
US. Department 
of Transportation 

Federal Railroad 
Administration 

Of'fice of Research and 
· • Development 

Washington, D.C. 20590 

. ' 

( DOT/FRA/ORD-85/04 

Small Scale Impact 
Simulation Tests 

M.A. Lishaa 
J. Chen 
J.C.S. Yang 
R. Kao 

Biotech Research Laboratories, Inc. 
1600 East Gude Drive 
Rockville, Maryland 20850 

and 

Advanced Technology and Research, Inc. 
3933 Sandy Spring Road 
Burtonsville, Maryland 20866 

January 1985 
Final Report 

This document is available to the 
public through the National 
Technical Information Service, 
Springfield, Virginia 22161. 



NOTICE 

This document is disseminated under the sponsorship 
of the Department of Transportation in the interest 
of infonmation exchange. The United States Govern
ment assumes no 1 i abi 1 i ty for its contents or use 
thereof. 

NOTICE 

The United States Government does not endorse prod
ucts or manufacturers. Trade or manufacturers' 
names appear herein solely because they are con
sidered essential to the object of this report. 

,. . 

) 



. . 

T echnico I Report Documentation P cge 

DOT/FRA/ORD-85/04 
4. 11tie and Subtt11~ ; 5. ~eoort Ctotf!' 

SMALL SCALE IMPACT SIMULATION TESTS January 1985 
I b. ? erro-rmrng: Vrpont :ouon C.oot' 

--:;---:---:-:-----------------------------'! C. F erformtn? Vr!;)OMI %OltOn n:eoort t"to 
7. Aurno~:.s.: 

M. A. Lishaa, J. Chen, J. C. S. Yang, R. Kao 
9. ;;eriormtng Grgoni%Qtton ,...ome ond Aooress 

Biotech Research Laboratories, Inc. 
1600 East Gude Drive 
Rockville, Maryland 20850 

I lC. t<rori.t Und :-.to. ·"TRA!~~ 
i 

i 11 ~onuoct or C,ront ,..,.o. 
i 

DTFR53-82-C-00290 
l i:':. ';yoe ol f;eoon and Fence C.C'Ive-re-:: 

~~----------------------------------------------------~ 
12. Soonsor~ng Agency t-.lome ond Aooress 

U.S. Department of Transportation 
Federal Railroad Administration 
Office of Research and Development 
Washington, D.C. 20590 

!.5. Suctuementorv Note~ 

16. Ai>s,.oct 

· Final Report 
·I July 1982-December 1984 

RRD-20 

In derailments and switchyard operations, tank cars frequently experience impacts 
that result in tank car head puncture. From a cost effective viewpoint, it is not 
practical to conduct many full-scale testing to verify that a particular tank car 
design will perform satisfactorily in all possible impact situations. Therefore, 
there is a need for reliable small scale testing procedures to simulate the response 
of tank heads in impact situations. In this study some small scale model testing 
was performed: (1) to assess the effectiveness of mitigating materials on 
increasing the tank heads puncture resistance; (2) to evaluate the effect of low 
temperature on the threshold puncture energy of the model tank heads; (3) to test 
the validity of the scaling laws adopted; (4) to study the influence of lading on 
the vulnerability of the model tank head in the impact situations. A number of the 
1/5 and 1/10 scale model tank heads with different head protective devices were 
tested under different impact, lading and temperature conditions. Besides usin; a 
stainless steel head sh ld as a protective device, a number of other shock 
mitigating materials, such as aluminum honeycomb materials, al~inum foams, 
corrugated steel plates, and TecsPak plates, were investigated. The test results 
indicate that both TecsPak and stainless steel provide good protection against head 
puncture even at low temperatures as COI:lpared with the ·bare tank heads; ho~:ever, no 
substantial difference is found in terms of protection capability between TecsPak 
and stainless steel plates. An examination of the threshold puncture velocities 
between the t~o scaled models showed a difference of less than 10%. This concluded 
that the scaling laws adopted provide good accuracy in scaling the model tank heads. 
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