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WHERE AND HOW ARE PULTRUDED FIBER REINFORCED 
POLYMER (FRP) PIPE PILES BEING USED? 



STATUE OF LIBERTY DOCK REBUILD



STATUE OF LIBERTY DOCK REBUILD



STATUE OF LIBERTY DOCK COMPLETE



VIRGINIA DOT TWIGG BRIDGE 
COMPOSITE FENDER SYSTEM 



VIRGINIA DOT TWIGG BRIDGE 
COMPOSITE FENDER SYSTEM

116 SUPERPILE® 16”Ø



VIRGINIA DOT TWIGG BRIDGE 
COMPOSITE FENDER SYSTEM



PINELLAS BAYWAY BRIDGE  PIPE PILE 
FENDER INSTALLATION
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104 16”Ø 67’ LONG SUPERPILE®



PINELLAS BAYWAY BRIDGE - FLORIDA DOT 
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PINELLAS BAYWAY BRIDGE - FLORIDA DOT 
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PINELLAS BAYWAY BRIDGE - FLORIDA DOT 



GIBA BRIDGE  PIPE PILE FENDER



MARGATE BRIDGE, NJ 

52 12” Diameter FRP Piles at 80 Foot 
in Length were used to Construct the Bridge Fender



MARGATE BRIDGE, NJ 

Piles Ready to Ship

Piles Delivered to the Job Site

Piles Installed with a Vulcan V5C 
Vibro Hammer



MARGATE BRIDGE, NJ 
COMPLETE FENDER



CRANEY ISLAND PORTSMOUTH, VA 
FUEL PIER U.S. NAVY

95’ PILES, HDPE SLEEVES, 
FILLED WITH CONCRETE



CRANEY ISLAND PORTSMOUTH, VA 
FUEL PIER U.S. NAVY



WHARF CHARLIE, MAYPORT FLORIDA
U.S. NAVY

72’ PILES, HDPE SLEEVES, FRP INSERT



OCCIDENTAL PETROLEUM BARGE 
LANDING FENDER
LONG BEACH, CA   



SAN FRANCISCO 
WEST HARBOR RENOVATION PROJECT
SAN FRANCISCO, CA  

MOORING & FENDER PILES



Pultruded profiles are cut to 
length during the continuous 
manufacturing process.

4.

Resin and glass fiber 
reinforcements are combined 
and formed into the shape of 
the die on a continuous 
process.

1. The resin is initiated by the 
thermal decomposition 
process. The initiator is heated 
until a chemical bond 
dissociation produces two 
radicals. The chain continues 
to build until the monomer is 
used resulting in a cured resin.

2.

The profiles are pulled 
through a die.

3.

Pulling 
System*

Cut-Off Saw

Preformer

Continuous 
Strand Mat

Guide Plate

Rovings

Resin Impregnator

Surfacing Veil

Forming & 
Curing Die

*Caterpillar Pullers (shown)
or Reciprocating Pullers
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SUPERPILE® PROFILES ARE MANUFACTURED 
BY THE PULTRUSION PROCESS



SUPERPILE® PRODUCTION

High strength E-glass fiberglass is pulled into 
the heated die. 

The fibers are injected with a high strength 
polyurethane resin and cure in a 
continuous process.  

Finished product is pulled through 
the die and into the cut-to-length 
saw where it is cut and prepared for 
shipment to the job site.  



• Superior 
Strength

• Superior 
Chemical 
Resistance

• Superior 
Impact 
Strength

• Superior 
Toughness

• Superior Energy 
Absorption

WHAT MAKES SUPERPILE® PERFORM? 
SUPURTUF™ POLYURETHANE RESIN!

Traditional Resins vs. SUPURTUF Polyurethane 
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Testing at Ft. Collins, CO

WHY FRP PILES FOR FENDER PROJECTS?  
ENERGY ABSORPTION CHARACTERISTICS

• High Strength And Rather Low Modulus 
Values, As Compared To Steel, Equate To 
Very High Energy Absorption Capabilities. 

• Ideal For Dock And Bridge Fender Systems 
Where Energy Absorption Is Critical. 

• Derived By Calculating The Area Under The 
Load/Deflection Curve.



SPECIFYING FRP PILES

• Tested Per ASTM D6109 Test Standards At West Virginia University (WVU).
• Method To Determine The Full Section Bending Modulus Of Elasticity And The 

Full Section Bending Strength. 
• Tested To Determine The Crush Strength, Pin Bearing Strength, Washer Pull 

Through Strength And Connection Capacities Both At WVU And At Creative 
Pultrusions, Inc. (CPI) Test Facility.

• Pile Dynamic Analysis (PDA) Performed By Atlantic Coast Engineering.



• Full Section Four Point Bend To Failure 
Per ASTM D6109.

• 20:1 Span To Depth Ratio.
• Established  EI.
• Established Bending Strength. 
• Established Energy Absorption 

Characteristics.
• Nineteen 12”x1/2” And Twelve 

16”x1/2” Piles Were Tested To Failure.
• Piles From Several Production Runs 

Were Tested.

Flexural Test, WVU 

FULL SECTION BEND TEST



BOLTED CONNECTIONS FOR FORCES APPLIED PARALLEL 
TO THE PILE

• Characteristic Design Values Have Been 
Developed And Published Per ASTM D7290.

• The Capacities Were Developed From Full 
Section Testing. 

• A 1.0” Diameter Bolt Was Used In The Test. 
• Failure Load Is Defined As The First Indication 

Of A Yield In The Load/Displacement Plot.
• Chart Represents The Bolt Being Loaded On 

One Side Of The Pile.



• 1” Diameter Pin. 
• Failure Mode, Pin Bearing Of FRP Tube. 
• Chart Represents The Bolt Capacity 

Loaded On One Side Of The Pile.

BOLTED CONNECTIONS FOR FORCES APPLIED TRANSVERSE 
TO THE PROFILE



FULL SECTION CRUSH STRENGTH   

• Crush Strength Derived By Applying A 
Transverse Load Into The SUPERPILE®

Through A 10”x10” Wale Section.
• The Ultimate Load Is Defined As The First 

Yield Point On The Load Vs. 
Displacement Plot.



FULL SECTION CRUSH STRENGTH ENHANCEMENT

• Crush Strength Can Be Increased With 
The Addition Of An FRP Insert. 

• Crush Strength Can Be Increase To 74 
Kips Or Higher When Needed. 

• The Addition Of Concrete, In Localized 
Sections, Can Be Used To Increase The 
Crush Strength.  Testing Has Indicated 
That The Crush Strength Can Be 
Increased To 180+ Kips.



CHARACTERISTIC DESIGN 
PROPERTIES ARE DETERMINED 
PER ASTM D7290
WHY ASTM D7290 AND WHY SHOULD I CARE?

It is an internationally recognized standard for 
evaluating material property characteristic values 
for polymeric composites for civil engineering 
structural applications. 

The characteristic value is a statistically-based 
material property representing the 80% lower 
confidence bound on the 5th percentile value of a 
specified population. 
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The characteristic value allows you to use LRFD or 
Allowable Stress Design techniques and it allows 
you to fairly compare FRP to other types of piles. 



ASTM D7290-06

• Companies With Good Process 
Control And Quality Standards 
Are Rewarded In That The 
Published Characteristic Design 
Values Are Higher.

• Places All Suppliers On An Even 
Playing Ground. 

• Enhances The Confidence Level 
On The Product Performance. 

• All Design Data Is Reported 
Based On An Internationally 
Recognized Standard.



Values are 
Published As 
Average and 

per ASTM 
D7290 

SUPERPILE® MECHANICAL & PHYSICAL PROPERTIES



FB-MultiPier v4.19.3

FENDER SYSTEM DESIGN  
• FB-MultiPier is a nonlinear finite element 

analysis program often used for vessel 
collision analysis on bridges and fender 
systems.

• Used extensively by FLDOT and 
engineering firms throughout the south 
east for 17+ years.

• Allows for nonlinear soil and structural 
analysis of the fender system

• Vessel collision data is outlined in the 
AASHTO LRFD Bridge Design Specification.

• Vessel data collision data past points are 
established by utilizing the Army Corps of 
Engineers extensive database of vessel 
activity. 



FENDER SYSTEM DESIGN  

• The soil resistance and strain energy of the 
fender system is analyzed.

• The fender system geometric layout is optimized 
based on the permissible deflection of the 
system. 

• The energy is derived by the application of a 
static load applied to the non-linear three 
dimensional soil pile model. 

• Minimum pile tip elevations are determined such 
that the moment capacity of the pile can be 
reached before soil failure. 

FB-MultiPier v4.19.3



PULTRUDED STRUCTURES DESIGN 
METHODOLOGY OPTIONS

LRFD or ASD
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SUPERPILE® DATA SHEETS AND LOAD & 
RESISTANCE FACTOR DESIGN (LRFD)

THE CHARACTERISTIC VALUES WERE DEVELOPED FOR 
AN LRFD DESIGN APPROACH  WHERE: 

The Characteristic/Reference Strength Values Shall 
Be Adjusted Per Table 2.4-1 To Account For Moisture. 
– 0.85/.80 For Strength For Vinyl Ester & 

Polyurethane /Polyester.
– .95/.90 For Elastic Modulus For Vinyl Ester & 

Polyurethane /Polyester.
λ – Time Effect Factor 0.4 For Permanent Load.
φ – Resistance Factor For Local Buckling Controlled    

Design – .65.



SUPERPILE® & ALLOWABLE STRESS 
DESIGN

2.5 in Flexure
3.0 in Shear
3.0 for Connections

• Material Properties Are Reduced 
To Satisfy An Appropriate Safety 
Factor.

• Typical Safety Factors For 
Pultruded Structures.
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CONNECTION DETAILS

• Stainless Steel Hardware.
• 6” Square Curved Washers.
• 50 Lb-ft Max. Torque. 
• Self Drilling Screws For Attaching 

The Cap.



CONNECTION DETAILS WALE SPLICE

• 3/4” Thick Pultruded Splice 
Plates.

• Transfer the Moments Through 
the Wale Sections.

• Through bolted with Stainless 
Steel Bolts. 



CONNECTION DETAILS WALE SPLICE

• The Connection is Designed to 
Transfer 100% of the Bending 
Moment Capacity through the 
Wale Section.



HURRICANE SANDY 2012 
LONG BEACH NEW YORK BOARDWALK

Completed rehab
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Just after the storm



SUPERLOC® SHEET PILES ARE SUPPLIED TO THE JOB SITE
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LONG BEACH, NEW YORK  
HURRICANE SANDY REPAIR AND PROTECTION 



SUPERLOC® SHEET PILES ARE DRIVEN TO FORM A 
PROTECTIVE BARRIER AGAINST FUTURE STORM SURGE
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2.5 miles of Completed Storm Wall



LONG BEACH, NEW YORK  
HURRICANE SANDY REPAIR AND PROTECTION 



KEYPORT, NJ

1,451 lineal ft. 
(427 m) wall 
photo taken 

after hurricane 
Sandy 2012. 
Installation  

2006.
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KEYPORT, NJ

Photos of wall taken 
during Hurricane Sandy
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KEYPORT, NJ

Photo taken after Hurricane Sandy 2012
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THE GLENRIDGE ON PALMER RANCH
SARASOTA, FL

51



3,280 ft 
(1000+ meters) 
Causeway

AZERBAIJAN  SERIES 1580
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AZERBAIJAN  PROJECT 

3,280 ft 
(1000+ meters) Retaining Wall
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SUPERLOC® SHEETPILE MOMENT CAPACITY HAS BEEN 
DEVELOPED BASED ON THE LRFD PRE-STANDARD AND 
VERIFIED WITH FULL SECTION TESTING AND FEA.

Testing Conducted at Penn State University
Note: Critical Load capacity is controlled by 
Local buckling of the compression flange. 
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HOW DID CREATIVE DERIVE THE MOMENT CAPACITY OF 
THEIR SHEET PILE PROFILES?

Two Design approaches were 
utilized to predict the moment 
capacity of the 1580 Sheet Pile 
Section.  

Mechanics of Materials and FEA
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LRFD PRE-STANDARD local buckling 
equations were used to predict the critical 
buckling stress in each profile.  



FINITE ELEMENT ANALYSIS 

An FEA model was created 
using SolidWorks Simulation.  
The simulation, based on the 
minimum mechanical 
properties, predicted a 
buckling stress of 12,044 psi or 
a ground line moment of 
13,128 ft-lbs/ft of wall.
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The mechanics of materials 
calculations predicted a 
moment capacity of 14,472 
ft-lbs/ft of wall.



1580 FULL SECTION TESTING TO FAILURE

Note: Mock wall constructed, instrumented 
and tested to failure.
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1580 FULL SECTION TESTING TO FAILURE

Note: The Failure moment was16,569 lb-ft/ft of wall which correlated to a 
compression stress of15,201 psi.

SUMMARY: Mechanics of materials – 14,472 / FEA 13,128 / Full Section 
16,569 ft-lbs/ft of wall.

58



REFERENCE WHITE PAPER 
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Development of 
Design Properties 
for the Series 1580 
Seawall Profile.

Mostoller/Troutman



CELEBRATING OVER 43 YEARS OF PROVIDING PULTRUSION SOLUTIONS

QUESTIONS?

www.creativepultrusions.com
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