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Packaged radioactive material is. transported within. the United 
States by both truck and rail. Regulations governing the shipment 
of such material have been issued by both the U. S. Department of 
Transportation (US-DOT) and the U. s. Nuclear Regulatory Commission 
(US-NRC). The US-NRC is primarily concerned with maintaining the 
structural integrity of the radioactive material shipping packages. 
A computer model, CARDS (Cask-Railcar Dynamic Simulator) was developed 
by the Hanford Engineering-Development-Laboratory for the US-NRC to 
provide input data for a·broad range of radioactive material package
tierlnwn structural assessments. 

CARDS simulates the dynamic behavior of shipping packages and 
their transporters during normal transport conditions. The model 
will be used to identify parameters which significantly affect the 
normal shock and vibration environments which, in turn, provide the 
basis for determining the forces transmitted to the packages. The 
determination of these forces is necessary for the package-tiedown 
structural assessments. The objective is to determine the extent to 
which the shocks and vibrations experienced by the shipping. packages 
during normal transport are influenced by, or are sensitive to, var~ 
ious structural parameters of the transport system (i.e., package, 
package supports, vehicle characteristics, etc.). · 

CARDS is a complex two-dimensional, multi-degree-of-freedom 
model which determines the horizontal (longitudinal), vertical, and 
rotational motion of both the package and its transporte~ following 
impact with an anvil train during-coupling operations. The model -
also deter~ines the longitudinal motion of each of four (or more) 
ballast-filled hopper cars in the anvil train. CARDS calculates the 
coupler force on the cask-railcar due to the impact, considering 
draft gear characteristics and shifting of the cargoes on the cask
rail car and on the anvil cars. Th~ formulation of CARDS provides 
flexibility for the simulation bf a broad range of package-car, and 
package-car-anvil train configurations. 

Validation of the model has been partially established by the 
simulation of Test #3 of 18 instrumented impact tests conducted at 
the Savartnah River LaboratorieG (SRL) i~ July and August of 1978. In 
these tests, several hammer car configurations (spent fuel shipping 
.cask-flat rail car configurations) were coupled, at various impact 
speeds, to a stationary anvil train consisting of four bailast-loaded 
hopper cars. In the test simul~ted, a 40-ton-Hallam cask was mounted 

·on a 70-ton Seaboard Coastline flat bulkhead railcar with standard 
couplers. Horizontal movement of the cask on the·railcar was opposed 
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by· a rigid stop at the st~uck end, and vertical movement was opposed 
by six vertical bolts. This cask-rail car configuration was coupled 
to the anvil train at an impact speed of 10.5 miles per hour. 

A measure of model validation was eatablishe~ by the application 
of two separate techniques. The simplest and most straightforward 

· technique was visual comparison of experimentally measured response 
variables with the corresponding valuei calculated using the model. 
The second technique used is a statistical technique based on Theil's 
inequality coefficients. A Theil's inequality coefficient for each 
response variable was computed from.comparisons of its time-varying 
predicted and measured values. These individual coefficients are 
combined into a single figure of merit (Theil's multiple inequality 
coefficient) which varies from O (best agreement) to 1 (poorest 
agreement) . 

An assessment of how well the CARDS model simulated the behavior 
of the cask-rail car system for the conditions of Test.3 of the SRL 
experiments was made by comparing, both visually and quantitatively, 
the calculated and experimental values of coupler force, the hori
zontal force of interaction between the cask and rail car, the hori
zontal acceleration of the rail car, the horizontal acceleration of 
the cask, the vertical acceleration of the cask at the far end, and 
the vertical acceleration of the cask at the struck end. The coupler 
force was the force of excitation causing the system to vibrate . 

At first, there was good agre~ment only between the calculated 
and experimental values of the horizontal ferries .and ~ccelerations. 
The vertical accelerations of the cask at the far end did not show 
acceptable agreement when compared both visua.lly and quantitatively. 
A review of high speed films of the tests and of system structural 
features revealed the cause of this lack of agreement. · The high 
speed films showed that .water was ejected from the collar around the 
cask at the far end at impact (rain water had collected under th.e 
collar during a rain storm the night before the test). It was also 
recalled that a rubber gasket or shim was used under the collar. This 
suggested that the rubber, or gap, or both, could cause both .. an in
crease in the magnitude and frequency of the acceleration readings 
at the far end, precisely the.characteristics needed in the calculated 
results to achieve agreement. Double integration of the measured 
accelerations gave displacements which confirmed this conclusion. 
Therefore, a non-linea.r stiffness coefficient was devised for a rear 
tiedown consisting of a series combination of an initial gap between 
the cask and its collar, a rubber shim, and then the intended tiedown 
structure. A c·orresponding damping coefficient was also devised. 
When these new coefficients were used in the model, a dramatic improve
ment in the agreement was realized (especially in the visual compari-
sons). · · 

To assess the performance of CARDS, two cas~s were evaluated. 
In the f1~st ca~e, the ciperimentally measured coupler force was used 
and, in the second case, the coupler force used was that calculated 
by the model. Due to space and time limitations, only selected results 
f~om the first ease will be presA~ted; Visual comparisons of selected 
response variables are presented in Figures 1 through 4. Figure 1 
shows the longitudinal force of .interaction between the cask and 
rail car. Figure 2 presents the horizontal acceleration of the cask. 
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Figures 3 and 4 show the vertical accelerations of the.cask.at the 
far and struck ends, respectively. Quantitative comparisons of each 
pair of response variables were made by computing Theil's inequality 
coefficients. Only the vertical accelerations of the cask produced 
inequality coefficients above 0.5. However, Figur~s 3 and 4 show 
that good visual agreement exists between· the vertical accelerations. 
Both the magnitude and frequency of these plots are in good agreemerit. 
It appears, however, that better quantitative agreement could be ob
tained if the calculated vertical acceleration at 4he far end (Figure 
3) could be made to shift approximately 0.025 second· forward on the 
time scale, and if the calculated vertical acceleration at the struck 
end (Figure 4) could be shifted about 0.02 second backward on the time. 
scale. Theil' s multiple inequality c·oefficient for this. case is. 0. 059. 

Response spectra are being computed us~ng CARRS (Cask Rail Car 
Response ~pectra Generator), a separate model composed()f equivalent 
independent single~degree-of-freedom (1 DOF) equations of motion (EOM) 
describing the horizontal, verticai and rotational motion of the cask 
r~lative to.that of the rail car. Relative accelerations (i.e., the 
differences between the respective horizQntal, vertical.and rotation
al accelerations of the cask and rail car) are computed as functions 
of time for various values of their corresponding frequencies, with 
appropriate time-varying forcing functions (equivalent to support or 
rail car motion) on the right-hand side of the respective equations 
of motion. The forcing or driving functions, obtained from ~ de
tailed simulation of the system using the CARDS model, consist of the 
three accelerations of the rail car along with terms coupling the 
equations of motion of the cask and rail car in ~he CARDS model. 
Peak relative acceleration at each frequency are plotted against the 
frequency to obtain the response spectra for a particular forcing 
function. Selected system parameters are then changed in the CARDS 
model and new forcing functions generated. Peak acceleration vs 
frequency plots are thus obtained for all three relative accelera
tions for each new forcing function. 

CARDS is now being used to conduct a parametric and sensitivity 
analysis to identify those parameters which have the greatest influence 
on the forces transmitted to the package. A thnrough parameter search 
for the SRL test configurations establish~d the appropriate base 
cases. Two approaches ta the parametric and sensitivity analysis are 
being used. The first methDd is based on the computation of time
varying parameter influence coefficients (partial derivatives of a 
system output response variable with respect to a system parameter) 
during a simulation, using sets of differential equations (sensitiv
ity equation~) derived from the equations of motion. The second 
method used is based on an Algebraic Monte Carlo technique in which 
the influence of each parameter on selected response variables is 
determined by varying the parameters one at a time, over their ranges 
of uncertainty, while holding all other parameters constant. 

Two response variables (or functions) have been selectec..l as 
"Figures of Merit" to measure the influence of various parameters on 
the system.. The first set of 11 influenced 11 variables or functions are 
the forcing funct~ons driving the 1 DOF EOMs of the CARRS model. 
These forcing functions. indirectly transmit parameter influence to 
the response spectra. System sensitivity is therefore indicated.by 
changes in the response spectra. The second "Figure of Merit". 
selected is Theil's multiple inequality coefficient. 
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The CARDS model consists of twelve equations of motion, one de
rived for each degree of freedom (generalized coordinate), and sup
plementary auxiliary equations. The equations of motion.were derived 
from an energy b~lance (expressed in generalized coord~nates) on the 
system. The entire model definition was written in the Advanced 
Continuous Simulation Language (ACSL) which was developed for the 
purpose of mod~ling systems described by time-dependent, non-linear 
differential equations and/or transfer functions. Of the four numeri
cal integration algorithms. available in ACSL, the Runge-Kutta fourth
order algorithm was chosen for the CARDS model . 




