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SUMMARY 

In t he s t udy o f the cou pler- tank ca r head i mpac t phe nome na in der a ilme n t 
a nd swit c hy rd o per a tion s , di f f eren t t es t c ondi t i on s hav e t o be considered. In 
order to co r relate t he t h r eshold puncture veloc it y wi th t hes e condi tions, ma ny 
impact t ests need t o be pe r for med to o btai n the r q ui r ed i nfo rma tion. Fo r 
t hese stud i es, a small-s cale mod e l t est ing pr o g r am is cer t a inly more de s irable 
over t he f ull- s cale t es t i ng as far a the c os t i s concerned . It is imperative, 
howeve r , t hat t he smal l - s c a l e mode l i mpact t ests will pr ovide reliable 
inform t ion as t o t h r eal fu l l-scale i mpac t phe nome na . The refore, s e veral 
attemp ts were made i n th is stud y with small-scale i mpact te s ti ng to inves t i gate 
d i f erent tank c ar head pro tection devices wi t h d if fer en t i mpact cond i t ions. 
An attempt was made wi th cen ter i mpac t testin g o n mod e l alum i n um tank c a r 
heads: (1 ) to asse ss t he e f fe c t iveness of mit iga t ing ma t e rials on i nc r e a sing 
the punc t u r e resis t ance o f model aluminum t nk c a r heads ; ( 2 ) t o eva l uate the 
effec t of l ow t emperature on the thres hold punc t u r e e ne rgy o f model alumi n um 
t a nk car heads ; (3) to t st the valid i t y of t he s caling l aws a do p ted o n model 
alumi n um tank car heads ; a nd ( 4 ) t o study t he i n fluence of l a di ng on the 
th r eshold puncture veloc ity of model a lumi num ta nk ca r head s in horizontal 
impact s i tuations . Two a ddi t i ona l a tt empts were made wi t h of f-c e n ter impact 
t est i ng o n model a l umi n um and high-a l loy steel t ank ca r head s to a s ses s the 
vulnera bil ity of mode l t a nk car heads und e r off-cen ter i mp a cts. A n um be r of 
1/10- and l/5-scale model a l uminum and high-al l oy steel t nk c r hea ds were 
used in this study. Also a Fin i te Elemen t Model was develo ped f o r the 
predic t i on of the punc t ur e r esistance of s cale-mode l a luminum a nd high-allo y 
steel tank car head s . 

The small-sca l e impact testi ng program inc l udes ve r tica l impac t t es t s 
(drop-weigh t ) and horizo n t al impac t t ests (pendulum) . These test s were 
performed o n the scale-model tank car barehead s and heads tha t we re c ove r e d by 
h igh- alloy steel head s hields or s t eel face pla t es combined wi th dif f erent 
kinds of mitigating mate r ia l s . These ma t e r ia l s we r e used a s protect i ve devic e s 
to increase the punct ur e resistance of the scale- model alumi n um a nd h igh- alloy 
steel tank car heads in the center and o ff - center i mpac t t ests. Several k inds 
of mitigating materials were selected and examined in pre l imi na ry dy na mic 
impact tests to determine the most suitable mater i a l-combinat i o n wi t h the mos t 
energy absorbing capacity which can be used in impac t situat ions. Bes i de he 
high- a l loy steel head shield (thick steel plate), two differen t kinds o f 
mitigating materials combined with steel face plates (t h in ste l pl a t es) we r e 
chosen and used in the center impact tests, while o n l y one of the t wo 
mi t igating materials combined with s t ee l f ace- plates was used in t he off - c e nter 
impact tests. This mitigat i ng material was formed f r om several l aye r s of 
aluminum honeycomb c ombined with th in sheets o f h igh-alloy steel; the sec ond 
ma t erial was f o rmed f r om a single plate of Hy t rel Po l yes t er El a stome r "Tec s pa k" 
combined with a singl th in sheet of high-a l loy steel. 

The tes t results indicate t hat all the pr tec t i v e devices provide good 
protection to the sca l e model tank car heads against impact punc ture a s 
c ompared with t he barehead impa c t si t uation . Howeve r , some d i ff erence s in 
te r ms of protec t ion capabil i ty between these pro t ec t i ve d ev i c e s in each scale 
we r e f ound . The r esults of t he 1/10-scale drop-weight cente r impa c t tests 
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