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CHAPTER 1

FENDER SYSTEM

SECTION 1 INTRODUCTION

1.1.1 PURPOSE

Advanced development tests of the elevated
causeway were performed to evaluate system hard-
ware using an adequate number of pontoon sections,
existing military lighters and trucks, and
8 x 8 x 20-foot (2.4 x 2.4 x 6-m) commercial contain-
ers. The equipment tested included four specially
assembled NL pontoon pierhead sections with inter-
nal spudwells, five* existing pontoon sections equip-
ped with external spudwells, two types of plastic
foam fender systems, three types of Navy lighters,
one type of Marine Corps tractor/trailer, a turntable,
and two types of commercial container handlers. In
addition, other selected hardware items were evalua-
ted during the operation. Timing data were taken at
all pertinent points of the operation; however, this
information was considered to be secondary to deter-
mining any operational limitations, proper
procedures, and problems requiring further develop-
ment efforts.

1.1.2 BACKGROUND

DOD planning for the logistics support to sustain
major contingency operations, including amphibious
assault operations and Logistics-Over-the-Shore
(LOTS) evolutions, relies extensively on the utiliza-
tion of U. S. Flag commercial shipping. Since the
mid-1960s commercial shipping has been steadil,
shifting towards containerships,
Roll-On/Roll-Off/(RO/RO) ships, and bargeships (e.g.,
ILASH, SEABEE). By 1985 as much as 85% of U. S.
Flag sealift capacity may be in container-
capable ships — mainly non-self-sustaining (NSS) con-
tainer-ships. Such ships cannot operate without exten-
sive port facilities.

Amphibious assault and/or LOTS operations are
usually conducted over undeveloped beaches, and ex-
peditious response times preclude conventional port
development. The handling of containers in this
environment presents a scrious problem. This
problem is addressed in the overall DOD Over-
the-Shore Discharge of Cargo (OSDOC) efforts, which
involve developments by the Army, Navy, and Marine
Corps. Guiding policy is documented in the “DOD
Project Master Plan for Surface Container-Supported
Distribution System” and the OASD I&L system
definition paper “Over-the-Shore Discharge of Cargo
(0OSDOC) System."”

In response to the DOD Master Plan, Navy Opera-
tional Requirement (OR-YSLO03) has been prepared
for an integrated Container Off-Loading and Transfer
System (COTS) for discharging container-capable
ships in the absence of port facilities. The COTS Navy
Development Concept (NDCP) No. YSLO3 was pro-
mulgated July 1975, and the Navy Material
Command was tasked with development. The Naval
Facilities Engineering Command has been assigned
Principal Development Activity (PDA) with the Naval
Sea Systems Command assisting.**

The COTS advanced development program
includes the ship unloading subsystem, the ship-to-
shore subsystem, and common system elements. The
ship onloading subsystem includes: (a) the develop-
ment of Temporary Container Discharge Facilities
(TCDF) employing merchant ships and/or barges with
addon cranes and support equipment to offdoad
non=self-sustaining containerships alongside; (b) the
development of Crane on Deck (COD) techniques and
equipment for direct placement of cranes on the
decks of NSS containerships to render them
self-sustaining in an expedient manner; (c) the
development of equipment and techniques to off-load
RO/RO ships offshore; and (d) the development of
interface equipment and techniques to enable ship
discharge by helicopters (either existing or projected
in other development programs).

*Six sections were used originally, but one section was lost during the carly part of the Phase I tests.
**NAVFAC Program Plan for Container Off-Loading and Transfer System (COTS) of April 1977,
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The ship-toshore subsystem includes the develop-
ment of clevated causeways to allow cargo handling
over the surfline and development of self-propelled
causeways to transport cargo from ships to the shore-
side interface.

The commonality subsystem includes: (a) the
development of wave attenuating Tethered Float
Breakwaters (TFB) to provide protection to COTS
operating elements; (b) the development of special
cranes and/or crane systems to compensate for con-
tainer motion experienced during afloat handling; (¢)
the development of transportability interface items to
enable transport of essential outsized COTS equip-
ment on merchant ships — particularly bargeships;
and (d) the development of system integration
components, such as moorings, fendering, communi-
cations and services.

The Civil Engineering Laboratory (CEL), NCBC,
Port Hueneme, California, was designated by the
Naval Facilities Engineering Command (NAVFAC) as
the responsible laboratory for the ship-to-shore
subsystem. These five volumes cover only that por-
tion of the ship-toshore subsystem related to the
clevated causeway components and associated
container-handling operations.

CEL planned the clevated causeway tests in two
phases. The first phase tests, which were conducted
from 16 June to 16 Julv 1975 by CEL at an open
beach site at Point Mugu, California, were designed to
investigate operational and structural capabilities of
the NL clevated causeway and to develop operational
procedures. No container-handling tests were in-
cluded in this phase.

The Phase 11 tests were designed to be conducted
by the military operators, i.c., PHIBCB-ONE and
ACU-ONE, Coronado, California, to determine opera-
tional limitations and any further development re-
quirements. Container-handling operations were
included in these tests. The landing site was located
on Silver Strand Beach, Green Beach Two, at
coordinates 32930° 08" latitude, 1179 09° 25" longi-
tude. A survey of the landing site showed a beach
gradient of about 1:30, a 20-foot (6-m) water
depth 600 feet (183 m) offshore at zero tide. The
pier was clevated by PHIBCB-ONE beginning 12
November 1975 and finishing on 26 November 1975,
The container-handling crane was positioned on the
pierhead on 1 December 1975. Container-handling

operations began on 2 December and were completed
on 5 December 1975. The pier was left elevated until
5 January 1976 to check for piling settlement and to
provide an opportunity for the pier to encounter
rough seas, and it was then disassembled from 5 Jan-
uary to 10 January 1976. A 16-mm, color, sound
movie has been prepared that covers the Phase II
tests.

1.1.3 REPORT COVERAGE

The final documentation, which covers results of
both Phase I and Phase 11 tests, consists of a summary
report (Volume 1) with environmental data observed
during the tests and four separate technical volumes.
The four technical volumes cover the following:

1.1.3.1 Volume II

The eclevating mechanism or lift system and
alternative lift procedures and associated equipments
are covered. A human engineering study was made of
both the elevated causeway system hardware and the
associated operational procedures. This study was
conducted by the Human Factors Technical Division,
Naval Electronics Laboratory Center, San Diego.

1.1.3.2 Volume 111

The pontoon equipment (including section
assembly, internal and external spudwells), structural
reinforcements required for the container-handling
crane, side connectors, and results of structural be-
havior tests are described.

1.1.3.3 Volume IV

The fender system, installation procedures, and
lighterage impact tests are covered. Lighterage
motions recorded during the container-handling
operations are also compiled.

1.1.3.4 Volume V
This volume details the container handling, i.e.,

container-transfer rates, container crane, containers,
lighters, Marine Corps truck/trailers, pontoon deck




reinforcement, turntable, beach ramp and matting,
and air bearing transporters. An alternate method of
ship-toshore container transfer, i.c., the load-on/roll-
off cause ferry system (L.o/Ro), using a commercial
top-lift loader was tested and is described.

Ti_—r




SECTION 2

FENDER SYSTEM FOR ELEVATED CAUSEWAY

1.2.1 DESIGN CRITERIA

The elevated causeway is comprised of a number
of 3x15 NL pontoon secdons [21.0 feet (6.4 m) wide
and 90.0 feet (27.4 m) long] which are end-linked
and side-connected together and supported clear of
the water surface by steel piles (see Figure 1-1). Indi-
vidual 3x15 pontoon sections arrive at the shore site
aboard Navy LSTs and LSDs or aboard commercial
bargeships. They are unloaded, linked together at sea
to form the desired causeway configuration, and then
beached. Steel piles that are inserted through spud-
wells in each pontoon section are driven into the sea-
floor. After the end and side connections are dis-
connected, individual causeway sections are elevated
into position by portable hydraulic jacks atop the
piles. The end and side connections are re-established,
the fender system is installed, and the elevated cause-
way is ready to function as a cargo unloading pier.

An essential subsystem of the COTS elevated
causeway is the fender (see Figure 1-1). The purpose
of the fender is to absorb the kinetic energy of the
cargo lighters during berthing and to prevent contact
between the lighters and the pier support piling. After
a preliminary conceptual design study it was decided
that the fender should be configured to capitalize on
standardized Navy NL pontoon cquipment and com-
mercially available off-theshelf hardware. General
performance standards to be met included:

® Must absorb, without damage, the berthing
kinetic energy of the largest expected class of
lighterage. A fully loaded 1610 Class LCU
impacting at a velocity normal to the fender of
2 knots (1.0 m/sec) was assumed for this
purpose.

® Must have a pier stand-off distance* that would
not impose reach limitations on the pier cargo
crane — about 10 or 11 feet (3.0 to 3.4 m).

e Must rise and fall with the tide so that the fen-
der berthing surface would remain at or near
the sea surface.

® Must function in sea state 3
[5 to 6-foot (1.5 to 1.8-m)] waves and survive
waves up to 10 feet (3.0 m) in height.

1.2.2 FENDER DESCRIPTION

Figure 1-2 depicts the main clements of the ex-
perimental fender system. Basically, each fender unit
is comprised of a 1x15 NL pontoon string modified
to include three internal spudwells. The 6-inch
(15.2-cm) assembly angles, P1 series pontoons, end
connections, and miscellancous pontoon assembly
hardware are all standard Navy stock items. The
fender has a rtotal weight of 48,000 pounds
(21,770 kg) and dimensions of 90.0 feet (27.4 m) in
length, 11.0 feet (3.4 m) in breadth, and 5.0 fect
(1.5 m) in height.

The CEL-developed spudwells are of open frame
construction with outside dimensions matching those
of a standard P1 series pontoon. They can be easily
bolted into place between the string assembly angles.
The spudwells are equipped with a chafing ring which
serves to reduce friction between the piles and the
fender when the fender is subjected to wave-induced
motion.

A series of foam-filled, commercial ship fenders
are strung outboard of the pontoon string. These ship
fenders — hereafter referred to as “foam-filled
cushions” or, simply, as “cushions” — have a low-
density, closed-cell elastic foam interior and are
enclosed with a reinforced elastomer cover. A steel
core runs the length of the cushions and is capped by
flanges at cach end. Eyes, attached to the end flanges,
are provided for rigging the cushions.

Standard marine hardware, e.g., swivels, shackles,
wire straps, and turnbuckles, are used to rig the cush-
ions to the 1x15 pontoon string. In Figure 1-3, note
the vertical straps at cither end of a cushion. These
straps insure that the cushions are supported at the
proper elevation for even flotation of the fender unit.
They also provide redundancy so that a failure any-
where in the primary, axial rigging will not result in
loss of the entire cushion string.

*The horizontal distance normal to the elevated pier from the pier edge to the near side of the moored lighter.
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Figure 1-1. COTS clevated causeway.

Since there is an overlap of about 6 inches
(15.2 ¢m) between the elevated causeway and the in-
board edge of the fender, the possibility of contact
exists if the causeway elevation is insufficient and/or
if high wave action is present. Any impact loads are
mitigated by the cylindrical, hard rubber “bumpers”
that are installed on the inboard top fender assembly
angle. Three bumpers are normally used per fender
unit, one at cach end and one in the middle.

1.2.3 ASSEMBLY AND RIGGING

The first step in the assembly process is to bolt
the standard P1 series pontoons to the assembly
angles (Figure 1-3).* Two end cans and ten standard
cans are needed for each fender. The three remaining
can spaces are to be occupied by the internal spud-

wells that bolt to the assembly angles in the same
manner as the standard P1 pontoons; these positions
are located three cans in from each end of the string
and in the center. The spudwells are positioned such
that the off-center spud opening is nearest the in-
board (pier side) edge of the 1x15 string.

It should be noted that in this particular applica-
tion of the NL pontoon system, it is not necessary to
weld the AP7 plates to the end cans. The installation
of grates between cans is optional. The top of the
fender will not normally be subjected to foot traffic;
however, tagline handlers have used the fender as a
walkway during periods of calm seas.

Next, the vertical strap padeyes are welded to the
top and bottom assembly angles. The 1x15 string can
be rotated, as necessary, to facilitate welding. The
two end padeyes, which serve to anchor the
turnbuckles, are then welded to the end cans. This

*See “Pontoon Gear Handbook, Navy Lightered (NL) Equipment P-Series,” NAVFAC P-401, Nov 1974

for details on pontoon hardware assembly.

———— —m - et
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impact bumpers

cushion rigging

foam cushion

Figure 1-2. Fender system detail for COTS elevated causeway.

phase of the assembly is completed when the vertical
wire rope top and bottom straps are shackled to the
padeyes on the assembly angles.

Cushion rigging, the next phase of assembly, is
simplified if the 1x15 string is first rotated so that the
outboard face of the fender is upright. The cushions
are then hoisted atop the string by forklift and placed
at the appropriate position. Rigging commences as
cach foam-filled cushion is attached to the vertical
and axial wire rope straps. Swivels are placed at each
end of the cushions to insure free rotation, as this
distributes cushion wear and lessens the chance for
rigging failure. The turnbuckles at each end of the
axial rigging are shackled to the end padeyes and are
tightened to take up slack in the string.

Finally, the 1x15 fender unit is repositioned
upright, and the retaining straps for the impact
bumpers are welded in place on the top, inboard
assembly angle.
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(b) Weld vertical strap and end padeyes.

(a) Assemble 1x15 NL pontoon string with spudwells.

rotate fender onto side

(d) Rig cushions.

Figure 1-3. Fender assembly and rigging procedure.




SECTION 3

FENDER TESTS

1.3.1 PHASE I TESTS

I'he elevated pier for the Phase I tests at Point
Mugu, California, consisted of four 3x15 NI cause-
way scctions connected end-to-end, as illustrated in
Figure 1-4.* One 1x15 NL fender unit was assembled,
as outlined cariier, for installation alongside the sea-
ward-most causcway section. The fender had four
foam-filled cushions, nominally 4 feet (1.2 m) in
diameter and 7.4 feet (2.3 m) in length, rigged to the
outboard face of the 1x15 pontoon string (Figure
14). Three of these cushions were repaired Ocean
Systems units that had been previously used on an
Army dredging project, and one was a new Seaward
International cushion.

1.3.1.1 Installation

After assembly at Port Hueneme, the fender was
towed approximately 4 miles (6.4 km) to the test site
(Figure 1-5), where it was installed alongside the ele-
vated causeway. Four perconnel were required for the
warping tug operation: a pilot, one operator, and two
line handlers. While the warping tug was preparing for
its initial approach, the shore crew positioned a
TD-25B tractor for use as a deadman for the bow
wire of the tug. The pier crew, which was composed
of a crane operator, an oiler, and two riggers, posi-
tioned a 50-foot (15.2-m) tipped pile into the center
external spudwell on the elevated pier using a 35-ton
(31,800-kg) mobile crane. The pile was held aloft to
be inserted in the middle spudwell on the fender
string, as shown in Figure 1-5.

A stern anchor was set from the warping tug, and
a bow line was carried by a LARC-V to be secured to
the beach tractor. The tug was able to position and
hold nself paraliel to the elevated causeway. Two un-
successful attempts were made at inserting the pile in
the middle spudwell on the 1x15;a third attempt was
successful. The shoreward-most fender pile was lifted
into position above the external spudwell. Incoming
waves helped to position the 1x15. Again two unsuc-
cessful attempts were made before the spudwell was

stabbed. The warping tug then moved away. The
third spudwell was pinned casily. At the ume of in-
stallation, 2-to-4-foot (0.6-to-1.2-m) waves were ob-
served at the causeway site.

The piles — 20-inch (50.8-cm) OD pipe, 50 fect
(15.2m) in length with a 3/8-inch (9.5-mm) wall
thickness — were driven an estimated 5 feet(1.5 m)
with a DE-30 diesel pile hammer. At least five people
were required to conduct this operation. It was
determined that this depth of penetration was in-
adequate; consequentdy, the piles were driven an
additional 5 feet (1.5 m) the following day. Later, the
shoreward-most pile was driven an additional 3 feet
(0.9 m) before testing began.

After the fender piles were driven, the external
spudwells were removed so that impact measurement
instrumentation could be installed. Once the bolts
were removed, the line from the 35-ton (31,800-kg)
crane was hooked to the padeyes on the external
spudwells, and the spudwells were raised with no
binding.

From start to finish, the fender installation re-
quired 2 hours.

1.3.1.2 In-Place Performance

The fender system remained moored alongside
the clevated causeway for 12 days. During the first
day, the urethane covering on the flange plate of one
of the Ocean Systems cushions began to wear away,
and, on the following day, the foam slid off the pipe
core (Figure 1-6). On the eighth day, the end of one
of the repaired Ocean Systems cushions split open®*
The excessive wearing of the foam-filled cushions was
attributed to the fact that the fender system was ex-
posed to the force of the breakers in the surf zone.
Normally the fenders would be installed farther from
shore, beyond the surf,

High waves, which occurred at times during the
Phase 1 tests, and inadequate vertical clearance caused
the fender system to collide with the underside of the
clevated causeway. The greatest impact between the
fender and the elevated pier occurred on the seaward

. . .
Detailed deseription of the causeway clevation and pontoon equipment can be

found in Volumes I, 111, and V.

.
These are prototype fenders that had been repaired at CEL. The current marketed

product has been redesigned.
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Figure 1-4.

end of the 1x15 fender string, 4 to 6 inches (10.2 to
15.2 ¢m) On
shoreward end, the damage was in the area of the last

behind the assembly bolts. the
three pontoons and was restricted to bolthead wear
on the assembly angle. The rubber impact bumpers
on the secaward end of the fender system also received
the the

abraded, and its restraining bar was deformed, which

most wear; seaward-most bumper was

allowed steel-to-steel contact between the 1x15 and
The the

underside of the causeway deformed the retaining

the elevated causeway. boltheads on
bars on the other Seaward bumper. This bumper also
shifted out of position.

The chafing rings, which served to prevent
steel-tosteel contact between the fender piling and
the edge of the spudwell, performed well. Several of
the urethane pads, however, did separate from the

steel backing plates. It was concluded that this

Elevated causeway system for Phase I.
foam-filled cushions rigged to the 1x15 NL pontoon fender.

10

Note the four cylindrical

problem was not duc to any deficiency in the pads
but, rather, to heat build-up during welding of the
chafing rings that weakened the bond between the
urethane elastomer and the steel backing plates.

1.3.1.3 Removal

Little difficulty was encountered in removing the
fender system. The same crew and equipment that
were used for installation were also used for removal.
The removal operation was essentially a reversal of
the installation procedure. The fender piles were
removed in the following sequence: shoreward,
middle, and seaward. The only incident of note
during the fender removal occurred when the last pile
was freed from the seafloor. Several large waves
[height in excess of 8 feet (2.4 m)] caught the fender
string. The pile, which was still restrained by the
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fFigure 1-5. Fender unit approaching elevated pier. Note 50-foot (15.2-m) piles
ready for dropping into center spudwell of fender unit.
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Figure 1-6. Pipe core pull-out on foam cushion.

internal spudwell, was pulled away from the pier,
taking the attached crane line with it. The force in
the crane line was of sufficient magnitude to raise the
support pads of the crane.

1.3.2 PHASE Il TESTS*

The objective of the COTS Phase Il tests at
Coronado, California, was to construct an elevated
causeway of sufficient size that would demonstrate
the operational feasibility of the concept. Unlike the
foursection pier that was erected at Point Mugu by
CEL support personnel, the Coronado pier was
assembled by forces from the Amphibious Construc-
tion Battalion-ONE, assisted by CEL technical
advisers.

The Coronado elevated causeway (Figure 1-1)
was comprised of nine 3x15 NL pontoon causeway
sections. Four sections were aligned two abreast to
form a pierhead at the seaward end of the causeway.
The fender system, consisting of two 1x15 strings
instead of the single unit used during the Phase |
tests, was installed alongside the south-facing edge of
the pierhead (Figure 1-7),

The seaward-most fender was the unit used earlier
in the Phase | tests. For the Coronado tests, the three

Ocean Systems cushions were discarded, and the
fender was re-rigged with six Seaward International
cushions, 4 feet (1.2 m) in diameter with a length of
7.4 feet (2.3 m). Additional modifications made to
this fender included stronger top impact bumpers and
the welding of cushion reaction struts across the out-
board face of the fender spudwells.

A second 1x15 NL pontoon fender was assembled
at Port Hueneme for use in the Phase II tests. This
fender differed from the original prototype primarily
in the selection of foam-filled cushions. Three of the
cushions were new Ocean Systems products — 4 feet
(1.2 m) in diamcter by 10 feet (3.0m) in
length — and one was an experimental cushion manu-
factured by Seaward International (Figure 1-8). This
new Scaward cushion, measuring 4 feet (1.2 m) in
diameter with a 7-foot (2.1-m) length, differs from
the standard unit in that the rigid, solid core has been
replaced by a wire rope net which envelops the ex-
terior of the cushion. The intention of the design is to
allow longitudinal compression and extension without
risk of failing a rigid steel core.

Hard, elastomer spudwell chafing plates were not
used in constructing the second fender due to late
delivery of material at CEL. Oak 2 x 8-inch boards
were substituted for the elastomer plates and were
also used to replace damaged and missing elastomer
on the spudwell chafing rings of the original fender.

After assembly and rigging, the two fender sec-
tions were launched at Port Hueneme, and, along
with the four causeway pierhead sections, were
loaded aboard a Navy LSD for transport to the
Amphibious Base at Coronado.

1.3.2.1 Installation

The two fender units were end-connected at the
Amphibious Base to form a fender system having a
total berthing length of 180 feet (54.9 m). Standard
NL pontoon end connectors were used. On 24
November 1975, the fender assembly was moored
alongside a PHIBCB-ONE warping tug for the trip
from San Diego Bay to the clevated causeway site on
Silver Strand Beach. No serious handling problems
were encountered, although the tug crew did com-
ment on the lack of mooring bitts on the fender.
Synthetic lines from the tug were secured to the fen-
der assembly angles.

.(II{I. Movie FA/LDH 604, 16 mm, sound, color, 8 minutes, “COTS Elevated Causeway System - Fender

System,"" Coronado, California, Nov. 1975.
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Figure 1-7. Two-section fender installed alongside pierhead.

Figure 1-8. Experimental Scaward International

cushion with exterior wire rope net

Prior to the tug making its final approach at the
clevated causeway site, a pier deck crew had inserted
one of the tipped fender piles into the middle, ex-
ternal spudwell on the south-facing, shoreward-most
pierhead causeway section (Figure 1-9). Their instruc-
tions were to drop the first pile when the fender
system was properly aligned alongside the elevated
causeway. Pile guides, i.e., steel sleeves, that fit inside
the spudwell and are bolted to the spudwell’s padeyes
were used on five of the six fender piles (Figure
1-10).

The tug approached the pier at 1350, Pacific
Standard Time (Figure 1-11). At the time winds were
westerly at 8 to 9 knots (4.1 to 4.6 m/sec), and a
3-to4-foot (0.9-t0-1.2-m) swell was present as was a
north-to-south, 1-to-2-knot (0.5-to-1.0-m/scc) along
shore current. Unlike the installation at Point Mugu,
the tug did not depend on either a pre-ssct stern
anchor or a bow line dead-ended at the beach for
final positioning of the fender svstem. The first three
approaches were unsuccessful and can be attributed
to caution by the tug pilot and the persistent along-
shore current which tended to force the tug and
fender away from the elevated pier. On the fourth
approach, lines were passed by the crew atop the pier
to line handlers on the tug who secured the lines to
the fore and aft ends of the fender. The tug con-
tinued to move the fender closer to the elevated pier,
and, when the middle spudwell on the
shoreward-most fender section was beneath the raised
pile, a signal was given to d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>