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SECTION 1

INTRODUCTION

1, 1 SCOPE invo lve developments by the Army , Navy , and Marine
Corps. Guiding policy is documented in the ‘‘1)01)

i’he advanced development tests of the elevated Project Master Plan for Surface Container Supported
causeway ss’ere performed to evaluate system hard- I)istribution System ’’ and t he OASI) I&l 5 51cm
ware using an adequate number of pontoon sections , definition paper “Over-t he-Shore l)ischarge of ( argti
ex i s t ing  m i l i t a r y  ligh t e r s  and t r u c k s , and (OSDOC ) System. ”
8 x 8 x 20- foot (2 ,4 x 2.4 x 6-rn) commercial con- In response to the 1)01) ,~1aster Plan , Navy
tainers . ‘rhe equi pment tested included four specially O perational Requirement (OR-YSI.03) has t een
assem bled NI. pontoon pierhcad sections with prepared for an integrated Container 0ff-l oading and
internal spudwells , five existing pontoon sections ‘F ran  s f e r  S y s t e m  (COl’S) for d i s c h a r g ing
equipped w ith external spudwells , two t ypes of container-capable ships in the absence iif port

plastic foam fender systems , t hree types of Navy facilities. The (~O’FS Nas’s’ Deve lopment (:iinec ’pt
lighters , one ty pe of Mari re Corps tractor/trai ler , a (NDCP) No. \ ‘SI ,03 was promulgated Ju ly 197 5 , and
turntable , and two types (if commercial container the Navy Material Command was tasked with
handlers . In add ition , ot her selected hardware items development. ‘I’he Naval Facilities Eng ineering (:~ m-
were eva luated during the operation. ‘l iming data niand has been assigned Principal I)evelu’pment
w er e ta ken at all pertinent points of the operation ; A c t i v i t y  (P DA ) with the Nasal Sea Systems
however , thi s information was considered to be Command assisting.
secon dary to determining any operational limitations , The CO’l’S advanced development program -

proper procedures , and problems requiring furt her includes the shi p unloading subsystem , the shi p.
deve lopment efforts , to-shore subsystem , and common system elements ,

‘rhe ship onloading subsystem includes: (a) the des’el’
opment of Temporary Container I)ischarge l’aci l it ies

1.2 BACKG ROUND (‘I’Cl)F) emp loying merchant shi ps and/or barges with
add-on cranes and support equi pment to off-load

1)01) planning for the logistics support to sustain non-self-sustaining containershi ps alongside; I b) the
major contingen~~ operations , including amp hibious development of Crane on Deck (Cot)) techni ques and
,us s a u It pera t  ions and I.ogisties-Over-the-Shore equi pment for direct placement of cranes on the
( lOTS )  evo lutions , relies extensivel y on the utiliza- decks of NSS containerships to render them self-
tion iii U.S. I-lag commercial shipping. Since the sustaining in an expedient manner; Ic) the develop-
mid-I 960s commercial shi pp ing has been steadi l y ment of equipment and techniques to off-load RO/RO
s hifting towards containersh ips, Rolt-On/Roll-Off shi ps offshore ; and d) the development of interface
(RO/RCo ships . and bargeships (e.g.. l.ASI1, S EA- equipment and techni ques to enable shi p disc harge by
RI- I- I. Ky 1985 as muc h as 85% iii U.S. Flag sealift helicopters (either existing or projected in other

~~ ca pacity may lie in container-capable shi ps mainly development programs).
non-se lf-sustaining (NSS( containerslaips. Such shi ps ‘I’he shi p-to-shore subs~ st ern inc ludes the develop-
cannot operate wtth uut Vx ten% iS’ (’ port facilities. ment of elevated causewa ys to allow cargo handling

Amphibious assault and/or 1,01’S operations are over the surfline and des’elopment of ’ self-propelled
usuall y onducte,I over undeveloped beaches , and causeways to transport cargo from ships to the
ex peditious response times preclude conventional shoreside interface.
port k-~~’lopment. ‘I’he handling of containers in this The commonality subsystem includes: (a )  the
envir onment presents a serious problem. This development of wave attenuatin g Tethered l’ loat
problem is addressed in the overall 1)01) Over-the- Breakwaters (‘I’FB) to provide protection to CO t’S
Shore Discharg e at Cargo (o~;Doc ) efforts , which operating elements . (b) the developmeni of special
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cranes and/or crane systems to compensate for con- Report (Volume l) A A  and four separate technical
t a m er motion experienced (luring afloat handling; (c (  volumes . ‘l’he four technical volumes cover the
the des-elopment of transportabilit y interface items to following.
ena ble transport tif essential outsized (:01’S equip-
ment in merc hant ships particularl y bargeships; 1.3. 1 Volume II
and (d) the development ttf system integration com-
pone nts , such as moorings . fendering, commun ica- ‘l’hc elevating mechanism or lift s~ stem and
tio ns and services , alternative lift procedures md associated equipments

‘I’hes e f is’e volumes cover on ly that portion of the are discussed , ‘l’his includes a description of the
s hip-to-shore subsystem related to the elevated elevated causeway , pier installati on and retrieval
c a u s e w a y  components and associated container- (including pro and con of elevating from short’ out or
handlin g operat ions. offshore in), pile hammer and driving. beach gradients

(:1:1, planned the elevated causeway tests in two and surveys , ladders and scaffolding. and multisection

phases . ‘l’he first phase tests conducted by Cl- I. from lift. A human engineering stud y was made of both the
16 J une t i 16 July 1975 at Point Mugu, California , e l e v a t e d  c a u s e w a y  system hardw;tre and the

- i’signed t o  Investi gate operational and struc- associated operational procedures. Fhis study seas
pabi lities of the NI. e levated causeway and to conducted by the Human Factors ‘I’ec hnical I)ivision .

~ o pe rational procedures. No container- Naval Electronics l.aboratory Ccnter . San I)iego.
sis were inc luded in this phase.

‘base II tests were designed to be conducted 1.3.2 Volume Ill
- the militar y operators, i.e., PIIIBCB-ONE and

~CV-ONF , Coronadti , California , to determine opera- The pon toon  cm1ui pment (includtng sect ion
t t i i na l limitations and any further development assembl y and internal and external spudwellsL
require ments. ..\ survey of the landing site showed a structural reinforcements required fo r the container -
beach gradient of about 1:30 and a water depth of 20 handling crane , side connectors, and results of
feet (6 m) at 6(1(1 feet ( 183 m) offshore at zero tide, structural behavior tests are described,
‘l’he pier was elevated by PIIIBCB-ONE on Silver
Strand Beac h, Green Beac h Two at coordinates 1.3.3 Volume IV
32°39’08” latitude , I l7 °09’25 ” longitude, beginning
12 November 19 75 and finishing on 26 November A descri ption of the fender system and inst;ilIa-
1975. Container-handling operations began on 2 tion procedures is given along with lighterage impact
l)ecem tme r and were completed on 5 December 1975. tests. Also , lighterage motion data as recorded during
‘t’he container-handling crane was positioned on the the container-handling operation are shown.
pierhead on I t)ecember. The pier was left elevated
unt il 5 January 1976 to c heck for piling settlement 1.3.4 Volume V
and to provide an opportunity for the pier to
encounter rough seas; it was disassembl ed from 5 Container handling. i.e.. cont;iincr tran sfer rates .
Januar y to 10 January 1976. Movies have been container crane , conta iners, lighters . Mar ine Corps
prepared covering the Phase 1 and Phase 1I tests . t r uc k / t r a i l e r s , pontoon deck reinforcem ent ,

turntable , beach ramp and matting. and air bearing
trans porters , are detailed . An alternate method of

1.3 REPORT COVERAGE shi p-to-shore container transfe r. i.e., the load’
on/ load’off causewa y ferry system (l.o/ Ro), using a

‘the final documentation that covers the results of commercial top-lift loader is described.
bot h Phase I and Phase II tests consists of a Summary

C1.l. movie , 16-mm , sound, color , 22 minutes, Elevated Causeway ‘r~’sts , Point Mugu. California . Jun 1975 (Phase I).
“(:1.1. movie, 16-mm, sound, color . 25 minutes . I’ ;levated Causeway Advanced Development Tests.(’ oronado ,

California , Nov 1975 (Phase II).
“Also contains environmenta l data observed during the tests .
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SECT ION 2

EQU IPME NT AND P E R S O N N E L

‘the c’m ntainer ’ h a nd l in g operation consists
primari ly of t r. imm s f erring containers from lighters to
the des tied causeway ;ind then transporting the con-
ta mners to the storage areas on shore. I- mpty truck/
t ra i lers ire driven out on the elevated causcss ’ay. over ‘ i

t he pierhead , onto a turnta ble where they arc rotated
180 degrees , and t hen dris’en to a position adjacent to
t ime container-handling crane. ‘the crane on the pier. //head tr ,i nsfc rs the containers from the lighters
moored .ilongsmde the pierhead to the truck/trailers
stationed adjacent to t he crane, Once loaded , the “
truc k ra ilt’rs move from the pierhead along the
det ated ca usess ;iy to t he beach. ‘l’o accom plish this
operation t he following equipment and personnel
sse ru employed.

2. 1 CR ANE

2. 1.1 Description

‘I’hc crane (Figure 1) emp loyed for handling the
containers w as a 90-ton (81. 6-Mg) rate d, rubber-tired
comtfl ( ’ rcial truc k crane , P&I i Model 8100. ‘I’he crane
w, is leased for the tests from I’ nnmss Crane Services of
i i  (:aJ~ n, (:a lt fornia. It was fitted with a 70—foot
(21 . 3’m) long tubular-constructed boom having a ~~~~~~~~~ _~~~,.. , ~~~~~~~~~~~~~~~~~~~ —

standard t ip. I l drau licallv actuated outriggers w ith
30’ inch (76 .2 ’cm ) square by 6-inch (15.24-cm ) high Figure 1. Container-handling crane (P& H
low’profile floats could lie extended approximatel y Model 8100-1’C).
2 1 f re t  (6.4 m), The working weight of the crane .
inc luding a 26 ,000-pound (11.8-Mg) counterw eight , restrict ions , the crane traveled with only a 50-foot

was a pproximately 74 tons (67. 12 Mg). A load-versus ( 1 5. 2 5-rn) long boom (butt an d ti p section ) ; the

operating-radius curse for 36(1 degrees of operation 26 ,18)0- pound (11.8-Mg) counterwei ght and 20-foot

P (outri gger fully extended and locked ) an(l operating (6.I-m) boom insert Sect ion were delivered separa-

from 1 stable platform is given in Figure 2 . tel y.
‘the assembl y of the 20-foot (6,1-ill ) insert into

2 .1.2 Installation t he boom was accomp lished by a two-man crew , the
company operator and rigger, in approximatel y I

l’he crane was transported to the site under its hour. i’his time included the off-loadin g of the boom

own power via surface roads from H Cajon , Califor- insert anti counterweight from the truck/trailer , The

nia , a distance of approximatel y 25 miles (46.25 km). boom was laid down , and the tip section seas

Because of Ca lifornia ’s state highway load and length removed, ‘the crane was then rotated to align the butt

3
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Figure 2. Maximum crane lift/radius relative to centerline of various lighters.
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I’mgure 3. Insertion of boom section on container-handling crane,

see imorm ss o h time boom insert section ( Figure 3) , ;ind ‘the counterss’cig ht. which ss’ .is de livered to the
t he four ~ i mis cc crc driven into the connectors to pierhead w ithout incident , s e as l i fted from tht ’ trailer
sec u re til e suc ’t u i i ns toget her. ‘t he crane seas the- n bs’ the crane ;inil positioned on ;m rack to tile rear i t
r t i l e . 1  bac k and aligned s vmm ii the tip section , w here the carrier cab. ‘I’he crane cc ms rotated 180 degree’s ,
f u r  pins were d r is e ’n mit , t ime connectors , comp leting and tile counterweight was raised iiltii p(Isition 55’ it ll
t ile in mont ,usw ’ imuii l  , hydrau lic jacks t in tile crane.

Rce ,ui ise there sca s concern over thy effect of the the entire operation transit to pierhe;id . fina l
crane ’s rr. ivc l ing weight if 74 tons (67.1 Mg) on t he posit ionitig, installation of outri ggers , lild installation
stru ctur , i l .muus uw.u ~ ang les , t he crane was transported of coo n t e r w e i g h t required 60 minutes, ‘l ime
i i ,  tii - pierhead svii Rout the’ counterweig ht. ‘l’he total or ientation of the crane on ti le pierhe’ad is shosv n in
weight ‘f the crane trav e rsin g the elevated causew;iy Figure 6 .
i the pierheati svas 61 tonS (55.3 Mg). ‘I Re 13-ton
(II ~8- Mg) cou nterweig itt was transported separatel y
tin an ‘ii 127 truck/tr ai ler.  2.2 BEACH TRANSITION RAMP

‘l’he crane negotiated the steel mat roadway and
ram p i i ,  the . mm ms uw .iv without di f f iculty ( i’ igure 4) . A ramp (I- igeire 7) seas constructed for t hy t rans i’
I pon reac hing the pierhead , t he’ crane cs - is positioned tion of vehicular traffic from tile beach to tile cIt ’s u
wit h a minimum of effort , re quiring omily three cuts ted cau se-was , a vertical dift ’eret tt ia l of about 5 f eet
(di rection changes) (luring fi n al positioning. ‘I’he out- ( 1.5 m). ‘the r;imp was constructed in two pa . each
riggers wit h fl a t s  v,erc extended anti placed on 30 feet (9.2 m) long by approximately 8 feet (2 .4  ml
timber heanls that were provided to distrib ute the wide; each ramp sect oil weig lleci 18 ,000 pounds (8 .2
float loads to the c . i u is uwm\ ’  deck (Figure 5). Mg). ‘I’hc roadsv ay (If tht’ rum p w as surf aced wi th

heavy industrial grat ing with openings of 3- 1/ 2 liv I
iilcil (8 .9 x 2 ,5 cnl).
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I~igur e 4. C. nt.i i me r - h.indling cr i t ic  neg ot iat in g beac h transition ramp to elevated causeway.
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Fi gure 5. Outrigger float of container-handling crane posit ioned on load-bearing bcanl .
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Figure 7. M52 / Ml  27 truck/trailer negotiating beach transition ramp from elevated causeway
at low tide,

‘l’hc ramp uc is installed with the construction source of approximatel y 250-cfm (0.1 2 -m 3 is) air at

crane (F igure 8) by dropping fixed pins on the end of 10(1 psi (689 .5 kPa) (Fmgure It)) . Each uit the
t he ramp section into the open padeves of the end individual ( mr bearings , which is capable of supporting

‘ l i m weto r  on the c;iusc se.iy - t he’ free end (If the ramp 10 ,00(1 pounds (4.5 Mg), is 34 inches (86. 4 cnl) in
bore liruci ls on the sand, A 2-foot (61-cm) high diameter and operates at a pressure (If 12 to 15 psi
transit ion f rotn t he ramp end to the beach seas con- (83 to 103 kPa) at the interface with the load. ‘the or
stru cted w ith san(l and covered with timber or bearing centers are located 31) degrees apart on tile
naIling, perimeter u uf a 16-foot (4.9- rn) diameter circle u n  the

base of the structure . The air hearing r;icew.Iv is
centere d on the bottom of the rotating section. ‘t he

2.3 TURNTABLE total weight of the to’ tai,le is 36 ,0(8) pounds (16.3
Mg).

2 .3.1 Description ‘I’hc base of the turntable , w hich is a we ldnment
fabricated of W8x40 beam s, distributes the load of

I he turntable (I- igure 9), which is 48 t(’et (14.6 tile rotating platf(Irm and its cargo over the .issemlul~
‘i) in ie’ngtil , is capable of rotat ing a balanced load of angles of the causeway section, It is composed of

ap proximatel y 80,00(1 pounds (36.3 Mg) using a three welded sections that are bolted together , and it
mome nt of 800 lb-ft (I 084 Nm) to overcome inertia can be readil y disasse m bled for transport by ship or
and a moment (If 2 ,400 lb -ft (3 , 252 Nm) to rap id l y aruck. ‘I’h e air bearings are mounted on this base. ‘I’he
accelerate the load to accomp lish a rotation of 18(1 air distribution system for the hearings is also
degrees in approximatel y 15 seconds. ‘[he turntable incorporated in tile base, ‘l’ he wei ght of the base corn-
r o ta t es  on 12 air hearings that req uire an externa l  plete with iir hearings and in air distribution s~’stet ll

is approximatel y 4 ,00(1 ptninds ( 1, 8 \ig) ( l” igure 11).

8
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Figure 8. 35’ton (3 1.7 Mg) eonstruc’tto n crane installing beach transit ion ramp (In elevated causeway.
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Figure 9. M52/M127 truck on turntable during tests at CEL.
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Figure 10. 360-scfm air compressor for turntable.

10 

—- .-- _ _ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~Th
Figure 11 - Turntable mounting base.

‘I Ru rotating section is fabricated of WI 2x27 and 2.3.2 Installation
W 2 1x 55  b-arn s t hat ire bolted anti welded together
to form .u roadway 10 feet ( 3.1 m) wide by 48 feet ‘l ime assembly of the turntable conlponents (In

14 ( i  ml long (1-igure 12) . ‘rhe roadway deck is AM’2 causeway section is strai giltforward and requires no
tnattin g. 1 he roadway structure se pa rates into four special skills A ll pieces are match marked , ,itid one
st-co i ns t hat are capable of being trans ported l y  ship Si/c  of bolt is used throughout the main structure ,
or truc k , I’he air hearing r; iceway is a circular . hollow I”oor men with suitable lifting equi pment t i l l - t on

‘ire we lmim ne nt that is bolted t i  the bottom center of (9 , 1 ‘Mg ) crane or forklift I c (n assemble time base ,
the rotal ing se ’c i  i i i . It is composed of tw o  semi- rot  ating structure , and ramp in 8 hours. ‘t he
circu lar elements that can he separated for transport. installation and preparation of the assembly fuur
.\ ma le/femal e ’ slip f it center pin established and operation require another 4 hours and time usc if

P maintains the alignment between the rotating sect ion crane of at least 35-ton (31.7- M gi c.i pac i tv .  ‘l’his
ant i time stat i o n, rs base , W hen tsse miilu if . t he rotating procedure calls for mIne crane operator , t hree strsi c-
section weighs approximat e ly 30 ,000 pounds ( 13.6 tura i iron workers , one we lder , mil d one lead and

layout man. An air compressor I 375-efm (0 ,18-rn 3 Is)
A s tee l r.onp t h u  us ca pable if being separated capaci tvl  anti air impact wrenches svill simp lify and

i t t’  t hree s I- u t  ions pr i uv u i ies ii cuss and exit  hetwcen speed up the assembl y process.
t he turnt a ble an(l the e I usucc . i y  section dee-k ( Figure ‘l’he turnt ;ibie sc’ ;is shipped to l~l II ISCR-ONI-1 us all
9). I c c i ’  W l4 s 3() beanis arc used under the ends iii assembled i.se structure and an assembled rotat ing
t he rotat ing section tO eliminate tilting due to platform stowed on a 3x 15 ca u us e ’cs’ ,uy pierhead
unlma l,ini’eii loading durmng entry or exi t i f  tile t roc ks . section. The turntable was then installed on ,u 3s 15
I lit’ ra r im im st ’ct iu ns wumg iu 2 ,18) 1) pounds (905 kg). ca n se cv i  v sect  i on furnished is M II BC1(-ONF.

11



Figure 12. Turntable rotating section. Unit fits over and rides on base section.

Ri , au ms u the furn ished section was older sv uth some 2.3.3 Initial Tcsdng
‘ e mit  , iss c mm i iuls .ng les anti a slight longitudinal twi st .

s ’iiii’ shinimitig f the ii .us - se ts  required to attain a Initial laboratory test s with the turntable svere
, iu .ul , ls plane surface it the .iir bearings. conducted (In a paved area to determine the anlount
I lie ,uisccs . s  section svas end-connected t i m the of tiff—center loading that could be tolerated , ‘[he sur-

nuni iuur tint’ pierflead scct i , in , Because this picr ilead face svas relat ivel y snloot il and had a slumpe of almut I
se ct i o n cc us equipped cc t b the l’ lux o r’ tvpe end con- to 144. The turntable was set up on thus area with i~m m
t mc c tor and t he turntable’ section was equipped w ith .m preparation of the surface or effort to leve l t Ime ’ base- ,
st .und m r ui  end connector . t lic~ cvurc not com patible. l)uring the tests . it sv.us touted tilat time ileas-me r portion
‘I iieref uire, t he connection was macic wi th chain. ‘I’he of tile load tendeul to rotate to the lower corner ‘f
turntab le section time -t m became time’ seaward end of time’ the turm mt ab ie iuase . ‘l ime loading te sts also indicated
eles ’ated ea i ise ’wa ’, syste m t i ls t  was towed t(l time’ test t h t  tile t i m rn t a l u le wo n Id fu net  ((In sviti l a

si tu ii PIll RI It-ON I’. war ping tugs. 26 .000-poulld ( 1 1 . 8-Mg) load with its ceilter of
} t e t , , r ~ t Ime turntable sect (lull was elevated time g r. uvmt s’ u u f f s c t  from the eenterp mn 27 inches (68 .6

P h u n  co r m n uc tmi l tm to time ’ 1tie .rhcacl e’aumse ’ sc a~ s( ’e t iu ) n cm) . ‘I hree different t r a e t o r m m ’ i u l c r  em i ts weighi ng
sc . s damaged by sca ve action. ‘[he turntable section 22 .50( 1 pounds ( 1 ( 1 .2 Mg) . 24 ,80(1 pounds ( 1 1 .2 Mg ) .
sc. us returned to Pill R(;1C()Nl’ ’s doc k , re ’ umuui c ’ cd fronl and 26 ,4(10 pounds ( 12 Mg) we’re nmanau ll ro t a t e - if
the sect ‘ i i i . lu adcd onto truck/trailers , and trans- successf u l ly  i se’e i iguru 0),

p ,rte’ ui to t he installed elevated ciii w-cc ’ t s’ . ‘lIme’ tu rn— ‘l ime air It e m rings us inst aIled in tile’ mu rimt aide’ bas e
t .d Ie si- c t u , i ns  seu re the n itistalled (In tile’ nutnlmer one a rated total c a p a c i t y  of 1 2() ,00() poti tluls ( 54 .4 Mg ).

piu’ r iuu .uil sect ion , is sh own in I-’ mgure i , using the Ca pac mt ~ t e s t s  ss ’cre perfo r med using 60 (81(1 pounds

35- mo n ( 3 1 . 7 M g) ct lnstruction cri t ic to sub the (2 7 .2 Mg) of concrete weighls insta lled 11(1 the ,u u r

assemblies , bea ring rac ew ay  supports. ‘I’ht’ concrete weights ~1us

12
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Figure 13.  Navy 1610 Class 1.CU with four containers.

t he’ t urnta iule rot.uing structure’ totaled 90 ,0(8) initia lly loaded cc t im two containers ; ilowet’er , su lu’
pounds u 40.8 Mg). Rotation cvas mmi u rm al and wit h out sequent operations ss’cru conducted with only one
pr~ iilems . ‘[he load seas then increased iiy adding a contatner loaded in the well , ‘the three-section cause-
rough terratn f i mrk h i f t  cvmth a total svuight of slightly way ferry ( I”igure 15) w .us loaded with 12 containers ,
u’s Cr 30,18))) pounds ( 1 3 . 6 M g). ‘t hus load of over four (In eat-h se ct ion.  ‘l’he containers svere loaded
120 ,1)18) pounds (54 .4 Mg) ssa s rotated many times both transversel y and long itudinall y (In the causeway
w it imout incident. Ear ly in time’ tes is it was noted that sections for evaluation purpose s . l imber pads were
t he operation mm f t ime turntable tended to smooth (lot positioned on the causeway deck so as to protect the
and become more sta imle .is the total load being container fronl damage luy the A6 bolts. ‘[he
rotated increase d. A t ruck/ t ractor  unit weighing causeway ferry was propelled II)’ .u 3 x 1  5 ca ucessa y
2n ,400 pounds ( 12 Mg) was ~lowlv rotated using a warping tug lasiled alongside, l i g hter characteristics
sma ll sprung h and -held se thu at the u’t reul l itv of the are summarized in ‘laRk 1.
structure ’ . Movement was maintained using a fuircu if

less Oman 51) pounds (222 N) .
-. —

~~~~~~ 2.5 TRUCKJTRAILERS

2.4 LICHTEKS Six MS 2 ’M 127 truck/trai ler c(mmi) inations with
drivers were obtained from ( SMC , Cam p Pendle’ton

I lmrec ty pes of e’~ mst ing N.usi lig lmic rs I .( I. , for tilt- lusts , ‘t ’ he tractor/trai ler co m b inati uium . showu l
1 . 1 SI 8, ,irmd caus ew as furr s were (‘mp loS cii during in I” igure 7 , us 43 feet (13 .1  ni ) bmng.
t he Ptlase II te sts , ‘I’iie M52 us a 6x6 truck/tr actor , whie’h is rated it

I iie I I’ ( Figure I 3) was loaded cc ith four 5 tons (4.5 Mg) . ‘I’he truck/tractor us nominally 2 1
c(Inlaiun’rs fur t he test s . ‘I he II M 8 I I ’ ug uu rc I 4 )  w as feet (( .4 tIm) long his 8 fe e t (2. 4 m) wide and weighs

13
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~~Figure IS Causeway fern al. .ngside pierhead.
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‘i’allle I. Lighter Cilaracter ustics

1)inlensions i,uft Radius )ft , m u ) Required to Reach’~
I .ig ilter

Ream l ength - ,  ‘Iwo Containers I’our (,ontauners
( f t . nl) (ft , iii )

( I.u’.s 1 466 ( ‘1 3 4 ( 1 0 .4) 11 5 (35.1 )  39 ( 11 .9 )  5 2 ( 1 5 . 9 )

( lass 161(1 IC!.’ 29 (8.8) 135 (41.2) 37( 1( 1.4) 5 0 ( 1 5 . 3 )

( ( M - 8 2 1 1(1.4 ) 74 (22.6) 33 (10 .1)

l lurec sec t iOn 
21 ~ u .4 90(27.5)  3 3 ( 1 ( 1 .1) 4 6 ( 1 4 )

3x 1 5 e’.umsew.us f c r r s

it alu ic’ assume 2 i - i , ii ,t (6. 4-ni i celtic pierblead and 11 ‘foot I 3, 4 ’ mm i I wide tendering.

appro x mt i m a t e lv  17 ,81)1) pounds (8.1 Mg) . ‘tile’ MI 27 us the weight utn the chris- c’ wheels ss’ith u fully iui ,ude,l
standard milita ry t. uct  ic.il flatbed trai ler, ‘[he tr ailer container is approximately 1 3(i , 1 7)) pounds 1, )  7

us nonminall v 29 fee t 18 .8 ni l lung I hued u’~ 28 fe’e’ t (8 .5 Mg) . which resu lts in a check loading uif .uppr i~~iiiu.ui . ~‘.
iii ) liung~ l’s 8 f em ’t ( 2.4 ni ) cvide and weighs appro xi- 10(1 ~~ (6 89.5 kl’a). ‘[his loading es~ ce,hs t ime , Iesi~~ii

matcl v 13. 404 ) pound s u (u . I Mg ). ‘I’he tr ,um le ’ r his .u limit ‘i f  75 psi (5 17 kI’a f u r  .u e.uuis ec c , is deck . t h us
ra te ’ u l c r  iss ’c iou nt r~ paylo ad if 12 tons (1( 1.9 Mg) and requiring deck reunf uircc-m e -nt .
a hu g i ms e a s pa y lu.iti ‘ h 18 tons ( I  6 .3 Mg) . ‘IRe’ corn- ‘l’hc iiper.uiuir ’ s s tat ion us locate d ai,uuui I 2 fu e l
iuiild’ui length ‘ ‘f t ime tr u ck / t ra i le r  us 42 feet (12. 8 ill). i 3 .7 m) above the’ ground . whic h i rc is ’uc fus the

operator wi th a good s’ ue ’ c c of the- ope- rat i~i mm. I i v h i ’ .ui u-

l ie  e’ m n t r o h s  f or ope’r ;uuung t cs si locks , imumon i
2 .6 1’OP—UF’r L OAI ) ER e-\ tens uo n , and s p reade r  in iculatui in (ru (c i i i  f (t l tile’

ipur ;uti l r s stat io n
I he’ t o p- I  i t t  lu.iticr emp i’ ‘~ u’i is a 26-ton time container ,ttt ;tchme’uit (lrtis’ itics a e.ipalii lims

( 2 3  (i - Mg)  c;u
~
i.ie i ts  llneuti)at ic ’t ire- ti ( 16 (8)  s 2 5 - 2 4  f i r  ar t ieuih.u tun g itoh lat ur ,ull~ . u i (ust it lg tIle s p r e a d e r

ply ) truck uI  R stur ‘ii’ ole’ l (I20-R) equipped cc ml h .u liar tu 1 Ci olipensate’ f~ .r nonminal nlus .(hmgnme-nt Svllcn
huasuc container ittachune’nt on .u hig h mount ing frame’ positionin g ii~it ii  .u conta iner . ,  t lateral sh i f t  ~f 18
( i’uguru l ( i u .  I Ru ti nut us configured is capable if itm c ’he-s 45 7 nil ,u t , i rcv ,ur , i ;ullui rear t i l t  t u f  I S
hand huuu g anti st  .u~ king ( t c c u ’  hug h I standard IS( ) - ( S .’ \S l  ieg ru i’s and sk-cc rig ad )ust m im e ’nts u I 4 5  d egree ’s are
8 s 8 x 2 0- I out 1 3 . 4  s 2 .4  x 6 .1 ‘m) e’uimtainers possuh ilu wit im mc machine-
weighing 21) buns ( 18 ,1 Mg i. I lie M mdcl (t20’B fo rkt tuck us powe red wi th

‘t he bas ic ’ unit us numuna lly 22 feet (6.7 m) long liy I 97’h p ( 146 .9 kW i ,f ucs ( ’I e’ngune. w imich .ii luis it to
15 1 2 fuut ( ‘ 4 .7 ml hig h (lop ‘ i f  c .i iu) hu ~ Ii feet (3.4 negotiate’ a 31% grade’ undc-r full load ( i f r s  pave’me-t lt )
m) wide. W hen the conualner at tachment ,irmd tnount . and attain speeds ranging I rom im 3.3 iii 26 .4 mphi i S . 3
ing fra me us added , t he’ length us extended t i m a pproxm ’ to 42.5 krn/ Imr) ummde’ r full load,
m’j t el~ ill te ut (9 ,2 nil , the’ width t u i  2 ) )  feet (6.1 m) ,
.ttmd t he’ height t ‘ i to p of mount in~ fra me mu ) 22 fuel
( (‘  7 m m m i

I ht’ u mp(’rat ing weig ht it t mu (unit Wit Il container
Jt bae hnlc’nt us 83 ,4MM ) pounds (37.6 Mg). h owever ,

15
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Figure 16. Top-lift loader (I lystcr Model 620-B).

2 7 PERSONNEL 2.7.3 Mooring Line Handlers

2. 7 1 Crane Operator l’l II BC B-ON I’ personnel were emp loyed us
mmm oor ing line hmand lers. ‘I’he function euf time lutle ’

‘i civi l ian rune  ((per at um r and a rigger svuru pruu’ hmand lers sv;us to recems - e and sec ure ri i inm rmrmg lines fruu ni
u t - f us .i part of t he crane le,usu agre’cus me-nt. ‘l ime tile s’ ;uruous lighters svorkmn g alongside tile’ pme ’rhcad

operator had .uppr ixm t i i ; m tc ly  15 c a rs  d’xperi- and to slip time line-s during warping operatui mns . I
(‘ i i i  C . time l u s t  three ’ on mIte  Mo(iel 81(8) cranc ’ . ‘I Re ullen are re ’qeu mred ,um each let is’u ruloorung s tat mdln t ((

r u t ’ ‘r had no prior exper ience working over ss ;uter bmand le time lines . (‘ pun coullp letuon of each ope’ratmoul .
tile limi t ’ s we-re- e , u s t  o f f  t t l  the lug hters. l ime ’ .‘rucv chie’f

2 7 .2 I agluuie h andlers in cilarge’ t f  the illooring line hauieliers sc as rated .

P 01’ iii iou tus  ( - ‘ ‘ m i s t  rue  t i i i  um B ;u i t  a lion-ON F 2 .7. 4 Truck Drivers
I’ll bill II ( 1’~1 u pursunnul sc er u e-mp luye’d .is tag line
i, i mi , i )i  us m d  sign .ulm imut i . I lie n’mi Iutar~ person nel we-re’ l)riv -rs for time- ‘.1 52 . .M 1 2 7  truek/tra ule ’ rs were

mc ~ m i,  1 um m hs ue ’d pe’rsuntm -l wulil hutt le ’ or no ex perience ’ e’ n l ms ue - t h pe’rso nule’ l furnished iuy the ’ l ’ u r s m i’ ,,rc ’e ’
in iu umu a une - r ’ h ;unth hm mm g ‘ per . m u i mi s . ‘t ime- signalman tIn Se’ rs ’ tc u Regiment . I- ursm Marine’ I) uvusu on . ( amiill

tbt ,i t  k , ,t t in- i li- s . u u e u i pierhe’aei cc _ us r ;ute- t i . ‘l’agline Pendlett mn . Ca lifornia, ‘l’he dris ers Were cotllp letel v
iu ,m ntfl e rs mml ;u rmuu su rung t he spreader li;ur ire’ shown in Iau~iuii;ir sci ti l tile (upe’rat i u( n of the trucks .
1- u g m u n ’  17.
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I gu ru 17. ‘l’ mg hm t le cress pit s it  ium i m ing anti locking nmanual spreatier huar t mn c t m nta ut ler .

2.8 ANCII.LIARY EQUIPMENT iut i l t ’ u un align ing antis ( i- ’igure’ 19). l im e ts c st locks
sver e manua lly act ivated s s-utf i  a Icc er ,urm located in

2 ,8.1 Containers the center of tile long side of time ’ sp re’acie ’r. I’ umu r
a ligning arnls twul on one short side amid ts’, i i  i i mt iu m ie

I’ ug h t t e r m  c otm l m e - r em , u I ISO 8 x 8 x 20-foot iung side ’ we- re’ tuouulteei ‘‘ii the spre-; ude ’ r.
2. -) x 2 .4 s 6, 1 -nl) cumn ta m ne- rs sc ’ere’ leased fo r the ‘l’ t u position the spreader ilri tile- c ’i’ilt ,ui i i t  i - t ime

Phase Ii tm pe rat uuun. l ime co m l t ;uu ne rs  (I’ mgeure 18) svhich spread er is swung , u c ’ em time’ cuu r m m ,uoler cuu mt i l  t im e a l m g n u mi g
,uru fa i i rme ’ate’ d wi th  a s ic - el frame cove’re’ d c c u t h  ;u a n u s  are’ iii cont;ue’t wit h time ’ e ’ ’ m m m , u i m m , ’t so f t ’s , then tIm e’
l , ummmuuia tu  of f i b i u rg l.iss anti pk sc ou i ,f , lu ;isc ’ .u t .m .’e’ sp reader us luuwe ’ re ’d to engage- tile t w m s u  buc ks u m i t o t im e ’
s u t u g l im ( uf .upproxm mate ly 4 ,48)1) p i i mm m mds ( 1, 8 Slg(. ‘l’w I  e’onraine’ r e’ulrne’r f itt ings (Figure ’ 17 . I,’ luck tile ’
u u i  the’ ct lntauners seere loadud te l approximately 21) spreader to the’ cuntaimler , time ’ tw is t  bucks arc .1c m ut cub
tons ( 18 . 1 Mg) s s m t i u  concrete-  svem g htc , his mii;utlU;iil\’ rotat iulg tile’ le ’s u ’r ;ur m ml . i pp r uux un m. utuls 1~~

de gree s .
2. 8 . 2 Manual Spreader

2 .8 ,3 Slin gs
.\ 2 4 ) - h i , , , !  I (m - I —n i l s ui m g le ’’ puu m n t  suuspe’nsion ,

rmm a ulua hi~ uipe’r ;ute- d spre ader hu,i r t imat  us ca pable (If .\ s u i f i  sling ;urratlge’me’ult sc .us ut ump bi , s  i f
Imat l i l l un g .un~ 8 x 8 x 20 - t , , , , m (2 .4 x 3. 4 s 6 ,l—m ) eietd’rnlinc its e f f e c t i v e n e s s  tinder high su.u c u u n d m m u i u m i s
contai ner having a mim . usu me um gr iuss s se ’ ig i m t  if 44 ,8(11) wl m c -rm - reseu ltun g lmg hi ue - r u m mu u t u t u n s svoulel i mi ,uk e -  P°~pou nds (2 ( 1.3 Mg i s c a s  tms ud . I Ru s p r e a d e r  bar weig h e d  tuo u~itig of the maneual s p reader mtm re ’ d i f t  c u b  .u m iui
3. 0(N) ptu u uu hs ( I  .4 Mg) ;iilul uii i c ’ (‘(~iuip~i(’tl wi t im l i ,u , , i r , f , i tm s , and ut tin e’s not pt ms s~ble- .
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Figure 18. Commerc ial 8 s 8 x 20-foot (2.4 x 2,4 x 6,1-m) ISO container being lifted
wit h sling spreader.

Figure 19. Manual spreader bar guided on two sides u nIt

18
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Figure 20 . Modified bulb huiok on slung sprea der iue’ung inse rted intul et irner fitting
of conta utler.

‘File soft sling arrangement , which sveu ghs 3 25 2.8 .5 Beach Matting
pounds ( 147 .2 kg) , consisted i i )  an 8-I /2-foot (2 ,6-rn)
lung st ro ng iuack pIpe’ with ts vu , i-inch (2.5-i’m) A ruiadsvay fronu time l ie ’ac b i st .ug ing area to time
uhuam e’ ter sc- ire r ipe ca imles appruxm mate lv 14 feet (4.3 beach ramp was st ;u lumli ,e , l  sv mt im .MM.-~ I ste ’e l  m m uat t i n g
m) king at tac h ed t t l  each end (I’ mgure 18), Modified (Figure 2 3 ) . A six-n ian crew , augmented wit h a runmg im
iuuliu hum umks 1 I- ’ mgumre - 2 ( i)  we’re attac imed to each caimle terrain forktruck t i  handle tile’ Imundles iuf nutting.
fuur iu f t u tm g  t ime containers , ‘i he connections were mache seas required t ui install the 24 ’f i ,u it  (7 .3-ni ) sv i, fe l’s
m nt tm  the’ iuottom container corner fittings his ’ four I SO-futit ~4 5 . 8-t im) b u g  ru ma dw a v 1 l” igure 34 ) .
cress nte- rm m hue’rs ( ~~~~~ 2 1) ’

2,8.6 Deck Reinforcement
2.8.4 Crane Ou~~igger Beam

‘I’ime pontoon check us dc’signeei to support a u 1121 )
i- i , e ur t m mm ml uer  iuuams tIne under each outrigger im m g hsvas loading 32 .0(8) poeu ncls ( 14 .5 Mg) ax le

— fbm at cce re reqeuired to spread the load muv er the load at a 75 .ltsu (51 7-k Pa) wimeel pre’sseu re l’ luc ’
mum s e w a s  t leek - I ii rce nomina l  12 x 12-inch po ntoon assemiulv angles , wiiich run long itud inal ly on

( 3 0 ,5 -s 3(1,5-cm) i u n m hm urs , 8 beet  (2 .4 tu) bo ng. svc’re time sectio ns , um ucruase - the l,i .uc i- c .urrs ’ i i ug ca pa bu lu ts  i t

iutu lte’ d together i i i form tile uu , umim s , ‘l’he iucams the axle/svilee l loads are’ ct ,Iuuee ntrat( ’ d t i t e r  or nea r
( f i gure 22 )  weigh e d  approxunlatel y 800 pounds (36 2 tile angles .
kg) each.
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Figure 24. PIIIBCB-ONF crew installing M8A 1 steel beach matting.
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Figure 25.  Timber rt uadw av on elevated causeway .

I uu mmt a i umer  im,mneil e- rs that  svei gh 62 tons ( 56 ,2 Mg) w ith tum ulier , I.o oc&- 4 s 12 ‘unc im ( I I )  \ 3I) ,5 -c nm )

whe n e’arr s’ ir ug a container and molmiic cra mmu ,-s that were phaced f ic t  cc i , c-n time ’ roadsv .is p l.unks m u  fu l l  in tIme ’
ss emg h 74 tuills I (i7. I ‘i1g crca ie t ire- prc sst ures .u rea ( i” mgt m re 28). l’ lic placenteru t ‘f icc , tu mimbe - r

approac hing 100 psi (689.5 kl’a) when tras’ersing tilt’ reuntorced lanes on a sing le 3 s 1 5  c .t i i scus us 5cC!

c,ui,susv,u~ s , ‘Filese- lu,ads require the deck to h e  reun- required 2 -1 / 2  man-days to e d i t  aum ci layout the-
f , , t t ’ e , f , timbe r , 1- 1 / 2  nian’ml~us s mu ,  s e c  iu re t h e’ ills cc ’  u~ ,f c o t  c r 5 .

Tile c’ausc csay seet i t t ns used in time Ph ase’ II iests and 1 - 1/ 2  tm ’m an -ei ays t i  sselei time ste’el stra ps to the
scc ru reurm b iu r c t ’ ,i st’ith tw um 4—foot (1,2-rn ) w ide loulgu- deck, i-’a iurucatung time - steel s t r i p s  I’ ur t ime- e, u tu sc ss us
teu t linal lane’s uI 4 x 12-inch ( 1( 1 x 30 ,5-cm) tinli,ers to section require’ ui 1 / 3  tmian-d,iv shtim p t mmmmu ,  .\mi an ,il% s ms

provide .u r , u ;uds s a s for  thc hiuas’t scilicies ( Figtu re 25) .  t if the lcuad-ca rrv mng c . i p ; uiu m l mtv of the’ .uu ises c us s is

‘ l ime tm m m ii uers cvere suct uru , i to the deck wi th 3/8 x 2- contained in ~‘tu ituulie ’ Ill -

mulc h (‘) ,4 ~ 5 1 -mm) steel  straps laId across the road-
w~u~ and ute l u fe c i  to time ’ s te e l  deck (Figure 26). 2.8,7 Air Bearing Svsu’ uutP I Ime ’ Al1 I plates a nd A6 bolts were not at time same’
ehe vatu im n as the tumim e r r uu ,uu ts v as and , therefore , had lile air I tua rmu lg 55 s t e m , u  t liii cs ,us mused m u ,  St u m f

to be eu ms ’ urc t h se paratel y. A plywood s ect m u , mm was unsumt f the’ ct )ntain(’ rs u , m m s i s t , - , f  u t  .u master pallct . an
fahurucat ed to cuc’ur time ’ plates and bolts and lay flush air lid- .irmllg tra nspiirt ur , int l ,u p i ’ rm.ul Ie’ doe Is
wut h m t hue rui, iu fwa s . ‘ I lue’ plywood section was secured- 2. 8 . 7 . )  Macte r Pallet. I hc’ luuad us stuppiirte- ul on .i
sc of ,  simon steel ~~raps wuldccl to the A6 lmuhtheac ls

tim a s t e r pa l l e t  tilat pn uuc ’ iu ius ciea rane’e’ f u r  thu
(h-ug u re 27 ) .

- . , tr ansporters to iuu pusheci underneatim. I he mmm . us u cm
Because uu t the amu munt umf traffu c on time puerhead . paik’t is .u t ieck wi th  timree’ sk ohs tu ndern c’at hu ( mmmc

t he two inshore pierbead sect ot is were nearly covered .
alul ng each cide and tunu doce um time ’ muddle , I he overall
height ud t ime master pallet us 9 mlle’ime’s i 11. 5 cnm) ,
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1-ugure- ) i) Pur r i,u!is usse -mi u lee i po rtable’ clock for air lm ( ’ i r u rm g s c s i ,  mm ,

2 ,8 .7 .2  ‘I’ransporter . I biu cu If - io . iu f i u i g /u iuml u~ u h i n g uleu mp time ’ , ml r  to the .u ur m iu is p bicre - 55 l ie u  u t u c  l tu ,id Ii ,ur’.
m m _ u  ns i ‘n c - u’s c’ iu uu smst ut f ‘b sus  34 m m m c i i  u 1(6 . 4 lul l .ini,- u t- f l u t e d . In time- duu m i m p p u i s u t iou m time mmmc I r ’ u mi i  ti me ’
t i i . uu i i t  mci  iur i ’ e . m r umu g s  pI t i ed  .il~ing t blu k’ngt im ,ih ,u c uumn pre’ssu l r is 5e’ .u ic ’ u h ,ilt ,s t ime ’ c .ul~~- s th.it no ,mur us

I ,4 ’e ’ uml b  t t ’u ,it - l ’ s  2mj - I, , ,ut ( I i . !  ~nib l uum u g t r , m ns~ Itust ,
po rter Ii guru 20 I.  I ic  Ii hu e ’ ar ir mg bias .u i(l .l. ) i10— puituult i
4 ,5 \lg u li lt c . u p u t  i t s  luuluie- r utIea l c , , m m u h i m u , i m m s . f t i r  a 

2 8.7 l ) uc c k  \ u u r m m m . u l l  s - t tu c i t  mis ;  l I t  i s

t o t a l  c .u ll , t d l m s  ‘I ( , i (00()  po utm t fs (2 7 . 2 Mg I . l i m e  tcs’ o 
ii~u e m . u u t  on .u ku iuueku iuiss mm . .usi l~ .iss cumu iilc,I d i c Is t hur

t r u m i s po rters mused ru sn u f f  ,iumci t u m i s t u u l f  t i m  u t ’ ’  r i m , u l u i e r s  
c h i c m i t  r l uc u im ui lit saumle he ig ht us tile’ t I ,o , ,  u t  t u e

haul a t o m !  l i f t  c’apa c i r s  of 121 1 ,11(8) puu t unt is I ~4 4  
c , ’ nt .u l n t  i I l i t  ,I~~, Is , s iiuics ri ru i . udu ,mss m m i l , le , l  tm

Mg u ~‘iuuii t ime l i e . us u e s t  i ‘ ‘ u i r , u u m i u r  i u m a ,fs 1 2u )  t tm n s 118 . 1 l’ igeire 30 . ins ists i t  I-liu.ums s 1m i t c h  ml

Mg ) I  , t he 17 air h ue ’ arm u mgs c s e m , -  tpe’ rat ut mg at 4 ~~ 
( 1  11 i i i  mnt un ,uls . l ime c-ntis t i l u m u l i  I ‘u i i i  ‘c ii out

77 ,6 ki’ . m u , 2 -  b i t t I 6 1 —c o t  b s t i u l .u i c - t l .ute ’s h u t  ,irc’ tiesuu.’ u m c u i

I .u , L m n , u m i s p o r r e m  us (‘quuipput i ~t r h  r c t , ,  uu mtla t . ih ’ lu 
( uhro iug bi the ’ muse u t  sh unts ) t u u  pri’s ft  .i le ’ su l i tm g

P l i t , 1  ii .trs th.n remu t i ts hull leum gt iu. W hen ,ie’ l’l a t et l . time ’ 
.u l .u l~i h i t 5

l ,u a , i  it _ irs hr liii tin the’ i t  c ’ m i t  t ime ’ mm u m i s p u u r m u - i  55 1 m m 
, “.‘hl 7 tum. i t r m um m ,~ . .u s t u b !  ,ih u m i i u i u i u m m t i  it .umle ’ I u is i ’ ,i I i

ilihi. t rc ,f , t itu s assu u nue ’ .u t - ir( u m la r i n ’ s ’ - s e c  tu ’ i t l  ‘ l ime’ 
e’u(nstr ue t i m m g e\ pe - ,hu e ’ mi i i i  I i m .’bis . us p l m c c ’d i t  ross lime -

I m rs t .uke tip t ime  g.ip ) u i - t c s t - e ii tIm e ur .inspuuruur .uu iu i 
t t u i m ill time I lue.u u um s . I h~ ~\I 2 ‘ n m  is ur m ‘it s i g h t . 1

mn,us u i ’ m  pallet , I m e n u - is u m m i umm a un sa ke luir t h e  m u m  
i m i t & n i , u t k  s t u t b m  .i~ f ( u t t  iii ‘,o ic l s  m u ’  ‘ t O t  li lt ,i s u i l t

biuanungs t u b  .u c . u l c ,  ‘ mr - j c i m  mtmi l , mta iml e  lo,iuf liar , I me 
mu ’ t u s c i s  smu i , , m u t li s u u m (  u , u  O i i  tt hm~ h ii ) ‘ ‘ I” ’ m u ,

l i t t e r  s u i t - u s  m u s e  timr (’c l m tus m uu u ( t l s  u I)  f i l l , ( 7 1  c l , usu u h 
ensure tim ,it ulpe ratm ui l l  ‘i t hu .t ir iue’ . irmu mg i i u u i s p u ’ l  i~ is  us

so no air t mit cn n - n  m i t  lc , is i~ tile- Iiu.id lm.u r , mmm i ( 3 i  
us t r o tu i ’ l u  f u e c  us ‘oss ubit ’ , h’ umus ‘‘I .‘( i  g.ug i s h u t u
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met al are spread over anti taped to the AM-2
pa neling. The final components in the system are time
angles along each side of the platfe mrm that arc
installed to keep the transporters from floating off
the’ suck of the’ dock.

.-~II (If the components of the knockdown clock
can h ue ’ handled liv tsv o men. ‘l’hey can set up the
t iumek in less than 3 hours , including leveling. The
ime.is ue s t piece-s are the 12-foot (3.7’m) long AM-2
panels , which weigh 150 pounds (68 kg). Usually the
pieces are shipped in a container along with the air
hearings. It is a cem mpact load for which no unusual
packag ing precautions are’ unsolved.

‘l’here are occasions when ad)ustmetlts have to i)e
made to accommodate differences in container floor
t hicknesses due to different manufacturers. Four
sma ll hydraulic jacks are included in the system to
provide for this adjustment , which is as much as I
inc- h (2 ,5 cm), l’hc container is set on the ja cks , and,
as re’qumred . the jack height is adjuste d to bring the
floor of the container to the same elevation as the

S- P
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SECTION 3

c0NTAINI K-IIANDLIN(; OPERATIONS

3.1 CRANE/TRUCK CYCLE 3.1.2 Performance

3.1.1 Description Irm t lreier tim simulate ’ a realistic imperati uln . thu
cra ne was restricted to lifts not to exceed a 40-bout

The contanner’handling operations (off-boading (12.2-nl ) radius , which is the maximum allowable
and retrograde) consisted primarily of driving truck/ radius for handling a fully luuac f cd 20-foot (6.1-nm )
tra ilers on the causeway and docking lighters along- container. Bee’ause tuf this !uft restriction , t hu u.rand’
side and pierhead , and then transferring containers seas aiule tim reach only two containers for each pumsu-

from one to the other with the container-handling tuon of a lighter, ‘Fhus required the lighter to warp
crane, (ma ke position changes) for each tcs o containers .

When containers are off-loaded , lighters arc I-’ igures 33 anci 34 shocv the et fec  of the restricted
docketl alongside the pierilead , within reach of the lift radius on the l.Ctt and 3x I5  ca usewav ferry .
crane (Figure 15). The crane rumtates the boom over The cuintainer-handlung ope rat utuns requure’ ti a
the lighter and lowers the spreader bar to the con- driver for each truck , a crane operator . a signa lman

tam er, where it is positioned with taglines handled iuv and four tagline handlers on the pierhead . a signalman
lighter personnel and secured to the container (Figure and four taglune handlers on the lighter . anc i at least
17). I’he crane then lifts the container from the three men to operate the turntaim le, The’ u u p er a tuumn
lighter and rotates it to the truck/trailer positioned was completed svhen all containers had h,cun umt f ’

t he pierhead adj acent tel the crane. The empty loaded , or re ’tr - graded , anti the lighter had cast off.
truc k/trailer has previousl y been driven onto the The containers were ren’imved from the truck ’
causewa ’, , over t he pierhead , and (Into a turntable trailers and positioned at the dock on the beach imv
positio ned seaward of the crane. ‘l’he truck/trailer is the top-lift loader . Once in position , t he container
rotate( i 180 degrees on the turntaimle (Figure 31), dotmrs were opened, the transporter inserted , the aur
driven off , and positioned at the loading site, ‘I’he bearings act tvated . and the concrete weights removed .
crane lowers the ctun taj ner to the trailer , w hile the lhe 4 days tub crane c’tmnta m ner hand lum mg operations
femur tagline handlers maneuver the ct lntauncrs in a r e  s u m m a r i z e d  in FahIhe 2 Oft- loading and
positio n (Figure 32) . ‘I’he truck us then driven forward retrograde empe’ratiuns with time m ine were turned tumr
down the causeway, passing other trucks waiting to eac h cuuflt a uner Ac e rage’ tImes for dmscr e ’t e ’ pt uutl ts ii’
proceed to the crane fur a container, t he crane’ cycle are summarized in ‘l’ abi e ~. I.ighter

The procedure’ for retrtlgrade is the re~ursc t m u r I m e uperat i tm r m t imes i m ,u  rung anti arpung tu n ics) arc’
of f-loading procedure , exce pt as floteti . ‘Ihe truc-k/ summarized in 1 able 4
tra iler with c ul nt al ners is drwen (lntui the ea usew as to

the off.Ioadung position adjacent to t he’ cralle , where-
t he conta iners are removed from the trailer, ‘Fi’e 3.2 t .ICHTI K CYCL E
empty truck/ t railer is then driven orutul the turntable .
turne d around , and driven back oft the’ causewas . Five double’ i ’ m t us  were located (Ifl the pierhead for
Meanwhile , the crane us loadin g t he container u n tu u the securing th e ’ numuoring l im me s b rom the ca ru~Ius lig hters .
lighter. Taghine handlers on the lighter maneuver the One addut ieuna l single bitt wa.s located on the fur’uu
container into position as the crane lowers the con- elevated section shoreward of the’ puerhead to hand he
nam er to the deck, The spreader bar is released, and lines from the causeway ferry. The location of the
t he crane is rotated back for the next container. bitts is shown in Figure 6, l’hr line employed for

mooring the lighters was 7-inc - h i 7.8 cm) douimic-
braided polyester line,

OnIy three taØin(’ handlers required with manual ~prradc’r bar .
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I’ mg ur ’ 12 ( ti nt .11 ncr being pm isi 1 i t  mne ’ d tI ll trailer.
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FIgure 33.  Schematic uif causeway burrs operations at p ierhead. Note containe’r
loading eonf iguratiumn.
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Figure 34. Schematic of I.CU operation at p ierhead. Note container loading cemnfi gurat ion.

Becau se of the calm conditions encountered three-section causeway fern’)’ with 12 containers (In
thuri ng the operation , uu n ly two moemring lines were board , and (b) a wavc of three l.C(’ s , each with four
emploveei with the I Ct’ and I.CM-8 lighters . Because containers u n  board . The time cycle beg ins with the
of tilt’ length tub the causeway fe rry , as many as four lighter just off the pier approaching the moor and
lines were used to moor it to the pierhead. Additional ends as the truck with the twelfth containe’r arrives
moul rung lines and spring lines would be required on shore,
when operating in rougher sea conditions, During While the’ lighter us mooring, t he crane anti

~‘-‘~~~~ —— 
P war ping operations , the line handlers sli pped t he truck/trailer arc being positioned tu u recei s- e- the firs t

mooring lines as directed imy lighter personnel. It was container (position C of Figures 33 and 34 for the
necessary to warp the l.CU once and the causeway ferry and I.CU, respectively) . i’he crane picks up the
ferry 5 times for the crane to reach all the containers~ first container and loads the trailer. l’hc second
t he I.CM-hh did not require warping. truck/trailer in the wait position (position A) must

A time plot with critical path was constructed for delay until the first truck passes. In the interim , the
the lig hter unloadin g ope rations (Figure 35 ) . Con- crane begins its second es ’e’ le , but must wa it to
stru et ion was based on overall averages of Phase II com p lete the cycle unti l the second truck has
data (relative ly calm seas ) for unloading (a) a proceeded to the turntable (position B) , turne d

Each suceelumive i.( I positioned read y to move into the moor.
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Fable 2. Summary of Container-I laumdling ‘l imes

A verage luttue per
(;ontaincr (mm )

I s -t ie ot Co ntaune - rs I- ype of ____________ 
R e- i m m a r k sI)at l.ughte’ r (Iperatiu li llaiiiltrd Spre’ uit le- r ranc ( rane-I’I’ruck

(~ d c ’ t y c i c ’

( ause’~ as- re- i rogramic- I 2 miman uaf 2 4  Sec I- igurc 33 fur m rme ’ nr atm i , mu ‘,I
ic’r rv i t t  ‘t iiatf I 2 2.5 3 .4 mont am h ers on (c r  r~ -

retrogra d e’ t 2 2.ii (‘ram ie/truck cc -d c - include’s
oil ioacf 12 2, 3 3. 4 Waiti ng linK’ t m i r t r im ,  ii - ‘5ii truck

wait 1mg t imiic’ was tionetf ,l ur u ng
rc’t rogracle’ .

2 I t - off-load 4 nima um ual 2.4 2.9 Se-c Figure 34 for orient atuili i

rc’trogracfc ’ 4 I .7 coumt aumic- r diii I .( - t - 
-

o t t  - t m aml 4 2.1 4 .11 Crane/truck c c c i i ’ include’s
retrograde 4 1.5 waiting time’ for t ruck ,  \,, uruck
obf ’load 4 2 _ mu 2.7 - -wamu i mig m ,,nc was nimtc’cI d u n  img
retrograde 4 I ~ r-tr og m’amii’ .
off- h iatt 4 2 1  2.9

i t  ‘ml 8 off-toad 2 manua 2 .7 3.3 lmmi t ia l I ( ‘.51-8 (matted mt -mu m two
retrograde I - ct~m mt at ne-cs si lt liv s m , ) v  - s c u h u’

m i f f  ‘)u,iu ,t I sequent op era t oils rcsi r cu e - - b nil
retrograde I - single d-m lntaun e r ,
off-load I

3 I ( - - re-u rograde’ 4 uiia nmua l 1 .3 Sec I- mgur c 34 mdi t in m c mm t a t tin ,i i
umff-bo ac l 4 slings 2.8 4,5 contamnrrs in lmg tmte r .
retrograde- 4 2,2 — Crane/truck cs- dc  inclutles
uibt ’ Imiad 4 2,4 2.6 - - - 

-
ss- autmng rmu n me - (ti n truck. Nui truck

r c t r ug r u m lc 4 2.5 - - -55- am n ung tunic was noted clunummg
,‘it ‘b at 1 4 2 , (’ 2.8 retrtmgramk’ .

4 t -j , is m u t , m s  renrt igramk 12  stings 1 .5
krrv m m ft -bo ’atl 12 slings 2.3 2.5

retrograde’ Ill manual 1,5 -

_____ _______ _______ c _____ ____ ________ ________________ —

arulund . and ret urned to position C. ‘l’hese delays are any improvement in this elpe ration will be’ reflected as
p noted several times in btmth the causeway ferry and a savings in time.

I ( : t ’  operatIons . Except for the first container , t he truck operati on
is (In the critical path . thereby delay ing th e crane.

3.2.1 Causeway Ferry (The first container has mm crane miela ~ ,us the equip-
ment us in posit Ion befimre the burrs - mtl(mrs to the

‘rhe overahi c’yc le time for the 1 2-contauner cause - puerh cad.) Sin ce uie la’u’s occur red II tumes in the
way ferry was determined to be 46.8 minutes , which 12-container sample , a sav itlgs of H to 10 mintm~es us

trans lates into a container-handling rate of 15.4 per possible by improving the truck c e d e  time tel that of
hour. ‘l’he mooring time of 6.7 minutes is critical , and the crane cycle. A savings of 8 minutes would

increase the container-handling rate to 18 .6 per hour.

Th~ ori~ nal plan for truck movement with the turntable forward of the pierhead would have made
the truck time more c’onc-urecnt with that of the crane.
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‘F.t lule 3 . Average’ Crane ( vc le ’ ‘F u mmu t ’ s

(Cyc le tunic is in minute’ s ,)

( ,umisd ’ss~u~’ I’err~ I ,( t ’

C ) perat mu un
Manual Slings Marlual Slings

Rotate and lower spreader t im cumntainer 0.67 11 ,24 (1 ,35 (l ,2(i

Pm isi l multi and lock spreade r (1 .45 (1.65 (1, 46 t ) . H(l

l ,uft and rotate ci)ntainer a (1.92 t) .92 (( .92 (1 .92

I’ims it  on intl re lease c u unta m ner 0.35 0.53 0.43 (1.65

‘rumta l 2,4 2.3 2 .2 2 6

we’re not discrete test measurements . Imut we’ re reconstructed from the operational d a t a ,

Ta hu le 4. I .ughtcr Opera tion ‘Fumes

l~ gh ten’ Operation
- (m m )

li g h ter 
___________ ___________ 

Renlarks

Mtmor War p

C auseway burrs 6.7 3.0 Must lie warped 5 times t im reach all 1 2 ce lntauner s

I.CU 2 4 6.0 Must lie war ped once to reach all four containers

1 CM-H 3 5 Does flt)t require mulvement

Sunce the warping time of 3 minutes for every 3.2.2 LCU
two contaIners is not on t he critical path , it will not
tmav u an impact on the overall cycle unless it exceeds ‘rhe overa ll cycle time for the 12-container .
5 mInutes. ‘l’he warping time required to adj ust the three’l,Ctt operatie mn was determined t im be 49,4
he’rrv positIon to accommodate crane reach/lift begins minutes , w huch translates into a container-handling
after time ‘mvcu mnd conrauner is lifted from the ferry and rate’ u lf 14.6 per hour. The mooring time of 2.4
is com pleted luefu ire the truck us in position to receive minutes is not an area for significant improvement .
t h(’ container , The lighter us war ped alemn g the p ier for and , in the plot , the second and third l.CU moorin g
eac h pair iuf conn’~ ,.ers . In relativel y calm water , say was not on the critical path.
no greater t han lower sea state 2, it us safe for the As with the ie’ rrs ’ , t he truck emperation is tIn the
crane to swing and lower the spreader bar to the con- c r i t i ca l  pa th  and occurs 8 times during the
namer tin t he’ lighter uluring the end of the warp ing 12-conta iner samp le . account ing for approximately a
cycle.
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i) ,7- u uui t iu t u  cie’ las c cii t imime. ~\ui1l .u u i uui ip rmus’et l tr u e-k 3.3.2 Per formance
c ’s -d c- , .u s.us -mngs i f  a lu im u m u 5,5 ui lunmut d’s us pu’ssi b ul e ’ .
ss’ imme ’h s c u m _m Imi uul c ue ,use ’ t he’ c ui u i t ; m m u i e ’ r - l iau l ( l l iu m g ra te ’ to l) u r u iug  time ’ i’ Iiase- II tests ur ( u r m u u i , u m i , , , 148 t r t m t - k ’

16 ,4 per hour. t railer tin its cs- crc ’ turne d tin t h e  t i m m u _ mu le ’ , sv hich cc us

Of t h e  6 u l iu t lu t es rc c 1emi r & ’ ci  I i i  55 imp time I CI’ , 3 .3 luucatc’d oui c auise -cs ~m v pic - r imm .’ .uti s ec u m um ul  I (se e i’igurc
m iu lumn d ’s of it ,ure min i t he’ cr ium e - .ti pat h , which us 6) . Three tiu c u t operated the t urt ita hu le tine’ um i .mui nu

re f l ec ted in a cr:mnu de lay ,  Sumic e’ thus mk’l’a~- ‘ii c u r s  3 spot tile’ t rucks ,urmcl tend the aur cun irr uul s .ml vu . .unc i

t udiu c ’s  m u t im e l2 - c ’ , mmi uaiuier cam u ip le’ , .u sav ium gs uif seve ral two mime -t i to push the turntal i le ’ ,u r ui uum d ,

umu i u l u t e ’s c o u l d  i c ’  re ’ah mte ’ cl hm~ ini p rui s ’u mi g th is .\ tunic - St Ut l~ luase’cl iti b i t t c o hle cm u.’d fru mni the

‘1’cr . u u i,uil. I As cc ith the Ierrs - the I ( :v cvar ps .ult u,-r a ti me wheels t o u c h e d  tile turu ita hlc ramp it emnrv t u l

pai r of et untaut le rs us lifte’d.) t he  time- sviuc els cleare d t h e’ rau m u p u n  ex i t  is
summarize- cl in ‘l’ al uh e 5 ,

3. 3 TURNTA BLE CYCLE
3.4 ENVIRONMENTAL EFFECTS

3 .3 .1  I)cscr ipti on
‘l’he’ cuunta mnc’r ’ l i ,u ndltng tu nics , crane e~ dc t m t t i c ’s .

‘Ihe \1. urune Corps t ruc k/ i  railers ( ‘ml 5 2 t ractor  s c u th  and lighter c~
- c lu,’ tunics u nta m ed ml ‘l’a lu lcs 2 . 3 , .unc l

‘ml 1 2~ t ra i le r )  that wer e- used t im haul the’ containers 4, are luased tin operatmon s ear n ed out in u cml iii
(rum thu puerhe’ad to the beach are appru x imatclv 42 e m mv i r uuul tuue nt.  \ V u m h at u mncr c.u se un wind and cc .mc c
f eet (12 .8 uli) ui lengtii aumd sceigh about 34 ,1)0(1 c umnd it iu uns , the numiul rmng anti cvarpung t imes for the
puu untfs ( 1 5 . 4 Mg). ‘Fliis truck/tr ailer unit requires an lighter sc ul l  imeco me lom uge- r . ,unul the homi k- u m p tuit ie br
area eq umc ,mlent to eug llt cause ’ sc ;u v sections to execute the crane/l ig hte r operation will mnc re. mse , Ope rau mu ils
a 180-d egree tu rnarot und at t he puerhea mi. The’ use m i t  a on t h e  elevated ca us es c. us such us nm-sick c s e l e  t i m e ’s ,

turn n, u l u l e  re’ducc ’s thus  requ Irement tm a sing le cause- turntah llc operati umn , .m e1 tIme crane ,’truck unter f , uce ,
uc.u\ s&- ctum u m u and all ’ ,ss s tw u i - w,uy fuurward traffic svu!l n u t  lmc aff e cted,
tli rmuu g bi t m ut the length ‘ i f  the pie r. The backing up tif Based on experience gained clunmuig tile (JSI)OC I
se rnmutr au ler uumuts wi th the attendant slelus-nuss and and I l  operations ,um md t h e  prc.OS1)(X Il e’um guneermng
inh erent risks us eliminated, ‘I’he- operat ional cycle of tests , estumate s were mache to degrade’ the cr ,um uc
t h e  turntable us essenti ally one of driving the lighter inter face o p e ’ r a tm mu m u s ( ‘Fah ule 6) . Ii sbiou ld lie-

eu ck/t r,u m l Cr o n u m i  the turntable , rotat ing the noted that time ’ time’s l isted fuur eadhl p hi. usc i t  the’
turntable 18(1 degrees , and driving the truck/trailer umperation are’ molt directl y at ld mt uve huc c . u ui s e ’ s,u rne’
truim the turnta luhe . operations are being c umnm ductcc l concurrently, us

‘I’he empty truck/tr a iler first negi)tiates a steel shmmm w n in l” igu re 35. ‘l’hc c rane cyc le ’ tium le ’ resu l ts  in a
r-.uumm p u,nt u u the rumta n un g sect tin of the t urntahm le, Some transfer of ’ 20 eonta uners , lmut the t ruck c~ dIe’ t i nle’

maneuverIng u s tilen usually required to balance the reduces the container throug hput uuu 15 couut:um ners
hu mad i f  the’ t ruck/ t ra i ler  ide- n’ thc’ center pin of the per humur in calm su-aters anti to 7 cont um ner s per hmu , uu r
r t it . itun g sectIon. Once lualanceel , air is applied t uu the in roughie.r seas , ‘ l’hus , tIme critic al fact or us truck
air bearings tu ra ise tile’ ruunatin g sec t ion  approx i’ movement titiie, and .iui~’ imp ruuc’enlent in this are’a
nl.umu’ l\ 3/4 unch (19 n~nm 1. ‘t h e  turnta iu u was then will increase time productivi ty . It is usuuuiiate’ d that
ru mu ate t i  180 uleg rees , where’ m u was stopped in line sc ’tt hi truck rnos’e’nient time can be decreased to ,u level
t he ste- el ,ucc uss ran-mp. ‘I he truck/trailer then prim- ~~u nut p a tu iiIe w ith the cra tle’ c S t ’Ic rime’s cc ’ itlm ti me ’
m, ue’duui fru im t he turnta iule to the container crane for turnta hm lc - forward u t  the puerhead , .ms originally
a load. pla nned .

— St at ‘.1 e s are lu-aseti mii i  e-i um 1ul mis  uu ug aum e’xp er ic i m d - e’ m I crane opera nor .
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‘l’ a im lc 5 ‘l’ ur nt a hule ’ () perat mon I mime ’ s

Average ‘Fume (su e
I) ,ms Number u if  ()pe ratitmuis” — __________ ____________________

I- nter ‘Fm_ ur n I .e’ave’ Total

I 43 22.4 64 1 6 2( 1.3 106. 8

2 33 1 i)8 52.5 ’ 18,1 9(1.4

3 23 18, 3 39 .7 17. 1.) 7 5, 0
4 41 11 , 9 30.6 12.2 54.7

“ 5, ummui t ier oi opera t ions s c as 14%; of these , eight wi nd’ disca rded from ti me a u m at ~ sus because the m le - ia \
were mi m ut a t m rmluutee t iii the turntable o peration .

1’ l ncludes line %-nuin ute ulebay tIuc to a clearance problem with the turntable (c e- c - Discu ssion se ’ d m m u uu t  I

l b t h is m mpe r a ni on is d is c ar d ed , the’ avera ge- for the remainin g 42 operatio ums us 54 ,2 secon d s .

I n c lu d e’s ses’en upenations where truck-balancin g pro blems we-re incurred .

~.5 LO/RO CY CLE the ferry was pulleui hug hmer onto the tmeach with the
same tract emrs that pulled the stee l matting uii the

3.5. 1 Description ferry. These operatIons took ahiout 15 minutes . ’

The causes c’av RI A ramps were then lemwered until

In time- I ‘Ru ’  scheme . cuinuainers are delivered the hucach . and the top ’ h m t’t loader proceed ed t u u

hiuatled transversal l y tin the cat uce -c v a\ ’  ferry, Normall y. unhim ad the containers and deliver them to a storage
the ferry sc ’uuuil u l c u uu i smst  mi f  b us - u section s f u n  a tu ta l area (Figures 37 and 38) some 40() feet ( 122 ml of
luuug nh uuf 45 ( 1 feet 137 ml. ‘Fhis length of fe rry travel from t ime beach, Average tunics for traversing
permi ts the warping uu mg s t h at puusver and control the the causeway anti tri p tumes to and from the storage
causeway tu l remain lievuinul tile’ surf zimne when the area are gmve r. un ‘rahmle 7. ‘I’he data from thus ta lm le
f e r n s  is h uu,uc ’hed , were t hen extrapum late eh t im gis’e the hv puithet meal

The’ t emr ~ can carry fu ,m_u r du unt ;um u le mc per section l.o/Ro cyc le  rates of ‘l abile 8. ‘I’he number uuf cause-
w hen luuaded no 20 tons (18 .2 Mg) per container , or sc’a%- ferries requirt’d t u) sustain an tu pe ratme un us
t i c  e ’ pe’r sect u n  when lumadee l to 15 tons ( 13 .6  Mg) imr examined un Appenehix A.
lcss , ‘l’Ile Ituadecl ferry hucaches at a prepared beach In an earlier , al ternate nest , .u fmve ’sc ’c tmuu u u ferry

with matting (tir tu t imer Ime ach hardstand) in place. A with 12 cuunta iners he)adled on the first three sect mi nis
to p-lift uu ;u de’ r seque’ntia ll y traverses the causeway, only was imeached , A sand ramp svas then constructe d
picks up ;i ciunta iner , a nd uit ’ bi c - e ’ rs it to an oft-loa ml to provide a level road h eel so that the top-lift loader
ptu inu. ‘Fhe u if f - hu ma u h point us nuir mall y a iueach storage would nemt have tuu  ncg’ ituate the ramp. ‘l’he samit i ramp
.uru .u ant i /or .u tr uck / u  r;u mien in c h u u se’  prtuximity to the construction plus the steel matting m n sta lla tmu mn totmk
beac hed fe r r y ,  approximately 1-1/2 hours. Since t he loader cc as able

to negotiate the causeway ramp without time miss nil
35 .2 Performance the container-hant iling emperations , it was  demon-

strate d that time sand ramp appremach us uu’ue lesiralmle
I) unium g i t i , u se I I , a threc-sect i t u n t e r r y  hmuache ’ t l with anti nut necessary ,

12 t ‘ um mu .u m umurs ( I” mgure’ 36) s e as tes neul ,  Upum n beaching,

‘ 1 Base- ul tin data for support u,f a MAI’ oper atioum , 64% of the’ containers will weigh oui an 21) tons ( 18 ,2 Mgu .
‘au mm t the balance will cube out an weights of 14 .7 (13,4 Mg) tons or te ss .

“In con tmtmut uus operations unt icr contingency c- uu i ulmu u u umus . the’ causewa y would normally lij u a preparc’d
Iuraeh , _ ,  d iseusse d earlier,
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I’ .uli lc’ ti i ’ s tumi i , u t u ’ m i l)e’gr.id.ite’ m l 1. , u m m m . u u m u e r  1 m a u u s t e m  R,u tu m , Be’ncc’e’e-nu l.ug hmte ’ r in mt i I’, he ’ca te ’d ( . utms e-sc .u\

r — —

( : uut i n .uu i i e - m I n ; u m is t t -r R,itt -s ( immin u l I sumi g

~ ~~~ 
,ut mt uil —‘— -

‘ I’hire’e’ -S ec tuu in i  I- e r r s  ( , i. uss I (iii) 1.1.
- — - - - - -

~~ 1’~ 55 2 55 3 55 4 55 I 55 2 55 3 SS-4

‘ m h m , , u r n u u  pme ’ nl me ’ .id 6 7 (i.7 I t)  13 2 , 4 2 4 I~
W i m p .u l m uu i g pue ’n ln’ut i 3. 0 3 , 0 5 8 (u ii (u it 8 N R

1 um l , u , u u i  ( tint .u m ne- rs

Ru ‘ t i n . ’ .uui~l ht ucc e- m um u m u
S p m e .u u let b u m  1)6 7  ( ( 6 7  Ii (u 7 NR (1.35 0 ,3 5  0 3 5  \R~
Slung (I 24 1) 24 02 4  (1 .24 0,26 (1 ,26 (1 2(u N R

I t i ck u um m t u u  c’u i nmn ,u m nd ’ r
Sp r e a d e r  liar (( 45 (i . 45 2 .5  \i( (1.46 (1 ,46 5.1.) \I(

‘uiuu ig (1,65 (1,65 2 5 3 ( 1  0 , 8 (I 8 4 1 . )  NI-(

l , i t m  inc1 ntut .u t e’ e u i t ) t ; u i nlc ’r 0 t ) 7  ~~t)2 ( ( 9 2  I I 0,92 ) m ) 7  0.92 Ni<

I’m us m i l  ut .ind re-le ’ ,ise- e’uintauner
SIlre.tdle’ r liar ( ( 3 8  (1, 38 0.38 NR (1,38 ( 1 38 0,38 \l(

S ling 0 5 7  0.57 ( ( 5 7  (1,57 ( 1,57 (( .57 0 5 7  \l(

( u ’ t u m ; um n ic r retntmg rack

i’m u su n m u un u mmi lig hter
Sp re’ ,udier liar 2 , 1 2, 1 2 6  3 ,1  1, 8 2. 0 (di N h<

~~ung 2 3  2 3  NR 
- 

NE 2 1  2 3  N N RJ

— se _u s u i t e , se c elu.igr.uuil.

N R = nit i t  me e t  m i  nnenmele’ml -

.\s e ’ r .m gd ’ tu n ic ’ m u  u n t u u u i r  l,( 1. t u u u .’ le - u , u t c ’ul l)c’ h munmg (OSI)OC Ill s c , us 13 n imml . ‘ SS 3.

~ \ c c ’ r .ugi ’ umummu Imu um nm l uuat l  1.1. 1 u u u m m u ,  e l e v a t e d  l ) e hu u m i g (OSI)OC IH cs ,us 7 .3 mimmu l , - - 5 5 3 ,

R e ’ dm um mmmm m c ’ n l d i  iml,u n m uu l s p rea d er  h i m  t uunI~- f u r  re- I mu ugr,ide’ mipe - ran tins ,

£ Ferry. with manual spreader liar

15, 4 15.4 L�m Ferry, w ith slings

is - £ 
•— — —— — — •. “,,,, • L,CU , with manual spreader bar

-~ 
,~~ 14,6 14.6 ’\ “

~~
‘
~~ 8.2

a~ 
10 ‘N ~~~~~~~~~~~~

6.4
C •5~5 

-
~~~

C \
-~~ 

- —‘‘.,.- ,,-‘-, \

I L~~ I “r- ~. I \
I i  2 3 4 5 6 7

ss I SS’2 SS-3 SS-4

Signiricant Wave h e ight (fi )
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I guile’ 36. 1 m ’ s’ SS ‘. turn ’s cc thu 12 c’mu nn,u u mit r’. Pm uum g hmeached during f. m. Ku ‘ pe ’rat itun. 
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I’ gui 0’ 37. ‘f ’ um p’ l ft luma der with containe’r umeg t un mating m u  u m se -s c ,u~ be’.me’h r;t um mp dtu ru ui g

I .uui ’Ruu iupe’rat iuin.
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I d Ie’ 7, ( s c  Ic’ ‘I’ mnuies be mr l iii l4uu O peratm um um

lime k Up l) iscim :ir ue’ . ‘I’muta l Ruiunui
( u u t u . um u ie - r I- ni u u mm R;unni p - - Fmuuni Siuir;ige’ , - -, um is t -sc us t ‘ t u t u  mi d -i - , ( u ’ u in ,um ne ’r I rip l’i u ms

, m tm u h I t , m c d ’ r st ’ to St u ur i ge ’  - ‘ 
I i,  Ranuip . -

S e c  t u m u n  i’ u u s m n i ’ u u ’’ 
- - mu Stmur ag e’ - (.uu nt ~imne ’ n l f ;m nmf h in g

( m u s i c’. us Ilotim (non) - ( m u m )  -
- 

- (n imn ) ( n u m um
I ) mre ’c t m uum m s ( m m )

I 1 1 .83 1,5 0,4 1.5
2 1. 67

1. 00

4 1 , 92

1.6 us e 5. 0

2 5 1. 67
6 1 ,83
7 1. 92
8 2.t)8

I t )  av g 5 ,3

3 9 2 .25
11. )  2.42
11 2 ,5( 1
12 2 5 8

2.4 ms ’g 5. 8

_  

_  _ _

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

_ _ _

,u m , u ; u i , , - r  mm , , I u s  mIme’ shtir e’ware i—n -mosu 01 m m .
6 Ap pru ux iuut a tcl v 40t1-ftiot (I 22-mn ) mlista nce’,

~ t)ata are extra pt i la t m ui ns ,

An alternate c u) nnau t mer handler , a straddle-lift of the system (incluei inlg two nui ;usnur pallets ) cc crc
( Figure 39) fuir t I- u t.o/ Reu operation was tested prior shipped to the Public Works Center , San I) ieg u i . m l

~~~ -~~~~~~~ 
p 

t im time Phase II tests , Cyc hc times u u f  11 minutes per imne 8 x 8 x 20-femot (2.4 x 2.4 x 6 , 1-m) ISO cmun-
container were attaine d. These tests are ei is cussee i in ta m er , ‘I’he de ck was set tip din a pier in about 2 -1 /2
Appendux Pm, hours liv two men who were ’ huith familiar with the

dock,
i’he wood floors of the containers pros’ided f i l m

3.t AIR REARINC DEVICE the stuffing operation were in s-cry poor condition. It
was mlcdjeel that galvanized sheet metal should iiu

3.6.1 &i ntaincr Stuffing Operation placed tmn the fluieirs to eulsure’ t hat the air h earings
wou ld o perate smooth ly u m~ t he contauners , ‘I’he sheet

I’.xcc pt for n i m ,- compressor , all mit time ’ com ponents nme’ta l was held ui u uw n Ofl the b ’ lumu mrs w ith roofing nails ,

-‘7

_ _ _  - --, .- - . - 



I .uhui u 8, I Is- pothetical I , m u/ R uu Cuuntainer -I la ruti h ing ( .i’cie - I ‘nluuae h ing”

‘I’m uta l  ‘l ime- I n u b  fmu u ’
‘I’inmie pc- n’ (;tint mimner — — -~~~~~~~ - — - — _____________

( .umuse’c s ‘ us ‘.uc’ c h i m  - . ‘ - -(mun) l’uuur’( ,umr mtaune ’ r I’ mc c’ -( - i m m ui miur
Sectieun Se c t uu un

1 1,6 4  1.5 = 3 . 1  12. 4 1 5 5

2 1, 9 4  1,5 = 3.4 13 , 6 1 7 0
3 2.4 + 1.5 = 3.9 15, 6 19 ,5
4 2,9 + 1 .5 = 4.4 17. 6 22. 0

5 3,4 ‘ 1,5 = 4 ,9 ,
~ 

19 .6 24 .5

— 

I~~~ 4 ,0 (avg
)J  

78 .8 98 .5

~Assunipt tins
I. t au msi ’ a’. b u r r ’ . tuea e’he ’s at p repa red beach with nlaoing (hardening) mm p lace.

2. t i ne’ tu u p ‘ tu f t  loamk ’ r per opera tmo n .

3. ‘l t p- buf n It u ’ at ie r deposuns container tin t ruck / t ra i le r  an beach mm , 1 . 5  minutes .

4 On cau se way It uad c r ’ c t raverse p lus co n n a mmm er - ha um c ll in g time per Table 7.

5. Euvc’scct it iim causeway f e rries in cycle’ .

6. (‘4’ .. ut d u n  i ‘am tiers we ugh em ut au 2i i n uuims ( I 8,1 Mg u . 36% ut c-tin tai h e rs  cube
t u u  at 1 4 .7 Ions m l  3 ,3 Mg) uir It -s c (base- cf uln lana for support uuf a MA I’ operat itin ( .

7. I-e ’ nr ~ wi l t  carry fm ,tmr 21)—nt ,n (18 .2 - Mgu cu,ntaine-rs per sec nion u,r f i t - u 14 ,7- iou
( 1 3 .  3 - 55g m or buss ctlntauner,, per section,

I
1-

-7

-~~~ —= 
p

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

Figure 38, Top-lift loader unloading containers from causeway fer n’s’ during I.o/ Ro t lperatuumn.
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Fugure 39. St rau ld le- h ift luiader unhuiadung container frumm beached c’ , mc mst ’ss i~ s& ’ ct muuuu ,

Nu u uc ’  level ranup t im causeway.

I’um r new c i  ‘ nmaune’rs t ue f u r  euuntainers that have nu0 I’I II H( ’ b-I IN I’ - where suurm le’ uluuini .uge’ it m s mns tall e, I

iue e-n m a bu use ’ tl , ‘ ,~~‘ sheet t lle’tal tin the’ flum uir sc- u mum hi l  emc e e- c- mi the sc-all ’ . if th e ’ c’t , u i ta uru e- n .unic l the’ h u hu i cks  i ’
n uu r nm a lh y not bc re quired. present c ’xd ’es s m v e s h i f t  I m mm ~ u t  the m uum e ’netu luh uu e ks . Ihe

Once t he’ lt ck s c - as set up. each cu untauner s e as tuip fumur cuirners u t thu C u  ‘min .ui ne ’ rs W ere ’ pam ni ncti
stu ff~’1 ccii h 3 t o O t )  ~ u m Unldls ( 1 6 . 3  ‘imI g u u ,t  cemncrete orange t um l en t i l ’, them is !ic,uu u, I’ u , im f s . int l the n n l ies
hu l t icks . ‘litu h i,, ks . ss’hme’h were’ 2 teen (50 .8 en) ) were’ pun in the cu unt a une ’ r p uu ul f u r  the’ e le ’ s ate ’mh
square mum d- ruuss mectu uu n and 7 f ue n o 2 , I  nib louug, were causeway nt ~ns .
placed hr - mig n mc’. se . u d r u u s s  the tw u u nuaste’ r palle ’ts used I hue eumu utauner wi th the li ed c ’s m i t  the knuuck ml mu se n

in t ime nusns A c  unni p re ssuur tru im uh e’ i’u l m h u c W u um k s tltmu. ’k ce-as dehus’ercd mu time - hue’ac h tin a truck mind
enter supp lueel air ulurung til e’ s t u i f f un g  em p er a t ion.  unpacked , ‘Ihe ml uuck cc us assenu huled unti l  les elcm ,l iou

‘Fhe ent ire stuff i ng operatuoul ‘.c,is .uce ’uifl ll) Imsileti the hueach about 40) antIs 36. 6 out iuu lanel t ru m u um nuuani
Iuv t s c m m  (i-I. perstmnneh wut i m suume assistance frumm a high tide, No d m ffu e u ln mes were e’nctw ntereel , and nil
fuirk h if t  mm pc rat iur when the blocks were bit ing handled , special p ruuvms m um u i s  were made c -sen tht)ugh this seas the’
Nu i d i f f i cu lt us wi -u- . ’ ene’uiunnc- reml uiuru n1’ ‘the- duun m ta m n ;e ’ r  f trct n utile- the ehu,ck had lie,en set tip on s,und. Iutah
stuf fing. time b u n  unpacking. assem lilung, mind levehung the chicle

was , uh u , u u u t 2 Iltmti rs w uth four men du umn mg the work. .-~ ll
3.6 , 2 Beach Operations were famu l ia r c cmn h the ’ chock and ,ussemiils require--

timents ,
l ime h u e  Is was tiisasscmiulcui intl shi pped ill the 1 sc- mu wee ks t i ter  uhe cloe’k had been se- n ui~u, t he’

hicacti area in .i e- umn t ainer. I ht’ containers ltu ,itled with tu rs t  c umntainer cc - as brimught asht re’ i tu  be unstt if fed.
the ir ~u mid - ru ne hlumcks were taken his -  warping tug to The ciun nage was re ’u i iuusc , l - mine) .u top-lit lcsuele’r
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I ~ u m nu 40) l’l II ISO ‘iS -( )NI d ri - c c u ns t r u m u l g t r u u m s p u u r t u - rs m m i i  u.’mm ntaI ne ’ r , “s u i t e  uulf l,utauul e

Iu , ,im l h i t s  ‘ m m e ach  nmanspu u n ue - r .
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pl.i c-e’ th t ime ’ c’u ut i t ,uui me ’ m in t ine - e’nt l ut t Ile’ t i t l e Is . \ slig ht
• se’tt lc’ nmletm n if uumii ’ %uil)l)u urn if thit’ ~h,i~k m Iu.u t haul

mice ’ u rrcd u l m mm i umg the’ 2 cs m e ’ Is pe’r it ud cc as nit in uc t e l  .u u m u I

cor rec ted .

~ ~~ ur n hung lull ) e u  u !mmpre’csu mm , cc lime ii sc us sit p Ph med hi s
P11111( 15-ON I- - cc - us  c’t un necte’ mi tuu ihe ’ n r . u m s p i u n  nems I hums

c ’u l uuu pres stur is a stan it lard m n e ’ ntm nm m lii ‘u - ,u R e- c -s  ant i h a s

nna xmnlunl c a pac i t y  ,if 365 sc t u m u  (0 .18 m u m
) s ( .

Three ~c,ihuc ’ e ’s cc i-re ’ .issm g i me uh Ii, the , u mr b u~’.mmm ng
ul pe ratm e un. N uu me ha~i even se-e n the ’ syste m i ,eb uure.
‘FRey sc ene given one ele n lt m ns tr at mum n tin th u e’ u t 1 ie m , ut i u  iii

,iuuu l ‘tui mume u ric-f inst ruct  uu un s tin s nc - ps ni l  hue ’ ta ke-n It,

s u b  els ant i e’ft ’ucuent lv must ’ thu e’quipnume’nu. I’mgu re 4(1
sbiu use s tile crcsc placing time transpuirte rs unto the cuun-
t aint-n - the’ du ck can be’ seen in the’ f uureg rumunu l mint)
the t uip-h if t  humacler in the’ huack grumu nd. i’ugume’ 41
shosc-s mine iii us e mu cress nuemluers pushing .u himmie ) tuut
o t  a co nta iner .  ‘Ft ie unstuffing operat mem n ce mu s
muc cuimphis hme ti in less th aum 5 uuuunui tes . I ,ater in the’ ni- s ic
the hmloeks scene remumscd fruim the uuuaster pallet’. sc’ith

rough terrain forkluft.

I
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SECTION 4

DISCUSSION

4,1 CRANE added working rae h it ms wilt permit handling of all four
cu mnta incrs loaded into an I.CU cvmthout moving the

Th e’ P&II Model 8100 crane that was emp lum ved lighter. It also permuts tmff ’ luuae iung ill fuiur cim nnaunens

dur in g the Ph ase II tests was restricted to lifts not to from each 3x 15  causeway ferry seetui m n before

ex ceed a 40- ft)ot (12.2-rn) radius so as not to exceed warping mf time ferry us required. ‘IRe effect of this
the allt i wable lift capacity imf the crane. Au this added working rad ius us shimwn in hgurcs 43 and 44,
uupura nmn g radius , the crane was able to reac h only two ‘I he pedestal crane , an alternative to the mt ,huule’
20-fem ut (6 , 1 -m) containers for eac h positio n of the crane for the elevated causeway s\ stern. is dusci mss e-d
lighter. ‘l’his required the lighter to be warped for in A ppendix C.
eac h two containers unloaded. The warp ing u)peration Depluuyment of the conta mner-hand lung crane seas

was init iated while the crane was transferring the not an objective elf the Phase II tests . \ ‘ a r uu uu s

second c’munta iner , t hus red ucing the waiting time, alternative ships f u r  deplovung the container-handling
Because uuf the calm conditions during the tests, the crane are discussed in Appendix 0, Cranes lucung
crane uiperate mr cc’a.s able to off-load the containers dep lemved on breakbulk-ts ’pc ships will require some
dur ing the w arpIng imperation. Rough sea conditions degree of disassemlmly fe m r h andling anti stuusca ge.
cs’uth accomp any ing lighter motions would degrade Beca cuse of this requirement , t he crane will require’

t his operatm um n. some assembl y on t he hmeach or on the pierhead.
A larger crarme , 140-to-I 50-ton (1 27-to- I 37’Mg) Assembly requirements for three mobile and two

rated cap a cmt v , sc uuult l relieve many t if the lift/reach pedestal-type cranes arc sumnuarized in ‘Fab le 9 . ‘I’hc
pruuim hems assuic’iatecl with the 90-ton (81.6-Mg) rate d information c mntained in thus ta lmh e sc-as emh mta m ne ’ d
crane. A load’s’ersus-operating-radius curve ft)r 360 from the’ crane manufacturers and from observations
d e grees tmf uupera t uuun (outriggers fully extended and of various military umperations.
l ocked) and operating from a stable platform is given
un Figure 42 . ‘l’he curves are based tmn the capabilities
of P&hI 9 125- ’I’C anti American 8450 mi)bile cranes, 4.2 PERSONNEL

‘Fhe operating weight of the P&II 9 125- ’I’C crane ,
unclutiing ~u 70- fcmot (21 .4-rn) long boom and a two- The experience of the crane operattmr was
p1cc- c 31-ton (28 .1-Mg) counterwe ight , is approxi- manifested in the ease with which he operated the
rnatelv 95 tons (86.2 Mg). ‘I’hc counterweights can be crane during the container-transfe r operation. ‘rhe
rernt)ved to reduce the crane weight to approximately calm conditions existing during the tests also made
65 tons (60 Mg). thereb y permitting safe transport the crane operator ’s jo hm easier. It was not possible to
ove r t he elevated causeway to the pierhead. The let military operators run the ermine because tif
counterw eights can hue transported to the pierhead in insurance liatmi hity restric tiumns , Ilemwevc r , fronl the
truc k/trailers for installation by the crane crew . The post-OSDOC II tests ’ it is estimated that the
hm n . t ing crane’ transit loads for the elevated causeway crane cycle time would have been twice as long due to
arc diseussetl in Volume III. the inexperience of the operator.

‘I’hc P&il 91 25- ’rC crane with the addition of a The crane operator is the keyman in handling and
fro nt flumat will permit a greater operating radius (25 positioning the spreader bar and/or containers,
tum ns (22.7 Mg) at 53’foot (16.2-rn) radius( and pro- Working with the tagline crew and signalman , the
vide the additional capacity to better withstand shock crane operator makes all of the grumss movements and
loads expected during rough sea conditions, The many of the finer movements e)f the load-transfer

•S.’c Section 3 on Container-llandling Operations for times.

~~Cieuil l- ngine’ering l.atmo ratory Technical Note N.l 381 Offshore discharge of containership II. Post-
OSIX)C’ll, test and evaluation of ancillary aspects of container handling, by .1. j. Traffalis, Port
Iluenerne , Calif.. I-rb 1975
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Figure 42 , Crane lift versus operating radius for two membile cranes.
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I’ mgure 43, Causes’. av ferr y uuperat iumn at pmerheael . Note crane ope’ratinlg rad ius
imf 5 0 fee’t ( 15 m) reae-hi ng four cu mntai ners ,

______________________________ l . ~‘ i6 mm -~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
5dm-fe radius -

~~ 
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Figure 44. I,CU o peration at pierhead. Note crane operating radius of 50 feet
(15 m) reaching four containers.

um peratuons. ‘I’he only maneuvers initiated by the 4.3 SPREADER BARS
tagline c res s are rotating of the loads (spreader bar or
containers) ftmr proper alignment and, at t imes, minor 4.3.1 Manual Spreader Bar
lateral movements during final positioning of the
luiaei. ‘[he manual spreader Imar with guides t)n two sides

Since there is no platform motion associated with is a sturd y piece of equipment that was designed fem r
t he elevated pierheac l , load pendulation was not a the rigors umf shiphmoard and d ockside emperation s . No
factor , which mache the tagline crew ’s job much difficulties mum failures were experie’nced during the

~~~~~~~ 
easier. After an initial indoct rinmation of the operation container’handling operations. The 3 .000-pound
of t he nuanual anti sling spreader liars , t he deck crews (1 ,360-k g) weight of the spreader bar presented little
had little difficulty in making the connection, The trumui,le for the taghine handlers Imecause of the calm
sling spreader Iu u , m k rtuore’ time nuu position and hu.ck conditions of the test and hme’cause Itmad pendulation
because it requmreti f um ur men to make the connection, was not a factor,
‘[he signalman also hail to make sure all four men ‘rhe spreader Imar required an average of 27 ,3
were c lear before he could give the crane i)perator the seconds to position and lock emn a container loaded in
signal to lift the load, a lighter . Three taglinc handlers were found to hue ’
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‘Fable’ 9. Crane Assemlulv Requirements

,-\ssunu hm lv Requirements
( r,iiuc 

______________________________________________________

-l ma ned I’ensum uune l ‘I’iumic (thu s’s) l’.quip rnent

P&l I 141 OOi”l (“ i 4 tim 6 l~’ Rtiug h te rrain fork truck , 6 t i m (5 , 4 .\l g

P&hi 91 25-1 4 t u u 6 1~’ Ruiug h te rrain fu nk truck . 6 t im ( 5. 4 Mg m

l’&Ii 5mSC / 5 ( J  ped esta l cnane 3 tu , 5 2 Crane, 10 ton (9,0 Mg)

HF ~f K~6() pet hes n m l crane 3 t t u 5 3 t um 4 Crane , 10 ton (9.0 Mg)

liecles n,ul crane huase - ” 3 t tu 5 1 to 2 W c b uhmng equipment

P&il 62 SO- ’I’C~ 6 uu m 10) 2 iii 4 Crane . 140) ton ( 127 .0 Mg)

‘
~ ( ummi m par alul c n mm P& II 790 H’(~.
h u\sstimim c ’ crane- I urumug hu ashumrc’ n acm me -a ll v ml usa ssemh lcmh .

‘uuimm nloi i Iumr t uu i t  h pedestal cranes ,

\ ss tm fl lt ’ ~rant- l urum m mgh t ashtire amti l minmstra t mv e’t v mtm sas scu n mlm lc ’d .

adequate fu r  maneuvering the spreader liar over the deteriorate. I.ighter motions make posut uum ning the
cuintainer and for maneuvering th~ spreader/container manual spreader bar onto a contamner more difficult
u nto t he lighter or the trailer, and hazardous . While addit iemnal personnel could hue

Ret rtm grade operations with the manual spreader requi red , t he c mff-h uuadmng operation would be
bar were faste n and muire efficient than with slings, permitted to continue under the more severe condi-
liii’. was attributed primarils’ t( m the fact that only lions,
one operatitun is required to lock and/or release the Soft slings have a weight advantage and canl be
container , w hereas each of the four sling ho mks has to easily carried on the crane or can be quic khs- made up
he engaged or disengaged. Because of this more in remote  e i z c s . Stings require little, if any,
efficient method of locking mind unlocking, the maintenance or adj ustments.
manua l spreader bar is j udged to he less hazardous The average time of 43.5 seconds required tem
t han the sling spreader for the personnel working position and lock the slings mnto the container was
with the tag lmnes on the lighters. This was particularly about 1.5 times longer than the manual spreader liar
not iccaimle during retrograde operations on the cause’ under the calm conditions of the test. I leuwe ve r ,
way ferry. Tagline handlers were required to go under rougher sea conditions with larger lighter
between conta iners when positioning in the transverse motions , the slings should prcmve more effective than
direct ion to disengage the sling hooks from the con- the manual spreader Emar for container off-loading
ta m er. Under rougher st-a conditions with corres- operations.
pondingly greater lighter motions , this would be a
hazardous mperat ion.

4.4 OUTRIGGER BEAMS
4.3.2 Slinp

The 800’pound (362-k g) weight of the outrigger
Soft slings are an effective alternative to the beam was difficult -to manhandle over the deck,

s preader bar when operatiumns an sea begin to h owever , this was easil y solved by having the crane
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I- ugure 45.  Ste e l  plate sui lustituted fu ir emutniggen f imiat.

. 1  h i ’  s im i ,,ii .1, 1, ‘ ‘ I  nRc hu e ’ auums priuir to  e ’ ’c ne um sm uun m the les- el i i i the nuiru umal bt,’aehm p nmutu le . l i t t l e r mi m i
the um mr ug ~urs I I uim g e ’ u i l u t e  p m l i ’s cs ss ru pru icm de ’d fu ulh im ss ’ -on niain te’n-.unu.’e- w.u s nc’e hu m i re - uh ( I- ugem ne 7 ) .

fi ,r dii’, pm i r pu us t ’ . It ss ’as f umun c h during tim e ut.’sts t hat ut us f uuuu l c ’ tui
I s c m m  ‘ I the ’ ‘ , 1 u r m i d ~. u’ r f l i u .its i rm , ’ .  i ,he ’ ,h v.’ ith t ime rc’cum n i’mgmu rc’ and umm a un t am n .u miesc ’ l ,e ’ .ue hi p m m if u he ’ to

crane sserc n ut  euumTm 1’ .ut m i l e  ss - mt h m the t iut r igge- r h i e ’ aum u , acc uu miimm mdaue the m u se ”.’. .i~ l each t ran s mt uuun  m.ummm p .
I ‘ ‘ 1-inch 2 ,5 -cm )  m huc k snm’e ~ plates ssere cuiip luu s ’ emi Thre e’ apparent , . iu iuue e s arc ’ iva mla hu le- , h u i t ’ pmc ’ t u ’rm e’ mh
us sim i u s n u n u u t u ’ . f u r  t ime ’ hl u ua n s ) l - u g m m r e ’  45). “muui c ’e’ t h e-se’ m uie - t im u mth us t im push time ’ e’ .uusc ’’.’.,us t i m  e’ nmi ’ u ug ii ashu um i- sum

5% c-r i- nm tim e ’ m n hui ua rd intl s b m u mrt - ’ .s ’ u u rkmn g rad ius cii time ’ that time - hue- ach enmi u I  time’ ma nu m p l u m m e hs um iut s ide ’ nb m c - hig h
r ,u m ic . no pnuuhml e ’nmms we’re’ n.’ xperie-ncc’d. sea men es- c l ,  l ’ b me sec uine h nme th t md us t o  prepare’ the ’

hueach s uu t im ,iu n hue’ ra mu p dee-k h as’ s ,m t t u e  s m mi m e - u -I c ’s

u m u in  us the’ t iu u m’ imua l l u c i d - It p mum fu le .  I” una hiy,  ,unml k- .us n

4 .5 HF . -~~( ‘II ‘I’RA NSITIO N RAMP un t r u e muse . .u s um iu ll rena mnuung ‘.‘. ill un bc hum uu lu  ‘.‘. ‘ I i

sheet pile-s tu) p revent  ‘.c’ .us iiuuu us I’us im ung ti me m ’ .uuse ”.’. us
I’f i,t’ue I .mnuh I ’ !u.m s c ’ II ui -s n ’ , 1iri i’ .u , l(’ e m u m , u -  hmm g hm e ’ r imp time ’ hue ’ac ’h re ’ . luue ’ m.’s the’ il i st . uuie ’e’ .u e ’Jiu sc ’’.s us

1’ar,u n u s t ’ t . um , u  f r  .u uuu l u - um p s a mmul r u n u p  m d  the’ ~~ h u m  e x t e n d s  u, f fsbmuure ’ , llurs u iug time ’ e’nt eh ‘f tim e’ runup. is om

~ 2 nn o f , mfm r ie , i t e’ m I sue-el r u nnu p . ‘ l im e ’ saim il m u l l , ! ’ , se’hu~ h m time ’ sccomncl n ime ’t hu ume l , coculd result in shi , uhhu u ’ .e \s ,u me r .un m ,h
sea s um mm u h e ’ r unumnc ’ m l tl.uuly hi’ . the s u n  ,uc ’ Iuuuim in h mm g hu iiul&’ , se .)’ .e run—u1) un the beach , ‘11w s h e e t  m m hu um g ct i ulch lie’
r e m i u uircul -u f , u u l ’ .- . nitm it ’ ’e’tmnst ui nm ing re- huu il th ing t - f t u mr t . rc-c imui red in a hu u uu g ’ t c ’ r t um ins t uuhia t i u iuu .  i t t h u  hue ’ae’hm

I i i ,- st t ’ t - h ra mu m p ‘.s nh ‘..u u i , i ranup u m i sn,u hi ,un u m , u i (Figure’ gra mhu e ’ uu u us slig h t , 0 ctmu leh hue Indite’ mun m puiruant nh u~. umnu
4(, u re ’m 1um reul tm un u s u t l e ’ r i l u le ’ mi n i , -  .mm m ml c- I l i u m m m ,  luuu lul jn u - s t r , u  50) fee t 1 5 , 3  nih se ’,isc- ,m mu l an umi n i ) le -r ’ . m tm - ,m l i t t le
m d  m , l.uum u n a m n , I h is’.- e’ce’r , u int - c’ tim e ’ sn u’m ’ l r. uu mm h r settlt’ui tu u seate r it time ’ ranmp ’s e’ nuh uiurung hig h tm c he.
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1-ugure 46 . Reach tmansmti o mu ramp with huuuht - up sand ramp.

Stm uc uu ra hlv , t huc ramp sc ;ts c-a p;ihihe r u t  s upp mm rtiu mg 4.7 BEACH MATTING
t he I 5t ) ,000— p~iummd ((u~~’~ h g I r o l e ’  and un’.’ other
Ii u r is a m p h ie ml during time - test. ‘Fhe’ ranup instail atit in ‘l’he M8A I steel hue-ach nuatting perf cim numeeh sc-eli un

‘.s .us me ;u s uu n ;ubuk simp le’ ec - ith t he 3 5- t im ( 32 - .’ul g) su pp u i r t m n g  the eum nt a unt. ’r-earr%- ing tr u ck -  t ra i ler’ .
c, up ue is  c- mine. I)umr in ig rem rue s ml . the - ne’mum vah uuf tht’ nuateria l-han mhlm ng eqt mupment I Ml I i - ’ . ) , -and c-ma nes

r un up pnu - sc ’ um ni- m ! sonic l u f f u c u m l i u c ’s hu t. ’c’ause the’ end of ad - r u s s the sand mme ’ u s . It s’.’.us puussu hle’ t u ’  mos’e su -c u u iuns

t ime ra mp ‘.c us imurie ’ui 2 teen in the’ s u i t t h i s  s u n m i  h a d  of time matting from one area tu )  another ss t im a cr u n ue

f i l tere d thnuiug h t hy ~‘r .ur In ~’ .intl into thue’ c i  r u t s  er catec h t im , , e’turr as the nee’c l arose, I his pe’rm mrtc- ml lime’

liv the’ (u v ~ i ’ m  ( 1 . 14 s 2 - t h u  I hea r in g  pimite ’ . unaking serv ic in g u I several ,ure,u s wi th a minimal anutmunt i t

the r . u mn up mumc hu hc.m’.’m c-r. hue’acim moaning. It se as found th,m t the ’ uu matn ung ss mc not
meocea iule a f te r  an operation , iueea usc - t ime pin l im its

securing the sccr iumns tu gethe’ r svemi.’ hme’ nn mur ml a mo a ge mh

4.6 DECK KEINFORCEMEN’I’ us the tr af f ic ,  .\ mm m m miu c’r tif m u m n t ’ , sec-re ’ welded in uhie ’
field t im re pair umm reinforce the unatting during the

li me u innhte ’r remnitirc ennuent f i r  the pontu m m deck umpemati on .

pe rtu mr rnee h sat s f le t  on lv fu r  th e’ tehi’<’k’ m i t m.u flu e ‘I’hi’ ~ Iu , - . \ l,i n c-nmup lm m~’ e’uh uiunm ng t h e’ I of Rcu nc-SI ’ ,. dmuh

u he irun g nhe’ l cs ts . l luus ’ .  ever , the’ stee l cleats u n  the’ nuit perf tmrtu u s i t  sf ,me t i i r r l ~’ . ‘[he bue a vs se-he’d load s of

t ra cu uur s , lc ’ s t nu us  c i i  some’ ti m ber antI more loose some tIme’ u uu p - h i f t  ‘ t i l e r  with cmm ntainc ’r coupheml se ’ m thm t Ime
u t  t ime’ sne ’ u-l restraining snm.m ps . A dt imt ) u i ur , ul  ule k pumu ur sm m h u g r -am ie u I  time ’ s a u d  bue’ae ’h .utu sc ’m b t ime ’ ,\ lui’ . M.ut

re’n n iumrc ’e’ me’nt is require d tin t h u  ehes’miteui uu isu ’ti ii t o t u u  hornu .m ss us e  in t r mm n u , i f  tim e sc-he’d ttueh atlose m Ite ’

‘ r u ’ s  h i  f u u r  euunninuous ts c - ’ i-se a s truck t r a f f i c - inuinu wheels tim h u g  t iumw n i i i  the samue l , ‘the \ h u i  Mit  sc ,us

hue-j c - h ti m pit ’ rhme-ad. ru’plae ’cu l ~ r r hr MX A I sut -e l 111am - .u t i,f time’ u ‘per mi t  mmii sv ,is

pt’rmimned m u  m u m  m u t t -
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4.8 AIR BE ARING SYSTEM tum t m u u u s s  erse htmadi u ug us than it pruuvides m m nunma l
p us sm ge are a f u r  uag hune ’ r u m m u hle’rs a huu m i g the ’ caus &’ ’ .v.u v

I)uning nortnil mi pc - ra t m im n thu cum ntainer is plae-ed le’ngm hi , -l man si - emse Itma d um ig .Ilso requires m mm mumc ’
u n th t c ’ c-mud ‘ i f  the ml mme ’k ssit h m fuio rs umpem u ,und n hu c ’ uran.s— pr ec ism u un m u d  time ’ in pu usunium .ui ng time - 2 0-I u ummt ((u I -nm)

p mi m nc - rs under t he h u m 1  nm-aster pallet). ‘l’he inf ’iatah ule long c’o nnamm ier s ontui t ime 2 1 ‘ t u u u , t  (6 ,4-t n) wide cause --
htu ,u , h liars ire- i c - n c anc e l , ;umucl tile’ enti re’ cou ltenus arc s - i s  - h i m  us action max- iiecornc vet’s u l u f ’fic’ult sc tb

pulk h tu t U b’. hand umn mo the’ loc k.  Si nce tIme ’ dumck is rising sea condm t u umn s .
tun Is 8 fe ’c u 12.4 mu) ss tIe , cr , i umes , fuum k l i f  us , ard atm~’ I) ime’nsmona ll’, , the- 9 ( i ’ f u u u m t  ( 27.5-mI length iii time

‘t imer MIII ut suita uile- c u pa c i t s -  can .u ppru machm frcnn causesv,m~ section l imits the loading to ten c’ont ,uunc’ns

c’ithe’ r s m ile and can e ither che ’ar time ’ entire master tm m u mc v e rs e - l anti u n l~- emg hu containers longu ru dmn .mhl ~ .
mal let or rennuive’ j ust -a puuntion u I  time cm r g u i . ‘[his us ‘I’he 2 1 ‘f im umt (6 ,4-mu m ) w idth u mf  the ca t msesc a ’, sc- e’ t u umn m

ge’ne’ma hh s’ thic ’ te - e-hmni q ue ’ f ’umll uise ’ ed f r mr repeated ccmn- p r r i s i u ics nmuure tolerance for lu imdun g ti me’ c mm uuu .mners
lamr n- r imnste i f f im m g s . hong itudina hhv muni uu u ,urm i, I .uun g utud una l lu u.me h mn g a l smu

Ii .m cm .mne us iuse-d m um placT the’ ceuntaine r at the end prmividcc adu.-quate p.uss u gc urea fuu r  tag luume handlers
of the mld)ck , t he entire’ operation fre im the’ t m nm c ’ the and pru ms ’i u hc ’ s f ree passagc- for tim e- line handlers during
container irrmvc ’ s until the’ load is out on t l mc ’ du ck moum rmng ’ .um perat ions .
seldom e steeds 5 minute’s , ‘l’hc’orcn c ul l s ’ , the’ doc k us
c -x mene lah i te t im any length , sum mans- cu mntaincr loads 4,9.2 LCU and 1CM-S Operations
c’uiu ldl luc p’ ihicd t)ut and lined up tin the clock ,

(:umntainer- hi am ud hm n u g operations e m p loying the I.(:t
as a lighter ss’ere cu urmduc ted u m n the ccc um nd m i d  th r h

4,9 LIGHTERS day of the tests . l.CM-8 umperatuons were cum ndu c ned in
cu m nJunctii)fl w i th the’ I I uiper a t i mumis dcm niiug thc’

4.9.1 Causeway Fermy Operations sccumnei day,
‘I’h e’ 4 ) 0 - f m  ut ( 1 2 , 2 -iii I wumrk i ng rach i us impu isu- el ‘‘mm

‘l i e  c ,mu se ’w uv ferry uuper ations were sche d uled fur the crane nude it necessary t o ‘.‘..urp the I t ’ along
tIme f i r s )  anti Iuuurt h mlav if the contain em-biandling the pierheaci one time ton the crane’ It )  te ach ahi tour
u m perutuon. A three-section causeway fc ’ rm y cmrr\ ’ ing 12 containers mm nhmemard . l’he I CV pruividc’ d adequ ate
c u ’ n tau ners ) fm iur  mn eachi section) se ts erump l uu veml. ‘I wem spat-c for the tag hine handle rs , So me muit l umt u (sum ge .
cuum p lete’ retrograde’ a nti uiff- loading cycle’s we’re made’ ssc- ,uy , and ~‘ ,uw ) w ,ms nui nmccm h ihe  at the ’ pme’rhe.uul.
ddmn ung the f irst clas s operat ion. I)uring thic fu it urth I lumw c’ver , l i c e - mu ’ . , ’ , m f the culn u conditions uluring tbmc-
t hav , t s’.’uu ne’tr u grael e and umff -hu madin g cyc l es  m i t  12 cn n- tests , the nudutioniS sec- me’ never  se’vc’re en mmui ig bm tum
t ,um um cr ’ .  e’ach sce ne fum lhuu s ’ .-ed liv the retrograeimng of all d egrade’ cu m nta mner- huanc il mn g um pe- r ; ut uu m n s . Sonic d’ ,m r e

18 ctm ntaun ers eunp km~ ed d ur ing the umperation , l’u,r the’ must hue c’xe rc iscd h~’ t he tag lm ne hamidler s ,mn d c- run.
la tter uu pe r uu i uun , six con tainers were kuade’ d trans- um p e r mnuu rs  n , ni-ut utmm p ; u e ’t the’ containc’ r ag.imns ti me’
se’nst- l~ tin each tm1 tim e three e’ -,uc msesv ,m v scctiu)ns, supe rstrum cnure umf time’ I Ci’ .

‘[he’ 40—femot ( 12,2-ni) ‘ . su m r k m um g rad i us  impuiseeh umn Onh~ four c u ,t ut a mi uers were ’ of f- ht i ,ideci intl w i
the’ crane made in necessary mum warp the three- se cti cmm u ret  rum g ra d e u l  dimming the’ tes t w i t h  t he I
causeway five t i t i r u ’s for the c rane uu u reach all 12 cum n- ‘[he initial I.(’M - 8 test was with the two c’m unt , um n m e r s

- - 
.
~~~~ tainers. lcmae i eul cumic ’ I iv ’ s iu j e ’ , ‘[he e’r m m wded c mn clm tiu , m is result mug

‘I’hc’ 3x 15 c ;iuse’s’ .’as ’ fe ’nn~’ is essential ly limited tuu from this himadmn g required the tunic handle-ms t u u  se’ emr k
a ma ,xiumm um b ailing uuf 100) loins (90.7 Mg), which frumm time- wing wall ’- it t ime e ra f m ‘l’ hmus is arm uums ,if e’

means  u,n lv fumur full y loaded 8 x 8 x 2 0- iu m u ut  svmmrkmn g cuwm dmt ion , e’s pecmm hlv el t urim ug rough w auc ’r
(2. 4 x 2.4 s 6.1 -iii ) containers can hue imandled per ce >nditiumns, Sulmsequent off -Im iad im igs were m.uule with
sect  ui,n, ‘l’Imesc can lue loaded transverse l y itt longi’ m m lv one container in the I . :M-8 .
tutlmnall y on the causewa y sectit ,n. One disadvantage

‘-~A V I  AC P40 1, “Pontooui ( car IIai’itlbuuok,”
1 ighter mmm ut im,ns mire- covere’d mm Volume’ IV.
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4,10) TURNTABLE OPERA’rION l ime csm , i lu l i sh mmnne ’ nt  and nuaintena nce’ emf tine
I u .il.inm’ .-t ’ puu uni iii e’ac iu hoad (truck/trai ler ) m m the turn-

e ss f u I  tipe’r:ltion m u f  mIm e turntah ihc us ‘it-pc-n- nahulc ’ se mi ’, tim e - ku’, factu ,m in the s uum ,c’c’ss f t m l  antI rapid
de’nm uumu has’ung time ’ e’i.’nte’r m u f  g risun s u u f  time ’ lumad um p e ’ ranmuun u t  time ’ turnt al u le, ‘I’ ht.- sc c’ug lmt dmstri iu utuu un u t

lii e~i is u i se ’ r the cente npmn iii t i m e  uun im t au i l c .  l ime l u m u m i  all time t ruck/trai ler ununs emp luived varied, I loscev er ,
can t) ie’n hu e rt)tated quite e.isu l~ as ti me air h earings are .ms soon is the ei ruve’ rs anti the turnta hule umperatom
pract  c u l l s  f nie’t icu m u free, ‘[ lie’ umt mlv fu mrce r-quire’ ei is I,e’caune fat m’m iliar with the characterist ics cm1 eac h unit ,
nhm , m t need ed to uive ’ mc um nm u e inertia inch ,iccelerate the tlue Imahancu ng pruiblem svas resolved, ‘[hus us ref lected
l uu .id , de’ce’ he rati um n and stu ipp mn mg if rotatic m n reqdiires in ‘l’aum he 5. w here operations shumw .u ul;uv’ iuv’dav
aim eqti;i l i i r ukun i g  l umm ce in the opposite ti ircctmon, irnpruu’.’enient A turnta hmle cycle tinue u I  1 minute is

i) c 1u I u’ , rncnt it the turnta lulc and its mis seu nl uhy p mssi lmle as time crc-sc ’s gain experience.
presente d no s e n muuus pnumi mlem~. ’F lie unit was shi pped
I rum um u I’ urn I lue-nerne to Coruuum at lu) sn;,we ml on a 3 \ 15
e ad us c ss .u~ se m, tmuu n in the s’.ell i mf an l,Sl), ‘[here the 4,11 TRUCK/TR A ILER OPERA TIONS
lurnta iule’ w as remuived frumm the transpuirting cect iu m n
amid asse mn hule’d umn a second 3x1  5 causes’.’ay section b~’ ‘[he six truck/trailers enup toved in the tests
h’I II Il( - I) ON F perst innel , , ‘\ ( l’. I. representative was performed welt, ‘[he drivers indicat~ ’) some difficulty
prumvid ed to . ssmst PIIIBCB-ONE persumnneh who were with trailer tracking when the truck drove cuff the
uu nfa nm u hi.ir wi th the structure, t i mbe r - re i  n f e mrced  roads ’ .  av during a hmv- pas s

During the’ tirsn day ’s ope ration with the turn- nu’aneuver . ‘I’he loss emf deck area din the pie rhead
ta iu le , the ttmtah lift cievel e mped imy the air bearings din resulting fri-urn the mounting of the turntahm le uun tine

the ru uta t in g secti dm n sv.ms tmnt y 1/4 inch (6.3 mm) in of the pierhead sections sum congested the area that it
c’uu mmm pa nis u m n mum time 3/4 inch (19 mm) required for was not possible for the truck/trailers to imy-pass on
at le’quate umperating clearance , ‘[his conditm umn , which the puerhead. As urmanv as four truck/trailers s’.’cre

rc’sulted f rom aim leaks and poor leveling of the teirn- waiting on the elevated causeway sections while one
tali le , numade cente ring of the truck/trailer units truck/trailer was being loaded buy the crane on the
esn met t ue -l~ crit ical. Air leakage through a gasket in one pucrhead.
i f  t he’ air bearings add ed to the day ’s problems. h a d  the turntable been positioned on a separate
I) urung t his mnutia l operation , severa l rotational c a u s e w a y  section seaward of the number one
premblems umccurrcd clue to the com hmunation of trucks pierhead section a,s originall y planned , t here would
hieing spuutt cd miff-center and the kiss of one air have been sufficient room on the pierhead for a
bear ing in one sec ton . Re-leveling of the base section , truck/trailer by-pass maneuver; this would h,mve
cemrre ctmuin uui the air leakage prohmlem , and the eliminated the truck/trailer delay times and would
rep lace ment of  the’ damaged air iuearing restored the have provided a truck/tra iler cycle ’ t u ne to match the
3 /4 - i nch  (19-mm) clearance , and the turntable crane cycle time,

u m perated without problems throughout nhe’ balance oil
t he tests ,

p
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SECTION 5

FINDINGS

5.1 CONTAINER’HANDLING OPERATIONS 9. I’hree tag lm ne- h andlers appear a d equa te  nu, unman-

eu’~’c r and pimsition the spreader bar mr spreader liar
- Under ideal sea conditions , crane cimntamner- with euintainer ,

hand l ing rates of up to 20) containers per hour were
10) . ‘[lie tes n condmtie ,ns were not suffucuent lv seve re

atta u mue d, imut the umvera ll productivity se as degraded to
te, fully es’aluate the spreader l,ar,

15, 4 c umntainer s pen hour imecause truck movement on
t he causeway could riot keep up with the crane 11. ‘[he slings performed adequatel y under t he calm
uupe rat ionS. ‘[tuck ti me thominates the critical path for conditions ut f the test.
iii mth c.u mm sesc iv ft,’rr v and I ,( :~ r ciperatio ns.

12. ‘I’he slings require muire time ti m position and
2, i’he 15, 4 eomuta mners per hour rate was attained secure to a container titan the’ manual spread er under
s c - mth the causesc ’:u v terry ,i nate of 14.6 per hour was the calm conditions of the test ,
attained sc’ut h the I,Cil .

13. I”cmur tag line handlers were required to posutit in
3. Based t in the estimate given in ‘[able 6 , the and secure the slings on the container,
cumntainer-hand li ng rate umf 15. 4 pen himur can lie

14. i’he use umf slings to retrograde and uiff- load ccmn-
ex pected to degrade to 8.2 and 6,4 per hour in sea
states 3 and 4 , res pectively, for the causeway fe rry, ta iners placed transversely on the causesva~ ferry can

be hazardous for the taghine handlers .and t he 14.6 pen hour rate to 5.2 per hour for the
IC t  in sea state 3. Operations with the I.CU are not 15. The test conditions were not sufficient l y seve-ne
advisable in sea state 4. to full y eva luate the effectiveness uuf the stings.

4. A 90-ton (81.6-Mg) rate d mobile crane , lifting a 16. ‘I’he 3 x 1 x 8-foot (91 .5 x 30 .5 x 244-cm) Icing
fu hi loaded 8 x 8 x 20-foot (2.4 x 2.4 x 6. 1-ni ) con- outrigger imeanis provided an adequate load-spreading
ta m er at a radius of 4() feet (1 2.2m), is working at i)r device fumr the 90-ton (81.6-M g) rate d crane,
near its maximum capacity .

17. ‘I’he beach ramp was not difficult to install; hose-
5, ‘ I’he 90-ton (81. 6-M g) rated crane, working to a ever , im urial of the end of the ramp presente’d
ma ximum radius uuf 40) feet (12.2 ml, was able to problems d uring rememval,
reac h um n h~ two conta iners Imefemre repositioning of the

18. A built-up sand ramp that falls within the highl,( ’( mmr 3x l  5 causeway femn~’ was required.
water mar k requires cumst;mnt re imuilmli ng and main-

6, ‘[he full y operational 90-ton (81.6’Mg) rated tenance.
mem imile crane , wh ich weighs 74 tons (67.1 Mg). was

ahulc to safel y travel the elevated causeway to the 19. W hen the end of the ranup coincmdes with the
normal beach profile , a reasona iml y stable condition

pierhead and could easily negotiate the access ramp at
t he imeach end of the causeway. ex ists , even w ith waves running up at high tide.

p 20. ‘I’hc timber reinforcement for the ponteton deck7. The spmeader bar , guided on two sides , performed
we ll under the calm conditions of the test, performed satisfactoril y for wheeled vehicles.

21. Stee l cleats em the tract c mrs shattered stume8, ‘I’he spreader bar was faster and easier to poSitiofl
timbers and tore loose some e)f the steel restrainingand hock u-unto a container than the sling spreader

under the calm conditions of the test , stra ps.

I)iscusso,tI in Volume II.
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2 2. .-~ dt h i tmuimual  cluc k rem nlorce’nme’nt us required tuu prim ’ 28 . I)urimug ix-trognacle . mo re e’u mm pt~ c u , u m n,i mume ’ rs can lue
‘,‘mt le’ h i m  unimproved contmnuu)us ts c - u m— s ’ . ; u \  t r a f f i c ’ t in t h e  himac lech ina nmssems e ’ ls ( I t ) )  t i man i uunm g m nuu i mum .u i hv  ~~ tin
causese ’av . the causeway se e tmu m n,

23 ,  ‘[he \ %8 ,\ I stee l hieach mutatting pcrfu mrmee l well in 29. ‘[he I Ci’ pnuus ’mc led adequate’ ane .ms h u m  tag imum e-
su pporting the contaum uer-Ja tien truck/trailers and handlers and niumuuning line imanellcrs .
cranes .me ru ss t he sand Imeach.

30. l ime’ superstructure nI the l,( .t~ us sc rv chumse m u ’

24. ‘[he turniahile reduces time area required fun the c imm mtai ner-Ii madin g area . t hus inviting i .utmma g e fr im n u m
truck/trailer turnaround from an equivalent of eight impacting containers ,
causeway sect u i) nS to a sing le causeway sectu um n , 

- - -

3 1. I lie cruuwe lcd ccmnd mtiu ,ns result tag I num tmm loam1 mug
25. W bmmlc the turntable pcrfuinmed adequately in two cimntainc rs s ide-by-sick ’ In the IC\1-~ generated
turning the truck/trailer units on the eausesvay, unsafe’ working conditi uuns tuu r  the line bi~ m dlers ,
se c  er ;m l ad d mtion s to simpli lv and improve its
iupc raui umnm we’re f’ound to be’ necessary. ‘l’hcsc are

5.2 LO/RO OPERATIONS(a) Pumsver tu u  rotate ,unci stop the turntable.

( I>) -‘sri air uuanm fotd ss stem to pruw mde equal this -  I - ‘I’he top-lift Ituaehe’ m perfuurmed sa nis I;te -tori l~’ during
tr t hmun i m ’mn of air to all air h earings, the I,o/Rim tests , ‘l’he unit was able tim easily negotiate

- - ‘ . - time causeway ramps with a lull’,’ loaded container.(c) li fting padev es t m  facilitate han dlin g of the ‘ -

turnta lule assen’utulucs, 2 , Times to unload the containers varied from an
- ‘ ‘ average of 1.6 minute’s per cimnta mner on the first s e e -(d l An indicator scale painted uun thc rotating - - -

- tmon (nearest ~hor c) to 2 ,4 mnunures per e’on taunc ’r on
platform t i m  assist t h e  operatcir in achieving , -the third section.load imalance.

- - 3, ‘l’hc Mum-M a n requires a premperh y prepared sulugradc’26. (,um nta m n iers loaded transversel y acmu,ss t he cause-
- - - to suppont thc t(mp- lif t loader,sear ferry restrict the passage area for line handlers

during container-loathing and moturing emperations . 4, ‘h’ime’ M8A I steel mmiat t i~ h u u , m m re’p hac ed the \ luu- Mat

- ‘ - perfumruned sa tmsfactor i ls ’  with the top- luf t  loader,
27. 1 he svut lth of the causeway ferry prum v udcs a larger
spotting area when loading cu)ntainers longitudinally
onimoard,

--- - —-
p
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SECTION 6

CONCLUSIONS

6.1 cONTAINER-IIANDUN(; OPERATIONS II. ‘l’he manual spreader liar is more ef fec t ive  than
the sli ng spreade’r under calm cumnditmons , whereas tIme

- W it im the crane’ mupe ’ra tung seuth -a 40- foot (12,2-rn ) sling will be unore effective svhen emperatung unuier
maximum racl iums restriction , the elevated causeway severe sea cuinditiumns , I lu mseever , the manual sp read er
ss sue ’nm ,us nested ut Cumron;uelii can lie used to transfer bar will be more effective than the sling spreader for
2t)’ton ( 18-\I g) comntainers from lighte rs to the beach . retrimgrade operations under all sea ecmnditions.

2, um nd er ideal sea cm m nd mti um ns and wi th improved 12. A transit iumn ranap us required fronu the elevate’d
t ruck movement , containe r-handling rates of up to 20 causeway tcm t he lieach, ‘[he one presently d es  clum ped
c uunnaunems pe r humc ur can lie’ sustained if given expeni- meets the requirements.
enced crane operat um rs . ‘rhe crane operator is the key

13. A more effective method for sec uring th e’ timberu i e tc ’rmunanat to the cr ane-handling rate. Significant
reinforcement tim the pontu)u)n check mc required,degmae hati um n set lh umceur as the seas pick up in excess of

sea st .ute 2. 14, Street pads on t m ;uctumr s wumuld result un much less
damage to the timber check reinfemrccment ,

3. Wit h trained h u t  inexperienced crane operators ,
the cumi ut ainer-handhing rate will probabl y be lower IS. ‘I’he tumntalmle is ess cm it iah tui the conduct if

titan the test results; es’en under ideal conditions, the cargo-handling operations on the elevated calms esvav
rate ’s may d egrade to 10 containers per hoar. system. However , sitnp lmfie ch and imprmivc- u l rurntai mte

4 . Based solel y u n  productivity, there us no signifi- operations need to lie d eveloped .

ca nt difference Imetween the causeway terry and the 16. ‘[he causeway henry makes a more stable
l.Ct the l,(,M-8 is less effective. platform than the l,CM-8 or the l,CV and is less

susce ptible to damage.5. -‘s 90-ton (8 1.6-Mg) rate d mohmile crane is marginal,
but it can lie used with the restrictions imposed as 17. I.e ngitudinal loading of conta iners is more e’ffi-
during the Coronatlo exercise, cient than transverse limading in that it provitics milore

6. A moimile crane with a greater lift/radius capatmi lity working area for tag lmne handlers, provides free

125 tons (22.7 Mg) at 50) feet (15.3 m) radiusj is passage for mooring line handlers, and requires less
to lerance when spotting containers dun the deck.required for more effective container handling.

7, “s d evice to reduce shock loads to the crane boom
may lie required during dmperations in renigh seas. 6.2 LO/RO OPERATIONS

8, The alternative pedestal crane provides sufficient
I. ‘I’he l,om/Ro causesear (‘err’,’ is a current i”leetads’antages to warrant further investigation.
capahmilit~- availa hute for all types of cargo movement.

- ‘ ‘P 9. -‘s moimile crane that comuld handle 40-foot part icularly while the more permanent-type’ of
(1 2.2-m) counma m ners would lie larger and heavier than facility is being constructe d or four shcirt-c luration con-
t he crane emp lumr ed to handle 20-foot (6,l’m) con- t ingencies.
ta ine’rs , ‘I’he operational weight of such a crane

2, Ior most effective operations , a ferr y  t hat is longa ppears impractical for use on the elevated causeway.
enou gh to keep t he power and control unit lme u ’ond

10. I h ere were not sufficient lighter motions to the surf zone when th e ferr y is iieachecl is miesured ,
full ’ ,’ evaluate the ca pabilities and lu m im ita t i o ns of the
manua l spreader liar or the sling spreader.
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3. Uumuh e’n ideal conditions , the ‘causeway ferry in the
I mu Ru n nm’mode can ~usmain d e l i v e r’, rate ’s umf 20 con-

tainers per hoe r with the present level um f personnel
training ml given the pruupcr number dii ferries in the
shuttle.

4. .\ sa nd ranup to pre mv mc le - a Ies’el nuu ;umis ea v to the
hmcac hct i c ,i mmse- ss us Ienrs us tu nm nme ’cessar ~’ , construction
oh such a ram p us mime c’umnsu ming.

5. ‘F hmc advantages of huuadmn g the containers hong itu-
thmn a l ly on the c’a iusc ’ce ’av warrants fu rther investuga-
t ion into a st raddle-ns’pe c um nmaun c r h andler in lieu muf
tilt’ front- lift huiache ’r ,

-‘—---p

_ _  
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SECTION 7

RECOMMENDATIONS

- ‘s larg e uuuu ui ,u he’ c’ram ue- , stic h us the P&I I 9125 I 0 ’ 5. \ le, imms imf impnuuvmng truck mno,vemu’me’nt on time- cause’ -
rated .im 140 tuuns (127 ‘sIg) , should hue emp lumvet l tin sea s to  increase container-handling pr m mtlcm e n m e ’ mt y
elevate d c.ou usese .i\ s for cuu umma m ne r - ha nd h mn g umperations . should lie investi gated ,

2, Stradcllt ’ -lm tt cu mnta mne’r imanchlers with suffi cient 6. ‘l’he iui mpa e m of 40’fcm uut ( 1  2 , 2- nmi) d’um n m taun ers out the
m u >55 en te i negotiate the causeway ferfl’ imeachmng raumip h~levated Causeway System should hue unve-sni gate’ c h,

s imumuld lie unvcstmga recl fo r handling cc mntamn c rs ho-adieu) - -
- 7. Investi gatiomns and advanced dcve ltupnmc’nm planshem ngmtud ina lls - tin t ime causeway ferry. -and testing oil the pedestal crane simould lie cu m num nued

3. Street pads should lie used tin all tr;mckecl veh icles to develop its potential to cope svith the impact of
t raver s mm tg t he elevated d’ause’ss’as ’ , the 8 x 8 x 4-0-foot (2.4 x 2,4 x 12,2-ni ) containers

- - - - on the CO’l’S Elevated Causeway System.4. Mmudmhmca t io mm m m for sitnp lmf ymn g and mmpr ms’mn g the
um peratmon of the turntable should lie pnits’it led.

L~

‘

I 
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SECTION 8

FOLLOW’ON PROGRAM

Cumnuipumne nmt nm e m cI i fm c a tm u u ns anti stuu.hme ’s presently • I)c’ck neunforce’ rnenmt

cont plc’ne’d. u nclc’ rss-av , uir plan ned are’ mc hi ml Itisc s - 
‘ - -

- An impruuved nmeth umc l h u m  securing time’

• lu m n m ta l m lc  timber remnforce’ment n um the’ pu untu m uun

- ‘ - ‘ deck has ime’en d eveloped,
( I) I by adchmttcun cml aim un(mttur with e’ham n

t hrive t i m  p~svet the turntable mi s  Imeen • Alternative cranes

ct uim u phe’te’el. - ‘ -A mounting hmasc ’ that us nuinmuna llv cm mnm-
( 2 0  ‘t he- I a hmn uc a t u u umu umf an air nmanmfuu ld svs te ’ nml pati huhe sc m t hi the I’&I I \h( - - 5 0 m  and III-.

m u m  t h e  air 1-mearungs has hueen co mumup leted. ‘,il</óO ped estal e’raimc has  hx’e’n uiesmgneti .
Ac lv ;u need engineering tests with the

( 3 )  I i t t  ung pamhi ,’vc ’s has-c lmeen adclctl to
- ‘ 

‘ - pedestal crane are planned.
lae u hmt ;mtc hiamadling.

- ‘ • l,o/Ro
4 )  ‘su m indicator se- ale has hue’e’n painted on

the’ suml c oil t Ime remm atin g platform tum aid in An investigation of straddle-l i f t  cu ,ntamner

luuat l hialancing. handlers for the I,o/R uu uuper atu o n us
- - planned.

• Cenitaincr’handhing cupcrations

An investigatic m n of the’ impact mu l t h e
4 0 - t o o t  ( 1 2 . 2 - r n )  container on the’
Elevated Causeway Syste ’nm is planned ,

— ~~~~~~~~~~~~~~~~~
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SECTION 9
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[lie fu ill umwing turganizations provided durectitun , • Naval Ship Research l)evehopmenn (:enter ,
e’quipmuic nt , experience , and personnel necessary tel Carderock , Mary land , cumm i ducted the motion measure’
achies’e the excellent results of the advanced des’elep- ments and analvs~s umf the lighters moored to the
umuent test ’,, Without th eir cumoperation and support pierhead .
th e pruigram e-c mu ld not h-ave been accomp lished - -

• Nava l Electronics l aboratory (c u ter , iluman
• Ceummancler , Naval Surface Eorces , Pacific , Factt mrs Division, Cod e 3400, San l)ucgo . provided the

auc himriied the’ Amp hibious Units to support the prim- human engineering stud y of the elevated causeway

gram. sy stem,

• (:uum mander , Naval Beach Group, Amphibious • Public Wumrks Center , U.S. Nava l Station , San

Re-fres her ‘[ra ining Gromu p, Cemrem na dem , approived and Diego , faimi icated the spudwells , installed and load-
c- uutm nt i in aueol the beach support operations, tested the external spudwells , and provided welde’rs

- - . ‘ ‘ dur ing the operat iomn.
• Arm uphii um om us (.imnstruct lon Battaliemn One pro-

vit led the personnel and equipment to direct , insta ll, • Ce m nstruction Equipment l)cpartment and
and operate the elevated e’auseway. Marine Terminal L)mvision , NCBC, Port Iluenerne ,

- ‘ . - - assembled all of the pierhead pont oon sections.
• Amphmt ~oius Assault (raft Unit One furnished

and i,Lt’ landing craft and crews used to ferry the • ‘rranaportation Division , NCBC , Port Ilue-
co mnta m nerS , neune. premvided emperators and a construction crane

- , ‘ - , - for hemth the Phase I and Phase It tests .
• l’mrst I-circe Service Regiment , F irst Marine

I) mvus mum n . Cam p Pendletcmn , California , provided the • CEE. Support Operatio ns l)epamtment. Logis’
drivers and truck/trailers used tum move the containers tics Support Division; Planning Branch ; and Technical
on t he causeway. Support Branch,
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Appendis A

Sh IP-TO-Sh ORE LI(;IEFFRM.E SIIU II 1,1- ANAI .YSIS

(:RITE RIA

I-m um miii fe-rent nmumde s u u I u m pc ma tutu n are’ c-ui nsmt le- rcci -

I. I . m u ’ R u u  uimu uchc ’ unhumat le ’ d u n h ea th  s s ’ mt im t u mp ’ h mt t  luuat le’rs

2, Ru m /Rum meuc le’ rumhl ing tiff at beach

3. ( :muse s e - a v henry us lighte r unloaded .un e lcs’ate cl c. u m ms c - ss us

4. l,CU as terr y unlumae led at elevated causewas’ .

‘l’hc criteria f u r  anal ysis are:

I, Operatim mg c’ cm nc l i t uu mmms near ideal; degradat utun clue’ t i m  n mmtune ’ st ’s c-ri ’ se - is  m u m  inc luded .

2. ‘lest data rect mnst ructe ’ cl to m rmi an ch se en ,imu u ,

3. (: ms~ s~~~ ferry speeds hmasecl on the umre t ic al pum~~er curs  c-s lumr .1 ~d .tner Jct h mrmm p ; m l sm u ufl

plant that is under deveiumpment.

4. ‘[he limited aum m iudunt u I  miata un imat tul i m u c ’s nuut pcm numn gme - .u nd -r m m c m  u c i u u m u  mr niumrc
sm)phistic atedl modeling.

5. ‘[he analysis us f u r  susta ined Iuu ad hut mg rate ’ s per m.. - ai time ’ ( ‘ ‘ n i t  ,u m mm em I ) mse fm .urge

l”ac’ilit’u’ ((:l)I~).

LO/ RO MODE

Mat hematically the rtuund tri p time (or a causeway f er rs  us ‘ iu ’ t m ne c l us tras ’e ’ l ironu
le ua ml mn g platfturm (full y hc mad cch ) teu unltmadung pum m nt antI return ( cm m m N~ l’he cc untai uue ’ r-
t imad ing time at the emffshimre -loading point us e’xc lucled, ‘I’h us ncmcm nd t r i p time’ (in ununutes )
can lie expressed as

S = 60 + 
k~

.)+ Tm + Tq + 60~ . (1)

p ss mer e S = round tri p ti m e (mm )

D = d istance offshore tom beach (nmi)

= ferry speeul (k t )  in and out , respecti vely

Tm = time (mm ) to momor ferry at unloading platform and at the beach

Tq = equipment queue time (mm )

= unloading rate at beach (containers/hr) for scctm tm n under consid ematio mn

N = numlmer of containers handled (section under eenisideration)

- 
-
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l ikewise, the ferr y co nta iner-Icuadhlng time (in minutes) can lie exprcssc’cl as

C = ~~~~~~~ (2)
R L

where’ C = time (mm ) t c m load ferry

K1 = lumading rate (containers/hr)

‘I’hus, t he t uuta l cycle time (in minutes) for each ferry, TF,  is

= S + C (3)

‘[he pacing parameter in the system is the offshc mre loading rate , wh ich sets the
u le ’hue c ’rs rate Ace mrding lv , the numbem of ferries required , FR, in a shuttle te m sustain
umperat ions is given liv

S + C S
FR = C ~~~~~~~~ 

(4)

In evaluating S. the term 60 
~

(N/R
~

) is obtained from the test data given in the text .
an d us as follow’s:

‘[h ree-Section Four-Section Five-Section
Ferry Ferry I’errv

‘l’ime (mm ) tu i unload ferry 
23.6 35 .2 48,8

(f i m e ur e- iuntam nc’ns/sect i(un )

.- \ l s un , the term 60 l(D/K~) + (D/K 0 )I can be evaluated hi~ calculating speeds of the
ca uise-se,i s ferns’ four light and fu l l y loaded conditions; the results are :

I I 1~~ ***ID +—  D ÷ —
Ferry 60(—’~- +

Make Up K~**  K0 **  \ Kj K0

‘t hree sectiouns 5,0 7,4 20.1 (D + 1/2)

Four sections 4 ,5 6.6 22.4 (U + 1/2)

Five sectiuuns 4.1 6.! 24.5 (0 + 1/2 )

Assumcs two top-lift loaders at the’ hme’ac’h discharging to truc k/trailers just
off the’ causeway.

“Itascti on theoretical powe’r curves for the sclf’propclled causeway power plant
now under cdunt rac’n for fabrication,

‘ Mathemamicai ly allows 1/4 mile for lighter to accelerate from ,vro to full speed
and 114 mile to decelerate from full spced to zero , on the trip out a’-,d trip in,
Actual distance out is still “D.”

4 
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‘[he n e ’ r u mms T,~ am id ~ are ju mlgnueimt values . Assunmting Tm, the time mum mc mu ur din hueach

wi t h  prc’p;mrat ium n t im hueg in unluiadmn g. us 1 5 miii nutcs . anti allowing l O u  nuunutes fuun

cuunm inge’nc%’ I T~ I . tIme ’ re’t luiredl number tif ferries t i m sustauul c uuntunu uut is  u u h u emat uu uns was

c .ml c ’ulated b mmr v . urm uuu ms loac iuuug rates , C. amid dista nces umffshemre , U. ‘I’hc results arc’

pn’scnted un Figure ,‘s - I -

V u  cu es fumr numu ml tru p t imes , S. in minutes . are:

l”erry I Mile’ Out 2 Miles Out 3 Mm les Out

‘ I’hre’e ‘me e t  mm ii 
78 .8 98,8 11 m~( I  2 cu intainers)

Ftum. m r scctm cm ns V 3, )) 116 ,2 138 6
( 16 cc m ntainer s)

I- y e - sect ions —
- 11 ( 0 .6 135.0 I

2 ( 0 c um nta m nc rs)

\‘ a l cm e s tuur huiacl ing tun ic’ s , C. in minute’s , are’ :

Rate , RL
l-errv

8 12 ho 2~ 24 28

‘l ii re’e sect uc uums
- 

u ( ( (  60 45 3(m 30 25 .7
( 12 cont ;mm nens )

I ‘ n or s e c t  mimi c
- 120 - 80 6(1 48 4(0 34 ,3

( 16 cc m ntaune ’ rs)

1 u S d  s(( t it ii is 
150 100 75 6(0 5 ( 0 42 u~

20 c um ntauners )

[he’ curvu ’s uu f l:igcm re -‘s 1 i l lustrate ferry mequirements fc un d istances mu o n u u l  1 , 2 , anid 3
mile’s (a (0-mile ’ t hus tance us inc lc mc lec l f u r  interpolating when mh msta u mce ’ tiut us less than c u te’
mile), and for v ,m nu u uus ht ma elm ng rat es up to 3(1 e’onmainer % p~~ huuu r, [he c’umr m- e’s c .iti m is ,  hue
used t i m determine the e’f fect on the operation (in terms u u f  t ime ) when ferri es mum sers m d c

are more or less tItan required . i’or convenience t h i s  us ternuec h margin muf  s ,u t c - t ’  ,
p Man imemanuca llv ,

M5 = 60 ~~
— ( F S - F R ) ( 5 )

where F~ designates thy number of fe-tries in se’ns’ic - e’ , I - u i  exanup le. .u ss u u mmmn ’ itmur-cectu on
ferries will lie used to canr y 16 containers; the d istance uuut us 1 - 1 : 2  miles . anti tIme iuiat iung
rate us 14 conta iners per humur , Inne rptilatmng from the cuirs cc ftmr fu m ur-se c tuon hem rid ’s
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= 2.5

It th re e  Ie’nrucs .unc’ plae ’cml in se’rvucc , e;ueh te r n  scu ll bas e - i i i  ;u thc i m u m u unm a l  mmm a r g m ui if

s,ih e n s ‘f

= (3 , 0 -  2 5 )  
(60)(16) 

= 34 minutes

II u u m m i s  t scm , fer r ies are’ placed in se’ rs - ice .

M5 = (2.0 .2 . 5 )  
(60 ) (16)  

= ~~~~~~~ m inutes

l i mus rmm c - , m t i s the loading cr;mnc will 1;uve a 34-minute wait for each f e r r y ,  which in turn ss’i ll
et f t - t n  the’ umve ’ ra lh hum ac iu ng rate , umule ss t ithe r ns - ) m es m it  hi ghterage are’ mn nruuu lucec l mn t uu the-
m ’ , , it’ . ( I t  c’;u n lie ’ u mu m nec h frm m m tIme ’ cu rses that tw um terr ie s w ill sustain a h mmadun g rate ’ ut mum

mumrc than nine eumntainers per hm mur , )

If sa lues i t  Tm and Tq are e’xpe’cti.’d t im v ;mrs + rc,nm t i t u ise assum -n ed in preparing the
curves ( 15  anti 10) nuinutes , respect ivels ’ I. ant unicreas e- , uir d ecrease , s c u l l  hue required in tIme
nunm ’iiuen nut te r r ies ,  ‘Ibis ac ic lu t me una i re’dluireroie’nt e ,umm hue c;mlcu late ’ d lu’ ,

‘F’ + T ’ — 25

~ F _m q (6)H (,ON/R t

where T~ and T11 are differing ju clgnue nt values. Fumr exanip le . asst mnm e’ t hrec’sce t emit ferr ies
with h u ’ u m r  & - uum ut . u mnc ’ r s  per se- e- t m u m m m  w il l  be used at .m distance ’ uuut uih I mile’ ;unti at a umu ; mmhm m ug
rate m u f  16 containers per hour, But , ‘I’~ = 22 minutes antI T~ = 2(1 nmim uutc s , ‘[hen,

= 
22 + 20) — 25 

= (0 38R 60(12)/16

F R f n um r tm I- u~’mv u ’ :\‘ I us 2 ,75 ,  thus , the tuu tal  require ment is 2 7 5  (1,38 , u u r  a pp r unxi nm.ut e ’l’u
3 ,1 4 ferries).

‘[he times teun the varucmu s c ’ .utuse ’se mv fe rries ss c rc - ct m nm pume ’cl tint t h e  l u , msms euf t ss uu top-l i ft
humac ier s working the hmeache ’ul te rms , II c u mu hy one mc ,u y .uul: u hui e tcu lemac i truck ” u ra i le rs  Just m u f f
the causeway , the cycle ’ time’ fo r the uuu p-h i f t  htuade’r se- ill hue incnc’ase’t l liv a~m pnt ixiuuiate’ lv
I - 1 - 2  minutes per ccm ntat ner , l i m u s  mn turn will a f f ec t  t h e  nurniue’r tu f  f e r r i e s  required .
Ma the mat meal Iv,

S + C t N
I” = — + (7)H C C

w here us the eiue time per ctmnta lner , anti tIme ’ increase in le’ rmv rec 1t imre’ments is gis’en im~’
the’ secum nu t tcr nm. By stm h ms t i muturm g mIme valcue fuur C from Equation 2 in tIme sce’umnc l term , ant I
1.5 minute -s for tq. the new terry requirement us established

FR = 
S + C  

+ 0.025K 1

4
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- ‘sc an ex.mn tp le. c uutsic ier feu ur ’s m, - c’t ion fe rr ies , e a c h  carrying 16 cuun taun e rs t ime d is tance m u m u t

us 2 mile’s , time ’ hum am hing rate is 16 cc unmainers per hour; anti uinlv tune temp-l i f t  Immader is

,ivaj la tul e m u the hmcaeh , h” ru m um i Figure A - I  time numhue’ r imf ferries re’qumred us 2, 95. But sc uth

c mn iv unit ’ top-l i f t  im u ,ude ~. the hcrr ~- ree1um rement 1 uei. c m n u mu ’ s

FR = 2.95 + 0.025(16) = 3.35 or 4 fc rrics

l ime u i uc uv c c .uuil~i ,u l scu hue handlc’d as the t e mta l qucung time , ‘l’s . A que iuf 1 -1 /2  muum nutes per

cu m nua iner re-sui ts in 24 minutes t’umr t he femur-section fe’rnies ; thus , t he total que us 34
uuminut c ’. (includes the 1(0 nminutes alktwed for contingencies). Equat utmn 6 defines the
am id it mu m l  requirement:

- 15 + 34 — 25
AF R = 60(16)/16 

= 0.4

‘l’lte above’ de’ mum nst ration c lear l y  l!ustrates the need to use an adequate numhuen um f

t um p-h i lt lomader ’ m tum ma intain a stead y flum w of cum ntauners at the beach,

KO/RO MODE

‘the  luuatling Ion th e Ro/R um mode d iffers from the L.o/ Rim mode in that the fum ier us
huuaded with tsv um t ruck/ t r ailer combinations on the shore section , t wit on the mmffsh ore

stern sectiu m n , and fumur tin the intermediate sections, According ly , :m t hree-section ferry

scu uu ld haul eight containers; a four-section , 12 containers; and a fuve-section , 16 con-

t at ners ,

E quatuons I through 6 apply with modifications to some of thc terms. In calculating
mount) trip time th e terms are as fc illows:

Speed and distance cuut Unchanged as payloaei s are
appro ximately eq timva be nut to
t ,e m/ Ro

Tm~ Tq Unchanged; time t u u  mocmr at
humadin g pu nt and at beach us
equi valent tui I .c m/Ro ; same
far contingency

60 ~ N/R0 -evaluated as given below-

Based on I,o/Rc, travel times , and assum ing the truck speed s nuatch timat of the mop-lift

lumader , the trucks can ruml l-euf or remll’eun in one half the cau sc-se ’ ;mv remunel trmp time for the

top-li f t  load er. ‘l’hus , the truck roll-off time ( luuade th ) plus roll-c m time (empty ) us equal to

uune rt m und tri p time fe)r the top ’ hmft load er.

• I he causeway ferry in the’ K uu /K mu mt,cie is du~cussed mm Appendix I’ . Vo Ii”ume’ I ,

of the ouslXR : If r , - 1 u , u r m  - (is - u 1972.

66



Rm uhI — O f I Plus Ru il l-Out ( c- Ic-

lt m m s it i tut m I mmmc 0 ~~~ . uummc - r s ‘l’uitie pe’r
( sd’ d’ I l u ’ u i (  ( n :tint 1uc- r Sec t u m u l t  Se’e’ nm t i : (mint

2 1, 9 4 7 .6

3 2 ,4 2 4 ,8
4 9.6

4 2 .9 2 5 .8

4 11 ,6

5 3 , 4 2 6 .8

lim e -ru -t ire - , tim u ’ R u / R u ,  e’’,u,’lc ’ t ime is:

lb ne’e- -su’c nmu u nu te r ry  (8 containers) . . . .  15.6 mm

I’ tuur-sect ium n Ierr~ ( 1 2 ec mntainer s) 2(m , 2 mm
Fmve- se ’~ u ‘ u n  ferry ( 16  e’ontaincrs) , , , , , , .  38 , 8 nun

‘scc u i r iun mg l’, , the mi nd trip ti mes . 5 , in minutes , are as fo hleusvs

I- err y 1 Mule Out 2 ‘sI Icc Out 3 Miles Out

‘l’hree sec h u m u S  
70,8 90,8 11 1. 0(8 cu mntauners )

Fuuur sections 
84.8 1(07. 2 129 ,6

( 1 2 con tam umen s )

Five sections 
100.6 125. 0 149 ,6

(16 contaIners)

Values for C, t he loading time , in minutes , at the offshore point , arc as tcu hlc uss mm

Ratc , RL
1-e m ry — — ______

8 12 16 20 24 28

‘l’hree ‘,ectiumn’, 
60 44) 30 24 20 17,1(8 containers )

I”our Sect ii tt is 
90 60 45 36 30 25 7( 12 containers)

Five sections 
120 8(0 60 48 4(0 34,3(16 containers)
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I I m e re s ult s ire ’ ~une - s e ’ umme ’ mi m u m 1-uguir e’ .\ - 2 f u r  the’ a l um is- c- S antI C t;iltm e’s ,

CAU SEWAY FERRY AS LIGh TER AT EI.EVA’FEI) CAUSEWAY

l ime ’ Iure’vii udi s ;un ,ilssi s app lies . ‘I c, ;urrus ’ e’ ut s ,u lume’s m i t

Spe’eti .1 muc h elm st .u mid- c’ t mu t . . , , , , . Sa nue’

‘mn = 0, suu m ’e nmu m orun g munm uc ml
ehe’ v;m t e’d e’a m use ’ sv .ms us mnmc lud e ’ uI
in the 6(0 N/K 0 ne’ruum 

re-ace d to 15 numnutes to
account for uuuuuo r t im-nc- ut
it iading point plus contmn ge’ncy

(it) 
~

N/R
~ R~ = 18.0) containers per h,uiu

or 3 -1 /3  num neit e’ s p’ r euunta une’ r ,
ree’eunstru ete d fromum CO’[S
Cuironacleu data with inipremve’cl
t ruck e’m’cle time

A cc u mrt l m um g ls - thie rumund trill time , S. in minutes , is as folkuws :

l-e rr ~ I Mile Odut 2 ‘s t i les Out 3 Miles Out

[h re-c’ seen mu ’  mis
85, 2 1(05. 2 125.4

( 12 euuntauner s )

l’citir sce ’ tuuuums
10)1.9 1 24. 3 146 ,7

( 16 containers)

I’ ve sc’ctuuuns Not euunt pati hu le with eles’ateci caemse sv a\

‘ t h e  luma ciung rates , C, fuir 12 at tt l 16 containers ~er ferry are the same as previously
reccur deel. ‘I’he resulting number euf henries required us given in Figure ,- \ - 3 .

A comparison cif Figures A- I ami d A - 3  shows a slig h t ly greater fe mn~’ requirement at t h e’
elevate d causeway than at the beach due tel the unloamiing rate. ‘l’his diffe rence
t heoretically varies from 3’ ’ ’ to 9”-~, c a r i es  directl y with time loadimu g rate and muus ’ensel v svith

• m i us ta umc -e m m ut ;  and us independ ent uuf the number of sect ions per ferr y .
A conmparis umn m i t  Figures A- i  and A-2 shows a greater ferry requirentenn for t h e

Ru /Rum um’m uuule ’ ; the principal reasumn for this us that four less containers per (e rrs- are’
sh ut t led in the Rum /Rem m’rmocle . ‘flu e difference titeo retically varies from ahiout 3” , te u 3 2” ,
depending u n  d istance muut , load ing rate , and numluer of sectucuns per bc’ rrv . ‘l’he d ifference
us e im rect lv proportional to d istance out anti loading rate , and inversel y tcu numimer of
mmcc t uu un s per ferry .
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LCtI AS LIGh TER AT ELEVATED CAUSEWAY

In ana lviing time ICU in a like manner , t he fm uhlc mwing values are used

~~~~~~ f l u!
I m mcci  time in and out ’ . . .  60 ( 8.5 

2~~ = 13 , 1  (U’ 
~

)

Tm . . . . . . . . ..  = 0. Mooring time at elevated causeway
is inc luded in container-handling rate

Tq 15 minutes to allow fmur t ie up at euffe hore
loading point , pIus 1(0 minutes contingency

60) EN/RU . . . . .. .  R~ = 16 containers per hour dir
minutes per container; reconstructed
from (:0-I-s Coronado data with impnmuved
truck cycle time

For an I.CU pay load of four and five containers , the loading times , C, in minutes . are as

follow’s:

Rate , RL
Craft — __________

8 12 16 20 24 28

I-CU
- 30 20 15 12 10 8.6(4 containers)

1-CU
- 37,5 25 18.75 15 12.5 10,7( 5 containers)

‘t he round trip times , S, in minutes , are as follows :

Craft I Mile Out 2 Miles Out 3 Miles Out

I .CU
49.7 62.8 75,8(4 containers)

L.CU 
- 53 .4 66.5 79.6(5 containers)

The required number of 1.CUs to sustain the loading rates is given in Figure A-4.

Itased on 10.0 knots , light; 8.5 knots , loaded, Also, mathematicall y allows 1/4 mile
for acceleration and 1/4 mile for deceleration,

71

- - ‘!- -‘ ‘ ‘

~~~~~~~~~~~~~~~ 
‘ - .

-
~~

.- • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ —  —- —



I I t t I I I I

‘u’ ‘u’ C

\ ~~~~~ ~~~~~~ 

1
=

~~~~~~~~~~~~~~~~~~~ \\ 
\ e m\\ ~~~~~~~~~ 

ii

I’
‘Jt l/ S.iaUISiUO3) 3uVJ~) j ad ama~

72

- - ‘ “
~~~~~~~ L,_ . ~ , - - ‘—‘—‘--u’- - ‘ ‘~~ - - -, - u u ’s~~.,,. - ~~~~~~~~~~~~~~ - -— . — ‘.. - -  — —— ‘— ‘.-‘~~ _________________



Appendix K

S’EKA I)DLE-LIFT CONTAINER h ANDLING

j es u s  sv it hu a s ur a u i t hhe - Imt  n cuu i mt j i ne - r  hand ler f u r  the equipment reqdmirec l for the assembly us an 8-ton
I m m ’ R u  c umu ue ’ept we’re cuiumducte ’ei liv CE! - mt l’u,rm I iue- (7.2-M g) crane with ;m 25 ‘ f u mmut (7. 5-rn I huoum mu m , ‘I lie’ unit

ne’me . (‘ .u litornia , in Octolicr I 975 , hureaks down im ut i m s .c c-ui nuaj uir strum tura l  piece ’s , f u uur
wheels , amid the power unit, [he hc.iv mest simug le p cc ’
wei ghs ;mi meuu m 2 - 1 :2  tons (2.3 Mg I - l lie sh i~i~m mn i g

DESCRIPTION w e i ght cmf the unit mc a h i umum 1(0 - 1:2 tons (9.5 MgI.

‘l ime ’ su radt hIe’ - hmfu  ( Figure B- i)  emp hui ’ued for  the
tests seas .m Marine ‘I’rave hi hm Memdel 30A,\1O , 30-mon TES TS
( 27.2-Mg) capac ity ru huh mer ’umred mohuile nuarine Imoat
he,ist, Ihe ’ unit sc-as modified ( narruisc e’d) mdi pernmit A single 3 xl 5 c;muce’way se ’ctme m n with a timber-
trave l tin mIme 21 -fuucut (6.3-rn ) wide 3x IS causeway reunfeire’e’cI deck eca s lum ; u de’d s c u t h  four 8 -‘ 8 mm 2m ) - f o tu t

sect iimn. ‘t he mod ified unit is 18 feet 15 ,5  tim) imi gim his - (2 ,4 mm 2.4 mm (i-nm )  cuintam ne’ rs fumr the ’ test  ( l- ug cmre I t -I l ,

24 feet (7 .3 nil ium ng lu~ 16 feet (4.9 ml ss’icie and has A 3 0 - fm m umt (9-nt) lu ng steel ramp sc ,ms ccm nnecmecl to tim,.
an unte’riu,r eIe’ ,u u sc mdth c u t  II feet 3.4 m I, Si t mc ’c’ the’ c ’;muict ’se ;m s secnuomu and ha iti m m .m bu mlt - i i 1m s,mne l r.uunp
strad d le-li f t  us umf ope’uu-e’ mudec l ce uns m ruc t i tmn , it c an reinforced with steel nm;uttun g , l Ime s :unci ramp s e as
s nram lmhl e an 8 x 8 mm 20 1 - h u m m m n  (2,4 x 2. 4 mm 6’m) ccun- graded ic, pru mvm mi e .u level .ipprtuaeim fnmu m the iue’ ;m~ hm to
t ,u i mu e- r , ‘lw- cu t lcmu lule-drum b u s t s , sc lu uch are’ co ntremlhcd the ca u us e ’u’; m s de’ck ,
si moim ane ’mm us I~ uut uncii vidu;illv (mc m i the umpe ’rat c ur ’s ‘[hue s t ra d d le - l i f t  scas c’q imm ppeui ss th u f umur s i t e -I
stat ut un , are’ cise’d tem lift cmunt a ine rs , ca hde’s and hoemks fuir  a t t ’ac hnienn to time top c - ‘m ci

‘l i m e -  s t ra m i u h le - h i f t  us 1mdu ec’ e’ re’d cc - i bm a 95-hip fun  nings of t h e’ cont;iine’rs, ‘I’hc’ str;iuiclle’ -huf t  t r i m  e ’le ’ml
(70 ,5-k ’s ’s’) g us im l une eng ine whic h prumc ’ ides sufficient , m c rmu s s tim e reinforced sand rauuip, muv e r mi me’ ram ump to  u lui ’

) ‘ uus mmc r t i m  me g mn m;ut c .m 6- 1 ‘2”~ grade’ u um mum attain a causesc’av, to stra d dle time ’ first cont;umner. 1 5 c m ,  nient
tra c c- I spec-ti ~,t I 1(0 ilium m u m  lev e l grade ut hull load, sec ured tile f umur hmm u m k s no t ime e’umrner s , and the’ e ’ m i n i-

Flue’ m u  mit is suiupuurte ’ ml lus ’ fcuun svfmcc hs (46x 16-28 pl~ 
ta m er sc as l i f ted (Figure 11-2)’ ‘[hen the strachdlc’-hi f t

mire ’ s , ns s u , m m h cciii, Ii ire m hru s en  and cmuu i t rcu l l e ml  fre mnu h acked uift the ranuip anti ,ucnmus s time hme ’ac bm tcu .1 sc a imun ug
the , i 1 m c ’ rahuur ”m s t . m t m umn, flatbed tram len, ‘h’ here’ ut r,u mccii the container tim clear

l I me , u 1 u e r . m t mu r ’ s s n .mmuuum m us hmuca t e mi ut the’ lower enel the’ tr ;m mle r , stra d d led time ’ tramlen , and cle p mi sune ml the

‘I mmn c iii time f m mrwar t i  euuhumi mt m, (’.m m ntr , mis  fu m r st arting container directl y cm nto the t ra i ler  ( I- ’ ugure’ B-3 1, [hums
, umum i c - um nt rtuhhuu ug ihm e engine. tupc ’rating the’ use m lift cyc le  sc’ ;us repeated until all four e m ,iut ai ne ’ r mm ss’crc

huuis t s , ami d n r u se - I  ,uncl steering are’ lumeat e ’ti am the uiuicmac lemi . ‘l Ime results u m f  ti me test are- sm unm uuuua nu, e ’d
u m perau u in ’ s sn am m m m i .  below,

‘l ime’ Ii in .u I operating mc u’ig bit m f t h e’ s n radci Ic—lift Beach prepa rat mu m , - ‘  I hi mdi
w - im hm nianu-al spre ader liar is abe mut 25 ,10(0(0 pumunds

- - Beac h n mammung ;mnd sn , m hi m l m , am i omu , 2 - h ‘2 imuue i ms
.~~ - ——~~~~ o l l . 3  Mg I lm m sces c- m , the total weight sc’i th ;m full y

Ii u,u m ii’m i m u  mom a un er is a I ‘ ‘ i ou  70,000 p0mm ntis ( 3 1  .7 Mg). N u mImer cuf comm tam miens um i l

Sunce ’ u hus wheel li mau l c ’\e -ce ’uhs the desi gn limit of 75 loaded . . . .  4

~msi (5 16 kI’ .m ) t m r  t ime ca musesc - . us , deck reinforcemen t is It i tal (uff’Iemaei m mimic (m m ) ,   45
rc quireul. Average cycle mime , rtmun d

‘lii hat ul im at i’ tran s porm at mm mii and erection , the mrmp per container (mmu mn )   11
main frame ’ mc mie ”migneui in hm u m ht - t em g e t her S& ct ions. Average’ time d)n’lioarc i
1 hu n t nmd - n, mine ’ of which mc a trained nuec- hanuc , can causeway (nun) 3- 1 2

, m s s u ’ muubm le- t h e’ umuu t in approximatel y 3 d ays . Minimal Average time mu pick up
eumntainer (niun) , , . , ,  2
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Figure B-I. Straddle-lilt traversing leveled ramp to causems u~

‘
4

‘p ‘

ml .

Figure 11-2. Straddle-lift with container.
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Figure 11-3. I.oadmng container on trailer with straddle-lift ,

DISCUSSION

‘l’he stra d d le-lift evaluated did not have sufficient
power to negotiate the causeway ramp; therefore, a
graded sand ramp was required. ‘I’he time required to
construct this ramp for each e’auseway ferry would i)e
exc c ssms ’e ,

In general, the straddle’lift modular construction
provides (or easy transpe mrt to the site via breakbutk
ship, and t he relatively low module weights permit
assemb ly at the cute with relativel y small equipment.
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Appendix C

PEI)ESTAL CRANES FOR ELEVATE!) CAUSEWAY

,\n .ulme ’rnauiye bum the muuhuile’ c rane us thc fixed One distinct adv antage cuf tIme pedestal cramue ’ miv er
crane wi th  re’s mu l v mu i g superstructure ’ and crane’ i mtuu u im m t ime mcmluuie cr ane us time s.mvuum g s mum sveig bm n - A pem iestal
t im - at  us cap aluhe of ruutating 36(0 chegrc’ c’c in either crane (I’&l I ,Muuclel MO / 5 ( l )  that is ca pahule cmi l i f t  ung
thiree’t iu mn , ‘F~c e m cemmum ie’rciah pcdest;m h cra umec , the l’&ll 25 tons (2 2.7 Mg) at a radius um t 6() feet ( 18 .3 m u m ) bias

S m ) umm arine- crane -anti t h e  i tm mc -v rus ’l’rie MK-(ult an tmpera t iona l weig h t  u t  app ne uxunm;it eis - 45 tuum m s (40 ,8
marine crane , were inv estigated. Ru th cut these’ cranes Mg ). including um uoun tu mm g b,use A 140-tu,-I 50)-ton

scene ules’e’luupeci c’sse - nut al is f mum muse’ tin cut fshmor c u m u l ( 1 2 7—tuu ’  I 36-M g) rated n m m u uhu Ic- m r.u tie- I I’& II Mocle’l
cir uhl ing pI ; u t ( m m r t m ms m u , t herefore , base t he reqe mune ml 91 25- ’l’C) mm t I m a lift c u p . u e u t \  mi t 25 tuuns (22 7 \ )gm at
q ua hi hic ;ut i um t ms feur use- in the tumanine e’ns’urumnment m i t  53 feet ( 16,2 tim) has an uip eratm um na l weig h t  uuf ai,u mut

t he’ CO I ‘u I’ bc ’ v :m tet h ( ‘ ,u i m s u’s v, m s S~~s uc ’mui . 95 t uu uus (86.2 Mg) . l I m i s  d i f f e rence’ in weight , 50 ) tu m ns
[he MO - S il crane’ c m i i  (me h u nu uken miownu u ntdu six (45 .4 Mg) . us found in the y ummie r  and cmmuntcr mmc eu gim ms

mmma j um r unm utul tm le ’ s . time ’ ime’avme’s m we’igiming ahmout 8 tons required by the meubule crane’ . [bus , th ie ped esta l
17 ,3 Mg I . [lie’ crane us prese’ntlv u n d ergoing pre- cm , u m ie 

~~~~ 
m: les an e ’q umuv al ent lift c ;m pa humlumv at a

p num c l uc t uu um u testing us P&l I anti s cul l  hue in proe iuctucin m greater rac l umus smm tIm ,m consudera hule savings un sceu g hu t
in l u t e  1 u) T ( ,  I m e ma ne- capacity s’ e’nseis um pe ratu ng ‘[ li e p e d e s t a l ’  u s - p c  c rane m hu es hm.m~ c sonic
ram h mus us s lm m ucc - n in I’ugure 0 - I .  It can be se-c- n that time c lusac hs’antagc s hmosmm ’e’ve r, ‘l I me lack  m l  nm u , Iuu lmn y us con-
M( i s m m  has t Ime ca pahu ul u nv to reaeim amid l i f t  the 20-feuot sidercc l liv mans’ to hue the’ majcur disadv.muit;uge I)us-
( 6. l- mmi I etuntainers at the more e’ff ic ient cupcrating c ussiu i m m s wi thu person ne- I of I’ll! ItO: lt-O\ I-

rad ius iii 5)) Ic - c -n ( 1 5 tim ) . ImIIIBCB- ’!’WO , ;mnd \‘,-\VCI h ,\ I m CI < I,’ m u S e  unc iicate - mI
I lie Bucvrums - i- mmd ’ \1 K- ( m() pedestal  crane is similar that the lack cml mo hu m iuty sv m m uul , .l tic tile primary ma c use

m m m consmrue ’tmuun to t he Mt /5 ) ) , but it can hue hmrum k e ’ n (or re’Jcctmu un Im~ the Elect , I lic pedest;m l cr . mmme a l smu
t iu,wn m mii munl ~ - a lmc uu m funmr miudei ics for clep iuuvnie’nt. requires a special  l u ,msc cur tulu tc, hue ’ iumounted tin the
‘ lime ’ heaviest nim,duhe is time upper we mrks and weighs causewa~ pmer hme ’ ad. ‘the  huase suppuirts tlue crane’ and
appro ximately 53 ,000 pimunt ls (24 Mg). ‘ t’he Bucyrus- transmits the’ loads result inug frtim contammuer l i f ts  mnte u
I- rue MK-6() crane has hucen in prmxi uctiuun anti opera- the e’,muscs c’ ,m~ platform and suppeurting pilung.
t ion f uur seve ral years; a lead) mm mc- umf und er 12 months ( 1 ’  I. has investigated a Im ase that is nemminah ly
is required (or procurement. ‘[lie crane cap iv versus compatilmle with the usc , ,  pedlestal cranes , [hue pre’
operating radius us shcmwn in I’mgurc C-I ,  It a ls c m can Imminany design calls 1cm six addutiemna l piles to
lift a full y Iuiacied 20-foot (6.1-rn) cuin,~ mner at a support the crane and loads resulting freim ccmntainer
rat iius cuf SO feet ( 15 m). lifts . Some minor motiif icat iuuns te) the causesv ;uy

structure ’ are’ a lso mnducat eul , [he estimated weught cif
t he Imase is 15 ,000 pounds (6,8 Mg ) . and t he crane
mu’muuuntmng ring is 1,70(0 poci rids (772  Kg) , thus ciff-
setting approximatel y 8 tons (7 .2 Mg) iiu the weight
sav ings.
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Appendix D

DEPLOYM ENT OF CRANES

TYPE OF CRANE METHOD OF DEPLOYMENT

Mobile Cranes Breakbutk Ship

‘l’he cleplemyment umf m miuile cranes presents proim- Brcakbuik ship deployment requires the ship to
kms because of their weight and size. A fully opera’ have sufficient lifting capacity and stowage space tu ,

t ional 140’tumn ( 127-M g) rate d mc bile t ruck crane accommodate the outsized equi pnuent fumune l in a
(P&Il 9125-  1- 0: )  wit h u scum counterwei ghts , a 7(0- foot COTS operation. Any hreakimulk ship considered (or
(21 ,4-ni) buiom , and ot her miscellaneous equipment deployment e)f the 140’ton (127-M g) mobile crane
sce ighs approximately 95 tons (86,2 Mg). Fully should have a boom or tandem-boom lift capability
a,ssenuhmled and wi th boom hminm,u,ntal , t he crane has greater than 80 tons (72. 6 Mg). h atc h size is also a
an mus ’ e’ralI tengmh m t  app neux irnatc le 9() feet (27 ,5 m). primary consideration, because deck-loading of thc
‘l’his is t uuu m Icing and too heave to transport in a fully crane is not the preferred methcid of transport . Os- em ’
tperatiumnal configunat lumn. head clearance problems can hue alleviated buy stowing

,-\ su fficient red uuct iumn in size and weight can lie it on the square of the hatch and leaving the ahmove’
obtained without removing the crane ’ s upper works hatch square open. ‘l’he hatch squares must be
from the carrier, It can Ime disassemhmled into five main capa hu le  um ( a c c c m m m o d a t  ung the  break - dm isc ’ n
com ponents the carrier with upper works and imoeum dmmensieuns of time crane’ , svhich are 38 feet ( 11 ,6 m)
butt seet itm n (tact ica l disasse’mlml y), tw uu counter- in length iuy Ii feet (3.4 m) in wm mi th .
sc’eig hmt s 130.5 tons (27 , 2 Mg) I , and tw um bo mm ‘I wo ships , the ‘[RANSCOLO R.-~ I)() and the
sect ie,ns k tons (3.6 Mg)I , ‘l’he carrier with upper- ‘l’RANSCOI,UMItIA . are best equipped fun elep loyuiug
scuurks and imoom butt sectio n is the heaviest , weighing the C0’I S equipment. ‘I’hey has’ e the capahu ul utv tem
aluo ut 60 tumn s (54.4 Mg), and is approximatel y 38 Itmad and unload the cranes single i,oonu lift iii l2~
feet (11,6 m) long, tons (108.8 Mg) or tandemn-imoom mutt  of 241) mons

(2 17 .7 Mg)J and have hatch cu/c ’ s mit suf f ic ie n t length
Pedestal Cranes and svidth ttm accommemda tc the 140-ton ( l27 ’ M g

mobile crane lmel mmw d eck ,
‘[he knockduiwn design u t  the h’&II MC/50 crane ‘i’hc Army conducted te sts in \ p nm l 1976 at I” c,rm

f a c i l i t a t e s  dep luuv rnent via brcakbulk shipping, St urv , Virginia , in w hich a cc m nventm omma l imreakbu lk
because the heaviest tiuuichule is within the lift ship was used to dep loy and off- lc mauh a P&ll 6250-1’( ’
capability of the deployment system. It breaks down and a P&ll 9 12 5- ’l’C nium imile crane’ intc) lighters (em
into six major modiules, the heaviest weighing about transport to thc’ hucacim . l1rcui m le ’ ms sc’uth a clung arraum gc-
16,~~)0 pounds (7.2 Mg). ‘[he modules can hue pre’ - ment precluded lumading the 91 2 5 - I C  mcibile crane’
loaded onto trailers for loading unt mu the hold of the ontem the imreakbulk sh ip. ‘[he cn,unc’ , cumnm p h etc cc mth
hurcakbu lk ship. ‘Fransporu trmurn ship to beach can be uppcrwumnks . carriage , and hucmu m nu iutitt section s ,
accom plished i iy  causeway ferry , I.CU, (in l,CM-8, loaded into a IA:!. ’ fc mn the test , ‘[he crane sc-as

delivered to and assenubleel tin the iueac bu (I ’ igum- es I)- 1
and D-2 ) from cu m nmmp eu nents ~hd ice-med b~ othe’r

lighters .
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Figure 1)-I, P&1( 91 25-’I’C crane’ (tae ’t m c;mllv dis;ussm.’rnbled) being delive red t i m  beach in I i I
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I’ugeite ’ I) 2 P&I I m) 12 5 - I C  crane’ hieing assenibleci mun Ime-ach liv Annu~ e’re’cc’ .
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‘l’he’ (u250- ’l’C crane’ had Iueen disassetmuhu led i mm tum its stern mif tIme ship us ea pa hule ’ umf l i f t ing and p(ms iti umning

:mt hi iu iu m i strative’ shi pp ing configuration s bun handling tin u he~ k lcm ads mi t up to 5(0(0 t ins (45 3.5 \lg .
Iuy the ship’s cranes, l’wo lifts , t ime carrier 161 tum uis ‘I’he results mit  a conceptual c lesmgn ;una Ivsmc ~~’

( 5 5 . 3  ‘Ig) l and the upper m;mclminers’ 162 tm u m ms (56.2 u u mc h uca uc - that w bmen enup lc iyung thuc re ’c m ummniended

Mg)I - scene mif f - loade d intel l,( :M-8s m i d del ivere d to canti lever l i ft m anic , t ime l’&I I 91 25- i C crane un a
t he- hme ’ ;mc h. Other components , t h e  boumm set ’ t m muui s  and 4x 15 pm unt mm o nm causcw ,uy s ect uumn can hue handled hm ~’
c_ tutu nuu’ rcs eug hmts , were prelu amied dm nto trailers fumr oft’ ;mnm.’ I A Sh h- ty pe slump. ‘[hue’ 4x 15 causew ;my sc-ctuuun mc .ms
luu .m mlm n m g and tr :m uis p ui rt to thue ’ hitach i in lighters . I’ igures miseel imecause t mf the margunal stahui l i ty of a sing le 3x 15
I). 3 .imid I)-4 shm u .w time’ carrier aum ml tipper mach ine- mv m,am mse ss ’;my section carrying a l’&hl 9125: 1 C c-ma ne. ‘[hue
lue - m um g de luse ’re’ th u u u the hue -ac-h imu I ,( :,d-8s , conceptual design ana lysis also m nmdmcated that the’

( O n c e mu tb m e eu peratiu m na l site , sever a l hi ghterage pedestal crane mcmunted on a 3 x i 5  ponmu oun e-au scsv.ms-

mu m m mc , m re us , um l: u hul c m u m  transport t lue crane fronu time section can hie satisfactorily h andled by a I.ASI h- ty pe ’
s i t i j u  m u  due’ hue ’ac h, ‘F luese’ a re’ the IC!. ’  or a e;muscwa~’ shi p deployme nt. llosves-er , the umffshc ,re ui peratmmmn in
lu ’mrs - Iluith time ’ 1 ( 1 ’  ;u tud a five-section c. meisesva y ferry an open sca sc ’ay with time I ,i~Sl I s\- st e nm hias \ Ct tm ) lie’
h;mvc su l tuci ctm t s n.ul u ulu u , tum carp, the tacticall y dis’ established.
.uss enm hm l e’ d crane IrumuTu the’ shi p cci tIme sh ium ne. ‘[he
c.iu msew ,us terr \ us pncfe’rre’ti imecause m i t  the larger deck SEABEE Bargeship
are- ,m miii ‘us him ii to place ’ the cr ane’ ;und the umthuer com-
puunemu t s ut the crane’ (ccuunt e’ rs s ’e ’ u g hu ts  ;und huoonm Since the introduction cut the Sl- ..\ It h I’ hmargeshup ,

sec t ions) f u r  t ransfer  tum the beach, :\ ls m , the cause- the Army ;mnd Navy li-ave studied its poteniu;uI us
ss :ms - ferr y us nmtire’ l ikely tim have a dry ramp lue;mc huung suppeurt vessel for a s’ amu e’t v um f mmlit;irv missuc m ums . One-
thamu time ’ 1, 0 ‘‘,1-8 mu m I ,( t ’ , At the’ imeach , the cr;une can possible app li cation is a pums t -a s s a cml t  ;uumm ph ihuie ,e m s
hut’ transferred fronm the c aumseu .:iv t im the hmeach vcssel in support of a CO’l’S operation .
,usse T ’nluls ’ ,mrea tinder i ts uisc’n po wer. ‘l ime cm ,untcr ‘[lie’ Sl:ARI., h -  ss Ste-mum consists a t ,m h arge’ -c .urrs mu g
sceig hts antI Imoom sections , if not alread y preio;uded SI- \ B b -  I’ vess e l and Sl- .-\BI- l’ imanges . ‘[hue vess e l is
t in  t i m t ruck/ t ra i lers , scu bl has- c- to hue’ t r .u t msf e rrcml equi pped sc uri m a I mar ge-hand ling system t h m ; u t e u ,u ms i s ts

‘,-~u ,u r :u te l~’ . ‘Flue’ iuotmm can hue - ascenm iulet l tin the hucach mi t  a patn mu ) sc ’ lf ’ 1 u’cu pclle ’ d imar ge’ tra uuspei rters mu l
bm ~ t l,e r , u mm e cres e us uth ou u the ne’ed of m m ,: side equi p- I ,00tl- lmuui g -t cm n ( 10 )2 - Mg) capacit ’, each for umm c mvin g

um ient ‘lime’ coun tensv e-ig hit s can lie delivered to t h e  barges [cure anti aft . and ,u 2 ,m t(lU-ltmum g ’ton : 204 \lg I

r.u nue tin t he pierhead tmur asse -umm lm lv Iu ~’ t ime cr :une’ cre ss- , c.upac mt\ ;ut tIme stern for rmms m r m g  intl lc msc ’er iuug lu .mr ge s
i’bme find ings mit a Cb- I. special studs * * und ie,mt c ml

L ASH Shi p thu -at the S l- -\ BI-1 I- hu ;urge-hm ;undhing sS steu mm tui ge’t hi c’r

sv u th u the ‘cont ;munc r ad;iptem ’’ can c , us uh~ ’ h e  u m l m ; ’ t  m u h
‘I hue pneie’mrc d means mum de-p l mi y u m mg tIme (‘01’S l’uir tr ans puurtmn g time ummeiciulam elevate d b’~ ’~

’ faci hu n -

elev ,itt’d causess .u~’ crane t u m  t ime um peratm iunal  s i te would including mobile cranes n muu m mm nte ’ d mmmi NI - p o u m m u u e m m m

lie in atm ;us’,em nhmle il c uuumml ut uu un m m the cause-sc my mu i r’  causeway sections. I Ioweve-m , ubme ’ em f fs huu , re ,u l m emuu m , u u m
lmu- .m u l section. I Ii,- I ,,-\~,l I shi p b m rmm v m m he ’ s a v ialm lc in an open sd-;m w ,m v svm n bm time SI-  ,\ RI’ !’ ss -s t eu t i has ‘u i ’ t m

alte m n a t i se  (or dcphi m vm t t en i  umf h m e u s s  cdluipnme’ iut uni dci lie cs ua hmhis bm c c l .
‘ai 1u1ii urm u t  the’ ( :t ) l  S um m i s s iumn u , ‘l’lme’ gam ut rs crane at the’

‘,,in, m iu u u ’ rm , mm u se -  ul m ’ ma ssc ’mu m l u lu  if time ’ 25 0—tu rn drami e us tlc ’fine ’d a’. thu.’ mle ’tai lc ’ ml rcmt uc ’ i ium u m of n u t -  cranc’ mm mi a stat d-
mi ni ui l’ lu f i u r  aml rtm i mm- ’ .m ra u , u u -  mm m( mv e ’ mu mcnm , lit thus state ’ dhe’ luo m uu mm se-i’t m e mums amm ml u mum m mm te - rw c - m g tu i ’. ire re ’ iu ,u ,~ m ’d

uplum r w on k’ art ’ se- p ar- u nm - I  r u , ,  mm mime ’ carr me’ r , ami ut the’ c’otmmpdmn c’ umts , sum,’bm .m time ’ emu u r mug,- rs c-aIm it’, ami d gam itr u -

m u  rr u uum ‘ S i ,  I, I t i m ’ . re- u kiecs time- Iargt’si cuu mmm pi mn ’nn - u lit- carrie r , iii 61 tu uu ms ( 5 5  )4g1,

— I S c i i  S m ’ ,  ‘1i u im , um mu us )m , ,‘.i 5 ~‘. , u u m Ii Support II Al’S) Si ms ’ mmuuui  - l’Iua’.c I ( :oumc ’m.’imt ual I )t’si gm m -S ui-a l s is , ( onmt ract
~~~~~~~ ‘ ,‘- ( i u u i u i M  i ~‘.i~ ‘S um , 1 1)75 , pre pared ms j , j , ut- mr s t m , , , l u um l ) IN” i tt ) (  .1m m ,) t i( I ‘S . s p mu

~
i’ umrc ’d

‘m ‘ , I Si

uu, i’~~rt s% 7i, i m i  SI ~% i t I  i lilt cut ammm p luil m mu uus u iut ’mm ,u ,’d marge m , us - S . 9u’ mimg amid I) , l imo ’ .,

Ml



4 L~~~~~ —-. ‘.
- 

_ _ _ _ _ _ _

______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~ ~~~~~~~ r._,~~~ =’ -- - 
- - —

,

* 1.’ ‘
N ‘

~ 
. “, - 

~tma.

~~~~ ~~~~~
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