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WHERE AND HOW ARE PULTRUDED FIBER REINFORCED
POLYMER (FRP) PIPE PILES BEING USED?
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VIRGINIA DOT TWIGG BRIDGE
COMPOSITE FENDER SYSTEM




PINELLAS BAYWAY BRIDGE PIPE PILE
FENDER INSTALLATION

104 16”"@ 67’ LONG SUPERPILE®
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MARGATE BRIDGE, NJ

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




MARGATE BRIDGE, NJ

Piles Delivered to the Job Site

Piles Installed with a Vulcan V5C
Vibro Hammer




MARGATE BRIDGE, NJ
COMPLETE FENDER
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CRANEY ISLAND PORTSMO \TH VA
FUEL PIER U.S. NA

95’ PILES, HDPE SLEEVES,
FILLED WITH CONCRETE



CRANEY ISLAND PORTSMOUTH VA
FUEL PIER U.S. NAVY




WHARF CHARLIE, MAYPORT FLORIDA
U.S. NAVY




OCCIDENTAL PETROLEUM BARGE
LANDING FENDER . liws .
LONG BEACH, CA R "Siw
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SUPERPILE® PROFILES ARE MANUFACTURED

BY THE PULTRUSION PROCESS
o Resin and glass fiber
reinforcements are combined
and formed into the shape of
the die on a continuous

process.
Rovings
Guide Plate
\ Resin Impregnator
\ l Surfacing Veill
%’F % Forming & Pullin
Curing Die
H Syst
i B hm: / 7
. o i 5
Con’rlnuous ' -
Strand Mat I

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

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.

Cut-Off Saw

I

.‘_"

Preformer \'\\) . =

*Caterpillar Pullers (shown)
or Reciprocating Pullers

The profiles are pulled
through a die.




SUPERPILE® PRODUCTION

4 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.
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WHAT MAKES SUPERPILE® PERFORM?
SUPURTUF™ POLYURETHANE RESIN!

Traditional Resins vs. SUPURTUF Polyurethane
® - Superior 90,000
Strength
. 80,000
* Superior
Chemical 70.000
Resistance
* Superior 60,000
Im pOCT 50.000 O Polyester
Strength = B Polyester FR
® Superior - 40.000 | O Vinyl Ester
Toughness ’ B SUPURTUF 4000
* Superior Energy 30,000 ||
Absorption
20,000 1
10,000 |
0
Tensile Strength Tensile Strength  Compressive Compressive Interlaminar
(LW) ASTM (CW) ASTM Strength (LW)  Strength (CW) Shear (LW)
D638 D638 ASTMD695  ASTMD695  ASTM D2344
Test and Method
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WHY FRP PILES FOR FENDER PROJECTS?
ENERGY ABSORPTION CHARACTERISTICS

Round FRP Pipe Pile TU455 Round FRP Pipe Pile TU450 Round FRP Pipe Pile TU440

Polyvrethane 12"x3/8" Mefric Polyuvrethane 12"x1/2° Polyvrethanel 6"x1 /2"
(305mmx?.52mm) Metric (305mmx12.7mm) Metnic (406mmx12.7mm)
Average Energy Absorption kip-in (kM=m) ASTM D&10%
341 ([39) 643 (73) 829 (94)
Charactenstic Energy Absorption kip-in (kN=m) ASTM D&10%
peaes wwess 405 (48) 603 (68)

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

* |deal For Dock And Bridge Fender Systems
Where Energy Absorpftion Is Critical.

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




SPECIFYING FRP PILES

PILE TESTING

SUPERPILE hos undergone extensive
testing at CPl, West Virginio University's
Constructed Facility Center and in the
field. Tesis that have been conducted:
full section fo failre, connection,
compression, File Dynarmic Analysis
(PDA} and fafigus.

PDA Analysis, Virginia PILE CONSTRUCTION

SUPERPILE Composite Pipe Pie

is monufactured with electrical
grade flberglass and high impact,
high strength polyurethane

resin_ The combination of the
advanced resin and high
strength gloss produces o superor
strength, highly comrosion resistant
pipe pil=.

technology.”

 Tested Per ASTM D6109 Test Standards At West Virginia University (WVU).

PDA Testing, Virginia

“I have ressorched, tesfed ond installed
composite systems reloted to civil
infrastructure over my enfire caresr. | was
astonished at the high sirength and modulus
values achieved with fhe polyurethane pipe
piles monufoctured by Creative Pulfrusions,
Inc. | expect that the LS infrastructure

will bereflt greatly from this tulbulor pile

~ Hota GangaRoo, PRD, P.E., F. ASCE

West Virginia University

* Method To Determine The Full Section Bending Modulus Of Elasticity And The

Full Section Bending Strength.

e 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 BEND TEST

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

e 20:1 Span To Depth Ratio.
e Established El.
e Established Bending Strength.

e Established Energy Absorption
Characteristics.

e Nineteen 12"x1/2" And Twelve
16""'x1/2" Piles Were Tested To Failure.

e Piles From Several Production Runs
Were Tested.

Flexural Test, WVU
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BOLTED CONNECTIONS FOR FORCES APPLIED PARALLEL
TO THE PILE

Characteristic Strengths of Bolted Connections for Forces Applied Parallel to the Pile

Single 5/8" Two 5/8" Single 3/4" Twao 3/4" Single 17 Two
Round Polywrethane Piles Bolt Bolis Bolt Bolts Bolt 1" Bolis

TU455 12" x 3/8" (305mmx? 52mim) 4,231 8,462 53,077 10,155 &, 770 13,540
TU450 12 x 1/2° (305mimoc] 27 mnn ) 7,854 15,708 2,425 18,849 12,564 25,132
TU450 16" x 1/2°(406mmx] 2 7 mirm) 6,005 12,011 7,206 14,413 9,609 19,217
Octagonal Vinyl Ester Piles Bolt Bolis Bolt Bolts Bolt 1" Bolis
CPO7& & x 25" (203mmxé.35mm) 2,608 5.212 3127 6,255 4,170 8,340

CPO74 107 x. 25" [254mmx4.35mm) 3,286 6,572 3,543 7.BBé 5,257 10,515
CP210 107 x. 275" (254mmx4.98mm) 2212 4,423 2,654 5,308 3,539 7.077

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.

Bolted Conmnectlion Test - Faralkel




BOLTED CONNECTIONS FOR FORCES APPLIED TRANSVERSE

TO THE PROFILE

Characteristic $trengths of Bolted Connections for Forces Applied Perpendicular to the File

Single 5/8° Two 5/87 Single 3/4” Two 3/47 Single 17 Two
Round Polyurethane Piles Boli Bolis Boli Bolis Boli 1" Bolis

TU455 12" x 3/8" (305mmxF .52mm) 2917 5,835 3,501 7,001 4,658 9,335
TU450 12" x 1/2" (305mmx1 2 7mm) 3,921 7.841 4,705 7.410 6,273 12,544
TU450 16" = 1/2"(406mmx 1 2.7mm) 6,491 12,982 7,789 15,578 10,3656 20,771

Single 5/87 Two 5/87 Single 3/47 Two 3/47 Single 17 Two
Octagonal Vinyl Ester Piles Boli Bolis Boli Bolis Bolt 1" Bolts

CPO74 8" x 25" (203mmxé.35mm) 1,271 2,541 1,525 3,049 2,033 4,066
CPO74 10" x 25" (254mmxé.35mm) 212 1.825 1.093 2,170 1,480 2919
CP210 10" x 275" (254mmxés.98mm) 237 1.875 1.123 2,249 1.500 2,999
" ' 1
O Dk Inne e P
* Failure Mode, Pin Bearing Of FRP Tube.
e Chart Represents The Bolt Capacity
Loaded On One Side Of The Pile.
L] i
e X - | LVIDT Located
N » Here (same as left)—
— 200400 Lf"' A Ripht Deflecton
é 15000 .‘1,|- LYDT Located
E i : m—bamplall - Laft —bamplall - Right Here — Left
3 - - Dieflection
oo -4 ——Sampleld Left ——Somplell Right
——Sampleld - Left —— Samglell - Bight
Fr e ——Sampleld . Left  ——Sampleld s Right
Sampke15 - Left Somgplell - Right
.
o
L} ey LU (11 2a LI 1.20 140
Defection i) o




FULL SECTION CRUSH STRENGTH

SUPERPILE® Crush Sirength with a 107 x 107 [24_5mm x 24 _Smm) Themmoploasfic Waole

Round FRP Pipe File TUAS5 Rownd FRP Pipe: Pile TUA4S50 Round FRP Fipe File T80

Polyurethane] w38 Mednc Polywrethane Zx1 /2" Polywethane 1461 27 Mednc

(205mm x 7 .52mm) Mefic [305mm x 12 7mm) (A0&rmm x 12 Frmm)
Average CTrush Sfrength o (kg
10,400 [4.208] 17270 [B151) 16,600 (7.530)
Characteristic Crush Strength lio (kg)
5080 [3.655) 13,782 [&.251) 11,647 |5.272)

12-inch Crush Strength Test

e Crush Strength Derived By Applying A
Transverse Load Into The SUPERPILE®
Through A 10"x10” Wale Section.

e The Ultimate Load Is Defined As The First
Yield Point On The Load Vs.
Displacement Plot.




FULL SECTION CRUSH STRENGTH ENHANCEMENT

SUPERPILE®, with FRP Insert, Crush Srength witha 107 107 [25.4mm x 25.4mim)
Thermoploshc Wale

Round FRP Pipe Pile TUA55 | Round FRP Pipe Pile TU450 | Round FRP Pipe Pile TU440
Polyurethane12"x3/8" Meric Polywethane1Zx1/Z" | Polywethanel6™x1/Z" Meiric

[(F05mmx? 52rmim) Medric [305mmoc] 2. 7mm) [A0&rmimz1 2 Fmim)
Average Crush Strengih o (kg)
T T F3780 [33.444) 44213 (20,055)
Characteristic Crush Strength lio (kg)
e 51,370 ([23.301) T

Motes:
#hddE Dota not awailalels or minimnum test gquaontity net availaiole.

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

e 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 | 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 5t percentile value of @
specified population.

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

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

* Places All Suppliers On An Even
Playing Ground.

e Enhances The Confidence Level
On The Product Performance.

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

Designation: D 7290 - 06

WA TIONAL

Standard Practice for

Evaluating Materlal Property Characteristic Values for
Polymeric Composites for Civil Engineering Structural

Applications’

Thiz sizsaden] b isped wader the Snesd decignalion [ 726, the mmber immedilely following e dasigasion adicies he yee of
originsl adoplion o, in the case of svision, ihe yesr of lad revision. A mmber b pareniheses dicsies the yesr of lsl eeppeovel &
siperscripd epslln (&) indicales an ediional changs siace (he st revision of eepoval

1. Scope

1.1 This standard practice covers the procedares for com-
pating characteristic values of material properties of polymeric
composite materials intended for wse in civil engineering
structural applications. The characteristic value is a
statistically-based material property representing the 80 %
lower confidence bound on the Sth-percentile value of a
specified population. Characteristic values determined wsing
this standard practice can be wsed fo calculate structural
member resistance values in design codes for composite civil
engineering structures and for establishing limits wpoa which
qualification and acceptance criteria can be based.

1.2 This sfandard dees aol pirport to address all of the
safety concerns, i any, associated with iy wse. I ix the
responsibility of the user of this standard to exiablish appro-
priale safeiv and kealth practices and determine the applica-
hility af regulatory limitations prior o yse.

1. Referenced Docoments

1.1 ASTM Standasds: *

[ 883 Terminology Relating to Plastics

[ 3878 Terminology for Composite Matenials

E & Terminology Relating to Methods of Mechanical Test-

ing

E 456 Terminology Relating to Quality and Statistics

E 1304 Guide for ldentification of Fiber-Reinforced
Polymer-Matrix Composite Materials in Databases

E 1434 Guide for Recording Mechanical Test Data of Fiber-
Reinforced Composite Materials in Databases

E 1471 Guide for ldentification of Fibers, Fillers. and Core

Materials in Computerized Material Property Databases

! This practice is under e jurisdicion of ASTH Comsisee D30 o Composiles
] i the et resporedidlity of Subommemities DO0.05 o Sinaciumsd Ted Methods

Cureenl sdilion appeoved Sepl 1, 2005, Pablishal Sspiember 2006,

* For referenced ASTWM sisndands, visil the ASTM webslie, wws ASTLNE, O
coniacl ASTM Cesiomer Service of sarvice @fasimaorg. For s Book af ASTA
Fiondonds wiinme nformeiion, refer (o he sandsed™s Docnmenl Summery pags o
he ASTM websile.

22 Oher Document:
MIL-Hendbook-17 Polymer Matrix Composites, Volome 1,
Revision FF

3. Terminology

31 Definitions—Terminology D 3878 defines terms relating
to high-modulus fibers and their composites. Terminolbogy
[D 883 defines terms relating to plastics. Terminology E6
defines terms relating to mechanical testing. Terminology
E 456 defines terms relating to statistics. o the event of a
conflict between terms, Terminology 1 3ETE shall have prece-
dence over the other documents.

32 Definitions aof Terms Specific to This Slandaed:

321 characteristic value—a statistically-based material
propeity representing the B0 5% lower confidence bound on the
Sth-percentile value of a specified population. The character-
istic value accounts for statistical uncertainty due to a finite
sample sine.

3211 Discussion—The 80 % confidence bound and Sth-
percentile levels were selected so that composite matenal
characteristic values will produce resistance factors for Load
and Resistance Factor Design similar o those for other civil
engineering materials (see Refs 1 and 214

3212 Discussion—The term “characteristic valse™ is
analogous to the term “basis value™ used in the asrospace
industry where A- and B-basis values are defined as the 95 %
lower confidence bound on the lower 1 % and 10 % values of
a population, mespectively.

3212 data confideace facfor, {1—a factor that is used to
adjust the sample nominal value for uncertainty associated with
finite sample size.

323 aoming valur—the Sth percentile value of the data
represented by a probability density function.

" Availabie [rm U 5. Government Printing Office Siperalendent of Documeats,
Ti2 K. Capiiol 5L, NW, Madl Sope SDEL Washingion, DO MM, Bilpod
W, BOOSS F P0G,

 The boldisce mmbers in parenthesrs reler io e lis) of redeences ol the end ol
his 5Landeed




SUPERPILE® MECHANICAL & PHYSICAL PROPERTIES

Values are
Published As
Average and
per ASTM
D7290

SUPERPILE® Mechanical Properlies

Average Flexural Strength per ASTM D107 sl (Mpa)

Characteristic Aexural Sfrength per ASTMW DA107 psi
(Mpa)®

Average Compression Strengin per ASTM DE107F psi
iMpa)

Choracteristic Compression Strength per ASTM D&109 psi
iMpa)?

Average In-Plane Shear Strength psi [Mpa)
Choracterstic In-Plane Shear Strengih psi (Mioa)
Average Sheor Copacity los (Kag)

Characterstic Shear Copocity los [Ka)

Average Torgue Srength lo-fi [kKhem)

Characteristic Torgue Strength -t [ki=rm)

Average Axial Compression Strength pa [Mpa)
Characteristic Awal Compression Strength psi (Mpa)?

Average Axiol Compression Capacity [Shart Colurmng e
k]

Characternstic Awal Compression Capacity [Short
Colurmin| Ik (kg)?

Average Modulus of Blasticity per ASTM DS109 psi [Gpa)
Bending Siffress [H) per ASTM DE109 los-in? (kgemim?)

Average Moment Copacity per ASTM D&10% kip-ft
(kM=rry

Round FRP Fipe Pile TU455 | Round FRFP Pipe File TI450 | Round FRP Fipe File TIMAD
Polywrethane 167x1/27
Mefric [305mm x 7.52mm) | Meiric (305mm x 127mm) | Melic (406mm x 12 7mm)

52,000

[ETTT]

52,000

[ETTT]

15,605
13,212
104,894
70,502
102,519
B7 544
52,000

[ETTT]

712,400

[ETTT]

526406
122609

147

[357)

LT

[357)

[(108)
(?1]
145 484)
{41,051]
(140)
)
[357)
[223,129)

LT

[36.3]
[3.57E+11)

(227}

Polywethane 12'x1/Z"

69,658

56111

69,658

556,111

16,037
13.713
145,153
124102
138.82%
118,694
47,658
56111

1,280,810

1.015,60%

SE71EHDS
177D

289

(420

[327)

[420)

[357)

188}
(73]
[65.840)
[56,292)
(128
[161)
(480]
[357)

[571,574)

(440,673

(40.7)
[5.17E+11)

[372)

57270

47,840

57270

47 840

17170
14.%3&
208,816
181,472
269,987
234,859
57270
47,840

1,271,881

.21, 112

E7PEHDS
4 3BEHD?

437

118
(nos)
[74,426]
[82.314]
[3&8)
[318)
[395)
344

[631,247)

543,351

[41.3)
[1.28E+12)

[592)




FENDER SYSTEM DESIGN

 FB-MultiPier is a nonlinear finite element
analysis program often used for vessel o _
collision analysis on bridges and fender F:BMul’r|P|er v4 19 3
systems.

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

e 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 utilizihg 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.

e The fender system geometric layout is optimized E ==
based on the permissible deflection of the FB-MulfiPier v4.19.3
system.

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

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

..0

A3t 3 0]0]

(= e (%




PULTRUDED STRUCTURES DESIGN
METHODOLOGY OPTIONS

Pre-Standard for
Load & Resiitance Facior

Design (LRFD) of Pultrudsd
Fiber Reinforced Polymer (FRP)

Seructures

ARARARMANE | By

L

AE;
-
.Ei:.il :-_ .




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.

A —Time Effect Factor 0.4 For Permanent Load.

¢ — Resistance Factor For Local Buckling Conftrolled
Design — .65.

Pre-Standard for

Load & Resistance Factor
Design [LRFD) of Pultruded
Fiber Reinforced Polymer (FRP)
Structures

{Final)

Submitted fo;
n Composites Manufacturers
Association [ACMA)

Neovembar 9, 2010

ASCE

B .
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SUPERPILE® & ALLOWABLE STRESS
DESIGN

b

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

« Typical Safety Factors For
Pultruded Structures.

r

B o
| e | A £
-—'q-\

——
i -
. =T .

2.5 in Flexure
3.0in Shear
3.0 for Connections



Stainless Steel Hardware.
e 6" Square Curved Washers.
e 50 Lb-ft Max. Torque.

B » Self Drilling Screws For Attaching
- The Cap.

———
-~ — -
-
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"“*CONNECTION DETAILS W/

3/4" Thick Pultruded Splice
Plates.

Transfer the Moments Through
the Wale Sections.

Through bolted with Stainless
_Steel Bolfs.




F IR !
IN D F ILS WALE SPLICE

E—

- v The Connection is Designed to
Transfer 100% of the Bending
e Moment Capacity through the
' Wale Section.




HURRICANE SANDY 2012
LONG BEACH NEW YORK BOARDWALK




SUPERLOC® SHEET PILES ARE SUPPLIED TO THE JOB SITE




LONG BEACH, NEW YORK
HURRICANE SANDY REPAIR AND PROTECTION

e

e PULTRUSIONS




SUPERLOC® SHEET PILES ARE DRIVEN TO FORM A
PROTECTIVE BARRIER AGAINST FUTURE STORM SURGE

2.5 miles of Completed Storm Wall
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HURRICANE SANDY REPAIR AND PRQ

LONG BEACH, NEW YORK

PULTRUSIONS
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KEYPORT, NJ
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1,451 lineal ft.
(427 m) wall
photo tfaken
after hurricane
Sandy 2012.
Installation
2006.




KEYPORT, NJ

r‘ n”“”"""”m" T _ I Photos of wall taken
| | . during Hurricane Sandy
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KEYPORT, NJ

|

Photo taken after Hurricane Sandy 2012




THE GLENRIDGE ON PALMER RANCH a
SARASOTA, FL GLENRIDGE




AZERBAIJAN SERIES 1580

3,280 ft
(1000+ meters)
Causeway




AZERBAIJAN PROJECT

3,280 ft
(1000+ meters) Retaining Wall




SUPERLOC® SHEETPILE MOMENT CAPACITY HAS BEEN
DEVELOPED BASED ON THE LRFD PRE-STANDARD AND
VERIFIED WITH FULL SECTION TESTING AND FEA.

Note: Critical Load capacity is controlled by
Local buckling of the compression flange.

Pre-Standard for

Load & Resistance Factor
Design (LRFD) of Pultruded
Fiber Reinforced Polymer (FRP)
Structures

(Final)

Hovember 8, 2010




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

(a) Compression flange local buckling

_d4n’t; JEL Epf N1+4.12) +(2+00.2§3 ErpVir L Gur
T b){ 6 ) 12 6 (5.2.3.4—1)
with
1
£ = -
&= _ (5.2.3.4-2)
4E, .15
[+—Lf !
iki‘bf
: E- . 60 ; ET}‘F?:ELJ VELfEr s Y Er sVir +2Grr irs4
Vi — - 9 k._..:‘. '?
3h 11.15362E, ; ) 1.25[E; By, +Ep vir +2Gyy (5.2:3.4-3)
(b) Web local buckling
1117°8, (.. }
fcr = 6}1’}2 (]'23 ELJi'ET,‘IV +EI,11‘V£T +2(JLT) (5_2_3_4_4)

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.

The mechanics of materials
calculations predicted a
moment capacity of 14,472
ft-lbs/ft of wall.

Wiocle! resne: 55060 0412014

Shudy reame. Bucke Reslrairmed

Fiok tyne: Bucking Cizplacsnent
Wiod= Zhape : & Load Faclor = 25148
Daformetion 2ceke 25

Model name: S5860_04232014

Study name: Buckle Un-Restrained
Plat type: Buckling Displacement1
Mode Shape : 5 Load Factor = 2.4939
Deformation scale: 25




1580 FULL SECTION TESTING TO FAILURE

Note: Mock wall constructed, insfrumented
and fested to failure.




1580 FULL SECTION TESTING TO FAILURE

Note: The Failure moment was16,569 Ib-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 fi-lbs/ft of wall.
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Abstract

This paper demonstrates three
metheds to detemine the moment
capacity of Ficer Reinforced
Polymer (FRP] sheet piling.

Compaosite sheet piling is
susceptible fo local compression
failure prior to reaching the material
strength capacity. The low modulus
of elasticity in conjunction with the
unsupported flange width and
thickness greatly affects the frue
moment capacity of non-metaliic
sheet piing. This paper descnbes
two modeling methods and the
degree of emor as compared o a
full section cantilever test of the
sheet pile wall modeled
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