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Abstract The purpose of this study is to evaluate the structural risk and weakness of a railway tank car
through nonlinear collision analysis according to overseas collision safety standards. The goal is to
propose a crash safety design guideline for railway tank cars for transporting dangerous goods in Korea.
We analyzed the buffer impact test procedure of railway freight cars prescribed in EN 12663-2 and the
tank puncture test criteria prescribed in 49CFR179. A nonlinear finite element model according to each
standard was modeled using LS-DYNA, a commercial finite element analysis solver. As a result of the
buffing impact test simulation, it was predicted that plastic deformation would not occur at a collision
speed of 6 km/h or less. However, plastic deformation was detected at the rear of the center sill and
at the tank center supporting the structure at a collision speed of 8 km/h or more. As a result of a
head-on test simulation of tank puncture, the outer tank shell was destroyed at the corner of the tank
head when 4% of the kinetic energy of the impacter was absorbed. The tank shell was destroyed in the
area of contact with the impacter in the test mode analysis of tank shell puncture when the kinetic
energy of the moving vehicle was reduced by 30%. Therefore, the simulation results of the puncture test
show that fracture at the tank shell and leakage of the internal material is expected. Consequently,
protection and structural design reinforcement are required on railway tank cars in Korea.
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Fig. 1. Buffing impact test scenario(EN12663-1)
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Fig. 2. Tank puncture test scenario(49CFR179)
(2) Head on puncture test (b) Shell puncture test
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Fig. 3. Railway tank car FE model

Table 1. Railway tank car FE model detail

Node 232,858 EA
1D Beam 2 EA
QUAD4 231,132 EA
Element
TRIA3 1,712 EA
TOTAL 232,846 EA
Element size 25 mm

%‘ié}iM A FZ2FR= $S400, SM490, SM490A
L A 7F AFREY, 3R 4 7k
ol S 41(ASTM Ad41) A7t AeEL 1=
EAES st og AR SH-HEE AxB-1115
Fig. 49} Zo] B35t mdo) Z-gsilort. vlAy A=
mdo [S-DYNAS *MAT_ PIECEWISE_LINEAR_
PLASTICITY 7]¥EE A}8sto] md=gstgiom[12],
A=O] AJHPF TAE oA & Y HEE HAst
Art. BAsR) F2E = SYAE7)E SR &
/32 Fig. 59 Zo] 3xpE A437] B4 Bl 185
FTH13]. 9%7] 2de *MAT _GENERAL_NONLI

-NEAR_1DOF_DISCRETE_BEAM 7]9=& AR5}
HXg EALS vhdstinH12l.

800

[——Sss400 [8]
[~ —sM490 [9]
— - - SM490A [10]

- - ASTM A441[11]

700 -

True stress (MPa)

200

0.0 0.1 02 03 0.4
True strain
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Fig. 5. Coupler characteristics for freight car[13]
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Table 2. Mass of Buffing test model

Model Mass(tonf)
Moving vehicle 80
Stationary vehicle 50
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Fig. 9. Coupler (a)displacement and (b)force result
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Table 3. Mass of Head on puncture model

Model Mass(tonf)
Indenter 129.7
Stationary vehicle 50
with SPH element
Backup vehicle 217.7
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Fig. 12. Head on puncture test simulation result
(@) t=0Oms, (b) t=30ms, (c) t=60ms, (d) t=90ms
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Fig. 13. Tank head deformed shape(Plastic strain)
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Fig. 14. Indenter (a)velocity
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Fig. 15. Shell puncture test simulation FE model

Table 4. Mass of Shell puncture model(Half model)

Model Mass(tonf)

Indenter 64.58
Stationary vehicle 2
with SPH element
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Fig. 16. Shell puncture test simulation result
(a) t=0ms, (b) t=50ms, (c) t=100ms, (d) t=150ms
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Fig. 17. Tank shell deformed shape(Plastic strain)
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Fig. 18. Indenter (a)velocity and (b)contact force
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