
AD-762 171 

THE CONTAINER MATERIAL STUDYs A TREATISE ON THE 

EVOLUTION AND CONTINUED PROGRESSION OF CONTAINERIZATION 

ARMY MOBILITY EQUIPMENT RESEARCH AND DEVELOPMENT CENTER 

MARCH 1973 
Distributed By: 

National Technical Information Service 
ü. S. DEPARTMENT OF COMMERCE 

• 



Best 
Available 

Copy 



AD ] 

Report 2055 

THE CONTAINER MATERIAL STUDY t 
A TREATISE ON THE EVOLUTION AND 

CONTINUED PROGRESSION OF CONTAINERIZATION 

by 

J. A. Zwolinski 

March 1973 

D D C- 

Jim u 1931 

B ^ 

w UJ   .i 

Approved for public rdeue: dktribution unliimted. 

«.produced by ..,,-. A i 
NATIONAL TECHNICAL 
INFORMATION SERVICE 

I. V AMY MOBILITY EQUIPMENT RESEARCH ANI lEVELIPMENT CENTER 
FIRT IEIVIIR. VIR6INIA 



Dctttruy Ihin report when no longer needed. 
Do not return it to the originator. 

Tin- citation in thu report of trade name« of commercially available products 
doe« not constitute official endonement or approval of the use of such products. 

m mm öl 
a 

, I   If IIIIHj—Willi MDB 

Pt 

y 

- 



U. I. ARMY MOUIUTY EQUIPMKNT 
KKSKARCII AND DKVEUOPMKNT CKNTKR 

FORT BKLVOIR, VIRGINIA 

Report 2U5S 

THE CONTAINER MATERIAL STUDY: 
A TREATISE ON THE EVOLUTION AND 

CONTINUED PROGRESSION OF CONTAINERIZATION 

Ta»k IG6647170111405 

March 1973 

Distributed by 

The Commander 
U. S. Army Mobility Equipment Research and Development Center 

Prepared by 

J. A. Zwolinski 
Mechanical Equipment Division 

Mechanical Technology Department 

Approvid for publit*rt-li-aM-: diKlribulion unlimited. 

i 



SUMMARY 

Thin rrporl lui* IH'VU prepared lo fulfill thi' rrqiiirrmontK und dim-livw of 
MqlJSAMC Idler dated 26 May 1%'J whicli rnpioJid an invtsli^ilion into now and 
different material» of lonstruction lined in rontainerization. To urconiplixh thi« taxk. 
numerous eontructual effort« have lieen initiated and performed Mieh that a short trea- 
tise ean IN* offered at thi» time hijihlifjhlinj: tht* sifniifieanl ueeotnplishnifnt» under the 
general program, "(lonluiner Material Study.1' 

A hrief de»<-riptioii of the plan of attack ha» heen prcwnli-d »uch that the reader 
may fully understand and appreciate the numerou» effort» iniderlaken. The current 
day »tate-of-the-art ha» been addressed, and additional work ha» heen performed to in- 
vcMtigate the dynamic loading» which container» experience in the commercial environ- 
ment. The list of varied material» of coii»truction i» lengthy, hut the various construc- 
tion technique» can be lumped easily such that categoric» of con»truction ari»e. 

Condition» are offered as appropriate. It is interesting to note that the majority 
of conclu»ion» appear to be valid only through FY77: thus, »omc forecasting and di- 
rectionality is presented for years beyond the target applicability goal. 

A major accomplishment of this effort is a comparative analysis matrix formulated 
lo give the biased or objective reader a tool which, when u»ed properly, will provide 
guidance in »electing a particular material de»igii concept for a given set of criteria. The 
matrix is fully discussed and materials are presented with their design relationships. The 
military environment is presented providing further insight into containerization. 

Noteworthy areas of additional interest are the extensive comparison» of three 
major, current-day, sidcwall panels: corrugated steel, aluminum sheet and post, and 
Fiber-glass Reinforced Plastic (FRP)/Plywood as related to each other. Other materials 
also addressed are: popular sandwich constructions, new or different configurations for 
aluminum, and the end product of a rotationally molded container. 

It is established that containers as currently constructed lack a basic design philo- 
sophy. True intermodal containers should IN- designed on a rational basis noting in par- 
ticular the sidcwall material» and their relationship with the framing arrangement. Thus, 
the report primarily addresses materials of construction for the sidewalls. 
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Tltl' prt':'l' lll ::ludy ''as pcrfunm·d lwl\\l'l' ll :!6 ~lay I IJ(JC) and :~ I Dt·e ... ndwr 1971 
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latio rr uf data from tlw uperr likralurt' . arrd tlw aulltur':- pn•fc•:-:-iurral arral~ :-i:- arrd jr 11l ~· 

nwllt ill prcsclltill~ tlw information. 

Thl' author ad,nu,,JnJ~e:- tlw )!airrful dfurls of all tht' t·orrlrador:- \\Ito parl il'ipalc·d 
in I hi,: ta,:k . In parlit·ular. :-:pecial ;u·krumh·d~trl('lll i:-: offt' tTd lu Ill) l't'llt"' a:-:-oc ·ialc':- for 
tltt·ir Jwlpful and c·ull:'talllt'llt 'IHlrii)!<' IIH' IIt i11 at ·t ·ompli:-:hill~ this la:-:k irr a li11rl'l~ a11d l'f. 
fed i H' nra 11111'1'. 

Parlinrlar a11d :-pnial llrarrks i:-: )!i\1'11 lu .1 . 1\ . h.11aell. Chid. \lalnial,: lla11dli11 )! 
Equipmc 111 l>t·\l'loprrwrrl Brandl. fur the tJpporlwrit) offr r<'d the author lu c·orrdul'l 
thi:- ;o; lwl~ u:-; in:.r lllillllll'rs arrd method:- whidr nran) linws appt•ared wrurllwdo\ . :\l,:u . 
111) p<'r:-ollaltharrk::- i:-. ol'ft'rl'd to i\lr . . ' idney Bt·r~t·r for hi:- uml'li11qu i:-:h i11)! qut•:-:1 i11 
:;u hirr~ tlw inllttllll'rabll' pmbll'm:-: pn•:-t'lll<'d a11d lti:- c'IHttirrrwd t'llt·oura)!t'nH'rrl i11 :-up· 

port irr g IIIOlllY of the• dtTi:o: iulls I '"'" rl'quin d lo lllakt•. 

Acknuwkdgnu•nl i:- l'urllter ofl't·rnl lo i\lr . ,\rlhur .1 . l{utlwr furd. Chil'f. \kdr ani · 
l'al Equipnll'lll l>i' i:-io11 . a11d \lr. \lark II. llt-ndl'r:<o rr. Chid. ~kdranit·al T1•drrrolu).,ty IJe. 
parlm<"lll. 111~ di re•<· I lim· :-upt·n i:-ur~ drai11 of t·omnr;rrul. who lr;t\ t' allu\\c' d nw lu pur:-llt' 
until a lltt';urin!fl'trl an:-\H' r Ira;-; hl'l'll :,!:ainctl . 
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THE CONTAINER MATERIAL STUDY: 
A TREATISE ON THE EVOLUTION AND 

CONTINUED PROGRESS OF' CONTAINERIZATION 

I. INTROOUC:TION 

I. Objective and Scope. The objC'clive of this inv··:: ti~atio11 is to adciress tht· fo l· 
lowiug two statements as prcscntccl in liar initial dirr divr: 

a. Dckrrninc• tlw advis01bilit y of . uhstitutinf?; <~lumi11um or o thc·r lightweight 
mah·rials for ted skius u11 fl. hy R· hy 20-ft military n111tain ' rs. 

b. Determine the atlvisahilit y uf suhstituting aluminum or u tlwr li~ht wrighl 

nwlerials for slt.'cl throughout I hr 8- hy 8- b. 20-ft milil ary c:oulaillt' r . 

. upplcmeutiu~ th ' dirc·ctivc was the under! yin~ supposition that tlu· iiiH'S· 
ti~alion s wen· to br nmtluctctl 011 the h<~sis of total logistic impaet to ind ude l'llj!i· 
tu•c•rillg, lest ing, applica lion to pruducl ion hasr. maintcnaiiC<'. lra11sportabi li I )' and 
c·usl dfediwnrs.<;. 

Tu :-.horkll till' lcarniug narw . it w<as dcl'flll'd m•cessar that the l'\olution nf 
de:-:ig11 and eonslrll(·fioll pradi <'r h(• clof'umcutNI suda that the ratio11ak behind n arrelll· 
ly preferred typ<·s of eoutainers •·uultiiJ(' rdatcd tu uperatiu11al rweds. Within tht· ovt'r· 
all objec tive. there 'Vas a ('Uiastaut llct·d to n•sohc• material :wlet tiun prublc·ms ou au ill· 
te rim basi:- ill orciN to ·· u·ilit alt' additional study whc11 and whc•rc it wa:- warra11tcd. 

Thr s.-opc• of lit~ > \ Csli~atiun ''as sufrieienll) c·umprl'lwaasiw to dr tl'rrnirH' 
the total . ·~is ti1 :al impad due to, •• angcs or ;uhances i11 lhl' h'duaicall'haraderisti1·s of 
tllf' l'ontairH' r1'i. Thi~ indudcd eu~illl'l'rin~. t esti11~. prucltwlioll. mainll'lla&H'l". transporla · 
hilit y. I'O!' t l' fft•(·ti v(' lles:-;. rrvil'\v of allllll l'rnaliollal Starulard1'i Or~a 11iza tio11 (I "0) rq!ll · 
latioll:-i plu Military ~pc{·ifit·atioll MII.-C-!'i2661(1\JE). a11d a tlturou~h dy11ami1· a11aly:-;is 
as rl.'lated to tlw cvt•r popular and quile simple statit· anal : is. Th11s. rwti11~ till' aboH'. 
proltll' lll~ uf material !l<' lel'lion were nlllsidl•rt•d i11 relation lu dcs i~11 and faltri1·atio11 ap· 
pru<Jdlt'l' and to the opnational f' rn ironment ''hif'h is :oouilt'd to eal'h partic·ular material. 

Tlw I'IHttaincrs of int<·n ·st to this iiiH'sti~atioll \\l' re primarily of th e rt' t1:-al ,l1 ·. 
cll' lllt, ; .~alablc variety w!1ida I'UII :--olidat e a11d llllilizc 1 ·ar~u shipnw11b ~l' ll t'rally a:- ~r~ ·e i · 

fic·d ill llw A1111' ric:an ~ational. ' tandard Mil 5.4 and ~lilit ary Spc·1 ·ifi1·ation MII.-C.!'i2661 
PIE). Contairwr~ wlti ·h dc,ialt'cl from tltc ahoH' speeifil·atiun :-; in a dimt'IISiuual nr 
otlwr nunf11ndiunal way W('rt• alsu c:on~idt• r•·•l. Conlailll'r:- of major t'IIIH'l'l'll hl'rt . h o \\ · 

nn. thus<· with the following I'IHilflllln de11om illatur. i.t' .. lran:-porlal,ilil ) hy rail. 



• MIIUMH i tfMcl. iir IMI lor iMili'r. Linnlcl air ii.iM»|Htil H.I» n»iu>iil«'rril Kinn* ot'ln-lnl 

•|i •••.••i. «kt .iililn >• llu* IIMNII ul Ir JII>|HIII 

2.    (JHilainrriiMliiNi- ll««4|p«NNid MM! KMIIMIHMI. (linilMiNTixulion i- our of ili<- 

tw Mt- of loriniiii* mill lo«iil» MIIMII IM* IMTII »II.MIIU roiiiini: inlo Hiiirr UM- HI lli.il to- 

1I.1* •oiil.iiiN 11/.1I1011 .t|i|H JI> |o IN' llir IM-I W.IV of lr.iii>|iiirliii<; JJUMCI« inter liiml or MM. 

I.«MM|. wollig inlo iiMnliint Ir.iil«- IM««- IMTII Ihr main atva of «-oiiliiiiH-r a|i|ilii'Ulioii |H-- 

««IIIM' llr IMIIIIIMIUI i.iruo lumllmt: J|i|>ro.H-|i of jiir.ik Imlk. i.r.. »loMiii^oiH* catt .il :i 

lim«-. IM- Utn a ■•»•I IMIIIII-II |o Ihr »lii|i lim- o|N-riilor iNMrin^ iiioir lliun li.ill hi* lolal 

io>|. KaiHiomn iiftriwih «iiH-r Uorhl \V.ii II I1.1- IMI-M tin ilri\in<; fonr IMIIJIHI lonliiin- 

•'H/alMHi. ( oiii.iMii 1 I Ajiri" (IIONKX) ho\«> niruMirin^ fi 11. 10 in. hi^h h\ II ft, 6 in. 

loiiK h\ (1 f|. .1 in. Miik- uilli u iiirr wi'i^hl of IIMN) |MMIIMN iinil ;i ^m» wri<jlil «tf 10.."»0(1 

|NMiiiii> arc l\|in.il of IIN- (MTMMI of llic r.irlx I4».'!!', in ihr riHMMrctal ami iniiilnrx rn- 

«iioniiM ul. >I*II.II aihanlap-c of (lONKN Hrre rr.ili/r<l.   U i-oniiiarril lo iiullrli/.alion. 

HIIH h in ilM-lf rrilmr» liaiiillin>; wmtt in a ilr,i«ln wa\. rni-ahlr ronlainiT« liavr a rhaiat- 

lrii>lii o| grrah-r flcxihilil) in ram in}! üOOII» of noiimiil'orrii »i/.«- ami SIIU|M-. of tarrvin}! 

Imlk «oliil* ami lH|iii«l roniiiioililh>. ami of |iru|rrliii<> Ihr ^IKMI- u)!aiii.«l «laniu^r ami pil- 

li-r.is;i- nlrii fonlaiiifr« an- |iro|N-rh |M)'ki-il. In Ih«* carl) |»II.IM-. no ^MTial-hamllin^ 

• i|m|inM-nl «»a» atailahk* or rri|iiiri-(l. Vilhrr Ha» an\ iniHlifiralion wewMg) on COM* 

IIMMI • omnirn lal tarnrr». Ilont^rr. lln- waMMrfe IMIH lil- from IIM-M' firsl rtept in cun* 

LIIIM 11/alioii wi-n* of Inn lf»«l. ami .11 ri-plann- of tin- tumetfA hy .«liipfMTs .mil Iran^por- 

1.1I1011 o|H-Mlor> «»a» Imnli-il. 

hnriii}; Ihr I'I.'IO'K. a |7«'al ik'al of rfforl wmM inlo <l«-lcrniiiiiti<> whul should 

I» llw iMar •>|iliimiiii<ar^o hamllinuapproarh. (lomiirrrnl i-onsiiliTalion of Ihc proh- 

km« in lraii>|iorlalion U\ «t'trral nioik> wa« a priman fuiior in Ifailinj; lo Ihc prornl 

«■rii'o of lifji- •■oniaiiM*r». l-iry«- i-onlaiiH'r» HIIH'II MOIIIII move inlo ship!*' «clhilar holds 

MIIII «iily \rrlM-al inoiiun and HIIHII ronld IN- ipin-kl) monnlrd on ovrrlhr-road «arrirrs 

.ip|«-.in-d lo IN- Ihr >IH ri-»liil »idulioii lo III«- pruhlrm. Tin- railroads hud IH-CII working 

m IIM- dm« lion o| ramhi)! Iii^lma) Iraik-rs on flat cars for Ihr Ion«; haul. However, dm- 

lo lonml IH-I»III liniilalions on M-vcral s)sl<-iiis. dcimHinlahl«- «-onlaim-rs have eoMC inlo 

rail o-« alMi. .N-\«-ral iiMk-|H-iid<-iil efforU loHard lar^i- M-.ilr «onlaim-ri/.alion. nni'orln- 

IMI« l\. rt-Milli-d in *!/<• and liamlliii|! lillinj: diffrrt'mrs. Conlaiiu-r h-nclhs have \arii-d in 

lln- IJIIU" o| 17 lo 10 firl Milh «•%»,ll loii|!i-r < milainrr« IMIII«; hnill lor >p<( iaii/rd UM-S. 

\II II il h\ it fi afOM MTlioii i» Hiik'l) ns-d. On III«- IOII^IT ronlaint-rs. a width id' H frrl 

i* •Oil |in-doininaiil. hnl lln- Iniylil will \ar\ from ih*- ewr popular H ft, h in. lo 'I fl. 6 in. 

11M- lark of •landardiiuiiion has INVII an iiii|N-dimi-nl lo full sm-n-ss of lln- con- 

UOII ii/alion loiN-i-pl lN-t-aiiM- il n'siritis inli-rniodal lranslVr-|irohahly ih«- imtsl (apart* 

anl a-x-i. TIM- XiiM-rnan Siamlards \0Miriaiioi1 (AS \).nnd«-r spoiiMirship from lh«- 

XiiM-rnan NH Ni\ of Mn-lianiral KnjiiiMrr« ( \SMK) and lln- Ann-rhan Mult-rial.« Ilandlin<! 

NNM-II I WIMS), adopii-d roiitrniiiHis for «landaid siws in l%l and for i-oiiiuiner 



-irriiirtli und fitting i'onfiguratiuii« in l%J. Tin,* inaiispirion.« beginning ha« l<<l lu a 

niiii|ilHi' M-i at »tandard« lor varioua .«liippin^ containen. The Intematiunal Organixa- 

linn tor Stwidardiution (ISO) and iKe Society of Autuntutive Enfpmen (SAE) arf Ibe 

|ihtiiiiry technical stuiulards prodm inj: luxlics us related to laiul iind sen ami land. sra. 

and air n'spn'liwly. 

Al tlx' linir the initial standards ucrr adopted, the \arioiis types of eonlainers 

and asMieiated etpiipments did not interrelate adequately.   Most of the al)o\e eontainers 

and ecpnpments eontinnetl in use Mithoiil modification. TlieM- are in highly integrated 

proprietary systems wliere change would have beeil difficult.  In the past lew years. 

however, nunierous sliippin>: concemi have noted the modern Iterths and have lie<;iin to 

addre^ the probten of nonnniforin si/.e.  Mairdy. most all of those organitatkMM M^ae- 

i|uently entering container uperationi have abided hy the standards. 

3.     Operational Usage. Many of the eharai teristies of eontainers have come 

about lhroii<rh the pressures of operational employment. The re(|iiirement that eontain- 

ers he suitable to all modes of transportation has influeneed nearly all aspects of design. 

IVesumably the 40 ft maximum length, of the first-issued standard, is derived from the 

then maximum limit on lenjfth of highway trailers prevailin«; in a majority of slates. 

The subdivi.'-ions were selected so that smaller units could be coupled fur handlin*! and 

still conform to the 40 ft maximum. For example, the nominal JO ft length of the sub- 

unit is actually stated in the standard to be IM ft. lO'i! in. 

The emphasis on lightweight eunstruetion is due more to over-lhe-road limita- 

tions than to ship transport considerations. Road vehicles must eonform to limitations 

on axleloads. am' unnecessary tare weight detracts directly from rewmie-produeing 

loads. (Of course, the fnirgning statement is addressing a fully ladened container.) Ship 

transport puts less demand on weight savin«! since cargo liners tend to be vohime limited. 

However, many . • ntainers are carried on the weather deck of ships in slacks up lo and 

indnding four hl^l. The vessel's stability in ndl. sway, and yaw is affected by lliis hip- 

side weight, so there is still some benefit lo lightweight eonstruelioii. Added weight on 

the weather deck dues not affect lieave, pilch, and surge in the same fashion as rtdl. 

sway, and yaw; thus, these motions are considered exlruneons when stability (eenler of 

buoyancy and centi r of flotation) is considered. The tolerable weight penally aboard 

ship is (rrealer than for truck transport. 

Kach of the transport modes eon tributes sonietlilng to strength requirement;». 

Stacking loads which are critical on frame eonslriielion ueenr in ship holds. Ship trans- 

port on open decks leads to the need for substantial eonslriielion of panels since spray, 

salt water, and severe racking loads are frequently encountered. Handling by shipboard 

and shoreside cranes induces iiending loads on the containers transverse to their long 

axis. The inevitable humping of rail.cars, regardless of wlielher or nut they are placarded. 



Iriiil.x lo (lie iloniiiuilin«! lonjiilinliiial .*irrii<r||i ri'tiiiiri'incnl. 

Kiiiirtjdiial Miriuiion in rontuiiH'o is üIM» IIIIC |I» Ihr t\\H- of mr4M srrviri' ;i|i 

Itropriulc (o each drsi^i. The widely u.-rd ho\ typcs arc intciidt'd lor drv. «jcncral rar^o. 

I{rtri<.'rralrd ronlaini'rs uilli wall constmctioii d<>ijrii<d lor lii<:li insidalion arc also in 

widf ute. Sonic drv-rar<;o (onlaincrsarc iiiMilaii-d and sliippnl with an int-rl alrnosphcrc 

preaenl lo peffigcrale and preserve the eonlenls. Tank lypo in uhieh a Iranie is Ituill 

around a eylindrieal lank are used lor \arious liquids and ^ranular-iype ^oods.  Various 

Itulk eoinmodities are carried in sliallou. o|icii lop containers wild lahric covers.  Numer- 

ous other conri«!uratioiis can lie readily seen in spcciali/.cd shiptnent of odd-shaped <:oods 

This report addresses, specil'icallv. th«1 materials of construction for dry-frei}jhl-car};o 

coiilaincrs. 

II. OVKKAU- APPROACH 

4. Kl'lorts tluential to the Program. In order to IM* <;cnciallv responsive to the 

directive as posed, a systematic approach was proposed. The following snlipara^raphs 

categorically identify the «'florts IK-Iicved to lie essential to the program. 

a.     The initial phase of the investigation eoneentrated on the determination 

of the state-of-the-art in eontainemalion practice within commercial and maritime 

trade.  Heavy emphasis was placed on the cause and effect relationships which have lieen 

-elf generating in the latest design technology. It was the author's intent that, hy under- 

standing the rationale hehind current design practice and materials selection, it would 

IK- possihle to provide technical guidance for future procurement of containers for U. S. 

Army usage. 

h.     Two lines of attack were pursued. Industry was surveyed and interviewed 

to determine the nature of prohlems which have heen encountered and tin* deMign solu- 

tions which have lieen effective. Concurrently, analysis of designs was performed to re- 

late loading conditions, environmental resistance, mainlenauce hurdens. costs, and the 

like to the physical characteristics of the containers. The industry survey provided a 

vast amount of input data which was analyzed closely to determine significant patterns 

and rates of occurrence as related to the above. 

c.     Contacts with industry in a sufficient degree to provide assurance that 

(-«»operation was forthcoming was of paramount importance. The trade associations. 

particularly in aluminum and plywood, have a great amount of data which su hs I ant ia le- 

ihe use of their materials. They collect and publish data on servitr experience independ- 

ent testing, and purchases and forward this data to potential buyers. It was found that 

several large suppliers of raw materials are performing design and evaluation studies of 



«urrciil i'oiiluitHT «onstriirli«»!! in «»nii'r («> prunuilt- lluir prodnrl und IMM (In* lalirira- 

lion sMior of llic industry. Tin- laliriralion sn-tor 4at» litllf. if any. ri'M-art-h and drvcl- 

itpint'iil in Ihr roiilainrri/.alion an-a du«* U» Ih«* very low prolit margin. Qin-slionnaiirs. 

tflrplionr roinniiiiiu'alions. letter«, and visits to numerous companies proved lo IH* most 

useful. 

d. Notin«; that the above addressed the defiuiii}; of the state-of-the-art and 

that results were not inunedialely axailahle. various materials of ronstruetion were 

either proeured or donated hy industry for test and exaluation Ity IS AMKUIM!"« Mate- 

rials Keseareh Support Division (MHSD). The material- were tested at uiriou.« tempera- 

tures with the ftdlowiu^ representing: the major areas of interest: 

(1) Saltwater spray 

(2) Impaet loudui" 
(3) Kleetrolytie Miaxior 

(4) Kepairahility 

(5) hiolo(oeal deterioration 

e. (lertain materials Ixjian to appear faxoralde e>|N-i-ially in resi.-tanee to 

impaet whieh apirared to IK- the most serious area of eoiieern as determined li\ the 

u>aj;e profile established for the eommereial and maritime environment. Thus, eontain 

en usinji various eonstruetion teehnitpies and different sidewall materials were examined. 

(Ity this time, the state-of-the-art results indieated that the majority of damage to a eon- 

lainer was in its sidewalls.) To examine sidewall materials adequately, the followin«: 

tvpi's of eoiitaiuers werr proeured: 

(1) Honeyeomb sandwieh paueU in a steel and aluminum frame (Fi^. I) 

(2) Slyrofoam sandwieh panels in a steel frame (\'\<i. 2) 

(3) Kiber-gluss Keinforeed Plastie (FKP)/Plywood in a steel frame (Fig. 3) 

(4) The all steel MltVAN (Figs. 4 and 5) 

The study of new and different materials and eonstruetion teehniques is still eontuiuiiiß. 

Chaiiges in design philosttpliy in the last il years has IMM-II sipuifieanl with the following 

varieties of eiHitaiiM*rs having IMMMI examined but not fully evaluated: 

(1) Kotalionally molded usiu<! plastir and expandable metals (Fig. 6). 

(2) Monolithie-type approiieb usin(! all lilMr-^la>? inner and outer square 

eross seetion evlinders filled with foam (I'ilameul wiudin«;). 
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(3)    All aliimimitii .»IHTI eontüinera usinu ulumiiium «onicr lilliii^s. 

The utimr iniiovalioiis an' rrrlainly making thnr mark oti Ih«- «'Vfr-oxfuinilin^ CiHil itf 

ntnlaiiM'rizalioii. 

I. With tlir -(•niilii iim r <>!' imparl loading on Ihr i-oiilainiT IMMII}; niili/rd. 

Ihr pru^rani ronlimu'd with an invcxli^atiun Icadini; to inipro\ril n'sislan«r by Ih«' run- 

laiiior to Ih«* dyiiami«' (>ii\ir(iiini<'iit. 

Th«* «»ltj«'rli\«'> wi-n* •■sliihlislifil Mich thai il was nrt-osary I«) pursii«* a 

nnnpltl«' iiiulcrslaiidin^ «if Ih«' Iwhavior «if Ih«* paiwls iiniltT scrvi«-«* i-<iiidili«>ns. At Ih«* 

«am«- lim«', il ^'«'im'd ni«i.«t r«'as«iiialik* l«i prcscnl n-toiiinM'iitlalioi^ which wciuld move 

«k'tclttptiicnl «if «-«intainrrizalitin lorwanl in a pra«-li«-al way. The a«-|iial M'wrilv of Ih«' 

«'nvinmnHMil was «picsiit>ii«-d l«i «IcIcnniiM' WIICIIHT c\istin|! standards f«ir ciMilaincr 

«Idalit'irulion arc atk-qualc.  Il is fell that this «ilij<>cli\c slnmld lie carried In an exlcnl 

lhal. if a «liscn-panry is found IM'IW«'«'!) «pialiliialioii slandards and the actual envinm- 

imtit, nicasnn's must IM- found to hrinj: Ih«- two into ali^nmiMit. (Contained in Ih«- above 

is the tnosl urp-nt iibjecti\e:   the appli« alion «if Ih«' findings t«i «iblain Ih«' liest dim-lion 

htward optimum «l«-si<jii for «-«intainers as related to the military's appli«-ation akin«; wilh 

the «It-li-rminalioii «if Ih«- tpialifi«-ali«in «rileria. 

The study on impa(iin|(daiiiaf;«' was plann«-«! siuh lhal the dynanii«- loail 

envininiiM'nl «-«mid IK' related t«i lb«' slali«- testing ciiteria «'stablisbed in th«' maj«irily «if 

the slandanls. The simplifi« alion «if d«,s«-ribint! loads and environments generally in 

l«'rms «if kiad facl«irs or uniformly «lislribuled stati«- kiads is «inly a small step l«iwar«l 

the iniderstandiiiß «if valid di'sign crih'ria. The in«»sl dama^in^ loads an' eoneenlralrd 

and impulsively applied. Thus, a «rutial «'flort was Ih«- det«'rminali«in «if pam-l r«'s|Mins«' 

t«i dynami«- loads. 

III. PKKMMINAK^ RKSULTS 

Three general categ«tri«'s «if iul«>re*l an- pr«'senlcd:   Mab-rials «if (!«inslru«'li«in. De- 

sign (iliaracleristi«-s. and |)«>sign and Malt-rial lnterrelali«ms|iips. Th«- initial work effort 

addresses a «-«impr«'heiisi\e list «if niah-rials plus «h-sign «-«insidi'ratMins whit h nuisl IM- 

at'knoHl«'dg«'d. 

5.     MalrriaU of Cunstruclion. Kxarninalion t*f Ihe slal«'-«if-lli«--arl sh«iws lhal 

prt-M-nl «-«instriii-ti«)n mat«-rials in«iu«k' many |Hisili\«- pr«iperlii> whii-b l«-n«l l«t justify 

their «-urn-nl n.-ag«'. Aluminum «l«Mniiial«->al prcM-nl.  Il«iw«'v«-r. there «re mam run- 

lamir d«-Mgns which UM1 a mix of aluminum panels on a steel Irani«- and an- «-«insiilereil 

hy the Iratlf to IN- aluminum unit«.  Then' an- com|M*site nial«-rials such as aluminum- or 
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strH-diiil plywood foiiiul l'n-(|ii<'iill\ in «ioor roiiKtriirtion. An entire list of «undiduto 

mati-rials would IN' never nidinjj: liowevi*r. the followinü list d«M>s present material.- of 

eonstruetion eonsidered to Mime extent (see ulso the K.alualiuii Matrix in Section IV): 

(1) mVTIywoodSandwieh 
(2) KKIVSlyrofoam Sandwieh 
(3) FKIVKeinforeed Plaslie imbedded in Styrol'oam Sandwieh 
(4) KKIVIIoneyeomli Sandwieh 
(5) Al/lloneyeomh Sandwieh 
(6) Al/Styrofoam Sandwieh 
(7) \l/Plywood Sandwieh 
(M) Various Al Sheet Sandwiehes 

(y) Steel/llywood Sandwieh 
(10) Sl/Slyrol'oam Sandwit.i 

(11) Steel slieels 

(12) KKP/Urethane Foam Sandwieh 

(Hi) Al/Urethane Foam Sandwieh 

(14) Kxpanded melals/plastie 

The above list addresses nnmeroiis materials: and. if depth of seetion or thick 

ness of a component is varied, one can readily nee the larjrc IIIIIIIINT «if comhinalions 

which could IM* derived. The properties of all materials found to he of some significance 

wen- lahulaled in various suhsidiar) reports. Areas of major concern were: 

(1) strciiii(lilo-wci«;hl ratio 

(2) modulus of elasticity 
(:i) diiclililv and hriltleness 
(4) thermal expansion 
(.'») dimensional slahilily 
(()) moisture ahsorplion 
(7)   corrosion resistance (include rot for nonmelallics) 

Measures or indices of effieieuc) must IN- used to determine the merit of eacli 
type.  For example, there is wide reference in the trade to the ohvious characteristics 
such mn steel is used for liijili "tren^th: or aluminum is used for lijilil Height, (iompari- 
s4Mis on the hasis of slreni:lh-lo-wei^hl ratio are useful in resolvini: merit and show in 
fad that for widely ii>ed «jack's the two metals are «pule close. Similar indices were de- 
vised lit include additional material propertie«. in the li-lin«! ahove.  Materials not in wide 
use were included in the overall evaluation. I'rohahlv the most imporlanl factor is cost, 
and llii- I'imiic over the "\nu\i haul" will IN- critical. 

lit 



Of conrsc. (rn'iil (iin<'iind cltMiiil went into Ihr llmr iirtMluinJiiiiiil iiiiilt-riiiU ol' 

niiislriictitin lor sidrwullh. Prior to lliis (ÜH-HSHOII. il tniisi In' rriili/.fil lliat |>riiiiiiril\ 

two types of I'mmrs were used whrn cilhcr rivctiii)! or vvrldin^ piiinl« raiijiin«: in si/.c 

from •$(> in. Iiv % in. upproximtilcly to H Ity 20 11. Il U imporliinl to nolr lliat mosl 

container sidcwiills are aliMta weMed or riveted lordlier lo lonn u JO fool sidcwull. 

This is cspcciidly true tor slt-rl and ulnniiniirn. 

Itv I'ar. Ihc mosl imprrssivc results to dale an* found in Ihr sandwirhnialrrial 

family. Il has been found thai, upon irnparl. the llnrknrss of ihc section is imporlanl 

in resisting puncture.  For example, a piece of aluminum, 0.040 in. thick, will fail upon 

impact, i.e., tear or rip. Il is interetting to note that a sheet of alumhinm 0.020 in. thick 

will withstand the current day static test of ,6g'a on the sidewalt. {{elating the above 

example to a sandwich material, it was found that the puncliire Mould not propagate 

thron<.'h the entire panel and that for mosl materials the sandwich material itself did not 

allow water migration. Thus, repair would not he required immediately. The trade-off 

for Ihc above case is simply a matter of economics. The sandwich is approximately five 

limes rnore expeniive, One must then address life-cycle coating in order to attain rele- 

vant results.  In this approach, one can readily see in Ihc open literature that steels and 

alnminums suffer a •ireat amount of degradation due to the environment.  This was not 

the case with the more expensive Fiher-fjlass Reinforced Baatic (KHI') Plywood or other 

materials which faired equally as well as KKP/Ply wood such as stainless steel or expand- 

ed metal encapsulated hy a polystyrene material. 

Thus, as lime went hy, the author could readily see trends heinir estahlished. 

The most severe was the fact that a procurement on a least-cost hasis. primarily, seems 

unrcasonahle because additional expenditures will certainly improve life-cycle perform- 

ance and overall efl'eclivcncss.  From all indications, the cost of the FliP/PIv wood type 

container is essentially fixed because it definite!) appears that this type, for the time be- 

ing, is the best material design combination.  However, il should be noted that if alumi- 

num were offered in corrn^alions similar to the steel sheets on the present MILVAINs 

the sidewalls would have an improved resistance to puncture due to an increase in the 

momeni of inertia and depth of section alon^ with appropriate change in Modulus of 

Flasticity. W ith steel, the dwngea appear lo be less si<rnificanl. The environment is by 

far the most damajiin«; to this material, and additional chrome and nickel should prove 

to be a substantial enou<!h addition to combat the problem of corrosion. Several firms 

are currently producing a low-^rade stainless steel which does more than the common 

steels used today.  For an entire container, however, the additional cost is less than 100 

dollars, and it appeara the life will be substantially increased es|)ecially if the 0.0-17 in. 

thick wall is increased to 0.062 in., for example. 

Past efforts have shown that a container having a tare weight of 1000 to 6000 

pounds i> actually inxignificant to the overall systems approach to containcri/.alion. 
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Tl111 ;o,. < ·l~:llt)!t ':- \dtidl rdkd an irwn·a:-t' in \\t 'i)!hl an· fur llw 111o:-l pari nundi:-para;.!i 1 1~ 

t' \t 't' pl fur thl' rilrc • t·a:-c• w!wn' air lran:'porl i:- a11li• ·ipalt'd . In thi:- t'a:-e·. llw lo~i· · a lt·nd 

lo tlw lolallugi:- li t·al pru!,lt-111 ap1war:' lu l11· rnwlular e·nltlailwrizalioll ralhn than 1111' 
:- latttlilrd H- 1,~ B- b~ :!O-ft t'nllfi)!lll'aliun . 

\II fad or:- !will)! •·qual. lht' folio\\ in l-( i:- pn ··e 'lllt'd . The· l l! ilil ar~ ·, •·111Tt'lll 

\III.V \\ fh ·l'l of all ·:-kt·l •·onlainl'l':- i:' uol 1111' oplilltll ll l. llo\\1 '\l' r. 11 \\IHdd t'IT I. Ii nl~ 

iljl(ll'ar tTali:-li• · In addrc ·:-:- an all-:- lt·e·J ,·onlairwr \\ ilh rninur tnndifi, ·a lit .!l :- :-tt .-11 11 ~<11 il:
n ·:-po n:-t· lu a d~· nalllit · load i:- i111prmt•d and il :- t'IIITn:- ioll tT:- i:- lann• t:- iun•·a:-•·<1. Ti ll' 
n· lali,, · J~ ttl'\\ t'oll•·•·ptuf an all -altnninullt ··u111a irwr al:-u \\arrant:- c·otl:- idtTa liun IH't 'a ll •t' 
thi:- , .• ,nlai1wr dot':- ha\1 ' a \l'r~ \\orlll\dl ilt: :-c-rap \altu•. Thi:- i:- l11 -: 1~ tha t front a e·n· l 

:-landpoint :donl' 1111' :- lt'c l \\ould lw It-:-:' oil lht• i nilialltu~ : ltu\\1 '\1 '1'. llw dt ' IIIIIITa;.:•· 1:--
·u )!ITa l that llw .· ln •l t'nlllaitwr i:- t' :-:- t · ntiall~ \\orlhlc:':' in:! In :! 1 ~ ~· ·ar:- \\h ilt- it " t·onl 
pl.'lilor. ;dumilllllll. ''ill ah,a~:- haw a :'t-rap \<due• .!t-pt' tlllinl! upon tlw ltwalion uf ti ll' 
1·onlainn \dwn tolall~ d:lllla)!•·d . Thi:- •·••:-1 appc·ar:- In u rt':--1'1 till' init ial ;_!a iu u f :- lcTI ill 
a l1·a:-l ·•·o:- l initial prw ·ltrt ' llll'lll . \olin!! llw alJo\1'. FHP/ PI~ \\oud •·annol lw i;_!nnrcd lw
e·au:-1' I hi" t·onlaitwr. \\ l1ik e·o:- lin)! llton·. appt'ar:- to •·on:- l:tr ttl) t' \hil1il h i)!h ;l\ ai l : dtilit~ 

:-lali:- li1·:-. II •·an ah:-orlt irtr p;wl that tlw ollwr:-t·antlol. It i,.. a rll!!!!l' d n tnlainn. II\\ ill 

""'"~ :- In• n·ad~· In lw :' lu fl't-d and ,.,hipped\\ itl1 1111' :-hippt'l' rc •alizin ;.! I hal hi:- ;.!•" d- h;l\c ' 
lite• lw:-1 dtann• of rc ·a1·ln11 )! 1111' far :-hun· in il ll ;HTI'plaltk n 111dit ion . 

6. Ut•sil!ll Charac lt'ri,.lk . . Thi.· lopi• · t' \alllillt ':- tlw appru:wh1·:' It~ \d1i• ·h tlw 111a· 

Inial:- an· l ' lllplo~ t·d to prodiiiT tt.•dulprodtwl dt•:-i)!n:-. Of 111ajor •·n nt'l'l'll "a- tilt' cl.-
lt'rtllinatie,ll of \\l'i)!ht di ,.. lrilllllion a:- p1T:-t • ntl~ pral'l ie·1'd l~t•l\\1'1 ' 11 fra nw and pane•!:' and 
"lwtlwr I hi :- ha:-IH't' ll oplilllizt•d on a riltiunal ltil:-i:-. \n ) all• ' 111pl lo li:,!hkn pa1w l :- lnw
lllrl' :- •·ano11 ly lw m:uk \\ilh a full I'Oil :-Oidt'J'aliunof ''ha t • trt ' ll :,!lh •·onlrihntiun i:- prmid

cd \,~ 1111' panl' l:- lo llw t'll llliH'"ill' strudtJrl' \\ltl'n lhl' panel:- an• adill)! a:- ~inkr,.. under 
lril ll:-\l 'r:-t' lwndill;.! or a:- a :- lrtlt'lllrt' lllldt•r lurq111' . II \\ a,. al:-n 1 11'1 ' 1':-:-a r~ lo ill\1 ':- l i~.tlc · 

llt l' di:- lrilt11lio11 of 111alnia l i11 f;tltric·akd panl' l:-: a:' lwi\H't'll :-kill and :- lifft·tu'l':-. \lltt tll)! 
lite dt· :-i)!n:- in \\idt· 11:-1'. llw :-lil'l'llc ':-:- ·IO-\\I 'il!:hl paranwln ,,a,. t':- laldi :-lwd a:- a f1111d io11 
o f lh<' ,.:tiffrnc•r ~·•·lioll propcrlit•:- a11d :-O pac·ill:,!. H• ·,.i:' lan•·t· In hw;dizcd intpal'l a11d k ar
in~ ,,a,.; t' \Oih l'lkd fur \ariu ll:- pa111'1 ck,..;i:,!ll:-. For t'U111pu:-ill':-. •' .)! .. FB P/ 1'1~ \\uud . :-i111ilar 
ill\1':- li:,!aliun• \\l' f t' pnfur nwd fur \arialioll :- i11 fa•·•· a11d t'nt't' lltic·kll t' :-::t•,.:, Tlw 1'1':-ldl.· ••n· 
n1o:- l inlt•n •:-lill)! and n •lal <' din· • · ll~ lo llw pn•t·t·dill}! topic 1111 ll la lni;ol:-. T lw mt'l'all 
:-lrc111!llt and :- lifftH ',..;!" of d1·:-i)!11:- \u't't' anal~ zt · d \\ ilh the· l'ulllaill t'r lwi11 1! 1'1111 :-id l' rt 'd a:- .1 

:-i11 ~lt- :: lnwtma l1111il. 

lk:-1111 :' i11 lhi- e ·afl'~• l l')' \\1 ' 1'1' 11ol :- i)!lli fit·an l olhn llta11 lu 11 u lt ' tha i a c·unl ain•·r 

\\a :- 11o l fn1111d '' ilh a11 all -altuuinum franw '' hi• It n 11dd pa:-:- llw rcqui rt' llll'lll :- o f .t c·arg•• 
n111laitwr =- (H' I·ifit·alioll . II i:- t·ontllloll pradin• lu n •i 11fo1T<' llw:-•' frantt ':' "ill1 , ,,.,.1. Tft i,.. 
i:- 1':-pc ·•·ially lrul' uf t·orucr po:-O t ... and f11rk litll ' \\ a~ :- if II II' t'olll ainl' l' Ita .: llw Ia IIn. \1:-o . 
1111' tt lldt•re ·;ll-ria :,!t' dot':' rt't'l'i\e' :tlllt:-1' if 1111· t'ttlllairwr i:-. :-kidclc-d u\ c•r llw lt•rrain . :-i lt't ·l 
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1'4'inforc·ing nwltdtt•r-. appt•ar lo lw th e lo)!i• ·al :-olul iotl l~t · t ·all:-( ' llw \a:-1 tn ajoril~ .,r l o n~ i 

ludilt.d rail:- al'l' :-It'd. \II lypt•:- of :-tT l ion:- atT t • mplo~ 1 d. II i:- ,igll tfit·affl I hal tno:-1 ck
' igflt 'r:- -.lri\t ' for a larg•· no:-, :-t•t ·liollal arc•a .111d a IIIUIIII'ttl of itwrli .t '' lti.-lt i:- a:- lar;!t' a:
po:-:-ilth•. Thi:- rl'lak:-; diredl~ lu the :- i\ -hi~h :-laekill;! I'I'IJ'Iit't' lllt'lll a11d 1111' -.t ' \t 'fl ' rac·k
ill~ load:- t' \pnit'llt 'l'd i11 lra11:-il. \ r:wkin~ load It~ cldinilion in 1111' l'l'Cjltin·nwnl :- clunl
nll'nl i:- apprm:irnall'l~ :~S .OOO potlltd:- and i:- applit·cl al o11c of 1111' uppn c·or11n fillill ~:

in 1111' lrall:-\t'f:-1' din·•·lion \\ ilh I he· lta:-c• l'i\t'd . Tlw rcquin·ftwlll :- lc ' nl:- fro nt I Itt· d1•:-irc 
of llw rnarili1111' pt•opk lu :-l ;wk c·onlaitwr-. up lo fum hi).!.lt on 1111' dt•l'k of 1111' :-lt ip. The 
:t'l.OOO po1111tl~ . a lt':-lill).!. rt 'fjllirt•llll'lll fnlflfll in 11111:'1 :-;landard:-. due ·:- appear It• l11• \\l trlh 
'' hilt · and ollt' of tlw tllu:-' 1 formidaltk 11':-- b lu pa~:-. 

\lu:-1 patll·l:- pa:-:- 1111' l1a:- ic · lc•:-;1 n·quin•trtt'lll :- a:- l'l'lall ·d lu :- lalic· load:-. Bt•c·a ll 

thai il Ita:- lwt·n found. in fad. I hal :-lwei alllminlltll . ll':->:-: I !tan .0:!0 in. in lhic·ktll ':-:-. ' 'ill 
pa:-:- llw :-lalic·-load n·qllirT IIIl'lll. Tl111:-. in adualily. from a lc' :- li11g poitll of' ic·" . almcJ:-1 
all~ rnalt'ri:d of \l 'r) lhin no." :-t•diolt t'illt :-11ppurl lite :: Ia I ic· load lcadiug Clllt' lo qttt':-· 
lion llw \alidily of :-Iaiit· load:- oii :-idt' \\all:-. TIH' rnon' lol!ic·al :-:ol111iu11 lu all app;,rl' nl 
arllltil!llily i:- lo dynamit·ally niliquc lltt• :-idt•\\all. l11 real lift•. llt i:- i:- 1111' :-iltw:io tt lw

' ''"'"' ' alll 'olll:titwr l' idt·wall:-: t·;nt :-11pporl far lltOt'l' lhan .6g':- on 1111' :-ide ·\\ all . l11 fad . 
impad damagt' i:- t'tllt:o'idncd. lhu:-: l!i'inl! ri :->t' lu lit<' lltall·rial:- i11 11:-'t' loda) . 

\illlll illlllll :-lwl'l and pu:-1 i:- IIHI:-1 intpr;H'Iieal. Tlw po:-1:- an· ('a :-- il~ rippc•d 
fro111 the :-idt• \\all. 'I'll!' :-lll'l'l i:- lt-:':-lhall . 100 i11 . lltid-. a11d i:-- :-- lflcj c•t'( In Pa:-~ pt' lli' lr;ll i••ll 

h) a forci l!ll ohjt'd ciiiH'r front lh• · olll :-idl' or 1111' i11 :--id1·. \'u~twroll :- •·.t:-1' hi :-lort t'' t' \ i:-1 
"hen ·in I he i11h'rnal du1111a¢n~ ha.-, faikd and 1111' load Ita:-- J'l' llt ' lrah·d I Itt• :-idt•,, all . T lw 
po:--1:- ar(' :- pa('ctl I~ - I H. :mel 24 iudws 1111 c·t' llll' r "ilh llu• lallt•r •·a:-e lwi11g lllllt :-- llal. Tltt· 

:o-h<'e l alulllirttlln \artt·:- i11 ''idlh . Tilt• "idlh i:-- dq)t'lldt' rtl IIJlllll ; 1\ailabilil~ frurtt 1l11· ma· 
krial :--uppli1·r. and irt lll <trt~ t•a:-t':-i rtlllltt'ruu:-- '"idlh:- c' \i:-1. 

' lt •t· l :--iu<' \\O.dl :-; .trt' nurntall) nol fla l !'\heel:- a:-; irt lhc alur11irtlllll t'a:'t'. Th .. :-- ltT I 

i:; t · nrru~alt-d artd i ~ nul n•infort-ed It) po:- 1 ~. IIi~ \H'hkd lo IIH· frallll ' '' lwn·a,. ahlllli 
tllll!l artcl Flt P/ Piy \\otnl , in l!t' llnal. 411T ri\f•lt·d. Tlw t ' lll'rtt~aliu11:-: int·n·a:-t' 1111' lltOIIIf lll 
uf itll'rlia for lhe parwl artd llu•n· l , ~ t'llh:lll\'t' ib ~~· ne ral pnfunnatH't' \\ltt·rt impal'lt·d . 
\1:--o . il:-- \lodulu:-- o f F.la .... lt t• il) i:- lltn·1· lirttt':- "" :!real. Th i:- appt•a r:- lo aid i11 :--liffrtt':-:-. a 

qu.dil) \\ hid t ill I Itt• t'Uill.titwr lll t ... illt ':-:- d of'li fi(J/ :- t't' tll i tr~l) add In I Itt• lll'r l'urtll illfl't' or 
tlw rnalt•rial. Sled a11d alutuinttlll t'Uitl:tillt' r:- arl' IIOI'IIt i.tll~ litwd "illt Y1-indt pi ) \\ OcHI 
, lu·t•l. Thi:- ol'fn:-- ill"lllaling qualilit•:- artd prm idt•:- a :--moolh irtlt' rior ''all lo :--kid pallt'l :

a~aiu :-- 1 "hell du1111 a:-rin ~. 

FI{P/ PI) "oucl i:- I he third po p11lar t'oll taitH' r :--id1' \\ alluwl n ial. Fro tll an illt · 
pad puinluf vil'w . il UmJltl':-.liollabl) ralt •:-- ~•qwriur lu it :- Ctlltrtlnp:trl :-. IIi:- ht':l\i t• r 1111 

a pt•r-squan·-fuol ha:-is . ll tHH' \tT. if a :- led or alllrllinum t'OI'f'ttg;al ('(l panl'l \\t 'n ' ill · 
t'rt'a:-wd in 'eip:hl lu appro\inwkl~ :$pound:; p<'r sq11arc foul. tH'illwr 1\0tdcl lwltaw "" 
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well m ihi' h'lil'/l'lvMoixl. In ili-sjifii, our miisl reaKae lhal this pan«*! hu.« a |real ilral uf 
rcsilicncv: anil a ilcllrrlinii of 6 inrlics on a sidrwall iii«-aMirin^ H l»\ 20 II i,- nol iintdin- 
inon. Willi slrrl or aliiniiiiurn. a prnuaiH'nl H'I would lake plan- with the virld stri'n^tli 
of liolh having beet) wrptMed. A linor is not nupiin-il wht'ii Ihis malirial is use«!. This 
material when repaired al'ti-r damnge decrease« in efficieney whilc ihr others n-main fair- 
ly ronslant. 

7.      ÜPfiigii and Matrrial Inlcrrelalionship».  Many extnmeoua factan enter into 
design analysis whrn matenab and drsipi ronri^nralions art* joiiill> eowiideiej. For ex- 
ample, inhrrnil properties ol' niah-rials may show qnalilies vvhieh eannol he earned over 
into linished-prodnel desiirns lor any nurnher of reasons.  Ili<:h >lieii^lli tensile steels 
have exeellenl stren^lh-towei^hl ratios, hut riiiiiiniinn «raii^e and liaise crippling may 
result in less than an advantageous design.  Desiirn ol' ditfieull joints sometimes offsets 
advantages ol' a material or design approaeh. Areas studied ineluded eomparison." of 
total weight when hi^h-slren<rth material is used, when variations are made in the frame 
and panel weight distribution, when panel stiffeners are limited in dimension to avoid 
loss of interior cube, and when structural criteria are varied. All of the ahove become 
most evitlent when the interrelationship eonsidered hetween design and materials ad- 
dresses the dynamic loadiiigenvironment rather than the stalle. The subject of the gen- 
eral environment to he eneountered i* si<;nifieant.  Manv oceangoing vessels take a j:real 
deal of water, whiili is an extremely eorrosive agent lo most metals, over the deek. The 
merit of exktingdedgns and the evaluation of eertain designs reeonl'igured with differ- 
ent materials have been examined. Ineluded in Ihis lopie were the following three major 
areas of concern) 

a.    productivity 
h.     maintenance requirements 
e.      costs 

Interesting comprombei arose immediately once the author look materials of 
a nature previously deserilied and designed new eontainer configurations. Of eoiirse. 
iinpnlsively applied loadings were of major eoneern heeause the majority of damage to 
a container occurred in this situation. One can immediately deteet thai the panels with 
irreatest depth of lection would seemingly rale highest. In many eases, this is not the 
true picture Ircause the material when affixed to a ri^id framework is not allowed lo 
behave in its natural modi*. For example, FKP/Ply wood in a very rigid frame eannol 
exhibit its resiliency properties heeause there is no pve or relaxation in the frame; thus, 
the rivets will pop. However, to fjo one step farther, the designer has purposely taken 
the strength away from the upper rails such lhal these upper rails freely rotate as the 
FRP/Plywood wall is deflected. This is a ease of matching, properly, a material proper- 
ty with a design characteristic.  Lighter upper rails for steel and aluminum would not 
add to the performance of the panel. Intuition tells one that, especially in the ease of 
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.iliiiiiinuin. Ill«- li<!hlw«>i<Ji( rail Mould dt'lnrm from u ■taÜc Utuil. Sled woulil hrhiur 

similarly bemiM nnlhcr malrrial «-an itfi'cr slrni^lli aitmf. ils lonviludinal axis.  FKP/ 

11) HOOII Icnils l<» IM-Iiaxr in a lifilil sttvl franio niui-h like a monolilliii- slrii«-|iin> iH-rau««' 

llu* nilir«- «oniainrr is always working and anrpting the jostling and •;nunil handling 

«'imroninml as a roiitino happrning. In III«' vane of slwl in a strong rram«'. «tn«* «an de- 

led a shi-ar rnggt-diM'ss whicli is iinn'k'iiling in fighting th«- «-luironmi'iit ratlu'r than 

t«>ii«ling t«t flow with the normal «H-«-urn*ii«rs. Aluminum is in th«* middh*. The .-hctl 

an«! (Mist «-«»nfigurati«in l«ii<l> lo offt-r a pvoleelive «■(•««■ring lor llu- g«tods in the SIHI-I 

lorni. wltilf th«* p«»sts add \«>rli«-al and s«tin«' trans\«'rs(> strcnglh. It app«'ars that, as th«* 

Modulus of Klasti«-ity «lr«>ps. th«* niat«'rials bri-um«1 mon* workahl«' and thus art* «apahl«- 

of «■ii«-«>unl«>riiig a Mow whi«'h will pr«)v«> to IM* l«'ss damaging I«) th«' «'iitir«' «'«mtuincr. 

For t'xampl«'. a st«'«*l with a yield slr«*ngth «if I75.U(K) psi will fraclur«' r«a«lily whil«' ply- 

w«iod with a yi«'l«l stn-ngth «>f appr«t\imut<>ly 1200 psi will ahsorh a gr«'at «l«'al «if punish 

nuut and will n«it fail. (>rant«'«l that th«* mal«'rial tlii«'kn«'ss«>s ar«' <liff«'r«>nt. th«' fad r«'- 

niains that th«- l«iw«'r y i«'ld sln-ngtli mat«>rials li-ml lo «il'IVr this ncltnius fa(-l«ir «-ailed r«'- 

siliciH-y. Another way lo look at this situation is to «-onsiih'r th«- It« lia\ior «if the sul«-- 

walls lo IN* as springs, each with a given spring «-«instant. The st«*«*l has a high «-«instant, 

thus, the material will try lo r«*sist m«iv«*meiit nuuli rimre so than wu«id. Th«* r«*sistane«- 

t«i rouvemenl is th«* tmuhl«* sp«it. A certain anuiunl of gi\«* or yield or hend is fine as 

king as («intents an* not damaged or <-«intain«*rs lo«-al«*d adja«-ent to «-ai-h other d«i not 

«-«»ntriliiite to their own destrii<-ti«in. Su«-h deslrii«-ti«in eouM «ie«-iir in th«* tea mate of 

transp«irtali<iii. 

(!oiisi«l«*riiig all fai-lors in th«* material «k-sign r«*lali«insliip. th«* «lynami«- «-nvir- 

«Minienl apfM*ars lu IN-, witlmul «piesti«in. the pri*«lominanl area of eoii«-«*rn. It «h'finitelv 

app«*ars that Ihe henelil of a low value «if Mo«lulus «if Klaslieity stands out as a dielating 

fa«'t4ir. This metm to eontrihut«' lo an iin«l«*rstandiiig «if the «uperiur iMTlonnan«-«' of 

FKP/lly w«iod panels in the (-<intain«-r Mrvicc emironnu'iil. It hatl previ«iusly |i«'«*n sup- 

po>«'d that the fH*rf«irmani'e atKantag«* «if FKI'/Ply wtio«l was due nmstly to Ihe a«l<lili<in- 

al material in the panel: FKP/Ply w«i«i«l panels an- appr<i\imat«*ly it.O p«iiin«ls/s(| ft as 

«■«unpare«! lo 1.5 p«iunds/s«| fl for aluminum and I.K p«iun<ls/M| ft for st«'«-l. Iniiiition 

and a nurn<'ri«-al analysis of inipat I «in a m«i«l«-l«'«l eoiilain«'r sitk'wall enahle the author 

to >tat«' un«'«pii\'>< ally that eorriigaii«tns an* de«-id«'dly superior to Ihe eomtmui stiflt*ned 

sh«'«*t-p<ist ty |M* <>l   onstru«-ti«iii in «*ffi«-i«*ntly disfM-rsing material lo resist hiads. Of 

eours«', this parti«-idar «lesign advantage w«iuld IN' evtii mofC pr«inoime«'«l for slati« -load 

«-«•m[iaris«iiis.   \n int«'resting result of the study is thai ihe gain in «lesign «■lfi<-i«'n«'y of 

eorriigati«ii's ov«-r stiffen«*«! sli«*et> will ov«>r«-«»me a malt-rial advantage and that «'«inv<*n- 

liouai st«*«l pinels an* more n'sistant to impai I than eonvenlitmal aluminum paiu-ls. 

Ni w panel i-onfiguralitin.« «an always he ohlainetl: how«'v«*r. a signil'i<-ant 

eliang«* of materials n'pn-.M'iit.« a higher risk in panel improvemeul versus that of pn'sent 

day mat«-rials whieh rm he reailily r«-orienl«*«l into new ««infiguralioiir suih that thev are 
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iist-d more rl'tVionll) .  I"<>r cxanipli-. u liijilur risk (IrxrlopiiK-iiUil effort would n-lutt- lu 

iKindcd sandwich t-unstnirtions. rspt-tiully tints1 bivolvMg mutt'rials wliicli Iia>r no MT- 

vioe n't-ord in liarsli strutlural appliralions. Ncvortlit'lcss. il still ap^M-ars to IM* possiMc 

and most pntlialilr that hy the ahoxc approach one ran lust tailor panol proprrtit's for 

hi>!h-inipa«-t rrsistanr«- and iin-orporatr nunicrous other IVatnn-s such as niaintcnanif 

prot-fdnr«^. prodii<'ti\it\. rornision resistantr. and the like. 

An oplinnnn inrtal panel interiarin^ with a «-ontaincr Iramework of stt-cl has 

not been cstahlishcd. An all aluminum lonfi^nration u.-in«; thick aliunimim sheots as 

sidcwalls and an aluminum framework hirlnding forp'd corner fittings diu-s not appt'ar 

to offer the ultimate in dcsi<ni.  It appears to he more «if an expedient to allow the alum- 

inum industry to offer something new and different tu stem the tide from FKIVPIywuod 

containers in the commercial and maritime environment. The ahove is truly an advance 

in the state-of-the-art and certainly surpasses the case of stiffeners applied to one side of 

a sheet. The alumimnn sheet and post design is ck'arly the lowest raukin<i panel regard- 

less of the intrinsic merits of the metal. Corrugation patterns ha\e evohed empirically 

anil offer possibilities for further refinement.  A refinement that requires additional at- 

tention is sectional inertia and whether it can he increased by fewer webs. i.e.. whether 

the pattern can have greater spaein>! across the span for a given depth of section,  liesulls 

to date tend to indicate a mininumi of effect for variations in section depth and unit 

weight. The depth of section should be held to lower thicknesses than presently used 

in order to restore some of the lost cube taken up by overly deep sections. A panel 

thickness in the range of 11.75 to 1.0 inch (similar to that of KKIVPIywood) would mem 

to be a logical objective.  It must he realized that the vast majority of H- hy U- by 2(M't 

containers arc eulte limited rather than weight limited. 

It is easy to address the existing configurations and critically evaluate their 

|ierformanec capabilities. The true problem arises when new panels are eonsider<d.  An 

example is foam with an aluminum skin in a steel frame. The H- by 20-11 panel is made 

in pieces as with aluminum and steel. Will this sandwich panel perform as well as the 

KRIVMy wood which is one piece, B by 20 ft? The answer i- not readily apparent. One 

must first attack the panel and determine if il is of high quality. i.e.. is the bond of foam 

to aluminum aceeptable'f In the problem formulation, a simple Itcam with free ends 

and a concentrated, applied load was considered. The stresses calculated were all within 

acceptable limits indicating a good match of materials. Thus, the core and face sheets 

are working harmoniously. A definite mismatch would he steel on foam. In this case, 

the transmitted stress would be quite low: thus, the foam is not working to its ultimate 

potential.  It must he realized that in the above discusMon a simple Itendingload was 

considered.  For paneb such as those above, the shear stresse> should he examined to 

detect skin core delaminatiou.  Again in shear (which is really the dictating design factor), 

the loadings are reasonable.  Experimental results substantiate this. 
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From the altovv und mimcrou* uthtT MMircrt« of informal ion. a simplr doiiuc- 
tion is presented, i.«*.. doublr-wallrd panrU appi'ar altructivr in the dynamic analysis. 
However, thvrr art* some prarliral diffitullics which amimpany inhrmit advania(;t's. 
The probli'tn of niatrhini; i-orr and fair material propi'rties disapp'ars when only one 
material is used. However, the fahriealion of douhle-walled eonstrm lions has not been 
sid\ed by a priee «-ompetilive process lei alone the integration of this panel into a frame. 
Additionally, us was menlioned earlier, there is the prohlem of failure in tearing. With 
douhle-wall eonstruetion. the material is inevitahly thinner than in a rorrugalion of 
eomparahle unil weigtil. Kesistanee In tearing types of failure should IM* less for double 
walls. However, it is obvious thai if the Ihiekness of the faee sheets is in the neighbor- 
hood of .075 in. there should be a signifieant improvement in tear resislanee as com- 
pared to conventional, sliffened-sheel panels.  Kurthermore. double-wall constructions 
have flat surfaces on both sides which will deflect many of the glancing impacts which 
presently lead to damaged stiffeners. i.e., riveted "hat" section posts. With the sheet 
thickness as cited and section depths in the range of 0.75 to 1.25 in., the upper limit of 
unil weight will IN* approximately the same as the all-aluminum configuralion previous- 
ly discussed. 

IV. DISCUSSION 

The report, to this point, has presented numerous arguments for various materials 
and their interrelationship w ilh a container. This section has lieen prepared to acquaint 
the reader with the many nebulus areas within coutainerization. Also, the discussion on 
new and different design material techniques currently Iteing employed or planned for 
the near future will portray to the reader the art as it currently exists. An Kvaluation 
Matrix has been prepared. The author has utilized this specific matrix in justifying nu- 
merous conclusions contained in this report. 

8.     Initial Panel Testing. Work has been directed toward obtaining materials com- 
binations which will sustain a given impact.  For example, the concept of fiber glass as a 
shed material bonded to an aluminum or steel honeycomb core has been examined.  In 
this case, one would of course find that the ratios of moduli of elasticity will lie reversed 
from tin* argu n.-nt made earlier in addressing the aluminum on foam honevcomb or 
wood configuration.  Preliminary efforts have shown the material to IM- an ab*orlM-r of 
shock loadings: however, these panels were, as wen* numerous others, approximately 
2 inches thick. All sandwiches seemingly IN-IKIVC quite well in the dynamic environment 
as related to the nonexistenee of puncture through the inner skin. Tests performed in 
our laboratory showed that paper honeycomb with any material facing identified tended 
to delaminate mm h more readilv than any other core material. Stainless steel faired ex- 
tremely well: however, our specimen was a plate 0.IH75 in. thick. 

20 



rhr sumiwM'li conftgurttiMU •'! üH tyft* <li-|)la\<«| excrlleni llcxiiral >lnri<;lli 

rhurartfrislirs.  Impa» I KtmUuee was a irlaliw t'a<ior. In llic labtirutory Irsl*. Ilic very 
thick RUMHINI sled I'aiirtl lir.-t uf all;   linwrwr. a malrrial this thii k is imprarliral. 

Thus, in relating .«lanilard ctMlfipinitioni surh m ll«' .047 in. Ihirk slct-l siilrwall of llic 

MILVAN against KKIVI'lywood or olhor samlwirli paiu-ls. (lie lallcr ronsi.strnllv ratnl 

MiptTior. Inrliuh-tl within Ihr toting program lor tin- \ariou> panrl.« was cxposnrt- to 

th*' «'Icnit'iits. general rcpairahility. and. of coune, Ih«' all-iniporlant itnpart testing. 

I'aiit'ls wert' placi'd in spnial test ct'lls to dctcrmiiM* llif hioloirical deterioration of Ih»- 

foams. Iioncyi-omhs. and woods.  Krsults indirat** thai the majority of panels tonsid- 

ered wer«' not \i<;oroiisly atlarknl wlit-n th«' edges of Ihr spniint'iis wvrv scaled.  Panels 

wrrc placed on >ile at Alhrook Air Force Base. Panama (ianal /one. and at Kurt IteUoir. 

Virginia, while the arelic-lype tcstin*: was simulated.  Kesnlls a^ain show little degrada- 

tion in panel performance after exposure for nearl) 2 years. These results are Itased 

upon the premise that the panel is protected at its edges.  If seating had not hcen done, 

the wood and paper lioneycomh would ha\e eventually deteriorated. 

Impact teslinuisa very interesting! snhjeel.  At a time when dynamic loadings 

are so \er\ important, decisions are still lM-in<! made based on static anal) sis only. It is 

the author's opinion that this is due to a lack of knowledge in this particular field and 

a complete breakdown of intTf Igrnrj e«M«rdination. The Department of Transportation 

has been doin«[ ex«elleiit work in the area of impulsively applied loadings. To standard- 

ize on a number of fixed tests and essentially eliminate the static tests would certainly 

upgrade the engineer's capability to either arcept or reject a }fiven item.  In our tests, we 

originally used a 12 inch-square section and impacted this with a typical fork tine. It 

was a simple drop test, knowing the mass of Hie falling object and its height prior to 

drop immediately gives one the energy imparted into or absorbed by the panel. It was 

found that the section originally affixed on alt four sides did not exhibit behavior traits 

found in larger sheets of like material. The panels being fixed tightly could not behave 

us originally intended. The framework was actually working with the panel; thus, the 

panel was truly not being tested. To improve on these relative testing results, a larger 

panel-IH inches square-was used. The results improved.  However, the author still be- 

lieves that the test apparatus was inadequate. A better mathematical approach would 

have found this to IM* true in the beginning; however, at that time then* was little, if any. 

feel for how the materials would behave. Thus, the specimen size did not become criti- 

cal until after the simples were exhausted and no further funding was available to con- 

tinue the testing. 

The testing proved to be most fruitful because the vast amount of raw data 

lias provided a great deal of insight into the relationship between materials and their be- 

havior while in a specific configuration. Highlights, of course, include the wealth of in- 

formation obtained as related to sandwich construction, corrosion resistance, repairabil- 

ily. maintainability, biological deterioration, structural shapes, electrolysis, and the like. 
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Theme «lulu have been used llinmjilioul this repurl in ;• qtiaJitative lashinn and haw defi- 

nttet) influenoed lit«' uverail itro-jram an rrbu-il in ufaj^tives such a.« meeting ami cuping 

with III«' tiiililat\ ciixintiiini-nl ruthcr llian llit* commercial.  I*lame rcsislanrr wtmcomtd- 

ered becauae a Mtuation ctNild readily uccur where tli** exhaiMt Inmi a motor vehfele 
idiilil inipin^i' llic (oiilaiiu-r ridewall and |»»rlia|i> provide llu- lira! Kquired lo initiate a 

lire,  il was found thai the loams Imd lo mi'll. the l-'KIVI'lvvvood will not support sus- 

tained eomhiislion. and the metals sirnpl) lose strength. 

9.     Military Kiivironnient. The military environment is si<rnil'ieanll\ different 

llian the eommereial environment.  However, the dilTerenees are not t'onnd in the ship- 

piii>! mode, i.e.. rail, truck, or sea. Rather, the notable changes are found in the areas 

of duiina<im<;. terminal and port handlin«!. transfer, storage, maintenance, and availahil- 

ity.   Most areas listed above are eoneeptually different than the procedures commonly 

used within the normal industrial complex. 

I)unna<rin<r is drastieally different in the military enxironment as compared 

with the eommereiul. As an average, industry requires approximately I hour to stuff. 

Mock, and hraee:  to tie down: and to prepare the manifesto for shippin«:. On the other 

hand, the military requires approximately 6 hours to aeeomplish the same tasks. The 

military eonlainers lor whieh this figure is presented are of two types. One has an eijjht- 

rail-per-side dunnage restraint system, and the other is the standard, flat-wall-type eon- 

tainer typically found in industry today.  (Kxpensive restraint systems such as found in 

the present-day Mil,VAN eonlainer have not been readily accepted hy industry hecause 

of two main conirihnlin» factors:  initial cost, and additional cost in time and manpower 

lo us«' the restraint hars which are easily lost or stolen.) The private entrepreneur, in his 

quest to save excessive expenditures, will eslahlish a quota of containers which have lo 

mo\e in H hours.  Incentives are then provided to the workers such that corners are cut. 

the workmanship becomes shoddy, and the eargos are in a state which could precipitate 

damap'. Il is u fact that men associated with conlaineri/alion know from experience 

what they can "get uway with." Thus. 1 have found this group id' men most forward 

and direct in readily estahlishing the idea that, if a container experiences internal damage, 

the insurance company will cover the loss. The supervisor realizes this and readily agnrs 

with the method of doing anything to get a joh done.  Il is a very compeliti\e world to 

these people, and they ieali/,e that ships will not wait for them to Muff a container. Thus, 

to make or save a dollar, depending upon your viewpoint, is a most desirous goal. The 

military certainly does not compete in shipping goods: thus, expedited deliveries appear 

to mean little. The ohjective to date hy the military has INCH to follow a course much 

like that feeling found in numerous offices, i.e., don't do anything which would tend to 

throw containeri/ation into disfavor with the superiors. 

Moth types of military containers arc duunaged far in excess of the required 

limits. Air hags. Moeking and hracing, proper pallet spacing, additional restraint hars. 
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cxiiii und proper palli-t ronfiguration, i.e.. M) liv 4H in. with un allouultlt- H-incli over« 

hanj: tin ull side!- und a liri^ht of 43 inrhes, and addilional strapping (in many taxes this 

is t'oiind to he a package in a class A (-onl^nrution) of the goodi to pallets mnlribule 

to a nionunienlal amount of effort in stuffing a military eontainer. The situation is not 

good: however, proniinent individuals have reeogniy.ed th«* fact that a total systems ap- 

proarh to eontuineriKation is required and the problem of adequate dunnaging apparent- 

ly will lie addressed. 

The military owns very little materials-handling eipiipmenl (MIIK) to handle 

ronlainers. There are numerous aecounls of the port operator aetually using his gantry 

cranes and yard trucks to drag eonlainers into a position such that the crane can he 

used as it was designed-to load or unload a container from a ship's cellular hold.  In 

some transfer facilities, underrated forklift trucks try to pick up contuiners und end up 

hy driving their forks through the sidewull. One individual interviewed actually saw 

two forklift trucks, side hy side, moving a container onto a truck. Problems such as 

those mentioned are being rectified by having the container shipped to modern ports 

and not allowing the eontainer to be taken from the trailer chassis.  New spreader bars 

prevent buckling loads in the upper rails liecause they accept this loading and relieve the 

container of an unusual strength requirement.  However, away from a port, the military 

in numerous cast-s can only offer the 2()-loii Rough Terruin Crane which, with a sling, 

positions the container on the ground. The loads applied when this is done lend to up- 

proach the upper limit of the allowable stress for the upper rail. 

Trunsfer equipment utilizing spreader burs is used by all major port facilities 

in the world. This equipment falls into three cutegories: 

u.     straddle truck (Fig. 7). 

b.     side load (Figs. 8 and 9). 

e,      front loader (Fig. 10). 

All. when operated correctly  convey the container in such a way that little or no dam- 

age is imparted. Damage does occur when the operator drives his spreader bur into the 

roof of the container. This occurs usually when a heavy workload exists and the man 

is rushing. The equipments identified do have a fine performance record, and the mili- 

tary must begin to procure for their depots these types of commercial MIIK to handle 

the ever-increasing flow of containers. To offer addilional incentive to rupid procure- 

ment, the Military Traffic Munugement und Terminal Services (MTMTS), u major com- 

matul of the United States Army, projects that HO// of all Department of Defense curgos 

ure capuble of being transported by contuiner und thai, currently, upproximutely 50% 

are eontuinerized. 
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Tin' military tue» container« euentiatty for stürbe ul lln* liir thote. This i.« 
unheard of in coNuaercial prat-tire becaute tlif operator is striving to have Iii> eonlainer 
iiiiitinually in motion.  He makes his living this way: thus, there is little time to aetnal- 
ly deadline a container tor. as an example, preventive maintenance or routine mainte- 
nance. Containers used hy the U. S. Army can he found throughout the Mepuhlie of 
South Vietnam. An interview with former U. 8. Army and II. S. Marine personnel 
brought the following to light. If at all possihle. the container will he moved to a posi- 
tion where it can he readily camouflaged and repainted. In one ease, a container was 
used as an officer's cluh. In another, a container was used as a signal and map shack 
with room to sleep. Koth were air conditioned, and the men implied that these tended 
to make life "a little easier." I felt that these particular incidents could contrihute guid- 
ance to the methodology to he employed in sending containers to a forward area. Per- 
haps some containers should actually he fitted prior to shipment to he used hy the 
troops for all types of operations including messing, medical, herlhing. administrative, 
maintenance, storage, and the like. 

The maintenance of containers in the commercial environment is good when 
the container has received noticeahle damage, hut preventive muintenance is essentially 
nonexistent. This is poor practice, especially with regard to steel which should he sand- 
blasted and repainted once every 2 to 3 years. 

Tin military again far surpasses its counterparts of industry hy repairing every 
damaged spot ranging from dents to the replacement of the entire undercarriage or side- 
wall. (Jrcat time and effort are spent in the process of repairing containers. The most 
costly item in the repair is paying a man to fix the container. His hourly wage and the 
total number of hours required to repair the container far surpass the cost of the repair 
materials. One can again see why American industry will allow a container to move 
through its system until the container reaches a point where labor is the lowest cost. 
This point can IM- found in the Far Fast, for example. In that part of the world, the 
materials are the expensive factor. The maintenance performed in both military and 
industry is adequate. In my opinion, the military docs a better job in making a container 
usable and putting it back into "like new" condition. 

Industry does not keep containers on the side awaiting a hopeful load. The) 
procure only as many containers as are necessary so that the containers are supposedly 
moving constantly. If additional containers are required, these can be leased readily. 
However, leasing containers is expensive. Shippers try to avoid leasing because, inevil- 
ably. the container will suffer damage and leased containers must be returned in excel* 
lent condition. This, then, costs extra monies because the repair performed is of high 
quality. Hy the very philosophy of usage, the military has a large supply of readily avail- 
able containers at its major depots. The inference is that a systems approach to the 
actual utili/.ation of a container has not been fully developed, and one of the imposing 
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loopholes il' the fad that most 'Oilsolidatioll efforts takt· plae·t' al II. " de·t, , 1. lndu:-;try 
will ·tuff a eontainrr at the e ·onsi~nor's plant. The military t.lor:; little if ;:uy uf thi:-;. 
A~aill , this tend.~ to iru.:rra:-:c• e·u:o: i.s and ill some case · provitll'l'i evidence· that <:olllain('ri
zatiun i~ mon· expcnsiw than the old-fashioned, Ln.~ak-bulk shippill{! tcdlllitJII<' . 

10. Operational Attributes aud Evaluation of Container Designs. Xu ling thl' t'X · 

tcllsivc r.1alt'rials work, it :'<!cmed mu:-<t rcasullable to consi~rr the nwnncr in which ma· 
trrial · and desigll approachr.· knt.l I ·rnsdves to fabrication . oil a large :·wale. to yic> ld a 
finished product . This hccamr mur<' iutcrl'sling as somr of Lhc saudwid1 makrials be· · 
gall to r ' et'ivc high ratings under te!'t. Thr fa ·L that an 8- l.y 20-fl panr l. in one soli~~ 

pit.·cc . c·uuld not be t.kliv(' rcd is an apparent downfall fur this configuration. It wa:-: also 
detc' rmim·d thai thoSt' Lhic:kncsscs, sheet sizrs. rx truded hapes. and I he likl' whil·h wc·rc 
foulld to ha r the highest degree of merit were availablr i!l adequate quantities from 
commercial sources. Single-source availability for an y item woult.J de (· rraSI~ the 'rt' clibil
ity of the' cos t predif'tiuns. Combining with the abo c cstimatf.':-: was the amoulll of 
wdclillg and ri cling rr 4uircd fur normal ·ontainers. Problems :-<ut'h as joining dil'si rnilar 
materials brought new illsight to the grneral problem of corrosion and assot'ialt'd electro
lytic •ffrch:. Availahilit) of apprupri<~lc hardware.-;. such a~ hinge ·. dour ca:-<ings. and 
c :oru~r fitting , c·ompatihk with the various designs dcmon: lrat 'S to the author that 
tlwsc types of fillings arc C)btainahll' if the quantity des~ rcd is :;uhstantial. 

lnvr ·t igaliun in thC' oprra I ional envi ron nwnt addrcs:;cd whc th<~r or not any of 
th<' gcn ·ric approaches to container design provides superior uperatillg attribute . . The 
influcnct• of the transport\llion modr on design rCt.Jirircment:: , along with the above. 
cerl<tinly providt•d ·lear insight to the advantage:- f FRP/ Piywood uv r all other ·on· 
taiu ·rs disregarding f..'os ts. lt became evident th:;t an cx tremr. weight -;,a,·iu~ design did 
lit tie in an uprralional &·nsr to add merits to any containers. The fimtl question rrn· 
lc.'red around the avcragC' density of cargo carried by th ·operator mtd how frt'qucntly 
the containers arc weight limited. vulum~ limited, or limitrd b available trade. The 
figure used in this progr;un for gross load was approximatdy 15 lons f){'r eontaim r. 
From a militar)' point of view, this wright is no t as critieal as it is lcJ thf" {'Ommcreial 
operator. The U. . Army is not trying tu make rnonc>y: it i · trying tu save money: 
thus, the eont·t' pt of a container with a long life. low mainh' nmtc:t' C'ost. and imnwdiatc 
a ailabilit.y is e ·tablished. 

The final area of major ('OilCCm wa · the dur111aging tcdmiqucs cmployrd . 
The military i· rurrently u: ing a ry cxpen ivc and ·ophi. ticatcd tieuown technique 
ulilizirw lungitudinal restraint bar~. The sad fad of this decision by manai_!Crnt'nt wa:
th~· to tal Ia ·k of adequate' :-tructural dr. tgn <·ousiderations prior to cmharkinf! on :-<tll'h 
an expensive> adventure. Typical or no t, the : ituation i. rn o:-;t cumbersomc' bt•(·au:-;e llw 
Covcrnmr nt procured the chcajX'51 ·ontain<'r p~s iLl and th •n ·pt' nl twlf a~ain as mul'h 
ll11lllC)' to pul in a restraining ys tcm which srcrns mo I illogieal and :-<impl, an n.pedil'nl 
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container is subjecl to lioih static and dynamic loads and must witlistand extreme« in 

temperature, climatic ronditions, and llir inevitable wawater spray, 

In considering only tlif ability of the container to resist llic applied load.*-, the 

following material properties are found to lie important: 

a. Elastic constant 

I). Factors of safety based on yield und ultimate strength 

c. Elongation at failure 

d. Hardness 

e. Mass density 

These material properties may he combined with the geometric properties of 

the structure to define additional structural indices which may he used to evaluate the 

relative effectiveness of several desi<jns. Structural indices which appear appropriate for 

the container design ure: 

a.      Outer deflection of a container wall. 

h.      Peak stress produced hy a mass itnpacting on the wall. 

The material properties and the structural indices which have been defined 

are discussed in detail. 

a.      Klaslic Constants. The elastic constants define the linear rehitionship be- 

tween the stress, or force-type quantities, and the strain, or deflection-tv pe quantities, 

for an elastic material.  An elastic material is defined as one for which the same relation 

between stress and strain holds during hoth the loading and unloading process. 

There ma) he as many as 21 clastic constants for a very general material 

or as few as 2 elastic constant for isotropic materials. The common metal materials 

used in structure arc normally considered to he isotropic. Their material hehavior is de- 

scrihed in terms of the familiar engineering elastic constants:   the modulus of elasticity 

and Poisson's ratio. 

One of the popular materials used in container fabrication, fiher glass 

reinforced plastic, is ortholropic rather than isotropic. This means that the material he- 

havior is descrihed hy I clastic constants rather than 2 constants as is the case for an iso- 

tropic material.  For this reason, it is impossihle to evaluate prospective container mate 

rials strictly on the hasis of elastic constants.  It is necessary to define a behavioral func- 

tion for the structural configuration which includes hoth the material properties as well 

as the structural geomctrv. The center deflection and impact stress were chosen to he 

appropriate behavioral functions for the container overall material design study. 
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b. I lliiuatf and Yield Stress. Tin- uliimul*- und yield skew rt-prcsnil* tin- 

III.IMIMIIIII strt's.« level Ihut ean IK- sustained in a mideruil before failure; and the yield 

>lre» reprnenli the limit nf rhrtir behavior whili tin- ultimate strength represents the 

maxiniuni ordinal to the stress-strain curve. These stress limits are found by physical 

lecting of candidate materials. The most comnion tests are the uniaxial pull to (Vtcr- 

niinc the maximum tensile >lresses and a shear load to determine the maximum shear 

stresses. 

It is found that the ultimate and vield stresses vary »reatlv not only 

from material to malcrial hut also according to beat Ircatmenl within a specific material 

•9-oiip.  Thus, it is not sufficient to stale the yield and ultimate for steel, for example, 

willioul siiecifyinu the type of steel and its heal treatment which may be represented 

by the hardmss of the steel. 

These limiting values of stress represent the ability of the materials to 

sustain an external load; and. thus, thev provide a basic structural index which ma) be 

used to evaluate relative importance of coMpeting desipis. When these stresses are used 

as itructural indices, it is useful to define ratio* of actual stress-to-yield Mress or actual 

slress-to-ullimale stress. These ratios an- termed the factors of safely based on v ield 

and ullimale. re>peclively. (liven the same load environmenl fof all coinpelintr designs, 

thai desiini for whit li the factor of safely is •neatest would ha\c the highest confidence 

level of not fallinj;. 

e.      Elongation. The strain, or elon<!alioii. at failure is a measure of the «'uc- 

lilily of the materials or the ability to deform without failure.  Materials thai exhibit 

lar<re elongation at failure are defined as ductile: while materials which exhiltil small 

elongations at failure are defined as brittle.  Ductility is a desirable attribute in container 

doign tince plastic deformation is allowable w ithin limit*. The main concern is prolec- 

lion of the contents rather than container cosmetic appearance. 

d. Hardness. Tlic hardness of a material is a general measure of yield and 

ultimate strength.  In the conlexl of container design, hardness also includes the attri- 

liule of resisting abrasion and small nicks-whieb may prove |o be stress risers.  A high 

hardness indicalcs good abrasion resistance, high slrength. and low ductility. (Hardness 

was not included in the Evaluation Matrix because its relative importance seems slight.) 

e. Mas« Density. The weight of cornpetinu slrucliiral designs is dependent 

on the mass density.  If weight is a factor in container selcclion then, of course, mass 

density is an important factor. The mass density is also important since it affects the 

dynamic response.  For a specific design, it is found that the peak stres.» increases with 

increas- in den.-ily. In ortler to reduce (he dynamic sin .-scs lor a container of a single 

material, the lowest mass density should lie used. 



t.      Side Fund Center Detlet-tiun. Tin- >u\v panel deflectiun i>a I'muiion ot 
Ixiili ihr RMterial pruperties und th*' structural cuuftipirtttion and i>. lints, a »tructural 
index whk'h ma) U- ii>t'<l tu cumpare lli<- relative .«lillni-ss of cumpetinf container de- 
si<>ii>. Thr center deflection lor a uniformly loaded panel with >ini|)ly supported edges 
is given li> thr following rrlationship: 

- = -ir 
where       a is a pararnclcr vvliich accounts lor aspeel ratio 

G<J is ilic mapiitude of the uniform load 

a i.« tin' h'li'rlli of the longest Mdf 

w is tin' transverse deflection 

I» Eh 
I2(l-7a) 

where       I. is tin' modulus uf elasticit) 

h is «•ffcctixf thickness 

7 is Poisaon's ratio 

The derivation of lheei|uatkNi is baaed on the assumplion that Ihr trans- 
verae deflection b small and that the material is linearly elaatic. Drflfdioiis uhirh art- 
peater than approximately one-tenth thi' thickm-ss arc beyond th*' range of the theon : 
hut. Mice the e<|iiatioii is ii>ed only in a comparative sense, deflection of any value is 
acceptable for the purpoae of (his."lud). 

«.      Dynamic Impact Stress. The panel.- of the eontainers are suhjeet to dy- 
namic loads which are not eonsidered in the design standards.  However, sim < a great 
deal of damage doea IMiear to I»' the result of impaet load>. it is important th tt a struc- 
tural index he defined which provide» a measure of (he ability of the strueture tu re- 
spond (o (his type of load.  A siii(ahle struediral index is (he peak atreai produced HI (he 
container wall due to the impact of a steel sphere having a given mass and initial velocity.1 

The peak stress is found to he a fiinctioii of (he cross section, the modu- 
lus of elasticity, and (he mass of the wall. The method of calculating (his s(ress is also 
presen(ed in Iterger. e( al.2 which also presenls a IÜM ii>sion of (he computer code (hat 

S. Brrgrr. II. (i. Srharffrr, ami J. P. Wrt»,rontajnrr DnvUtimn-itl ('onrrplt/or Improviil Hetulanre lo Ihr />>• 
minui Hnvironmenl, datrd Uiiolirr l'(7l. All T.'IJ^M. itri-parcd lor the I'liilrd Slates Arni> Mobilil> Ki|uiprnrril 
Ki'M-arch and Ih-vrlopnH-nl Onlcr. I orl Ki'lvoir. Vireinia. b> Cunlrul SyrtMH Ki-M-arrh, Vrliiiuton. VirKima. 

"/bid. 

;u 



i» UMNI. The aiiul\>i> w hated on ihr linear IM-IKüIII; llimrv IIIKI MIüIII IniiisM-rM- deflec- 

liuii>: and, while llit- liilnihilnl remiiU »KIN !»<■ uutaide (IK* nngp trf ihr theory in u 

oiuuititative Müwe, Ihey cm Ix- HMMI in ;i cfHnpäralive wnse. 

h.     IVevi'iitivr Muintniaiur. Sine«' preventive mainteMnce iscdiishintly an 

iiriM erf concern, one rnnsl ask hiniscH'. "(iun this container arrive al Ihr tar shorr uilh 

ihr cotitentM in acceptable comhtion?" Jostling, joltii^, niishan<llin<r. and general en- 

uronnmilal abuse lend In < ansc a degradation in Ihr container's "lik** new" condition. 

Wilh steels, one imroediateiy addresses arras where the Material has IM-JIIIII corroding. 

If this is a simplr repair wilh lilllc cost involved. Ihe spol will he repaired.  In Ihe 

Kvalnalion Matrix, Ihis tailor is used to measure Ihe ease in whieh a material behaves 

to inainlenanee and Ihe inherent eapahililv of Ihe material lo withstand weathering, 

tor example, such that no preventive inainlenanee is required. 

i.      Kcpairability. When a container has sustained damage such that it no 

longer eont'orms lo Ihe ISO requirements dimensionallv or to ihe shipper's own set of 

criteria lor damage, it is deadheaded. Depending on Ihe extent of damage, the contain- 

er is either moved to a shop facility or a portable repair ri<; is sent to the container. The 

ease of repair is considered. Can Ihe mechanic use a simple plujr to repair a sidewall 

punelure or must he replace an entire panel? The question is addressed in a relative 

manner. Containers which expenence little damage to start with are rated superior to 

those which have heen found loexhihil hi^li damage rales. The repairs for sidcualls 

differ dramaticallv.  A fiher-^lass patch, a welded steel patch, or a riveted aluminum 

patch lor the same siae hole takes different amounts of lime, from a labor viewpoint, 

and the material used varies in price. Also, in each case, supporting equipnienls vary ; 

and. again, this can he quite expensive, 

j.      Corrosion Resistance. Because the container walls are used mainly as a 

protective covering, their resistance to the environment, either operational or climatic, 

i* imperative.  Numerous materials have heen addressed which are not affected hy salt- 

water spray or the standing of water in sills or on Ihe roof. The materials w hieh have 

the inherent properties to lijihl the environment an- rated superior. One obvious con- 

clusion appears to he that low-carhon steel musl IM- painted (this is standard practice in 

the commercial and military environments).  Large users of tin- aluminum-type contain- 

ers paint the conlaim-rs an aluminum color. 

k.     Flexibility. This is a material pro|N-rty which addresses, specifically, 

modulus id'elasticity limes moment of inertia of Ihe material divided into one: 

Ei K\   -   -L 

.11 



Originally lined in undwich [>arnl arras of (lt-si<!ii. Ihr linal figure appears niosl appeal- 

ing as ii correlated quite well in thr laboratory lor materiala other ihan loam or honey- 

romlt saniiwirli.  Thus, it was used throughout. 

I.       Insulation Properties. Thr «nil heal conductance and Ihrnnal conduc- 

li\il\ wi'rr addrested. As mentioned earlier, container*, etipeeiail) thune constructed of 

metal, can become extremel) hot inside il Icll in the open sun. Allowing heal to pass 

easily could lie a detriment to numerous good«.   Ml the sandwich configurationa I'aired 

extremely well.   This would appear most logical befaune refrigerated containers use a 

■jreat deal of sandwich construction in depths of Mection up to (» inches,   \ simple dead- 

air space is most effective; and, when a steel or an aluminum container wall has a ply- 

wood liner, the wall then contains a dead air space. Thus, we have another strung rea- 

son for the incorporation of a plywood liner in a non «audwii h configuralion, 

m.    Workability.  Many materials are difficult to form, mold, rulrude, or. in 

general, jusl fabricate, After fahrkatton, many materials become diii> ,■!: in use !•< 
cause they are not amenahle to weldin«;. drilling, punching, or repairing without cstr.i 

cost and loss of material integrity. One can readily deduce that rurntgaled lied is much 

easier to make and employ than aluminum on a foam sandwich or aluminum on a hone) 

comh sandwich. Therefore, the pfoductivity of the wall is incorporated.  Ease of repair 

and preventive maintenance are additional factors which are dependent on the workahil 

ity of the material. 

n.     Flame Resistance. The military enviroumenl addresses flame retardaney 

and fireproofinir In many of its equipments. The «piestion posed in this effort was. 

"Does the panel support comhuslion?" The answer for all paneli is "no." This answer 

should he tjiialified inasrmich as the melals. of course, became much more ductile:  the 

plywood sandwich charred; and although the foam sandwich did not sup|)ort eomhus- 

tion. the foam appeared to have melted, thus leaving a void under the aluminum or I HI' 

skin. The resin in the filter-glass reinforced plastic did not hurn. The plastics in theev 

jianded rnelal and punch plate materials tended to lose strength and hegan to flow. 

o.     Joining. An important concept in the fabrication and repair of a con- 

tainer is the method used to form an H- hy 20-ft wall. The fahrieator huys smaller sized 

sheets and welds or rivets these together. The FRIVPIywood panel is. in reality, a series 

of 4- hy H ft panels which are laminated with the filter-glass to become a one-pieee con- 

struction which is then sent tit the fabricator.  For this panel, the fahrieator would then 

rivet the single unit to the frame.  For sandwiches which are less than 4 hy H ft in size 

the same principle holds-the idea of forming a 20-fool span. Sandwich panels other 

than !■ KIVI'K wood are nut made into a continuous panel hut rather are joined 

mechanically. 

:tf 



p.      (Jgable Cubage. In nnlrr In have .1 IM-IKII mark In work I'roin. Ilic iiulluir 

ilHiTiniiD'il tin' u-aMr nilia^r fur a ronlainiT nr^li'ilin«; linrrs anil olhrr olislrnrlioiis. 

Sim r roiilainrrs in 111«' 20-I'IMII i-las.« ap|M-ar tu IM- srwrrly MIIIUIII' limitril. llii> relative 

Mitring allows llii- rrailrr to si-lrrt a ront'i<!iira(inn uliirli lir fieeb is ai 1 rplalilr r\ni 

ilmiiirli it may not IKIM- (lie i-ubag*' of I snonil rontainrr. To Ihr military, this param- 

i'trr apjM iir> to ratr ipiitr low. vvhilr imliistry lias lirrn si-lrrtin^ thr liij;ln'i li^urrs in 

onlrr to makr maximum UK ol tin* MMMX a\ailahlr. 

q.      Initial Cotil/Sq Ft. Tin* emi of a panrl on a p«*r-st|iiarr-l'ool basis rssrn- 

tially trll." onr that thr I'ramr anil Hour rosts an' ronstanl. The relative srorrs sliow. to 

no siirprisr. that strrl is Ihr most inr\prnsi\r malrrial initially, uhili* thr olahoratr sanil- 

v\irh ronstrintioiis rost a ^irat ilral. (ioslin^ has purposrly been playi-il down through- 

out this rrport became it is thr author's hrlirf that rnou^li inl'ormalion has been prrsi-nt- 

ed to iloiumrnt thr overaM cuata. Kurthrr. it is tin* author's IwliH that tin* i-omprtrnt 

Manager will reaiiae thr fart that, in buying iHiythin<!. thrrr an* lifr-ru'lr rosts involved 

aloni; with a ^rnrral amorli/.alion anil Mrapa<;r value pricing whirh must br ronsiilrri'il. 

Tkeae ami many morr farlors rstablish rost offrrtivi nrss.  Many of thr aforrmi'nlioni-il 

arras of concern arc ilirrrtly rrlatoil to rosts. Th»' best soun r of information in thr par- 

ticular area is hrr^ir. el al.3 

12.   Valuation Matrix. Thr Kvalualion Matrix (Table I) has Ix-rn ili-M-iopril in 

such a manner as to be reailil) iiliii/.ed by the interesleil teehnieal reader. The first ver- 

tical eolumn has been established so that one may put a uei^hlin^ factor on eaeh of the 

different profN'rlies.  For example, if one eonsiders impael resistanee and initial eosl to 

be of equal and highest importanee. he should enter a relative \aliie of, for example. 2.1 

in these leading boxes.  The next item of importanee eould IM- wei^lit or eorrosion resist- 

anee: but feeling these to In- less siwnifieanl. one would assi<!ii. for example, a wei<!hlin«! 

factor of 15.  (inhale mijrfil IN- eonsidered to IM- of little imporlaiH e and would receive 

a value of I or 2 versus the values of If) and 2'> previouslv assigned.  Now. one can read- 

ily determine the oplimum panel by multiplying the wei{!hlin<: factor b> the seon-s in 

the matrix. The total seore will yield a final value for eaeh eandidate material. The 

highest More aehieved will thus ^ive the IM-SI panel based upon the biases of the reader. 

The author feels that eaeh or<!ani/ation has identified the area« of irreati-st eonei-rn: 

thiTefore. the organisation should IM- allowed to .«eleet the panmelers of "realesl im- 
portanee and tlM-reby justify its material seleetion.  For the example eited. the follow 

inj; is offered: 

S. II« rmr. ft al.. .-I Criliral Analynu of thf SUitntflhv Irl in f.)mluim-ri:ijliiin. IIJI<II Itrninlirr I'tTO. Vl» HTTJ.Vt. 
|irr|urril lor Ihr I nitrti SUIr- \riii\ MuLililv Ki)iiipiiM'iil Hrxan h JIMI llrvrlnpiiHiit Ontrr, Kiirl Hrlvoir. Viruinu. 
b> < oiiirol SynHM Ki'M-iirrli. ArlinultMi. N irtauu 
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Table I.   The Evaluation Matrix 
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le I.   The F.valuation Matrix 
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I     Culiagr 

With this rating, the top five materials lor sidcwalU are: 

(1) Corrugated Aluminum. .100 in. thirk 

(2) Puneliecl Plate Aluminum and Plaslie 

(3) Expanded Metal Aluminuni and Plastic 

(4) IH-ounee FKP/Plyw«M>d. V* in. thirk 
(5) 24-ounee FRP/Plywood.'/»in. thiek 

The above materials have been determined hy utilizing the following methodology: 

(1) Multiply all seores in the row marked Impart Kesistanee hy 25. 

(2) Multiply all seores in the row marked Initial Cost by 25. 

(3) Multiply all seores in the row marked Weight hy 15. 

(4) Multiply all seores in the row marked Corrosion Kesistanee hy 15. 

(5) Multiply all seores in the row marked Cubage hy I. 

Now. for eaeh material, go straight down the eolumn adding the newly ae- 

quired scores.  In this example, there are 5 scores to sum. (Out* can actually use all the 

parameters-thus, there will IM* IK scores to add.) The total for each column having 

been attained, the material ivith the highest score ranks as number one. the second 

highest score yields the numlier two panel, and so on down the line through all 44 

material choices. 

The past narrative addresses the uliliy.alinii of the Kvalualion Matrix. The 

avid reader ma) wish to pursue the relative MOfN within the matrix. These were all ob- 

tained by normalizing a spread of values ranging, for example, from K2 to MO I with the 

lower score Iteing best.  It was then deduced from these data, for example, that a curve 

could IM* plotted (in most cases linear) such thai K2 compared with 10. the highest score 

poviblc. ;ind 0(11 compared with 1. the lowest score possible.  From this curve, all inter- 

mediate values could immediately IM* determined. Some cases proved far more compli- 

cated, but a logarithmic plot offered a possibilil) to handle the range of values that oc- 

curs. In one case, for example, the fourth root of the numlM*rs wm taken m lli.it the 

procedure de«« rilnd above could then IN* used. The most itnn    laut thing to remember 

is that throughout the entire matrix the inclhod was . miMMt-nt. The seorc> shown are 
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relative, but this is the only kind uf meaningful figure the engineer or scientist «an use 
in selection uf an uptimum panel fur his particular application. It is felt that the Evalua- 
tion Matrix represents the true technical worth uf this report and justifies all of the ex- 
penditures in the past. One is now able furthrightly tu select a panel design which is 
must acceptable. 

13.   Aluminum Alloys. All the cumbinatiuns uf steel alloys and aluminum alloys 
were nut presented in the Evaluation Matrix. Since steel has been sufficiently covered 
in the Evaluation Matrix and numerous aluminum alloys have been left unidentified, 
the following detailed discussion uf these alloys is presented. The aluminum properties 
used in the matrix were average values: thus, the exact aluminum used is really a com- 
bination of several panels and cannot be identified in the Evaluation Matrix. 

To clarify an apparent ambiguity, the Aluminum Matrix (Table II) identifies 
those properties which tend to change with the major alloying agents. The performance 
factors listed in the Aluminum Matrix appear tu IN* the only ones which show a dramatic 
change. To review the aluminum alloy classifications in brief, the following is offered: 

Alloy Number Major Alluying Element 

I (MM) None 
2m) Cupper 
3004) Manganese 
4000 Silicun 
5000 Magnesium 
6000 Magnesium and Silicun 
7000 Zinc 
8000 Other Elements 

Noting the above, six readily available materials have been selected fur use in the Alumi- 
num Matrix. It is interesting tu nute that if the manufacturer of containers buys any uf 
these materials in sufficient quantity the eusts are all in the same general neighborhood. 

The values obtained from this matrix follow closely the procedure outlined 
for the Evaluation Matrix. The Aluminum Matrix simply relates the most critical areas 
of Variante. One can utilize this matrix to identif) the aluminum which appears to best 
suit the user's purpose. (The Selected Bibliography contains a vast amount of informa- 
tion regarding these alloys.) However, one must stop and question the Aluminum Matrix. 
Earlier, it was mentioned that if aluminum were corrugated, much like steel, its perform- 
ance attributes would definitely increase. Not all the materials identified in the Alumi- 
num Matrix are amenable fur forming as suggested due to the low ductility «if some uf 
the aluminum alloys. Thus, the shape of material, i.e., its vertical cross section, will vary. 
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A flat shtMl does not irquiir any fortnint;. '',u* '''*' raiionalr lor aluminum >lutl ami 

post construction. However, from the Kvaluation Matrix (Table I), one can readily see 

that this type of construction rates low when compared to the corrugated aluminum 

confitfuration. 

Table II. Aluminum Matrix 

Aluminum 
Alloy 

Attribute 

I 
m 

to 3 
z 

3 
z p 

Impact Resistance 

Safety Factor Based 
on Yield Strength 

Safety Factor Based 
on Ultimate Strength 

% Elongation 

Workability 

Corrosion Resistance 

10 

10 

10 

3.5 

4.5 

4.5 

4.2 

8 

9 

2.8 

2.8 

1.8 

10 

8 

8 

7.5 

6 

10 

10 

8 

10 

7.8 

7.8 

8 

4 

4 

3 
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V. CONCLUSIONS AND REMARKS 

14.  Conclugiuns and RemarL). Tin- narrative ha.» pieiented a variety of insi^hi.s 
into (IK- GomtructifNfl und upplu-ubility of mutcriuls aa rclutfd to UM* in a lur^c dry fn-iuhl 
>liippiri>> container. Also discussed were the attribute« a container must present in order 
It» cope witli its environment. To synopsi/.e the inuiinsi-ript. u matrix has been prepared 
wbieb presents numerous cundidute materials versus a lar<ie number of si^nifieanl param- 
eters which tend to cither influence the purchase of a specific configuration or to mathe- 
matically rate numerous «piuntitative data. The end result is a numerical ranking of the 
candidate sidewall materials based upon the author's best judgment for the nebulu* de- 
sign criteria and the results of extensive structural calchlations for the design and male- 
rial property type criterion. 

Numerous immediate conclusions arc readily apparent and are substantiated 
by the Evaluation Matrix. Other conclusions are established from the matrix and rele- 
vant references. 

a. The current state of containeriKation is an ambiguous subject when one 
considers the numerous materials-design interrelationships along with the varied philoso- 
phies. Of all words used to describe container performance« "ruggedness" is the one key 
word which stands far above all others. The commercial carrier is currently paying for 
ruggedness because, in general, FKIVPIywood is lieing well received. Steel containers 
are being procured by the U. S. Government and, in very small quantities, by leasing 
corporations; however, it has l>eeri found that the leasing organiKations have become 
stabilized to a point where they are procuring FRP/Plywood. Aluminum is being pro- 
cured in a different configuration than the regular sheet and post. A container with a 
0.1873 in. thick wall of corrosion-resistant aluminum has appeared on the market, and 
it is the author's understanding that this container is being well received. 

b. A weight savings in the container appears to be a moot subject. The 
small containers (B by 8 by 20 ft) are found in •)(('// of the cases investigated to be cube- 
limited rather than weight-limited. Thus, the trend is to the longer 40-foot container 
with a gross load of 67,200 pounds.  For a doubling of allowable usable cube, the allow- 
able gross weight increases by one-half. If one were to find container weight a signifi- 
cant factor, it would seemingly appear as an important design consideration in the longer 
containers: but, as of this writing, lightness of weight has not been found. The operator 
will not compromise his principles-be wants a rugged container no matter what the size 
or configuration may be. 

c     National, international, and military .standards attempt to identify the 
loading conditions which must be resisted in service. These documents have been se- 
verely criticised by the authoi as not being representative of the real situation. Ffforts 
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madt· to dwc·k tit • adl'qtwt·y of thr:-;e :' lantlitrtls :-.ltuwed that otu· lnw di :-.t·n·pa111 ') t•,i:-1:-. 
Thi:-. i:-; !Itt' ··rilnia for tht• end\ all In this t·a:w. thl' majorit y of standard.- tni:-" h~ a 
fa<"tur of approxinwtdy fou r. It i:o: intrn ·stin~ lu 11ok that in tilt' ntajoril) uf t'llrrt'lll 
c'tHtlainer dt•si:-rtt s addi tional tnakrial Ita:' ill't'n adclt•tl to ab:'orh the impul:-i\t·l~ applit•d 
loaditt:,.::-. On lht' other hand , the :-pe<·ifit·atiou:- for lht' ,itft•wall ilflfWar adc·qu.tlc· . Fur 
exantplt- . in a rou~h sc·a :-> laiC' n11 the North .\tlanl it , o llt' ship bt•i n).!: ntonil un·cl n ·:ri:- lt·n·d 
siclc\\;tlllo;cding:o: of lc:-:' than 1111' rr quireclll'sl t:rilrria uf .6)!. Tht• loadiu~:- at st•a \ en•, 
of t ·nur~e. dynamic r\ stroll :! t·ast• l'<lll lw ruade fur till' c · urr~·n t :-pnil'it·atiun:- n ·quirill )! 
uurnt•rous sta I ic··load irt;!· l y pt• lt'st::;. llowt' \ t•r. o\'l'r till' ICJIII! haul. a dy nant ic h':-1 i " i! pro· 
n·cl ure wi llunclou htcdl) pr•l\c' to lw supe.·rior. 

cl. Santh,idt-lyp•· materials dearly lt'nd to llil\ t' an achantagt• o\t' r alurui · 
illlnt or st<•el slu:t' l. Tlw hrat -transfer dwnwtnislic·:-; of a :-andwidt '' ith a foam t·ort· qf 
2 iudws ralt• a:' rnudt a:. 1000 lilllt'S ht'ller in allow in:! lwal to lran:-fn fron t till' out..;icl(' 
to tlw iusick when c·ompan·d to 1111' ba~ic · :-ht'l'l rnatnial. It 11111~ t lw n·alizt'd that 111 the 
lrupit·a l or dt•serl t' tl\ irollllll'lll till' •·ontainer:- ewntuall) (,ehaH' a:-: o \ <'11!- and t'tHtlcl. 
lhndorc. Ill' cklrirrwnlal to till' :-ton•d I!IHHb. 011 irnpat:l . lht• slwt'lt·a tt lw 1HIII t·lurl'd 
r a ·ily. Tlw :-~arne" shr l'l b;wkt•cl h) foam or hom') t·omb and anollwr :'kin i!- u(,, iou:- ly 
mudt slron l!t'r. The ideal ~andwidt ha:- not lw\'ll idr ntifit•tl; ho\W\'\' r. 0.0-Ul ill . alurni· 
nurn n11 2-i•wh foam \\ilh 0.0-J.O-in . aluminum as lhl' insidr fan· fain·d wl'll in tr:-. 1. 
FRP/ Piy,,ooc.l i :-~ a ::aruh, idl that ha:-; faired wdl in all tes t. . Thi:- i:-; nut to say tlwt th i!
partindar s utd \\ idt i:' all optirnunt. IJIII it doe:-; appear lcJ <• ,hibit dl.tral'lt' ri :-lit·~ ,,ftich 
are must ac·c'l'plabl<" . 

l'. The inlcgrt~liun of aH . lnwlural membcrioi into a more unified struclllrt' 
' ould kad to \H: i~ht :o:aving:-; alld irnprow d dama~r rrsi:->lallt'(' . TIH' matter uf \ ariou:
boltum rncmhcrs i~ onl) orte l'it~c in point. Till' l'os:o:ibilit ) t·~ i!- l !- that a tlcsi:.,rtt t·ould 
l'\l>l.c "hidt intq~ratc:-; all pam· I~. rails, and o ther :->lruetural mcmlwr~ to prm ide a to tal 
t'ullla illcr with adeq11alc bcndinl! re:-:is l;lllt'C \ hilt· lu· ing hatullt-d and at the :-anw tintt' lo 
all{)\\ IIH' rand:- rnuu~h \H'ighl. IIIUIIll' nt uf inertia. I' ll', to rl':'i:--1 handling ahll:-t' . All I"· 

•Tikn t c ampl o f this i ~ a t:nnlrollc rl filanwnl '' indin:,! or rolo molding prul'I'!'S whi1·h 
lt'n(k for the ntwil part. lu sali::f) tlw aho\t' n•quin•nu•nl !-. Additiolla lly. tlw:-<t' prol't'"'"'''s 
rcdtu·t• manpower t·w t:-; het·;ut:w the a:-,.. l' llllll~ line , ould lw f11 ll) au lorna trd . 

f. Co ntain ·r:-~ "hould lw <k.-igned to med a ~iH' II :-c-1 of rcquin•mt·nt:- ra tltt:r 
I hall the prc:~enl prac·li('C of t'HIIIll illll. i.e' . . \ aluc l'll~lll'C rin~ of a t'lll'l't' llt dt•si!!JI '' hic·h 
nta) haH' ba:-;it· inadcquaci s. If rational dt'~i~n lt'c·hnicllll's \H' rt' used. th t' ll Olll' I'Ottld 
imrucdiatdy tlt-lcrminc area,.. of ma~i murn ~In' :-~ and de:-iiP' In meet thl':-4' . One l'c>1tld 
l'l'fc{'tiH·Iy redu<:c t' ' flt' llclitun•:- by cntplo~ in~ dc·!'ign :-hapt•:- of 1<':-.:- \H' i~hl and :- tr•·n:rth 
''here dc•c mecl c.lcsirahlt•. If lhl· mililar) wt•n• lu llll tkr takc IIH· la!-k of dP:-il!ninl! ,, lnw 
military eont ain •r. lh<'rt' is IIO liUl'Siioll that i:ulustr) \\ utdd fol io\\ and prot'llrl' lllll l' h 

the :-.arne artide t'spt•cially if thl' two l,!roups va lue the ~ante pnforrna11n '. II 11111.-i t lu· 
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realized that the sophi:;lic·ated c;ompanies. i.e ., tho~r with a grc·al de;d of cxpcricnec . 
ha e out::; landing handling facilities: amllhc need fur thC' rno:;l dmabk container ch-
ereascs a~ the amount of rdincd handling gear inc rca:-:~s. The militar~ J.wks rd itu·d 
cquipmcnll' that address containerization and mu~t. llwrrfure . pay the pric·t• for a H'r~ 

rugged. rnainlf'na lll't'- frt' e l'ontaincr. 

g. J>ro<:urcnwnt of c·onlainers \\ ilh sandwic·h ::; idr wall:o; along with lht• ;o; land-
arcl aluminum and steel has pruvidcd U Al\IEHOC with data to forrnulall' many o f lht' 
opinion:-; offt·rccl. Much ha:-; hl't'll lcarncd in thl' additional investiga tion of rn alc'ria l:-; 
and dcsign. llighlight cd have IJC<'n thusl' areas "hir h t·on:-:islcnlly rated superior. For 
exa mple, if a <·ontainc' r wall is not a one-piec·c· c·on:- lruction. the \\ all dot'S nul lll·haH' a:
wc ll a:-; would be dc~ircd . The sandwic-h c·onstrul'lion had the inherent de:-:ign pla11 of 
being multipieccd. FltP/ PI wood of multipieec ('onstruct ion ,. as found lo Itt' H'r) poor 
in service wlwr<'al' the uru•-pil'CC :;id ing ratl' d superior. The dcsi:,..'l l· lllakrial int<'rrl'lalion
:-hip fur FHP/ Piywoud has been proven to he ni li{'a l. Tlw dc•:-igner mu:-;1 eon:-ider nul 
only tlw matcri<tl bchavi r hut also its rclalion::hip wi th a framework and the d nami e 
environment in general. 

h. Thc work perf ormcd hrn·i 11 addrt'sscd :;hipping •·onlaittl'r:" ' h idt wnt' a I 
lca~l 20 fed in kn:rth. If a smaller eonfiguraliun is n111sidcred . for ittslant·t• a TIU CO N 
(8- t.y 8- by 6-2/ 3-ft) contaittcr. one must realiv.· thai the c.Jc-sign rnatt•rial rdal ionsltip 
differs bc.·tause the walls no lun~rcr hl'havc as in th C' laq!er n mlain1·r. From a c.ksi~n 
point o f \'iew. the THICON is a box and not a l'tHI Lai uc' r. One nllt:-i t sd n l a material for 
a TlliC:ON sidin;r whic·h will be:-; t sc.·rve the purpo:-t· uf th<' t·on lainer. In mo: lt·ascs. a 
);trOII f' argument t'an bl' made fur the malc.' rial "h idt i:-; of ka:o-;lt ·o:o-;1. Clea rly . ;o; ll'cl \\ Ould 
appear to ha\ C an advantage. Inti new materia ls innU\alions allo\\ tlw del-ignn lo c'X<IItl· 
irw <'xpanded win' llll'sh with a pia ·tic·- typr l'tl\'(•ring. Cntainly. prior lu a major proc·un·
menl. all in11onttive idea:-; must lw c.:onsidered. Tlw i ntan~ihk;-; whieh may e:-.i :-;1 in lhc· 
large c·ontaitwrs an' dimirwlcd in thC' lmx. For example. fork litH' pundun.• would ap
pt•ar to II(' a major sourc·e of darnag•· : and. rather I han adc.ling extra material lo the en
tire wall. the area about tlw tim•way l'lo ts should be addrt':':'('d. Luadinj!;s o 11 tlw small<'r 
lwxt's are nul the :;aml' a:-: those found in larl!cr ~Lrurtun·s. Th<' modu le's \\hen t'ouplcd 
or nc. ted ei ther tran ::mtil loadinl!s more efft-dively or. in the t·ase of uc;o; l.n j.!. do not t•:-. 
JX' ric tHT the :-ame loadi nt!s as tlw l ar~e dry frci:.d•l shipping c·onl ai twr. 

i. r\ t·o rnpul t-r program now e:-.ists for the dynamie t'ontpari,.:oll nf nwlt·ri-
als. An impal'ling sphere is used in the simulation. \\ ithin llw pro~rarn is lh t' t ·apa l ,ili t~· 

to \:try the sphNe's mas:-: and irnpadin:r \ l'hwi ty. The n·:-u lts appear to he ;wt·ura lt• 
throughout the C'la:" lic ran ge for all isotro pic malnial;:. ,\niso lropit· malnials also app•·ar 
to have IJCt' ll moddcd c ffec ·ti vc ly so tha i fi rm C'Onc·lusivc rc:,ull s t·an lw ohl aint•rl. ,\n n .
pc' rirnc.:nlal effort i~ w rrt·ntly in progrt•s.-., to d<'termirtt' the , aJidit y of lhl' c·ontpuln pro
gra m for numerou::: sandwich materi;tk The re;-;ults of this :-;imulalion haH' lr ndl'd lu 
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pliur KKP/I'lywooil und cxpuinlcd tnctuls in u mpBrior categor) when nimpun-d to ihr 

slundurd aluminum und .steel punck The preliminury experimentul results huve jusli- 

I'ied this position und runking. 

j.      The mililury environment is sidtstuntiully dil'ferent Ihan thut of the eom- 

mereiul. This immediutely implies that eontuiners proeured lor UK solely within the 

militury environnu-nt must meet eriteriu which ure more stringent than the ISO reeom- 

mendations.  Specifically, the framework must address the lopsticul system employed 

today. With acknowledged shortcomin<!s, such areas as corner fittings, upper rails, side- 

walls, doors, door framework, endwalls, and transverse rails must he upgraded. This 

will reduce muintenunce costs und should relate well to the hundling environment over- 

Ihe-heuch or ut inland depots where proper hundling gcur is not eurrently uvuilahle. To 

address the military's entire eapahility, a select numher of containers should he used 

within present-day aircraft without need for 463L pallets. The container should he 

locked directly into the aircraft's restraining system and he required to meet require- 

ments which are realistic.  Much work should he undertaken to adequately descrihe the 

air transport environment. If iijilil weight is the one overriding area of consideration, 

this should he suhstantiated; and the design can uecommodate this criterion. 

k.      No attempt was made to numerically rale the several container designs. 

The relative importance of the design attrihutes is a management decision. Thus, a 

column has heen provided on the Evaluation Matrix so that the reader may assign his 

own weight and. therehy, perform his own evaluation. (Keference is also made to the 

numerical example presented in Section IV where relative values were selected and 

utilized.) 

I.       (ienerally speaking, it is seen that the impact resistance of designs which 

incorporate walls made from material having a low modulus of elasticity slums hetter 

performauee. Other attrihutes which lead to a higher performance rating arc: 

(1) Low panel weight 

(2) High cross sectional moment of inertia 

(3) High yield stress 

It can he teen from Tahle I that the designs which incorporate KRP as a fair sheet mate- 

rial give a high performance index. Other attractive materials include the punch and ex- 

panded plate. These materials incorporate a low modulus face sheet which undergoes 

large deformation and thus attenuates the contact force and the resulting stress.  It is an 

anomaly that the steel material, with a superior rating to that id' aluminum considering 

the density of steel compared to aluminum, is expected to lead to the opposite results. 

Since the present investigation was to use availahle information, no effort was made to 

identifv the mechanical reason for this hehavior. 
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m.    Tlir highest pt'rturniaru«' iiiuniiir^ ussunatcd with faeton of salVly rv- 

suit from mnri^urations which hav«* low working stress and high yield or ultimali* 

stroiigths. It is Hen that tlu* sandwich panels with steel, fitter-glass; or aluminum facings 

all rate well and give entirely satisfaetory safety factors. Of noteworthy signifieanee is 

the fact that Martinsile. stainless steel, and the expanded steel rate highest in the safety 

factors hased on ultimalt strength; and titanium, expanded metals, and 2-inch-thiek 

foam and honeycomh st«       iehes with FRP facings rate quite well in the safety factor 

hased upon yield strength. 

n.     The highest performance parameters are associated with the configura- 

tions which have a high flcxihility and an attendant large i-cnter deflection. Since the 

impact resistance of the configuration is enhanced by high flexibilities, the judgment 

was made that large deflection was a positive attribute. The reader who disagrees can 

reverse the ranking by subtracting the value given in the Evaluation Matrix from eleven 

which will then rate small deflection as the desired attribute. 

o.     The highest ratings associated with elongation were given to those mate- 

rials with a high elongation which is indicative of the ability to absorb energy through 

plastic deformation.  High ratings are thus given to the ductile metals which exhibit 

large elongation while the configurations utilizing FRP face sheets rate relatively low. 

This rating obviously does not account for the ability of sandwich cores to crush and 

absorb energy. Because of the difficulty of including this important effect in this per- 

formance parameter, it is felt that a low weighting factor, relative to the other panel 

attributes, should IK- given to elongation in evaluating potential design configuration 

p.     Military Specification MlL-(I-.f)266l(MK) should be scrutinized for pos- 

sible changes with respect to the following areas: 

(1) Restraint System: Without question, this area must IM- addressed 

simr the mechanical restraint system, as currently employed, does not address, 

satisfactorily, FRP/Plywood or aluminum sided containers. The specification is 

biased in this regard. 

(2) Walls: The side and end walls are critical areas for failure due to 

dynamic loadings. The static criteria is not capable of producing a container 

which is applicable to the military environment. Dynamic criteria must be estab- 

lished, especially for the end wall. 

q.     If the lowest bidding type of procurement must remain, then the Mili- 

tary Specification should be changed to reflect a preference for the FRP/Ply wood panel 

material. The materials currently Iteing utilized in conlainerization should lie changed. 

Innovatiw procedures have evolved which yield a superior container, but current 
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proriiri'iiinii praclior« <io not .illow |iiilt-iilial uffenm lo quolc MHCC lln* Mililarv Spoct- 

firulion is Itias«! toward slfd. 

r.      AliiMiiiiuin .»lii't'l and post roiisianlly lair««! poorly: however, tin' IM-U 

altiriiiniuii sUwl ronslrutlion offen prowwe. Also. Ilir III<:II rulings lor sluinlrss slnl 

naist IM- arknoulfii^fil. To up •iraiir III«' mililurvV rapaltilii) lo procnri' tpiulily vml 

iti'rns. the sivvl imil us il nirn-nlly rxisls miisl IM- tlisn-^anli-d in famr of rorrosion rr- 

sislunl shfls wilii u fjreatet w all lliirkiirss.  'I hr piiinlird plat«' and <-\pand«-d im-lal 

plait's with pluslir (mv shirts und liller rrsull in a very low modiiliis malrrial al Ihr 

onlrrniost posilion at thv malrrial romhiiiiilion. For impart rrsistantr this is cxrflli-rd. 

s.      The ubovi* uddrrsM-s urtittiis whirh should l»r iniliatrd in tin- near ftiture 

throiii>;h FV 77. I)u iujr the m'Xl lew yours, cupahililirs of niunitl'uctiirin^rontuini'rs 

may huvc rhunp'd to u point whrrc IH'W and dillVrtrit mulcrials will prove to Iw rost- 

i'l'lVctivr. Thus. ullhoii«;h Ihr answer to loduy's curn'Mt roiiluincri/.ulion proldrm is ut 

hand, thut is. prucurrmenl and utilizution ol' FKP/Ply wood «-onluiiM-rs. it may Uv thai 

this purtindur rontuincr max not IM> the most (ost-clTn-tivr in 5 yrurs. 

t.      Impart n-sistuiH-f hus to IM- un-ornniodutcd salisi'uctorily. L'sublc ruh«' 

must also IN' uddrcsscd. The standard JU-l'oot ronl'ipiratioii must IN* n'-cvaliiutcd lo 

di'tt'rmin«' il' this truly rcprt'scnIs th«* lyp«' ofronlaiiicr the military require«. Il is sc- 

vt'rcly «-UIN- limitt'd. Noting Ihr types of «oiituincr vessels currently in service. aiKilher 

lerifrth dimension doe» not appear to IN' unreasonahle. 

u.     FKP/llywood eontainers should IN* roiisidered in the rel'rigeruled mode 

of tran>|)orl. This panel faired fuvoruidy with the currently preferred foams and honey- 

comh sundwich-lype coustruelion. If douht exists, the reader shtndd use the Kvuluution 

Matrix and weight each factor appropriately. This material certainly appears to be u 

universal type which deserves further considerution. 

v.      Ammunition containen arc hy no means special hecause they currently 

comprise over 50 percent of the available militan container inventory. Thus, noting 

this most important fact, the military should consider heavier gauged steels, stainless 

steel, punched plate, expanded metals, and FKI'/llywood. The latter should not IN' 

addressed without an acceptable restraint system in the floor. Kestraint liars on the 

sidewalls of FKP/Ply wood are seemingly most impractical. A thorough design analysis, 

however, could be conducted for little expenditure of funds when one considers the 

total dollar value of a procurement of containers. 

w.    The military at the far shore will have a large surplus of empty containers, 

With this fad realized, then' appears to IN* little reason why usage by the Iroops cannot 

be addressed. The V, S. Navy in their Tactical Container Shelter System (TACOSS) or 
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Quirk (lamp program.* addirs* uhaf? liy niililar) IMIMUUUI as well as ihr U. S. Air Force 
in llu'ir Kan- lias«- rl'l'orls. Thus, it' ihr t-milaiiior wi-ir It» IM- utiliznl as a prolt'elivi- unit. 
I'ur t'vampl«'. Ihr inililary has an nhli^ation lo tnakr its riHitainrrs rcatlily ailaptahlr for 
field usa«?'. 

x.     ShHli-rs. niuih like rcfri^rratiul cuntaiiiert«, appear to adiln-ss like male- 
rials. The modulus ol rigidity is rm>s( importanl in sanduiili panel eonslruelion. and 
I he illustrative efforts in this report tended to over ■emphasize this allrihute.   However, 
additional eomputer runs, which have not been presented, indieute a strong lendeney 
toward the same materials as those identified with refrigerated eonlainers. Thus, to 
those individuals involved with shelter work, it appears again that sjieeifieations whieh 
are essentially antiquated are Iteing used hy the modern-day services. These should IM- 

M*verely eritiqued such that new sandwieh materials ean IN- addressed and evaluated 
through a small research and development effort. Again, the computer program should 
IM- employed using weighting factors which appeared to IM- most appropriate to shelter 
design in order to iik-ntify materials. 

y.     To specifically address the initial two directives posed, the following 
suggestions are offered: 

(1) It is most advisahle to consider a material other than low grade 
carbon steel for siik-wall* in dry freight shipping eontainers. 

(2) It is most advisahle to consider materials other than steel for the 
entire container except the superstructure, undercarriage and «-«truer fittings 
which should remain sle«-l «>r comparalde high-strength metals. 
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APPENDIX 

A SAMPLING OF RESULTS OBTAINED FROM THE EVALUATION MATRIX 

AND A DISCUSSION ON THE UTILIZATION OF THE PROGRAM 

The followiiiß art* irpirsrnlalivr riMilts obttiinnl fnmi the Kvaluulion Matrix ami (ho 
lolal of all the authorV «'(forts in trying to ohtain a solution to a most amlHguotis proh- 
icm. Thr weighting tailors omploynl wcrr all nurmalizcd to a rommon haso, permit- 
age-wise; (has, if the figure 25/1 is us*-«!, (he reader should immediately say to himself. 
"In (his parHeular ease, u(iliziiig all 18 parame(ers the author has deemed one parlii ular 
erileria as heing wordi 25% of (he lulal; (hus. (he 17 «»(her cri(eria are, in '«»lal. wor(h 
75%r 

a.     DRY FREK;HT CARGO CONTAINERS 

(1) CASE I 

Weighdiigs for (he uttrilmtes are as follows: 

Impaet resistaiu-e      20% 
Flexibility     7.69% 
Safety fa«-(or based un yield  7.69% 
Modulus of elasHeily     7.69% 
Defleetion      7.69% 
Usable euln-  7.69% 
Repairahility      6.15% 
(Äirrosiun Resistance     6.15% 
All Others     negligible 

KESULTS:   KRP/I'IVWOIMI in all thicknesses and weights of fiber glass along with stain- 
less steel rated above (he 85(h percentile. Aluminum shed, punched plates, 
and expanded metals were above the 70th percentile: and, the majority «>f 
other sandwich nialcrials along with the steel configiirati«»ns rated behiw 
the 50th pereenhle along with (he aluminum shee( and post cumttruction. 

(2) CASED 

Weightings for (he aUriludes are as follows: 

Impaet resislaiHi* 20.37% 
Unable cube 20.37% 
Flexibility     6.17% 
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Safely factor bweJ «MI yivUl   6.17'/ 
Modulus «»•' flustirilv      6.17// 
DefleetiiM      6.17'^ 
Krpairal.ilily      4M% 
ContMioil Krsislantr     4.94// 
Initial Co.«!     4.HH 
Safety i'arlor lias»1«! on ultimalt*     4M'2,r 
All others      nc^li^il»!»' 

KKSULTS:  FRP/Plywood in all thickncs^s and wnglils of woven roving, stainlos 
steel, and the two punehed-plale ronfi^urations rated altove the 85th |MT 

eenlile. The expanded metals and aluminum sheet rated ahove the 70tli 
pereentih*. The foam and honeyeomh sandwieli eitnstruelion with FKP 
faeinp« rated ahove the 50th pereentile alon» with the numerous aluminum 
designs except aluminum sheet and post. The steel eonfipirahons rated 
poorly. 

(3) CASK III 

Weigihlin^s for the attrihutes are as follows: 

Impart Resislanee     20.34'c 
Initial Cnst    20.34'// 
Flexibility      5.81^/ 
Safety factor based on yield      5.81// 
Modulus of elaslieit)      5.81^ 
Defleetion      5.815/ 
Usable cube   5.815/ 
Corrosion resistance       4.65// 
Kepairability      4.655/ 
Safety factor based on ultimate     4.07'/ 

RESULTS:   FRP/Plywood with a variable thickness and weight of HIMT glass dominates 
above the 85th pereentile. Aluminum sheet, punched plates, and the ex- 
panded metals rated above the 70lh pereentile. Steel, aluminum, and nu- 
merous sandwich conslructions with FRP facings rated above the 50th per- 
eentile. Sandwich configurations with metal skins faire«! poorly. 

(4) CASE IV 

Weightings for the attributes are as follows: 

Impact Resistance      20'/ 
Usable Cube       205* 
Initial Cost     205/ 
Safety factor based on yield      45/ 
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Mixiiilus of rlu^licity           4rA 
DHVrtioii            4% 
FkiiWIty         4% 
All «»Mrrs      lu^lipltlr 

RESULTS:   FKP/Plywood with Ihi' vurious thii-kiicssrs aiui wrifjlils of filwr };las.s. 
stainlrss sUt'l. und llif two puiK-heil-pbl«' t-onfi^iiralions rutrd above llic 
H5lh ptTtrntilr. Murlinsile slefl, tin- two t-xpandtMl metals, and «orrn^aU-d 
aluminum (0.100 in. thick) rated above the 70th pereentile. The steels, 
l-in. thiek loam and h<»neyeoinb sandtviehes, and plywood in various thick- 
IKHM w ilb aluminum facings rated above the 50lh p-rcentile. The Uiicker 
sandwich constructions faired poorly along with the aluminum sheet and 
post design. 

(5)   CASKV 

Weightings for the attributes arc as follows: 

Impact Kesislance     16.76'^ 
Usable cube   8.38'^ 
Safety factor based on yield      7.26% 
Flexibility      6.70% 
Initial cost      6.70% 
Deflection      6.70% 
Safely factor based on ultimate     6.14% 
All others      negligible 

KKSULTS:   FRIVPIv wood in all thicknesses and weights of fiber-glass facings along 
with stainless steel rated above the 85th pereentile. The two punched 
plates and expanded metals plus the aluminum sheet rated above the 70th 
pereentile. The sandwich constructions with FKP facings and the corru- 
gated aluminum designs rated above the 30th pereentile. The sandwiches 
with aluminum skins and the steel designs faired poorly. 

b.    REFRIGERATED CONTAINERS 

(I)   CASE VI 

Weightings for the attributes are as follows: 

Insulation properties     19.9% 
Preventive maintenance    14.9% 
Flame resistance  11.9% 
Modulus of Elasticity     7.5% 
Safety factor based on ultimate     7.5% 
Corrosion resistance       7.5% 

54 



All olhrrs      iK'ßli^iblc 

H KSl LTS:  Two-iiifh foum suiidwi«-ht>. 2- ami l-poiiml dinsily willi FKI* fucinpi, and 
all KKIVPI)w«>itil paiu-lü raled above Ihr Mülli ptTrriild«-. Oiu-incli loam 
sandKit-hi-.'«. 2- and 4-pouiid d«*iisit) with KKP faring and 2-im'h honry- 
roml) sandwifhrs with aluminum (Ü.040 in. thick) and FKP faring. 
2-puiind drnsity euros rated ahuvr tin* 75th pereentile. All uther sandwirh 
<-unfiguratit>ns rxrept plywood with metal lacing rated above the 5üth 
peroentile. The metals laired poorly. 

(2) CASK VII 

Weightings for the attributes are as follows: 

Insulation properties     16.6'? 
InitiaUost     16.6% 
Preventive maintenanee     12.4% 
Flame resistanee    10.0% 
Corrosion resistanee       6.2% 
Safety faetor hased on ultimate     6.2% 
Safety faetor based on yield       6.2% 
Modulus of Flastieity     6.2% 
All others      nepligible 

KKSUITS:   FKIV Ply wood in all varieties rated above the 90th percentile. Twoineh 
foam sandwiches with 2- and 4-pound density eures and FRP facings rated 
above the 75th percentile. One-inch foam sandwiches with 2- and 4-pound 
density cores, 2-inch paper honeycomb with 2- and 4-pound density cores, 
and I-inch paper honeycomb with a 2-pound density core, all with FRP 
facings, rated above the 50th percentile. 

(3) CASEVIU 

Weightings for the attributes are as follows: 

Initial cost    25.83% 
Insulation properties     14.76% 
Preventive maintenance     11.07% 
Flame resistanee    8.86% 
Corrosion resistance       5.54% 
Safety factor based on ultimate     5.54% 
Safety factor based on yield      5.54% 
Modulus of elasticity      5.54% 
All others      negligible 
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RESULTS:  FRP/Plywood in all configuratioRi rated above the OOlli pereenttte. No 
matcrial.s rated above the 75th prnrnlilc cxccpl Ihnsr 'JUS{ nicnlinnnl. 
The sandwich nialcriais disciiKMod in Case VII, rorru^alcd ited (0.017 and 
0.062 in. thick), and Cortcn »tccl rated above the üOlb perienlile. Thr 
punched plates, expanded metals, and plywood with metal lacing laired 
poorly. 

c.     AMMUNITION CONTAINERS 

(1) CASK IX 

Weightings tor the attributes are as follows: 

Impact resistance      MtM'A 
Flame resistance    Ift.M 
Safety factor based on yield       HA'r 
Workability   7.M 
Safety factor based on ultimate     7.(t'A 
Joining       6.7% 
Percent elongation     6.7% 
Repairability      5.9% 
Modulus of rigidity   5.0% 
All others      negligible 

RESULTS:  Stainless steel rated solely above the ^5th percentile. All the various con- 
figurations of FRP/Plywood, punched plate (steel), aluminum sheet, cor- 
rugated aluminum (0.100 and 0.152 in. thick), and all the steels except 
muffler grade rated above the 70th percentile. AH plywood cores with 
metal facings, expanded metals, punched plate, and titanium rated above 
the 50th percentile. Aluminum sheet and post rated under the 30th 
percentile. 

(2) CASKX 

Weightings for the attributes arc as follows: 

Impact resistance      14.6% 
Initial cost     14.6% 
Flame resistance    14.6% 
Safety factor baaed M yield      7.3% 
Safety factor based on ultimate     6.6% 
Workability   6.6% 
Joining       SJN 
Percent elongation     5.H% 
Repairability      5.1% 
All others      negligible 
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RE ULT All ~tf'e ls . except rnufflcr grade. and Y2 inch thid, plyww d with FltP fat'
ings ratccl above the 90th pcrcrnlilc. The rc. I of lh<· FRP/ Plywuud panels 
rated .. buvc til<' 85th percentile. It'd punched plalc'. aluminum shed . and 
lh ·corrugated aluminum (0.1 00 and 0.152 in . thick) rated ahuH~ tlw 70th 
pcn ·entilc. The r maining ex panded metal · ami punc·hed plait' alunl! with 
plywood clad with mcl<tl rat t•d abovr the 50th p ·n·ettlilc. The rtmaittitt~ 
sandwiches rated lowest. 

(3) CASE XI 

Weighting" for the attrihuh's art' as follows: 

Initia l co t ............................................ .................... .......... ......... . 25.48% 
lrnpact rc::islancC' ........................................................................ 12. 7-~~ 

Flante resistance ......................... ............................... .................... ! ~.74~ 
afcty fac·tor baS<'d on yield ....... ... ......... .... ......... ........... ........... .. 6.37~ 

Safely factor based on ultirnatr ............ ................................. ....... 5. -:-:s~ 
\Vurkahilil y .................................................................................... 5. 7:3/f 
Joining ........................................................................................ 5. 1 If 
Pcr•·cnt elongation ........................................................................ 5. 1 ~f 

All other · .......................... ........ ........ ................... .... ............... tt~·l!li~ihlt• 

RE UI.T All , tccl: c·xc·cpt muffler grade ratc•cl above the 85th pcrc·c·n tilr. Corrul!atcd 
aluminum (0. 1 00 in . thick) and all FH P/Plywood panels rated ahtl\t' thr 
70th pt•rcrnlile. All other ·urrugatcd aluminum . . plywood dad wit h alumi
tlltm or siN'I in allthit'knesscs. steel t•x panded metal. ami "lec•l pundwtl 
plate rated alwvC' 111<' 50th pr rct' nlilc. The n·maining saruJwidt malt rials 
fa ired poorly. 

d. EC:O~DARY U AGE 

(I) CA '£XII 

Wcightings fur lht altrihulcs ar<" a:; follows: 

Pre• vent ivC' mai niC'mln(·e ................................................................. C) .tJ 1/f 
af ly fat·lor !Jase tl on yie ld ........................................................ CJ.OI /f 

lnsuhtlitm prot'crlies .......... ................... .... ............... ................... . 9.0 I Sf 
Flarnl' rt'sistanlT ................... ...... ............................ ..... .... .............. <J.O I';f 
Ut.:able cube ..................................... ...... ......................................... CJ.O I/f 
j oining ............................. .................. .................... ......... ............ B.I 0% 
H.epairabi ity ......................................... .......... ............................ 7.:.? 1/f 
Corrosion rl': i:-o lariiT 7.:.! I ~f 

7.:!1 /f \\' urkabi lil y 
All o ther:-; ............... .............................................. ........ ........... lll 'l . .di~ible 
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RE U L T FRP/ Plywood i11 all the various combinations r;~ted above the 85th p •r
cclltilc. Aluminum sheet rat •d above the 70th pcr("entilc. Th · majority 
of the panel ~ excluding foam a11d honeycomb sandwich and .Jiuminum 
sheet and po t rated above the 50th percentile. 

(2) CASE XIII 

\Vrightings for the atlributc: arc a follows: 

l11itial co ·t .. ..... ............. ..... ....... ............. ...... ................. ................ 25.34% 
U, ahlc cuhc ..................... .. ..................... ........................................ 6.85% 
Preventive maint~nance ..... ........ ....... ............................................ 6.B5% 
afrty f;~ ctor ha cd 011 yield ............................... ......................... 6.85% 

ln .. ulation properties ....................................................... ............. 6 .85% 
Fl;~me resistance .... .................... .................................................... 6 .85% 
joining ... ....................... .............. ........ .... ........... ......................... 6.16% 
All other · ............ .................... ................ ............................... . negligible 

RE ULTS: FRP/Piywood in all the variou configuratio11 . corrugated :-; teel (0.047 and 
0.062 in. thick) , and Cortcn steel rated above.' the 85th percentile. Alumi
num sht't'l. stainl.cs steel. and 1\lartinsitc steel rated ;~Love the 70th pen ·en
lilc. 1\lufflrr grade :-;teel ;and all rorrugatccl aluminum de ·igns r<etcd above 
the 50th percentile. A large numLer of other panels ratt•d i11 the 40 to 50 
percentile region with few rating puorl)'. 

c.·. IIELTF.R 

(I) CAEXIV 

\\'cightings for the attribute · arc"~ follow ·: 

Modulus of rigidity ............................. .... ... ........ ....................... ..... 30. 77% 
In ·ulalicm prop ·rti s .......................... .......................................... 7.69% 
Murlulw; of elasticity .... .. ............... ............. ... ... .. ... .... ......... ........ . 7.69% 
Saf•·ty factor based on ultimate ..... ................ ............. ...... ... ........ . 6. 1 5~ 

ln•J;~tt l r ' ·i:;lall('l' .......................... ..................................... ..... .. .. 6. 1 5~ 

Dt·flertion ................ ..... .......... ........................ ............ .... ........... .. 5.38% 
f'kxibilitv ................ .. .......... ........................ ............................. .. . 5.38~ 
Saf<' ty fador Lased on yield .................................................. ...... 5.38~ 

All others ....... ..... ... ....... ............... ........ .. ..... .... ........... .. ........... ncgli;.rihlc 

HE 'ULTS: ' tainlcs sh'cl ratccl suprrior and wa:-: the only malcrial over thc H5th per
fT nlilc. l\lartinsitc stt'e l. steel rxpa11dcd metal , and :o;h•cl putwht·d pl;e lc 
rated above the 70th percentile. The rcmaining steels. metal rlad plywood 
in all thicknt•sscs, and the aluminum . heel rate ri abovr the 50th perc 'nlilc. 
Numerous ·andwi<'h materials rakd bf' twccll thr -1-0th all(l 50th pcrcenlilr. 
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(2) CASK XV 

\\ci«r|iiiiiir> for the attrihutes are us follows: 

Modulus of rijiiilily   14.92% 
hrvnilivr niuiiitcnuntr     7.46% 
Kcpairahilily      7.46% 
Impact rewtanoe      7.46% 
Insulation propcrtirs      7.46% 
Modulus of elasticity     7.46% 
Usablr rube   7.46% 
All othen     ne^^ble 

RESULTS:   All FRIVI'lywood confi^uratitMis. stainlrss sti'H piimlicd platf. and steel 
expanded metal rated above tbe K5tli pereentile. Aluminum sbeet rated 
above tbe 70tb pereentile. The remaining st«'els. ootrugiteil aluminums, 
metal elud plywood in all tbieknesses, and aluminum expanded metal 
rated above tbe 5()th pereentile. 

(3) CASK XVI 

Weigbtings for the attributes are as follows: 

Initial cost    25.00% 
Modulus of rigidity   25.00% 
Modulus of elasticity      5.68% 
Insulation properties      5.68% 
Safety factor based t»n ultimate     4.55% 
Impact resistance       4.55% 
All others     negligible 

RKSULTS:   All steels except muffler grade rated above the 85tb pereentile.  No mate- 
rials rated above the 7ütb pereentile.  Muffler grade steel, steel expanded 
metal, steel punched plate, and all FRP/Plywood configurations rated 
above the 50th pereentile. As in numerous cases before, the majority of 
tbe sandwich configurations rated between the 40th and 50th pereentile. 

The above 16 cases which were run using the enclosed computer program (see Annex) 
cover a multitude of areas, and the interested reader can readily see how the weighting 
factors can be altered depending upon tbe type of container or shelter being addressed. 
These examples are by no means the final product, especially in the area of shelter de- 
sign. This program was presented, however, to show that the Kvaluation Matrix can be 
utilized for that particular configuration. 

For the reader to use this short program as listed, it is only necessary to first read in 
the Kvaluation Matrix which the author has entitled "ZAVOL" To enter this correctly. 
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tin* 44 vulii«-.* lislnl after cadi altrihulf should IM* key |Hiii('h<-(l hy viilt'ring llif first 

value lor prrvrntivr iiiainlfiiiiiit-c in rolurun 2 of Ihr dulu card. After Ihr IIIIIIIIHT is 

urillrn. follow it iinmcdialt'ly with a comma: then, continnc with the next initnhcr. 

and so on until the first line approaches column 72. the last usahle column. If the row 

of nurnliers ends at column 68 lie sun- to place a comma and »n to the next card a^ain 

slarliii" in column 2. Repeal this until the last numher of the 44 is reached, and follow 

that numher with a comma.  Now, £0 to the next card and he<!iii entering the second 

row of data as descrihed above. (Continue until all the rows have heen punched onto 

the data cards. The last numher should IM- followed h> a comma. On eomplelion of 

this exercise, the Evaluation Matrix is now ready lo IM* entered. The author utilized 

the (!|)(] 66(H) computer: however, the ahove should hold for other computers. To 

enter the weighting factors, one goes first lo the Kvaluation Matrix und enters a value 

for each attribute. Thus, one has 18 values to enter. This data is entered differently. 

In columns 2 through *) of the data card, enter the followin»: $W(«IIT It =        .  In 

column 11, write the first weighting factor followed hy a comma. Continue until 

column 72 is approached where the last entry should IM- a comma, und then proceed to 

the next card starting a new numlM-r in column 2 until all the weighting factors are en- 

tered.  Now. instead of ending this row with a comma, the following symhol should he 

entered immediately after the last numher:  $     . To enter u second or third or how- 

ever many sets of weighting factors, continue lo follow the above. In one operation, 

the user can obtain the relative rankings for any numher of combinations or variations 

of weighting factors. From this, one can ohluin his own conclusions. If questions exist, 

un individual at your computational facility can readily assist in running this program. 

One of the uulhorV major [jouls is that this documcnl can und will IM- used by the 

reader as a tool lo justify materials of const ruction. 
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ANNEX TO APPENDIX 

KNTIKE PROGRAM USTINO 

PPOCR**   /)RH>(nPLT,OtTFUT,T«PE5xlKPLT,TAPF6«0llFll) 
CI^EKSICK   «(<«<•.18),   6(18),   Cd*),   0U<»,7),   IJ«)!)) 
NAKELIST   /2)>Cl/fl/WGHT/E 
PF«C(e,303CI    ((r(I,J),   J«1,7»,I=1,<I<I) 

30110   FC(;MflT<A2,6«lP> 
OFfltM*,?»^».) 
KPITr(6,2hCL) 

1   Pr4C(5,500C) 
»rac<  e,)>GHi) 
wCITF(6,).GhT) 

E^QC   F0PKÄT(72H 
♦ ) 
hPiTFte.eccc» 

eCP   FOCf/lTdH) 
WP1TFI6,FCCC> 
CC 3 I«l,<4<. 

rc 2 j«t»ic 
SL>s5Lf»*(I,J)«P(J) 
C<I)=£LK 
kPITF(e,COCl) 
FCPt'fiTdKO,*   F*NK*,6X,»SCOfiF»,   iDf   »CPSIGK   M^EEP  AKO   CESIGk   CCKCE 

IPT»,   /) 
CC   5   1 = 1,<4<» 
IJ(I)   =   I 
IFLAC»   IC 
HO   ?t   Is   1,<43 
iF(cnjn)).r.€.c(ij(i*i))» GC TC m 
y s un«ti 
IJ(I*1»      S      Iw(I) 
IJ(I» « f- 
IFL«G   »   1 
rCKTINtF 
IF(IFLAG.FC.l)   GC   TO   10 
00   <«   Tsl,<«(t 
kPITL(e,6CCZ)   I,  CIIJ(I)),   <C<lJm,J) ,J=1,7) 
FC^KM(3)i,I2,?>,El?.5,3X,4c,3X,6fll0) 
GC   TC   1 
5KC 

2 

f cm 

I 
10 

?n 
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1CCPRUGATEC STEFL  C.CU7 IK.CSTAKCAFC) 
ZCCPPUGAT^C STEFL  C.OfZ IN. 
3CCPTFN STEEL 
«»HUFFLF'? CADE STEFL 
5MARTINSITE STEFL 
6STAINLES3 STEEL 
7CCPRUGATEC ftLLPIMK 0.QU7   IK. 
«CCRRUGATEC ALUHIKUt'  0.062 IK. 
9CCRPUGATEC ALLHINlf  0.100 IK. 
lOCCRPUGATEC ALUHIKOK  P.1^2 IK. 
IIALU^INUH SHEET  0.1875 
12ALUMINUM SHEET AKC PCST (STAKCARO» 
132«. OUNCE FRP/PLVhCCf:-l/2 IK, 
l«il<? OUNCE FRP/FLYIKCCC-1/2 IK. 
151/? IK. PLYWCCO SANCUCH - CG««: AL FACINGS 
161/2 IN. PLVHCCC SAKChlCH - Q,Zkt   5T FACINGS 
172<I OUNCE FRP/FLVKCCD - 5/P IK. 
1818 OUNCE FPP/PLYWCCr; - 5/8 IK, 
195/« IN. PLYWCOP SAKCKICH - C.CiC AL FACINGS 
205/8 IN. PLYWCCC SAKChlCH - O.C«tC ST FACINGS 
212I« CUNCE FPP/FLYhCCC - 7/«« IK. (^TANCARC) 
2218 OUNCE FPP/PLYWCCC - 3/«. IK, 
233/'« IN« PLYWCCC SAKChlCH - COtC AL FACINGS 
2<»3/«» IN, PLYWOOD SAKCUCH - CCtC ST FACINGS 
253/«» IN, PLYWCCC SAKCksICH - 0,C<«C AL FACE, 0,0*0 ST FACE 
262 IN, FOftw SANPhlCt- 2 LB nEKSITY - CCUO AL FACINGS 
272 IN, FOAK SANChIC»- 2   LH CENSITY - 2UCZ   FRP FACINGS 
282 IN, FOAf SANDKICH <. LB CENSITY - D,(.i*Q   AL FACINGS 
292 IN, FOAM SAKCKIC»- U   LP CENSITY - 2<iCZ FRP FACINGS 
301 IN, FOAM SAKDKICF ? LP CENSITY - 0,U0 AL FACINGS 
311 IN, FOAM SANChIO 2   LR DENSITY - 2<»C7 FRP FACINGS 
321 IN, FOAK SANCWICH <« LP CENSITY - 0,C<»0 AL FACINGS 
331 IN, FOAM SAKCKICH k   LP CENSITY - 2<»CZ FRP FACINGS 
3'«2 IN, HQNEYCCWP SAKCUCH 2 Lc CEKSITV - 2«»0Z FRP FACIKGS 
352 IN, HONrvCCfF SAKChlCH 2   L*   CEKSITY - O^O AL FACIKGS 
362 IN, HONEYCCMF SAKHUCH i*   LE CENSITY - 2<«OZ FRP FACIKGS 
372 IN, HONTYCOHe SAKChlCH <♦ LE CENSITY - U.ü«»0 AL FACIKGS 
381 IN, HONEYCOMB SAKCUCH 2 Le CEKSITY - 2<»0Z FRP FACIKGS 
391 IN, HONFYCCMP SAKCmCH 2 LE CEKSITY - r.QUQ   AL FACIKGS 
«»OTITANIUM C,062 IN, 
<»lEXPAND£n METAL STEEL AND PLASTIC 
«»2F)iPANnED MFTAL «LLMNUf- ANC ELASTIC 
«♦SPLNCHET PLATE STEEL AKC PLASTIC 
«♦«•PUNCHED PLATE ALUKlMf AKC PLASTIC 
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<•. c, <•. o o.:, i o. 
i o. ü , i n. J , f. o, e 

6*C t6. (J»6. U»6.1 
10.0, <•. D • ?. n, i o 
2.0,<*.r,?.l),?.3 
d. C t <* • C * 6 . G • « . C 
10.0,10.G,H.ütfc 
10.0,10.0,«.J, 1 
6.7,5,7,*«.7,6.7 
fe.7,6.0,3.5,5.5 
8.?,9.5,9.c-,f>.6 
2.3,1.9,2.3,3.3 
e.€,7.2,'.e,2.2 
2 .<•• 1. 0 ,?.<*, 1. G 
<i.i«fi».9,'«.5,c>.G 
7.3,6.3,7.5,«.3 
8.1,8,7,".0,7,2 
1.1,?.«.,2.1,1.0 
5,6,3,9,3,1,5,6 
1,1,5,3,3,0,5,6 
<«,5,<*,6,'*,(:,1.0 
8.2,6.9,7.6,9.0 
8.<«,9.2,3.5,'»,2 
1.1,1,1,1.1,1.1 
«i, c,2, 2,2.2, 6. 5 
10 . C, 9. B, P. 8, c , 
l,0,l,(i,l,J,l,0 
10,0,3,3,1,0,10 
10.0,3,3,10,0,3 
2,3,1,9,2,3,2,3 
7,2,3,6,2,2,5,1 
1,0,2,<«,1,0,5,6 
10.0,8.0,10.0,1 
10.G,10.J,6,n,6 
<I.C,2.I1,2.J,2.0 

10.0,10.0,10,0, 
e.c»6.n,*,G,io, 
<*, Q , <•, G , <* , f , <« . 0 
10,0,10,0,8,0,8 
8,018,0,8,6,6.0 
2. C , 6. 0, <*. 0 , <*. 0 
10.0,10.0,9.5,9 
1,8,5.0,9,5,1.8 
5.0,1.8,5.0,1.8 
5.6,5.6,5,6,5.6 
7.c,8.0,8.0,7.2 
1.0,1,0,1,0,5.9 
10.0,9.3,8.8,d.U 
<i.5fl.7,1.5t<*.3 
1.3,1.0,1.2,1.<< 
10.0,10.0,9.0,9 
1.0,1.0,3.8,9.0 
1.0,3.8,1.0,3.8 

i2. 
0,1 
<«,c 

c,i 
?.o 
«..c 
Cl 
'.0, 
6.7 
5.8 
7.2 
Z.3 
b.i 
5.6 
10. 
8.1 
7.C 
^.0 
5.6 
3.<« 
8.7 
*.7 
7.6 
1.1 
^.7 
,9. 
1.0 
0,1 
?,1 
2.3 
5.5 
2.9 
.n,i 
0,1 
2.C 
0.0 
,6. 
U.G 
P,8 
6.0 
2.C 
0,6 
i.e 
5.0 
5.6 
7.3 
6.1 
,6.1 
u.u 
1.7 
^,1 
l.C 
1.0 

C , 6 . C , 6 . r, 6 . c 
C.'', 10.0,6.0, 
5.C,'».Ü,6.r, 
<•. 0 ,6 . 0 , 6 . C , 
. n, <•. 0, 2. C , 2 
l.O^.O^.C, 
ii.c,8. c, e. ü 

. n,io. ce.c, 

.",io.o,e.c, 
6. 7, «..9,5.?, 
5 . ? , 3 . 2 ,«.. C , 
n.o^.«,?,«, 
M , C , <•, 5 , 
5 ,5 ,2 , «, 1, 3, 
2,9,2,5,2,5, 
,9,8,1,0,3,2 
7 ,1 , 8 , 0 ,8 , C , 
5,ct9,2,e,«:, 
7, <•, i, n, «i. r, 
3.9 ,2. ^ , 2 .1, 
5 ,1,8 . J., 7 .9, 
8.1»,2.7,1«.6, 
7.6,8.1,8.1, 
I'l.O^.?,«:.! 
1.2,1.0,1.0, 
2.3,2.3,2.2, 
•1.5,1.6,1.6 
l.C,3.3,3.3, 
.C,3.3,1.C,1 
.C,3.3,2.C,1 
n. c, «*. 5,«., o 
2.8,1.3,2.1, 
2.5,2.5,5.2, 
.r,8.C,8.G,8 
.0,10.0,6.C, 
2.0,?.0,2.C, 
K.Cio.ce. 
,6.o,e.c,ic. 
^. 0 ,10. C , 2 . G 
0 ,6 . 0 , ^ . 0 , 8 . 
8.0,8.0,6.0, 
2.0,8. 0,6.C, 
7,5.0,1.5,1. 
5.0,9.5,9.6, 
5.0,10.0,5.0 
ICC,5.6,5.6 
7.<»,7.<»,7.'., 
5.6,9.0,c.C, 
,2.7,6.3,5.6 
1.6,1.5,1.6, 
1. 0,1.6 ,1. <•, 
.0,10.0,3.8, 
1.0,3.8,9.0,9 
3.8,5.9,1C.0, 

8.0,8 
.0,6. 
O.C,l 
.0,6. 
Q,2.0 
.C,<<. 
d-. n, 8 
.0,8. 
C.Cl 
.5,6. 
.2,7. 
<«.2,e 
<«.0,2 
.1,1. 
. 2 ,<•. 
5.9,7 
.1,8. 
.2,7. 
.3,7. 
.1,8. 
o.c,e 
.8,8. 
.(«,9. 
8.0,8 
.G,l. 
C.C,1 
1.6,1 
.3,3. 
5,3.3 
0,3.3 
2.9,2 
.0,2. 
.C7. 
0,8.0 
.C<«, 
.0,2. 
»8.0, 
,10.C 
2.C2 
,8.0, 
.c«.. 
0.0,8 
,1.5, 
.0,1. 
ICO, 
6.6,5 
.1,1. 
.0,9. 
<«.C2 
.6,1. 
.6,1. 
.8,3. 
.0,3. 
3.8,1 

Ü,8 

,*♦ 
.G 

, 

* 
0 

.0,<«.0,ICQ,10.C6.0,6.0, 
.o^.r^.ce.c^.o^.n^.c, 
,10.0,10.0, 
.0,CO,10.C,1C.C,I«.0,2.C1C.C 
0,2.C,<t.0,2.0,<i.C2.0,<«.0,2.C, 

8.0,6.0,ICO,ICC,8.0,6.0, 
.0,10.U,8.0,lC.C8.r,10.C8.C, 
,iP.r,ip.cio.o, 

,6.8,8.0,7.3,8.0,7.0,3.6,6.3, 
,9.9,9.5,7.2,6.6,8.2,7.6,7.6, 
n, 
9,2.2,10.0,2.«4,9.1,10.0,5.8,2.5, 
,2.<«,l,C,2,<t,2.9,5,6,2,9,5.6, 
,7.6, 
3,7.1,3.2,6.6,6.3,5.3,7.0,7.7, 
,8.1,8.7,7.0,6.1,!.9,7.2,6.7, 
, 
,<«.3,2.<«,5.6,5.6,C3,3.1,S.6, 
,l.l,5.0,3.<i,5.6,3.<«,5.e,8.1, 
2, 
,7.7,U.5,7.7,7.5,6.0,7.1,8.5, 
,8.<i,9.3,7.6,7.3,6.5,8.2,9.3, 
n, 
, 1.1,1. 0, «*. 1, <•. 0,2.1,2 . 1,5 . 0 , 
.0,10.0,10.0,9.6,9.6,9.6,9.6,ICO, 
6, 
,3.3,3.3,10.0,10.C,3.3,1.0,ICC, 
10.0,3.3,10.0,3.3,10.0,2.3,ICC, 
1.0,3.3, 
2,1C.C2.«.,9.1,10.0,5.8,2.5,6.6, 
,1.0,2.««,2.9,5.6,2.9,5.6,2.1«, 
, 
8.0,6.0,6.0,10.C,ICO,8.0,6.C, 
,<«.0,««.0,<I.O,««.C,«I.O,««.0,<I.O, 

,2.0,2.0, 
.0,8.0,6.0,6,0,6,0,6,0,8.0,ICC, 
«•*0,6.0,«*.0,6.0,<i,C,6.0,«»*0,6.C, 
0,2.0, 
0.0,P.0,6.0,10.0,ICO,8.0,6.C, 
,6.n,<.,0,6.0,2.0,O,2.0,«t.C,<«.C, 
0, 
.5,1,5,1,5,1.8,1.6,5.0,9.6,1.8, 
,5.0,1.6,5,0,1.8,6,0,1.8,1.8, 
• •l 
6,9.3,2.««,8.«i,6.6,6.6,8.6,7.6, 
•1.0,1.0,6.1,5.9,6.1,5.9,1.0, 

9, 3.c,5.«♦,«..«.,«..6,1.7,1,5,«.,3, 

,3.8,3.8,3.6,1.0,1.0,3.6,9.0, 
,1.0,3.6,1.0,3.6,1.0,3.8,1.0, 
.o,3.ef 
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rvÄLUflTION Ci'ITFRIfl KC 
fNGHT Es S.9«t(«tft€«l« 
0.77,3. .14,3.8<««7.€<:,<,.£ 
PVÄLUATICN CRITFPI» KC 
IhGHT r= ?.<»7,«♦.<?<»,<..«?!, 
0.62,2.'•7,3.39,20.37,«.. 
fV*LUATION CRITFPIfl NC 
IhGHT P= 2.32,«t.f5,'».e5 
0.58,2.32,2.91,5.Al,2n. 
EVALUATION C^ITFPIA NC 
fKGHT P = l,739,3,«»7e,3.<« 
«•.3«»8,2.l7<.,a.'i3«:,1.7!9 
FVALUATION CSITFPIA NC 
4WGHT n= 2.793,«..<«fcf5, 
6.70<«,<«.<*<)9,2.235,<«.<*ec 
EVALUATION C'ITFFIA KC 
tWGHT B= 1*«.926,1..«75,7 
l.c9,2.iiBa,ll.c«.,0.ccPf 
EVALUATION C«ITEPIA KC 
fWGHT Ra 12.«.48,<..!<*<=,6 
l.Ef,2.J75,9.SS9,0.e3,P 
EVALUATION C^ITPFIA NC 
thGHT P= 11.07,3.€<=,5.5 
1.«.76,1.81,5,fl.a5e,C.736 
EVALUATION CRITEPIA NC 
tMGHT »s 3.36,5.(>S,1.66 
16.0,6.72,6.72,O.8ii,1.6 
EVALUATION CRITFPIA NC 
IHGHT Um   2.92,5.11,1.46 
1(|.6,5.8<«,5.8<4,0.73,1<.. 
EVALUATION CRITEPIA NC 
IMGHT Ra 2.55 ,<• .«.6 ,1.27 
12.7<t,5.1,5.1,0.6<i,2!.<. 
EVALUATION CRITEPIA NC 
INGHT Ra 9.01,7.21,7.?! 
e.i,<..ti.q.üi, I.B,2.7? 
EVALUATION CRITERIA NC 
SHGHT B= «>.85,5.«i8,5.'.e 
6.85,6 .16,3.<.2,6.8«,2C. 
EVALUATION CRITERIA NC 
IMGHT P= 3.85,3.85,1.54 
3.85,1.54,3.08,1.54,1.« 
FVALUATION CRITERIA NC 
IMGHT Ra 7.46,7.46,1.49 
3,73,5.97,2.99,7.46,1.4 
EVALUATION CRITERIA NC 
IMGHT Ra 2.84,2.84,1.14 
2.84,1.14,2.27, LI*«,25. 

a.77,7.6C,5.3e,2(].0,7.69,?.31,7.6c,7.6S,3.84( 
,1.54! 

0.62,6.17,4.32,2 0.37,6.17,1.85,6.17,6.17,3.09, 
<*,1.231 

0.58,5.81,4.07,20.34,5.81,1.74,5.81,5.81,?.cif 
«•,1.161 

8,a.4 35,4.348,3.C43,2fl.0,4.3li8,1.304,4.34 8, 
2.174,20.0,20,C,0.8691 

86,2.2?6,6.704,6.145,16.76,7.263,5.028,6.586, 
3.352,8.38,6.704,1.1171 

463,4.C75, I.«?, 7.46 3, 1.99, 2, 463, ic.9,7,1,6 3, 
.c95,C.ec5,0.9C5,n,995t 

2?4,4.149,1.66,6.224,1,66,6,224,16.5C8,6,224, 
83,0.83,16.598,0.83? 

5,3.69,1.476,5.535,1.4 76,5.5 35,14.76,5.535, 
0.738,0.738,25.83,0.7381 

0.84,2.52,7.F6,16.8,8.4,0.84,4.2,2.52,7.56, 
,5.041 
0 
0.73,2.19,6.(7,14.6,7.3,0.73,3.65,2.19,6.57, 
,«..38« 
1 
0.64,1.91,5.73,12.74,6.37,0.64,3.18,1.91,5.73« 
,3.821 
2 
1.80,3.6,4.5,0.9,9.01,9.01,3.'6,1.8,7.21,9.01, 

1.37,2.74,3.42,0.68,6.85,6.86,2.74,1.37,6.48, 
4,2.C5f 
4 
1.54,5.38,fc.lt,6.15,5.3«,7.69,7.69,5.38,3.08, 
,30.77f 
5 
1.49,9.205."7,7.46,5.22,7.46,7,46,5,22,2.99, 
,l'».92f 
6 
1.14,3.98,4.55,4.55,3.e8,5.68,5.6«,3.96,2.27, 
,?5.CI 
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