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WODAL SOLUTION AN
SUB =1 BEV 27 2008
TIME=1 DL:a7 42
SEQV (AVG) g
DMX =.224123
$MN =19.073
5MX =2982

19.073 £77.575 1336 1995 2653

348.324 1007 1665 2324 2082
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fracture
Trme e e L : - - 2106.1923
- 1982.3173
- 1858.4423
- 17345673
1610.6923
- 1486.8173
1362.9423

1239.0673

‘stress

- 111%5,1923
-~ 9913173
~ 8674423
- 743.5673
- 619.6923
~ 4958173

-+ 3719423

-+ 248.0673

distance from crack fip
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/PREP7

ET,1,PLANER2 'PLANE 82(Plan stress)

MP,EX,1,2E5 'YOUNG'S MODULUS=200E3(MPa)

MP,NUXY,1,0.3 'POISSON'S ratio=0.3

K,1 Define keypoints and lines,kp1(0,0,0)

K,2,200

K,3,200,100

K.,4,,100

L,1,2

L,2,3

L,3.,4

L,1,4

LDIV,1,5/200 'Devide line 1 with ratio 5/200

LESIZE,5,,,15,3 '15 division for line 5 with spacing ratio 3
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LESIZE2,,,8

LESIZE 3,,,15

LESIZE 4,,,10,3

KSCON,5,.5,1,10,0.65 'define crack tip element size
AL,1,5,2.34 Icreate rectangle
AMESH, |

/SOLU

KSEL,S,KP..2 'Boundary conditions
KSEL,A,KP,.5

DK,ALLUY, 1

KSEL,S,KP,,1

KSEL,A KP4

DK,ALL,UX,,,1

SFL,3,PRES,-400

ALLSELL,ALL

SOLVE

/POSTI

AT o Lol B;L,o Q—.{l FRpun ol eall Ay idd DAl o pd e jeliie 4 ped 9;Lo

i S 00,8 Ol S STy Koy 550 0,5 903 55 Sge,S Wb e plglpos 8 s

PATH,KI,3,,48 'define path
PPATH,1,2

PPATH,2,14

PPATH,3,15

KCALC,1,,1 lcalculate K1

*GET,KIKSCON,KCALC, K, 1
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** CALCULATE MIXED-MODE STRESS INTENSITY FACTORS**
ASSUME PLANE STRESS CONDITIONS
ASSUME A HALF-CRACK MODEL WITH SYMMETRY BOUNDARY
CONDITIONS (USE 3 NODES)

EXTRAPOLATION PATH IS DEFINED BY NODES: 2 15 14
WITH NODE 2 AS THE CRACK-TIP NODE

USE MATERIAL PROPERTIES FOR MATERIAL NUMBER 1
EX = 0.20000 E+6 NUXY = 0.30000 AT TEMP = 0.0000

#HEE K[ = [588.5 *w
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KI = oJma = 4004/ x5 =1585.33 #-V)
el 9,5 I YU el S5l g o4l sl ss,0 0.199 sgu 5,50 5l ool caway Jlade b S
Jdo Jame )0 (Js all (o0 (63550 S5 L lei sl 398 alal) a5 o ol Sl ST (pl 992
aalys S5y (655 p0 S5 Ly dnylie )0 (g ey O sd S Ol3T (gla ad o T Sgg poe
s I8t e s 5l ol Jlade aeil jo gl (oo AT DAl o po oD Sl rge &S il

0l \)Ler-u-ha-’ o9 .E.w}; 2 S ygu0 AJF Totmas o o 0JduD Ls:-‘).lo JJA LS‘)" MJDA.....:L’ °

:[\];"Mu]

F=—_ Y =1.99 - 0.41-2 +18.7(-2)2 —38.48(-1)" 4 53.85(-)*
W W W W

N
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Wl 00D s G do 0 VY g0 B pllas e i 09l L F=1LI2 0 0y

PTes5l oley 25 ke 5 Sle cpl js canlond alish (55,1 oo, £ e gl po 95
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amlmo 255 (6550 B Gl o 555 51 5 65 (8551 Il 5,5 a8 oS (o asi e
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ETABLE,ENERGY,SENE
ETABLE,VOLUME,VOLU
SEXP,WDENS,ENERGY,VOLUME,1,-1
PATH,PATHINT,5,30,50

PPATH,1,25

PPATH,2,600

\- Newman
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PPATH,3,594
PPATH.4,605

PPATH,S5,7
PDEF,WDENS,ETAB,WDENS
PCALC,INTG,FIRSTERM,WDENS,YG
“GET,JFIRST,PATH,,LAST,FIRSTERM
PDEF,CLEAR
PVECT,NORM,NORMX,NORMY,NORMZ
PDEF,SXMAP,S,X

PDEF,SYMAP,S,Y
PDEF,SXYMAP,S,XY
PCALC,MULT,TX,SXMAP,NORMX
PCALC,MULT,TXY,SXYMAP,NORMY
PCALC,ADD,TRACX,TX,TXY
PCALC,MULT,TXY,SXYMAP,NORMX
PCALC,MULT,TY,SYMAP,NORMY
PCALC,ADD,TRACY,TY,TXY
“GET,DX,PATH,,LAST,S
DX=5*DX/1000
PCALC,ADD,XG,XG,,,-DX/2
PDEF,INTR,UX1,UX
PDEF,INTR,UY1,UY
PCALC,ADD,XG.XG,,,,.DX
PDEF,INTR,UX2,UX
PDEF,INTR,UY2,UY
PCALC,ADD,XG,XG,,,,-DX/2

C=(1/DX)
PCALC,ADD,DUX,UX2,UX1,C,-C
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PCALC,ADD,DUY,UY2,UY1,C,-C
PCALC,MULT,J21,DUX,TRACX
PCALC,MULT,J22,DUY,TRACY
PCALC,ADD,J2,J21,122
PCALC,INTG,JSEC,J2,S
*GET,JSECOND,PATH, LAST,JSEC
JINT=2*(JFIRST-JSECOND)
PDEF,CLEAR
KIJINTEGRAL=SQRT(200E3*JINT)

/STATUS
'END OF MACRO

aslp ol 0 Gl o oS Lol 20 a5, S U dalol o ) ael )l pepled asslis
1230 ,5 aslal 1) e
PADELE,KI Idelete all previouse path parameter
ol 00 0,33 KINT jial,b jo ] 800 aclone g, 5l ool Conos 55 ol co o laie
! T RSURRY K ol LG Jlade (g, 90 0 5l ams o jlas acule
JINT=12.5253050
KIJI=1582.73845
5 S-Sl ailore o adiBee ol sgmgi lo M e 0 0,10 ool Gy (6,085 lode L aS
deo e dz STas cuob azgr b adlogd o lhs ol olisly co i sloxl mge (255 (5551
oyt o28le Jlade Jg ool L8 ey sl eSS g8 5l ool Cewdy Hlade b 3g, ool o S

od 505 s sawl cewas Kcale sg, 51 a5 VOAA /0 sue 4 25 S

s oo S5 | oud bl e Vg Fr 5100 08F VO slin S 0sd o
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NDDES I\N
NODE NUM
PATH
338 152
h .
u_ua%%/r
E06
231 ; ean
/ 602
/ E\ 607

.Ll'J"T

?5;7
/ 176 587 1%5 c57 msrg %3 01, \ .
8BS 584 '
féu 452 485 _16-?6 '1% '
&apmnrr 9 1011 1213 @1 crer 71 2223 z 75 2

T 155 dilone (sl 008 QISE! s (P21 F) IS

T L3t 5,5 wiiles g,51e (al sl oad aiig oo 5 5351 2l £ dmlone sl p)lez 55
St i o 3] itn e 1l 5 S slen bl sl o5 Sl ol b S e e
Shgs & J LR g, aiiles g Gl ouds soliiwl Scaling 5l o g odds Loz (Sgama 151 o)
ooy oLl (F-Y)g (P V) csLadga b 3 Lawgte Lidi o sy g G demsloma (51 0o 5L 50U
ol 0ol L SIS 5l a5 im0 p2 ol jgims o (gl oY Dloxpdgi o

'this macro calculates energy release rate for model

/POST]1
ETABLE,ENERGY,SENE Iretrieve strain energy per element
'With name ENERGY from element table

*GET,U1,SSUM,0,ITEM,ENERGY  !output this value with name Ul

/PREP7 !Intering Preprocessor
MODMSH,DETACH !detaching finite element from solid !model
KSEL,,LOC,X,.147,.149 Iselecting node near crack tip in
KSEL,R,LOC,Y,0,2.5 Iradius r=a/2=2.5 mm
NSCALE,ALL,,,.999973 ! scaling nodes near crack tip with

'rati0=.999973
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ALLSEL,ALL I select everything

/SOLU ! intering solution processor
SOLVE I'analyzing

/POSTI fentering post precessing step

ETABLE,ENERGY2,SENE
*GET,U2,SSUM,0,ITEM,ENERGY?2

G=(UT-U2)/(1*0.1) ! calculating energy release rate
K=SQRT(ABS(G*2ES5)) ! calculating stress intensity factor

Ifor plane stress condition from G

o 25 T 4 Sa3m e Sl 5551 ey 5 sl g Lol 5l ool &

G=12.75
K=1596.8719
ML?LA 9/,.§l_,o 4_5 u_,UaA L)_Jl 4 479_) LJ.))‘.) d)L?‘ on).) 0722 OM] WA.J 5)9.2_) )lJ.O.A L) 45

0.055,-! ola, Fr sl an S lhs e S as J=G=12.61 » b KCALC j Job>

LS oy oo 5wk, pl8 08 08 aliog | e el w3l o T ST (Gl U e o

2l

Sy Al Ghew )b lade dslxe -F-0

By el 009 gl oLl 5 0fsan 300 o jlel S5 al, T il a8 Sl b e 8
‘DLE = “SU A S LQLQ’J:‘A‘)L: A Lo 3 )L? ST u‘t",’.‘}'é‘ )'t o ‘:))Lf‘ L?[)-’% )L% )!‘”"*‘0 ;}4-‘5[%.
Ol Shee lake UL aolal
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'this macro calculates stress intensity factor-load for model.
Ithis macro can calculate critical force for a given Klc.
“*DIM,KI,ARRAY,200 !defining array parameter
*DIM,LOAD,ARRAY 200

F=0

*DO,C,10,1000,10 'do loop for increasing load at each step
/PREP7

FKDELE,3,ALL !deleting last applied load
FK,3,FY,C tapplying new load with greater value
/SOLU

ANTYPE

SOLVE

/POSTI

PATH,KI,3,,48 !defining path for calculating KI
PPATH,1,2

PPATH,2,14

PPATH,3,15

KCALC,1,.1 ! calculating KI

Istoring KI for each step in KID array

* GET,KI(F+1),KCALC,,K,I

storing leng of crack in A array

LOAD(F+1)=C
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Ithis command means if KI >=KIC then exit the loop

*1F,KI(F+1),GT,KIC, THEN,EXIT

F=F+1

*ENDDO
L)L"“" 0de! Cmasds YLa 63;Lo)‘ d.s@g))) Sy J\.Lo LS‘)" 'I) jﬁw}))KI )‘05.04 #-\0) Ji‘-“
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55 s e KIc=1588.5 41
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'this macro calculate stress intnsity factor- length of crack(k-a)

'this macro runs after modeling
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Ibase of this work 1s ' deleting boundary constraint method explained in the

Itext .

*DIM,KID,ARRAY,50 !defining array parameter
*DIM,A,ARRAY,50

*DO,F,0,13 ldefining do loop

/SOLU

ANTYPE 'new analysis

/PREP7

ACLEAR,I51-F !clearing mesh for three area near crack tip
'for moving singularity to the next area

ACLEAR,150-F

ACLEAR,149-F

KSCON,298-4*F fclearing singularity from last area
'defining singularity for next area

KSCON,294-4*F .3E-3,,10,.65

DLDELE,451-2*F, ALL !deleting all B.C from last line
AATT,2 ! defining mesh attribute for new mesh
AMESH,151-F 'remeshing three area
AMESH,150-F

AMESH, 149-F

//SOLU fanalysing

SOLVE

/POST]I

PATH,KI,3,,48 'define path for calculating K1
PPATH,1,3682+32*F

PPATH,2,3683+32*F
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PPATH,3,3684+32*F

KCALC,1,2,1 ! calculating K1
Istoring KI for each step in KID array
*GET,KID(F+1),KCALC,,K,1
storing length of crack in A array !
A(F+1)=2E-3*(F+2)

*ENDDO

lend of macro
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'this macro calculates KI curve for a determined model

'base of 1t's function is movement of crack tip key point
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ltext

*DIM,KI,ARRAY,50 !defining array parameter
*DIM,A,ARRAY,50

F=1

*DO,F, 1,10

/PREP7

ACLEAR ALL 'clearing mesh of whole area

KMODIF,5,5+.1*F 'moving crack tip key pomt in x direction.

AMESH,ALL 'remeshing area

/SOLU

SOLVE lanalyzing

/POSTI

PATH KI,3,.48 !define path for calculating Kl
PPATH,1,2

PPATH,2,15

PPATH,3,14

!define local coordinate system in crack tip for calculating Kl
KCALC,I I'calculating KI
*GET,KON.KCALC,,K,1

KI(F+1)=KON Istoring KI for each step in KID array

Istoring length of crack in A array !
g leng y

A(F+1)=01*F
*ENDDO
'end of macro
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N212:
X =11.00 Y=12 Z=0 P = 400
KI =1588.5 o, =415 o, =452.1

Slasbe 598 0,5 ol DSl Sl (sledge 8 ool Cowds polie.diiind

a=5mm v =11-5=6  r=~6"+12>=6.12 O:Amg@g>:n31

KI = 4003/57 =1585.33 F=1.12
. 1585.33 11.31 3x1
o = Cos (1= sin 2L g 326
27 %6.12 2
. 1585.33 11.31 1131 3x11.31
o, = 2 Cos (1+ Sin 2 Sin 2" )=2064.34
J27%6.12 2 2 2
o, =264.34-246.9 = 17.44 o =264.34+246.9 =511.24

3 loass polie dakad U1 5 ouze (g0l i o asy o YMIM &0 S 5 Job a5 Sl e 1o

AL (go ) Dyea VI oS

N211
X =11.70 Y =1.17 Z=0 P = 400
KI =1878.8 o, =79.19 o, =504

SR ECIR VI g PR N 1]
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a=Tmm  x=11.7-7=47 r=v4.7" +1.17" =4.84 0:/1/‘<'lg(l4 . )=13.97
KI=40077 =1875.78 F=1.1268
187578 13.97 13.97 3x13.97
o, = Cos (1—Sin Sin————)=322.76
Y Jorx484 2 2 2
875.7 3.9 13.¢ 3x13.
o ! 5_8, Cos ! 7(1+S1'/1 )7.3'1'/1M):34O.33
Jarx4.84 2 2 2
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4
N183:
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_ S T 1.6
«=10mm =11.45-10=1.45 r=+1.45 +1.6- =216 0= A/"Clg(i—él—S):47.8l
K[ =400W10m =2242 F=1.135
2242 47 81 4781 .. 3x478l
o, = (1—=Sin Sin )=342.35
e 2 2
2242 4781 4781, 3x4781
o, === "C0s (I+Sin Sin= 5 )y=77041
J27x2.16 2 2 2
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'this macro can model stable crack propagation
'this macro calculates length of crack for given loads

Tand KIC-a curve.base of this macrois 'elimination of

'smal area ' method

Hirst do loop propagates the crack for each step

*DO,F,0,17

/SOLU

ANTYPE new analysis

/PREP7

ACLEAR.24+F 'clearing mesh of area near crack tip
ADELE 24+F 1 leleminating this area
ACLEAR,25+F

KSCON,10+6*F,.001E-3,,10,.65  !defining singularity for next area
AATT,2

MSHAPE,1,2D

AMESH,25+F 'remeshing this area

'second do loop increases applied loads for each step
'first value of applied load 1s equal to the last value

'for load that desert the loop(FIRSTL) .

FIRST=100

*DO,C,FIRSTL,5000,10

B=B+1

'this command means if for max load KI isn't equal to KIC
lexit program and crack dosn't propagate anymore
*IF,B,EQ,5, THEN

ALARM=1

*EXIT

*ENDIF
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/PREP7

FKDELE,126,ALL 'deleting applied Joads
FKDELE,132,ALL

FK,126,FY.C fapplying new loads
FK,132,FY,-C

/SOLU

SOLVE

/POSTI

PATH,KI,3,,48

PPATH, 1,2

PPATH,2,15

PPATH,3,14

CS,11,,12,14,24

KCALC,1,2,1

*GET,KON,KCALC,.K,]I I calculating KI
*GET,KON,KCALC,,K,I

D=D+1

KI(D)=KON

'KIC is an array consist of points of Klc-a curve
*IF,KON,GT,KIC(D),THEN

KEY=1+KEY

'this parameter shows the final crack propagation step
*EXIT

*ENDIF

*ENDDO

*IF,ALARM,EQ,[,EXIT

FIRSTL=C

*ENDDO
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Abstract

One of the important reasons of the destruction and breaking of the
structures 1s growth the cracks and the initial defects. Initial cracks are
caused by different factors such as imperfect process in constructing the
structure, imposed loads, and so on. They have different behavior when
having different loadings. The aims of this simulation are to decrease the
considerable risks both in life and expenses, to estimate the exact amount
of destruction and the anticipation of conservation of the special
structures to simplify the huge bulk of calculations in the break
mechanism, and to increase the results accuracy.

In this research, we mntroduce the method of simulation of the crack and
the process of the increasing of it. The phenomenon of cracking is
analyzed with the help of finite element method (Ansys6.1). The curves
of tension, strain and the tension coefficient are extracted according to the
length of the crack and are demonstrated with comparing the software
results with the analysis of break mechanism and the great accuracy in
software results. The analysis of the theories derived from this stmulation
assists us to realize the aspects of break mechanism. We also model the
phenomenon of cracking utilizing Franc2dl software and with comparing
the results; we could introduce the method of the crack peak movement as

a suitable method in crack increasing modeling.
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