/11/2022

Site Material

Balance  (0.01 g)

113 Type:

Source Loc.:

6/16/23

Depth(ft):Soil Boring 53.5'-55.0'

o

S&ME ID # Cal Date:

S&ME, Inc. - Wilmington: 3006 Hall Waters Drive, Suite 100, Wilmington, NC 28405

Sample Description:

7/1/2023

7/10/23

110 Rothschild St., Holden Beach, NC 28462Client Address:

Client Name:

Grooving tool 

Cal Date: Type and Specification

B-2/S-13Location:

Sample Id:

Type and Specification

Oven 14993

7/11/2022

14862

Town of Holden Beach

AASHTO T 90x o

Revision Date: 7/26/17

Revision No. 1

Project #:

Project Name:

ASTM D 4318 AASHTO T 89

23060076

Tests Performed By:  J.FAUCETTE                                          

One Point Liquid Limit

LIQUID LIMIT, PLASTIC LIMIT, 

& PLASTIC INDEX

Form No. TR-D4318-T89-90

15 20 25 30 35 40

20.0

25.0

30.0

35.0

40.0

45.0

50.0

55.0

60.0

65.0

10 100

%
 M

oi
st

u
re

 C
on

te
n

t

# of Drops

S&ME, INC. - Corporate  3201 Spring Forest Road

Raleigh, NC. 27616

23060076(Att)(2)(B2-S13).xlsx

Page 1 of 1

NP 



 

 

 

Appendix IV– L-Pile Deflection Model Results 
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