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PCLYMERI C FENDER PI LES
02/ 10
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NOTE: This gui de specification covers the
requirenents for polymeric fender piling. These
fender piling are typically used for secondary
fender systens.

Comrent s and suggestions on this guide specification
are wel cone and should be directed to the technica
proponent of the specification. A listing of
Techni cal Proponents, including their organization
desi gnation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnitted as
a Criteria Change Request (CCR)

Use of el ectronic communication i s encouraged.

Brackets are used in the text to indicate designer
choi ces or locations where text nmust be supplied by

t he desi gner.
EE IR I Sk S S O S S S I R R R Rk I I S kS Ik I kR Ik S S I S R Sk I O
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NOTE: The extent and | ocation of the work to be
acconpl i shed shoul d be indicated on the project

drawi ngs or included in the project specification
EE IR I Sk S S O Sk S I O R R Rk I S kS I I R R R Ik S S I O S R Sk I S O
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NOTE: The followi ng information shall be shown on
t he draw ngs:

1. Locations of the fender piles. (If nore than one
type of fender is used, the location of each type
shoul d be i ndi cat ed)

2. Fender design | oads.

3. Size, shape, and length of piles.

4. Connection details.
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5. Length of polymeric pile protection. (The
canmel s, separators or watercraft should bear on the
protective layer throughout the entire tidal range.

6. Soil data, where avail abl e.

7. Enmbednent depth. (The piles are typically
desi gned as pinned/ pi nned, therefore the bottom of
the piles should have lateral restraint but not
fixity.

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

PART 1 GENERAL

1.1 REFERENCES

EE R R R S R I R R I R S R R R R R S R I R I R R R S R R S R R O

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RI D outside of the Section's
Reference Article to autonmatically place the
reference in the Reference Article. Do not use the
Ref erence Wzard's Check Reference feature to update
the issue dates, as this docunent is specific to the
standards listed. This guide specification will be
updat ed when the standards are updated.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci ficati on when you choose to reconcile

references in the publish print process.
EE IR I Sk S S O S S S I R R R Rk I I S kS Ik I kR Ik S S I S R Sk I O

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
basi c designation only.

ACl | NTERNATI ONAL (ACl)

ACl 211.1 (1991; R 2009) Standard Practice for
Sel ecting Proportions for Nornal,
Heavywei ght and Mass Concrete

ACl 318 (2008; Errata 2008; Errata 2009; Errata
2009; FErrata 2009; Errata 2009; Errata
2009) Buil di ng Code Requirenents for
Structural Concrete and Commentary

ACl 318M (2008; Errata 2008; Errata 2009; Errata

2010) Buil di ng Code Requirenents for
Structural Concrete & Commentary
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ASTM | NTERNATI ONAL (ASTM

ASTM D 1599 (1999; R 2005) Resistance to Short-Tine
Hydraulic Failure Pressure of Plastic
Pi pe, Tubing, and Fittings

ASTM D 2240 (2005) Standard Test Method for Rubber
Property - Duroneter Hardness

ASTM D 2310 (2006) Machi ne- Made "Fi bergl ass"
(d ass- Fi ber - Rei nf or ced
Ther nosetti ng- Resi n) Pipe

ASTM D 2996 (2001; R 2007el) Fil anment-Wund
"Fi bergl ass" (d ass- Fi ber-Rei nforced
Ther nosetti ng- Resin) Pipe

ASTM D 4060 (2010) Abrasion Resistance of Organic
Coati ngs by the Taber Abraser

ASTM D 4329 (2005) Standard Practice for Fluorescent
WV Exposure of Plastics

ASTM D 570 (1998; R 2005) Standard Test Method for
Wat er Absorption of Plastics

ASTM D 6109 (2005) Standard Test Methods for Flexural
Properties of Unreinforced and Rei nforced
Pl astic Lunmber and Rel ated Products

ASTM D 638 (2008) Standard Test Method for Tensile
Properties of Plastics

ASTM D 6662 (2009) Standard Specification for
Pol yol ef i n- Based Pl astic Lunber Decki ng
Boar ds

ASTM D 695 (2008) Standard Test Method for

Conpressive Properties of Rigid Plastics

ASTM D 746 (2007) Standard Test Method for
Brittl eness Tenperature of Plastics and
El ast oners by | npact

ASTM D 792 (2008) Density and Specific Gavity
(Relative Density) of Plastics by
Di spl acenent

ASTM D 883 (2008) Terninology Relating to Plastics

ASTM E 84 (2010) Standard Test Method for Surface
Burni ng Characteristics of Building
Materi al s

.2 d ossary
See ASTM D 883 for standard term nology related to plastics.

Extrusi on - A manufacturing process where nolten polyner is forced through
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a die of a desired shape, to encapsul ate fiberglass reinforced plastic or
steel bars, which run continuously throughout the length of the product
wi t hout joints.

FRP - Fiber reinforced polyner. A polyner matrix, either thernoset or
thernoplastic, reinforced with a fiber or other material with a sufficient
aspect ratio (length to thickness) to provide a discernable reinforcing
function in one or nore directions.

GFRP - d ass fiber reinforced plastic. A conposite nmade from fibergl ass
reinforcenent in a plastic (polymer) matrix.

Pol ymer - Any of numerous natural and synthetic conmpounds of usually high
nmol ecul ar wei ght consisting of up to mllions of repeated |Iinked units,
each a relatively light and sinple nolecul e.

Polymeric Pile - Piling products characterized by the use of polyners,
where by (1) the pile strength or stiffness requires the inclusion of the
pol ymer or (2) a mininmmof 50 percent of the weight or volume is derived
fromthe polyner. Polynmeric piles may be reinforced by conposite design
for increased stiffness or strength.

Pul trusion - A continuous process for manufacturing conposites that have a
cross sectional shape. The process consists of pulling a fiber reinforcing
material through a resin inpregnation bath and through a shaping die, where
the resin is subsequently cured.

Resin - Any of numerous physically simlar polynerized synthetics or
chemically nodified natural resins. Two main types of polynmers used for
resins include thernoset and thernoplastic materials.

Thernoset Plastics (thernosets) - Refer to a range of polymer materials
that once cured do not flow, or nelt when heated. Thernoset materials are
transformed, through the addition of energy, to a stronger substance.
Thernoset nmaterials are usually liquid or rmalleable prior to curing, and
designed to be nolded into their final form or used as adhesive.

Ther noset pol yner resins can be transforned into plastics or rubbers by
cross-linking. A thernoset material cannot be nmelted and re-nol ded after it
is cured. Thernpset materials are generally stronger than thernoplastic
materials. They are also better suited to high tenperature applications.
They are not easily recyclable like thernoplastics, which can be nelted and
re-nmol ded. Exanples of thernopset plastics include: natural rubber,
Bakel i te, Urea-Fornal dehyde, Mel amine, Pol yester Resin, and Epoxy Resin.

Ther nopl astics - Mst thernopl astics are high nol ecul ar wei ght pol ymer
chains, nostly joined through weak di spersion forces and nore rarely

di pol e-di pol e interactions. Thernoplastic polyners are usually contrasted
with thernpsetting polymers, which cannot go through nelt/freeze cycles.
Many thernoplastic materials are addition polynmers (chain growh pol yners),
such as pol yet hyl ene and pol ypropyl ene.

3 SUBM TTALS

EE R R R S I R I R I R I R S R R R R O S R R I R R R R R S R R R O

NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submttals
required for the project. Submittals should be kept
to the mininumrequired for adequate quality control
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A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G" if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO' for
Resident Ofice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force

and NASA projects, or choose the second bracketed
itemfor Army projects.

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation followi ng the "G
designation identifies the office that will review the submttal for the
CGovernment.] The follow ng shall be submitted in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:
SD- 02, Shop Draw ngs
Polyneric piles G
SD- 03, Product Data
Pol yneric piles G

I ncl ude di nensions, material specifications, and nethod of
manuf act ure.

Pile driving equipnent G
Driving helmet G

Pile caps G

Pile driving tips G
Driving pads G

Pile tops G

Manufacturer's Warranty G
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Contractor's Warranty G
SD- 05 Design Data
Pol yneric piles G
Design calculations G
Concrete mx design G
SD- 06, Test Reports
Materi al Test Reports G
Performance Test Data G
Delivery inspection I|ist
Field inspect and subnmit a verification Iist of each pile
i ndi cating the condition of the polyneric. Do not incorporate
materials damaged in transport fromplant to site.
SD-07, Certificates
Driving hamer G
Polyneric piles G
SD-11, C oseout Submittals

Pile records

Submit the close out version of the pile driving records in a type
witten format within 14 cal endar days after conpletion of driving.

4 DELI VERY, STORAGE, AND HANDLI NG

The Contractor shall inspect each pile, upon delivery, for surface danage,
cracks, blem shes, scaring and straightness. The condition of each pile
shal |l be recorded and the delivery inspection |ist shall be submitted to
the Contracting Oficer. The Contractor shall handle the piles with ropes
or nylon slings wthout dropping, breaking, bruising or penetrating outer
surface with tools. Do not use cant dogs, peaveys, hooks or pikepol es.
Protect piles fromdamage. Store piles above the ground on bl ocki ng which
i s shaped or padded and prevent scaring or sagging of the piles. Storage
racks shall be arranged to pernmit air circulation and shall be covered.

.5 BASI S CF BI DS

.5.1 Fender Piles

Base bids on the nunber, circunference, and | ength of piles as indicated.
Shoul d the total nunber of piles vary fromthat specified as the basis for
bi dding, the Contract price will be adjusted in accordance wi th Contract
Clause entitled "Changes". Adjustment in Contract price will not be made
for cutting off piles, for any portion of a pile remaining above the cutoff
el evation, or for broken, damaged or rejected piles.
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PART 2 PRODUCTS
2.1 Pl LE CLASSI FI CATI ON

1. Type 1 - Polyneric only

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

NOTE: Non-conposite plastic piles are not commonly
used for fender pile applications.

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

2. Type 2 - Polyneric with reinforcenment in the form of chopped,
mlled or continuous fiber or mneral

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

NOTE: Non-conposite fiberglass pile are not
commonly used for fender pile applications.

EE R R R S R I R R I R S R R R R R S R I R I R R R S R R S R R O

3. Type 3 - Polyneric with reinforcenment in the formof netallic
bars, or cages, or shapes

EE R R R S I R R I R I R S R R R R R S R R I R R R R R R R R O

NOTE: The nobst common Type 3 fender piles are

plastic piles with steel reinforcing.
ER R IR I I 2 R R R R R I I I R R R R I I I R R R S I I I R R R R I I I R R R I I I I I O I I R R R R I I I

4, Type 4 - Polynmeric with reinforcenent in the formof non-netallic
bars or cages

EE R R R I R R R I I O R R R Ok S R R I R I R I O R I O

NOTE: The nbst conmon Type 4 fender piles are
plastic piles with fiberglass reinforcing.

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

5. Type 5 - Polyneric conposite tube with a concrete core

Rk Ik Sk kR IR R R I kO e S O R R Rk Rk kO R AR Ik I kS I S I b R R R o

NOTE: The nobst conmon Type 5 fender piles are
fiberglass tubes with concrete fill.

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

6. Type 6 - Any other polyneric piling neeting the requirenents of
this specification and not otherw se descri bed above

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: The Type 6 fender pile section provides for
new types of polymeric pilings.

EE R R R kR S I R R R I I O R R R R O S R R R I R I R I O R I R I

2.2 PCLYMERI C PI LES

Provi de polyneric piles manufactured as specified. Al polyneric fender
piles of a particular type shall be the product of a single manufacturer.
Each pile shall be permanently tagged with the pile's serial number, date
of fabrication and manufacturer's name. The stanp or tag shall be placed
two to four feet fromthe top of the pile and shall be visible after
installation. The tags shall not be placed on the outer face (berthing
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side) of the pile. Piles shall be in one piece. Splices will not be
permitted, unless approved by the Contracting Oficer. Provide pile
driving tips, when required, per Manufacturer's recomendations. Al
polynmeric fender piles shall be delivered to the job site conplete and
ready to drive. Pile dianeter shall be as indicated.

2.3 PERFORMANCE REQUI REMENTS

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

NOTE to Designer: Polyneric piles are not
recomended for the replacenment of single piles when
the polyneric pile stiffness is different than that
of the pile being replaced. Wen this occur, the
less stiff pile will not carry its share of the
berthing load. As an exanple, polynmeric piles wll
usually be nore flexible than tinber piles, in which
case the tinber piles adjacent to the polyneric
piles will take increased | oads, which nay cause the
piles to fail. Therefore, single or linmted

repl acenent of the tinber piles are not recommended.
Transverse m salignnent of the piles can al so cause
i ndividual piles to fail, and precautions to
nmninze this occurrence should to be taken

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

The cross-sectional dinensions of piles shall be determ ned on the basis of
the ability to performsatisfactorily under the physical |oading and
environnmental conditions inposed and to effectively performthe energy
absorption properties desired. The Contractor shall submt the Performance
Test Data and or Design Cal culations to substantiate the perfornance.

2.4 PERFORMANCE CHARACTERI STI CS

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: The designer shall select the appropriate
pile types and fill in the required perfornmance
characteristics for each pile.

Rk Ik Sk kR IR R R I kO e S O R R Rk Rk kO R AR Ik I kS I S I b R R R o

Each fender pile shall have the follow ng performance characteristics:

OPERATI ONAL CONDI TI ONS

DESI GN ALLOMBLE
M NI MUM FLEXURAL FLEXURAL
Pl LE ENERGY ELASTI C STI FFNESS STRENGTH
TYPE ABSORPTI ON DEFLECTI ON (El) ( MR)
(KN-m) (nm) (N nmr?) (N-mm)

[ 1] [ ] [ ] [ ] [ ]
[ 2] [ ] [ ] [ ] [ ]
[ 3] [ 1] [ ] [ 1] [ 1]
[ 4] [ 1] [ 1] [ 1] [ ]
[ 5] [ ] [ ] [ ] [ 1]
[ 6] G [ [ 1] [
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OPERATI ONAL CONDI TI ONS

DESI GN ALLOMBLE
M NI MUM FLEXURAL FLEXURAL
Pl LE ENERGY ELASTI C STl FENESS STRENGTH
TYPE ABSORPTI ON  DEFLECTI ON (El) (Mn)
(ft-kips) (i nches) (Ib-inz) (I'b-in)

[1] [ ] [ ] [ ] [ ]
[ 2] [ 1] [ 1] [ 1] [ 1]
[ 3] [ 1] [ 1] [ 1] [ 1]
[ 4] [ ] [ ] [ 1] [ 1]
[ 5] [ ] [ 1] [ 1] [ ]
[ 6] 1] G [ 1] 1]

2.4.1 Fl exural Strength

Test Procedures shall be per ASTM D 6109 except as nodified herein
Speci mens Test ed

A mninum sanpl e size of five specinens shall be tested to deternine
the flexural properties of the fender pile type.

Al | owabl e Fl exural Strength

The Al lowabl e Flexural Strength (Ma) of the pile is given as the
Nom nal Flexural Strength M, divided by the General Adjustnent
Factor, Ga. The Nominal Flexural Strength, M, of the pile is
product of the nean value minus one standard deviation at 3
percent strain (Fb at 3 percent strain) and the section nodulus S
of the pile. The General Adjustment Factor, Ga, which accounts for
end use and the duration of the tests, is given as 3.0.

Ma=Mn/ Ga and Mh=(Fb at 3 percent strain) x S

Lateral ly-1 oaded piles shall be cycled five times to the | esser of 1.0
percent strain or 30 percent of failure.

4.2 Fl exural Stiffness

The Design Flexural Stiffness, (El) of the pile is the product of the
Modul us of Elasticity (E) of the pile and the Moment of Inertia (1)of the
gross section of the pile. The Mdulus of Elasticity (E), is the average
val ue of the Chord Mddulus at 1 percent strain determ ned in accordance
with ASTM D 6109. A factor of safety of 2 shall be used for flexure.

.5 SI ZE TOLERANCES

.5.1 Circular Piles

The tol erance agai nst the specified dianmeter shall be plus or minus 3

percent. The maxi mum eccentricity (out of roundness)at any cross-section
is e=0.2 when cal cul ated as foll ows:

e=(square root of (a2—b2)) di vided by a; where 2a = nmajor dianeter and 2b =
m nor di anmeter.

.5.2 Square Piles

The di nensi ons shall not vary fromthe specified dinension by nore than 3
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percent. The squareness of the piles shall not be greater than 3 percent
when cal cul ated as follows: the percentage shall be determ ned by
measuring the opposing diagonal s and using the |larger dianeter as the
nunerator and the smaller diagonal as the denoni nator.

2.6 VATERI ALS

2.6.1 Physi cal Properties

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: The designer shall select the appropriate
pile types and fill in the required physical
properties for each pile. Properties which do not
apply to a particular pile type may be del eted or
i ndi cated as n/a.

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

The physical properties for each type of material shall be as follows: The
Contractor shall subnmit Material Test Reports, as applicable, for each type
of material.

Physi cal Properties of Polyneric Material

Property Type 1 Types 2,3 & 4 Type 5 Type 6

Density 540- 800 core 540-800 core 2,200 nmin. [ ]
ASTM D 792 800- 1050 skin 800-1050 skin

kg/ e

Wat er < 3% < 3% < 3% [ ]
Absor ption
ASTM D 570
at 24 hours

Brittl eness No Break No Break No Break [ ]
ASTM D 746

at -40°C

Har dness 45-55 45-55 [ ] [ ]
ASTM D 2240
Shore D

U traviol et <or= 10% <or= 10% [ ] [ ]
ASTM D 4329

Change in

Shore D

Dur omret er

Har dness after

500 hours

Exposure

Weat herability <or= 10% <or= 10% <or= 10 [ ]
ASTM D 6662

Change in

Fl exur al

Modul us and

Strength

after

2000 hours
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Physi ca

Properties of Polyneric Materi al

Property Type 1
Exposure

Fl ame Spr ead <or= 200
Rating ASTME 84

Abr asi on <0. 5¢g
ASTM D 4060

Wei ght | oss

Wear | ndex:

2.5-3.0

Cycl es:
10, 000

Conpr essi ve 24,000
Modul us

ASTM D 695

kPa, m ni mum

Tensil e 3, 450
Properties

ASTM D 638

kPa, m ni num

Tensile Strength [ ]
Circunferentia

ASTM D 1599

kPa, m ni num

Fl exur al [ ]
Properties

psi, nnimm

Fi ber Percent [ ]
by Vol une
m ni mum

Fi ber Percent [ ]
by Wei ght

nmi ni mum

Lam nate Void [ ]

Cont ent
per cent

Physi ca

Types 2,3 & 4 Type 5 Type 6

<or= 200

<0. 5g

275, 000

3,450

[
ASTM D 6109, except as nodified herein

<or= 200 [ ]
n/ a [ ]
340, 000 [ ]
410, 000 [ ]
240, 000 [ ]
[ ] [ ]
50 [ 1

68 [ 1]

Properties of Polyneric Materi al

Property Type 1

Density 34-50 core
ASTM D 792 50- 65 skin

b/ ft3

Wt er < 3%
Absor ption

Types 2,3 & 4 Type 5 Type 6

34-50 core
50- 65 skin

<

3%

140 mn. [ ]

< 3% [ ]
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Physi ca

Properties of Polyneric Materi al

Property
ASTM D 570
at 24 hours

Type 1

Brittl eness No Break

ASTM D 746
at -40°F
Har dness 45-55
ASTM D 2240
Shore D

U traviol et <or= 10%
ASTM D 4329
Change in
Shore D

Dur omret er

Har dness after
500 hours
Exposure

Weat herability <or= 10%
ASTM D 6662
Change in

Fl exur al
Modul us and
Strength
after

2000 hours
Exposure

Fl ame Spr ead <or= 200
Rat i ng

ASTM E 84

Abr asi on
ASTM D 4060
Wei ght | oss
Wear | ndex:
2.5-3.0

Cycl es:
10, 000

<0. 5g

Conpr essi ve
Modul us

ASTM D 695
psi, ninimm

3, 500

Tensil e 500
Properties

ASTM D 638

psi, nnimm

Tensile Strength [ ]
Crcunferenti al

ASTM D 1599

psi, nnimm

Types 2,3 & 4 Type 5

No Break

45-55

<or= 10%

<or= 10%

<or= 200

<0. 5g

40, 000

500

No Break

Type 6

G

<or= 10

<or= 200

50, 000

60, 000

35, 000
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Physi cal Properties of Polynmeric Materi al

Property Type 1 Types 2,3 & 4 Type 5 Type 6

Fi ber Percent n/ a [ ] 50 I
by Vol une
m ni mum

Fi ber Percent n/ a [ 1 68 [ 1]
by Wi ght
m ni mum

Lani nate Void n/ a n/ a -2 [
Cont ent
per cent

2.6.2 Type 2 and 3 Polyneric Piles

2.6.2.1 Pl acement of Reinforcing

Longi tudi nal reinforcement shall remain within 5 percent of the specified
radial location as neasured fromcentroid of the cross-section of the
pile. Longitudinal reinforcenent shall not tw st nore than 5 degrees over
any 6.1 m 20 foot section of the pile. The mninmumcover shall be 25 mr 1
i nch.

.6.3 Type 5 Polyneric Piles
.6.3.1 Pol ymeri ¢ Conposite Tube

The polyneric conposite pile shall be conprised of material which provides
the tube strength. The polynmeric material shall be "Fibergl ass”

(d ass- Fi ber-Rei nforced Thernosetting-Resin). The tube shall be

manuf actured in accordance with ASTM D 2996 and ASTM D 2310.

.6.3.2 Quter Surface

The outer surface is to provide a protective barrier as well as wear and

i npact resistance and shall be conprised of a suitable, high inpact, marine
grade coating. It shall provide an ultraviolet and chem cal resistant
barrier of at least 0.75 mr 0.03 inch thickness and be of a black opaque
col or.

.6.3.3 | nner Surface

The inner surface shall be conprised of a pure polyneric liner |ayer of at
| east 0.64 mr 0.025 inch thickness for alkalinity resistance. The inner
surface shall be roughened or winkled to provide adhesi on of the inner
shell to the concrete fill.

.6.3.4 Concrete Fil

The concrete fill shall be secured and engaged within the polyneric
conposite tube and act conpositely. The concrete fill shall have a m ni mum
28-day conpressive strength of 41.4 MPa 6,000 psi. Core concrete shall be
expansive in nature and nmust set to a permanent positive stress, with a

m ni mum out ward expansi on of 0.14 MPa 20 psi. Submit a concrete m x design
certifying that the proportioning of the mx is in accordance with ACI 211.1
or ACI 318N ACI 318 for specified strength and is based upon aggregate data
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whi ch has been determined by | aboratory tests during the |last twelve
nmonths. Al material to be provided by an approved batch plant.

.7 PI LE FI NI SH NG
.7.1 Pol ymeric Pile Protection

The top of the polyneric piles shall have an abrasion resistance | ess than
0.5g per ASTM D 4060. If the materials are reactive to seawater, the pile
shal |l be protected by encasenent in an abrasion resistant polynmer. [The
protective encasenent shall extend, as a minimum from 0.6 nm 2 feet bel ow
the lowest low water to 0.6 m 2 feet above the highest high water, unless
i ndi cat ed ot herwi se. ]

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

NOTE: For barges or other flat sided vessels and
for systens supporting deep draft separators, the

| ength of protection may need to be increased. For
barges, the contact surface nay be near the deck

level if there is arail, or if the piles are sl oped
the contact area may be near the bottom of the
hull. For deep draft separators, the contact areas

will be at the upper and | ower rub strips.

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

.7.2 Surface Condition

The pile surface exhibiting roughness or corrugati ons due to nmanufacturing

processes, shall not have depressions or projections greater than 12 mr 1/2

inch and | ess than 5, 800 m> 9 in? in surface area. The surface of the

pile shall contain no cracks or splits, in any orientation.
. 7.3 Pile Tops

The tops of the polymeric piles shall be covered with an approved cap or
encapsul ated in polymeric material.

.7.3.1 Pile Top Caps

The caps shall be nade of a polyethylene material, have a thickness of
approximately 3 mm 0.125 inches and be colored to match the pile. The caps
shal |l be secured in place with 6 nmdiameter by 38mr 1/4 inch diameter by 1
1/2 inch long stainless steel screws spaced a maxi nrum of 200 nm 8 i nches on
center, The screws shall be centered in the ribbon band of the cap. The
screw types shall be appropriate for the matrix material and be placed in
pil ot hol es.

.8  SOURCE QUALITY CONTROL
.8.1 Pl ant | nspection

The Contracting O ficer reserves the right to performplant inspection of
the polyneric pile manufacturing process. Provide the Contracting O ficer
with a mninum 2-week advance notice, indicating the date manufacturing is
to start, and tests that are to be conducted. Allow the Contracting
Oficer unlimted access to the plant and inspection privileges for each
facet of the manufacturing process.
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2.

2.

8.2 Curing
8.2.1 Type 1, 2, 3 and 4 Polyneric Piles

The polyreric piles, Types 1, 2, 3 and 4 shall cure at the plant a nini mum
of three weeks prior to shipnment to the site.

.8.2.2 Type 5 Polyneric Piles

Concrete filled piles shall be filled with concrete prior to driving.
Support the pile to prevent sag during concrete placenent and curing. The
Type 5 polyneric piles shall cure a mininmumof one week prior to placenent
of the concrete fill. Piles shall be noved to curing table within 20

m nutes of wet concrete placenent. Do not handle or transport piles for
seven days or until concrete has reached 17 MPa 2,500 psi strength. Drive
piles after full strength has been obtained or after 28 days of curing.

.9 MANUFACTURER S WARRANTY

In addition to the Manufacturer's standard one year warranty, the

Manuf acturer shall warranty all polyneric piles to be free fromdefects in
materials and workmanship for a period of ten years. The Contracting
Oficer has the right to require conplete replacenent of any pile with

mat eri al or workmanshi p defects. The Manufacturer shall cover al
construction costs related to the repair or replacenent of the defective
piles. This warranty need not cover repairs required as a result of nornal
wear and tear, msuse, mshandling, extreme weather or other acts of Cod,
failure to performroutine maintenance, non-reconmended or inproperly
executed alterations by anyone other than the Manufacturer, tanpering,

| oading of the pile beyond its rated capacity, inproper installation, or
ot her use inconsistent with Manufacturer's specifications.

.10 CONTRACTOR' S WARRANTY

The Contractor shall warranty all polymeric piles to be free fromdefects
in materials caused by mshandling prior to installation and inproper
installation for a period of 5 years. The Contracting Oficer has the
right to require conplete replacenent of any pile deemed by the Contracting
Oficer to have defects due to nmishandling or inproper installation. The
Contractor shall cover all construction costs related to the repair or

repl acenent of the defective piles.

PART 3 EXECUTI ON

.1 | NSTALLATI ON
1.1 Type 5 Polyneric Piles

.1.1.1 On Site Storage

Piles shall be stored and continually supported in a manner which mnimzes
creep, saddling and sag.

.1.2 Pr eexcavati on

.1.2.1 Jetting of Piles

Jetting of piles shall not be permtted without the approval of the
Contracting O ficer.
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3.

3.

3.

3.

1.2.2 Spuddi ng of Piles

Spuddi ng of piles shall not be permtted w thout the approval of the
Contracting Officer. |If spudding is allowed, it shall be limted to an
el evation 5 feet above the specified pile tip elevation.

1.2.3 Predrilling of Piles

Predrilling of piles shall not be permtted without the approval of the
Contracting O ficer.

1.3 Driving Piles
1.3.1 Equi pnent

Pile driving equi pnent shall be an air, steam or diesel powered hamrer,
and be of an approved type. The driving hamrer shall have a capacity at

| east equal to the hamrer Manufacturer's recommendation for the total

wei ght of pile and character of subsurface material to be encountered.
Provide driving helmet, pile caps, pile driving tips and driving pads as
recomrended by the pile Manufacturer for the polyneric piles. |If a pile
fails to reach the indicated tip elevation, notify Contracting Oficer,
provide pile record and performcorrective neasures as directed. Provide
hearing protecti on when noise |l evels exceed 140 dB.

.1.3.2 Protection of Piles

Square the heads and tips of piles to the driving axis. Laterally support

piles during driving, but do not unduly restrain piles fromrotation in the
| eads. The use of swinging or hanging | eads shall be at Contractor's risk.
Any damage incurred by such use shall be repaired by the Contractor at the

Contractor's expense.

.1.3.3 Tol erances in Driving

Piles shall be driven in the locations indicated. Each fender pile, at its
contact with the design nudline or nudline elevation indicated in the
construction docunents, shall be placed a maxi rum of 40 nm per neter 0.5
inch per foot of free pile length (length in neters feet above the average
soil contact line at each pile)in a direction parallel to the pier face and
10 mm per neter 0.125 inch per foot of the free pile length in a direction
perpendicular to the pier face. Renove and replace with new piles those
damaged, mislocated, driven bel ow the design cutoff, or driven out of

al i gnment .

1.4 Buoyant Pil es

After driving buoyant piles, the contractor shall provide tenporary fram ng
or weights to prevent the pile fromfloating up out of the ground. The
tenmporary fram ng or weights shall remain in place until the pile is
secured in place. |If there is sufficient friction provided by the soil to
prevent the pile fromfloating, the Contractor may, at his own risk, waive
the tenporary framing or wei ght requirenent.

. 1.5 Pile Cut-Of

Each pol yneric pile provided shall be a mninumof 0.6 neter 2 feet |onger
than the specified length to allowthe top to be cut-off if it is damaged
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during driving. Cut off piles with a snooth |evel cut using pneumatic
tools, sawing, or other suitable methods per the polyneric pile

Manuf acturer's recomrendati ons. Use of explosives for cutting is not
permtted. Pile heads at cut-off shall be |evel and sound. The Contractor
shall cut off piles at no additional cost to the Governnent.

.1.6 Fast eni ng

Fasten the polyneric piles to the existing pier as indicated.
.2 FIELD TREATMENT

2.1 Pol yneric Wrk

Field treat cuts, bevels, notches, refacing and abrasions made in the field
in accordance with the Manufacturer's recommendations. The tops of the
piles shall be covered with an approved cap. The cover shall be applied
per the Manufacturer's recomendati ons.

.3 FI ELD QUALI TY CONTROL
. 3.1 | nspections

I nspect piles when delivered and when in the | eads i mediately before
driving. Secure piles in their proper alignment.

When Governnent inspections result in product rejection, the Contractor
shal |l pronptly segregate and renove rejected material fromthe prem ses.
The Governnent may al so charge the Contractor an additional cost of

i nspection or testing when prior rejection nakes reinspection or retesting
necessary.

.3.1.1 Strai ght ness

Each pile shall be neasured for straightness prior to driving by placing a
straight line fromthe center of the top to the center of the tip. The
line shall lie entirely within a 250 mr 10 inch dianeter circle centered at
the centerline of the pile, when it is suspended fromthe head. The piles
shall also be free of short crooks that deviate nore than 64 mr 2% i nch
fromstraightness in any 6 neter 20 feet length. Piles not neeting with
criteria shall be rejected.

.3.1.2 Cracks and Defects

Each pile shall be inspected for cracks and defects prior to driving.
After the piles are installed and all connections to the structure are
conpl eted, each pile shall again be inspected for cracks and defects. The
Contractor shall notify the Contracting O ficer of any cracking or other
defects observed, and await direction. The Contracting Oficer may reject
any piles with defects. The Contractor shall be responsible for all costs
incurred to replace the rejected piles.

. 3.2 Pile Driving I nspection
The Contractor shall perform special inspection of the pile installation.
The Contractor shall enploy approved Special Inspectors as required in the

par agraph entitled "QC Specialist Duties and Qualifications" in Section
01 45 00.00 10 01 45 00.00 20 01 45 00.00 40 QUALI TY CONTROL.
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3.

3.3 Pil e Records

For each pile, keep a record of the nunmber of blows required for each 0.30 m
foot of penetration and the nunber of blows for the last 150 mr 6 inch
penetration or fraction thereof. Include in the record the begi nning and
ending tines of each operation during driving of pile, type and size of the
hamrer used, rate of operation, stroke or equival ent stroke for diese
hamrer, type of driving helmet, and type and di nensi on of the hamer
cushi on (capbl ock) and pile cushion used. Record re-tap data and any
unusual occurrence during driving of the pile. Include in the record
performance characteristics of jet punp, unassisted penetration of pile,
jet-assisted penetration of pile, and tip elevation before driving and at
end of driving. Notify Contracting Oficer 10 days prior to driving of
piles. Submit conplete and accurate records of installed piles to
Contracting Officer within 15 cal endar days after conpletion of the pile
driving. Make pile-driving records available to the Contracting O ficer at
the job site within 24 hours of each day's pile driving. A preprinted form
for recording pile driving data is included at the end of this section.
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Pl LE DRI VI NG LOG

CONTRACT NO CONTRACT NAME
CONTRACTOR TYPE OF PILE
Pl LE LOCATI ON PI LE SI ZE: BUTT/ Tl P: LENGTH
GROUND ELEVATI ON CUT OFF ELEVATI ON
PI LE TI P ELEVATI ON VERTI CAL ( ) BATTER 1 ON ( )
SPLI CES ELEVATI ON COVPANY
HAMMER: MAKE & MODEL WI. RAM
STROKE RAM RATED ENERGY

DESCRI PTI ON & DI MENSI ONS OF DRI VI NG CAP

CUSHI ON MATERI ALS & THI CKNESS

I NSPECTOR

"DEPTH' CCOLUWN OF PILE DRI VI NG RECORD REFERENCED TO MJDLI NE ELEVATI ON

TIME:  START DRI VI NG FI' NI SH DRI VI NG DRI VI NG Tl ME
| NTERRUPTI ONS (TI ME, TIP ELEV. & REASON)

JET PRESSURE & ELEVATI ONS

DRI VI NG RESI STANCE

DEPTH NO. OF DEPTH NO. OF DEPTH NO. OF DEPTH NO. OF
M BLONG M BLONG M BLONG M BLONG
0 3.0 7.0 10.0

0.3 3.3 7.3 10.3
0.6 3.6 7.6 10.6
0.9 3.9 7.9 10.9
1.2 4.2 8.2 11.2
1.5 4.5 8.5 11.5
1.8 4.8 8.8 11.8
2.1 5.1 9.1 12.1
2.4 5.4 9.4 12. 4
2.7 5.7 9.7 12. 7

RENMARKS

Pl LE TOP ELEVATI ON: FROM DRAW NG

TI P ELEVATI ON = GROUND ELEVATI ON - DRI VEN DEPTH =

DRI VEN LENGTH = PI LE TOP ELEVATION - TIP ELEVATION =

CUT OFF LENGTH = PILE LENGTH - DRI VEN LENGTH =
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PI LE DRI VI NG LOG

CONTRACT NO CONTRACT NAME

CONTRACTOR TYPE OF PILE

Pl LE LOCATI ON PI LE SI ZE: BUTT/ Tl P: LENGTH
GROUND ELEVATI ON Pl LE TOP ELEVATI ON

PI LE TI P ELEVATI ON COVPANY

HAMMER: MAKE & MODEL WI. RAM

STROKE RAM RATED ENERGY

DESCRI PTI ON & DI MENSI ONS OF DRI VI NG CAP

CUSHI ON MATERI ALS & THI CKNESS

I NSPECTOR

"DEPTH' COLUWN OF PILE DRI VI NG RECORD REFERENCED TO MJUDLI NE ELEVATI ON

TIME:  START DRI VI NG FI' NI SH DRI VI NG DRI VI NG Tl ME
| NTERRUPTI ONS (TI ME, TIP ELEV. & REASON)

JET PRESSURE & ELEVATI ONS

DRI VI NG RESI STANCE

DEPTH NO OF DEPTH NO OF DEPTH NO OF DEPTH NO OF

FT. BLONG FT. BLONG FT. BLONG FT. BLONG
0 10 20 30
1 11 21 31
2 12 22 32
3 13 23 33
4 14 24 34
5 15 25 35
6 16 26 36
7 17 27 37
8 18 28 38
9 19 29 39

REMARKS

PI LE TOP ELEVATI ON:  FROM DRAW NG

TI P ELEVATI ON = GROUND ELEVATI ON - DRI VEN DEPTH =

DRI VEN LENGTH = PI LE TOP ELEVATION - TIP ELEVATION =

CUT OFF LENGTH = PILE LENGTH - DRI VEN LENGIH =

-- End of Section --
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