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ABSTRACT 

The CARDS ( C a s k  R a i l  Car Dynamic S i m u l a t o r )  model  was 
m o d i f i e d  t o s i m u l a t e  the c a s k - r a i i  c a r  systems u s e d  i n  
Tests 13,  16 and 18 o f  the series o f  r a i l  c a r  c o u p l i n g  
t es t s  c o n d u c t e d  a t  the Savannah River L a b o r a t o r i e s  ( S R L )  
i n  J u l y  and A u g u s t  of 1978. An a s s e s s m e n t  of h o w  w e l l  
CARDS s i m u l a t e s  the b e h a v i o r  of these c a s k - r a i l  c a r  s y s -  
t e m s  was made b y  compar ing  c a l c u l a t e d  and e x p e r i m e n t a l  
v a l u e s  of four r e s p o n s e  v a r i a b l e s .  T h i s  c o m p l e t e s  the  
d e v e l o p m e n t  and v a l i d a t i o n  of the CARDS m o d e l .  
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DYNAMIC ANALYSIS TO ESTABLISH 

NORMAL SHOCK AND VIBRATION 

OF RADIOACTIVE 

MATERIAL SHIPPING PACKAGES 

Quarterly Progress Report 

April 1, 1981 - June 30, 1981 

SUMMARY OF PROGRESS 

1. DEVELOP DYNAMIC MODEL 

The development of the basic CARDS (Cask Rail Car Dynamic Simulator) model has 
been completed. During this reporting period, the-basic model was modified to 
simulate the cask-rail car systems used in Tests 13, 16 and 18 of the series 
of rail car coupling tests conducted at the Savannah River Laboratories (SRL) 
in July and August of 1978. These modifications were supplemented with adjust- 
ments suggested by comparisons of calculated and experimentally measured values 
of the horizontal force of interaction between the cask and rail car. The 
modified model was then validated by comparing calculated and measured values 
of four additional response variables. 

3. VALIDATE MODEL 

The validation of the CARDS model was completed with the comparison of meas- 
ured results from Tests 13, 16 and 18 with corresponding results calculated 
using tne CARDS model. 
o f  the cask-rail car systems used in these tests was made by comparing calcu- 
lated and measured values of the horizontal force of interaction between the 
cask and rail car, the horizontal 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 measured during these tests was used as the force of excitation causing 
the system simulated by CARDS to vibrate. 

An assessment of how yell CARDS simulates the behavior 

The simulations of Tests 13, 16 and 18 were initially guided by comparisons 
o f  measured and calculated values of the horizontal force of interaction for 
Test 16. Differences between the measured and calculated values of this force 
for Test 16 were attributed to horizontal slippage between the cask and the 
rail car that resulted in an energy loss to the system. When this energy loss 
or "slippage" was accounted for in the model by modifying the stiffnesses of 
the horizontal components of the cable tiedowns, good agreement between the 
measured and calculated values of the horizontal interaction force and the 
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o t h e r  f o u r  response v a r i a b l e s  was r e a l i z e d .  
app l i ed ,  w i t h o u t  change, t o  t h e  s i m u l a t i o n  o f  t h e  c a s k - r a i l  c a r  systems used 
i n  Tes ts  13 and 18, s u b s t a n t i a l  r e d u c t i o n s  were r e a l i z e d  i n  t h e  d i f f e r e n c e s  
between t h e  measured and c a l c u l a t e d  va lues  o f  t h e  f i v e  response v a r i a b l e s  
compared. 

When these  m o d i f i c a t i o n s  were 

On t h e  b a s i s  o f  t h e  comparisons o f  measured and c a l c u l a t e d  r e s u l t s  f o r  I e s t s  
3, 10, 11, 13, 16 and 18, i t  i s  conc luded t h a t  t h e  CARDS model i s  an accept -  
a b l e  t o o l  f o r  t h e  p r e d i c t i o n  o f  t h e  dynamic response o f  a c a s k - r a i l  c a r  system 
impac t ing  a s t a t i o n a r y  t r a i n  o f  c a r s  a t  speeds up t o  11 mph. 

2 
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NTRODUCTION 

The objective o f  this study is to determine the extent to which the shocks and 
vibrations experienced by radioactive material shipping packages during normal 
transport conditions are influenced by or are sensitive to various structural 
parameters of the transport system (i .e., package , package supports, and 
vehicle). 
significantly affect the normal shock and vibration environments so as to 
provide the basis for determining the forces transmitted to radioactive 
material packages. Determination o f  these forces will provide the input data 
necessary for a broad range of package-tiedown structural assessments. 

Progress on this study from April 1 ,  1981 to June 30, 1981 will now be dis- 
cussed. This is the last progress report in this series. The next report 
will be a final report summarizing the development and validation of the CARDS 
model, and the results of a parametric and sensitivity analysis using response 
spectra as figures of merit. 

The purpose of this effort is to identify those parameters that 

. . .  

. . .  i ,  _. . . , .  
- . ’  - .  

. .  

. .  , i  , .. .. 
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PROGRESS TO DATE 

T h i s  s t u d y  i s  d i v i d e d  i n t o  s i x  t a s k s  as d iscussed i n  p r e v i o u s  p rog ress  
r e p o r t s .  These p r e v i o u s  p rog ress  r e p o r t s  are:  

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

8. 

5. 

S. R. F i e l d s ,  Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock.and V i b r a t i o n  
Environments Exper ienced by  R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, 
NUREG/CR-0071, (HEDL-TME 78-19), Q u a r t e r l y  Progress Report  (October  1 - 
December 31, 1977), Hanford Eng ineer ing  Development Labora to ry ,  May 1978. 

S. R. F i e l d s  and S. J. Mech, Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock 
and V i b r a t i o n  o f  R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-0161, 
(HEDL-TME 78-41), Q u a r t e r l y  Progress Repor t  (January 1 - March 31, 1978), 
Hanford Eng ineer ing  Development Labora to ry ,  J u l y  1978. 

S. R. F i e l d s  and S. J. Mech, Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock 
and V i b r a t i o n  o f  R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-0448, 
-(HEDL- 3 ME 78- - June 30, 1978), 
Hanford Eng ineer ing  Development Labora to ry ,  December 1978. 

S. R. F i e l d s  and S. J. Mech, Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock 
and V i b r a t i o n  o f  R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-0589, 
(HEDL-TME 78-102) , Q u a r t e r l y  Progress Report  ( J u l y  1 - September 30, 
1978), Hanford Eng ineer ing  Development Labora to ry ,  March 1979. 

S. R. F i e l d s  and S. J. Mech, Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock 
and V i b r a t i o n  o f  R a d i o a c t i v e  M a t e r i a l  S h i m i n a  Packaqes. NUREG/CR-0766, 

I ,  

(HEDL-TME 79-3), Q u a r t e r l y  Progress Repor t  (October  7 -'December 31, 
1978), Hanford Eng ineer ing  Development Labora to ry ,  June 1979. 

. 

S. R. F i e l d s  and S. J. Mech, Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock 
and V i b r a t i o n  o f  R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-0880, 

Hanford Eng ineer ing  Development Labora to ry ,  J u l y  1979. 

S. R. F i e l d s  and S. J. Mech, Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock 
and V i b r a t i o n  o f  R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-1066, 
(HEDL-TME 79-43), Q u a r t e r l y  Progress Report  ( A p r i l  1 - June 30, 1979), 

(HED L -TMt  / 9  - 29) , Q u a r t e r l y  Progress Report  (January 1 - March 31, 1979), 

Hanford Eng ineer ing  Development Labora to ry ,  October  1979. 

S. R. F i e l d s  and S. J. Mech, Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock 
and V i  b r a t i o n  o f  R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-1265, 
(HEDL-TME 79-71), Q u a r t e r l y  Progress Report  ( J u l y  1 - September 30, 
1979), Hanford Eng ineer ing  Development Labora to ry ,  March 1980. 

S. R. F i e l d s  and S. J. Mech, Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock 
and V i b r a t i o n  o f  R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-1484, 
(HEDL-TME 80-24) , Q u a r t e r l y  Progress Report  (October  1 - December 31, 
1975), Hanford Eng ineer ing  Development Labora to ry ,  August 1980. 
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10. 

11. 

12. 

13. 

14. 

S. R. F i e l d s ,  Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock and V i b r a t i o n  of 
R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-1685, Volume 1, 
(HEDL-TME 80-51), Q u a r t e r l y  Progress Repor t  (January 1 - March 31 , 1980), 
Hanford Eng ineer ing  Development Laboratory ,  January 1981. 

S. R. F i e l d s ,  Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock and V i b r a t i o n  o f  
R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-1685, Volume 2, 
(HEDL-TME 80-72), Q u a r t e r l y  Progress Repor t  ( A p r i l  1 - June 30, 1980), 
Hanford Eng ineer ing  Development Laboratory ,  A p r i l  1981. 

S. R. F i e l d s ,  Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock and V i b r a t i o n  o f  
R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-1685, Volume 3, 
(HtDL-TMt 80-91), Q u a r t e r l y  Progress Repor t  ( J u l y  1 - September 30, 
1980) , Hanford Eng ineer ing  Development Laboratory ,  A p r i l  1981. 

S. R. F i e l d s ,  Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock and V i b r a t i o n  o f  
R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CR-1685, Volume 4, 
(HtDL-TMt 80-92),  Q u a r t e r l y  Progress Repor t  (October 1 - December 31, 
1980), Hanford Eng ineer ing  Development Laboratory ,  J u l y  1981. 

S. R .  F i e l d s ,  Dynamic A n a l y s i s  t o  E s t a b l i s h  Normal Shock and V i b r a t i o n  o f  
R a d i o a c t i v e  M a t e r i a l  Sh ipp ing  Packages, NUREG/CK-2146, Volume 1, 
(HEDL-TME 81-15),  Q u a r t e r l y  Progress Repor t  (January 1 - March 31, 1981), 
Hanford Eng ineer ing  Development Laboratory ,  November 1981. 

NOTICE OF ERRORS I N  P R E V I O U S  REPORTS 

E r r o r s  were found i n  t h r e e  o f  t h e  above p r e v i o u s l y  p u b l i s h e d  q u a r t e r l y  
r e p o r t s .  
80-72, HEDL-TME 80-91 and HEDL-TME 80-92, r e s p e c t i v e l y ) .  I n  these r e p o r t s ,  a l l  
f requencies a r e  angu la r  f requenc ies  and shou ld  b e  r e p o r t e d  i n  u n i t s  of r a d i a n s /  
second r a t h e r  t h a n  i n  u n i t s  o f  Hz. Th is  a p p l i e s  t o  a l l  f i g u r e s  w i t h  f requency 
as t h e  abscissa, and t o  a l l  r e f e r e n c e s  t o  f requency i n  t h e  t e x t s  o f  t h e  
r e p o r t s .  

1.  DEVELOP DYNAMIC MODEL 

The development o f  t h e  b a s i c  CARDS (Cask R a i l  Car Dynamic S i m u l a t o r )  model has 
been completed. D u r i n g  t h i s  r e p o r t i n g  pe r iod ,  the-basic model was m o d i f i e d  t o  
s i m u l a t e  t h e  c h a r a c t e r i s t i c s  o f  t h e  c a s k - r a i l  c a r  systems used i n  Tests  13, 16 
and 18 o f  t h e  s e r i e s  o f  r a i l  c a r  c o u p l i n g  t e s t s  conducted a t  t h e  Savannah 
R i v e r  L a b o r a t o r i e s  (SRL) i n  J u l y  and August o f  1978. These m o d i f i c a t i o n s  were 
supplemented w i t h  ad justments suggested b y  comparisons o f  c a l c u l a t e d  and 
e x p e r i m e n t a l l y  measured va lues  o f  t h e  h o r i z o n t a l  f o r c e  o f  i n t e r a c t i o n  between 
t h e  cask and r a i l  c a r .  These m o d i f i c a t i o n s  and adjustments a r e  d iscussed i n  
d e t a i l  i n '  S e c t i o n  3.  VALIDATE MODEL. 

These r e p o r t s  a r e  Volumes 2, 3 and 4 of  NUREG/CR-1685 (HEDL-TME 
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2. DATA COLLECTION AND R E D U C T I O N  

T h i s  t a s k  has been completed. 

3. VALIDATE MODEL 

The v a l i d a t i o n  o f  t h e  CARDS model was completed w i t h  t h e  comparison o f  meas- 
u red  r e s u l t s  f r o m  Tests  13, 16 and 18, conducted a t  SRL i n  J u l y  and August o f  
1978, w i t h  corresponding r e s u l t s  c a l c u l a t e d  u s i n g  t h e  CARDS model. 

An assessment o f  how w e l l  t h e  CARDS model s i m u l a t e s  t h e  b e h a v i o r  o f  t h e  
c a s k - r a i l  c a r  systems used i n  these  t e s t s  was made by  comparing c a l c u l a t e d  and 
measured va lues  o f  t h e  h o r i z o n t a l  f o r c e  o f  i n t e r a c t i o n  between t h e ' c a s k  and 
r a i l  car ,  t h e  h o r i z o n t a l  a c c e l e r a t i o n  o f  t h e  r a i l  car ,  t h e  h o r i z o n t a l  a c c e l -  
e r a t i o n  o f  t h e  cask, t h e  v e r t i c a l  a c c e l e r a t i o n  o f  t h e  cask a t  t h e  f a r  end, and 
t h e  v e r t i c a l  a c c e l e r a t i o n  o f  t h e  cask a t  t h e  s t r u c k  end. The c o u p l e r  f o r c e  
measured d u r i n g  these  t e s t s  was used as t h e  f o r c e  o f  e x c i t a t i o n  caus ing  t h e  
system s i m u l a t e d  b y  CARDS t o  v i b r a t e .  
6, 14 and 20 f o r  Tests  16, 13 and 18, r e s p e c t i v e l y .  

T h i s  c o u p l e r  f o r c e  i s  shown i n  F i g u r e s  

The cask used i n  Tes ts  13, 16 and 18 was t h e  40-ton Hal lam cask used i n  T e s t  3 
(see F i g u r e  1, Table 1 and Reference 1 ) .  U n l i k e  t h e  box-shaped 70- ton cask 
used i n  Tes ts  10 and 11,(2) t h i s  c y l i n d r i c a l  cask was mounted on and secured 
t o  a c r a d l e  s t r u c t u r e  t h a t  se rved  as p a r t  o f  t h e  t i edown s t r u c t u r e .  I n  Tes t  
3, t h i s  c r a d l e  s t r u c t u r e  was f a s t e n e d  t o  a r a i l  c a r  w i t h  b o l t s ;  b u t ,  i n  Tes ts  
13, 16 and 18, i t  was f a s t e n e d  t o  a d i f f e r e n t  r a i l  c a r  ( a  d i f f e r e n t  one f o r  
each o f  t hese  t h r e e  t e s t s )  w i t h  cables.  
agreement between t h e  c a l c u l a t e d  and exper imen ta l  r e s u l t s  f o r  Tes t  3 was 
o b t a i n e d  o n l y  a f t e r  a l lowance was made f o r  s l a c k  i n  t h e  v e r t i c a l  t iedown 
s t r u c t u r e  a t  t h e  f a r  end ( o p p o s i t e  t h e  s t r u c k  end o f  t h e  c a r ) .  T h i s  s lack ,  
o r  looseness, i n  t h e  t iedowns was e v i d e n t  i n  h i g h  speed f i l m s  o f  Tes t  3. The 
f i l m s  showed r a i n  wa te r  b e i n g  e j e c t e d  f r o m  t h e  c o l l a r  a t  t h e  f a r  end o f  t h e  
cask a t  impact.  Also, i t  was r e c a l l e d  t h a t  a r u b b e r  shim had been i n s t a l l e d  
between t h e  c o l l a r  and t h e  cask. When t h i s  gap and r u b b e r  shim comb ina t ion  
was cons ide red  as p a r t  o f  t h e  t i edown s t r u c t u r e ,  and an a p p r o p r i a t e  n o n - l i n e a r  
s t i f f n e s s  c o e f f i c i e n t  devised, good agreement between t h e  c a l c u l a t e d  and 
exper imen ta l  r e s u l t s  was ob ta ined .  T h i s  same n o n - l i n e a r  r e p r e s e n t a t i o n  o f  t h e  
s t i f f n e s s  c o e f f i c i e n t  f o r  t h e  v e r t i c a l  component o f  t h e  r e a r  t iedowns was 
used, w i t h o u t  change, i n  t h e  s i m u l a t i o n s  o f  Tests  13, 16 and 18. 

I n  Tests  10 and 11, t h e  70-ton cask was b o l t e d  d i r e c t l y  t o  t h e  r a i l  c a r .  As 
shown i n  F i g u r e  1 and Table 1, t h e  same r a i l  c a r  was used i n  T e s t s  3, 10 and 
11. T h i s  r a i l  c a r  was a Seaboard C o a s t l i n e  (SCL) f l a t ,  bu l khead  c a r  w i t h  
s tandard coup le rs .  Fo r  T e s t s  13 and 16, an 80- ton f l a t  r a i l  c a r  w i t h  t h r e e -  
wheeled t r u c k s  was used. The 80 - ton  r a i l  c a r  was equipped w i t h  a s tandard 
c o u p l e r  on one end f o r  use i n  T e s t  16, and a 15- inch t r a v e l  end -o f - ca r  (EOC) 
cush ion  d e v i c e  on t h e  o p p o s i t e  end f o r  use i n  Test  13. T h i s  l a t t e r  c a r  i s  
r e f e r r e d  t o  as t h e  80- ton Union Carb ide c a r  because t h e  Union Carbide Corpora- 
t i o n  conver ted  i t  f o r  t r a n s p o r t i n g  c a n i s t e r s  p laced  i n  a welded, %aw-toothed'' 
r a c k  s u p e r s t r u c t u r e  added t o  t h e  t o p  o f  t h e  car .  ( 3 )  

As r e p o r t e d  i n  Reference 1, good 

F o r  Test 18, a SCL f l a t  
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bulkhead c a r  w i t h  a cush ion  underframe c o u p l i n g  mechanism was used. 
c i p a l  d i f f e r e n c e  between t h i s  c a r  and t h e  one used i n  Tes ts  3, 10 and 11 was 
i n  t h e  coup1 i n g  mechanism used. ( 3 )  

The p r i n -  

The CARDS model i s  a complex two-d imensional ,  mu l t i -degree-o f - f reedom model 
t h a t  de termines  t h e  h o r i z o n t a l ,  v e r t i c a l ,  and r o t a t i o n a l  mo t ion  o f . b o t h  t h e  
cask and i t s  r a i l  c a r  f o l l o w i n g  impact  w i t h  an a n v i l  t r a i n  d u r i n g  c o u p l i n g  
opera t i ons .  R e s u l t s  o f  a pa ramet r i c  and s e n s i t i v i t y  a n a l y s i s ,  u s i n g  CARDS and 
t h e  c a s k - r a i l  c a r  c o n f i g u r a t i o n  o f  Tes t  3, showed t h a t  t h e  r e l a t i v e  v e r t i c a l  
and r o t a t i o n a l  a c c e l e r a t i o n s  ( o f  t h e  cask r e l a t i v e  t o  t h e  r a i l  c a r )  a r e  h i g h l y  
s e n s i t i v e  and s e n s i t i v e ,  r e s p e c t i v e l y ,  t o  t h e  h o r i z  n a1 d i s t a n c e  between t h e  
c e n t e r s - o f - g r a v i t y  (c.g.) o f  t h e  cask and r a i l  car .  945 T h i s  h o r i z o n t a l  d i s -  
tance,  g i v e n  t h e  parameter name 1OCR i n  Reference 4, i s  h i g h l i g h t e d  i n  F i g -  
u res  2 th rough  5. 
c o n f i g u r a t i o n s  used i n  Tes ts  3 and 18, 10 and 11, 13, and 16, r e s p e c t i v e l y .  
These f i g u r e s  i d e n t i f y  n o t  o n l y  1OCR and t h e  casks and r a i l  c a r s  used i n  t h e  
t e s t s ,  b u t  a l s o  t h e  t y p e s  o f  c o u p l e r s  and t iedowns used. 

F i g u r e s  2, 3, 4 and 5 a r e  sketches o f  t h e  c a s k - r a i l  c a r  

As s t a t e d  e a r l i e r  i n  Sec t i on  1, DEVELOP DYNAMIC MODEL, t h e  s i m u l a t i o n s  o f  
Tes ts  13, 16 and 18 were i n i t i a l l y  gu ided b y  comparisons o f  measured and c a l -  
c u l a t e d  va lues  o f  t h e  h o r i z o n t a l  f o r c e  o f  i n t e r a c t i o n  between t h e  cask and t h e  
r a i l  ca r .  I n  t h e  CARDS model, t h i s  f o r c e  i s  d e f i n e d  b y  t h e  equat ion ,  

DUSLF = -(kS1 

where: 

DUSLF 

kS1 and kS4 

xRC 

XP 

LRC 

ZP 

= t h e  h o r i z o n t a l  i n t e r a c t i o n  f o r c e ,  l b ( f o r c e ) ,  

= s t i f f n e s s e s  o f  t h e  h o r i z o n t a l  components o f  t h e  r e a r  
and f r o n t  t iedowns,  r e s p e c t i v e l y ,  between t h e  cask and 
r a i  1 c a r  , 1 b ( f o r c e ) / . i n c h  ,, 

= t h e  h o r i z o n t a l  d isp lacement  o f  t h e  c.g. o f  t h e  

= t h e  h o r i z o n t a l  d isp lacement  o f  t h e  c.g. o f  t h e  cask o r  

c a s k - r a i l  car ,  inches,  

package, inches,  

= t h e  v e r t i c a l  d i s t a n c e  f r o m  t h e  h o r i z o n t a l  c e n t e r l i n e  
o f  t h e  c a s k - r a i l  c a r  t o  i t s  t o p  and bo t tom sur faces ,  
inches,  

= t h e  v e r t i c a l  d i s t a n c e  f r o m  t h e  h o r i z o n t a l  c e n t e r l i n e  
o f  t h e  cask t o  i t s  t o p - a n d  bo t tom sur faces ,  inches,  

2 ,  
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e RC 

O P  

= t h e  ang le  o f  t h e  r o t a t i o n  o f  t h e  XRC and YRC axes 
about  an a x i s  p e r i p e n d i c u l a r  t o  t h e  XRC - YFC 
p lane  th rough  t h e  c.g. o f  t h e  r a i l  ca r ,  r a d i a n s ,  

= t h e  ang le  o f  r o t a t i o n  of  t h e  Xp and Yp axes about 
an a x i s  pe rpend icu la r  t o  t h e  Xp - Yp p lane  th rough 
t h e  c.g. o f  t h e  cask o r  package, r a d i a n s .  

I n i t i a l  comparisons r e v e a l e d  poor agreement between t h e  c a l c u l a t e d  and meas- 
u red  va lues  o f  t h i s  f o r c e .  
impact  p u l s e s  o f  Tes ts  13 and 16, t h e  c a l c u l a t e d  r e s u l t s  i n c l u d e d  some sub- 
s t a n t i a l  n e g a t i v e  va lues  o f  t h i s  f o r c e  w h i l e  t h e  measured r e s u l t s  i n c l u d e d  
o n l y  a few s m a l l  n e g a t i v e  va lues .  

S p e c i f i c a l l y ,  a f t e r  t h e  peak f o r c e s  f o l l o w i n g  t h e  

O f  t h e  t h r e e  t e s t s ,  Tes t  16 was t h e  most s i m i , l a r  t o  Tes t  3, a t e s t  s imu la ted  
s u c c e s s f u l l y  e a r l i e r  i n  t h e  s t u d y  (see Reference 1 ) .  The h o r i z o n t a l  i n t e r -  
a c t i o n  f o r c e  c a l c u l a t e d  f o r  Tes t  3 d i d  n o t  show t h i s  tendency t o  n e g a t i v e  
va lues ,  so i t  was concluded t h a t  reasons f o r  t h e  d i f f e r e n c e s  i n  t h e  r e s u l t s  
m i g h t  b e  found b y  examin ing t h e  d i f f e r e n c e s  i n  t h e  c a s k - r a i l  c a r  systems used 
i n  these two t e s t s .  
of Tes t  3 and Test  16 a r e  (see F i g u r e s  1, 2 and 5 and Tab le  1 ) :  

The p r i m a r y  d i f f e r e n c e s  between t h e  c a s k - r a i l  c a r  systems 

1 )  A 70- ton  SCL f l a t ,  bu lkhead r a i l  c a r  was used i n  Tes t  3. I n  Tes t  16 
t h e  8O-ton Union Carb ide  r a i l  c a r  was used. Both o f  t hese  t e s t s  
were conducted w i t h  s tandard  coup le rs .  

2 )  I n  Tes t  3, t h e  c.g. o f  t h e  cask was l o c a t e d  49.0 inches  f o r w a r d  o f  
t h e  c.g. o f  t h e  r a i l  c a r .  
l o c a t e d  18.25 inches  a f t  o f  t he ' c .g .  o f  t h e  r a i l  c a r  (see F igu res  2 
and 5 ) .  

B o l t e d  t iedowns were used f o r  v e r t i c a l  r e s t r a i n t  i n  Tes t  3 .  I n  
Tes t  16, c a b l e  t iedowns were used. 

I n  Tes t  16, t h e  c.g. o f  t h e  cask was 

3 )  

The ma jo r  d i f f e r e n c e  between t h e  c a r s  used was i n  t h e  c a r  we igh ts .  
average w e i g h t  o f  t h e  loaded 8O-ton Union Carb ide  c a r  (des igna ted  as OROX805), 
based on we igh ts  measured p r i o r  t o  Tes ts  6 th rough 9 and Tes ts  12 th rough 16, 
i s  160,105 l b .  On ly  t h e  40- ton  cask was used w i t h  t h i s  c a r ,  so s u b t r a c t i n g  
t h e  w e i g h t  o f  t h i s  cask g i v e s  a c a r  we igh t  (which i n c l u d e s  t h e  cask c r a d l e )  o f  
about  80,105 l b .  The 70- ton  SCL r a i l  c a r  used i n  Tes ts  1 th rough 5 and i n  
Tes ts  10 and 11 was des ignated  as ACL78498. The loaded we igh t  o f  t h i s  car ,  
measured p r i o r  t o  Tes ts  10 and 11, was 222,920 l b .  S u b t r a c t i n g  t h e  we igh t  o f  
t h e  70- ton  cask g i v e s  a c a r  w e i g h t  o f  about  82,920 l b .  T h i s  means t h a t  t h e  
r a i l  c a r  used i n  Tes t  16 was about  3.4 pe rcen t  l i g h t e r  t han  t h e  r a i l  c a r  used 
i n  Tes t  3. 
d isp lacement  of  t h e  ca r ,  i.e., XRC i n  Equat ion  ( 1 )  would be  s m a l l e r .  Th is  
would produce a g r e a t e r  tendency toward  n e g a t i v e  va lues  o f  t h e  h o r i z o n t a l  

The 

A l i g h t e r  c a r  would d e c e l e r a t e  f a s t e r ,  r e s u l t i n g  i n  l e s s  h o r i z o n t a l  
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I 

i n t e r a c t i o n  f o r c e ;  however, i t  was f e l t  t h a t  t h e  d i f f e r e n c e  i n  t h e  c a r  w e i g h t s  
was t o o  sma l l  t o  account f o r  t h e  l a r g e  n e g a t i v e  va lues  o b t a i n e d  f r o m  t h e  model. 

Tne l o c a t i o n  o f  t h e  cask a long  t h e  l e n g t h  o f  t h e  r a i l  c a r  has l i t t l e  e f f e c t  on 
t h e  h o r i z o n t a l  f o r c e  o f  i n t e r a c t i o n .  T h i s  i s  e v i d e n t  f r o m  t h e  r e s u l t s  o f  t h e  
p a r a m e t r i c  and s e n s i t i v i t y  a n a l y s i s  r e p o r t e d  i n  Reference 4. I n  F i g u r e s  91 
and 92 o f  Reference 4, t h e  h o r i z o n t a l  d i s t a n c e  between t h e  v e r t i c a l  c e n t e r -  
l i n e s  o f  t h e  cask and r a i l  car, 10CR, i s  l i s t e d  i n  t h e  e i g h t h  and t e n t h  p o s i -  
t i o n s ,  r e s p e c t i v e l y ,  o f  t e n  parameters ranked acco rd ing  t o  t h e i r  i n f l u e n c e  on 
t h e  h o r i z o n t a l  t i edown  f o r c e .  The o n l y  parameters ranked below 1OCR ( t h a t  
i s ,  i n  p o s i t i o n s  i n d i c a t i n g  l e s s  i n f l u e n c e )  a r e  t h e  s t i f f n e s s  c o e f f i c i e n t s  
o f  t h e  v e r t i c a l  components o f  t h e  t iedowns, and two composi te  parameters 
r e p r e s e n t i n g  v a r i a t i o n s  o f  t hese  c o e f f i c i e n t s .  

The rema in ing  d i f f e r e n c e  between t h e  c a s k - r a i l  c a r  systems o f  Tes ts  3 and 16 
t h a t  m i g h t  account f o r  t h e  d i f f e r e n c e s  i n  t h e  c a l c u l a t e d  va lues  o f  t h e  h o r i -  
z o n t a l  i n t e r a c t i o n  f o r c e  i s  i n  t h e  t y p e  o f  t iedowns used. The e f f e c t  o f  t h e  
t y p e  o f  t iedowns used on t h e  h o r i z o n t a l  i n t e r a c t i o n  f o r c e  i s  p r i m a r i l y  due t o  
t h e  s t i f f n e s s  c o e f f i c i e n t s  o f  t h e  h o r i z o n t a l  components o f  t h e  t iedowns [see 
Equat ion ( l ) ] .  It was reasoned t h a t ,  because c a b l e s  i n s t e a d  o f  b o l t s  were 
used f o r  v e r t i c a l  r e s t r a i n t  i n  Tes t  16, t h e  cask (and i t s  c r a d l e )  a p p a r e n t l y  
tended t o  s h i f t  l o n g i t u d i n a l l y  d u r i n g  impact and d i d  n o t  r e t u r n  t o  i t s  o r i g i -  
n a l  p o s i t i o n .  
e f f e c t  o f  t h e  v e r t i c a l l y  o r i e n t e d  b o l t s  was m i s s i n g .  
s i p a t e d  d u r i n g  t h e  s h i f t i n g  o f  t h e  cask. 

l h i s  was because t h e  r e s t o r i n g  " s p r i n g "  a c t i o n  o r  "chock ing"  
Instead,  energy was d i s -  

The equa t ions  i n  t h e  CARDS model t h a t  d e f i n e  t h e  s t i f f n e s s  c o e f f i c i e n t s  o f  t h e  
h o r i z o n t a l  components o f  t h e  t iedowns were m o d i f i e d  t o  account f o r  t h i s  l o s s  
o f  energy due t o  s h i f t i n g  o f  t h e  cask. P r e v i o u s l y ,  t hese  s t i f f n e s s  c o e f -  
f i c i e n t s  were computed i n  a c a l c u l a t i o n  sequence t h a t  s e t  t h e  c o e f f i c i e n t s  
e i t h e r  t o  t h e i r  h i g h  o r  low va lues,  o r  t o  t h e  sum o f  t h e i r  h i g h  and low va lues,  
depending upon c o n d i t i o n s  r e l a t e d  t o  t h e  movement o f  t h e  cask (and i t s  c r a d l e ) .  
T h i s  procedure was r e t a i n e d ,  b u t  t h e  va lues  computed were m o d i f i e d  as f o l l o w s .  
L e t  t h e  unmod i f i ed  va lues  be expressed as 

and 

These c o e f f i c i e n t s  were m o d i f i e d  u s i n g  t h e  exp ress ions  

kSl(new) = kSl(old) [ 1 + MkSISgn ( dX:tPRC)] 
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and 

kS4(new) = kS4(01d)  [ 1 + MkS4Sgn ( dX!PtRC)I 
where: 

= t h e  r e l a t i v e  v e l o c i t y  o f  t h e  c a s k - r a i l  c a r  combinat ion,  
inches/second d X ~ ~ ~ ~  

d t  

- dXP dXRC - - - -  
d t  d t  ’ 

= t h e  v e l o c i t y  o f  t h e  cask, inches/second, - dXP 
d t  

= t h e  v e l o c i t y  0.f t h e  r a i l  c a r ,  inches/second, dXRC 
d t  

MkS1, Mks4 = Energy d i s s i p a t i o n  f a c t o r s  f o r  kS1 and kS4, r e s p e c t i v e l y ,  

Sgn(A) = t h e  s i g n  f u n c t i o n  

’+ 1, A >  0- 

- 1, A Z O  

.- 1, A <  0, 

d X ~ ~ ~ ~  
dt where A = 

The v a l u e s  o f  t h e  energy d i s s i p a t i o n  f a c t o r s  used depend upon t h e  c o n d i t i o n s  
encountered and imposed, i.e., 

10 



1 2Sl = MkSlF [if dx:!RC < 0 - and cable tiedowns used 

MkSl = 0 [otherwise] 

Similarly, 

1 - 
MkS4 - 2S4F [if dx:!RC< 0 - and cable tiedowns used 

MkS4 = 0 [otherwise] 

MkSlF and M ~ s ~ F  are arbitrary factors currently set at 0.5. 

The above representation of the stiffness coefficients in CARDS produced a 
good comparison of the calculated and measured values of the horizontal force 
of interaction between the cask and rail car of Test 16 (see Figure 7 ) ,  and 
reasonable agreement in comparisons of four additional response variables (see 
Figures 8, 9, 10 and 11). 

When the above equations and factors were used, without change, to determine 
the stiffness coefficients kS1 and ks4 for Tests 13 and 18, improvements 
in the comparisons of the calculated and measured results for these tests were 
also realized (see Figures 14 through 25). 

The stiffness coefficients defined by Equations (4) and (5) generate 
hysteresis-type curves. Figure 12 is a load-deflection curve generated for 
the horizontal component of the tiedown at the far end during the simulat 
of Test 16, and Figure 13 i s  the corresponding plot o f  the stiffness coef 
cient kS1 as a function of the relative displacement XP-XRC. 

Figure 8 shows three plots of the horizontal acceleration of the rail car 
during Test 16. The solid line is a plot of the calculated acceleration, 
dashed line is a plot of the measured acceleration, and the dash-dot line 
plot of the calculated acceleration of the rail car with no cask. The ca 
lated and measured values of the acceleration of the loaded rail car show 
agreement. During the peak pulse, the calculated acceleration is only about 
one-fourth the measured acceleration. The peak acceleration of the unloaded 
rail car is about one-half that of the measured acceleration during the same 
time period. 
of the acceleration may be in error. In Figure 3 of Reference 5, values of 
the horizontal acceleration of the loaded rail car, measured during Test 3, 
were compared with calculated values for both the loaded and unloaded rail car 
(an unloaded rail car i s  defined as one without both the cask and the trucks). 

There is strong evidence that suggests that the measured values 

1 1  

on 
i- 

the 
is a 

poor 
CU- 



The purpose of this earlier comparison of results was to show that the hori- 
zontal motion of the cask strongly influences the horizontal motion of the 
rail car. These earlier comparisons showed that the calculated and measured 
results for the "loaded" system compare very well, and that the deceleration 
of the "isolated" or "unloaded" rail car is substantially greater. It was 
also shown that the deceleration o f  the unloaded car follows the coupler force 
curve. 
Reference 5, the following facts may be noted: 

When the results in Figure 8 are compared with those of Figure 3 in 

3 

4)  

The measured and calculated accelerations in Reference 5 are in very 
close agreement; 

The peak calculated accelerations of both the loaded and unloaded 
rail cars in figure 8 are consistent with those in Reference 5; 

The calculated accelerations of the unloaded rail car, in Figure 8 
and in Reference 5, follow the respective coupler force curves for 
Tests 16 and 3; and 

The coupler force  c u r v e s  f o r  Test 3 ( see  Figure 8 in Reference 1 )  
and for Test 16 (see Figure 6) are not identical, but they are very 
similar and their peak values are in the neighborhood of 1.1 x 106 
pounds force. 

In addition to these facts, further evidence is suggested by the comparison of 
the measured and calculated values of the horizontal acceleration of the cask 
in Figure 9. This figure shows that very good agreement between the measured 
ana calculated values was realized. It seems doubtful that such good agree- 
ment could be obtained for the horizontal acceleration of the cask while the 
measured and calculated values of the horizontal acceleration of the rail car 
show such poor agreement. It was shown earlier, in Reference 5, that the 
horizontal motion of the cask strongly influences the horizontal motion of the 
rail car. 

Measured and calculated values of the vertical acceleration o f  the cask at the 
far end are compared in Figure 10. Only fair agreement was realized since the 
peak values of the calculated acceleration are about 50 or 60 percent greater 
than the measured accelerations, and the frequency is lower. However, the 
calculated results appear to be consistent with the corresponding results for 
Test 3 (see Figure 12 of Reference l), while the measured results are about a 
factor of 2 less than those obtained from Test 3. The press of time ruled out 
an in-depth analysis of these differences that might have led to their verifi- 
cation or to some justification for modifications to the model that would have 
produced better agreement. 

Figure 1 1  compares measured and calculated values of the vertical acceleration 
of the cask at the struck end. Here again, only fair agreement was realized. 
Comparisons with Test 3 results, in this case, do not show any resemblance or 
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consistency, In fact, it appears that there is better agreement between the 
measured and calculated values for Test 16 than between corresponding values 
from Test 16 and Test 3. For example, the frequencies of both the measured 
and calculated values of Test 16 are higher than those of Test 3, and are 
consistent with one another. 
is higher than that of the measured results. 

However, the frequency of the calculated results 

Although time did not permit an in-depth analysis to find a reason for the 
differences in the vertical accelerations of the cask obtained for the 
cask-rail car systems used in Tests 3 and 16, it should be pointed out again 
that one of the three primary differences between the cask-rail car systems 
used in these tests is the parameter 10 R, the horizontal distance between 

cask was located 49.0 inches forward of the c.g. of the rail car whereas, in 
Test 16, the c.g. of the cask was located 18.25 inches aft of the c.g. of the 
rail car (see Figures 2 and 5). It is not certain what effect this has on the 
vertical accelerations, however, the results of the parametric and sensitivity 
analysis show that both the maximum absolute relative vertical acceleration of 
an equivalent single-degree-of-freedom model of the cask-rail car system of 
Test 3 ana the maximum vertical acceleration of its support are highly sensi- 
tive to 1OCR (see Table 7.and Figures 86 and 89 of Reference 4). 

It was stated earlier that when Equations (2) through (9) and the arbitrary 
factors MkSlF and Mks4~ were used, without change, to determine the stiff- 
ness coefficients kS1 and ks4 for the cask-rail car systems used in Tests 
13 and 18, improvements in the comparisons of the calculated and measured 
results for these tests were also realized. For these tests time did not 
permit further analysis beyond this stage; consequently, comparisons of meas- 
ured and calculated values of response variables for these tests are presented, 
as developed, in Figures 15 through 25. Figures 15 through 25 show that, even 
though no further work was done, the calculated and measured results for these 
tests are in reasonable agreement. 

the vertical centerlines of the cask an 5 rail car. In Test 3, the c.g. of the 

Calculated and measured response variables for Test 3 have been compared in 
Reference 1, for Tests 10 and 11 in Reference 2, and for Tests 13, 16 and 18 

' in the present report. On the basis of these comparisons, it is concluded 
that the CARDS model is an acceptable tool for the prediction of the dynamic 
response of a cask-rail car system impacting a stationary train of cars at 
speeds up to 1 1  mph. 

4. COLLECT PARAMETER DATA 

1-his task has been completed. 

5. PARAMETRIC AND SENSITIVITY ANALYSIS 

This task has been completed. 

6. lNTERIM REPORT 

No interim reports were published durinu this period. 
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FIGURE 1. Morphological Space Representation of Cask-Rail Car Coupling Tests. 
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FIGURE 2. Cask-Rail  Car C o n f i g u r a t i o n  Used i n  Tests  3 and 18. 
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FIGURE 3. Cask-Rail  Car C o n f i g u r a t i o n  Used i n  Tests 10 and 11. 
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FIGURE 4. Cask-Rail Car Configuration Used i n  Test 13. 
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FIGURE 5. Cask-Rail Car Configuration Used in T e s t  16. 
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FIGURE 6.  Coupler Force vs Time During Impact of Cask-Rail Car w i t h  Four 
Hopper Cars Loaded with Bal las t  (Test  16 - Instrument 3 ) .  
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FIGURE 7. H o r i z o n t a l  -Force o f  I n t e r a c t i o n  Between Cask and R a i l  Car vs Time 
Dur ing  Impact w i t h  Four Hopper Cars Loaded w i t h  Ballast (Tes t  16 
- Ins t ruments  27 and 28). 
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Horizontal Acceleration o f  the Cask-Rail Car During Impact 
Four Hopper Cars Loaded with Ballast (Test 16 - Instrument 
Filtered at 100 Hz) . 
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FIGURE 9.  Horizontal Acceleration o f  the  Cask During Impact w i t h  Four Hopper 
Cars Loaded w i t h  Ba l las t  (Test  16 - Instrument 8: 
100 Hz) . Fi l te red  a t  
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FIGURE 10. Vertical Acceleration of the Cask a t  the Far End Dur ing  Impact 
w i t h  Four Hopper Cars Loaded w i t h  Bal las t  (Test  1 6  - Instrument 11: 
F i l te red  a t  50 Hz) . 
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FIGURE 11. Vertical Acceleration of the  Cask a t  the Struck End During Impact 
w i t h  Four Hopper Cars Loaded w i t h  Bal las t  (Test 16 - Instrument 9 :  
F i l te red  a t  50 H z ) .  
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FIGURE 1 2 .  Horizontal Tiedown Force vs Relative Displacement Between Cask 
and Rail Car (Test 1 6 ) .  
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FIGURE 13. S t i f f n e s s  Coefficient of Horizontal Component of Tiedowns vs 
Relative Displacement Between Cask and Ra.il Car (Test 16) .  
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F I G U R E  14. Coupler Force vs  Time During Impact of Cask-Rail Car with Four 
Hopper Cars Loaded with Ballast (Test 13 - Instrument 3). 
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FIGURE 15. Horizontal Force of Interaction Between Cask and Rail Car vs Time 
During Impact with Four Hopper Cars Loaded with Ballast (Test 13 
- Instruments 27 and 28). 
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FIGURE 16. Horizontal Acceleration o f  the Cask-Rail Car During Impact with 
Four Hopper Cars Loaded with Ballast (Test 13 - Instrument 7: 
Filtered at 50 H z )  . 
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FIGURE 17, H o r i z o n t a l  A c c e l e r a t i o n  o f  t h e  Cask Dur ing  Impact  w i t h  Four Hopper 
Cars Loaded w i t h  B a l l a s t  ( T e s t  13 - Ins t rumen t  8: 
100 Hz) . 

F i l t e r e d  a t  
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FIGURE 18. Vertical Acceleration of the Cask at the Far End During Impact 
with Four Hopper Cars Loaded with Ballast ( T e s t  13 - Instrument 1 1 :  
Filtered at 50 Hz) . 
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FIGURE 19. Vertical Acceleration of the Cask at the Struck End During Impact 
with Four Hopper Cars Loaded with Ballast ( T e s t  13 - Instrument 9: 
Filtered at 50 Hz) . 
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FIGURE 20. Coupler Force vs  Time During Impact of Cask-Rail Car with Feu;- 
Hopper Cars Loaded with Ballast (Test 18 - Instrument 3). 
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FIGURE 21. Horizontal Force o f  Interact ion Between Cask and Rail Car vs Time 
D u r i n g  Impact w i t h  Four Hopper Cars Loaded w i t h  Bal las t  (Test  18 
- Instruments 27 and 28). 
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FIGURE 22. Horizontal Acceleration of the Cask-Rail Car During Impact with 
Four Hopper Cars Loaded with Ballast (Test 18 - Instrument 12: 
Filtered at 50 Hz). 
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FIGURE 23. Horizontal Acceleration of the Cask During Impact with Four Hopp 
Cars Loaded with Ballast (Test 18 - Instrument 8: 
100 H z ) .  
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FIGURE 24. Vertical Acceleration o f  the Cask at the Far End During Impact 
with Four Hopper Cars Loaded with Ballast ( T e s t  18 - Instrument 1 1 :  
Filtered at 50 Hz) . 
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FIGURE 25. V e r t i c a l  A c c e l e r a t i o n  of t h e  Cask a t  t h e  S t r u c k  End Dur ing  Impact  
w i t h  Four  Hopper Cars Loaded w i t h  B a l l a s t  ( T e s t  18 - Ins t rumen t  9:  
F i l t e r e d  a t  50 H t )  . 
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TABLE 1 

SUMMARY OF CONFIGURATIONS AND CONDITIONS 
OF COMPLETED CASK-RAIL  CAR COUPLING TESTS 

Impact  S top  
Tes t  Ra i  1 Cask W t  Speed Frequency 
No. Date Car Coupler  ( t o n s )  (mph) f n T i  edown 

P1 b/8 I 1 1  S t d  42 .5  5 . 5  
P2 b / 8  I 1 1  S t d  42.5 7.6 

P3 6/8 111 S t d  42.5 11.8 

1 7/14 I 
2 7/18 I 
3 7/15 I 
4 7/15 1 
5 7/20 I 
6 7/26 111 
7 7/26 111 
8 7 /26  I11 
5 7/26 111 

10 7/27 I 
11 7/27 1 
12 7/31 111 
13 8/1 1 1 1  
14 8/1 111 
15 8/1 111 
16 8/2 111 
17 8/3 I 1  
18 8 /3  I 1  

S t d  
S t d  
S t d  
S t d  
S t d  
EOC 
EOC 
EOC 
EOC 
S td  
S t d  
EOC 
EOC 
S td  
S t d  
S td  

Cushion 
Cushion 

40 8.3 
40 9 .0  
40 10.5 
40 10.7 
40 10.5 
40 2 . 8  
4 0  5.6 
40 9.2 
40 9 . 2  
70 8.0 
70 1 1 . 2  
40 11.2 
40 11.2 
40 5.4 
40 6 .5  
40 10.8 
40 5.9 
40 10.7 

H i  
H i  
H i  
Low 
t i  i 

*Suppor t  Underbeam R e i n f o r c e d  ( i  .e., s t i f f e n e d ) .  

R a i l c a r s :  I 70 t o n  SCL - S t d  Couplers  
9 

I1  70 t o n  SCL - Cushion Underframe 

Tiedowns : 

A 
A* 
A 
B 
D 
C 
C 
C 
C 
A 
A 
0 
D 
C 
C 
D 
D 
D 

Remarks 

P r e l i m i n a r y  Test  Had No I n s t r u m e n t a t i o n  

- Concrete S i m u l a t i o n  - Welded S t e e l  S top  - Cahle R i g g i n g  t o  R e s t r a i n  i n  Weight  
- No S t r u c t u r a l  Damage 

Ins t rumen ted  Coup le r  F a u l t y  
Ins t rumen ted  Coup le r  F a u l t y  
Ins t rumen ted  Coup le r  F a u l t y  

Cable Load I n s t r u m e n t s  F a i i l t y  
No Photography - No Data on Tape 
No Photogrdphy - No Data on Tape 
No Photography - No Data on Tape 
No Photography - No Data on Tape 
One H igh  Speed Camera On ly  
One High Speed Camera On ly  
Data Q u e s t i o n a b l e  
Repor t  o f  Tes t  12 

Some Cables Loose A f t e r  l e s t  

111 80 t o n  Un ion  Carb ide  - M ixed  Coup le rs  
A - 2 l oad  c e l l s  between s t o p  and c a s k  btrrnper beams 

B - Same as A, excep t  fn lowered w i t h  bumper heams 
C - Ten 1 - i n .  c a b l e s  a t  same a n g l e  - No s t o p  
D - V e r t i c a l  Tiedown w i t h  s i x  c a b l e s  - two ins t run ien ted  

- 2 l o a d  b o l t s  r e p r o d u c i b l y  snug 
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