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FOREWORD 

T h i s  r e p o r t  was prepared under  a s u b c o n t r a c t  w i t h  Union Carbide  Corpora t ion ,  
Nuclear  D i v i s i o n ,  an ERDA c o n t r a c t o r .  T h e  s u b c o n t r a c t  was a d m i n i s t e r e d  b y  
t h e  O f f i c e  o f  Was te  I s o l a t i o n  and i s  p a r t  o f  the Nat ional  Waste  Terminal 
S t o r a g e  (NWTS) Program. The p r i n c i p a l  o b j e c t i v e  o f  the NWTS Program i s  
t o  p r o v i d e  f a c i l i t i e s  i n  v a r i o u s  deep g e o l o g i c  format ions  a t  m u l t i p l e  
l o c a t i o n s  i n  the Uni ted  S t a t e s  wh ich  w i l l  s a f e l y  d i s p o s e  o f  commercial 
r a d i o a c t i v e  w a s t e ,  which must  be d e l i v e r e d  t o  a Federal R e p o s i t o r y  f o r  
t e r m i n a l  s t o r a g e .  Some o f  the e x p e c t e d  w a s t e s  produce both h e a t  and 
r a d i o a c t i v i t y  . T h i s  s i t u a t i o n  l e a d s  t o  many un ique  problems i n  rock 
mechanics .  T h i s  r e p o r t  a d d r e s s e s  a p a r t i c u l a r  problem r e l a t i v e  t o  the 
Rock Mechani cs Program. 

The o v e r a l l  o b j e c t i v e  o f  the OWI Rock Mechanics Program i s  t o  p r e d i c t  the 
r e s p o n s e  o f  a rock mass h o s t i n g  a was te  r e p o s i t o r y  d u r i n g  i t s  c o n s t r u c t i o n  
and o p e r a t i o n ,  a s  w e l l  a s  the p o s t - o p e r a t i o n a l  phase .  The o p e r a t i o n a l  
phase i s  e x p e c t e d  t o  be approx imate ly  20 years  w h i l e  the pos t -opera t iona l  
phase w i l l  l a s t  u n t i l  the r e p o s i t o r y  n o  l o n g e r  poses  any p o t e n t i a l  hazard 
t o  mankind,  a per iod  t h a t  may l a s t  s e v e r a l  hundred thousand years .  The  
Rock Mechanics Program i s  concerned w i t h  n e a r  f i e l d  e f f e c t s  on  mine s t a b i l i t y  
a s  w e l l  a s  f a r  f i e l d  e f f e c t s  r e l a t i v e  t o  t h e  o v e r a l l  i n t e g r i t y  o f  the g e o l o g i c  
con ta inment  o f  w a s t e .  

I n  o r d e r  t o  accompl i sh  the o b j e c t i v e s  o f  the Rock Mechanics Program, numerical  
s i m u l a t i o n ,  l a b o r a t o r y  ( i n c l u d i n g  bench s c a l e ) ,  and f i e l d  s t u d i e s  a r e  under  
way. T h e  l a b o r a t o r y  and f i e l d  s t u d i e s  p r o v i d e  i n p u t  t o  the numerical  
s i m u l a t i o n s  and a l s o  the o p p o r t u n i t y  for v a l i d a t i o n  o f  the p r e d i c t i v e  
c a p a b i l i t i e s  of the computer c o d e s .  U l t i m a t e l y ,  t h e  computer c o d e s  w i l l  
provide the p r e d i c t e d  r e s p o n s e  o f  the h o s t  rock mass and t h e r e b y  form a n  
e s s e n t i a l  p a r t  o f  the o v e r a l l  Rock Mechanics Program. 

T h i s  r e p o r t  p r o v i d e s  i n f o r m a t i o n  on i n p u t  d a t a  a l o n g  w i t h  a FORl'RAN l i s t i n g  
of RSI/TEVCO: A T l ~ e ~ l i l o / V i s c o e l a s t i c  Finite E l  entent Computcr Program. 
Documentation o f  computer c o d e s  used i n  the NWTS Pmgram i s  i m p o r t a n t  i n  
o r d e r  t o  p r o v i d e  f o r  c o n t i n u i t y  i n  the program and accep tance  b y  b o t h  the 
scientific community and the p u b l i c .  
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TO: - O f f i c e  o f  Was te  I s o l a t i o n  
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P .  0. Box Y 
Oak R i d g e ,  TN 37830 

@ RElSPEC U W .  

P. 0. Box 725 RAPID CITY, S.D. 57709 605/343-7868 

A t t n . :  D r .  W i l l i a m  C .  McClain 

F W M :  - M r .  Gary D .  Ca l lahan  
D r .  A r l o  F .  Fossum 
RE/SPEC Inc. 
P .  0.  Box 725  
Rapid C i t y ,  S D  57701 

SUBJECT: Data I n p u t  Manual f o r  RSI/TEVCO: A T h e r n w / V i s c o e l a s t i c  F i n i t e  
Element  Computer Program ( R e f . :  - Union C a r b i d e  C o r p o r a t i o n ,  
Nuclear  Division S u b c o n t r a c t  N o .  89Y-22303 (RSI-O01000/1"Y77). 

1.  INTRODUCTION 

Program: RSI/TEVCO 

Func t ion:  RSI/TEVCO i s  a p lane  f i n i t e  e l e m e n t  code  d e s i g n e d  t o  a n a l y z e  
e l a s t i c ,  t h e r m o e l a s t i c ,  v i s c o e l a s t i c ,  or t h e r m o v i s c o e l a s t i c  
problems.  T h e  b a s i c  element i s  the e i g h t  noded i s o p a r a m e t r i c  
q u a d r i l a t e r a l  e l e m e n t  b u t  a s i x  noded s u b p a r a m e t r i c  t r i a n g u l a r  
e l e m e n t  may be used s e p a r a t e l y  or f o r  g r a d a t i o n  purposes  w i t h  
q u a d r i l a t e r a l  e l e m e n t s ;  

Outpu t :  RSI/TEVCO o u t p u t s  nodal  ( i n c r e m e n t a l  and t o t a l )  d i s p l a c e m e n t s  
and stresses. 

The f o l l o w i n g  pages  i l l u s t r a t e  the r e q u i r e d  i n p u t  d a t a  w i t h  o p t i o n s  

f o r  o b t a i n i n g  approx imate  s o l u t i o n s  . to  e l a s t i c ,  t h e r n w e l a s t i c ,  v i s c o e l a s t i c ,  

or t h e r m o v i s c o e l a s t i  c t y p e  problems.  One v e r s e d  i n  d i g i t a l  computers  and 

the f i n i t e  e l e m e n t  method (1 ,2)*  s h o u l d  have  l i t t l e  d i f f i c u l t y  i n  u s i n g  the 

computer program a s ,  a tool f o r  a n a l y z i n g  complex  boundary  v a l u e  problems 

o f  t h e  a f o r e m e n t i o n e d  t y p e .  F i g u r e  1 o f f e r s  a " g l o s s a r y "  o f  t e r m s  which  

may be f o r e i g n  t o  the u s e r .  The example  problem and r e s u l t s  ( f o l l o w i n g  

the i n p u t  d a t a  d e s c r i p t i o n )  shou ld  c l a r i f y  o t h e r  c o n c e p t s  wh ich  may be 

m i s c o n s t r u e d .  

*Numbers i n  p a r e n t h e s e s  refer to references a t  t h e  end o f  this r e p o r t .  



( a )  S e g m e n t  f r o m  a  T y p i c a l  F i n i t e  E l e m e n t  D i s c r e t i z a t i o n .  

i i k 

( b )  ~ ~ ~ i c a l  E i g h t - N o d e d  I s o p a r a m e t r i  c' E l e m e n t .  

Pr.imary N o d e s  - i , k ; m , o  

S e c o n d a r y  N o d e s  - j r I r n , p  

G l o b a l  C o o r d i n a t e  A x e s  - x, Y 

L o c a l  C o o r d i n a t e  A x e s  - i7,5 

Node 

F i g u r e  1 .  S e g m e n t  o f  a  t y p i c a l  f i n i t e  e l e m e n t  m e s h  u t i l i z i n g  
e i g h t  n o d e d  .i sopi.] !--ii.?c> t r.i c el emen t s . 



In S e c t i o n  2 ,  each  r e q u i r e d  da ta  card t y p e  i s  d e s c r i b e d .  The  b u l k  

o f  the da ta  r e q u i r e d  t o  d e s c r i b e  a f i n i t e - e l e m e n t  mesh i s  c o n t a i n e d  i n  

d a t a  card t y p e s  5 and 6' which c o n s i s t s  o f  t h e  nodal c o o r d i n a t e s  and t h e  

e l e m e n t a l  nodal c o n n e c t i o n  a r r a y ,  r e s p e c t i v e l y .  F o r  l a r g e r  problems,  

one  may f i n d  i t  advantageous t o  genera te  the coord ina tes '  and c o n n e c t i o n  

a r r a y  a u t o m a t i c a l l y  i n  a smal l  r o u t i n e  and t h u s  reduce  the mesh prepar- 

a t i o n  t i m e .  

I n  the f i n a l  section, an example problem i s  presen ted  t o  i l l u s t r a t e  

the mesh p r e p a r a t i o n ,  d a t a  i n p u t ,  and computer o u t p u t .  A f o r t r a n  l i s t i n g  

o f  the computer program i s  g i v e n  i n  the Appendix. 



2. INPUT DATA DESCRIPTION 

The f o l l o w i n g  pages  i l l u s t r a t e  and d e s c r i b e  the r e q u i r e d  d a t a  c a r d s  

for r u n n i n g  v a r i o u s  stress a n a l y s i s  t y p e  problems u t i l i z i n g  RSI/TEVCO. 

Each d a t a  c a r d  t y p e  i s  d i s c u s s e d  s e p a r a t e l y  and w a r r a n t s  no f u r t h e r  

d i s c u s s i o n  a t  t h i s  p o i n t .  

T h e  u n i t s  on v a r i o u s  i n p u t  parame ter s  may be any set o f  consistent 

u n i t s .  F o r  example:  

noda l  c o o r d i n a t e s  - i n .  

Y o u n g ' s  modul us - lb. / in.  
2 

5 
s p e c i  f i c we i  g h t  - lb./in. 

el emen t thickness . - i n .  

0 
t e m p e r a t u r e s  - F 

thermal  e x p a n s i o n  c o e f f i c i e n t  - IPF 
boundary  c o n d i  tions 

i )  p o i n t  l o a d s  

ii) t r a c t i o n s  

i i i ) d i s p l a c e m e n t s  

- l b .  

- lb. / in.  
2 

- in .  

U s i l l y  LIE ahv-e set of u n i t s ,  c l ioplaccmonto  aro e u t p u t  i n  inches 

and s t r e s s e s . a r e  o u t p u t  i n  pounds p e r  s q u a r e  inch. 

In the f i l l o w i n g  t ex t ,  d i m e n s i o n s  a r e  g i v e n  i n  t e r m s  o f  mass (MI, 

l e n g t h  (L), t ime  ( t ) ,  and t e m p e r a t u r e  ( T ) .  



(RSI -  0056 )  

DATA CARD 1 

3X m ALPHANUMERIC HEADER 
18A4 

I 2 3 4 5 6 1 B 9 10'1) 12 13 14 !5  IG $1 I8 19 20 n 22 23 24 25 26 21 28 3 20 $1 :; 33 34 35 Z5 J J  J8 39 40 dl 4: 43 4 4  4ct6 47 48 49 50 51 52 53 64 55 55 5' 58 59 50 El C i  C? F4 65 t6 61 68 69 71 12 13 14 15 16 17 13 7!! 80 

l l l i l l l l l l l l l l l l l l l l 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 l l  

. .- where: NPROB i s  g r e a t e r  t h a n  o n e  for mu1 t i p l e  r u n s .  
- 

T h i s  card is echoed on the RSI/TEVCO p r i n t o u t  t o  i d e n t i f y  t h e  

computer run .  On1 y one card i s  p e r m i t t e d .  

LMTA CARD 3 (Sco n o t o c  p. 1 3 )  

IVE IPR W X  DELT 
I ( ' 1  I 5  1 I 5  1 1 5  1 El 0 . 3  

o o o o o o f i u o o c a c c i  ~ ~ ~ ~ ~ ~ ~ ~ ~ o o o n o ~ o o o o o ~ ~ o ~ ~ ~ o o ~ ~ ~ ~ ~ ~ ~ ~ c ~ n e o ~ o o c c ~ o o o ~ o o o o c o ~ o o ~ o o o o  



where:  

IVE i s  a s o l u t i o n  t y p e  i n d e x .  

IVE = 1 r e s u l t s  i n ' a  t h e r m o e l a s t i c  r u n .  
IVE = 2 results i n  a c r e e p  r u n ,  o r  a n  e l a s t i c  r u n .  
IVE = 3 r e s u l t s  i n  a t h e r m o v i s c o e l a s t i c  r u n .  

IFR i s  the p r i n t  i n t e r v a l  on t i m e  s t e p s .  

( D e f a u l t  = 1 )  e .g .  IPR = 3 results i n  o u t p u t  e v e r y  t h i r d  t i m e  s t e p .  

J T M ~ X  i s  the number o f  t i m e  s t eps . .  

I F  ( i)  I V E = l , S e t  J T M A X = 2  

(if) IVE = 2 

( a )  Creep ,  JTMAX = d e s i r e d  t ime  s t e p s  

(b)  E l a s t i c ,  JTMAX = 1 

(iii) IVE = 3 ,  JTMAX = d e s i r e d  t i m e  steps 

DELT i s  the magn i tude  o f  the t i m e  s t e p  i n  y e a r s .  
(D i s regard  f o r  el a s t i c  and t h e r m o e l a s t i c  p rob lems)  

DATA CARD 3 

where:  

NNP i s  the number o f  nodal  p o i n t s  (maximum = 1 0 0 0 )  

N E T ,  i s  the number o f  e l e m e n t s  (maximum = 400)  

NMAT i s  the number o f  d i f f e r e n t  m a t e r i a l  t y p e s  (maximum = 5 )  

NSLC i s  the number o f  u n i f o r m  s u r f a c e  l o a d  c a r d s  (i .e., one card  
per e l e m e n t  s i d e )  e.q. for the f o l l ~ ~ i n g ,  NSLC = 3 



NOPT i s  e q u a l  t o  1 f o r  p l a n e  s t r a i n  and 2 f o r  p l a n e  stress. 

NBODY i s  a control i n d e x .  

NBODY = 0 means body  f o r c e s  a r e  not i n c l u d e d .  

NBODY = 1 means body  f o r c e s  due  t o  g r a v i t y  a r e  i n c l u d e d .  

E (NMA T j  q R  (NMAT) RO (NMAT) TH (NMAT) ALPHA 
( M A T )  

*. ' . ,:i , 
. D  !,.' - \ O O O  i 

18 19 80 1 

where for  m a t e r i a l  t y p e  I:  

. . 
1 1 1  1 

E . (11 i s  Y o u n g ' s  ~ o d u l u s  ( M / ~ ~ L )  

PR (11  is P o i s s o n ' s  Ratio 

2 2 
RO (I) i s  s p e c i f i c  w e i g h t  ( M / t  L ) 

ALPHA (2) 

TH (1) i s  the e l e m e n t  thickness (for p lane  s t r a i n  set  eg!.:a; t o  i.! ( L j  

ALPHA ( I )  i s  t h e  t h e r m a l  e x p a n s i o n  c o e r ' f i c i e n t  ( 1 / T )  

PR ( 2 )  E ( 2 )  

/ --- 

E ( 1 )  P R ( 1 )  RO ( 1 )  T H ( 1 )  ALPHA ( 1 )  1 1 1  / E l 0 1  1 E l 0 1  1 ElLJ.3  I i i 0 . 1  1 1 DATA CARD 4 2 2 2  r- 
O O O O C O O ~ C O @ O O ~ ~ O O R O O ~ ~ O O G O O @ ~ O O O G ~ D O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O U O O ~ ~ O ~ ~  
1 2 : 4 5 5 , 8 '! 1" 1; :? I3 ': ;J .6 :I I: I? :0 21 ?2 2: 21 7'; 26 2 1P ?S 30 31 ;? j3 34 ?; 1': 17 38 13 13 4;  4:. 13 44 < %  .;5 4; 4 3  i Y  :3 5 ;  5i :! 54 :$ 26 ? :.S 59 (;G 61 E? 63 M 65 66 67 66 69 10 71 12 73 74 15 16 11 18 19 80 

1 1 1 1 1 1 1 1 : 1 ! ~ 1 1 1 1 ; 1 1 1 1 1 1 ' ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l t i ! i i l i l Z l l l l l l l l l l l l l l l 1 1 1 1 ~ 1 1 1  

RO (2) 

3 3 3 
i 

, J 5 4  / 

TH (2) 



DATA CA,PD(S) 5 ( S e e  Notes p .  1 2 )  

/M'NnrP)  KODE X (NNP) Y (NNP) ULX (NNP) VLY (NNP) 

I (NNP) 

/ '.'. ' 5 3 

' 
M(1)KODE X ( 1 )  y  (1) ULX('1) VLY ( 1 )  ' 1 i 1 1  1 15 0 3  1 0 1 E10.3 1 0 - 3  1 DATA CARDS 5 

0 0 G O C O E O C  G O ~ G O C ~ C 0 0 0 0 0 3 C ~ O ~ U ~ O ~ ~ ? O O O O O O O I ! O O I O 6 O ~ O  G C O O D O O O O C O O O O G 0 0 5 C O @ O C O O [ ! 9 3 3 0  
1 3 n 3  

1 2 : 4 1. 5 : .I :! ;3 i :  ! I  !I rr !: 16 :: 1: :$ ?J ?: :! p 14 9 C  26 :; )8 :.:; .: :I ;i .: ;: ?5 36 3 1  1F 'ID (0 61 41 41 4; 45 L6 n i  48 r9 50 51 57 53 54 55 56 57 58 59 60 61 6: 5) 64 85 66 Cl £ 8  59 73 z 72 73 74 75 16 77 7; ;9 68 
' 

l l l l l l i ! l ! 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l ! l l l l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
.: .: / 

where  f o r  node  I :  

M f I )  i s  the noda l  p o i n t  number. 

KODE(I) i s  a boundary  c o n d i t i o n  c o d e .  

2 
KODE(I) = 0 ,  f o r  ULX = P r e s c r i b e d  Load i n  x -~ i rec t ion  ( M L / ~  ) 

2 
VLY = P r e s c r i b e d  Load .in Y - D i r e c t i o n  (ML/t  ) 

KODE ( I )  = 1 ,  f o r  ULX = P r e s c r i b e d  Di sp lacemen t  i n  X-Direction (L) . 
2 

VLY = P r e s c r i b e d  Load i n  Y-~ i rec t ion  ( M L / ~  ) 

2 
KODE ( I )  = 2,  f o r  ULX = P r e s c r i b e d  Load i n  X - D i r e c t i o n  ( M L / ~  ) 

VLY = P r e s c r i b e d  Di sp lacemen t  i n  Y - ~ i r e c t i o n  ( L )  . 
KODEfI) = 3, f o r  ULX = P r e s c r i b e d  Di sp lacemen t  i n  X-Direction ( L )  . 

VLY = P r e s c r i b e d  Di sp lacemen t  i n  Y - D i r e c t i o n  (L) . 
X ( I )  , Y ( I )  a r e  g l o b a l  c o o r d i n a t e s  o f  noda l  p o i n t  I ( L )  . 

\ 

ULX ( I )  i s  l o a d  ( F )  or d i s p l a c e m e n t  i n  X - d i r e c t i o n  d e p e n d i n g  on the 
va.2 ue of KODE ( I )  . 

VLY ( I )  i s  l o a d  (F) or d i s p l a c e m e n t  i n  Y - d i r e c t i o n  d e p e n d i n g  on the 
v a l u e  o f  KODE ( I )  . 



('RSI-0056) 

DATA CARDIS) 6 ( S e e  Notes  p .  1 2 )  

I MN ' ( ' 1 ~ 1 ( 2 ~ ) 1  - - -  1 ...I .:. . . . (2 .8)  (2) 

/ 0  0  
8 19 80 

ELN I I MN 1 1  1 
(1)  (1,s ( 1 )  ( 1  . ~ 5  1 I5 1 i; 1;;- 1 ;i 1 yi 1 iL  1.;;- 1 I5 1 I5 1 DATA CARDS 6 2 2 2  

0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 C  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
~ ~ ~ ~ s ~ ~ a g ~ o ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ a ~ g m ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ z ~ : a ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ o ~ ~ ~ z ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ a ~ ~ ~ o s ~ s z s ~ ~ s s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ s ~ n n a n s ~ s n n n n m  3 3  

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  4 4 

\ (F,($, , . . . , . .; , . . . , . . . , . . . , , I MN i 

where: 

. .,. . ( N E L ,  
8 )  

ELN ( N )  i s  the e l e m e n t  number. 

I ( N  1 )  I ( I ,  8 )  a r e  the g l o b a l  node  numbers p r o g r e s s i n g  c o u n t e r  c l o c k w i s e  
i n  e l e m e n t  N ,  e .g .  

. .. - . . . . 
/ \ 0 0 0  ! 

(NEL) 

I ( N , l )  I ( N ,  3) 

I 

i~ the e lemnt  mate.rf.a.1 type number of e l e m e n t  N 
(maximum number i s  NMAT) 



DATA CARDIS) 7 

a MSC NS2 TRdCX TRACY 
WE, (NSLC ) (NSLC) (NSLC) 

/ 
-..- 

7 9 9 0  / MSC NS2 TRACX(1) - c Y ( ~ )  b; 19 sa 

(1) ( 1 )  

1 1 5 1  15 1 E10-3  1 E l o - 3  1 DATA CARDS 7 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O O O O O O O O O O O O O O O O B O O O O O O O O O O C G O O O O O O O O O O O O O O O O O O O O O O O O O O O O O ~ O  
I2l4561891011121314151611I819202122232475762l28r)3O3132U34153(131~3940~l4243UIc464l4B43505152535455561158595061~263U65566l6869lOT1l2l37~l5l6~il8l98O 

l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
4 4 

• where  : 

MSC 

NS2 

i s  the e l e m e n t  number on w h i c h  t r a c t i o n s  a r e  a p p l i e d .  

i s  the number o f  the s e c o n d a r y  ( m i d - s i d e )  node  on the 
s i d e  o f  the - e l e m e n t  on w h i c h  t r a c t i o n s  a r e  a p p l i e d .  

2 
TRACX, m C y  a r e  tract ion;;  ( ~ / t .  L )  . i n  the X and Y directions, r e s p e c t i v e l y  

a p p l i e d  to the s i d e  o f  an e l e m e n t  w i t h  the e l e m e n t  i d e n t i f i e d  
b y  MSC and the s i d e  i d e n t i f i e d  b y  NS2. 

NOTE: Omit  Card ( s j  7 i f  NSLC = 0 (Card 3 ) .  - 

nata card  t y p e s  8 ,  9 ,  and 1 0  t h a t  f o l l o w  p e r t a i n  t o  s p e c i f i c a t i o n  o f  

the t e m p e r a t u r e  f i e l d ( s )  f o r  t h e r m o e l a s t i c  and t h e r n v v i s c o / e l a s t i c  p rob lems  

( S e e  Y o t e s  p .  1 2 )  . 
DATA CARD 8 

DATA CARD 8 

O O O C  O O ~ O O O ~ U O O C O O O O O U U O O O O O O O O O O O O O O O O O O O O O O O O O O O O O ~ O O ~ O O O O ~ O O O O O O O O O O O ~ ~ ~ ~ ~ ~ ~ ~ ~  
I 2 3 4 5 F I 8 9 10 I1 I2 I3 14 I5 I6 I1 I8 !9 31) 2; 22 ?3 24 25 7i 21 28 79 10 31 12 U 31 35 36 31 3R 39 10 41 42 41 44 $5 t E  41 48 49 50 51 52 51 54 55 56 51 58 5960 6: 62 61 64 €5 66 61 68 69 iP 11 12 X 14 19 16 11 la 79 $0 

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l  

NTF i s  the number o f  t e m p e r a t u r e  f i e l d s  to  be i n p u t .  



DATA CARD 9 

DATA CARD 9 

- 
w h e r e  : 

TM i s  the t i m e  o f  the t e m p e r a t u r e  f i e l d  w h i c h  f o l l o w s  i n  d a t a  
c a r d  t y p e  (s) 10 ( t )  . 

DATA CARDS 1 0  
/ 

w h e r e  : 

TNEW(N) i s  the t e m p e r a t u r e  o f  n o d a l  p o i n t  N a t  
t i m e  TM s p e c i f i e d  i n  c a r d  t y p e  9 ( T )  . 



NOTES ON DATA INPUT CARD TYPES 

CARD W P E  NOTE - 
I f  IVE = 1 (i .e. t h e r m e l a s t i c  r u n ) ,  JTMAX i s  set e q u a l  to 2 
f o r  c o n s i d e r a t i o n  o f  one t e m p e r a t u r e  f i e l d .  I f  mu1 t i p l e  
t e m p e r a t u r e  f i e l d s  a r e  t o  be c o n s i d e r e d ,  JTMAX s h o u l d  be 
e q u a l  t o  the number o f  t e m p e r a t u r e  f i e l d s  p l u s  one. 

When IVE = 2 and c r e e p  i s  b e i n g  c o n s i d e r e d ,  one mus t  r e a l i z e  
t h a t  the c o n s t i t u t i v e  r e l a t i o n  i s  o f  the power l a w  form 
w h i c h  was d e r i v e d  f rom e x p e r i m e n t a l  d a t a  on rock s a l t .  

When IVE = 3 (i .e. t h e r m o / v i s c o e l a s t i c  r u n )  a l l  t e m p e r a t u r e  
f i e l  d s  n e e d  not be p r o v i d e d .  Tempera ture  f i e l  d s  r e q u i r e d  
t h a t  a r e  n o t  p r o v i d e d  a r e  computed from those t h a t  a r e  
p r o v i d e d  t h r o u g h  l i n e a r  i n t e r p o l a t i o n .  

A u t o m a t i c  g e n e r a t i o n  o f  e q u a l l y  spaced noda: p o i n t s  
i s  i n c l u d e d  for m i s s i n g  node  numbers .  F o r  g e n e r a t e d  
n o d e s  KODE = 0 and the p r e s c r i b e d  t r a c t i o n s  e q u a l  z e r o .  

A u t o m a t i c  e l e m e n t  g e n e r a t i o n  i s  p o s s i b l e  f o r  q u a d r i l a t e r a l  
elements o n l y  i f  o n e  numbers the n o d e s  c o n t i n u a l l y  
a l o n g  a  l i n e ,  e . g .  

In the a b o v e  e x a m p l e ,  i n c l u d i n g  d a t a  c a r d s  f o r  e l e m e n t s  
1 and 4 would r e s u l t  i n  the g e n e r a t i o n  o f  e l e m e n t s  2 and 3 
i n t e r n a l l y  . In a d d i t i o n  the m a t e r i a l  t y p e  number ( M N )  , 
i s  assumed t o  be the same a s  e l e m e n t  1 .  

8 ,  9 ,  and 1 0  For thermoe1ast.i .c r u n s  (6VE = 1 )  c a r d  t y p e s  8 ,  9 ,  and 1 0  
mus t  be r e p e a t e d  s e q u e n t i a l l y  f o r  e a c h  t e m p e r a t u r e  I i e l d .  
In e a c h  c a s e  NTF (Card 8 )  m u s t  be e q u a l  t o  one f o l l o w e d  
b y  the t i m e  (Card 9 )  and the t e m p e r a t u r e  f i e l d  (Cards  1 0 ) .  

In t h e r m o / v i s c o e l a s t i c  a n a l y s e s  (IVE = 3 ) ,  c a r d  t y p e  8  
i s  i n c l u d e d  o n l y  once i n d i c a t i n g  the number o f  t e m p e r a t u r e  
f . i s l d s  p r o v i d e d .  Card 8  i s  then f o l l o w e d  b y  c a r d  t y p e s  
9 and 1 0  (i .e. 9-10, 9-10, 9-10 . . .) p r o v i d i n g  the 
t i m e  and t e m p e r a t u r e  f i e l d s .  

General  U n i t s  o n  i n p u t  d a t a  m u s t  he consistent. 



3 .  EXAMPLE PROBLEM UTILIZING RSI/TEVCO 

3 . 1  . Problem D e s c r i p t i o n  

C o n s i d e r  a u n i f o r m ,  i s o t h e r m a l ,  t r a c t i o n  free b a r  ( n e g l e c t i n g  b o d y  

forces) whose t e m p e r a t u r e  i s  i n s t a n t a n e o u s 1  y e l e v a t e d  e v e r y w h e r e .  Two 

s p e c i f i c  c a s e s ,  a s  d e p i c t e d  i n  F i g u r e  2 ,  w i l l  be c o n s i d e r e d ;  i n c l u d i n g  

( a )  e n d s  o f  the b a r  a r e  r e s t r a i n e d ,  and, (b)  e n d s  o f  the b a r  a r e  free. . 

AT Tempera ture  - + I n c r e m e n t  
-x 

( a )  R e s t r a i n e d  Heated Bar 

h AT Tempera ture  

4 I n c r e m e n t  
x 

(b)  U n r e s t r a i n e d  Hea ted  Bar 

F i g u r e  2.  T h e r m o e l a s t i c  Example Problem Geometry .  

S i n c e  the e n d s  o f  the b a r  a r e  r e s t r a i n e d  i n  Case  A ,  h o r i z o n t a l  

stresses w i l l  b u i l d  u p  a s  the b a r  i s  h e a t e d .  However, since the b a r  

i s  free t o  expand i n  the v e r t i c a l  d i r e c t i o n ,  the v e r t i c a l  stress 

component w i l l  be z e r o .  



Case B consists o f  the bar being to ta l l y  unrestrained and free o f  

tractions and body forces, thus upon heating, the bar w i l l  expand but 

remain stress free (3) . 
I f  one considers a s ta te  o f  plane strain, the homogeneous thermal 

s tress  f ie ld  generated by a uniform increase i n  temperature AT for 

Case A i s  (4,s) 

a = E ~ A T / ( ~ - v )  (Compressive) 
X 

where: 

a = thermal expansion coe f f i c i en t  (l/Degree) 

V = Poisson's Ratio 

2 
E = Young's Modulus (M/t L ) 

Choosing the following values: 

the induced thermal s t ress  i s :  

a = 80 lb . / in .  
2 

(Compressive) 
X 

As previously mentioned for Case B ,  free expansion o f  the bar 

resul ts  i n  no thermal1 y induced stresses.  However, the thermal 

strains generated are seen t o  be ( 4 , s )  

Util iz ing the aforementioned properties, the strains are 

computed t o  be 



Accompanying the stresses i n  Case  A ,  the s t r a i n s  a r e :  

w h i c h  r e s u l t s  i n  

- 4 
E = l x 1 0  

Y  

, 
3 .2 .  The  F i n i t e  E l emen t  D i s c r e t i z a t i o n  

I n  m o d e l i n g  the above  t h e r m o e l a s t i c  example  prob lem,  the c h a r a c t e r -  

i s t i c  b a r  d i m e n s i o n s ,  h and L ,  a r e  a r b i t r a r y  ( e x c e p t  when c o n s i d e r i n g  d i s p l a c e -  

m e n t s )  and chosen a s  one f o o t  and t w e l v e  f e e t ,  r e s p e c t i v e 1  y .  S e c o n d l y ,  

one mus t  d e c i d e  o n  the number, s i z e ,  g r a d a t i o n ,  etc. r e g a r d i n g  the 

e l e m e n t s .  F o r  this p a r t i c u l a r  problem one q u a d r i l a t e r a l  e l e m e n t  would 

be s u f f i c i e n t ;  however ,  f o u r  q u a d r i l a t e r a l  e l e m e n t s  w i l l  be u t i l i z e d  

f o r  i l l u s t r a t i v e  p u r p o s e s .  G e n e r a l 1  y ,  the number o f  t r i a n g u l a r  or 

q u a d r i l a t e r a l  e l e m e n t s  t o  be u s e d ,  g r a d a t i o n  e,tc. a r e  problem d e p e n d e n t  

and r e q u i r e  e x p e r i e n c e  a l o n g  w i t h  some t r i a l  and error i n  o r d e r  t o  a s s e s s  

the 'best' r e p r e s e n t a t i o n .  F i g u r e  3  shows the f i n i t e '  e l e m e n t  m o d e l s  

• used  for the two  c a s e s  shown i n  F i g u r e  2 .  



CASE A: Ends  R e s t r s i n e d  

Boundary  m n d i t i o ~  C o d e s  . 

1 - Nodes 1 , 2 ,  2 1 / 2 2  

2  - Nodes 5 , 8 , 1 0 , 1 3 , 1 5 , ~ 8 , 2 0  

3  - Nodes 3 ,2d 

0  - A l l  O t h e r  r o d e s  

CASE B: F r e e  E x p a ~ s i o n  

Boundary  C o n d i  t ion C o d e s  

1 - Nodes 1 , 2  

2  - Nodes 5 , 8 , 1 0 , 1 3 , 1 5 , 1 8 , 2 0 , 2 3  

3 -  Node 3 

0  - A l l  O t h e r  $ o d e s  

F i g u r e  3 .  F i n i t e  E l e m e n t  Models  f o r  the T h e r m o e l a s t i c  Example  P r o b l e m .  



3 . 3 .  I n p u t  Data 

A f t e r  d e f i n i n g  the s p e c i f i c  problem,  the m a t e r i a l  p r o p e r t i e s ,  and 

.the mesh,  o n e  may proceed g e n e r a t i n g  the i n p u t  d a t a  a s  d e s c r i b e d  i n  

S e c t i o n  2 .  T h e  b u l k  o f  the i n f o r m a t i o n  i s  e x t r a c t e d  f rom F i g u r e  3 .  

T h e  comple t ed  c o d i n g  fo rms  for the example  prob lems  a r e  i n c l u d e d  i n  

the f o l l o w i n g  pages  ( c f  . S e c t i o n  2 .  ) . 
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3 .4 .  R e s u l t s  

The f o l l o w i n g  pages  i l l u s t r a t e  the compu ter  o u t p u t  f o r  RSI/TEVCO 

i n c l u d i n g  the noda l  stresses and d i s p l a c e m e n t s  f o r  the t w o  p r e v i o u s 1  y 

posed  prob lems .  Comparing w i t h  the r e s u l  t s  computed i n  S e c t i o n  3.1 

from the t h e o r y  o f  e l a s t i c i t y ,  the r e s u l t s  a r e  seen t o  be e s s e n t i a l 1  y 

e x a c t .  

The f i r s t  s o l u t i o n  p a s s  ( r e c a l l  JTMAX = 2 d a t a  c a r d  t y p e  2 

S e c t i o n  2 )  r e s u l t s  i n  z e r o  d i s p l a c e m e n t s  and stresses. G e n e r a l 1  y ,  

the f irst  p a s s  i s  used  f o r  a ' g r a v i t y  turn-on '  a n a l y s i s  f o l l o w e d  b y  

the thermal  stress a n a l y s i s .  S i n c e  the b o d y  f o r c e s  a r e  z e r o  i n  these . 

example  prob lems ,  the stresses and d i s p l a c e m e n t s  a r e  z e r o  a s  one would 

e x p e c t .  



PROBLEH 2. .  RSI /TEVCO T H E R M ~ E L A s ~ I C  EXAtlPLE ?RdBLEH -- CASE ( A )  

INITIAL TIMEWSTEP, DELT- 0.0 v RS 

INPUT T A B L E  1 * B A S I C  PARAMETERS :... ........................ . .  . . .  , 

KUMBER OF ELEMENT 
NUMBER OF OIFFERE 
MUH@ER OF SURFACE 
: o PLANE STRAIN, 
BODY FORCES(1  o 1 

. ............... . . .  . . .  . . . . . . . . . . . . . . . . . . . . .  ......... -. - .  
. . . . . . .  ... .. ..... .. . HATERIAL  MODULUS OF FOISSON S HATERIAL HATER I A L  .._ FXPANSION _. _ .- 

N U V ~ E R  ELASTICITY RATTO . . . . . . .  DENSITY THICKNESS ..... COFFF IC IENT - ...... .... - . -. . -. ... -- .... - . . . . . . . . . . . . . . .  
..... .. . . . . .  ......... 1 ... O*!OOOD 0 7  0 .25n00 nO 0. 0  . -- ...... O* 1 0 0 0 0  0 1  0. 6 0 0 0 0 - 0 5  - - -. 
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INPUT  TABLE 4 . 0  ELEMENT D A T A  
U 

GLCBAL I N D I C E S  OF ELEMENT N ~ O E S  h ,  

ELEMENT 1 2 3 4 5 6 7 8 : R A T E R I A L  , 
cn 
\- 

1 1 2 3 5 ~ 7 6 4  1 
- .  2 . 6 . 7 . 8  0 ...........!.~............. 1 . - . 

3 '  11 1 2  13 15  . . .  I n  .... 17 .... 16 .... 1 4  .............. 1 ............ 
4 16 17 18 2 0  ..?2 . . - ~ 2  1 9  ...........-.. 1 ..l.~.l~........l.l......l.......l............ . . . . . . .  ... 

NODE 



-. . . 
OUTPUT TABLE 2 * *  STRESSES AT NOD41 P n t N T S  

NODE INCREMENTAL 
r Y X Y 

TOTAL 
X Y X Y SIC(-1 S I Q - 2  ANGLE - ,  

g ,. 



OUTFUT TABLE 2 . 0  STRESSES AT NODAl P n r N T S  

NOCE INCREVENTAL 
X Y X Y 

TOTAL 
X Y 

PRINCI'A: I 
X Y SIR-1 SIO-2 ANGLE 



. . 
PROBLEM I . * *  R S I / T E V C O  T H E R M ~ E L A ~ T I C  EXAMPLE PROBLEM -- CASE ( 8 ,  

_ -- -- . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... . - . .  
NUMBER OF NDDAL P O I N T S *  *..:..: .* . *.. *., ? .  -:. 23 ............... ......... . .. ..... . . . . . . - . .  
NUrBER OF ELEMENTS* * . r :. .! 4 . .  ..... .... .... . 
NUMBER DIFFERENT PATERZAI n * . . . . . .  i ................ - .... - . . . . .  . . . . . . . . . . . . . . . . . . .  
NUMBER OF SUFFPCE L o d o  CARDS* • . . * * - .  . . . 0  .--.L ... . . _  . ....... 
1 = PLANE STRAIN, 2 r PLAqE  sTRFsS. r * 1 . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . .  - ............... - . . . . . . . . . .  -- . 6 - . -- . . . . . . - . .  
BODY FORCES( *  I N  - V  Q I R I C * .  0  = NONE) -. 0  .. -- .. ......... .......... - .. . ....... -- . . . . .  

. . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . .  -. . . . . . . . . . . .  . . . . . . . .  
INPUT  TABLE  2 * *  MATERIAL FROPERTTFS ! _ ._ ....... ...... . ...... . ... . . . . . . .  . . . . . . . . . . . . . . . . .  

. ... ... . . . .  - ....... . . . . . .  . . . . .  - - 
MATERIAL RODVLUS OF . ?OTQSONIS . MATERIAL MATER:AL ........ FXPANSION .. - .. .- . . . . . . . . .  

NUMBER ELASTICITY RATTO .. . .  D E N S I T Y  ............ THICKNESS C O F F ~  IC IENT ............... . . . . . . . . . . . . . . . . . . . . .  .... 
. . . .  1 0 1  aoooo 0 7  0 ~ 2 6 n O D  n o  0 . 0  - - o * i O o o ~  01 - 0 * 6 0 0 0 D - 0 5  -. . . . . . . .  .-.-....-a_-..-. 
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INPUT TABLE 4 * *  ELEMENT DATA 

GLOBAL INDICES OF ELEHFNT NnDE3 
EL.EMENT 1 2 3 Q 5 6 7 8 HATERIAL b ,. 

1 1 2 3 5 ~ 7 6  4 1 I ; 
. . . . . . . .  2 . 6  . .  7 8 . 1.0- . 1 1  ........ 12 .... 11 9 - 1 ..... 0 .  

Q-'-"" 
.............. ........ - . . . . . . .  3 1 1  12 13 15 . I n  17 16 . . .  14  . . . . . . . . .  1 

4 16 17 18 20 ..... 24 ..... 2 2 '  2 1  . . . I 9  ............ 1 :--. .................................................. ............... . . . . . .  
m :  
L 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  ........ ........................... . . . .  . .  .- 
SEMI-BANOMIDTH I S  16 W I T H  ' 4 6  FnUATtONS , . . . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  - 

. . . . . . . . . .  ..... .............................................................. . . . .  .-... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . .  

............... ....... . . . - . . .  . . . . . . . . . . . . .  . - * T  .TI"i -- - . ,> 

N90E INCREMENTAL O t S P l  ACEMENTS . . . . . .  , TOTAL- DISPLACFHENTS . * 3 i 0  . ,.. Y R . I! 
............ .- ................. - .............. ......... . . .  ......................... 

Y . . . . .  . . . .  . . . .  . . . . . . . . . . . . . . .  X y x .  
. . . . .  .. . . . . . . . . . .  ............. . . . . . . . .  . . . . . . . . . .  . . . . . . .  - ......... - -... 

1 . . . . . .  010 . . . . . . . . . . . . . . . . . . . .  o * o  .......................... o * o  , .  . . . . . . . . . . . . .  0 * 0 . . . . . . . . . . . . . . . . . . . .  ..... ......... .- . 

. . . . . . . .  . . . . . . . . . . . . . .  . . :  . . . . . . . . .  .. ..............-.. 2 . . . . . . . .  0 ' 0  ............... 080 . . . . .  .-  ..... 000  -. 0 * 0 
3 . 0.0 O * O  0 * o  ........... .......................... . . .  ....... .- . . . . . . . . . .  o * o  .... . . . . . . . .  

........................ ...... .... .............. . . . . . . . . . . .  4 . . . .  0 a 0 . . . . . . . . . . . . . . . . . . . . .  0 * 0 ..................... 010 0 * O  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . .  0.0 ...................... 0 * 0 .............. - .... o * o .  o a o  
6 . . . .  ... ....... 0.0 . -  .................. 0.0 .... .... ......- . ..... ...... . . . . . . .  om0 .- o * o  
7 . . . . .  . . . . . . . - . . . . . . . . .  .. 0.0 .... o * o  .................... 9 * 0 ................................. 0 0 ......................... . . . . . . . . . .  
8 "' . . .  0 * 0 -- .- ........... ............................. . . 0.0 . . . . . .  .........-. o * o  . . . . . . . . . . .  : ............. O * O  ........ ....-.. ..-.. ..... . . . .  
3 0 * 0 . . . .  . . . . . . . .  o * o  . ... ............... ....................... .... .................................. 0.0 -. o * o  

10 I . . . .  . . . . . . .  0 * 0 .......... -........ 010 . . . . . . . .  000 ....................... 0 * o  ........................................................ 
1 1  010 , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  010 . . . .  . . .  0 * o  0 * o  
1 2  . o * o  . . . . - . . . . . . . . . . . . . . .  0 '0 ........ .- ................ o * o  . . . . . . . . . . . . . . . . - .  o * o  . . . . . . .  . .- 
13  . . . . . . . . .  0 * 0 . . . . . . . . . . .  ..... o * o  ..... 0 * 0 .. . . . .  ........... 0 60 . . . . . . . . . . . .  ... .... . . . . .  

010 . . 1 ............. o *  0 .......... ...... o * o  .--... .. ..... . . . . . . . . .  - .- -- - 0.0 
- .  15 . . . .  0 * 0 ........................... 0 '0 ................................... o * o  ............................ 0 * 0 ......................................................................................... 4 

16 . . C.0 ..................... 010 . . . . . . . . . .  0 * 0 . . . . . . . . . . . . . . .  0 * 0 ............................ ........................ 
17 .... O * O  O * O  o *  0 . . . . . . . . . . . . . . . . . . . .  o * o  . . . . . . . .  . . . . . .  ........................................................... . . 
1 a . . . .- . 0 * 0 .. ............... 0 * o  ................... -. ..... 060 ......... ................ ....... ................... om0 
1 9  . . . . . . .  0 ' 0  ... 0 '0 . . . . : .  o * o  ....... ......... 0 * o  . . . . . . . . . . .  ...................................... 

.- . . . . . . . . . .  20 ...... :. . . . . . . .  0 ' 0  .. - .............. . . . .  0.0 ........ o * o  . 0.0 ........... . . . . .  
2 1  ........... 0 ' 0  .......... ..... 0 '0  . .................... 010 ............ o * o  . . . . . . . . . . . . . . . . . . . .  ........ .-.. . . . . . . . . .  
2 2 o * o  .......................... o * o  . .... o * o  ........ o * o  ....... . 

. . 2 3 o * o  . : . . . .  .................. . :  ........... ........ ................................................................. 0 ' 0  :.- Q * O  i 0 0  



T TABLE 2-• STRESSES AT NODAl P n r V T S  
. . .  

INCREP~EN,TAL TOTAL 
8 Y X Y X ANGLE 

- % .i ......... +- 
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Q, , ! :, 
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Cn r?. 
bi. , 
L .  

NODE . 



. . . . . .  . . . .  
OUTPUT TABLE 29. STRESSES A T  NODAI  P n r N T S  

-.\ 

XI 
.k, 

NODE I N C R E H E N T A L  TOTAL P R I N C I P A L  I 
X Y X Y X Y X Y ' S I G - I  S I G - 2  ANGLE 

7 
0 
Q 



LIST OF REFERENCES 

( 1 )  Z i e n k i e w i c z ,  0.  C.: T h e  F i n i t e  E l e m e n t  Method i n  E n g i n e e r i n g  S c i e n c e ,  
McGraw-Hill ,  1 9 7 1 .  

( 2 )  Desai,  C .  S .  and A b e l ,  J .  F. : I n t r o d u c t i o n  t o  the F i n i t e  E l e m e n t  Method ,  
A Numer i ca l  Method f o r  E n g i n e e r i n g  S c i e n c e ,  Van N o s t r a n d  R e i n h o l  d 
Company, 1972 .  

(3) B o l e y ,  B.  A .  and Weiner, J .  H . :  T h e o r y  o f  Thermal  S t r e s s e s ,  W i l e y ,  1 9 6 0 .  

( 4 )  T imoshenko ,  S .  P. and  G o o d i e r ,  J .  N .  : T h e o r y  o f  E l a s t i c i t y ,  T h i r d  
E d i t i o n ,  McGraw-Hill ,  1 9 7 0 .  

( 5 )  B o r e s i ,  A. P .  and Lynn ,  P .  P .  : E l a s t i c i t y  i n  E n g i n e e r i n g  Mechanics, 
P r e n t i c e - H a l l  , 1974 .  



APPENDIX 

F o r t r a n  L i s t i n g  o f  C o m p u t e r  Code  RSI/TEVCO 

I n c l u d e d  i n  the f o l l o w i n g  p a g e s  i s  a f o r t r a n  l i s t i n g  o f  c o m p u t e r  

c o d e  RSI;TEVCO. T h e  c o d e  is d o u b l e  p r e c i s i o n  a n d  w i t h  the c u r r e n t  

d i m e n s i o n s  the c o d e  i s  a C l a s s  D J o b  on the ORNL IBM 3 6 0 / 9 1  C o m p u t e r  

S y s t e m .  I 

ITEM -- 
Number o f  N o d e s  

Number of E l e m e n t s  

~llmbef o f  D i f f e r e n t  
M a t e r i a l  T y p e s  

MAXIMUM 

semi -Bandwi  d t h  



g!?i . - - , :  . : ~ J i C ~ N G L ~ S T , h O C E C Y r i i j A D ~ ~ A P r N O E ~ I T r r \ l ~ I D ~ N O X R ~ F  

c PROGRAM R S T  ::\ -'; 

CIII-IPI------- rnMMc. , *  YLOCKS FOR T h I S  SUBROUTINE ...................... 2 0  
I M P L I C I T  R F A L r R i  A-Hr O-2) J INTEGER(  1 - N )  
COMMON/Ri/. Q ( 21.r:O r A K (  4 8 0 r 2 4 O )  JNEQD IBANDrNUMBLK 
C O M M O N / B ~ /  ~ ( 5 , :  . P R ( ~ ) D R O ( S ) # T H ( ~ I J A L P H A ( ~ )  4 0  

1 r ~ ~ ~ ~ : ~ ~ ~ ) J Y ( ~ ~ ~ ~ ~ J U L X ( ~ O O O ~ D V L Y ~ ~ O O O ~  
20 r E ~ ~ n 0 ~ 9 ) r K O D E ~ 1 0 0 0 )  
3 r  N ~ V P , ~ E L D N M A T D N S L C J N O P T ~ N ~ O D Y D M T Y P  7 0  

COMMON /ONF/  t J k ( 1 6 ~  171, B ( 3 r  1 7 1 8  C ( ~ J  3, 5 ) r  N ( 8 ) r  B O D Y F ( 2 )  8 0  
1 D B T ( 9 ,  1 3 1 8  f F ( 3 r  3, 5 )  9 0  

C O H M O N / D E L ~ /  DF I  TD T M r  JTD I P R J  I V E  1 0 0  
COMMON/TSTRN/ TbiEW ( 1 0 0 0 )  # T O L D (  1 0 0 0  ) r C L S T ( 9 ~ 9 r 5 )  r E p I T ( 9 ) r Q P I T ( 2 4 ) 8  

1 E P I ( 9 ) r O P T 1 2 4 ) . N S T P  120 
COMMON/PRU*/ NRFGDNEND 
COYMON/STAR/  TsTARDLOUIE 

C r - r r r - r r m - r - r r r r  LO r L D I ME NS 10 N 1 NG m 'm -- -- -- -- I- -.I -- -- ww W- -w 0- -w -- 1- 'm ' 1 3 0  
1 9 0  N:n::::! - -mmm-m-  - I_w-- ~ ~ - w m m ~ ~ ~ ~ m I ~ ~ ~ w - ~ m ~ m m m m ~ ~  c ~ - - - r - - - - - w - w - w m ~  -- 1 5 0  

REAL*8 N 
MAXEL=QOO 
MAXNP=lOOO 
MAXMAT = 5 
MAXBWo240 
MAXSLC = ion 

9 9 9 9  READ 1 0 O J ~ ? a O B , ~  N A M E ( 1 ) ~ 1 = 1 r l 8 )  
IF(NP.ROBILE.O) G O  TO 9 9 9  
LOUIE a o 
N B E G t l 8 8  
NEND=848 

1 0 2 0  P R I N T  ~ O O # N P R O R . (  N A M E i I J r I - 1 8 1 8 )  
READ 101, 1 v E r  TPRI JT.MAX8 DELTJ  C 1  JTSTAR 

1 0 1  F o R M A T ( ~ I ~ , ~ E ~ ~ * ~ )  
C 
C I V E  P R ~ B L E M  CONTROL PARAMETER 
C 1 T H E R M O E L ~ S T I C  
C 2 E L A S T I C  OR CREEP 
L ;j VH~RRUVIYCOELASIIO 
C 

P R I N T  3 0 7 , O ~ l - T  / 
3 0 7  F O R M A T ( ~ O I N T T I A I  TIME-STEP8 D E L T = ~ J E ~ ~ * ~ J '  Y R S ' I  

' CALL INOUT r MAxFLBMAXNPJ MAxMAPBMAXSLCD I S T O P )  
XF(NNPIGT.~JFNDI GO TO 1 0 0 8  
NBEGa1 
NEND-NNP 

1 0 0 8  CONTINUE 
MAXDOF ~ * M A X N P  
MAXOIF = 0 
DO 1 I P I B N F I  
I - I M = ~  
I F ( I E (  1171 . F U * ~ \  L I M s 6  
DO 1 J n l r L T M  
DO 1 K - i r L T k l  

" L L =  I A B S ( T F ( I D . I ~ -  I E ( I # K ) )  
IFILLIGT.MAYDIFI M A X D I F  = L L  

1 CONTINUE 
IBAND i ~ + ~ M A X ~ T F  + 1) 



Y F G  P 2~""" I Y : Y ~  

PWINT 7 7 7 ,  rbAh , , :~ r \ tEQ 
7 7 7  FORMATI ' O S F M I - R ~ ~ D W I D T H  I S  ID 141  I W I T H ' D I S D  t EQUATIONS!  

IF(IBAND.GT.MAXPW) G O  TU 9 0 0  
IF(ISTOP.GT.O) G O  TO 999 
CALL CvJRITF 
REWIND 8 
CALL ASEMsl f I s ~ n P l  
I S T A R  a 0 
REWIND 4 
I F ( T S T A R . G T . O ~ ~ )  GO TO 3 3  
I F ( I V E t E Q . 1  * O R .  I V E * E Q a 2 )  GO TO 2  

33 CONTINUE 
CALL T E M P S ~ ~ J N N P D D E L T J I V E )  

2 IF(ISTOPIGT.O) G O  TO 999  
CALL BANS01 r 1)  

DO 5 3  J T = l  D.ITMAY 
I F ( J T r E Q e 1 )  G  O  T O  69 
IF ( J T I E Q I ~ I  Gn TO 5 1  
I F ( C 1  r L E .  n * O \  GO T O  5 1  
D E L f  = C 1  r OEI T 
I F (  DELT ~ R T *  0 .20  DELT = 0.20 

5 1  TM= TM+ DELT 
I F ( T S T A R  . I F *  n .0  1 GO TO 35 
I F ( ( T M - T S T A P J * ~ T . D E L T J  I V E -  3 

3 5  IF ( I V E  .En. 2 r G O  TO 9 9 3  
I 1  -2 
I F ( 1 V E  r E Q *  1) ' ~ l s l  
I F  ( T $ T A R . ~ T ~ ~ . O . A N D ~ I S T A R ~ E Q O O )  00 TO 34 
IF(JT.GT.PI GO TO 9 7 1  

3 4  CONTINUE 
DO 972 IIIDNNP 

9 7 2  T N E W ( I 1 r O . a  
I S T A R  = 1 

9 7 1  DO 992 1 m l r ~ N P  
99@ TOLD t 1 )  = Y b J E W t l )  

CALL TEMPS( l ~ ~ N N P D  TMr I V E I  
993 .CALL INSTRN 

69 CALL BANSOL f 2  1 
CALL S T R E S S  

5 3  CONTINUE 
Go T O  9999 

9 0 0  P R I N T  901, 1 8 A ~ n r  MAXeW 
GO TO 9999 

1 0 0  F O R M A T ( I ~ ~ ~ X J I R A ~ )  
1 5 1  FORMAT ( 8 ( 3 ~ 1 F 7 . 0 ) )  
2 0 0  F O R M A T ( / ~ H ~ P R O R I  E M I I ~ ~ J H ~ ~  , 1 8 A 4 / )  
3 0 0  F o Q M A T ( ~ ~ H ~ ~ U T P I I ~  TABLE 1 0 ,  NODAL DISPLACEMFNTS / /  

1 ~~XDIHNO~ED ~ X D  1 l H U  = X - D I S P * D ~ X J ~ I H V  Y - D I S P * /  
2  ( 5 ~ ~ I 1 2 r 2 ~ 2 0 . 8 )  1 

530 FORMAT ( 1 H  . / / r 7 0 ~ r f f I M E * ' r F 1 2 e b r 2 ~ , 1 Y R  WITH D E L T c f ~ F 1 2 * 6 r / )  
9 0 1  FoRMAT(/ / / I?H RANDWIDTH n r I b r 2 5 H  EXCEEDS M A X I  ALLOWABI E  =,I+// 

1 3 0 H  GO ON T O  NFXT PROBLEM 1 
999  STOP 

END 



= T i t  f4 OPT IONS - YAnF=  . . A I N D  O P T = O ~ D L I ~ E C N T P ~ O , S I Z E = O O C ! O K D  
S @ ~ ~ ~ C E , ~ B C D I C D N O L I S T ~ N O D E C K D L O A O D W A P D ~ O E D I T D N O I D ~ N O X R € F  

SLJBROUTINE T ~ O I I T  ( M A X E L ~ P ~ A X N P D M A X M A T D M A X S L C D T S T O P  1 
~I---II~~-~---- cnMmpr,: BLOCKS FOR T H I S  SUBROUTINE -DOO-OO-OO---------OII 

I M P L I C I T  R F A L + X I  A - W D  0 - Z ) r  INTEGER(  I - N )  
C O H M O N / B ~ /  F ( ~ I . P R ( ~ ) D R O ( ~ ) D T H ( ~ ~ ~ A L P H A ( ~ )  

1 r ~ ( l n n 0 ~ r Y ( 1 0 0 0 ) r U L X ( 1 0 0 0 ) r V L Y ~ 1 0 0 0 )  
24 T E ( & ; I O D ~ ) D K O D E (  1000)  
3 1  ~ W N P ~ Y E L D N M A T J N S L C D N O P T D N B O D Y D M T Y P  

~ ~ ~ ~ w ~ ~ ~ ~ ~ m ~ ~ w ~ ~ ~ ~ w ~ ~ ~ - ~ - ~ m - - ~ ~ - ~ ~ - w - ~ - ~  ------=- - - -w- -  -w -- -- m- -e -- -- 
I S T O P  0 0 
READ I ~ N N P , N E L ~ ~ M A T D N S L C D ~ O P T ~ N B O D Y D  IPRN 

C 
C IF I P R N z i  N n n A L  AND E L *  I N F O *  DELETED 
C 

P R I N T  100, N ~ P D  NFLD N M A T ~ ~ S L C D N O P T D N B O D Y  
IF(NNPILE.MAXNPI GO T O  5 0 1  
ISTOP r IST~P + 1 
P R I N T  251,  M A X ~ V P  

2 0 1  IF (NEL*LEIMAXEI  I GO TO 2 0 2  
ISTOP F IST~P + 1 
P R I N T  252,  M A X F I  

2 0 2  I F ( N M A T ~ L E * M A X M A T )  GO TO 2 0 3  
ISTOP - I S T n P  + 1 
P R I N T  253, M A X M A T  

2 0 3  I F ( N S L C ~ L E * M A X S I  C )  GO TO 2 0 4  
I S T O P  r I S T n P  + 1 
P R I N T  2541 M A X S I  C 

2 0 4  I F ( I S f O P e E f 3 . 0 )  GO TO 2 0 5  
P R I N T  2551 T S T ~ P  
STOP 

205 READ ~ ~ ( E ~ T I ~ P R I I ) ~ R O ~ I ) ~ T H ( I ) D A L P H A ( I ) D I ~ ~ D N M A T )  
P R I N T  1 0 1  
P R I N T  51, ~ T ~ E ~ T ) D P R ( I ) D R O ( X ) D  T H ( I ) r A L P H A ( I ) ,  I = ~ J N M A T I  
I F ( l P R N * o T e n )  P R I N T  67 

6 7  F o R M A T ( ' O *  * MODAL AND ELEMENTAL OUTPUT DELETED I P R N  eGToO * * ' I  
I F ( 1 P R N e L E e n )  P R I N T  1 0 3  
N= 1 

5 READ 30 M I K ~ D E I M ) D X ( M ) ~ Y ( M ) D U L X ~ M ) ~ V L Y ~ M )  
I F ( M m N ) 4 r 6 f i 7  

4 PRINT 105, M 
P R I N T  S ~ D M ~ K O D F I M ) ~  X ( M ) r Y ( M ) r U L X ( M ) r V L Y ( M )  
ISTOPS I S T n P  +l 

GO TO 5  
7 D F = M + l - N  

R x = ( X ( M ) - x r ~ - l ~  ) / O F  
R Y = ( Y ( ~ ~ ) - Y I N ~ ~ ) \ / D F  

8 K f l D F ( N ) = O  
X ( N ) = X ( N - 1  )+RX 
Y ( N ) = Y ( N - 1  , + R Y  
U L X ( N ) = O @ O  
VLY(N)oO.O 

6 I F I I P R N * G T * n )  nn T O  66 
P R I N T  ~ ~ D N , K O D F ~ N ) ~ X ( N ) D Y ( N ) D U L X ( N ) D V L Y ~ N )  

66 N=N+1 
I F  ( M w N 1 9 r 6 a R  

9 I F ( N @ L E * N N P )  tin To 5 
I F ( I P R N I L E * ~ )  P R I N T  1 0 6  



13 L = O  
i 4 RFAD 15,  h a  r I E  1.5) i 1 ,  l = i ~ g )  

1 6  L = L + 1  
1 F ( M ' L ) l 1 7 a 1 7 ~ I R  

1 1 7  P R I N T  1 1 8 ~ M  
P R I N T  5 3 ~ ~ 0  ( I F I M D I ) ~  I = l r 9 )  
I s T O P = I S T O P + I  
GO TO 1 4  

1 8  I E ( L D ~ ) =  I F ~ L - i . l 1 + 2  
I E ( L J E ) =  I F ~ L - I  . 2 ) + 2  
I E ( L I ~ ) P I E ( I  c i a 7 ) + 2  
I E ( L ) ~ ) ~ I E ( I  " 1 0 * 1 + 1  
I E ( L J ~ ) ~ I E I I  ' l r ~ ) + 2  
f E ( L r b ) = l E r ~  - l a ~ ) + i ?  
I E ( L 8 7 ) r I E t l  ' 1 ~ 7 ) + 2  
I E ( L P ~ ) = I E ( I  - l r R ) + i  
I E ( L # g ) = I E f l  - 1 a Q I  

1 7  I F ( I P R N I G T . ~ )  nn TO 6 6 6  
/ P R I N T  5 3 )  I , ( I F I L , I ) D I = ~ J ~ )  

6 6 6  I F ( M - L ) 2 O 8 ? n r 1 6  
20 I F ( N E L m L ) 2 1 a 2 l a l Q  
2 1  CONTINUE 

I F ( N S L C * E Q * ~ I  nn TO 31 
a 3 0  P R I N T  1 0 8  

3 1  I F ( I S T O P a E r 3 * 0 )  no TO 999 
PRINT 900, r S T n p  

1 FORMAT(7151  I' 

1 0 0  F O R M A T ( ~ S H ~ ~ T N P ~ J T  TABLE I**  B A S I C  PARAMETERS / /  
1 5~~ 6OH NUMBER OF NODAL P O I N T S O  l l * r I 5 /  
2 5XJ  &OH NUMBER OF ELEMENTS* r r r r o r # I 5 /  
3 5 x J  oOH NUMBER OF DIFFERENT MATERIALS * r * r I 5 /  
4  5 ~ ,  *OH NUMBER OF SURFACE LOAD CARDS* l r * * r 1 5 /  
5 SX, &OH 7 n PLANE STRAIN, 2 r PLANE STRESS* * - * # I S /  
6  5xD  &OH RODY FORCES(1  * I N  -Y  D I R E C O B  0 r N O N E ) r 1 5 1  

251  F o R H A T I / / / / R ~ H  TOO~MANY NODAL POINTSI MAXIMUM I D  I 5 1  
• 2 5 g  F O R H A T ( / / / r a O H  TOO MANY ELEMENTS# MAXIHUM = 4 1 5 )  

253 F O R M A T ( / / / / ~ O H  TOO MANY HATERIALSI MAXIMUPI o r 1 5 1  
2 5 4  F o R M A T f / / / / 4 0 H  TOO M A N Y  BURFACE LOAD C4Rnsr  M A X T f l U f l  r 8151 
2 5 5  F o R M A T ( / / / / 9 8 H  FXECUTION HALTED BECAUSE 0 F ~ T 5 r l 3 H  F A T A L  ERRORS/) 

a F 0 R M A T ( S E l n r 3 )  
101 F o R M A T ( ~ ~ H ~ T ~ ~ P ~ ~ T  TABLE 2.r  MATERIAL  PROPERTIES / /  

1 l o w  MATFHIALI~XJ~OHHODULUS O F D ~ X I ~ H P O I S S O N ~ S D ~ X J  
~ ~ H M A T E R I A L ~ ~ X ,  ~ H P I A T E R I A L  , 6 x 1  SHEXPANSION, / 
34x,6HNUM9ERabX# i O H E L A S T I C I T Y ~ ~ X , ~ ~  R A T I ~ B ~ x B ~ H D ~ N S I T Y J ~ X O  
~ S H T H I C K N E S ~  0 4 x .  ~IHCOEFFICIENT 1 

5 1  F o R M A T ( I I o , ~ E ~ ~ . ~ )  
1 0 3  F o R M A T ( ~ ~ H ~ T N P I ~ T  TABLE 3 * *  NODAL P O I N T  DATA / /  

1 ~ X ~ F J H N O O A L ,  98x1 ~ H X ~ D I S P * I ~ X D ~ H Y - D I S P I /  
~ S X , ~ H P O I N ~ , A X ~ ~ H T Y P E ~ ~ ~ X ~ ~ H X ~ ~ ~ X ~ ~ H Y ~ B X H O R  L O A O B ~ X D ~ H O R  LOAD) 

3 F o R M A T ( ~ I s B & E ~ ~ . ~ )  
105 F O R M A T ( ~ X J ~ ~ H E R R O R  I N  CARD N O * # I ~ / I  

52 F O R M A T ( 2 I l O r ' + E i ~ * 4 )  
1 0 6  F o R M A T ( ~ ~ H ~ T N P L ~ T  TABLE 4 * *  ELEMENT DATA / /  

1 I I X ~ ~ ~ H G I O B A L  I N D I C E S  OF ELEMENT NODES/~XD~HELFMENTI 
29X, 1H1,4XD 1 ~ 2 r 4 ~ 1  1 H 3 ~ 4 x ~  ~ H ~ J ~ X D ~ H ~ D ~ X D  ~ H ~ I ~ X I ~ H ~ # ~ X J  I H ~ J ~ X ~ ~ H M A T E R  
3 I A L )  

111 F O R M A T ( S X ,  P S H G Q R O R  I N  ELEMENT C A R D  N O o r 1 5 / )  
1s F O R M A T f i O I S ~  



53 F o R M A T ( I ~ o , P I ~ , : ~ G )  
138 F o R M A T ( ~ ~ H ~ T N P I ! T  TABLE 5 * *  SUPFACE L O A D I N G  DATA / /  

13x,   ELEMENT', L X J  l S E C O N C ~ ~ Y  NODE l s  4Xr ~ X - T R A C T I O N ~ ~  4 x 1  ' Z - T R A C  
2 T 1 0 N 1 r  / )  

400 F O R M A T ( / / / * G H  AGSEMBLY AND SOLUTION WILL NOT BE P E R F O R M E D * r I S s  
i 2 i H  F A T A L  r A W n  ERRORS 1 

999  RETURN 
END 



i D E C  72) 
(RSI- 0056 )  

~ M P I L E R  OPTIONS N A H F =  ? < A I N r  O P T ~ ~ ~ J L I N E C N T ~ ~ O I S I Z E = O ~ O ~ K J  
S O i i R C E ,  F B C C I C ~ N ~ L ! S T ~ P ! C D E C K J L O A D : M A ? ~ N Q E D I ~ ~ N ~ I ~ D N ~ X @ E F  

S U B R O U T I N E  r k R t r E  
rnMMnu B L O C K S  F O R  T H I S  S U B R O U T I N E  - - - - - - - - - - - -m- - -m- - -m-  

I M P L I C I T  R F A L J + ~ ,  A-H,O-Z ) r  I N T E G E R 4  I - N )  
- C O M M O N / B ~ /  c ( ~ ~ . P R ( ~ ) J R O L ~ ) J T H ( ~ ) J A L P H A ( ~ I  
1 B ~ ( 1 n n 0 1 ~ Y i 1 0 0 0 ) ~ ~ L x ( 1 0 0 0 ~ ~ v L Y ~ 1 0 0 0 ~  
2, T E ( & ~ ~ J ~ ) J K O O C (  10001 
3, N N P ~ N E L J N ~ ~ A T J N S L C ~ N O P T I  N B O D Y J  MTYP 

COMMON / O N f /  1 3 ~ 1 1 6 ~  1 7 ) r  B ( 3 r  1 7 ) r C C ( 3 ~  3r 51,  N ( ~ ) J  f I O D Y F ( 2 )  
i r B T ( 9 r  1 3 \ r C c ~ ( 3 r  3, 5 )  

~ w ~ m ~ ~ ~ r ~ r r r m m m ~ L l . ~ r , o r m o m o r r r ~ ~ m r r ~ m r ~ m - ~ r r ~ m ~ ~ ~ o ~ m r ~ ~ ~ ~ I I m m l i m ~ . ) ~ ~ a m m m m m  

R E A L 4 8  N 
D I M E N S I O N  ~ 1 3 ~ 3 1 ,  C F ( 3 r 3 )  
DO 10 I a I D  N M A T  
00 10 J = l o  3 
DO 10 K  = l a  3 
C C ( J ~ K J I I  = O e n  

10 C C F (  JIK,II 0.n 
DO 4 0  N N  r 1 J N M A T  
DO. 20 I = ¶ a  3 
DO 20 J = l a  3 
C ( I J J )  = 0.n 

2 0  C F ( I a J 1  = 0.0 
MTYP = N N  
IF(NOPT~EQ.?I  nn T O  2 
C H  = E ( M T Y P ~ / ~ ~ . ~ ~ O + P R ( M T Y P ) ) * ( . I ~ O - ~ ~ O ~ P R ( H T Y P ) ) ~  
C ( l ~ l l =  C ~ * i l o o - P R ( f l T Y P ) . l  
C (  l r 2 ) r  CHU P R I M T Y P I  
C ( 2 ~ 1 l r  C ( l a 2 )  
C ( 2 J 2 1 ~  C ( l D 1 )  
C ( 3 J 3 1 r C H * r  i * - ? . r P R ( M T Y P )  ) / 2 *  

4 

GO T O  5 
2 CH - E ( M T Y P ~ / ( ~ . O - P R ( M T Y P ) * P R ( H T Y P I I  

C ( i r l ) ? s  C H  r- 

C (  1 ~ 2 1 ~  P R ~ M T Y P I ~ C H  
C ( 2 ~ 1 l e  C ( l a 2 )  L ., ? 
~ t 2 r 2 ) r  CH 
C ( 3 ~ 3 1  = C u ~ ( l . n - P R ( H T Y P 1 ) / 2 r O  

5 C O N T I N U E  
L:, 

\ 

. C F ( l r l l  = 0 4 Q R ~ , C ( i r i ) l  
C F ( l r 2 )  = Z ( 1 ~ 3 \ / C F ( l r l )  
C F ( l r 3 )  C ~ l r 2 l / C F ( i r l )  
C F ( 2 r 2 1  m D S Q R T I C ( ~ J ~ I  : -  C F (  1 ~ 2 1 * C F ( 4 ~ 2 )  

. C F ( 2 8 3 )  * ~ C ( ~ ~ ~ ) ~ C F ( ~ J ~ ) * C F ( ~ J ~ ) I / C F ( S ~ ~ )  
C F ( 3 r 3 1  = n a Q R r r C c 3 r 3 1  - C F ( 1 ~ 3 l * C F ( 1 , 3 )  - c F ( ~ J ~ ) * C F ( ~ ~ ~ I  1 

I D O 3 0  1 l a  3 
DO 30 J m f a  3 
C C ~ I J J I N N I  t C ( r r J 1  

30  C C F ( I D J B N N )  = C F ~ I J J I  
40 C O N T I N U E  

R E T U R N  
END 



: L C  H OPTIONS N A M F E  4 A I N r  O P T = O Z , L I N E C N T = ~ O ~  SIZEEOOOOKD 
S O I I R C E ,  FBCDIC,NOLIST ~ N O D E C K ~ L O A D ~ M A P D N O E D I T D N ~ I D ~ ~ O X R E F  

S U ~ R O U T I N E  A S E ~ L L ~ I S T O P )  
C - - - - - - - - - - - - m -  r n M M n G  BLOCKS FOR T H I S  SUBROUTINE r m o m ~ a n - - - m m * - * - ~ - ~ m ~ ~ ~  

I M P L I C I T  R F A L * R ~ A - H I O - Z I I I N T E G E R ( I I N I  
CoMMON/Bl/ R ( ~ ~ ~ O ) ~ A K ( ~ ~ ~ ~ ~ ~ ~ ) D N E Q ~ I B A N D D N U M B L K  
CoMMON/B2/ F ( ~ \ . P R ( S ) ~ R O ( ~ ) ~ T H ( ~ ) B A L P H A ( ~ )  

1, ~ ( 1 n n O ~ r Y 1 1 0 0 0 ~ r U L X ( 1 0 0 0 ) ~ v L Y ~ 1 0 0 0 )  
2 )  T E ( ~ ~ ~ O , ~ ) D K O D E (  1 0 0 0 )  
3, NNP.~,,ELINMATDNSLCINOPTD N B O D Y ~ H T Y P  

COMMON /ONF/ Q ~ 1 1 6 r  1 7 ) r  8 ( 3 ~  1 7 1 0  C ( 3 r  3 r  5 ) )  N ( 8 ) r  R O D Y F ( 2 )  
1 8 R T ( 9 ,  1 3 1 8  f ~ f 3 r  3r 5 )  

COMMON / I N T /  N y ~ ( 8 ) r  N E T ( 8 )  
COMMON/TSTRN/ T & E ~ ( ~ ~ ~ ~ ) ~ T O L D ( ~ ~ ~ ~ ) D C L S T ( ~ ~ ~ ~ ~ ) D E P I T ( ~ ) ~ Q P I T ( ~ ~ ) #  

1 E P I ( ~ ) D Q P ! ~ ~ ~ I , N S ~ P  
C - m - ~ m m m m m ~ m m w m w -  LOrbL D I M E N S I O N ~ N G  m ~ ~ ~ w ~ m ~ m ~ m m ~ m ~ ) - m ~ r m m m ~ m m m r m o m m o s * ~  

DIMENSION l P( ~ A I  
01 MENSION .lnE( 6 \ 

D IMENSION Px(2). NDXH(.S6)r  N D X L ( 1 6 )  
~ ~ ~ ~ m m ~ ~ ~ ~ m w ~ ~ ~ ~ ~ ~ m m ~ ~ w ~ m w ~ w m o - m m ~ m m ~ m m ~ o w m ~ m m o - m ~ w ~ m ~ m m m m ~ ~ m ~ ~ m  W D ~ W ~ W - -  

SEAL*8 N r  NFT r ~ x T  
DATA JOE/1  . 3 ~ 5 . 2 r 4 r  6 /  
DATA NDXL / 1 a ? # 1 D 2 # 1 # ~ ~ 1 ~ 2 ~ 1 r 2 ~ ~ ~ 2 ~ 1 D 2 # 1 ~ 2 /  

1- DATA N D X M  / 1 .I D 2 r  2r 3 ~ 3 r  4 r  4 ~ 5 r 5 r  6 r  6 r  7 r 7 r  8,8/ 
REWIND 10 
ISTOP - 0 
NB r IBAND 12 
ND = IBAND 
ND2 = 2* NB 
NUMBLK = 0 
DO 1 I r l r N C n  

1 R ( I ) = O r O  
D(1 2 I ir NO? 
DO 2 J = ~ , T R A N o  

2 A K ( I r J ) = O . O  
NSTP=O 

25 NIJMRLK = NLJWBLY + 1 
NH o NB f NUMRLK + 1 1 
NM = NH - NR 
NL - N H  - NR + 1 

K s # I F T  a P ~ N L  0 2 
DO 110 NN I r  NEL 

C 
L I M  = 8 
I F  ( I E ( N N ,  7 )  . E Q *  0 I L I M r 4  
DO 40 I = 1 .  LTM 
I F  I E ( N N ,  1 )  - N L )  401  3 0 r  3 0  

3 0  I F  f I € ( N N .  1 )  - NM) SOD 50, 4 0  
4 0  CONTINUE 

GO TO 110 
C 

50 CALL QUAD f ~ h )  
L I M r l 6  
I F  ( I E ( N N ,  7 )  . E Q *  0 1 L I M  = 12 
IF 1 I E ( N N ,  7 )  . E Q *  0 GO TO 39 - 

L 

N S T P z O  
GO TO 3 8  



I = L P ( L L )  - K S H I F T  
I 1  = L P ( L L )  
I F  ( I .LEI 0 .nRe I o G T *  ND)  GO TO 1 0 0  
R ( I 1  = R (  T i  + Q K ( L L #  1 7 1  
DO 101 M M  o 1 ~ 1  t M  
J L P ( M M )  - I + 1 - K S H I F T  
I F (  J * L E I  n GO TO 101 
I F  ( ND * G F .  J I GO TO 90 
P R I N T  8 0  
FORMAT ( r n r r  1 n X ~  1 0 ( t * t ) ,  'BANDkIDTH ECCEFDED ' 1  
(30 TO 110 
A K t 1 r J ) r  A K f  I,.II+ QK(LLDMM) 
CON1 I N U E  
CONTINUE 
CONTINUE 

/ 

DO 1 2 0  NN P NL, NM 
, . 

IF ( NN rGT. NNP 1 GO TO 1 2 0  
I F ( K O O E ( N N ) . E ~ . ~ ' )  GO TO 1 2 0  
K=2*NN 
I F (  K O D E ( N N I @ E ~ . ~ )  GO TO 1 1 5 ,  
R ( K - 1 )  o R r ~ ' l \  + U L X ( N N )  
I F ( K O D E ( N N I . N E ~ ~ )  GO TO 1 2 0  
R ( K )  = ' R ( K I  + V I  Y ( N N )  
CONY I N U E  
DO 1 5 0  M = NL, NH 
I F  ( M r G T r  N N P ~  GO TO 1 5 0  
I F ( K O D E ( M ) , ~ E * ~ . A N D I K O D E ( M ) . L E ~ ~ )  GO TO 1 3 0  
ISTOP s r s r n P  + 1 
GO TO 1 5 0  
I F  ( K O D E ( M ) ~ F Q I O \  GO T O  1 5 0  
IF(KODE(M).FQI?I  GO TO 1 4 0  
CALL GEOMB~INDP.  2 * M = l r  K S Y I F T D  U L X ( M ) )  
I F ( K O O E ( M ) ~ F ~ * ?  I GO TO 1 5 0  
CALL GEOMBrrND?. 2*M , KSHIFT, V L Y ( M )  
CONTINUE 
DO 1 5 1  N N = I  .ND 

W R I T E ( ~ O I  (AKINNDM) ,  M ' J ~ D I B A N D )  
DO 160 NN t I r  &ID 

K = NN + hn 
DO 1 6 0  V o I 8 rdn 

AK(NN8 M I  r A K ( K 8 M l  
A K ( K D  M I  = 0.0 



I F  ( N M  r L T *  N N P I  G O  TO 25 
I F  f N S l f  * F , 2 *  0 )  GO T O  5 4  

Do 5 3  I=I,NSLC 
READ 800 ,  M S C J  his28 TRACXD TRACY 
PRINT 801 ,  M S C D N S ~ ,  TRACXD TRACY 
NN = I E ( M S t ? . 9 )  
P X ( 1 )  I= T H I M ~ )  * TRACX 
P X ( 2 )  9 T H ( N N )  u TRACY 
DO 8 9 9  I I r l .  1 6  

8 9 9  Q K ( I I D ~ ~ ) = O *  
A G l = - o r 5 7 7 3 5 0 2 a s 2  
AG2- O r 5 7 7 3 5 0 2 6 ~ 2  
AG3=-1 t 0  
AG4= 1 r O  
DO 9 0 0  J = ~ D ?  
I F ( N S 2  rNE. I E I M S C D ~ ) )  G O  TO 8 9 8  
JJm3 
I I a J  

GO TO 895 
8 9 8  I F ( N S 2  ,NEm I E f ~ s C 8 4 ) )  G O  TO 8 9 7  

I 1 = 4  
JJ-J 
GO TO 8 9 5  

8 9 7  I F ( N S 2  rNE. I E ~ M S C D Q ) )  GO TO 8 9 6  
J J - 4  
11-J 
GO TO 895 

8 9 6  I F ( N S 2  r N E *  I E I M S C ~ ~ )  GO .TO 8 9 5  . 

1 1 - 3  
JJaJ 

8 9 5  CALL SHAPF:~ T ID . I . IDDETJACDMSCD A G I D A G ~ D A G ~ D A G ~ D O ,  1 ) 
s x = o * o  
SY=O*O 
I F ( N S ~ ~ E Q , T F ( M S ~ J E )  ~ O R O N S ~ ~ E Q * I E ( M S C D ~ ' ) )  Go TO 27 
00 2 6  L R m l r A  
NODPIE(MSC,I R )  
s x = ~ E T ( ~ ~ ) s x ( N n n )  + SX 

2 6  SY - N E T ( L R I * Y ~ N O D )  + SY 
GO TO 2 9  

2 7  DO 2 8  L R n l r U  
NOD=IE(MSCBI R )  
S X = N X I ( L R ) * X ( N ~ ~ )  + SX 

2 8  SY = N X I ( L R I * Y I N O D )  + SY 
2 9  S x 2  = s x * s x  

SY2 = S Y * s v  
HYP a DSQRTISX? + S Y 2 )  
NR-16 
DO 9 0 0  NROw=l r  &P 

LL=NDXL(NROW) 
H M = N D X M ( N R ~ W )  

900 Q K ( N R O W , I ~ I  = n u ( N R O t d ~ l 7 )  + N ( M M ) * P X  ( L L ) * H v P  
DO 903 L L n 3 . 1 6 , ~  
I J = L L / 2  

L P  ( L L - I ) = ? + I c I M S C D I J ) ' ~  
9 c 3  L P ( L L I = 2 * 1 F I M S r . I J )  

3 0  9 0 4  L L s l a N R  
8 I I - L P ( L L I  

3 ~ 4  R ( I I ) = R ( I T I  + f i u ( L L 1 1 7 )  



53 CONTINUE 
54 C O N T I ~ U E  

c 
I F ( I S T O P . E ~ J . O )  GO TO 8 1  
P R I N T  1 0 9 ,  T S T D P  

2 0  F o R M A T ( / ~ x I ~ ~ H  AREA OF ELEMENT r I S r 1 4 H  I S  NEGATIVE / )  

1 0 9  F O R M A T f / / / / & Z H  SOLUTION WILL NOT B E  PERFORMED BECAUSE OF r I 5 ,  
1  15H D A T A  E R R ~ R S  11 

8 0 0  F O R M A T ( 2 1 5 r  2 E 1 : . 1 * 3 1 .  . 
- 8 0 1  FoRMAT(SXI 1 5 ,  i 3 X ,  I 5 r  4 x 8  F 1 0 . 3 ,  4X, F ' 1 0 . 3 )  

8 1  RETURN 
0 END 



:it@ O P T I O N S  N A M F u  ~ A I ~ D ~ P ~ ~ O ~ D L ~ N E C ~ ~ ~ ~ ~ D ~ ~ ~ ~ = O O O O K D  
S O I J R C E ,  F B C D I C D N C L I S T D P ~ O D E C K D L O A D D M A P D N O E ~ I ~ D  N ~ ~ ~ D D N O X R E F  

SUBROUTINE nUAn ( M J  -------------- CnMMnh;  BLOCKS FOR T H I S  SUBROUTINE 0 - - - - ~ - - 0 ~ = - - - 0 0 - - - - - -  
I M P L I C ' I T  R F A L ~ ~ I  A - H D O - 2 1  DINFEGER( I-N) 
COMMON/Bl/ ~ ( ~ ~ ~ O J ~ A K ( ~ ~ ~ D ~ ~ O ) J N E Q D I B A N D D N U M B L K  
CoMMON/B2/ F ~ S : ~ P R ( ~ ) D R O ( ~ ~ D ~ H ( ~ ) D A L P H A ( ~ )  

1 r x ( l n n O ~ r Y ~ 1 0 0 0 ) r U L X ( 1 0 0 0 J ~ V L Y ~ 1 0 0 0 ~  
2 r  ~ E ( ~ n 0 ~ 9 ) r K O D ~ ( 1 0 0 0 )  
3, NNP,NELDNMATDNSLCDNOPTDNBODYDMTYP 

COMMON /ONF/  Q ~ l 1 6 ~  1 7 ) ~  8 ( 3 ~  1 7 ) ~  C ( 3 r  3 ~  51, N ( 8 ) r  R O D Y F ( 2 )  
1 B T ( 9 r  1 3 ) r  t k ( 3 r  3, 5 )  

CoMMON/TSfRN/ T N E W ( ~ ~ ~ ~ ) D T O L D ( ~ ~ ~ ~ ) D C L S T ~ ~ D ~ D ~ ) D E P I T ( S ~ D Q P I T ( ~ ~ ) D  
1 E P I ( ~ ) ~ Q P T ~ ~ ~ \ ~ N S T P  

CD-- i - - - -= - - - - - - -  LOCAL OIMENSION1NG - - r - r - - - - - - - i - - - ~ - m - m - - m - ~ - - - - m - - . ' I -  

DIMENSION ~ n X M ( 1 6 ) r N D x L ( 1 6 )  
DIMENSION f . F ( 3 , 3 )  

• DIMENSION w f 3 )  
C r r r i r r r r r r r r - - r r r D . ) - r - - w O - - m O - - - - r - - m - - m - - - - - - ~ ~  "r rr ---r - -Or - -  r- rr -- 

R E A L * I  N  
DATA NDXM/l  ~ l r ? . 2 r 3 ~ 3 ~ 4 r 4 ~ 5 ~ 5 , 6 ~ 6 r 7 r 7 ~ 8 r 8 /  
DATA NDXL/1  . 2 r  1 . 2 r  1 ~ 2 r i r 2 ~  1 ~ 2 ~ 1 ~ 2 ~  1 r 2 r l r 2 /  
Y ( 1 l  = 5 * / 9 *  
H ( 2 )  8 * / 9 e  
v d ( 3 ) =  W ( 1 )  
MTYP a I E ( M . 9 1  
DO 1 0  1 = 1 .  3 
0 0  1 0  J = 1 .  3 

1 0  C F ( I D J I  = CW( I , . IDMTYPI  
B o D Y F ( I )  = n *  
B o D y F ( 2 )  t n*O 
I F  (NOPT * F n *  1  1 TH(MTYP1 = I r O  
I F ( N 8 O D Y r E f J r O l  GO TO 1 
B O D Y F ( 2 )  r - R O ( M T Y P )  

1 CON1 INUE 
- L E _ ( I E ( M D ~ ) ~ N E * O \  (30 TO 4 
CALL L S T ( M 1  
GQ TO 31 

4 CON1 INUE 
DO 6 K = l r I b  
00 6 L o K r 1 7  

6 Q # ( K D L I  O r  
C QAUSS QUAD 1 0 0 ~  

AG1 ' - 0 0 7 7 u 5 9 6 ~ 6 9 2 D O  
AG2 = 0 1 0 0 0  
A= = - AG1 
DO 2 0  I I m l - . a  
00 20 J J m l ~ 7  
CALL SHAPE f I I r . i J ~ O E T J A C r M ~ A G 1 , A G 2 ~ A G 3 ~ A G 2 ~ n , O )  
DO 9 K - 1 r 3  
L i e 1 7  
DO 9 L - l r L f  
DUM1 = O *  
DO 8 MM = K a 7  
DUMl = D u M ~ + C F I K D M M ) * B ( M M D L )  

I B ( K r L 1  = DlJr-11 
DUMl = DET. IAC*TH(MTYP) *W( I I ) *W(JJ )  
N ~ = 1 6  



(RSI- 0056) 

00 20 NROW-I J NR 
L = N D x L t ~ R n k l  
MHm N D x M ( ~ t ? n k )  
Q K ( N R O W J L ~  r ~ ~ ( N R O W I L ~ ) + N ( H ~ ) ~ B G D Y F ~ L ) * D U M ~  
DO 2 0  NCOL m N u n W j L I  
D u n 2  = 0 1  
08 18 LL-I.? 

18 D U M ~ ~ D U M ~ + R I L L ~ N R O W ) ~ B ~ L L ~ N C Q L )  
20 OK ( N R O W J N C ~ I  ) - n u  (NROWINCOL)+DUM~*DUM~ 

DO 30 K92rNR 
DO 30 L = l , K  

30 Q K ( K # L I ~ O K I I  J K )  
31 RETURN 

END 



O S / 3 6 @  F O R T R A N  H 

' I L E R  OPTIONS N A M F -  ~ A I N r O P T + 0 2 r L I N E C N T  0601 S I Z E = O O O O K J  
S O I J W C E , F B C D I C D N C L I S ~ , N O D E C K I L O A D , M I P , N O E D I T D  N~IIDDNOXREF 

SUBROUTINE S ~ A P F  ( I I ~ J J I D E T J A C # H D A ~ D A ~ ~ A ~ D A ~ ~ ~ I A R L O ~ J O F )  
. - ~ - - - - m - ~ - - - - -  rnMMnp,j BLOCKS FOR T H I S  SUBROUTINE - r m s ~ ~ - - - m - - m - ~ m - - - m - *  

I M P L I C I T  R E A L * R ~ A - H ~ ~ - Z ) ~ I N T E G E R ( I I N )  
COMMON/B~/  F I ~ \ . P R ( ~ ) ~ R O ( S ) ~ T H ( ~ ) ~ A L P H A ( ~ ~  

1 r ~ ~ 1 n n O ~ r Y ~ 1 0 0 0 ~ r U L X ~ 1 0 0 0 ~ ~ V L Y ~ 1 0 0 0 )  
28 ~ E L r c n 0 , 9 ) r K O D E ( 1 0 0 0 )  
3 r N N P , N E L ~ N M A T I N S L C B N O P T ~ N B O D Y ~ M T  YP 

COMMON /ONF/ Q ~ ( 1 6 r  1 7 ) )  B ( 3 r  1 7 ) r  C ( 3 r  38 511 N ( 8 1 1  R O D Y F ( 2 )  
1 , B T ( 9 ,  1 3 1 8  r ~ ( 3 r  3 r  5 )  

COMMON/TSTRN/ T N E W ( ~ ~ ~ ~ I ~ ~ O L D ( ~ O ~ ~ ) ~ T ( ~ ~ ~ J ~ ~ , E P ~ T ( ~ ) D Q P I T ( ~ ~ ~ J  
1 E P I ( S ) , Q P T I ~ ~ \ . N S ~ P  

COMMON/DELt?/ OFI  TI TMr JT r I P R r  I V E  
COMMON / I N T I  N x r ( 8 ) r  N E T ( 8 )  
DIMENSION A A ( ~ \ O J A C ( ~ J ~ ) ~ E X ~ ( ~ ) ~ E Y ~ ( ~ ) # E X Y O ( ~ )  

C m ~ ~ - ~ ~ - m ~ ~ ~ o ~ - ~ w - . ) - . ~ - ~ - - ~ - - - ~ - - - - ~ - - - - m ~ - - - - ~ - ~ ~ a r r r - - - r m r - r r r r r r r c r - -  

REAL*8 N D N X T ~ ~ F T ~  JAC 
A A ( 1 )  n A 1  
A A ( 2 1  e, A2 
A A ( 3 )  * A3 
A A ( 4 )  a A 4  
N ( 1 )  = O e 2 5 * ( 1 ~ - A A ( I I ) ) * ( 1 e - A A ( J J ) ) * ( - A A ( I I ) r A I ( J J ~ * l e ~  
N ( 2 )  = O ~ ~ * I ~ * - A A ~ I I ) * A A ( I I ~ ) * ( ~ * ~ A A ( J J ) )  
N ( 3 )  = O ~ P ~ * ( ~ ~ + A A ( I ~ ) ) * ( ~ ~ - ~ A ( J J ) ) * ~ A A ~ I I ~ - A A ( J J ~ ~ ~ ~ )  
N ( 4 )  = O ~ ~ ~ I ~ * + A A ~ ~ I ) ) + ( ~ @ - A A ( J J ) * A A ( J J I )  
N ( S )  = O ~ ~ ~ * ( ~ ~ + A A ( I I I ) * ( I ~ + A A ~ J J ) ) * ( A A ( I I ) + A A ( J J ) - ~ ~ )  
N ( 6 )  = O ~ ~ U ~ ~ ~ - A A ( I I ) * A A ( ~ I ~ ~ * ( ~ ~ + A I ( J J ) )  
N ( 7 )  Oe2S8(le-AA(II))*(I,+AA(JJ))*(-AA(II)+AA(JJ1-1e) 
N ( 8 )  = O ~ ~ ~ ~ ~ ~ - A A ( I I ) ) + ( ~ * ~ A A ( J J ) ~ A A ( J J ) )  
N x I ( 1 )  s o ~ P ~ * ~ ~ ~ - A A ( J J ) ) * ( A A ( J J ~ + ~ ~ * A A ( I I ) )  
N X I ( 2 )  w - A A ~ I T \ * ( ~ ~ - A A ( J J I ~  
N x I ( 3 )  r o ~ P ~ * ~ ~ ~ - A A ( J J ) ) * ( - A A ( J J ) + ~ , * A A ( I I ) )  
N X I ( 4 )  O e S * ( I o r A A ( J J ) * A A ( J J l )  
N x I ( 5 )  r O . P ~ * ~ ~ ~ + A I ( J J ) ) * ( A A ( J J ) + ~ ~ + A A ( I I I )  
N X I ( 6 )  a - A A ~ I T ~ * ( I O + A A ( J J ) I  
N x I ( ~ )  - O ~ P ~ * ~ ~ * + A ~ ( . J J ) I * ( ~ A ~ ( J J ) + ~ O * A A ( I I ) )  
N x I ( 8 )  r - O ~ S + I ~ ~ - A A ( J J ) * A A ( J J ) )  
N E T ( 1 )  m o ~ P S * I ~ ~ ~ A A ( I I ) ) + ( A A ( I I ) + ~ ~ * A A ( J J ) )  
N E T ( 2 )  = - a . S * r i e - A A ( I I ) * A A ( I I ) )  
N E T ( 3 )  o . P ~ * ~ ~ ~ + A A ( I I ) ~ + ( ~ A A ~ I I ~ + ~ * ~ A A ( J J ) )  
N E T ( 4 )  r - A r ( J . l r * ( i r + A A ( I I  1 1  
N E T ( 5 I  r 0e35*fie+AA(II))*(AA(11)+2r*bA(JJ)~ 
N E T ( 6 )  a O ~ 6 * ( i . - A A ( I I ~ + A A ( I I ~ l  
N E T ( 7 )  r O ~ P ~ * I I ~ - A A ( I I ) ) * ( - A A ( I I ) + ~ , + A A ( J J I )  
N E T ( 8 )  s - A A ( J . I \ * ( ~ ~ - A A ( I I ) )  

C JACOBIAN, TNVERSE JACOBIANI AND DET JACOBIAN 
a 5 00 10 1-1,s 

DO 10 J- l r?  
I G  JAC(1 ,J l  = n *  

LIP418 
DO 15  I - i r I  T N  
NN I E ( M r T )  
J A C ( ~ , I )  - . ~ A C i r r l ) +  N X I ( I ) ( I X ( N N )  
J A C ( l r 2 I  = . I A C I ~ ~ ~ ) + N X I ( I ) * Y ( N N )  
J A C ( 2 , l )  a , I A C ~ : , J ~ ) + N E T ( I I * X ( N N I  

1 5  J A c ( 2 ~ 2 )  o . I A C ( ~ ~ P ) + M E ? ( I ) * Y ( N N I  
I F  ( JOEeGT. 0 \ GO T O  3 1  



DETJAC = . j A f  ( l a 1  ) * J A C ( ~ J ~ ) = J A C ( E ~ ~  ) * J A C ( ~ J ~ )  
DUM1 = J A C f l r l ) / D E T J A C  
J A c ( 1 ~ 1 )  3 . I A C I ~ ~ ~ ) / D E T J A C  
J A C ( l r 2 )  3 ~ J A c I  I r 2 ) / D E T J A C  
J A C ( 2 r l )  o - J A r t 2 r l ) / D E T J A C  
J A C ( ~ J ~ I  = nUMi 
L I H = 8  
Do 2 0  C e i J t  T H  
J = 2 * L  
I-J-1 
B ( l ~ 1 )  r J A ~ ( ~ ~ ~ ) ~ N X I ( L ) + J A C ( ~ J ~ ~ * N E T ( L I  
B ( l r J )  = Or 
B ( 2 r I I  * 0 1  
B(2,J I :  ~ A ~ ( 2 r l  ~ * N X I ( L ) + J A C ( ~ D ~ ~ * N E T ( L )  
B ( 3 r I I  r B ~ P J J I  

20 B ( 3 r J )  = B f 1 r I 1  
22 B (  1 ~ 1 7 )  = Or 

B ( 2 j 1 7 1  = a. 
8 ( 3 ~ 1 7 )  = 0. 

23 CONTINUE 
L I M - 8  

I F ( I A R L 0  .Fo. n )  GO TO 31 
I F ( J T  ~ E Q I  1 )  nn TO 3 1  
0 0  3 0  I a f r l  T M  

.EXO( I I ' t Q P I  c T 

. E Y O ( I I r Q P I c t + 8 ~  
E X Y O ( I I = Q P T ~  I + ~ A )  

2 9  B ( l r 1 7 1 * B ( l , 1 7 \  ? N ( I 1  + E X O ( I )  
B ( 2 r 1 7 l s B ( 3 a 1 7 )  + N( I S * E Y O ( 1 )  

30 8 ( 3 ~ 1 7 ) s B ( 3 r 1 7 r  + N ( f ) * E X Y O l I )  
31 CONTINUE 

RETURN 
END 



-. . , - - . 

;k-C 7 2  1 gSt '3QO F O R T R A N  H 
(RSI-0056) A-1 6 

' I L E R  OPTTONS - N A M r =  V A I N #  OPT=O2rLINECNT=60,  SIZEPOOOOKJ 
SOI IRCE,  FBCDICI NOLIST~NODECKI L O A O ~ P ~ A P O N O E D I  TB NI~IDJNOXREF 

SUBROUTINE I S T  I - 1  
m - - - - - - - m - - - - r  c n V M n ~  BLOCKS FOR T H I S  SUBROUfINE - r m c m s o - r - - ~ - m s - - - - - o ~ ~  

I M P L I C I T  R F A L * R ~ A - H J ~ - Z ) ~ I N T E G E R ( I - N )  
COMMON/Bi/ ~ ( ~ ~ G O ) J A K ( ~ ~ ~ J ~ ~ O ) ~ N E Q ~ I B A N D J N U M B L K  
COMMON/B2/ ~ ( 5 1  , P R ( 5 ) r R O ( S ) r T H ( 5 ) r A L P H A ( S )  

1r Y ( ~ ~ ~ O ) ~ Y ~ ~ ~ ~ ~ ) ~ U L X ~ ~ O O O ~ ~ V L Y ~ ~ O O O ~  
2 r  t E ( ~ n 0 ~ 9 ) r ~ O D ~ ( 1 0 0 0 )  
38  NNP. NELJNMATJ NSLCINOPTJ NBODYr MTYP 

CoflMON /ONF/ Q ~ 1 1 6 r  1 7 ) )  B ( 3 r  1 7 ) )  W(3r 30 5 ) ~ .  N ( 8 ) r  R O D Y F ( 2 )  
1 1 B f ( 9 r  1 3 ) ~  l l ~ ( 3 ~  . 3 r  5 )  

COMMON/TSTRN/ T N E W ( ~ O O O ) ~ T O L D (  1 0 0 O ) r C L S T  ( 9 ~ 9 r S ) ~ E P f f  ( 9 ) l Q P 1 1 ( 2 4 ) ~  
1 E P I ( ~ ) , Q P T ~ ~ ~ , . N S ~ P  

COflMON / Y E x /  D f s r  918 V O L U M ( 4 0 0 )  
COflt lON/STaR/ T S r A R r L O U I E  

C ~ - m - - - - ~ - - m s ~ - ~ ~ -  L O ~ A L  DIMENSIONING --------------------------m-o--o--- 

D.I f lENSION r ( 3 r 3 ) r  T K ( 1 2 r / 2 ) r B X ( 9 r 1 2 ) r X I J ( 7 ) ~ Y Q ( 7 ) a L C ( 1 2 )  
DIMENSION l ~ H ( 4 n O )  

C r ~ r r r ~ r - r r r ~ r - r I . r I l r r r m m ~ r ~ - - - ~ - m ~ - m - - m m - r m r ~ - ~ ~ r r - r r r - ~ r r - r ~ r - r P - - r m - ~ ~  

REAL+8 N  
- ' I F ( L O U I E e N F . O )  G O  TO 6 6 6  

DO 6 6 1  JK=1  m4On 
• 6 6 1  I B H ( J K I r 0  

LOUIE-1 
6 6 6  CONT'INUE 

L X - 1 2  
f F ( N S T P  ,En. I F I M D ~ I ) . G O  TO 7 1  
DO 1 11.119 
DO 1 J J m l r 9  

1 C L S T ( I I ~ J J ~ M T Y P I * ~ * O  
DO 110 I o cr 3 
DO 110 J = 18  3 

110 C ( 1 r J )  o W r r r J a ~ T ~ p )  
C L S T ( 3 r 3 r M T v P )  o C ( l r 1 )  

• CLST(2 r2 ,P lTvP)  = C ( i r 1 )  
Cl..ST ( 1 r f r t l t ~ P )  = C ( l r 1 )  
C L S T ~ ~ ~ ~ ~ M T V P )  = C ( 2 0 2 )  
C L S T ( ~ J ~ J M T V P )  m C ( 2 ~ 2 )  
C ~ S f ( 6 r 6 r ~ ~ v P )  t C ( 2 0 2 )  
C ~ S T ( 7 s 7 , t l t v P )  a C ( 3 8 3 )  
C L S ~ ( 8 8 8 r f I t v P J  r C ( 3 r 3 )  
C L S T ( g t 9 r ~ t v P )  r C ( 3 ~ 3 )  
C L S T ~ ~ ~ ~ J M T V P )  I C ( 1 ~ 2 )  
C L S T ( ~ # S , M T V P )  = C t i r 2 . l  
t ~ S f ( i r 4 , ~ ~ v P )  = C ( l r 2 )  
C ~ S T ( 3 r 9 r M t v P )  = C ( i r 3 )  
C ~ S T ( 2 r 8 r P l t ~ P l  t C ( l r 3 )  
C L S T ( ~ ~ ~ ~ M T V P )  = C ( i r 3 1  ' 
C L S T ( 6 r 3 r M T v P )  P ,  C ( 2 r l )  
C L S T ( S r 2 r M t V P )  r C ( 2 1 1 )  
C L S T ( ~ ~ ~ ~ M T V P )  = C ( 2 r l )  
C L S ~ ( 6 r 9 r P l t v P )  = C ( 2 r 3 . 1  
C L S T ~ ~ ~ ~ ~ M T V P )  r C ( 2 ~ 3 )  
C ~ S T ( 4 r 7 r ~ t v P )  P C ( 2 r 3 1  
C L S ~ ( g j 3 r P l T v p )  ' P  C ( 3 r 1 )  
C L S T ( S ; ~ ~ M T Y ~ )  = ~ ( J J I I  

C ~ S T ( 7 r l r M t ~ p )  e C ( 3 r 1 )  



4 - 
( '2-- - - 0 ,  

CI S T ~ ~ J ~ , M T V P I  = C ( 3 ~ 2 )  
CLST(~ I~ ,MTVP)  = C ( 3 ~ 2 )  
C L S T ( ~ D ~ , M T V P J  = ~ ( 3 ~ 2 )  
NSTP'IE( M , 9 \  

7 1  CON? INUE 
L I M - 3 .  
X Q I 7 ) = 0 * 0  
Y Q ( 7 ) = O * O  
DO 2 I = l r L Y M  
1 1 = 2 * I - 1  
NN=IE(MJII I 
X Q ( 1 )  = X(NN1 

2 Y Q ( 1 )  - Y tNN)  
DO 3 J J a I r Q  

DO 3 I I m i ~ l . ?  
3 a T ( J J r I I 1  Q 0.0 

A 1  = X Q ( ~ J = Y Q ( ? I  
A 2  = X Q ( l ) r x Q ( 3 \  
A3 = X Q ( 2 ) - x Q ( f  \ 

8 1  = Y Q ( 2 J r v Q ( 3 \  
8 2  o Y Q ( 3 ) - v Q ( l  I 

63 = Y Q ( I ) w Y Q ( P )  
AREA = ( ~ 3 6 ~ 2 - ~ 2 * € 3 3 1 / 2 * 0  
I F ( A R E A  ~ L E .  0 . n )  PRINT 105,M 

1 0 5  F ~ R M A T ( ~ o T R T A N G I  E ~ r I S r ~  ZERO OR NEGATIVE AREA! J 
VOLUM(M)PARCA*TU(MTYP) 
B T ( l r  1) = 7 * 0  a  B 1  
B T ( 7 r  7 )  = 7 r 0  B i  
B T ( 1 r  2 )  r - R P  
B T ( 7 r  8 )  P - R2 
8 1 ( 3 r  2 )  o R 2  
B T ( 9 r 8 ) =  - R P  
B T ( t #  3 )  = - R 1  
BT17r  9 )  = - R 7  
B T l 2 r  3 )  r - R 7  
B T ( 8 r  9 )  = - R 7  
a T ( 1 r  8 )  r 4 r 0  * 62 
B T ( 7 r 1 0 )  = 4 @ 0 a B 2  
B T ( 3 r  5 )  = 4 t n  r 82 
B T ( 9 r l l )  = 4 * n  r 82 
B T ( 1 r  6 )  = 4 t n  * 8 3  
B T ( 7 r l 2 )  = 4 r n  * 8 3  
B T ( 2 r  5 )  - 4 a n  * 83 
B T ( 8 r l l l  = 4 @ n  * 8 3  
~ ~ ( 2 8  1) = - R I  
B T ( 8 r  7 )  = R f  

0 T ( 3 #  1) r R l  
B T ( 9 r  7 )  = - R l  
B T ( 2 r  2 )  m 3 * 0  * 8 2  
B T ( 8 0  8 1  = 3 r n  * 82 
B T ( 2 r  4 )  r * 8 1  
B T ( 3 r  6 )  a 4 9 0  * B 1  
B T ( 8 r i O )  r *en * 8 1  
B T ( S r 1 2 l  = 4.0 * 8 1  
~ ~ ( 3 r  3) = 3.0 * 8 3  
B T ( 9 r  9 )  = 3 r n  * 8 3  

c 
B T ( 7 r  1) m 3*0 * A 1  





D O  7 1 - I D L X  
DO 7 '  J - ~ D L X  
Q K ( I D J ) = O ~ ~ I  
DO 7 L 1 m 1 ~ 9  
D O  7 K 1 4 c 1 1 9  
D O  7 M l r 1 , 9  

Q K ( I , J ) . Q K (  I , . ! )  + B T ( L ~ ~ I ) + D ( L ~ J K I ) * C L S T ( K ~ J M ~ ~ M T Y P I * B T  ( M 1 , J )  
7 C O N 1  I N U E  

DO 1 4  11-181 x 
1 4  . Q t C ( I 1 ~ 1 7 ) = 0 * 0  

I F ( N ~ O D Y ~ E Q * O )  G O  TO 15 
B O D F o B O D Y F f ? ) / 3 . 0  
D O  99 1 3 ~ 4 ~ ~  
JJ=2*13 
Q K ( J J ,  1 7 ) o ( J ~ (  J.I. 1 7 l + B O D F + A R E A * T H ( H T Y P )  

99 C O N T I N U E  
15 C O N T I N U E  

73 C O N T I N U E  

m c  
D O  1 2 . J O E m q a 9  

.DO 12 M O R o l e 9  
12 D (  J O E J H O R )  o D ( , I O E J H O R I / T H ( M T Y P I / A R E A  
C 

M X = L X / 2  
D O  8 I I ~ l r M X  
L C ( I I I . 2 * t l - l  

8 L C (  I I + M X ) = ? * I I  
C 

00 9 II*l,l x 
L L = L C ( I I I .  . , , 

c .  ,. :. ... - ;. .. .: . . ;!;,$*.. . - , .  
, :.. . .: I ' . .  .. 

D O  10 JJ=l r l  X 
MM = L C ( J J ,  ' 

10 T K ( L L D M M ) ~ O K ( I T . J J )  
c 
100 'DO 9 JJ-119 
9 a x (  J J J C L ) = R T ( J . I . I I )  
E 

D O  11 LL - i ns  
D O  11 M H = i a l 2  

11 B T ( L L ~ M M ) = R Y ( L I  . f l M )  
c 

I F ( I B H ( M ~ ~ N F ~  nr G O  T O  659 
W ~ l f E ( 8 )  ( ( R T ( K Y J L Y ) ~ L Y = ~ ~ ~ ~ ) ~ K Y - ~ ~ ~ )  
I B H ( M I w 1  

C 
659 D O  13 L L m l r I  X. 

D O  13 M H r i r l  X 
Q aa Q K ( L L J M M ) = T K ( L I  .MMI 



':;kH OPTIONS - N A M F =  ~ A I N D  O P T = O ~ D L  I N E C N T = ~ O D  S I Z E ~ O O O O K D  
S O ~ ~ n C E a ~ B C D I C ~ N C L I S ~ ~ ~ O ~ E C C ~ ~ L O A D ~ M ~ ~ ~ ~ 0 ~ D I T ~  NnIDrNOXREF 

SUBROUTINE STRFSS 
,------------- cnMMnh BLOCKS FOR T H I S  SUBROUTINE --.I------------------~ 

I M P L I C I T  R F A L ~ W I A - H D O - Z ) r I N T E G E R ( I I N )  
C O M M O N / B ~ /  R ( ~ ~ ~ O ) ~ A K ( ~ ~ ~ ~ ~ ~ O ) D N E Q D I B A N D D N U M B L K  

, CC)MMON/Bp/ ~ i 5 i  . P R ( S ) D R O I F ~ ) , T H ( S ) D A L P H A ( ~ )  
1 D x ~ l n n O ) r Y ( 1 O O O ~ r ~ L X ( 1 0 0 0 ) ~ V L Y ~ 1 0 0 0 )  
2 r  t E ( b n O ~ 9 ) r K O D E ( 1 0 0 0 )  
3,  NNP a ~ E ~ r N M A T ~ N S L C r N O P T r N B o D Y ~ f " l T Y P  

COMMON /ONF/ Q ~ 1 1 6 r  1 7 ) )  8 ( 3 r  171, W(3, 38 51, N ( ~ ) D  R O D Y F ( 2 )  
1 , B T ( 9 r  t 3 ) r  ~ ~ ( 3 8  34 5 )  

COMMON/DELC/ O F I  T  8 TMD JTB IPR, I v E  
COMMON/TSTRN/ T N E W ( ~ ~ ~ ~ ) ~ T O L D ( ~ ~ ~ ~ ) D ~ L ~ T ~ ~ D ~ D ~ ) , E P I T ( ~ ) D ~ P I T ~ ~ ~ ) D  

1 E P I ( g ) r Q P T f 2 4 \ a N S T P  
COMMON/SIGS/ SF1 ~ ~ ( 1 0 0 0 r 3 )  
COMMON/PRUL/ NRF r N E N  

c ~ - - - - - ~ - - - o - - - - ~  L O C A L  DIMENSIONING -----------------o-m-----------~--- 

DIMENSION I A (~ ) .  I B ( 8 )  
DIMENSION T ~ I S P ~ ~ D ~ ~ ~ ~ ~ ~ ~ I S P ( E D ~ ~ ~ ~ ~ D ~ T R ~ I N ~ ~ O O O O ~ ~ J S T ~ ~ ~ ~  

1 D E P ( ~ ) D C ( ~ ~ ~ )  n T N D ( l O 0 O )  
EQUIVACENCF ( D T s P ( ~ ) ~ R ( I ) ) ~ ( T D I S P ( ~ ) ~ U L X ( ~ ) ~  
INTEGER B u n f 6 )  

C - - ~ - o - ~ - r - - - r m r r ~ ~ - ~ ~  ---- w- -I -I -.. mm -.. I- -- -- om 0- OW -0 -- -I -I 91 -- -I -I -- I= 

INTEGER Y X M V E L ~ V I  YEX 
REAL*8 N  
DATA I A / 1 ~ 3 . 2 r ? . 2 ~ 3 r l r l /  
DATA I B / l r l  a 1 8 ? 3 . 2 ~ 2 ~ 2 ~ 3 /  
OATA B U G / i r ~ r 5 ~ ~ ~ 4 ~ 6 /  
NBEG-NBE 
NEND-NEN 
I F ( J T * N E . ~  1 GO TO 9 
NBEG-1 
NENDoNNP 
JCNT = -1 

' I F ( I P R , L E r O l  IPR=~ 
DO 6 4  NL=I.NNP 
DO 66 1 0 1 ~ 3  

66 S E L A S I N ~ D I ~  F n.0 
9 REWIND 9  

REWIND 8 
REWIND 1 2  
NOLINE m 8 7  
DO 2 I-IDNNP 
I N D ( 1 )  = 0  
DO 2 J p 1 ~ 3  

2 S T R A I N ( I D J )  F n.0 
c 

DO 7 IP~DNNP 
DO 7 3 - 1 8 2  
IF(JTIGT.E) GO T O  7  
T D I S P (  JD I ) o n * O  

7 T D I s P ( J ~ I I ~ T D I ~ P ( J ~ I ) + D I S P ( J ~ I )  
JCNT=JCNT+l 

' IF(JT*EOII\ GO TO 422 
IF(JCNTINF*TPR) GO TO 423 

, 

422 P R I N T  5 5 5 ~ 7 ~  
555 F O R M A T ( / / / ~ ~ X D  1 NODE', 1 2 X ~  ' INCREMENTAL D I S P L A C E M E N T S ~ B ~ ~ X D  'TOTAL D  



( R S I - 0 0 5 6 )  

~ I S P L A C E M E N T S ' , F . X B ~ A T  T I M E  . o ' D F ~ . ~ B ~ X D ' Y R ' B / )  
P ~ i i - i :  501 

1 FQRMATt23xn  9 X f  . 2 0 X ~  ' Y ' D ~ O X B  ' X ' B ~ O X ,  ' Y  'I/ ) 

D o  5 1 0  M ~ N R F G D ~ J F N D  
5 1 0  P R I N T  5.154 M .  t ( D I S P ( J D ~ ) B J = ~ D ~ ) D ~ ~ D I S P ( J , M ) D J P ~ J ~ ) I  
5 1 5  F O R M A T ( 1 1 0 . ~ t 5 x e E 1 5 * 4 ~ 5 X ~ E 1 5 * 4 ) )  
4 2 3  CONTINUE 

I F ~ J C N T I E Q ~ T P R ~ ~ R * J T ~ E Q ~ ~ )  P R I N T  3 0 0  
DO 1 M = ~ D N C I  
MTYP 3 I E ( M . 9 )  
DO 1 2  I C  = 1 8 3  
00 1 2  JC = l r  3 

1 2  C ( I C 4 J C )  a u ( I r . J C r  MTYP) 
L I M  = 8 
I F ( I E ( M D ~ )  t F Q * n \  LIMs6  
I F ( I E ( f l ~ 7 l ~ ~ E e n r  QO T O  1 0 0  
I F ( J T e N E t  i 1 G n  TO 7 8 8  
DO 7 8 7  I I ~ l e 9  

7 8 7  € P I  ( I I ) = O e n  
7 8 8  CONTINUE 

C 
G T R I A N G I  E S  

I 1  - 2 4 1  
11-BUG( I) 
J J = ~ * I E ( M B T ~  
L l - 1 7  
~ ~ ( 1 1 - ~ D L I  I = R [ J J 0 1 1  

1 0  QK(111 l . l  = R ( . I . I )  
L X - 1 2  
READ ( 8 )  t c n T ( u f r L Y ) r L Y = i ~ l 2 l ~ K Y = 1 ~ 9 1  
I F ( J T  9EQ. 1 )  G n  TO 781 
R E A D ( 1 2 )  EPT 

* c  
7 8 1  CONTINUE 

DO1101  I 1 = 1 . 9  
E P ( I l ) = O * O  
DO 99 J l m i m t  2 

99 E P ( I l l r E P I T 1  ) + R T (  1 1 1 J 1 1 * Q K ( ~ l ~ l 7 )  
1 1 0 1  ' E P ( I l ) o E P (  1 1  ) - E P I  (11) 

CC 
DO 97 I2ti.a 
1 3 = 3 - I 2  
J o E = I E t n ~ 2 a T 2 = i  1 

I N D ( J O E ) = T N ~ ( J ~ F ) + I  
DO 98 111.1~2 
s ~ ~ t I I l = o . n  
90 9 8  J J m l . 7  

9 8  S I G ~ I I  ) = S T G t  11 \ + C (  I I D J J J * E P ( ~ + J J ' I ~ )  
DO 9 7  1 * = 1 , 7  

9 7  S ~ R ~ ~ N ~ J O F ~ T ~ ~ = ~ T R A I N ~ J O E D I ~ ~ + S I ~ ~ I ~ I  
C C  
c 

GO 1 0  1 

1 0 0  C O N T I N U E  
,- 
L 



I F ( J T * N E a l  \ GO '0 7 7 7  
DO 7 8 6  1111 124 
3 P I l  I 1  ) a O * O  
CONTINUE 
DO 1 0 1  L E O = ~ J ~  
I I =2*LEO 
J J = 2 * I E (  Mrl  F O )  
Q K (  1 1 - l r  1 7 \ = R ( . l . l w 1 )  
Q K ( I I D ~ ~ ) = R ( J J \  
L I Y = 8  
I F ( j T * N E a i r  R E h n ( 9 )  Q P I  
A G 1 o D i  r O  

A G 2 =  I r O  
AG3= O r 0  
DO 1 1  1+1 ,1  T M  
1 1 - I A (  I )  
J J - I B (  1 )  
CALL SHAPE I T ID . ~ . ~ D O E T J A C D  Mr A G ~ J  AG2r AG3r AG3r I, 0  1 

CONTINUE 
CONTINUE 
DO 1 3  Y I M Y F I  = l rh lNP 
Do 1 3  ~ I Y F X = ~ J ~  
I F ( I N D ( Y I M v F L )  .EQ* 0 )  G O  TO 1 3  
S T R A I N (  Y T M Y E L .  Y I Y E X ) =  S T R A I N (  YIMYELr Y I Y F x I / I N D ( Y I H Y E L )  
C O N 1  INUE 



( R S I - 0 0 5 6 )  

35 C O N T I N U E  9 6 9 0  
I 9 7 0 0  
I 9 7 1 0  
C 9 7 2 0  

DO 7 1  N~=I,NNP 9 9 3 0  
DO 7 1  I ~ l r 3  9 7 4 0  

7 1  S E L A S ( N ~ , ~ ~ = S E ~  b S ( N 1 r I  ) + S T R A I N ~ N ~ J I )  9 7 5 0  
C 9 7 6 0  
C COMPUTE PRINCIPAL STRESS AND THE ANGLE W I T H  THE POSITIVE x AXIS 9 7 7 0  
C 9 7 8 0  

IF(JTIEQ*I\ GO TO 8 1  9 7 9 0  

IF(JCNTINE.TPRI GO TO 8 4  9800 
8Q 00 4 4  N ~ = N R F ~ I ~ ~ F N D  

S P = ( S E L A S ( N ~ , ~ I  + S E L A S ( N L B ~ ) ) / ~ *  9 8 2 0  
S M - ( S E L A S ( N l r l \  - s E L ~ s ( N I r 2 ) 1 / 2 *  9 8 3 0  
DS = DSQRT~SM+SM + S E L A S ( N ~ D ~ ) * S E L A S I N I , ~ )  

9850 

PS l=SP*DS 9860 
PS2-SP-OS 9 8 7 0  
PAN=O*O 9 8 8 0  
I F ( s E L A S ( N ~ . ~ ) . N E * O ~ O * A N O *  SPl r N E *  0001  PAN= 9 8 9 0  
I ~ ~ ~ ~ & ~ * D A T A N ~ ~ S E L A S ( N ~ D ~ ~ # S M )  

E 9910 
I F ( N O L I N E e a Y * O \  GOT0 5 4  9920 
P R I N T  1000 9930 

N O L I N E - 4 9  9 9 4 0  

5 4  NOLINE~NOL~NE-I 9950 

IF(JT*EQII) QO T O  4 3  
IF(JCNT,NE.TPRI 00 TO 84 9 9 7 0  

4 3  P R I N T  500, N ~ I  , G T R A I N ( N ~ I I  ] ~ I ~ ~ D ~ I , ~ S E L A S ( N ¶ B ~  ) ~ I ~ ~ D P I D P S P N  9980 
4 4  CONTINUE 

JCNT-0 9990 

8 4  CONTINUE 1 0 0 0 0  
300 F O R H A T ( ~ ~ H ~ ~ U T P I I T  TABLE 2 * ,  STRESSES AT NODAL POINTS / / D  10010' 

~ ~ x ~ N O D E ~ ~ ~ ~ Y ~ ~ T N C R E M E N T A L ~ ~ ~ ~ X D ~ ~ ~ ~ A L ' D N  / a  10020 
2 1 5 X I 1 H X ~ 1 3 % ~ 1 H v ~ ~ ~ K ~ 2 ~ % Y ~ ~ a ~ d 1 ~ ~ ~ 1 3 ~ ~ i ~ ~ ~ 1 ~ # ~ 2 ~ x y r  10030 
3 1 0 X I t S I G - l t e 9 X , t S I ( 3 - 2 ~ ~ 9 X ~ ~ ~ N G L E ( r  //I 1 0 0 4 0  

1 0 0 0  FORMAT(1HI f i  10050 

~ ~ X ~ N O ~ E ~ ~ ~ R Y # ' ~ N C R E M E N ~ A L ~ ~ ~ ~ X J ~ T O ~ A L ~ D ~ X P R I N I A L  /r 
1 0 0 6 0  

2 1 S X , 1 H ~ I l 3 Y m ~ ~ ~ . l ~ X ~ 2 ~ % ~ ~ l 3 ~ a 1 ~ ~ # ~ ~ ~ ~ t H Y ~ ~ ~ % r 2 ~ x Y r  1 0 0 7 0  
310XIISIG-1tm9X~!SIG-2tr9X~tANGLE', / /  1 10080 

500 F O R M A T ( ~ X , ~ ~ J ~ F ~ ~ ~ ~ )  1 0 0 9 0  
C 10100 
C ZERO DIsPLACEMFNT- inAD VECTOR ( R l  BEFORE GOING TO INSTRN 
C 10120 

DO 2 8 0  I = ~ . N E Q  10130 
280 R (  I ) = O e O  1 0 1 4 0  

RETURN 10150 
END 1 0 1 6 0  



k c  7 2 )  ( R S I - 0 0 5 6 )  
OS/360 FORTRAN H A - 2 4  

H OPTIONS r NAMF= ~ A I N B  O P T = ~ ~ ~ L I N E C N T ~ ~ O ~ S I Z E = O O O O K B  
S O I J R ~ E , F ~ C D I C B N ~ L I S T B ~ ~ D E C K B L O A D C M A B ~ E J ~ ~ ~ ~ ? ~  F~~I ! )JNOXREF 

SUBROUTINE T N S T R N  10170 

@ c  I 10180 
C------,------- C ~ R M ~ N  BLOCKS FOR THIS SUBROUTINE -- - -mm-mm- ' -wmm--D-mmg 101gO 

I M P L I C I T  R F ~ L * R (  A - H ~ o - Z )  J INTEGER (1-N 
COMMON/Bl/ R ~ ~ ~ , - , O ) D A K ( ~ ~ ~ D ~ ~ O ) B N E Q ~ I B A N D D N U M B L K  
COMMON/B2/ F ( S \ . P R ( S ) ~ R O ( ~ ) ~ T H ( ~ ) D A L P H A ( S )  10210 

1 l ~ ( ~ ~ ~ o ) ~ Y ( ~ ~ ~ ~ ) ~ U L X ( ~ O O O ~ B V L Y ~ ~ O O O )  
2 8 rE(*nO,9) rKODE(1000)  
30 NNP , N ~ ~ ~ ~ ~ ~ ~ D  NSLCDNOPTD NBODYJ MTYP 10240  

COMMON / O N € /  Q K [ ~ ~ J  1710 B ( 3 r  1 7 ) ~  C (30  30 51, Z ( 8 ) r  RODYF(E)  10250 

1 8 B T ( 9 r  t 3 ) J  c ~ 1 3 8  30 5 )  10260 

COMMON/TSTRN/ T M E ~ ( ~ ~ ~ ~ ) B T O L D ( ~ O O O ) B C L S T ( ~ B ~ B ~ ~ B E ~ I T ( ~ I D Q ~ I T ( ~ ~ J ~  
1 E P 1 ( 3 ) ~ ~ p t r 2 9 \ . N S f P  10280 

COMMON / V E X /  0 f q r  9 ) r  VOLUtl1400) 
COMMON/DELC/ DFI  T,TMB JT 0 XPRB I V E  10300 

c~ - - -~ - - - - - - - - - - ,  L O r & L  DIMENSIONING m m m  ------m- 0)- mm I--- -.I -I *m -- -- -0 ---- 103  10  

OIMENSION w 3 - 
DIMENSION R ~ ( 9 , 1 2 ) r L C (  1 2 )  10320 

DIMENSION FIIIG( 6 r 10330 
Cmm-------mm- - m - - - - m m m ~ O I - m m - - m O O  -mmmmI---- - - -m-~---- - - - -m---mmm- -- 10340 

INTEGER Bun 10350 

DATA BUQ/ 1 ~ * . 2 ~ 5 ~ 3 r 6 /  
C 10370 
C 10380 

W l 1 )  - 5 * / 9 *  
W ( 2 )  * 8 r / 9 .  
W ( 3 ) -  W ( 1 )  
REWINO 9 10390 
REWIND 8 
REWIND 1 2  
NSTP-0 10420 • 10430 
DO 80  Nr1,NsL 10440 

C 40!150 
I T = I E ( N # 9 )  10460 
L X - 1 6  10470 
I F ( I E ( N 0 7 )  * L E e  0 )  GO T O  10 10480 
I F ( I V E O E Q I ~ I  G n  T O  102 10490 
CALL Q P I S T ~ N I  10500 
I F ( I V E e E Q . 3 b  G n  T O  102 10510 
DO 101 1 - I n 2 4  10520 

lo1  QPI~ I ) ~ Q P I T I  1 )  10530 
GO T O  1 0 4  10540 

1 0 2  CALL Q P I S ( N i  10550 
IF(IVE~EQI?I G n  T O  104  10560 
DO 1 0 3  1 ~ 1 . ~ 4  10570 

1 0 3  Q P I ( I ) ~ Q P T ~ T ) + ~ P I T ( I )  10580 
1 0 4  W R t T E ( 9 )  Q p T  

DO 5 J * l r l &  I 0 6 0 0  
5 ~ ~ ( ~ 0 1 7 )  = 0.0 10610 

A G ~  m - 0 e 7 7 ~ 5 9 6 ~ 6 9 2 0 0  
A G 2  = n r O D O  
4 G 3  = A G f  
00 2 0  I 1 = 1 * 2  



(RSI-0056) 

10680 
DO 9 K ~ ~ B J  10690 
DO 9 L - 1 ~ 1 7  I 10700 
D U M l a O  8 10710 
DO 8 M M s K B ~  10720 
D U M l t D U M l  + CFIKDMMBMTYP)*B(MWDL) 10730 
B ( K D L ) ~ D U M ~  10940 

1'0750 
MTYP=IE(N,sI 10760 
DUM1 DET.JAC*TH(MTYP) *W( I I ) *W(JJ )  

10780 
DO 20 NROWof r l k  1 0990 
DUM2-0 9 0 10800 ' 
DO 18 L L ~ l r . 7  10810 
DUH2fOUM2 + ~ ( I I B N R O W ) + B I L L , I ~ )  10820 
QK(NROWI  1 7 )  nk (NROW, 1 7 )  + DUHl+DUM2 10830 

10840 
t0850 

GO T O  16 10860 
10890 

LX-12 10880 
IF( IVE*EQe?\  Gn T O  202 10890 
CALL EPIS l f  N )  10900 
IF( IVE*EQeB\ Gn T O  202 10910 
DO 201 I = i . r Q ,  10920 
EPI (  I ) e € P ~ . Y f : ~ f !  10930 
GO T O  204 1'0940 
CALL EP IS~NI  10950 
IF(IVEoEQ19r Gn T O  204 109.60 
DO 203 1-1 ' r09i?Q 
E P I ( I ) w E P X ( r )  + E P I T ( 1 )  
W R I T E I 1 2 )  F P ~  

1.1000 
READ(8) ( f  R T ( T . J ) P J - ~ D ~ ~ ) ~ I = ~ D ~ )  

11020 
DO 13 I I m l r 6  11030 
LC(11)e2*11-1 11040 
LC(II+~J=~~TI 1 1  050 

11060 
DO 15 I I m i r 1 2  11070 
LL=LC( 11 1 11080 
DO 15 JJmi rQ 11090 
B x ( J J D I I  ) r R l ( J . i . L L )  11100 

11 110 
DO 19 LL-1,s 11120 
DO 19 M M ~ l r l 2  11130 
BT(LL~MM)=RY(LI  . M M )  11140 

11150 
11160 

DO 50 1 0 1 ~ 1 2  11170 
Q K (  1 ~ 1 7 ) = 0 * n  . 11189 
DO 50 K - 1 ~ 9  11190 
DO 50 L ' 1 ~ 9  11200 
DO 50 Ms l r 9  11210 
Q K ( I r 1 7 ) a  f 3 K ( I # f 7 )  + B T ( K I I ) * D I K I L ) + V O L U M ( N ) ~ C L S T ( L , M ~ ~ T I * E P I  ( M I  11220 

11230 
00 7 1  1 M ~ t ' r ~  11240 
I S H = ~ U G ( ~ M I  11250. 



(RSI- 0056 )  

JJ=IE(N,IM~ 
N C = 2 * J J - 1  
R ( N C ) = R ( N C i  + Q K I I S H I ~ ~ )  

7 1  Q ( N C + l ) a R  f ~ C + t  ) + Q K ( I S H + 6 , 1 7 )  
GO T O  8 0  

16 NRONOS-8 
I F f I E ( N , 7 )  . L C .  0 )  NRONOS=6 
00 6 1  I f l a i r ~ R O ~ n S  
I S H = I M * 2 - t  
JJ=I€( NI IM I 

NCUBED = ?U. IJ=? 
R(NCU0ED 1 P RINCUBED ) + Q K ( I S H  ,171 
R ( N C U B E D + ~ I  Q INCUBED+I )  + Q K ( I S H + l r l 7 )  

6 1  CONTINUE 
I F ( , T F (  h 1 ~ 7 )  * N E * O ) N S T P = O  

C 
8 0  CONTINUE 

C 
C 

DO 7 0  M * ~ , N N P  
2 I F ( K O D E ( M I  .EQ. 0 )  GO TO 7 0  

I F ( K O O E ( M )  . E Q *  1 1  GO TO 1 7 0  
I F ( K O D E ( M )  . E Q e  2 1  GO TO 1 6 0  

R ( 2 * M - 1 )  = n *  
160 R ( 2 * M  o nm 

GO T O  7 0  
170 R ( 2 * M - 1 )  = n *  

7 0  CONTINUE 
C 

RETURN 
END 



w
 

U
 

0
 

r-
 

-8
 

n.
 

C
1
 

8
 

;C
i 

8 
ul
 

8
 

8
 

0
 

a-
 

8
 

(3
 

8 
I
 

'V
 

~
~

~
z

D
o

*
~

~
~

x
D

~
c

u
x

o
z

z
~

~
-

~
~

 
a 

z
m

-
 

x
o

x
-

 
7
 

x
-

 
7
 

o
 

z
n

3
z

u
c

 
-.$

 

+
-
C
-
 

+
+

+
-

 
+

I
T

@
 

Z
8

\
*

8
-

4
 

@ 
C

 
m

a
*

 
a
 

a
 

X
8

V
l

8
U

J
-

4
8

-
 

x
r

 
w

-
-

x
z

x
~

-
x

o
x

~
~

 
s
z
m
r
 

cn
 

L
 (
n
 
Z

 
L

r
n

-
 

N
X
 

I
\

n
 
7
9
-
 

r
a
 

3
-

S
Z

1
3

-
X

 
+

-
b

8
8

 
r

l
3

 
-

3
 

4
-

 
. 

-
4

-
 

3
 

4
1
 

8
4

P
3

3
;

Z
)

q
 

o
 

o
 
I
 v

 
r

o
 8

 V
O

~
C

E
H

X
 

8
-

r
 

X
F

C
>

 I
I 

-4
 

-4
 
m

 
4
 

9
7

c
n

 r
n

m
* 
3
1
2
~
1
 

D.
 

3
 

D
 

4
 

Z
-

4
1

8
2

0
3

3
-

 
r~

 
3
 

3
 

+
a

2
-

?
:

x
:

T
l

 
.: 

- 
-4

 
1

8
0

D
 

C
I

E
D

 
2
 

0
 

X
 

ul
 

+
 8

 - 
8

 m
-

C
.

4
 

* 
0
 

a
*

 x
r

3
o

z
 

x 
w

 
X
 

I
 b

*
 O

Z
H

*
 

- 
0
 

- 
8

 X
O

O
b

 0
9
 

* 
0

 
4

 
8

-
8

X
 

b
T
l
 



* -  - .. 2 O P T T O N S  - N A H F =  - . A I N ~ O P T = O ~ J L I N E C N T = ~ @ ,  S I Z E S O O Q O K D  
SOIIRCE, F B C D I C D N C L I S T D ~ ~ O D E C K D L O A D D M A ~ ~ N O E ~ I T D N ~ I D D ~ O X R F F  

SUBROUTINE R P N s ~ L  ( KKK 
I M P L I C I T  R F A L * R ~ A - H D O - Z l r I N T E G E R ( 1 - N )  
CoMMON/BI/ R ( ~ ~ ~ O ) J A K ~ ~ ~ ~ ~ ~ ~ ~ ) D N E Q ~ I B A N D D N U F ~ B L K  

C 
C WHEN K K K  # 1 8  T H I S  SUBROUTINE TRIANGULARIZES THE S T I F F N E S S *  
C  THE T R T A N G ~ I  ARIZED STIFFNESS I S  STORED ON TAPE20. 
C THE UNTRIANGULARIZED S T I F F N E S S  I S  STORED ON TAPE 100  
C 

a REWIND 20 
NN = I R A N O  
NL = N N  + 1 

NH = 2 * I R A N D  
NB = 0 

I F  ( K K K  * F n o  2 GO TO 9 0  
REWIND 1 0  
GO TO 2 5  - 

C 
C REDUCE I O K s  OF EQUATIONS 
C 
C 1. S H I F T  Twn 81 ~ C K S  
c 

10 NB = NB + 1. 
DO 20 N = . I .  NN 

NM s NN + N 

DO 20 tl = 1 .  I R A N D .  
AK(N, M I  A K ( N M D  M )  

20 A K ( N M #  M )  = 0 0 0  
c 
C 29 READ THF N E X T  B L O C K : . O ~ ~ E Q U A T I O N S . I  TO CORE 
C 

I F  (NUMRLK .EQe NB ) GO TO 4 0  
2 5  CONTINUE 

DO 30 N ~ N L , N H  
3fl R F A O  ( 1 0 )  ( A K c N l M I ,  M 1, I B A N D )  

I F  ( NR *En. 0 1 GO TO 10 , - 

c 
C 3 0  REDUCE ~ n M e .  MODE ..EQ.UATIO~S 
6 

40 DO 7 0  N rp , l ,* . .cNCJ .:: .,. . ,. . 2' ' . .  . . . .! u. 

@ IF (.DAB.@ k4K.{ 1 1.1 *LE*  1 r 0 0 . ~ 1 5  .GO t o  . 7 0  .. . 
Do 6 0  L = 2.. IRANO. 

I F ( D A B s ( A K ( ? . L ) )  oLEe l o O D s l 5 )  GO TO 60 
C IP AK.IN~-?'I. .!." A' AK (Ns 1) 
1 -  N L : -  1 
J a 0 . j  

Do 5 0  K r .  I... I R A N D  
J P J + I  

5 9  A K ( 1 r  . I ,  = AK(II J )  - C * AKIN, K )  
AK(NI I \ r 

60 CONTINUE 
70 CONTINUE 

D O g O N = l , y N  . 
80 W R I f E ( 2 0 r  ( , n r  ( N r M j r  M s ' l r  I B A N D )  

I F  (NUMRLK .LEI  NB 1 0 0  TO 170 
GO TO 10 - - 



c M O D I F Y  THE I U P P  V ~ C T O R  
C 

9 0  NR = 0 
0 0  NB = NB 4 1 

NH rp NN * NR 
.UM = lyC+ - !JS. ,  / ,. 
NL = NM - N N / ~  + 1 
KSHIFT ~ * N L  - 2 
DO 1 0 1  I=I,NN - 

1 0 1  READ ( 2 n )  ( A K ( I J J ) J  J = 1, IBANDI  
DO 1 3 0  1 3  i r  NN 

I F ( D A B s I A K ( T . ~ I )  *LEI  1 0 0 0 - 1 5 )  GO TO 1 3 0  
INDEX - I + ( N R  a 1 ) * I B A N D  

I F  ( T N ~ E X  .GEo NEQ GO TO 1 2 0  
CP = R I I N D E x )  
R (1NDEX)  = ~ P / A K ( I ~  1) 
DO 1 1 0  J = 2 9  TRAND 
JNDEX - I N O F X  a J - 1 
I F  ( JNDEx  .nT. NEQ I GO TO 1 1 0  
R(JNDEx)  r R ~ J N ~ E X )  - A K ( I J J )  CP 

1 1 0  CONTINUE 
GO TO l ? O  

1 2 9  I F  ( I N D E X  r n T o  NEQ I GO TO 1 3 0  
R ( N E g )  = R ( N E Q )  / A K ( I r 1 I  

1 3 0  CONTINUE 
I F  (N8.I T o  hUMBLK) GO TO 1 0 0  

Do 135 KBUR = 1;  NN 
BACKSPACE ?fl 

1 3 5  CONTINUE 
C , 
c PERFORM THF BACK SUBSTITUTION 
C 

1 4 0  0 0  1 6 0  M - 1 8  NN 
N c N N + l - M  

INDEX a NB*TBAND - M + 1 
I F  ( INDEx~GFI  N F Q )  GO TO 1 6 0  
0 0  1 5 0  K r p r  TRAND 
JNDEX r I N D U X  * K ' 1 
I F  (JNDEx . n f o  NEQ) GO TO 1 5 0  
R ( I ~ D E X )  r R ( I N ~ E X ) -  AK(NB K ) * R ( J M D E X )  

1 5 0  .CONTINUE 
1 6 0  CONTINUE 

NB = NR - 1 

I F  (NB  eEQ. 0 1 GO YO 1 7 0  
DO 1 6 5  KBUD @ 1 .  NN 

B A C K S P A ~ E  2n 
1 6 5  CONTINUE 

DO 1 6 1  N=I.N~ 
l a 1  READ ( 2 0 )  f A K I N J M ) ~  H - 1, IBANOI  

DO 1 6 7  KBUG a l r  NN 
B A C K S P A ~ E  Pi? 

1 6 7  CONTINUE 
GO T O  140 

1 7 0  RETURN 
END 



'1 -E 2 OPTTONS - N A M F =  .. AIN, OpT=02,L IhECNT=60,  S I Z E = 0 0 0 0 K j  
SOlrnCE, FBCDIC,NCLISTDNODECK, L o A D ~ M A P I N O F D I  TDN~I IDDNOXREF 

SUBROUTINE F P I S T I N !  12790 
I M P L I C I T  R F A L * R ~ A - H I O - Z ) ~ I N T E G E R ( I - N )  
COMMON/B1/ R ( ~ ~ ~ ~ ) ~ A K ( ~ ~ ~ ~ ~ ~ O ) ~ N E Q D I ~ A N O ~ N U M B L K  
COMMON/B2/ c ( ~ , . P R ( S ) ~ R O ( S ) , T H ( ~ ) ~ A L P H A ( ~ )  1 2 8 2 0  

1 r Y ~ ~ ~ ~ I ~ O ~ ~ Y ( ~ ~ ~ ~ ) ~ U L X ~ ~ ~ O O ~ D V L Y ~ ~ O O O )  . 
2 r  r E r 4 n 0 , 9 ) ~ K O D E ( 1 0 0 0 )  
3r NNP , ~ E L ~ N M A T I N S L C D N O P T B N B O D Y ~ M T Y P  1 2 8 5 0  

C O M M O N  / O N F /  O K ,  16, 171, 813, 171,  C ( ~ D  3, 5 ) )  Z ( ~ ) D  R O D Y F l 2 )  1 2 8 6 0  
1 B T ( 9 r  1 3 r r  f ~ ( 3 ~  3 r  5 )  1 2 8 7 0  

COMMON/TSTRN/ T N E W ( ~ ~ ~ ~ ) ~ T O L ~ ( ~ ~ ~ ~ ) ~ C L S T ~ ~ D ~ ~ ~ ) ~ E P ~ T ( ~ ~ ~ Q P I T ~ ~ ~ ~ J  
1 E P I ( g ) r Q P Y r 2 4 r  .NSTP 1 2 8 9 0  

C m  D m  m  m .  m m  m m  m m  -m m  - m  - m - m  m - - - m  - - - - - m  D m  -- - - 1 2 9 0 0  
C I 1 2 9 1 0  

MNUM-I€ N, 9 \ 1 2 9 2 0  
F A C - l * O  1 2 9 3 0  
I F ( N 0 P T  .€n. 11 FAC-1m0 + PR(MNUM1 12940 

C 1 2 9 5 0  
DO 5 I - 1 ~ 5 , ?  1 2 9 6 0  
N P = I E ( N r I )  1 2 9 7 0  

. JJ= 112 + 1 12980 
I F ( 1  *EQm 6 )  J . 1 ~ 3  I 12990 

2 Of=  TNEW(NPI - T O L D ( N P )  1 3 0 0 0  
€PIT ( JJ ) -  F A C * A I  P H A (  MNUH)*DT 1 3 0 1 0  
E P I T ( J J + J )  a E P T T ( J J )  1 3 0 2 0  

5 E P I T ( J J + 6 )  r 0.n 1 3 0 3 0  
RETURN 1 3 0 4 0  
END 13050 



: - . " 'P ILEH OPTTONS - Y A M F Z  : ~ . A I N D O P T = ~ ~ D L I N E C N T = ~ ~ D  s I z E ~ 0 0 0 0 K ~  
S ~ ~ I R ~ ~ ~ C ~ C ~ I C ~ ~ ~ L ~ S T D ~ ~ ~ ~ ~ ~ ~ ~ ~ L O ~ ~ D ~ A P D ~ ~ E ~ ~ ~ D ~ ~ ~ ~ D ~ ~ X ~ ~ ~ ~  

SUBROUTINE n P I s r ( N )  
:-----rr----r-- r n M M r i r j  BLOCKS F O R  TH I S  SUBROUT I N E  m r r r - r r o r r - r r r r r - o m r  m- 

I M P L I C I T  R F A L W R I  A - H D O ~ Z ) D  INTEGER(  I - N )  
CoMMON/Rl/ R ( ~ ~ ~ O ) D A K ( ~ ~ ~ ~ ~ ~ ~ ) D N E W D I B A N D D N U M B L K  
C O M M O N / B ~ /  F ( ~ ) , P R ( ~ ) D R ~ ( ~ ) , T H ( ~ ) ~ A L P H A ( ~ ~  

1, x ( ~ n c O ) r Y ( 1 0 0 0 ) r U L X ( 1 0 0 0 ) ~ V L Y ~ 1 0 0 0 )  
2 r  r t ( ~ n 0 , 9 ) r K O D E ( 1 0 0 0 )  
3 r  NNP~NELDNMATDNSLCDNOPTD NBODYr MTYp 

COMMON /ONC/ Q K 1 1 6 r  1 7 ) )  B ( 3 r  1 7 ) r  C ( 3 r  3 r  5 1 0  Z ( 8 ) r  R O D Y F ( 2 )  
1 , B T ( 9 r  1 3 ) ~  C F ( ~ D  3, 5 )  

COMMON/TSTRN/ T ~ E ~ ( ~ ~ ~ ~ ) D T O L D ~ ~ ~ ~ ~ ) ~ C L S T ~ ~ ~ ~ D ~ ~ ~ E P I T ( S ~ D Q P I T ~ ~ ~ ~ D  
1 E P I ( S ) r Q P T r 2 S \ . N S T P  

C 
MNUM = I E ( N . ~ )  
F A C = I  * O  
I F ( N O P T , E Q . ~  l FAC=I .O + PR(MNUM) 
DO 3  1 - 1 8 8  
N P = I E ( N a  I) 
DT=TNEW(NPI-TO1 n ( N P )  
Q P I T ( I ) = F A C U A L P H A ( M N U M ) * D T  

a Q P I T ( I * ~ ) = ~ P I T ~ T )  
DO 7 I - 1 0 R  

7 ~ ? ~ t ( 1 * 1 6 ) r ~ ~ O  
RETURN 
END 



IL€ H O P T I O N S  - Q A M F =  . - A I N r  O P T = 0 2 r L  INECNT-60,  S I Z E E O O O O K D  
Sol lnCE,  L B C D I C D ~ ~ O L I S T D N O D E C K D L O A D ; P M A P D N O E D I T D  N ~ I D , ~ O X R E F  

SUBROUTINE n P I s r  N l  
I M P L I ' c I T  R F A L W R  r A-H,O-Z)r INTEGER( I - N  1 
COMMON/B1/ R (  2 n r , 0 )  J A K (  4 8 0 1 2 4 0  1 BNEQB IBAND~NUFCBLK 
COMMON/B2/ ~ ( 5 1  . P R ( ~ ) , R O ( ~ ) , T H ( ~ ~ B A L P H A ( ~ )  

1 0  Y ( ~ ~ ~ O ~ ~ Y ( ~ ~ ~ ~ ~ J U L X ~ % O O O ~ ~ V L Y ( ~ O O O )  
2 1 r E ( ~ n 0 , 9 ) r K O D E ( 1 0 0 0 )  
38  N N P , N € L ~ N M A T , N S L C I N O P T ~ N B O D Y ~ ~ ' ~ T Y P  

COMMON / O N F /  Q ~ 1 1 6 !  1 7 1 0  B ( 3 r  1711 C ( ~ J  3 1  5 ) s  Z ( 8 ) r  R O D Y C ( 2 )  
1 , B T ( 9 ,  131,  f ~ ( 3 0  30 5 )  

COMMON/DEL~/ D F I  T, TM, JTD IPR, I v E  
COMMON/SIGG/ SFI AS( 1 0 0 0 1  3 )  
COMMON/TSTRN/ T N E W ( ~ ~ ~ ~ ) ~ ~ O L D ( ~ ~ ~ ~ ) J C L S T ( ~ J ~ B ~ ) ~ E P I T ( S ) D Q P I T ( ~ ~ ) #  

1 E P I ( ~ ) J Q P T ~ Z ~ ~ . N S T P  
DIMENSION B T ( 2 4 1  

C 
TMM = t n  
T M H = O * ~ * D E I T ~ ~ ~ A O ~ / (  ( T M * 8 7 6 0 * O D O ~ * * O o 6 ~  
00 3 1 - 1 8 8  
NP = I E ( N , T ~  
SM r ( S E L A S ~ N P , ~  ) - S E L A S ( N P B ~ ) ~ / ~ ~ O  
SP = ( S E L A S ~ N P ~ I  ) + S E L A S ( N P D ~ ) ) / Z * O  
DS = D S Q R T ~ S M * S M  + S E L A S ( N P I ~ ) * S E L A S ( N P B ~ ) )  
P s i  = SP+DS 
PS2-SP-DS 
I F ( N O P T * E O * ? )  G n  TO 1 
SE = o e 8 6 6 a 2 5 4 n 2 8 * ( P S i - P S 2 )  
S T ( 1 )  r I * R * ( S F I  A S ( N P , ~ ) = S E L A S ( N P , ~ ) )  
S T ( I + 8 )  - n T ( r \  
S l ( I + 1 6 )  r n E L ~ s ( ~ P r 3 ) * 3 *  
GO TO 2 

1 SE r D S Q R T ( P S I * P S I  + PS2*PS2 - P S l * P S 2 1  
ST ( 1  1 = 2 r n 4 S E 1  A S (  N P 8 1  1-SELAS( N P 1 2 )  
S l ( 1 + 8 1 = 2 r o * S E 1  A S ( N P ~ ~ ) - S E L A S ( N P D ~  1 
S l ( I + 1 6 ) r 3 r ~ S E 1  ~ s ( N P r 3 )  

2 CONTINUE . 

S 3 = 4 * 5 0 D - l b * S E * u 3  
Q P I ( 1 )  = s ~ * T M H * S T ( I ) / S E  
Q P I ~ I + ~ I = S ~ * T M H ~ S T ( I + ~ ) / S E  
Q P I ( I + ~ ~ ~ = ~ ~ ~ * T M ~ * S T ( I + ~ ~ ~ / S E  

3 CON1 INUE 
' D O  4 1 = 1 7 , 3 r  

4 Q P I ( I ) ~ Q P I ~ T ) * P .  
RETURN 
END 



' ~ ~ P ! L E H  3 F ' T ? h r '  - YAMF= AIN, O P T = O ~ D L I N E C ~ \ ~  =t'3', S I Z E Y Z O ~ ~ O K D  
SOI IRCE . *  B C D I C D N C L ~ S T ~ N O D E C ~ < ~ L O A D D ~ ~ A P ~ ) ~ O E D I T ~ N O ~ G ~ N O X ~ E F  

SUBROUTINE F P I S I N I  
I M P L I C I T  R F A L W R I  A-HIO-Z) , INTEGER(I -N)  
COMMON/Bi/ R ( ~ ~ ~ ~ . O ) J A K ( ~ ~ ~ ~ ~ ~ ~ ) D N E Q D I B A N ~ J N U M ~ L K  
C O M H O N / B ~ /  ~ ( 5 )  . P R ( ~ ) D R O ( ~ ) D T H ( ~ ) D A L P H A ( ~ )  

1 r ~ ( l n n O ~ r Y ( 1 0 0 0 1 ~ U L X ( 1 0 0 0 ~ ~ V L Y ~ 1 0 0 0 )  
2 r r E ~ ~ ~ 0 ~ 9 ) r ~ O D E ( 1 0 0 0 )  
3, N ~ P , M E L D N M A T I N S L C I N O P T ~ N B O D Y ~ M T Y P  

COMMON / O N C /  Q ~ f l 6 r  1 7 1 8  8 ( 3 ,  1 7 ) )  C ( 3 r  30 5 ) r  Z ( 8 ) r  R O D Y F ( 2 )  
1 D 8 T 1 9 1  1 3 1 8  f ~ ( 3 ~  3, 5 )  

C O M M O N / D E L ~  O F I  T, TMD J T r  IPRI I V E  
COMMON/SIGS/ SFI AS( 1 0 0 0 ~  3 1  
COMMON/TS~RN/  T N E N (  ~ O O O ~ I T O L D (  ~ o o o ) B c L s T ( ~ , ' ~ , ~ ) D E P I T ~ ~ ) D Q P I T ( ~ ~ ) #  

.. 1 E P I ( S ) r Q P T f 2 + ~ . N S T P  
DIMENSION S l ( 9 r  
MNUM = I E ( N . 9 )  
TMM = T M  
T M H = O O ~ * D E L T * ~ ~ A O I / (  ( T M + 8 7 6 0 e O D 0 1 * * 0 * 6 )  

C COMPUTE P R T N C I P A L  STAESSESS 
DO 3  I * l r F i r P  r 

NP = I E ( N , T )  
JJ r I / 2  + 1 

I F ( I * E Q e S )  . t J m 3  
SP = ( $ E L A S I N P ~ ~  + S E L A S ( N p r 2 ) ) / 2 r  
SM - ( S E L A S I N P ~ ~ )  s E L A s ( N P 1 2 ) 1 / 2 r  
DS = D S Q R T ~ S M ~ S M  + SELAS(NP,3 )+SELAS(NP,31)  
P S I  = SP + n S  
PS2 = SP - n S  
I F I N O P T ~ E Q ~ ~ )  Gn TO 1 
SE = 0 * 8 6 6 f 7 9 5 + 0 7 8  l ( P S I W P S 2 )  
S T ( J d 1  = 1.5 * ~ S E L A S ( N P I ~ ) - S E L A S ( N P ~ ~ ) )  
S T ( J J + ~ )  m r S T f . i J )  
S T ( J J + 6 1  = G E L A ~ ( N P J ~ ) * ~ #  
GO TO 2 

1 SE t D S Q R T ~ P S I * P S I  + PSZ+PS2 - P S l r P S 2 )  
~ T ( J J ) ~ ~ ~ ~ ~ s E L A S ( N P ~ ~ ) - S E L A S ( N P I ~ ~  
S T ( J J + 3 ) = 2 r n * S r t  A S ( N P B ~ ) ~ S E L A S ( N P B ~ ~  
Sf ( J J + 6 ) = 3 e n * s F 1  A S ( N P r 3 1  

a CONTINUE 
' S 3 - 4 * 5 O D - ~ 4 * S E r r 3  

E P I ( J J 1  = Sa * t H H * S T ( J J 1 / S E  
E P I ( J J * 3 l = S R  * T P I H * S T ( J J + ~ ) / S E  
E P I ( J J + 6 ) = s a  r T M H + S T ( J J + ~ ) / S E  

3 CON1 INUE 
DO 4 1 ~ 7 ~ 9  

4 E P I ( 1 )  = E P T ( I , ~ ~ * O  
RE TURN 
END 



S f 3 1 1 ~ t k  c k3CDICrNCLIST D ~ ~ O D E C K , L O A D D M A P D N O F D I T ~  NnIDrhOXRF F 
SUBROUTINE T E M P c ( I O P J N N P ~ T D I V E )  
I M P L I C I T  R F A L * R ~  A-H,O-Z) J INTEGER(  I-N 1 
COMMON/TSTRN/ ~ ~ E ~ ~ 1 0 0 0 ~ r T O ~ D ~ 1 0 0 0 )  
C C M M O N / S T A R /  TsTAR 
DIMENSION r r M P 1 i 0 0 0 )  

C 
C I o p  - 1  GENERATES TEMPERATURE F I L E  
C I op = ?  O B T A I N  TEMPERATURE F I E L D  AT  T I M E  T  
C THROUGH L I N E A R  INTERPOLATI~N 
c 

L NTF NIIMBER OF TEWPERATURE F I E L D S  - T  T T V E  OF DESIRED TEMPERATURE F I E L D  - 
b T o  T r v E  OF LAST TEMPERATURE F I E L D  USED 
C TEMP NnnAL TEMPERATURE ARRAY AT T IMF=T 
C TOLD NnnAL TEMPERATURE ARRAY AT T I M E - T O  
C 

a I F ( 1 O P  O N E *  1)  GO TO 3 0  
MT = 9 0 0  
I F ( N N P # L E O Q ~ O )  PT=NNP 
IB=MT+I 

C 
READ 4 9 0 ~  NTF 
Do 10 1 - 1 , ~ t F  
READ 501, T M  
READ 500, r t N E w r J ) r J r n l ~ N N P )  
IF( I V E  .En. 1)  GO TO 5 0  
w R I T E ( 4 )  T M , ( T N F W ( J ) J J = ~ J M T ~  
IF(NNP,LE.MT) G n  TO 10 
W R I T E ( @ )  (TNEWf I ) ~ J ~ I B D N N P )  

1 0  CONTINUE 
REWIND 4 
TM-TSTAR 
TOITSTAR 
GO TO 5 0  

r C 

30 I F ( T  e L T 8  T M )  nn TO 35 
3 1  R E A D ( 4 )  T M ~ ~ T T M P ( I ) J I ~ ~ J H T )  

IF (NNP,LE.MT)  nn TO 32 
READ(4  ( T t M P f  7 ) r  I ~ I B I N N P  

32  1 F ( T * G T * T w l  Q8 T O  31  

F 35 F A C = ( T - T O ) / r T M - T O )  - 
Do 4 0  N=I,NNP 

c C  T N E W ( N ) = T O I  ~ ( N I + F A C ~ ( T T M P ( N ) - T O L D ( N )  
T O  t T  

5 C  CONTINUE 
b 9 0  F O R M A Y ( i 5 )  
5,O F.ORMAT(8(3xaF7 .1  1 )  
5i;l FORHATIF~OIU 1 

RETURN 
END 




