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OPfICAL EXPERlMENTAL ANALYS IS U THE IH!ERSEC f IOH OF CRACK 
FRONT WH!H THE FREE SURF ACE 

C onst antine s cu D . K .  

SUIIlII&ry 

A� th� int e rsecti on of the crack front with the fre e 

surf ac e appe �s a vertex s ingularity . Refined thre e 

dimens i onal pho t o e l as t ic i ty and mo iré int e rf e rometry 

are u s e d  t o ge ther in orde r to e s t ab l i sh the d i s pl ac e ­

ment s ingul arity . Al though there are s om� dl f f e renc e s  

betwe e n  the analyt i c al and e�pe riment al re sul t s , they 

are in a good agre e me nt . 

Keywords :  c rack front , fre e surfac e , di s pl ac ement s ingulari t y  

Introduc t i on 
At the int e re e c t i on of a c raok front with a fre e eurfac e 

it is produc e d a b oundary l ayer in whi ch the c l as e i c al two d i­
mens i onal l ine ar e l as t i c  frac ture mechanice  ( LEPM ) i s  not va­

lid any more . In the po int o f  1nt e rs e o t i on appears a vertex 

s ingul arity and the s t re s s s ingularity orde r " de pend s  upon 

PO i S S OD ' s  rat 1 0 . Sub s e quent to 1980 s eve ral analyt i c al and nu­

me r i c al analys e s  inc lude b oundary l ayers and varying int ers e c ­

t i on angl e e ffe c",s . in b o t h  through and part through c racks . I t  

i s  cl e an· that when a s t rai ght crack front int ers e o t s  a fre e 

surfao e at right angl e s ,  a vertex s tre s s s ingul arity re sul t s  
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ucl i t h as  the s_e value &8 the 01&8s10&1. (LElI'.) s iagulari­

t7. Wbea the &Dg1e chaage s its v&1.u. , the valu. o� the stress 

s ingularity bec ome s cli��ere.t . !he ext .acl ucl inf1ueac • •  � a 

bouaclary 1ayer or trans iti •• zoae iDsicle the spe e iaea, "here 

the olassic&1. str. s s  inhasity faotor ( S n )  var1es is a pro­

b1ell sti11 open to quo s t i oa .  

Azl&1.yUc&1. Backgrouncl 

!he vertox s ingularity tntrocluce s  a threo cli.onsi oaal 8tat. 

o� stre s s  ne ar the point o� tate rs e o t i oa o� tho craok borcler 
"ith the fre e su�ac e . Several me thocls are usecl : the variab1 e s  

s e parab1e e igenfuac t i on series exp"'i.a, asy.pt otio methocls ,  

or s triot1y numerical me thods ino1ucling fiBite e1eaent and 

boundary int egral apPJ!Ouhe s .  P'oll onng Benthea [ 11 , "e de�ine 

the vertex s ingul ari ty orcler or doain&.Bt e i genvalue s AM. and A 'ó 
froa the trunoated e quat i oBS ! 

X u  ft> ui = r f i ( e , T ) 

� i j = /'tO P' i j  ( e , cp ) i , j =1 , 2 , 3  
( 1 ) 

for displacement &.Bd stre s s  c omponent s ,  "here Ag= !Au-1 1 . Tab1 e  

I pre seBts a suaaary of the re sults of several inve stigat ors 

t o ge ther nth the ir re spe c t ive me thods o� analysis . 

Tab1e 1 
Suamary of analyt ioal Re sults 

.o thod of 
ADthor Analysi s  
Benthe. ul Er' 
Ka"ai e t , al I2] D·' 
BalllUlt e t  al .ol PO 
Burt on et al .[4] PBII-
m.OIl e t  &1. .t?l pa" 
Sh1 va1aular et &1. Jl;l mur  
!akakuda ttl Dll 

Vertex stre s s  s ingul arity 

o 
Orcler A\ for various value s of � 

0 , 15 0 ,.30 0, 4!0 0 , 5 0  
0 , 484 0 , 45 2 0 , 41 3  0 , 3 3 2  0 , 5 

0 , 5 
0 , 5  
0 , 499 

0 , 491 
0 , 5 

0 , 48 Q , 43 0 , 31 
0 , 48 4  0 , 4 5 2  0 , 413 
0 , 48 5  0 , 445 O , 310 

�, 45 2  
0 , 451 

0 , 490
d 0 , 4 5 2  0, 415 

0 , 407 
0 , 41 3 

0, 3 2 3e 

0 , 3 5 6 f 

0, 3 3 2  
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EF-EigeDfUDc t 1om Seri e s ; FEK-Fimi te Ele_ent .e thod ; IEK-Inte­
gral Equat10n .e thod ; 8.poOlt· c rack border-boundary sultf'ac e' in­

t e rs e c ti on aag1e of 90° ; b�=0, 48 ; �=0, 1 0 ;  � =O, 20 ; e� =0 , 499 ; 
f

-.) .. O , 4 5 .  

&zperi_emtal Re su1 t s  

Around 1 9 8 0 ,  Profe ssor �. W .  Smith an d  h i s  c o1 1 e agu e s  unde r­

t ook a serie s of expe riment al stud 1 e s  of the vertex stress 

s 1ngu1ar1 typrob1 em and the c orre sponding boundary 1aye r eff e c t  

us ing the � andem app11oa� i on of two ep*1cal me thods , ref1ne d 

tno zeD. s�re ss photoe1asticity and s�andard and high dens 1ty 

mo1� 1mt erfe ro_e try . �ey 1nve st1gate d both through c racks � 
(9] an4t surtac e t1aws D.oJ and also imc1ude d  1 1_1 t e d  inTe s t 1 ga-

t 1 0ns of f1 aw border-boundary in�erse c t 1 0B aag1 e s  other than 

r1ght aag1 e s  D. O] . SJD1th aad C OBs t anUae scu ( ll]  are reTising 

the 1 ate s t  experi_ent al re sul t s . See ( 8-1� for d e t a11 s . R. BUl t e  

trom t h e  .o ir� an d  phot oe 1 as t ic etud1es ar e  c ompare d with fBka­

kuda ' s  resu1ts in Pig . 1  (11] . Cl e arl y ,  d i screpaac 1 e s  exist , aad 

the exper1.en� al d 1splac ement singul ar1ty has a h1 ghe r  Talue 

than �e aaalyt 1 c al  ome . HOWOTer ,  s 1nee the al ger1 thas used for 

c eDTert ing expe rimental data 1nto domi ... t e i gemTalue s were 

F 1g . l  C omparison 

>-t- A aC=90 o f  AnalyU c al Slld 
o: 0.9 V :: 0 .5 « o K.='X)3 .o1r� Exper1ment al S 0. 8 
l!J 25 0 .7  �sul t s  f o r  Domi-
Vl 
t- 0 . 6  maat EigeDTalue s 

z � 0 . 5  for Various Crack 

tl 0 .4 Borde r-Fre e  Sur-« c[ 0 .3 
face Int e rs e ction Vl C5 0 . 2  oe: 

60 80 100 1 20 140 160 AIlg1e s , cI.  • (<< -Pho-
tee1asUc ) 
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quas i  �we-di.e.s ioaal , sad ide alized f o r  90o craok front-erack 
border i.�e rs e c t io. &Bgle aad , i. v i e w  at tho c rack fro.t ir­

ro gal ari t i o s  ia tho .oirl experi.ent sad th. thiekao s s  avera­

glsg e tte e t i. the trozeD stre s 8  surfae e sl iee s , it i8 surpri­

s ing that al1 the se fae t ors do Det have a gre ater i.tlue.e e 

o. the experi.ent al re sul t s . 

Cenc1usioDs 
�o aaal7tioal o ffect of e!l.aagiag the craek borde r-tre e 

sarfac e  i.t ers e e t i oD sagle has ao t beo. ae ourat1y ass e ssed ex­

peri.oDtal1y, but pre 1 i_iaar;r s tudi e s  s e em to indie at e l e s s  

deviat i o. from the Benthem result thaa pred ie ted b y  Takakud a .  
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