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reasonable that a more general test program for cylindrical models might 

also produce data that would adequately predict the results of tests 

made with prototype cylindrical casks. 

5. The model of the prismatic cask used in the test program is 

sufficiently accurate, but until the range of the test parameters for 

the cylindrical cask is expanded, the adequacy of the model of the 

cylindrical cask cannot be determined. 

111. RECOMMENDATIONS 

In view of the close correlation between the test data for the 

prototype of the prismatic cask and the equation 

t = ( W / S ) O  ? (28) 

it is recommended that this equation be used to select the thickness of 

the cask jacket when the material is to be steel backed by lead. If 

structural features that will affect the flexibility of the cask jacket 

are within approximately 9 inches of the center of the impact region, 

an allowance must be made for the effect of these features upon the 

results predicted by Equation 28. 

For cylindrical casks with diameters between 18 and 30 inches, 

selection of the jacket thickness by using Equation 28 with a modified 

weight equal to 1 . 3  times the actual weight is recommended. For cylin- 

drical casks with diameters greater than 30 inches, selection of the 

jacket thickness by using Equation 28 without a modifying weight factor 

appears to be reasonable. If structural features that would affect 

. 
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t h e  f l e x i b i l i t y  of  t h e  j a c k e t  a r e  wi th in  about 9 inches  of  t he  c e n t e r  

o f  impact, t h e  e f f e c t s  o f  t h e s e  f e a t u r e s  must a l s o  be provided f o r  i n  

making t h e  f i n a l  s e l e c t i o n  of t h e  th i ckness  of  t he  j a c k e t  f o r  cy l in -  

d r i c a l  casks.  

There a r e  a number o f  parameters  t h a t  have not  been eva lua ted  

and some gene ra l  a r e a s  t h a t  a r e  i n  need of  a d d i t i o n a l  d a t a .  A number 

of t o p i c s  t h a t  should be i n v e s t i g a t e d  a r e  l i s t e d  below. 

1. Very l i t t l e  t es t  d a t a  are a v a i l a b l e  f o r  both p r i s m a t i c  and 

c y l i n d r i c a l  p ro to type  casks.  

t h a t  t h e i r  r e s u l t s  can be compared wi th  t h e  r e s u l t s  o f  model t e s t s  

would be u s e f u l  i n  v e r i f y i n g  t h e  r e s u l t s  of  t h e  model t e s t s .  

Addi t iona l  t e s t s  o f  t h i s  type planned so 

2 .  Addi t iona l  t e s t s  w i t h  c y l i n d r i c a l  models a r e  needed t o  

eva lua te  the  e f f e c t  on puncture  r e s i s t a n c e  o f  

(a) D/d r a t i o s  o f  l e s s  than 7.75, 

(b) length- to-diameter  r a t i o s  ( t h i s  a l s o  a p p l i e s  t o  p r i sma t i c  casks) ,  

and 

(c )  D / t  r a t i o s  o f  l e s s  than 55 and, i n  p a r t i c u l a r ,  where t i s  va r i ed .  

3 .  Severa l  f a c t o r s  t h a t  may in f luence  t h e  r e s u l t s  of t he  punch 

impact t e s t s  t h a t  have no t  been i n v e s t i g a t e d  a r e  

(a) t h e  e f f e c t  on puncture  r e s i s t a n c e  o f  r e s t r a i n t s ,  such a s  handl ing  

b racke t s ,  i n t e r n a l  s t r u c t u r a l  members, and r e l a t i v e l y  r i g i d  

s e c t i o n s  nea r  t h e  ends o f  a cask, t h a t  a r e  gene ra l ly  necessary  f o r  

proper  c l o s u r e ;  
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r e  r e s i s t a n c e  of  impact a t  a p o i n t  such t h a t  

f t h e  punch does no t  p a s s  through t h e  c e n t e r  of  

and 

on o r  nea r  a c l o s u r e  where t h e  seal  of  t h e  

e r e l y  impaired wi thout  punc tu r ing  t h e  s h e l l  o f  



LIST OF REFERENCES 

3 



LIST OF REFERENCES 

1. Code of Federal Regulations, Title 10, Part 71, Transport of 
Licensed Materials; also see Federal Register, Vol. 30, 
pp. 15748-15759, December 21, 1965. 

2. H. G. Clarke, "Model Impact Tests Pertaining to Shipping Con- 
tainers for Radioactive Materials," Summary Report of AEC 
Symposium of Packaging and Regulatory Standards for Shipping 
Radioactive Materials, USAEC Report TID-7651, United States 
Atomic Energy Commission, Division of Technical Information, 
1962, pp. 238-264. 

3. L. B. Shappert, "A Guide to the Design of Shipping Casks for the 
Transportation of Radioactive Materials," USAEC Report ORNL- 
TM-681, Oak Ridge National Laboratory, April 1965. 

4. A. E. Spaller, "Structural Analysis of Shipping Casks, Resistance 
to Puncture," USAEC Report ORNL-TM-1312, Vol. 2, Oak Ridge 
National Laboratory, September 1966. Also "An Experimental 
Investigation of the Puncture Resistance of Steel Plates Backed 
by Lead Apropos Casks for Shipping Radioactive Materials." 
Unpublished Master's Thesis, University of Tennessee, August 
1966. 

5. R. W. White and N. B. Botsford, "Containment of Fragments from a 
Runaway Reactor," USAEC Report SRIA-113, Stanford Research 
Institute, Menlo Park, California, September 15, 1963. 

6. N. R. Zabel, "Containment of Fragments from a Runaway Reactor," 
USAEC Report SRIA 1, Stanford Research Institute, Menlo Park, 
California, April 2, 1958. 

7.  C. R. Russell, Reactor Safeguards, The MacMillian Company, New 
York, 1962, p. 138. 

8 .  E. V. Crane, Plastic Working of Metals and Non-Metallic Materials 
in Presses, John Wiley and Sons, Inc., New York, 3rd edition, 
2nd printing, 1945, pp. 30, 35, and 36. 

9. F. J. C a m  (ed.), revised by A. T. Collings, Newnes Engineer's 
Reference Book, George Newnes Limited, London, 9th edition, 
1960, p. 1109. 

81 



82 

10. R. S. Burns and L. B. Shappert, "Indexed Bibliography of  Trans- 
portation and Handling of  Radioactive Materials," USAEC Report 
OWL-NSIC-33, Oak Ridge National Laboratory, Nuclear Safety 
Information Center, June 1967. 

11. H. G. Clarke, Jr., "Impact Resistance of Casks," Nuclear Engineer- 
ing, Part XIV, Chemical Engineering Progress Symposium Series, 
Vol. 61, No. 56, American Institute of Chemical Engineers, 
New York, 1965. 

12. C. E. Murphy, Similitude in Engineering, The Ronald Press Company, 
NeiJ York, 1950, pp. 4 ,  57-66, and 109. 

13. D. W. Goodpasture and L. B. Shappert, "Energy Absorption 
Capabilities of Steel Determined From Cask Impact Test," USAEC 
Report ORNL-TM-680, Oak Ridge National Laboratory, January 1964, 
p. 7. 



8 3  

ORNL TM-1312 
VOl. 3 

I n t e r n a l  D i s t r i b u t i o n  

1. T. A. Arehart  
2 .  M. Bender 
3 .  C. E. B e t t i s  
4 .  R. E. Blanco 
5 .  R. E. Brooksbank 
6 .  K. B. Brown 
7 .  F. R. Bruce 
8 .  J. R. Buchanan 
9 .  C.  D. Cagle 

10. D. D. Cannon 
11. F. L. C u l l e r  
12.  F. C. Davis 
13. R. L. Donahue 
14. H. G. Duggan 
15.  J. H. Evans 
16 .  D. E. Ferguson 
17.  W. F. Ferguson 
1 8 .  F. C.  F i t z p a t r i c k  
1 9 .  W. R. G a l l  
20 .  J. H. G i l l e t t e  
2 1 .  H. E .  Goel le r  
2 2 .  K. W.  Haff 
23 .  R. L. J o l l e y  
24 .  0. A. Kel ly  
25 .  E.  M. King 
26 .  B. B. K l i m a  

27 .  
2 8 .  
29.  

30-35. 
36.  
37 .  
38 .  
39 .  
4 0 .  

41 -42 .  
43. 
44. 
4 5 .  
4 6 .  
4 7 .  
4 8 .  
4 9 .  
50. 
51. 

52-53.  
54 .  
55 .  

56-65. 
6 6 .  
6 7 .  

A. J. M a l l e t t  (K-25) 
J. R. McGuffey 
J. D. McLendon ( Y - 1 2 )  
H. A. Nelms 
J. P. Nichols  
J. N .  Robinson 
R. Salmon 
W. F. Scha f fe r  
R. D. Seagren 
L. B. Shappert  
F. T. Snyder 
W. C. S toddar t  
D. A. Sundberg 
W. E. Unger 
H. K. Walker 
D. C .  Watkin 
M. E .  Whatley 
W. R. Winsbro 
R. G. Wymer 
Cen t ra l  Research L ib ra ry  
Document Reference Sec t ion  
GE Div is ion  L ib ra ry  
Laboratory Records Department 
Laboratory Records, ORNL R. C .  
ORNL Pa ten t  O f f i c e  

Ex te rna l  D i s t r i b u t i o n  

6 8 .  R. F. Barker, AEC, Washington, D. C. 
6 9 .  D. E. Beaderstadt ,  Chicago Operat ions Of f i ce  
7 0 .  C. Beck, AEC, Washington, D. C. 
7 1 .  W. G. Be l t e r ,  AEC, Washington, D. C. 
7 2 .  C. J. Bliem, Department of Mechanical and Aerospace Engineering, 

7 3 .  H. G. Clarke,  The Frankl in  I n s t i t u t e  
7 4 .  G. C. Gower, Chicago Operat ions O f f i c e  
7 5 .  J. C.  Glynn, AEC, Washington, D. C. 
7 6 .  R. W.  Holland, Department of  Mechanical and Aerospace Engineering, 

Un ive r s i ty  of Tennessee, Knoxville,  Tennessee 

Un ive r s i ty  of Tennessee, Knoxville,  Tennessee 



84 

94 

7 7 .  
78 .  
7 9 .  
80 .  
8 1 .  
8 2 .  
83 .  
84 .  

8 5 .  
86 .  
87 .  
8 8 .  
89 .  
90 .  
91 .  

92 .  
93 .  

-108. 
109.  

Robert Jetter, Atomics International 
W. A. Johnson, AEC, Oak Ridge 
John Langhaar, DuPont, Wilmington 
J. A .  Lenhard, AEC, Oak Ridge 
J. A. Lieberman, AEC, Washington, D. C. 
B. G. Lindberg, AEC, Wasington, D. C. 
E. Lusk, Battelle Memorial Institute 
R. L. Maxwell, Department of Mechanical and Aerospace Engineering, 

W. A. Nelson, AEC, Washington, D. C. 
D. E. Patterson, AEC, Washington, D. C. 
R. W. Peterson, National Lead, Wilmington 
W. A .  Pryor, AEC, Oak Ridge 
T. Ricci, Atomics International 
E. M. Shank,Eurochemic 
L. R. Shobe, Engineering Mechanics Department, University of 
Tennessee, Knoxville, Tennessee 

J. A. Sisler, AEC, Washington, D. C. 
C. H. Weaver, Dean of School of Engineering, University of 
Tennessee, Knoxville, Tennessee 

Division of Technical Information Extension 
Laboratory and University Division, AEC OR0 

University of Tennessee, Knoxville, Tennessee 

* 

c 


	SAR ref. B.7-10 and C.7-6_Part18
	SAR ref. B.7-10 and C.7-6_Part19
	SAR ref. B.7-10 and C.7-6_Part20



