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NOTE: This gui de specification covers the
requirenents for marine fenders. This specification
i ncludes four different fender types. Each type is
typically used for a different application. The

aut hor shoul d choose the applicable fender types for
the project. The subpart titles indicate the
applicabl e fender type. The author should del ete
any subpart not applicable to the project.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
i nsert appropriate information

Remove information and requirenments not required in
respective project, whether or not brackets are
present.

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

Rk Rk Rk R R IR R R Sk O O e S O R AR Rk R Rk O kO I R IR R I b I Rk I o
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NOTE: Fender type should be sel ected based on the
fol | owi ng consi derati ons:

1. Performance, including energy, berthing angle,
reaction, and hull pressure.

2. Geonetry, including stand-off, dock
configuration, vessel configuration, and tida

vari ation.

3. Configuration and construction, including
corrosion resistance, netted vs not netted, nagnetic
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perneability, buoyancy and portability.

The follow ng information shall be shown on the
proj ect draw ngs:

1. Location, size,and nounting elevation (if
appl i cabl e) of each fender type.

2. Connection details to the waterfront structure.
I ncl ude connection sizes, nmaterial type, enbednent,
pl ate sizes and hole sizes and | ocations, as
appl i cabl e.
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PART 1 GENERAL

1.1 REFERENCES
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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 RID outside of the Section's

Ref erence Article to automatically 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.

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.
AMERI CAN BUREAU OF SHI PPI NG ( ABS)
ABS 2 (1995) Building and d assing Steel Vessels
AVERI CAN VEELDI NG SOCI ETY (AWS)

AWS D1. 1/D1. 1M (2008; Errata 2009) Structural Welding
Code - Steel

ASTM | NTERNATI ONAL (ASTM
ASTM A 123/ A 123M (2009) Standard Specification for Zinc

(Hot-Di p Gal vani zed) Coatings on Iron and
St eel Products

SECTION 35 59 13.16 Page 4



ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM B

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM F

ASTM F

153/ A 153M

307

36/ A 36M

479/ A 479M

563

695

1052

1630

1667

1894

2000

2240

256

3575

412

470

2192

593

(2009) Standard Specification for Zinc
Coating (Hot-Dip) on Iron and Steel
Har dwar e

(2007b) Standard Specification for Carbon
Steel Bolts and Studs, 60 000 PSI Tensile
Strength

(2008) Standard Specification for Carbon
Structural Steel

(2008) Standard Specification for
Stainless Steel Bars and Shapes for Use in
Boi l ers and Ot her Pressure Vessels

(2007a) Standard Specification for Carbon
and Alloy Steel Nuts

(2004) Standard Specification for Coatings
of Zinc Mechanically Deposited on Iron and
St eel

(2005) Measuring Rubber Deterioration-Cut
Growt h Using Ross Fl exi ng Appar at us

(2006) Rubber Property - Abrasion
Resi st ance (Footware Abrader)

(2005) Flexible Cellular Materials - Poly
(Vinyl Chloride) Foam (C osed-Cell)

(2008) Static and Kinetic Coefficients of
Friction of Plastic Film and Sheeting

(2008) Standard Cassification Systemfor
Rubber Products in Autonotive Applications

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

(2006el1) Determining the Izod Pendul um
| npact Resistance of Plastics

(2008) Flexible Cellular Mterials Mde
From d efin Polyners

(2006aele2) Standard Test Methods for
Vul cani zed Rubber and Thernopl astic
El ast oners - Tension

(2005) Crosslinked Insul ations and Jackets
for Wre and Cabl e

(2005) Standard Test Method for
Det erm ni ng and Reporting the Berthing
Energy and Reaction of Marine Feeders

(2002; R 2008) Stainless Steel Bolts, Hex
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1

1

Cap Screws, and Studs

ASTM F 594 (2008) Standard Specification for
Stainless Steel Nuts

ASTM F 844 (2007a) Washers, Steel, Plain (Flat),
Unhardened for Ceneral Use

| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (| SO

| SO 17357 (2002) Hi gh Pressure Floating Pneumatic
Rubber Fenders

U. S. DEPARTMENT OF DEFENSE ( DOD)

M L- PRF- 907 (Rev F) Antiseize Thread Conpound, High
Tenperature

U. S. GENERAL SERVI CES ADM NI STRATI ON ( GSA)

FS RR-C- 271 (Rev D, Am 1) Chains and Attachnents,
Vel ded and Wl dl ess

2 SYSTEM DESCRI PTI ON

2.1 Extruded Fenders

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: Extruded fender systens typically absorb a

m ni mum amount of energy. Therefore, they are
typically used at the wale elevation of fender pile
systems. They have al so been used as festoon
fenders, rub strips and as an energy absorbing

el ement in a separator

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

Extruded fenders are elenents typically nmanufactured in a long length by an
extrusion process. After manufacture, the elements are cut to | ength.
These fender elenments are typically used as fenders for small craft, rub
strips on marine structures, and energy absorbing el enents at the wal e.
Exampl es of extruded fender shapes are 'Side Mouunted Hol | ow Bore',
"Cylindrical', 'D, 'Square', 'W and 'Wng'.

.2.2 Mol ded Fenders

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Mol ded fenders are typically mounted to the
vertical face of a nmarine structure. These systens
are used to berth ships of simlar size and hul
curvature. Therefore, they are usually found in
commer ci al ports

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

Mol ded fenders are el enents manufactured by the nol ded process. They
typically have enbedded netal plates cast into the molds. The fender

el ements are typically used as fenders for nediumto |arge, flat sided
vessel s. The elements can be used as stand-al one fenders, conbined with
nultiple fenders and a face panel, and energy absorbing el enments at the
wal e. They include the shear fenders which absorb energy by defl ecting
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parallel to the attachnment plane. Exanples of nolded fender shapes are
"Arch Fender', "Circle', 'Crcular Dock', 'Fender Bars', 'Hexagonal', and
the 'buckling fender' types, such as 'MW, 'V Leg' and 'V Section'

1.2.3 Foam Fi |l | ed Fenders

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: Foamfilled fenders are typically used at
berths that support ships of various sizes and with
a variety of hull curvatures. Due to the w de
variety of ship types that berth at Nava
facilities, the foamfilled fenders are typically

the fender of choice.
EIR IR R b R S I I I I IR I I I I I R R S I I IR I R I I I I R I I R I I I I R R I S I b b E b I R I I I b I b I b b I I 3 I b b b I

Foam Fill ed fenders are fenders typically manufactured by w appi ng cl osed
cell foamw th a nylon reinforcenent enbedded in a pol yurethane coating.
The fenders typically used for fendering have an internal chain, though
fenders having an external chain/tire netting have al so been used. The
fenders are typically used for berthing of mediumto | arge vessels; vessels
with considerable hull curvature; and at berths that support various ship
types and sizes. The fenders can be used as stand-al one fenders, fendering
bet ween shi ps, or between a ship and a berthing structure.

1.2.4 Pneurmati ¢ and Hydro-pneunmatic Fenders

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

NOTE: Pneumatic fenders are inflated with air and
float on the surface of the water to serve as a
protective buffer for ships. Hydro-pneumatic
fenders are sinilar, but contain water in addition
to the pressurized air, with a counterweight at one
end so the fender is partially submerged and are
specifically designed for the berthing of subnarines.

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

Pneumati ¢ and hydro-pneunmatic fenders are constructed of an inner rubber

| ayer, reinforcing cord | ayers and an outer rubber |layer that forma

synt heti c-cord-rubber sheet, which fornms a cylindrical air-bag with

hem spherical heads at each end,which can be inflated with air. These
fenders can be used as stand-al one fenders, fendering between ships, or
between a ship and a berthing structure. |n hydro-pneumatic fenders, the
upper hemi spherical head has a top plate that allows internal placenent of
water and air into the bag, and the | ower hem spherical head has a bottom
pl ate that provides a connection |location for the counterweight. The
air-bag typically has a long cylindrical shape and is counter-weighted to
float vertically. Hydro-pneunmatic fenders are typically used as fenders
for submarines, acting as buffers between subnarines and berthing
structures and as separators between subnarines. Hydro-pneumatic fenders
can be used in conbination with foamfilled fenders or pneumatic fenders to
support both ships and submarines at the sane berth, if designed
appropriately.

1.3 SUBM TTALS

Rk Rk kR IR R R Sk O kb S O I AR R R R Rk O ok O O R IR I bk S A R

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmttals
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required for the project. Submittals should be kept
to the mninumrequired for adequate quality control.

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 Government approval on Arny
projects, a code of up to three characters within
the submittal 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 O fice; 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 Arny projects.

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

Covernment approval is required for submittals 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 following shall be submitted in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs
Panels G
SD- 03 Product Data
Stainl ess Steel Hardware G
Gal vani zed Steel Hardware G
I ncl ude Manufacturer's product data for all fender hardware,
i ncluding bolts, anchor bolts, inserts, nuts, washers, chains,
t ur nbuckl es, di nmensions, material specifications, working | oads
and ultinmate | oads, as applicable. For anchor bolts and inserts,
i ncl ude nethods and materials for installation.
Restraint Chains G
Facing G

EXTRUDED FENDERS, MOLDED FENDERS
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Extruded fender G
Mol ded fender G

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

FOAM FI LLED FENDERS
Resilient, foamfilled nmarine fenders G

Prior to fabrication, copies of the manufacturer's catal og data
i ncluding reaction, energy and percent conpression curves,
di mensions material specifications, and method of manufacture
shal |l be subnitted for approval. |Include dinmensions, nateria
speci fications, and nethod of nanufacture.

PNEUMATI C AND HYDRO- PNEUVATI C FENDERS
Resilient, pneumatic fenders G
Resilient, hydro-pneunatic fenders G

Prior to fabrication, copies of the manufacturer's catal og data,
performance curves per |SO 17357, dinensions, material
speci fications, and nethod of manufacture shall be subnmitted for
appr oval

SD- 05 Design Data

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

NOTE: Perfornmance requirenents: the rated energy of
the fender shall be no |less than the cal cul ated
berthing energy and the rated fender reaction shal
not exceed the allowable |oad on the structure
supporting it.

The maxi mum reacti on divided by the correspondi ng
contact area, shall be less than or equal to the
maxi mum speci fied hull pressure for fender panels.

Defl ected standoff at specified energy nust be
greater than or equal to mininmum specified
standof f. The undefl ected standoff, including nets
if any, shall not be greater than any specified
undef | ect ed standoff.

Fender design |load shall be less than the rated
reaction of the fender. Static shear force shal
use the mninmumstatic coefficient of friction.
Dynani c shear force for foamfilled, pneunatic and
hydr o- pneunatic shall be the rated reaction tines
the difference between the coefficient of friction
bet ween the structure and fender and the coefficient
bet ween the fender and vessel tines a factor of
safety of 1.5. Dynanic shear force for rubber
fenders for slicing surfaces shall be twi ce the
maxi mum publ i shed dynamic coefficient of friction
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For UHMW agai nst steel, use 0.20 or the maxi mum
published for the coefficient of friction

The ultimate el astoneric elongation shall be at

| east three times the maxi mum el ongati on anti ci pat ed
at maxi nrum desi gn conditions. The bond strength of
the elastoner to its substrate shall be greater than
the elastonmer's tensile strength at the ultinmate

el ongati on.

Structural conponents shall be sized with a design
| oad that does not exceed 80 percent of yield.
Panel | oads shall be based on the greater of:

1. Horizontal line contact applied at center of the
footprint of the fender el enent agai nst the panel
2. Vertical line contact applied at the vertica

center of the footprint of the fender el enent

agai nst the panel

3.  Sinmultaneous horizontal line contacts at top and
bott om edge of the front face of the panel

Design factor for attachnment points, restraints and
nets shall be based on 1.5 tinmes the dynam ¢ shear
The end attachnent |oad shall not exceed 80 percent
of yield. Restraints shall be sized such that the
| oad applied to the weakest conponent does not
exceed 50 percent of its breaking strength.

A weak link, preferably a shackle, sw vel or other
readily repl aceabl e, cost effective conponent shal
be designed to fail fist. Concrete enbednents shal
have a breaking | oad at least 1.25 times the
breaki ng 1 oad of the weakest conponent attached to
t hem

Mechani cal hardware, such as fasteners shall be
sized with a design working | oad that does not
exceed 60 percent of the |lower of the yield or
br eaki ng | oad.

Foamfilled, pneunatic and hydro-pneunatic fenders
shoul d have at |east 50% of the contact dinension in
bearing on the supporting structure, or as
recommended by the manufacturer. The contact
surface for all floating fenders when not under

| oad, should have | ow abrasion characteristics.
Typically UHMWAWPE or plastic is used to face concrete
or conposite elenents in the wear area.

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

EXTRUDED FENDERS, MOLDED FENDERS
Design data for rubber fenders G

Submit rated performance data (RPD) and published perfornmance
curves per ASTM F 2192

FOAM FI LLED FENDERS
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Design data for foamfilled marine fenders G

Submit rated performance data (RPD) and published performance
curves per ASTM F 2192

PNEUVATI C AND HYDRO PNEUMATI C FENDERS
Design data for pneurmatic fenders G
Design data for hydro-pneumatic fenders G

Submit rated performance data (RPD) and published perfornmance
curves per |SO 17357

SD-06 Test Reports
EXTRUDED FENDERS, MOLDED FENDERS
Ozone Resistance G
Low Tenperature | npact Resistance G
Wat er Absorption G
Heat Resistance G
Tests shall have been performed on the specified fender within 5
years of submittal of the reports for approval. Test reports
shal | be acconpani ed by notarized certificates fromthe
manuf acturer certifying that the tested material is of the sane
type, quality, manufacture and make as that proposed to be
suppl i ed.
FOAM FI LLED FENDERS
Fender cyclic-conpression test G
Fender sustained-load test G
Fender pull-through test G

Skin thickness core test G

Submit copies of reports of tests specified herein. The tests
shal | have been perforned within three years of subnittal of the
reports for approval. Also, subnmt reports for tests specified in
ref erenced docunents which are applicable to the particular
material furnished for use.

PNEUVATI C AND HYDRO- PNEUMATI C FENDERS

Prototype fender performance confirmation G

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: Prototype fender performance confirnation
includes the following tests: (1) performance; 2)
angul ar conpression; (3) durability; (4) conpression
recovery; and (5) puncture resistance.

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O
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Material test of rubber G
Di nensi onal inspection G
Air-| eakage test G
Hydrostatic-pressure test G
Pressure Relief Valve Test
Design Proof G

Submit copies of reports of tests specified herein. Also,
submit reports for tests specified in referenced docunents which
are applicable to the particular material furnished for use.

SD- 07 Certificates

Stainl ess Steel Hardware G
Gal vani zed Steel Hardware G

Submit certificates of conpliance certifying that materials neet
the requirenents specified herein. |In addition, when the coating
is shop applied, subnmt certificates of conformance or conpliance
certifying that surface preparation, coverage, and thickness neet
the requirenents specified.

Pneumatic fenders G

Submit certificates of conpliance certifying that materials neet
the requirenents specified herein.

Hydr o- pneunati cfenders G

Submit certificates of conpliance certifying that material s neet
the requirenents specified herein.

SD- 08 Manufacturer's Instructions
Installation Instructions
Provide installation instructions for each fender type.
SD- 10 Operation and Mai ntenance Dat a
Fender Manua
Provi de fender manual for each fender type.
1.4 DELI VERY, HANDLI NG AND STORAGE
Fenders shall be undanaged when delivered and shall be handl ed and stored
so as to prevent danage, such as bending or abrading end fittings, cutting

of rubber, or damage to coating of hardware. Protect fenders from exposure
to damaging liquids, oils, greases and extended exposure to sunlight.
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4.1 Rej ection

Fenders that are delivered to the site in a damaged condition or that are
not in confornmance with this specification are subject to rejection. Any
rejected materials shall be replaced with suitable materials, at no

addi tional cost to the Governnent.

4.2 Fender Marki ng

Unl ess ot herwi se specified, all fenders shall be identified in readable
characters at least 1 in.25 mr high, either directly or on corrosion- and
sunlight resistant pernmanently attached tags. The narkings shall include
the follow ng:

a. full or abbreviated nanufacturer nane,

b. fender size nodel or part nunber designation,

c. fender serial nunber

d. ASTM designation (including type, grade and cl ass) or |SO nunber
and year, as applicable,

e. initial or rated internal pressure (pneumatic and hydro-pneunatic
fenders only,

f. rated performance (energy and reaction), and

g. type of reinforcenent |ayer (pneumatic and hydro-pneunmatic fenders
only,) and

h. other information as the purchase specification or contract
requires.

1.4.3 Fender Instructions and Manua

Provide installation instructions and a fender manual descri bing
mai nt enance requirements for each fender type.

4.4 Handl i ng Coated Materia
Store, handle and place coated material in a manner that will ninimze
damage to the coating and will not reduce its effective protective val ue.

Repai r damaged surfaces as directed and per the Manufacturer's
recomrendati ons. Handl e coated work which is flexible in a manner that

will prevent flexing sufficient to crack coating, especially when
tenmperature is bel ow 40 degrees F. Do not place coated surfaces on strips
or skids until coating has hardened thoroughly. Wde fabric slings used
for lifting, and strips, slings, blocks, skids, cradles, and other supports
shal | provide ample bearing areas. |In transporting, fasten and protect
coated materials in a manner that will prevent novenent and precl ude
chafing and rubbi ng, and when unl oadi ng, do not dunp or drop. Place coated
material in position carefully on suitably prepared beds and with a nmi ni mum
of handl i ng.
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5 QUALI TY ASSURANCE
51 Extruded Fenders, Mol ded Fenders

Fender el enents shall be nol ded of rubber, honpbgeneous and free from any
defects, inpurities, pores or cracks. Were internal plates are used, the
rubber shall be bonded to integral steel nmounting plates. The plates shal
be fully encased in rubber to a mnimumthickness of 1/16 inchl.6 m.

5.2 El ast onmer Skin

The el astoner skin of the fender shall be free fromcracks, burrs, warpage,
checks, chipped or blistered surfaces, and shall have a snooth surface.

53 Foam Cor e

The foam core shall be honbgeneous and of one piece fabricated construction
and shall not be in chip or granular form The foam core shall not contain
scraps, strips, or sheets of foameither rolled or stuffed into the

requi red shape unl ess pieces are bonded together in layers of uniform
patterns to form a honmbgeneous, one piece core. Honobgeneous foamrings of
adequat e thickness to insure perfornance of the fender are acceptable

provi ded the Contractor can show a m ni mum 5-year performance of simlar

f enders.

.5.4 Steel Fabrication

The steel used in fabrication shall be free fromkinks, sharp bends, and
ot her conditions which would be detrinmental to the finished product.
Manuf act uring processes shall not reduce the strength of the steel to a
val ue I ess than intended by the design. Manufacturing processes shall be
done neatly and accurately. WMake bends by controlled means to insure
uniformty of size and shape.

.5.5 Wl di ng

AWS D1.1/D1.1N. Welds shall be of sufficient size and shape to devel op the
full strength of the parts connected by the welds. Welds shall transmt
stress without permanent deformation or failure when the parts connected by
the weld are subjected to proof and service | oadings.

.6 FOAM FI LLED FENDERS, PNEUNMATI C AND HYDRO- PNEUMATI C FENDERS - WARRANTY

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

NOTE: The warranty requirements in this guide

speci fication have been approved by a Level |
Contracting O ficer in accordance with the

requi renents of NAVFAC P-68. The paragraphs in this
gui de specification nay be used without further

appr oval
EE IR I Sk S S I S S I O R R R Rk kS kR S Ik S I O R Sk I S O S

Furni sh the manufacturer's warranty. The warranty shall be issued directly
to the Governnent and shall not be Iimted in dollar value. The warranty
period shall be not less than 1 year fromthe date of Government acceptance
of the work.
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PART 2  PRODUCTS

2.1 EXTRUDED AND MOLDED FENDERS
2.1.1 Configuration

2.1.1.1 Ext ruded Fender

Fenders shall be extruded and continuous in the length indicated. The
fenders shall be black in color. The fenders shall have a truncated "A"
cross section shape and be attached to the structure at the base, the

wi dest di nmension, of the arch. The connecting hardware shall be fully
exposed. No encased hardware or nolded fenders shall be allowed. The
fender and hardware shall be designed and factory tested to the | oads per
linear neter foot of fender specified in paragraph entitled "Perfornmnce,"
for angles of approach of 0 and 0.26 rad 0 and 15 degrees. Fender anchor
bolts and nethod of anchorage shall be of the size and spacing required by
the manufacturer's design and testing; however, the size and spaci ng of
anchor bolts indicated on the drawi ngs shall be construed to be the m ninum
requi red, unless exceeded by the requirenments of the fender manufacturer's
desi gn.

2.1.1.2 Mol ded Fender

Fenders shall be nol ded and continuous in the length indicated. The
fenders shall be black in color. Each fender shall be nol ded of rubber,
honogeneous and free from any defects, inpurities, pores or cracks, and
bonded to integral, steel nmounting plates. The nmounting plates shall be
fully encased in rubber with a mnimumthickness of 1/16 inchl.6 mr. The
fender and hardware shall designed for and be factory tested to the | oads
specified. Fender anchor bolts and nmethod of anchorage shall be of the
size and spaci ng di nensions required by the manufacturer's design and
testing; however, the size and spacing of anchor bolts indicated on the
drawi ngs shall be construed to be the m ninmumrequired, unless exceeded by
the requirenents of the fender manufacturer's design.

2.1.2 El ast oner

The el astomer shall be the ethyl ene propyl ene di nonormer (EPDM, as
specified in ASTM D 2000, with the followi ng line callout:

R S I b Sk S S I R S I R R S I R S I
NOTE: Coordi nate values with cal cul ated design
requi renents. The 3BA 720 conmpound is the typica
conmpound. The 3BA 620 conpound has approxi nmately
70% of the energy capacity and a reduced reaction
O her conpounds nmay be avail abl e.

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

a. 3BA 720 A, B3 C,, EA,, F1,
[b.  3BA 620 A, B C, EA;, F1,]

Tests shall include Ozone Resistance, Low Tenperature |npact Resistance,
Wat er Absorption, Heat Resistance.

2.1.3 Per f or mance Requi rements

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: This performance criteria should be tailored
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for extruded and nol ded shapes. Coordinate val ues

wi th cal cul ated design requirenments
EE IR I Sk S S I S S S S R R R Rk S I S Sk S I I R S Ik S I R Sk I S O R

Each of the rubber fenders shall have the foll owi ng perfornmance
characteristics:

Sl ZE ENERGY ABSORPTI ON REACTI ON FORCE
at 48% conpressi on at predicted energy attai nment
[ x "] — ft-Kips] — Kips][___mx ___n
[ KN- i [ kN]
When vertically conpressed by a plate extending the full length and width

of a 300 nm one foot section of the fender, the fender shall absorb |

[ ] newton-neters [ ] foot-pounds of energy +10 percent when [ 48]
[ ] percent conpressed (i.e., to a dimension of [52] [__ ] percent of
its original height) with a corresponding | oad of not nore than [ ]
[ ] NI ] ] pounds +10 percent.

2.1.4 Break-1n Defl ection

Break-in deflection is required for buckling type fenders with reaction
ratings of 100 tonnes or nore, or if the energy-absorbing material has a
reacti on decrease of more than 10 percent between its original deflection
and and its fifth deflection. Break-in deflection shall be to at |east the
manuf acturer's rated deflection. The number of break-in cycles shall be
sufficient to assure each elements first on-dock reaction will not exceed
it fully broken-in reaction by nore than 5 percent.

2.1.5 St ai nl ess Steel Hardware

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

NOTE: It is recoomended that all concrete inserts
be of stainless steel nmaterials.

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

2.1.5.1 Pl ates and Angl es

ASTM A 479/ A 479N, Type 316L stainless steel for plates, angles, and
m scel | aneous hardware required to attach the fenders to the structure.

2.1.5.2 Bolts, Nuts, and Washers
ASTM F 593 or ASTM F 594, G oup 2 (316 alloy) stainless steel for nuts and
bolts. ASTM F 844 for washers, except fabricate washers of 316 all oy
stainl ess steel.

2.1.5.3 Anti sei ze Conpound
M L- PRF- 907.

2.1.6 Gal vani zed Steel Hardware

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: Gal vani zed steel hardware may be used at
| ocati ons where the hardware can be easily repl aced.

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS
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Al'l hardware shall be hot-dip galvanized in accordance with
ASTM A 123/ A 123N, ASTM A 153/ A 153N or ASTM B 695, as applicable.

.1.6.1 Pl at es
ASTM A 36/ A 36N
.1.6.2 Bol ts, Nuts and Washers

Bolts shall be ASTM A 307. Nuts shall be ASTM A 563, grade A heavy hex.
Washers shall be ASTM F 844 of carbon steel.

1.7 Restrai nt Chai ns and Shackl es

Chain and shackl es shall neet the requirenents of FS RR-C-271. The chain
assenbly shall have a design safety factor of 3:1 based on m ni num breaki ng
strength.

.1.8 Panel s

Panel design shall be of closed box construction for optinum strength and
corrosion resistance. Material thickness shall be 3/8 inch9.5 mr m ni num
when one side is exposed and 1/2 inchl1l2.7 mr nmini mum when both sides are
exposed.

.1.8.1 Faci ng

Faci ng on the panels shall be UHMAPE (ultra hi gh nol ecul ar wei ght

pol yethyl ene), ultraviolet stabilized with 2.5 percent carbon bl ack or

equi valent, mnimm1/2 inchl2.7 mr wear thickness, with a 0.20 naximm
coefficient of friction per ASTM D 1894. The UHMAPE shall exhibit no
failure when tested per ASTM D 256, Method B. The facing connections shall
be configured to account for the thermal properties of the pol yethyl ene.

.2 FOAM FI LLED FENDERS
2.1 Configuration

Fenders shall have cylindrical m d-bodies with conical or henispherica
shaped ends termnating in an end fitting on the cylinder's centerline at
each end. |If conical ends are provided, they shall have an angle of 60 to
75 degrees, when neasured fromthe central axis of the fender. The
fittings at either end shall be connected through the center of the fender
by a chain, shall terminate in a clevis fitting sized for the indicated
shackl e and shall swivel to allowthe end fitting to rotate freely on the
axis of the fender. Design end fitting as small as possible to transm t
the ultimate | oad of the shackle to the fender. End fitting shall be sized
so as not to contact |oading surfaces when the fender is conpressed to 30
percent of its original dianmeter (70 percent conpression). Fill interior
of the fender with energy absorbing closed-cell foam as specified. The use
of chipped or particulate foamis not acceptable.

.2.2 Foam Cor e

The energy absorbing foamcore shall be a closed-cell cross-1inked
pol yethyl ene foamwi th the foll ow ng properties:

a. Density, ASTM D 1667, [52 to 104] [___ ] to [ ] kg/nd [3.3 to

] to[__ ] Ibs/ft3
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b. Tensile strength, ASTM D 3575 or ASTM D 412, [550] [
[80] [___ ] psi mininmm

e. Continuous service tenperature, [-54 to 49 degrees C] [-65 to +120
degrees F] |

f. 25 percent conpressive set, ASTM D 1667, [8 percent] [__ |
nmaxi num *

g. 50 percent conpressive set, ASTM D 3575, [12 percent] |
maxi mum *

* Contractor option: Conpressive Set of foamcore material shall be based
on either the 25 percent or the 50 percent requirenent |isted.

2.2.3 Fender Skin

The outer fender skin shall be mnimur [32] [ ] my [1.25] [ ] inches
thick and constructed of elastonmer as specified. Filanment reinforcing is
required. [Twelve] [__ ] separate filament reinforcing waps shall be
appl i ed as specified under Filanment Wap. The filanment waps shall be
evenly distributed in the inner 80 percent to 90 percent of the coating
thi ckness. The outer 10 percent to 20 percent of elastomer shall have no
filament reinforcing. The elastoner and filanents shall be applied in a
conti nuous manner to assure adhesi on between the various |ayers. The
connection of the skin to the end fittings shall be designed and sized to
transmt twice the safe tensile capacity of the chain into the fender skin.

2.2.3.1 El ast oner

The el astoner used in the fender skin shall be 100 percent PTMEG

(pol yt et ranmet hyl eneet her gl ycol) pol yether urethane el astoner, ultraviolet
stabilized with 2.5 percent carbon black or equivalent, with the follow ng
unr ei nforced properties:

a. Shore A hardness, ASTM D 2240, [80 to 95] |

b. Tensile strength, ASTMD 412, [19.3] [__ ] MPa [2800] [__ |
psi m ni munmn.

c. Elongation (ultimate), ASTM D 412, [300 percent] [

d. Tear strength, ASTM D 470, [1.25] [__ ] kg per nmr [70] [__ |
| bs/inch m ni num

e. Flex life (Ross), ASTM D 1052, [200,000] [

f. Abrasion resistance (NBS), ASTM D 1630, [100] [__

2.2.3.2 Fil ament Wap

Construct each filament reinforcing wap of continuous filanents applied in
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a helical pattern, at a helix angle of 0.79 to 1.05 rad 45 to 60 degrees to
the Il ongitudinal axis of the buoy. A wap shall consist of two such
filament helixes of equal but opposing helix angles. The spacing between
the filanments in the same helix shall be no nore than 3 mr 1/8 inch
neasured in a direction parallel to the longitudinal axis of the fender.
Each wrap shall extend along the entire |ongitudinal axis of the fender and
shal |l al so encase the fender end fittings and secure themto the fender
body. The reinforcing filaments shall be nylon tire cord of 0.00028 kg per
nm 2540 denier weight with the follow ng properties:

a. Breaking strength, [235] [__ ] N[53] [ ] pounds

b. Elongation (ultimte), [18] |

.2.3.3 Col or

Fender skin color shall be black throughout the entire thickness.
Gal vani zed hardware shall be unpainted.

.2.3.4 Repairability

The fender casing shall be repairable in the event of tears or punctures in
the el astomer skin. The repaired area shall have not |ess than 90 percent
of the properties as specified in paragraph entitled "Elastonmer." Required
repair materials shall be readily available fromthe fender nanufacturer

.2.4 I nt ernal Hardwar e
The internal chain connecting the two end fittings and the two end fittings

shal | be gal vani zed in accordance with ASTM A 123/ A 123N or
ASTM A 153/ A 153N as appropriate. The chain and end clevis fitting shal

have a mnimumultimte tensile capacity of [640,000] [_ ] N [144, 000]
[ ] pounds. The internal chain and end clevis fitting shall have a
mnimmultimte tensile capacity of [578,000] [ ] N[130,000] [__ ]
pounds. Shackles shall be [45] [__ ] my [1 3/4] [___ ] inches and shal
have a mnimumultimate tensile capacity of [289,000] [__ ] N

[65,000] ] pounds.

.2.5 Per f or mance Requi rements

Each foamfilled fender shall have the foll owi ng performance
characteristics:

Sl ZE ENERGY ABSORPTI ON REACTI ON FORCE
at 60% conpressi on at predicted energy attai nment
[ x "] — ft-Kips] — Kips][___mx ___n
[ KN- i [ kN]

The resilient, foamfilled marine fenders shall be designed so that when
compressed across its dianeter by two parallel flat plates extending the
full length and width of the fender, the fender shall absorb [300, 265]

[ ] newton-nmeters [221,500] [ ] foot-pounds of energy +15 percent

when [60] [__ ] percent conpressed (i.e. to a dimension of [40] [___ ]
percent of its original diameter) with a corresponding | oad of not nore than
[712,000] [___ ] NJ[160,000] [__ ] pounds +15 percent. The fender

shal |l al so be designed to withstand a sustained reaction force of 667,200
[ ] NJ[150,000] [__ ] pounds for a duration of not |ess than 24 hours
each occurrence for at |east 200 occurrences during its 10-year predicted
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life.
2.2.6 Source Quality Contro
2.2.6.1 Fender Cycli c-Conpression Test

Conpress the fender along its dianeter between two parallel flat plate
surfaces to a conpressed di nension of 40 percent of its original dianeter.
Repeat the conpression and rel ease cyclic loadings for a m ni mumof 10 ful
cycl es of conpression. Permanent deformation, cracking, or tearing of the
fender skin, fender core, or end fittings shall constitute failure of this
test.

2.2.6.2 Fender Sust ai ned-Load Test

Apply a [667,000] [__ ] NJ[150,000] [__ ] pound conpressive | oad and
hold this load for 24 hours. Record |oad and defl ection each hour.

I mredi ately after rel ease of the | oad, nmeasure rebound of the fender.
Continue to record fender rebound for 24 hours. Failure of the fender or
foam core to rebound to 90 percent of its original diameter after 24 hours
shall constitute failure of this test. |If the foamcore is not bonded to
the skin of the fender, devise and execute a neans for neasuring rebound of
the foamcore and for measuring the void between the foamcore and the
skin. The maxi mumrate of conpression per mnute shall be 20 percent of
the total reaction force at 60 percent conpression. The full conpression
cycle, not including rebound, shall take a minimum of 5 minutes.

2.2.6.3 Fender Pul |l -Through Test

Devi se and performa test which will nmeasure the resistance of the end
fittings and internal chain to pull through the |ongitudinal axis of the
fender. Failure of the chain, end fittings, or skin to resist at |east
[178,000] [__ ] N[40,000] [___ ] pounds of pull-through tension shal
constitute failure of this test. After |oading, evidence of pernanent
deformation, cracking, or tearing of the fender or end fittings shall also
constitute failure of this test.

2.2.6.4 Skin Thi ckness Core Test

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: The suggested nunmber of fenders that should
be tested is as foll ows:

Fenders Nunber
Pr ocur ed to test
1- 3
4 - 8
9 - 20

21 and above
EE IR R R R S I I I I I I I I I I R R S I I IR I R I R I I R I I I I I I R R I S I b b I b I b I b I b I b I b I b 3 I 3 b b b b I

A WNPE

[After delivery of all of the fenders to the construction site and before
fender installation, performa mnimmof [3] [__ ] skin thickness tests
per fender for each of [1][2][3][4] fenders to be selected at random by the
Contracting Oficer.] [After fabrication of all of the fenders and prior
to fender shipnment to the construction site, performa m ni mum of [3]
[ ] skin thickness tests per fender for each of [1] [2] [3] [4] fenders
to be selected at random by the Contracting Officer.] Test |locations on
the fenders will be selected by the Contracting Oficer. Each test shal
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consist of taking a 6 mr 1/4 inch dianmeter (mininmun) to 13 mr 1/2 inch
diameter (maxi num) core fromthe fender skin which can be renoved fromthe
skin and exami ned for thickness of el astomer and pl acenent of reinforcing
(when reinforcing is required). Take skin thickness neasurenents fromthe
core sanmpl e and record neasurenents noting placenent of reinforcing. Were
the skin thickness neasurenent is |ess than the specified nmnimm or the
m ni mum required by the Contractor's design (whichever is greater) by nore
than 10 percent, reject the fender. |In addition, if the average of skin
thi ckness tests for one fender is not equal to or greater than the
specified mnimum or the mninumrequired by the Contractor's design
(whichever is greater), reject the fender. |If tested fender is rejected,
at the option of the Contracting Oficer, the Contractor shall then conduct
thi ckness tests for additional fenders. Replace rejected fenders with
fenders neeting the provisions of this specification. Test replacenent
fenders for skin thickness as specified herein. Skin thickness tests will
be witnessed by the Contracting Oficer. The Contractor shall notify the
Contracting O ficer 10 working days prior to conducting skin thickness
tests. After skin thickness testing, patch core holes with el astoner of
the sane conposition and thickness as the specified elastoner skin. Nylon
reinforcing is not required in core hol e patches.

. 2.7 Connecti ng Har dwar e
The connecting chain, swi vel and shackles shall be gal vani zed i n accordance

with ASTM A 123/ A 123N or ASTM A 153/ A 153\, as appropriate. The hardware
shall be as foll ows:

Item Type
Chai n ABS 2, Grade 2, Stud Link or Open Link
Shackl e FS RR-C- 271, Type IVA, Cdass 3, Gade A
Swi vel FS RR-C-271, Type VII, Cass 2

Al'l connecting bolts and pins shall be of mld steel, matching the
properties of the shackle bow For Cass 3 shackles, the bolt or pins
shal |l be secured in place with stainless steel (Type 316) cotter pins or
| ocki ng pins.

.3 PNEUVATI C AND HYDRO- PNEUMATI C FENDERS
. 3.1 Confi guration

Fenders shall be manufactured in accordance with |SO 17357. Fenders shal
have cylindrical md-bodies with hem spherical shaped ends termnating in
an end fitting on the cylinder's centerline at each end. The end fittings
shal |l be shall be sized (not to exceed 12 percent of fender dianeter) so as
not to contact |oading surfaces when the fender is compressed to 20 percent
of its original dianeter (80 percent conpression). Pneunmatic and

hydr o- pneumatic fenders shall incorporate for fenders 2500 M8 feet in
dianeter and larger, a safety valve and a pressure nonitoring systemin
their manufacture.

.3.2 Di nensi ons

Di ameter and | ength as indicated.
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2.3.3 Fender Skin

The fender skin shall have a m nimum strength in accordance with | SO 17357.
When desi gning the skin thickness, the Manufacturer shall consider skin
strength and the stress induced by the internal operating and berthing
pressure, and the abrasion and inmpact |oads caused by handling and bert hing
operations. The Manufacturer shall ensure an adequate margin of safety is
incorporated for the fender's intended use. The connection of the skin to
the end fittings shall be designed to resist the internal pressure of the
fender at 60 percent conpression per | SO 17357.

2.3.3.1 El ast oner

The el astomer shall neet the requirements of SO 17357, material test of
rubber.

Per | SO 17357, the elastonmer used in the outer skin shall be rubber, with
the follow ng unreinforced properties:

a. Duroneter Hardness, Shore A [50 to 70] [___ ]
(ASTM D 2240 or 1SO 37)
b. Mninum Tensile strength [2600 psi] [18] MPa [___ ]
(ASTM D 412 or |SO 37)
c. Mninmm El ongation (ultimate) [40099 [__ ]
(ASTM D 412 or |SO 37)
d. Mnimm Tear strength [228 I bs/inch][400] [__ ] N per
cm [___

(ASTM D 624 or |SO 34-1)

The el astomer used in the inner skin shall be rubber, with the follow ng
unrei nforced properties:

a. Duroneter Hardness, Shore A [40 to 60] [__ |
(ASTM D 2240 or 1SO 37)

b. Mnimm Tensile strength [1450 psi] [10] MPa [__ ]
(ASTM D 412 or |SO 37)

c. Mninmm Elongation (ultinate) [4009 [__ ]
(ASTM D 412 or 1SO 37)

2.3.3.2 Col or

Fender skin color shall be black throughout the entire thickness.
Gal vani zed hardware shall be unpainted.

2.3.3.3 Repairability
The fender casing shall be repairable in the event of tears or punctures in
the el astomer skin. The repaired area shall have not |ess than 90 percent

of the properties as specified in paragraph entitled "Elastonmer”. Required
repair materials shall be readily available fromthe fender manufacturer.

2.3. 4 Per f or mance Requi rements

The performance of each fender shall be neet the requirenents of |SO 17357.
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The performance of the fender shall be confirned with a prototype fender
performance confirmati on per |SO 17357. The tests shall include a parallel
performance, angul ar conpression, durability, conpression-recovery and
punct ur e-resi st ance.

.3.4.1 Desi gn Proof

Desi gn proof shall docunent m ni mum endurabl e pressure based on at |east 30
test sanples that cover entire range of conpression fromO percent to 60
percent deflection

.3.4.2 Pneunmati ¢ Fenders

Each pneumatic fender shall have the foll owi ng performance characteristics:

Sl ZE ENERGY ABSORPTI ON REACTI ON FORCE
at 60% conpressi on at predicted energy attai nnent

[ " x " [ ft-kips] [ Kipsl[___mx __ n
[ KN-m [ kN
The pneurmatic fenders shall be designed so that when conpressed across its
dianeter by two parallel flat plates extending the full length and wi dth of
the fender, the fender shall absorb [943,000] [ ] N [695,500] [ ]
ft-1bs of energy when [60] [__ ] percent conpressed +/-5 percent(i.e. to
a dinension of [60] [__ ] percent of its original dianeter) with a
correspondi ng | oad of not nore than [2,019,000] [__ ] N[453,900] [__ ]

| bs +/-10 percent. Perfornmance test based on | SO 17357 procedure with
fender full of air only.

.3.4.3 Hydr o- pneunati ¢ Fender

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

NOTE: The perfornmance of the hydro-pneumatic
fenders vary according to the size, water/air ratio
and internel pressure. The Manufacturer should be
consulted in the selection of the desired

performance characteristics.
EIR IR R b R S I I I I b I I I I R R I S I I R I I I I I I R I S I I I I I I I b I S I b b I b I b I b I R I b I b I b I I I I b b b I

Each hydro-pneumatic fender shall have the follow ng performance
characteristics:

Sl ZE ENERGY ABSORPTI ON REACTI ON FORCE
at 60% conpressi on at predicted energy attai nment
[ " x "] [ ft-Kkips] [ Kips][ __mx __ nj
[ KN- i [ kN]
The hydro-pneunatic fenders shall be designed so that when conpressed
across its diameter by two parallel flat plates extending the full length
and width of the fender, the fender shall absorb [4,281,000] [_ ]

newton-neters [3,157,504] [ __ ] foot-pounds of energy when [60] [__ ]
percent conpressed +5 percent (i.e. to a dinension of [60] [___
of its original dianeter) with a corresponding |load of not nore than
[6,907,000] [__ ] NJ[1,552,755] [ ] pounds +10 percent.
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2.

2.

3.5 Source Quality Control
3.5.1 Di nensi onal | nspection

The di nensions of all fenders shall be inspected. They shall neet the
requi renents of | SO 17357.

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

NOTE: The di nensional tol erances per |SO 173578 are
as follows:

- length: + 10% -5%

- dianeter: + 10% -5%

The di aneter shall be obtained fromthe average of
at least two different neasurenents taken at the
m ddl e of teh cylindrical section of the fender.

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

.3.5.2 Ai r-1 eakage Test

Air | eakage tests shall be performed per |SO 17357. The test shall confirm
that there is no air | eakage when the initial pressure is held for nore
than 30 m nutes.

.3.5.3 Hydrostati c- pressure Test

Each pneumatic and hydro-pneumatic fender shall be hydrostatic-pressure test
ed for its rated operating pressure (internal pressure at 0 percent
deflection). Testing shall be in accordance with | SO 17357.

.3.5.4 Pressure Relief Valve Test

The pressure relief valve shall be nounted to a test chanber for a pressure
relief test. After nounting, the chanber internal pressure shall be slowy
increased until the specified relief pressure is attained. The pressure
relief valve shall be set to relieve pressure according to the

manuf acturers recomendations. |f the pressure relief valve opens at a

hi gher or | ower pressure than allowed, it shall be adjusted as required and
tested again until within the specified limts. A witten test procedure
and records pertaining to this test shall be maintained.

.3.6 Har dwar e, Chai n, And Shackl es

The connecting chain, sw vel and shackles shall be gal vani zed i n accordance
with ASTM A 123/ A 123N or ASTM A 153/ A 153l, as appropriate. The hardware
shal | be as foll ows:

Item Type
Chain ABS 2, ade 2, Stud Link or Open Link
Shackl e FS RR-C-271, Type IVA, Cdass 3, Gade A
Swi vel FS RR-C- 271, Type VII, dass 2

Al'l connecting bolts and pins shall be of mld steel, matching the
properties of the shackle bow For Cass 3 shackles, the bolt or pins
shal |l be secured in place with stainless steel (Type 316) cotter pins or
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| ocki ng pins.

.3.6.1 Hydr o- pneumati ¢ Guy Chain

GQuy chains shall be provided for attachment fromthe upper fender end
fitting assenbly to the pier. That portion of the chain extending fromthe
fender itself shall be covered with protective rubber sleeves to a point
beyond which the fender will be contacted for fender body protection. Size
and | engths shall be as indicated on the Draw ngs.

.3.6.2 Hydr o- pneunati ¢ Hangi ng Chai n

Hangi ng chai ns shall be provided for attachnent fromthe counterweight to
the pier. Size and lengths shall be as indicated on the Draw ngs.

.3.6.3 Hydr o- pneumatic Lower End Fitting Assenbly

The lower end fitting shall be fabricated of steel and shall provide
connecting points for the connecting chain and the hangi ng chain

.3.6.4 Hydr o- pneunatic Upper End Fitting Assenbly

The upper end fitting shall be fabricated of steel and shall be designed to
house all necessary valves and fitting necessary to charge and di scharge
the fender body with air and water necessary for proper installation and
operation of the deployed fender. This shall include the air charging
assenbly, the water charging assenbly, the pressure safety relief valve
assenbly and lifting eyes adequately sized for guy chain attachnent. Al

val ves and rel ated hardware shall be attached to the inner assenbly plate.
An outer assenbly blind flange plate shall be included to provide
protection during handling and operations. The pressure relief valve shal
be stainless steel, shall be adjustable to ensure mai ntenance of the proper
setting, and shall be capabl e of adequate flow (volume of air rel eased per
second) to maintain a safe internal pressure.

.3.6.5 Hydr o- pneunat i ¢ Count er wei ght

A steel counterwei ght shall be provided for attachnent to the fender's

| ower fl ange assenbly by two shackles. It shall include an upper eye for
shackl e attachnent of the hanging chain and shall be coated with a marine
coating system The counterwei ght shall be sized per the Manufacturer's
recomrendat i on.

PART 3 EXECUTI ON

3.

3.

1 EXTRUDED FENDERS AND MOLDED FENDERS

Install the fenders in the position and at the spacing indicated on the
drawi ngs. Tighten the bolts per the manufacturers requirenents.

2 FOAM FI LLED FENDERS
Install fenders as indicated on the drawi ngs and in accordance with the
manuf acturer's specifications and shop drawings. Bolts shall be tightened

an additional 1/3 turn of the nut, fromthe snug tight condition, and
secured with cotter pins.
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3.

3 PNEUVATI C AND HYDRO- PNEUVATI C FENDERS

The fendering systemshall be installed in accordance with the Draw ngs,
manuf acturer's specifications and shop drawings. Bolts shall be tightened
an additional 1/3 turn of the nut, fromthe snug tight condition, and
secured with cotter pins.

.4 VELDI NG

Wel di ng shall be performed in accordance with AW DI1.1/D1. 1NV

.5 CONNECTI ONS

.5.1 Anti sei ze Conpound

Coat threads of bholts prior to applying washers and nuts. Recoat bolt
thread projection beyond nut after tightening.

-- End of Section --
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