
7*o—*nt 4*5 WAS*4INSTON UNIV StATitE DEPT OF PECHANICAI. EN SItCERINS F/s 20/ti
PARAMETERS FRO$qA PROCEDI.*E FOR

_______________________________ DAT E
fILMEDg — 77

I
I

I



~: IIV~2

~~~ 
~~~ IOhI~o

4 
O~

(8

i~Ill~.25 ttll~I.4 Hill

MICROCOPY RESOLUTION TEST CH~~ T
NAIIONPI. BUR(AU OF S1AN[~ARDS - ~~~~



/ Office of Naval Research

~-wH ) Con trac t N00014—76—C—0060 NR 064--478

Technical Wep~~ t No. 28

—
A PROCEDURE FOR EVALUATING FRACTUR E DYN AN I C PARA METERS

© 
~~OM CRACK VELOC 1~~ MEASUREMENTS

r~ ’.
b 1..) L.-~

Lu~ ~ui ii
J A.S . Kobayashi S.~~M l l  

_ _ _ _ _

May 1~ 77 
A

The research reported in this technical report was niade possible thr~~

support extended to the Department of Mechanical Engineer ing, Universit\

L or ~~/Jash ington , by the Office of Naval Research under Contract N U Of l I A -

0060 N R 064—478. Reproduction in whole or in part is permitted for any

purpose of the United States Government.

Department of Mechanical Engineering

L 

College of Engineering

Universi ty of Washington

— 
1’pu~ re:~~~e;Di~t t ~~ u ’ i~ n Or iii ~~~~ —

/



S - •uV ~5 V

• , i 1 , ~u1~ ~~~~

A PROCEDURE FOR EVALUATING FRACTURE DYNAMIC PARAMETERS FROM CRACK
VELOCITY MEASUREMENTS

A. S. Kobaya~ ’ and S. Mall

Department of Mechanical Engineering , Universi ty of Washington

ABSTRACT

A combined numerical and experimental procedure for evaluating some of
the fracture dynamic parameters which govern the crack run—arrest response
in a fracturing plate are discussed. A dynamic finite element code is used
to compute the dynamic stress intensity factor and dynamic energy release
rate associated with a propagating crack which is driven by the experimen-
tally determined crack velocity .- Numerical results generated by the de-
veloped procedure are then compared with dynamic stress intensity factors
obtained through dynamic photoelastic analyses of fracturing Hotnalite—lOO
plates. Two edge—cracked specimens with fixed edge displacement loadings
and two wedge—loaded double cantilever beam specimens were considered in
this comparative study . Good agreements were obtained between the results
obtained by the developed numerical—experimental procedure and dynamic
photoelasticity.

INTRODUCTION

The three approaches currently in use in fracture dynamic studies are :
to relate the experimentally determined crack velocities with static frac-
ture parameters [1]; to relate experimentally determined crack velocities
with those obtained from an analytical dynamic model withopt or with postu-
lated dynamic fracture toughness (2 ,3,4); and to determine experimentally
the dynamic state of stress in fracturing polymeric materials [5,6,7). In
this paper , a fourth procedure, which utilizes the versatility of dynanic
finite element method (FEM ) to extract fracture dynamic parameters from the
most commonly measured quantity of crack velocity in practical structural
material is described. The procedure is then used to indicate the errors
involved in using static analysis to interpret dynamic results.

DYNAMI C FINITE ELEMENT CODE

The dynamic finite element method (FEM) which has evolved since its ini-
tial use (8) in this combined numerical—experimental procedure is the FEN
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cod e  ~~~~t ’  [ 5 )  w i t h  a r t i f i c i a l  v i s c o s i t y  to reduce  the  k ~~ ‘ ‘ t o n i n g  ~ f ft’
h~ f m e  c i  e rnent s  a l o ng  th e  o p e n in g  c rack  s u r f a c e s .  In t h i s  dynamic  FEM

0 roc p ’ :-u  , crack  extension is modeled by d i s c o n t in u o u s  j u m p s  of t h p  c r a c k
~. i p f~~~c ‘ne f i n i t e  e l emen t  node  to i ts  a d j a c e n t  node and the t i m e— a v e r a g e d
u r.1~~f~ tip d i  ‘ 0 ’ ! i C  (~fl Ie i ~ t. is o r ~ Ic Ited to t h e  . iv e r J g e  c r ack  t i p ‘rt ’loc i t y  a t  the
ad ~.l, .’ t n t .  node .  [5he average ss rk  no c e s s a ry  t o  open the  newl y c r ea t ed  i n c r e —
neat of c r d o k  , i r t , i o e  is then  us eci  to c u n p u t e  the s u r f a c e  e n e r gy  d i ssi p a t  I ’
r .r  t o  ~~ : -  ‘ i e qua t ed  to t~~~ c,’ r i , o m l  c e:n r ,,  r e l ease  r a t e  at  the  cr .a k t i p

1(a . ~~~~~~~ pri r to t he  s u h n o y i i i t  d i s ~. r - ~ . , cr :, rn e n t  of the c r a c k  t i p  [~l J
.‘~n i rou r i r’  checs  of this ~i i rect pr orod ur o.. for compu ting the d y n a m i c  e n e r i ’y
r e i i i s ~- r i t e  was  e s t a b l i s h e d  by a r o r p i r a t  I v s tu d ’  w i t h  Baker ’s so lu t  j I m
L I D ]  ian r~ th e  numer ica l  and t h e o r e t i c a l  r e s u l t s  agreed w i t h i n  1 p e r c e n t  of
o~~.h e u l er  [8].

lor e  r e c en t l y  a n o t h e r  check on the d v n u n ~i .~ f in i t e  e l em en t  a l g o i  i t L : ~ W[i H
i tade P ’. c omj  ir i n g  the crack opening disi l i c e u n e n t s  (COD) of  a c o a st  a.t vo lo—
o i L ~ ~~~~~~~ agains t the theoretical solution of Broberg Ill], in t l .L~ rar e r-

‘ ii. tad . involving a fracturing steel plato , an artificial keystone vis—
cosiit’ of B3=0 . 2 was used to damp Out the keystoning effect prevalent inp r~ci us analyses. The numerically determined t ime—averaged COD at every
other node IWI, from the moving crack tip was found to be in excellen t agr o ..- 

~-a t  s . th Br ob e r g ’s result for a crack velocity of c/c1 = 0.076 where c and
i re toe crack and dilatational wave velocities , respectivel y [12]. It
also shown that at this low crack velocity, the stress intCno-itv factor

nputed b static near field solution was only 2 . 2  percent h i g h e r  than that
computed by the dynamic near field solution when dynamic finite elettent COD
“d ues were used to compute the dynamic stre ss intensity factor.

In o r d e r  to examine fu r t h e r  the e f f e c t i v e n e s s  of the  above COD t~~. l i-H

~~~~~ u n i te  element anal ysis of f r a c t u r i n g  B oma l i t e—l O O p l a t e s ,  t O o
w e l t  ana lyzed  f r a c t u r i n g  dynamic plio toela .~n i c  specimens B2 and B 13 a )

- ‘ :ua l .yzed  w i th  various artificial viscosities. The finite element hre.d:-
and the crack velocities used in this new study are identical to ‘chose

• used in Reference [8]. Figure 1 shows the crack opening d i sp l acemen t s at
tlir e crack lengths in Specimen B2 w i t h  three artificial visco i t lI s. ill

nil i irtificial viscosity of B3 = 0.01 and 0.1 wer e  not very e f f e c t  I~~ in
0 removing keystoning but the prominent fluctuations in COD were subs nintia11 ~

suppressed with 83 = 0.5. It should also be noted that a si~ nif ii a n t change
was ‘.~de in the numerical algori thm where the initial residual s u rf a c e  trio -
tion i along crack propagation were computed by  using  a sr a t i’ modulus of

1 osticity of ES = 540 ksi while all stress wave propagation induced by
r u n n in g  crack were computed with a dynami c modulus of elastrc iiv of Ep
675 ‘si. This combined use or  static and dynamic moduli of € 1 i ~ ~~y iii
“v o a m i c  finite element analysis , r n i t i n l l y  p roposed  by Gehlen j1 ], c an
i t tempt to  model the  s t r a in  r ot e  sensitivity of the modulus of e l i s t i . .
)f t{ornalite—lOO material. Such strain rate sensitivity did not exist In t h e
frac ture dynamic analysis of steel tapered DCB specimen ( 12 1  w l o u l i  is e.a~~ i .  i
to analyze by dynamic finite element analysis than the photoelastic speci-
mens. )ur continuing i n t er . .st  in u n i a ~ S n i m i c  photoelasticity to stud y
ñ ~cture d ynam ics de sp ite t ‘i  - a I d e d  complexit y of strain rate s x i r I ~ I v i t - ,’
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FIg. (1) — Effect of artificial keystone viscosity on COD in
Test No. B2.

stems from the fact that no other experimental technique can provide an ac—
c u r a t e  near  field state of stress in the vicinity of a running crack. Dy-
namic photoelasticity is one of few optical techniques which can provide
experimentally determined dynamic stress intensity factor with which our
numerical results could be compared . As will be shown later , such dynamic
stress intensity factors computed through the combined use of static and
dynamic moduli of elasticity agreed well with the experimental results under
the state of plane strain . The latter state of plane strain for thicker
Homalite—l0O plates is considered to be a better modeling of the cleavage

-
. 

, riytured surface observed in the fractured specimens .

Figure 2 shows the variations in dynamic stress intensity factors ob-
tained numerically by the energy release rate method [8] and COD method [12]
as well as their experimental counterpart determined by dynamic photoelas—
ticity for Specimen B2. While the two numerical algorithms of computing

• dynamic stress intensity factors do not yield substantially different re-
sults , the more pronounced fluctuation in dynamic stress intensity factors
computed by the COD method is noted . Thus this comparison favors the ener—

~v release rate procedure.

Likewise comparison is shown in Figure 3 for Specimen Bl3 in which the
crack arrested. While the prominen t peak in the experimentally determined
dynamic stress intensity factor was not observed in the two numerical values ,
the experimental and numerical results are otherwise in good agreement with
each o t h e r .  Again  the  numerical  results obtained by energy release rate
procedure appears to be in slightly better agreement with the experimental( r e s u l t s .

• 
~~~~~~~~~~~~~~~~~~~~~~~~



4

0~ 

;~ 

- -

~or.  //~~~~~~~~~~~~~~~~~~~~~~~~~~~ i / 

,‘ 
~i~ L

~ ~ 0 .

0 , .)45 - 0 
~~~~~~~~ . ,1iC ~ — —

0 0  a -

- - I - 
/ 

I - 
_\ - 4 0 0 •. -

‘ IOOQO \

~~
. / . ~~~~ 

‘

o r 000 , T - 0 . I~ L 5 5 0  \

-~ I — — “ lAM - t o  - - FR OM ¶ 0 . 0 0 M’ - 0
P.O . - .

r ‘ — — - , . IM .C  F E M P ( F R O M  COO M t S 1 r . ‘‘ ‘ S . . .. 
~ •~~ -,

- 
p 

- P . ’ o ’  0 - .
- • 4 .  ~. f l 4 .  & , 5 .  ~~~~~~ •~~• —‘ 0 .  a

— . P p  I M t  O P A L  S , , . - .- . 
~~~~~~— O r / ~~ P t  

P a l .  ‘ ~ DC’S -
C

2 ) 0 ’-  — . 4 . ~~~~.I (  - —

S S - .- L • • - 5 5 -J- 
4 . A

~ 
. 0 .FN , - ’Il . o o ~~: 4  5 ’. ‘ Pt o r .
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sity factors in Test sity factors in lest
No. B2, plane strain N o . B13 , plane strain
analysis anal ys i s

• As a result of these two c ”rnpa rotive stud~ o s u s i i o ~ t h e  well anal yzed
specimens B2 and 313, it was c o n u l u d ~~d h a t  the energy release rit e pr o ce—
lu r e pr’ yided slightly better nune r~ - .  r t H l l t s  of the fracturing Homalite-
1)0 plates . This conclusion unfortjnat ..iv di ff er s with t h a t  in Reference
[12] and is perhaps indicative of the larger keystoning effect in the Uoma —
lite—IOO plates due to its much smaller modulus of elastici ty .

WLLGE—LOADE D DCB SPECIMEN

The above dynamic finite element algorithm was then used to analyze t h e
dynamic crack arrest results of two wedge—lo aded double c O nt L~~e5 r beam
(DCB) specimens machined from Homalite—lOO p l.eies of 1/2 inch nominal t i l i r k  -

ness [14]. The dynamic stress intensity factors of these two fr .iotu ri ng
tapered DCB specimens were determined by a different data reduction s - h e ’r n t
o f  d y n a m i c  photoelasticity results than t h a t  u s e d  by the authors [ ) .  lb
static and dynamic material properties as well as th e crack position ver~~i’
tine relations reported in Reference [143 were as~~1 an input conditi °n ’. t o
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our dynamic finite element analysis .

Figure 4 shows the finite element breakdown of one of the two tapered
DCB specimens. Figures 5(a) and (b) show the crack position versus time
relations which were used to propagate the crack tip intermittently along
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Fig. (4) — Finite element breakdowti of wedge—loaded C—DCB
model No. 7 [14]
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Fig. 5(a) — Crack tip position versus time in C—DCB model
No. 6 [14 ]
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Fi g. 5(b) — Crack tip position versus time in C-DCB model
N o.  7 [14 ]

tL le finite element nodes at prescribed time intervals. Fixed pin disp lace-
ments Were prescribed during the entire fracture process which were 459 and
30(1 ri:roseconds for Spec imens C—DCB Model Nos . 6 and 7, respective ly. This
assumption of fixed gr ip cond it ion has been the source o f discussion s inc e
.~a, of t he authors presented a dynamic finite element analysis of the crack
p rl ’p u .;.itlon and arrest in a tapered DCB specimen using measured crack velo—

i t i t o ;  ~l3]. The static stress intensity factor at crack arrest computed
u; 0. r t h 1 t ~i a s s u o p t i o h u  of f i x e d  gr ip  condi t ion  was app rox ima te ly 40 pe rcen t
1 ~~t.r  t h i n  the  c o r r e s p o n d i n g  value computed under the assumption of varia— 3
bl c  l i d  c o n d i t i o n  of Re fe rence  [16],  thus  i n d i c a t i n g  the  s e n s i t i v i ty  of
t h e  irr .. t stress intensity factor to the prescribed boundary condition 3
. .i ring cr ick propagation in such small crack arrest specimen. Subsequent
.11 .11 .5  i ’  of  a n o t h e r  tapered DCB specimen under the two different loading
c; n d i t i l , n s .  of o u r  f i x e d  g r i p loading and the variable loading condition pr e—
sc r ib e d  in  R e f e r e n c e s  [16] and [17] showed that while the dynamic strains
computed un de r  the former condition agreed well with the t h r e e  s t r a i n  gag e
neaso i re r .e . i h t s  [ J o ) ,  t h e  cor responding  dynamic s t ra ins  computed  under  the
assumpti on of variable loading differed considerably with experimental re—
suits [ 1 2 ) .  As a r e s u l t  of th is  analysis  [ 1 2 ] ,  the  f i x e d  gr i p c o n d i t i o n  is
hel i~ vcd to be a ‘;uli d assumption in the series of experiments reported in
Re ference 116]. This conclusion also indicates tha t the crack arrest stress
intensity factor deternined by the procedure described in References [1(1
and 117] could grossly overestimate the crack arrest potential of the mater—
iii tested.

L’nfortunatel y, the  excellent agreements between the crack arrest stress
inten s ity factors determined by simulations of the crack arrest experiments
of References [Ib] and [17] using Homallte—100 specimens [14 ] and the crack
arrest stress intensity fa cto rs de termined indep enden t ly by dynam ic photo-
e1i - . t i c i t ~ [ 5] have been used as experimental evidence for ju stifvin ~ t u e
variable p in loa d i n g  in References [16] and [173. A cursory study , I w . . .’e~~,
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shows considerable differences between the relative compliances between
the loading fixture and the Homalite—lOO specimen in the dynamic photoela s-
ticity experiments and those of References [16] and [17]. As a result , one
can conclude qualitatively that the variable pin loads measured in the ri-
gid loading fixture of the simulated experiments using Honalite—lOO sped-
mens sho uld be closer to the p in loads ob tained under f ixed  gri p condition
wh ile such condition cannot be realized ~n the actual experiments using
steel specimen . An experimental check in these relative comp l iances can be
easily made to ve r i fy  such hypothesis . Another procedure is to analyze
nume r ica l ly  the f rac ture dynamic response of the Homalite—lOO specimens
following the procedure described in Reference [15) and then identif y th e
differences or similarities between these results with those of Reference
[12]. Dynamic finite element analyses under the fixed grip condi tion should
thus provide this insight into the controversy surrounding the exact boun-
dary conditions on the tapered DCB specimens used in crack arrest experi-
ments.

Figure 6 shows the dynamic and static stress intensity fac tors ob ta ined
by static and dynamic finite element analyses under the assump t ion of f ixed
grip condition for a Homalite—lOO C—DCB Model No. 6 [14]. Also shown are
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Fig. (6) — Stress intensity factors in a wedge—loaded contoured
DCB specimen (Model No. 6). Load at fracture initia-
tion = 151 lb [14].
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iht l;D ’ s;h u :i ic S i r s  us  l y L e n s i t  . I a . . t r u  ot this specimen obtain. , b y d y n a m i c
; I 1 I I ’ t l t e i . I u t j c  L i v  ) . .  3 .  5 ; 2 ].O ti lL- n uot ’ric all y obt aineL: dynamic str es s bi te :. —

S C i t y  t ,i c tor r -; - l i ’ ’ , ’ S(  t O o  ~~~t l l  oscill.it ion s , the two re - l i t ’  a re  ‘ t i i t rsll
I:;  q u a l i t a t i v e  . dre ..r;.’nt s i t u  e a c h  (‘tiler and in p a r t  icu li r are in ;-. . • I lent

. $ . . ‘ u p t ’ ; . t ’ u ; t  at crack i i  - s t .

F i g u r e  7 s:l ’s’ o, t he  ra t -k 15 , fling disp lace ments (COD) of t i l e  s ; i o , ,  ~ I ’~ 
-

Cils erD . As o X p e ~ t Sr I. ,  i t ; . -  ke~~st t n i : u ~ e~ hect Continues t o  ;s t e . , ’ C  \~‘ t i

‘ S .

Fig. (7) - ~ r ;u c k  open ing  d i s p l a c e m e n t  (COD) a t  d i f f e r e n t  t ir s o s
i n  C—DCB :‘ toIlel  h o .  6 [14)

i nc rease  in cr i ck length desp ite the hi gh artificial v i s c o y i ty  o f  83 0 .3 .
The p r ’ > u l ’ u a ’  t i  s m a l l e r  Cl .fla;C ’iL crack opening d i s p laccisser ts , 51 1c R was a l s o

~~~~ 

• oh ~e rved i n  ti n ’ I I ; I ’ t  i i  ].ic sp ec  i ;ieu ~ [ 1 2 , 15) ,  in t h i s  cant i1ev~ r beam t v p .~
-l1) O~~~I C ’i C i L  are indisations of t h e  d e l ay e d  response of too jru ’~.’a g a t i n g  c ro c i
t. ~p to the i p j ;  l i e d  load at t he  l o a d i n g  p in .  Such ‘le l ay  response  f u r t h e r
‘Jon 2 I C C  O ut  .0-0’ ti I. eLl f i x e d  gr L j l o a d i n g  c o n d i t i o n  d u r i n g  c r i.. ). Irs paga t i s i s
and irrest.

- 
, l- j 1 i re 8 ~~~~~ L I I I ’  dy n imic i t ; , ;  s t a t i c  s t r e s s  i n t e n s i ty  f a c t o rs  i n  h ’ s .-o i—

Ct-n C—DUB Ns U e I  .10 . 7 . . \’R ; i  h i , relativel y good agreement , part 1 ul ;i z lv at
or  ., . ;s arrest , b t t l - ;e c iC  t o  c-x’ei’iment ;il and numerical results i.c r i o t  .d. hie
r ..1 i d .;:.iil oscill iti oiio , in d v r i i ; : i c ’ ;t  rest; i :ttensltv factors , wbi ichi se t’..’
t o  Led  in  Fb , ; i r . . -  6, . i n I . . , D . , I  it  in i- i gun. 8. Our past exper 1.. ;ces is lu r e  r i —

.11 t r a c tu r e d v i i ~~r . , i ,  l u h L y s e s  [4 , i d  I i n d i c a t e  tha t smooth ..-,l cr..cg vcl ’ c i—
tie;. g.’uc rall ,.

- r e s u l t  in osc ii L i t  ions in d ynas .  Ic  s t re s s  i n ten . i ty  1, 1 0 2 . .  : S
-0 ;  - l v i ; . -  v e n a l .  S i n c e t i r e  1 . - i  r~~ . - i I t s  o f  l i” ie l C—OCR No. b no ons. 5

r i c h  ~ 05 it 11 :1.-, for -, cr ick e ; - : L t .’n S h. ’n o f  3. dl in. s- l i ic 7 c r,J. sos i t  i on s  . ir . .
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Fi g. (8) — Stress intensity factors in a wedge—loaded contoured
DCB specimen (Model No. 7). Load at fracture initi ,$-
tion = 89 lb [14].

recorded for a crack extension of 0.90 in. for Model 7, one would e x ; l e 0t  t ’ l $
c rack position versus tine relation for the test of Model 6 to represent a
smoo ther time average posi tion ins tead of a mor e prec i se crack position ver-
sus time relation necessary to generate a smoothly vary ing dynamic stress
intensity as was the case of Model No. 7 test. Thus Model No. 7 should
yield smoother variations in numerically computed dynamic stress intensity
f a c t o r  than Model No.  6.

The above good agreement between the variat ions in dynami c s t ress  inten-
si ty fa ctors wi th crack propagation obtained numerically and experimen ta l ly
verifies the validity of the fixed grip condition under which the dynam ic
stress intensity factors were computed . Although the numerical results pro-
vide the variations in pin loads with respect to crack propaga t ion as show n
in Fi gure 9 , corresponding experimental results were not available for
direc t comparison. Thus experimentally measured pin load from a separate
test [14] is shown in Figure 9 for qualitative comparison . The two—fold
d i f f e r e n c e s  be tween r ing ing frequencies of the numerical  and experimen tal
pin loads could be due to unavoidable comp liance of the load ing frame and

- . 
- —
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- 
load cel l  sy s t e m  in the actual experimental setup.

DI SCUSSION

Afl i n t e rna l  accurucy  check of the dynamic finite e ic’uscnt alger tthr- ; was
made b y computing the in s t an taneous  energy balance of t i l e  ,‘ntire sys tem .
Typ ical results for four crack lengths are shown is Tables I ;isd - ‘  It i s
i n t e r e s t i n g  to not e  t h a t  the  a c c u r a cy  of t h i s  e n e r d v  balar : 5 ..
lower fo r  Model  No .  6 specimen which  also snowe d  l ar g e r  o s c i l l a t i o n  25
d namic st r e ss  i n t e n s i t y  f a c t o r s  with c r a c k  gr op ; i ~ :a t i. ’ : ; .

CURcLUSIOI.s

A d y n a m i c  f i n i t e  element al g o r i t h m  has been devel, o1 ed f o r  cor .~~u : L l n c  I t s

dynamic stress intensity factors from experimentally determined crack posi-
tIon versus the relation of a propagating and arrestbn5 crack . 1 , -,~r ;cv of
the developed numerical procedure was c he c k e d  by comls.sring the nurser
determined stress intensity factors with those determined in four dyn am ic

- 
photoelastic experiments.

‘the numericall y and experimentally determined dy n a m i c  sIr - s in tenni t y
factors of two wedge—loaded DCB spec im er s  indicate t I ; . t t  t i c  c r a ck  propoca t
tinder a f i x e d  g r i p c o n d i t i o n .

AC ~. .‘, ) k t  , I : ; f - :Ml - .N ’ l

The r e s u l t s  of this Investi gation sort’ obt ;rin ..’..; in  .i r e s e a r c h  I : o i t t i ’ . i c t

S c ,  

_ _ _ _

~~~± ‘ R .~~~~~~~
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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f u n d e d  b y the  O f f i c e  of Naval  R e se a r c h  unde r  C o n t r a c t  N o .  N 0 0 0 l 4 - 7 6 - L - I I l ) t , ,
NR 06 4—478 .  The a u t h o r s  w i s h  to acknowled ge the  s u p p o r t  and e n c o u r a g e r t € ’r ; t
of D r s .  N . R .  P e r r o n e  and 0. M u l v i l l e  of ONR d u r i n g  the c o u r s e  of  t h i s  in-
vestiga t ion .

TABLE 1 — ENERGY BAL ANCE IN C—OCR MODEL NO. 6

[ Crack F (U + K + F)/ ~ — 1 
-

Extens ion  
______r 1.0 3 .20 1  2 . 2 2 1  0 . 2 2 3  0 .534  - 0.070

2 . 0  3.201 1.956 0.074 0.879 - 0.09 1

3.0 3 .20 1 1.748 0 .038 1.114 - 0 . 09 4

35* 3.201 1.629 0.055 1.154 — 0.113

TABLE 2 — ENERGY BA~~NCE IN C—DCB MODEL NO. 7

Cra~~~~~~ w U 
— 

K F ( U + K + F ) / W - lExtens ion

- 
0.25 

—- 
1.084 0 .957  0.015 0.079 — 0 . 0 3 3

0.50 1.084 0.867 0.034 0.116 — 0.067

-— 
0.75  1.084 0 .855 0.015 0.155 — 0.059

0 .875* -__1.084 0 .836 0 .005 0.181 — 0.06 2

* Crack  Ar re st

W: External Work Unit: Pound—in .
: 2 U:  Strain Energy

I I K: K i n e t i c  Energy -c
F: Fracture Energy = dc

C :  Leng th of Crack Ex t~nsion
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ABSTRACT (Continued)

‘edge—cracked specimens with fixed edge disp lacement loadings and two wedge—loadeddouble cantilever beam specimens were considered in this comparative study.
Good agreements were ob tained between the results obtained by the developed
numerical—experimental proced ure and dynamic pho toelasticity.
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