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SECTION 1

GENERAL RECOMMENDATIONS AND OBSERVATIONS

The following information covers general
recommendations and observations and does not
necessarily include all the detailed items that are
covered in the individual volumes. A critique of the
tests was held on 4 December 1975 at the Coronado
test site, and comments and suggested system/
operation improvements were presented by the
military operators (Amphibious Construction
Barttalion ONE). This was followed by a meeting at
CEL on 8-9 December 1975 with personnel from
PHIBCB-TWO and PHIBCB-ONE to discuss the opera-
tion and proposed modifications. The basic agree-
ment of all parties was that the elevated causeway
system can be used in its present form as a pier for
transferring 20-ton (18-Mg) containers to the beach.

1.1 GENERAL RECOMMENDATIONS

The following recommendations were presented
which should significantly improve system com-
poncnts or the operation/safety procedures.

1.1.1 Installation Equipment and Techniques

® Modify lift padeycs on spudwells to provide a
clear deck for working and to permit side-carry
onan LST.

® Reduce the number of hydraulic hoses
associated with the lift system to simplify
handling and reduce damagc possibilitics.

® Revise method of artaching external spudwclls
onto cxisting pontoon sections to cxpedite
installation of spudwells, especially when
sections are afloat.

® Improve pile hammer leads to reduce damage to
and neccssary repairs of leads during pile-
driving operations.

® Improve mcthod of securing pontoon sections
to piling to climinate or reduce the amount of
welding required.

P

® Provide an improved, safe ladder system for use
between deck levels when scctions are being
clevated. (The floating section is moving
vertically with the waves relative to the
adjacent elevated section.)

1.1.2 Side-Connector System

® Improve the side-conncctor system by
simplifying its operation.

® Position the components between the pontoons
so as to be readily accessiblc to the operators.

1.1.3 Container-Handling Crane

® Employ a larger mobilc crane, 140-ton
(127-Mg) rated capacity. The 90-ton (82-Mg)
capacity crane used during Phase Il was
working close to its limit.

® Investigate the use of a pedestal-type crane to
replace the rubbcr-tired mobilc crane on the
pierhead. (Advantages of the pedestal crane
appear to be in crane weight reduction, grcater
lift/reach capacity, and improved shipping
ability.)

1.2 GENERAL OBSERVATIONS
1.2.1 Spudwells

The two types of spudwells, internal and external
(Figurc 1), developed by CEL to provide the NL
P-Series pontoon system with an elevating capability,
performed satsifactorily. The internal spudwells
allowed the pierhead sections to be joined side by
side, and the piles could be cut off close to the deck
{within 10 inches (25.40 ¢m) or flush] for truck
traffic clearance. In the causeway-to-pile connection,
the steel gussets restricted cutting the piles to abour
10 inches (25.4 cm) above the deck or flush with the
deck if the gussets were welded under the pontoon
deck.
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Figure 1. Causeway test section with internal
and external spudwells.

The external spudwells allowed two-way traffic
on the roadway scctions from the beach to che
picrhead without having to cut off the piling. The
cxternal spudwells also performed very well in
positioning and holding the piling for the fender
system at the picrhead. Pile guides were tested when
installing and driving the fender piling. These steel
plate guides were slipped into the external spudwell
hole before the fender piles were inserted. With the
guides installed, the piles were held in a more vertical
alignment during and after driving. The guides were
removed after the piles were driven. This vertical
alignment of the pile was considered desirable for the
fender system operation.

1.2.2 Elevated Causeway Installation and Retrieval

The Phase 1 test conducted in Junc-July 1975
uscd the same lift system and equipment to clevate
the pontoon sections as in the Phase 11 test. However,
only four pontoon sections and onc fender string
were involved (Figure 2).

The wave environment during Phase 1 was much
more severe than that encountered in Phase 11, with
the maximum height of breakers in excess of 8 feet
(2.4 m). Pilc handling and driving and causcway
clevation were conducted during the Phase 1 test
(Figure 3). About 5 days were involved in installing
the four sections. The pier installation included:
beaching of the sections, driving the piles, clevating or
raising the sections to proper height above the water
with the lift system, connecting the chain and
turnbuckles to hold padeyes, and welding gusscts
between the piles and the spudwells (Figure 4). With
the training gained during the pier installation, it was
estimated that the crew could install the four sections
in onc 12-hour day. The time to lower and remove
the sections from the beach was 2 days. The results of
this test demonstrated the feasilibity of the
components to perform the required concept
functions, and it was rccommended that the Phase H
test be conducted.

During the Phase 11 test, the installation of the
elevated causeway sections involved establishing
procedures and training the military crew during most
of the elevating period (Figure 5). When rough water
[6-1/2-foot (2-m) breakers] was encountered, the pile
setting and driving was slowed or stopped for safety
rcasons, An example of a planned dclay in the
opcration procedures was the stopping of the
pile-driving crew (scc Appendix A, 14 November,
1330) to await the elevating crew’s disconnection of
the end connections. This was not a normal dclay as
the sections can be connected or separated while piles
arc being driven or have been driven in other sections.
(Note, however, that having a 10-man crew inactive
for several hours does not delay the clevating
opcration as the pile driving proceeds more rapidly
than the clevating) The installation procedure
required 13 days (12 November to 26 November,
excluding 15 and 16 November) for nine sections
(Scction No. 5 under the turntable was removed).
When the planned delays and other nonoperational
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Figure 2. Four-section elevated pier, Phase [ tests.

periods are accounted for, the actual time to install
the nine sections, including the fender system, was
about 66 hours, or 7.3 hours per section. During the
latter part of the operation, it was estimated that
training had improved crew operations to the level
that sections could be installed at a rate of 3 to 4
hours per section.

The average depth for driving the piles was 10
feet (3 m) into the sand bottom. A pier settlement of
about 0.8 inch (2 cm) was measured during the
clevating and container-handling tests. A check of
scttlement just prior to retrieving the pier on 5
January 1976 showed an increase to about 1.5 inches
(4 cm). Pier scttlement was fairly uniform overall
(Figure 6).

Six days (5 to 10 January 1976) were involved in
retrieval, i.e., lowering the nine sections (including
removing the fender system) and pulling the piling.
Five sections of thc approach causeway were lowcred
simultancously while end-connected; this procedure
took about 7 hours. Forty-one hours were spent

during the 6 days to lower the nine sections, but
actual working time was about 25 hours.

1.2.3 Side Connectors

No side-connector installations were used during
the Phase [ operation. Side-connector units were
installed for making the picrhead sections into a two-
by-two array to provide a continuous platform 42
fcet (12.8 m) wide. During Phase [I, equipment was
transported to the landing site aboard the
side-connected sections. The side conncctors were
disconnected before clevation, then reconnected after
the sections were in their final elevated position.
Although some minor problems were experienced in
the connection procedurcs, the functional perfor-
mance of the side connectors was good.

1.2.4 Deck Reinforcement

The 3x12 timber reinforcement for the pontoon
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Figure 3. Placing and driving pile during 6-foot (1.8-m) wave.

&

Figure 4. Elevating section with crane and tractor on board.
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Figure 5. Hydraulic jacks lifting causeway section while piles are being placed
in following sections.

deck performed satisfactorily for the wheeled vehicles
during Phase I and Phase 11 operations. Steel cleats on
the tractors shattered some timbers and tore loose
some of the steel restraining straps. Also, the rein-
forcement needs to be widened to provide for
continuous two-way truck traffic on the elevated
roadway from beach to piecrhead. The pontoon deck
is designed to support an 120 highway loading, i.c., a
32,000-pound (14,500-kg) axle load and a 75-psi
(517-kPa) wheel (footprint) pressure. The pontoon
angles, which run longitudinally on the sections,
increase the load-carrying capability significanty if
the axle/wheel loads can be concentrated over the
angles. Vehicles, such as the rubber-tired crane,
weighing 74 tons (67 Mg), and the top-lift loader with
a 20-ton (18-Mg) container, weighing 62 tons (56
Mg), have been driven over the 3x12 timbers. The
crane applied a maximum load to the pontoon deck
of 28,000 pounds (12,700 kg) per dual wheel
[footprint pressure of 90 psi (620 kPa)}, and the
top-lift loader with the 20-ton (18-Mg) container

applied a load of 52,800 pounds (23,950 kg) per dual
wheel [footprint pressure of 100 psi (689 kPa)}.

1.2.5 Beach Ramp and Matting

The 30-foot (9-m) steel beach transition ramp was
used only in the Phase 11 test. The ramp was installed
and removed by the 35-ton (32-Mg) capacity crane.
The pin attachment to the existing end-connector
padeycs worked satisfactorily, as did the ramp during
the pier clevation and container-handling operation.
The M8AT1 steel beach matting performed very well in
supporting both the container trucks and cranes
across the sand area. A six-man crew installed 24 x
150 feet (7 x 46 m) of the matting at the end of the
beach ramp. A rough-terrain fork truck was required
to move the bundles of matting into position. It was
found that the matting could not be reused after the
operation, because the pin joints holding the sections
together were bent by the traffic. So even though the
stecl plates are still useable, the sections cannot be
disassembled, stored, and reassembled at another site.
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Figure 6. Settlement of elevated pier.

1.2.6 Fender System

One 1x15 pontoon string [7 x 90 feet (2 x 27
m)] with four foam fenders was installed at the Phase
I test pier. Impact tests were conducted, and the
instruments recorded wave-loading forces up to
44,000 pounds (196,000 N) on one fender piling. The
severe surf condition caused some damage to the
foam fenders, but they were still operational. The
fender system worked wcll, and no major difficulties
were encountered in installation, operation, or
removal. The system was recommended for the Phase
IT test.

Two fender units were brought end-connected [7
x 180 feet (2 x 55 m)] to the elevated pier by a
pontoon tug and six piles were driven in the fender
spudwells in about 2 hours. The calm sea conditions
that prevailed during the Phase II operation limited
the evaluation of the fender system to protect the
lighters. Thercfore, specific impact tests were
conducted using a pontoon warping tug. The tug
struck one fender string (one Scaward foam fender)
head-on at velocities of about 5 knots. Two piles, 20
inches in diameter (508 mm) and 3/8 inch (10 mm)
in wall thickness, were damaged during the tests.
Maximum impact load measured at the pierhead was
in excess of 70,000 pounds (32 Mg). The fender
systzm was still operable after the impact tests.

1.2.7 Lighters

The three types of lighters used in the container
operations, i.e., the three-section causeway ferry,
LCU 1652 (class 1610) and LCM-8, operated without
difficulty at the pierhead with the calm water condi-
tions. The David Taylor Naval Ship Research and
Development Center (DTNSRDC) obrained craft
motion [1] and wave measurements during the tests,
but, because of the calm water, very small motions
were indicated for the lighters. The maximum pitch
recorded was 2.4 degrees on the LCM-8 and 1.5
degrees for both the ferry and LCU. Extremely small
translational accelerations were obtained on all
lighters during the tests. The wave height spectra
developed from the data indicated that most of the
scaway energy was from a predominant swell
component with a period of about 14 seconds.

1.2.8 Trucks, Turntable, and Crane

The turntable was used 148 times to rotate the
truck/trailers. Average time per truck/trailer (tractor
front whecls on ramp to trailer rear wheels off ramp)
for the first third of the operation was 87 seconds, 74
seconds for the second third, and 53 seconds for the
last third. The fastest time was 37 seconds. Time for
the truck to move from the crane area to the beach
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was 2 minutes. Average time for the crane to move
containers from a lighter to a trailer was: causeway
ferry, 3.0 minutes; LCU and LCM-8, 3.5 minutes.
Thus, the average time to move containers from a
lighter to the beach was 5.0 to 5.5 minutes. Crane
cycle times of 3 minutes per container were recorded
so that, with a proper truck/turntable pattern (i.c.,
always having a trailer waiting for the crane), the
number of containers per hour can be increased to
20.*

The 90-ton (82-Mg) capacity crane was satisfac-
tory during these tests, but it was operating at about
its maximum lift/reach capability when handling the
20-ton (18-Mg) container at a 40-foot (12-m) reach.
A 140-ton (127-Mg) capacity cranec would be more
reliable when higher wave conditions exist.

The planned truck/turntable pattern for these
tests was revised because of the loss of the turntable
section. This required relocating the turntable on a
pierhead section, thus resulting in the loss of space by
having a truck waiting to move into the crane-loading
area.

The air-bearing transporter used to unstuff the
container at the beach was able to extract the 20-ton
(18-Mg) load in 20 to 30 scconds. Two men operated
the system and restored the unused supplies into the
container without difficulty.

1.2.9 Lo/Ro Operation

In the Lo/Ro concept, containers are delivered
deck-loaded on a causeway ferry; the ferry is
beached, and the containers are off-loaded with
commercial container handlers. No Lo/Ro operations
were conducted during the Phase I tests. Two tests

were conducted (20 November and 4 December

1975) during the Phase Il operations. The first test
involved building a sand ramp level with the causeway
deck and testing both steel mat and Mo-Mat to
support the top-lift loader (TLL) on the beach. The
sand ramp was built level with the ferry deck initially
to assure that the TLL would not high center on the
ramp. A second test was planned to test the
TLL/ramp clearances.

Total clapsed time for the first test was from
1046 to 1611 hours to unload 12 containers and test
the matting. A five-section ferry, propelled by one
pontoon warping tug, was loaded with 12 containers
on the three shoreward sections (four containers per
section). The other two sections were used to keep
the tug out of the breaking surf, but they would have
carricd containers in a normal operation. The average
time for the TLL to approach the causeway, pick up
a container, and then leave the causeway was 2
minutes. This average time did not include the travel
time to the storage arca, which was about 400 fect
(122 m) away. The time to travel to and from the
storage arca was 3 minutes.

The Mo-Mat would not support the TLL on the
soft beach sand and had to be replaced with steel
mat. The MBA1 steel mat was satisfactory, although
it did curl slightly under the TLL wheel loads.

Prior to the second test, the landing site was
back-bladed using a tractor (about 10 minutes to level
sand slightly), an empty three-section causeway was
beached and pulled higher onto the beach with
tractors (8 minutes), and the ramps were dropped and
steel matting was pulled to the end of the causeway
(15 minutes). Time from beaching to backloading six
containers was 55 minutes, which includes travel to
and from the storage arca. Time to off-load six
containers to the storage area was 30 minutes. No
problem was encountered in driving the TLL over the
ramp and onto the ferry.

1.2.10 Environmental Data

During the Phase I test period, 16 June to 16 July
1975, two tropical storms occurred off the coast of
Mexico that generated heavy swell at the test site at
Point Mugu. On 7 and 8 July, breakers in excess of 8
feet (2.5 m) were noted. The breakers approached the
pier during the test at angles of 5 to 30 degrees, and,
on occasions, swells struck the pier from two
directions simultancously. The breakers imparted
more severc motions to the crane boom, piling, and
pile driver than occurred during Phase II. The shore
length of the foursection pier, which placed all

*Average container-handling rates per hour do not include time lost between arrival of lighters (the tie-up

of the lighter to the piethead is included in the overall times listed); therefore, the rate per hour could
be less than 20 containers if a lighter were not waiting for the crane.
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seetions within the breaker area, also increased the
motion problem and working hazard. Waves were
frequently breaking across the floating sections
during the elevating period.

Swells and breakers were relatively calm during
the Phase il operation. Breakers up to 5.5 feet (1.7
m) were observed during 1 to 2 days of pier elevation.
Surf conditions during the conrainer-handling opera-
tions, 1 to 5 December (ineluding Lo/Ro), were calm
and presented no problem either to the lighters
during mooring or container handling.*

1.2.11 Human Factors

The Naval Electronics Laboratory Center
(NELC), San Diego, eondueted a human engineering
study of the elevated causeway installation/retrieval
and container-transfer operations. The emphasis of
this study was placed on improving man and equip-
ment interactions and in developing pcrsonnel
requirements. The tasks performed by the erews were
identified by direet observation and review of video
tape recordings taken during the Coronado tests. An
analysis was then made to identify man/equipment
problem areas and possible solutions. Attention was
given to personnel numbers, skill levels, and their
utilization. Personnel hazards were also identified,
and suggested methods of correeting them are
presented.

Areas for improvements are suggested in the jack
rigging operation, particularly for gimbal assembly
and pilc cap handling. Other items diseussed include
alternate methods of seeuring piles to the eauscway
sections to reduce causeway elevating time,
personnel, and equipment requirements; preposi-
tioning of piles in the spudwells for transport to the
bcach site along with alternate methods of pile
attachment; and improved erew allocations. These
human factor items are covercd in derail, along with
recommendations and proposed future efforts, in
Volume {I; a summary of the findings is given in
Appendix C.

*Scc Appendix B for detailed information on cnvironmental conditions at both test sites.
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SECTION 2

INTRODUCTION

2.1 SCOPE

The advaneed development tests for the clevated
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 containers. The
equipment tested included four specially assembled
NL pontoon pierhead sections with internal spud-
wells, five existing pontoon sections equipped 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 evaluated during
the operation. Timing data were taken at all pertinent
points of the operation; however, this information
was considered to be secondary to determining any
operational limitations, proper procedures, and
problems requiring further development efforts.

2.2 BACKGROUND

DOD planning for the logisties support to sustain
major contingency operations, including amphibious
assault operations & 1 Logisties-Over-The-Shore
(LOTS) evolutions, relies cxtensively on the
utilization of U.S. Flag commcrcial shipping. Sinee
the mid-1960s commcrcial shipping has been steadily
shifting towards containerships, Roll-On/Roll-
Off/(RO/RO) ships, and bargeships (e.g., LASH,
SEABEE). By 1985 as much as 85% of U.S. Flag
sealift capacity may bc in conuiner-capable
ships — mainly non-self-sustaining (NSS) container-
ships. Such ships cannot operate without cxtensive
port faeilities.

Amphibious assault and/or LOTS opcrations are
usually condueted over undeveloped beaches, and
cxpeditious rcsponse times prcclude conventional
port development. The handling of containcrs in this
environmcent presents a serious problem. This
problem is addressed in the ovcrall DOD Over-the-
Shore Discharge of Cargo (OSDOC) cfforts, 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
(OSDOC) System.”

In response to the DOD Master Plan, Navy Opera-
tional Rcquirement (OR-YSLO3) 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
promulgated July 1975, and the Navy Material
Command was tasked with development. The Naval
Facilities Engineering Command has been assigncd
Principal Development Activity (PDA) with the Naval
Sea Systems Command assisting.

The COTS advanced development program
includes the ship unloading subsystem, thc ship-
to-shore subsys = and common system elemcnts.
The ship unloading subsystem includcs: (a) the
development of Temporary Containcr Discharge
Facilities (TCDF) employing merchant ships and/or
bargss with add-on crancs and support equipment to
off-load non-self-sustaining containerships alongside;
(b) the development of Crane on Deck (COD) tech-
niques and cquipment for dircet placement of cranes
on the decks of NSS containerships to render them
self-sustaining in an cxpedient manncr; (c) the
development of equipment and techniques to off-load
Ro/Ro ships offshore; and (d) the development of
intcrface equipment and techniques to cnable ship
discharge by helicopters (either existing or projected
in other development programs).

The ship-to-shore subsystem includes the
development of elevated causcways to allow cargo
handling over the surfline and development of sclf-
propelled causeways to transport eargo from ships to
the shoreside interface.

Thc commonality subsystem includes: (a) the
development of wave-attenuating Tethered  Float
Breakwaters (TFB) to provide protection to COTS
opcrating clements; (b) the development of special
cranes and/or crane Ssystems to eompcnsate for
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container motion experienced during afloat handling;
(c) the development of transportability interface
items to enable transport of essential outsized COTS
equipment on merchant ships — particularly barge-
ships; and (d) the development of system integration
components, such as moorings, fendering, communi-
cations, and services.

The Civil Engineering Laboratory (CEL) was
designated by the Naval Facilities Engineering
Command (NAVFAC) as the responsible laboratory
for the ship-to-shore subsystem. This report covers
only that portion of the ship-to-shore subsystem
related to the elevated causeway components and
associated container-handling operations.

The parameters used by CEL to develop and
evajuate the elevated causeway system are:

Configuration Objectives

® Capable of being transported by LST and
commercial carriers, including bargeships

® Provide for lighterage operation/cargo handling
and transfer beyond the surf zone

® Capable of being installed in breakers/swells up
to 7 feet (2.1 m); survive in swells up to 15 feet
(4.6 m)

® Capable of being installed at an average rate of
2 to 4 hours per section

® Capable of being elevated 15 feet (4.6 m) above
mean low water [allow for 8-foot (2.4-m) tide
and 7-foot (2.1-m) swell] in water depths of 10
to 20 feet (3.0 to 6.0 m) at the pierhead

® Provide fender system for pier/lighterage inter-
face and line-handling capability for lighterage

® Provide system capability for truck turnaround
on the causeway and a means for expanding the
elevated causeway installations

Performance Goals

® Install clevated causeway pier from beach to a
point offshore suitable for lighterage opera-
tions, which are

- Causeway/container crane operations:
handle 20-foot (6.0-m) {22-ton (2.0-Mg)] up
to and including 40-foot (12.2-m) (35-ton
(32-Mg)] containers at 40-foot (12-m) radius

.~ Container transfer rate: 10 to 12 containers
per hour from lighterage to shore; use
multiple components to meet greater
demands

® Use existing Navy assets augmented by com-
mercial hardware to the maximum extent
practical

® Be compatible with cargo from existing
containerships and other container-capable
ships, such as RO/RO ships, bargeships, and
other cargo ships

® Provide limited container-handling capability
(Lo/Ro and Ro/Ro at an early time frame)

® Introduce eclevated causeway components into
Fleet by end of FY 78

Operational Criteria

® Sustained operations in sea state 3 [significant
wave height, 5 feet (1.5 m)]) with 30-knot
(15.4-m/s) winds, 4-knot (2.0-m/s) current

® 20-foot (6-m) water depth at pierhead
® 7-foot (2-m) surf and 8-foot (2.4-m) tide

® Survive in sea state 6 with 75-knot (38.6-m/s)
winds, 4-knot (2,0-m/s) currents

® Survive hurricane forces when given 24-hour
warning, and operational within 48 hours
following the storm

CEL planned the elevated causeway tests in two
phases. The Phase 1 tests, which were conducted by
CEL at Point Mugu, Califomnia, were designed [2] to
investigate operational and structural capabilitics of
the NL elevated causeway and to develop operational
procedures. No container-handling tests were
included in this phase. The Phase 1 tests [3] were
conducted from 16 June to 16 July 1975.

The Phase 11 tests were designed to be conducted
by military operators, i.e., PHIBCB-ONE and
ACU-ONE, Coronado, California, to determine opera-
tional limitations and any further development
requirements. Container-handling operations were
included in these tests. The pier was elevated by
PHIBCB-ONE on Silver Strand Beach, Green Beach
Two at 32039°08" latitude, 117909°25" longitude,
beginning 12 November 1975 and finishing on 26
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November 1975. A survey of the landing site showed
a beach gradient of about 1:30 and a water depth of
20 feet (6 m) at zero tide 600 feet (183 m) offshore.
Container-handling operations began on 2 December
and were completed on 5 December 1975. The
container-handling crane was positioned on the
pierhead on 1 December. 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 was disassembled from 5
January to 10 January 1976. Movies [4, 5] have been
prepared covering both Phase I and Phase I1 tests.

2.3 REPORT COVERAGE

The documentation of the Phase I and Phase 11
tests consists of this Summary Report, Volume 1, and
four other volumes; the other volumes cover the
following.

2.3.1 Volume 11

This volume reports on the elevating mechanism
or lift system and alternative lift procedures and
associated equipments. Included are description of
clevated causeway, pier installation and retrieval
(including pro and con of elevating from shore out or
offshore in), pile hammer and driving, beach gradients
and surveys, ladders and scaffolding, and discussion
of multisection lift. 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
Dicgo, and is reported in this volume.

2.3.2 Volume 111

This volume describes the pontoon equipment
(including section assembly, internal and external
spudwells), structural reinforcements required for the
container-handling crane, side connectors, and results
of structural behavior tests.

2.3.3 Volume IV

This volume contains descriptions of the fender
system, installation procedures, and lighterage impact
tests. The lighterage motions recorded during the
container-handling operation are also given.

2.3.4 Volume V

This volume details 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 transporter. An altemate method of
ship-to-shore container transfer, i.e., the
load-on/roll-off causeway ferry system (Lo/Ro), using
a commercial top-lift loader was tested and is
described in this volume.
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SECTION 3

ELEVATED CAUSEWAY SYSTEM

3.1 OVERALL SYSTEM

The elevated causeway system design provides for
an interfacc betwcen lighterage and the beach by
bridging the surf zone. The elevated access terminates
at the offshore end in a pierhead that supports the
cargo unloading functions. The major developments
include an elevating capability for the existing NL
pontoon causeway, a crane installation at the pier-
head for off-loading from lighterage moored alongside
the causeway, fendering to interface the elevated
pierhead and the lighters, turnaround components to
handle truck/trailers on the causcway, and a two-way
traffic access from the pierhead to the beach.

The system is based on the 3x15 pontoon section,
21-feet wide by 90 feet long (6.4 m by 27.4 m),
which is elemental to the Amphibious Construction
Battalions. To convert the floating 3x15 pontoon
structure to the elevating mode requires the addition
of spudwells, either external or internal. The internal
spudwells are used in the pierhead where sections are
side by side, and the external ones are used in the
connecting causeway.

Basically, the sequence of installation is:

(1) Beach all sections connected in the floating
mode

(2) Place and drive piling
(3) Install the lift jacks (6]

(4) Disconnect the end-to-end (or side-by-side)
connection on the section(s) to be clevated

(5) Elevate the section(s)

(6) Secure the clevated section to the piles
(temporary)

(7) Remove the jacks

(8) Move on to next section and repeat steps 3
through 7

(9) Remake the connection when adjacent
sections are elevated

(10) Install fender components after pierhead is
complete

After the work is underway, many of the
functions are performed concurrently, as is the task
of making permanent pilc-to-causeway connections.

The advanced development tests at Coronado,
California, were conducted with the following
structure: four pierhcad sections (No. 1 through 4),
five approach sections (No. 6 through 10), and the
turntable section (No. 5) located seaward of the pier-
head. Before the turntable section could be elevated,
it was damaged during scvere scas and could not be
used. Consequently, the turntable was relocated to
pierhead Section No. 1.

The modularity of the elevatcd system allows the
field commander flexibility in sizing out the pierhead
and approach. As a minimum, the four spccial pier-
head sections should be used to establish the offshore
container-handling facility. The 2x2 section pierhead
can be expanded in both length and width dimensions
to meet requirements. The length of the approach
causeways should be selected to bridge the surf and
locate the pierhead in sufficient water depth for
anticipated lighterage.

The construction/installation equipment tested
were similar for both the Phase I and II tests, with
container-handling components added for the Phase
It tests. The equipment included new items designed
to facilitate clevating the NL pontoon sections and
some existing military and commercial hardware (sec
Table 1).

3.2 COMPONENTS
3.2.1 Elevating System

The elcvating system [6], which is packaged in
one 8 x 8 x 20-foot container, consists of five
hydraulic chain jacks (includes one spare jack),

gimbals, stud-link chain, a hydraulic power unit,
connecting hydraulic hoses, and misccllaneous

-
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Table 1. Construction and Installation Equipment

The Elevated Causeway Provides

Equipment/Hardware Evaluated

A pier roadway from the beach for truck/trailers;
composed of 3x15 NL pontoon sections with exter-
nal spudwells; raised above the water and extending
from the beach to a pierhead (beyond the breaking
waves); sufficient water depth to accommodate
lighters.

A platform (picrhead); consists of 3x15 NL pontoon
sections with internal spudwells; supports a container-
handling crane; supplies a roadway for the truck/
trailers to transport the containers; contains an area
for the wrntable for the truck turnaround.

Attachment/installation points for the lighterage
fender components.

Components for mooring the lighters to the pier.

Lift system? (hydraulic jacks, power unit, gimbals,
pipe caps, accessories); spudwells, piling, pile
hammer; 35-ton (32-Mg) capacity mobile crane;
5-ton (4.5-Mg) capacity hydraulic crane.

90-ton (82-Mg) rated capacity mobile crane?
Marine Corps M52/M127 truck/trailers; turntable,
side connectors; beach ramp and beach surfacing.

Internal/external spudwells; 1x15 pontoon strings;
piling; pile guides.©

Double bitts, 7-inch (178-mm) double-braid
polyester line.

9Detailed in Volume II.
®Detailed in Volume V.
¢Detailed in Volume 111 and IV.

hardware. The two types of spudwells, internal and
external, which were developed by CEL, provide
alternative methods for raising the NL pontoon
sections in conjunction with the jack system. A
DE-30 diesel-driven pile hammer was used to drive
the steel piles. A P&H Model 935 rubber-tired truck
crane was used to handle the pile hammer and piling.
A 5-ton (4.5-Mg) capacity hydraulic crane was used in
conjunction with the 35-ton (32-Mg) capacity crane
to move jacks and accessory gear on the causeway,

3.2.2 NL Pontoon Sections

Four 3x15 pontoon sections were assembled at
CEL for the pierhead (Figure 7). The internal spud-
wells used in these sections provide for a clear outside
edge and permit sections to be positioned side by
side. Four spudwells were assembled in each section,
except for the two sections which would support the

container-handling crane. Two additional internal
spudwells were added to each of these sections. Also,
the exterior pontoon angles adjacent to the
crane/container operation were reinforced to resist
the greater moments and shears introduced into the
structure by the crane lifting 20-ton (18-Mg)
containers from the lighters. The four sections, along
with the crane, the pile hammer, and accessory gear,
were shipped to Coronado by LSD-31 Point Defiance
on 29 October 1975 (Figure 8).

Six existing 3x15 NL pontoon sections were
obtained from Amphibious Construction Battalion
ONE (PHIBCB-ONE), Coronado, and the sections
were modified by adding AP7 mounting plates for
external spudwells. These AP7 plates were installed
by the Public Works Center (PWC), U. S. Naval Base,
San Diecgo, California. After the sections were
modified, PWC installed the external spudwells and
load-tested the sections statically with 85-ton (77-Mg)
weights.




i
4
L . Figure 7. Elevated causeway pierhead.
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Figure 8. Loading clevated causeway components into LSD.
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3.2.3 Side Connectors

A side-connector device was fabricated to join the
sections side by side and to strengthen the pierhead.
This device is composed of a probe mounted in one
causeway section and a receiver fitted into an
adjacent section. The probe and receiver fit within
the 9-inch (228-mm) space between the pontoons of
each section. A hydraulic ram is used to move the
probe to engage a corresponding receiver in an
adjacent section. The side-connecting device resists
longitudinal and vertical shear forces in addition to
the lateral forces that tend to pull the sections apart.
Two side connectors are used in each pair of sections
to be joined side by side.

3.2.4 Beach Ramp and Surfacing

A 30-foot (9-m) long, two-piece steel ramp
provides a roadway from the elevated shore section to
the beach (Figure 9). Each ramp piece weighs 9 tons
(8 Mg) and attaches to the open padeyes of the NL
pontoon end connection. The ramp is capablc of
supporting the 148,000-pound (67-Mg) container-
handling crane. Steel matting (M8A1) was provided as
a beach surfacing at the end of the causeway (Figure
10).

3.2.5 Fender System

Two 1x15 NL pontoon strings were assembled
with three internal spudwells (Figure 11). Two types
of plastic fenders (or cushions) — Ocean Systems and
Seaward International — were tested. The nominal
dimensions of the Seaward cushions are a 4-foot
(1.2-m) diameter by a 7.4-foot (2.25-m) length; six
cushions were installed on one of the 1x15 sections.
The Ocean Systems cushions are 4 feet (1.2 m) in
diameter by 10 feet (3 m) in length; three of these
cushions with one Seaward cushion were installed on
the second 1x15 scction.

Steel piles, 20 inches (508 mm) in diameter by
3/8 inch (10 mm) in wall thickness, were driven
through the spudwells to restrain the fender strings
and to provide resistance to the lateral impact of the
lighters. Pile guides werc used in several external
spudwells attached to the picrhead to hold the piling
in a vertical alignment. These guides consisted of two
picces of 1/2-inch (12.7-mm) thick stcel platc, § fect

(1.5 m) long, formed to fit between the pile and the
spudwell. The two 1x15 strings with plastic cushions
were transferred from CEL to Coronado by LSD 31
on 29 October 1975 (Figure 12).

3.2.6 Crane and Containers

A 90-ton (82-Mg) rated capacity, rubber-tired
truck-mounted commercial crane, P&II Model 8100
(Figure 13), was leased from Enniss Company, El
Cajon, California, for the tests. Equipped with a
70-foot (21-m) boom, the crane has a hook capacity
of 26 tons (24 Mg) at a radius of 34 fect (10.4 m).
The crane is approximately 33 feet (10 m) long by 11
feet (3.3 m) wide by 13 feet (4 m) high and has an
operational wcight of 148,000 pounds (67 Mg)
[counterweight, 26,000 pounds (12 Mg)l. Lease
charges for the crane, including an operator and
helper, was $100 per hour. Transport and sct-up
charges were $1,000. The total cost for the time the
crane was on site from 1 to § December was $4,000.

Two types of container-handling gear were
used — a 3,000-pound (1.4-Mg) manual spreader bar
(Figure 14) and wire rope slings equipped with bulb
hooks (Figure 15) to lock into the container corner
pockets. Eighteen 8 x 8 x 20-foot (2.4 x 2.4 x 6-m)
containers, weighing 4,400 pounds (2 Mg) cach, were
leased from the Pacific Far East Line, San Diego, for
$3,500 per month. Two of the containers werc
loaded to 20 tons (18 Mg) with concrete weights. The
weights were fabricated by the Public Works Center,
Naval Base, San Diego.

Container handlers, mobile truck cranes, and
truck/trailers create tire print pressures up to 130 psi
(896 kPa). This pressure exceeds the allowable stress
of about 75 psi (517 kPa) of the pontoon deck plate;
thus, a suitable reinforcement is required. Thc
pontoon causcway deck was reinforced with 3 x 12
timbers to distribute the vchicles’ weights whilc
transiting the causeway and on the pierhcad. These
timbers werc secured to the deck with 3/16 x 2-inch
(95 x 50-mm) stecl straps placed across the timbers
and welded to the deck. The AP1 pontoon assembly
plates werc not level with the timber roadway:
therefore, they were covered by plywood sections.

The plywood was held by stcel straps welded across
the A6 bolt heads (Figurc 16).
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Figure 9. Ramp from beach to elevated causeway. [

et

Figure 10. Stcel mat, M8A1, used to support container cranc and
container transporters across beach.
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Figure 11. Foam bumpers sccured to two 1x15 pontoon strings and restrained
by six steel piles.

Figure 12, Fender strings being loaded into LSD,
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Figure 13. P&H Model 8100, 90-ton (82-Mg) rated capacity truck crane
moving to picrhead on causcway.

N

Figure 14, Manual sprcader bar.
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Figure 15. Wire rope slings with bulb hooks.

R

Figure 16. Pontoon deck reinforcement of 3x12 timbers provides roadway
for vehicles.
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3.2.7 Lighters

Three types of existing Navy lighters were used to
transport the containers to the picrhead, namely, a
three-section NL pontoon causcway ferry push-towed
by an NL pontoon warping tug (Figure 17), a Class
1610 LCU (Figure 18), and an LCM-8 (Figure 19).
Each of the threc ferry scctions is 21 fect (6.4 m)
wide by 90 feet (27.4 m) long with an empty draft of
1.3 feet (0.4 m); displacement of each section is 62.5
tons (56.7 Mg). The warping tug is basically a 3x14
pontoon barge, 23 feet (7.0 m) by 93 feet (28.3 m),
with a displacement of 113.5 tons (103 Mg). The
LCUis 135 feet (41.2 m) in length with a displacement
of 227.5 tons (206.4 Mg), and the L.CM 8 displace-
ment and length are 57.5 tons (52 Mg) and 74 feet
(22.6 m), respectively.

The causeway ferry carried 12 containers, the
I.CU, four containers, and the 1L.CM-8, two
containers. The lighters were moored to the elevated
pier with 7-inch (178-mm) circumference, double-
braided, polyester lines attached to 12-inch (305-mm)
double bollards welded to the pierhead. Instruments
were installed on the three types of lighters to
measure their motions while moored to the pierhead.
Swell and current data were recorded in the area
adjacent to the pier.

3.2.8 Trucks and Turntable

Six Marine Corps truck/trailers, i.e., M52 tractors
with M127 trailers (Figure 20) — total length, 42 feet
(13 m); weight, 34,000 pounds (15.4 Mg) — were
used to haul the containers from the picrhead to the
beach. The First Loree Service Regiment, First
Marine Division, Camp Pendleton, California,
furnished the operators and vehicles for the test.

This vehicle requires an area equivalent to about
cight causeway sections to turn around at the picrhead
arca; therefore, a turntable was fabricated to rotate
the truck/trailers. The turntable rotates on cight
34-inch (762-mm) diameter air bearings, is 48 feet
(14.6 m) long, and has a total weight, including both
the upper and lower sections, of 30,000 pounds (13.6
Mg). The system uses a 360-cfm (0.17-m3/s) air com-
pressor and three men for operation. Cost of the
turntable was $30,000.

*This method was tested in OSDOC 11 17].
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3.2.9 Pile Hammer

The pile hammer used 10 drive the 20-inch
(508-mm) diamecter piles was a diesel-operated
DE-30 — weight, 9,075 (4 Mg); rated cnergy, 22,400
ft-lb (30 kN m); length, 15 feet (4.6 m). This hammer
(Figure 21) was obtained from Navy supply at Port
Ilueneme. A special set of hanging leads were fabri-
cated by CEL to hold the hammer on top of the piling
during the driving operation. A smaller hammer, the
DE-20 — rated energy, 16,000 ft-lb (21 kN m) — has
been used during some early tests and was considered
marginal for driving the 20-inch (508-mm) diameter
piles into a firm, sand bottom.

3.2.10 Lo/Ro, Top-Lift Loader

One lighterage system that will be available carly
in the amphibious landing is the pontoon causeway
ferry (Figure 22). Two opcerational methods can be
used to move containers with the pontoon ferries: (1)
Ro/Ro (roll-on/roll-off) — truck/trailers on the ferries
with containers loaded directly onto the trailers at
the ship so the unit can be driven ashore when
the ferry beaches;* and (2) Lo/Ro (load-on/roll-
off) — containers placed directly on the pontoon deck
and unloaded at the beach using material-handling
cquipment (MIIE).

During the first test, a five-section ferry loaded
with 12 containers, which were positioned on the
three sections adjacent to the shore, was beached, and
a top-lift loader (TLL) moved the containers ashore.
The TLL was a Ilyster Challenger (Model 11620B)
container-handling lift truck with a high-mount,
side-shift carriage (Figure 23). The TLI. was leased
from the Ilyster Company, Long Beach, Cslifornia,
for $3,000 per month.

The TLIL, which weighs 83,000 pounds (37.6
Mg), is capable of stacking the 8 x 8 x 20-foot con-
tainers two high. With a fully loaded container the
weight on the front drive wheels is about 136,000
pounds (61,700 kg), resulting in footprint pressures
of about 90 to 100 psi (621 to 689 kPa).

The high-mount, side-shift container carriage
provides for articulation (forward and rear tilt of 15
degrees and slew of 5 degrees) and lateral ad-
justment of about *18 inches. The operator is
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Figure 17. Three-section NL pontoon causeway ferry.

located about 12 feet abovc the ground, which gives
an cxcellent view. Steel matting, M8A1, was posi-
tioned at the beach end of the feny to permit
operation of the TLL with containcr over the soft
beach sand.

3.2.11 Air-Bearing Transporter

The air-bearing device [8] used to unstuff the
containers at the beach consists of two thin 3-foot
(0.9-m) wide by 20-foot (6-m) long pallcts, each
equipped with six 34-inch (864-mm) diamcter air
bearings. The air bearings, which are toroidal rubber
bags forming a plenum chamber, opcrate at an air
pressurc of 4 psi (27.6 kPa); each bearing has a
10,000-pound (4.5-Mpg) lift capacity so that the total
system lift capacity is 120,000 pounds (54.4 Mg)
(Figure 24). A standard 360-cfm (0.17 m3/s) air
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compressor supplies the air for the system.

The 20-ton (18-Mg) weights in the containers
were loaded on master pallets that would accept the
20-foot (6-m) long air transporter pallets. After the
two air pallets arc positioned under the loads, air is
valved into load bars which inflatc and raisc the
20-ton (28-Mg) weights. The entirc 20-ton (18-Mg)
load can then be pulled from the containcr onto a
level, smooth surface by two men. Cargo can be
selccted and the remainder returned to the container
for storage.




Figure 19. L.CM-8 being unloaded while moored to pierhead and fender system.
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Figure 20. Marine Corps truck/trailer (M52/M127) being rotated _
on turntable. f
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Figure 21. Modcl DE-30 dicscl-operated pile hammer.
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Figure 22. Causeway ferry beached for Lo/Ro operation.
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Figure 23, Top-lift loader removing 20-foot container from beached causeway
during Lo/Ro test.
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Figure 24, Air-bearing transporter.
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SECTION 4

CONTAINER MOVEMENT SCENARIO

Avcerage cperating times were computed from the
data collected during the Phase 1 tests (see Table 2).
Operating times for the individual components, i.e.,
crane, trucks, turntable, and lighters, were identified
(Table 3). From this information the following
scenario was composed for transferring containers to
the Elevated Causeway (Figure 25) and then to the
beach. The water condition sclected for the scenario
is a 1-to-2-foot (0.3-t0-0.6-m) swell with 2-foot
(0.6-m) breakers; there is no wind blowing.

4.1 NL PONTOON CAUSEWAY FERRY

The three-section causeway ferry with 12 con-
tainers on the deck (the 20-foot (6-m) container
dimension crosswise of the fecrry) approaches the
elevated pier and moors. Average time to moor the
ferry is 6.7 minutes. The cranc and truck/trailers are
in position to receive the first container; sec sketch
on Table 3 of truck positions. Six truck/trailers are
provided for the operation. Using the manual sprcader
bar, the crane moves the first container to the waiting
truck (at Crane Position D) in the average time of 2.3
minutes (Figure 26); this is cranc cycle operation 1,
2, 3, and 4 of Table 3. The sccond truck parked in
the wait position (position B) must delay movement
until the first truck with container passes position B.
When clear, it moves (operation 6) to the turntable
and then to the cranc (operation 7). Mcanwhile, the
cranc has lifted the second container and is waiting
for the second truck, operations 1, 2, and 3. The
cranc scts the sccond container on the truck
(operation 4). Avcrage time for second container is
3.25 minutes.

It is necessary to warp the ferry along the picr-
head after cach pair of containers has been lifted
because of the limited reach capacity of the crane.
This adjustment of the ferry’s position can begin after
the second container has been lifted. Average time to
warp the ferry once is 3 minutes. This time is con-
current with and less than truck movement
operations 9, 6, and 7. Operation 2 for the cranc is

Table 2. Operation Times for Unloading

Containers
Opcration Times (min) for -
Element Three-Section
NL Pontoon Glas-1610 LCM-8
LCU
Ferry
Moor lighter 6.7 24 3.5
Unload container
Using manual
spreader bar 2.3 2.2 2.7
Using slings 2.3 2.7 -
Warp lighter 3.00 6.0% -

a o B
Ferry must be warped five times to reach all
12 containers.

bLCU must be warped once to reach all four

containers.

“1.CM-8 docs not require movement.

delayed until after the warping opceration ¢nds, but
operation 3 is completed prior to operation 7 for the
truck. Thus, no overall time loss is cncountered
because of the warping operation.

The average container-handling time of 3.25
minutes is typical for all containers following the first
onc. The last container requires 3.25 minutes to load
on the truck, and then 2 additional minutes are
required for the loaded truck to traverse the clevated
causcway to the beach. All 12 containers are now
ashorc. The total unloading time is 40.05 minutes,
which results in an average rate of 18 containers per
hour. When the mooring time of 6.7 minutes for the
ferry is added, the container rate is reduced to 15 to
16 containers per hour.

Figure 27 shows a time plot using data from the
Phase 11 test for unloading the three-section pontoon
ferry. The critical time path (heavy solid line on the
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Table 3. Sequence of Unloading Operation

. et Time
Cycle Opcration Description )
Crane 1 Crane start, swing to 39
container on lighter
2 Lock onto container 27
3 Lift container and 55
swing to start posi-
tion
4 Load containcr on 20 1
trailer ‘ turntable
Truck 5 From beach to wait 65
position g
6 Wait position to 63 STANEPOSILIoN
turntable +
Turntable to crane 79
8 Crane position to 120
beach
9 Cranc position to 30 -
wait position
10 Wait position to 90 wait position
beach
Lighter? 11a Warp ferry 180 B
11b Warp LCU 360
4LCM-8 does not rcquire warping. =1

A beach

Truck positions on clevated pier.
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This turntable section was damaged during rough
wave action and was returned to harbor.

S side connector (typ)
Siver ] by b, ) o 3 X
Strand 10.10 | 1n0.9 | no.8 | no.7 J no. 6 no. 2 no. 1 no.s |
Beach
3 turntable relocated on
this section
3

Figure 25. Location of sections of elevated causeway for Phase Il operations.

plot) for container movement shows the truck cycle
time to be the major time consumer (after ferry
mooring). The original Phase 1l plan®* would have
made the truck movement time more concurrent with
the crane cycle, thus eliminating the crane waiting
time and shortening the overall time by about 8.8
minutes (average crane waiting time of 0.8 minute for
each of 11 trucks; the first container has no cranc
delay as the equipment is in position beforc the ferry
moors to the picrhead). This saving in time translates
into a total rate of 19 containers per hour instcad of
15.4 containers per hour.

When the truck cycle time is improved, the
warping time may become the critical path
componcent. The warping time required to adjust the
ferry position to accommodate the reach/lift
capability of the crane begins after the second
container has been lifted from the ferry. In very calm
water (no greater than lower sca state 2), which
existcd at the Phase 11 test site, it is safe for the crane
to swing and lower the sprcader bar to the containers
on the ferry near the end of the warping tug cycle. It
appecars that considcrable improvement can be made
in rcducing the warping time as the crews become
more familiar with the operation.

4.2 CLASS 1610 LCU LIGHTER

The average mooring time for the LCU is only 2.4
minutes, while the time to warp the LCU is 6.0
minutes. The LCU necds to be moved only once
during unloading compared to five times for the
causcway ferry. The additional warping time of 6.0
minutes results in a delay for the crane cycle of about
3 minutes after each pair of containers, but the
overall container-handling time is similar to that for
the causeway ferry because of the shorter mooring
time. Total time to transfer 12 containers or three
1.CU loads is 50.2 minutes or 14 containers per hour.

The lower plot in Iigure 27 represents the time
and operational sequence for unloading the L.CU
during the Phasc Il tests. The L.CU carries only four
containers; therefore, the plot has been extended for
two additional L.CUs (eight morc containers) to
compare times with the threesection ferry that
carrics 12 containers. The two additional 1.CUs arc
shown as being ready to moor to the elevated pier as
soon as the preceding 1.CU dceparts the pierhead. The
critical time path shown in the heavy solid line points
out that the trucks and warping cycles are the
dominating opcrations. Improving the truck cycle

*Plan changed when Scction No. § was damaged and 1umiable had to be placed on the

pierhead.
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Figure 26. Unloading containers from three-section causeway ferry at

elevated pierhead.

time by about 8.0 minutes* would increase the
container rate pcr hour from about 14 to 17, Figure
27 illustrates 18 minutes of warping time for the
L.CU, of which about two-thirds is critical because the
crane is waiting. Thus, any reduction in time that can
be madc, which should be considerable after the
crews beeome expericneed, would be reflected as an
improvement in productivity.

4.3 ENVIRONMENTAL EFFECTS

The previous cstimated container-handling rates
are based on data obtaincd during a calm cnviron-
ment. With an increase in the wave and wind factors,
thc mooring and warping times for the lighters will
become longer and the hook-up times for the

cranc/container/lighter operation will increase. The
truck cycle time, including the turntable opcration,
will not be affected. Based on cxperience gaincd
during the OSDOC | and 1l operations, Fort Story,
Virginia, and the Engincering Tests for OSDOC 1,
Coronado, California, cstimates werc madc to
degradate the lighter/container lift opcration. Table 4
lists the degradation to be expected in the container-
handling rate beeause of increascd lighter motions,
The times listed for cach operation in Table 4 are not
directly additive to determine the total time, because
some operations are concurrent, as illustrated in
Figurc 27. The cranc cyele time will produce 20
containers per hour, but delays causcd by lighter
motions and truck mancuvering will rcduce the
container through-put to 15 containers per hour in
calm waters and to 7 containers pcr hour in rough
waters.

* Average improvement of 1.0 minute per truck can occur cight times in the LCU plot.
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Table 4. Estimated Degradated Container-Transfer Rates Between Lighter and Elevated Causeway

Opcration

Container Transfer Rates (min) Using —

Three-Seetion Ferry

Class 1610 LCU

Moor to picrhead
Warp along pierhead

Unload Containers

Rotate and lower unit
Spreader bar
Sling

Lock onto eontainer
Spreader bar
Sling

Lift and rotate container

Position and release container
Spreader bar
Sling

Container retrograde?

Position on lighter
Spreader bar
Sling

$S-1% | SS-2 | SS-3 | SS4 | SS-1 | S$S-2 | $S-3 SS-4
6.7 6.7 10 13 2.4 2.4 10 NRb.€
3.0 3.0 5 8 6.0 6.0 8 NR
067 | 067 | 067 | 067 | 035 0.35 035 | NR4
024 | 024 | 0.24| 024 026 | 0.26 026 | NR
045 | 045 | 25 NR | 046 | 046 5.0 NR
065 | 0.65 2.5 30 | 08 0.8 4.0 NR
092 | 092 | 092] 11 092 | 092 092 | NR
038 | 038 | 038| 038 038 038 | 038 NR
057 | 057 | 057} 057 | 057 | 0.57 0.57 | NR
2.1 2.1 2.6 3.1 1.8 2.0 6.0 NR
2.3 23 NR NR | 2.3 23 NR NR }

4SS = sea state, see diagram.

ENR = not recommended.

¢ Average time to moor LCU to elevated Delong (OSDOC 11) was 13 min, <SS-3.

dAveragc time to unload LCU onto elevated Delong (OSDOC I1) was 7.3 min, <SS-3.

“Recommend manual spreader bar only for retrograde operations.

A& Pery, with manudd spreader bar

O Ferry, with shings
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15 & "\ . .
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SECTION 5

CRITIQUE

A meeting was held at the beach site on 4
December 1975 with all participating and observer
personnel to identify those features of the operation,
both equipment and procedures, that required
improvement or modifications. The following items
were proposcd:‘

1. Beach causeway at high tide.
2. Drive all piles carly.

3. Drive all piling, because tractor can separate or
close end connectors.

4. Pile guides in all holes; use another crane to
drive.

5. Better way to attach piles to sections other
than by welding (bolt, using built-in setup on spud-
well).

6. Have pile cut below truck bed level when
moving truntable to position on pier.

7. Lighter weight pile driver (for control of
swing).

8. Pile hammer leads.
9. Ladder from elevated sections to floating.

10. Reduce number of hydraulic hoses (chance
for damage to hoses, plus handling problem).

11. Gimbals integral to system, rather than handle )

separately.

12, Sections had bow-in alignment; could have
been straightened out, which might have made
reconnection of end connectors easier after elcvation.

13. Side conncctors werc not accessible for
connecting up (better system nceded).

14, Better way to attach timbers to pontoon deck
(tractor rips tie bars off); must accommodate tractor
traffic.

15. Clearance around turntablc for swing.

16. Continuous roadway for truck opcration (at
end connectors).

17. Tie up lighterage to fender; arrange line tie
points where they will not be under containers during
lift.

18. Welders had to wait to get into position to
weld (sequence of operation).

19, Welding sequence endangered <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>