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For two of t h e  p r o b l e m s . !‘ s A N A I .  r e - s u i t s  a re  compared w i t h  results
rc~ LAYER , a t w o — d  i t / / C O S  i O i N i  1 . ca x i s ymm e t r i c  . finite di f t  . ‘r c ln ce  co d e .

The re ’st il ts compare ’ q u i t e - wel l  w h e n  t I c  d i f ~~c r e - ’a - e ’ c  in (0/Ic’ detci I is ar e ’ —

cons i d e c e d .

A t h i r d p roblem , w h i  cit i n v olv e s  a h o l l o w  cone n O t e ’ c v i  i t i d e r  O t t . ) c c I d I d
in i t w o — i c i \ ’ ~’r 5011 sy s t e m  (c I c i v  over sha l e )  , is a i so  s t u d i e d .  The
conc l u s i o n  re ’ , i rhed  is t ha t , fo r the  p r e ’i - t r r i h e d .- u i r h l a s t  l o a d i n g  ( n u c le a r
t y p e )  , t h e  w a i l s  of t h e  c l i n de n  w i l l  no t  f a i l  in c mp r e s s  ion d t i r  or , he
f i r s t  100 m i l l i s e ’ c I t t S , w h i c h  is p r o b a b ly  t h e  mos t  c r i t  U - c t ) :‘ r r i o d .
Howe v er , t h i s  co n c l u s i o n  is 2 , / K ,  d on a simple ’ t w , — d i t t t t - i t - ~ iona i , a x i s v m m et r U  -

prob lem ; in o r der  t o  u n d e r ’~t c i n d  t h i s  s o i l — s t r u c t u r e  i n t e r a c t  ion p r H  ~‘n
m o r e  f u l  l y ,  i t  is neces sa ry  t o  p e r f o r m  a c o n ip l e t e .  t h r ee  — d i c ’ n s i o na l  cinca l y s  i s .
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r i n  g h u e  I ci s t t c i i  \ o c t  s , t h i ’  r . ’ i t t  b 1 - c ’  0 c 0 1 5  I ~l ci h 1 e’

p i ’  g r e ’  ss I n t l i e ’  d eve 1 0 p m - n t  c i  I t e m p  i t t  e-  r ‘ c u d ~~ s I t i  F e - i ’

(I I p 1 - l u  I-, 1 ( 1 1 1 2 1  1 , t F l i t  5 c i i i (1 (1 11 1 i t i e  ,i  r ‘ i n  ;u 1 ‘t I 2) 1 s i ’  I I a n e t

s t u - u t , - t u r c , 
,
~ e I . I I u i 2  2 . S u i t ’ h (‘02 e S  0 c i i )  b e ’  I I  ‘- l c d  1 II

it
S I ii, V I r e t c  t t i n / u  I p r ~ t) I O i l) S w i t i c l i  i r e ’ 1) I I i t  I c ’S  t i i i  I t e t  I i i

o i v I 1 1 o t t  u it  2 a i i I ci r ‘,‘ t i p  p 1 i c i t  i o n  s . A d e ’ e U  s o  0 n o  h I c- m 0

r n ’ i e~~ i l t I l ’r e’ st i s  l i i i’ v u i 1 n ~~’ r ; u h i 1 i t  - ‘ I  p r c t e - e ( ’ r s t : i i e ’ t n r e s

1 )  l u g .  i s p  0 5  i v ’  a n i l  r u l i c  l e a r  tc~ , , p i r i ~~ . i t  ~~~ i l ’  i c / t i I i , t l i e

V - I 1 n o  c . t  1 I 1 ~ ‘ 2 t u n d o  r g r o i l / t e l  in 1 ss 1 e s i I I s C’ - r I ti ci rv

o a c t  u a t l i e  U n  I t c l  St  t - A i r Fe u o o  U S A
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w~~~r -  I ! I ’ s j O l l e ’ /l I , ’; I I t o  S p i r e ’  , t ui il ‘ I i  s s i  I i ’  S y s t e m s  O r g a u u i z , t t  i i ’ r u

II 0 i’ll  I T I C ’ I i C ) ! )  I L I i  ‘I -~N ‘c F K o u t  n o  i , w~~- r e  i - i t  n a s p . i  r I It ‘
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I I  T R A N A L  D I - V E I . O I U I I I N 1 ’ S

.\ l . i b o u g b  t h e  b a si c  T R A N A I .  c o d e ’  h a s  b e e n  I t p e r ; i t i O n ~a l

s i n c e  S e p t e m b e r  19 15 , t h e - r e ’  l o v e ’  b e e n  s e u b s ~ t q I I e n t  d e v e l o p m en t s

w h i c h  cu r e  w o r t h  n o t i n p .  ‘F l i t - s t e  r e ’l ; t t e ’  t o  4 r ; I p l t ic s  c ; i p a h i i i t v ,

d at a  g e ’n e r ; l t  i o n  t e ’ i ’ I u n i q t i c ’ S . i m p r o v e m e n t s  i n  e se c u t i n n  s p e e d

a n d  m o r e ’ f l e x i b i l i t y  i n  i t S  e a s e  f o r  v u l n e r a b i l i t y  p r o b l e m s

I o r Ic 2 e U S -5 I-

[~~i o~~d c ’~~ t o  r u n  a l a m e 3 — 1 )  p r o b l e m , i t  i s  f r e ~~u e n t 1 y

n ei c e t s s , l r y  I n  p r e p a r e  a g n a t  d e a l .  o f  d a t a  b e fore rn ;ikiu~ a

r i o .  I n  ci p r o b l e ’ m w i t h  c o m p l i e ’ a tc d  g e o m e t  r v  c o o l  s c v e ’r a l

2 I i f  e r e Q  t m a  t e r 1 -l 1 5 . i I ~ 5 10 t n o  C on m o  U t o p r e p  a r e Inn Ce t h a n

10 , 000  d a t a  i t e m s .  T h e  p r e ’ p ;I t tt t 1011 o f  5i ~~~Ii l a r r e  a m o u n t s  o f

d a t a  i s  u s u a l l y  i n  e r r o r  p r o n e  t c i s l-c a n d  v a r i o u s  t e c h n i q u - s

i r e  n e e ’ c l e l c t o  r e d t . i c e  e r r o r s  c i t / c l  s p e e d  ( I o t a  p r c ’ p a l a t  i o n .  A s

a r e s u l t , p r u p l u i c s  ‘ a p , i b i l i ~~v a n d  .- i  l i L a  i n o l i t ,l l el , c a l l e d

r c  g i o u  p r e - ; I r o c e s s  i n g .  h a v e  b e e n  a d d e d  t o  T - N \ N , -\ I .

R e~~_i n n P r e p  c e s~S i n ~

~ i ’ l l  t I j u t  I ’ ll  u t  R e  f . [ 2 I . I R A  a I ,  I s 2 e s I tied t o  1 1 5 1 ’  a

t . ’ r l i n i ’ I t i e  r e ’ f e r r e , l  t o  a s  z o n - t  r e c e s s i n g  i n  w h i c h  a

s i r t i c  t u r ci i t o  ;t i p 1 i ’  :-: i s s t i b  2 1 v i e l , ’ ci i n  I e -i se ,a sit It s t r l i e  i n r e  s

c a l l e d  Z d i fl c ’ 5 . a n d  e c u c l i  z o i t e’ i i-,’ t i u r t i t e r  s u u h d i v i d e ’ ei i n t o  I s et

n f 0 1 e t i e  n t  s . ‘I’ h I a I c.. ’ — I o c t ’  I I t  I e -  r i  rob i c u  I p n o t e - l u r e  1 ‘-t i i  s o d

-
‘ 

~~~ t a t c _ - i c  1 -~ t b  5 1  C I I  t i. r~~ w I 1 I I ‘ I 0 -~ c m i  u t  e C b ent ’ t V

i i r j n 11 hi ~
- m t I it e -! 1 - - i i  1 a I I , i i . ;  I ~~~

1 i u - - ‘ - ‘ .
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p r ep r o c e s s i n g  is n o w  n p e ’ r c i t  l o n a l  . h - a c i i  z o n e  i s  s u b d i v i d e d

i n t o  ci s c - i c i  r e g i o n s  w h i c h  c a n  be’ f u r t h e r  s u b d i v i d e d  i n t o

s e t s  o f  e l e m e n t s .  A r e g i o n  i s  c i s e t  o f e l e m e n t s  w h i c h  a l l

h a v e ’ t h e  s a m e ’  m a t e r i a l  t y p e .  T h i s  t h i r e ’ c t — i e v e ’ l I u i t - r a r c h i e c u l

p r o c e d u r e -  i s  u s e d  o n l y d u r i n g  t h e - d a t a  i n O u t  p h a s e -  o f  t h e ’

c a l i ’ u l a l i o n .  Z o n e ’  p r o c e s s i n g  is s t i l l  e’m p l o~’ e’d d u r i n g  the

cc u l cu Lc i t ionct l phase.

G r ap h  jet s Cap ab i li ly

T h e ’ r~~ p a b i 1 i t y  n o w  e x i s t s  cc m i k e ’  p l o t s  of th e ’ e l c ’mI ’n is

i n  e a c h  z o n e ’ , o r  o f  t h e  r e g i o n s  d e f i n e d  in ri t e- t i r o h i e m  set up .

T i t u s , h e c o o r d i n a t e ’ s and m a t e r i a l  1:i vou it p r o d u c e d  b y  m a p p i n c t s

an d  m e s h  g e n e r a t o r s  can h e ’ v i e -w ed in o r d e r  to d i e - o k  p r n h h e - m

s et  u p .  T h e ’ p l o t t i ng  r o u t i n e ’ s u a : - t e - d  w i - r e ’  o h t c i i i i e d  f r o m  I i b r a r v

p ro  g r a m s  i ii I li e’ Pub I i c do ma i n . I h e  ma  i n work w ;i  s t l i e ’  cud  a p t ci —

L i o n  o f  these rout Inc’ s to use t h e ’  TRAN ,-\L dci t ci s t r u e t  nrc’ s

w ii i c h - i  cc ’  co  nip I i C a t  e d  b y zone p roe e s s in g . A I d  I t i on ci I p ln t t I n 
~

e u p a b i l  i t y  t o r  v i e w i n g  r e s u l t s  w i l l  he’ eleve ’l op cd in t i l t ’ f u t u r e

w h e n  t h e ’  n t’ecl a r i a , -s in a p .tr t l e u i l a r  c ipp l i c a t i o n .

Exe ’ c u t I  oia S p e e d

‘FR.-\NAL is c u r r e n t  l v  op e r a t i o n a l  en t h e  C D C  i 1 6 O C )  c ut Now

Y o r k  lb I y e ’  r a I t y i i i  d nit t hi e C D C  7 bOO a t I ow  r o n c e ’ B , -  r k  e i t ’  v

I , c u I o i ’ ,i l l ) r y .  1 - x i - c u l  b i t  sp e’ e ’d is l e ss  t h i ci n 0 .5 i n u l l l s , - c o n d s

pc r e I i-me’ ru t  p e r  I I i t t ’  S - I c ’  p o n  t h e ’  / (i t ) , )  : I h 1 s i ne I tu d c’s I l i i ’

I a I e’  s t C A I’ ‘‘i i i  2 e ’ I r i  i t  I n , R - I . [ 4 I . i i i  u l . u 1 1 f ly  e’ i l i e ’  a d  dci  e

n ‘.1 ; i I ci m c l i i  c i  ‘ - r n  t n  I
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A t  t h e  eu nu t r a t e , a c a l c u l a ti o n  re quiring 10 ,000

e’ l u ’ f l t C f l t S  and 1 ,000 time steps would cost about $ 1 , 500.00

hours of 7600 time) ,tnd could he’ e x p e c t e d  to run over-

night one- c’ the pr ei b 1cm is S i ’  t up.

In cc r ecent p r e l i m i n a r y  c a l c u l a t i o n  for the ’ H A R D  PAN 1— 3

event , a f u l l  t hu r ce d i m e n s i o n a l  cc il cu l at ion was m a d e  w i t h  ~-i 1 5 b

elem ent s (2l ,’~4O de gree ’s of freedom) for 660 t l n i ec steps.

This calcul a tion required 32 minutes of CDC 7600 time ami d

cost $440.00 at the overnight ro te (50%).

~J\1~P_Y~Ll2~tt  r a b i l i ty  P r o b l e m s

~‘tjssjle-’ silo v u l n e r a b i l i t y  stud ies are co n d u c t e d  b y

using an applied a i r  blast lo a di ng t o  s i m u l a t e -  a nearb y

nuclear e x p l o s i o n .  Two a i r  blast loadin g r o u t i n e s  are now

available in TRANA L . Both loadings are bas c ’d ,t n Brod e ’ ’ s P

fits , Ref . [ 5 1 , to a n ti cl e ’cu r air burst. These two fit s are

the Brode dir c ’ct fit and the Brode simple ’ f i t .  In addition ,

two data generators have been b u i l t  e s p e c i a l l y  for the geome trc -

of the’ m i s s i l e  silo v u l n e r a b i l i t y  problem in o r d e r  to reduce

time and errors in t h e  data ge- n o rcut ion process.
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III SAMSO— TRW TEST P R O f l 1 f l i S

In order to check out certain c a p a b i l i t i e s  of TRANAL ,

a s e r i e s  of t h r e e - s imple test p r o b l e m s , designed by S,-\~tS0

cone! TRN p ’ r s c u n n ’ l , have been calcul a ted. These problems

a re  design cu te ’ d liv P1 , P2 and P3.

Pr oblem 1 (P1)

This problem , cc tll e d  P1 , i t-i the one dim ensional , pl ain

strain response of a half—space- of shale covered by 20 fee’t

— of clay which is subjected to a pressure history c o r r e s p o n d i n g

to a one megaton surface burst at the 600 psi p e a k  overpr e ssure

location (see Fig. 1).

Problem 2 (P2)

This problem c- a iled P2 , is the two d i n e ’ns iona l ,

ax i symmetri c response of ci h a l f — s p a c e - of shale ’ cove re t l by

21) feet of clay subjected to a p r e s s u r e  h i s t o r y  c orresponding

to a one megaton surface burst i n  rc lng e ’ s b c -tw e en 2 ,000 psi

and 200 psi pecuk overpressure (see Fi g. 7).

P r o b i  I c - l i t  ( P  1 )

T h i s  problem called P1 , is the- two dimens ional , clx i—

s y m m e t r i c  respo n s e - ’ of ci h o l l o w  concrete c y l i n d e r  emh e ’ &I ,Ied

In 70 fe’ e’t of c m v  overl y ing a sha l e  h a l f — s p a c e ’ (see C I g .  
~) .

~~ 
‘f l u e’  e ’ - i l i n d . ’r , w h i c h  i s  f l u s h  w i t b  t h e  c l a y  s u r f a c e , i s ‘, i l

~~c u ’ t  i i i  t c - n g t l t , IC ) feet in r a d i u s  ;und lao s ‘t f e e - I  t h i c k  w a l l s

on t l i e  t n p - t  u d It 0 t I on  ci it el 2 f ce t t it I c k s I 2 e-’ w ci I i~ s . T hi

_ _ _ _  -- 
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c l a y / c o n c r e t e  s u r f c i c et i s  t o  b e -  sii bj e-i - t e’ d e v e r y w h e re to a

pressure history c o r r e s p o n d i n g  t o  a o n e  m e g a t o n  s u r f a c e

burst c i t  the 600 psi pecu k overpre’ssur e ’ b c- ca t l et ul .

S u r f a c e  P r e ss u  r e T  i m e H i s t or y

The pressure’ time h i s t o r y  app lied t o t h e  s u r f a c e ’  i n  a l l

problems was based on the’ Brode simple - ’ f i t , R e f .  [ 5 1 .  T h e

response w a s  c a l c u l a t e d  f o r  100 m i l l i s e c o n d s  c i f t e ’ r t h e ’ t i m e

— t h e  600  p s i  p e a k  o v e r p r e ’ s s ur e  b e g i n s , wh i i oh  i s  r o ug h l y

108 m i l l i s e c o n d s  a f t e r  t h e  d e t o n c u t i o n  o f  t h e  O f l e ’ m e g a t o n

s u r t a c e ’  b e - u r s t .  T h u s , r e s p o n s e  c u r v e s  f o r  a l l  e u l c u l c a t i o n s

b e g i n  s o m e w h a t  a f t e r  0 . 1  s e c o n d s  a n d  e x t e n d  P a S t  0 . 2  5 e ’ C O f l d S .

M c i t e r i a l  M o d e l s

> l c t t c r i a l  m o d e l s  f o r  t h e  c l a y  am t d s ha l e ’  w e r e  r e p r e s e n t e d

b y t h e  s o il  C A P  m o d e ’ l , R e f .  [ 6 ] ,  i n  c o m p r e s s i o n  w i t h  m n e c u l i

s t r e s s , 1 , l i m i t e d  i n  t e n s i o n .  U n i a x i c u l e’om p r e ’s s  i o n  c u r v e s

t m

f o r  t h e - ’  c l a y  a n d  t h e  s h a l e  a r e  i l l u st r a t e d  i n  F i g .  I .  The ’

c o n c r e t e ’  i n  P 3  w a s  r e p r e s e n t e d  b y  a l i n e a r l y e l a s t i c  m o d e l

i n  c o m p r e s s i o n  w i t h  m e a n  s t r e s s  l i m i t e d  i n  t e n s i o n .  S i n c e ’  t h e ’

s t r e s s e s  in  t h e  e ’ o n c r c ’ t e’ n e v e r  e x c e e d e d  t h e ’  a s s u m e d  v a l u e  o f

c o m p r e s s i v e  f a i l u r e  (6 , 000 p s i ) ,  t h i s  mod e - - i i s  c o n s i de r e d  4

a d e q u a t e ’  f o r  P 3 .  V a l u e s  of  t h e  p a r a m e t e r s  c a s e d  f o r  t h e  t h r e e ’

m i t c r t a l s  i r e  g i v e n  i n  f a b l e  I

1*

I
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TABLE I. CAP MODEL PARAMETI- :RS (Mod el as described in Ref. [6])

— _ _ _ _ _ _ _ _ _ _ _  
C l a y  ~~ S h a 1 e  C o n c r e t e

c l ( p c f )  120  137 150

K ( k s i . ) 340 540 16 00

- i  G ( k s i )  85 115 1 2 5 0

A ( k s i )  0 . 1  0 . 8 6 6  —

B ( k s i 1) 1 . 5  2 . 5  -

~~ C(ksi) 0.07 0.361 —

D ( k s i ’) 2.0 0.5 —

~ w 0.04 0.0005 —

R 3 . 0  3 . 0  -

0 m
(
~
(5f l  0 .0 1 0  1 .5  0.667

t e n s i o n
( )

I 

c u t o f f

Cal culati onal Grids and Time Steps

H- B a s e d  u p o n  p r e v i o u s  e x p e r i e n c e  w i t h  p r o b l e m s  o f  t h i s

- 

‘ t y p e  and  d u e  t o  t h e  d e s i r e  t o  k e e p  t h e  c a l c u l a t i o n a l  c o s t

d o w n , i t  w a s  d e c i d e d  t h a t  a c o a r s e  m e s h  w o u l d  be  a d e q u a t e  - ]
- I for these problems. The meshes for problems P1 , P 2  a n d P3  ]

- 

are illustrated in Fi gs. 1, 2 and 4 , respectively. The time

inc re m e nt f o r P1 and P2 was  1 mill i s ec on d and fo r P3 wa s

0.4 milliseconds. Thus , 250 time steps were used in P3 and

• o n l y  100 time steps in P1 and P2. The P3 mesh had 1 ,089

elements and was run w i t h o u t  using external storage. The P7

me* h hc i d 4,840 e lements a nd  t he-i s r e q i l i r e d  e x t  e r n c i l s i  o r a e, e- ’ ,

- since fewer t h a n  2 ,000 e l e m e n t s  f i t  i n  m a i n  memory c i t one

time. V ariable mesh generation wca s N’stu’ eI in P3 whereas P1

12
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and P2 used eut u ly two me-s b s i Z e ’s. T h u s , c i v a r i e ty  o f  im p o r t a n t

f e c u t u r e - s  o f  t he  c o d e ’  w e ’r e ’  e’ x e - ’ r c i c c e ’ d .  Tli o c o s t  o f  r u n n i n g

p r o b l e m s  P1 , P 2  a n d  P 3  on  the ’ CDC 1t60() w a s  l e s s  t ita n $2.00 ,

- 
1,~ l S 0 . O 0  a n d  $75.00 , re ’sp e ’ct i v e ’ly .
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I V N U ” t i R I i I A I .  R I-: S i; .1’ S

— P r o b l e m  F l

‘f h i e -  v e r t i c a l  v e l o c i t y  , i n c l  d i sp I . u c e c ~ c e ’ u u t  u i s t o r i e ’ s o r

p r o  b I e ’ cc P1 1 c- em -r R A N A I  - u t ci i i  c p 1 h i 0 I 1 . I t  ci  r - sh ow it i i i

F i p . 5 . A Iso s h o w n  I n t ha I a f i l i r e ’  a u e I h u e ’  e. c ’ i ’  r c a  p o  ntl I np  r e -  su 1 t s

f r o m  t h e ’  L .’ \ Y E R  c o d e .  ‘[ ‘lie ’ re- s t i l t ’ ;  f r o m  ‘I ’ 7 ’ -. \ ’ -. I  t e l  b , , -\’t ’ I-: R c t r t p u r e ’

- ‘ - q a i t e’ w e ~ l I w h i e’ Ii t lie ’ c ecu C Se-’ui e ’S a o I l i e  m e - s i  i n  2 o I i~~e ’ o o d e ’

d e t a 1 1 a - u r e- c o n s  i d e r e d  . Se t inc cc t he ’ 2 I t ’ t ’ r o i l  e S c ci ii I, e’

a s c r i b e d  t o

— t in c  p hi a s i n p d e- -~ i 1 a i n  c u p  p 1 1 e’ d 5 1 1  r I ci c c ’ l i t  ci d I i i  p

— d i f f e r e n t  mc d e - l i u a g e i l  t e n s i l e  b e h a v i o r

— d i f  I e ’ r e ’ m t  c i p p r o x i r n a t  i o u  t ’ ’ c ’ I i n i q u i e s
( f i n i t e  e l e m e ’n t  c i nd  f i n t i e ’  d i f f e r e ’ n c c )

T h u e ’  m a x  i n t u r t  y e ’ 1 cc i t v o f  u h t a  t 3 h 0  1 n / we’ c i s  q u u i t c c 1 Ct Sc

‘4 t o t h e ’  t hi u’  0 r e t I c cu I v a b n e -  e’ x p c  c t e e l  t ’ r e t  nt a I ii p 1 ~~ o c t  i’ d i m t - i t s i on  a 1

• s h o c  k c :n n s  i d e’ r a Ic i c u u a s  . ‘I ’ Ii i a i’d I Ut ’ c c l i i  li e’ oh  t a i n eel b y  ci s I n ~

t h e  s h o c k  r o o d  i t  i o n

V

w h e r e ’  c ’ p i s  t h e ’  j u m p  i n  p r e s s u r e ’ t i t  t h e  s h o c k  f r o n t , ~v is

t h e  Hmp i n  p a r t i c l e ’  V e ’ l n e ’ i I \ ’ , i t ;  t i l e  m a t e r i a l  d e n s i t y  a o e l

‘-I i s thu e s e e ’  t i n  t m o d  i i  l i i  s ( C c c  v I e ’ i p h I m e - a 1 op e ’ ) u ’ 0 r r e - s p o i l  2 i n p

I I ) t l i t ’  s h i o  c k [a  icl  i i i  p ci  I t he  n i - u  e r I - u  . V r e m  t I t o  a t r c’s s — a I r , u i n

c u r ye  I n V i p . I , t he  1c 00 ps 1 1 eVe- ’  I. C o r r u ’ 5 p c u d  i t o . i  a t r - I i n  n F

,uh out 0 . 0- ’i h i s  ‘-1 1 5 kc; I — T h e ’ c I cu y 2 e ’ Os i I V , i n  ( ‘o n  5 1 s I

l i l a  i t s , i s  . 1 ~ • S i  n e c ’ ‘ p . 6 k a  I , (li e ’ v , u I ue  o f  ‘ ‘c i s

c u b - o t t  11) 1) u n / - c u e .

A I t  ho  uu p I t no t a l i t ’  W : u  i n  t h i a r e p0 i- t , I I m e’ hi 1 s I cu r i e ~ :a 

,
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0 t lie ’ r t i e ’ p t h i s  e’ a cci p .u u o eq c c i  1 1 v we 1 I w I t  e n  T Rc\ N AL ci nd L A Y  E R  r e- Su I t s

,a r e ’ e’x amin ~’d . .‘e d d i t  i o n . u l  c o m l t . u r i s o n s  a r e  p r e s e n t e d  i n  I li e’

C I o I l o w  lug eI I Sc i i  s a i out o I t he -  t w a  2 l iii c i s  I on a I p r o b  1 I ’m I’ 2 .

Pro h l e ’ m [‘2

V e in c  i t v u n d  2 i ap  I a cc e i o n  t Ii 1 a t o r i c - S  i n  h c i t  It t li e’ r ad I ci 1

t u n e - I  y e  r Ic I e c u  I 2 i r i o t  i (i ll S tire ’ s h o wn  i n  F i g~ . C t — I l ) . C o r  te ’ s pe n d  i n  p

I cit e Ii i a t or I e a I rem ho - .\ y I-: R I ’ d )  do  a r o .a I so a [a ow n  j u t  i h e ’ a

f i c u i r t ’ s .  O n c e ’  c i g c u i n  t h e ’  ; i g r e ’ e ’m e ’n t  S Se ’ t ’ f l  t o  h e  q u i  I c e’ g o o d

w h e n  t h e  f a c t o r s  m e n t i o n e d  o r  p r o b l e m  P 1  cur e ce t ns i d e r e -d.

T h e ’ 1c i r ; .~e s t  p e r c e n t a g e’ d i f f e r e n c e ’ se ’ e’ lct a I )  c t p p e ? a r  i n  F i g .  7 ,

w h e r e ’  the m a x i m t l m  r c i d i c a l v e l o c i ty  c a t  t i l e’ n o i r  s u r f a c e  c o m Ic i s

m u l l- c t h a n  1 1)11 i n/ s e c  i n  I l ie ’ ‘ r R A N A l .  c . u j r u i . i t  i c t i t  c i n d  r u n l v  70 ill /sec

i n  t l i e ’  I ,\ V I- R c a I e’ ii 1 c i i  i o n  . Iii e- d i a p 1 a u ’ e’ me l i t  a a r e  , hi ci we ’ i’e r

he’ Ic t e’ r . ‘1’ h I s i a n o  rma I I v t he cci a e’ i n t in it e e l I  ~ I ri ic e’ can ci

I i i i  i 1 e ’ e 1 c ’ m en t w i  ‘cc ’ p rep a p c u I I on  c ~a 1 c u I c a l  i 0 Os e-t I t hi i s t y p c

P e ’n ~
- r , u l i v  s p ea k i n g ,  m a x i m u m  v e J o c i t i es  - i r e  l e s s  r e - l i a b l e  t h a n

d i sp l a c e m e ’nt s since’ t h e  n a t u r e ’ o f  w a v e  m o t i o n  i s  t h a t  d i s p l a c e -

m e n t s  c u r e  c o n t I n u o u s wh e re.u s v el e ’c j t j e s m ax ’ he d i s c o n t i n u o u s .

T h i s  i s  p c i r t i c u u l c u r l v  t h e  e a s e  n e a r  h o t u n d a r i e s  a n t i  i n t e r f a c e s .

I n  c u d d i t i o n , p e ’ c i I ~ v - u t i c a  0 1  v e l o c i t y  ( v e r t i c a l  c u n d  r a d i a f l  a r e
n

s e n s i t i v e’  t o  t h e ’  i n t r o d u c t i o n  0 1  v i s c o s i tY . N e i t h e r  t h e  L A Y E R

o r t h u e ’ ‘I RA N A  I. e c u  1 c u t I ,u Ic i n n  laS e e l  ci r t i f I c i i  1 v i ac etc i i v . F u r l  l ie  r —

• m e  r ‘ , m l )  2 I i t ’ .11 I t t  a o I I c c  r I a o t I me  ci I I h e ’  a p p  1 I t ’ d  a it  r I a c e

I o c u d I a p c cl ii c u t  I u t -  I I i ’  - p e ’ .1 k v c ’ lu t e’ I t v . I n h o t  h c a I c i i  1 c i t  I oti s ,

t u r I c-u ’ t I rn~ ’ w c u  s i i i  t r u o u l j f 1 - c l  s i ’  Ic t a  t t l i e ’  t’ ~ f e e~ t j ye  r ~ Sc

l i n e ’  n I I h i t ’  I u t 1 w . 1  ‘; 0 1) 1 1 1 i c c  I I ~‘d It ‘i I h e ’ a pe . c ’ - h ecu F t h u e  I ii , i  ci - a n d

i be  o P I t ’ S  Ii  cc I s . -~ I 1 u~ l u 1 2 I I f ‘ r e ’ n e c ’  s I n p hi ci a i r i p  o t t he’ ci p p 1 1 ed 
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l e  id  u,’cm  t h u e ’ n l e a d  t o  n o t  i c e - ’ c u b l  e c h i c i n g c ’a in ci p o t e ’ ii t I a  11 y

d i s c o n t i t i u i u u a  q u a n t a  t v  su c h  a s  v e l o c i t y  ( o r  s L r * .’ ; a )

D i s p i c e e  e m e ’ n t s  cu r er g e ’ n e r c u l l v  h e l  t e r  b e ’ h j v e ’ d a s  e h s ~~ r -~’ e’ d .

I n  t h i s  p r o b l e m , t h e ’  a i r h l , u s t  a h o e k  f r o i t t i s  t r a v e l i n g

c i t  c u h o u t  7 f t / m s e e  c u t  t h e  r a n g e  r e f  i n t e r e s t .  T h e  l e ’ a d i n g

w a v e  s pee ’ d i n  t h e ’  c l a y  i s  l e s s  t h u c i n  I t’ t / n s e c ’ w h i c h  l e a d s  t o

ci h I gla I y a ci p e r so it I c  1 cci ci i l l  p I r o n  I i it t h u e ’  c 1 , i  y • T h u  it s  r ci c~ I a  1

m o t i o n s  a r e ’ ge n e ’ r a l l v  s n a i l !  ( c , m i c i r c d L c t  t h e - ’  v e ’r t  i c - c l )  c u t

t h e  l o a d i n p  f r o n t  ci n ch a r e  c i t  I e ’ o t e ’ d  s u b a t c u n t  I c u l I v  ( p e r i : e ’ i i t a c e

w i s e ’ ) b y  d i I f e - - r e ’n c e s  i n  p h a s i n g .  A l t e r  t h e  l o a d i n g  f r o n t  h a s

r e I ’ 1 c c  Ic e’ d f r o m t h e ’  e I ci v — s h u t i c  I ii t 0 r c u e  e ’ , 1. c i i ’ pe ’  r r ci 2 I cu I in ’ t I cr 11 5

a p p e ’ c u r .  h l o w e v e ’  r , b y  t h i s  t in i e t i u c ’  c o t  r ae -  m e s h  c o u p l e d  w j t h t  ~‘ -

H t h e - ’  d i s c o n t i n u o u s  b e ’ I u . u v j o i ’  o~ t h e ’  v e ’ l o c i t  l e a  h a t ;  r e s u l t e d  i n

w ha t cI p p  ea r a t o h e  a s u b s  t a n  t I ci I e’ t r o r I ii t h e - ’  r;t cI i cu 1 c. e-’ l i c e ’ 1 t v

In  f a c t , t h e  d i f f e r e n c e ’  n c , t e’d i n  F i g .  7 o t ~ 3~ i t t / Si C ’ b e t w e e n

LA~’E R  c u n d  T R A N , - \ L i s  o n l y  10 p e r  c e n t  c t f  t h e ’ m a x i m u m  v e l o c i t y

~r ’t  f e l t  a t  t h c i t p o i n t  i n  t h e  v e ’ r t i c c u l d i r e c t i o n .  I n  s h c i r t , r a d i a l

I’ I
velocities will always appea r unreliable in finite element

c u n d  f j u l  t, e d i f f e r e n c e  C c l  l u ’ u l a t  i o i t .s o f  t h i s  t y p e ’ I I  t h ~ ’y are

v i e - w e d  t e n  can a b s o l u t e  s c a l e ’ . I t  i s  oe ’ e ’ c ’ a s a r v  i n s t e a d  t o
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h i t ~ r e -  a i i  i t s - W I t Ii t h a i s p 0  i n I o f V I ow 1 ti flt 111 (1 II P P  F O X  1 111 a t e’

v a l u e s  o f  m a x i m u m  i’ e ’ a p e u l a s e - lei r s e v e r a l  d e p t h s  c i t e ’  p r e s e n t  eel - -

I ’ — i n  T u b  1 * ’  I I  .
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TABLE II. MAXIMUM RESPONSE WITH DEPTH

(during first 100 milliseconds)

U
i Displacements (in) Velocities (in/sec)

Depth (Ft) Vertical Radial V e r t i c a l  Radial
_ _  -- 

f 
- - -

0 12 1.2 400 100

10 7 1.5 ‘100 1 00

20 2 ~, .6 100 100

30 2 . 6  80 80

40 2 .6 80 80

The results in Table II are g iven with only one or two si gni-

ficant fi gures because of the above reasons. A few observations

are in order however.

A vertical surface disp lacement of about 12 inches is

‘ q u i t e  reasonable for the hi gh l y hysteretic clay used. Maximum

e’ o mpaction at 600 psi is about 4 per cent. Since the clay

layer is 20 ft. deep, the maximum displacement should be

a b o u t  0 . 4  x 20 = .8 f t , o r  a b o u t  10 i n c l a e s  r e l a t i v e  t o  t h e

i n t e r f a c e  as o b s e r v e d .

L T h e  s h a l e  h a s  v e r y  l i t t l e  h y s t e r e s i s  ( s e e  F i g .  I )  a n d

t h u s  t h e r e  s h o u l d  be l i t t l e ’  c h c a n g e  w i t h  d e p t h  b e l o w  20 f t ,

as  s h o w n  i n  T a b l e  I I .

The shal e haa a wave spee ’d of cib ou t 4.8 ft/m ac c. At this

- 
I rate the loading front in the shale should h e  a t  a b o u t  4 5  d e g r e e s

to the interface. Since t h e  maximum v e l o c i t y  i n  th e s h a l e oc c u r s

a t  t h e  l o a d i ng front , the j ump in vertical cand radial velocities

sho u ld  be n ear ly  eq u a l b e l o w  20 f t , as sh own in the tab li- .
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P r o b l em P3

Selected motion and stress histories for problem P3 from

TRANAL are shown i n  Figs. 11—20. i t  s h o ul d  be not e d  that ,

away from the structure , t h e  motions for problem PS are

- ‘ 
practically identical to those of p ro b l e m P1 , as they should

be. Such comparisons have not been reproduced here since they

would merely d u p l i c a t e  results in Figs. 5—10.

It should also he noted that certain conclusions are

drawn here ~ h ich are obtained by stud ying inte grated q u a n t i t i e s

auch as disp lacements and impulses. As discussed for problem

P2 , integr ated quantities are more relia ble due to the’ nature

of wave propagation calculations of this type than are ’ q u a n t i l i e ’s

such as maximum velocity or maximum stress. This is p a r t i c u l a r l y

true for a coarse grid calculation such as the one used here.

By looking at a point quite near the structure , it is

possible to observe the similarity of the f r e e — f i e l d  m otions

(problems P1 and P2) to the results from problem P3. For

e x a mp l e , Fig .l2 shows a point two feet away from the top corner

on the clay aur {ace which should he compared with Fig . 5. In

b oth cases , the displacement rise s q u i c k l y  hut smoothl y to a

value of about 9 inches in less than 40 mi l l i s e -conds m d  then

rises slowly during the next 60 m i l l i s e c o n d s  to  a maximum of

• a b o u t  10 inches or so. In essene- e then , th e ’ v e r t i c a l  motion

of t h * ’ c l a y  surf a c e i ra not s i g n i f i e - a n t l v  m n e h i f i e ’ d  b y  t h e  prese ’nce

o f  t h e  s t ru c t u r e ’ .
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On the other hand , the motion of t h e  s t r u c t u r e  itself

is quite different from the surrounding c La y at the surface .

As can be S C a . ’1 in Fi g . 11 , time t o p  c o r n e r  of the structur e

d eflee ’ts rapidl y about 0.4 inches , reverses s l i g h t l y about

0.1 inches , further deflects qui c kl y to about 0.9 inches ,

osc i l l a t e s  t w i ce  at oug h l y this level with an amplitude of

about 0 .1 inches and then d e f l e c t s  to a maxi m um displace m ent

of 4ibout 1.6 inches. The oscillatory motion has a period of - j

about 16 milliseconds. Since t h e  d i l a t a t i o n a l  wave speed of

the concr e-te is about 10 ft/msec and its hei ght is 40 ft., this

period is just the time requir e d for a wave to travel four

times the height of the concrete. Four times is the correct

number needed for a wave front to refl e ct (1) from the bottom ,

(ii) then the top, (iii) again the bottom and f i n a l l y

(iv) the top so that the velocities and stresses are both back

in phase with the orig inal wave front.

Again , by looking at a point about 4 ft. from the side

w all of the structure , it is a simp le matter to observe the

similarity of the free—field motion and t h e  results of p r ob l em

P3. In p articular , Fig. 14 should be compared with Fi g. 9.

In both cases the displacement rises to a value of about 1.4 
—

inches in 30 milliseconds and then rises more slowly during the

next 60 milliseconds to a peak of about 2.2 inches. Maximum

velocities of about 100 in/sec occur in each case. N a t u r a l l y ,

hi gh frequency motions are ~iff e~c ’t ed as can be S a ’ I ’ f l  b y c o m p a r i n g

the velocity waveforms. However , judging fro m the disp lacements ,

the free—field is not s i g n i f i c a n t l y altered b y th e ’ str uctur e .
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The maximum vertical impul se imparted to the surface

d uring the first 100 milliseconds is about 22 ps i—secs

(cal culated from the Brode simp le f it , Ref. [5J). Figure 15

shows th at the maximum impulse in the clay at a point near the

top corner of the structure is about 21 p~~i—secs . Figure 17

shows a similar value of 20 psi—sees at a depth of 18 i t in

the clay at a point next to the concrete wall. This indicates 
‘

that the impulse impar ted to the surface is conducted vertically

through the clay to t h e  interface without significant modifi-

cat ion. On the other hand , the concrete structure has maximum

impulse values in the wall of 52 and 54 psi—s ecs , as shown in

r igs. 18 and 20. This is due to the fact that the load applied

over t h e  entire - surface of t h e  structure must be conducted

down the re ’lative ly thin walls since the cylinder is hollow .

i n  f a c t , t h e  r a t i o  of  t h e  w a l l  i m p u l s e , I , to t h e  s u r f a c e

i m p u l s e , I , s h o u l d  h a v e  t h e  s a m e  v a l u e  as t h e  r a t i o  of  t h e  t o p

surface area of the structure to the wall area throug h wh i ch

the vertical stress is conducted ; th at is ,

I A 2

I A = 

l0 2_ 8 2 
= 2 . 7 7

— Since I is about 22 psi—sec , th e value of I should he
S w

ab out 61 psi—se e s. ‘Ihe f act that the p c ’ a~ is somewhat less

in Fi gs. 18 and 20 probably reflects t h e  fact that some impulse

is transmitted to the surrounding soil (althoug h not much).

Maximum stress values , while somewhat un r e l i a b l e  in this

calculat ion , were always le ss than 2,400 psi in the concrete - . - 
-

walls and Lxeept fo r short durations (a few m i l l i s e c o n d s ) ,
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maximum stresses in the side w.slls were less than 2 ,000 ps i

which is much less than the assumed compressive strength

(6 ,000 psi) of the concrete. This indicates that the walls

-

‘ 
of the structure will not fail in compression from a load of

the type used in prob ler~a P3.

The largest observed stress anywhere in t h e  structure

was less t h a n  6 , 000 psi ari d occurred in the middle of t h e  top

for about one millisecond. The calculations for t h e  top are

not particularly reliable thoug h since only one element was

u s e d  throug h the roof an d a great d e a l  of b en d in g  a n d  sh ea r

behavior was evident. A d d i t i o n a l  study would be required to

resolve the question of whether or not the top c o u l d  f a i l

under the assumed loading. Tensile failure in the Structure ,

4 assumed to be 667 psi in me-in pressure , was observed occass ioriallv

but only for short durations and thus did not appear to be

im portant in this problem.

Th u s , the picture’ that emerges from problem P3 when problems

P1 and P2 are considered is that (i) the structure and the

r

j 
surro unding soil interact very little and (ii) the side walls

of the structure can survive the type of loading prescribed for

problem P3. Only th e survival of the top of the structure is in

doubt and this question can be studied more economically b y

o ther methods. If a rap idl y e x p a n d i ng  l oa d i s p r e s c r i b ed , as

i n problem P2 , then additional modes of behavior (two and three ‘

dim ensional ef f € ’ - t s )  can lead to a d d i t i o n a l  in t e r a c t i o n  phenomena.

H- 38
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H o w e  y e -  r , I t a p p e a  rs hi gli I Y u n  I ike 1 v t h a t  I lie ’ wa 1 1 s o f  t h i s

s t r uc t u r e  w i l l  fai l from a l o a d i n g  of t h i s  t y p e -  d u r i n ’ ~ t h e

f i r s t  100 m i l L i s e c o n d s  ( w h i c h  i s  p r o b a b l y  t h e  m o s t  c r i t i c a l  
-

p e r i o d ) .

-
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V SUMMARY AND CONCLUDING REMARKS

Vulnerability problems of interest to SAMSO require the

sim ulation of soil—structure interaction effects due to nearb y

explos ions. The SAMSO—TRW test problems have been used to

che ck out various features of the TRANAL code and many of the

capabilities required for such studies have been demonstrated.

For two of the test problems , TRANAL and L A Y E R  results

were compar ed and the differences can be understood in terms

of code details such as surface pressure phasing and approxi—

mation techniques (finite element and finite difference).

The  th i rd  p r o b l e m , wh ich in v o l v es an em b e d d e d  h o ll ow

c y l in d e r , is studied and it is concluded that , for the prescribed -
‘

loading, (i) the structure and surrounding soil interact very ‘

little and ( i i )  the side walls of the s t r u c t u r e  will survive.

H o w e v e r , these conclusions are based on a simple two dimensional , 
- 

-

axisymmetric problem. In order to understand the vulnerability

p r ob l e m m o r e  f u l l y , it is necessary to examine a three d imen —

s io n a l  problem with a more realistic s t r u c t u r a l  model and site

p r o f i le .

Studies of the HARD PAN 1—3 event arc now under way (under

SAMSO contract) in order to study a full 3—D case. In order

• 1 
to reduce this problem to manageable proportions , th e soil—island

method , Ref. [71, is being used with soil—island boundary

motions produced from the LAYER code. 

—-~~- ---- --— - ---~~~~~~~~~~~- -i
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