
                                                                                   
             

 
Figure 1.  Pre-test photo of DOT-105 

Figure 2.  Post-test photo of DOT-105 
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the current capabilities of numerical simulations 
(e.g., FEA), FRA would then be able to better 
understand the current capabilities of numerical 
simulations to be used to model the dynamic 
and puncture responses of a tank car under 
shell impact conditions. The agency has 
undertaken a series of full-scale impact tests to 
examine the shell puncture resistance of tank 
cars. [1] [2] [3] [4] 

OBJECTIVES 
In this test, the DOT-105 tank car was expected 
to receive the impact at a speed that was close 
to the threshold speed for causing a puncture.  
Because the actual material response of the 
tank shell was not known before the test, the 
puncture range was estimated to be 14.5 mph 
to 17 mph (based on pre-test models). 

The target test speed of 15 mph was chosen to 
be a speed at the lower-end of this range so 
that puncture was a possible outcome, but not 
the only possible outcome.  Whether the tank 
was punctured or it failed to puncture, this test 
was supposed to strike the car at a speed close 
to the puncture/non-puncture threshold. 

The DOT-105 tank car was loaded as if it were 
carrying its intended commodity, but it contained 
water instead.  The outage and pressures 
selected for this test are consistent with typical 
service conditions. 

Key parameters for the tested care are 
summarized in Table.1. 

Table 1.  Summary of Tank Car Parameters 

Parameter Value 
Commodity in Test Water 

Tank Capacity 17,360 gallons (nominal) 
Outage in Test 10.6% 
Shell Thickness 0.775” 
Shell Material: TC128B 

Shell Diameter (I.D.) 100.45” 
Jacket Thickness 11 gage 
Jacket Material AISI 1010 (assumed) 

Thermal Protection 4” foam 
 

METHODS 
The moving impact car and the stationary tank 
car were instrumented during this test.  The 
primary instrumentation on the impact car 
consisted of accelerometers, which allowed the 
team to derive velocity and displacement.  
Speed sensors on the impact car recorded its 
speed just prior to impact. 

The tank car was instrumented internally with 
both pressure transducers (in the air and water) 
and string potentiometers.  Externally, the tank 
car’s overall motion was measured with string 
potentiometers attached to the ends of the tank 
and its support skids.  Both conventional and 
high-speed cameras recorded the test.  The 
instrumentation is summarized in Table 2. 

Table 2.  Summary of Instrumentation 

Type of Instrumentation         Channel Count 
Accelerometers 11 
Speed Sensors 2 

Pressure Transducers 11 
String Potentiometers 10 
Total Data Channels 34 

Digital Video 3 high-speed, 2 conventional-
speed 

FEA was performed in conjunction with the test.  
A schematic of the FE model is in Figure 3.  
This model used symmetry (half-length) in order 
to simplify and speed-up the simulations and 
simplified the modeling of the water and air 
within the tank. 

The water was modeled using an equation-of- 
state (EOS) approach and a hydraulic cavity, 
while the air was modeled as an ideal gas using 
a pneumatic cavity.  The mass of the water was 
distributed through a membrane representing 
the interior wall of the tank and the free surface 
off the water. 

The jacket was modeled using shell elements 
and the tank was also modeled using shell 
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Figure 3.  Half-symmetric DOT-105 FE Model 

  

 
Figure 4.  Force- and Energy-displacement Test Results 

 

 

Figure 5.  Force-displacement Results, Test and FEA 

 

Figure 6.  FEA and Test Average Air Pressure Results 
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