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F o r a t hi n l a y er of el a st o m er s a n d wi c h e d b et w e e n t w o ri gi d bl o c k s, w h e n t h e bl o c k s ar e p ull e d, 

n u m er o u s  c a viti e s  gr o w  i n  t h e  el a st o m er  li k e  cr a c k s.  W h y  d o e s  t h e  el a st o m er  gr o w  n u m er o u s 

s m all  cr a c k s  i n st e a d  of  a  si n gl e  l ar g e  cr a c k ?  H er e  w e  a n s w er  t hi s  q u e sti o n  b y  a n al y zi n g  a n 

i d e ali z e d m o d el, i n w hi c h t h e el a st o m er i s a n i n c o m pr e s si bl e n e o H o o k e a n m at eri al a n d c o nt ai n s a 

p e n n y- s h a p e d  cr a c k.  T o  si m ul at e  o n e  r e pr e s e nt ati v e  cr a c k  a m o n g  m a n y,  t h e  m o d el  i s  a xi s y m -

m etri c wit h z er o r a di al di s pl a c e m e nt at t h e e d g e. W h e n t h e ri gi d bl o c k s ar e p ull e d b y a p air of 

f or c e s, a h y dr o st ati c t e n si o n d e v el o p s i n t h e el a st o m er. At a criti c al h y dr o st ati c t e n si o n, a s m all 

cr a c k  d ef or m s  s u b st a nti all y,  a s  pr e di ct e d  b y  a n  el a sti c  i n st a bilit y,  r e s ulti n g  i n  a n  u n b o u n d e d 

e n er g y r el e a s e r at e. C o n s e q u e ntl y, t h e s m all cr a c k i niti at e s it s gr o wt h, r e g ar dl e s s of t h e t o u g h n e s s 

of t h e el a st o m er. A s t h e cr a c k gr o w s, t h e e n er g y r el e a s e r at e d e cr e a s e s, s o t h at t h e cr a c k arr e st s. 

M e a n w hil e,  t h e  ri gi d  bl o c k s  c o n str ai n  d ef or m ati o n  of  t h e  el a st o m er  f ar  a w a y  fr o m  t h e  cr a c k, 

w h er e  h y dr o st ati c  t e n si o n  r e m ai n s  hi g h,  all o wi n g  ot h er  cr a c k s  t o  gr o w.  F or  a n  el a st o m er  of 

t hi c k n e s s H ,  s h e ar m o d ul u s μ , a n d t o u g h n e s s G c , t h e c r a c k r a di u s  a n d s p a ci n g d e cr e a s e a s t h e 

n or m ali z e d  t o u g h n e s s G c / (μ H ) i n c r e a s e s.  T h er ef or e,  a  t o u g h  el a st o m er  of  s m all  m o d ul u s  a n d 

t hi c k n e s s will gr o w n u m er o u s s m all cr a c k s w h e n c o n fi n e d b y t w o ri gi d bl o c k s a n d p ull e d b e y o n d 

a criti c al f or c e.   

1. I nt r o d u cti o n 

C o n si d er a l a y er of el a st o m er b o n d e d b et w e e n t w o bl o c k s of m et al, wit h t h e t hi c k n e s s of t h e el a st o m er b ei n g m u c h s m all er t h a n it s 

di a m et er, H < < D (Fi g. 1 a ). W h e n t h e t w o m et al bl o c k s ar e p ull e d b y a p air of s uf fi ci e ntl y l ar g e f or c e s, F , t h e el a st o m er f or m s n u m er o u s 

c a viti e s ( Fi g. 1 b ) (G e nt a n d Li n dl e y, 1 9 5 9 ). T h e m et al i s m u c h stiff er t h a n t h e el a st o m er, a n d i s r e g ar d e d a s a ri gi d m at eri al. T h e m et al 

bl o c k s a d h er e w ell t o t h e el a st o m er, a n d c o n str ai n d ef or m ati o n of t h e el a st o m er i n tr a n s v er s e dir e cti o n s. C o n s e q u e ntl y, t h e l o n gi -

t u di n al f or c e F i n d u c e s a fi el d of tri a xi al str e s s i n t h e el a st o m er. G e nt a n d Li n dl e y ( 1 9 5 9) m o d el e d t h e el a st o m er a s a n i n c o m pr e s si bl e 

n e o H o o k e a n m at eri al of s h e ar m o d ul u s μ , s u bj e ct t o a h y dr o st ati c t e n sil e str e s s σ . T h e y i d e nti fi e d a n el a sti c i n st a bilit y: a pr e- e xi sti n g 

d ef e ct i n t h e el a st o m er d ef or m s i nt o a c a vit y of ar bitr aril y l ar g e r a di u s at a criti c al h y dr o st ati c str e s s, σ c = 2 .5 μ . T h e y u s e d t hi s el a sti c 

i n st a bilit y t o i nt er pr et t h e o n s et of c a vit ati o n i n t h eir e x p eri m e nt s. P o st m ort e m e x a mi n ati o n s h o w e d n o vi si bl e d a m a g e i n t h e el a s -

t o m er b el o w a criti c al f or c e, b ut n u m er o u s cr a c k s a b o v e. I n e x p eri m e nt s u si n g a tr a n s p ar e nt el a st o m er, t h e y o b s er v e d t h at t h e el a s -

t o m er f or m e d m a n y s m all s p h eri c al c a viti e s. U p o n u nl o a di n g, t h e c a viti e s b e c a m e cr a c k-li k e. I n t h eir t hi n n e st s p e ci m e n ( D / H ~ 3 5), 
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m a n y s m all cr a c k s di stri b ut e d t hr o u g h o ut t h e mi d- pl a n e of t h e s p e ci m e n, wit h t h e cr a c k si z e a n d s p a ci n g c o m p ar a bl e t o t h e el a st o m er 

t hi c k n e s s. 

W h y d o e s t h e el a st o m er gr o w n u m er o u s s m all cr a c k s i n st e a d of a si n gl e l ar g e cr a c k ? H er e w e s e e k t o a n s w er t hi s q u e sti o n u si n g a n 

i d e ali z e d m o d el (Fi g. 2 ). W e r e pr e s e nt t h e el a st o m er a s a n i n c o m pr e s si bl e n e o H o o k e a n m at eri al, c o nt ai ni n g pr e- e xi sti n g p e n n y- s h a p e d 

cr a c k s m u c h s m all er t h a n t h e t hi c k n e s s of t h e el a st o m er. Pi ct ur e t h at t h e cr a c k s f or m a h e x a g o n al arr a y, s o t h at t h e d ef or m ati o n of t h e 

el a st o m er c a n b e a n al y z e d b y a h e x a g o n al u nit c ell wit h p eri o di c b o u n d ar y c o n diti o n s. T o f urt h er i d e ali z e t h e m o d el, w e a p pr o xi m at e 

t h e h e x a g o n al u nit c ell b y a cir c ul ar c ell of r a di u s B i n a n a xi s y m m etri c m o d el wit h a si n gl e cr a c k of r a di u s C , i n a n el a st o m er di s k of 

t hi c k n e s s H , b o n d e d b et w e e n t w o ri gi d bl o c k s. B ot h r a dii, C a n d B , ar e m e a s ur e d i n t h e u n d ef or m e d st at e. T h e di a m et er of t h e c ell, 2B , 

a p pr o xi m at el y r e pr e s e nt s t h e s p a ci n g b et w e e n a dj a c e nt cr a c k s. T h e r a di al di s pl a c e m e nt at t h e e d g e of t h e el a st o m er di s k ( R = B ) i s s et 

t o z er o, mi mi c ki n g a s y m m etr y b o u n d ar y c o n diti o n b et w e e n a dj a c e nt cr a c k s, s o t h at t h e a xi s y m m etri c m o d el a p pr o xi m at el y a c c o u nt s 

f or t h e i nt er a cti o n s b et w e e n t h e n ei g h b ori n g cr a c k s. T h e ri gi d bl o c k s ar e p ull e d b y pr e s cri bi n g a di s pl a c e m e nt Δ , a n d w e c al c ul at e t h e 

a p pli e d f or c e F , t h e e n er g y r el e a s e r at e G of t h e cr a c k, a n d t h e h y dr o st ati c str e s s σ e d g e at t h e e d g e of t h e el a st o m er di s k. W e fi n d t h at G 

b e c o m e s u n b o u n d e d at a criti c al f or c e, s o t h at t h e cr a c k gr o w s, r e g ar dl e s s of t h e t o u g h n e s s of t h e el a st o m er. A s t h e cr a c k r a di u s i n -

cr e a s e s, G d e cr e a s e s, s o t h at t h e cr a c k arr e st s. B e c a u s e t h e ri gi d bl o c k s c o n str ai n t h e d ef or m ati o n of t h e el a st o m er f ar a w a y fr o m t h e 

cr a c k, σ e d g e c a n b e l a r g e e n o u g h f or ot h er cr a c k s t o gr o w. F or a n el a st o m er of t hi c k n e s s H , s h e ar m o d ul u s μ , a n d t o u g h n e s s G c , a 

di m e n si o nl e s s gr o u p, G c / ( μ H ), i s i d e nti fi e d. A s p e ci m e n wit h a l ar g e v al u e of G c / (μ H ) r u pt u r e s b y f or mi n g n u m er o u s s m all cr a c k s. I n 

c o ntr a st, a s p e ci m e n wit h a s m all v al u e of G c / (μ H ) r u pt u r e s b y f or mi n g a si n gl e l ar g e cr a c k. 

Pr e vi o u s st u di e s o n c a vit ati o n i n el a st o m er s h a v e b e e n r e vi e w e d i n s e v er al r e c e nt p a p er s ( L ef e vr e et al., 2 0 1 5 ; R a a y ai- Ar d a k a ni 

et  al.,  2 0 1 9 a , 2 0 1 9 b ; B ar n e y  et  al.,  2 0 2 0 ; Ki m  et  al.,  2 0 2 0 ; M or ell e  et  al.,  2 0 2 1 ; K u m ar  a n d  L o p e z- P a mi e s,  2 0 2 1 ).  T h e  cl a s si c al 

c a vit ati o n t h e or y b a s e d o n el a sti c i n st a bilit y pr e di ct s t h at a s p h eri c al c a vit y i n a n el a st o m er e x p a n d s u n st a bl y at a criti c al h y dr o st ati c 

str e s s pr o p orti o n al t o t h e s h e ar m o d ul u s of t h e el a st o m er ( G e nt a n d Li n dl e y, 1 9 5 9 ). T hi s pr e di cti o n n e gl e ct s t h e n u cl e ati o n st a g e of 

c a vit ati o n a n d a s s u m e s pr e- e xi sti n g d ef e ct s i n t h e el a st o m er. I n a l at er p a p er, G e nt ( 1 9 9 0) off er e d a c a uti o n ar y t al e a b o ut i nt er pr eti n g 

t h e o b s er v e d c a vit ati o n p ur el y o n t h e b a si s of t h e el a sti c i n st a bilit y. B e c a u s e t h e o b s er v e d c a viti e s ar e l ar g e c o m p ar e d t o t y pi c al i niti al 

d ef e ct s, s o m e p ol y m er c h ai n s m u st b e br o k e n d uri n g c a vit ati o n. It h a s l o n g b e e n s u g g e st e d t h at c a viti e s gr o w li k e cr a c k s i n a n el a s -

t o m er (G e nt, 1 9 9 0 ; K u n d u a n d Cr o s b y, 2 0 0 9 ; L ef e vr e et al., 2 0 1 5 ; P o ul ai n et al., 2 0 1 7 ; H ut c h e n s et al., 2 0 1 6 ; K a n g et al., 2 0 1 7 ; 

R a a y ai- Ar d a k a ni et al., 2 0 1 9 b ). 

M or e r e c e ntl y, it h a s b e e n s u g g e st e d t h at a c a vit y gr o w s i n a n el a st o m er b y di stri b ut e d s ci s si o n of p ol y m er c h ai n s ( Ki m et al., 2 0 2 0 ; 

M or ell e et al., 2 0 2 1 ). H er e w e a s s u m e t h at a c a vit y gr o w s li k e a p e n n y- s h a p e d cr a c k, a n d st u d y t h e c o n s e q u e n c e of t hi s a s s u m pti o n. 

S e v er al pr e vi o u s w or k s c o n si d er e d a p e n n y- s h a p e d cr a c k i n a n i n fi nit e b o d y s u bj e ct t o h y dr o st ati c t e n si o n ( Willi a m s a n d S c h a p er y, 

1 9 6 5 ; G e nt a n d W a n g, 1 9 9 1 ; Li n a n d H ui, 2 0 0 4 ; L o n g a n d H ui, 2 0 1 0 ). B e c a u s e t h e r a di u s of t h e cr a c k i s t h e o nl y l e n gt h i n s u c h a m o d el, 

t h e e n er g y r el e a s e r at e i s li n e ar i n t h e r a di u s. F or a n i n c o m pr e s si bl e n e o H o o k e a n m at eri al, t hi s m o d el pr e di ct s t h at t h e e n er g y r el e a s e 

r at e of t h e cr a c k b e c o m e s u n b o u n d e d w h e n t h e h y dr o st ati c t e n si o n a p pr o a c h e s a criti c al v al u e, σ c = 2 .5 μ , w hi c h c oi n ci d e s wit h t h e 

criti c al str e s s f or t h e el a sti c i n st a bilit y of a s p h eri c al c a vit y. A s s u mi n g a c o n st a nt t o u g h n e s s f or t h e el a st o m er, t h e m o d el t h er ef or e 

pr e di ct s t h at a pr e- e xi sti n g d ef e ct of a n y si z e w o ul d gr o w u n st a bl y i n a n i n fi nit e b o d y at t h e criti c al h y dr o st ati c t e n si o n. H o w e v er, 

e x p eri m e nt al o b s er v ati o n s s u g g e st t h at t h e cr a c k gr o wt h i s st a bili z e d i n a t hi n l a y er of el a st o m er c o n str ai n e d b et w e e n t w o ri gi d bl o c k s, 

pr o vi d e d t h at t h e r ati o D / H i s l ar g e (Fi g. 1 ) (G e nt a n d Li n dl e y, 1 9 5 9 ). T h e c o n str ai nt b y t h e t w o ri gi d bl o c k s i ntr o d u c e s a n ot h er l e n gt h 

s c al e, H , t h e t hi c k n e s s of t h e el a st o m er l a y er. A s n ot e d e arli er, t hi s c o n str ai nt arr e st s t h e cr a c k, b ut still p er mit s hi g h h y dr o st ati c 

t e n si o n i n t h e el a st o m er f ar a w a y fr o m t h e cr a c k, c a u si n g n u m er o u s cr a c k s t o gr o w. S u c h st a bl e gr o wt h of n u m er o u s cr a c k s h a s b e e n 

si m ul at e d b y a p h a s e fi el d m o d el ( K u m ar a n d L o p e z- P a mi e s, 2 0 2 1 ). H er e w e st u d y t h e p h e n o m e n o n u si n g a n o nli n e ar el a sti c fr a ct ur e 

m e c h a ni c s a p pr o a c h. 

2.  A n a xi s y m m et ri c c r a c k m o d el 

Fi g. 2 ill u str at e s t h e a xi s y m m etri c m o d el wit h a p e n n y- s h a p e d cr a c k. T h e u p p er a n d l o w er s urf a c e s of t h e el a st o m er ar e ti e d t o t h e 

ri gi d bl o c k s t h at ar e p ull e d a w a y fr o m e a c h ot h er, b y pr e s cri bi n g a di s pl a c e m e nt Δ . T h e el a st o m er i s m o d el e d a s a n i n c o m pr e s si bl e 

n e o H o o k e a n m at eri al, a n d g e o m etri c n o nli n e arit y i s c o n si d er e d f or l ar g e d ef or m ati o n. F or e a c h m o d el wit h s el e ct e d v al u e s of B / H a n d 

C / H , a q u a si- st ati c fi nit e el e m e nt a n al y si s i s p erf or m e d u si n g A B A Q U S, a n d t h e e n er g y r el e a s e r at e of t h e cr a c k i s c al c ul at e d u si n g t h e 

Fi g. 1. ( a) S c h e m ati c s of a n e x p eri m e nt, i n w hi c h a l a y er of el a st o m er of t hi c k n e s s H a n d di a m et er D (D > > H ) i s s a n d wi c h e d b et w e e n t w o ri gi d 

bl o c k s, p ull e d b y a p air of f or c e s F . ( b) N u m er o u s c a viti e s gr o w li k e cr a c k s i n t h e el a st o m er. T h e s p a ci n g b et w e e n a dj a c e nt c a viti e s i s a p pr o xi m at el y 

2 B , a n d o n e of t h e c a viti e s i s cir cl e d a s a r e pr e s e nt ati v e c ell f or a n al y si s. 

S. H a o et al.                                                                                                                                                                                                            
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J -i nt e gr al m et h o d. A xi s y m m etri c s e c o n d- or d er el e m e nt s ar e u s e d, wit h q u art er- p oi nt si n g ul ar el e m e nt s at t h e cr a c k fr o nt t o miti g at e 

t h e str e s s si n g ul arit y. O n c e Δ / H , B / H , a n d C / H ar e s p e ci fi e d, t h e fi nit e el e m e nt m o d el c al c ul at e s t h e n or m ali z e d a p pli e d f or c e F 

/ (π B 2 μ ), t h e n o r m ali z e d e n er g y r el e a s e r at e G / (μ H ), a n d t h e n or m ali z e d h y dr o st ati c str e s s at t h e e d g e σ e d g e / μ . 

I n e x p e ri m e nt s, e v e n b ef or e c a vit ati o n, t h e el a st o m er d ef or m s i n h o m o g e n e o u sl y d u e t o t h e fr e e e d g e ( R = D / 2) ( Fi g. 1 ). F or a t hi n 

s p e ci m e n ( H < < D ) a n d a n i n c o m pr e s si bl e n e o H o o k e a n m at eri al, t h e str e s s fi el d i s n e arl y u nif or m i n t h e c e nt er r e gi o n, wit h t h e 

m a g nit u d e of t h e h y dr o st ati c str e s s b ei n g t wi c e of t h e a p pli e d f or c e di vi d e d b y t h e ar e a of t h e s p e ci m e n ( G e nt a n d Li n dl e y, 1 9 5 9 ). H er e, 

t h e i d e ali z e d a xi s y m m etri c m o d el si m ul at e s o n e r e pr e s e nt ati v e c a vit y i n t h e c e nt er r e gi o n, f ar a w a y fr o m t h e fr e e e d g e ( B < < D ) . 

T h er ef or e, t h e n or m ali z e d f or c e i n t h e a xi s y m m etri c m o d el, F / (π B 2 μ ), i s a p p r o xi m at el y t wi c e of t h e n or m ali z e d f or c e a p pli e d t o t h e 

s p e ci m e n i n c orr e s p o n di n g e x p eri m e nt s. M o v e o v er, w e h a v e c h o s e n t o f o c u s o n t h e c a s e s w h e n m a n y s m all c a viti e s w er e o b s er v e d i n 

e x p eri m e nt s, t y pi c all y f or t hi n s p e ci m e n s ( H < < D ) . I n s u c h s p e ci m e n s, t h e s m all c a viti e s a p p e ar e d t o b e p e n n y- s h a p e d cr a c k s gr o wi n g 

i n t h e h ori z o nt al dir e cti o n. M or e c o m pli c at e d cr a c k gr o wt h m a y o c c ur i n r el ati v el y t hi c k s p e ci m e n s, w hi c h c a n n ot b e tr e at e d i n t h e 

pr e s e nt m o d el. 

3. I niti ati o n of c r a c k g r o wt h 

W e fir st st u d y t h e i niti ati o n of cr a c k gr o wt h fr o m a pr e- e xi sti n g cr a c k, w hi c h i s t a k e n t o b e s m all c o m p ar e d t o t h e l a y er t hi c k n e s s, C / 

H = 0. 0 1. F or s u c h a s m all cr a c k, t h e n or m ali z e d f or c e- di s pl a c e m e nt c ur v e i s n e arl y a st e p f u n cti o n ( Fi g. 3 ). W h e n t h e n or m ali z e d f or c e 

i s b el o w t h e criti c al v al u e f or el a sti c i n st a bilit y, F / (π B 2 μ ) < 2 .5, t h e d ef or m ati o n i s s m all e v er y w h er e e x c e pt f or t h e n ei g h b or h o o d 

ar o u n d t h e s m all cr a c k, a s s h o w n b y t h e i n s et at F / (π B 2 μ )  = 2. Si n c e t h e el a st o m er i s m o d el e d a s a n i n c o m pr e s si bl e m at eri al, t h e 

n or m ali z e d di s pl a c e m e nt Δ / H i s n e arl y z er o w h e n F / (π B 2 μ ) < 2 .5. A s F / (π B 2 μ ) a p p r o a c h e s 2. 5, t h e el a st o m er ar o u n d t h e cr a c k d e -

f or m s  s u b st a nti all y,  a s  pr e di ct e d  b y  t h e  el a sti c  i n st a bilit y,  s o  t h at  t h e  n or m ali z e d  di s pl a c e m e nt Δ / H i n cr e a s e s  r a pi dl y  at F 

/ (π B 2 μ )  ≈ 2 .5. A s s h o w n b y t h e i n s et at F / (π B 2 μ )  = 2 .5, e v e n wit h a s m all a p pli e d di s pl a c e m e nt, Δ / H ~ 0. 0 0 4, t h e i niti all y s m all cr a c k 

Fi g. 2. S c h e m ati c of a n a xi s y m m etri c m o d el i n t h e u n d ef or m e d st at e, wit h a p e n n y- s h a p e d cr a c k l yi n g o n t h e mi d dl e pl a n e of a l a y er of el a st o m er 

s a n d wi c h e d b et w e e n t w o ri gi d bl o c k s. T h e t w o ri gi d bl o c k s ar e p ull e d t o a s e p ar ati o n di s pl a c e m e nt Δ . T h e r a di al di s pl a c e m e nt at t h e e d g e of t h e 

el a st o m er i s s et t o z er o, mi mi c ki n g a s y m m etr y b o u n d ar y c o n diti o n b et w e e n a dj a c e nt cr a c k s. I n t h e fi nit e el e m e nt a n al y si s, o nl y t h e u p p er h alf of 

t h e el a st o m er l a y er i s m e s h e d, a s s u mi n g s y m m etr y f or t h e l o w er h alf. 

Fi g. 3. D ef or m ati o n of a n el a st o m er l a y er c o nt ai ni n g a s m all cr a c k ( C / H = 0. 0 1). T h e f or c e- di s pl a c e m e nt c ur v e i s n e arl y a st e p f u n cti o n. T h e i n s et s 

s h o w t w o st at e s of d ef or m ati o n wit h c o nt o ur s of di s pl a c e m e nt a m plit u d e. At F / (π B 2 μ )  = 2, t h e d ef or m ati o n ar o u n d t h e cr a c k i s r el ati v el y s m all. At F 

/ (π B 2 μ )  = 2 .5, t h e i niti all y s m all cr a c k d ef or m s i nt o a l ar g e c a vit y. 
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d ef or m s i nt o a l ar g e c a vit y. T hi s l ar g e d ef or m ati o n i n v ol v e s n o cr a c k gr o wt h i n t h e fi nit e el e m e nt c al c ul ati o n. 

C orr e s p o n di n g t o t h e el a sti c d ef or m ati o n i n Fi g. 3 , t h e n or m ali z e d e n er g y r el e a s e r at e, G / (μ H ), i n cr e a s e s si g ni fi c a ntl y wit h a s m all 

i n cr e a s e i n t h e di s pl a c e m e nt Δ / H (Fi g. 4 a ). W e al s o pl ot G / (μ H ) v er s u s t h e n or m ali z e d f or c e, F / (π B 2 μ ) (Fi g. 4 b ). T h e e n er g y r el e a s e 

r at e r e m ai n s s m all w h e n F / (π B 2 μ ) < 2 .5, b ut i n cr e a s e s dr a m ati c all y at F / (π B 2 μ ) → 2 .5. T hi s r e s ult i s si mil ar t o t h e e n er g y r el e a s e r at e 

of  a  p e n n y- s h a p e d  cr a c k  i n  a n  i n fi nit e  el a st o m er  s u bj e ct  t o  h y dr o st ati c  t e n si o n  ( Li n  a n d  H ui,  2 0 0 4 ; K a n g  et  al.,  2 0 1 7 ).  A s  t h e 

n or m ali z e d f or c e e x c e e d s 2. 5, t h e fi nit e el e m e nt c al c ul ati o n i s t er mi n at e d d u e t o n u m eri c al di v er g e n c e, i n di c ati v e of a si n g ul ar, u n -

b o u n d e d e n er g y r el e a s e r at e. B y t h e Grif fit h crit eri o n f or fr a ct ur e, t h e cr a c k gr o w s w h e n t h e e n er g y r el e a s e r at e r e a c h e s t h e m at eri al 

t o u g h n e s s, G = G c . S o l o n g a s t h e pr e- e xi sti n g cr a c k i s s m all c o m p ar e d t o t h e el a st o m er t hi c k n e s s, C / H < < 1, t h e G- F r el ati o n i s n e arl y 

a  st e p  f u n cti o n.  C o n s e q u e ntl y,  t h e  s m all  cr a c k  st art s  t o  gr o w  w h e n F / (π B 2 μ )  ≈ 2 .5.  T hi s  criti c al  f or c e  i s  di ct at e d  b y  t h e  el a sti c 

i n st a bilit y of a s m all d ef e ct, a n d i s i n d e p e n d e nt of t h e t o u g h n e s s G c . 

4.  C r a c k a r r e st 

W e r e p e at t h e fi nit e el e m e nt c al c ul ati o n s f or s e v er al v al u e s of t h e n or m ali z e d cr a c k r a di u s C / H , wit h a fi x e d v al u e of B / H = 1. 5. 

A g ai n, f or e a c h C / H , w e pr e s cri b e t h e n or m ali z e d di s pl a c e m e nt Δ / H , a n d c al c ul at e t h e n or m ali z e d f or c e F / (π B 2 μ ), a n d t h e n or m ali z e d 

e n er g y r el e a s e r at e G / (μ H ). W e pl ot t h e r e s ult s a s n or m ali z e d f or c e- di s pl a c e m e nt c ur v e s (Fi g. 5 a ). T h e s oli d c ur v e s ar e t h e f or c e- 

di s pl a c e m e nt c ur v e s w h e n t h e r a di u s of t h e cr a c k i s fi x e d at v ari o u s v al u e s. F or a s m all cr a c k, C / H = 0. 0 1, t h e c al c ul ati o n di v er g e s 

b e y o n d a s m all di s pl a c e m e nt, a n d t h e f or c e- di s pl a c e m e nt c ur v e a p p e ar s li k e a v erti c al li n e, w hi c h t er mi n at e s a p pr o xi m at el y at t h e 

criti c al f or c e of el a sti c i n st a bilit y, F / (π B 2 μ )  = 2 .5. F o r a l ar g er cr a c k, s a y C / H = 0. 1, t h e f or c e- di s pl a c e m e nt c ur v e b e c o m e s s m o ot h a n d 

r e a dil y c o nti n u e s b e y o n d t h e criti c al f or c e of el a sti c i n st a bilit y. F or a gi v e n di s pl a c e m e nt, t h e l ar g er t h e cr a c k r a di u s, t h e l o w er t h e 

f or c e. 

W e n e xt c o n si d er t h e gr o wt h of t h e cr a c k. A s s u m e t h at t h e cr a c k gr o w s w h e n t h e e n er g y r el e a s e r at e e x c e e d s a c o n st a nt v al u e of 

t o u g h n e s s, G ≥ G c . F o r a p r e s c ri b e d B / H , w e v ar y C / H a n d Δ / H t o c al c ul at e t h e a p pli e d f or c e a n d e n er g y r el e a s e r at e a s f u n cti o n s, 

F (Δ / H , C / H ) a n d G (Δ / H , C / H ). Gi v e n a t o u g h n e s s G c , t h e c riti c al c o n diti o n f or cr a c k gr o wt h, G (Δ / H , C / H )  = G c , gi v e s t h e c r a c k 

r a di u s C / H a s a f u n cti o n of Δ / H (Fi g. 5 b ), a n d a d a s h e d c ur v e o n t h e f or c e- di s pl a c e m e nt pl a n e ( Fi g. 5 a ). T hi s d a s h e d c ur v e i s t h e 

n or m ali z e d f or c e- di s pl a c e m e nt c ur v e w h e n t h e cr a c k gr o w s u n d er t h e c o n diti o n G = G c . F o r a t o u g h el a st o m er, G c / (μ H )  = 2, a s t h e 

di s pl a c e m e nt i n cr e a s e s, i niti all y t h e cr a c k gr o w s sli g htl y a n d t h e f or c e i n cr e a s e s, a n d t h e n t h e cr a c k gr o w s m or e si g ni fi c a ntl y a n d t h e 

f or c e d e cr e a s e s. F or a brittl e el a st o m er, G c / (μ H )  = 0 .3, a s t h e di s pl a c e m e nt i n cr e a s e s, t h e cr a c k gr o w s r a pi dl y u p o n i niti ati o n, a n d t h e 

f or c e d e cr e a s e s s h ar pl y. T h e t w o t y p e s of f or c e- di s pl a c e m e nt c ur v e s r o u g hl y c orr e s p o n d t o t h e b e h a vi or s of brittl e a n d t o u g h el a s -

t o m er s, s u c h a s t h e si n gl e- n et w or k a n d d o u bl e /tri pl e- n et w or k el a st o m er s c o n si d er e d b y M or ell e et al. ( 2 0 2 1) . 

R e c all t h at t h e fi nit e el e m e nt m et h o d c al c ul at e s t h e f u n cti o n G (Δ / H , C / H ) u si n g a m o d el of fi x e d di s pl a c e m e nt a n d cr a c k r a di u s. 

T hi s f u n cti o n i s pl ott e d a s G- C c ur v e s o n t h e pl a n e of e n er g y r el e a s e r at e a n d cr a c k r a di u s f or s e v er al v al u e s of Δ / H (Fi g. 6 ). E x a mi n e a 

G- C c ur v e at a fi x e d di s pl a c e m e nt i n t h e t w o li mit s of t h e cr a c k r a di u s. I n o n e li mit, C → 0, a s n ot e d b ef or e, d u e t o t h e el a sti c i n st a bilit y, 

a n y fi nit e di s pl a c e m e nt l e a d s t o a n u n b o u n d e d e n er g y r el e a s e r at e, G →  ∞ . I n t h e ot h er li mit, C → B , t h e wi dt h of el a st o m er li g a m e nt 

a h e a d of t h e cr a c k, B − C , i s t h e o nl y r el e v a nt l e n gt h s c al e i n t h e b o u n d ar y v al u e pr o bl e m, s o t h at t h e e n er g y r el e a s e r at e i s li n e ar i n B −

C , a n d t h u s G → 0. At a fi x e d di s pl a c e m e nt, t h e G- C c ur v e i s a m o n ot o ni c all y d e cr e a si n g c ur v e b et w e e n t h e t w o li mit s. F or a s m all 

di s pl a c e m e nt, Δ / H = 0 .0 0 1, t h e G- C c ur v e i s n e arl y L - s h a p e d: T h e e n er g y r el e a s e r at e a p pr o a c h e s i n fi nit y a s C / H → 0, a n d dr o p s 

s h ar pl y t o al m o st z er o a s C / H i n cr e a s e s. F or a l ar g er di s pl a c e m e nt, t h e G- C c ur v e d e cr e a s e s m or e g e ntl y. 

At a fi x e d di s pl a c e m e nt, t h e m o n ot o ni c all y d e cr e a si n g G- C c ur v e e n s ur e s t h e arr e st of t h e cr a c k. F or a gi v e n t o u g h n e s s, w hi c h i s 

Fi g. 4. E n er g y r el e a s e r at e of a s m all cr a c k ( C / H = 0. 0 1) i n a n el a st o m er l a y er. ( a) T h e n or m ali z e d e n er g y r el e a s e r at e i n cr e a s e s wit h t h e a p pli e d 

di s pl a c e m e nt. ( b) T h e e n er g y r el e a s e r at e i s n e arl y a st e p f u n cti o n of t h e a p pli e d f or c e, a n d b e c o m e s u n b o u n d e d at F / (π B 2 μ )  ≈ 2 .5. 
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m ar k e d a s a h ori z o nt al d a s h e d li n e i n Fi g. 6 , t h e criti c al c o n diti o n of cr a c k gr o wt h, G = G c , i s m et at t h e i nt er s e cti o n s b et w e e n t h e 

h ori z o nt al li n e a n d t h e G- C c ur v e s. E a c h i nt er s e cti o n gi v e s t h e r a di u s C / H of a n arr e st e d cr a c k at a fi x e d di s pl a c e m e nt Δ / H . T h e cr a c k 

c a n n ot gr o w a n y f urt h er b e c a u s e t h e e n er g y r el e a s e r at e w o ul d dr o p b el o w G c u nl e s s Δ / H i n cr e a s e s. T h e r a di u s of t h e arr e st e d cr a c k 

i n cr e a s e s wit h Δ / H (Fi g. 5 b ). 

T h e d ef or m ati o n of t h e el a st o m er d e p e n d s o n t h e r a di u s of t h e cr a c k a n d a p pli e d di s pl a c e m e nt ( Fi g. 7 ). S n a p s h ot s of t h e d ef or m e d 

el a st o m er  ar e  pr e s e nt e d  at  f o ur  cr a c k  r a dii  a n d  t w o  e n er g y  r el e a s e  r at e s.  M ar k e d  i n  e a c h  s n a p s h ot  i s  t h e  c orr e s p o n di n g  a p pli e d 

di s pl a c e m e nt. W e i nt er pr et e a c h c ol u m n a s t h e s n a p s h ot s of a cr a c k gr o wi n g i n a n el a st o m er of a c o n st a nt t o u g h n e s s G c . At a s m all 

a p pli e d di s pl a c e m e nt, t h e cr a c k i s s m all, C / H → 0, a n d t h e el a st o m er i s m o stl y u n d ef or m e d, e x c e pt f or t h e hi g hl y l o c ali z e d d ef or -

m ati o n ar o u n d t h e cr a c k. A s t h e a p pli e d di s pl a c e m e nt i n cr e a s e s, t h e cr a c k gr o w s, a n d t h e e ntir e el a st o m er d ef or m s s u b st a nti all y. A s 

C → B , t h e li g a m e nt a h e a d of t h e cr a c k i s hi g hl y str et c h e d. B e c a u s e t h e c o m p ut ati o n al m o d el i s a xi s y m m etri c, t h e li g a m e nt a h e a d of 

t h e cr a c k i s str et c h e d i nt o a t hi n s h e et, w h er e t h e r a di al str e s s i s n e arl y z er o d u e t o t h e tr a cti o n-fr e e cr a c k f a c e. T h e d ef or m ati o n of t h e 

li g a m e nt i s c o n str ai n e d i n t h e cir c u mf er e nti al dir e cti o n, a n d str et c h e d i n t h e v erti c al dir e cti o n. T h at i s, t h e t hi n s h e et i s str et c h e d u n d er 

a pl a n e str ai n c o n diti o n, si mil ar t o t h at i n a p ur e s h e ar t e st. 

Fi g. 5. ( a) N or m ali z e d f or c e- di s pl a c e m e nt c ur v e s. E a c h s oli d c ur v e i s a f or c e- di s pl a c e m e nt c ur v e f or a cr a c k of a fi x e d r a di u s. E a c h d a s h e d c ur v e i s a 

f or c e- di s pl a c e m e nt  c ur v e  a s  t h e  cr a c k  gr o w s  u n d er  t h e  c o n diti o n G = G c .  ( b)  N o r m ali z e d  r a di u s  of  a n  arr e st e d  cr a c k  f or  t w o  diff er e nt  v al u e s 

of t o u g h n e s s. 

Fi g. 6. N or m ali z e d G- C c ur v e s. F or a fi x e d di s pl a c e m e nt, t h e e n er g y r el e a s e r at e d e cr e a s e s m o n ot o ni c all y a s t h e cr a c k r a di u s i n cr e a s e s. T h e h or -

i z o nt al d a s h e d li n e r e pr e s e nt s a c o n st a nt t o u g h n e s s. At a gi v e n di s pl a c e m e nt, e a c h G- C c ur v e i nt er s e ct s wit h t h e h ori z o nt al d a s h e d li n e at o n e p oi nt, 

w hi c h gi v e s t h e r a di u s of a n arr e st e d cr a c k. 
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W e c o m p ar e el a st o m er s of diff er e nt v al u e s of t o u g h n e s s. I n a brittl e el a st o m er, G c / ( μ H )  = 0 .3 ( Fi g. 7 , t h e l eft c ol u m n), t h e cr a c k 

o p e ni n g pr o fil e i s cl o s e t o a p ar a b ol a, si mil ar t o t h at pr e di ct e d b y li n e ar el a sti cit y. B y c o ntr a st, i n a t o u g h el a st o m er, G c / (μ H )  = 2 

(Fi g. 7 , t h e ri g ht c ol u m n), t h e cr a c k bl u nt s si g ni fi c a ntl y. F or a cr a c k arr e st e d at a c ert ai n r a di u s, t h e a p pli e d di s pl a c e m e nt i s m u c h 

l ar g er f or t h e t o u g h el a st o m er t h a n f or t h e brittl e el a st o m er. C orr e s p o n di n gl y, t h e a p pli e d f or c e i s al s o hi g h er ( s e e t h e t w o d a s h e d 

c ur v e s i n Fi g. 5 a f or t h e f or c e- di s pl a c e m e nt c ur v e s). 

Fi g. 7. D ef or m ati o n of el a st o m er l a y er s c o nt ai ni n g cr a c k s of v ari o u s r a dii. T h e e n er g y r el e a s e r at e i s G / (μ H )  = 0 .3 i n t h e l eft c ol u m n, a n d i s G /

(μ H )  = 2 i n t h e ri g ht c ol u m n. M ar k e d i n e a c h s n a p s h ot i s t h e c orr e s p o n di n g a p pli e d di s pl a c e m e nt. C ol or c o nt o ur s ar e f or t h e a m plit u d e of t h e 

di s pl a c e m e nt v e ct or. 

Fi g. 8. A m at eri al b u b bl e c h art i n t h e pl a n e of s h e ar m o d ul u s a n d t o u g h n e s s. E a c h t y p e of m at eri al c orr e s p o n d s t o a b u b bl e o n t hi s pl a n e. T h e 

d a s h e d  li n e s  r e pr e s e nt  c o n st a nt  v al u e s  of  t h e  m at eri al  l e n gt h G c / μ ,  v a r yi n g  fr o m  ~ 0. 1  n m  ( brittl e,  h ar d  m at eri al s)  t o  ~ 1 0  m m  (t o u g h, 

s oft m at eri al s). 
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T h e n or m ali z e d t o u g h n e s s, G c / (μ H ), i s a r ati o b et w e e n t w o l e n gt h s: a m at eri al l e n gt h G c / μ a n d t h e el a st o m er t hi c k n e s s H . Si mil ar 

m at eri al l e n gt h s h a v e b e e n i d e nti fi e d b ef or e ( e. g., Cr et o n a n d Ci c c otti, 2 0 1 6 ). W e s h o w v ari o u s m at eri al s o n a pl a n e of s h e ar m o d ul u s 

a n d t o u g h n e s s ( Fi g. 8 ). O n t hi s pl a n e, a c o n st a nt v al u e of t h e m at eri al l e n gt h G c / μ c o r r e s p o n d s t o a d a s h e d li n e wit h a c o n st a nt sl o p e of 

1. D e p e n di n g o n t h e m at eri al s, t h e l e n gt h G c / μ v a r y b y m a n y or d er s of m a g nit u d e, fr o m 1 0 − 1 0 t o 1 0− 2 m. T h e m at e ri al l e n gt h i s s m all 

f or a brittl e a n d stiff m at eri al, b ut l ar g e f or a t o u g h a n d s oft m at eri al. F or e x a m pl e, t h e m at eri al l e n gt h G c / μ i s ~ 1 0 m m f or n at ur al 

r u b b er, a n d i s ~ 0. 1 m m f or sili c o n e. I n c o m p ari s o n, t h e m at eri al l e n gt h G c / μ i s l e s s t h a n 1 n m f or sili c a gl a s s, a n d i s ~ 1 μ m f or a st e el. 

D u e t o t h e pr e s e n c e of t h e m at eri al l e n gt h G c / μ , w hi c h i s f airl y l ar g e f or el a st o m er s, t h e b e h a vi or of t h e el a st o m er l a y er i s si z e 

d e p e n d e nt. H er e w e f o c u s o n sit u ati o n s i n w hi c h t h e di a m et er of t h e s p e ci m e n i s m u c h l ar g er t h a n t h e t hi c k n e s s, D > > H, s o t h at t h e 

t hi c k n e s s of t h e el a st o m er, H , i s t h e o nl y r el e v a nt l e n gt h ot h er t h a n t h e m at eri al l e n gt h. If t h e t hi c k n e s s i s s m all c o m p ar e d t o t h e 

m at eri al l e n gt h, H < G c / μ , t h e t hi n el a st o m er l a y er b e h a v e s li k e a t o u g h m at eri al, f or w hi c h t h e a p pli e d f or c e c a n e x c e e d t h e criti c al 

v al u e f or el a sti c i n st a bilit y, F / (π B 2 μ )  = 2 .5. H o w e v er, if t h e t hi c k n e s s i s l ar g er t h a n t h e m at eri al l e n gt h, H > G c / μ , t h e el a st o m er l a y er 

b e h a v e s li k e a brittl e m at eri al, wit h a p e a k f or c e cl o s e t o t h e criti c al v al u e f or el a sti c i n st a bilit y f oll o w e d b y a s h ar p dr o p of t h e f or c e 

u p o n cr a c k gr o wt h. T h e t w o t y p e s of f or c e- di s pl a c e m e nt r e s p o n s e s ar e ill u str at e d b y t h e t w o d a s h e d li n e s i n Fi g. 5 a f or G c / (μ H )  = 2 

a n d 0. 3, r e s p e cti v el y. 

I n t h e e x p eri m e nt s of G e nt a n d Li n dl e y ( 1 9 5 9) , a n at ur al r u b b er w a s u s e d. A s s u mi n g r e pr e s e nt ati v e v al u e s f or t h e r u b b er, μ ∼ 0 .5 

M P a a n d G c ∼ 1 0 4 J / m 2 , t h e m at e ri al l e n gt h i s G c / μ ~ 2 c m, w hi c h i s m u c h l ar g er t h a n t h e t hi c k n e s s of t h e t hi n s p e ci m e n s ( < 1 m m) i n 

t h eir e x p eri m e nt s. I n a r e c e nt w or k b y G u o a n d R a vi- C h a n d ar ( 2 0 2 2) , a sili c o n e w a s u s e d i n si mil ar c a vit ati o n e x p eri m e nt s. A s s u mi n g 

t h e s h e ar m o d ul u s of t h e sili c o n e i s si mil ar ( ~ 0. 5 M P a), b ut t h e t o u g h n e s s i s l o w er ( ~ 1 0 0 J / m 2 ), t h e m at e ri al l e n gt h i n t hi s c a s e i s G c / μ 
~  0. 2  m m,  w hi c h  i s  s m all er  t h a n  t h e  s p e ci m e n  t hi c k n e s s  ( ~ 0. 6  m m).  T h e  t w o  s et s  of  e x p eri m e nt s  r e p ort e d a p p ar e ntl y  diff er e nt 

f or c e- di s pl a c e m e nt c ur v e s, r e s e m bli n g t h e t o u g h a n d brittl e r e s p o n s e s, r e s p e cti v el y. 

Fi g. 9. N or m ali z e d h y dr o st ati c str e s s at t h e e d g e of t h e a xi s y m m etri c m o d el wit h diff er e nt v al u e s of B / H . ( a- d): B / H = 1, 1. 5, 2. 5, a n d 5. T h e s oli d 

li n e s ar e f or fi x e d cr a c k r a dii C / H , a n d t h e d a s h e d li n e s ar e f or c o n st a nt e n er g y r el e a s e r at e s (G = G c ). 

S. H a o et al.                                                                                                                                                                                                            



Journal of the Mechanics and Physics of Solids 173 (2023) 105223

8

5. Crack spacing 

The arrest of cracks makes it possible to have numerous small cracks in a thin elastomer layer (D >> H). Each crack relaxes the 
hydrostatic tension in a region around it, where other cracks cannot grow. When an existing crack arrests, far away from the crack, the 
hydrostatic tension is unrelaxed, so that new cracks can grow. In the axisymmetric model (Fig. 2), the spacing between adjacent cracks 
is represented approximately by the diameter 2B. If B/H is large, the hydrostatic stress at the edge (R = B) may exceed the critical stress 
(σc = 2.5μ), so that additional cracks may grow, reducing the crack spacing until the hydrostatic stress between the adjacent cracks is 
below the critical stress. Note that the value of B/H has negligible effect on the initiation of crack growth as long as the pre-existing 
crack is small (C << H, B). 

The hydrostatic stress at the edge maximizes at the midplane, where we assume that new cracks will form if the critical hydrostatic 
stress is reached. The intersection between the edge and the midplane is in a state of triaxial stress of unequal components. Here, we 
assume that the critical condition for the formation of a new cavity is that the hydrostatic stress reaches 2.5μ. We will not consider the 
effect of triaxiality due to the unequal stress components (Long and Hui, 2010). We calculate the hydrostatic stress at the edge of the 
axisymmetric model as a function of the applied displacement Δ/H, for various values of C/H and four values of B/H (Fig. 9). For each 
pair of C/H and B/H, the hydrostatic stress σedge increases with the applied displacement and reaches the critical stress (σc = 2.5μ) at a 
particular displacement Δ/H. At a constant displacement, the edge stress decreases with increasing crack radius. Also plotted on the 
same diagrams are contours of constant energy release rate (dashed curves), each corresponding to the case of a growing crack with a 
constant toughness (G = Gc). The dashed curve is generally not monotonic with the applied displacement, due to the simultaneously 
increasing crack radius that tends to decrease the edge stress. An intersection between a solid curve and a dashed curve represents an 
arrested crack. When the crack arrests, if the edge stress exceeds the critical stress, σedge > σc, we assume that a new crack will nucleate 
and grow in between of the existing cracks. For example, consider the two dashed contours for the model of B/H = 1.5 (Fig. 9b). The 
contour of Gc/(μH) = 0.3 intersects with the solid curves of various crack radii, all with the edge stress below the critical stress, σedge 

< σc, so that no new crack can form, and the spacing between the arrested cracks can be larger but not smaller than 2B/H = 3. By 
contrast, the contour of Gc/(μH) = 2 intersects with the solid curves of various crack radii, with some intersections above the critical 
stress, σedge > σc, so that new cracks can form, and the spacing between the arrested cracks can be smaller but not larger than 2B/H = 3. 

Now consider all four panels in Fig. 9, corresponding to four values of B/H. For Gc/(μH) = 0.3, the edge stress drops below the 
critical stress (σc = 2.5μ) upon crack growth for B/H = 1, 1.5 and 2.5, but rises up to above the critical stress for B/H = 5. In this case, 
the spacing between arrested cracks should be 5 < 2B/H < 10. For Gc/(μH) = 2, the edge stress exceeds the critical stress for B/H =
1.5, 2.5 and 5, but remains below the critical stress for B/H = 1. In this case, the spacing between arrested cracks should be 2 < 2B/H <
3. Therefore, the crack spacing (~2B/H) decreases as the normalized toughness Gc/(μH) increases, and a specimen with a large value of 
Gc/(μH) ruptures by forming numerous small cracks with small spacing in between. 

Moreover, the crack spacing depends on the applied displacement. As illustrated in Fig. 9(d) for B/H = 5 and Gc /(μH) = 0.3, the edge 
stress is below the critical stress when the applied displacement is small, but exceeds the critical stress when the applied displacement is 
large. Thus, the spacing between arrested cracks, 2B/H, can be greater than 10 at a small displacement, but becomes less than 10 as the 
applied displacement increases, with additional crack formation between the existing cracks. For B/H = 1 and Gc/(μH) = 0.3 or 2 
(Fig. 9a), the edge stress remains below the critical stress for much larger applied displacements, Δ/H up to 0.5. Further increasing the 
displacement would lead to even larger crack radius, with the crack front approaching the edge (C → B), but the hydrostatic stress at the 
edge would remain below the critical stress. Consequently, the spacing between arrested cracks would not decrease further. 

6. Concluding remarks 

This paper studies why a thin layer of elastomer pulled by two rigid blocks grows numerous cracks using an idealized model. The 
model qualitatively answers the question, but quantitative comparison with experiments is challenging. The idealized model neglects 
several effects. First, the strain stiffening of the elastomer could suppress the elastic instability and thus delay the initiation of crack 
growth. Second, the surface energy γ introduces a material-specific length, γ/μ, which influences the nucleation and growth of small 
cavities (Gent and Tompkins, 1969; Kundu and Crosby, 2009). Third, the resistance to crack growth is typically not a constant, but 
increases with the crack growth (Thomas, 1958). The crack resistance curve (i.e., the energy release rate as a function of crack growth) 
defines yet another material-specific length. Fourth, the ratio between the toughness and the work of fracture, Gc /Wf , also defines a 
material-specific length (Yang et al., 2019; Kim et al., 2020). Thus, the idealized model in this study is valid in the limit when the 
elastomer deviates from the neoHookean material only at a large stretch, and when the initial crack radius is larger than the three 
material-specific lengths identified above. Moreover, the idealized model does not take into account the effect of loading rate, which 
could be important in experiments because many elastomers are viscoelastic. 

In summary, we analyze an axisymmetric model of a finite radius, in which the elastomer contains a penny-shaped crack. The 
elastomer is taken to be an incompressible, neoHookean material. For a given applied displacement, we calculate the applied force, the 
energy release rate, and the hydrostatic stress at the edge of the elastomer. These results allow us to discuss initiation, growth, and 
arrest of the crack. The arrest of the crack makes it possible to have numerous cracks in a thin elastomer layer. The model also estimates 
the spacing between the cracks, which depends on the fracture toughness of the elastomer and the applied displacement. New cracks 
initiate if the hydrostatic stress at the edge of the elastomer exceeds a critical stress dictated by elastic instability. For an elastomer of 
thickness H, shear modulus μ, and toughness Gc, the elastomer layer grows numerous small cracks when the dimensionless parameter 
Gc/(μH) is large. This prediction is qualitatively consistent with experiments. 
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