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THREE-DIMENSIONAL ELASTIC-PLASTIC FINITE-ELEMENT 
ANALYSIS OF FATIGUE CRACK PROPAGATION 

BY 

R. G. Chermahinil and G. L. Goglia2 

I NTRODUCT I ON 

Fa t igue  cracks have besz a major problem i n  des ign ing s t r uc tu res  sub- 

j e c t e d  t o  c y c l i c  loading. Cracks f r e q u e n t l y  occur i n  s t r u c t u r e s  such as 

a i r c r a f t  and spacecraf t .  The i nspec t i on  i n t e r v a l s  o f  many a i r c r a f t  s t ruc -  

t u r e s  a re  based on crack-propagat ion 1  ives.  Therefore, improved p r e d i c t i o n  

o f  propagat ion 1  i ves  under f l  i gh t - l oad  cond i t i ons  (variable-amp1 i t u d e  1 oad- 

ing )  a re  needed t o  p rov ide  more r e a l i s t i c  design c r i t e r i a  f o r  these  s t r uc -  

t ures . 
The main t h r u s t  o f  t h i s  study was t o  develop a three-dimensional ,  non- 

1 inear, e l a s t i c - p l  as t i c ,  f i n i t e  element program capable o f  extending a 

crack and chanyi ng boundary cond i t i ons  f o r  t h e  model under cons iderat ion.  

The f i n i t e - e l  ement model i s  composed o f  8-noded (1 i n e a r - s t r a i n )  isopara- 

m e t r i c  elements. I n  t h e  analys is ,  t h e  ma te r i a l  i s  assumed t o  be e l a s t i c -  

p e r f e c t l y  p l a s t i c .  The c y c l e  s t r e s s - s t r a i n  curve f o r  t h e  ma te r i a l  i s  shown 

i n  F ig .  1. Z i  enk iewicz 's  "i n i t i a l - s t r e s s "  method, von Ivli ses's y i e l d  c r i t e r -  

ion,  and Drucker' s  no rma l i t y  c o n d i t i o n  under s m a l l - s t r a i n  assunptions a re  

used t o  account f o r  p l  a s t i c i t y .  The three-dimensional  ana lys is  i s  capable 

o f  ex tending t h e  crack and changing boundary cond i t i ons  under c y c l i c  

loading. I n i t i a l l y ,  t h e  crack i s  assumed t o  grow as a s t r a i gh t - t h rough  

crack.  
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Dominion Un ivers i t y ,  Nor fo lk ,  VA 23508. 
*Eminent Professor, Department o f  Mechanical Engineer ing & Nechanics, 01 d 
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Using a three-dimensional  non l inear  computer program on a cyber-nos 

system was imposs ib le  due t o  i t s  l i m i t e d  s torage capac i t y .  To avo id  t h i s  

problem, t h e  nex t  a l t e r n a t i v e  was t o  u t i l i z e  a  VPS-32 machine w i t h  u n l i m i t e d  

s torage capac i t y .  Using t h e  s c a l a r  ve rs ion  o f  t h e  progray on t h e  VPS-32 was 

c o s t l y  due t o  t h e  p l a s t i c i t y  p a r t  o f  t h e  program. Therefore, i n  o rde r  t o  

reduce t h e  cos t  o f  t h e  computations, t h e  three-dimensional  computer progran 

was vec to r i zed .  

The f in i te -e lement  formul a t i o n  o f  t h e  progran us ing  an 8-noded 1 i nea r  

isoparametr ic  cub ic  element i s  l i s t e d  i n  Appendix A. The d e s c r i p t i o n  of t h e  

non l i nea r  program i s  at tached i n  Appendix B. A l i s t  o f  t h e  program i s  shown 
\ 

i n  Appendix C. 



Figure 1. CYCLIC STRESS-STRAI N CURVE FOR AN ELASTIC-PERFECTLY 
PLASTIC MATERIAL 



APPENDIX A 

F I  EII TE-ELEMENT FORMULATI ON 
n 

F igu re  2. A r b i t r a r y  hexahedron. 

(a)  E l a s t i c  Analys is  

The bas i c  concept o f  t h e  f i n i t e -e l emen t  method i s  t h a t  any cont inuous 

q u a n t i t y  can be approximated by a  d i s c r e t e  model composed o f  a  se t  o f  

p iecewise cont inuous f unc t i ons  de f ined  over a  f i n i t e  number o f  subdomains 

(1) 

An isoparametr ic  8-noded cubic  element (F ig .  2.) was u t i l i z e d  i n  t h e  

f o rmu la t i on  o f  t h e  e l a s t i c - p l a s t i c  s t r u c t u r e  i n t o  t h e  non l inear  computer 

program. The f o l  lowing sec t ion  descr ibes cubic  element. 

Displacement Funct ions.  The displacement func t ion  ( 2 )  f o r  any p o i n t  i n  t h e  

cub ic  element i s  de f ined  as: 



where u, v  and w are displacement i n  t h e  x, y and z d i r ec t i ons ,  

r espec t i ve l y .  The constant c o e f f i c i e n t s  are determined by imposing t h e  

nodal coord inates o f  each cub i c  element i n t o  equat ions A (1). The above 

displacement f u n c t i o n  can be app l ied  t o  t h e  cubic  element as long as t h e  

s i des  of t he  cub ic  element are def ined by planes para1 l e l  t o  t h s  coord ina te  

planes. However, f o r  t h e  elements whose sides are skewed, t h e  above d i s -  

placement f u n c t i o n  no longer i s  appl icab le.  Therefore, i n  order  t o  avoid 

t h i s  r e s t r i c t i o n ,  an 8-noded 1  i nea r  i sopararnetric cub ic  element i s employed 

(F ig .  2.). 

Tne o r i g i n a l  cube can be mapped on t o  a  cube o f  2 x 2 ~ 3  u n i t  ( 2 )  i n  t he  

5, n a  5 space by t he  t ransformat ion 

The values o f  t h e  c o e f f i c i e n t s  i n  equat ion A(2) depend on t h e  nodal coord in-  

a tes  o f  each cubic  element and are d i f f e r e n t  f o r  d i f f e r e n t  elements. The 

t rans fo rmat ion  i s  de f ined  by polynomials i n  5, n and 5 which i s  con t i n -  

uous w i t h i n  t h e  element, t he  continuum conf ined w i t h i n  an element i n  x, y  

and z coord inates i s  mapped on t o  a  continuum w i t h i n  t h e  2 ~ 2 x 2  cube i n  5, n 

and 5 coordinates. It remains t o  be shown t h a t  t he  t rans fo rmat ion  i s  

cont inuous across two adjoined elements, t h a t  a  common s u r f  ace between 



two adjoined elements in the x,  y, z space will transform into a cornrnon 

surface of two adjoined cubes in 5 ,  n ,  5 space. 

the 

If we assign the following values of the parameters 5 ,  n ,  5 

faces of distorted elements shown in (Fig. 3 . )  one yields: 

m 
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mnji 
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j n o k  
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0 

Coordinate value 

g = l  

s = l  

r l = l  

Fig. 3. Linear i sopararnetri c cubic element. 

Therefore, the nodal points i, j ,  k ,  ,- 1 and m, n ,  o, p will have the 

following coordinates in the 5 ,  n ,  5 :  



nodal p o i n t  I coord inates 

Now t h e  displacements (u, v, w) i n  t h e  x, y, z d i r e c t i o n s  can be w r i t t e n  

as: 

which are cont inuous (2)  w i t h i n  t h e  elements as we1 1 as across t h e  sur faces 

common t o  any two ad jo ined elements. Consider t h e  term u i n  equat ions 

A ( 3 ) ,  d e n o t e  by  { a }  and { U }  t h e  v e c t o r s  f o r  t h e  a ' s  and ui noda l  

displacements of a l l  t h e  nodal p o i n t s  o f  t h e  element. I n s e r t i n g  t h e  values 

o f  ui , c i  , n i  and E~ f o r  t h e  v a r i o u s  noda l  p o i n t s ,  we o b t a i n  e i g h t  

equat ions corresponding t o  t h e  f i r s t  equat ion o f  A(3) which can b e  w r i t t e n  

as 



L e t ' s  def ine [a,] = [A1], and thus have {a }  = Lal] {u ) .  NOW the  

displacement funct ions f o r  t he  d i s t o r t e d  element can be w r i t t e n  as: 

where [S]  i s  def ined as: 

The shape func t ions  f o r  the  isoparanet r i c  8-noded element can be determined 

(1) ,from the  product o f  [S]  and [al] matrices. 

where ci, ni, Ei = f 1 and i = 1, 2, ..., 8. 

The x, y, and z coordinates a t  any p o i n t  i n  t h e  element, can be 

expressed i n  terms o f  shape func t ions  Ni: 



T and {zn} = [zl z2 . . . z8]. 

Element S t r a i n :  The e l a s t i c  s t r a i n  a t  any p o i n t  w i t h i n  t h e  element i s  g iven  

by Dl 



The t ransformat ion r e 1  at ionship between l o c a l  and g lobal  coordinates i s  

given by: 

where [J] i s  t h e  Jacobi an mat r i x  and i t  i s  def ined as: 

CJI = 

where 



Element Stress. For 1  inear -e l  a s t i c  and i so t rop i c  mater ia ls ,  t h e  element 

s t resses a re  ca l cu la ted  using Hook's 1  aw 

The s t r a i n  vector  i s  { c )  = [B ]  {u) ; there fo re ,  t h e  s t resses are 

0 
where { a  ) i s  i n i t i a l  s t ress  which may e x i s t  i n  t h e  element. The ma te r i a l  

p roper ty  m a t r i x  [Dl, i s  def ined as: 

1-v 0 0 0 

Symmetrical - 1-2v o o 
2 

where E i s  Young's modulus and v  i s  po isson 's  r a t i o  f o r  t h e  ma te r i a l .  



Element Equations. - The p o t e n t i a l  energy T (u, v, w) which i s  composed o f  
P 

s t r a i n  energy  u (u,  v, w) and v  (u, v, w) t h e  work done by t h e  app l ied  
P P 

1 oads du r i ng  d i  sp l  acement changes i s g iven by [3]. 

* * * *  * * * *  
where [F ] = [x y z 1, [T ] = [T T T 1. 

X Y Z  

and [TI = [U  ,v, w] . 
The e q u i l i b r i u m  equat ions f o r  t h e  element are obtained by t a k i n g  p a r t i a l  

d e r i v a t i v e s  o f  n w i t h  r e s p e c t  t o  ul, vl, wl, e tc . ,  and equat ing t o  
P 

zero, 

which 1 eads t o  t h e  24 element equi 1 i b r i  urn equations as 

[K]  {u) = 143 = { q l l  + 142 )  

24x24 24x1 24x1 24x1 24x1 

where [K]  i s  the element s t i f f n e s s  matr ix ,  

and {Q) i s  the  element nodal load  vector,  



{Q} = { Q + {Q2} = Illv [ # l T  IF*} dv + II~~[NI~{T*I ds 

The d i a g o n a l  m a t r i x  [ K ]  i n  Eq .  A (19)  i s  t h e  e l e a s t i c  s t i f f n e s s  o f  t h e  

spr ings,  which a re  connected t~ t h e  boundary nodes. 

(b)  E l  a s t i  c-pl  a s t i  c ana lys is  

F in i te -e lement  techniques app l ied  t o  1 i nea r  el a s t i c  m a t e r i a l s  have been 

so lved successful  l y .  However, f o r  an e l  a s t i c - p l  a s t i c  mate r i  a1 , t h e  c o e f f  i- 

c i e n t  i n  t h e  s t i f f n e s s  m a t r i x  va r i es  as a f u n c t i o n  o f  m a t e r i a l  loadi,ng. Two 

computat ional  methods have been used success fu l l y  i n  t h e  s o l u t i o n  o f  

e l a s t i c - p l a s t i c  problems. I n  t h e  f i r s t ,  t h e  change a t  each s tep of l oad  

inc rease  i n  p l a s t i c  s t r a i n  i s  ca l cu l a ted  and t r e a t e d  as an i n i t i a l  s t r a i n  

f o r  which t h e  e l a s t i c  s t r ess  d i s t r i b u t i o n  i s  adjusted (1). Th i s  method 

f a i l s  i f  i d e a l  p l a s t i c  i s  pos tu la ted  o r  i f  t h e  degree o f  hardening i s  smal l .  

I n  t h e  second method, t h e  " incremental  s t r e s s  method," t h e  s t r e s s - s t r a i n  

r e l a t i o n s h i p  f o r  every  load  increment i s  ad justed t o  account f o r  p l a s t i c  

deformations. The work o f  Pope ( 4 ) ,  Swedlow ( 5 ) ,  Marcal and K ing  (6), Reyes 

and Deere (7 )  and Popov and o the rs  (8) f a l l s  i n t o  t h i s  category.  

The " incremental  e l a s t i c i t y "  method has one ser ious  disadvantage. At 

each s t e p  of t h e  computation t h e  s t i f f n e s s  m a t r i x  o f  t h e  s t r u c t u r e  i s  up- 

dated and i t e r a t i v e  schemes o f  s o l u t i o n  a re  necessary t o  avoid excessive 

computat ional  costs .  To min imize computat ional  costs,  t h e  "i n i  t i  a1 s t r ess "  

approach i s  used ( 1 ) .  Yn t h e  incremental  s t r ess  method, t h e  bas ic  e l a s t i -  

c i t y  m a t r i x  remains unchanged. Th i s  technique converges more r a p i d l y  than 

t h e  i n i t i a l  s t r a i n  method. 

Y ie l d  C r i t e r i o n .  I n  any e las t i c -p !  a s t i c  analys is ,  i t  i s  necessary t o  i n t r o -  

duce a y i e l d  c r i t e r i o n  t o  determine t h e  s t a t e  o f  s t r ess  a t  which y i e l d i n g  



r 

occurs. The von Mises y i e l d  c r i t e r i o n  o r  maximum d i s t o r t i o n  energy t heo ry  
I, 

o f  f a i l u r e ,  which f i n d s  cons iderable experimental support i n  d u c t i l e  mater- 

i als, i s  used t o  determine whether t h e  ma te r i a l  a t  any p o i n t  i n  t h e  

s t r u c t u r e  has y ie lded.  Th is  c r i t e r i o n  assumes t h a t  y i e l d i n g  begins when t h e  

d i s t o r t i o n  energy equals t h e  d i s t o r t i o n  energy a t  y i e l d  i n  sirnple tens ion  

(1). The von Mises y i e l d  c r i t e r i o n  f o r  a  t h r e e  dimensional s t a t e  of s t r ess  

i s  g iven by 

where a = 7 ( K )  i s  t h e  u n i a x i  a1 s t r e s s  a t  y i e l d .  If F (a) < 0, t h e  

m a t e r i a l  i s  i n  e l a s t i c  range. If F (a) > 0, t h e  ma te r i a l  has experienced 

p l a s t i c  deformat ion and one o f  t h e  f l o w  theo r i es  o f  p l a s t i c i t y  must be used 

f o r  determin ing t h e  components o f  p l a s t i c  s t r a i n s  and s t resses due t o  t h e  

appl ied load. 

Dur ing an i n f i n i t e s i m a l  increment o f  s t ress,  changes o f  s t r a i n  are 

assumed t o  be d i v i s i b l e .  i n t o  e l a s t i c  and p l a s t i c  p a r t s  (1). Thus, t h e  

s t r a i n  increment can be w r i t t e n  as: 

€ 1  = {dee} + { d r  P  } 

where t h e  e l a s t i c  s t r a i n  increments a re  r e l a t e d  t o  t h e  s t r e s s  increments by 

t h e  synmetr ic ma te r i a l  m a t r i x  D. The p l a s t i c  s t r a i n  increments a re  r e l a t e d  



t o  t h e  y i e l d  c r i t e r i o n  through Drucker 's n o r m a l i t y  p r i n c i p l e  

Therefore; Eq. A(22) can be r e w r i t t e n  as: 

A t  t h e  p o i n t  of i n c i p i e n t  p l a s t i c i t y ,  t he  s t resses are on t h e  y i e l d  sur face 

and t h e  y i e l d  f u n c t i o n  i s  given by: 

where K i s  a  hardening parameter. 

D i f f e r e n t i a t i n g  A(25) r e s u l t s  i n :  

a F 
o r  I-} Tda - A X  = 0 . 

a u 

Solving f o r  A g ives 



Equations A(24)  and A(27)  can be w r i t t e n  i n  ma t r i x  form as 

The constant A can be e l iminated from Eq. A (23 ) .  The f i n a l  expression 

which r e l a t e s  t h e  s t ress  changes i n  terms o f  imposed s t r a i n  changes can be 
* 

w r i t t e n a s :  d c = D e p d r  

where 

and 

i n  which the dashes stand f o r  dev ia to r i c  stresses i .e. 



r 

C (ox f a + (IZ)& - 
O 1  - a)( 

(r - Y etc. 
3 

* 
The e l a s t i c - p l a s t i c  m a t r i x  

ep  
r e p l a c e s  t h e  e l a s t i c  m a t r i x  D i n  

incremental e l  as t i c -p l  a s t i c  analysis.  The p l a s t i c  load vector f o r  t he  

elements which deform p l a s t i c a l l y  i s  given by: 

where id;) i s  def ined as: 



' APPENDIX B 

Desc r i p t i on  o f  t h e  F i  n i t e -E l  ement Computer Program 

The computer program presented here was based on t h e  three-dimensional  

8-noded 1  i nea r  isoparametr ic  cub ic  element. The optimum goal  o f  t h i s  s tudy 

was t o  develop a  three-dimensional  nonl  i nea r  computer program capable of 

ex tending a  crack and changing t h e  boundary cond i t i ons  f o r  t h e  model under 

cons iderat ion.  Th is  program i n  i t s  present  form i s  n o t  a  general ana l ys i s  

program for  non l inear  cracked s t r uc tu res .  The r e s t r i c t i o n s  are l i s t e d  as 

fo l l ows :  (1) t h e  crack must l i e  on t h e  x -ax i s  and propagate i n  t h e  p o s i t i v e  

x -d i r ec t i on ,  (2 )  t he  con f i gu ra t i on  and load ing  must be symmet r i c  about t n e  

x -ax is .  

The i n p u t  t o  t h e  program i s  i l l u s t r a t e d  by us ing one e i g h t h  o f  a  

center -crack panel shown i n  F ig .  4. 

1. CRACK, WIDTH, THICK, HEIGHT, DAX:, SCALE (6E10.4) 

The format f o r  each i n p u t  i s  shown i n  parenthes is .  Crack s p e c i f i e s  t h e  

c rack  l e n g t h  i n  t h e  y=O plane. Width, t h i c k ,  he i gh t  represent  width,  

t h i c kness  and he igh t  o f  t h e  s t ruc tu re . ,  DAX i s  de f ined  as t h e  sma l les t  

element s i z e  i n  t h e  r eg ion  and i s  used f o r  t h e  crack-extens ion i n  t h e  

progran. Scale, sca les t h e  width,  th i ckness  and h e i g h t  o f  t h e  specimen 

t o  t h e  des i r ed  dimension. 

2. LPRIT, LMAX, KMAX, NLAYER, NEP (1615) 

LPRIT = 0 i n d i c a t e s  t h a t  no in te rmed ia te  output  i s  p r i n t ed .  LPKIT = 1 

r e s u l t s  i n  in te rmed ia te  output.  LMAX i s  t h e  number o f  nodes i n  Z=0 

plane. KMAX i s  t h e  number no t  elements i n  Z=0 plane. NLAYER i n d i c a t e s  

t h e  nunber of l a ye rs  i n  t h e  s t r uc tu re .  NEP spec i f i e s  e l a s t i c  o r  



Figure 4. Center-Crack Panel subjected t o  uniform stress.  



(r 

p l a s t i c  anas lys is  i f  MEP=O, e l a s t i c  ana lys is  i s  performed. If NEP 
I, 

> 0, t h e  p l a s t i c  ana lys is  i s  performed. 

3.  K, XR(I), YR(I), ZRI I ) ,  (15, 4X , 3 €15.7) 

K r e f e r s  t o  t h e  node number, and XR(I), YK(I) ,  ZR(1) are t h e  

coord inates of node K i n  x,y and z  d i r e c t i o n ,  r espec t i ve l y .  

4. IN, (MODE(J, IN), J = 1 , 8 )  (1615) 

I N  descr ibes t he  element number, and node g ives t h e  nodal 

connect ive o f  each cub ic  element i n  t h e  s t r uc tu re .  

5. NSYMPL (1615) 

NSYMPL spec i f ies  t h e  nunber o f  symmetric p1 anes 

6. (ISYMPLY(I), I = 1, NYSMPL) (1615) 

ISYMPL descr ibes t h e  corresponding nunbers designated f o r  each 

plane i n  t he  s t ruc tu re .  

7. NFIX, NLOAD, SNPD (1615) 

NFIX, NLOAD NSPD descr ibe t h e  number o f  f i x e d  loaded, and s p e c i f i e d  

displacements f o r  nodes, r espec t i ve l y .  

8. I~ODF, MU, MV, MW (1615) 

NODF descr ibes t h e  number o f  f i x e d  nodes, and MU, MV and M i  

represents  t h e  u, v and w displacements f i x e d  f o r  each node. 

9. Nodlod ( I L ) ,  P,, py, p, (1615) 

Nod lod  s p e c i f i e s  t h e  number o f  l oaded  nodes, and px, py and pz 

represen t  t h e  components o f  load ing  i n  x, y, and z d i r e c t i o n ,  

r espec t i ve l y .  

10. NODS, K y  DISP(N) (1615) 

NODS i s  t h e  node number, K  i s  t h e  code f o r  u, v and w 



displacements, and Disp i s  t h e  s p e c i f i e d  displacement f o r  t h e  

corresponding node. 

11. NTYP, NLM, SCRIT, RP, ACURCY (215, 4E10.4) 

NTYP stands f o r  t he  crack growth c r i t e r i o n .  NLM i s  t he  number of 

increments t o  re lease  t h e  crack t i p  force. SCRIT i s  used f o r  t n e  

CTOD c r i t e r i o n .  RP i s  t h e  r e l a x a t i o n  parameter and ACURCY i s  used 

f o r  t h e  crack opening displacement accuracy. 

12. P, WORD (E103, l X ,  A,) 

P designates t h e  maximum appl ied s t r ess  f o r  each cyc le .  The word 

s p e c i f i e s  s t a t i o n a r y  o r  growing crack Tor each cyc le .  If word i s  

s e t  equal t o  grow, t h e  crack w i l l  extend one element s ize. If word 

i s  equal t o  h a l t ,  t h e  crack w i l l  be s t a t i o n a r y  f o r  t h a t  cyc le .  



APPENDIX  C 

FORTRAN LISTING 



ORIGINAL PACE BS 
OF POOR QUALITY 

PROGM1 CRACKl(INPUT,OUTPUT,TAPE7=DL,T~E5-INPUT, 
LTAPE6-OUTPUT) 
COM~ON/MAIN/AA(~O~~~~O),BB(~~OO,~),D(~,~),DINV(~,~), 
LDISP(BO) ,EPS(124001 ,EFEST(1550) ,PORCE(10) ,LINE(100), 
ZLOCAT(l0) ,LBFOR(:.v) ,MB(9600) ,MSU11(9600) ,MPTAB(9600), 
3t~fPLA~(12400) ,MODE(8,1550) ,PLPLC(1550) ,NODX0(700), 
4NODY0(700),NODZ0(700),NODXC(700),NODYC(700),NODZC(700), 
~NODFIX(~O),NODLOD(~~),NDISP(~O),R(~~OO), 
6SIGBAR(124O0),SR(24,24),T1(9600),T2(9600),T4(2000), 
7T3(9600),U(3200),UOLD(3200),V(3200),VOLD(3200),V2(3200), 
8W(3200),WOLD(3200),X(74400),XR(3200),Y(74400), 
sYR(3200) ,Z(9600) ,ZR(3200) 
COMMON/CNST/EPSI,SK~,LMAX,KE~,DAX, 
LPYLC,SCRIT,YOUNG,POIS,CRACK,PT,WIDTH,RlAX,HP, 
2SBAR,LPRIT,NGAUS,NLAYER,NNODE, 
3INODXO,INODYO,INODZO,INODXC,INODYC,INODZC,LNSTIF,MXNOD, 
4MXNEL,MXGAUS,ICUT,LTOTB,ITNODX,KLU,NTYP,NUI. 
5NDOF,KNEW,NEP,ERIT,NELY,AM,ROM 
C@MON/E&TlJMAT/YSTRS(20) ,YSTRIi(20) ,PUIODR(20) ,NSECMT 
C0klll0~/~382/;iN~E .NDF ,NQD,NSTR,NQDZ ,NNPEZ ,NQD2NPE ,NQDZSR,MXQZS 
COMMON/VECT/ STRV(8,6) ,STRSV(8,6) ,BMT(64,3) ,WDM(8) ,XE(8,3), 
C NCUBE(8) ,DIS(S,3) 
DIMENSION IIMAX(3200),NSAME(3200,20),MS(8) 
DIMENSION JliEW(3200) ,TITLE(20) ,ISY1.PL(6) ,NBEGIN(Q) ,NEND(8) 
DLMENSION STR(6) ................................................... 
* XR(1, J) ,YR(I, J) COORDINATES OF RECTANGULAR ELEklENTS* 
*WHICH ARE LOCATED IN TIIE 2-0 PLANE. 
* XR(I)',YR(I),ZR(I) COORDINATES OF NODES IN THE STK* 
"UCTURE . a 
*NODXO(I) NODE NmlBERS FOR PLANE XIO 
*NODYO(I) Y-0 * 
*NODZO(I) ZIO * 
*NODXC( I) X-XC OR * 
*NODYC(I) P-YCOR * 
*NODZC(I) Z=ZCOR * 
*U(I),V(I),W(I) DISPACEMENT COMPONENTS 'OK EACH NODE ?.' THE SSMIMEN 
NODLOD(30) l4AX OF 80 NODES LOADED * 
EPSI IS ACCURACY CIIECK VALUE 
SK2 STIFFNESS OF SPRINGS CONNECTED TO BOIJNDARY NODES 
LMAX NO OF NODES IN Z-0 PLANE 
OiAX NO OF ELEMENTS IN 2-0 PLANE 
DAX SMALLEST ELEllENT SIZE IN THE STRUCTURE 
PYLD LOAD AT INITIAL YIELD 
SCRIT USED FOR CTOD CRITERION 
YOUNG YOUNGS MODULUS OF THE MATERIAL 
POIS POISSON RATIO OF THE MATERIAL 
CRACK CRACK LENGTH 
PT VARIABLE USED FOR LOADING 
WIDTH WIDTH OF THE SPECIPlEN 
SIGYS Y'ELD STRESS OF THE tIATERIAL 
LeRIT LPRIT GREATER THAN 0 NO INTERNAL OUTPUT ,LPRIT-0 
INTERNAL OUTPUT(USED FOR SIUL PROBLEMS) 
NGAUS NO GAUSS POINTS IN EACH DIRECTION 
NLAYER NO OF LAYERS PUT IN THE STRUCTURE 
NNODE TOTAL NO OF NODES IN Ti!! STRUCTURE 
INODXO TOTAL NO OF NODES IN X-0 PLANE 
ZNODYO TOTAL NO OF NODES IN Y-0 PLANE 
INODZO TOTAL NO OF NODES IN Z=O PLANE ' 

INODXC TOTAL NO OF NODES IN X=C PLANE 
INODYC TOTAL NO OF NODES IN Y=C PLANE 
INODZC TOTAL NO OF NODES IN Z=C PLANE 
LNSTIF IIAXIMUM DINENSION FOR AA EIATRIX 
MXNOD MAXIMUM NODES PUT INTO THE PROGRAM 
WJEL i4AXItlUM ELEIlENTS PUT INTO THE PROGRAH 



ORCG9NAL PAGE kS 
OF POOR QUALITY 

C MXNOD AND 1WiEL ARE FOR 1)IIlENSIONAL PURPOSES 
C EIXGAUS MAXItlUM NO OF ELEMENTS MULTIPLY THE NO OF GAUSS 
C - POINTS IN EACH DIRECTION(X,Y,Z IF NGAUS-2,THE NO IS 2*2*2) 
C + ICUl VARIABLE USED IN BREAK SUBPROGRAEI FOR RELEASING FORCES 
C LTOTB TOTAL NO NODES IN THE THICNESS ALONG THE CRACK TI? 
C . ITNODX TOTAL NO OF NODES ALONG THE CRACK. LINE 
C KLU VARIABLE USED FOR CRACK EXTENSION 
C NTYP VARIABLE USED FOR TYPE OF CRACK EXTENSION 
C NLM NO OF INCREMENTS TO RELEASE THE NODAL FORCES 
C NLOAD NO OF LOADED NODES IN TIIE STRUCTURE 
C NSPD NO OF SPECIFIED DISPLACEilENTS 
C MAXIT MAX NO OF ITERATION USED FOR CONVERGENCE PURPOSES 
C NDOF TOTAL NO OF DE(X2S OF FREEDOPI IN THE MODEL 
C NEP IF NEP =O ELASTIC MALYSIS,IF NEP GREATER 0 PLASTIC ANAL 
C ERIT ACCURACY CHECK VALUE FOR CONVERGENCE USED IN SUB P U S  
C NELM TOTAL NO OF ELEMENTS IN TIE SYSTEM 
C AM,ROM LINEAR OR NONLINEAR STRAIN HARDENING COEFFICIENTS 
C IF All-0 MATERIAL IS ELASTIC-PERFEC'KY . 
C KNEW VARIABLE USED IN CONTACT SUBPROGRAM TO CHECK IJHETHER 
C THE NODE CLOSED OR OPENED. 
C 

DATA NNPE ,NDF ,NQD,NSTR/8,3,2,6/ 
C *** OPEN MAP AND ZERO THE AA VECTOR OF LENGTH LENTOT 

LENTOT=2000000+9600*9+1550*130-b700*(6)+80*4+100 
1+10*3+72+2000+3200*10+576 
J=LENTOT/65536 
JJ=~~NToT-(~E~~oT/65536)*65536 
IF(JJ.NE.0) J=J+1 
LOPN=J*128 
CALL OPEN(L0PW) 

C *** ZEROING THE VECTORS 
J=LENTOT/65536 
DO 223 I-l,J 
Il=(I-1)*65535+1 
AA(Ii;65535)-0.0 

223 CONTINUE 
J-J*65536+1 
JJ-LENTOT-J+1 
AA(J;JJ)-0.0 

NQD2SR=NQD2*NSTR 
PlXQ2S-MXNELXNQD2SR 
EIXGAUS=NQ2*MXNEL 
LL=3*MXNOD 
EPTAB(I;LL)=O 
Z(l;LL)=O.O 
R(l;LL)=O.O 
BB(1,l;LL)-0.0 
ZR(1;kUNOD)-0.0 . 
CALL Q3CLOCKS(CPU,WALL) 

42 . F O R M A T ( I ~ , ~ ~ ~ ~ . ~ )  
C 
C *** READ GEOMETRIC DATA 
C - 

READ (5,222) (TITLE(I),I=1,20) 
222 FORMAT(2OA4) 

WRITE(6,15) (TITLE(1) ,I=1,2O) 

NEW 
NEW 



BRIGENAL PAGE BS 
-m POOR QUALITY 

L5 FORMAT(~H~///~X;~OA~) 
READ(5,16) CRACI:, WIDTH,TIIICK,HEIGHT,DAX, SCALE 

. WRITE(6,17) CRACK,WIDTH,THICK,HEIGHT,DAX,SCALE 
16. FOEMAT(6E10.4) 
17 FORLUT~5X,'CRACK=',Fl0.4,2X,'WIDTH=',F10.4,2X.'THICK-',Pl0.4, 

- ~I/SX,'~IEIGHT-' ,FL0.4,2X,'DAX-' ,F10.6 ,ZX,'SCALE=' ,FlO.5) 
39 FOREIAT(1615) 

XCOR-WIDTH 
YCOR-HEIGHT 
ZCOR-THICK 
EPSI-1.E-LO 
READ(5,39) LPRIT,LMAX,KIW,NLAYER,;iEP 
WRITE(6,28) LPRIT,LMAX,KkIAX,NLAYER,NEP 

ZP FORPIAT(5X,CLPR-',I2,2X,CU4AX=',I5,2X.CKMAX--,I5,2X, 
C 'NLAYER=',I2,2X,"NEPI',I2) 
NNODE=(NLAYER+L)*LMAK 
NDOE-KNODE*3 
NELI4=rlMkX*NLAYER 

C - CONSTAtXS IN POLYNOMIAL AXD D-MATRIX 
CALL ACAL 
READ (5,39) I W T  ,NSEGkiT 
DO 3 I=l,NMAT 
READ(5,16) YOUNG,POIS,SIGYS,AM,ROM 
WRITE(6,4) YOUNG,POIS,SIGYS,&.I,ROM 
READ(5,39) (NBEGIN(IG),NEND(IG),IC11,6) 
URITE(6,39)(NBEGIN(IG) ,NEND(IG) ,IG'1,8) 
DO 5 ICr1,B 
IF(NBECIN(IG).EQ.O) GOT0 3 
11-NBEGIN(IG)*8-7 
IZ*NEND(IG)*8-Il+l 

5 SIGBAR(I1 ;I2)-SIGYS 
3 CONTINUE 
4 FORMAT(//lOX,'MODULUS, NUE, YIELD STRESS, AN, i~ ?<CM:',SE12.4) 

CALL DCON(YOUNG,POIS.D,DINV) 
C 
C *** READ COORDINATES AND CONNECTIVIT'I 
C 

DO 30 1-1 ,NNODE 
JNEW(I)=I 

30 READ(7,20) K,XR(I),YR(I),ZR(I) 
20 FORMAT(I5 ,SX,3E15.7) 

WRITE(6,333) 
WRITE(6,861)(J,XR(J) ,YR(J) ,ZR(J) ,J=L ,NNODE) 

861 FORMAT(2(3X,I5,3(El3.6,1X))) 
333 FoRMAT(~H~//~C)X,'NODAL COORDINATES ,NODE#, X,Y ,AND, 2'11) 

DO 31 IE=l,NELM, 
31 READ(7,39) IN,(MODE(J,IN),J=1,8) 

WRITE(6.334) 
334 FOREIAT(~H~//~X,'NODAL CONNECTIVITY IE, I,J,K,L, Il,JL,Kl,Ll'//) 

URITE(6.864) (IE,(PlODE(J,IE),J=1,8),IE-l,NELEI) 
864 FORMAT(2(5X,9I5)) 
C 
c *** 
C 

IZIPL=5 
CALL Q3CLOCKS (CPU, WALL) 
WRITE(6,9999) IZIPl,CPU,WALL 

9999 FORI.IAT(~X,'STEP#',I~.~X,'TME IN SECS: CPU=',F10,4,2X, 
C0WALL*',F12.3) 
URITE(6,1607) NELM 

1607. FOlGlAT(5X,'TOTAL NO OF ILEXAHEDRAN-' ,I6) 
C *** IDENTIFY NODES ON CONSTANTS PLANES 
C IDENTIFY X-0 PLANE ,STORE NODXO ARRAY 
C IDENTIFY Y-0 P W J E  ,STORE tlODYO ARRAY 
C IDENTIFY 2-0 PLANE ,STORE NODZO ARRAY 
C IDENTIFY X-C PLAtSE .STORE LiODXC ARRAY 



C IDENTIFY Y-C PLANE ,STORE IlODYC ARRAY 
C IDENTIFY Z-C PLANE ,STORE NODZC ARRAY 
c .  . IlfODXO-0 

INODYO-0 
. . I N O D ~ ~ - ~  

INODXC-0 
INODYC=O 
INODZC-0 
DO 1300 I-1,NNODE 
IF(ABS(XR(I)).LE.EPSI) GO TO 1301 
DXl=ABS(XR( I)-XCOR) 
IF(DXl.GT.EPS1) GO TO 1302 
IN0DXC=INODXC+1 
NODXC(IN0DX~) =i 
GO TO 1302 

1301 INODXO-INODXO+l 
NODxa(INODX0)-I 

1302 iF(AES(YR(I)).U.EPSI) GO TO 1303 
DYl-ABS(YR(1)-YCOR) 
IF(DYL.GT.EPS1) GO TO 1304 
INODYC-INODYC+l 
NODYC(INODYC)=I 
GO TO 1304 

1303 INODYO=INODYWl 
NODYO(INODY0)-I 

1304 IF(ABS(ZR(I)).LE.EPSI) GO TO 1305 
DZl=ABS(ZR(I)-ZCOR) 
IF(DZ1.GT.EPSI) CO TO 1300 
INODZC-INODZ C+1 
NODZC(IN0DZC)-I 

GO TO 1300 
1305 INODZO~INODZWl c 

NODZO(INODZ0)-I 
1300 CONTINUE 

URXTE(6,1002) 
1002 FORMAT(5X,'INODX0,5X,INODY0,~X,II~ODZO,5X,INODXC,5X,INODYC 

1,5X,INODZC') 
WRITE(6,1122) INODXO,INODYO,INODZO,IIJODXC,INODYC,INODZC 

1122 FORMAT(8X.6I6) 
IF(LPRIT.EQ.0) WRITE(6,39) (NODXO(I),I=l,INODXO) 
IF(LPRIT.EQ.0) URITE(6,39) (NODYO(I),I=L,INODYO) 
IF(LPRIT.EQ.0) URITE(6,39) (NODZC(I),I~l,INODZO) 
IF(LPRIT.EQ.0) WRITE(6.39) (NODXC(I) ,I-1,INODXC) 
IF(LPRIT.EQ.0) WRITE(6,39) (NODYC(I),I=l,INODYC) 
IF(LPRIT.EQ.0) iJRITE(6,39) (NODZC(I),I=l,INODZC) 

1001 CONTINUE 
IZIPl=lO 
CALL Q3CLOCKS(C?U,UALL) 
WRITE(6,9999) IZIPl,CPU,UALL 

C 
c **** 
Ir 

CALL NSAI.lC( NODE, NSAME , IIPlAX, 1.B .NNODE, NELM,8 ,PU(NOD, MXNEL ,NDOF) 
Elsm1(l)-o 
PlSUEI(2)=1 
DO 352 1-3 .!XIOF 

LDOF=~ISIIM(NDOF)+MB(  OF) 
URITE(6,504) LDOF 

504 FoREIAT(//~OX,'STORACE REQUIREMENT FOR STIFFNESS bIATRIX IS-'110) 
IZIPl-14 

. CALL Q3CLOCKS(CPU,WALL) 
L'RITE(6.9999) IZIPl,CPU.WALL 

C 



ASSEHBLE THE STIFFNESS llATRIX I: 

Dd 943 1-1 ,NED1 
'NCUBEYI; 8)-EIODE(1 ,I;8) 
MS(l;b)=NCU3E(1;8) 
CALL CORDIN(NCUBE.PULNOD,XR,YR,ZR,XE) 
CALL SPlALLK(SK,XE,D,IERR) 
DO 943 J=1,8 
DO 943 La1 ,8 
IF(MS(L).LT.MS(J)) GO TO 943 
IU=3*MS(J)-2 
IV-IWl 
IW-IV3.1 
JU=3*MS(L)-2 
JV-JW1 
m-JV+1 
Nl-HSvM(JU;-JWlB(JU)+IU 
N2-N13.1 
N3-N24-1 
N4=MSvM(JV)-JV+HB(JV)+IU 
NS=N4+1 
N6-NStl 
N7=MSIRl( JW)-JW+PlB( JW)+IU 
N8rN7+1 
N9-N8+1 
MC1=3* J-2 
NC2-MCl+1 
ElC3=MC2+1 
HR1-3*L-2 
MR2=MRl+1 
MR3-@1R2+ 1 
AA(N1)-AA(Nl)+SK(IWl ,MCl) 
AA(N4) -AA(N4)+SK(blR2 ,MCl) 
AA( 115)-AA(N5)+SK(liR2, MC2) 
AA(N7)=AA(N7)+SK(IIR3 ,MCl) 
AA(N8)=AA(N8)+SKOlR3 ,1.1C2) 
AA(N9)-AA(N9)+SK(IlR3 ,MC3) 
IF(J.EQ.L) GO TO 943 
AA(N2)-.U(NZ)+T,K(~Rl ,MC2) 
AA(N3)=AA(N3)+SK(ElRl ,HC3) 
AA(N6) -AA(N6)+SK(hIR2 ,MC3) 
CONTINUE 
IZIPl-l8 
CALL Q3CLOCKS (CPU WALL) 
UkITE(6.9999) IZIPl,CPU,IULL 

UIPOSE SOlMETRIC BOUNDARY CONDITIONS 
C 

READ (5,39) NSYMPL 
WRITE(b,315j NSYMPL 

315 FORMAT( /5X.,' I! OF SY1.lMETXIC BOUNDARY CONDITIONS I' ,I3) 
IF(NSYNPL.EQ.0) GOT0 314 
RW.D(5,39) (ISYMPL(I) ,111 ,NSWL) 
W8ITE(6,316) (ISYElPL(I),I-1,NSYMPL) 

316 PORMAT(lOX,' SOfiffiTRIC PLANE NUMBERS ARE :' ,613) 
DO 317 IS=l,NSYMPL 
ISY-ISYMPL(1S) 
%F(ISY.EQ. 1) CALL SY1lPLN(AA,tlSM,~lB,tPTAB,NODXO,INODXO, SK2.1, 
CNDOF,LNSTIF) 
IF(ISY.EQ.2) CALL SYElPLN(AA,~lSISULl~MB,r\f.PTAB,NODYO,INODYO,SK2,2, 

' CNDOF , LNSTIF) 
- IF(ISY.EQ.3) CALL SYMPLN(AA,~lS~I,MB,IPTAB.NODZO,INODZO,SK2,3, 
CNDOF,LNSTIF) 
IF(ISY.EQ.4) CALL SnlPLN(;W,IISUEl,EIB~~PTAB,NODXC,INODXC~SK2,1, 



Q . ~ ; @ ~ $ ~ J ~  r3AQE 15 
OF POOR QUALITY 

CNDOF .LNSTIF) 
IF(ISY.EQ.~~ CALL SYEfPLN(AA,MSUM,LLB,IfPTAB,NODYC,INODYC,SK2,2, . CNDOF , LNSTIF) 

, IF( JSY.EQ. 6) CALL SDIPLN(AA,MSIM,MB,lIPTAB ,NODZC,INODZC,SK2,3, 
CNDOF , LNSTIF) 

317 . CONTINOE 
314 CONTINUE 
L; 

C *** SYMMETRIC BOUNDARY CONDITIONS ON THE CRACK PLANE 
C 

DO 318 1-1 ,INODYO 
L*NODYO(I) 
SAP-XR(L) 
LF(SAP.LT.CRACK) GO TO 318 
NV=3*L-1 
NVNV=MSUtI(NV)+MI((NV) 
MPTAB(NV)=kW 
AA(NVNV)-AA( NVNV)+SKZ 

318 CONTINUE 
C 

IZIP1=27 
CALL Q3CLOCKS(CPU,WALL) 
URITE(6,9999) IZIPl,CPU,WALL 

C ***** READ BOUNDRAY CONDITIONS AND LOADING 
L; 

C *** FIXED, NODES AND LOADING 
C 

READ(5,39) NFIX,NLOAD,NSPD 
WRITE(6,40) NFIX.NLOAD,NSPD 

40 FoREIAT(//~X,'P OF NODES: FIXEI)I',I3,2X,'LOADED=',I3,2X, 
C 'SP. DISP',I3//) 
IF(NFIX.EQ. 0) GOT0 417 

DO 416 IFIX-1,NFIX 
READ(5,39)lJODF,lN,N,kW 

WRITE(6,39) lIODF,MU,PN,IW 
NODFIX(IFIX)=JNEW(NODF) 

NU=JNF,U(NODF)*3-2 
NLlNU-l4SIJll(NU)-~ElB(1TU) 
NVNV-M~UM(NU+L)+MB(NU+~) 
NUNU-MUM( NU+2 NWZ) 
AA(NUNU)-AA(NUNU)+MU*SKZ 
AA(NVNV)=AA(NVNV)+kfV*SK2 
AA(KWNIJ) -AA(IWW)+iIW*SK2 
MPTAB(NU)=NU 
MPTAB(NUi-1) -MV 

416 !lPTAB(NU+2)=MU 
417 CONTINUE 

IF(NLOAD.LE.0) GOT0 739 
DO 41 IL=l,NLOAD 
READ(5,42) NODLOD(IL),PX,PY,PZ 
IZ=NODLOD(IL) 
WRITE(6,43) NODLOD(IL),PX,PY,PZ 
NODLOD(1L) -JEW( 52) 
IZl=(JNEW(IZ)-l)*3+1 
BB(IZl,l)-PX 
BB(IZ1+1,1)-PY 
BB(IZ1+2,1)=PZ 

41 CONTINUE 
43 FORMAT(5X,I5,3(F12.5,2X)) 
739 . IF(NSPD.LE.0) GOT0 738 

DO 735 N-1,NSPD 
REAPREAP(5,736) NODS,K,DISP(N) 
WRITE(6.737) NODS ,K,DISP(N) 

. NU-(JNEW(N0DS)-1) *3+K 
NDISP(N)=NU 
NUNU=MSrnl(NU)+MB(NU) 



AA(NUNU)-SK2 
735 BB(NU,l)-SK2*DISP<N) 
736 . FORMAT(215 ,E14.5) 
737, FOwT(5X,I5,2X,I1,3X,E12.5) 
738 CONTINUE 

R(~;N~oF)=BB(~,L;NwF) 
IZIP1-16 
CALL Q3CLOCKS(CPU,UALL) 
URITE(6,9999) IZIPL,CPU,WALL 
IFAC-0 
ALP-0 
IZIPl-21 
CALL SYMBAli(LNSTIF,NWF,EIB,MSM,AA,l,BB,IFAC,Tl,IERR 

l,ALP,Z,T2,T3,T4,1) 
IZIP1-22 

CALL Q3CLOCKS(CPU,WALL) 
WRITE(6,9999) IZIPl,CPU,VALL 
IF(IERR.EQ.1) URITE(6,415) IERR 

415 FORMAT(/ /lOX'IERR-'12, 10XXIJONPOSITIVE DEFINITE PIATRIXX ) 
IF(IERR.NE. 0) STOP 

C PRINT OUT UNIT LOAD DISPLACEMENTS AND STRESSES. 
L 

9000 CONTINUE 
WRITE(6,425) 

425 FORMAT(~H~///~OX,'UNIT LOAD DISPLA4EMENTS. AND STRESSES'//) 
WRITE(6,418) 

418 FORMAT(6X.4HNODE,6X,1HX.15X.1HY.l3X,1HZ,13X,lHU,13X, 
1 lHV, 13X, 1HUl) 
DO 551 N-1 ,INODE 

551 IIMAX(N)=(N-1)*3+1 
U(l;NNODE)= Q8VGArnR(BB(1,1;NDOF),IDU(l;NNODE);U(l;NNODE)) 
IIMAX(1;NNODE)-IIEW[(1;NNODE)+1 
V(l;NNODE)= Q~VGATHR(BB(~,~;NDOF),ID~AX(~;NNODE);V(~;.NNODE)) 
IIlU(1;NNODE)-IINAX(l;NNODE)+l 
U(1;NNODE)- Q8VGATHR(BB(l,l;NDOI;),IIMAX(l;NNODE);W(l;NNODE)) 
DO 944 IN-1,NNODE 

944 URITE(6,420) IN,XR(IN),YR(IN),ZR(IN),U(IN),V(IN),W(IN) 
420 FORMAT(5X,I5,2X,3(2X,E11.5),3(2X,E12.4)) 
C 
c *** 
L 

PYL-0. o 
URITE(6,306) 

306 FOREIAT(~HL//~OX,'ELASTIC STRESSES: SX, SY, SZ, AND SYZ, szx, SXY') 
307 FORlIAT(SX,I6,2X,6E12.4) 

IGAUSP-0 
DO 300 IE-1,NELPf 
NCUBE(1;S)-MODE(1,IE;a) 
DO 301 I=1,8 
IlmNCUBE(1) i o  . 
DIS(1,l)-U(I1) 
DIS(I,Z)=V(Il) 

301 DIS(I.3)-W(I1) 
CALL CORDIN(NCUBE,IMNOD,XR,YR,ZR,XE) 
CALL STKESS(L)IS,?[E,D,STRV,STRSV,BMT,WmI) 

ILOC=(IE-l)*NQDZSR+l 
X(~LOC;NQD2SR)=STRSV(1,l;~~QD2SR) 
Y(ILOC;BQD2SR)=STRV(l,l;NQD2SR) 
DO 350 IG=l,N(ID2 

. DO 360 3-1,6 
360 STR(J)=STRSV(IG,J) 

IGAUS+IGAUSF+l 
CALL SEQU(STR,SEFF) 
SEFF-SEFFISIGBAR(1GAUSP) 
IF(PYLD.GT.SEFF) GOT0 350 



PYLBSEFF 
IEY-IE 
IGAUSY=IG 
COWINUE 
URITE(6,307) IE,(STR(J) ,J=1,6) 
CONTIN~E 
pnD=1. IPYLD 
URITE(6,305) IEY,IGAUSY,PYLD 
FORMAT(1H1//1OX,'ELE~ENT#',I5,2X,'GAUSS PT=' ,12,2X,'LOAD FACTOR AT 
C ','YIELDI', E12.6) 
READ(5,450) NTYP,NW,SCRIT,RP,ACURCY 
URITE(6,412) NTYP,SCRIT,NLM,RP,ACIJRCY 
FON!AT( //9X.'CRACK GROWTH CRITERION NTYP-' .I2 .' AND CTOD =' .E10.4. 

C//~OX,'CRACK OPENIUC; DISPLACEMENT ACCURCY-',El2.4) 
FORMAT(215,4El0.4) 
IF(NEP.EQ.0) STOP 
CALL PLAS 
IZIP1-26 
STOP 
END 

SUBROUTINE OPEN(L0PN) 
CO~~lON/E.IAIN/AA(2000000) ,BB(9600,1) ,D(6,6) ,DINV(6,6) , 
lDISP(80),EPS(12400),EFEST(1550),FORCE(10),LINE(100), 
2LOCAT(10),LBFOR(10),MB(9600),MSLIM(9600),MPTAB(9600), 
3hlPLAS(12400) ,MODE(8,1550) ,blPLC(1550) ,NODX0(700), 
4NODYO(700),NODZO(70O~,NODXC(~OO),NODYC(7OO),NODZC(7OO), 
5NODFIX(80),NODLOD(8O),NDISP(80),R(9600), 
6SIGBAR(12400),SK(24,24),T1(9600),T2(9600),T4(2000), 
7T3(9600),U(3200),UOLD(3200),V(3200),VOLD(32OO),V2(3200), 
8W(3200),WOLD(3200),X(74400),XR(3200),Y(74400), 
9YR(3200),2(960O),ZR(3200) 
COMMON/ CNST/ EPSI , SK2, L I W ,  KEIAX, DAX, 
lPYLD,SCRIT,YOUNG,POIS,CRACK,PT,WIDTH,PMAX,HP, 
ZSBAR,LPRIT,NGAUS,NLAYER,IJNODE, 
3INODXO,INODYO,INODZO,IUODXC,INODYC,INODZC,LNSTIF,MXNOD, 
4MXNEL,MXGAUS,ICUT,LTOTB,ITNODX,KLU,IVTYP,NLM, 
5NWF,KNEU,ffiP,ERIT,NELM,AM,RON 

THIS SUB-PROGRAM OPENS ALL THE Q30PNMAP FILES 
MAXI1.NE.I LENGTH OF ANY FILE IS 5376 SMALL PAGES (DECIMAL) 

TO CHANGE THE 1IAXIM~l LENGTH CHANGE THE DATA CARD 
DATA LMAX / / 

L 

CHARACTER*8 FILE, \iORD(8) 
DATA UOm/ 'ASTIFOOl', 'ASTIFOO2', 

Z 'ASTIF003', 'ASTIFOU4', 
Z 'ASTIFOO5' , 'ASTIF006' , 
Z 'ASTIF007', 'ASTIFOOi3' / 
DATA UWI. / 53761 
IF(LOPN.LE. LMAX) GO TO 20 
LOPNA- 
LDW= LOPN/LlIAX 
LOPNB- LOPN-LDUEl*LMAX 
DO 10 I=l,LDUM 
FILE- WORD(1) 
ISTART- LMAX*512*(1-1)+1 
CALL Q30PNblAP (IERR, FILE, AA(1START) , LOPNA, 1) 
PRINT 100, IERR, FILE, LOPNA 
WRITE(6, 100) IERR, FILE, LOPNA 
IP(IERR.NE. 0) STOP 

100 FORElAT (10X.' IERR PRON OPIRIAP-',Z16,5X9 ' FILE ',A8, 
Z 2X,' IS OF LENGTH ' ,I10,2X,' SMALL PAGES (DECIMAL)',/) 

10 CONTINUE 



I F (  LOPNB.EQ.0) RETURN 
ISTART- LMAX*LDLTt1*512+1 
FILE- WORD( LDDI+l) 
CALL Q30PlfilAP (IERR, FILE, AA(1START) , LOPNB, 1 )  
PRINT LOO, IERR, FILE, LOPNB 
URITE('6, 1 0 0 )  IEKR, FILE, LOPNB 
IF(IERR.NE.0) STOP 
KETUW 

2 0  CONTINUE 
FILE- UORD(1) 
CALL Q30PlWAC ( IERR, FILE, AA( 1 )  , MPN,  1) 
PRINT 1 0 0 ,  IERR, FILE, LOPN 
WRITE(6, 1 0 0 )  IERR, FILE, LOPN 
IF(IERR.NE.0) STOP 
RETURN 
END 
FUNCTION FNMAT(SBAR,CE,EPS,N) 
CO~MON/~LTNMAT/YSTRS(~O) ,YSTRN(20) ,PLMODR(20) ,NSEGMT 

1. 

C -- EPST= TOTAL STRAIN 
C --- EPS PLASTIC STRAIN 
C 

EPST-EPS+SBAR/CE 
DO 1 0  I=l,NSEGIT 

1 0  IF(EPST.LT.YSTRN(1)) GOT0 11 
I1 FNMAT=PLMODR( I)*CE 

RETURN 
END 
SUBROUTINE I':MPUJ(AA,MS~I,llBIMPTAB,NODP, INOD, SK2, ID,NDOF ,LNSTIF) 

C 
C *** IPLPOSING SYN4ETRT.C BOUNDARY CONDITIONS 
C 

DIMENSION AA(LNST1F) ,MSUiI(NWF) ,MB(NDOF) ,;lPTAB(NDOF) ,NODP(INOD) 
DO 100 1-1, IBOD 
L-NODP(1) 
NU=(L-1) *3+IU 
NUlJU-MSUM( NU)+MB( NU) 
blPTAB(NU) "NU 

1 0 0  AA(NUNU)=AA(NUNU)+SK2 
RETURN 
END 
SUBROUTINE NSAMC(MSN.lE, NSAtlE, IIMAX,I'IB ,LI.IAX,K1~lAK,NODPEL,1.~~OD, 

lMXNEL, NDOF) 
DIMENSION IISAtfE(NODPEL,bIXNEL) ,NSAME(bIXNOD,20) ,IIMrlX(bXNOD), 

C blB(ND0F) 
c .......................................................... 
C MXNEL - HAXIMUM NUMBER OF ELEMENTS 
C MXNOD - tIAXZhNM tR.lBER OF NODES 
C NODPEL = # OF NOED PER ELEMENTS 
C LMAX - /I OF NOEDS IN THE PROBLEM 
C KMAX = # OF ELEElENTS IN THE PROBLEM 
C MSAI,E(NODPEL,IEL) NODEL CONNECTIVITY I F  IEL ELEMENT 
C NDOF = LMAX* # OF DOF PER NODE 
C blB(ND0F) = BAND WIDTHS OF ALL NDOF DEGREE-OF- FREEDOM 
1. 
c .......................................................... 

DO 1 0  IE-1,KElAx 
DO 2 0  J-1 ,NODPEL 
IK-I!SAME(J,IE) 

. IIFlAX(1K)-IXblAX(XK)+l 
2 0  NSAME(IK,IItIAX(IK) ) = I E  
1 0  ' CONTINUE 
C16 ' FORMAT(1615) 
C . ***CALCULATE llB VECTOR 

IBANDW-0 
DO 3 5 0  NODE-1,UIAX 



HAXDIF-0 
Ill-IIMAX(N0DE) . DO 351 bl-1,111 

, NTRS=NSMlE(NODE ,M) 
DO 351 L-1,NODPEL 
NUM-NS~~E(L,HTRI) 
NDIFF-3* (1IIR.I-HODE) 
IF(ND1FF .LT .HAXDIF) MAXDIF-NDIFF 

351 CONTINUE 
IF(1BANDU .LT . IABS(1IAXDIF) ) IBANDW-IABS(l.lAXDIF) 
NU-3*(NODE-1)+1 
NV-NU+1 
NU-NV+1 

MB(NV)-MB(NU)+l 
MB(NW)=blB(NV)+l 

350 CONTINUE 
IBANDW=IBANDW+3 
WRITE(6,25) IBANDW 

25, FOMlAT(5X,'blAX BAND UIDTU-' ,161 
RETURN 
END 
SUBROUTItIE DCON(YOUNG, POIS, D, DINV) 

C 
C *** 3-D D(6,6) & DINV LlATRICES FOR ISOTROPIC llATERIAL 
C 

DnlENSION D(6,6) ,DINV(6,6) 
DEL=YOUNG*(l-POIS) / (  (l+POIS)*(l-2*POIS) ) 
DEL2=POIS/ (1-POIS) 
DEL~-(1-2*POIS)/(2*(1-POIS)) 
D(1.1;36)-0.0 
DINV(1,1;36)=0.0 
D(1,l)-DEL 
D(l,Z)=DEL*DELZ 
D(1,3)-D(1,2) 
D(2,2)=D(lsl) 
D(2,3)=D(1,3) 
D(3,3)=D(l,l) 
D(4,4)-DEL*DEL3 
D(5.5)-D(4,4) 
D(6,6)-D(5 B - 5 )  

C *** INVERSE OF D-MATRIX 
DINV(I,I)=~./YOUNG 
DItJv(l,Z)=-P0IS/YOUNG 
DINV(l,3)=DINV(l,Z) 
DINV(Z,Z)=DINV(l,l) 
DINV(2,3)=DINV(1,2) 
DINV(3,3)=DINV(l,l) 
DINV(4,4)- 2.*(l+POIS)/YOUNG 
DINV(5,5)=DINV(4,4) 
DINV(6,6)-DINV(4,4) 
DO 5 I-1,3 
DO 5 J=I,3 
D(J,II9D(I,J) 
DINV(J,I)-DINV(1,J) 

5 CONTINUE 
RETURN 
END 
SUBROUTINE SHAPE(X,Y.Z,R) 

C 
C *** SHAPE FUNCTIONS 
C - 

DIMENSION R(8) 
R(1)-1. 
R(2)-X 



R(3)-Y 
R(4)-Z 
R(5)-X*Y 
R(6)-Y*Z 
R(7)-Z*X 

. R(8)-X*Y*Z 
KETURN 
END 
SUBROUTINE CORDII((NCUBE,I4XNOD,XR,YR, ZR,A) 

b 

C *** EVALUATE A(8,3) CARTESIAN COORDINATE IiATRIX 
b 

DIMENSION A(8,3) ,NCUIIE(8) ,XR(N)[NOD) ,YR(mOD) ,ZR(EMNOD) 
DO 1 I=1,8 
N1-NCUBE(1) 
A(I,l)=XR(Nl) 
A(1,Z)-YR(N1) 

1 A(I,3)=ZR(Nl) 
RETURN 
END 
SUBROUTINE ACAL 
CO~ION/AINV/AI(~ ,8) 
COMMON/GENRL/GCR(8,3) 
DIMEIJSION Rl(8) ,DLTM(8,1) ,IPIVOT(B) ,IUK(~~) ,~2(8,8) 
A2(1,1;64)=0.0 
DO 1 I=L,8 
Xl-GCR(1,l) 
Yl=GCR(I, 2) 
ZlIGCR(I,3) 
CALL SHAPE(X~,Y~,ZL,R~) 
DO 1 J-1,8 

1 A2(I,J)=Rl(J) 
CALL MATINV(A~,~,~,DIJM,~,O,DET) 
~r(l,l;64)=~2(1,1;64) 
RETURN 
END 
SUBROUTINE DERIVE (X,Y$Z,R) 
COIIMON/AINV/AI(~ ,8) 
ROWWISE DN(3,8) 
DI14ENSION R(3,8) 
DN(1,1;24)=0.0 

c**** DN/DXI NOW 
DN(1,2)-1.0 
DN(l,S)-Y 
DN(1,7)-Z 
DN(1,8)=Y*Z 

c**** DN/DETA NOW 
DN(2,3)=1.0 
DN(2,5)=X 
DN(2,6)=Z 
DN(2 ,a)- X*Z 

c**** DN~DZETA HOW 
DN(3,4)-1.0 
DN(3,6)=Y 
DN(3,7)=X 
DN(3,8)=X*Y 
DO 10 J-1,3 
DO 10 I=1,8 
R(J,I)- Q8SDOT ( DN(J,1;8) , ~I(1,1;8) ) 

10 . CONTINUE 
RETURN 

' END 
SLIBROUTIlJE SLIALLK( StM, XE, 3, IERR) 

C 
C Tili~ MODULE GENERATES AN ELUlEhTAL STIFFtIESS LiATRIX FOR THE GIVEN 
C ELEMENT. VECTOR VERSION 



UlMENSION S!K(24,24), XE(8,3),D',6,6) . COM~ON/D~~~/NNPE,~~DF,NQD,NSTR,NQD~,NNPE~,NQD~NPE,NQD~SR,MXQ~S 
, REAL KE 

DIIENSTON KE(324) 
C . '  
C 
C INPUT: D(6.6) = EIODULUS MATRIX 
C XE(8,3) = 8 NODES X,Y, Z COORDINATES 
C OUTPUT : SbX(24,24)  = STIFFNESS MATRIL 
C 
C 
C 
C 
C KE - ELDENTAL STIFFNESS PiATRICES FOR ALL DISTINCT ELEMENTS, IN 
C ROUISE NODAL BLOCK LOWER TRIANGLniGR FORM 
C PE - ELEMENTAL LOAD VECTORS FOR ALL ELEMENTS IN NODAL BLOCK FORM 

DATA NDFX, NSTRX, NNPEX / 3 ,  6 ,  8 / 
C 
b 

C 
C 
c NDF - NIJNBER OF DISPL. DEGREES OF FRF.EDOM PER NODE 
C NSTR - NUMBER OF STRESS RESULTANTS PER NODE 
C NQD - NUllBER OF QUADRATURE POIITTS IN EACH DIRECTION 
C NNPE - NUMBER OF NOEES PER ELEMENT 
C 
b 

C*** ETH= THERMAL STRAINS IN THE CARTESIAN SYSTEM. 
C**** F T H E W  THERMAL LOAD VECTOR. 
C 
C 
C [Dl  - STRESS STRAIN i,lATRIX 
C 

DIMENSION I B S P ( 6 , 3 ) ,  B ( 6 4 , 3 ) ,  BJ(288.3) ,CK(288,3) ,  
Z UTDETEX(64), SUt.l(288) 

DnlENSION UTDET(8) 
DIMENSION CTli(64) TPST(8)  
DATA IBSP/ 1, 2*0, i, 0 ,  3 ,  

Z 0, 2 ,  0, 1, 3, 0 ,  
Z 2*0, 3 ,  0 ,  2 ,  1 / 

C 
C [ I B S P ]  - SPARSITY PATTERN AND POINTER MATRIX FOR [B]  AND [ B J ]  
c [BI - STRAIN DISPLACENENT MATRIX 
c [BJ] - ANOTHER STRAIN DISPLACPIENT 1.IATRT.X 
c [CK] - A ROW FOR EACH STIFFNESS ElATRIX NODAL PARTITION 
C (WTDETEX) - REPLICATED UEIGHTED DETERMINmS 
C (SUM) - TEMPORARY STORAGE 
C 

DItlENSION IREPL(36),IPOSN(210) 
DESCRIPTOR IREPLD, SORCD, DESTD 

C 
C IREPL - VECTOR OF LENGTH "lJNPE2" CONTAIHING ZEROS USED IN THE 
C REPLICATION PROCESS 
C IPOSN - ARRAY OF LENGTH "NNPE2" USED TO CORRECTLY POSITION 
C THE NODAL PARTITIONS IN [KE] 
C IREPLD - VECTOR DESCRIPTOR FOR (IREPL) 
C SORCD - VECTOR DESCRIPTOR FOR THE REPLICATION SOURCE 
C DESTD - VECTOR DESCRIPTOR FOR THE KEPLICATION DESTINATION 
C .  

DATA LENI, UNB,  LENBJ, LENC, L E N ,  LENWT 
Z / 18, 1 9 2 ,  8 6 4 ,  8 6 4 ,  288 ,  6 4  / 

C ' 
C THESE ARE THE DIMENSIONED LENGTHS OF [ IBSP] ,  [B] ,  [ B J ] ,  [CKJ,  
C (WTDETEX), AND (SUM) FOR ZEROING OIIT PURPOSES. 
C 



L 3  = NQDZNPE - SQD2 + 1 
DO 1 4 0  tX = I ,  NNPE 

ASSIGN IREPLD. IREPL(1; a) ---  

ASSIGN SORCD, B(L3 , I T ;  NLjD2) 
ASSIGN DESTD. BJ(L1,IT;  L2) 

i 

CALL Q8VXTOV(X002', 0 ,  IREPLD, 0 ,  SORCD, 0 ,  DESTD) 
L2 = L2 + NQDZ 
L 1  = L1 - L 2  
L3  = W - lJQD2 

1 4 0  CONTINUE 
150 CONTINUE 

C 
DO 1 5 5  I T = 1 , 3  

B(1,IT;NQDZNPE) = B(l,IT;NQb2NPE)*WTDETEX(l;NQD2NPE) 
1 5 5  CONTINUE 

1. 

C FORM ([B]**T * [Dl) * [ B J ]  A ROW AT A TIME. 
L 

L9-1 
DO 400  I1 = 1, LJDF 

CK(1 , l ;  LENDF) ' 0 .  .. 
DO 2 3 0  KK = 1, NSTR 

SUM(1; NQDZNPE) = 0.  
DO 2 1 0  JJ = 1, NSTR 

I T  - I B S P ( J J , I I )  
I F  ( I T  .EQ. 0 )  GOT0 210 
I F  (D(JJ,KK) .EQ. 0 . )  GOT0 2 1 0  

SUM(1; NQD2NPE) = SUll(1; NQD2NPE) 

2 1 0  CONTINUE 
1. 

C FILL UP THE REST OF (SUM) 
b 

I F  (SUM(1) .EQ. 0 . )  COT0 2 2 5  
L 1  = LE - NQD2 + 1 
LZ = NQDZ 
L 3  - NQDZNPE - NQDZ + 1 
DO 2 1 5  JJ = 2 ,  NNPE 

SUM(L1; L2) = SUkI(L3; L 2 )  
LZ = L2 + BQD2 
L 1  = L 1  - L 2  
L3 = L3 - NQDZ 

215  CONTINUE 
DO 2 2 0  JJ = 1. NDF 

-- - 

IF (IT .EQ. 0 1  GOTO 2 2 0  
CK(1,J.J; LE) = CK(1 , J J ;  LE) + SUIl(1; LE) * B J ( 1 , I T ;  LE) 

2 2 0  CONTINUE 
2 2 5  CONTINUE 
2 3 0  CONTINUE 

'4 

C WE NOW HAVE THE 11-TH ROW (BEFORE SUMMING) FOR ALL 
C "NNPE2" NODAL PARTITIONS OF THE E F N T A L  STIFFNESS MATRIX. 
C 

DO 3 1 0  JJ = 1, NDF 
L 1  = 1 
DO 3 0 0  KK = 1, tJNPE2 

L2 = L9 + IPOSN(KK) 
KE(L2) = QISSM(CK(L1,J.l;  NQD2)) 
L 1  = L 1  + NQD2 

3 0 0  CONTINUE 
L9 = L9 + 1 

3 1 0  - CONTINUE 
4 0 0 .  CONTINUE 



. Z , JB(10241) ,DAJ33(1)) 
Z ,(B('11521),AJ11 (1 ) )  

. Z ;(~(11585),AJ12 (1 1) 
Z ,(B(11649),AJ13 (1 )) 
Z ,(B(11713),AJ21 (1 ) )  
Z ,(B(11777),AJ22 (1 )) 
Z ,(B(11841),AJ23 (1 1) 
Z ,(B(11905) ,AJ31 (1 ) )  
Z ,(B(11969),AJ32 (1 1) 
Z ,(B(12033),AJ33 (1 ) )  
Z ,(B(12097),AJIll(l)) 
EQUIVALENCE (B(12161),AJI12(1)) 
Z ,(B(12225) ,kTI13(1)) 
Z ,(B(12289) ,AJI21(1)) 
Z ,(B(12353),AJI22(1)) 
Z ,(B(12417),AJI23(1)) 

. Z ,(~(12481) ,Lr131(1)) 
" Z ,(B(12545) ,AJI32(1)) 
Z ,(B(12609),AJI33(1)) 
Z ,(B(12673) ,DETLl(l)) 
Z ,(B(12737) ,DET12(1)) 
Z ,(B(12801) ,DET13(1)) 
Z ,(B(12865) ,DET21(1)) 
Z ,(B(12929) ,DET22(1)) 
Z ,(B(12993),DET23(1)) 
Z ,(B(13057) ,DET31(1)) 
Z ,(B(13121),DET32(1)) 
Z .(B(13185) ,DET33(1)) 

C DItLENSION W(216,3) 
C**** TIE ABOVE DIMENSIONS ALLOW UPTO 4 POINT GAUSSIAN IN EACH DIRECTION 

LEN-11520 , 

LEN1113248 
CALL ZEROLV(BB ,LEN) 
CALL ZEROLV(B,LENI) 
NG= N*N*N 

C*** NG ARE THE TOTAL NO OF INTEGRATION POINTS 
NS-8 

C**** NS- NO OF SHAPE FUNCTIONS 
NSTR-6 
NCORP3 
NFREE=3 

C*** NSTR- NO OF STRAINS. NCORD- LJO OF COORDINATES NFREE- NO OF DOF P 
MAX-NG*NSTR 
DO 10 I-l,N 
X- CORD(1.N) 
XI-(X+l . ) 12. 
WI-UEIGHT( 1,N) 
DO 10 Jnl,N 
Y= CORD(J,N) 
ETA=(Y+~.)/~. 
WJ- WEIGHT(J,N) 
DO 10 K =I ,N 
Z- CORD(K,N) 
ZI-(Z+l.O)/2.0 
KL(I\IEIGHT(K,N) 
CALL DERIVE( XI,ETA, ZI, R) 
11-N*N*(I-1)+N*(J-1)+K 
W(II)=WI*WJ*\K/8.0 
DO 20 IJ-1,NS 
IN-NS*(II-l)+IJ 

. DNX(IN)=R(l ,IJ) 
DNE(1N)-R(2,IJ) 
DNZ(1N) -R(3,IJ) 



20 CONTINLIE 
10 CONTINUE 

C***p* NOW GENERATE THE EIASTER VECTOR OF THE COORDINATES 
, DO 30 J=1 ,NG 
NT=NS*(J-1)+1 

. XX(NT;~S)-XE(~,L;NS) 
YY(NT;NS)=XE(l,Z;NS) 
ZZ(NT;NS) = XE(lS3;NS) 

30 CONTINUE 
LN-NG*NS 
DAJll(l;LN)=DNX(l;LX)*XX(l;LN) 
DAJLP(l;LN)=DNX(l;U)*YY(l;LN) 
DA213jl;LN) = DNX(l;LN)* ZZ(1;LN) 
DMZl(1;LN)-DNE(l;LN)*XX(l;LN) 
DA.J22(1;LN)=DNE(l;LN)*YY(l;LN) 
DAJ23(L;LN) = DNE(l;LN)* ZZ(1;LN) 
DAJ31(1;LN) = DNZ(l;LN)* XX(1;LN) 
DAJ32(1;LN) = DNZ(l;LN)* YY(1;LN) 
DAJ33(1;LN) = DNZ(l;LN)* ZZ(1;L:;) 
DO 40 I=l,NG 
NT-NS*(I-1)+1 
AJll(I)= Q8SSUM(DAJll(NT;NS)) 
AJ12(I)- Q8SSUbl(DAJt2(NT;NS)) 
AJ13(I) =Q8SSUM(DAJ13(NT;NS)) 

AJ23(I) =QaSSUM(DAJ23(NT;NS)) 
AJ31(I) =Q8SSUM(DAJ31(NT;NS)) 
AJ32(1) =Q8SSUM(DAJ32(NT;NS)) 
AJ33(I) =Q8SSUIl(DAJ33(NT;NS)) 

40 CONTINUE 
DETll(1;NG) gAJ22(1;NG)*AJ33(1;NG)-kT32(1;NG)*AJ23(1;NG) 
DETlP(1;NG) =AJ21(1;NG)*AJ33(1;NG)-AJ31(1;NG)*AJ23(1;NG) 
DET13(1;NG) =AJ21(1;NG)*AJ32(1;NG)-AJ31(1;NG)*AJ22(1;NG) 
DETZl(1;NG) =AJ12(1;NG)*AJ33(1;NG)-k132(1;NG)*AJ13(1;NG) 
DET22(1;NG) =AJ11(1;NG)*AJ33(1;NG)-AJ31(1;NG)*AJl3(1;NG) 
DET23(1;NG) =AJ~l(l;NG)*AJ32(1;NG)-AJ31(1;NG)*AJl2<l;NG) 
DET31(1;NG) =AJ12(1;NG)*AJ23(1;NG)-AJ22(1;NG)*AJ13(1;NG) 
DET32(1;NG) =AJ11(1;NG)*AJ23(1;NG)-AJ21(1;NG)*AJ13(1;NG) 
DET33(1;NG) =AJ11(1;NG)*AJ22(1;NG)-AJZl(l;NG)*AJl2(1;NG) 
DET(1;NG) =AJ11(l;NG)*DET11(1;NG)-AJl2(1;NG)*DET12(l;NG)+ 
ZAJ13(l;NG)* DET13(1;t?G) 
AJIll(1; NG) = DETll(l;NG)/DET(l;NG) 
AJ112(1; NG) =- DET21(l;NG)/DET(l;NG) 
AJI13(1; NG) = DET32(1;NG)/DET(l;NG) 
AJI21(1; NG) I-DET12 (l;NG)/DET(l;NG) 
AJI22(1; NG) = BET22(1;NG)/DET(l;NG) 
AJI23(1; NG) =- DET32(l;NG)/DET(l;NG) 
AJI31(1; NG) = DET13(1;NG)/DET(l;XG) 
AJI32(1; NG) =- DET23(1 ;NG) /DET(l;NG) 
AJI3?(1; NG) - DET33(l;NG):DET(l;NG) 

C*** JOCOBIANS AND THEIR INVERSES ARE READY 
DO 50 J=l,NG 
NT=NS*(J-1)+1 
DSX(NT;NS) =DNX(NT;NS)*AJIll(J)+DNE(NT;NS)*AJI12(J) +Dt?Z(NT;NS)* 
Z AJI13(J) 

50 CONTINUE 
C**** CARTESIAN DERIVATIVES ARE READY 

* IF(ICODE.EQ.2) GO TO 320 
- Il=l 
12=NS 
CALL Q8INTVAL (0,0,11s0,12,0,1~WA(l;NG)) 



LN- NS*NG 
DO 60 1-1 ,NS . NT- NG*(I-1)+1 

, DNX{NT;NG)-Q8VGARIR(DSX(I;LN),INVA(l;BG);DNX(NT;NG)) 
DNE(NT;NG)~8VGATIIR(DSY(I;LN),INVA(l;NG);DNE(NT;NG)) 

. DNZ(NT~NG) =Q8VGATHR(DSZ(I;LN),INVA(l;NG);DNZ(NT;NG)) 
60 CONTINUE 

C**** CARTESIAN DERIVATIVES ARE REORDERED SO THAT THE DERIVATIVES AT A 
C*** GAUSSIAN POINTS ARE GROUPED 

LEN-NS*NG 
BJ(1,l;LEN)- DNX(1;LEN) 
BJ(1,2;LEN)- DNE(1;LEN) 
BJ(1,3;LEN)= DNZ(1;LEN) 

C***** COEIPUTE THE PRODUCT OF WEIGHT AND DETRMINENTS 
WDUM(1;NG)- DET(l;NG)*U[l;NG) 
RETURN 

320 CONTINUE 
LEN-NS*NG 
BJ(1,l;LEN)- DSX(1;LEN) 
BJ(1,L;LEN)- DSY(1;LEN) 
BJ(1,3;LEN)= DSZ(1;LEN) 
WDUM(1;NG)- DET(L;NG)*W(l;NG) 
RETURN 
END 
SUBROUTINE STRESS(DIS,XE,D,STR,STRS,B,WL?i) 

C 
C 

CO!~~ON/D~~~/NNPE,NDF,N~D,NSTR,NQD~,NIJPEZ,NQD~NPE,NQD~SR,MXQ~S 
DIMENSION DIS(8.3). XE(8.3) .D(6.6) . . 
DIMENSION STRS(E ,6j ,STR(8,6) 
DDlENSION WDlJbl( 8), SM(64), B( 64,3), DISP(64,3) 
DIMENSION IREPL(20) ,STRD(6,8) 
DESCRIPTOR' IPSPLD, SORCD ,DESTD 

L 

DI'IENSION IBSP(6,J) 
DATA IBSP / 1,2*0, 2, 0, 3, 
z 0, 2, 0, 1, 3, 0, 
Z 2*0, 3, 0, 2, 1 / 

C 
C 

DATA NS, NSTR, NSH, NFREE / 8, 6, 3, 3 / 
C******* NS- NUMBER OF SHAPE FUNCTIONS OR NODES ON TIIE ELEFENT 
C******* NSTR= tTUMBER OF STRAINS 
C******* NSH- NUMBER OF INDEPENDENT DERIVATIVES IN THE B MATRIX 
C******* NFREE= NUlIBER OF DEGREES OF FREEDOM PER NODE 
C 
L 

LEN- NSTR*NQD2 
LDISP=NQD2NPE*NSH 
IREPL(l;NQD2)-0 
STRS(1.1;LEN)-0.0 
CALL ZEROLV(DISP,LDISP) 

C 
C**** PICK UP TkIE U,V,W DISPLACEXENTS SEPARATELY 
C 
C**** REPLICATE TIIE DISPLACEMENTS NQD2 TIMES 
C 

ASSIGN IREPLD,IREPL(l;NQD2) 
DO 25 KC-1 ,NFREE 
ASSIGN SORCD, DIS(1,KC;NS) 
ASSIGN DESTD , DISP(l,KC;NQD2NPE) 
CALL QBVXTOV (Xe02', 0, IREPLD, 0, SORCD, 0, DESTD) 

25 ' CONTINUE 
C**** THE MASTER DISP VECTOR READY 
C 
C**** GET THE CARTESIAN DERIVATIVES AT THE NODES 



2 2 0  FORC(IJ)=Q~SSUM(SUM(NJ;NQDZ)) 
4 q 0  CONTINUE 

RETURN 
' END .' 30BROUTINE MATINV(A,NI.IAX,N,B,IW,M,DETERM) 

DUlENSION A(tW,LQIAX) , B(NMAX,kIAX) 
DUiENSION IPIVOT(100),INDEX(10O,,~>,PIVOT(100) 

C 
C I F  H-0 I T  CALCULATES THE INVERSE ONLY. 
C I F  M-1 I T  CALCULATES THE SOL TO AX=B I N  B 
C INITIALIZATION 
C 

10 D E T E W l . 0  
15 DO 2 0  J - l , N  

2 0  IPIVOT(J)=O 
30 W 5 5 0  I-1.N 

b 

C SEARCH FOR THE PIVOT ELEMENT 
L 

4 0  A t M - 0 . 0  
4 5  DO 1 0 5  J = l , N  
5 0  IF(IPIVOT(J)-1)60,105,60 
6 0  DO 1 0 0  K-1,N 
7 0  IF(IPIVOT(K)-1)80,100,740 
80 I F (  ABS(AMAX)- A B S ( A ( J , K ) ) ) 8 5 , 1 0 0 , 1 0 0  
85 IROW= J 
9 0  ICOLW-K 

9 5  AHAX= A(J ,K)  
100 CONTINUE 
105 CONTINUE 
110 IPIVOT(IC0LUII)-IPIVOT(ICOLUM)+l 

C 
C INTERCHANGE ROWS TO PUT ELEUlENG ON DIAGONAL 
C 
' 130 IF(IR0d-ICOLLn.1) 1 4 0 , 2 6 0 , 1 4 0  . 

1 4 0  DETERbl- -DETEMl 
150 W 2 0 0  L=1,1{ 
1 6 0  SWAP- A(IROU,L) 
1 7 0  A(IR0W ,L)=A(ICOLIJll.L) 
2 0 0  A(IC0LUM.L)- SWAP 
2 0 5  I F ( M ) 2 6 0 , 3 6 0 , 2 1 0  
2 1 0  DO 2 5 0  L=l,Pl 
2 2 0  SWAP= B(IROW,L) 
2 3 0  S(IR0U ,L)= B(ICOLLR1,L) 
2 5 0  B(ICOLIJll,L)= SWAP 
2 6 0  INDEX(1, l ) -  IROU 
2 7 0  INDEX(1,Z)- ICOLlJll 
310 PIVOT(1) = A(ICOLUE1, ICOLUM) 

3 2 0  DETEKM- DETERM*PIVOT(I) , 

C 
C DIVIDE 'PIVOT BY PIVOT ELEMENT 
b 

3 3 0  A(ICOLM,ICOLLRf)=l. 0 
3 4 0  DO 350 L=l ,N 
350 A(ICOLUM,L)m A(ICOLUb1 ,L)  / P I V O T ( I )  
3 5 5  IF(M) 3 8 0 , 3 8 0 , 3 6 0  
3 6 0  DO 3 7 0  L = l , t I  
3 7 0  B(ICOLU.l,L)= B(ICOLUll,L)/PIVOT(I) 

C .  
C PSD'JCE NON-PIVOT ROWS 
C . 

380 W 550L1-1 ,N 
3 9 9  IF(L1-1COLUf)400,550,400 
4 0 0  T= A(L1, ICOLM) 
4 2 0  A(L1 ,ICOLLRI)=O.O 



LN- NS*NG 
DO 60 I=l,NS 

. NT- NG*(I-I)+& 
DNX~NT;NG)-QCVGATI~R(DSX(I;LN),INVA(~;~IG);DNX(NT;NG)) 
DNE(NT;:JG j=Q8VGATllR(I)SY(I;LN) ,INVA(l ;NG) ;DNE(NT;NG) ) 
DNL(NT~NG) =QBVGATtlK(DSZ(I;LN) ,INVA(l;NG) ; DNZ(NT;NG)) 

60 CONTINUE 
C**** CAKTESIAN DERIVATIVES ARE REORDERED SO THAT THE L)ERIVATIVES AT A 
C*** GAUSSIAN POINTS ARE GROUPED 

LEN-NS*NG 
BJ(1,l;LEN)- DNX(1;LEN) 
BJ(1,2;LEN)= DNE(1;LEN) 
BJ(1,3;LEN)= DNZ(1;LEN) 

C***** COPIPUTE THE PRODUCT OF WEIGHT AND DETRMINENTS 
WDUH(l;NS)= DET(l;NG)*W(l;NG) 
RETURN 

320 CONTXNUE 
LEN-IS*NG 
BJ(1,l;LEN)- DSX(1;LEN) 
BJ(1,2;LEll)- DSY(1;LEN) 
BJ(1.3;LEN)- DSZ(1;LEN) 
WDLRI(~;NG)- DET(~;NG)*W(L;NG) 
RETURN 
END 
SUBROUTINE STRESS(DIS,XE,D,STR,STRS,II,WDUI?) 

C 
C 

CO~U~~ON/D~~~/I~NPE,UDF ,NQD,NSTR,NQD~,NPPE~ ,NQDZNPE,NQD2SR,MXQ2S 
DINENSION DIS(8,3), XE(8,3) ,D(6,6) 
DIIIENSLON STRS(8,6) ,STR(8,6) 
UIPIENSION \JDUlI( 8), SLV4(64), B( 64,3), DISP(64,3; 
DIMENSION IREPL(ZO),STRD(6,8) . 
DESCRIPTOR IKEPLD,SORCD,DESTD 

C 
DIlENSION IBSP(6,3) 
DATA IBSP / 1,2*0, 2, 0, 3, 
z 0. 2, 0, 1, 3, 0, 
z 2*0, 3, 0, 2, 1 1 

C 
l, 

DATA NS, NSTR, NSB, NFKEE / 8, 6, 3, 3 / 
C******* NS- NUIIBER OF SHAPE FUIICTIONS OR NODES ON TlIE ELEI.ENT 
C******* NSTR- IiUMBER OF STRAINS 
C******* NSH- NUt.IBER OF INDEPENDENT DERIVATIVES IN THE B MATRIX 
C******* NFREE- lJUllEER OF DEGREES OF FREEDOH PER NODE 
C 
l, 

LEN- NSTR*IQD2 
LDISP=NQDZNPE*NSH 
IREPL(1 ;NQD2)=O 
STRS(I,L;LEN)-0.0 
CALL ZEROLV(DISP,LDISP) 

C 
C**** PICK UP THE U,V,W DISPLACEMENTS SEPARATELY 
C 
C**** REPLICATE TklE DISPLACCMENTS NQD2 TIMES 
C 

ASSIGN IRE?LD,IREPL(l;NQDZ) 
DO 25 KC-1 ,NFREE 
ASSIGIJ SORCD, DIS(1 .KC;NS) 
ASSIGN DESTD , DISP(1 ,KC;NQD~~~PE) 
CALL Q8VXTOV (X'02' , 0, IREPLD, 0, SORCD, O , DESTD) 

25 ' CONTL14UE 
C**** THE klASTER DISP VECTOR READY 
C 
C**** GET THE CARTESIAN DERIVATIVES AT THE NODES 



CALL CDER( XE,Nc(D, B, \IDUEI, 2) 
C 
C****** NOIl DO THE PRODUCT D * B* DISPLACEMENTS 

. DO 100 Irs1,NSTR 
SW( 1 ; NQD2IJPE)-0. 0 
~ t )  L ~ O ' J = ~  ,NSH 
IT- IBSP(1,J) 
IF(IT.EQ.0) GO TO 110 
SUM( 1;NQDZlJPE)- SDl(l;NQD2NPE)+B(l ,IT;NQD2lJF%)* DISP(1, J;NQL PE) 

110 CONTINUE 
DO 120 J=l,NQD2 
11-(J-l)*NS+l 
STR(J,I)- QBSSUhI(SM(I1;NS)) 
STRD(1,J)-STR(J,I) 

120 CONTINUE 
100 CONTINUE 

L 

DO 130 1-1 ,NQD2 
DO 140 J-1,lJSTR 
STRS(1,J)- Q8SDOT (D(l,J;NSTR),STRD(l,I;NSTR)) 

140 CONTINUE 
130 CONTINUE 

RETURN 
END 
SUBROUTINE FORCEP(BB,IITDET,STRS,FORC) 
COtU.lON/U382/NNPE,NDF,NQD,NSTR,NQDZ,NNPE2,NQUZNPE,NQDZSR,~Q2 
DIMENSIOLJ IBSP(6,3) ,B(64,3) ,UTDET(B) ,STRS(8,6) 
DIbENSION WTDETEX(64) ,SUEI(64) ,SIG(64,6) ,IREPL(ZO) 
DIMENSION FORC(24), BB(64,3) ,Il?DX(8) ,SH(8) 
DATA IBSP / 1,2*0, 2, 0, 3, 
Z 0, 2, 0, 1, 3, 0, 

C NQD2=NQD*NQD*NQD 
C NQD2NPE-NQD2*NNPE 

DESCRIPTOR IREPLD, SORCD, DESTD 
DESCRIPTOR BDESC 
.IREPL(l;NNPE)-0 
ASSIGN IREPLD, IREPL(1; NNPE) 
ASSIGN SORCD, WTDET(1; NQD2) 
ASSIGN DESTD, tJTDETEX(1; NQDZNPE) 
CALL QBVXTOV(X'O2', 0, IREPLD, 0, SORCD, 0, DESTD) 
DO 155 IT-1,NDF 
DO 156 J=l,NNPE 
DO 150 11-1,NQDZ 

150 INDX(I1)-(11-l)*NNPE+J 
SH(1 ;NQD2)-QBVGATHR(BB(1, IT;NQD2IJPE) ,INDX(l;NQD2); SH(1 ;NQDZ) 
11-(J-l)*NQD2+1 
B(I1,IT;NQDZ)-SU(l;NQD2) 

156 CONTINUE 
BB(1,IT;NQDZUPE) = B(l,IT;NQDZNPE)*WTDETEX(l;NQDZNPE) 

155 CONTINUE 
DO 205 IS=l,NSTR 
DO 205 II=l,NNPE 
NQ-(11-1)*NQD2+L 

205 SIG(NQ,IS;NQD2)-STRS(l,IS;NQD2) 
DO 400 11-1,hJF 
SUbl(1;NQDZNPE)-0. 
DO 210 JJ-1,NSTR 
IT=IBSP(JJ,II) 

213 IF (1T.EQ.O) GO TO 210 
ASSIGN BDESC ,BB(l,IT;NQDZNPE) 

+ SUl(l;NQD2NPE)-SDl(l;NQD2NPE)+BDESC*SIG(l,JJ;NQD2NPE) 
210 CONTINUE 

DO 220 J-1 ,lJNPE 
IJ-(J-l)*3+II 



NJ-(J-l)*NQD2+1 
220 FORC(1.J)-Q8SSUM(SM(NJ;NQDZ)) 
4q0 CONTINUE 

RETURN 
' , END 
. SUBROOTINE MATINV(A,NI.IAX,N,B,EW,M,DETERM) 

UIblENSION A(NPlAX,BNAX) , B(NPlAX,ElAX) 
DIllENSION IPIVOT(100),INDEX(100,2),PIVOT(100) 

C 
C IF M-0 IT CALCULATES THE INVERSE GMLY. 
C IF H-1 IT CALCULATES THE SOL TO AX-B IN B 
C INITIALIZATION 
C 
10 DETEKM-1.0 
15 DO 20 J-I,N 
20 IPIVOT(J)-0 
30 DO 550 I-l,N 

L 

C SEARCH FOR THE PIVOT ELEMENT 
C 
40 Al-IAX-0.0 
45 DO 105 J-l,N 
50 IF(IPIVOT(J)-1)60,105,60 
60 DO 100 K-1,N 
70 IF(IPIVOT(K)-1)80,100,740 
80 IF( ABS(Al4AX)- A~"'A(J,K)))85,100,100 
85 IROW- J 
90 ICOLUH-I( 
95 AMAX- A(J,K) 
100 CONTINUE 
105 CONTINUE 
110 IPIVOT(ICOLUI4)-IPIVOT(ICOLUIl)+l 

L 

C INTERCtlANGE ROWS TO PUT ELELtlENG ON DIAGONAL 
C 
130 IF(IR0J-ICOLU1.I) 140,260,140 
140 DETERN- -DETERPI 
150 M) 200 L-1,IJ 
160 SWAP- A(IROW,L) 
170 A(IR0W ,L)-A(ICOLW1.L) 
200 A(ICOLUM,L)- SWAP 
205 IF(M)260,260,210 
210 DO 250 L-1,M 
220 SWAPI B(IROU,L) 
230 B(IR0W ,L)= B(ICOLlJt1,L) 
250 B(ICOLlJt.1.L)- SUAP 
260 INDEX(1,l)- IRON 
270 INDEX(1,Z)- ICOLUEl 
310 PIVOT(1)- A(ICOLUI1,ICOLUM) 
320 DETEUM- DETERM*PIVOT(I) 
C 
C DIVIDE ' PIVOT BY PIVOT ELEMENT 
L 

330 A( ICOLUEI,ICOLUL1)=1.0 
340 DO 350 L-l,N 
350 A(IC0LUM.L)- A(ICOLUM,L) /PIVOT(I) 
355 IF(M) 380,380,360 
360 DO 370 L-1,lI 
370 B(ICOL~I,L)- B(ICOLUEI,L)/PIVOT(I) 

C .  
C REDUCE NON-PIVOT ROWS 

. C '  
380 DO 550L1-l,N 
390 IF(L1-ICOLK1)400,550,400 
400 T- A(L1,ICOLM) 
420 A( L1, ICOLUI1)=0.0 



L 

C INTERCHANGE COLUMNS 
Ir 

600 DO 710 I=1,11 
610 L-W1-I 
620 IF(INDEX(L,l)-INDEX(L,2))630,710,630 
630 JROU- INDEX(L, 1) 
640 JCOLUM- INDEX(L,Z) 
650 DO 705 K-l,N 
660 SWAP- A(K,JROU) 
670 A(K, JR0W)- A(K, JC0LUL.i) 
700 A(K, JCOLUE1)- SWAP 
705 CONTINUE 
710 CO14TII1UE 
740 RETURN 

END 

BLOCK DATA 
C0Ml.lON/GAUSS/ CORD(8,8) ,UEIGHT(8,8) 
COMMON/GE~JRL/GCR(~ ,3) 
DATA CORD/ 8*0.0, 

A -0.577350269189626,0.577350269189626,6*0.0, 
B -~.774596669~4~4a3,0.0,0.774~9666924~483,~*0.0, 
C -0.861136311594053,-.33998104358485G,0.339981043584856, 
1 0.861136311594053,4*0.0, 
D-0.906179845938664,-0.538469310105683,0.0,0.538469310105G83, 
1 0.906179845938664,3*0.0, 
E -0.932469514203152,-0.661209386466265,-0.238619186083197, 
1 +0.238619186083197,0.661209386466265,0.932469514203152,2*0.0, 
F -0.949107912342759. -0.741531185599394.-0.405845151377397.0.0. 

1 -0.183434642495650;0.163434642495650,0.525532409916329, 
2 0.796666477413627,0.960289856497536/ 
DATA UEIGHT /8*0.0, 
A 1.0.1.0, 6*0.0, 

1 0.347854845137454;4*0.0, 
D 0.236926865056189, 0.478628670499366,0.568888888888889, 
1 0.478628670499366, 0.236926885056189,3*0.0, 
E 0.171324492379170,0.360761573048139,0.467913934572691, 
1 0.467913934572691,0.360761573048139,0.171324492379170,2*0.0 , 
F 0.129484966168870,0.279705391489277,0.381830050505119, 
1 0.417959183673469,0.381830050505119,0.279705391489277, 
2 0.129484966168870 ,O.O, 
G 0.101228536290376,0.222381034453374,0.313706645877887, 
1 0.3b2683783378362,0.362683783378362,OO313706645877887, 
2 0.222381034453374,0.101228536290376/ 
DATA GCR/O.O,O.0,1.0,1.C',O.O,O.U,1.0,1.0, 

1 1.0,0.0,0.0,1.0,1.0,0.0,0.0,1.0, 
2 4*0.0,4*1.0/ 
END 
SUBROUTINE VON(STR,SBAR,PFS) 

Ir 

C *+ COMPUTE FLOW VECTOR 
C 

DItIEtlSION PFS(6) ,STR(6) 
Sl-Z*SBAR 
PFS(~):(~*STP.(~)-STR(~)-STR(~) )IS1 



PFS(~)=(~*STR(~)-STR(~)~TR(~))/S~ 
PFS(3)-(2*STR(3)-STR(l)-STR(2))/Sl 
PFS(~)=(~*STR(~))/S~ : PF$(~)=(~*STR(~))/SL 
PFS(~)-(~*sTR(~))/s~ 

. RETUKN 
END 
SUBROUTINE DEPL(STR,SBAR,D,hP,DPL) 
DIl4ENSION STR(6) ,STA(6) ,D(6,6) ,DD(6) ,DPL(6,6) 

C 
C *** DEP - ELASTIC-PLASTIC MATRIX 
C 

CALL VON(STR,SBAR,STA) 
Bl-D(1,l) 
82-D(4,4) 
B3-D(1,2) 
DD(1)-Bl*STA(l)+Bs*(STA(2)+STA(3)) 
DD(Z)-Bl*STA(2)+B3*(STA(l)+STA(3)) 
DD(3)-Bl*STA(3)+B3*(STA(l)+STA(L)) 
DD(4)=BZ*STA(4) 
DD(5)=B2*STA(5) 
DD(b)=BZ*STA(6) 
SI)IBl*(STA(1)**2+STA(2)**2+STA(3)**2)+2*B3*(STA(l)*STA(2)+ 
C STA(~)*STA(~)+STA(~)* STA(~))+B~*(STA(~)**~+STA(~)**~+ 
C STA(6)**2) 
SD=l.O/(SMP) 
DO 10 I-1,6 
DO 10 5-1,6 

10 DPL(I,J)=D(I,J)-DD(I)*DC(J)%D 
RETURN 
END 
SUBROUTINE SEQU(XT, XXZ) 

C VON MISES YIELD CRITERION. 
DIMENSION XT(6) 
Sl=O.5*(XT(1)-XT(2))**2 
S2-0.5*(XT(2)-XT(3))**2 
S3=0.5*(XT(3)-XT(1) )**2 
S4=3*(XT(4)**2) 
S5=3*(XT(5)**2) 
S6=3*(XT(6)**2) 
ST=Sl+S2+S3+S4+S5+S6 
XXZ=SpRT(ST) 
RETURN 
END 

SUBROUTINE PIULTYS(A,B,N,I.I,C) 
DIPENSION A(N,Pl) ,B(M) ,C(N) 
DO 10 1-1 ,N 
C(1)-0.0 
DO 10 J-1 ,I1 

10 C(1)-C(I)+A(I,J)*B(J) 
RETURN 
END 
SUBROUTINE PLAS 

COW4ON/~lAIN/AA(2000000) ,BB(9600,1) ,D(6,6) ,DINV(6,6) , 
~ D I S P ( ~ O ) , E P S ( ~ ~ ~ ~ ~ ) , E F E S T ( ~ ~ ~ ~ ) , F O R C E ( ~ ~ ) , L I N E ( ~ ~ ~ ) ,  
ZLOCAT(10) ,LBFOR(10) ,MB(9600) ,l.ISUI1(9600) ,kPTAB(9600), 
3MPLAS(12400),MODE(8,1550),MPLC(1550),NODX0(700), 
~NODYO(~~~),NODZO(~~O),NODXC(~~~),NODYC(~OO),NODZC(~~~), 
5NODFIX(80),NODLOD(8O),NDISP(80),R(9600), 
-6SICBAR(12400) ,SK(24,24) ,T1(9600) ,T2(9600) ,T4(2000), 
7T3(960O),U(3200),UOLD(3200),V(3200),VOLD(32OO),V2(3200~, 
8U(3200) ,WOLD(3200) ,X(74400) ,XR(3200) ,Y(74400), 
'9YK(3200), Z(9600) ,ZR(3200) 
COIlON/CNST/ EPSI, SK2 ,LMAX,KMAX,DAX, 
lPYLD,SCBIT,YOUNG,POIS,CRACK,PT,WIDTH,nlAX,HP, 
ZSBAR,LPRIT,NGAUS,NLAYER,NIODE, t 



3INODX0, INODlO, INODZO, IHODXC, IiJODYC ;INODZC ~LNSTIF ,MXNOD, 
4MXNEL,MXGAUS,ICUT,LTOTB,ITNODX,KLU,NTYP,NLM, 

. 5NWF,KNEV,NEP ,ERIT,NELbI,Ml,ROPI 
C .  

CO~&ON/MLTNMAT/YSTRS(~O) ,YSTRN(20) ,PUlODR(20j ,NSEGI.lT 
- C~~~IMON/D~~~/NNPE,NDF,NQD,NSTR,NQD~,N~~PE~,NQD~NPE,NQD~SR,EU(Q~S 

CO~PIONIVECTI STRV(8,6) ,STRSV(8,6) ,BMT(64,3) ,UDUL4(8) ,XE(8,3), 
C NCUBE(8) ,DIS(8,3) 
DIMENSION DPL(6,6),AUT(8,3),STGAS(6) 
DIMENSION QP(9600), STGASV(8.6) ,FFTR(40) 
DIL.IENSION STR(6),U2(3200),INDX(3200) 
DIMENSION YTX(6),ST1(6),DPSTRN(6),STREP(6) 
DIPIENSION PLV( 24) 

b 

C *** INCREMENT DISPLACEMENTS, FORCES, STRESS & STRAINS TO IST YIELD LOAD 
b 

UOLD(l;NNODE)=U(l;IJNODE)*PYLD 
VOLD(~;NNODE)-V(~;NNODE)*P~D 
WOLD(1;NNODE)-W(l;NNODE)*PYLD 
R(~;NDoF)=R(~;NDoF)*PYLD 
X(l;bIXQ2S)=X(l;bMQ2S)*PnD 
Y(l ;MXQZS)=Y(l ;bLXQZS)*"D 

C *** ZEROING 
QP(1;NDOF)-0.0 
EPS(1;MXGAUS)-0.0 
WLAS(1 ;MXGAUS)-0 

C; 

c *r* READ DATA 
C 

READ(5,ll) PCT,ERIT,13AXIT,NODEl,NODEZ,NELEl,NELE2 PLAS 
11 FODlAT(ZE10.3,515) PLAS 

READ(5,312) P,WORD 
312 FORMAT(E10.3,1XtA4) 

WRITE(6,313) P,PCT,ERIT,~WCIT,NODEL,NODEZ,NELE~,NELE~ 
313 FORMAT(///~OX;TOTAL LOAD FACTOR-',F10.4 

l/lOX,'INCRE?lENTAL LOAD FACTOR-',F10.4/10X,'ALLOWABLE ERROR ON STRE 
2SS-' ,F10.4/10X,'MAXIIIUM NUMBER OF ITERATION-' ,I4 
P/lOX,'PRINT DISPLACEMENTS AT NODES',I:,' TO',I5 
~/LOX,'PRINT STRESSES IN ELEMENTS' ,IS, TO' ,151 
CALL Q3CLOCKS(CPU,WALL) 
IZIP 1-0 
URITE(6,lOOO) IZIPl,CPU,WALL 
PT-PYLD 
CALL PLOUT(NODEl,HODE2,NELEl,NELE2) 
CALL Q3CLOCKS(CPU,WALL) 
IZIP1-1 
LIRI'IE(6,lOOO) IZIPL, CPU, WALL 
IF(NEP.EQ.0) STOP 
DELP-PCT*PYLD 
NPL-0 

2 0 PMAX-PT 
PT-PT+DELP 
NPLOT-0 
IF(PT.GE.P.AND.DELP.GT.O.0) GO TO 25 
IF(PT.LE.P.AND.DELP.LT.O.0) GO TO 25 
GO TO 26 

25 . PT-P 
NPLOT-1 

26 . DELPO-PT-PMAX 
NPL-NPL+l 
au-0 
ICON-0 
VZ(1;NNODE)-VOLD(1;NNODE) 



C 
C HOLDING APPLIED LOAD CONSTANT -ITERATE UNTIL SOLUTION CONVERGE 
c .  

. PTOY-PT/ PYLD 
NBREAKIO 

- GO T0'45 
35 NL--1 
36 NL=NL+l 

NPLOT-0 
IF(NL.GT.NLI.1) GO TO 91 
ANL-NL 
DO 133 JIS-1,ICUT 
FFTR(J1S)-FORCE(JIS)*(l.-ANLINLEI) 

45 DO 50 ITER-1,MAXIT 
llC-0 

05 BB(1,l;NDOF)-QP(l;NDOF)+R(l;NDOF)*PTOY 
IF(KLU.EQ.1) GO TO 830 
GO TO 831 

830 DO 134 JIT-1,ICUT 
NOW-LOCAT(J1T) 
NFL=3*NOM- 1 

134 BB(IJFL, 1)-BB(NFL, l)+FFTR(JIT) 
831 CONTINUE 

IFAC-1 
NC-1 
CALL SYIlBAN(LNSTIF,NDOF,IIB,MSUM,AA,l,BB,IFAC,Tl,IERK, 

1 ALP,Z,TZ,T3,T4,NC) 
DO 70 N-1 ,NNODE 

70 INDX(N)=(N-1)*3+1 
UZ(1;NNODE)- Q8VGATHR(BB(l,l;NDOF),INDX(l;NNODE);U2(1;NNODE)) 
U(1;NNODE)-U2(1;NNODE)-UOLD(1;NNODE) 
UOLD(1;NNODE)-UZ(1;NNODE) 
INDX(1;~ODE)=INDX(1;NNOIiE)+l 
U2(1;NNODC)- Q8VGATHR(BB(l,l;NDOF),INDX(l;NNODE);UZ(l;NNODE)) 
V(1;NNODE)-UZ(1;NNODE)-VOLD(1;NNODE) 
VOLD(1;NNODE)-U2(1;NNODE) 
INDX(l;t~ODE)=INDX(1;NNODE)fl 
UZ(1;NWODE)- Q8VGATHR(BB(1,1;NDOF),INDX(1;BNODE);U2(1;NNODE)) 
W(1;NNODE)~U2(l;NNODE)-WOLD(1;1JNODE) 
UOLD(1 ;NtlODE)-U2(l;NNODE) 

l a  

C COMPUTE TOTAL STRAIN INCRENENTS FROEl DISPLACDlENT INCEEIENTS. 
C COPlPUTE ELASTIC STRESS INCREMENTS AND ADD TO CURRENT STRESSES. 
C CHECK YIELD CONDITION FOR PLASTIC ELEMENTS. 
C 

IGAUSPIO 
DO 80 1-1 ,NELN 
DO 75 JmL.8 
NCUBE(J)-blODE(J ,I) 
N1-NCUBE( J) 
DIS(J, 1)-U(N1) 
DIS(J,2)-V(N1) 

75 DIS(J.3)-W(N1) 
c *** 

CALL CORDIN(NCUBE,MXNOD,XR,YR,ZR,XE) 
CALL'STRESS(DIS,XE,D,STRV,STRSV,BMT,WDml) 
STGASV(l,l;NQDZSR)=O.O 
ILOC-(I-1)*NQD2SR 
DO 76 IG=l,NQD2 
IGAUSP-IGAUSPI.1 

- Sl3AK=SIGBAR(IGAUSP) 
DO 77 JS-1,6 
STR(JS)-STRSV(IC,JS) 
YTR(JS)=STRV(IG,JS) 



JSl-ILOC+IG+1~QD2*(JS-l) 
77 STl(JS)-X(JS1) 

CALL SEQU(ST1,Sl) 
. All-STR(1) 

A22=STR(2) - 
- ' A33*STR(3) 

A44=STR(4) 
A55-STR(5) 
A66=STi((6) 
Sll-STl(1) 
S22-STl(2) 
S33=ST1(3) 
S44=ST1(4) 
S55=ST1(5) 
S66=ST1(6) 

ST1(1;6)-ST1(1;6)+STR(1;6) 
CALL SEQU(ST1,SZ) 

C *** IF SOL COIIVERGED THEN GOT0 801 
IF(ICON.EQ.1) GO TO 801 
IF(S2.LT.Sl) EIPLAS(1GAUSZY)-0 
IF(S2.LT.Sl) GO TO 801 
IF(MTLAS(IGAUSP).IE.O.~D.ITER.GT.1) GO TO 74 
IF(S2.LE.SBAR) GO TO 801 
MPLAS(IGAUSP)-IGAUSP 

74 MP-1 
C CHECK FOR CONVERGENCE. 

IF(ABS(S2-SBAR).GT.ERIT) MC-1 
A=All**2+A22**2+A33**2+3*(A44**2)+3*(A55**2)+3*(A66**2) 

1 -(All*A22)-(QZ*A33)-(A33*All) 
B22~S11*(2*All-A22-A33)+522*(2*A22-A11-A33)+S33*(2*A33-A22-All) 

1 +6*S44*A44+6*555*A55+6*S66*A66 
C=S1**2-SBAR**2 
IF(A.LT.EPS1) GO TO 8 
IF(ITER.EQ.2) GO TO 200 

DELTA-B22**2-4*A*C 
IF(DELTA)200,40,40 

200 PX=(SBAR-Sl)/(S2-S1) 
GO TO 231 

40 PONE-(-B22+SQRT(DELTA)) /(2 .*A) 
PTWO- (-B22-SQRT(DELTA)) / (2.*A) 
PX-PONE 
IP(ABS(PC;G) .GT.pS(PTIiO))PX-PTUO 

231 CONTINUE 
em-1. -PX 

YTR(1; 6) lYTR(1; 6)*PXD 
STR(1;6)-STR(1;6)*PXD 
IF(ROM.LE. 0. .AND. NSEQ1T.EQ.O) HP-Mi*YOUNG 
IF(RO>I.LE. 0. .AND. NSEGkIT.GT.0) HP-FNEUT(SBAR,YOUNG,EPS(IGAUSP) , 
CIGAUSP) 
IF(RObi.GT. 0.) HPRON**AM*SBAR**(~ .-Ml)/AM 
CALL DEPL(ST~,SBAR,D,HP,DPL) 
CALL blULTYS(DPL,YTR,6,6,STREP) 
CALL MULTYS(DINV,STREP,6,6,DPSTRN) 
DPSTRN(1;b)-YTR(1;L)-DPSTRN(1;6) 
STGAS(1; 6)-STR(1; 6)-STREP(1; 6) 
CALL ERTA( DPSTRN, SElA) 
EPS(IGAUSP)-EPS(IGAUSP)+SMA 
HC-1.0 
SIGBAR(IGAUSP)-SBAR+HC*HPSMA 
DO 12 IPfi1,6 

12 STGASV(IC,IP)=STGAS(IP) 
8 -  CONTINUE 
C IF(I.EQ.1) WRITE(6,400) SBAR,EPS(IGAUSP),SIGBAR(IGAUSP),HP,Sl,S2 
C400 FORkiAT(5X,'CONSTANTS: ' ,6312.3) 
76 CONTINUE 

STRSV(1 ,l;NQDZSK)=STRSV(l ,l;NQD?SR)-STGASV(1 ,l;NQDZSK) 



CALL FORCEP( BMT,rJDUtI, SPGASV, PLV) 
DO 455 IT-1.8 
IX=3* IT-2 
Nl-NCUBE(IT) 
NU-3*N1-2 
QP(NU) =QP(NU)+PLV(IX) 
QP(NU+l) =QP(NU+l)+PLV(IX+l)' 

QP(NU+2)-QP(W2)+PLV(IX+2) 
ILOCl=ILOC+1 
X(ILOCl;NQD2SR)-X(ILOC1;NQD2SR)+STRSV(l,l;NQD2SR) 
Y(ILOC1;NQD2SR)-Y(ILOCL;NQD2SR)+STRV(1,l;NQDZSR) 
CONTINUE 
IF(IGON.EQ. 1) GO TO 90 
IF(klP.EQ.0) GO TO 90 
IF(MC-EQ.1) GO TO 49 
URITE(6,52)ITER 
FORElAT(lOX,'SOLUTION CONVERGED IN',I4 ,'ITERATIONS') 
ICON-1 
GO TO 49 
WRITE(6,54)ITER 
FORMAT(lOX,'NO CONVERGENCE I14 ',14,'1TERATION0) 
CALL PLOUT(NODEl,l4ODE2,lELEl,NELE2) 
GO TO 999 
IF(ITER.EQ.bAXIT) GO TO 53 
IF(KLU.EQ. 1 -2ND.NL.EQ.O) GO TO 90 
CONTINUE 
CONTINUE 
MP-0 
I CON-0 
IF(KLU.EQ.1) GO TO 36 
CONTINUE 
CALL CONTACT 
IF(KNEU.EQ.1) GO TO 45 
IF(NPL0T-EQ.1) CALL PLOUT(NODEl,NODE2,NELEl,NEE2) 
IF(NPL.EQ .NEP) CALL PLOUT(NODE1 ,NODE2 ,NELEl ,NELE~) 
IF(NPL.EQ.NEP) NPL-0 
IF(NTYP.EQ.1) CALL BREAK 
IF(NTYP.EQ.1) GO TO 100 . 
IF(KLU.EQ.1) GO TO lC'2 
IF(NPLOT.EQ.l.AND.UORD.EQ.GROU) CALL BREAK 
CONTINUE 
IF(KLU.EQ.2) GO TO 999 
IF(KLU.EQ.3) GO TO 999 
IF(KLU.EQ.1) GO TO 35 
IF(NPLOT.EQ.1) GO TO 99 
GO TO 20 
CONTINUE 
DELE'--DELP 
READ(5,121)P,WORD 
FORMAT(ElO.3,1X,A4) 
IF(WORD.EQ.llALT) GO TO 999 
NPL-0 
kPLAS(l;MXGAUS)=O 
GO TO 20 
RETURN 
END 
S WROUTINE ZRTA(A, B) 
DI!.lENSION A( 6) 
X=A(l) 
Y=A(2) 
Z-A(3) 
XYoA(4) / 2 .  
YZ=A(5) /2. 
ZX=A(6)/2. 
Sl-(X-Y)**2 
S2=(Y-2)**2 



S3-(2-X)**2 
S4-6*(XY)**? 
S5=6*(YZ)**2 . S6=6*(ZX)**2 
STOT-Sl+S2+S3+S4+S5+S6 

. ' SPO;SQRT(STOT) 
SO=SQRT(2.)/3. 
5-SO*SPO 
RETURN 
END 

SUBROUTINE PLOUT(NODEl,NODE2,NELEl,NELEL) 
C O ~ P ~ O N / E ~ A I N / A A ( ~ ~ ~ ~ ~ ~ ~ )  ,BB(9600,1) ,D(6,6) ,DINV(6,6) , 
1DISP(80),EPS(12400),EFEST(1550),FORCE(10),LINE(100), 
~ L O C A T ( ~ ~ ) , L B F O R ( ~ ~ ) , ~ ~ ( ~ ~ ~ ~ ) , M S U M ( ~ ~ ~ ~ ) , M P T A B ( ~ ~ ~ ~ ) ,  
3MPLAS(12400) ,ElODE(8,1550) ,MPLC(1550) ,NODX0(7OD), 
4NODY0(700) ,NoDZO(~OO) ,NODXC(700) ,NODYC(700) ,NODiiC(700), 
5NODFIX(80) ,NODLOD(80) ,NDISP(80) ,R(9600), 
6SIGBAR(12400) ,SK(?4,24) ,T1(9600) ,T2(9600) ,T4(2000) , 
7T3(9600) ,U(3200) ,UOLD(3200) ,V(3200) ,VOLD(3200) ,V2(3200), 
8W(3200),~0~~(320O),X(74400),XR(3200),Y(~~~~O), 
gYR(3200) ,Z(9600) ,ZR(3200) 
COMMON/CNST/EPSI, SIC2 ,uLAX,DLAX,DAX, 
lPYLD,SCRIT,YOUNG,POIS,CRACK,PT,WIDTH,PbIAX,HP, 
2SBAR,LPRIT,NGAUS,NLAYER,NNODE, 
3IMODXO,INODYO,INODZO,INODXC,INODYC,INODZC,LNSTIF,MXNOD, 
414XNEL,MXGAUS ,ICUT,LTOTB ,ITNODX,KLU,NTYP,NLM, 
5NDOF,KNEW,NEP,ERIT,NELM,AM,ROM 

COMMON/D~~~/NNPE,NDF,NQD,NSTR,NQD~,NNPE~.NQD~NPE,NQD~SR,PMQ~S 
COIIMON/VECT/ STRV(~ ,6) ,STRSV(8,6) ,BMT(64,3) ,WDUM(8) ,XE(8,3), 
C NCUBE(8) ,DIS(8,3) 
DIMENSION STRS(~),FRC(~~),FORCEX(~~~~),FORCEY(~~~~),FORCEZ(~~~~) 

C 
C *%* OUTPUT ROUTINE 
C 

WRITE(6,10)PT, CRACR,WIDTH 
10 FORMAT(/, LOX, 'APPLIED LOAD-' ,E12.5,8X,'CRACK-' , 

1 F10.5,POX,'WIDTH-' ,F10.5/) 
IF(CRACK.LT.EPSI) GO TO 20 

CRACKI-CRACK+EPSI 
CRACK2-CRACK-l0*DAX 
DO 16 1-1 ,INODYO 
L-NODYO(1) 
IF(XR(L).LT.CRACKZ) GO TO 16 
IF(YR(L).GT.EPSI) GO TO 16 
IF(XR(L).GT.CRACKl) GO TO 16 
WRITE(6,25)L,XR(L) ,YR(L) ,ZR(L) ,VOLD(L) 

25 FOUlAT(5X, I4,4E14.6) 
16 CONTINUE 
29 CONTINUE 

URITE(6.30) 

DO 12 N-NODE1 ,NODE2 
12 WKITE(6,22) u,UOLD(N),VOLD(N),UOLD(N) 
22 FORL4AT(lOX,I5, 5X,3(E13.6, 3X)) 

WRITE(6,35) 
35 FORMAT(//20X,'STRESSES AND STRAINS', IOX, lH* ,3X, 

1 'DENOTES PLASTIC ELUENTS' ,30X, 'EFFECTIVE'/ 1 ,  5X, 
1 'ELEEElJT',5X,'SIGX',8X,'SIGY',8X,'SIGZ',8X,'TAUXY', 
1 8X, 'TAUYZ' ,8X,'TAUZX' ,BX,'EFPB-STRESS'//) 

C 
C *** CALCULATE NODAL FORCES AND GAUSS POIIR STKESSES 



C 
WRITE(6,25) tlGAUS 

, NGAUS-2 
a FORCEX(1;NNODE)-0.0 
FORCEY(l;NNODE)=O.O 

. FORCEZ(1;NNODE )=0.0 
N=O 
IGAUSPIO 
DO 300 IE-1 ,ITELM 
NGUBE(l;8)=MODE(l,IE;8) 
CALL CORUIN(NCUBE,MXNOD,XR,Yh 
ILOC1-(IE-l)*NQDZSR+l 
STRSV(l,l;NQD2SR)= X(ILOC1;NC 
CALL CDER(XE, ,NGAUS, BPIT, WDDI , 2  
CALL FORCEP(BklT,WDU11,STRSV,FR 
DO 352 I=1,8 
11-NCUBE(1) 
IX=I*3-2 
FORCEX(Il)=FDRCEX(I&)+FRC(IX) 
FORCEY(Il)=FORCEY(Il)+FRC(IX+ 

352 FORCEZ(I1)-FCACEZ(I~)+FRC(IX+ 
DO 350 ICrl,NQD2 
ICAUSP=IGAUSP+l 
DO 351 1=1,6 

351 STRS(I)=STRSV(IG,I) 
SIGO-(l-ERIT)*SIGBAR(IGAUSP) 
CALL SEQU(STRS,STP) 
IF(STP.GE.SIG0) GO TO 42 
WRITE(6,43)IE,IG,(STRS(L),L= 

43 FORMAT(5X,I6, 12,5X,7E12.5) 
GO TO 350 

42 WRITE(6,45)IE,IG,(STRS(L),L= 
45 FORMAT(4X, lH* ,16, 12,5X,7E12 

KGAUSP-KGAUSWl 
350 CONTINUE 

IF(KGAUSP.LE.0) GOT0 300 
93 N-N+1 

hPLC(N)-IE 
300 CONTINUE 

NOPL=N 
C 
C *** 
C 

WRITE(6,371) 
DO 370 IN=NODEl,NODEZ 

370 VRITE(6,372) IN,FORCEX(IN) ,FC 
371 FORNAT(1Hl///lOX,'NODE /\' ,5X, 
372 FORtfAT(lOX,I5,2X,3(E12.4,2X)) 
C 
c *** 
C 

WRITE(6,380) 
380 FORMAT(//lOX,'LIST OF PLASTI 

WRITE(6,381) (MPLC(I),I=l,N) 
381 FORt4AT(5X,2015) 
997 RETURN 

END 
SUBROUTINE CONTACT . 
COMMON/~~AIN/~(~~~OOOO) ,BB(96 

~lDISP(8O),EPS(l240O),EFEST(155 
2LOCAT(10),LBFOR(lO),MB(9600), 
~ M P L A S ( ~ ~ ~ ~ O ) , M O D E ( ~ , ~ ~ ~ O ) , P I P L  
~NODYO(~~~),NODZO(~OO),NODXC(~ 
5NODFIX(80),NODLOD(80),NDISP(S 
6SIGBAR(12400),SK(24,24),T1(91 
7T3(9600) ,U(3200) ,UOLD(3200) ,\ 



8W(3200) ,WOLD(3200) ,X(74LOO) ,XR(3200) i~(74400); 
SYR(3200) ,Z(9600) ,ZR(3200) . COMlON/CNST/EPSI, SK2 ,LMAX,KIUX,DAX, 

, LPYLC, SCRIT,YOUNG,POIS ,CRACK,PT, WIDTH, PbiAX,ilP, 
2SBAR,LPRIT,NGAUS,NMYER,NNODE, 
3Il~ODXO,INODYO,INODZO,INODXC,INODYC,INODZC,LNSTIF,~OD, 
4LUNEL, 14XGAUSJ ICUT , LTOTB , ITNODX, KLU, NTYP, N U ,  
5NDOF,MEW,lJEP,ERIT,NELM,AM,ROM 

CIIANGES SPKING STIFNESS IF CRACK CLOSES OR OPENS. 
DONT FORGET TO PUT THE CObIMON HERE. 
URITE(6,95) 
FOREIAT(SX,'CALLING FROM THE CONTACT') 
DO 10 I-1,IBODYO 
L=NODYO(I) 
KNEW-0 
CX=XR(L)-CRACK 
IF(CX.LT.-EPSI) GO TO 9 
GO TO 40 
NV=3*L-1 
14PTX=MPTAB( NV) 
IF(VOLD(L).LE.O.O) hPTAB(NV)=l 
IF(VOLD(L) .GT.O.O) I.lPTAB(NV)-0 
IF(bfPTX.NE.blPTAB(XV)) KNEW91 
IF(KNEW.EQ.0) GO TO 40 
PN-PT-((PT-w)/(VOLD(L)-VZ(L)))*VOLD(L) 
Z(NV)-1 .o 
NC-NV 
ALP-SKZ 
IF(MPTAB(NV) .EQ. 0) ALP=-SKZ 
IFAC=3 
CALL SYMBAN(LNSTIF,NDOF,~B,MSM,AA,l,BB,IFAC,Tl,IERR, 

1 ALP,Z,TZ,T3,T4,NC) 
IF(ElPTAB(NV) .EQ.O) . URITE(6,20)L,PN 
FOMkT(/,ZX,'NODE',I3,'0PENED AT',F8.3) 
IF(MPTAB(1JV) .EQ. 1) WRITE(6,3O)L,PN 
FOIUlAT( / , 2X,'NODE', I3 ,'CLOSED AT', F8.3) 
CONTINUE 
CONTINUE 
RETURN 
END 
SUBROUTINE BREAK 
~0k~lO~/k~IN/~~(2000000) ,BB(9600,1) ,D(6,6) ,DIlW(6,6), 
1DISP(8O),EPS(12400),EFEST(1550),FORCE(1O),LINE(lOO), 
ZLOCAT(10) ,LBFOR(lO) ,llB(9600) ,l~lSUI.1(9600) ,lPTAB(Y600) , 
3NP~~S(12400) ,IlODE(8,1550) ,blPLC(1550) ,NODX0(700), 
4NODYO(?00),NODZO(70O),NODXC(700),NODYC(~OO),l~ODZC(7OO), 
~NODFIX(~O),NODLOD(~O),NDISP(~~),R(~~OO), 
6SICBAR(12400),SK(24,24),T1(96U0),T2(9600),T4(2000), 
7T3(9600),U(3200),UOLD(3200),V(3200),VOLD(32OO),V2(32OO), 
RW(3200),WOLD(3200),X(74400),XR(3200),Y(74400), 
SYR(3200) ,Z(9600) ,ZR(3200) 
COMMON/ CNST/ EPSI, SKZ, LEN, KMAX, DAX, 
lPYLD,SCRIT,YOUNG,POIS,CRACK,PT,WIDTH,!?klAX,HP, 
2SBAR,LPRIT,NGAUS,NLAYEK,NNODE, 
3INODXO,INODYO,INODZO,INOOXC,INODYC,INODZC,LNSTIF,MXNOD, 
4MXNEL,MXGAUS,TCUT,LTOTB,ITNODX,KLU,IJTYP,NLM, 
5NDOF,KNEW ,NEP ,ERIT ,NELEl,AM,ROH 

C COhn.ION GOES HERE. 
DO 8 I-1,INODYO 
L=NODYO(I) 
CZ=ABS(ZR(L)-ZCOR) 
IF(C2.LT.EPSI) GO TO 10 
GO TO 8 

10 CX=AIjS(XR(L)-CKACK) 



IF(CX.LT.EPS1) 60 TO 9 
8 CONTINUE 
9 .  IF(NTYP.EQ.0) GO TO 12 . JSUEI-0 

DO 90 10-1,INODYO 
. I?S=NODYO( 10 ) 

Cl-ABS(ZR(NS)-ZCOR) 
IF(CL.LT.EPSI) GO TO 130 
GO TO 90 

130 JSUEl-JSWl 
LINE( JSm.1)-NS 

90 CONTINUE 
ITNODX-JSUEl 
DIST-YOUNG 
DO 91 IP-1,ITNODX 
LM-LINE(1P) 
CSI)IXR(L)-XR(LI.1) 
IF(CSD.LE.O.0) GO TO 91 
IF(CSD.GT.EPSI.AND.CSD.LT.DIST) DIST-CSD 

91 CONTINUE 
ICAM-0 
PIODF-Ill 
DO 92 LU-1,INODYO 
ClO-ABS(XR(LU)-XR(M0DF) ) 
IF(ClO.LT.EPS1) GO TO 96 
GO TO 92 

96 ICAMIICAMfl 
92 LBFOR(1CAM)-LU 

LTOTB-ICAEI 
DO 91 JO-1,LTOTB 
LA-LBFOR( JO) 

I STR=VOLD(LA) 
WRITE(6,L5)LA,STR,PT 

15 FOWT(2X,'CRACK-TIP NODE',I4,'HAD',El1.4,'CTOD AT' 
1 ,E11.4) 
KLU-0 
IF(STR.GE.(0.98*SCRIT))KLU-1 
IF(KLU.EQ. 1) NBREAK-NBREAK+l 
IF(KLU.EQ.0) GO TO 997 

94 CONTINUE 
12 11-0 

DO 13 JJ-1,INODYO 
LL-NODYO(JJ) 
C3=XR(LL) 
Cl=xa(L) 
C5-YR(L) 
C6-YR(LL) 
C7=ABS( CS-C6) 
C4-ABS(C3-C1) 
IF(C4.LT.EPSI.AND.C7.LT.EPSI) GO TO 155 
GO TO 13 

155 II-II+l 
LOCAT(II)=LL 

13 CONTINUE 
ICUT-I1 
DO 16 JI=L,ICUT 
LC-LOCAT(J1) 
NV-3*LC-1 
PlPTAB(NV)-0 
KLU-1 
IF(NBREAK.EQ.5) KLU-3 
ALP-SKZ 
Z(NV)-1. 
NC-NV 
IFAC-3 
CALL SY1lBAN(LNSTIF,NDOF,MB,~lS~I,AA,1,BB,IFAC,Tl,IERR, 



1 A L P , Z , T ~ . T ~ , T ~ , N C )  
W R I T E ( 6 , 1 0 0 ) L C , P T  

100 . FORMAT(/ ,2X,'LIODE' , I 4  ,'BROKE AT' . F B . 3 / )  
16  CONTINUE 

- CtUIY-1. O E f l O  
. DO 3 6 ' J S - 1 , I C U T  

LO-LOCAT( J S )  
36 FORCE( JS)--SK2*VOLD(LO) 

DO 60 IJ -1 , INODYO 
LT-NODYO(1.T) 
C5-XR(LT)-XR(L) 

6 0  I F ( C 5  .GT.EPSI.AND. C 5  .LT.  CMIN) CblIN-C5 
CRACK-CRACK+CIIXN 

9 9 7  RETURN 
END 

SUBROUTIBE SPlBAN(EIAXN,ll,M,1~ISUfI,A,NRHS,B,IFAC,P, IERR,ALP,Z ,W,D,T4 ,  S h l B A N  
C NC) 

C SYMBAN 
C SOLVE klATRIX E Q U U I O N  AX-5 WHERE A I S  SYMXETRIC P O S I T I V E  D E F I N I T E  S M B A N  
C ANG B I S  A MATRIX OF CONSTANT VECTUKS. SYMB AN 
C S P B l E T R Y  AND BAND UIDTH O F  tWTRIX A I S  ACCOUNTED FOR BY STORING A ( I  SUIBAII 
C I N  LOWER TRIANGULAR L U I X I X  (INCLUDING DIAGONAL). BY ROWS SYi-IBAN 
C SYtB'4.N 
C hIAXN - ElAXIbILTII DEIEIJSION OF t lATRIX A SYMBAN 
C SYMBAN 
C N - NUMBER OF ROWS O F  MATRIX A SYhB AN 
C S P B A N  
C t l (T )  - BAND l l IDTHS (LARGEST NUMBER OF NON-ZEKO COLLIMNS TO THE L E F T  SYMBAN 
C AND INCLUDING THE DIAGONAL O F  ROW I I N  MATRIX A SYMBAS 
C . H ( 1 )  MUST BE GREATER THAN OR EQUAL TO 2 I I I T H  1 l (1 ) -1  S M B A N  
c snmm 
C H S W ( 1 )  - AN ARRAY COMPUTED I N  SYMBAN SYbIBAN 
C SYMBAN 
C T4(1XBND) WORKING STORAGE OF LENGH MAX BAND WIDTH. 
C 
C I4XBhD = MAX BAND VIDTH. T 4  I S  DIMENSIONED ONLY I N  MAIN. 

NRHS - NUMBER OF RIGHT-HAND S I D E S  OF COLUEfN VECTOR B S M  BAN 
S YMBAIJ 

IFAC - INPUT INTEGER SPECIFYING WHETHER OR NOT A CHOLESKY SWBAIJ 
DECOMPOSITION O F  I.lATKIX A I S  TO BE CObPUTED SYMBAN 
WHERE A - L*D*L**T SYMBAN 

S P l B A N  - 0 CHOLESKY DECOI1POSITIOI~ I S  COMPUTED. I F A C  S E T  TO 1. SMBAIq 
SPIBAN - 1 THE CHOLESKY DECOMPOSED FORM OF MATRIX A I S  INPUT. SYMBAIT 

SOLUTION I S  RETURNED I N  B. S W A N  
S P l B A I I  

= 2 TUE CHOLESKY DECOtlPOSITION OF l lATRIX A I S  I IODIFIED.  SYMBAN 
M D I F I C A T I O N  I S  OF THE FURL1 A = A + ALP*Z*Z**T. SPIBAN 
NC I S  THE F I R S T  NONZERO ROW I N  COLUMN VECTOR 2. SYllBAN 
ZFAC I S  S E T  TO 1 AND Z S E T  TO 0 UPON RETURN. SYMBAN 
SOLUTION I S  RETURNED I N  B. SYMBAN 

S M B A N  - 3 ONLY THE CHOLESKY DECOMPOSITION O F  14ATRIX A I S  LIODIFIED SYMBAN 
IFAC I S  S E T  TO 1 AND 2 S E T  TO 0 UPON RE1ETURN. SYIIBMJ 

SYMBAN 
DIl lENSION A(1-lAXN) ,B(N,NRHS) , P ( N )  ,U(N) ,D(N) ,Z (N)  ,M(N) ,MSUM(N) , T 4 ( 1 )  SYI$BAN 
I F  ( IFAC.GT.0 )  GO TO 11 NEW 
LL-1 SY!fBAN 
DO 10 I - l , N  SYl4BAN 

. MSUlI( 1 ) - L L  IJEW 

. ' LL-LL+M(I) SYMBAN 
10 CONTINiJE SYMBAN 
11 CONTIIWE NEW 

IERR-0 



CALL Q S O L V ( A , M S U I I , ~ ~ , B , P , ~ ~ , I F A C , D , I ~ , Z , T ~ , A )  IJEU 183 
RETURN S W A N  48 
END SYXBAN 49 
SUBROOTINE QSOLV(AR,IBlIL,B,DIll?,NFACT,D,W.Z,T.ALP,NC,IERR) . . - DIkiENSION AR(1) ,XB(l) ,IL(l) ,B(l) ,EI(l) ,D(l) ,W(l) ,Z(l) NEI.1 

. DXfiTSIOX T(1) NEW 
DESCRIPTOR AV,BV QSOLV 
IF(NFACT.GE.2) GO TO 300 NEW 
IF (NFACT.NE.0) GO TO 160 QSOLV 

C FACTOR QSOLV 
DO 100 I=I,N QSOLV 
ICI-I-IL(I)+l QSOLV 
T(l;IL(I))-AR(IB(I);IL(I)) QSOLV 
N1-IB(I)+I-ICI QSOLV 
AR(N1)--1 QSOLV 
DO 100 J-IC1,I QSOLV 
ICJ-J-IL(J)+l QSOLV 
KS-MAXO(ICI,ICJ) QSOLV 
N1-KS-ICI+l QSOLV 
N2-J-KS+l QSOLV 
ASSIGN AV,T(Nl;NZ) QSOLV 
NL=IB(J)+KS-ICJ QSOLV 
ASSIGN BV,AR(Nl;NZ) QSOLV 
Clq8SDOT(AV,BV) QSOLV 
N1-J-ICI+I QSOLV 
T(N1)--C YSOLV 
IF (J.EQ.1) GO TO 110 QSOLV 
NZ=IB(I)+J-ICI QSOLV 
AR(NZ)=T(Nl)*DI(J) QSOLV 
GO TO 100 QSOLV 

110 CONTINUE QSOLV 
IF(T(Nl).LE.O.O) GOT0 999 
DI(I)-1/~(~1) QSOLV 
D(1)-T(NL) 

100 CONTINUE QSOLV 
C FORWARD SUBSTITUTION QSOLV 
160 CONTINUE QSOLV 

DO 200 1-1 ,N QSOLV 
ICI-I-IL(I)+l QSOLV 
ASSIGN AV,AR(IB(I);IL(I)) QSOLV 
ASSIGN BV,B(ICI;IL(I)) QSOLV 
Clq8SDOT(AV,BV) QSOLV 
B(I)=-C QSOLV 

200 CONTINUE QSOLV 
C DIAGONAL QSOLV 

B(1;N)-B(l;N)*DI(l;N) QSOLV 
C BACKWARD SUBSTITUTION QSOLV 

NM1-N-1 QSOLV 
DO 400 11-1 ,IJEll QSOLV 
I-N-II+1 QSOLV 
ICI-I-IL( ')+I QSOLV 
IF (1CI.GE.I) GO TO 400 QSOLV 
B(IC1;I-ICI)-B(1CI;I-1CI)-AR(IB(1);I-ICI)*B(I) QSOLV 

400 CONTINUE QSOLV 
C SOLUTION IS NOW IN B QSOLV 
C D(1;N)-l.o/DI(l;~) NEW 

RETURN QSOLV 
C NEW 
C********************* HFACT 1 2 OR 3 ****************a** ********a*** NEW 
C NEW 
300: CONTINUE NEW 

DO 310 J-NC,N NEV 
. ' D(J)-D(J)+AI.P*Z(J)*Z(J) NEW 

BETA-ALP*Z(J)/D(J) NEW 
ALP-ALP/(D(J)*DI(J)) NEW 
DI(J)-l.O/D(J) NEW 



IF(3.EQ.N) GO TO 310 
JN=J+l 
DO 311 I=JN,B 

. ~F(.I-J.GT.IL(I)-1) GO TO 311 
p;rIB(I)+IL(I)-1+3-I 
ZCI)-Z(1)-Z(J)*AR(K) 
AR(K)-AR(K)+BETA* Z(1) 

311 CONTINUE 
310 CONTINUE 

Z(1;N)-0.0 
IF(NFACT.EQ.3) GO TO 320 
NFACT-1 
GO TO 160 

320 CONTINUE 
NFACT-1 
RETURN 

999 IERR-1 
RETURN 
END 
SUBROUTINE ZEROLV(A,L) 
DIMENSION A(L) 
DATA ~P~GE/65535/ 
IF(L.LE.LPAGE) GO TO 10 
N-L/LPAGE 
LEPT~L-(L/LPAGE)*LPAGE 
DO 20 I-l,N 
LFIRST-LPAGE*(I-l)+l 
A(LF1RST;LPAGE)-0.0 

20 CONTINUE 
LFIRST=LPAGE*Wl - A(LF1RST;LEFT)-0.0 
RETURN 

10 A(l;L)=O.O 
RETURN 
END 

NEW 
NEW 
NEW 
NEW 
NEW 
NEW 
NEW 
NEW 
NEW 
NEW 
NEiJ 
NEW 
NEW 
NEW 
NEW 
NEW 

QSOLV 
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