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A study was conducted t o  determine the  'seismic e f f e c t s  on the containment s t r u c t u r e  
of  a proposed underground r e a c t o r  f a c i  1 i ty. Simp1 i f i e d  and o f t e n  inadequate bu i  l d i n g  
code equ iva len t  s t a t i c  des ign  procedures f r e q u e n t l y  used f o r  convent iona l  r e a c t o r  systems 
are not adequate f o r  p a r t i a l l y  b u r i e d  o r  f u l l y  b u r i e d  r e a c t o r  systems. A s o p h i s t i c a t e d  
dynamic ana lys i s  which can cons ider  s o i  1 - s t r u c t u r e  i n t e r a c t i o n  e f f e c t s  r e s u l t i n g  f rom 
both seismic displacements and fo rces  must be employed. One such approach would be t o  
use t h e  f i n i t e  element method*. This  note g ives  the  r e s u l t s  o f  us ing  such an approach 
t o  consider  bo th  the  s t a t i c  overburden and dynamic earthquake e f f e c t s  on the  containment 
s t r u c t u r e  o f  the  proposed underground r e a c t o r  f a c i l i t y .  
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The f i r s t  s t e p  i n  the seismic ana lys i s  and e v a l u a t i o n  o f  a r e a c t o r  f a c i l i t y  i s  the  
p o s t u l a t i o n  o f  poss ib le  earthquake ground mot ions a t  the  s i t e .  Once the  r e a c t o r  s i t e  
has been se lec ted  an i n v e s t i g a t i o n  o f  the s e i s m i c i t y  and geology o f  the  area permi ts  
est imates o f  bo th  p o t e n t i a l  earthquake m a ~ n i t u d e s  and t h e i r  p o t e n t i a l  e p i c e n t e r  
loca t ions .  These est imates coupled w i t h  knowledge o f  s i t e  s o i  1 c o n d i t i o n s  permi ts  
e s t i z a t e s  of peak ground motions and frequency d i s t r i b u t i o n s  o f  ground mo t ion  f o r  the  
s i t e .  

Two approaches a re  u s u a l l y  used t o  p r e d i c t  the ground acce le ra t i ons  r e s u l t i n g  from 
any given earthquake. One approach uses recorded sur face motions from past  earthquakes 
t o  ex t rapo l  ate d i  r e c t l y  mot i  ons a t  some ep i  c e n t r a l ,  d is tance . The o the r  es t imates  the 
bedrock ~ a o t i o n  under l y ing  the s i t e  and then uses d e t a i l e d  s i t e  p r o p e r t i e s  t o  compute 
both sur face and subsurface mot ion  above the  bedrock l e v e l .  For  t h i s  ana lys i s  the 
1 a t t e r  approach i s  assumed. 

Since no s p e c i f i c  s i t e  i s  being considered here  t h e  p r e d i c t i o n  o f  earthquake motions 
f o r  use i n  t he  ana lys i s  was q u i t e  a r b i t r a r y .  S i m i l a r l y  t he  choice o f  d e t a i l  s i t e  
p rope r t i es  requ i  red  t o  de f i ne  the  media sur round i  ng the  containment s t r u c t u r e  was q u i t e  
a r b i t r a r y .  However, the earthquake motions used.  here  a re  rep resen ta t i ve  o f  the 
magnitude and . frequency content  o f  prev ious . recorded earthquake ground mot ions measured 
i n  bedrock. I n  add i t i on ,  the  m a t e r i a l  p r o p e r t i e s  used f o r  t h e  geo log i ca l  media a r e  
considered t o  be reasonable es t imates .  

ANALY S I S 

Figure 1 de f ines  the  containment s t r u c t u r e  and the e x t e n t  of the  sur round ing  media 
considered. The containment s t r u c t u r e  cons i s t s  o f  a s t e e l  l i n e r  surrounded by 5 f t o f  
concrete. The s t e e l  l i n e r  cons i s t s  o f  a 90 f t  diameter  c y l i n d e r  c losed  on t o p  by  a 
spher ica l  dome. The s t e e l  l i n e r  i s  1.8 i n .  t h i c k .  Both the  s t e e l  l i n e r  and the  concrete 
are i n t e g r a l  w i t h  a 10 f t  t h i c k  founda t ion  which i s  . l oca ted  340 f t  below t h e  sur face.  
Extending from the t o p  o f  t he  s p h e r i c a l  dome t o  t h e  sur face i s  a 10 f t  diameter  (1.25 i n .  
t h i c k )  s t e e l  p ipe u s e d ' f n r  access t o  the conta ined area. 

*The fi n i  t e  eleinent method i s  a technique f o r  determin ing the d i s p l  a~ements  , s t r a i n s  
and st resses i n c o n t i  nuous bodies ( s t r u c t u r e s ) .  The bas i c  concept assumes t h a t  t he  

e n t i r e  s t r u c t u r e  may be cons.idered as an assemblage o f  subs t ruc tures  o r  elements. The 
s t r u c t u r e  i s  d i v i d e d  i n t o  a f i n i t e  number o f  such elements which are i n te rconnec ted  a t  
nodal p o i n t s .  A1 1 o f  t h e  elements are then assembled and analyzed b y  t h e  d isp lacement  
nethod of s t r u c t u r e  ana lys i s .  The f i n i t e  element method i s  r e a d i l y  app l i cab le  t o  
t reatment  o f  non-homogenous s t r u c t u r e s  wi t h  complex shapes and l o a d i  ng . Non-1 i near 
zf fects may be Inc luded  I f  des i reab le&  
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The model extends 500 f t  below t h e  sur face where bedrock i s  assumed. The h o r i z o n t a l  
boundaries are  l oca ted  a t  500 ft f rom t h e  a x i s  o f  t h e  symmetry. Various d i f f e r e n t  geo- 
l o g i a l  media a re  considered as shown i n  F igure  1. 

Two type3 of l oad ing  a r c  considered - an overburden load ing  and a ho r f zon ta l  ea r th -  
quake 1 oading . Analyses were' conducted separa te ly  and then superimposed. As i n d i c a t e d  
e a r l i e r  t h e  earthquake load ing  i s  app l i ed  a t  t h e  assumed bedrock l e v e l .  The 1971 San 
Fernando (Pacoima Dam) acce le ra t i on  record  normal i z e d  a t  0.2 g maximum a c c e l e r a t i o n  was 
used. 
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A11 o f  t h e  c a l c u l a t i o n s  were made us ing  t h e  f i n i t e  element computer programs c a l l e d  
3TVIS2 and GHOSH. 60th codes can t r e a t  axisymmetr ic s t r u c t u r e s  sub jec ted t o  dynamic 
loads. I n  a d d i t i o n ,  GHOSH can consider  non-axis3;?lmotric l o a d i n g  and DTVIS2 can t r e a t  
thermal problems i f  desi red.  For more i n f o r m a t i o n  regard ing these programs see . 
ENW-72-13 and t i l e  DTVIS2 User 's  Manual. 
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The r e s u l t s  a re  summarized i n  Figures 2 through 7.' The dynamic ana lys i s  considered 
the 1 owest f i v e  fundamental modes of v i b r a t i o n .  F i ve  percent  c r i t i c a l  viscous damping 
das used i n  a1 1 modes and a1 1 ma te r ia l s .  F igure  2 g ives  t h e  f i r s t  and second mode 
shapes (magnifi.ed cans iderab ly ) ,  t h e  f i r s t  f i v e  n a t u r a l  per iods,  and percent  p a r t i c i -  
pa t ion  f a c t o r s  o f  t h e  combined containment s t r u c t u r e  and surrounding media. As i nd i ca ted  
3y the  68 percent  p a r t i c i p a t i o n  fac tor ,  t h e  combined containment s t r u c t u r e  and media i s  
responding p r i m a r i l y  i n  t h e  f i r s t  mode. 

F igure  3 g ives  some of t h e  r e s u l t s  ob ta ined from t h e  s t a t i c  overburden ana lys i s ;  
Ziven a re  t h e  deformed shape (magnified 500 t imes) and s t r e s s  contours o f  maximum and 
n i  nimum p r i  n c i  pa l  s t resses and maximum shear st ress. .  . Such in format ion  ivoul d prove he1 p- 
f u l  when determining excavat ion cu ts  and t h e  s e l e c t i o n  of b a c k f i l l  ma te r ia l .  By exclud- 
ing  the  containment s t r u c t u r e ,  b a c k f i l l  m a t e r i a l  and sand an ana lys i s  c o u l d  be made t o  
evaluate t h e  s t a b i l i t y  o f  excavat ion slopes. 

Figures 4 through 7 g i v e  p l o t s  of.maximum a x i a l  and hoop s t resses versus depth 
i n  t h e  s t e e l  l i n e r  and concre te  f o r  bo th  s t a t i c  overburden load ing  and earthquake. load-  
ing. 

For .  t h e  s t a t i c  overburden load ing maximum stresses' i n ,  t h e  ' s t e e l  and concrete are: 

Ax ia l  Stress Hoop St ress  
. . -. ( p s i )  ( p s i  ) 

Steel  p ipe  - 30,000 - 5,000 
Stee l  pipeldome - 42,000 - 48,000 
Stee l  dome - 17,000 - 12,000 
Stee l  c y l ' i  nder - 22 ;000 - 11,000 

Concrete dome .- 425 - 600 
Concrete c y l i n d e r  - 600 - 250 

. . 
~ ~p -~ 

t 
For t h i s  ana lys i s  t h e  r e a c t o r  s i t e  . i s  assumed t o  be s u f f i c i e n t l y  removed f rom poss ib le  
f a u l t  r u p t u r e  (e.g. g rea te r  than 114 m i l e  as per  USAEC IOCFR, Appendix A ) .  
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The.maximum s t e e l  s t resses  r e s u l t i n g  from t h e  earthquake l o a d i n g  a r e  as ' fo l lows: .  

A x i a l  S t ress  . HOOP s t r e s s  
' i 

. I  . . ( p s i  ) ( p s i  ) --_ . . 

. 15,000. S tee l  p ipe  t 8,000 
Stee l  p i  pe/dome + 43,000 + 32,000 
Steel  dome + 7',500 + 8,000 
Steel .  c y l  i nder t 3,300 + 5,000 

I n  t h e  c o n c r e t e ' t h e  maximum a x i a l  s t r e s s  i s  approximate ly  + 126 p s i  w i t h  a  maximum hoop 
s t r e s s  o f  + 380 p s i  near t h e  t o p  o f  t h e  dome. 

COi~CLUSIONS 

As expectzd i l l ?  r e s u l t s  show t h a t ,  except i n  t h e  area o f  the pipe/dome j u n c t i o n ,  t he  
s t a t i c  o \jc~-!\.:;-\:arl 1 oadi  ng produces s t resses  which a r e  general l y  much g r e a t e r  than those  
~1-aj~5cf .2 >:!, the earthquake load ing .  I n  t h e  pipe/dome'area more d e t a i l  a n a l y s i s  i s  r e -  
q u i  I-:.: t o  es tab l  i s h  more p rec i se .  v a l  ues f o r  t h e  st resses.  Specia l  design cons ide ra t i ons  

/ar:  iiseded i n tRi s area. 
i 
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