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NOTICE

i’ii~’ hec IuI ik1ulcs devchlpt’d iii t h is ie pt I I t  Jid to L’oiuip ly wi th 1)01) It i s trt i ch io n  4500,37 . It
IS I)II t h u e  i i l h Cl t t  II hlle research Ill su ggest h Iu. it ~‘uIIhtJIi ie rs he rdIulI )v c d fro m the Ar m y ’s
IogIstuc ~ ‘ .vste i iu an d u sed in L’IIIlS IIuIc hIoIu,  0muI~ iii,- cuu iha ineis w hui c lI have been removed
IIoII1 t l te  I g us hI Ls 5V ’~t~’iIl I ’ .  ~iauuiage III h i l l s, ’ ,‘ III I J I I ie IS  W liiL’hl IlaVe been dcdk’ated ho
Ia ci lmmie s e o mus hr ( i c hu uli ,i~~’ ,~~uisi,t ~~u e u t  t t I i  usC as suu uu c t um ra l  I I IeII1I1CES as devitlopitd Iii h i l lS
rese~umj u
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SHIPPING CONTA I NE RS AS relating to dedicated cunlait iers and their economic
STRUCTURAL SYST EMS impach in the T O .  Analytical studies ((‘hapter 2

s%e re tile necessar s sta rting point. Since desug ii criteria
tor shipping collta iners do not include load s im uahions
w here the co mutai ne r is u sed as a s t i  uctural netnher in1 iNTRODUCTION t:ucI l it y construction.

The laboratory tes ts  (Chapter 3) served three put -
Background poses:

In t h e  later stage s i t t ’ t h e  Vi et N:u tt t ope ra hion _ 55 to
(~~ perceIl t if iiuc utt ui ng supp lies of ( ’l,isses t . ii. i 10 ,VI , I . T h e  fe s t  ut ’ a single Ml IVAN validated use 1 ) 1 the
VIII , ami d IX ‘us ci e conta iuteriied, Mau’. of these cOt )’ f inite element structural modeling tec h nique for a
t: u iiu,’rs w e t e  co tnuui erc ial c o mm tainers eithei St.) or 40 tt  su i ig le NIlI\’A ~ an d t h e  tes t  o t a  box beam cu instruct ed
(9 or 12 in) long, and modern 

~~~ faci lities with t h e  of four NIII.VAN S validated the exhensi on of ti le ccl i
ca pabul i t~ of ’ h andling cot i ta uners of these dimensions niquc
cou ld be construct ed , In future operations , however , it
probabl y w ill ftc neither possible nor desirable to man 2. Lih u t a to r y  tests  permitted rapid and economical
suc h large const ruction tasks: therefore , mater ial h an. investigation of end-result conditions not cove red in
dt ing equipment pr t ec fu tt ~ are based on a require- the ani t ~ t ica) studies.
unent to h andle 20-ft (~ ‘uut I containers such as t h e
N1ILVA~ or t he Fv pe C 1St) c ,untainer , * 3 . Laboratory tests permitted stud s of t he couplers .

a subject not previousl y addressed analytica lly in a
A rms Logistics (‘enter Cs t  it l iates indicate that by pract ical manner.

I tM) , approximatel y Of )  ‘ ‘11 of inihtary supplies
of (‘ lass es I. II, 111,1 I , and IX will he eon- Tile field tc s ls  (C hapter 4)  simulated T O  conditions .
ta u ner ited, h tu c luus i  intmuutn tion) supplies Using expedient t ’oundat ions on unprepared sites, a
in tins pied ico ublmg tile daily “roof ’ sect ion approximatel y 16 b 80 ft (5 b~ 24 01)

t h rou gh put of c - 1~ u Iies . This increase , ‘.sas su bjecte d to an endurance test during tile adverse
combined with ‘ u i~~i ii to NIILVAN s i c  con— weather season. Itt addition , a I 20—f t ( S6—i t t ) box beam
ta t ners,  m eans t h a i  flue it uut iber of containers pcr man- w as construct ed . wh ich had not beeml poSsii)le in h u e
day iii tile theater of (uperatiu lns ( T O )  svi ll be more labrurat uu r~
t han double that experienc ed in Viet Na uti .

A detailed substudy of dedicated contai ners reques-
Although developcd for t ransport . units suc h :us te d by t he Office of tile Chief ot Engineers (OCE I w.us

t hese may he used as str uct ural elements for 1 0  coil- carried out: Chapter 5 suunnlaril.es the importatti por-
‘ i i  uct ut This s t udy addresses this secondary con- tions of ’ th is research.
si I e t a t i i iu uO t hese c u u i i t , u i i i , ’ :s

T h e  cc on On) ic iou pact of container-c u instructed
Purpose fac i l i t i e s  si:us evaluated b~ stu dy ing a base dev e l upn ut ’ iut

I! ,’ ~‘u : ; , ,.’ ‘ t h u s  s i:: h— ,is  :~s , t IJ I I i t  es tab ’  app licat i ut i ( baNe, (u s u u m u t t i : u i i ,  t h I S  l ’ s . )  I u t
“si t  t i uc ~‘hs ~ ;.. ~ ‘:J ~~ ‘ t : ’ : t :u~ ca~ ui’- : ! i t ~ ut isif l i t  ship- -\~ p’ r t du’ . \ pr o f  t i ç t ’ i i I : :  ‘ .1 i ’
:‘t r lg  ~~‘ u ’  .nit~’’ s , ~‘ . ‘1.111 N ‘\ ~ j s  s t r i ~ t :i ra l C ] C r t t C f l t~
iii thc ~, :s t ruc t i ,t u t r i t  a C i f i t l i t s , and ( 2 )  hi in’.es i- ( l iapti t :  7 pi v i l s  - ‘  ~ ) ) , t u i , i i ~~ I t  u~ u . 1 1
c i t . ’ he L’.u s i r ’ u J t :  f t _ u s i n g ,k’d icatc l c ut _ut t e rs in
‘ bc  I 0 ~- r ’ .e tile dual pur pl se ut l o g i s t i c s  and shelter, Mode of Techn ology Transfer

It ’ t he c utn ~e pt 0 uiSil9i ‘ l uipp umig y uiut :uu i uei ’ , Is s t I t ~~ -

Appro ach tura l c l en uet t ts is a ppi u us - ,’d . .1 n e w  design wil l  he pm-
I’hums researc h si .us c u t u iu ,ted by mesits ‘ u t  an’.slytic ’al v ded (a TM 5.3 1,12 . ‘t rots ’ !“uJ ’thI ieN ( ‘ uu m, vum’nl .‘S u - ’ u I ’,, t

s t i i u t i c s . lah u r j t r~ an d field te s t s , and special studies Designs ( Vol I and Vol 10. t he Support ing uuitut in n. i -
- 

‘5Ifl u~ P P C ’ \ ~ u’ .u k’i) ~0 per,cnr ot the mi re th i~tn 5 u>u lu ll 
tion will he mnchud ed in I Ni 5 .301 . . - l r m u ’ fliu ,Iuiu

i’ n: . l f l ’ r s  In ‘h~~~ )) i ) ’R h f  ‘ t t i , u i f l , ’t f lcitt .rc ot 11w 2 ~ ~uuF?l pu Ptc,ut .~ t ’ s t ’,,i Pla,t, tin g (all eIlV h[uflntents) :itt,I
I h ‘ If) ‘f / i ’ i f  ‘ - 510 Ii lu III is sw c i s ’ s i u  .i ‘p ’ . t m ,  he f it t . TM 5— 303 , . 1  r ini ’  /ou thu ‘u and (ln~zp~ IIj( ’ffl “u ‘u/I ‘1/i

ui tI l l ’  rf l  ‘ i i i, t . ) ‘ a . r  ‘ n u s  I. ‘i,’a’.uu - s Data and Hi// s u uJ Materials, I h ue LOIn pie Ic
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___

spi’s t f 1 s ’.it i0~~ fo r the cot uphe r will he t ’urtu ishied to time f i ur i mia at i3eik,-le ~ t svas used to dete rmuite the struc—
Directoratc of ’ (‘ omo bat Developu nciuts , F, ~, -\ ruii~ to ra h response. Obta i t i t tu g  a su i lu t iuu t t  fur each load case
I- mug itu eer Sch ool . I uurt Belvour , \‘ i r g mm m m a .  re quited troll) S to  1 2 m inutes ufl a ( ‘ I)(’ 6600 cohn-

puter.

1 lIe sh ru c tur al  ittode limig ‘uS’ :u.s v e r i f ied by load um ig a
ANALY T ICAL STUDIES s im ug le NI ILV .-\N insttu inented ‘u i th strain gau ges in the

ha b i t  :u tuu f ’ u . l’hc actual structural  response w u s  w~t lum t t
IS pel’cent of t I me predicted response twin the cumputen

l)~s m g tt c r u t e i u a  for  s liupputi g cu u t t ta um tc rs  are based ito ruins ,

mlii rim ma t l u aU 5 .1 m i t t 5  upated tot - t u e  t ransp uur tat  ion in u ide,
i t u’W, ”,,’l w imeti a si l lppit ig c (u mi ta I l ue r  is u sed as a stru , - Matrix Reduction for
hura h s’ hei t ie t t t , th te Iuuading s’x b)e riencc d is uttl i ke that  Single Container
use d to develop tht c desu g mu cr i t e r ia , \1 us,’ uu ~s’i , h u e  Iluads W iuc ti a gluuu ip u t .  for example . tuu ut  N1IEV .-\N5 at e
or kuaduit gs ex per met ic ed ate  d i f f icu lt  Iii rs ’p ruidu ce ~ 

c u un t s i dered t u ugs ’t it ei , t hu, numi uher u ut s i i tuu i t t , i t ie i ,u is

t ime laborator y . t h u s  nece ss i ta t in g a eo mtt preh me nsiv e eq i latm iuns w hich form 11w s l i t  fness tt ’uat r n\  r ises to ~ 144 .
a nta k meal s t uds ‘i a shnpping container ’s structura l 1 n t u u m t u t t a t e l y ,  t h e  LOitl ~~t i t s ’r ruit lime increases
is’ s

~
, ‘ use i l usts ,‘iicoumt iere d sviicit ii is used as part accord ing to a powet law rather than hmne:uri ~ , amid a

ut a i acj h i t \  - cunsers .t t uve est imate of t he computer run lime per
load case w o u ld he in hours ruthiti than mut U tC5 ,

I lut ia l s i r iu c t ural nt od eim mt g was accu um nphishe d via
s tan dard l i tm i te  e l e m mte t t t  iec im nquu es . h usscse i  . 11w s t t i i , .  One ‘ usa ) ~u f uv uiding tins ex ce ssiv e cuu m u tput c r  little
m u m _ u t conlpk ’\u my of a shipping cui t uta it m e r required us tu t  cuimudet t s e or rs ’duice t Ime s t i t t i t e s s  matrix f i r  a shig le
ds’ve l ’ pt t ie t i t  of ’ tt uut rix red nuci ‘ti pru icc d utcs so that Nil I \ ‘A\  - Vs tue t u a Nil IVAN is used in a facility as a
in ure t bt_ ut t une cotmtain e r could is’ ,‘\ .uitnne d at .u thin,’. s t r u c t u r a l ele inettt . t he univ unknowtm loads (ot t  the

ot t h ese reductio n ii ‘es’diir~s enab led S t ruc tu ra l  Nill N N’S I are t ime I lurces at thte eigh t  curtle rs~ ihui~. it
muou,tef ing of enture t uu ,t s\ stcif ls c uu tus t  ructed of ’ ci utm- should be p~m s i ble to ci itidense the 2 26~ X 226- ’ s t i l t ’-
t a i t i e rs , t t Css rtt .u t n l \  to a 4~ ‘ 45 s lut t ’t t ess matr ix , in wh ich

e t i i  i t t  t h e  six de g m e es of ’ f’ree dom t’or t h e  e iglu co n- -
I)ti rit iut the cou rse i tlte . m r uaf y t m s a l studies , amm m ii i— ner s arc taken ihi til acc u u t u m ,

t ia l ia b l l t a t u r\  t e s t  w as cot t . l i mcte d i s,’us - ,’ us a check-
point in the structur a l  m usls’!l,ic ( sui t g ‘a m e t hod2 similar to that proposed h-u ’s Rosen

att d R m i bmnsiu ’ i n t . a cuu niputer program was wr i t ten to
Finite Element Model reduce the s t i l t  mu es s  m a t r i x  ot ’a mtt u lmi-d e g ree . uut- t ’ree dott i
for Single Container syste it i ti, ai u equivalet it s t i t t t i c ss  it iatrix ut iv u i lv i t ig te ss - er

),‘v ,’ f u p t i t u  ‘a I m u t e  clenis’ m u i utu uu dei ud ’ a NiilV ,\N deg ecs of freedom, Sum ’ucc t hus it iethod uses ( ‘ ht ui es~,\
requ yes breakit ig t ite clii implicat ed ‘ 1 mcI ural ntem uhe rs dcci ‘itt ~ O5I 111111 uit st c_ ut of tite more Clatlitt lOt) iil,ltt ix
i l t t u l  smallcr ,itid si m pler m m t cm m t hers t i  w h t i c hi  simp le t t t ’ u i’ r s i u l t i . it iS i’’a~ tusuu l~ iI~ usefu l for s u b s t r u c t u r e  proh.
hi t mear so lui t t uimi s ,‘ Kn i uussni , For the \ il I\’.\N , t Imes ,’ hett is Ifl ‘u~bucbt i t t _ l i t )  &hi ’g ts ’es it (‘reed u mn i Host he cun~
suiit pis ’ m ehent ei t t s c u t i s u s i  iii th i re e—u j i t tmem t si s t t ta i  he:uttus ile itseth at it h eltiniit:Ited, ‘(hue computer prt ug rat mt is t i t u t s t

,u t u d pia t i s ’ -~m tess  i i u _ u t guu i , um ph:u te i,’l e t n c t i t s  A St ros ltir:i f c l i  ici cim t w its-ti used iii a 1_ irge degie s ’ - ul  - t ,ec duinu
niuus he l c u , m u s i s t u i i g  ii 21uu’  equati umis w, is c iunstruc teij sy s tcnm wit im a s pa is e s t ’ t f m i e s s  h i a t u s ,  I lie \iI1~ -‘sN
f rom (h ue Nil L’s ’ ,\ N speeil ’i c a m t u i t t s : t :15 expecte d, m ost s t i f f  n ess mat m ix with 226~ degrees ut I rec d it mt t and a
u I  t ime of ’f ’.diag u ni , uI tern is in t u e  equatRuIls we re ,ero . hatidwidt h sut ’ I,’,)) ta ils wit h in this c l a ss i t uc a t iuut u.  and
leaving not inure t hma i m I ‘sO te rt i t s per equatio n , the met hod r,’uht ice s t ime Nil LV,’t N stiffness tnatr ix to

atm equivalct it 45 ~~ st it ’f t t e ss matr ix .
ior  ,i giv eni load cuundif ion imposed on NI I I,VAN . a —— - — - -—

clutt lp uiier pr ’c r :utt i called SAP ((~ett e ra Iiied Structu ral 2 ; ,  f f i,~ , .SIIjJlis ’’u .’u i/alit, /~
‘ u ,hu ’ t i u u ~~ fur I t s : -  ,S’ triui --

\ruu I~ s t s  Prutgrat n hs \tu hs lm n _ c t  :i I, . t ’ t tu vers ify of ’ (‘ :uIl — tu,r,:I S i clu ’ IP n u O u t  ( Iiu u/u ’iA m’ /)I’t ’uott ftllu’lt uuiui . tn te r m tt i  j~~’j u , t
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Box Beam Roof System 3 LABORATORY T ESTS
The nsuot ’ “ t i_ ui) of ‘a t ac i I i t ~ coris hru i ,_ ’ t s ’ f  t OE snip’

pi us’ cot t tai ners col us is t s of siiut lgs ol s’ u t i u l,uili,’ t S  ( N ih -

\ ,-N\s i connected emud to c u d  to t ’tir rt t bu t~ hie’ai ns Ill Mi , The CERL Structural Load Floor
IOU. u t  120 t’t i 24 . 31) , iii $o nu) it t leitgtli. dep end umug -NIl lab lura t o l  t e s t s  were peitoruned on ihm uj I - S.
on w hether f- or , lie , or six sltippuug c u ’ u t tau n terS a le .‘\Il i l \— (‘ons truct io hm I- .iuguneer iitg Researc h laboratory
use d, s i r uu, ’ t t u i a l mm dcl iii all 5O’t l  I 24~u t )  h1’s be_ t iti (CI RL) s i t us tu ra l  load floor, w hich is iuoinutallv Mt
ss us c s u n s t  ruct ed bs u t s u t u e  the reduced eshuiv ’aIe t it Si mf t ~ 120 ft (24 ~s 36 iii), wit h 3-ft 0,O’un I on- ce nter load
ti ess nt t a i r l \  or the shipping c ,u ul i .u m r t e is  and time 0 6 po inims c uu sen ing  :u 33 \ ‘io f t  ( 10 X 211 itt ) a rea  l:acIu
s t i t t it , ss n- ma it ix for th m ree .d i niei t su ’ui,ti heani t~

) ntodel isuad 1)11111 1 cait sus tamn t  a nuaximttuut i io’ad of ’ 60.000 lb
t he c ’uip lems ‘at t h e  tit rec se t s  t u t ’ cort uers cont ectm im g ( ‘7  000 kct  in a,us directioit. ‘l’hue structural  b i t  t h u
t h e  c s un t aut mcrs l u , ’ ‘ ‘\  beam st iu e tm u ta l  m odel hi ’au h is ser vu ce u bs a 20—ton ( 1 s t )  over h ead travel ing bru t e5 -
2 ’ s ’ s deg iees 0 I is’s’diunt. a;td t in s’ net s l i t  I tress mtt ’ at n ix craite -‘s s ta t ic  lsu’ading s~ ste ni  is provided b~ 10-tutu
s ’ u us : e  Lumivel v sp:lrse (9.t) tacks ,uutd IO-to iu Ii S’ t )  ‘amid 30-ton ( 2 7 - i )  dual-

act ion h ydraulic es lm tiders controlled h~ a series ol

itt t It us s t i uuc fm tm , : I  ttmodi’I, t he ini d msud ual cout t , tmu ie , s  manuali operated tieed le~ ‘and pne ss u ie— re li et valve s .

were placed it t tite i t s  e m ted psisitloil w i t h  ibte floor l’hte f] uiu also Itas a dy t ta i t t ic Itiad nig s\ ste i l l  c ut h i sis t i ng
s stem on top. Iti t h is cu i t t t i g u ra t i ) t t  , flue tlouir s\’slcmn, of a closed-loop ci,ittrol led Itydrau hic system rising
w btich is utiucit stronge r t i t ’ a t t  t ime n iuuif s \ st cm - c ’annies l e lec trohydr’au lm c :ucui vat o rs of 2 5 -  and 50’kip It  II~ amtd
t he heaiti con lpis ’ss ise ltuj ds , th i n s :uver t t u m g  local 2224 ~N t ca pac ut \  - lnst rumtteit tat ioit coit s ists of a w ide
hiickt iitg of this ’ compressive side of tite hui\ hearti, var iety o f dig ital readouts , uttag i le t ic ta pe recorders ,

and plotters ‘as needed to record readitigs from on Jun

- gauges amid det lecti otu transduce rs. Special loading f ix-1 hree sets of etid coi tdt tuot ms ‘us ens’ modeled: ( I )  
-

- tunes can he constructed readily b’ usuig the load
pinne d at sl ime end ‘and uiouttted u utm rollers am t h t s ’ otiter - 

-

- points omi (lie structur a l  I u:ud floor as att ac htit ieitt potnts.
5-nd - ( 2 t  putned ‘ at  both em uds ‘us tilt iero hot’it unta l reac-
t ion uttder mIte dead svei gh u t of t i me box beam , arid (3) a

- - - - ‘ .~~~ Loading Procedurepituited .rohlers csu iim bm n,utiott w m t hm a i — i n , ( , s—t nu n 1 ~‘ ) t k- - - ‘ - -
- - , . The test  specumneit was t ua u m - NIl  h,N ‘sN t s (htt [_ 4 - i t t l  I

men t lit one c u r me r . I he p in tied’ rollers ettd condition -box ci rdens like tIne out s ’ niodeled itt (hapter — As a
model the laboratory end cottd itio ns . sv hiule the ot iter ‘ 

- - -
- ‘ - - s”a te t s  mmte astune , i t was decided that the def lee tto ut ot

twit a pprox iii) a te l v itt od el t u e  end ‘ott di t i u~ ns wit mch ‘ 
- -

- ‘ — 
- the test specmmticn should he coitt rolled ‘at ‘all t i it t cs ,

woui hd .u mis s ’  in a field test ,
1 Ins w:us accomplished by a support syste m supple-
mtie itta l to the pin-roller siupport of tIme box girder. Tite

1’ :uc hu of ’ t ime t h ree model bus be’ai tts was luiaded w ut i t  supp lcm emt t -a l suupp ~ rt s v stemti comususted of’ sis, Imvd ra u hi5
l ive load of 60 lb- sq I t  (2~~3 kg tt 2 i sin this ’ upward t acks p ’ s i t uu t i ed  iii pains at the halt ’ ait d q u a r t e r  po i mtt s

facing s u i r t a c e , w Inch ‘uvas the floor systetu ,  l’ime coup ler of this ’ box g inici  - Time iuydraulic jacks were cs ’ it t tect s ’d
forces were det em mnl l i ucs i  lrot ii t h e  comiiputcr rutis, it t parallel so that all jacks carr ied ideittical loads . (TIme
Knowing the coupler forces per m itted time de te rt t t in ’at ion henglils of the supply lines and retu ni m h u e s  ‘use re kept
of ’ ‘a ll stresses in time full litt ite elemeti t model of ’ the equal fur all j _ ts - ks . I
s hipping cuui t la iner ~‘u’ additiottal sh i su nt computer runs.
In all t itree c ,uses , t lte maximuiti predic lesh St mess f ro m ‘flue box beatti was coitstructed su m the s t r u c t u r a l
I Ite dl urn pole u ruin of time tin l ie e let n te m t t iuliudeh I loath t hor  ‘at td lifted itt to position with t ite pimiuted cit U
s u tu g ls’ c l Out  ,um t t e r  ‘us is less thian tIme allowable desmgt t located ott one set srI pedestals am ud time roller eitd
s i m, ’ss to t  t ime Ni hI NA N t nu t e r t ’ a l ,  loca ted t utu aim e levated tn ac kw as so t h at t luuc box heant

was htoriiontai. Then a pair s )f j ac ks  ‘us as posi tioited ‘at

hu m su m n mi u l at s , t ime _ inm _ i hv s is i tt  the box heat )) riuut ’ sys ’ eac h ~uit ctuo ti of two ‘sill N’A\~ t I me q i i _ i r ue i  a mid h i l t
t ent ‘uS ,IS _i t o , u.s t ep  pr iuces s . Fi~~u , t hus ’ reduced s t i t l t t e s s  points ut th is ’ hea mtt eac h am 11w iuut ts ’i ei lW e m ut  t h u  I u s

01.10 u5 ’es t u ’ t  t h e  i r t d m su J , r_ i l ,u nt ’ a m :ue r ,  use,,’ t s s ’ t  t i  g irds ’u W bie ,u s’as bu lit l ie  si~ a, ‘ usa - , j u l1 1) ‘ ill’’’ t Ii ’’

‘a root tns> del ‘ u s l m n c h m  ‘us as ‘ana lsied to  de t .’t - hi dr au hic pne s sut u.’ si ts t i ,,u : , m , : I  l i u l t l l  t l u i ’ m u ’ ,‘, u , , u  is,’ ’
mtiu n~’ itm e s’ uiu phuti ~ t ’ ’ rds ’s hc t ssce n con ta i t l er s . I hese rea ,t ion .ut h t l u  m i te  p ut t i ed  atud t l t I lC d e t u t i s  I ) u i r i t , u ’
5’uruip b it mg t u un c es  usere t h me n umsed as luiad s on a full f in ite thus process , t he 20—ton I l - S - I )  bridge c rane ‘us ,us u u ’ us’d is

elet tts ’nt t tuo dci ‘f a s iuig le s hu upp u mi g c s unt au ner to suh ia itt a s , i let \  backup his i i ia iu i i a m n ut m g a sligh t  si,t ,-k in time
si messes iii t lte individual s t ruc t u ral nmeinbers . c ha umus used t o  Iit ’t t ile ho.x beam onto flue supports.
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At  t lmis po iimt , the tit ial l uaU ‘ usa s graduall) placed on ‘ut_is s- uumm m p lcied Since thus ’ c laitlshuell com u mm e ctors  were
t Ime hues heamut: it co umsisted s r i  a Lu) icr 0f , i 4 uui ( f ’ ) -mmtmt i  I each rated at -~~~ ki ps ( 1 6’) kN ( lit fens us um u . t ime r s ’ su t l t i n i g

‘us ood, 155 _a ha~ ers of ’ S- u n - t h ick ( 1 2  ~ - m i u i u l  I coi t c rete hir\ heau ti siusuuld mat s ’ been able m u  s u i s ta i i u  an equiv-
hiuu,’ks spa iut uit le mhue width sit mite box bea itt , ‘ait d a alent i r uu t  load oh a pprsuxi iut ’ a t e ls 55 lb!sq t t  ( 2 5 3
se r i es i t t ’ ntiuh—s pan s- u u u ms ’ e t u tn -a t s ’uh lo ads t o ta t nm g t 4 , ’ s uI lu  kuc ” m u u 2 l iii addi t io im Iii tIme d c_ id ‘use ight u t  f lue ‘sill
lb (i~~00 kg). \ s  eas’h u Ituad i u m cmc m uuel mt  ‘us _ us app lied , t u e  p i l l s  l iui m c Sl iuplem fa i lu ie is is hh ie only it tode lIt la t iu re ,
Ii) dm au uhc p !ess uu ie  lIt t h e  jacks ‘ usa s i i ic ue ,used isu mmuauui -
t ami m / ent ) teac i ion at bu r t hi f lue pmm mmed ‘amid tol le i e u mds , M’vs ’ii ‘ a t fe m i ip m s ‘ us eme imu,ude iii load this ’ I u u ’ u  I~s’.nui u I

i ts s hesi g mi load u r t  50 lb ,’ sq Ii ( 2 4 - I kg, m tm 2 ) on mIte uppen
- \ t mc r  i~u ,ud ‘i . uceu t ie itt ‘us us s- u u ui tp leted , t hus ’ km uuu ’ us n - ‘ —- ‘ ‘ - — S it u ui _ c , l ime f i rst  t u s i l  _‘uuup let t au l u r es  succ ur red d i t i uu t s t

‘usei giu t ot t h e  tuu ui ‘s ill \‘ .\ \ ‘, aimd the t um m ab loads sse n e - -- - o f e u n u p u s  ts l  l i f t  mi te ~ui’s beau tt 1111 10 i t s  pedl ’s t , l l s . iti
suppult ted bs mime six hi s dr ’aulii_’ j ac ks , t h u s  es t a b bu s hir i~

- 
‘ 

- 
‘ - e.ic ii case , f lue broken co up lers ‘us, ’ : , ’ rep laced and , on

_i c aluh ’ n . ut io i t  p s tm l ut  i _ u i  me l a t iu m g hi s d rauh i ,’ pis ’ss l ure ami d -
- ‘ - thus ’ i b id mr s , f hm,~ hti,’s hs’:iumi ‘us _ us 5mm _ cC , , .~ uih i~ positioned.

lui ad , It t  e f f e c t  the Its dma mil ic jacks ‘ us e r e  .mc m u m is ’  .ms .u - 
‘. -  - -

- - 
‘ 

- I oad positmonitug and u m ls ’ mea s im t g h ydraulic p t e s s u l i . ’ nm
sca le to num easure ws ’ i g h mi , ami d . i dju mst i t teu t t  s i t  huy dn’auhic -

- 
- t Ime t a s ks coutuplet ed ~t e 1 ) ’ a i _ u t u u u s I ’ r  te s tu ig  thus ’ ‘ u l i s ,

pre ssure .ud iuste d Ow ‘ua iue of time s ’ t md reac t i o ns  at  thus ’ - 
-

- beamtt , As load ‘us as being t nansterred to this ’ b u s ,  heatti .
pinuted am t d roller enuds. . - - ‘ - - -t his’ t ito ceit ter coup lers tails ’ U at an c i t e s ’  its ’s ’ unit orm

- - ‘ ‘ ‘ - load of ‘-) lb/sq It i44 kg ni2 I. Nt this box beam load-
“- N tile load ‘us -as u r e u mug t ramms f e m ne d from t h e  i t)  dr auihm c - -

- ung, t h e  ceitter couplers ‘us c i e s ust aunumt l g  a fens ile loadtacks m~’ t hus ’ end supports , t hus ’ em umu r e ‘uu ss s ’ ut t l ’i) ssa~ , 
‘ -- 

- - - of approx iitiams’bs I 7 kips ) 76 kN 1 or approxinnatel~umu den dct lec ti uut t comutr o l, I am b u s ’  of _ t m i co mntp o itemt t _ ‘ 
-

, ‘ 
—

- - 4~ percent u r t  t i t eu r rated uoads.c.mu u c a umse mu lov e nt s ’mtt or detle cfiou u d i n  s ’spuu utdmg i i f h ie
c ia s t mc e t mc tg \  s to red  in die h ydraulic fluid: l t s twcvs ’y ,
st u d,’ hs dra uuh ic t h u d  us almost u m i c i u uuu pr e s smhie , th is I our none at femt tp ts  to kuad the h,us, hc’u~ mm I t s’ ,.

e last ic ener is ~~~~~~ - re pl.ucing couplens amid reloading) we re t i t ed  - him noi’ ’
of t hess’ it ist’a t tces did mite box heaiti ‘us i t lu t h e  claimm -

Experiments with DARCOM Coupler shtell coup lens support its own dead we igi mm . At  this
11w U 5, . Nm mu Materie l ~ eve lia p uu t e tm t amid .N c qm uu si ’  point, res eare iters suspetmd ed l’urt hier ts ’st ntg of ’ t hus ’ h< .s

non Readiness (‘oitt um t a im d I l) .- \Rf ONI I couipler was beanu using c lautishell coup lers aitd decided Iii desigit
desi g nied to co i tm i e c m ,o ut i m n ne rcmal 4 t1— t ’t ( I 2-uui ) shipping atid fa hni cate a itew coup ler.
csunta inc rs. Time coup ler is ri a c l ’ at t tshte lh des u gmu witit a
scr es ’u miiec hta itistii tu ’  opeim amud ch s is e this ’ mis o a n u s  form- Experiments with CERL Coupler

mug this ’ cl’anisite ll, I ‘ u s ’  ‘s i l l  \‘ - \Ns are placed end to s ’ttd ,-\ ñer ss ’ve ra l mnoitt h us , ‘a (‘I- RI coup ler sias desigimed
ss’t t hu :i 3-in. I ~b . mutrt i  ) ~ap h et w eemu . itt eac h ~ t die tour amt d fah uuca ted so t h at tite laboratory tests could pro-
ad j ace nm t  s ets of ’ ‘sill N -\ \  coritc’r t it t i u mgs , t ime ‘a nt is of cee d, The coupher c u r i r s i s ted of ’ two clips (see 1: is ’ uus’
tht e c l a u m isi mell  s- iu m t p is ’ u  :ure imtserted im tto tite ouuter itoles ft’s , ‘\ ppem udix It ) lucId in place h) oa k ‘us s’dges drivetu
and t ugh tens’d mmml i place si tu h this ’ sci ess mm me cha ni s nm . he tweet i time clips in t t t s ’  gap between MI (V- t Nt  T h e
l ime coup ler it,us buuit t m i stops t u i  mut au tufai t i  f lue 3 —m i t . test setup on the sf rmi ctur al  load t loorwas rec ot tst ruct c d ,
I 70-ut iint I gap. ami d pre ’ pu usut iiaited loads ‘us cre placed omu tht c Nil

- - , hox beatt i ,lime d ,uls r ru tc t i omu ui a b u s ,  beam wit im tIte D,-’sR( ()Ni
s h, im uish ue h i ciuuplet is uuue re lv au s’\ t ,’nsttr i i  of t hue concept
i’f cuiui p t t t i s ’  t ’ uVur  NI hi  \ ‘ - \Ns . [It s’ esseutt ial dit fe ne m mcc is Loadiimg of this ’ box beam by reduction of is draulic
that t h e  NIl IN’ \\~ are first imivert ed to bring tIme NIl L- jack pressuure us-as com pleted withuout appanet ’uu failure
N’ \N flsutr 5) .s temut to t Ime top to take this ’  contp ress ive of mIte (‘FRI coup ler: art equivalent miii load ~‘t 56

‘id lb sq f t  ( 273 kg ‘ inn 2 luaU bee t reached, Tlic’ b ’ ’ s  hea t mu
w: us t htcn ulmlorided ) i c ,, j ’ re pusitioimed load tra it s lcu red

Ito’s beam c r l s r u mct ion  heg a it with phaceme ui t of’ to t he Itydrau hic jacks ) amid time i_ e n te r  luu ’ uss ’ u  ~u imi p iems
I ion i t iv erred NI b I N- tN t  emtd l u  end on this ’ structural 0 crc rem oved for l rus p cd l t u rm i .  This i i is pect m i ’ tu revea led
load floor w uf i t  approxiniate ls 3itt . ( 7 O~Illnl ) ga ps be. sc ver: tI stmia hl cracks at time clip m t u i t s ’ i i :  it is s ’ s tmmuta ie d
tweemi et t s ts. I s i r  Nil LV ,\ N’, were c u i i tn ec ted to form um an fiat appro xiuuu.i t els SO perc et t t  of time load capaclh)
imuver ie d 4 0 1 1 ) 1  ‘uti ) module , (lien add it iomta h imivert ed of thus Particular clip co iufi gurafmo mi had been readied
Nil I \ ‘A \s  were c ut n im ected wit h time chaut is hie l l c ,lutnec- amid thu - a t  ‘an equivalent roof load of ’ 70 lb ss

~ 
ft I

t urs until thus ’ approxittiateh y ‘sU’t t (24-mi t )  box hean ni kg ’ :, 2 ) c uuld h,ive heemi attaimmed,
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\ ‘~~ c ’ u I ’ ls ’ u c lips ‘ uscr e - .use s l in this ’ ce t u fen  l o s ’ : be aitt , amt equivalent n,iof ls i ’adui tg ol ~t lb sq f t  f 2s3
p l s u : u i ’ r r  h’ s’ t ’ u s s-e , u  NIh IN N \~~ , ami d a ses’ ui r t u i  lo . ust tn u i  kg mu 2 I ‘ u s_ a s re:i,’iis ’sl , S s ’ ’ u s ’ r .m i data points m.mn utr l u t g  f l o u t
s,_’ lt c d imi e ‘ u s ,ms  s t _ t i l l Otie i f  the pi itt ucd i_ mu s k ‘us is f ui cx lb sq It (44 t o  2” ,~ kg unt 2 i Illasht li gs ‘ usu.’ ie C h i t

c m s i _ ’uI a u i _ s i _ i L’ t l s ’ s ’ t t i i i i  ~‘t I in. 25 tim) : thus . p u m e d  t i u  t ime pieducled s , u l u mc s ut the l i m i t s ’  eieuuetut

‘us m , ’ ! m  the pu s ’ ‘ srir ~ utenf h i m :u i _ h ‘us ,u s mu _ in sf cnluc d to thi s n t is i_u it  lie ‘ ‘ u  l i s’_ i t uu , ibi s ’ pls’dus’ts’d s’:iltics d ii Ii _’u,’ b
f’Iul\ h ’u e, uu m i . ,u i_’ uu u m m l r i i i , t t u , ’ m m  u t  ‘us i s i t n L ’, ~t i ts l I i i i  L u , u , t  ‘u5 .1 ’ . I m tnt this ’ 

~~~~~~~~ 
t t u i et i t : i l  s . t b t i s ’s hs :it I t i t l s t  I” h ie It ’ i’ m i l

.tt’p I u i _ I  Ii ’ thus ’ ii ~ ‘c iii, b l us h ~~’ ’  t li ii t i t  this ’ s’ m t p icu Nt ii Ilium s’xj~i_’t nut , ’ t I  m :u h s t  i tO . ibi s ’ s’ \ I’s’I m n ie t i t a l  ‘u t hus - s
h m I . ishuim g t i _ s - c u L l  .ui ’ i ’ : ’s t t i t : it c l \  ibm, - s . u mmme mi _’ s uflm s f ot i uid ‘ u _ t i e d  htm t s ’ am i~ s i - m u m a il htads tip is) the ps’.tk I , u a i j ,  w i tu c im
umu t he mis t  t e s t .  I u s  l~’ ,t~i schuesluls ’ d imu i p t s ’ i 5 ’ I  t his ’ ha lt— i _ o u u i _’ sp ui um ded II 

‘ S p~’~~’s’U~ oh this ’ u i _ id s t u s ’ s s

t , m t u ’ m s  t i _ s t  rr u g r . u : m m  ,u , m s i  m um,t t c .u m ’ cd t h at t ime ( ‘I RI.
c u uu p he u , -,s l id,- ‘ u _ a r  em r i ,u l l v  I u,_’s’ )t i~g th w lou , !  re q umue — Test Results

Oi_’u i t s , dllt u l s i  lie tm ~lgu :i lest t o  a ut inch higt u c m s u pa c m t \  h i t s ’ I’ah m , t t u u u ~ te s t  ~r u , u g m , u m i t  h d  ihut , ’e mn - a t om results ,

I’’. _ u c tt ~r -I  u i_ k im  i s ’  u ‘c i_ ’ s iuu me il i u m  ‘us uutl s h o m s ’ ’ us’ m m  t his ’ i mus t  - m l  ‘us us f ouitsl t h u _ u n  t u i  ihm e ~ Ii i t  2- I - m m m ) i r  ‘\ It i_ ’ _ i m m

clip ’s eni_ Is H ’ s m u  i ’ ! i s ’ c t m u t g  uut ’ u ’ u a~ub see I c u t , ’ Its , cuu t i s fum i , t s ’sl nu mine i , u i ’ , ’ u , t t i u u ~ - f i ts ’  sticss’it i s t uti ~ ol all

I~ , ’c ’ i s  It N i f l \ ’ NN s t r i mc t u mia l  connpoiients ‘us ,us .u t ’ u s a t s  ‘usd 1 w ith irt
t his’ s’ i :ts t i~ ramige iii t i me structural  m itater iah: thu s , all

Comparison to Anafytical Studies Ni II \ ‘A N - , !mui lc i u su ’  m m i i  ts i leranc es neti iaimied true.

I wsi d r m m u p a r t s i u i t s  55C m s’ :mt.u ,L’ :” - ‘ ‘ u  C i i  i_’\ ; u ’ m imen it :ub - - -
- - ,“ 5i_’ i_’ , u t t s i  - t imc ~ t i _ s t  ‘us ut ht ‘ l s ’f hs’ct iot i ot 1 iii. i. ” tnni I

and ana lst mc:u l s tudies mt Ii:,’ t i t s t  , ,u su r us ’ le ‘s ill N \ \  -
- 

- 
‘ i t  omie i_ ’ u u n nus ’ m ot t im , ’ h ix  hs’auti uuisl u i _’ _ uic s t imat s b i mppu n s ’

li-ad hs’e mt pui smt is i t t c d sun t hus ’ s i n u ie t u n mu b load ii ‘u’ ’. so
- - conm: ui nuc r s t ructur es cmiii be com istructed on a tield-

that t t  could be hsi ’ads’i_ h ni ti me p latt e ot thte h ,, it sun t - -
- - - - ‘ i_ ’ ’ pe i_ l met t t  f s l t i t uda tu t uu i ,  s uns ’ s ’  t it~ box heamt ’u h as a lanes ’

corner Ii ) m i n t s , ‘Ibi s’ rt , mu rm h iumis ’ u t ui d mmi a b bc :tnvm s of t f m s ’  - - 
—

- t Ii~Sii) tt ) l i lexi hmlitv
\lhl\ AN tlsuor s ’ st e m i r  u- .me f i t  t i _ i  w i th  str: om i ,c ,uus ’ei_ -
ott both c tm , is , T hue s t r u i c t u i rm i l  i l i u m  s s s t emi u i t  iii,’ Fiit m u l h v _ t ime t e s t s  dem i m ottstrated m bu a m it is p its i th is ’
NIt IN A N is us phased iii I ‘ t u , t i t mmi _ h i t t : i h  c urn i p r s ’ s s m r u h) I ’  5 iesmgii mu coup let t h i mi t permits joimmim ig It MIIV ,-\’ss
m ean s of h hu n m/om t t , u!  !i~ shm , i tuh ic  ui _ - k s  Ni ‘a i _ u u m r p F s ’ s s m ’ ui_ ’ 1mb usef u l sr i  u u , umu r:u l i_’~r mii p ls’x s ’s . ‘I’ite (‘l:RI coupler.
Iui,u,j s ’ s l t u m s a ls ’ r m r  I eiuti pls ’u ‘ . u i m r m e s  u 60 k ipsi  21 ’ ” :ibf iu t l lm g hi lm avi t t g mtt a mg itial capab i lit ies in time cot iti gura~
tim ers ’ si ts ito i I t sIr , - .ur : Ilni un ht uc a l hut ck hi m ig ‘ ‘ I  . u r ’ y  m ioti uused , us a im s’ xamm mp le.
‘sill \ ‘ -\ \  s t r m m c t i i r a b uune uu m t r m , i ’ ,,’s t h e  s urmu i r  r g , i m u ’.u’
tea dmnurs m m i i ,  , u t s ’ d t h a t  thus ’ u t id , m, -,’d s t u s ’ ss ls’seb ‘ us. is  less
t hi : um t s t t t e .t i t l i , I  t ime m ttaterma l  s’Id ‘.t is ’ ’,s , s’u’ hrus ’ iu  s ’ , i r t i _’s .

p inu mls d to f I ts ’  result rI this ’ h u m s ’  els’ mm uc mt m auu , u !s ‘ m i _ 4 FIELD TESTS
S t l i _ e  a csu upls ’n iu r : t dtnuum of ’ l u l l Ku ’ ss I 2u r ” kN f co rns ’ s—
pi l l_ is t ’ ,  .t box t~s’ , tm i t  ~,, ,u d u mu ~ ui ru ms ’ t ht a t i  ~~r t h  ~q t
1 234 kg umm 2 I , t i tu s t s ’ s t  ‘u’s’ nj t ’j e d that time i_ ’ r m s ’s’;’i ‘ m l  l ’ u s ’ ’  us ps’s it hs ’ts l t e s t s  ‘ us ers ’  pe rt su mit ted ,‘s s’ m a

the Nil IN ’  \ N 1 , , u ’ u m 5) s us ’ m mt :us thtc c , nn u m e s s m \ , ’ p c r m u t u t ’ ‘s’’u,’ r ,t l i u i t t t t b us , l’hte First us pe ctnp ht .tsui s ’ f

si de of’ a bui x hs’:imrt is ‘u im th tc  c o u i s t u m t c l ioml t s ’ c h t mu u s j m t s ’ s .  it ’tc l udtmu g co u m ,s tm t i c t u iu m i  lIn t mutt
s ’x ps ’ s lueuu t 0 munu l . it t u im na mh ier  t i ta n sun a prepared s urf .ui_ ’s ’

‘I’hs’ 5cC - r : - ’ dum u , ! ’ .u r u s u ut t i  time ti t u S  tic: ul su m u li e s i_ mi _ lu .is t ime st ru ic i m i r mu l load tho u , .‘\ l s ’ ’  cot isudered ‘us- i _ m e

ini ’ u,ui se d ; ‘l ,u, urr g st r:tiur g.umtg, ’s ‘mu this ’ mu , uu mu rsiot ’ s um u,- t he i _ i ’ l l _ l i  u td tmot i  s r i  box heatt is ot ’ lengt h s s u ih ter t l t a t t  si r

t u t u  mt is ’m t tl’ ,’rs i t  ii’ ii Nil IN ’  \ \ ‘  ‘uvhile t ires’ ‘ use rs ’  f t  124 iii ) :uttd a iitoshif ’i,’at uuu mt i t t  t h e  l uckuti g r t i e , i m , t n m t s m m m

i tuver tes l  , tu ni _ i  c iuniectest I t ’ r r : u u  .ini ,sI,i,I’u I ~~ I hi ’s ot ’ the s ’ lmp s rum t ime ( I-RL dhiup ler. ‘Fits’ t t r s t  I) ~ s’ ot

he:utit , I ’ l ms ’ ‘m i s t  s ’x pcnu tt meu tt : u i  U- a t, poilti ‘u’u .u- obt au t t gd ticld test o uts c ui t iduct e i_ l  , i pp r i u \ t uu t a t c lv  I f t  (11 .3 mt i l o t t

t r ~~mt Ibis ’ u i _ s t  r,’su ‘us oh time c i , iunu she it c u u p ls ’ m s  tn t  ‘us In ch t his ’ grsuuu md I u u r  i_ r ru s s ’ umus ’ u i c ,’ amid s , t ts ’ i \  -

atm eq miu ’ u a ls ’ t i t  t i l t r ,u,l of iu lb si_ f f t  144 ke m n i  ‘us ,is . —  -

- The ses’ouud i ‘ u p s’ ill field test , witic ht is is designed b r
rea c ited . Ibis ’ u t l , h m t i _ e , i  s i me s ’ u  otm this ’ mit - alit n i t  s m r i is ’t u ira l  

. 
- -Its’ nc pis ’ ss’ t tL t t t s ’ e of :uctua l I ( ) dur t i s t lu i u.t tt l ini .  involved

,ticnih’ s’rs u it  f i t s’ Nil IN \N - I this ’ te i t su o ui  su i te  ~t m l ’s ’ b ,s  . ‘ -

— 
.1 Nf l  IN \N su pport s’u’ s t s ’ i t u  ott au s ’ x p s ’ s t i s ’ t t t  th i l i t r t l : i m u l lu t

hemiu n ‘us ,us ss - mt l m iu u ~‘ peicenut iii th is  s t i c s s  pied 5 te d Its’ ‘ 
-

— 
‘ urt i l  mitt i’uid m t n u ou s’c t s ’sl im iden ‘adverse weal h er c’ utid ut u t imis,

t hus ’ t i n u t s ’ ele im lem it ,t , i ,tb sus u i  t i t s ’  In , ,s,  hean mi, I hi i _’
r , ’ m r r , ’ i tu tnm g s l , t i i  ito u r i t s  u s F s ’  f , ik i_’mi I n ’  ‘ n u t  l : t h u r r , t i i~ Construction Techniques
ls ’s t ,  ru imi w i t h  I h RI - - - i _ i . ’ ’ , ,‘ d . - u t l r l s ’ F s uiss ’ tj  t ’  i imm Itt i_ ’ , l i t t r , u s t  Ilu s’,, r t s t l u i c t u u u i t  r i  (mx hs’:iiiis ott a pi,’~
t ime ,, ,‘u hs’ mu mi i, i nn ib i i ’se ts ’s l s , ‘us l u e m , ’ all 01 f i t s ’ p ie-  par esh sur i , u i_’ 1’ su t i _ h i  _ us t Ime s tnu i , ’ iuna b load fisuo m . i_ iO n ’

‘ S i  t I t h ed I i,! ‘us us ~m ii _ i _’,’ , i _ tnu ibs n , i n i s is ’ rre d n Its ’ huu\ s t r u e f u mu ut thus ’  field rs ’s h lnr e s minis- hi moms ’ ef for t  to



r - 
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iui:iittt: lut i :u h i ur mmu u i e tm h wits ’ ii cs uut p lens mine inserted , h its ’ thus ’ loot ’ 5) sus’ni ‘us ‘us s’s 1ui ts : t ls ’ u t t  to a i~ to fi lb ‘ s i_ i f t  I ‘4

s u t e sc lci _ ’ t c h f or  this ’ IletsI tests humid ot ice t eemt hart ml lmi mtd : t h u  2° kg mit 2 )  lo: ishi mmg tn : i d d mim iut m to this ’ phmi mttie sl h u u ,t d—

m uss i_ s c m  - ton several \ i _’ :trs I t i t u r i  t s u  t Ime te s ts if lu-ad h es ’ tt ut lg .
out iusei_ h , :im’ush t hus ’ n e hi m i_ I beett imo sits ’ im ui p rt us’s’ tile mit
i_’it huer hei rs’ or i_ ht u ni m m , t ime field t e s ts ,  l’x pedi eu tt r u m - Endurance Tests

, l ,ut i~’ rns iii’ 4 mind 12 it II I min i_ I So in) in Iengfh ~~~~~~~ 
hb t c  e mmdu i ranee te s ts  ~,in t s u s t s ’ t  u u f  t w o  sids’’hY-side

cs u mis m ntic is’sl uuf 4 “, I in. ( 1 1 ) 2  “ ~~~ mutni ) t i umt he ts : S O f t  ( l4 o m u) li i’s hs’aous sui hupiunie d on \i lI,V ,\Ns laid

mess ’ m iit ’ihe rs ‘us -ci i_’ also used to establish a coutst ntis’- Oti t h us ’ t r ‘ isles to provide support iii g ci th ii t i t us  - Ibis’

t u , u uu s ite t i l t  thus ’ huu\ ei~~~ 
(till ) t ’siunl,h athlti pte p:i ra iuIum i ‘us as t im u  use ui l this ’ utu i m bre ns

to :ipprttxi t ia lel ) level tIme supp hl r t t u ig Nil l,V ANs - t i c

ton sit inal f lexibil i t y ut uh m c s i l t  t ) 24—mn ) t h iS  beamim s ‘us ,is

..‘s ppe mudmx B prtu ’ uus ls ’ s detailed c uitstruef isuti tec h - suff ic ient to compensate t ’u i r , iu m ’ u u t uts ’ ’u s ’m l nu e ss of ’ t l t i_ ’
iil qOs’5 f i ur au ‘uO’H I 24-ut ) r u ’ s  beamti , w inch enutai ls thi s ’  su pport s ’ uste n i ,  ‘l ime “i ii’ c u u ’ u e n c s l  : u m l area ‘us ui ,  ~, ‘us ,i~
iiss’ of a 2O to ti i i ’ s - u  I cna mme. h u m  tIme field t esb s at :t p 1 ruu u s , i i tu ’

a t c l ’ u  hO 5.11 1 (
~ ‘ 24 ni) ‘hI t s ’  tes ts  ‘ u s s r , ’

I huRL , u um t lv a l f ) —t tu m i  (t Ot I ermine ‘u’ u. us avam lai tle , w hm ich t sc itedules ! t n _ a  Sc ptemn h is ’ u I i t ’
~4 in \i~~ I ‘t ’

~ dt i r im ig
‘,‘u , l s  ust itiang umumi l I’or tim e tests cti t t ducted mibt ut 1 f u t hus ’ ,oj~s’ u ss ‘ us ’e au hus’r s eas ’  mis .
111 ,3 in) o t t ’ f ile grs it iu ’u d “s ri - SO- It  (24—nut ) h , ’ s  beam ii ‘ u s - a s

i_ m istr us ted for lu u:u i _ t t es ts , :uit d a I 2 1 1 - f t  ( 3 6— tn )  box ‘s t tIme tone thus ’ t e s t  ‘ us : ts m umi t ia ted ,  f l ue (‘l .RL c u u t p l s ’ m

(u,’ ,t utt ‘us t m  consunucted h u m  sls, tti u rtt st m , u t i u u u i  pu rposes , l it,’ h t m l i_ ’ ’ u uu h ’ ue i _ t  i u t i l t  this ’ i_ u iu t igu t t t i u th mt  eis’ s’ u u its’ I im mure It”
I 210 11 I 36- m it ) ho’s bc:umn s’u’,t~ ctl m us t nutc t e s l ,ts atm xli.) u hut  ,\p peuusl u’s B, :u m md t i t u s  i i t t g u t n , u t m u u u t  ‘us . ts used I n  thus ’

24-mum s’misl ’suipp i rt es t hemmuti: 211- i t  ( i ’ u~mii I c amitu le ’ uer s i _ c —  ett s lmn:um is ’e t e s t s  ‘sN u t h i thi s s- l Im it igtua muu mi , i t W ’ 5  1i l l55 i b ths ’

t i u ru n s  u i_ i c  mi me u i added :ut eu hs ’h m s ’t is i . ‘ u i _ h s’uii _ h ‘us .ms t h ueti  t o  hu h t i t s ’ ,Su l - t I  t 2 4 - r u m  I I t ’ s  hts ’ : umum at i t s  i_ - i_’ rnmer  pi m i mt
l i f ted  ‘ us - lu !,’ t he t u t mi b is ’ l  su p piun t  ~s s t _ n m  ‘us .ls tt is u vs’th t i  i lmu ls . .i 2(h’ hIln ‘ s i t  s’r :itte was res i ui ur esh. N i  i _ u ’ i t l l i _’i_ -

t ime s’ n , , l s  ut thus ’ 1 2 11 . 11  t$i’ . it i) h i ’, hs’ mt nm , \s ,‘ , u n i s t t  t c t i _ ’ ,i , r u u l us  si ne ni_ isle htc m ’ uv eet m thus ’ h r ’ s  heiiiis amid this ’ sill’’

t hus ’ s ’ imd s u r nm , l t t m o r m s  I’l l  hs l t hu this ’ x i i -  , t t t , i  1 2 1 1-it (24- ’an t sh p i r t u l i g  Nu lls’ \ “ ,s , bums ‘us:ts a eim t ’ uut \ — t\ p s’ s it l u c tu un s ’

I ‘ ‘ ‘ s  bea un ts we te  j ’ s ’ t ’ u s,’ c uu pm iumi s ’d ’ nui li em it this ’ w h ie i e time ‘ uss ’t s ’ ! i t  s it ’ mite nienthiems held t h e m in
l,uh’ i r , h t ,  m s  t i _ i _ u s  I mimi_ I p i mun t e h-p unmr te t l :  ut 55 ,15 a m mti c i pams ’ t ho , u sb u l i t i huum , t here ‘us as to t s pe 01 p usuu ls’ c s ’Oi tti s ’L t ilut t

I ‘ n.m t his’ h i t g i u e s t  uniis ’ n mma i s t n i _’’i” i_ ’s iii time N11L\ ,t\ t’ uu u t !, l  i mss ~s l luems s ’i_’i_’ri t In ,’ st u pp tur m mu mg ,\ l lt,\ ’ ,N\s and mIm e s ’’ upt’ ’
It ,’ l i _ i_ s i i : , t nm t h e  lm i ut l tcst i t i t s ’ uun _ t l s t r s ’ s s i _’s nm , ’ m i s u u m ’ _’ ,l dum— shi et i m iu in ts l : u tt uun
j u t e this ’ l : t h , ’ n _ t t , ’i~ t e i _ t s , I lie 1 I RI. _ uuip ts ’ t c lips ‘users ’
luucked iii plmuce oath ‘ r ,tk ws ’ i_ls ’s’i_ itt ,‘ , u u m r n , u s t  to t l ts ’  h I m , ’ lu _ id nu i g s l ut r iu ig t ime etuduranc e ts ’st ssa s this ’

scius ’it u e eu ’ u e rn  iii N’’ ‘ i _ i  ‘u B l l u s ’  mn u e t bm i r u t  , ! us i _ m us s , ’ ,) ut Is pmc a l ‘ use aubter e um ’ u’i ro u itn ent of ’ t his’ ( ‘eu itna l Illinois

It ‘us , t s  it s ,’ ,) f u r  this ’ enus l u timu ti c s ’ ts ’st s. plulit t i Oti ss’vs’u .ut , u d c : u s t u l u m s ,  ss ’u ut d gu s t s  of up to “‘~ ‘

n n mp h I I 3o Lint Inn  I t n  ‘ u n 5 t hu t i lt S  i_ I tn s ’ s’ t m o t t s  ‘us ens ’ s ’ \ u ’ s ’ I

- i s ’ nues ’~I. .1 ss’’u,’ n , ’ u i _ c s t t u rm t t  uis ’cttnr e d, -amid us ti’mucii .ms
Loading Procedures

21’ mum. I (iOO m mii ) ‘ ‘I s n u ’ ’ ’ u s  :is’i_’tu nmmuia t e d , ltc’5’ ,t nis s ’ u r l this ’
i n  mi t i _’ s’s t  ch lm i ducted :ut mu biui ~ Li e l i_ i ppr o ’sm t naie l >

- - , t u u , t ’ us  ans I t ree/c ,- s i_ he ,  t hus ’ ses ’paurc tium ou gh i this ’ f it uo m
I t t  11 , 1 n t j  r t l  the groumi um i . u t r u ls tb t s ’  ‘slI - I r  i_ 4 ’ nrt ) - “ -- ‘ ‘ 

- s ’ u s l s’ t it  as’s’ un in mu lmites l t in ttue unu t , ’ u n t u n  l It  ti me cu in l :imut cu s
‘u’ ’, hem itmi im ast ,i rl , t r n rn , ’,t lI’ ,r, lm r i s ’ ,  \ i_  a Io:id m nu g . t u nes ’ ‘ , - ,

- 
‘ - ‘ ho .u dept h ol :uppmo \ muut a te lv SI ill. ( _ tI .~ mlbt i i ’h hits

NI h i ’ s  N ’s .. ‘u’u’,,’ n s ’ ~i , isi _, l .u lu r r ng  th is ’  b ’ s  heamit ‘ us ’ i t hu thi s’ - ‘ -

- :itntuunt it water ‘us- _ is iui uu is l ,it tsr sli sams ctti htl ’u’ i t t  t hus ’
u n uuu lu l i s ’ Nill N ‘ s ’ s  , e r i t , ’ re ! ,u i_’ ui u,’ i_— r r t r , t t , ’ul hu l :is t i t

htu’s beams). öi _u it asldu h i i i uua l i_ ls’:ich Il imus h l I t  42 lii s _ j  f t
I—i “lil t It it ’  l i t  k _ I  s i t s  uhus ’ uu ccui t ,’ r i _ ’ui it bite ntid ihhs’ —

) _ O” (i_ ut iii ’ ), l Ime ,) i_ ’asb Itl aSh ut  t ime i_’on u t . h m t n s ’ n s  . t i i uun s ’
t i l l _ N N” hi~:it i, liii’ l iuadi t ts ’  s’ie ished .1 i_’s’nu t s ’t s,’ rr , tm nuu,t  , 

- —- ‘ _ u . t s  .‘O lb 5 1  f t  ~i ‘ lu k m.,’ r u t — ) ,
mt ll lnl s’ lit ‘‘ it this ’ ,,\ bt e:im ut s’ , j nmu ’ u,u h u ’ m tt m I t  ~l, lb 

~ l
2 ‘3 Lit iit ~ 1 10 111 I, u , u u t n r i u m  Test Results

‘l Ime s i _ t i l t s  ‘ u !  th is ’  h ’iehi h t i _’st  cimunt in u ned this ’  t s ’ s i i l ts  u i

l i t ,  I ,2 t f . i ’ i ) .(f -nu i )  ‘ ‘ ‘ ‘u  l is ’ , u m m u ‘u’u ,ls rt u t  g i se rn  . t u i u  thus ’ l , h l u i l m m t t u l u ’ u  t ,’s is  :iu ish. iii a dditm i umi . ‘ us’ n u t t s ’si timat
_ u ’ l d t uu i u u ta b  l iu , u i_ I , s t r t cc  i t s  i _ i _ t i l e r ,ls ’ t i c i _ t t u u i t  l l uus ’  f t i It s i _ s  i_ ’ h u i _ ’ Ism adiuig. .us in this ’ s’ u u s l m l u , m i r i _ i _ ’ t s ’ st _ i i i ui_’~ m i t  ds ’ ts ’ r i~
‘n ’us it ‘ui’s’Iutit t ss ,is m t _ a I i m ,  ux t nun _ t ts ’l s o mui . h I  l’~ t iiuui I, hIt  is  ill t h e  hue iii t u’ t l r i t s  hu t Ills’ c iu mu plers mused tu u i_ m i s t  u m i s t
i im t i i f ut imt i ts t se t l t l i u s ’ss is _ u s t r t i s t m m r . t l t u meunbem , this ’ itt ’s h ea mn , l ) i s t t t _ t t t l t r t g  th bs ~ Iu l ’u s ’ h s’’u’s’b , ,“‘u(i .tt 114 -nit I

box hs’,ltit ni _’ ’ us ’ ,th cu t t h at nouie oh the coup ler s - ltp s
a) h r  i_ t i  t i n s rs ’ s’n r re s l u l u mn i u u g l i t ,~si_~ t ,’ s t s , c u l t s .  sho’uvesh ar t y  ‘u si lOs’ s i l_ a ts  of ’ per t m lm utmeu i l damage: ut

u r is ’ t in m ic s ’ i t i t t nu b . t t i i u r u  ui  .u ~i’ ; l \  n n i .m t i _’ lv I iii , (25 moun t of ’ midd itii un , tb c-etc h s h l l m u t i t l u m  ‘applied f tu t h e  c c t i ts ’ m

~~.tts _ a i t t  ,,‘ . u c i n  rI ’ um ’ ! t ’ )  ‘sill N’ \N I h u t s  ss ’ , ’ ; u ,lg e th mr ti ugh cui tip le r cltps slush rrtu t us ~’us , t i m iu i~ iti s ’up ie tit c u:Ic ks ,

I ’

I “ ‘
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l ) isi na umt hu m ig this ’ huux hemu uns sms ei _ t fun this ’ e m is h tir. i nm c s ’ f lue I iu g utu e s ’ m Su pp urf (‘I uupmuui) i_ ’I ’ i t ’ ut s t ’  It mu i_ I l iu m ’

t esting m e s i _’ ,ule~h ito c susb e u ucs ’ t t l  pe u m u i a mms ’ mmt dmt tm iags ’ iii p . m l u~ h i~.’_ idt~ti ai t e ns , ,int ’.isph iaht p la mi t umu . a mn_ i ii iueii j it ,i_ ’
t h e  ( ‘ h - R h  ciut ip lcn . e it i uem t mou lt time ws ’mt fh is’i om t r t l ni  pl,iu ~ ‘ i t  ,uiud .i 11t iai u s ph.i t u r l l m t  t ‘ m t  i l l s _ a l  It )  t I l l  s i ,  Ii

i_ s , f t s  lo:us hiutg Sonus’ ut is u iu ig  ol ss- s’slgs’ s ’ i luit lr ltt i l’uis o f pi_ if l l l l t t  ( . ; -h ese h I t .)I ss ,us time hiitll s’sh ,l’u ,it i ,t b ’ ls ’ t t m  t i m u s

time s’tiup ls’u us _ ms s’viJs’um t . hm ii all s’ h;milplit t s ’ t u t s  ‘ use rs ’ is i _ h itu hi I is is .t lu _ h u h  c r I ter i on um ds ’ t s ’ r i t t i u t t u i i’ t his’ p:ic k immg

tig h t  .t s time) hu: ii_ I hee ut mit thi s’ hs’gimutmiim g of’ time tests ‘1,’hstfti ls’ i i  tIm e ‘‘ i’ s1t uipu tten t ,~ h l l l ’us ,Iui * , ’s ’ . - () ihcu s’ nu t s ’ u u a
f i r  tht s’ pt _ ki n g scit ,’,b m il s’ 5% e m s ’ uhu ai i t  m , i t l uh (1 . lppni I \u i~t .t!s’

,‘spl~niu x ut u i : imels 5’ t i .  4 21)3 uuimm i ) il’ ss ’atei lu-ash us ’ ’ hi(I f b t  “ 0 peu s s ’ nut u ub  t i m ~’ ‘avail_tIt he 
i_’mk iu .h tts’ aimd (I hts ’ rcs’ u i t

cuuui ulmi ted in e tic I m e till t aiims ’ r sloe 151 ‘us’s’ page ib m rslug h u i t  thus ’ o c ug h ii s’ ,i pact is . hut t h at iii no s_ t i _ C s im ou Id

t h e  comm t a iuue r t I. su r s\ s t e i m i .  i_tS ’ s’tl ibilutig hi .i comp lete i_’’5i_’s’esh s~ ii_’ t , i_ ’ i t t  oh thus ’ cuib te or weig h t  alh ,u ’ us, i im. ’ s’,

uildc’nI.zu mi f i t imt Itmid hes’im given t i  each s’ s uu t ia iu ue r pnioi’ Iut it iall ~’ . ,u ts’ ss,’n uit i l i /at i t i tu th u_ i tt _ lpp i l lxm nu_ i me i )  7f 1

t i this ’ t est ,  l)naiu uage muu ud i_ l i)  min t sit u lit this ’ c(lt it:iin5’ m ps’ r c i _ ’ t it  hu mi d hs’s’ut l,_aunm,ids’ ms ’d ui i_’i_’ e’is_tn )  t s u ni a u u t t a u m i  uu t i t

dud nob u’ es i_’ .t l :u u ms water  daut iage to tim e cs i t i lm uuts ’t  shi utt legn u m s )mi t  th is ’ platoo n ls’ si _’l ). hum fi ns pu ss ’ s) to Ire

I t s  imtt s ’ n mt al has hui mt g s s s t e m i t .  No stramtt gauces were a1t m i t i h nm i e ,

1thue,l to t h e  c t l nt m tu ne rs t ) m c u mm s s ’ hves ,  sinus’s’ t s ’ ss’m inc bis’ns

hte )t,-s e,t f lu _ Il this ’ l ’ al l , l u , i t l u u v  te sts seers’ ,‘ ,)uti _’ltlst ’us ’ c hi n— Thus ’ f m ’ a s e h muus ’ s’ uu n t u aum i er i /m h lu , umm oh time nttu del I Oh tom

i_’s’ rtu iuig this ’ i_ ’ uum t t m tu n ie r ’ m ’ c:i p m u h rih it s f t  s mt ’ m t ,t m nu this ’ loads. ut luu ht ihi t ’ u h l t i t V ‘uV .h’. ,h cs’uu u l i [ ltsbb s’d br s’uu ui sudi .’n i rug i ’mt ch u

\‘ t s ut , t I i i msps ’c t iu l mu for s igr us i l l lt ent t i : i t t s ’ t t f  sIei ’i , tn i :.iuiot ’u huts ’ t iumniten itt this ’ ‘‘Lqumpmtien u - \ l l un s i - a n uc i_’ ’’ fsur I 01
_- , i n t t u m ’ins’i_ l t i t u s  i_’ittt clu sis umi . ~- l l 4(,, :isee rtm iim timm g ms ss’eiglm t and cuuhage tr iu tti

as- ,tt i:ibhe cat m il t ugs. and assils’ma h mum g the bite ite m ss ’i hhu .u
1ta rt ieul mu r ph i t tisln , - ‘s t this ’ end sit this ’ a im _ I  i_ us ’ mull Ii its’

ut cm nms ‘us- crc eit h er esint taunu s’nu zs’sh or stowed itt s c h im elc s

5 DEDICATED CONTAINERS at tachi esl it ’  thus ’ utioshel T( )I - titus this ’ urm ul was I (h(f

ps ’ r ce u tm untihils’ it t r : it lsp u ii t .t t u u m n n  lull c’Ot t b , ittui _ ’ is 5l.t ’
as’au l mih Is’ iti mime I’ I ). Tss’eui m ‘u s’ (fli t a t  ti i _ n i . tIm suit si f wit id u

‘l’ ht i s p l u m t u u n si t’ ti me s mt id~ ‘us ,hs t tt i tuaie d its’ i_’sm :i hh i sl t — miclt i. ’ :’ s’tb :)f ts’a,sb ‘~h i  pe ucs ’ t ut  of ’ ‘uveightm c’a pmic its ,utu u.I

rug .u I t : i ss ’ b i mi s ’  i _ , h s e  fo r ‘us htic it .t mmt ~ids’l I ab’ds’ uuf Orgatu . .tpp muu xinna lels 70 ps’rc~’ mm t iii cubags’ capaci ts . ‘ u s e t e

uimt uii imi mit ud 1 u h u j u l l nuu, ’uit ) ‘J’Oh I us .ts ,- otutmi m i t e m iied Its ueqtnred to ac hieve th u s 100 percent uttuth i l i ty

it i s ide n n u t  uno bui nt ‘u .us this ’ ..~u le cr i ter ion. I. :~~~ _a t h tm s

‘ t i _ i _ t i ns’ ease . i _ r u  t , u m n m en u m im er i hurs ssen c tittishitls ’d timid Habitability Com ponents

Ii ihnt .ti ’ iimt s ,‘ l l n i i p l l i u. ’ r n t s  ‘uS’s ’ t s ’ ds’’u’e bsips ’d t~~ ci_ l.hhll5ll P h I _ t r i g  th us ’ Sbnpltitui ! ,‘llnt ait is’ i , i m u mi t5 ’ tm it ile of ’

mu l a tmi u R u l f  s hs ’ shi , ,t t i_’ i_ i i_ - Iu m u u a u u m e l i _ , \ ‘ . l l t u u u t i _  i_ tu e l,u’u mi t ts  “Iic htuipmtis ’t i t \ lhi ” us :incu’s ” utia kes it a “ds’slti_ ai s’d colt-

‘uis ’ t i _’ ds’ssml opes l Ill t ’t uu t hts ’t ehil u ,unu i_’e t hus ’ sh el ter , ispects f: u mniu _’ n ’’ ss - huu ,’iu is : i hu s .t s .t ’uai l. ib lt’ t h u  this ’ t i um t t  , t hus , i t

,lt dedm ,.iued ,- uu ul n _ uu n m en s c m i  hluu is ’ t i u n b  m u ‘ui, mu ds’s I I  I _u l i ’ e t s t i i _  mmtode sv ile u m

t Ire litt it i i i i l ’ u i_’S tn tu nu l  pb,t ,’ i_ ’ It phmt i_ ’ s’ . ,uti t l (I i  ,u sh uehtei

Conta um ’uum rized Model TOE t iitusls ’ W h iCh th is ’ t i t t i l  iS psi  h l l t t t u i t l t t  i t s  m m u u s s u l i u u  l i i

I I i ’  I_ ntntu i i s ’ s ’ n  I u~t i s t m  i, ’ t l tu i t  i t , t t t , t l io tu u t  g _ m nu u/ i _’uh such a i _ l mmah-u hil . , ’ u_ u t l t , m i t i s ’ u - it 5 raui ium ial to num .u k s ’

uitdet 101 3. 1 15 . ‘us i t im thu s ’  , t m t m u chum ut em iu  ri I- nu m.mmm u es ’r mnu is hml ’m , ’ , i tm i ’ n t s  _ iu uuf . t i ) , h t t u i t i s  Ii’ s’,l”s’ this ’ t i , i l l s l t i l u t i

u, i p t t m , r n  1 ‘ u n m t p _ t t m s  - 1 (11 5— I I 4( , hu ts mu n nt t ’ mi _ imu rr l~ur bass’ ft liii omus’ minds’ htu h i s ’ i u lh l s ’m - I ‘ u s ’  .t l i i m lu ,l_ ’I t s’s I

t c ss ’ lIu p : iuennt  mu this ’ dl n u u i u m u m i m c a t i l u t b s  t h i s ’  antI ni the t um s ’ s s’ nu t ,, shuhu,.tii u tui s , u u u u t  . i d t l u tu ’ uu t s  s5s ’ns ’ f l i l h l r w s ’ u h i t t

remu _ i u e : t s if t ime i_’ uu mnht: it fsu t is ’ , Time .uut. u i _ - i m ut ueu iu ui ‘I Oh- O uts :itu:ul i_ is ,

~.1 I4(, ut i ’ us’ i_ t ime 1 _ m t t , i lu , un t t hus’ ,mt l tah ih i t t s ’s uI l.it lt s’ ’
si_’ ,ili_’ quarts muig muuid cr usi titu ’,’ oper atu ltns . mna )tl t rec oi l— l im th is ’  f m r s t  , up h iuh l . l i_ hi , time h it i hi tm i b uh it ’, C u n i i p u u u l s ’ u l t s

i _ t i ’ , i s  t i llt i  of n , t n b n ’  u ,im.) s :uutd rmiil ’ u s is br Idges , ansI t i la f lur (desk , s u n k  ‘tables , mi nih hu t im i ks )  ss s ’ i s ’  rs n r t t m uu is ’ ui th
pn irt e5 - u l ’u ’s’ s’oflst iu i d t i u l t i ,  mis 55i_’ hl t i e u u b u .ttm s trt g its b.tst,’ i t  t , i i_ ’ b i s ’ u )  h u h  thte i n s h ie l i s ’ u Oio uhst hhI ,, i t uom u , t t h i ,l t ’ u b , i , - .i

cmtp.r ht ihi t ie s I h ue sl m u r : i t i hmt u ot eunp loymtis ’nt ill this Itt in- , tg . h t t i s t  thIs ’  s mu t s ’s m t thus ’ i _ uu um t auu i e , wheit b u s ’  hu igusums

lIt thus ’ h m t l t , t h u u l it a t ,u 1r ,m ~ tms ’ mm b . i n  , is s i g murnus ’ n r t  - t o  uiisusls’ ot is emti i l uvs ’d . h _ ighut i i tg  ansI ei s ’ i_- t r i c ’.ih w i nmn u _ a
.u ’ib m ’u’u ‘us f lu u s  l,’ u n n i s ’ l n n s ’ t u t  i u l t i_ ’ F m h t t m l t i s  mit ut it re t hi a r m si t .. b uilt Otto this ’ i_- ’’ r ui. tm i men su m t h at mu s mt np le c uu t mnts’d-
‘irs ’ kti _’ _ t t mo ti t u ir this ’ s ,h l t i s ’ . m s s ig ttm u t e tuf , umua ks’ u t a prut ius ’ t utu t I  J i m u m i t t s t u b s ’ sl (Irsi C ‘us’ ,uui luj i_

~~~1 1 i. th us’ rs’qmu ins’d
c hm t iic e f i r  u,’u i t i t mi i ut enu / ,mi t is uii - whi uclu wou ld s’uthlarlc e power

both i ts ut it lhiluis mind c. i 1 i : t bm t ut i s ’ s h’ u l r  t h ese rs ’ mi i l l t i s ,

thus ’ I uugmuu s ’s ’ m Support (‘ ll i l i p .t t iv . TOL 5—I I4( ;, ssa s In h u e  si_’s’ uiui d mippr tumis ’h. fi t s’ h i’a b it mm h uli ty dl utt t pou ieuu ts

ss’ Is’sf s ’d ui se r ve  .is mu iulhlsl s ’ i  101 - were  s t u i t i _’d iii Ills’ tiltpcm 6 itt . (151 limit ) ut  this ’ cm u tg, ’

- —  - - —  
‘ 

~~~ ‘I~~~~- .:~~~~~~ 
‘



i_ t n .ts ’ i_’ - su his ’ r u ubue ,‘ ,t igi’  ‘us us us’un uu ’us ’u ), f lue bt , th iu t : ih i i ih 5’ .ui t s m i s  ‘itt t is ’ t i i t mi t  s’ ’ s t s ’ u i n u u u u i i  I t I  s’ xmui m up ls’_ t hi s ’ \ lalii.

,‘i n u ntp uuuiemti s s ue ui _’ iet tii tves h f n l lu m i tht s ’ in s tu u u . h g s ’  Is is_ it l i t  ls ’ u i , i t l s ’ s’ 1 im i t l l l m t  (46 11s’ t s l l t i i i s ’h I iS ,Isi_ 11t1ts ’sh S i ’ s  shs ’ th i s ’ , i t ~’ th

.inmd pl mus es t mum t h i s ’ iu- sh is ’lts ’m co um hlg ur au u s umi . l t u ih t —uu i  s’I lum t:nns’ us mnis hs’t lhts ~ f ) iu l I il t~s’sh ‘‘h ’ t h t uu i luuieu tt ,“Slt t i ’ui ’mitll.’s’ ,

hu g h ut imug lu st ‘us um iuim,,’ sss’m s’ .t ls u I csu iutem tn lth :ite d nm mi t t s  N’s t miuuui b lu ess ’ six s’ l u u h m :n u ms ’ u s , ii us i~~~~t 1~ls’ II p l h ’ s u d s’

.hpp n uu ,u ciu , hut ,t st, t i1ths’ i’ ‘ u s’ us i s l l i  ‘us ts pnesct ihesh . It u t i k i mu g Ii imitu ge ule lits t i m  mill 4o ps’ rsot mus’l ti mid u i

v isle I .~ ‘us- tu rk s t : u t l u u m u s  is i Its’ t il t e st wmthm s ’it ius ’r desk I t

i3t i thm , u p p t i i t t i_ ’ i t i _ ’s ue q u u mc It t _ u thus ’ s’ , tm gu ’  is ’ S h i t i t m t  ‘ u s l l t k hm ib l s ’  c s u m t t p i u u t s ’ u t t s .  Outs ’ s’t t t i h au ius ’ n cul uhd he s i _ i

55 s hs ’iit hi s ’ elm :itug s’sh t ’mo u n hui i n j / s uumh ah u i  ss ’nt is’.Ib m . i t i s . ti p svi t i i sleepit ig m ic s ’ t uunt uln sha tu iu um s f u r  nime pla ison

pr ns’etu i_ s stu ,’ui t ltss ’sl cut uu tt i i s ’ idi t t il)’ i t l  this ’ tn iii _ ’Lmu t g leash e m’ amud liii W :ui’rai ut Ott jeer plus work statit ut is

timid t t i i i n u ’ ,Isb i u u s h u s t n t e s , hum I l l s ’ f i rs t  .m~ip nui ,ti_ ’I t . I iu u ’ us s’’u’ i_ ’i - 4 s1i _’sks) t on mill toil s u i h ic n ’’uIs u l rs  pe rstut u tt el _ t lmu s Prs ’—

s’’,I,’t is i ’ u i _’ u t i l i d l i m c m i t m l l t u  ‘‘I time s’ o um t u tus ’ t i_’i:u I c at g i u re~ s e r ’ s l uu mt nutit i t tm i _’ g m t t y .  Smummu lar s ’su utt : numer t uss t t , ’ nnu t mctnt s
i_ u n _ nu t s ’ u s h i _’tn i us ,i ui hd It,.’ ri _ ’ s1 nttus ’d I l l  :ui_ ’cu imn ut ios hmtts ’ t his’ coolsi he masle i l l  this ’ rs ’mnaim nutg Iters n flu teh,

t us ’ c i_’s ” ,t r ’ s Imi uum.mi _’s amu i_ h h i m u i t l h t i h t h l t ’ u  s’ ilm im p t n tus ’u lt  n s ’ s t r~t i u t t s ,

‘h’bis ’ ‘,i_ ’i_ ’ m ’ I t u )  .m pp n i m .t i _ ’ l n , i i  ‘us im i ch i t l rs ’ hi m iimi tabihi t v s’ lli l i — It us p iu Silit hs’ to ,ushd .i lau t t e au u ’uhlu t u t ol ‘ us -e ,t t hue r ’ sh i s ’ h—
potls’nut s ame sh i e s ) iii lIme u ism t _ ubI ~ ut n nmtsi _ ’,) tippe r 6 mm. t eme i_ l  mmsl hut lusekee p imb mt s t rt i i_ ’ c am this ’ s e t s  ut isuder a is ’
( 152  nuni f sit ’ c . t n s ’ ’  v u u huntie , s) mi_ ’s t i t l t  u ’c,1t uire tutu) m t u s i i _ I- c i t  u i  i u t t i _ ’gu .ite d c at m vmm s s t ructur a l  c x u s ’ t t s t u ’ n m s , This’
im ’id . l t nu i nu s of .t ‘ uc t ’ uuc.i l cars ’ ’ ’  ns ’ s t m , I t t i I  i_5 s t i _ ’ i i t , ss- h i t s ’Iu s ix c t l t i b a i t i s ’ t s  oh this ’ iut a uuits ’ uiau ice p latt uotu i _ a l l  hI,’

mus es s m ee l  ‘ i f r .up~r mnue I’s u u c . un gi ’  las iuiu ug . W uct m steel sli _ i p — puis it io mied in 55’ ,’ ash~m is ’ s ’ t m t 0155 5 sIt thu t ~-,’, is ut tu s I u l u u i n

I’t u t i is u i _ s ’ s1 t’sir i_ ’ t m u g u l  i : ts ln t imnm , iu i u u’ u :ible st u m i p m s ’ s b u , m m n m t s  t , tc i tu g s’,ui_ ’ b m u m uh iem . l p 1t u l l ’ suuuu ate i ) 25 h’t )5 ’  nut mu t an t ,

t ins ’  I
’
itt s ’sh 151 h i t s’ 5 _ n  tc , t I titu s ,t nl s l c,tui Its’ uss’i_ h is m ’ s ’’ liii , lc,i’u’i_’s _ t c i ’ mu utioti t m u s ’t l ‘‘ I :iphtrli’ Sl t uiat e l)- 0(10 

~‘h f t
s t r . u i t t t m ~ I n  t hus ’ ht :ui nj t abihi b s con nupu lu m c m i t s .  t Si iu i 2 ,t i _ ’i_ ’,’ssnbis ’ to mull s’ llui t t i t u m s ’ r s  witts’Ii , si-lien

,‘iis’ ,’ uesf  wit h s ’ :u uu ’ u ,ts , h u u u  m ut t , a we m ut h us ’ u— si uehtered amusl
\ btu ll’scale uti huc k_ up u I ’ a 1t t l i t u t l t i  ill .1 ‘sI l l’s \ ‘s  nt~ i m i n r t i _ i _’Ls’ep iiig space. l’hius s ptu i_’e cam i he tu ses l tt s a

lerli m is i s  i_ ’ u m n m s m r u m s ’ ts ’ sh  u u s t n t s ’  ti i_’ m l u m i n u t s ’ u ,’ t . u I s’ s’I’ b u cmub c : ur— n n ,m mm uu enaut es ’ sir m ess mire.t . l ’uu d blmi its co ti ts l  ite p u i m ’ uish s ’ d
tt uI is ’s t n _ i i t u f  i_\ s ts ’un i . l i m i t  Im. ih r i t . th ml i ts  cu i n m m p n ums ’ u ims t u r  f ’uun t h u eu tip grmide t h us ct utim lls lm i :lts ’ :i ,

tss ,i huutks , stu me ,t c sk ,  . uuu , )  n t i s ’  5 5 , , , kua bt le ‘u ’ us’ i i_’ sl es mg t is ’s I
Ir is) c i u u t s t n r u c i i _ ’sl , h i m - ’ ntm s ’ t b t t i di ui b ‘t ’ n.t gi _ ’ :uu mul :i t t mt s’it’ If ’ f lit’ iuits ’gr:i test i_ - tunis - as s t ructura l s’\ h e t m s t l n t t s  mite

F tt ls ’ t it mum t ime s i iel ier e u l t O i _ a u i ! . l t u u i r t  ‘u5,’ t s ’ s he si g muest :ls pmirh eout su r ui c us ’ s h imu utill s htultir to run, or exa m ple. mm ‘s X

i f  mine tm _ h h r i t t h l r t lm i )  cu n u iup iuu tc i i t . am us l  tin mt ls u s ) u I u , ’ , m t u u u uh t I  20 f t  (1.4 ‘ 6 m i )  t . tup tuu i l u t t  ‘ u s u t i t  g rs ntmiu net s it t  pIties’ .

this ’ _ - .irgll us ’s t u : u i i l t  i_ s s t e n o ‘us’,is is ’i_ 1un u s’d, I’hie t’iill—sc mil s’ t h iete is amt ’up he sp ic e ii i stuu re untie tmtr jtatihmt ~~~ cs m mi ’

iu uo ck — n u m n s,’i m tt , ’sh this ’ i_’ u l t uc s ’ pt  I t ’ mi l e sI s ’sl ic: i tes l s’ s Hl ’ b mit nm c t  . tint s , this ’ un aum itemum uni cs ’  1t l mi htmhi t u ‘uVIluld h it is s
I_ t in ier ,u nsl s’s imu iihis bts ’sI t i m m ut ,‘ ,u n n ’ u ’ s ’ u s i u i t i  i n u ~~n c,t u mt u ’ mu ll_ic snf ’tu i _ ’ t i _ ’ t t t  unut ’ dules b u m  i_ ’ u r \e i  t hus ’ csu ununsmt i murea , OIlier
hi ’ sh elter m im su sl s ’ t i n  sm _ _

c ‘u ’ cu s ,m . . o i u ) s t  Its’ ,tcCt utii p li ’ilis ’sI itt s t t s ’  I , nvsit i t s , s t i e iu is ~u “c h tc i _ ’ Lc nbsl an sl ” w it hu c u i tmt mii ums ’rs

is’’is th itu ti 30 i t l i t i t i hes , ti nt _ i ctnvs’rs’sI - a t e _ I s  tu l m c ru m : t ummm g .  ‘uVInSuis h shs’hts ’utd sill thus ’

u it u n u i h e r ol ,‘ u ’ umt , num le ms  sle sh icmi fe sh to this ’  uuu it mi mtsl umm t j t

Of this ’ h i s , ’  :uppt’ . m .ti_’ I t s ’ s . flue si_’s’un i t si , sv it ic l i  hi ts u , ’ u ’ ,’n ‘ mus ’s’,l’
h i s’mid st u n .lge ut l t m u i m r t m t l n t l m t  d t m t i i h m h l tus ’ mmts  mu t u sh dslemu t i t ib

ns’s h mm u m  ~‘ mil l i _ i t t  u i _ mi t  m~iuu iii t i t i _ ’ i __ u gh t e s t r :u utt  I. is p~ ’1 c i ’
ab le, ‘The inst . on mi ld—tint , _ u t t t tm ’ uu :i cb l ,  t i tn h iut i ls rs’s h t i un s’s
lnlls!ifica f i l t t u  III t h e  c u r s ’ ’ i,’ st rm t it if ss s te tum , Itoh tils u ’ 6 BASE DEVELOPM ENT APP L ICAT ION *

lu ll ui_ h ,’.. ‘ut hi ,’ u s .uil ti h r h s ’ i _ t i n  itun f l u l s i t  i _ p _ Is ’s’. s- : ut us ttig m u

l us s if .t p p r s lx m n uu.u u elv  5’ ps’s’s’u~ iii i_’ m mngu ~ ,‘ _ Iç l t l i _ ’ i t ) ’  flou r
sp.t~ i_ ’ W ill i blue pre f ’s’ rue, )  , ivs’ rh i s ’ mu s t i_ h uu r , Iuze Is pe sit ’ slesh’ ‘1 hisS Bass’ I )eveil ihtulls’mi t St t ush  .4 s ’ s u m ts lus’ ted by (‘ 1’, R L
uc : u t s’st ,- ,u u mt :t i ut er , l Ime utii sls’ l TOI’. c , m ru  he cinu ttamuis ’ru ,ed for this ’ ( I , S , ,- \ r uu i s  I n .iih mutt g and l )lu cfrumu s’ (‘omnunamud

‘us u t h i It n , m b hu s ’u t htm u u n Ill , , ‘ m t tm t i n mens :  bi te tRh s i tf i hiut mi l ) ‘rR,\I)O( ’ b, eu ms ’o unl r ,ussct l five ss ’ emtam usu s miu ish 11 possiltle

s , l n t , u n n n , ’ n is rs’spt mrs’d to m uc s’ l tlmInlIsh ~ut s ’ ue d is b n bht i t ihi ui  u u l

I ui’ ,tiI’I’I uiL fetu s ‘u s hric hi , ,ts’c it r dlltit II t h I s ’ b:uschi uus ’ pas’ k— —

f t l g  si_’hes luii_’, lutist urn hr uishs’sl itt fsu time tupper 6 mum . (152 
• \ 1nptmntfi~ \ I~ r uu ’ u  i f s’ s .t tuhin re det,uuts ’st sft s s ’ tt” su i i t i

tium li ) l lf .1 l i _ ’’us ,- u i muu , rm tu , ’ rs 41i,:i_, ’ D ’u’c’l Ip ui ’ t t  .5 0 , / n ’ , N u n l I .  I l.t ’ u ’t I t I t ’ u ’ .St, t i iar t ’ .

~~‘N 2t , Suu7 .- \ ‘ . ,t t f  Bait ’ / )e,o imut , ~i ’N 2 t 8 u 1 7 :  N’ ,’) IN’ I fl u-

tric ’~I (;t ’,ui’rat ilh,m Oliu/ / )j ,cf ri/ mutj ul,u , ‘sI ‘N 211 ,1 Si I , \‘ ,‘i N ( I i
Typica l Site Layout (rd/i ‘ , ‘ ,J bI ’ mn, ’i- / i’( (j ttI fj l)hi , 1)l,StTIhihfiI)li apis! l) isposaI . is ‘N

h), ’iis’tibs ’~l ,‘ , ‘ t l t , rmu u s ’ rs calm he s’ u l tt muuus ’,’,i us s hs ’ b t c t s  l~\ 2 u l t f t . \‘,‘l N b  b , ‘ rlmu ’ut/ t ’uuu i ut r iu l ’!il’rl . \ ( \  2l I~~S ,l m N’ . u i N ’ f t i

s’ l I u i s I u I s ’ t t t l m 2  thus ’ s’tu t mms ’ s itu ’ l:us’ u n t  mi ti m. l thus ’  intc gn :utet l Bait ’ ,thmi ut i ’tua ui ’i’ ,Ntnt,I u ’ , ‘ s i N  2O~u l S u I t S  - ‘ s t i l t S ’ , f t J 7 1~u
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It ,uss’ b t r c .u t iu utis U lti tni _ tu eh y. s uiue It,tse lh u s ’ muiuo m l lit s’mt ,’b u  -N s iuupp uuug c u u u t t m h u t t e r  t mucm i i hv  i m t t v t t t g  h i ts ’  sat lus’ sq uare

si_ ’ i_ ’ I LhIitI ttrct i tI tus ..5’li _’i_ ’t i _’~I t i l t ’ b ’u i t h is ’i s t u d ) . Of u bus ’ se , footage t 1 7 ,000 sq t t  11600 ui 2 
~

) tuf mu s,t br ls’ s p_ ~ce t imi d

b O s h  ‘uii_’ t i _ ’ s tn idu _ ’mh iti s t i _ ’ t , t t t  i lu is’ tsu i_ ’ s m,u i r h is b m ,u b’ muss ’ t hus ’ s t u mmu , ’ i_ ’ls ’,u t b u cu g i nt  h lb It ~5 mii } ) ,us Ills’ \ l ’( ’ S lt u,u hu t ~
dest ut m u um i embuu u d iu h uu g s  , i1,) .1 ses’uu l m d t u l  ‘ u e m t l s  Ot is mumet i t ’  nes 1uu ns ’n. 45’ c ulmi t auuus ’ r s or i_ - ,u u us irsuctuo um , I - u  s’ti~bt

l i d m l l u l m ,,’\ mi t uil ho ss ’ n s s ’ ,us tu s hetIuuuti ’ u ’s ’ bass’ s lest uttu , ‘hu e f ’m ic u hi ls , 2l Itsux beams 5,11 ‘i (24 mu u h lom lg moe its’s’desh

r e tm lml i m u u mtg t l i res ’ ht t ts , ’ h t t c m i t i l l l t s  s s ’ i ’ u ’s ’ u. h is citeck pt hmmt b s h i l t  thus ’ m u u u u )  mutush 44 s’ ou l mm o m ie m s t i m e uues ’s hed for this ’ i h lot

u i  ci _ u muir hish u t h umit  ,u hi sl n i_ ’i_ ’l .uI p n i r l u t i _’ r t ui_ s’ i mt u hsb  tie i_’ ir’u’ s’iei ) sni p1thul ’t i_ ) ’s bi _’til, I’ ,ir this ’ t i _ ’ 5 1 uuim s ’ sh 54 f,i c iht li es I 35 ss , tus ’ —
‘ us t ime )‘ .ls i_ ’ s ti _’’ ut g nm t its’h l i t , s ) i ’ im i~t’u . ‘t hus ’  ,lef it uit is ’ u ’ r ise t t u uuses t im id i ’ I  i _ h t ’ i t ’ s l ,  t his ’ luit t i l  uuutuih em III cs u tmta u uu e rs

stesi giu . If.t ’ii_’ hl .s ( S i_ c u t _ t r i m ’  II, l. ,n s’ m iuu u i u t  S b mi u tu n t s  t h i s ’ ius ’,’ s ’ s s m tm~ is 7s l’ l~~,

)t ,t,’ki,’utiu iid for apph u t tg  s b u i~ipi tmg ,- , m l m m  ‘ lu men b’mis’t luuus ’ ,
itt blue 1’ () Ri_ ’ s ’ .mn s ) iiug thus ’ . ls , ImI .ub r l I t t )  u t ’ i_’ , n t u t a t n n s ’ i s  for  t h i s  s i t u -

sin uc buslul s’I m m u r t  , t h ere Is hum i l s ’  ps is s u bi lmt s t hu mu m s lu m ps suill

I ‘ Is’ fs I l l u ’ ss i tm g ss’ i_ ’ t m i u r u s  discuss thus ’ hmusi,’ s5’ i_ ’ mm.um i im , Its’ d is pt i ts ’ ht s ’ s l  utt u ly tt i pick tip s’tilpt s’ i _ , , ru h , u m r r s ’ us , I hunts ,

this ’ ne qluur e mti e tub s t h i n  ,u uu sh hIts ’ us , tt ) , i i ’ u t hm ts sub ’ shui pp imig hh t e In _ us e devs ’lopuuts ’u it st u t , 1 te mull i dete nut im nes h uiu mu u _ ull

c u l mu uai t ie r s  f’u u u  t h is upp hie : im iiuui . t utu d time iuuipmis ’ t si tu cu t— this ’ csun ta it i e rs  , u t u ive , )  si ur u mu e l Ime htnlduip pbtt ms i _’ ‘u%’ h l t i t s f

giu us ’s ’ n i tm g ef ’t ’t t rb  i_ n t ’ t hus ’ mu )rp tmi _ ’m t u i ’ u t .  i i i  liii ‘u , um uucm ul a r  i_ ’ ,m u l s t i t u t s ’  p tt r t  t u f ’ thus ’ s’ nn l l t hs c ttt itmi iu ier back biig . hut

base, mu i ,t ’ ut uiu, ’ s sii ’ [5 Itatt t i l iu un uti sut u t i t s m l ’ s’ t ’t’si r b cam i he .lsi d IluuiII , i t  si- us i_ , ’ u tc is bs ’ n s’ s) t hu - a t unufumul Itsunl confus ion

mic hieved Its usin g s hmu pp iuig i_ - , ’ n ru . tmmus ’ r  I’ac i hi t ies , ‘us ,iuld c ,u nus s ’ ml stt it l iheuns ’ nbmi ny btac kloim equival eu th ht u 10
uI ,t \  s ol unhi rmu it l l n b n m , rutg ln~tti . ~‘or thus paruic iu lar bass’.

Scenario u h ess’ I ‘ us , ’  it_ teLl ’ mgs au tt uiu m ut tsu al tt is ust II .000 ennpt)
h(, usi _’ II’ -” ms a ) m ’ i t t s t t C  pu nt brass ’ itt this ’ tc n rer a l \ l i d i_ t le sutipputig s’ ’ u mutm ui m tens ,  Pmir m ii hiu m s itacklulg appr oxi mmiabs’iv

mur,.’,t, TIter s’ ire lr4ii .5’ t u t u _ c r ’ s muisl s’tt hist s ’ s l  tut emu , 2000 cu ’ nnt ,u im is ’nS Is rt ec s ’ si m tn ’ s b i n mnm t l n f am hi nsintiimi l T 0

hut h u n  coul sb nticti s iui i_’ m u pm u 1 t ubi t ~ is i m i h iereu nt :  t ium i s , mi lumus i st 1tonu t ips ’i’ mi t l t I t _ i.e .. rep iac mu t g to ll i_’ uu nm t , t mu l c rs  s u mm it

al l this ’ et uguii es ’ rlt i g s’ h ) s l n b  is huaum d ls ’ d s l i t  t i tiu h ssit i t t ’t ) pe em pties mis ,i s itup us utuhi naded, ‘l’iue net t iutoltem i t t  i _ i t t -

bt tsts ‘us oIlmen t inu lt s , Ni st si t  ibis ’ hu r n i , srm u m t u l s’ m rtns i r s us ’ ’ bmui ne rs , us m tt lmi ht ls’ b m mp p rt ixmmt t afe lv t lOllO h ex ce e ds thus ’ uus’t
bi slnu ef fs lr t  is itam idled jut i’)imise .1, 0+4 to 0+25 sbt ts i_ , uiumn hs’r required Its mu c t tm m tf u i r t a b t l e  muiarguu i .

tu t us i this ’ tt i ,i l ul[i b ) u r t  flue ‘ u en’ t ic mul i_ ’ , m n m s m r u t c i m u u n u  s ’ f t ’u i r t  us
sc hieshuhesh iii I’inmise 5 , l)+b I t t i  I )+‘ i() s),15 s , l’f te Itmise u~ 

Impact on Engineering Effort
m i t u utc i palesl fsu be ti ,u pe n~t u m o ut b ’itintt I iii S se. tts , In t h e  I hi ,’ hs iur  e at u d u shmits ’  ,Nh - ( ’S fa c i l u t l s ’ s  ( r u m ’ , 4 4 1 1 1 4  ,t um ~I

s ’ e r t i ’ _ u ) c tu t i s b i tu ch i r ’ t I  s’ t t , u t h  . IIs ’ t ItI5 ’ 1. 1 iuuul l iu ~~i su b t ’t ‘~, ,  44 1 24 ) s hu l t ’s’r t i u t iv mu t i im t ur s t i i t e t t u ra l  t ran t i mmtg

102 000 tt i 2 I ot s lue l l e m ’ I’,t s ’ j i j t t , ’ s mu , ’ t h i  Its’ p t ’ m ’ u ’ t i _ Ic i_ t : ss s t s’ it us , I hue f ’t nn miie r us st s ’e l’f ’rmumti s ’sl, mu u ii_ h h i ts ’  lmu t ts ’ u  is

‘ s i  ps’~cs’~~ ill tim u s area su it ‘ u s ’ ,‘ m t b ls ’ m cs ’s’ e u e s l s’u , t m s ’ i nuuumi _ e  s~ , i ’ u ) ir ,ttuu u_’d . im otb t tm u cm iit t i _’’u have ihit ’ saints’ shah f ’iuum’

h un unmu im uteti , iumc tt i _ hu mps . (‘ t nm t s ,m l i , I m t t tu n t t  s r i  svm ureh u ut ss ’ ,iti,.h dm iuio t t  minsl m i me ruamuie muite n iot eh cstn ucm ul s ’ uu ’ ik ,  I In ,’
nu imu im u t s ’ u l m u mtcs ’  sh utt it t n u u c u i , ’ t u s  II ‘u , un  r u t s  t t r l i t s  he mii _ bs t i m  ut it iuti i_ l i t  s’neu rcc s  tire mina t  this ’  5s ,h , m~l . f t ’auui s ’sl l,is ’i h i f s  is

e t l i cns ’ ni c s h u t  ‘ ‘ t l t  cu rn l s tnu mc t i o tu  e l t u ’ r t ’ i  I be w , ’n t , i c i h i b u i _ ’ .. ctr ,’,ups’r 1 ,5,22,000 ‘us’n sut s S57 .000), It lns vs”u’ s ’ t ,  its i _ o t t -

,~re ,‘ot us t ruct ed )  a htd ‘ us , ’ ) s ’ s tut t i  ( r iua d t s ’ t ’ u s u ’ t k  t~ sm num . s tr u c h uu i m i  re , l u tucs m ore bim u ue (
‘
~~7 7 ()  ‘u c r s m m s  St[’ 4 nnmu ti ’

1ilifi,’ i_t I, N ull i utsur cu u nmstn tti _ b ish i t s ’ lli u u mis t ,‘u~tiur s ’sI tb ir ti ui ,rjt hotuns ).

I) + -II t dm is s .

I ) i i _ ’ shmi ppiti g s’ , u tm t a i u ue r  f ’ac il ihs ’ hu a v iui _ a thus ’ sau te
Container Requirements and Avaihabi l ity t lt rs ir area miuis t d emu r iueig htm mis t hus ’ - N h (‘S faci l i t ies c~itt-

, h t t s l l h i t l t t h i h i u i  ‘1 su’m i t u ’bi l ’ , l s t tn ’ c  mu ll _ h u t i amt t i , ’ mum u mmce s t rnc te d so t the ‘u _ tttue shah f ’s i uu idatuhn ui mutud h:uvutug thus ’
si ub n~ h u s h ,’ is  t ’eb ’ui ’s ’s ’ tt s u n  l, ’ ut i _  u t t i l s  ss’ t s  .1 ns’sh t i i teui i s ’ t i t  s mum ute Iu ’u f eu t , n m s’ Ieet n ucm il s s ,u n k us chea lte r and Icss ,hh ’ uuu t -

h i l l $5 i_ u r i t~ u m 1 u J , i t ,~,i ‘ us mt ns ’ h t ,n t i i _ ,’ i_ mu l t i _ I i’~ d h n u ms t th is l m it esl  uuuts ’ m isuv s ’ tbtm u u u e i t h er ,- ‘s l-( S t .hi _ - ihl u ) . This ’ s imippi m ug i_’ u ’ t t

n il , i lu tt eui ,oi s ’c nihtm n~is ‘ h I ts ’  s’u i t ts i n l is h m ih s’sh i ,ms ’ t ) t t u i _ ’s are t h u  b almier s t n u i _ t t j l e  du s t s  , u uu hs  5 ,13 .600 a mu t l i t  th is ’ s,unnmi _ -

Its’ ‘sli lIt) ft 124 ‘ 01’ nI. h\’ ; ’ u t t~ s’~) Its , \n t t ns ’  h ’ t i i _ t h t t t s ’ 5  tjtti s’ rc i_ Iu tcs ’ s  tIme Imu gt s t l u _ nes h t mm ns ’ u i us ’ u t u  f r h imu m I 55 ‘ u huh , u l
( ‘ uin i t pl lml e r t t  ~ \ s i i _ ’ nm u I \h- ( ’Sl I- . i i _ u ) u pi_ N ’ . 44 i i i4 l i t  n t i S  (165’ t b ftn ’ t ime .~,i ( ‘S t t i i _ u l ih ) h I  ‘I I 511111 1 b ’ u t u s I i  i

I ai_’t )tt s N,’ 441124 t lii, ’ bass’ i_ hes’elul puu ietit s f i t , I \  l b  l i l t  s i _ t n  I t l d ih ib ’ u I b m 5 ’ i m u b n h i r  t s ’ h u i t i s ’t l ‘u I ‘lit r u I n ’

c ,t mn hi _ t i _ I  s,’ h e i_ mesh l”,ucu h i t ’ u’ N ’  44 11 14 , .u s hes ’h.frm iuned hi it u rs h r  _ u~i_s’ t tm Ith s ’ uun s l msm u u mi u m f h mui u _ ’ mu h i um ish h u t  tilt ’

‘ u t i t h d u n i c ,  i t t  Ib is’ ‘ is is m bu . i t  e,’ u , i m u h l l u t c  s’ mu luic in this ’ I () us i m uu u e ns’s huuined t h u r  thus ’  Is ’ mt s t  hmuhu i i ’ u iu hs ’ t m s i ’ u ,’ \ h’ ( ’ S
:‘ ‘ s’ s t  m i i i _ ’,is u u m s ’s h nm s ’ r i s ’ t n u s ’ s’ r ’ mtu g e l h i u r m t cs 1 tu i r e s l , b  tacil iR -

- ‘ ‘ I Ii hhlg ist i s ’ Btts s ’ lt .5 ’ , t h e  tr i , Iis ’t ,lu,ui s ’ C lh l t u ’ t t n s ’ s of ’

“l i . ;5, ’ i I , - , n , ,’ n n t hus ’ s i ruppu n i g e , im i lauuh er f ’;m i_’i It t ~ as’s’ui’uim uhmi t e .1 fli _’l s . l ’ u I t t g s
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tu t  1 ,411 il_ i t  t t t hi st ui n ts lm mt Ims  t ut c u I gu ttee m i m i s ’ ef f u ~~t . Of t Itus ‘I Its’ lmt h su rat s uu ’ v t,’s ts  ‘u’ mi hii_ lat s ’d Itotlu this ’ hoo fs ’ s’ls’—

~.u s’ i t int s . (f i t  h t l t l t i t h s  are shoe shirecth v ts i  thus ’ decmc ,use ntet lt unodel ‘‘I’ a single \IILVAN timid thus ’ tiisids’l oh thus ’
1mm s ’ l t u u n t  h u i_ ’s’,’sstt m s  I m ’  ,‘su iu s trus ’t i ) m ,’ S 4 ms ’quuis’u i f as ’ i l t t ues ,  Ittux hs’mit ui ns n s u f ’ s s - s ts ’ t m u. Field atld Iabo rat il rv tes ts
I lie let n m u it u ut ig (4,4 t u i i i tu uh i is i_ hue t h i  thus ’  , I V , b i s h t t n i i _ c  i ll ‘ us’n ifi s’d thu - at  mi I~iciIif\ ’ s ’ tn umstru c t ed w i f hu %Ill ,\ ”A Ns or

I u ,u u t , , u n f mu h c s u t l s u n u u , ’ f u l l u u  i_ ’ t b u u n t  lu l l  him u nuh sf , uu u sl  s hs ura g s ’ like s’su t ultu iuis’rs cimuld Sus tm uit i ti hbimu im i l ss ’n ’ u ’ucs’ lt uashs i u m
~i l s ’ t i s  hu n i_ ’ mu ulnl) dt h i t h mi iu ie is , f l u s ’ I ;() wi thu t i ut  shtu ntua nte -‘s cs iuup ls’r sV s h c l l i  was

slevs’hiipesh svhi ichu i t u i t ia h ls  mhia hclu s ’ sh t u e  st ni uc t ui rmil
Mode of Techno logy Transfer c a pm uhnuh i t s  t uf ’ f lue \1ll,\ ’NN .

F,’s’hiuih i l , mg\ t r . u u u s t e u ’ sit ’ h i m us ness’, u ns - bu will Its’ t uccium mu ’
plis hus’si u i m i u oiglt pu e pa i m u bi t i mi  of sh r a f t  mn mit c ni ai t h I n  t i m ue s s ’ -N i_ thud ) si l’ dedicated cs u m l ta u mt s ’ nc ‘ us - as pursued so a
I i_ ’ i_’ ) t i t i i _’mi l Nl mt i u i , t I  ( I  NIb s lea liutg s s’ t t h t  s’ ’ ’ t l i , t t t i s ’I’,’ uiui’ uns iste l TOI’ . s’u liuchi ‘us ,is fir st s ’ l l t t tm i bn s ’ r t /s ’ s h  muis’ r,.’ ls tui

s t u t i s ’ t u _’sl t . t i _’ t l n t t 5 ’s , \t’’ ,’itshi \ B pms ’sell hs u ) n : i t u  t e x t  iou -t i nu i_ ’ u ,’,Iss’ lnslht u h i b v ,  wu t i t t i t i f  i_ ’ u b b n s t s h s ’ l t u ng us,.’ u u l  t Ime s lim ’
I NI ss ’huus - Ii ,‘ u ’ ss ’ ns  f mi s ’ i lu t s  s i t s ’  prs’p murm u tus l m l . s’ l im us u r u s ’ l i iu uu hm lj h i s ’i’ s f u r ‘u i ie l t s’ t ,  Ih,’ s i _ i _ l i l t ) p httiss ’ u t  th us st uisf ~ u t

i _ h is ’ p ni _’ I ’ u t h n . l t t m nn . t Inm s ’ u j u l u r  i ll s’sltu h rl en ,‘lluu upl u u u s ’ h u t s  atus l 5,’s itm,i,I t ,’sl a s’ot umbr imlmu t ui i h t  of i iucr emus esf tmm oh , t iums ti mid
m ist us ’ u i_ hmu , u I c uns up k ’ r thsc ~’ u ut l’ Is , del .uul s sit ’ i’ s’o I’ htu u x hi_ eamu shelter tist tg s ’ -
ct ’ ht s t u m u c t t ’ u n i ,  u n u l ’ u e h t m s ’ t if mittsl  It l.m,’ em n us ’ u u t  u u f  h) Iu\ h i emi mums
h l t i  t h eir sum p~nuln t s s i _ t i _ n u t . m oish s lm pp t h m t i_s ‘.t e n t i s ,  Rcsemt rs- I ie rs i _ t i n n i e s t  out ml ‘this ’ sls ’v s ’ lhl pt uietu t altp li’

cm il il lt i l I t  f t i s ’ i l t h i s ’s s’ uu must nt u s ’ t s ’ s h I r t h un Cs ut it tu ine us , is’) )  lilt!

hu e mivils m I mi  t ime (‘I RI, Base l)s ’ve lluptulemi i S t ud )  c~ut u

duictes l b ‘mu TR ,-\1XX’. 1 its ’ B,t i_ s’ Ds’velh ip uus ’u i t St usls

7 S U M M A R Y  A N D  CONCLUSIONS iS Is e , I umceuu u e ( l  s lu th ’, su’u t i u hun s ’ tst me b’ ,iss’s , i_i I f l ue t es u i l t
‘us-crc Ii ui it esh mm , t h es s ’ b,isi_’ s , I’ii s’ ect ti m ounic s’a hums ’ , hils’mu ’
smmr, ’,h it u h_ il Im u l i tuim t no imths i_ ut ’ emt g im iee n it lg ef flInt , i s _ us

I bus ’ db n ll, ’ iui i _ tm ihi s s n f ’ thi ns ‘u ’ us i uh ’, tI n,.’ br ute ,) otu mIme us ‘u , ’-  ,‘st ; i hr) tst is ’ s h m u m  ,i I s ‘ u i _ ti) I, ig ist is ’ ps ir l itase in this s t i t ,i ’ u -

t lu,’s m s t h t mit t i t e ‘i_’.Ii_’ s’ t i ht i s’ ,)~ ‘i_’t  m i i i , .’ ‘‘ iii,u t s’ h l l t i a u u l s ’ I i _  s ) t . i ) i

( ‘ us ’ t is s ’s l  i lu i IV ‘ ‘ n  i m u m z i s t m c  1t tum ’ph isi_ ’s ~‘ ‘ui ili Sd mum i n s l i f  is’~t Conclusions
I~ sv ,ui t u utue s ’ \u s ’ s ’ h u,ies . I b n r i _  h i  n 1 , , ’ , .~- ,t . .  hrs ’,’ ,u n u t s ’ s  I bis ’ . u t t . u i s ’ t i i _ ’ .i) st udies , la ho rm i t t l us  t ests , ami d f Ie ld

nn u ’ nn e  s ’ tm t h l s’ is inline mo ist  t iut lrs ’ ( h iss S titi pp ll i _’s l at h ’ t,’sts st i I n j nluI thi S’ s’ l ’ i t i_’ i t t i i h l t i  fhu m u t it is b s ’ t is ih ’ u ls’ Oh coum .
him utuil unti l hi ,’,’ ‘t i le c i tm u t m uiu is ’nui,csl . i _ m i ce I f iess ’ c , ru faini_’ t 5 i _ tn ‘ t e t  ss’mtrehi s’u’uu,e mtt\I,t i_li i\\’,ijht ts ’Vuttl’is’C situp I ;ienlit us’s
f ensl h u n Its’ t t i m i s s ’ , h  as ui  t ui ’ us ,irs h t ime m u t t  litus ’ tu s pu s’ ‘011mm s i t i p l ’ t l m nc d h l i b u , i m r n s ’ r s  ‘ u u ’ i t l ms i uuu dantt um, ’s’ It i  thus ’  i_ ’ hl ti —

suh l s’ , NI , ’ n , ’ , is en , th is ’  ‘mice ‘ ‘ I  hi_ - h i s  i t s  s l t u n tn i ’c b lue u m h h t m , u I  t , u t nu , ’ ns ,
mi ni_ I brt nlshu p n ’ u b m . u s i _’s ‘ u s d1 i _ n  e u  t i _ ’ I siipp ls ’ ‘ r I i_ ’ u uui h_ I  l t t s ’I
i nt l shmu t mi g e l t h I n  I i ’ s ’ t sh i i _’ muss ’ , html s i i t t , t ’ bs ’ i n n  muss ’ m u t , n n t . u l n l en  ir uu lsl uu mgs stun its’ m b u s , m sscn nmbl s ’ sh u I I i l i_ ’kl )
c , b n n i _ t u n m d t utu st h mi s ’ u l i t l , ’s , ,‘ni ’ ’ i tm 3 m u ’  ttu s’et ‘‘r.i ;nu ,h ts ’tt mn t i limits ’s tt u sui pp lit t

l t ’ g i s m ic ss sfeuu i l s’u ( m i t i , ’t li s ’hi hs.

Summary

I bus ’ i_ ’ l p tude h i h , u t  musl In , , ! NI I I N N’s ‘ i - c  ,‘ h i t l t . l n t u e l s  I” ‘- ‘l it,’ sht i~np iii g i_ ’ u t h l f t nt ls ’ r t ’:is- uht s ie lsf tu mi ‘
(‘ j ierce lul

5’ ~ 21) I t  12,4 ‘ 2 ,4 • 6 n t m ~ h i s  s t r u t ,  t i m u , u h  s’t ,’ uuus ’ nh s mu dm 151 i _ l u n gs mit i s l . 1 4 7  p c i _ c h i t  s’tlguul i_’cniiig ellio t s.tsitiu!s

s ’mns t nuis ’ tl t l t , ’ i m l, ’ h h h t l , , ’ s is _ us sbu t s hs ’sl su , u  nu t abh s’miu , i h m, . I ) ,mi _ _ ‘ ,i mtu ~t~irs’sl mu ’ mi sh s’e I . lr t i uuus ’ sf ,-\ i - ( ’ S Imic i l t i s  III the
s h i m t i _’i tu n_t i  t t t l l i _ i s ’ 1 5. i m hi nu i rt i h I m ) I i _ s t  s - ,nush I me hu f tests , l ii ~’ i_ .m t m ,’ i_ ’ t i~~_ ls ’l Is : .1 i_ _ u m n h u p t u u  s ui t  to  ,u sumi u i lmiu ‘us ui ‘ 3 — I n  mu m ui ed
nuu, i b l m e n n n . u b t i _ m i l  i _ tn  i i ,  - mr al n r n,m , l, ’Is , , ‘m n sl sh s’,h n Il  .111 o r , I t i i . i ns  - N h ( ‘ S I’,i i _ - i )ii ’ u sis ’Isis a ?~ percetuf i_ ’,’si s tu ’ uumtes  m uuu s l mu 65
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‘ru nt mJltuI ( ,m, b rj , ’turuj(t ,,,i mi t  Slim - / u n  .S / n u ’ I ’ihII / ’ n ln ’/ ”o e  i StIR , lI l t )  t i i si brl luts’ mumu s h sh el ter mine intangibles . e.g.. it icus ’ass ’sh
I l l _ nit l m ’ im u  -~~r I ’ l ,3 I h ) s ’ t I . t rhuuus . u u i  ‘ ‘ I  f ) s ’ i s ’muss’ , ‘1 73, ,  e f t i s ’m s ’ t t s ’\ -

In



A P P E N D I X  A: for l’hueats’r Level l ’ m igi tm e s ’ r u iug ((‘AS’ ! LI h. ’ b ums obje c ’
ECONOMIC IMPACT ON BASE tive su m’ s m et,
DEV ELOPMENT

‘ l Ime levs’h tub ’ slelail ps ’ i t t i i ths ’ t h  sh e t s ’ um m iuu mm uh i t ’ u i  Ill t i u u m i _ ’-
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SI 001) Hati ~l j tnn Mon tIm ,, be us’ ali tesh

Il l  N Sts ’s ’ I I n , mll us’lI I lmu m li t t u l g i l’  75 2,34 Il i s imp h irtahut t I n u tIle thua t each applu s ’ a h m m m n n  t u lu ish
he st ib ~ s’s’ h s ’ d II’  thus ’ same mu mia lvt ucal sheh all app lied h I

Sf I N \I i,,Iuf.h r , u m mu esl t u u , t h i I t t m ~ I - , ‘s.s
Base I~s~ he t i n t s ’  a raf is itumuh pres hicl isiut of s ’ t ug u~iec r

Stt up pim t i_ ’u I ‘Inn ,ttn s ’r f l tu ui , f in n , m 7,4 I 1) i’t l IuF t  sa sum lgs us pu ussuh ls ’ .
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APPEI\IDIX B: l im t ) X uu tm a b s ’l) 3 0- f t  (9-mum ) clear Ius’ iglt t ,  TIme cs bitip tiuiemm t s
CONSTRUCTION PROCEDURES FOR of thus ’ s’siu t tls ’ uS tire islemil itis ’d aumd t h eir f ’umlcf itun s
SHIPPING CONTAINER FACILITY dcs cm ihed : this ’ sfe p-b y’s ls’p asse uiu hly procedure I’ll

cbu uup hiu u g 511 I,N-’A Ns is press ’uut ed . tilomig wi t h hIts ’ h it ’t iuug
plIlds’ du m rs’ bu l l  Ih us ’ c t ui mup ls ’ tcd Itmi x h eauu i~ a lust oh’ us ’-
s~t uim s’ sh u m ma l s ’ r i m t l  m mm md es l u mputms ’ h i l  hi pu~ v idesh

1 I N T R O D U C T I O N

S bu ipp u mu g dui hi taitu e r (NI II NA N I str hud huute s .urc mus ls ii ’ 2 SITE PREPARATION AND SUPPORT
u us im ma l sIr sm ih s t i tu ute  f ’ae i l i t tcs in w ium c hu t h e  u n i t m~i’r I mu i _ ’ t t -  s’YsTErIlS
mis requu ireti t s ’umt i uu time f ’ ( )  is mutt .‘sII- t s u tOO—ft ( 2 4 -  Ii ’

30-mit I clear sp, mt l structure.

Thus ’ mmmno uumu h mO st h c prs ’pmur ah isltt deps’mud s on this ’ size
I me htts ld 1,111 1 ss’stcm Ill ti NIlI,’s ’ ,’\N structure d s m t t ’  ,if ’ t ime fac i h i t v  i t ’  hte cu lm is bructs ’d , h ’ u gu u e s lt l mu amid BIb

stst s of I m m ’ ’ s heauns 5. X 5. f l  (2.4 X 2,4 mit ) in d t ,~5S N ed- represent cross s s ’ d t i ub mis lit blue prepares l s b b es t , In  5.0-In
mi s int tt m td ~u utiu lti pis’ suf 211 t ’t (6 In) iii lem ’ugl hi, These Ito’s (2 4 - tn t ) ‘ ‘ ‘ s  hts ’auuis (53 1-lu 124 ’mtt l clear spam i ) tu tish IOU-It
heauum s tire formed Its j sliniuig NI I [‘i N Ns emid ti _ u emid u s  (30-m u ) hm u ’ s  Iteantis I 00-fm 130.miu I d le ar sp mt nns (. Time
s pc d m~I b d inu plers, -5 bsux ite mu mmu nuiadc lilt of’ f’suumr Sill,. Ieu igthu m u t  blue preptim’ed area us guiveunt e sh Its this ’ miumiter
N -~Ns ss suu ulsl Its’ apprs nx imm ia lehv ,s(( ft (24 mm i ) Iouug . hu t  hum’s hem utmis uus e i_ l in this ’ m’ sns nf 55’ sh s ’tli m a t t lUu tdat i suu t

heng t hu s uf a pp r t nx m m m ta t s ’ Iv  5 . 3  ft ( 2 7 9  Il l) per tu b ’s  betitt i
The Ito’s hs’,t n tt s are placs’d .11 hIts ’ desired clear us mini a pp r t t p nhm t l s ’ tu lllus i t uu m dc for lIme lengt Im of this ’ faci hits - .

iuei ghII Iut i a suipp uirh ss’ s hs ’ t h i  (wimi ci t  can ah S hl i_ ’ u u I l \ t s h  u u f

5 Ih1 3 m ’ ’N\’iI ss’ it ii  mt mumim u mu t umu l  up s , u t immut  Ills’ Intl’s lts’t uu uis Fo r  thus ’ It ,ist~’ shui pp unl g s’t ummfaim ie r  fmi d ih i ls  iv i h im aIm
l u i r m t u tIl e h u u t , h l  rsIt l I  5’, st _ Ill, St iu d e mite I n tl ’ s It etuimu s t ime ,5lI.It (24—itt ) s i s .u n s j n .m tu  csuu tsm shim ug ill II h t m l ’ s  hs ’ a mmm s 1111 ’

5 f t  I 1 4 nb si-ide , a m l u ’ ) ss s teu l t  d l nu h iu s t u m ig  of hss cbs ’ u_’ t hus ’ u , m m u l  s\ s is’m, t Ime I l u h m m u d , u i i m u u u  c uI his is Is Ill (sl im itm is is .
‘s o - f m  (24—m uu ) h u m ’ s  het iuuu ,sw uIulsI Its’ nts ’,’c s smtr \ I l m u  mu t ’mi~ u Iit ~ etu c It 100 I t  (3 0  m m m l  lu ’ i tm t , svi t lu tIme dioi s- sedl t olh slmow , mt
s i iO u mm li mu pp ruu ’si unmuh e mtummmummimmmmu c lear spamu of ’ 793 f’t ( 24 ihi 1 - ug u m n e 131 ~u. Thus ’ imuts ’ ri s nr dumiu s ’ uu s ilnm us oh this ’ basic
in) ami d a tmi m ux iuu u mmtu d i s i t  s p t t u u  or lemu gt h u III altprbnx ’ s t r uc t u re  are 75) I t , 3 in. X ‘-19 f t  (24 “ 30 ui) s ’ i c t d tu t g  a
i tm t mi t s ’ Iv  100 f t  (31 ) t im) ’  Thus ’ prelcu red clear spamu is 5.1,) ft dbc,un murs ’a Ill 75.5 ( 1 

~ 
ft (72 ’ - ) mn 2 ).

( 24 mt t ) . suu idd thus span Is ’ mmgmh can mi ddmu u ummuutud a te ds’sugmm
rosut Ismads mu ~tu t s  1IIL’t lt i l li t  UI t iue ii’ ubrl d , [sIr f’muc m l u l m s ’s Icus’ ium g 1110 t hs’ su bt psl rm pmids requires tIme sanms’ i_ ’ mmns ’
having sh unrb l ifetime s mu t ’,u , ’ u i u h u i _ ’ s l un i_ ’ ,u us’d um i trsip ical sir as Itu s umi g I nl u t anu s s l t u i s ’IUra l f hl u i m idmub io n . is’ .. sumrv s’~ mm t g
s s ’ m hm i t l b I n ii _’,il ,n i_’ J s , a 115 . 1- i t  ( 3 0 — imu)  s- lear s ita um is,uuis l Its’ ‘9 t’ouur p mm ra hlel  h u e s  tif gras lc s lt ikc s at the l u b t u r  ItasI
muece p talt ls’ - The c lemu r Ims ’ i ghu h is , nuld i_I cps’t m d I umu t ime coil — ed ges. t Its’ U 111 suving amid dli Iii pac tin soil to hIt is graste
t iu t uirmi I moth ‘‘I this ’ support “\ st i_ ’mmi , Na hum rmu l i_ bc mum lie uglu ts level - l’hus’ co hm spmuc ted s su m l shitnuld h ave mm clumuipressive
ti re .S , 10 , 10. arid 14 f t  I 1, 4 , ~. O . .t mi s h 01). streui g t i u tnt ’ .t hiiut I (tip ‘ sq f’t ~45. k\ tn 2 ( sir suns - It t l uau

hnw— tmr s ’’p rs ’ssture s ’ c l i tc b c ( 7  hi t 10 lb t n t .  Ills h i ’  I
‘I’Ite Ito’s hte anu is t ime I te ld .s , i n i s l rU c be d mit gt’ hlu u m is l level kg/ni t ) su ns’s h unt ls ’m t s ’ s’ It e rs is uc iu t  trea d Inarks,

ans i hi l ’t c s h iullu ’ It ias ’s’ te, m u s’utfl it lets ’ u m nit .  .5 1 00—ft (3 0— mu i)
hu m ’ s bs ’tu iuu Is ’ , u u i s t n  L t d b i _ ’ it III I is c Nil IV \Ns ) weighs 1- i gi m nes B m u  mind 13Th depict a typical stlpport sss-
, t pp ! m m s n u tm .ube i\ I~ t h us ( 14  t ) , i m I s !  us well wit lmit i this ’ lift tet t i cs ii istructei _ h I’roti’i \1 h L,\”ANs standimig intl s’mud t h at
d . t j ) h i _ t R  u l t  t ime Ill-o il ( I - S- I l u lnum g l t te rraimu ihtobi ls’ provides a 10—I’m (6—n I ) clear h e i ght f ’mu c i l ihs’  f u l l ’ nom iiu mimm l
d l t i h h s ’ ,  St Is’ lt uep.ui.utu , in l u r  m m ’ s  hs’ahli comis t ru icti o tm ms clear span s of 80 mituh 100 II (24 timid 30 Iii ), II m~ itmi .
t nnt u iiut ,u l s iltce is ‘n kun m um ‘p.1cc us res luirs’d snnly at this ’ psurtant t In route that th is ’ mmuu shs ’ rs id c sif this ’ Nil LyNN is
J u J J us ’ l t m mls It thus ’ ~t I i \  \ \s  mi s sm nrkitmg area I It ‘< 5. t’t positiomied to face imuto time fac i l m t v . mit t his Jtoslt uomt . t ime
I ‘ 2 4 mum I t s  .u in i ple t b s us1 i u m u d b t u m i u  - shr uictur ally sfr uu mig uunderside of the Nil LVAN ca rries

t hus’ strm ictuura l load frt tn the box heaull roof SySts’mil imils i
I his ’ I . u l h n s s  lun d ~ s’ s I u , u t u s  st i _ ’ ss tu l nc  llvs ’ rmu ll sm lc l t rs ’ u tt u ia_ this ’ f ’Inuut idahj ofl.

t msu m l ines ’ s’ss ,iri i l l  tutu ‘il l.I l (24— umi  I dhs ’t ir s p I l t  1 _ u d mlb b y
,uri~I ml 1( 1) 0 ) 1 ( , S l ) — r n l ,‘ b u ’ .Ir s~n . u mm Im ii _ ’m l i ty . t his’ s’ .ur i in m s hiux 1 hue tuc d ui rmm s ’V si t lIme imile rmimul spacin g Shi lu O ’ ni in
hnemu ut i s t i pp l u r t  ss s le nums req u i irs ’sh t I n a l i m ummu u hal mu uk i i) l u gu t i es  BItt aild B2It sht uld he hus’ld It) ivithilti I 4 i t t .

i_ ls’.ii f ls ’ugl il s t n u t , ’ l m m h c i  l auu tm s’ hr omu m ‘s~Im I 2 , 4- umi) t i_ n ap- (6 mmliii ) (ruse a steel suut ’s-s’s- t ir ’s ta ps’) h u h  pu l ls _I c appu~ u ’ s t .
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ntt t i is ’ l~ ( ‘ -mum ( I 52 ’ t l t lu t )  hearing hs’f~~es ’ tt m Ime box heaumu s u h 5., 16 , sir 24 ft (2 , 4 , S , sir 5. imi ) .ds ’pe mls huul go mm w h u ell us ’ m
mut t ]  t Ime s m l p pl u tbm m mm,1 NIILV -\ \ at s’a5’ hm unf i ts s ’mids , ‘flue \ t I I \ ’ .’\N’s are stacked titus ’ , Iwo . or mI ni_ -c h ig h .  \ \ b t s ’ uu
ii _’ nmm i _’ _ u i ~~~~~ i ll t lus ’ ‘9 11 V ‘iNs i_ m im I Its’ sc h liv tu s i mug su .IL ’k t i h g Si l l_VANs h i m ’  uum t It us ’s ’  hui gt m _ s’ mum ’ ps ’ um ls ’ r shu m u ums
slmiu s t,u i . f  s’ m m u h iemuls ’ l s i u i b l u s , mm u s ’ m usmt i s ’ uu us’ u u l Ill h I s ’ V s ’ u h i s’ mu l ui ~t i he mei l m u ur s ’s h Ill mu u mu iu n l m num I hu s ’ S i t  m t s ’ _ t l m u h i gm u tums ’ n ’ u
us’ u f h u  ml 4 Ii ) I ,2 — mui )  b iohui n ls ’ is ’vs ’l ts s i i ( lus ’us’uuIh ~ ,h5’,’ t h u.hI & ’ l t s ’ s’ s ’si ; i h ) h I ’  h n m iui ’ u shc , ls h e s f ui muf s ’ (i s’, i h t u ig  . mh s’ t i s ’ b i  e u mu t oh
i l  u m m m u u m t f m m u l i  t h e  re s t um i rs’sl In i_’ mumut ug ttuemm. t h i s ’ (i l l ’s n i _ t u tu.

i’ t ut tit s ’ l3Sh s lb u us i s l i t  a l te ruma ls ’  su ippsul t c t l mt t i guu i tu fusu i m ,
hhil ru/.ulu uba l sptt i .’ i l m e of this ’ slupptirh ‘lIt ‘i NNs ts ,

umu wiu ichm I lie d iut u m sum , I posts .mr s ’ use d t i th i s ’ s’s’ rtu cmu l,ue lu u cscu l  l’i u m s u n i s ’  a wsu t us ls ’uu smIls ’ R’ Shttt s’s’t ( l ugu ure 13 _i)
— struictu i rmi l sup1tou t mmie m m ihs ’ rs , flue im ils ’ rutn r sp.us’m nn um 1,1

du lnls tructs’d ‘ ‘I mu I-It (0 ,3-mit I length un l 2 \ 4 mu. (~n I .\ , , .  ‘ ‘
- - Nil I ‘i NNs ms especua his cr mtu c ah m t lu c hs ’armu ig leng thl t ) _ uiumil ( ) .udtuJl I I I X  ,‘ I ‘ Itt , l ’~ ~ 5.~n nhiiul~ I mimimled

s ’tuui i l tb t s’ ’ si _’e e i_ l 6 ru. ( I  s2 Ilil il (, III ulte uc ss’ull Its’ mu Is~it ’
ill ( m IS Si ui iij pla te  J p p m u t \ t u n l t u nc lv I—I t (0 .3’utt ) ss lu imure ,- 

‘ ds ’ mm s’v ( m r  h u e  Itip cord ‘I the suu pp s nr luttun Nil 15 .-SN I uu
I Its’ p h si’ un , u sl plate i_’tihi he mm mi c s nt t v e tums ’ u i i  b imuc k nues i u m t  —

huuckls ’ : b l u t s  isl iu uls i nitn l ut s ’ s t u , u s lc  Ilus ’ s i mu ppimu s ’ d , l t u u _ m i n n s ’uI 4 m it ,  (0 m n u m if or m ore, ltu ul s imsu ulsl Its’ this ’ stimmus ’ t i muck- -
t t t d l ( t I \  , but It is ‘ mul l l t ts ’V s ’ m lh thus ’ ‘911,5 ,-SN trs uu n Itcimig

lbs ’sS fml r all plmiti _’s . l’ mmnu irs ’ 134 shepid ls this ’ ps isu f utmum mn ug of
retuirtiesl bu ’ tims ’ houi t s thd sths ’ a i l t  l a te r ,ilus ’ lu res’ stud y sli ders umsed bch is c e tt  ‘itI [N ANs along -

thus ’ m um ’ s heaun sruppunrt lu t e ,  kL’g t t ls l l sss  m n f  ii’lis’h l ns’u hits ’ smipport 5) s l en t u  d u l n h s u s t s

ill Nil 1\’.’S\s laid i i t  s’mus l (f u r mu m’ioti imnal clear tme mg l ut  ml
h ’ mgum u e BSa shsisv s mu ts ’p ic mml ho’s Iteaun s uppturf Ss ’ SIs ’ ml i  It ) ft lb mii i ) t Il of \il[,V,”iNs laid tin side (( ‘tnt musi mui mmual

iii w it ic lm this ’ Nil I,\” ,.\\~ are Imuid tutu their sides rmit huer clear h eigh t  of S . lo , bu n 14 fu (2 ,4 , 7 , Or 5. tri l l, add)-
t huam u tu mt c u d ,  ,‘\ sr tumun , t his’ rutidersids ’ tnt ’ this ’ NIILVANs l iunt u al  s’Is’mur ineug h ut sa i l Its ’ u i i tt mu inesh In s s ’ x i_’ tu s ’ a u t n u g  hi_ l i .
Il _ s ’ s t hus’ mtuts ’ rmsnr ui ) the fac ih ily bun rise thus ’ strsnng h un_ mr bl ue I t t u t tun mum line ‘1 uhus ’ smu pp iurt  is s t e n u m ,  ‘this muddit usutimu l
‘5 s ie tni tis t lts ’ h.ustu,’ ser f  u cmm l sbr tm c f u urmih luiemu ilter. lmits ’ riunt ’ cl c ,u ,s ’ t g h i t  is I’,hI,uous ’d t il a Imu s s of level f lotur iptuds’

spac’ itmg t i mis shm uu w ru irm ~~~~~~ HIt muns l HIlt , Thuis Is- I’s ’ is i t huium hIt s ’ l.is ’ i l m t s . s umu e s ’  a sm IleR setback is rs’quire h at
s it supp ort 55 s ts ’ t t i  eas i ly pernuibs mus uuni nmu l d emur h ei gh ts s’mu ch u suipp hi rt hills’, tiS s htu nw m u in Figure 116.
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3 COUPLER DESIGN AN D ASSEMB LY lIt ( 1 5 .  00() kg). I’ hus ’ sf mimuis tue uuss’sh h u b  mlccouuumuiskf mi ts ’

hu l i i b l l r  V aria liuilts iii husi ls ’ S u e  Ill th is ’ s ’orrueu ) h h h u l u g s .  I us ’
sh ti l u u Immtiu ’

~ ’ du imiltls ’ is’ s’ sf g s’ t i mi d lIme l iv u l immovable ws ’ s! ges
1iu uus’isl e the m tis ’cl uammismui t Immut huuc ks the cuutu it le r iii pIties’

I I  s’ u ’ t l s t l l t i _ ’ t  Ills’ It mu’s In e t um mi , Nill \‘ ,\N~ mummush In s- d l t h l —  l i t ,.’ nisnvmu hle \s’ s’sh gs’s m i re tu t u_ Is’ iii l i s m u  SI/s’s bIt mu e d lum u m —

t i i_’ct s’ih s tud  I mi s’hlil , F igu re 137 depicts ml Nil IVA N t n uu l iI umutis hmuts ’ lIme u t u m u l u l u  du fhere tus ’s’ mu hustle si/c his’ lis’ es ’ ut lIme
bu ish rmutes  t h e  d u b i t h d t  f i l t imu g s avt uilmihl s’ f I lm ’  imumukimug t h is upps’ h amush lower s ’s i r i us ’ rs of tIme f i lhu mugs .
d i n t u m ms ’d bmomu , ‘I’h ms ’ rs’ mire h’u ium r dit ’fs ’r s ’ tmh Is is’s mit s’s n r mu s ’rs,
it e p s ’ uts h imug slum w lmeihis ’r thus ’ s’ormuer i s a  ls ’t ’h _ 511 righ m t —buatu s l  i’mguir e l3s l sbu~usi s m u u m  imh _ l ’ uhaes ’ s’uess’ ill’ lIme mu ssemh thtls ’s h

s’ u ’ F t h s ’ t  5t h  t l h i  ui~t~ts’r , i u lluii’s ’m d sn r umem ’ , Hmu tutu eut st t m ’  em uui i_ ’u l uhn ls’r , 1 tu s’ i w m u  s’hl ruus’l b’u ut uu u gs  tubs ’ f r h u uuu tud f i l i mu u mu g

s’muui ph im m g nu t  NIII,’s ’ ANs , this ’ ihit ’ f ’i_ ’ n ’,.- ut , .’c Im s’ uss s’stu  t hus ’ t ip— Null ‘i ..\‘sms. l’ Ius’ s’uti ht ls ’h is _ mm ssc mumbles ! (is f i rst i i us s ’ u t i i t g

ps’r , mm u sh ( u m \ i s’ t  s’ m m U l d [  l’l i i m t m g s  rs ’ s h uu i us’s h l um ut I lm e i_ ’ tb tm (u l ulig t hus ’ chi ps isu s p.unm l In e m u u m u u m m t m a l  3 — t n t .  I 7 (u — u t t m um )  gap hi s ’—
ht _ use s t i t t ls’i e ml h t le ’s i it ihts bun mu c c t nuu i uu is ns i .mis ’ limIt s’ i . u m u . u -  t s i i_ ’,’h t I m m m s m t t m u n u s ’s! Nill S .-SN~ ( I  hi_’ uusu umd s u ’ . i t m l t g  u I  l ush

t l h b t is 1:2 iu. I 1, 5 unu u iu ) us ’uthc , .u lm d ‘s’ . t i s ’ utimiks ’s los ,u img h u t  ~ t s’Ss f ’u h . h  Nt thus psl ummt . aim
mu ppu mu 1 nl iti t s’ u i t iu n mhei t u l ’ sbu iu uis .t u 3 sItu u u ,  ‘ nu . u t  s diutihls’

I o mits ’  135. is mitt s’’s lt ht b s hesI i ’ id\i un l  thus ’ ctuu ip ler u msesh il,i_ ’ ,It1i_’ stilt its ’ t l l ”d t  lest h,.’usi s i _ i t  h u e  d im p s tumi d hn, um ist —hue hs l

si umr b t tg mite (‘I’,RL t ’is’ls l teils , It is outs’ mi t  su,’s’ s’n . ub  ,.l i_’si s ’t u s iii ~~~~~~~ uimiti l  thus ’ mmi s iv muhtl e sie stiu s’s t i me t t use ut , .’d
t h a t  ~‘v mmk ’ ’:d for s’ttd m m  crud csnuplimmg s it ’ Nil I V ,SNs mum is l t l m mm ’ u g h u thus ’ dsu rm ue r t I t hm mt um uhi t u n tIme s’mishs m u )  lIme n t u ’ui’

sm _ m s se lected l u n u  misc u l u u l h t l g  thms ’ ni _ ’ scmmus ’ ( u plttise Ill sli p. ,is ss ’ u t i l n t e s t  i_ ’uiti p let .  T Iui_’ f imut u l s ls ’ ( n l i t ’ Iuus ’km m ig this ’ L u m u m l t ier

~t umt g ds ni t t au is’r s h t t u d l u t t s ’i becau se i_ if its ad t it iom ial u l i t t i  Place is i h t S s ’ l t i t u h m  sI t  .i P~ 
liar t lmroug hu i _ .m i _ I i  s t , is ’

f ls ’ x i h n ih mh v iii tiled utug possilt lc mmh i gbu huucti I 
~ 

tt hnle tuis ~ 
hustle Il l  th us ’ cs urru cr lit Ii mgi aums l f i rmm iI~ puis hiumtg s um

Ills’ lucId. ‘ I tm l tm i i tm ei  tug thus ’ ur uh nv t i htle iis’sl ges mmm l i i  i t i tu s ’ s’ . All iss ’ st gi_ ’s

sbt m u uu l s l  be dhus’dks’sI Ou r mig hmtmìes s whu s ’t i  all f u u u t  s’iu ih ls ’ ns

I I u _ ’ him’ sl Ips sl uinsvl l  u t  I”i g u mm ’e Is tire tIme lm ntu t h ’s ’ _ mu t I ns ’ c s nmu l us ’ emes i , sihbce s m i t h s’ hli l lsem uim ig lul t i S u ’ s , .  i t l  iills’t i

t i m e d t u m h i p u u t m s ’ m m l s . ills’ pIs ’sd t ih gs’uunmt s ’ I i s  mmmms l m u im u fs ’ritu t thus ’ 5 1 115 . -SN us htu isili iUicsl f u t m  phti cs ’tum s ’m uu u ut  t I m , .’ I m m su

se ls ’cl t , i t i  Is_ Is !  .m du’sigmu Illtish I u l t  t Ime dhul ibt le l ’ m ’ l  40 ,1)0),) sul u t hmk’ i

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

I’ ig uu re 13 S l i t S  -SN shmumiemms t l l l ns  W ’Itbt i_ ’ mumtts ’m Iu h t u n l e s u n u u 1 hr’ it t .ubu ’un ,

‘5.
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Fi gure 139 , h i_ p Ities’ s me ss of asset mm hls ’d c u u u u p l e r ,

4 BO X BEAM ASSEMBLY AND i~~i t t t ’ 1310 s l u s h _ s  mi th imus i _ ’r Is’st S i l l  S’ ,SN (‘ , ‘ ‘ u t  hu ‘i u,.’ st

PL ACEM ENT PROCEDUR E tn ht iii,’ ii_ ttr k i iug 1t s’sls ’s h, i i ~- . eac h i u l d , i I e s i  t h u  mu s i_ on k utu g
m u s t . h ’ t i i u tn s ’ 131 I s b u,ni s s tIme s i m m  ktut mt peshe sumul t in u_ t s ’ Imuul .
It us i u uup t urt t i um l t lma t  thus ’  s i u m i u b  htuelllhts ’ l’S u h f  Ills’ s i t  k t n t ut

I i _  ‘‘ m’ s Os m ium ruuum I uu ms ’ t um hs’i us sm u nus ur u is ’ts’sh s mt  i m u— bt edestal. sv lm s ’ u m mu uuppu l rt i i ig _ m Sill \ ,-S~’s , b’s’ s’ ’ untp l.’ te ls
ie n ts ’d Si l l S  .N\~. I his’ S i l l S ’  ‘ iNs  ,mre invertes h hs ’ s’ m t u m s s ’  imu hi na rd ull th is ’ diu rimer I m l i m l u g s .  si lt s ’s’ tmsss’uutl ’ ls u il u l t ~’
t hus ’ u u ltps’t suit ,is’d II) I bis ’ hlux (u s _ t u t u  us t ime d tbtll p l ’s’iSms’e dsnti htls ’r re i lmu ure s .m i_ ’5s’ss u ’  all t h u s ’ diu rtis’i t im t umm g l u u ’ l s ’s ,

s iu t s ’ lb tIme hc,t ;ni , mim ud t h u s - l l i uu ii u b l  b lus ’ ‘ill IN SN m mmi thus ’  ‘[lie ihi uurt im iem ut h iers ml  this ’ ~~Ilrk mim g pedestal p i u m i m s l s ’ f ill

u l i t u b n u s’ s S h i s ’ s b ret t g l l m. I n t  s ’ ’ s _ u n t t pis’ , mitt “n I l—I t  ( I4— m m m I vet iuu m mh a img m uuui s ’uI b ‘ m l  si ’ i_ ’ e n t t l s l l , t , . s’ I I I  Nil 1\ ’ .-S\~ shu ur uui g
- ‘ i  Os_m ut t  t s ’ u ( t i I t s ’ s  I u u u t u  u n m s s ’ r me d  SIll ‘i NNs ts u  its’ p1 51- t luc ,isss ’ unu flis p m u ’ s’ s’ s’_ .

I uiundul iii th is ’  hull’s h i s ’ a u u m s’ u i mns t n  l m s ’ l u u u l u  s t t s h , A l u gu mm u m s ’ t th
1nrl , t t t s ’t l m s mire tmuutmm i uim ie d if luke e mmihs m I t  t hus ’  Sill S ANs (‘ t u t u s t r u u c t i tng  t ime (mu ’s heanuts (ts ’ m zilis s i_ i t l i  m m s tnu g t s ’
mire s’ l l I q t hs ’ i t . t l mui s , mu ) h i ts rul uug h u n i m s t l l , m i i h t i g  s tag e , a Sill \ ‘ .N\ s upp i i u s ’ s h u n i t  w u u n k  (n s’ ’ h s - s h _ m t s h s s ’e Fi g ums ’  131 01,
u l 1 u u n 1  s ’ m ud u I  lulls’ S i l l _ S - S N s lt &tu ul d he com itic ct esl to f lue -5 ss’sm uu u s !  \u lLV - SN is h t ts ’ s h  h’s mu eramis ’ l il t  at hs’,msl 7 _ h I l u l

u) u IuI r s’tud Iii t ins ’ mie xl Yi’i h [,,VANt i iks ’ss ’ isc, t hus ’ f ’snrw ,urs h 3.~ t~ ca pm us ’ iIs ) lm ~ his iupps’r s’ u ’ t l h e i  t ’t t l m i u m us whuete thus ’
cru d s i f  l i t h e  ~sIlLV ’5N Shtluul d he cottim ected tt) t h e  for— h is u istiut ut chmaiu u bl i nks are lthacs’d mum hIts ’ i i u l i u ug  l uu ’ l s ’s d’s-

ivar d s ’ m id t u f ’ tIme _ tL l l J ~ i_ ’ l l t  SIlLS ‘i”~ ts’lm,m u  t i n this ’ nut _ t h Ing Sil l  ‘ iNN s’utd s . t hs’mu It ii lulu g l nhs
pos ihiot ues f 5l~ t h immt bIt s’ Imiatimug s ’uu ils rest , is ’ , t u t ns l  l Ime 1 \

Sums ’ pre paratiu utt Our thus ’ ( n u b ’ s  hteami ’u Cmut I i t 1~idt isi fl area 4 til . (~~l ~ lull t ut u ) s t i C k  s m ’ _ t ee n  ( m I m i _ k s  m u m , !  hie 1n t l’s
shu uuil d l i _ i _ i _ h i s’ th is  s,utnm e mut ts ’ r u lh tnn mis I’suunmda l itum i prep. rest 11mm thus ’ ib m , ‘ m l  t ius ’ mu mhs ’ rs u t ’ t his’ S i _ m u m  k t i mm ,’ (u s’mts ’s i.u h,

u s ’  ‘ mu s mmrvs ’’s Ii) tIme four ( J 6 X  S f t  1~ ’s 1.4 1111 1 Since t h us ’ door et u sh n t  thus ’  NIII\’ .”i_ N us I t , . , u ’ s t s’ t  l im mu mu I t s
s i_ I l l  kmut g In c_ us a~t (t lu u ’ s t u n u a t c l v  10 ft (6 m u )  on centers , f ’u i rwars l end , it nn i~us be m nc ~ essm urs Iou tills ’ m u  1551 ’ ii u ’ n  ks’u s
t , n l i t i s is ’t i  by hs -vc l t u t g  ansI cunmnp ad f ittg m uf these wtirkimmg tub sImm _I sImm f lue lui ghm emi h u n l  this ’ drm iui s’_ smip ltuir ls’d Sill
. m m e . m s  Iuu mu hetir imu g s’ t lp mus ’ u t y  ut apprt u .x iiniafel y 1 kip st~ NAN hun hiring it imito this ’ i i u i n mi u , u t t m i l  1 t , u s j t i m llt i i ,’ ’.,’

f t  (4 ’s kN n i t — persu uui muel . m y sh iht ’ t umig punsitiom is . can m m b s l u  .mu f it is h thus ’
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Figure BI 0. Imiiti al Nil L.VA N positi uumiiti g lull box beam ct nfl st rudt it nm’u,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ the upps ’ r ci nuphers ars ’ inserted and loc ks ’dm during Ihu us
ste p thus ’ hi ll tuf thus ’ craru s’ cami help in s’st mubli s lmu iig thus ’
uucd c s sar y toleratics ’s ,

After these first tw s u MILVANs are cuntupled , one
6 FT. sUltpOrtC d bt ’. wor k itedestals amid the other canti levered.

I.8M) t his’ cra uis’ lifts this ’ ca uitihv ered s’nd. f’re eung a wsur k pede’
sta t wh’u ich m is fhicu i mu’ mtnv c d along this ’ box hs’aull and reset

(N sun thaI thus ’ work pedestals miow support this ’ hiv un couphs’i_ h
(.45M) MILVANs at th e c u d  psiints. The s’m’u d csnnlIgurati uimi

sluown in Figure B 10 f ’iir sin e Ml LVAN rusuw is rs ’ Iu ncat s ’s h
Figure 1 3 1 1 .  I ) s ’ u, m ml ut s s ’ ur k  psl sit iouiiitg peslestal. mit this ’ cct i t s ’ r  psuimi t sul ’ this ’ 80—t ’t (14—it t ) ho’s hemilu l,

This’ bluird tumid thuet ’u the fourth Ml LVANs are lit led
by this ’ crane , and this ’ process described above us rs’~

pl i_’ss umr e  ‘ ‘ I  thus’ c utu mt s ’ _ sh u lm htll rt s ’ i h NiII ,VA N omi the a l ugm i— ps ’at c d.
ummen I mis’t ni hers ii) hIts ’ si Irk pci_lest mul, Final psismt ionimlg
II t his’ mi t_ ut tu g ent u t s  If t ime Nil I,VA Ns is acc unmnp lishcd The csimnp leted SO—ft (14-mn ) box beam us Iuf ’t s ’ i_h I’rs ltm l

m~ 1ti~ - ba rs , this ’ center ptnint of this’ beam with saf e t y  linus’s ( twin al
etch end) attau ,ulued to the upper co ri ler Ii t t imugs at s’~ud tt

The cuuu uphers mire placed ill th is ’ htu w s ’ r coruler litt imlg s’mid. By manipulating the sm ut ’s ’ tv  lines ansi graduual lv
It’s thc pr m i_ s ’ u t i t t s ’ sIs ’scrh hes l prev u mum us t y both clips are lowering hIts’ h un’s beam, p lacem mi en t on the heaun sup.
s i t  ifl th is ’  l n u _ uu t t ug h umuhc s , m umms h h h ms ’ shunt mind s t t h t t t I t u t u l~ [ f l I r ts  us esimmip leted,
du tuib le is i_ t i  cc .i Fe Ius’ hif in m l mice w hm ils’ I lie uui unv ah le
‘,is ’,ts ’ ,’ s mire u uu ss ’ r l s’ s h , imu uf m u , . k s’bf mIl t I b  p l mucs ’ wu l l u mu ;ti ~~. T h e s ’ u i l m re p rui ces i t u re us repealed tutu each box hs’, u t nm
(m u m  S lteu t his ’ hii l t o mm i h is , ’  c m u mup hs ’ rs hu m uv e been placeuh . re quired Our this ’ Ias ’ i l m t ,  -

- - _ _ _ _ _  —
—
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5 BILL OF MAT E RIALS AND 4 - 50-ft (I S’ni ) I !1-im u , ( l 3’unuuu) mnauuila saIs ’ I~ mum p es
EQUIPMENT LIST

I - 1 2-ft (3.6-mit ) lashdcrs

I is ’ (nul l ol Ilitl te h itils ( BUNI ) timid s’q Utpu u ue mtt b u s l I g mmu diumg s lmu nve ls
~ ( i u m i i  u t  ‘ ,.‘ ( u h \ 5  ,is sut m ut c thtmi m lu fll\ ’ omus ’ d cii is s’ ill lt ltuVs ’sh
mu m ,.,‘ t t s u n i t , .  i h u i g  h ’ s  hs’muimis, II uhiuum s ’ thmmu im suns ’ dress will ‘is lsh i lis nima l l y, s’ac ht 50.I’t (1 4—um i ) box h eam ui cs umu—
I’~’ t iss’sh , it us Jppu. .prua us’ tuu um iu ultup ly hollu time 13051 slrumsis ’ il requuires f ’siur Ni ILVANs amid I 1 cuuup ls’r as’
tim id I his’ equipment lu s t by the actual m iu mm u b er ill c uews ss ’ muuh t hu & ’ s ,
utse ~I.

l u c u n i s  um uut t nu s ’ i m m sf s ’sh umu hIts’ BUSt are umss ’si t’s nu tIme ( tu u ’ s

‘i_ _ l I l t  s u m p p i i r b  s’s s t s ’ u i u. I ‘u e’s. I t th ln ls ’ , s t m t e l s  spacers he. R E F E R E N C E S
s i _ s i _ t i  Nil L\’ -5 N5 u uss ’ i_ h mum thus ’ su ippu uut s ’s 515111  ivu~ uId

i~t si ’ l u m he added Ill t l m s’ 1505-I . de ps ’u uuhi tmg 11 mm tl me hs ’ ubgthu
‘I t h e  ,ti _ m l m m i  1-’ uurt hme r m u isu rs ’ . ml a h iu tub e r grullage m u m - . f l ’( ‘.5 l. uugist ic Data and / 111/s m l (  Material , 1 ‘ii 5._SOS

ul, JIul li I iS rs’qui irs’sl i ’ i_ ’d .Iliss ’ tuf 1iit,l l sm l h i cs ni uditi uuu us , it ( l)s’ imart luleuih of this ’ Ar iuiy, It )73) ,
\iIl uu Id Its’ added hub tIme BUM prs’set m te d lucre,

Basu ’ I)eu’elo,t,nent Sins/u’: Vol I: Executive Surnmari ’ ,
Bill of Materials .5( ’N II 507 , Vol II: Base Design , A(’ N II 807; Vtm l

51,51113 P la mmk s IV : Electrical Gr ’nerat io,u and Distributio n , ACN
4 ‘ 4 u m m , I 1 u m m. \ hO ft (101 nun ~. 0,3 umi ‘s S mum ) 1O350m Vu il V: (‘entralized Water Production, Dis~

f r i / nu l l  i l l?? anti Disposal . ACN 20381; VsnI VI: i ’u ’rti-
- 4 in ‘ 1.2 in. ‘s 4 ( ‘I t 101 iron ‘s 0 3  iii X 1,1 m nn cal ( ‘uni s(r u( ’tj o?z , ..\(‘N 2035.3 ; Vsul VII I :  Base Main-

tu ’naPu ’c Stuult ’ , ACN 10515. (TRADOC . 1976) .
‘Ii ide I la ne l im ms

(1 i,rupzi f u r  .1 ssisted Sist em J~ r Theater I. t ’t ’el l: ’ngim’er-
-1 in. ‘ 4 in. “ 1 ft ii uu i is l ( S I  mum X 101 unumu ~ , i,zg (CASTLE I (En~~ris’ers Strategy Study Grotup.
0,3 mul l Of flee of the Chief ’ of Eti~~mies’ rs , 1971),

- I 4 m m - I fh  I f t  ph wmusu d (6 mi ium i ‘~ Csn mutai uuer , Cargun . Draw ings. Code Idenliticatiomi Ni’ ,
0,3 mum 5 0.3 mmm l t t  74 03 -1 ,511’) E00000 thirsu ughu E0020 ( t i  S. Arm miy

Nlsnh tm h ity Eq u mi pmumem i t Csiulilnatid . 1970),
I . bundle curpents ’ r shuimmus

llsnli,s’, (;, Sti( Iiie,s s , liatrix Reduction for l.argc’ Sim s’-
Equipment List tura l Sm ’ ,os ’,n,s Using C’/iuilc’sk;’ Decomposition ,

Imuteri u m i Rs’ptnrl S-24/ AD~ 7ti5.71 I I t ’ . S “ il ium ’s
2II’ t u u t t  ( I  5..t I riuuug lu hs ’ rr .u ur m crat us ’ (‘tn nstr uuc t iomi Emigineering Research Luhoralsnry.

Octunhe r 1Q73),
2 ‘ hum ‘ u s t u t l e  e h m m m t u m s  cuins istimig sit ’ mu central riuig ut-

Imus ’ lis’iI hun h is I I  I l - I t  (3 ,3-tn ) Iemigt hs uuf I O’tsumi (,ht ’nu ’r,clzip and Ui_i ’ t u( ’ (’onfa iners ,f~r Surfàcc ’ Transpor-
( l l . t  I hrs ’a k uu mg sl re nglh m c hm u mm i mind fs ’ rmm i it m mutmuug imi faf i sun and (lmfiguration of ’ Shel tcrs/ Spc ’ c-ia/-P ur.
mnttc luuumg hmuuii k i ,u se Vans , DOt) Instru ict i omi 4500.37 (l )s ’part umis ’nt

o f I)s’I’enss’. lt)73),
- ~~~I I ( I  “~t mu I pr~ ‘h uh

Rtusen , R. amid N-i . Ruhirlsleiui . “Substructure At ua ly s us
1 . 1-Il (0.11.111) pry-hm urs by Slalrix DcctummiposiIioui ,’~ Journal u h f  f / me .S’true-

fural Divisio n -I . 5, C”, 1:’, ,  V t l  96 , Nun , ST3 (Mar cl m
I 3.lbt ( I  .4-kg) shc,.igs ’ hamnmers 1970), pp 663-670,
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