


I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~. I ............ 

~ . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



NIJREG!/CR-447 5 
ORNL-6 250 
D i s t .  Category RP 

Engineer ing  Technology Division 

ORMGENePC: A MICROCOMPUTER PROGRAM FOR AUTOMATIC 
MESH GENERATION OF 2-D CRACK GEOMETRIES 

J. W. Bryson B. R. Bass 

Manuscript  Completed - J a n u a r y  29,  1986 
Date Published - March 1986 

Prepared f o r  t h e  
U.S. Nuclear  Regula tory  Commission 

O f f i c e  of Nuclear Regula tory  Research 
under In t e ragency  Agreements DOE 40-551-75 and 40-552-75 

NRC FIN NO. BO119 

Prepared  by t h e  
OAK RIDGE NATIONAL LABORATORY 

Oak Ridge,  Tennessee 37831 
ope ra t ed  by 

for t h e  
U.S. DEPARTMENT OF ENERGY 

under  Cont rac t  No. DE-AC0.5-840R21400 

MARTIN MARIETTA ENERGY SYSTEMS , I N C  





iii 

CONTENTS 

L I S T  OF FIGURES ................................................. 
FOWWORD ........................................................ 
ABSTRACT ........................................................ 
1 . INTRODUCTION ................................................ 
2 e ORMGEN-PC FINITE-ELEMENT MESH GENERATOR FOR 2-D CRACK 

GEOMETRIES .................................................. 
3 . ORVIRT.PC AND ADINA/ORYIRT FRACTURE ANALYSIS PROGRAMS ....... 
4 . SYSTEM REQUIKEMENTS AND PROGRAM OPERATION ................... 
ACKNOWLEDGMENTS ................................................. 
REFERENCES ...................................................... 
APPENDIX A . ORMGEN.PC USER INSTRUCTIONS ........................ 
APPENDIX B e  EXAMPLE PROBLEMS ................................... 
APPENDIX C . CRACK-TIP BLOCK S U B D I V I S I O N  ........................ 

Page 

V 

vii 

1 

1 

3 

6 

9 

10 

11 

13 

22 

7 1  





V 

LIST OF FLGURES 

F i g u r e  

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11  

12 

13 

14 

15 

16 

Page 

Subd iv i s ion  of r e g u l a r  b lock  i n t o  its elements  and 
nodal  p o i n t s  ........................................... 4 

Crack-t ip  b locks  compat ib le  wi th  0RVIRT.PC 
f r a c t u r e  a n a l y s i s  program .............................. 4 

Crack- t ip  b locks  compat ib le  wi th  ADINA/ORVIRT 
f r a c t u r e  a n a l y s i s  system ............................... 5 

Crack c o n f i g u r a t i o n  be fo re  and a f t e r  c r a c k  e x t e n s i o n  ... 7 

0RVIRT.PC compat ib le  c r a c k - t i p  b lock ,  ITYPE=l ,  and 
b lock  po in t  numbering convent ion  ....................... 14 

0RVIRT.N compat ib le  c r a c k - t i p  b lock ,  ITYPE-2, and 
b lock  p o i n t  numbering convent ion  ....................... 14 

ADINA/ORVIRT compat ib le  c rack - t ip  b lock ,  ITYPE=3, and 
b lock  po in t  numbering convent ion  ....................... 15 

AI)INA/ORVIRT compat ib le  c r a c k - t i p  b lock ,  ITYPE-4, and 
b lock  p o i n t  numbering convent ion  ....................... 15 

Blun t ing  e lements  a p p r o p r i a t e  f o r  d u c t i l e  f r a c t u r e  
a n a l y s i s  us ing  ADINA/ORVIRT ............................ 19 

Example problem 1 - uncracked t h i c k  c y l i n d e r  ........... 22 

Example problem 2 - center -c racked  p l a t e ,  t e n s i o n  
l o a d i n g  ................................................ 29 

Example problem 3 - center -c racked  d i s k ,  c e n t e r  l i n e  
p o i n t  l oad  ............................................. 36 

Example problem 4 -beam with embedded flaw, t h ree -  
p o i n t  bending .......................................... 46 

Example problem 5 - compact t e n s i o n  specimen ........... 58 

Element  and node numbering f o r  0RVIRT.PC compat ib le  
c r a c k - t i p  b lock ,  ITYPE=l ............................... 72 

Element and node numbering f o r  0RVTRT.PC compat ib le  
c rack - t ip  b lock ,  ITYPE=2 ............................... 72 



vi 

P i g  u r e  Page ._____ 

17 Element and node numbering f o r  ADLNA/ORVIKT compat ib le  
crack-tip block ,  ITYPE=3, I K I N D = O  ...................... 7 3  

18 Element and node numbering f o r  ADINA/OKVP:IW compat ib le  
crack-tip block ,  ITWE-3, TKINIP-1  ...................... 74 

19 E l  eincnt and node numbering for hnINA/ORVIRT compat ib le  
c r a c k - t i p  block,  ITYPE=4, LKLND-0 ...................... 75 

20 El-ement and node numbering f o r  ADINA/ORVTRT compatfble  
crack-tip block, ITYPE=4, 'LKINI)=l ...................... 7 5  



v i i  

FOFEWORD 

The work r e p o r t e d  h e r e  w a s  performed t Oak Kid e N a t i o n a l  Eabo a- 
t o r y  (OIRNL) under the Heavy-Sect i on  S t e e l  Technology (HSS'I") Program ~ 

@. E. Pugh, Program Manager. The program is  sponsored by t h e  O f f i c e  o€ 
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ORMGEN. PC: A MICROCOMPUTER PKOGRAM FOR AUTOMATIC 
MESH GENERATION OF 2-D CRACK GEOMETRIES 

J. W. Bryson B. R. Bass 

ABSTRACT 

0RMGEN.PC (Oak Ridge Mesh GENeration. Personal  Computer) 
a u t o m a t i c a l l y  g e n e r a t e s  two-dimensional f i n i t e - e l e m e n t  models 
f o r  e i t h e r  cracked OK uncracked s t r u c t u r e s .  Element connec- 
t i v i t i e s  and nodal  p o i n t  c o o r d i n a t e s  are w r i t t e n  i n  formats  
t h a t  are compatible  f o r  subsequent  f r a c t u r e  a n a l y s i s  us ing  
e i t h e r  t h e  0RVIRT.PC f i n i t e - e l e m e n t  microcomputer program o r  
t h e  ADINA/ORVIRT mainframe system. ORMGEN. PC emphasizes gen- 
e r a l i t y  i n  i t s  des ign .  F in i te -e lement  models can be genera ted  
f o r  d i s k s ,  p l a t e s ,  c y l i n d e r s ,  and even geometr ies  wi th  h o l e s ,  
such as compact t e n s i o n  specimens. E i t h e r  s u r f a c e  o r  embedded 
f l a w  geometr ies  can be modeled. D e t a i l e d  u s e r  i n s t r u c t i o n s  
d e s c r i b e  both  p r e p a r a t i o n  of i n p u t  d a t a  and program o p e r a t i o n .  
Sample problems are presented  t h a t  demonstrate  the  f l e x i b i l i t y  
of t h e  program. 0RMGEN.PC e x e c u t e s  on an IBM PC/AT o r  PC/XT 
microcomputer;  t y p i c a l  run t imes  on an XBM PC/AT a r e  30 t o  45 s.  

1. INTRODUCTION 

Automatic mesh g e n e r a t i o n  i s  a n e c e s s i t y  f o r  f a s t ,  e f f i c i e n t  f i n i t e -  
element a n a l y s i s .  Mesh g e n e r a t i o n  programs a l l e v i a t e  much of the  e f f o r t  
involved i n  d a t a  p r e p a r a t i o n  and e l i m i n a t e  the  i n e v i t a b l e  d a t a  e r r o r s  
t h a t  occur  d u r i n g  manual p r e p a r a t i o n  of t h e  nodal p o i n t  c o o r d i n a t e s  and 
element c o n n e c t i v i t i e s .  A p p l i c a t i o n s  of f i n i t e - e l e m e n t  techniques  t o  
f r a c t u r e  mechanics problems r e q u i r e  some a d d i t i o n a l  c o n s i d e r a t i o n s  t h a t  
make an au tomat ic  mesh g e n e r a t i o n  c a p a b i l i t y  a l l  t h e  more impor tan t .  
Of ten ,  s p e c i a l  c r a c k - t i p  e lements  are employed t o  model t h e  a p p r o p r i a t e  
stress s i n g u l a r i t y  a long t h e  c r a c k  f r o n t .  Also,  a l o c a l l y  r e f i n e d  mesh 
is  u s u a l l y  r e q u i r e d  i n  t h e  c r a c k  f r o n t  region because of t h e  presence of 
l a r g e  stress g r a d i e n t s .  F i n a l l y ,  c e r t a i n  f r a c t u r e  a n a l y s i s  techniques  
may r e q u i r e  a s p e c i a l  arrangement of e lements  i n  t h e  c r a c k - t i p  reg ion .  

grain was developed t o  f a c i l i t a t e  f r a c t u r e  s t u d i e s  i n  t h e  Heavy-Section 
S t e e l  Technology Program. 0RMGEN.PC a u t o m a t i c a l l y  g e n e r a t e s  two- 
d imens iona l  (2-D) f i n i t e - e l e m e n t  meshes f o r  both cracked and uncracked 
p l a n a r  geometr ies .  Eight-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 lements  
are employed everywhere i n  t h e  modeling, i n c l u d i n g  t h e  c r a c k - t i p  region.  
Element c o n n e c t i v i t i e s  and nodal  p o i n t  c o o r d i n a t e s  are w r i t t e n  t o  o u t p u t  
f i l e s  i n  a format compatible  €or  subsequent  f r a c t u r e  a n a l y s i s ,  us ing  
e i t h e r  t h e  microcomputer program ORV1RT.PC ( R e f .  1) o r  the mainframe 
ADINA/OKVIRT ~ y s t e m . ~ - ~  

For t h e s e  reasons ,  t h e  ORMGEN.PC f i n i t e - e l e m e n t  mesh g e n e r a t o r  pro- 

The 0RMGEN.PC-I)RVTKT.PC combination provides  a 
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2-D stand-alone fracture analysis capability on a microcomputer for 
linear thermoelastic applications, while the O R E . I G ~ X . P C ~ D I N A / O R V I R ' I '  corn- 
bination provides a 2-D elastoplastic Fracture analysis capability on a 
mainframe computer. 

Like ORVCKT.PC, 0RMGEN.PC executes on either an IHM PC/AT or PC/XT 
microcomputer; t y p i c a l  runtimes on a ~c/,Yr are 30 to 45 s. Complete  user 
instructions arc provided in Appendix A, and sample problems thal: demon- 
strate the flexibility of the program are presented in Appendix %. 
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2 e 0RMGEN.PC PINITE-ELEME;NT MESH GENERATOR FOR 

2-13 CRACK GEOMETRIES 

Program ORMGEN. PC a u t o m a t i c a l l y  g e n e r a t e s  2-D f inite-element,  models 
f o r  bo th  cracked and uncracked s t r u c t u r e s .  The program s t r a t e g y  i s  t o  
d i v i d e  a s t r u c t u r e  i n t o  a few l a r g e  b locks  or  supere lements  f o r  whlch 
manual i n p u t  of t h e  d a t a  i s  r e q u i r e d  i n  the  usua l  manner. One s p e c h f i e ~  
t h e  f i n e n e s s  of e lement  s u b d i v i s i o n  w i t h i n  each of t hese  Large b locks ,  and 
t h i s  s u b d i v i s i o n  i s  then  performed a u t o m a t i c a l l y  by t h e  program, Thus, 
t h e  amount of i n p u t  is d i r e c t l y  p r o p o r t i o n a l  t o  t h e  complexi ty  of t h e  
s t r u c t u r e .  Because each b lock  has  t h e  g e n e r a l  f o m  of a q u a d r i l a t e r a l ,  i t  
i s  convenient  t o  employ t h e  shape f u n c t i o n s  f o r  e ight-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 s  f o r  l o c a t i n g  nodal  p o i n t s  v i a  i n t e r p o l a t i o n  w i t h i n  a b l ack .  
F igure  1 shows t h e  s u b d i v i s i o n  of a block i n t o  its e lements  by s p e c i f y i n g  
t h e  number of s u b d i v i s i o n s  i n  t h e  local F; and rl d i r e c t i o n s ,  r e s p e c t i v e l y .  
Element s u b d i v i s i o n s  can be unequal  as s p e c i f i e d  by inpiit weight ing  fac- 
t o r s ;  however, t he  u s e r  must be c a r e f u l  t o  ma in ta in  c o m p a t i b i l i t y  a long  
b lock  i n t e r f a c e s  e Each block is  an eight-noded q u a d r i l a t e r a l  which i n  
t u r n  is subdiv ided  i n t o  eight-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  ele- 
ments. The convent ions  f o r  b lock ,  block p o i n t ,  e lement ,  and nodal  po in t  
numbering are shown i n  F ig .  1. Block p o i n t s  are l i s t e d  coun te rc lockwise  
s t a r t i n g  from any corne r  p o i n t ,  which impl i e s  t h a t  t h e  g l o b a l  X-P coord i -  
nate system is  a r ight-handed one, 

employed h e r e  i s  i ts  complete g e n e r a l i t y .  0RMGEN.PC can g e n e r a t e  a 
f i n i t e - e l e m e n t  mesh f o r  a lmost  any conce ivab le  2-D geometry. DLsks, 
p la tes ,  c y l i n d e r s ,  and geometr ies  w i t h  h o l e s ,  such as t h e  s t a n d a r d  compact 
t e n s i o n  specimen, can be r e a d i l y  modeled. E l t h e r  s u r f a c e  or  embedded 
f laws  can be ana lyzed;  i n  o t h e r  words, e i t h e r  one or two c rack  t i p s  can be 
inc luded  i n  t h e  inodel. For cracked geometr ies ,  the only  r e s t r i c t i o n s  are 
t h a t  t h e  c r a c k  l i e  i n  t h e  Y = 0 p l a n e  and t h a t  t h i s  p l ane  be a p lane  of 
symmetry. 

n a t e s  i n  e i t h e r  an 0RVIRT.PC or  BUINA/ORVlXT format .  A u s e r  then ex- 
amines these f i l e s  and e d i t s  them t o  i n c l u d e  the a p p r o p r i a t e  boundary 
c o n d i t i o n s ,  material p r o p e r t i e s ,  a p p l i e d  l o a d s ,  and f r a c t u r e  a n a l y s i s  
dat:a. A complete f r a c t u r e  a n a l y s i s  can be performed in a matter of 
ininrites on an IBM PC/AT or  PCIXT microcomputer us ing  the  OICFIGEN.PC and 
0RVIRT.PC package. For AnPNA/ORVIKT, t h e  ADINA i n p u t  f i l e  is t r a n s m i t t e d  
t o  a mainframe computer v i a  a modern and communications program. The 
r e s u l t i n g  ADINA a n a l y s i s  is then  used as i n p u t  f o r  a subsequent  f r a c t u r e  
a n a l y s i s .  

0llPMGEN.PC employs madif i e d  v e r s i o n s  of s u b r o u t i n e s  p re sen ted  i n  
Ref. 5 f o r  t he  s u b d i v i s i o n  procedure .  Add i t iona l  r o u t i n e s  have been 
added t o  provide  the  a p p r o p r i a t e  aesh  d e f i n i t i o n  a t  t h e  crack t . i p ( s>  f o r  
follow-up a n a l y s i s  by e i t h e r  0RVXRT.PG o r  ADINA/ORVIRT. There are two 
types  of b locks  t h a t  can be employed: ( 1 )  r e g u l a r  b locks  and ( 2 )  crack-  
t i p  b locks .  Regular b locks  are subdiv ided  as desc r ibed  p r e v i o u s l y  by 
s p e c i f y i n g  t h e  number of s u b d i v i s i o n s  i n  t h e  l o c a l  6 and rl d i r e c t i o n s .  
The u s e r  may choose from a l i b r a r y  of f o u r  c rack - t ip  blocks o r  conf igu ra -  
t i o n s  as shown i n  F i g s .  2 and 3 .  Two c r a c k - t i p  block types  are a v a i l a b l e  

The o u t s t a n d i n g  f e a t u r e  of t h e  l a r g e  b lock  or superelement  approach 

ORMGEN-PC writes t h e  element c o n n e c t i v i t i e s  and nodal p o i n t  coord i -  
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Fig .  1. Subd iv i s ion  of r e g u l a r  b lock  i n t o  i t s  e lements  and n o d a l  
p o i n t s .  

O R N L  D W G 8 5 - 5 3 0 8  E T D  

F i g .  2. Crack- t ip  blocks compatible  wi th  ORV6KT.PC f racture  
a n a l y s i s  program. 
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Fig. 3 .  Crack-t ip  b locks  compatible  wi th  ADLNA/ORVIRT f r a c t u r e  
a n a l y s i s  system. 

f o r  each of the f r a c t u r e  a n a l y s i s  prograins above, one geometry being 
somewhat coarser than the o t h e r  i n  each case, The a u t h o r s '  e x p e r i e n c e  
i n d i c a t e s  t h a t  both types  of c r a c k - t i p  b locks  g i v e  e s s e n t i a l l y  the same 
accuracy ,  w i t h  t h e  c o a r s e r  c r a c k - t i p  block type g e n e r a l l y  being t h e  
easier t o  implement o r  merge w5th sur rounding  r e g u l a r  blocks. 

f i n a l  nodal  numbering sequence obta ined  from mesh g e n e r a t i o n  programs 
seldom r e s u l t s  i n  a minimum bandwidth f o r  banded s o l v e r s  (e .g . ,  ADINA/ 
ORVIKT) o r  a minimum f r o n t w i d t h  f o r  f r o n t a l  s o l v e r s  (e.g., 0RVIRT.PC). 
I n  ORMGEN.PC, each block is processed s e q u e n t i a l l y ,  accord ing  t o  t h e  
b lock  i d e n t i f i c a t i o n  numbers wi th  c r a c k - t i p  blocks always being f i r s t *  
Thus, a degree  of banding can be a t t a i n e d  by a j u d i c i o u s  o r d e r i n g 5  and 
o r i e n t a t i o n  of t h e  s t r u c t u r a l  blocks.  

F i n a l l y ,  as d i s c u s s e d  i n  Ref. 5, i t  should be a p p r e c i a t e d  t h a t  t h e  
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3 .  OKVTRT. PC AND AIPINA/ORVIlPT WSCTURE 
ANALYSIS PROGRAMS 

After d e L o r m z i  ,6 the  ORVIK'I: programs employ a v i r t u a l  c r ack  exten- 
s t o n  technique  t h a t  has  been modif ied t o  i n c l u d e  the ef Eects of thermal  
s t r a i n s  .4 9 

corresponding  t o  8 v i . r tua l  c rack  advance i n  a cracked body subj  e c t e d  to 
s u r f a c e  tractions Fa, body f o r c e  fa, and temperature d i s t r i . b u t i o n  T 
( F i g .  4 ) .  P o i n t s  O E  c o n f i g u r a t i o n  I ( p r i o r  t o  crack advance) are mapped 
i n t o  c o n f i g u r a t i o n  I1 (aEter crack advance) b y  t'r:~: mapping 

The method r e q u i r e s  c a l c u l a t i o n  of t he  rel.eased energy G* 

- 
where x,and xa correspond t o  c o n r d i a a t e s  i n  c o n f i g u r a t i o n s  r and 11, 
r e s p e c z i v e l y ,  and Axa i s  the  incrementa l  change in coord ina te s  ~ ' n r o u g h s u t  
the body accompanying a v i r t u a l  crack w.t=?msian ha at the crack tip. 

paratwter- G* becomes 
Using index  n o t a t i o n ,  it can bc s h o ~ n ~ 9 ~  t h a t  t he  energy r e l e a s e  

where 

x = Cartesian c o o r d i n a t e  system, 
ci 

v = volume, 

S = surfare  of the cracked body, 

o = stress tensor ,  
af3 
11 - disp lacemcnt  v e c t o r ,  a 

W = s t r a i n  ene rgy  d e n s i t y ,  

fa = body force  v e c t o r ,  

ta  = s u r f a c e  t r a c t i o n  v e c t o r ,  

O a B  = s t r a i n s  of free thcrrnal expansion,  

6 a B  = Kronecker 's  d e l t a ,  

Axn = mapping f u n c t i o n  de f ined  above, 

and a, B ,  and 6 t a k e  on the range 1, 2 ,  3 ,  and the  summation convent ion 
f o r  repea ted  i n d i c e s  is  used. The s t r a i n  energy d e n s i t y  W is given  by 
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Fig. 4. Crack c o n f i g u r a t i o n  before and a f t e r  c r a c k  ex tens ion .  

where t h e  mechanical  s t r a i n  components E’ are d e f i n e d  i n  t e r m s  of t h e  
t o t a l  s t r a i n s  

a6 
and t h e  s t r a i n s  of f r e e  thermal  expansion QaS. 

The energy release rate G is g iven  by 

where AA is t h e  area increment covered by t h e  v i r t u a l  c rack  e x t e n s i o n .  
The mode I s t r e s s - i n t e n s i t y  f a c t o r  KI i s  r e l a t e d  t o  G by 

6 plane stress 

KI = (fz p l a n e  s t r a i n  ’ 

where E is  t h e  e l a s t i c  modulus and v i s  Poisson’s r a t i o .  

o n l y  n e c e s s a r y  t o  e v a l u a t e  Eq.  ( 2 )  over a s m a l l  c o r e  of e lements  i n  a 
Both 0RVIRT.PC and ADINA/ORVIKT u t i l i z e  mappings Axa so tha t  I t  is 
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"crack-t-Fp zone." 'l%iis3 ORMGEN.PC c o n s t r a i n s  3 use r  t o  model the crack.- 
t i p  region w i t h  c r ack - t ip  b locks  t h a t  have the requi red  arrangement of 
elements i n  t h i s  ZOLPC~ .I ORVIRT .PC u t i l i z e s  eight-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  91-ements throughout  a model ,  i nc lud ing  the c rack - t ip  zone 
( s e e  F i g -  21, w h i  1.e ADT.NA/ORVIRT r e q u i r e s  an  arrangement of c o l l a p s e d  
wedge elements  R ~ ; P T  the crack tip ( s e e  Fig.  3). In a d d i t i o n ,  0RMGEN.K 
i s  capable  of generacing e i ther  q u a r t e r - p o i n t  e lements  a t  the c rack  t i p  
f o r  b r i t t l e  fract-ure a n d y s i s  or blunting ele~aeliats f o r  d u c t i l e  Erac ture  
analysis us ing  ADINA/OKVIKL'. 
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4 .  SYSTEM REQUIREMENTS AND PROGRAM OPERATION 

The system requi rements  f o r  execu t ing  ORMGEN.PG are 

1. IBM PCIAT or PC/XT, 512K minimum E m o r y ,  bard d i s k ;  
2. math coprocesso r ;  
3 .  I B M  P r o f e s s i o n a l  F o r t r a n  Compiler, Version 1 o r  2; and 
4 .  modem and communications so f tware  f o r  t h e  ADPNA/ORVIKT o p t i o n .  

Execut ing program 0RMGEN.PC c o n s i s t s  of i n s t a l l i n g  t h e  IBM F o r t r a n  
Compiler r o u t i n e s ,  copying t h e  ORMGEN.PC program d i s k e t t e  t o  t h e  hard 
d i s k ,  p repa r ing  an i n p u t  f i l e  FORT5, and running t h e  program. ,4n echo of 
t h e  i n p u t  d a t a ,  as w e l l  as t h e  element c o n n e c t i v i t i e s  and nodal p o i n t  
c o o r d i n a t e s ,  are w r i t t e n  t o  the ou tpu t  file FORTG. For t h e  0RV-PRT.PC 
format  o p t i o n ,  bo th  element  c o n n e c t i v i t i e s  and nodal  p o i n t  c o o r d i n a t e s  
are w r i t t e n  t o  ou tpu t  f i l e  FORTI, For t h e  ADINA/ORVIRT format o p t i o n ,  
e lement  c o n n e c t i v i t i e s  are w r i t t e n  t o  f i l e  FORTI whi le  nodal  p o i n t  
c o a r d i n a t e s  are m i t t e n  t o  f i l e  FOKT2. The step-by-step procedure fo r  
program e x e c u t i o n  i s  as fo l lows :  

1. I n s t a l l  IBM P r o f e s s i o n a l  F o r t r a n  Compiler, Version 1 o r  2 ,  accord ing  

2 .  Copy t h e  source  module ORMGEN.FOR from t h e  program d i s k e t t e  t o  t h e  

3 .  Compile t h e  sou rce  module per t h e  i n s t r u c t i o n s  i n  t h e  compiler  

4 .  Create t h e  i n p u t  f i l e  FORT5 us ing  an a p p r o p r l a t e  e d i t o r  or  word 

5. Execute  t h e  program by typ ing  ORMGEN<cr> where <cr> i s  a c a r r i a g e  

t o  t h e  i n s t r u c t i o n s  i n  the  compiler  manual .) 

hard d i s k .  

manual. 

p rocesso r .  

re t u r n .  
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Appendix A 

ORMGEN-PC USER INSTRUCTIONS 

CARD SET 1 - TITLE CARD (18A4) ,  one ca rd  

C O l S .  1-72 TITLE T i t l e  of the problem 

CARD SET 2 - CONTROL CARD FOR mSH GENERATION (415), one card 

C O ~ S .  1-5 NTIPS 

6-10 WONT 

16-20 NFORM 
11-15 NBLOC 

Number of c r ack  t i p s  t o  be modeled, 
0 < NTIPS G 2 
T o t a l  number of b lock  p o i n t s  
T o t a l  number of b locks  
Format parameter f o r  ou tput  

0 - ORVIRT.PC compat ib le  
1 - ADINA/ORVIRT compatible  

Notes : 

1. - Only eight-naded b locks  are permi t t ed .  

2. There are two t ypes  of b locks :  ( 1 )  r e g u l a r  b locks  and ( 2 )  c r a c k - t i p  
b locks .  Regular  b locks  are subdiv ided  i n t o  elements  by s p e c i f y i n g  
t h e  number of s u b d i v i s i o n s  i n  t h e  l o c a l  5 and T-I d i r e c t i o n s ,  respec-  
t i v e l y  (see Fig. 1). Crack-t ip  b locks  are of four  types  as shown i n  
F igs .  5-43. 
t u r e  and must be employed at t h e  c rack  t i p ( s > .  

These special  b locks  always have t h e  g iven  mesh s t r u c -  

3 .  For c rack  geometr ies  such as NTIPS # 0,  t h e  c rack  must l i e  i n  t h e  
Y = 0 p l a n e ,  and t h i s  p l ane  must be a p l ane  of symmetry. 
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ORNL-DWG 85-5310 ETD 

Pig.  5. 0RVIRT.X compatible  c rack - t ip  block, ETYPE-1, and b lock  
poin t  [lumbering convent ion.  KNODS( XB140CK,2) must be a t  crack tip. 

ORNL-DWG 85-5311 E T D  

J 

1 

Fig. 6. ORVZKT-PC compatible  c rack - t ip  block, iTYPE=2,  and block 
p o i n t  numbering convent ion.  KNODSC PBLOC,2) must be a t  crack t i p .  
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7 5 

Fig. 7. ADLNA/QRVIRT compatible crac.k-tip block, ITWE-3 ,  and 
b lock  po in t  numbering convent ion.  KNODS( IBLQC,2) must be a t  crack t i p .  

O R N L -  D W L  8 5  - 5313 E T 0  

6 5 

4 a 

1 * L C R A C l C  TIP 

Fig. 8. ,ADLNA/OKVLRT compatible  c rack - t ip  block, ITYPE=4, and 
b lock  po-lnt numbering convent ion.  KNODS( IBLQC,Z) m u s t  be at  c rack  t i p .  



CARD SET 3 - BLOCK CONNECTIVITY CARDS (1015) ,  NBLOC ca rds  

Cols. 1-5 IBLOC Block number 
6 1 0  MATBLK( IBLOC) Block material p rope r ty  number 

11-15 KNODS( IAI,OC, 1)  1st b lock  po in t  connec t ion  number 
16-20 KWODS( IBEOC, 2)  2nd b lock  poin t  connec t ion  number 

49-30 KNODS( IBLOC,8) 8 t h  block po in t  connec t ion  number 

Notes : 

1 .  

2 .  

3 .  

4.  

A l l  c lemcnts  w i t h i n  a b lock  w i l l  be giver, the material p rope r ty  num- 
ber  of the b lock .  Borh 0UVZRT.PC and ADINA/QRVTKT r e q u i r e  t h a t  t h e  
ma te r i a l  p r o p e r t i e s  of a l l  elernents be ass igned  at t h e  p o i n t  at 
whtch the e o n n e c t i v i t i e s  of elements  are de f ined .  For  t h i s  r eason ,  
the material. p rope r ty  numbers ior the c rack - t ip  e lements  a v  auto-  
m a t i c a l l y  a s s igned  by OKMGEN.PC. I n  t he  case of i n p u t  des igna ted  
f o r  ,WlNA/ORVIRT, t h e  c rack - t ip  element material p rope r ty  numbers 
w i l l  be p o s i t i v e ,  brhile f o r  OKVIKT.PG, they w i l l  be negative. 

The block po in t  connec t ion  numbers must be l i s t e d  counterc lockwise ,  
s t a r t i n g  from any co rne r  po in t  ( s e e  Fig .  1). T h i s  i m p l i e s  that the 
g l o b a l  X-Y c o o r d i n a t e  system mtns t  be a right-handed one,  

For c r ack - t ip  b locks ,  block po in t  connec t ion  numbers must he l i s t e d  
countere lockwise  so t h a t  KNODS(IBLOC,2) i s  at the crack  t i p  ( s e e  
F igs .  5-8). 

Only eight-noded,  q u a d r i l a t e r a l  b locks  are permi t ted .  These w i l l  
then  be a p p r o p r i a t e l y  subdiv ided  i n t o  eight-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 lements .  T r i angu la r  blocks formed by c o l l a p s i n g  
q u a d r i l  a t e r a l  b locks  are not al lowed.  



17 

CARD SET 4 - BLOCK POINT COORDINATES ( I5 ,2F10 .4 ) ,  one card f o r  each 
block p o i n t  whose c o o r d i n a t e s  are t o  be i n p u t  

Cols; .  1-5 IPQNT Block p o i n t  number 
6-15 BCORD( IPONT ,1) X-coordinate of poin t  

16-25 BCORD( IPONT,2) Y-coordinate of po in t  

Notes : 

1. The c o o r d i n a t e s  of the h i g h e s t  numbered b lock  p o i n t  must be i n p u t  
whether o r  n o t  it is a corner -poin t .  

2. The t o t a l  number of c a r d s  i n  t h i s  set w i l l  g e n e r a l l y  be less than 
W O N T  ( s e e  CARD SET 2) because f o r  s t r a i g h t  block s i d e s  i t  i s  o n l y  
n e c e s s a r y  t o  s p e c i f y  corner-point  c o o r d i n a t e s ;  midside point  coord i -  
n a t e s  are a u t o m a t i c a l l y  determined i f  on a s t r a i g h t  s i d e .  I n c l u s i o n  
of midside p o i n t s  t h a t  are not on a s t r a i g h t  l i n e  with t h e  corner-  
p o i n t s  produce curved block s i d e s  v i a  a q u a d r a t i c  f i t  from t h e  shape 
f u n c t i o n s  f o r  eight-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 s .  Thus, a 
u s e r  may model d i s k s  and cross s e c t i o n s  of c y l i n d e r s  by p r o p e r l y  
choosing t h e  midside p o i n t  c o o r d i n a t e s  I 



OMIT THE FOLLOWING CARD SET I F  NTIPS = 0 ( S E E  CARD SET 2)  
I-- 

CARD SET 5 - CRACK-TIP BLOCK CONTROL CARD( S) (3 I5 ) ,  NTIPS cards, one f o r  
each  c rack - t ip  block 

Cols .  1-5 KBLOC 
6-10 I T Y P E  

Crack-t ip  b lock  number, 0 < KBLOC G 2 
Crack-t ip  mesh c o n f i g u r a t i o n  

1 - ORQIRT.PC compatible  mesh as shown i n  

2 - 0RVIRT.PC compatible  iuesh as shown i n  

3 - ADENA/ORVIRT compatible  mesh as shown 

4 - ADTNA/ORVIRT compatible  mesh as shorn  

Pig.  5 

F ig .  6 

i n  Fig.  7 

i n  Fig. 8 

ii--i5 IKIND(KBLOC) Quar t e r -po in t  o r  b l u n t i n g  o p t i o n ,  a p p l i -  
c a b l e  only  f o r  ITYPE = 3 OF I'L'YPE = 4 .  
Leave blank f o r  ITYPE = 1 or ITYPE = 2 

0 -- Quar t e r -po in t  wedge elements  a t  c rack  
t i p  f o r  b r i t t l e  f r a c t u r e  a n a l y s i s  

1 - Blunt ing  e lements  a t  c rack  t i p  f o r  
d u c t i l e  f r a c t u r e  a n a l y s i s  

Notes: 

1. Input  CARD SET 5 a t o t a l  of NTIPS t i m e s .  

2 .  It is  recommended t h a t  t h e  2 t o  1 a s p e c t  r a t i o  shorn i n  Pigs.  5-8 be 
main ta ined  f o r  the r e l a t i v e  dimensions of t h e  d i f f e r e n t  c r a c k - t i p  
block types .  Block corner -poin t  c o o r d i n a t e s  that deviate from t h i s  
a s p e c t  r a t i o  produce d i s t o r t e d  mesh c o n f i g u r a t i o n s  which may i n  t u r n  
produce e r r a t i c  r e s u l t s  i n  a subsequen t  0RVIRT.PC or  ADINA/QRVIRT 
a n a l y s i s  . 

3. For two c rack - t ip  b locks  'CKINU( 1) must (.qual iKIND( 2) .  A l s o ,  
ITYPE = 2 i s  not  allowed f o r  two c rack - t ip  b locks ,  that i s ,  NTIPS = 2 .  
Appropr ia te  error messages w i l l  be a c t i v a t e d  i f  e i t h e r  of t h e s e  s t i p u -  
l a t i o n s  are v i o l a t e d .  

4 .  Figure  9 shows t h e  b l u n t i n g  ellcments u t i l i z e d  f o r  I K I N D  = 1. 
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( 0 )  ORIGINAL CONFIGURATION ( b )  DEFORMED CONFIGURATION 

Fig. 9 ,  Blunting elements a p p r o p r i a t e  f o r  d u c t i l e  f r ac tu re  
analysis using ADINA/OKVIKT. 
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CARD SET 5 - REGULAR BLOCK SUBDIVISION 

6(a) CON'I'KOI; CARD (315) ,  one card ( s e e  Fig.  1) 

... 

C O l S  1-5 J R L O C  
6---10 NDIVX 

11-1.5 NI)IVY 

Regular block number 
Number of s u b d i v i s i o n s  i n  l o c a l  5 d i r e c t i o n  
Number o f  s u b d i v i s i o n s  i n  l o c a l  ri d i r e c t i o n  

6 ( b )  WEIGHTING FACTORS FOR SUBDIVISION I N  THE 

C O P S .  1-10 WESTX(1) R e  l a  t i  ve weights  
11-20 WE:LTX( 2 )  from 5 -- ----I t o  5 

etc. WE'[:TX( NDIVX) 

6 ( c )  WEIGHTING FACTORS FOR SUBDIVISION I N  THE 

C O ~ S .  1-10 WECTY( 1) R e l a t i v e  weights  
11-20 WEITY( 2 )  fKOm ?l -1 t C 9  7 l  

. 
ete .  WEITY( NDIVY) 

LOCAL < D I R E C T I O N  (8F10.2) 

of s u b d i v i s i o n  proceeding  
= 4.1 

LOCAL q d i r e c t i o n  (8F10.2) 

of s u b d i v i s i o n  proceeding  
= 1-1. 

1 .  

2 .  

3. 

4 .  

Input  CARD SET 6 a to ta l .  of NKEG t i m e s ,  where NREG -.- (NRLOC - NTIPS). 

Weighting f a c t o r s  d e f i n e  the  r e l a t i v e  l e n g t h  of s i d e s  of e lements  i n  a 
p a r t i c u l a r  b lock  and t h e r e f o r e  , t-lrel T a b s o l u t e  va lues  are immaterial. 
For  example, f o r  t h e  three-element s u b d i v i s i o n  i n  t he  6 d i r e c t i o n  
shown i n  Fig.  1, 

1 .o 1 .o 2.0 
o r  0 . 3  0.3 0.6 
o r  10. 10. 20. 

g i v e  t h e  same s u b d i v i s i o n .  

A u s e r  w i s t  be c a r e f u l  t o  ma in ta in  c o m p a t i b i l i t y  along block i n t e r -  
faces when specifying t l w  number of e lements  and weight ing  factors i n  
a d j a c e n t  b locks  e 

For regri lar  b locks ,  node numbering ( s e e  Fig.  1) commences a t  5 = -1, 
rl = -1 and proceeds along q = -1 from F, = -1 to F, = +I. T\ is  then 
increment:ed a p p r o p r i a t e l y  i n  t h e  p o s i t i v e  n d i r e c t  ion ,  and nodes aga in  
are numbered from 5 = -1 and 5 = +l. This  p a t t e r n  con t inues  u n t i l  
5 = +1 and n = 4-1. El.ements are numbered i n  an analogous f a sh ion .  A 
nodal  po in t  renumbering scheme is employed i n  the program t h a t  ensu res  
a unique motle number f o r  nodes a long  b lock  i n t e r f a c e s .  
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Appendix B 

EXAMPLE PROBLEMS 

Five  example problems are presented  t h a t  demonstrate  t h e  f l e x i b i l i t y  
of t h e  0RMGEN.PC program. F in i te -e lement  models are genera ted  f o r  an tin- 
cracked t h i c k  c y l i n d e r ,  a center-cracked plate ,  a center-cracked d i s k ,  a 
beam w i t h  an embedded c r a c k ,  and a compact tension specimen. SchematFcs 
t h a t  show t h e  block s u b d i v i s i o n  of t h e  model (Figs .  10-14) are followed 
by l i s t i n g s  of t h e  i n p u t  f i l e  FORT5 arid output  f i l e  FOKTfi as produced on 
an EPSON FX-185 p r i n t e r .  
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Fig. 10. Example problem 1 - uncrackcd t h i c k  cyl j -nder .  
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Examp1.e Problem 1. User input f i l e  FORT5 

UNCRACKED THICK CYLINDER 
0 
1 
2 
1 
3 
4 
5 
6 
8 
9 

1.0 
11 
13 
1 

1.0 
1.0 

1.0 
1.0 

2 

13 2 
9 1 
1 6 

2.0 
4.0 

1.84’776 
3.69552 
1.41421 

0.76537 
1.53073 

0 . 0  
0 .Q 

4 4 
1.0 
1 - 0  

4 4 
1.0 
1.0 

2 I 82843 

0 
2 3 5 a 7 6 4 
7 8 10 13 12 11 9 

0 . 0  
0 . 0  

0 - 7 6 5 3 7  
1.53073 
1 ~ 41421 
2 I 82843 
1.84776 
3 . 6 9 5 5 2  

2.0 
4.0 

1.0 1.0 
1.0 1.0 

1.0 1.0 
1.0 1.0 
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LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1 . 0 0  1 - 0 0  1 . 0 0  1 .00  

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION 
1 . 0 0  1 .00  1 . 0 0  1.00 

**** GENERATED MESH DATA **** 

NUMBER OF NODAL POINTS = 1 2 1  

NUMBER OF ELEMENTS = 32 

ELEMENT NODAL CONNECTIONS 

ELE 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14  
1 5  
16 
17 
1 8  
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 

MAT. 
1 
1 
1 
5 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
I. 
1 
1 
1 
1 
S 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1. 
1 
1 

1 
3 
5 
7 

15  
17 
19  
2 1  
29 
3 1  
3 3  
35 
43  
45 
47 
49 
57 
59 
6 1  
63 
7 1  
73 
75  
77 
85 
87 
89 
9 1  
99  

1 0 1  
103 
105 

2 
4 
6 
8 

1 6  
1 8  
20 
22 
30 
32 
34 
36  
44 
46  
48 
50 
5 5  
60 
62 
64  
7 2  
74  
76  
78  
86 
88 
90 
92 

100 
102 
104 
106 

NODAL POINTS 
3 
5 
7 
9 

17  
1 9  
2 1  
23 
3 1  
33 
35 
37 
45 
47 
49 
5 1  
59 
6 1  
63 
65  
73 
75 
77  
79 
87 
89 
9 1  
93 

10 1 
103 
105 
107 

11 
12 
13 
1 4  
25 
26  
27 
28 
39 
40 
4 1  
42  
53 
54 
55 
56  
67 
68 
69 
70  
8 1  
82 
83 
84 
95  
96  
97 
98  

109 
110 
111 
112  

17 
1 9  
2 1  
23 
3 1  
33 
35 
37 
45 
47 
49 
5 1  
59 
6 1  
63 
65 
7 3  
7 5 
77 
79  
87 
89 
9 1  
93  

10 1 
103 
105 
107 
1 1 5  
117 
119 
I 2 1  

16 
18 
20 
22 
30 
32 
34 
36 
44 
46 
48 
50 
58 
60 
62 
64 
72  
74 
76  
78  
86 
88 
90 
92 

100 
102 
L O 4  
106  
114 
116 
118 
120 

15 
17 
19 
2 1  
29 
3 1  
33 
35 
43 
45 
47 
49 
57 
59 
6 1  
63 
7 1  
73  
75  
77  
85 
87 
89 
9 1  
99  

101 
10 3 
105 
113 
1 1 5  
117 
119 

10 
11 
12 
13 
24 
25 
26 
27 
38 
39 
40 
4 1  
52 
53 
54 
55 
66 
67 
68 
69 
80 

82 
83 
94 
95  
96 
97 

108 
109 
110 
111 

a i  
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NODAL POINT COORDINATES 

NODE: 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
15  
18 
1 7  
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 I 
32 
33 
34 
35 
36 
37 
30 
39 
40 
4 1  
42  
43 
44 
45 
4 6  
47 
48 

X 
2 "  00000 
I? 125000 
2 .50000 
2 - 75000 
3 .00000 
3.25000 
3.50000 
3 .75000 
4.00000 
1 " 9 8 8 3 1  
2 .48539  
2 "  98247 
3 .47955 
3 .97662  
1 I 95904 
2 ,20392 
2 .44880 

2 93856 
3 . 1 8 3 4 5  
3 42833 
3 .67321  
3 "91809 
1 ~ 91219 
2.39024 
2.86829 
3 . 3 4 6 3 4  

1.84976 
2 . 0 7 8 7 3  
2 .30970  
2 .54067  
2 .  ??I64 
3 .00261  
3 .23358 
3 .46455  
3 .69552  
1.7'6575 
2 .20718  
2 .64862 
3 .09006  
3 .53149  
1 .66615  
1.87442 
2.08269 
2.29096 
2.49923 
2.70749 

2 .69368 

3 .  a2438 

Y 
0.00000 
0.00000 
0.00000 
0.00000 
8 .00000  
0.00000 
0.00000 
0.00000 
8 .  OQOQO 
0.20227 
0.25283 
0.30340 
0 . 3 5 3 9 6  
0.40453 
0 . 3 9 7 2 5  
0 . 4 4 6 9 1  
0.49656 
0.54622 
0 .59587  
0.64553 
0.69518 
0.74484 
0 . 7 9 4 4 9  
0.58495 
0.93119 
0 - 37742 
1 . 0 2 3 6 6  
1.16989 
0 .76537 
0 .86104  
0 . 9 5 6 7 1  
1 .05238 
1 "  14805 
1.243'12 
1 .33939  
1 - 43506 
1 .53673  
0 .93850  
1. 17313 
1 - 40775 
1 . 6 4 2 3 8  
1.87700 
1.10436 
1 .. 24240 

1.51849 
1 I 65653 
1 I 79458 

I. 38044 
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4 9  
50 
5 1  
52  
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65  
66 
67 
68 
69  
70 
71. 
7 2  
73 
74 
75  
76 
77 
78 
79 
80 

82 
83 
84  
85 
86 
87 
88 
89 
90 
9 1  
92 
93  
94 
95 
96  
97 
98 
99 

100 

a1  

2.91576 
3 .12403  
3 .33230  
1 54897 
1.93621. 
2 - 32346 
2 .71070 

1 . 4 1 4 2 1  
1 .59099 
1 .76777 
1.94454 
2.12132 
2.29810 
2 .47487 
2 .65165 
2.82843 
I. 26292 
1 . 5 7 8 6 6  
1.89439 
2 .21012  
2 .52585 

1 .24240 
1 .38044  
1 . 5 1 8 4 9  
1 .65653 
I .  79458 
1 .93262  
2 .07066 
2 .20871  

1 .17313  
1 .40775 
1 . 6 4 2 3 8  
1. $7700 
0 . 7 6 5 3 7  
0.86104 
0 . 9 5 6 7 1  
1 . 0 5 2 3 8  
1.14805 
1 .24372  
1 .33939  
1.435O6 
1 .53073 
0.58495 
0 . 7 3 1 1 9  
0 .87742  
1 .02366  
1 . 1 6 9 8 9  
0 . 3 9 7 2 5  
0 . 4 4 6 9 1  

I. 10436 

0.93850 

1 .93262  
2.0’7066 
2 ,20871  
1 .26292  
1 .57866 

2 ”  21012 
2 e 52585 
1 . 4 1 4 2 1  
1 .59099  
1 .76777  
1 .94454 
2 I 12132 
2.29810 
2 .47487 
2 I 651635 

1 .54897 
1 . 9 3 6 2 1  
2 .32346 
2 .71070 
3.09795 
1 .66615  
1 .87442 
2 .08269 
2 .29096  
2 .49922  
2 .70749 
2.915’76 
3 .12403 
3 .33230 
1 .76575  
2 .20718 
2 .64862 
3 .09006  
3.53149 
1 84776 
2 .07873 
2 .30970  
2 .54067 
2 .71164 
3 . 0 0 2 6 1  
3 .23358  
3 e 46455 
3 .69552  
1 - 91219 
2 .39024 

3 “ 3 4 6 3 4  

1 .95904  
2 .20392 

1. a9439 

2 ,82843 

2. a6829 

3 .  a2438 
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101 0 .49656  
102 0.54622 
103 0 .59587  
104 0.64553 
105 0 . 6 9 5 1 8  
106 0.74484 
107 0 .79449  
108 0 .20227 
109 0 .25233  
110 0.30340 
111 0.35396 
112  0 .40453 
113 O.00000 
1 1 4  O.OO0OQ 
115 0.00000 
116 0 .00000  
117 0.00000 
118 0.00000 
119 O.OOQ00 
120 0 .00000 
121 0.00000 

2 ,44880  

2 .93857  
3 .18345  
3 I 42833 
3.67321 
3 .91809  
1 ~ 95831 
2.48539 
2 . 9 8 2 4 4  
3.47955 
3 "  97662 
2 "  00000 
2 ~ 25000 
2 . 5 0 0 0 0  
2 - '75000 
3 .00000  
3 .25000 
3 I 50000 
3.75000 
4 .00000 

2 ,  t3936a 
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O R N L  DWG85-5315 E T D  

( SINGLE BLOCK 

5 

4 

-X 

Fig. 11. Example problem 2 - center-cracked plate, t e n s i o n  
loading. 
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Exarnpl-e Problem 2. User: input f i l e  PORT5 

CENTER CRACKED PLATE, SINGLE BLOCK 
1 8 1 1 
1 1 1 2 3 4 5 6 7 8 
1 0 . 0  0 . 0  
3 8 . 0  0 . 0  
5 8 . 0  4 . 0  
7 0 .0  4.0 
8 0 . 0  2 . 0  
1 3 1 
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Example Problem 2. Output summary f i l e  FORT6 

CENTER CRACmD PLATE, SINGLE BLOCK 

NTIPS = 1 
NPONT = 8 
NBLOC = 1 
NFORM = 1 

DATA BLOCKS 

BLOCK MAT. DEFINITION POINTS 
1 1 1 2 3 4 5 6 7 

LOCATION POINTS 

POINT X 
1 0 .  QOOO 
2 4.0000 
3 8.0000 
4 8. 0000 
5 8.0000 
6 4,0000 
7 0.0000 
8 0.0000 

Y 
0.0000 
Q. 0000 
0.0000 
2.0000 
4.0000 
4 .  000D 
4.0000 
2.0000 

CRACK TIP BLOCK, ITYPE = 3, IKIND = 3 

#*** GENERATED MESH DATA **** 

NUMBER OF NODAL POINTS = 147 

NUMBER OF ELEMENTS = 40 

ELEMENT NODAL CONNECTIONS 

ELE . 
1 
2 
3 
4 
5 
6 
7 
8 

MAT. 
1 1 27 
1 3 29 
1 5 31 
1 7 33 
1 9 35 
1 11 37 
1 13 39 
1 1 5  4 1  

NODAL POINTS 
29 3 18 28 19 
3 1  5 1 9  30 20 
33 7 20 32 2 1  
3 5  9 2 1  34 22 
37 11 22 as 23 
39 1 3  23 38 24  
4 1  15 24 40 25 
43 17 25 42  26 

8 

2 
4 
6 
8 
10 
1 2  
14 
16 



9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

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 

32 

27 53 55 29 
29 55 57 31 
31 57 59 33 
33 59 61 35 
35 61 63 37 
37 6 3  65 39 
39 65 67 41 
41 67 69 43 
53 79 81 55 
55 $1 83 57 
57 83 85 59 

61 87 89 63 
63 89 91 65 
65 91 93 67 
6'9 93 95 69 
79 105 107 81 
81 107 109 83 
83 109 111 85 
85 111 11.3 87 

89 115 117 91 
91 117 119 93 
9 3  119 121 95 
105 131 139 107 
109 133 135 109 
109 135 13'9 Ill 
111 137 139 113 
113 139 141 115 
115 141 143 117 
117 143 145 119 
119 145 147 1 2 1  

59 85 87 61 

a7 113 115 89 

NODAL POINT COORDINATES 

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

Y 
4.00000 
4.00000 
4.00000 
4.00000 
4.00000 
4" 00000 
4.00000 
4.00000 
4.00000 
4.00000 
4.00000 
4.00000 
4.00000 
4 "  00000 
4.00000 
4. 00000 

z 
0.00000 
0 * 00000 
0.00000 
0 . 0 0 0 0 0  
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 . 0 0 0 0 0  
n.00000 
0 . 0 0 0 0 0  
0 .00000  
0 . 0 0 0 0 0  

44 54  
45 56 
46 58 
47 60 
48 62 
49 64 
50 66 
51 6 8  
7 0  80 
71 82 
72 84 
73 86 
74 88 
75 90 
7 6  92 
77 94 
96 106 
97 108 
98 I10 
99 112  
100 I14 
101 116 
102 118 
103 120 
122 132 
123 134 
124 136 
125 138 
126 140 
127 142 
128 144 
129 146 

45 
46 
47 
48 
49 
50 
51 
52 
7 1  
72 
7 3 
74 
75 
'7 6 
77 
7 8  
97 
98 
99 
100 
101 
102 
103 
104 
123 
124 
125 
126 
127 
128 
129 
130 

28 
30 
32 
34 
36 
38 
40 
42 
54 
56 
58 
60 
62 
64 
66 
68 
80 
82 
84 
86  
88 
90 
92 
94 
106 
108 
110 
112 
114 
116 
118 
120 
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17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55  
56 
57 
58 
59 
60 
6 1  
62 
63 
64 
65 
66 
6'7 
68 

2 8  

4.00000 
4,20000 
4.18480 
4.14144 
4.07656 
4 - 00000 
3.92344 
3.85856 
3.81520 
3.80000 
4 - 40000 
4.38480 
4.36956 
4.32620 
4.28284 
4.21796 
4. I5308 
4.07656 
4 I 00000 
3.92344 
3.84692 
3.78204 
3.71716 
3.67380 
3.63044 
3.61520 
3.600OO 
4.60000 
4.55432 
4.42428 
4.22960 
4.00000 
3.77040 
3.57572 
3.44568 
3.400O0 
4 - 80000 
4.76956 
4.73912 
4.65240 
4.56568 
4.43592 
4.30616 
4.15308 
4 00000 
3.84692 
3.69384 
3.56408 
3.43432 
3.34760 
3.26088 
3.23044 

0.00000 
0.00000 
0.07656 
0.14144 
0.18480 
0.20000 

0.14144 
0.07656 
0.00000 
0 - 00000 
0.07656 
0.15308 
0.217'96 
0 28284 
0.32620 
0.36956 
0.38480 
0.40000 

0.36956 
0.32620 
0 - 28284 
0.21796 
0.15308 
0.07656 
0.00000 
0.00000 
0.22960 
0.42428 
0.55432 
0.60000 
0.55432 
0.42428 
0.22960 
0.00000 
0.00000 

0.30616 
0.43592 
0 .56568  
0.65240 
0.73912 
0.76956 
0.80000 
0.76956 
0 .  ?3912 
0.65240 
0.56568 
0.43592 
0 - 30616 
0.15308 

0.18480 

0.38480 

0.15308 
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1 2 1  2.00000 
122 7 .00000  
123 6 .92388 
124 6 .70712 
125 5.38268 
126 4.00000 
127 2.61732 
128 1 .29288 
129 1 .07612 
130 1 .00000 
1 3 1  8.00000 
132 8 .00000  
133 8.00000 
134 8 .00000  
135 8.00000 
136 7 .00000  
137 6 .00000 
138 5.00000 
139  4 .00000 
140 3.00000 
1 4 1  2.00000 
142 1 .00000 
143  0.00000 
144 0.00000 
145 0.00000 
146 0 .00000 
147 0.00000 

0 * 00000 
0.00000 
1 .38268 
2 ,70712 
2.92388 
3 .00000  
2.92388 
2 .70712  
1 .38268  
0 . 0 0 0 0 0  
0 - 00000 
1.00000 
2 .00000 
3.00000 
4 .00000 
4.00000 
4.00000 
4.00000 
4.00000 
4.00000 
4.00000 
4.00000 
4 .00000 
3 .00000 
2.00000 
1 .00000  
0 - 00000 
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Y 
QRNL-DWG BQC-55316 ET0 

- x  

Fig .  12 .  Example problem 3 - center-cracked d i s k ,  c e n t e r  l i n e  
poi i l t  load. 
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Example Problem 3 .  User input f i l e  FORT5 

DISK WITH CENTER CRACK 
1 
1 
2 
3 
4 
1 
3 
5 
7 

11 
12 
14 
16 
18 
19 
1 
2 

1.0 
1.0 

1.0 
1.0 

1.0 
1.0 

3 

4 

19 4 
1 3 
1 5 
1 16 
1 14 

0 . 0  
2.1 
3 . 9  
6 . 0  

5.848 
0 . 0  
2 . 1  
3 . 9  
5.4 

3 . 1 8 6  
2 
3 2 
1.0 
1.0 

3 4 
1.0 
1.0 

3 2 
1.0 
1.0 

0 
4 5 9 16 15 14 8 
6 7 11 18 17 16 9 

1 7  18 19 1 2  13 14 15 
13 12 10 1 2 3 8 

0 . 0  
0 . 0  
0 . 0  
0 . 0  

1.341 
6.0 
0.9 
0.9 

2.616 
5.084 

1.0 

1-0 
1.0 1.0 

1.0 
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Example Problem 3 .  Outpirlr summary file FORT6 

DISK WITH CENTER CRACK 

NTIPS 1 
NPONT z 19 
NBLOC = 4 
NFORM = 0 

DATA BLOCKS 

BZDCK MAT. DEF‘ILN 1: T EON POINTS 
1 1. 3 4 5 9 16 1 5  14 8 
2 1 5 6 7 It 18 17 1s 9 

4 I 14 13 1 2  10 1 2 3 8 
3 1 1 6  1’3 18 19 12  13 14 15 

LOCATION POINTS 

POINT X 
1 0 . 0 0 0 0  
2 1.0500 
3 2.1000 
4 3 . 0 0 0 0  
5 3 * 9009 
6 4 .9500  
7 6.0000 
a 2 .1000 
9 3 . 9 0 0 0  
10 0.OOOO 
11 5 . 8 4 8 0  
1 2  0 .0000  
1 3  I ” 0500 
14 2.1000 
15 3.0000 
16 3 * 9800 
1 7  4 16500 
1 8  5 ~ 4000 
19  3.1860 

Y 
0.0000 
0.OQ00 
0 .0000  
0 .0000  
0 I QOOQ 
0 .  oooo 
0 . 0 0 0 0  
0 .4580  
0 .4500 
3 ~ 0000 
1. ~ 3410 
6 - 0000 
3 ”  4509 
0 . 9 0 0 0  
0.9000 
0 ” 9 0 0 0  
1 .7580 
2 ”  6160 
5 .0840 

CRACK TIP BLOCK, ITYPE = 2 

NO. OF DIV. IN FIRST DIRECTION = 3 

NO. OF D I V .  IN SECOND DIRECTION = 2 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
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1.00 1.00 1.00 

LIST OF WIGHTING FACTORS IN SECOND DIRECTION 
1.00 1 . 0 0  

DATA BLOCK NO. 3 
____-_--___-_I--- 

NO. OF DIV. IN FIRST DIRTiCTION = 3 

NO. OF DIV. IN SECOND DIRECTION = 4 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1 . 0 0  1.00 1 . 0 0  

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION 
1.00 1 . 0 0  1-00 1 . 0 0  

NO. OF DIV. IN FIRST DIRECTION = 3 

NO. OF DPV. IN SECOND DIRECTION = 2 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1 . 0 0  1.00 1.00  

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION 
1.00 1 . 0 0  

NUMBER OF NODAL POINTS = 219 

NUMBER OF ELEMENTS 64 

ELEMENT NODAL CONNECTIONS 

ELE. MAT. NODAL POINTS 
1 -1 1 2 5 6 7 8 9 3 
2 1 9 8 7 16 27 28 29 17 
3 1 9 17  29 30 31 18 11 10 
4 -1 1 3 9 10 11 1 2  13 4 
5 1 5 14 21 22 23 15 7 6 
6 1 7 15 23 24 25 26 27 16 
7 1 11 18 31 32 33  34 35 19 



8 
9 

10 
11 
12 
13 
14 
15 
16 
17  
18 
1 9  
20 
2 1  
22 
23  
24 
25 
26 
2 '7 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48  
49 
50 
5 '1. 
5 2  
53 
54 
55 
56 
57 
58 
59 

3a 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1. 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 

13 
2 1  
23 
25 
27 
29 
31 
33 
35 
47 
49 
51 
53 
55 
57 
59 
6 1  
73 
7 5  
77  
79  
81 
83 
85 
87 
99 
101 
103 
105 
107 
109 
111 
113 
125  
143 
145 
127 
152 
154 
129 
1 6 1  
163 
1 3 1  
170 
172 
133 
179 
181 
135 
188 
190 

12  
38 
39 
40 
4 1  
42 
43 
4 4  
45 
6 4  
65 
66  
67 
68  
69 
7 0  
7 1  
90 
9 1  
92  
93 
94 
95  
96 
97 
116 
117 
118 
119 
120 
1 2 1  
122 
123 
142 
144 
146 
151 
153 
155 
1.60 
162 
164 
169 
1 7 1  
173 
178 
180 
182  
187  
189 
1 9 1  

40 

11 1 9  35 
47 48 49 
4 9  50 5 1  
51 52 5 3  
53 54 55 
5 5  56  57 
57 58  59 
59  60 6 1  
61 62 63  
73 74  7 5  
7 5  7 6  77 
7 7  'Is 49 
7 9  80 81 
81 82 83 
8 3  84 85 
8 5  a6  87 
a7  80 89 
99 100 101 
101 103, 103 
103 104 105 
105 106 107 

109 110 111 
111 112  113 
113  114 115 
125 126 127 

129 130 131 
131 132 133 
133  1 3 4  135 
135 136 137 
137 138 139 
139 140 141  
1 4 3  1 4 8  152  
145 149 154 
147 150 156 
152  157 161 
1 5 4  158 163 
156  159 165 
161 166  170 
1 6 3  1 6 7  1 7 2  
165 1.68 174 
170 175  179  
1 7 2  176 1 8 1  
174 177 183 
179 1 8 4  188 

183 186 192 
188  193 197 
190 194 199 
192 195 201  

l a 7  108 109 

127 128 129 

181 185 190 

36 
39 
40 
4 1  
42 
43 
44 
45 
46 
65 
66 
67 
68  
69 
70 
7 1  
72 
9 1  
92  
93  
94 
95 
96 
97 
98 
117 
118 
119 
120 
121 
122 
123 
124 
153 
153 
155 
160 
162 
164 
169  
1 7 1 
1 7 3  
1 7 8  
180 
182 
187 
189 
1 9 1  
196  
198 
200 

37 
23 
25 
27 
29 
3 1  
33 
35 
37 
4 9  
51 
53 
5 5  
57 
58 
6 1  
63 
7 5  
77 
7 9  
81 
8 3  
8 5  
87 
89 

1 0 1  
103 
105 
107 
109  
111 
113 
115 
127 
152 
1 5 4  
129 
561 
163 
131 
170 
172 
133 
I 7 9  

I35 
188 
190 
137 
197  
199 

i a i  

20 
22 
24 
26  

36 
32 
3 4  
36 
4 8  
50 
52 
54 
56 
58  
60 
62 
7 4  
7 6 
7 8  
80 
82 
84 
86 
88 

100 
102 
104 
10 6 

110 
112 
114 
126  
148 
149 
128  
157 
158 
130 
1 6 6  
167  
132 
175  
176  
134 
184 
185 
136 
193 
194 

28 

108 

1. 137 196 197 202 206 205 139 138 
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60 1 197 198 199 203 208 207 206 202 
61 1 199 200 201 204 210 209 208 203 
62 1 139 205 206 211 215 214 141 140 
63 1 206 207 208 212 217 216 215 211 
64 1 208 209 210 213 219 218 217 212 

NODAL POINT COORDINATES 

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

x 
3,00000 
3.01125 
3.00000 
2.98875 
3 I 04500 
3.04500 
3.04500 
3.02250 
3.00000 
2.97750 
2.95500 
2.95500 
2 - 95500 
3.06750 
3 .06750  
3 "  04500 
3.00000 
2.95500 
2.93250 
2,93250 
3 - 09000 
3.09000 
3.09000 
3.09000 
3.09000 
3.06750 
3.04500 
3.02250 
3.00000 
2.97750 
2 - 95500 
2.93250 
2.91000 
2.91000 
2.91000 
2.91000 
2.91000 
3.13500 
3.13500 
3.12375 
3.06'750 
3.00000 
2.93250 

Y 
0.00000 
0 .  OOOOO 
0.01125 
0.00000 
0.00000 
0.02250 
0.04500 
0.045OO 
0.04500 
0.04500 
0.04500 
0.02250 
0.00000 
0.00000 
0.04500 
0.06750 
0.06750 
0.06750 
0.04500 
0.00000 
0.00000 
0.02250 
0.04500 
0 . 0 6 7 5 0  
0.09000 
0.09000 
0.09000 
0.09000 
0.09000 
0.09000 
0.09000 
0.09000 
0.09000 
0.06750 
0 I 04500 
0.02250 
0 - 00000 
0.00000 
0.06750 
0.12375 
0 .  I3500 
0.13500 
0.13500 
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44 2 . 8 7 6 2 5  
45 2.86500 
4 6  2.86500 
47 3 .18000 

4 9  3.18000 
50 3.1.6875 
51 3.15750 
52  3 .12375 
53 3.09000 
54  3 .04500 
55 3 .00000  
56 2.95500 
57 2.Sf000 
58 2 .87625  
59 2.84250 
60 2.83125 
6 1  2.82080 
62 2.82000 
63 2.82000 
64 3 ,22500 
65 3.22500 
66 3 .19125 
67 3.11250 
68 3.00000 
69 2,88750 
70 2 .80875 
7 1  2.77500 
72  2 .77500  
73 3 .27000 
74 3.27000 
75  3.27000 
76 3.24750 
77 3 .22500  
7 8  3.f8Q00 
79  3.13500 

8 1  3.00000 
82 2 .93250  
83 2.86508 
84 2.82000 
85 2.77500 
86 2 .75250 

138 2 , 7 3 0 0 0  
89 2.73000 
90 3.36000 
91 3.36000 
92 3 . 2 9 2 5 0  
93 3 .18000 
94 3 ,00000  
9% 2.82000 

4a 3.18000 

a0 3.06750 

a7  2.73000 

0.123Ei 
0.06?50 
0 I 00000 
0.00000 
0.04500 
0 .09000  
0 12375 
0 .  I v 5 0  

0 - 18000 
0.18000 
0 - 18000 
0.1800Q 
0.18000 
0 ,  168'75 
0 "15750 
0 ,12375  
0 .09000 
0.04S.M 
0 .00000  
0.00000 
0.11250 
0 .19125  
0 .22500 
0.22500 
0 . 2 2 5 6 0  
0.19125 
0.11250 
0.00000 
0.00000 
0.08'750 
0.13500 
0 . 1 8 0 0 0  
0 - 22500 
0 .24750  
0.27000 
0 .27000  
0 .27000 
0 .27000  
0 .27000 
0 . 2 4 i w  
0.225OO 
0.18000 
0 .13500  
0 .06750 
0.00000 
0 .  OOOOQ 
0.18800 
0 .29250  
0.3600Q 
0 .36000  
0 .36000 

o . m n  
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96 2.70750 
97 2.64000 
98 2 .64000 
99 3.45000 

100 3,45000 
1 0 1  3.45000 
102 3.40500 
103 3 .36500 
104 3 .29250  
105 3 .22500 
106 3 .11250  
107 3.00000 
108 2 .88750  
109 2.7'7500 
110 2.70750 
111 2.64000 
112 2.59500 
113  2 .55000 
114 2 .55000 
115 2 .55000 
116 3 .67500  
117 3.67500 
118 3.63000 
119 3.33750 
120 3 . 0 0 0 0 0  
1 2 1  2 .66250 
122 2 .37000 
123 2 .32500 
124 2 .32500 
125 3.90000 
126 3 .90000 
127 3 .90000 
128 3 .90000 
129 3 .90000 
130 3 .67500 
1 3 1  3.45000 
132  3 .22500 
133 3 .00000 
134 2 .77500 
135  2.55000 
136 2.32500 
137 2 .10000 
138 2.10000 
139 2 .10000 
140 2.10000 
1 4 1  2 .10000  
142 4 .25000  
143 4.60000 
144 4.95000 
145  5.30000 
146 5.65000 
147 6 .00000 

0.29250 
0.18000 
0.00000 
0 I00000  
0 ,11250 
0 .22500 
0 a 29250 
0 .36000 
0 40500 
0 .45000 
0.45000 
0 I 45000 
0 * 45000 
0.45000 
0 .40500 
0 .36000 
0 .29250 
0 .22500  
0 . l 1 2 5 0  
0.00000 
0 - 00000 
0.33750 
0 .63000  
0.67500 
0.67500 
0.67500 
0.63000 
0 .33750 
0.00000 
0.00000 
0 .22500 
0 .45000  
0 .67500  
0.  Q0000 
0,90000 
0 .90000  
0 .90000  
0.90000 
0 .90000 
0 a 90000 
0 .90000  
0 .90000 
0.67500 
0.4500O 
0.22500 
0 .  00000 
0 rn 00000 
0 "00000 
0 .  OOQOO 
0.00000 
0.00000 
0 .00000 
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14% 4.58700 
149 5.27400 
150 5.96100 
151 4.22467 
152 4.54933 
153 4.87400 
154 5.19867 
155 5.52333 
156 5.84800 
157 4.48700 
158 5.07400 
159 5.66100 
160 4.15000 
161 4.40000 
162 4.65000 
163  4.90000 
164 5.15000 
165  5.40000 
166 4.09587 
167 4.51675 
168 4.93763 
169 3.69075 
1'70 3.77150 
171 3.93225 
172 4.09300 
173 4.25375 
174 4.41450 
175 3.42687 
176 3.62875 
177 3 . 8 3 0 6 2  
178 3.03100 
179 3.06200 
180 3.09300 
181 3.12400 
182 3.15500 
183 3.18600 
184 2.67687' 
185 2.57875 

187 2.41075 
188 2.27150 
189 2.13225 
190 1.99300 
191 1.853'75 
192 1.7'1450 

194 1.36675 
195 0.88763 
196 1.75000 
197 1.40000 

199 0 . 7 0 0 0 0  

186 2.48062 

193 1 . a 4 5 ~  

198 1.050oo 

0.37625 
0.52750 
0.67875 
0.59850 
0.741700 
0 I 89550 
1.04400 
1 ~ 19250 
1 ~ 34100 
1.11225 
1.54950 
1.98675 

I .  47200 
1.75800 
2 I 04400 
2.33000 
2 "61600 
1.72617 
2 ~ 55233 

1.42400 

2 I 47200 
2 * 99600 
3.52000 
4.04400 
2.13750 
3.37'500 
4.61250 
1.59733 
2 - 29467 
2 /I 99200 
3 . 6 8 9 3 3  
4 I 38667 
5 .08400  
2 I 41950 
3 I 93900 
5.45850 
1.70600 
2.51200 
3.31800 
4.12400 
4.93000 
5.73600 
2.57217 
4.24433 
5.91650 
1.75000 
2 - 6 O O O O  
3.45000 
4.30000 

i I iatioo 

3.37850 

I. m a 0 0  
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200 
2 0 1  
202 
203 
204 
205 
206 
207 
20 8 
209 
210 
211  
212 
213 
214 
215 
216 
217 
218 
219 

0 . 3 5 0 0 0  
0.00000 
1.40000 
0 .70000 
0.00000 
1 .75000  
1.40000 
1 I 05000 
0 .70000  
0.35000 
0 * 00000 
1 .40000 
0 , 7 0 0 0 0  
0.00000 
1 .75000 
1 .40000 
1 .05000 
0.70000 
0.35000 
0.00000 

5.15000 
6.00000 
1.95000 
3 - 22500 
4 .50000 
0 .87500 
1 .30000 
1 .72500 
2 .15000 
2 .57500 
3.00000 
0.65000 
1 .07500  
1.50000 
0.00000 
0 OOOOQ 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 * 00000 
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I 

q 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

-4.- 
I 
I 
I 

-4- 
I 
I 

-t- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I +--. 
I 
I 
I 

-d-. 
I 
I "*-- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
r--- 
I 
I 

---- 

4 

Fig. 13. Example probleol 4 - beam with embedded flaw, t h ree -po in t  
bending. 
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Example Problem 4 .  User Input file FORT5 

BEAM WITH EMBEDDED CRACK 
2 29 6 0 
1 1 1 2 3 
2 1 3 4 5 
3 1 5 6 7 
4 1 12 13 14 
5 1 14 15 16 
6 1 16 17 18 
1 0 . 0  0 . 0  
3 1.0 0 . 0  
5 2 . 0  0.0 
7 4.0 0 . 0  

12  0 . 0  0 .5  
1 4  1 . 0  0 . 5  
16 2.0 0.5 
18 4.0 0.5 
23 0 . 0  8 . 0  
25 1 . 0  8 .0  
27 2.0 8.0 
29 4.0 8.0 
1 1 
2 1 
3 2 2 

1.0 1-0 
1.0 1.0 

1.0 l * O  
1.0 1.5 2.0 

1.0 1.0 
1.0 1.5 2.0 

1.0 1.0 
1.0 1.5 2.0 

4 2 5 

5 2 5 

6 2 5 

9 14 13 1 2  8 
10 16 15 14 9 
11 18 17 16 10 
20 25 24 23 19  
2 1  27 26 25 20 
22 29 28 27 2 1  

3.0 

3.0 

3.0 

7 . 5  

7 . 5  

7 . 5  
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Example Problem 4 .  O u t p u t  summary f1l.e FORT6 

BEAM WITH EMBEDDED CRACK 

NTIPS = 2 
NPONT x 29 
NBLOC = 6 
NFOREl 0 

DATA BLOCKS 

BLOCK MAT. DEFINITION POINTS 
1 S 1 2 3 9 1 4  I3 12 8 
2 1 3 4 5 IO 15 15 14  9 
3 1 5 6 7 11 18 17 1 6  10 
4 1 1 2  13 14 20 25 24 24  1 9  
5 S 1 4  1 5  1 6  2 1  27 26 25 20 
5 s 1 6  17 i a  22  29 28 27 2 1  

LOCATION POINTS 

POINT X 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  

19 
20 
2 s  
22 
23 
24  
25 
26 
27 
28 
29 

l a  

0 . 0 0 0 0  
0 . 5 0 0 0  
1.0000 
1 . 5 0 0 0  
2.0000 
3.0000 
4 .0000  
0.0000 
'b .0000 
2.0000 
4.0000 
0 . 0 0 0 0  
0 .5000  
1.0000 
1.5000 
2 "  0000 
3 .0000  
4.0000 
0.0000 
1 . 0 0 0 0  
2.0000 
4.0000 
0 .0000  
0.5000 
1.0000 
1.5OOO 
2 .0000  
3.0000 
4 . 0 0 0 0  

DATA BLOCK NO. I 

Y 
0.0000 
0 .0000  
0.0000 
0 - 0000 
0 . 0 0 0 0  
0 .0000  
0.0000 
0 .2500  
0 . 2 5 0 0  
0.2500 
0 .2500 
0 .5000  
0 .5000 
0.5000 
0 . 5 0 0 0  
0.5000 
0 .5000 
0 . 5 0 0 0  
4 .2500  
4 .2500  
4.2500 
4 .2500  

163 0000 
8 .0000  
8.0000 

8 . 0 0 0 0  
8 * 0000  

a .  oooo 

a .  oooo 

I 
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CRACK TIP BLOCK, ITYPE = 1 

DATA BLOCK NO. 2 -___---_--------- 

CRACK TIP BLOCK, ITYPE = 1 

DATA BLOCK NO. 3 _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ -  

NO. OF DIV. IN FIRST DIRECTION 2 2 

NO. OF DIV. IN SECOND DIRECTION = 2 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1 . 0 0  1 . 0 0  

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION 
1.00 1.00 

DATA BLOCK NO. 4 ----------------- 

NO. OF DIV. IN FIRST DIRECTION = 2 

NO. OF DIV. IN SECOND DIRECTION = 5 

L I S T  OF WEIGHTING FACTORS IN FIRST DIRECTION 
1.00 1 . 0 0  

LIST OF WEIGHTING FACTORS IN SECOND DIFECTION 
1.00 1 . 5 0  2 . 0 0  3 . 0 0  7 . 5 0  

DATA BLOCK NO. 5 
-___...------------ 

NO. OF DIV. IN FIRST DIRECTION = 2 

NO. OF DIV. IN SECOND DIRECTION = 5 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1 .00  1 . 0 0  

L I S T  OF WEIGHTING FACTORS IN SECOND DIRECTION 
1 . 0 0  1.50 2 . 0 0  3 . 0 0  7 . 5 0  

NO. OF DIV. IN FIRST DIRECTION = 2 
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NO. OF  D I V .  I N  SECOND D I R E C T I O N  'I: 5 

L I S T  OF WEIGHTING FACTORS I N  FIRST D I N C T X ( 3 N  
1 . 0 0  1 . 0 0  

L I S T  OF WEIGHTING FACTORS I N  SECOND DIRECTION 
1 . 0 0  1 * 50 2 .00  3 100 

**** GENERATED MESH DATA **%* 

NUMBER OF NODAL POINTS = 273 

NUMBER OF ELEltENTS .:: 78 

ELEMENT NODAL CONNECTIONS 

EEE. MAT. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
15 
16 
17 

1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 

1 a  

-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 

29 1 

1 
5 
5 
1 
9 
11 
13 
1 5  
17 
19 
29 
31 
33  
35 
3% 
39 
49  
51 
53 
55 
57 
59 
82 
86  
86 
82 
90 
92 

2 
6 
7 
3 

22 
23 
24 
25 
26 
27 
42 
43 
4 4  
45 
46 
47 
62  
63 
64  
65 
66 
67 
83 
87 
88  
84 

103 
104 

NODAL P O I N T S  
9 

11 
15 

5 
29 
31 
33  
35 
37 
39 
49 
59 
53 
55 
57 
59 
69 
7 4. 
7 3 
75 
77 
713 
90 
9% 
96 
86 

110 
1 1 2  

1 0  
12 
16 
8 

30 
32 
34 
36 
38  
40 
50 
52 
54 
56 
58  
60 
70  
7 2  
74 
76 
78 
80 
91  
93 
97 
89  

111 
113 

11 
13 
1 7  
19 
31 
33 
35 
37 
39 
41 
51 
53 
55 
57 
59 
6 1  
7 1  
7 3  
7 5 
7 7  
79 
81. 
92 
94  
98 

100 
112 
1 1 4  

6 
14 
18 
20 
23 
24 
25 
26 
27 
28 
43 
4 4  
45 
46 
47 
48 
6 3  
64 
65 
66 
67 
6 8  
87 
95 
99 

101 
104 
105 

5 
15 
19 
2 1  
11 
1 3  
15  
1 7  
19 
2 1  
31 
33 
35 
37 
39 
41 
5 1  
53 
55 
57 
59 
61 
86 
96 

100 
102 

92 
94  

94 105 114 115  116 106 96 

7 . 5 0  

3 
7 
8 
4 

IO 
1 2  
14  
16 
18 
20 
30 
32 
34 
36 
38 
40 
50 
52 
54 
56 
58 
60 
84 

89 
85 
91 
93 
95 

8a 
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30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
'7 2 
73 
74 
75 
76 
77 
78 

1 96 106 116 
1 98 107 118 
1 100 108 120 
1 110 123 130 
1 112 124 132 
1 114 125 134 
1 116 126 136 
1 118 127 138 
1 120 128 140 
1 130 143 150 
1 132 144 152 
1 134 145 154 
1 136 146 156 
1 138 147 73 
1 140 148 71 
1 150 158 159 
1 159 160 161 
1 152 164 165 
1 165 166 167 
1 77 76 75 
1 75 74 73 
1 177 178 179 
1 179 180 181 
1 185 186 187 
1 187 188 189 
1 193 194 195 
1 195 196 197 
1 201 202 203 
1 203 204 205 
1 73 157 156 
1 156 155 154 
1 181 216 217 
1 217 218 219 
1 189 222 223 
1 223 224 225 
1 197 228 229 
1 229 230 231 
1 205 234 235 
1 235 236 237 
1 154 170 171 
1 371 172 173 
1 219 246 247 
1 247 248 249 
1 225 252 253 
'1 253 254 255 
1 231 258 259 
1 259 260 261 
1 237 264 265 
1 265 266 267 

117 
119 
421 
131 
133 
135 
137 
139 
141 
151 
153 
155 
157 
72 
70 
162 
163 

169 
175 
176 
183 

191 
192 
199 
200 
207 
208 
214 
215 
2 20 
221 
226 
227 
232 
233 
238 
239 
244 
245 
250 
251 
256 
257 
262 
263 
268 
269 

168 

184 

118 
'120 
122 
132 
134 
136 
138 
140 
142 
152 
154 
156 
73 
71 
69 
165 
167 
171 
173 
179 

187 

195 
197 
203 
205 
211 
213 
217 
219 
223 
225 
229 
231 
235 
237 
241 
243 
247 
249 
253 
255 
259 
261 
265 
267 
271 
2'73 

iai 

189 

107 
108 
P O 9  
124 
125 
126 
127 
128 
129 
144 
145 
146 
147 
148 
149 
164 
166 
170 
172 
178 
180 
186 
188 
194 
196 
202 
204 
210 
212 
216 
218 
222 
224 
228 
230 
234 
236 
240 
242 
246 
248 
252 
254 
258 
268 
264 
266 
270 
272 

98 
100 
102 
112 
114 
116 
118 
120 
122 
132 
134 
136 
138 
140 
142 
152 
165 
154 
171 
177 
179 
185 
197 
193 
195 
20 1 
203 
20 9 
211 

217 
189 
223 
197 
229 
20 5 
235 
213 
241 
219 
247 
225 
253 
231 
259 
237 
265 
243 
271 

iai 

97 
99 
101 
111 
113 
115 
117 
119 
121 
1 3 2  
133 
135 
137 
139 
141 
151 
162 
153 
168 
174 
1 7 5  
182 
183 
198 
191 
198 
199 
206 
207 
176 
214 
184 
220 
192 
226 
200 
232 
208 
238 
215 
24 
221  
250 
227 
256 
233 
262 
239  
268 

NODAL POINT COORDINATES 
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NODE X 
1 0 .50000  
2 0 .51250 
3 0 .50000  
4 0 .48750 
5 0 . 5 0 0 0 0  
6 0 .52500 
7 0 . 5 0 0 0 0  

9 0 . 5 5 0 0 0  
10 0 .55000 
11 0 .55000  
1 2  0.55000 
1 3  0 , 5 5 0 0 0  
1 4  0 .52500  
1 5  0.50000 
1 6  0.47500 
17 0.45000 
1 8  0 .45000 
1 9  0.45000 
20 0 .45000  
21 0 .45000  
22  0 , 5 8 7 5 0  
2 3  0 .58750  
24 0.56250 
25 0.50000 
26 0 .43750  
27 0 . 4 1 2 5 0  
28 0 .41250  
29 0 .62500  
30 0 .62500  
31 0 .62500  
32 0.60000 
33 0 . 5 7 5 0 0  
34 0 .53750  
35 0 .50000  
36 0 .46250  
37 0 .42500  
38 0 .40000 
39 0 .37500  
40 0 .37500  
4 1  0 .37500 
4 2  0 .67500  
43  0 .67500  
4 4  0 .61250 
45  0 .50000  
46 0 .38750  
47  0 .32500  
48 0 . 3 2 5 0 0  
49 0 . 7 2 5 0 0  
50 0 . 7 2 5 0 9  
51 0 . 7 2 5 0 0  

a 0 . 4 7 5 0 0  

Y 
0 .00000  
0 "  00000 
0 . 0 1 2 5 0  
0 1 DO000 
0.05000 
0 "05000 
0.075OO 
0.05000 
0 .00000 
0 .02500 
0.050OO 
0 .07500  
0.lOOOO 
0 . 1 0 0 0 0  
0 r 10000 
0.10000 
0 I 10000 
0 07500 
0.05OOO 
0 - 02500 
0 .00000 
0.00000 
0 . 0 6 2 5 0  
0.13750 
0 .13750  
0 .  I3750 
0.06250 
0 . 0 0 0 0 0  
0.00000 
0 .03750 
0.07500 
0 - 125QO 
0 . 1 7 5 0 0  
0 I 17500 
0 .  17500 
0 - 17500 
0 .17500 
0 .12500  
0.07." ;00 
0.03750 
0 .00000  
0 .00000  
0.10000 
0 . 2 2 5 0 0  
0 .22500  
0 .22500 
0 . 1 0 0 0 0  
0 .00000  
0 . 0 0 0 0 0  
0 . 0 6 2 5 0  
0 .12500 



53 

52 
53 
54  
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7 0  
71 
7’2 
73 
7 4  
75 
76  
77 

79  
80 
8 1  
82 
83 
84 
85 
86 
87 
88 
89 
90 
9 1  
92  
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 

7a  

0 . 6 8 7 5 0  
0 .65000  
0 . 5 7 5 0 0  
0 , 5 0 0 0 0  
0.42500 
0 .35000  
0 .31250 
0 .27500  
O.Z’i’500 
0.27500 
0.86250 
0 .86250  
0.82500 
0.50000 
0 .  I7500 
0 . 1 3 7 5 0  
0 .13750 
1 .00000 
1 . 0 0 0 0 0  
1.00000 
1 .00000  
1 .00000 
0 - 75000 
0 e 50000 
0.25000 
0 .  00000 
0 .00000  
0.00000 
0.00000 
0 .00000  
1 .50000  
1 .51250  
1.50QOO 
1 .48750  
1.50000 
1 .525OO 
1.50000 
1 . 4 7 5 0 0  
1.55000 
1 .55000 
1.55000 
1 .55000  
1.55000 
1.52500 
1 .50000 
1 .47500  
1.45000 
1 . 4 5 0 0 0  
1.45000 
1 .45000  
1.45000 
1 .58750  

0.20000 
0.27500 
0.27’5OO 
0.27500 
0 - 27500 
0.27’500 
0.20000 
0 .12500 
0 O6250 
0 ,00000  
0 .00000  
0 . 1 8 7 5 0  
0 . 3 8 7 5 0  
0 .38750  
0 .38750 
0.18750 
0 .  ooooa 
0 ~ 0 0 0 0 0  
0.12500 
0 .25000  
0.37500 
0.50OOO 
0 - 50000 
0.50000 
0 .50000 
0 .50000  
0.3’7500 
0 ~ 25000 
0 .12500 
0.00000 
O.OQ000 
0.00000 
0 .01250  
0 . 0 0 0 0 0  
0 .  Q5000 
0.05OUO 
0 ,07500  
0 05000 
0 - 00000 
0.02500 
0.Q5OOO 
0 .07500  
0.10000 
0.10000 
0.10000 
O.lO0OO 
0.10000 
0.07500 
0 .05000 
0,02500 
0.00000 
0.00000 
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104 
105 
106 
107 
108 
109 
110 
1 b 1. 
112  
1 1 3  
1 1 4  
115 
116  
117 
118  
119 
120 
121 
a22 
123  
124  
125 
126  
3.2 '7 
I28 
129 
130 
131 
S32 
13.7 
1 3 4  
135 
136 
137 
138  
139 
140  
141 
1 4 2  
143 
1 4 4  
1 4 5  
1 4 6  
147 
148  
1.49 
150 
1 5 1  
1 5 2  
153 
154 
155 

1 .50750  
1 . 5 6 2 5 0  
1 .50000  
1.43'850 
1 ~ 41250 
1 .41253  
1 .62500  
1 .62500  
1 .62500 
1 .60000 
1 - 57560 
1 ~ 53750 
1.50000 
1 45250 
1 .42500  
I" 40000 

1,37500 
1 .37500 
1. 6'7700 
1 ~ 67500 
1 .61250  
I.. 50000 
1.38750 
1 "  32500 
I. 32500 
1 .72500  
I ~ 72500 
1 .72500 
1 . 6 8 7 5 0  
1.65000 
1 I 57500 
1.50000 
1 . 4 2 5 0 0  
I. 45000 
1 .31258  
1" 27500 
S "  27500 
1.2'7500 
I. 862511 
1 .86250  
1. $2500 
1 .50000  
1 . 1 7 5 0 0  
1" 13750 
1.13750 
2.00000 
2 .  O O O O O  
2.00000 
2 .00000 
2 .00000 
1 ~ 75000 

i ~ 37500 

0 .06250  
0 .13750  
0 .13750 
0 .  I3750 
0.06250 
0.00000 
0.00000 
0 . 0 3 " 5 0  
0 - 07500 
0.125QO 
0.17500 
0 .  17500 
0.1'9500 
0.17500 
0 .17500 
0 .12500 
0 .07500 
0 . 0 3 7 5 0  
0.00000 
0 .  no000 
0 .10000  
0 .22500  
0 .22500  
0 .22500  
0 .10000 
0.00800 
0 .  O O O O O  
0.06ZtiO 
0.12500 
0 .20000  
0 .27500  
0 .27500  
0.27500 
0 .  275(10 
0.27'5630 
0.20000 
0 .12500 
0 . 0 6 2 5 0  
0 .  O Q O O O  
0 .  OOOOO 
0 .18750 
0 . 3 8 7 5 0  
0.38750 
0 . 3 8 7 5 0  
0 .18750  
0 .00000  
0 .00000  
0.12500 
0.25OOO 
0 .  3'7500 
0.50000 
0 . 5 0 0 0 0  
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156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
I77 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191. 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
20 3 
204 
205 
206 
207 

1.50000 
1.25000 
2.50000 
3.00000 
3.50000 
4. OOOOQ 
3 - 00000 
4 .00000 
2.50000 
3.00000 
3.50000 
4.00000 
3.09000 
4.000059 
2 50000 
3.00000 
3 50000 
4.00000 
0 .  00000 
0.50000 
1.00000 
0.000OO 
0.25000 
0 - 50000 
0.75000 
1.00000 
0.00000 
0.50000 
1.00000 
0.00000 
0.25000 
0.5OOOO 
0 7 5 0 0 0  
1.00000 
0 * 00000 
0,50000 
1. 00000 
O.QOOO0 
0 - 25000 
0,50000 
0 E m l O  
1. 00000 
0. 00000 
0.5000O 
1. OOOOO 
0 "  00000 
0 I 25000 
0.50000 
0.75000 
1 .00000  

0 . 5 0 0 0 0  
0 .  a o o w  

0.50000 
8.500OO 
0.00000 
0. 00000 
0 "  00000 
0. OOO00 
0.12500 
0.12500 
0.25000 
0.25008 
0.25000 
0.25000 
0.37500 
0.37500 
0.5OOOO 
0.50QOO 
0.50000 
0.50000 
0.75000 
0.750OO 
0.75000 
1. 00000 
1. OOOOO 
1. OOOOQ 
1 - 00000 
1.00000 
1 .37500 
1.37500 
1.37500 
1. 75000 
1.75000 
1.75000 
1.75000 
1.75QOO 
2.25000 
2.25000 
2.25000 
2.75000 
2 . 7 5 0 0 0  
2.75000 
2.75000 
2.75000 
3.50000 
3.50000 
3 - 50000 
4.25000 
4.25000 
4.25000 
4.25000 
4.25000 
6.12500 
6.12500 
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208 
20 9 
210 
2 1 1  
212 
213 
214 
215 
216 
217 
210 
219 
220 
221  
222 
223 
224 
225 
226 
227 
228 
229 
230 
231. 
232 
233 
234 
235 
236 
237 
238 
239 
240 
2 4 1  
242 
243 
2 4 4  
245 
246 
247 
248 
249 
250 
2 5 1  
252 
253 
254 
255 
256 
257 
258 
259 

1,00000 
0.00000 
0 .25000 
0 .50000  
0 .75000 
1 .00000  
1.50000 
2 ~ 00000 
1 ~ 25000 
1. _j 58QOO 
1 .75000  
2 IO0000 
1 . 5 0 0 0 0  
2 "  00000 
1 .25000 
1.5OOOO 
1.75000 
2.00000 
I "  5ooou 
2.00000 
1.. 25000 
1 .50000  
I .I 75000 
2 . 0 0 0 0 0  
I " 5 0 0 0 0  
2 :ooooo 
1 .25000  
3. ~ 50000 
1 .75000  
2.00000 
1. 50000 
2 ,00000  
1 I 25000 
I. 50000 
1.75000 
2 .00000 
3 .00000 
4 .  00000 
2.50000 
3 "  00000 
3 .50000 
4 .00000 
3 . 0 0 0 0 0  
4.00000 
2 .50000 
3 .00000  
3 .50000  
4 .00000  
3 .00000 
4.00000 
2.50000 
3 .00000 

6 "  12500 
8.00000 
8.00000 
8 " 0 0 0 0 0  
9.  0OU00 
8.00000 
0.75000 
0 .95000  
1 .00000  
b "00000  
1 .00000 
1 " 00000 
1 .37500  
1 .37500 
1.75000 
I . '75000 
1.75000 
1.751)OO 
2 .25000 
2 .25000 
2 '75080 
2 .75000 
2 175000 
2 .  9 5 O O O  
3 I 50000  
3,50000 
4.25800 
4 .25000  
4 ,25000  
4.25000 
6 .  I 2 5 0 0  
6.12500 
8 . 0 0 0 0 0  
8 "  00000 
8 .00000 
8.00000 
0 .75000 
0 .  '15000 
1 .00000  
I ~ OOOOO 
1 ~ 00000 
1 .00000 
3 . .  37500 
1 .37500  
1 ~ 75000 
1.75r300 
1 .75000  
1.75000 
2 .25000 
2 .25000 
2 .  '15000 
2.75000 
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260 3.50000 
261 4.00000 
262 3.00000 
263 4 .00000  
264 2.50000 
265 3 - 0 0 0 0 0  
266 3.50000 
267 4.00000 
268 3 .00000 
269 4 .00000  
270 2.50000 
2 7 1  3 .00000 
272 3.50000 
273 4 .00000 

2.75000 
2 .75000 
3 .50000 
3.50000 
4.25000 
4.25000 
4.25000 
4 .25000  
6 .12500 
6.12500 
8.00000 
8 .00000 
8 .00000 
8 .00000  
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1.2 

Fig. 14.  Example problem 5 compact t e n s i o n  specimen. 



59 

Example Problem 5 .  User input file FORT5 

STANDARD COMPACT TENSION SPECIMEN 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 
3 
5 
7 
9 

11 
18 
20 
21 
22 
23 
25 
27 
29 
36 
38 
40 
42 
44 
46 
1 
2 

1.0 
1.0 

1.0 
1.0 

1.0 
1.0 

1.0 
1.0 

1.0 
1.0 

3 

4 

5 

6 

7 

46 10 
1 7 
1 9 
1 27 
1 25 
1 22 
1 5 
1 3 
1 20 
1 1 
1 18 

0.0  
0.25 
0.75 
1.25 
1.75 
2.5 
0.0 

0.25 
0.5 

0.75 
0.5 
1.25 
1 .75  
2.5 
0.0 

0.25 
0.75 
1.25 
1.75 
2.5 

1 
3 2 
1.0 
1.0 

3 2 
1.0 
1.0 

2 2 
1.0 
1.0 
2 2 
1.0 
1.0 

2 2 
1.0 
1.0 

2 2 

0 
8 9 

10 11 
28 29 
26 27 
24 25 
6 7 
4 5 

23 22 
2 3 
19 20 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.55 
0.55 
0.3 

0.55 
0.8 

0.25 
0.25 
0.25 
1.2 
1 . 2  
1.2 
1.2 
1.2 
1 . 2  

1 . 0  

1.0 

16 27 26 25 15 
17 29 28 27 16 
35 46 45 44 34 
34 44 43 42 33 
33 42 41 40 32 
15 25 24 22 14 
14 22 21 20 13 
32 40 39 38 31 
13 20 19 18 12 
31 38 37 36 30 
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1.0 1.0 
1.0 1.0 

1.0 1.0 
1.0 1.0 

1.0 
1 . 0  1.0 

1.0 
1.0 1.0 

8 2 2 

9 1 2 

10 1 2 
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Example Problem 5 .  Output summary f i l e  FORT6 

STANDARD COMPACT TENSION SPECIMEN 

NTIPS = 1 
NPONT = 46 
NBLOC = 10 
NFORM = 0 

DATA BLOCKS 

BLOCK MAT. 
1 1 7 8 
2 1 9 10 
3 1 27 28 
4 1 25 26 
5 1 22 24 
6 1 5 6 
7 1 3 4 
8 1 20 23 
9 1 1 2 
10 1 1 8  19 

LOCATION POINTS 

POINT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
1 4  
1 5  
1 6  
17  
18  
19 
20 
2 1  
22 
23 
24 
25 
26 
27 

X 
0 .0000  
0.1250 
0 . 2 5 0 0  
0 .5000  
0 .7500  
1.0000 
1.2500 
1 .5000  
1 . 7 5 0 0  
2 .1250  
2.  5000 
0.0000 
0 . 2 5 0 0  
0 .7500 
1 . 2 5 0 0  
1 .7500  
2 .5000 
0.0000 
0.1250 
0.2500 
0.5000 
0 .7500  
0 . 5 0 0 0  
1 .0000 
1 . 2 5 0 0  
1.5000 
1 .7500  

DEFINITION POINTS 
9 1 6  27 26 25 

11 17 29 28 27 
29 35 46 45 44 
27 34 44 43 42 
25 33 42 4 1  40 

7 1 5  25 24 22 
5 14  22 2 1  20 

22 32 40 39 38 
3 1 3  20 19 1 8  

20 3 1  38 37 36 

Y 
0 . 0 0 0 0  
0 .0000  
0.0000 
0.0000 
0.0000 
0 . 0 0 0 0  
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0 0 0 0  
0.2750 
0 . 2 7 5 0  
0 . 2 7 5 0  
0 .1250  
0 1250 
0 e 1250 
0 - 5500 
0 , 5 5 0 0  
0 . 5 5 0 0  
0 . 3 0 0 0  
0 - 5500 
0 . 8 0 0 0  
0 .4000  
0 . 2 5 0 0  
0 2500 
0 .2500  

15  
16  
34 
33 
32 
1 4  
1 3  
3 1  
12  
30 



0002 5 
Ooozm T 
0002 ~ I: 
00OZ.T 
0002 - T 
oooz * T 
0002 - I: 0002. I: 
0002. I: 
0002 IT 
0002~5 
OSZL 0 
OSZL " 0 
09ZL '0 
OGL8 " 0 
011L8'0 
09L8 - 0 
0092 * 0 
009z - 0 

000s * z 9P 
O?lZI:'Z lip 
00S.L - 1: PP 
00011. T EP 
oosz - T ZP 
0OOO.T TP 
OOSL '0 OP 
000'; - 0 66 
oosz - 0 14E 
09ZT. 0 LE 
0000 - 0 9E 
000s. 2 11s 
00SL - P PE 
OOSZ. 1 FE 
OOSL'O zF: 
oosz . 0 IF 
0000 - 0 O€ 
000s. z 6Z 
OSZT '2 f3z 

29 
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NO. OF DIV. IN FIRST DIRECTION = 2 

NO. OF DIV. IN SECOND DIFECTION = 2 

LIST OF WIGHTING FACTORS IN FIRST DIRECTION 
1.00 1.00 

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION 
1.00 1.00 

NO. OF DIV. IN FIRST DIRECTION = 2 

NO. OF DIV. IN SECOND DIRXCTION = 2 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1.00 1.00 

LIST OF WIGHTING FACTORS IN SECOND DIRECTION 
1.00 1 - 0 0  

DATA BLOCK NO. 6 _________--------  

NO. OF DIV. IN FIRST DIRECTION = 2 

NO. OF DIV. IN SECOND DIRECTION = 2 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1.00 1.00 

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION 
1.00 1.00 

DATA BLOCK NO. 7 ----------------- 

NO. OF DIV. IN FIRST DIRECTION = 2 

NO. OF DIV. IN SECOND DIRECTION = 2 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1.00 1.00 

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION 
1.00 1.00 

DATA BLOCK NO. 8 
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NO. OF DIV. IN FIRST DIRECTION = 2 

NO. OF DIV. IN SECOND DIRECTION = 2 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1 .00  1.00 

LIST OF WEIGHTING FACTORS IN SECOND BIIZECTION 
1.00 1.00 

DATA BLOCK NO. 9 
---I- -----.------- 

NO. OF DIV. IN FIRST DIRECTION = 1 

NO. OF DIV. IN SECOND DIRECTION = 2 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1.00  

LIST OF WEIGHTING FACTORS IN SECOND DIRECTION 
1 .00  1.00 

NO. OF DIV. IN FIRST DIRECTION = 1 

NO. OF DIV. IN SECOND DIRECTION = 2 

LIST OF WEIGHTING FACTORS IN FIRST DIRECTION 
1 .00  

IaIST OF WEIGHTING FACTORS IN SECOND DIRECTION 
1.00 1-00 

**** GENERATED MESH DATA **** 

NUMBER OF NODAL POINTS = 212 

NUMBER OF ELEMENTS = 58 

ELEMENT NODAL CONNECTIONS 

ELE. MAT. NODAL POINTS 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
1 5  
1 6  
17 
18 
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33  
3 4  
35 
36 
37 
38 
39 
40 
41 
42 
43  
44 
45 
46 
47 
48 
49 
50 
5 1  
52  

-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 

1 
5 
5 
1 
9 

11 
1 3  
15  
17 
19 
29 
3 1  
33 
35 
37 
39 
49 
5 1  
53 
55 
57 
59 
69 
83 
85 
71 
92 
94 
73 

1 0 1  
103 
110 
112 
114 
77 
75 
130 
132  
140 
142 
146 
148 
156 
158 
162 
164 
168 
170 
174 
176  
180 

2 
6 
7 
3 

22 
23 
24 
25 
26 
27 
42  
43 
44 
45 
46  
47 
62  
63  
64 
65 
66 
67 
02 
84 
86 
91 
93 
95 
100 
102 
104 
111 
113 
115 

7 6  
74 

1 3 1  
133  
141 
143 
147 
149 
157 
159 
163 
165 
169 
171 
175 
177 
184 

9 
11 
15 

5 
29 
3 1  
33 
35 
37 
39 
49 
51 
53 
55 
57 
59 
69 
7 1  
7 3  
75  
77 
79  
83 
85 

92 
94 
96 
10 1 
103 
105 
112  
114 
116 
75 
73 
132 
110 
142 

77 
148 
130 
158 

8 1  
164 

79 
170 
156 
176  
162 
185 

a7 

65 

10 
1 2  
16 
8 
30 
32 
34 
36 
38 
40 
50 
52 
54 
56 
58 
60 
70 
72  
74 
76 
78 
80 
88 
89 
90 
97 
90 
99 

107 
108 
LO9 
118 
119 
120 
1 2 9  
106 
135 
117 
145 
128  
151 
134 
1 6 1  

80 
167 

78 
173 
160 
179 
166 
188 

11 
13 
1 7  
19  
3 1  
33 
35 
37 
39 
41 
51 
53 
55 
57 
59 
6 1  
71 
73 
75 
77 
79 
8 1  
92 
94 
96 

1 0 1  
10 3 
105 
112 
114 
116 
123 
125 
127 
132 
110 
138 
121 
148 
130 
154 
136 
164 
79 

142 
77 

176 
162  
1 8 2  
140 
1 9 1  

6 
14 
18 

23 
24 
25 
26 
27 
28 
43 
44 
45 
46 
47 
48 
63 
64 
65 
66  
67 
68 
91 
93 
95 
100 
102 
104 
111 
113 
115 
1 2 2  
124 
126  
1 3 1  
133 
137 
139 
147 
149 
153 
155  
163 
165 
141 
143  
175 
177 
181 
183 
190 

20 

5 
15 
19 
21 
11 
13 
15 
17 
1 9  
2 1  
3 1  
33 
35 
37 
39 
4 1  
51 
53 
55 
57 
59 
61 
7 1  
92 
94 
73 
101 
103 
110 
112 
114 
121 
123 
125 
130 
132 
136 
138 
146 
148 
152 
154 
162 
164  
140 
142 
1 7 4  
176 
180 
182 
189 

3 
7 
8 
4 

1 0 
12 
14 
1 6  
18 
20 
30 
32 
34 
36 
38 
40 
50 
52 
54 
56 
58 
60 
70 
88  
89 
72  
97 
98 

106 
107 
10 8 
117 
118 
119 
128 
129 
134 
135 
144 
145 
150 
151 
160 
161 
166 
167 
172  
173  

179 
187 

178 

I 185 186  140 144 146 192  191 188 



53 3. 189 190 1 9 1  194 197 196 195 193 
54  1 191 192 146 150 1 5 2  198 197 194 
55 1 1 4 9  200 168 172 174  203 202 201  
56 1 202 203 1 7 4  178 180 206 205 204 
57 1 '205 206 180 1 8 7  189 209 208 207 
58 1 208 209 189  193  195 212 211 210 

NODAL POINT COORDINATES 

NODE 
1 
2 
3 
4 
5 
6 
7 
8 
4 

10  
11 
1 2  
1 3  
1 4  
15 
16  
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32  
33 
34 
35 
36 
37 

39 
40  
4 1  
42 

38 

x 
1.50000 
1 .50625  
1.50000 
1 .49375  
1 .50000  
1 I 51250 
1 .50000  
I .  48750 
1 . 5 2 5 0 0  
1 ~ 52500 
1 ,52500  
1 , 5 2 5 0 0  
1 .52500  
1 I 512550 
1 .50000  
1.48750 
1 ~ 4'7500 
1 .47500  
1 . 4 7 5 0 0  
1 .47508 
1 .47500  
1 .54375  
1 .54375  
1 "  53125 
1 "  500QO 
1 .46875  
1.45625 
1 I 45625 
1 .56250  
1 - 56250 
1 . 5 6 2 5 0  
1 "  55000 
1 . 5 3 7 5 0  
1" 51.8'15 
1 .50000  
1 .48125  
1 .46250  
I - 4mOO 
1 .43750  
1 I 43750 
1 .43750  
1 - 58750 

Y 
0 . 0 0 0 0 0  
0 - 0 0 0 0 0  
0.00625 
0 .  OOQOO 
0 I 025OQ 
0.02500 
0 .03750 
0 ~ 02500 
0 .  OOOQO 
0 .01250 
0 .  a2500 
0 .03750  
0.05000 
0.05OOO 
0 .  05000 
0 . 0 5 0 0 0  
0 . 0 5 0 0 0  
0 . 0 3 7 5 0  
0 . 0 2 5 0 0  
0.01250 
0 . 0 0 0 0 0  
0.00000 
0 . 0 3 1 2 5  
a .  06875 
0.068 '75 
0 - 06875 
0 .03125  
0 . 0 0 0 0 0  
0.00000 
0 .81875  
0 .83750  
0 .06250  
0.08750 
0 .08750 
0 . 0 8 7 5 0  
0.0875O 
0 .08"98 
0 .06250  
0 .03750  
0 .  01875 
0.00000 
0 . 0 0 0 0 0  



67 

43 
4 4  
45 
46 
47 
48 
49 
50 
5 1  
52 
53  
54 
55 
56 
57 
58  
59 
60 
6 1  
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1  
72  
73 
74 
75 
76  
77 
7 
79 
80 
8 1  
82 
83 
84 
85 
86  
07 
88 
89 
90 
91. 
92 
93 
94 

1 .58750 
1 .55625  
1 .50000  
1 - 44375 
1 .41250 
1 .41250 
1 .61250  
1 .61250 
1 .61250  
1.593'75 
1 .57500 
1 .53750 
1 .50000 
1 .46250 
1 .42500 
1.40625 
1 .38750 
1 .38750 
1 .38750 
1 .68125 
1 .68125  
1 .66250 
1 .50000  
1.33'750 
1 .31875  
1 .31875 
1 .75000 
1 - 75000 
1 .75000 
1 - 75000 
1 - 75000 
1 ~ 62500  
1 .50000  
1 - 37500 
1 .25000  
1 .25000 
1 .25000  
1 .25000  
1 .25000 
1.87500 
2.00000 
2.12508 
2.25000 
2 I 37500 
2.50000 
2. O O O O O  
2.25000 
2 . 5 0 0 0 0  
1 .87500  
2 ,00000 
2 .12500 
2.25000 

0 I 0 5 O O O  
0.11250 
0.11250 
0 ~ 11250 
0.05OOO 
0.00000 
0 .00000  
0.03125 
0 . 0 6 2 5 0  
0 a 10000 
0 .13750 
0.13750 
0 .13750 
0 .13750 
0 13750 
0 .10000 
0 .06250  
0.03125 
0 .00000  
0 .00000 
0 ,09375  
0 - 19375 
0 .19375  
8.19375 
0 .09375  
0 - 00000 
0 .00000 
0.06250 
0 .12500  
0.18750 
0 .25000 
0.25000 
0 .25000 
0 .25000 
0 .25000 
0.18750 
0 .12500  
0 .06250 
0 .00000  
0 .00000  
0 .00000 
0.00000 
0.00000 
0 .00000 
0.00000 
0 06250 
0 . 0 6 2 5 0  
0.06250 
0 .12500 
0. I2500 
0.12500 
O.  12500 
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95 2 . 3 9 5 0 0  
96 2.50000 
97 2.00000 
98 2 ,25000 
99 2 .50000  

100 1 .87500  
101 2.00000 
1 0 2  2.92500 
103 2 .25000 
104  2 . 3 9 5 0 0  
105 2 .50000  
106 1.'75000 
107 2 .00000  
108  2.25000 
109 2 .50000 
110 1 .75000 
111 1 .87500  
112 2 .00000 
S13 2.12500 
114 2 .25000 
115 2 .37500  
1 1 6  2.50000 
117 1 . 7 5 0 0 0  
118  2 .00000  
119 2.25000 
120 2 .50000 
1 2 1  1.75000 
122 1 . 8 7 5 0 0  
123 2 .00000 
1 2 4  2.12500 
125 2 .25000  
126 2 .37500 
127 2 .50000  
128 1 .25000  
129 1 .50000  
130 1 .25000  
1 3 1  1 . 37500  
132 1 .50000 
133 1 . 6 2 5 0 0  
134 1 .25000  
135  1..50000 
136 1 .25000  
137 1 . 3 7 5 0 0  
138  1 . 5 0 0 0 0  
139 1 . 6 2 5 0 0  
1 4 0  0.75000 
141  0 . 8 7 5 0 0  
142 1 .00000 
143 1 .12500 

145 1 .00000  
1 4 6  0 .75000 

144 0 . 7 5 0 0 0  

0.I25OO 
0.12500 
0 . 1 8 7 5 0  
0 .18750 
0 , 1 8 7 5 0  
0 .25000 
0 . 2 5 0 0 0  
0.250QO 
0 .25000 
0.25000 
0 .25000  
0 - 48750 

0 .48750 
0 . 4 8 7 5 0  
0 .72500  
0 .72500  
0 .725QO 
0 .72500  
0 .72500 
0 . 7 2 5 0 O  
0 - W X O  
0 . 9 6 2 5 0  
0 .96250 
0 .96250  
0 .96250 
1 .20000  
1 .20000  
1 .20000  
1 .20000  
1. 20000 
1 .20000  
1 . 2 0 0 0 0  
0 .48758 
0 . 4 8 7 5 0  
0 .72500 
0 . 7 2 5 0 0  
0 . 7 2 5 0 0  
0 .72500  
0 - 96250 
0 . 9 6 2 5 0  
1.20000 
1 . 2 0 0 0 0  
1 .20000  
1 . 2 0 0 0 0  
0.550O8 
0 . 4 7 5 0 0  
0 .40000  
0 .32500  
0 . 7 2 2 5 0  
0 .60000  
0 .87500  

o . 4 a 7 s o  
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147 
148 
149 
150 
151 
152 
153 
254 
155 
156 
157 

159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 

179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193  
194  
195 
196 
197 
198 

158 

178 

0.87500 
1.00000 
1.12500 
0 .75000  
1.00000 
0 * 75000 
0.87500 
1 . 0 0 0 0 0  
1 12500 
0.75000 
0 87500 
1.00000 
1 - 12500 
0 - 75000 
1.OOOOQ 
0 .75000  
0 .87500  
1 ” 00000 
1.12500 
0 .75000  
1.00000 
0.25000 
0.3’7500 
0 ~ 50000 
0.62500 
0.25000 
0.5OOOO 
0.2500Q 
0.37500 
0.50000 
0.62500 
0.25000 
0,50000 
0.25000 
0.37500 
0.50000 
0.62500 
0.37500 
0.50000 
0 . 6 2 5 0 0  
0.250OO 
0.50000 
0.25000 
0.37500 
0.50000 
0.62500 
0 25000 
0.50000 
0.25000 
0.37500 
0.50000 
0.62500 

0.83750 
0.80000 
0.76250 
1.03750 
1.00000 
1.20000 
1 .20000 
1.20000 
1.20000 
0 - 00000 
0.00000 
0 .00000 
0.00000 
0.13750 
0.10000 
0 . 2 7 5 0 0  
0.23750 
0 “ 2 0 0 0 0  
0.16250 
0.41250 
0 I 30000 
0.00000 
0. QOOOQ 
0 s ouooo 
0.00000 
0 . 1 3 7 5 0  
0.075OO 
0.2’f5OO 
0.18125 
0 - 15000 
0.18125 
0.41250 
0 .22500  
0 .55000  
0 36250 
0 .30000 
0 . 3 6 2 5 0  
0 . 7 3 7 5 0  
0.80000 
0.73750 
0 .’7125O 
0.90000 
0.8’7500 
0 I 96875 
1.00000 
0 .96875  
1,03750 
1.10000 
1.20000 
1.20000 
1,20000 
1 20000 
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199 0 .00000  
200 0 .12500  
2 0 1  0 .00000  
202 0 .00000 
203 0 .12500 
204 0 .00000 
205 0.90000 
206 0 .12500  
207 0 .00000  
208 0 .00000 
205 0.12500 
210 0 .00000  
2 1 1  0 .00000  
212 0 . 4 2 5 0 0  

0 .  0000a 
0 .00000 
0.13'75O 
0.2'35OO 
0.27500 
0 .41250  
0 .55000  
0 .55000 
0 .  '71250 
0 .87500 
0.8 '7580 
I .  OW50 
1.28090 
1 ,20000 
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Appendix C 

CRACK-TIP BLOCK SUBDIVISION 

Reference Figs. 15-20 showing the subdivisions of each type of 
crack-tip block that may be employed in ORMGEN.PC are provided here. 
These figures are helpful f o r  specifying boundary conditions and for 
determining elements that occupy the crack-tip zone 
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Fig.  15 Element and node numbering f o r  0RVIRT.PC compatibl-e 
c r a c k - t i p  b lock ,  ITYPE-1. 

89 46 13 5 38 73 

Fig.  16. Element  and node numbering €or 0RVI:RT.PC compat ib le  
c rack - t ip  b lock ,  ITYPE=2. 
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119 
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Fig .  17. Element and node numbering fo r  ADINA/ORVIRT compatible  
c rack - t ip  b lock ,  LTYPE=3, I K I W O .  
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21 a 1 2  

Fig. 19. Element and node numbering f o r  ADINA/ORVIRT compatible 
crack-tip b lock,  ITYPE=4, IKIND=O. 
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33 20 1 ---1 3 14 21 

Pi.g. 20. Element  and node numbering f o r  ADINA/ORVIKT compatible  
c r a c k - t i p  b lock ,  ITYPE=4, I K I N D = l .  
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ORMGEW.PC (Oak Ridge Mesh GENeration. P e r s o n a l  Computer) a u t o m a t i c a l l y  g e n e r a t e s  two- 
dimensional  f ini te-el .ement  models f o r  e i t h e r  cracked 01- uncracked s t r u c t u r e s .  Element 
c o n n e c t i v i t i e s  and nodal p o i n t  c o o r d i n a t e s  are w r i t t e n  i n  f o r ~ ~ i a t s  t ha t  a r e  compatible. 
f o r  subsequent  € r a c t u r e  a n a l y s i s  u s i n g  e i t h e r  t h e  O K V I R T J C  f i n i t e - e l e m e n t  microcomputer 
program or t h e  ADINA/ORVIRT mai.nframe system. ORMGEN.PC emphasi.zes g e n e r a l i t y  i n  i t s  
d e s i g n .  F in i te -e lement  mode1.s can be genera ted  f o r  d i s k s ,  p l a t e s ,  c y l i n d e r s ,  and even 
geometr ies  w i t h  h o l e s ,  such  as compact tensi .on specimens.  E i t h e r  s u r f a c e  o r  embedded 
f l a w  geometr ies  can b e  modeled. Detail  u s e r  i n s t r u c t i o n s  d e s c r i b e  b o t h  p r e p a r a t i o n  of  
i n p u t  d a t a  and program o p e r a t i o n .  Sample problems are p r e s e n t e d  t h a t  demonst ra te  t h e  
f l e x i b i l i t y  of  t h e  program, 
t y p i r a l .  r u n t i m e s  on a n  LHM PC/AT a r e  30 t o  45 s .  

0RMGEN.PC e x e c u t e s  on a n  I B M  PC/AT or PC/XT rnicrocompute.r; 
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