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‘Th e design , fabricat ion, and testing of a boat fender , which is compatible with a
transportable elevated causeway system for unloading container-bearing lighterage, are
described. The pile-restrained, floating fender is comprised of a standard 1x15 string of Navy
NI pontoons faced with commercially available foam-filled cushions. Each fender unit has
an overall length of 90.0 feet (27.4 m), a breadth of 11.0 feet (3.4 m). and a depth of 5.0 feet

continued

DO 
~~~~~~ 

1473 ~~~~~~~~~ ~~ NOV ~~ O BSO LETE Unclassified
S E C U R I T Y  C L A S S I F I C A T I O N  OF T HIS P A C E  *No,, 1165. 0 . s . -

-
- - - I ~~~~~~~



Unclassified
S E C U R I T Y  C L A S S I F I C A T I O N  OF ‘1 1415 PAGE(W ll .n 0.,. 0oI . ,od)

20. Continued -
-

~
° ( 1 .5  rn). Tests of the fender , made in conj uncti9p-with tests of the elevated causeway

syste m , indicate that the fender can absorb the berthing impact from a fully loaded 161(1
Class ~avv l.anding Craft , Utility (I.CU) having a normal impact velocity of 2 knots
00  m/se c). Wave-induced motions of container lightcragc at the Phase II site were small
and had an inconsequential effect on cargo unloading,

,~ )IIs_ , —- - 

-tS’~’-

~~~~~ 
.. 11-’

•~: 
\‘ “

Library Card

I Civil Engineering Laboratory I
I CONTAINER OFF-LOADING AND TRANSFER SYSTEM (COTS)_ I

Advanced Development Tests of Elevated Causeway System.
I Volume IV — Fender System and Lighterage Motions by 0. A. Davis

TR-852 —‘ IV 58 pp illus July 1977 Unclassified

I I. Boat fenders 2. Lighter motions I. Y41X6-O0 1-’O l-OOl I
The design, fabrication, and testing of a boat fender , w hich is compatible with a trans-

I portable elevated causeway system for unloading container-bearing lighterage, are described, The I
I pile-restrained , floating lender is comprised of a standard lxi S string of Navy NL pontoons faced

wit h commerciall y available foam-filled cushions. Each fender unit has an overall length of 90.0
feet (27.4 m), a breadth of 110 feet (3.4 m), and a depth of 5.0 feet (1.5 m). Tests of the fender .

I made in conjunction with tests of the elevated causeway system, indicate that the fender can absorb I
i the berthing impact from a fully loaded 1610 Class Navy Landing Craft , Utility (LCIJ) having a Inormal impact velocity of 2 knots (1,0 rn/see). Wave-induced motions of container lighterage at
I the Phase II site were small and had an inconsequential effect on cargo unloading. I
I I

I I I
I I 

—

—

Unclassified
S E C U R I T Y  C L A S S I F I C ATION OF THIS PAGE ’W N.n 11.1* Enl... dl

N

N.
- •~ ~~~~~~~ —‘ “_ 3VI~~ F” S ‘ d



CONTENTS
page

CHAPTE R 1 FENDER SYSTEM 

SE CT ION I — INTRODUCTION

PURPOS E I

RACK(;ROUND 1

REPORT COVERAGE 2

Volume II 2

Vo lume Ill 2

Volume IV 2

Volume V 2

SECTION 2 - - FENDER SYSTEM FOR ELEVATED CAUSEWAY 5

DESIGN CRITERIA 5

FENDER DESCRIPTION 5

ASSEMBLY AND RIGGING 6

SECTION 3 — FENDER TESTS 9

PHASE I TESTS 9

Installation 9

In-Place Performance 9

Remova l 10

PIIASE IIT ESTS 12

Installation 12

In-Place Performance 14

Removal 18

IMPACT TESTS 20

j  SECTION 4 EVALUATION OF TEST RESULTS 29

ENERGY ABSORPTION 29

DESIGN IMPROVEMENTS 31

COSTS 31

WAVE-INDUCED MOTION 35

SECTION 5 FINDINGS AND CONCLUSIONS 39

V

________________________________________________________________------—---•

~

——

~

——-- .a
7 - — -  ‘I



page
Ch APTER 2 - ABSOLUTE LIGIITERACE MOTIONS . 41

INTRODUCTION 41

LIGh TE R CIIARACT ERISTICS 41

Floating Causeway Sections and Warp ing Tug 41

Navy LCM-8 and ISCU 41

TEST CONFIGURATIONS AND INSTRUMENTATION 41

TEST RESULTS 42

DISCUSSION 42

CHAPTER 3 — ACKNOW LEDGMENTS 55

- - - - - 7 ‘ . ~~~~~~~~~~~~~~~~~~ - ‘
~~~~

—— -
~~~~~ 

‘ 
~~~



CHAPTER 1

FENDER SYSTEM

SECTION 1 INTRODUCTION

1.1.1 PURPOSE Amphibious assault and/or I.OTS operations are
usually conducted over undeveloped beaches , and cx-

Advanced development tests of the elevated peditious response times preclude conventional port
causeway were performed to evaluate system hard- development. The handling of’ conta iners in this
ware using an adequate number of pontoon Sections , en v i ronment  presents a serious problem. ‘I’his
ex is t in g  mi l i ta ry  lighters  and t rucks , and problem is addressed in the overall 1)01) Over-
8 x 8 x 20-foot (2.4 x 2.4 x 6-rn) commercial contain- the-Shore Discharge of Cargo (OSI)OC) efforts , which
cr5. The equipment tested included four speciall y involve developments by thy Army , Navy , and Marine
assembled NI. pontoon pierhead sections with Inter- Corps. Guiding policy is documented in the “DOl)
nal spudwelis . five existing pontoon sections equip- Project Master Plan for Surface Container-Supported
ped with external spudwells, two types of plastic Distribution System ” and the OASD l&l. system
foam fender systems . three types of Navy lighters , definition paper “Over-the-Shore Discharge (if Cargo
one type of Marine Corps tractor/trailer , a turntable, (OSDOC) System. ”
and two types of commercial container handlers . In In response to the 1)01) Master Plan, Navy Opera’
addition , other selected hard ware items were evalua- tional Requirement (OR-YSI.03) haa been prepared
ted during the operation . Timing data were taken at for an integrated Container Off-Loading and ‘rransfe r
all pertinent points of the operation ; howeve r , this System (COTS) for discharging container-capable
information was considered to be secondary to deter- ships in the absence of port facilities, The COTS Navy
minin g any opera t i ona l  l im i ta t ions , proper Development Concept (NI)CP) No . \‘SI.03 was pro-
procedures , and problems requiring further develop- mul gated Ju ly 1975 , and the Navy Material
mcnt efforts. Command was tasked with development. The Naval

Facilities Engineering Command has been assigned
Principal Development Activity (Pl)A) with the Naval

1.1.2 BACKGROUND Sea Systems Command assist ing. ’
‘rhe COTS advanced development program

EX)I) planning for the logistics support to sustain includes the ship unloading subsystem , the ship-to-
major contingency operations , inc luding amphibious shore subsystem , and common system elements. i’he
assau l t  operat ions and Logistics-f~)ver-t he-Shore ship onloading subsystem includes : (a) the develop-
(1.OTS) evolutions , relics extensively on the uriliza- men of Temporary Container Discharge Facilities
non of U, S . Flag commercial shipping. Since the (TCDF) emp loying merchant ships and/or barges with
mid-1960s commercial shipping has been steadil add’on cranes and support equipment to off-load
s h i f t i n g  t o w a r d s  c o n t a i n e r s h i p s , non-self-sustaining containerships alongside; (h) the
Rofl-On/RohI-Off/( RO/RO) ships, and bargeships (e.g., development of Crane on Deck (COD) techniques and
I.ASII , SFABI’ l’) . Ky 1985 as much as 85% of U. S. equipment for direct placement of cranes on the
Flag scah f t  c a p a c i t y  may be in container - decks of NSS containershi ps to render them
capable ships mainly non-self-sustaining (NSS) con- oelf.sustaining in an exped ient manner ; (c) the
tamer-ships. Such ships Canno t operate withou t exten- ievel opment of equi pment and techni ques to off-load
sive port facilities. 1(0/HO ships offshore ; and (d) the development of

interface equipment and techniques to enable shi p
discharge by helicopters (either existing or projected
in other development programs).

‘Six Se(’ t IOfl s were uied originally. but one section was lost during the early part of the Phase II tests.
‘NAVFAC Program Plan for Cont atner Off-l,osding and Transfe r System (COTS) of April 1977.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  —- — - .4
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The ship-to-shore subsyst ’:m includes the develop- operations began on 2 December and were completed
ment (If elevated causewa ys to allow cargo handling on 5 December 1975. The pier was left elevated until
over the curfline and development of self-propelled 5 January 1976 to cheek for piling settlement and to
causewa ys to transport cargo front shi ps to the shore- provide an opportunity for the pier to encounter
side interface , rough seas , and it was then disassembled from 5 Jan-

‘I’he commonality subsystem includes: (a) the aary to 10 January 1976. A 16-mm , co lor , sound
development of wave attenuating ‘Fethcred Float movie has been prepared that covers the Phase II
Breakwaters (‘II’ B) to provide protection to COTS tests.
operating elements; (b) the development of special
cranes and/or crane systems to compensate for con-
ta iner motion experienced during afloat handling; (c) 1.1.3 RF.POKT COVERAGE’.
the development of transportability interface items to
ena ble transport of essential outsized COTS equip- ‘[he final documentation , w hich covers results of
ment (in merc hant ships - particularly hargeships; 1)0th Phase I and Phase II tests , cons ists of a summary
and (d) the development of system integration report (Volume I) with environmental data observed
com ponents . such as moorings , fendcring, eommun i- during the tests and four separate technical volumes.
eat ions and services. The four technical volumes cove r the following :

‘l’he Civi l Eng ineering l.ahoratory (CEL), NCBC,
Port llueneme . California , was designated by the 1.1.3.1 Volume II

Naval Facilities I- ngineering Command (NAVFAC) as
the responsible laboratory for the ship-to-shore The elevating mechanism or lift system and
subsystem. These five volumes cover only that por- alternative lift procedures and associated equipments
tion of the ship-to-shore subsystem related to the are covered. A human engineering stud y was made of
e l e v a t e d  causewa y components and associated both the elevated causeway system hardware and the
co ntainer- handling operat ions. associated operational procedures . This study was

CEI. planned the elevated causeway tests in two conducted by the h uman Factors Technical Division,
phases. The first phase tests , which were conducted Naval Electronics Laboratory Center , San Diego.
front 16 June to 16 July 1975 by CEE. at an open
beach site at Point Mugu . California , were designed to 1,1.3.2 Volume Ill
investi gate operational and structural capabilities of
the NI. elevated causewa y and to develop operational ‘I’he pontoon equipment (including section
procedures. No container-handling tests were in- assembl y ,  internal and external spudwells), structura l
eluded in this phase. reinforcements required for the container-handling

The Phase II tests were designed to be conducted crane , side connectors , and results of structural be-
by the military operators , i.e., I’IIIRCBONE and havior rests are described.
ACU-ONE . Coronado , California , to determine opera-
tional limitations and any further development re- 1.1.3.3 Volume IV
qu ire me nt s - Container-handling operations were
included in these tests. [he landing sire was located The fender system , installation procedures , and - I

on Silver Strand Beach , Green Beach Two , at lighterage impact tests are covered. I.ighteragc
coordinates 32°’30’ 08” latitude , 117° 09’ 25” longi- motions recorded during the container-handling
tude, A survey of the landing site showed a beach operations are also compiled.
gradient of about 1:30, a 20-foot (6-rn) water
depth 600 feet (183 m) offshore at zero tide. The 1.1.3.4 Volume V
pier was elevated by P1IlBCB~ )NE beginning 12
November 1975 and finishing on 26 November 1975. i’his volume details the container handling, i.e.,
The container-handling crane was positioned on the container-transfer rates , conta iner crane, conta iners ,
pierhead on 1 I)ecember 1975. ( ontainer-handling lighters, Marine Corps truck/trailers , pontoon deck

2
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reinforcement , turntable , beach ramp and matting,
and air hearing transporters. An alternate method of
ship-to-shore container transfer, i.e., the load-on/roll-
off cause ferry system (I.o/Ro), using a commercial
top-lift loader was tested and is described.

I
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SECTION 2

FENDER SYSTEM FOR ELEVAT ED CAUSEWAY

1. 2. I DE SICN CR I T E R IA 
• . v i u s t  f u n c t i o n  i n  s e a  s t a t e  3

15 to 6- foot (1 .5 to 1.8-rn) I wav es and survive
‘[he elevated causeway is comprised of a number waves up to 10 feet (3.0 m) in height.

of 3x 15 NI. pontoon sccdons 121.() feet (6.4 m) wide
and 90.0 feet (27 .4 rn) longl which are end-linked
and side-connected together and supported clear ~f 1.2.2 FENDER DESCRIPTION
the water surface by steel piles (see Figure 1-1). Indi-
vidual 3x 15 pontoon sections arrive at the shore site l”igure 1-2 depicts the main elements of the cx-
aboard N.iv I S  l’s and l.SDs or aboard commercial perimental fender system. Basicall y ,  each fender unit
hargeships. l’hey are unloaded , linked together at sea is comprised of a lx i  5 NI. pontoon string modified
to form the desired causeway configurat ion, and then to include three internal spudwells. The 6-inch
beached . Stee l piles that arc inserted through spud- (15.2-em) assembl y angles , P1 ser ies pontoons , end
wells in each pontoon section are driven into the sea- connect ions , and miscellaneous pontoon assembly
floor. A fter the end and side connections are dis- hardware are all standard Navy stock items, The
connecte d, individual causeway sections are elevated fen der has a total weight of 48 ,000 pounds
into position by portable hydraulic jacks atop the (21 ,770 kg) and dimensions of 90.0 feet (27.4 rn) in
piles. The end and side connections are re-established , length , 11.0 feet (3.4 m) in breadth , and 5.0 tcc t
t he fender system is installed , and the elevated cause- (1.5 m) in height.
wa~ is ready to function as a cargo unloading pier. ‘[he ~ E L-devcloped spudwells are of open frame

An essential suhs~’stem of the COTS elevated construction with outside dimensions matching thosecauscwa~ is the fender (se e Figure 1- 1 ). ‘I’he purpose 
(If a stan dard P1 series pontoon. ‘[hey can be easily

of the fender is to absorb the kinetic energy of the bolted into place between the str ing asse mbly angles.
cargo lighters during bert hing and to prevent contact ‘I’he spudwclls are equi pped with a chafing ring whichbci weeii the lig ho. rs and the pier support piling. After serves to reduce friction between the piles and diea preliminary conceptual design stud y it was dceided fender when the fender is subjected to svave ’ induced
that the fender should lie configured to capitalize ~n iflotioil .
stan dardi ,cd Nav~ NI. pontoon equipment and corn- A series of foam-filled , commercial ship fendcrsniercially available off-the-shelf hardware. General are strung out board of the pontoon string. These shipperformance standards to be met included: fen ders — hereafter referred to as “foam-filled

• Must absorb , wit hout damage , the berthing cushions ” or , simply, as ‘‘cushions” -. have a low-
kinetic energy of the largest expected class of density, closed-cell elastic foam interior and are
lighterage . A fully loaded 1610 Class LCU enclosed with a reinforced elastomer cover. A steel
impacting at a velocity normal to the fender of core runs the length of the cushions ;ind is capped liv
2 knots (1.0 rn/see) was assumed for this flanges at each end. l-~’es , attac hed to the end flanges,

are provided for rigging the cushions.purpose.
Standard marine hardware , e.g., sw ivels , shackles ,

• Must have a pier stand-off distance 5 that would w ire straps , and turnbuckles , are used to rig the cush-not impose reach limitations on the pier cargo ions to the 1x1 5 pontoon string. In Figure 1-3, notecrane about 10 or 11 feet ( 3 ( 3  to 3.4 rn) the vertical straps at either end of a cushion. These
• Must rise and fall with the tide so that the fen- straps insure that the cushions are supported at the

(Icr berthing surface would remain at or near proper elevation for even flotation of the fender unit.
the sea surface. 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. CO’fS elevated causeway.

Since t here is an overlap of about 6 inches wells that bolt to the assembl y angles in the same
( 15.2 cm) between the elevated causeway and the in- manner as the standard P1 pontoons; these positions
board edge of t he fender , the possibility of contact are located three cans in from each end of the string
exists if t he causeway elevation is insufficient and/or and in the center. ‘I’he spudwells arc positioned such
it high wave action is present. Any impact loads are that the off-center spud opening is nearest the in-
mit igate d by the cy lindrical , hard rubber “bumpers” board (pier side) edge of the lx i  5 string.
that are installed (in the inboard top fender assembl y It should be noted that in this particular app lica-
angle. 1’hree bumpers are normally used per fender tion of the NL pontoon system , it is not necessary to
unit , one at eac h end and (Inc in the middle, weld the AP7 plates to the end cans. ‘[he installation

of grates between cans is optional. The top of the
fender will not normall y be subjected to foot traffic;

1.2 .3 ASSEMBLY AND RIGGING however , tagline handlers have used the fender as a
walkway during periods of calm seas,

‘I’he first step in the as.sembly process is to bolt Next , t he vertical strap padeycs are welded to the
t he standard P1 series pontoons to the assembly top and bottom assembly angles . ’l’he lxi  5 string can
angles (Figure 1- 3) . ’ Two end cans and ten standard he rotated , as necessary, to facilitate welding. ‘l’he
cans are needed for each fender. ‘Ihe three remaining t w o  end padeyes , w hich serve to anchor the
can spaces are to be occupied by the internal spud- turnbuckles , are t hen welded to the end cans. This

‘See “Pontoo n Gear h andbook, Navy I.ightered (NL) Equipment l”Serics,” NAV FA ( ’  P.40 1, Nov 1)74
for details on pontoon hardware asse mbly.
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‘~~ “ cush ion rigging

ii’.im cushion

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

phase of the assembly is completed when the vertical Finally, the 1x 15 fender unit is repositioned
wire rope top and bottom straps are shackled to the upright , and the retaining straps for the impact
padcyes on the assembly angles. bumpers arc welded in place on the top, inboard

Cushion rigging, the next phase of assembly, is assembly angle.
simplified if the lxi 5 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
each 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 fa ilure. ‘[he turnbuckles at each end of the
axial rigging are shackled to the end padeyes and are
tightened to take up slack in the string.

_ _ _  
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(b) We ld yen ca l s irap and end padeyes.

.\ssenililc Is 15 NI punuliln strin g with spudwel ls.

I - 

rotate fender onto side

(II) Rig cus hions.

(e) We ld bumper straps to inboard assembl y angle.

Figure 1-3. Fender assembl y and rigging procedure .
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SECTION 3

FEN I)ER TESTS

1.3.1 PHASE I ‘ri- si’S sta i)1)eel . i lie’ svarping tug then moved ; iss is - ‘[he
third spudwcll was pinned eas ily, A i the t ime of in-

[he e l e sa ted pier ion the Phase I tests at l’(Iint sta liat ion , 2-tu ’4 ’f oot (0.6—to- 1.2-ni) ss ,ives were ob-
Mugu - Cali fornia , consiste d of four 3 xl 5 NI. cause - served at thy causeway Site.
ss ,i~ sections connecte d end-ro~,’nd , is illustrated in ‘[lie piles - - 20-inc h (50.8-em) 01) pipe , 50 teui
Figure 1-4 . One I x1 5 NI. fender unit svas assembled , (1 5.2  in) in length with a 3/ 8-inch (9.5-mm) wall
as (I(it lined e.;; h e r . for installation alongside the sea— thickness - seere driven in est im,ited 5 f eet  ( 1  .5 in

,ir( I- n) l(st c . iusew av seci ion . ‘I’he fender had four with a 1)1 -3 ( 1 diesel pile hammer. A t least five peop le
h im-fi lled cushions . nomina lly 4 feet (1. 2 iii) in were required to conduct this ope ration. It seas
diameter .ind 7 .3 feet ( 2 .3  rn) in length , rigged to the determined that this ( lcpth of petletra t ion was in-
(lut l)o.ir(l ( i ce  i f  the I x 1 5  pontoon string (Figure ade quate ; consequently , the piles were driven an
1-4). ‘I’liree i f  thcs e ’ cus hions were repaired Ocean additional 5 feet (1.5 in) the following d iv .  I,ater . the
S\ sic-in s ut lits that had been previously used on an shoreward- most pile was driven an additional 3 feet
.\rmv dredging project , and (Ifle was a new Seaward (0.9 m) before testing began.
Internationa l .. us li ion. After the fender piles were driven , t he external

spudsve lls were remos’c d so that impact measurement
1. 3. 1 - I Installation mstcumentation could tic installed , Once t he buIt~

were remove d, the Ii ne from the 35-ton ( 3 1  .800-kg)
. \f ie r  assemii l~ it I1iint I lueneme , t he fender was crane w,is hooked to the p;tdcs’es on th~ es ierna l

towed :ippros iniaic l~ 4 mi les (6 .4 km) i i i the test site spudwells . an d the spudse ’eT Is were raised n i b  no
(Figure 1 ‘5) , es here i t  is is installed alongside the ele- binding.
ii ed eat isew , i\  - i -our pci’ .onne l wer e required for the I’roni start to  finish , t he fender ins tal l at i  in re-

tear ping tug (Iperat il ii i .i pilot , (inc (ipera ti ( r . an d two quired 2 hours.
line h andlers . W h i le the sea rp ing tug w as preparing for
i ts init ia l .ipproaeh , t he shore cress ’ positioned a 1.3. 1.2 In-Place Performance
‘I l)-2 5 B ira ct i i r  for use as a d&’adiitan for the liiiw
wire of t he tug. I lie pier crew , which was composed ‘[lie fender sVst e il l  remained moored .tloiigside

~f a cra ne operato r , an (111cr , and two riggers . posi- t he elev. ited causcw ,iv for 12 days . l)uring the firs t
t ioned a 5( i - t , , , i t  ( 1 5 2 - n t )  t ipped pile’ i n t o  the c-enter day , the urethane covering on the flange plate (if (Inc

exu’rii,i l ‘~pt idwe-ll ~in t he c lev.i red pe r  usin g a 35-ton (if the Ocean Svs tei i is  ci.ts Iinins began to wear away
( 31  .800- kg) mobi le cr .ine . ‘l’he’ pik- sv.is held aloft to and , on the following d;i~ , t he tu .ini s l id off ’ the pipe-
tic inserted in the middle spudss’ell on the fender core’ ( i’igure I -0). On t he eig h t h  d ue  , t he end of one
siring, is sf i , iwn in I igure I- S. of the repaired Ocean Ss sienis cushions split opei1~ 

*

.-\ stern anchor W:ts set from the warping tug, and ‘[he e.\ce ssiv c wearin g ( If  the f i ia i i i - f i l hc d  cushions s ea s
a how  line w a s  carried b~ a I.A RC—V to lie’ secured to attributed to the t a c t  th u  the fender sVstc ii l  s e a s  es-

t he beach tract i ,r. ‘I lie tug was able ho position m d  posed to tile force of the breakers in the surf /one.
hold i t se l f  parallel t o  the’ elevated causeway. ‘I wo un- Nornia lls the fenders would i c  installed farther from
5th cessf u l at iem pis were’ macic at inserting the pile in shore , beyon d the surf .
tile middle spudwell on the lx i  5; a third attempt was Iligh wave s , w hich occurred at times during the
su ccess fu l. Ihe shorcward- rnost fender pile was lifted Phase I te sts , and inadequate vertical clearance c,uused
iOu position above the external spudwell. Incoming the fender system to collide w ith the underside (if the

W ives hel ped to  position the lx i 5, Again two unsuc- elevated causeway, ‘[he’ greatest impact liet we’ e-ri t lit’
es sf ul atte it lpts were made bebire’ the spudwel i was feiidcr and the elevated pier occurred ott the se. sv,u i d

Oct ailed ~h. scri p ion  it i he- causeway c’Iev~i iii, and pontoon equip mcii 0 can tii ~
fou riei iii Volumes II, lii , and V.
I he~v arc prototype ten,k’rs that had hiren repaired at i i I - ‘rho’ current inarko-ted
prodiui i h a s  hiecri re fi -s ig iied
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I’igure 1 4 I- lev;mied causeway system for Phase I. Note the four cy lindrical
f( iam-f hIIcd cushions rigged to the lx i  5 NI. Pontoon fender.

end i f  t he I x i S  fender string. 4 to 6 inches (10.2 to problem was not due to any deficiency in the pads
1 5 . 2  cm )  behind the assembl y bolt s, On the l)ut , rat her , to heat build-up during welding (if the
shorew;mrd end , t he damage s cu ms in the area of the last chafing rings that weakened the bond between the
three pontoons and was restricted to bolthead wear urethane elastomer anti the steel hacking plates .
on the assembl y angle. The rubber impact bumpers
on the seaward end of the fender system also received 1,3.1.3 Removal
t he most wear ; the seaward-most bumper was
abraded , and its restraining bar was deformed , which l.itt le difficulty was encountered in removing the
allowed steel -i ui-s te- el contact between the lx i  5 anti fender system . i’he same crew and equipment that
t u e  e les ’a ted  causeway. ‘[he boltheads on the were used for installation were also used for retnoval .
underside of the causeway deformed the retaining The removal operation was essentiall y a reversal of
liars on the other Seaward bumper. ‘[ins bumper also the installation procedure . The fender piles eve-re
shifted out of position. remove d in the following sequence : shoreward ,

The chafing rings , which serve d to prevent middle , and seaward. The only incident of note
stce l-to’~tee l contact between the fender piling anti during the fender removal occurred when the last pile
the edge of the spudwcll , performed well. Severa l of was freed from the seafloor , Severa l large was’es
the urethane pads , however , did separate from the Iheight in excess of 8 feet ( 2 . 4 m) I cau ght the fender
steel backing plates. It was concluded that this string. ‘[he pile, which was still restrained by the
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1-i gure I -S.  (‘ender unit approachin g elevate d p ier. Note 50-foot (15 .2 - m)  piles
rea dy for dropp ing into center spud well of fender unit.
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Ocean Syste m s cus hions were discarded , and the
- .,. , .

S ‘ 
- fender was re-rigged w ith six Seaward International

p. ,‘~ ~~ . ‘ - cushions , 4 feet (1. 2 m) in diameter with a length of

this fender included stronger top inipact bumpers and
- ~~~ 7.4 feet (2.3 in). Additional modifications made to

\ 
‘
~~ t he welding (If cushion reaction struts across the out-

- 
board face of the fender spudwells.

A secon d I xl 5 NI. pontoon fender was assembled
at Port I lueneme for use in the Phase II tests. ‘[his
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 d iamete r  by 10 feet (3. 0 m) in

length — and one was an experimental cushion manu-
- factured liv Seaward International (Figure 1-8). This

new Seawar d cushion , measuring 4 feet (1.2 in) in
Figure 1-6. Pipe core pull-out on foam cushion. diameter with a 7-foot (2.1-rn) length , differs from

the standard unit in that the rigid , solid core has been
replaced by a wire rope net which envelops the ex-
ten or of the cushion. The intention of the design is to
allow longitud inal compression and extension without

:oiernal spudwell . was pulled away from the pier, risk of failing a rigid steel core.
taking the attached crane line with it. i’he force in h ard , elastomer spudwelI chafing plates were not
t he crane line was of sufficient magnitude to raise the used in constructing the second fender due to late
support pads of the crane, 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

1.3.2 PHASE II  TESTS* on the spudwell chafing rings of the original fender,
After assembl y and rigging, the two fender see-

The objective of the COTS Phase II tests at tions were launched at Port hlueneme , and, along
(;oronadt,, California , was to construct an elevated with the four causeway pierhead sections , were
causeway of sufficient size that would demonstrate loaded aboard a Navy [.SD for transport to the
the operational feasibility of the concept. Unlike the Amphibious Base at Coronado.
four-section pier that was erected at Point Mugu by
Cl- I. support personnel , the Coronado pier was 1.3.2.1 Installation
assemb led by forces from the Amp hibious Construe-
l ion Battalion-ONE , ass isted by CEI. technical The two fender units were end-connected at the
advisers. Amphibious Base to form a fender system having a

The Coronado elevated causeway (Figure 1-1) total berthing length of 180 feet (54.9 m). Standard
was com prised of nine 3x 15 NL pontoon causeway NI. pontoon end connectors were used. On 24
sect ions. Four sections were aligned two abreast to November 1975 , the fender assembly was moored
form a pierhead at the seaward end of the causeway. alongside a PIIIBCB-ONE warp ing tug for the trip
‘lhc fender system . cons isting of two) lx i 5 strings from San Diego Bay to the elevated causeway site on
instead of the single unit used during the Phase I Silver Strand Beach. No serious handling problems
tests , was installed alongside the south-facing edge of were encountered , although the tug crew did corn-
the pierhead (Figure 1-7) . ment on t he lack of mooring bitts on the fender .

‘rhe seawar d-most fender was the unit used earlier Synthetic lines from the tug were secured to the fen-
in the Phase I tests. For the Coronado tests , the three der assembly angles.

o ’ t ; i .  Movie FA/IDhI 604 , 16 mm , -sound. color , Ii minutes , “COTS Elevated Causeway System — Fender
System ,” Coronado , (;ahifornia , Nov. 197 5 .
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I’igure 1-7 ‘[wo-sect ion tender insta lled alongside pmerhc’ad

— - The tug approached the pier ,mt 1 3 5 ) ) , I’ac ifi c
— 

- Standar d ‘lime (I’ igunc 1- l i )  - At t he tunic winds si crc
westerly at 8 to 9 knots (4.1 to 4. 6 m ccc ) , ,mn d

- 
3-t o4-foot (0 ,9-to- I .2-tn ) swell S i ms  present ms scu m s aI 

‘ nort h-to’sotuthi , I -to -2- knm ,t ( 0 . 5 - t i m - i  .0 - m / s c c )  u m lum n g

shore eurrent , I. ‘ ulike the mn sta l l a tum n mt Point .\lugu ,
the tug did not depend m mi i  c m i  her .i ~irc - se t  siern
anc hor or a 1mw line dead -ended it the beach f u r
f nd mus iti m it iin ‘ of tilt’ fender cc s tem The first three

- ‘ app nm ma e’he’ s see’ re ii us tic cess f  u I intl cut n be- .m i t nil mci ted
to m utmon b~ thc ttm 1_ pilot mild tilt p rsms t nt along- 
shore current whic h tended III torce the’ tug atid
fende r .m w um s tRoll the elc-s ’ai cd pier. ( )n t he fm iurth

l”tgure 1-8. I:x penimentah Seaward liitern atu mn .m l approach , lines were pissed his tht’ cres s ato p t h e  pier
cus hion with extermor wire rope net . to bite li;mtidhcrs on the tug who secured the lines to

t he ft .rc umt l d .m f t  etide m i t  t lit’ fender, ‘I ‘ lie tug on -

in titei to tm ice t im e fe- n den close r to the el t ’vated p er ,
Prior to the tug making its final .mpproae -h at tile mi l d , si he n t lie’ iii Idd ie spuds e el I on the

elevated causeway site , a pier deck crew hiae i inserted cl im mrew ,mruh - moct fe’t idt’r sect io n w.is beneat h the ’ r.mm eed
one of the tipped fender piles into the middle , -

~~~‘ l~ 1~’. .m sm gn. ml w, m c given to drop thit ’ lithe ~~‘ iiit one pile
ternal spudwell (in the south-facing. s horewanel-niost in place . t he two -tm nit tender uisse ’mhils S i m s  ( ‘ ,i s\ to
pienhead causeway section (l” igure I -9L I’hetr mnstruc - tnant-uvo-r fo r t he plat -etnent ‘ i f  t he second pile ’, ci ii i h
(ions were to drop the f u rsu pile when the’ lender s eas droppe d mn tm m t he mmddk- speieiwell (in the’ st ase .mr il
svste-m was properly aligned alongside the elevated tender . .\t t hus point the tug e ’ .i si i ,t f  and neturt ied to
causeway. l1ilc guides , i.e ., stee l sleeves , that fit insid e port - l’Iie t i i umr retiia itimng pile -s cc c rc’ t hen pI.mcc ’d . mud
thc spudwcll and arc bolted to thc spudwehl’ s pade>’es ope’rat ,Iuis f i r  t h e  d.ms si c-re t -rmin .mie-d l’he’ pile’
were used on five of the six fender pile’ s (h’igure Ietlgtl is were 55 feet ( 16 .8 ml for t he tour close- st to
I - 10).
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shore ,mnd 60 feet (18.3 ml for the tev o most seaward t~~~,
munes . It had taken approxitnately 2 hours from the
time t hat tile tug had macic its fitial approach to the - / 

- ‘ —

ele~aio’d pier until the last of the six fender piles had
been d ro pped into place. - . 

“ ~~~~~~~~~~~ 
- - 

- 
-

Pile driving commenced on the morning of -
‘ ,

Nmuve’ i iihi er 25 and proceeded w ithout incident. Prior - -

to thriving the piling, it was note d that no discerntble
movement of the undnive n pik’s had occurred from ‘

, 
, - - -. - ,

wave action or currents. Figure 1-12 summani/,es - - - :- -
~ 

- 
-

pe r t ine t i t data relating to the pile placement -~~~~ ~ -‘,

sequence . time of insertion , use of pmle guides . and ~~~~~~~~ -

depth of pile’ embedment. -
~~~ 

- 
~~~~~~ .

The external spudwehls on the seaward-most ~‘S 
‘

pierhead causeway section were removed to allow in-
sta llation of lemad arms and load cells that were Figure 1 -9. Deck crew prepared to drop first
needed to measure berthing impact loads. These fender pile.
impact meumsurements are discussed later in the
re po r t .  ‘l’ he t h ree  extert al spudwells on the
shoreward-most pier section were retained. Gussets
were ted ded to the piles and spudwells sei that the
fend er piles cou ld support a portion of the pierhead i 

~~~~ f - — 
—

t i  me load , i ~~~~~~~~~~ -

1. 3.2.2 In-Place Performance 
‘

I~~~
. - 

~~~~~~
- --

~~~~~~~
.

‘l’he fend er was successfull y d emonstrated during 
‘

~~ 
‘

t he elevated c u mu s cw av tests at Coronado. Berthing irn- , ‘.

pacts for the three classes of lighteragc (LCM-8 , I.C U,
and c u mu s ewumv ferry) were ligh t  throughout the tests ,
we ll w ithin the energy absorption capacity of the - ‘ 

-

fender , ‘h’he light berthing impact was due to a corn- 
4 ~~ Tbination of factors : lighter crew skill and caution ‘

when approaching the “ex perimental” pier , an along- ~ 
‘

shore current that tended to keep craft away from 
-

the fender during anti after berthing, and mild sea 
-

cond itions throughout the week of 5 December when -

unloading operations were conducted.
Nim s ingle cushion was ever observed to be corn-

pressed to its desi gn limit (50% compression ) (lurin g
any of t he container lighter berthings. A typical 

-
berthing could lie described as follows: the lighter j  _—_ p~ _-~- -

approaches the pier on a course roughly parallel to
the fender. Forward speed is reduced , and the dis- ‘ L ~
lance at right angles to fender and side of the lighter
is reduced at a rate of about I fps (0.3 rn/see), or less .

- [‘igure 1-10. Installing pile guide in external
Bow and stern lines are passed from the lig hter to the

- ‘ spudwell.elevated pier line -handl ing cre w and are wra pped
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I igure I II - PIIIBCI3 -( )Nh ’ cc .mrpittg tug cc oh fet ide’ r in tow approaches elevated
causewa’ 24 November ~975

aroun d bitts on the pmerhead Just prio r t im lighter As tnent ioneel earlier , t wo types of ,m ii r uu s iuim i-
contact wit h the fender. After the lighter impacts resistant material were used to  f u mc c - tile’ spueiwc’ll
wmt h time fender , the lines are taken op further and chafing rings. One wu ms a hard elastc mmer , in’.mnem-
seceire d to the imm tts. While moored to the pier , the factored liv Johnson Ruliber Cotnpanv. t hat had imeen
lighters would tend to ride away slightl y front the used successfull y during the Phase I tesis . and t he
fender due to the south-flowing current. other material was oak planking. The elastomer

A principal concern prior to botht the Phtase I and provech to have far superior wearing properties titan
Coronado tests was the possibility of fender warpage the womid , Wut ilj n a week umfter installation of the
on the restraint piles. If this had occurred , t he wave- fc’nder, the wood chafing blocks were wel l  worn , as

induced hydrostatic and hydrodynamic forces coulei evmdenced liv h” igure 1-1 3. hIs t his tunic slime of the
have easily caused damage to the piles , damage to the recesse d carriage bolts , which were used to sec lm re the
fender system , or might have led to freeing the piles oak to the stee l  h acking plates , were in direct contact
from the seafloor . During both tests , however , the with the piles . As weartng continued , t he exposed
fender rode freely (in the restraint piles~, eve n during bolts were eroded uisvav , and the piles were subjecte d
periods of high waves. It can lie concluded , therefore . to scor ing, which , however , did not seriously damage
that the existing spudwell anti chafing ring design is the piles. Figure 1- 14 , which shows one of the spud-
adequate to prevent warpa ge. we lls on the shorewar d -mo s t tender sect ion , s how ’.
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‘rime of Number Pile Depth of
I ule 

- 
Order of Placement of Pile l.cngth l- ,mlie’Jmciit

i)esmgnatmon Placement (PSI) Guides (It , ml (It , ml

A 3 1525 1 60(18. 3)  11.6 ( 3.51
B 2 1445 0 60(18.3 ) 12.6(3 .8)
U 4 1535 1 55 (16. 8)  12.8 ( 3 . 9 )
1) 6 1610 2 55 (16.8) 14.9 (4 .5)

I 1415 2 55 (16.8) 19,3 (5 9)
F 5 1552 1 55 (16.8 )  2(1 .8 (6. 3)

A B C 1) I’. F

seawar d shore’wareJ

Figure 1-12. Summary of pertinent fender pile data.

the extent ci f wear after comp letion of the Coronado (Figure 1-15). At the time of fender retrieval , the
tests. Note that the oak block used to replace an crack had propagated to a length of 9 inches (22.9
elastomer block lost during the Phase I tests has been cm). It could not be determined when the initial fail-
almost completely eroded away due to contact with ore had occurred , i.e., during cushion shipment to
the pile. ‘[he elastomer blocks show relatively little CEL, fender assembly, transport of the fender to
wear , althoug h one block is missing due to failure of Coronado , or installation of the fender at the elevated
the bond between the elastomer and the steel backing pier. The crack , howeve r, can be easily repaired .
plate. After the I xl 5 fender sections were returned to

Both the Seaward International and Ocean Sys- CF.L by Navy LSD, two of the 10-foot (3.0-rn) long
terns foam-filled cushions performed satisfactoril y. Ocean Systems cushions were also observed to have
Core pull-out of the Ocean Systems cushions, which failures in the elastomer skin. This damage was
had occurred during the Phase I tests , was not thought to have taken place when the fenders were
repeated at Coronado. This was due to improvements unloaded from the LSD at Port Ilueneme , California.
in the cushion design and the absence of breaking Only minor problems were encountered with the
waves that were encountered during the Phase I tests. cushion rigging. One of the vertical strap end links

Shortly after installation of the fender system, a failed due to a poor weld between the end link and
4-to -5-inch (10 .2-to- 12.7-c m) long crack was noticed the 6-inch (15.2-cm) assembly angle. The redundancy
in the elastomer skin of one of the Seaward cushions of the ri~~ing, however, prevented the loss of any

portion of the cushion string.
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F igure 1-1 3. Wearing mm f oak chafing blocks afte r 1 week (if 5cr’. icc’

Ihe ex perimenta l Se,mward cushion was outf i t ted t h e  lo se . ‘Fhe craft would eonhit lue to surge’ to r~~ard
wit h an ex ter i o r  wire rope net that se _m s belch tmmgether and svmm ulci hit the ne xt cus ltmci n~ ti tu s cotule l e i t her fa i l
at cacti end of the cusilum n u s  a shackle. These shackles the’ us ual  rigging or c ,musc sc’pa r atu u l im ot the cushion ’s
were in turn co nnected t i m the cus him m n .ux ua l rigging. outer s kin frt mni the’ f maiii interior.
Af te r  ‘a w h i le , wav e’unduce ei loads tended to s t re tch I)cm rmng tine’ of the be rth imig s . an 1 ( 1 . f i rs t
t he- se ire net , ss lu mc lm res uhte ul iii increasing the slack in i m pacted the Se .ms v ,mrei It t ter nim t u m i nal ‘‘ex perinu’tt tal’’
t he’ rigging. W ith unIt tint’ cushion of th at type i f  cush umm n (tilt the shteire sc ,ur ul ’ r neu s t 1 x1 5  str ing), nosed
const ruction in the string , t he slack se- as not t m m u i  choreward i ntm m t h e’ gap hmetsv e’e n cush itm ns , ,mne l t h e -n
mib j e ct m t u i m a ble. I’ .xe es suve slackening of the rigging is to li it t g mt e idmna hl y ctmmpressed the next cushmot l i t t  tht’
lie ivimided , however , ms this will lead to esc e’ss i e ’ e s t rmt t g . w hich happened to lie one cit the Occ. mt t
wearing iii t he rigging ctmnlponents . ~v ste i ns units . As can lie seen in Figure 1-16 , t he’ skin

l’er h’aps the greatest weakness in the de ’su g m m iii the at mine’ end ot t I m us c tms hiot t us ~mhm rad e-d and se’v e ’ rels
fentk’r is the mn a i iu l mt v  iii the cushion string to take scuffe d, but the cushion was otherwise cindamageei

~ea hm le longitudinal lo ads, Such kmaeiing could and continued to function normally , Thus problem
happen , fur instance , if a lighter a ppr im .m c lue -m l the can be mmnimu.’ed in the feiture imy reciucmng the’ gap
fender with a significant forward ve loc mms ’ component hmetween adjacent cus hions.
and struck the’ I x l 5 tender between cush uum ns with

17
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l- ug ure - 1 -1 4 i n c lu t u im n  if c ii lung niat e ’ ru ,m l i f  i& ’i (‘ilnu pht.’ t mcm n
f h’hu ,m’ .e I I  t e s t s

1. 3.2.3 Removal and t i t e pier externa l  spucisve lls mkm ng the shore-ward-
most , sout h ‘fac ing pier sec lion. ‘I’hen , tile’ pile’ guide’s

I he f e  ndt’ r s v st c i mu was thc ’ f i rst piece of were’ r e ’ t tum i ’ . - eu i ,  Next , four u t  thc’ fender pile’ s were’
e(lumpm(-nt t im ime rt ’mmmve d upon c u m m n p let mmmli i if tile removed using the 35 -tt m n ( 3 1  .800-kg) crane’ mi op the
e ’ k ’v ; mt eu f pier t e s t s  I hit f i r s t  step was t i  edit the gusset c ,must ’w av ‘I’he t cc - ui remaining piles which cc-crc’
plates t bu ; mt  h’ad been we hmled between the fender piles located in the center spueiwe lls of each fender
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se’ct itin , staved in place until a PIIIBCB-O Nl’. war ping was to determine the point of pile fixation in the
tug came- alumngs ide and tieei on to  the fender. ‘I’he seafloor, If i)(ith the fixation point and the position
seaward pile was then pulled and, finally ,  the shore- of the fender at the time of impact are known , it is

ward pile . ‘l’hc war ping tug moved the fender system possilmle to estimate the force in the piling at a station
,mwa s’ frem ni the elevated pier and returned with the adjacent to the floating fender. The calibration pro-

fen der in tow t i m  the Amphibious Base at Coronado . cedure consisted of attaching a wire rope sling about
Num difficulty was encountered in retrieving the each pile at deck level and pulling on the pile with a

fender. ‘I’he piles cc-crc easily removed , and the tug known force. Pulls were made in a horizontal plane

anti cau’ .cwa~ line-handling crews were in control with the line of action parallel to the edge e)f the
throughout. Sea cond itions were mild , however , and elevated pier. A load cell and a line potentiometer
undouted l~ were a major contr ibuting factor to the were used to measure calibration force and pile de-
c.mse w ith which the operation was conducted. fleetion, res pectivel y. The effective length of the pile

(the length from the point where the calibration force
is app lied to the point of pile fixi ry) was computed

1.3 .3  IMPACT TESTS f rom the following formula for the end deflection of
a cant ilever beam with a concentrated load at the free

Fender impact measurements were made during end :
hoi th  Phase I and Phase II. ‘t he objecti ve of the im-
pact t es t s  cc-as to obtain data that e-ould be used to R Q ~
cs’a luate the expected fender pile reaction loads at the =

elev ated pierheaei and to assess the energy-absorbing
propertmcs m mf the fender systems. 

where ~ is the end deflection (measured by the poten-
‘ lb us objecti ve cc- as accom plished as follows : load -tiometer in the pile calibration test), R is the calibra-

t e11  suppmir ts , called lu-ad arms , were we lded to the t ion force . F is the modulus of elasticity , and I is the
pme’rhead assemimlv angles , as illustrated in Figure moment of inertia of the 20-inch (5(1 ,8-cm) diameter ,
1-17 . l’he 1c m -ad arms are essentiall y simple c lcised box 3/8-inch (0.95-cm) thick steel piling. Results of the
gir ders that are sized to resist the antici pated loads pile calibration for the Phase II tests are given in
anti moments imposed by berthing lighters. Each of Figure 1-20.
t he three instrumented fender piles was bracketed by CE L’s 268-ton (242 ,800-kg) warping tug was used
three load arms with the attached load cells hearing -to impact the fender during the Phase I tests. At the
eiurect iy on the pile. With the arrangement depicted in t ime of the tests , the single section 1x 15 fender was
F igures 1- 17 anti 1-18 , ii was possible to measure pile in the surf lone. Consequently ,  the tug pilot
reactions both normal and parallel to the pier. approached the fender cautiously, rely ing largely on

At eac h pile location , a linear displacement poten- anc hored stern line for control. About 10 impacts
tiometer was mounted to the side of the fixed pier. aga inst the fender were made. This test series prt ved
‘rhc end of the sprmng’Ioaded potentiometer cord was t hat the experimental setup would work; however ,
equipped with a permanent magnet which was because of the unrealistic test conditions , t hese data
lowered until it made contact with the top of the are not discussed here’ .
fender. Thus, vertica l displacement of the fender The more important test series was conducted
(re ferenced to the pier) due to tidal and wave action during the Phase II elevated causeway tests at
ctmu lei lie recorded continuousl y. ‘rhe vekmcity of the Coronado , California, The data from these tests have
test cra ft nmmrma l to the fender just prior to impact hmeen grouped according to the tY pe emf craft used towas measure d by a CMI , Inc. model J I- 100 “Speed impact the fender , The I.CU data (see Table 1-I) were
Gun.” All test d a t a  were rcct irdcd ott magnetic tape 

obtained when the lighter came alongside the pier-
for future reduction anti .mnal~’s ms. A schematic of the head to) discharge or receive empty intl loaded con-
tes t setu p is shown in Figure 1-19. ta iners. h-or some of his approaches . t h e  pilot was

I’,ach of the fender piles was calibrated prior to asked to deliberately hit the fender with more forcerecor ding impact data. ‘t’hc purpose of this calibration -

than was necessary to make a nortnal berthing under

20 
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cause way  assemnlmf y angle

i:I~~~~ _

, ,. _— lung load arm

short load arnm
i. lust -v . a’.

assembly angle

____________ — — — —  

load cell 

— — —  — ___________

20- nm. 15o .g-ein) 01), fe’ndcr p1k’

i”igure 1-17. lamad arm arrangement of each instrumented pile. Load
cells are ptisitioned iii hie’ ;mr directl y on pile pnor to impact
tc -st  5
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ihic prcs . ui lung ctt ’ .ur(innlc’ itt ; ml c u m ndu t i i i ns .  N inc ill tile’ hase uto i inc - nia r i ls- disp l:ueu .’ l  t he pier hieaih 4 to  (i

rc t  iirde-d pi le te l  ( l i i i’ .. iuiiss a ’e-e’ r, ext -ceded a nag— uu i t hcs  ( 1(1 , 2 to  1 5 2  c m) .  The k inet i c ’ energy iii ime’
t t i t e ud e iii ti .tlO() pounds I 30 , ’mi ( (  N) , se- hit - l u ref l ee -t s  .i h s u rhed , ’ 248 ,1)0(1 him- f t  ( 33 6 .180) N nh Ii, tar cx-
pr ini.mr l y t ile- c . u t i t  in i t  t h e  IC ’  piluit ceede’d the maxi mu m r;mted capaci t y  mit th c. Se- ,isv ,iril

i’he pile- re ’ ac t u umn t i r&c ’ .  inc.usuu re el syhik’ the IC , hni e - r n .ut imm n ; m l foam cusho mn 39 ,000 hi - f t  ( 52 .80(1
I ( \t 0 . and e ,uu us es s .i~ herr ’ . ’  we re imert ited mlimn g s icl e N-t i l l  at 50 ’ . compressiuin I . \lueh of the enc-rg}’ at
the pier 55cr - nil, ‘Ib is  55 (5 (hue- to t h e  calm seas impact , In ‘.e cs -cr . is u s  iii’. i e h  h~ imt hc r clement’ . il

wi se ’ ’ .  1.5 t i -c t  (0 ,46 ml high mir less l inch an ;tl t )ng— the fender svs icui i  e .g., the f l i i :uui ng I xl  5 NI piintoiuui
s h ire curre’nt w h ich tended to h old til e moored cr ;mft st  r u n g.  the fender pul ing. and t he pierhead .
.iss .u\ freon t he fender . Sonic datn;mgc svas sust a mn e d liv the fender due Iii

On t he morning iii 4 l)ece mhmer l ~ 7 5, arrange- the first impact~ The sc;i’.s . u r h ’ u iu isi pile se is ime nt
uii m u ! ’  i s.  i uii;mche h i  b u s t - a I 12-t on (1( 11 .600-k g) inw ard at the pu nt of c m m n rac t  w i t h  the fende r
o n  ping tug from 11111 11CR-ON I- m a ke a series of I l’igure 1-21) .  t his forced the pile away front the
l i u , s ~ -on .m pp roachue s t m m the fender . The first uppro;mch hiad cells atop the pierhead so th ta t  no further force
55 I’. iii,itlc’ ii 5 kniii ‘. 2 i rn/ see ) .  * and the tug hut the read ings on Ih u le A ss crc possible. ‘l’ he outboard top
s e. ms e ,m r d ntost i i itt cushion u n  fender unm t one. lite assenthml y angle ott the lx 15 string ss , m s iment ms were ’
rt ’s mult s c m ’ .  .u J ,mrr lng irnp.mct which was est imated t c m ses -er .u l (if the framing uttemhe’rs in the feneier

V cut  e n ! lii the ham u ,f—h eld - ‘ s pe c- i guuii - ‘ l i t  is’. ever , some’ cr  ri,r in this f i gure’ us to (ie~ cxpcttcmf
\ i  alt os ’ . m e t -  isa ’. mnu m, lc for a lif c,f -u ita ss e’) lec is iii computing the’ impact kinetic energy . The
a l I t - I-mass t i i r  thy shallow’draft tug uni pac t uuug against the pile-supported pier would be small.

‘ I, ,

V

- ;

- 

‘

~ ~~~~‘~~~~~~~ ‘ 

.‘

Figure I 18. Pi le mnctrum entatit ,n setup
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top ,,f

Pile’ L8 LA
I 

(in., emit ) ( in..  dill ) ( in  , cml (in ., cm)

A 154 (39 !) 567 (1 ,44(1) 558 (1 ,417) 92 (2341
B 15) (384) 547(1 ,389) 53 % (1 ,367) 114(29 ( 1)
(‘ 1 4mm (356) 539(1 ,369) 530 (1 ,346) 148 (376)

~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~

-
~
‘
~~~~~~~~

‘- 
~~

. l- ;f (ect ivt- lengt h imf pile

I I t ’B — Depth of pile embe dment
p $ + - I 

~ 
Distance Iic’tW cc ’ml point o f  I ‘.0% and

- ±) load cell read’t ic iiu point
l) istamtce’ point of f i x i t v  lie’. beneath st-aflciemr

Figure 1-21). Results of pile calibration test - - Coremnado , California.

spucls’.e’ll surrounding the failed piling. min;tte further testing of the fender , since ses-era l load
‘l’he tug pilot was then instructed to hit the in- cells we’re no longer tn;mking contact with the famled -\

sirum entec i fenmler it approximate l y the ce nter pile and 13 piles. A summary of the warping tug impact
posit ion. 1k’ sc m ’ . . u l s iu c’au rimm ned oh reduce his speed of data ;tppcars in ‘l’aimle 1-2 , Numte t hat in each of the
apprm iach. A gain, the’ tug cm m mpr essed a single cushion , three tests  the estimate d maximum bend ing montent
tltt’ four th  cus it im m n from die seaward end . ‘I’he speed in one or more of the fender piles exe’eeds the’ ca l-
at impact was about 2.5 knots (1 .3  i l l/see),  anti the culated yield moment emf 333 .900 lb-ft (452 ,401)
e f f e c t s  .mtiip t i te ’ pierhicaci were far less intense than N-tn).
those nm mtecl during the initial ic -s t  impact . A vus u ;m ( 1)amage to the fe nder system was confineei to pile
I~c ’ k  . m f t e - r  the tug had backed-off diel not d m sc l i m se failure , a bent 6-m elt (15.2-cm) Nt. pontoon top

iurt hmer d.mtn;mgc ti m the fender , ,ms~e’ntb ml~’ angle , and severa l lmuckled flanges on struc-
On t he third a:td boil  appro;meh . the tug was t t mra l  mem t mer s in the seaward-most spudwell.

d’ itmckt’ti at a speed iii 5 knots (2.6 m/st’c). t he si m ile llowever , t he fend er was still functional after comple’
unm pact speed ui hi s c - rs ’ ei i  in the t m i s i  test. Ibis impact t itm n of t lte imp;tet it-s i’ .,
resu lted in i i m n i m g c - t t i  Pile B , It was deci ded to ter-
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SECTION 4

EVALUATION OF TEST RESULT S

1.4.1 ENERGY ABSORI9’ION lighterage are summarized in l”igures 1-22 and 1-23.
The disp lacements for the two COTS lighters , an

A standard measure of fender system effective- LCM-8 and a 1610 Class LCU, are presented in Table
ness is the capability to absorb the kinetic energy of 1-3.
berthing vessels :

Table 1-3. Displacements for Lighters used in

KE = mV 2 Berthing Energy Absorption Summary
2

Displacement
(hong tons, kg)

where m is the mass of the vessel , and V is the normal Condition for —

velocity at initial contact with the fender. The
added-mass of the accelerated water Will be ignored LCM’S 1.Ct.)

for the shallow-draft COTS highterage berthing against Light chip 51 .3 (52 ,100) 185 (188 .001))
the open, pile-supported pier. Therefo re, the kinetic
energy of the PIIIBCB-ONE warping tug is estimated 

l our Mi l.VANs aboard - 265 (269,2001

to have been 62 ,000 lb-ft (84,000 N-m) for the Full load 103 (104,600) 342 (347,500)

2.5-knot  (1.3-rn/see) impact and 248,000 lb-ft
(336 ,000 N’m) for the two impacts at 5.0 knots (2.6
rn/see). Since the tug approached bow-on to the
fender and its forward motion was fully arrested, all In Figure 1-22 , kinetic energy at impact as a

of this kinetic energy must have been absorbed by the function of speed normal to the fender is plotted.

fender and pierhead. Although the warp ing tug was h orizontal broken lines that represent the design
observed to contact a single 7.4-foot (2.3-rn) foam energy absorption of the foam cushions and the

cushion on each of the trial impacts , in a normal measured berthing impact energies at Coronado also

berthing situation , with the craft approximatel y appear on the graph. Each of the five Iighteragc

abreast of the fender at berthing, the COTS lighters cases is represented by a curve which us a plot of the

can he expected to contact at least two cushions, berthing impact energy, (1/2) mV 2 .

The rated energy absorption of a single Seaward , 
In Figure 1-23, the abscissa has been changed

International 4.0-foot (1.2-rn) by 7.4-foot (2.3-rn) from impact speed in knots (rn/see) to lighterage dis-
cushion is 39 ,000 lb-ft (52 ,800 N’m) at 50% corn- placement in long tons (kg). This plot can be used to

p pression. ‘rhese cushions can sustain occasional estimate the impact energy for any class of lighterage
impacts to 70% compression with a resulting energy provided the displacement and speed normal to the

absorption capacity ot approximately 2.9 times that fender are known.

at 50% com pression , i.e., about 114 ,000 lb-ft It is evident from Figure 1-22 tha t the kineti c’
( 1 5 4 ,000 N’m). Thus, for two cushions, the energy energy to be absorbed when the heaviest lighter ( Id )

absorption capacity is 78,000 lb-ft (10 ,600 N’m) and with full load) impacts the fender can be easily
228 ,000 (b-ft (309 ,000 N’m), respectively at 50% and accommodated for speeds of up to 2 fps (0.61 rn/se e).
70% compression. This kinetic energy leve l (47 ,600 lb-ft (64 ,500 N’rn)J

The estimated warping tug impact energies en- is within the design specifications of the fender

countere d during the Coronado tests , the rated cush ions and is less than the input energy observed
energy absorption of the foam cushions , and the during the second of the warping tug impacts at

computed impact energies for two classes of COTS Coronado in which no damage was observed to occur.

The foam cushions, of course , absorb only a port ion of th e total berthing energy.
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It would ta ke a normal impact velocity of 2.75 knots x 3-rn) and two 4 x 8-foot ( 1.2 x 2.4-ni ) Ocean Sss -
(1.42 rn/see) for the fuIl~’ load ed I.CU to produce an tems cushions. Figure 1-26 details the internal spud-
impact comparable to that produced t my the warping wells , three of which are needed for each lx i  5 fender
tug at 5 knots (2. 6 rn/see). str ing.

In summary, the fend er system employed at
Cortm na do can easily abseurim the berthing energy
induced liv the heaviest class (if lighterage at normal 1.4.3 COSTS
velocities of up t i m  2 f ps (0.61 m/sec) and even greater
speeds fd)r craft with lighter displacement. Although The cost of a single Ix 15 fender string is sumnmar-

fender damage can be expected at higher berthing ized in Table 14 . The estimate includes the lalmor cost

speeds , the fender can tolerate considerably heavier to assemble the lx i  S NI. pc)ntoon string m c i  to rug

impact and still function. ‘rhe damage threshold has the foam cushions , hut  it dimes not include the’ cost of

not been precisel y deterntined , but based upon the post-assembl y handling and mnsta ll a t ium n .
measured pile reaction loads at Coronado , the critical
impact energy is probably not much less than the
248 ,000 lb-ft (336 ,000 Nm) observed for the firs t Table’ 1 -4. Ceist Estimate for a 1x15 Fender String
and third warp ing tug tests.

As is true of any fender system , damage or even
- . ‘ - ‘ . (.timponent (‘ost (5 ) 5

complete destruction is possible if the berthing im 

-

______________________________ ____________

pact energy is great enough. The elevated causeway Material
fender , especiall y with the design improvements to be
discussed later , is considered adequate to handle ~‘.l, Pontoon t’quhpnicnt. e.g. ,

- pontoons . asst-mbhy angles . m i .  -normal berthing loads of COTS highteragc .
loam cushion s (6 )  25.201)

lntc’rnal spudwvlls with chafing 
~~ 9(K)1.4.2 DESIGN IMPROVEMENTS ring 3

Ri ggiimg hardware 1.5(8)
In genera l , the fender confi gured for the Phase I

and Phase II tests performed well. The tests did in- Miscellaneous hardware , e’.g., 2 ,500
padeyes , mooring bitti . e t cdicate that the performance of the system could be

improved if mooring bitts or chain plates were in- l’.xternai spudwells , bolted to 8.4(8)
eluded to aid line handlers during installation and pmcrhcad ( 3 )

remova l of the fender. Piles, 60 ft long, 1/2 in. wall 7 200
Since the outboard 6-inch (15.2-cm) top assembl y thickn ess ( 3 )

angle was damaged during the impact tests at Subtotal 80,700
Coronado, it is recommended that future elevated
causeway fender units be a.csembled with the 8-inch Labor
(20.3-cm) assembly angles. This will result in a sub-

- - - Pontoon assembly 1 ,000stantia l increase in moment resistance,
In all future fender installations, piles having a Cushion ri~~ng t .000

minimum wall thickness of 1/2 inch (1.27 cm) should Miscellaneous welding 500
be used .

Figures 1-24 and 1-25 are assembly drawings that Subtotal 2. 500

include the aforementioned improvements as well as Tot* l 83.200

additional minor changes , such as stronger vertical
strap padeyes for rigging the foam cushions. Two rig- a(:O%ts based mm 1976 figures.

ging confi gurat ions are depicted : one with six 4 x
7.4-foot (1.2 x 2.3-rn) Seaward International foam
cushions , and the other having three 4 x 10-foot (1. 2

31 
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1.4 .4 WAVE -INDUCEr) MOTION

The calm sea conditions existing at the time of what by t he warping tug dur itmg mooring and
t he tender installation at Coronado did not induce retrieval , but nevertheless it can be sec- n that consider-
signific-a nt motion to either the fender or its warp ing able fender motion , especiall y in surge, is possible
tug tender . What would happen if the sea conditions during installation when a long-period swell is
were more severe? In an effort to answer this present.
question . t he CEI.-developed ship motid,n computer
program * was used to predict the motion of a single
I x I S  ten der string. This anal ytical model is based on
str ip theory and uses deep water added-mass and
damping terms in the equation of motion. The
following assumptions were made in the analysis:

• ‘rite lx i 5 is floating free and is unrestrained by
either the warp ing tug or piling.

• The mean water d epth is 20 feet (6.1 m)
(a pproximate average depth at the pierhead).

• ‘l’wo wave headings arc considered: stern-On td)
the fender and 15 degrees off the pemrt stern
(the stern is assumed to l)c the seaward end of
thc’ fend er).

Ihe results of the motion analysis are presented
in I’ugures 1- 27 audI 1-28 . The point dmf interest (the
p m m nt at which the ntu m t i m m it is computed) is on the top
of the lxi 5 string at the forward port corner , a likely
Iumca t io n for securing a spring line eluring fender nioor-
ing. ‘l’ lu - results appc.mr as permocl - icpenelent longi-
tudinal , tran Sver se - , and s’ertical disp lacement rcspdmnse
amp litud e operators (RAUs), i.e., disp lace ment ncr
fm ii m t ( u mr meter) ml incident wave amp litude’. The
the ur v is linear su m that est imates imf fender motion for
55 .u yes of an~- give- n amplitud e can be found by taking
tile product of the wave aump litude and the RAO
Thus , in 1-igure 1-27 , for a 6-foot ( 1 .8-rn) high.
16-secon d wave , the longitudinal motiern at the point
of interest is:

Displacement = RA() x wave amp litude

= 3.0 x 3.0 = 9.0 t e d  (2.7 m)

‘I’he total excursion fore and aft is twice’ this value, or
18M feet (5.5 m).

In practice the fender would he restrained some-

:5cc Volum e I fot environmental observations
Sec (:1-I. Technical Note N-I 37 1 Tht ’ motion of floating advanced base components in shoal water A comparison
Imetwern theory and field test data , by 9. A. 0avis and II. S. Zw il mcl , Port llucneme, California , Jan 1975.
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SECTION 5

FIN DINCS AND CONCLUSIONS

- l)uring i’hase- Ii of ilue clevated cauuscw :iy tds t s , the 7. Mmmoring bitis or chain plates on the fender arc
fender c~ sic-ill withstood , sv ithout damage . .m 2 .5-k n mt required to aid line handlers during installation and

- 3 - n t / s e e )  btmw-on impact liv l’IIIBCB-ONF’s remova l,
112- t ern ( 1( 11 .0(K)- kg) war ping tug. ‘F ltc fender sur- - - -

- , - 8. Pile guides , w hich are installed in the externalv uv cd . wit h some damage to t i le restraint piles and . - - - -
- spudwells on the pierhcad prior to insertion m t theone to p assembly angle . ii 5-knot (2. 6-rn/see) impact . ‘ ‘restraint piles , are effective devices for verticallyi,s t he same cr-alt . - . -aligning the piles.

2 Base d upon the impac t  test results and -
- , 9 . A long-period swell could induce excessive surgeperfo rmance elemrin g the container unloading phase of -

- motion of the fender system which would add greatlythe eles-ated causeway tests , it is conse rv ;ut ive- lv - - - -
- 

‘ - to the diffucults ’ encountered during installation andestun tated that t he elevated causeway fender can
- removal.absorb the berthing impact from a fully loaded 1610

Class I ,( i having a normal impact velocit y of 2 knots
( I l i  rn/see).

3. On seve ral mue casI~~ns t he fender system survived
8-foot (2.4-rn) seas without damage. The fender sys-
t em t , ur  the elevated pier has been designed to survive
waves up t m 10 feet (3.0 rn> in height. Careful inspec-
tm mn of the fenelcr sy s te m after 45 days of service at
( m ’ r umn , i , t u m  suggests that the fender would remain
operational for the 6-to-I 2-month period projected .ms
t he operational lifetime for the (:0-ES elevated pier
s y s t e m .

4 The commercia l foam-fil led cushions effectivel y
cushion berthing impact. After 45 days in place at
Coronado , t he cushions exhibited nem evidence of sub-
stantia l wear or degradation of performance . One
cushion sustained a 9-inch (22 .9-cm) tear in the outer
covering w hich , however , was judged easy to repair.

5. Commercial foam-filled cushions having a solid
stee l core are adequate for the elevated causeway
fender application. An ex perintental cushion that was
tested at Coronado and is designed to compress Ton-
gmt u dinally umffcrs no special advantages over conven-
tionall y constructe d cushions.

6. On t ile imasis tmf wearing properties and resistance
to expt isurc to the saltwater environment , t he rubber
cimafing plates used on the seaward-most fender are a
far better choice than the oak planks used on the
shore’ward-rnost fender.
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(:IIAPTER 2

ABSOLUTE LIGIITFRA(;E MOTIONS

2.1 INTROI)1mCTION 2.2.2 Navy LCM-8 and LCU

“mi- .u kce’ping t e s t s  55 crc cond uc ted  on various light. ‘I he I CM-K and the I 652 I .( : t  
- we-re .ik i icd

ers p.mrt icip a tm ng tm the ele ’v .utcd caucc w .u~ t e s ts  ut alongside the fender system ti mr of f - loading and
I I I  m i i . i e i m  ‘ ‘l iii - pur pose- m m t  ti le seakcm.-pun g t es ts  was  t i m  lo:umiin g of containers as seen in 1- ig e ures 2-2 and 2-3 -

ol m t , i u mm m i , i t . i  iit.i t could ime use d t m m  evaluate t h e  e f f e c t s  respect ivel y .  I he- I ( M-X ltas a light e lmsp lacem e-t st and
ot s m.m m. - -ui t dt iee ’m l m m m t um ns  on the off-loading and load- le-it gi iu m u 115 ( 8 ) ) )  pounds ( 52 ,00(1 kg) an d 74 fe et
ing pru mee -dure s (22.6 itt), while’ t he’ light disp lace ment and length of

Flue m m i u ~e~ t yes of the [)avt d ‘l’ :u vlor N:uv:ul Ship the 1652 Id - are ’ 455 ,0(8) poun ds I 2 1)0 .0(U) kg I m d
Re st - .m m d l i  m m m d l)eve lopmncnt Center (D’FNSRDC) Sit up 135 te e m (41 4 ml re-s pec t uvc’ l’, -

I or tlt a f lee’ I )e (C .u rt inc-nt ci un ng the tri m Is 5dm .’ me’ to  -

• \lc .usure and :mna ls ,e ’  wa s-c heigltt data uiht i ine’tl
- 

‘ 
- - 2.3 TEST (:oNFl(;uR~vIIoNs 1~~NI)troi lt a Vu , m , e r i m ie -r t u m m y  svs ie t t l  :otel front a f i x e d

eu itr. is ,unuc p r m m hmc .u m ma c hed tm i an outboard d c -  INSTRUMEN’! .-\T ION

s u m  m m !  e , i U Sm .’sc 0 sect ion.
‘lable 2-3 lusts the date , r u m m  number , autd c hicle- s

• \ ie asure ;m m td .inal yic lighter a lms mm l u te nto t um m r m invo lve- el in a particular m f t  - I mm .mdun g mu l tua d t ts ~
n l. mm , m t , u ku - mi Svlie - mm t he’ y m-ss e ls ire al m ngs icle tile’ it the (:oron~tdo t e s t  s i te  ‘ l’he’ ta ble ’ als u i nd i c a t e -s
e lc v. m te ’c l c . uC iscO Ii) - wit melt particular se- :u keeping mlme ,ms urc mtle ’ mlt  em is  made’

- during t ime e ’xc rci scs ,
I I U i m S C i  It s  ot t lie Til e ,i~ Cure- mc’ n ts are prese itt i’d in tai m- 

- -
- ‘ - ‘ ‘ \ l u t iu mmis  5s’ere’ tte ’ .us iure’ d on the- s . m r u m t is  ligh te r .. us-ul.m r m i t , i  grap it ic ’aI h u m s ill (mrd c’ r i i  aid us the ’ cs’al ua—

- ‘ ittg e - ut i tc r  tile- I) F\ SRI ) (  i l l m m t i m m n  isCe ’astu r mts g pack_ mgi-t moi l  mit t he- va rious lig h t e r s . I mi s e’v . u l u_m t i c mn . howe ve r .
or t ltc ilumt ip hre’v st u imle ’ 1 . m t t m m r m t l  1 m m.k ,iee The

is l i m i t e d  Ims tI me mtm . ug i tu tude ’  mi f  tim’: ss s’e- ll sc _ m s - c ’ heig hts
- ‘ 1) 1 NSRD(: t llotion pae ’L.mc’c e’m m i l s i s t m .’mi m t I CS ri se - p d .

en c mmum lte’ re- mI u leir t iu g ti le ’ mm p e - r i t i m mm l s .
ti ) isle’ asu rc p i tch .u mt d roll .1 tel t lure’ m. ita tel ‘illm i tint m.d
I ) mtst se ’ r a e’e’e’ Ie’ rm mt m le ’ ter s t i m ite ms Lire’ su m ge - l i e -m s u . .m itd

2. 2 LICII1F:R ( : IIARAc EERIs 1’ l( :s sw. is . i c ce l c r :m t mm mn s ‘Fite- I Iui tmp hrcs nmot ott lS.mi k ugc
CouiS is t c m i mut a I i mi t e ’~~s se ’ll gc r m s ~ m I ( m C  r i m mrse ’ ,m s c i re ’ p mtd ’ll

‘ - m u d  rm u ll and m l m m ’e’e ~e , ‘ Sm , mI 1 1 1/e ’ ml i c  e m ’ Ie rem ns e ’ i e m s tol ime - lighter s i n vcmls cmi m um the ’ mm pe’r a t um m is included
- iil& - .usu rc semr ge , he is t - . .u it& l S5% ,iS i c e  ch i ui i~m t5s I’ C m iT’ c SI l >  a t t u r m  se’ e t ioi l  c.m usm.’ss .us tu ’ r r s  t ied to a cv.ur pm ng -

tug. ( 3 ) . m  I ( \l 8. m d  ( 3 )  -a l ( m 2 ( m  ( I.iss I ~~~~ 
24 t itro t mg h 2 8 m nd ie . i t e- the pl~ice - n me ’ imt m m )  e i t h e r  the-
Dl \~~RDC package- or tit e- i I imi t t p lirc -~ p I t t  ‘ : 1 1 1 , ii

- ‘ ‘ . the’ .u r u m mt u s  Cc - Ilk Ic’ s t m m r  C.im ii irm.i I rei n. 1-ugeire 2 - 0
2 2  I l - l m m . m t mi ig  ( .at •s e ss _m~ Sections and War ping I ug -

~hoss s the I Isu mt s p !mrev pl ot  mmm i ntoum ste ’d mm t ime’
I.U,\i - Smm e , i u s ’ s s , m s  tc - r r ~ .omd o . i r p utm g tug ss s m c u t i  sse ’rc

- 
- ‘ Vu u s e  huu. ig l m i 55 .15 tmme . ms u u re d ss tim m lie - ( I I I l i

t i c - mi al iu n gsuuic t lte t e ’ i umi , r ss s id i m i ’. ms se - c - mm iii i- g uume ’  2 - 1 ,
I- Rim c ,mumscss- .ut Sectio n is 2 1  t e e m  (6,4 nm ) wide li~’ 90 sc e ll \V .ms e ’ r i i i c m iutmum ~ I lie 55 , 1 C c  he’mglm t l ,mi . i ‘ c -re t Je-

t c ’ e i (27 ,4 ill) long sc i t i t  ,m d r a f t  mi t  1 .33 l’e’i.’t (0 4 1 itt ). nte’te’re’d tm oi m m the i m L u m ) ~ m m ’  the m n s t ru um m e i l t . m t m mm i l  s i n

he d msp l .icu i iu em m t  o f ca ct i  c ,uu usew, ms sc -c t um i i t  ~ 
I oe ,i t e d  mm ml t h e  m m u ) l m m m . i mm t c ite1 cm l the ’ c lc ’~, mied

1 3 7 ,11(8) p m mi i imds ((,2 , (ii)ii kg) ss’Iiilc time’ ss ’ .irp iimg tug .ut u sc ’ ss .u s - I Ins but te 55- _ is t t tm u , m reei _ mi m m mmi t 2 5 11  s a m d s

di’_ p l . i m c t t m e i m i  is 224 ,) ) ) ) ) )  p m m t m i t m l s  ( 102 ,00(1 kg). 
( 2 2 m  m) from time ’ e’le’sa te - d ~:mti se ’ ss.us ui 25 f e e t  IT
i t t )  m t S C u m W i s e  heig ht ss’ ,ms .ml s m m tlie.msu re’mi using
Wc- smmm ,ur uml i r , i smu r i u c  i ran sde m cm -r I’m xed to the o ut eru m m~ - t
edge’ of t ltc e levated ~‘.miisd ’55 iS ( I- ig uu rc 2 I 0)

\ ‘. r t p m m m c ’ .f 1,5 - I mcci ,  m m m i- )  I( imih , m m )  i) I \‘.)(l )( F u r  ,i l , I i m i m m m m . u I  tm -mai l ’, m m )  u)uc ’ r m m ’ ’ m m . m , m  mmm e ’ : u s mm r e u m i m m m m . . , s,’, Ill
i ‘~~ m Si’l) St  6 11 .1 (In , mi ~~m ’ s i i ~,’ . iT m m m i  mu t Ii,- m I ,s m , Iuuim’  c m l i i i  I, m m m , m i m u u m m s  m , m v m m l v , I mim t i lt— emui mi a mi lu , - r mi l l  mm .m . lmrl g mum I t ransf er
. .e ’ .m,’ m u i (( iii’, m i rm al s . ic - i m~s , m m m , ,  ( umi i Im . S t i r  l’) ’ ’ (’ 
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I ‘ i.’ i’ m -
, 1 (It t Ii m .um im mt g c m  mtmt. u ut lc’ r s I r muum m t i m ,  m m m m m g  m , m m s ecc . m ’ m scm ii m is ul m mi t g stdc ’

c i i ’s i t e m 1  m . i i i s( 55 iS

\ II m I m i - u  5Cc - re ’ m m c m  m i t  m l m u n a i m a l m u g  m _ m~te’ m i m ml  s t r i p  l).ut .i sse ’re’ ree mm m ’d e ml  m m  ~t ‘ . u m t t m c ’im.ni pe’ r u m m d ii t u t t l e ’ t i m

It III’. m m i i t , m u m m  , m ~ m m m c i s t , u t i s t  ii ml 5_ it t i lt le ’ mm t tn t m m r mm i.(Iim , m t
I- igu re-S 2 - 1 1  and 2 - 1 2  cm mnt l iare sc .u sc - heig ht

s i m m  m u l i t , m u u m c d  I rmmm i m t l te I m i u m m ’ , mii i tile- u l t rasoi tm e
2,4 II S I RI’ SI ‘ I .  IS pr~ ime’ tmmr  s c - s e - ru !  ic -s i reins All s ime - e t r u  .m m c  pmmi i t t

S I iCm t  1.1

I m I m i c  2 2 prese i t s  the- sm g m i i t t c , m nt  situ p mot uo mus
mmmi i  ss , m i c  ime-u g l mt fu r c l i i i  run nmaelc ulum uitg time

m i m  S I t u  ml c . i m m s c ’SS ,i S i c - s t s  1 mc- s ig nufm e’att t  va lue’s t i m  all 2.5 Ins(:( SSION
itanimels l ie- o i m tamtme c I  t r o i mm the- re’s puunse’ s 1m c - mr - a ,

Cs t i m  ii time ’ s u g t m m t m e a t m t  ~,i Imum - us m i t - f u m e d us the . m sm ’ r. m gt - mt  Due tm u the- s c r s  m t i m i e ic r , mt e  5Cea th e r  t i m ,m t prev.iule’d
t imi’ mimi c - - t h ird mi 1 ’ I i m s t  p e .mk ’ i m m 1im,’ .uk e - s c m u r s i m m m u s  t m u r  .m dur ing the tm - s t . ., al t  runs sse ’rc’ mmu i m l m ’ in s’ t ’ r s  lim ~ sc -ms

p. mr t i eu i.m r c bt j m inc - I  i lurm i mg -m t m - s t  run I- m t ilk m ajc mr i m ’ m ‘I’ite’ s c ; m s c -  heig ht s p ec tm . u  mm Figure -s 2 10 amid 2 II
m l  h u e  t i - s t  r u n s , all lighte rs remained tu Il~- Iuua c le ’d s m i  u mmc i mc , mme t h a t  mcm st mmt the’ c mtc ’rgs ifl tile- sc ’,mss .u ’. 5C m’.

¶ t t t . um m ste ’j c l~ s t . i t m  t t m s p i t e ’e- nmc nt c’,m u lci be im bt au mm c ’ml t r i m t t t  .m pre ’m i m ti mm t m. i n t  sss-e il ciintpone’tl t w i th  .m period
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l- ugm mre 2-2 . Off-lo .ielmng containers front I ( \l -K .m!i mmm g s i i l e ’
e’Ie~ . mtccl cause way -

of appmci \ m mateI~ 14 seconds. i’herc was very little I.CM-8 .-\I smm extremel y snta ll trans latm mmiial ,mcce ’ Ie r ;m -

em semg~ in the higher frequency components of the’ t tc i m t s  were cm bt ai mt ed on all lighters during the ’ t e s t ’  -

seaway, lit fact , t he’ maximum significant wave height Thus , the h eave , surge , aitcI ssc ’ ,my trans lat ions during
record ed during the 4 days of container unloadiing the tests were all seen t(m ite almost negligible. ‘rite
tests w as 1 ,85 feet ((1.56 m). Very good agreement most not icea imie mmmt iurn on at! the li ghters was pitch ,
was oimta mned lmetwe c n the lmu my and ultrasonic probe and these rnagttitudes ame’ presented in ‘l able 2-2.
wave he i g ht spc-~ lr~m , I’ m u m t he most part tIle ultrasonic A better evaluation of ’ t ite effect of ss ave- s aite l
significant wav e tm ei ght was slightl y less than that motions cm the transfer system could have been made
ci luta mned hi~ the hiui,~ ,ms can he seen in ‘Iablc 2-2. if the seaway had been of a larger magnitude.

a result mmf the low seaway,  vm’ my small motion
k’vc’ Is were c t mratn cd on the lighters used duniitg the
operations. ‘l’able 2-2 indicates that the’ maximum
s ignif ic a nt p i tc h mmf 2.38 degrees occurred cm the
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~TI 
- - - 21.0 ft -

~~~~

- ______

4
forward

4.9 ft (1,5 m)

~T V~1\
DTNSR DC package

— - p

‘p -i

Figure 2-4. D’r NsRDc motion package on aft causeway section for
runs I, 4, 5, and 6.
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_ _ _

8.2 ft
(2.49 m)

~~~~,. h ump hrey stable

~~~ 

I platform 
well

21.0 ft
(6.4 m) 

___________________________________________________________

L 73,7 ft
(22.46 m)

forward
Figure 2-6. Humphrey stable platform Im,cat ion m m ii LCM-8 for runs

II and 14.

L - 
13 5 . 0 ft 

—r 64 6 ft (4 1. I lm )
(19.71 m) -

~~~~ 
-
H 

forward

Figure 2-7. Humphrey stable platform location on 1652 l.CU for runs
15, 16 , 17 , and 18. 
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Figure 2-9. Ilurnphrey stable platform mounted c m

9ti .(i ft LCM-8.
( 2 7 4  nu)

- I
1(1.6 ft 13 ,24 ml

12, 0 It
(3.66 ml Itump ltrey stal m le- platform

Figure 2-8 , llumphrcy stable platform location on Figure 2-10. Wesm ar ultrasonic primbe ’ 115cm1 mm end mit
ntidcauseway section t mmr runs 19 and 20 . e levated eaust 

— 

48 

- - -_ _ _ _ _ _ _ _ _



- (1,5 
1

_

Buoy wav e- spd-ct r imnm Rummy wave’ spec- tru m mm

0.04 -
— — — — — I m rmulme , wave- sp ’e-tr cm ml m — I’rm ,hme - wave’ spe-ct ruin

11.4 - . -

~
‘w 1 1/38 = I ,8(m It (0 549 ml 

~~~~~~ 
1/3~4 = 12% ft (O .39t) ml

~ w t 1/31. = 1.2(1 It (11 366 m) 
~“6 ~~~ 1.1)9 ft ((1.3 3 2 mim I

(1,03

0. 3  

- - -

~~~~~~~~~~~~~~~~~~~~~~~

‘

_

_  _Buoy wave- spectrum Buoy was-c spectrum

0.04 — — — — — I’rculi e- wave’ spectrum Prmmhmc wave spec-i ruin
0 4 - - -

ii~~~- l  1/ 38 1,31 it (0 .399 ml 1
~w 1 1/38 = 1 2 %  ft (0 ,390 ml

ti O3 — 
i~’5~ i l / ~ p 1.16 ft ((1,354 i’m-i ) ~

‘r4l) 1/31. — 1 1 6  Ii ( 0 3 54  ill)

0~~~~~~~~~~~~~~~~~~~~~~~
l : I  i~~~~~ m~~~~~~:~~

T
j .

0 0.5 I Ii L5 2.)) 2.5 1) 0.5 11 ) 1,5 2.ii 2.5

w( racl/se ’e’)

Based upmun I-’i gurc II in t)TNSRIX: Report SPt)-515-02 Aim investigation of thu .’ almsc,Iute
lighter motions mnvolve’ mI in the containe r of f-Im iading anti transfer sVs ie’rt l (( ( I I’S) trials ,

Figure 2 - l I  - Bt mi uy and ultrasm mic probe wave height spectra
for runs 1 , 4 , 5, amt d b.~
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Buoy wave ’ spectrum I Buoy wavc spectrum

0,(u4 b i ,l— — — — - i’rm tmc wave spectrum I — — — I’rolue wave spectrum
0.4 5. - - I l l

\ ~~ 1/ 3B = 1 ,53 ft ((1.466 ml I 
~ I ~~ 

1/ 31 1 = 1 ,53 ft (1) 466 ml

~ 
1
~ w 1 l /3p = 1,4(1 ft 01.427 in) 

/ ~ I ~~ 
1/31. = 1.85 ii ((1,564 ml

m i 1 i 3  i l l  I
ii .3 , V \ — - s

h i
I I I

V \ \  Run 14 Ruum 15
ii,.! -

S.-.

m .ot 
‘~~ 

~~~~~~~~~~~~~~ \
\ __~

,_

\ ,-S
‘—S

(I •,~~~O I
- Buoy sc -a s s’ specurunl Butts’ wave ’ spectrum

m. i m i m ,
— — — — I’m ’ mIm e cs is- c- spc’ct ruitm — — — — I’rmmt ,c ss is- c’ sp c c i  rum

m m 4  .. - - -~~ /3f( = 1.24 Ii (Ii 377 tim) 0 
~~

l 1 / 3 1) = 1,37 it ( i i  -41 8  nm)

) \  ‘‘W ’ ~~~~~~ 1.25  f t  (1) 381 in) ~‘w 1/31. = 1 2 3  it iii 37 5  m im I

03 I
I I’

I ’
I i I Ru i m I 7

0.02 

L 

j 1

j16 /

l

l 

~~~~~~~\

0 0.5 10 1.5 2.0 2.5 0 0.5 1,0 1.5 2.0 2 .5
c,.m(ra d/sccl

Based mutt 1-igure 13 in l)TNSRIX Report SPD-5 15-02 An investigation of
the absolute- lighter motions involved in the container off-loadin g and t ra nsf e r
system l( :o Fs) trials ,

Figure 2 -1 2.  Buoy and ultrasonic probe wave hei ght s pectra f m mr
runs 14 , 15 , 16 , and 17.
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l’able 2- 1. E.ightcr Motion l’est Condition’1

RUI
, lig ht ers Invcslvc’ml M - asurc-rmte’nts Opcratioim I)aie- (.munf iguratm mmn

Tug and cause-ways Wave-r ier bucuy wave Moticmn mc-Lsurc’mtie’nt of 2 l)ec 75 l igurc’ 2-4
h ei ght. ultrasc,nic four empty e-oimtaine’rs
probe’ wave height . Ime- ing loaded u nto cause-

pitch , roll , he ave- way
acce’Ie’raticun. surge’
acceleration , swa’,
acetic-rat limit

4 Tug aimci ~ausc ’w avs Wave’r imle’r buoy wave Mcmtmo n measure-ment cml 2 Ike 75 l-mgurc’ 2-4

height , ultrasonic probe four empty containers
wave height , pit ch , roll , being load ed onto cause-’
he-aye- ae’ce-le-ratic,n , sway/ way
sway aeeele-ratimmn

5 ‘lu g arid ea usc - c s a s s  Wave -rider I,uciv wave’ Motmc mn measurement of 2 1)e’c 75 1-igure- 2-4
height . ultrasonic- fimur empty e’ontamne’rs
probe wave height . (icing load ed ontem cause- -

pitch , roll , heave way
acce lcraticmn , surge
ace’e-lc ratio im. sway
ae-ce’ Ierat ion

6 — Wav e-rider buoy wave Waverim ler bs ,m iy wave 2 Dec 75 Figure 2-4
hei ght and ultrasonic height and ultrasonic
probe wave height probe’ wave- heig ht coni-

Iiar isotm

8 — Waverider buoy wave Wavericher buoy wave- 3 t)ec- 75 i-igure 2-5
height and ultrasonic- height and ultrasonic’
probe wave height probe wave height

c-eumparmscmn

9 1652 l.C t . l.CM-8 Wave-rider lmuoy wave’ Motion measurement m f  3 l)c’c 75 i g mm mm 2 - 5
he’ight . ultrasonic probe I.CU loaded with two
wa ve height . pitch , roll , full cc ,cm tamne rs alongside’
heave- acceleratic,n , surge elevated causeway
accele ration , sway LCM-8 rafted next to

acceleration 1(1.

1 1  Wavcr idvr buoy wave ’ Waverider buoy wave- 3 Dcc 75 I-igure ’ 2-6

height and ultrasonic height and ultrasonic
probe- wave- height probe wave height

comparison

13 — Wave- rider buoy wave’ Wave -rider tmuoy wave 3 i)em. 75 I-’mgure 2-5
height and ultrasonic height and ultrasonic
probe wave- height profme wave’ height

comparison

14 I,t M 14 Wav e-rid e-c buoy wave - Motion measurement of 4 i)ec 75 Figure 2-6
height , ultrasonic probe- l,CM-8 without contain-
wave- height , pit ch , roll, ci’s altmngside elevated
heave acceleration , surge cauw way
acceleration , sway
acceleration

continued
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_ _ _ _ _ _ _ _ _  - - - --

Table’ 2- 1 - c mnt it t u u.’eI

I gl u m  m s I m u s m m l c c ’ ,I Me um s e mrc’rn e ’mm is ()pe ’ r-a i i c ,mm 1 1 a m , -  ( u i i u l m g m m r m m u u ’ m m

IS 11 ,52 I 1 ’ Va ’ . mv cr i s i m .- r I mumm ~ ss .ms- c- M mmmmimm i  mne’ a,suremctmt c if 4 Dcc 75 I u gm l r d - 2-7

hei ght . ul t ra se mim mc p rcm lue ’ I , - cs -i th out con tam nc’rc
ss’avr heig h t , pitch , roll - a l cum mgs imle ’ elevate- cl ca use’’
Imeave’ ace e lc’ r a t ic umm - su m r em - sc- .m~
is se ’Is ’r . m m u m m m m , scs ’a~

-a~ ce’Ie’ rat c m

l id Wav eride- r fuucw wave Wuic e’rmm l e ’r bu euy wave 4 l)e’c 75 I ug mmr c 2-7

heig ht aiim] i ii ras mm l m Is he-iglm m and ul m r . ms m i m i  is

probe csa ’ ,e height prolme’ wave heig ht
c m m mt lpar iscmm m

7 1652 I ( ‘I: W averi clc r hucmy csas c ’  Mcmtmc imi me’a.surcme’m mt 4 l Ice 75 I mg urc - 2 -7

he’ igh t aiim] ultrasonic cml I .( - I.’ wim-Item ut coit tamm i

probe wave hei ght , roll , cr5 -alcm ngsiele ’ cle-vatesI
pitch , heave accele’ ra- ca use-way
timm it . surge accelerat ion ,
sway acceleration

1 8 Wa cc - ride r I mci ems’ wave Wave-richer Im mim m ~ wave- 5 Dcc’ 75 I- igu re 2 7
height a nd ultrasonic height and ultrasonic

pm-cube wave height prohmc wave height
com parison

I ’ m lug and causes ’ , a s s  Wave-rider buoy wave Mcmt mon itlc’as urc - mmme nt of 5 Dcc 75 I-mgure - 2 8
he- ight, ultrasonic’ prohme tug anal ause ss a~ Icma,le ml
wave height , pitch , rumll , s sm i li eight empty e- eu mttam i t ’
he-ave acce leration , sur ge cr5
acceleration. sssa’m
accc’Ie ratmc u ri

2ii ‘l ug aiim] aemse -wa s ‘. W asc ru , ler buoy cs-ave M m i iu mm i i  niemm ,suremcnt of 5 t)c’s 75 I m g mmm c - 2 8
hei ght , ultrasc unic probe mug and cause-wa y loathe-e l
csave- heigh t , pitch , remll , with ei ght empty coimtaitm-
he-ave acce’le ratitm n , surge ers
acceleration , swa y
accele r-,mt iemn

‘1Based upon ‘fable I in III \SRIX Report Sl’ l)’5 15 ( ( 2  An investigation cuh the ahmsem l ute
li gh te- r m m m mm m I mmim s ins’ im lve- el in the- eotmtaine r cmf l’Ioam hing and transfer ss -s temmm ~ :o’t’s I trials .
~~ I ass remm m. e’ I - Ruth,

6 Runs 2 , 3, 7, II) , and 12 deleted chute - ii, shcm rt run time- ,
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Ch APTER 3

ACK NOWLEO(;MENTS

The’ f e m lhe iss ing c m r g a n l / i t l m m i t s  p rov i d ed direction , l’uh m l ie ’ Wm ir ks Ce nte r , 1’ ~ N,is.il S m , m t i i m n , S in
cdlumprne’nt , es.pe-ricncc- . mitch pc rs mmnncl ncccss,trv to Diego , falmr icat cd the ’ ‘mpe m dwdls , installed and
achie ve’ the’ exce l l e nt results of the advanced develop- I c m a d - t e ’ c i c e l  t h c  e x t e r n a l  spudwm.’lls , and
in c-nt tests . Wu thc mut their cooperation and support provided welders dur mnt thc operation .
the prc>gram cm ,ulel not hive lme’cn accomp lished - -(,e i n s t  r uc t t mn I’.qumpntent Department and

Comm an der , N,iva l Surface Forces , Paci fic , Mar ine Termina l  l ) iv is i u mn , NCI3C , Port
aut hori’,,cd the’ Amp hmbmmiu ’ . Units to sei pport II u en em e , a sse’rnble’d all (mf the picrhc’ad
t he’ program pontoon se ct icmns .

(;mmtiint;u ndcr , N;mv;i l Beach Group, Amphibi mus ‘Fransportation t ) iv i s iem n , NCISC , Pcmrt Ilueneme ,
Refresher ‘I raining Group. Coronado , approved provided operators and a construction e’rane for
and ccme mr ’ ,Iinatccl the beach support operations, both the Phase I and Phase II tests.

.-~mphibio us Cc mnstruction Battalion One pro- CI I. Support Operatio ns Department; l.og ist ics
vmdcd the persimnne-l and equi pment to direct , Su pport  D iv i s ion ;  Planning Branc h; and
install , and operate the el”mtcd causeway. ‘l’ec hnical Support Branch .

Amn phiimious Assault Craft Unit One furnished
t he L.CU landing craft and crews used t e m  ferry
the containers .

I’ irs m I- or e- c Service Regiment , First Mar ine Dm s- i-
sicmn , Camp Pendleton , California , provided the
drivers and truck/trailers used to move the con-
tainers m m the causew ;mv.

Nava l Ship Researc h I)evelopment Center ,
Carcl e-rm,ck . Mary land , conducted the motion
measurements an d analysis for the- lighters
moored to mlii’ picrhcad.

Naval Electronics l,abora tmmrv Ce mttc ’ r , Iluman
l’act imrs l) mvm s ion , Code 3400 , San l)iego , pro-
vidcd time human engineering study of the ele-
vate d cau~ -wa y system.
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