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S t a n d a rd  M e t h o d  o f T e s t  fo r 

D e t e r m i n a t i o n  o f  As p h a l t  B i n d e r 

Re s i s t a n c e  t o  D u c t i l e  F a i l u re  U s i n g   

D o u b l e - E d g e - N o t c h e d  Te n s i o n  ( D E N T )  Te s t  

AAS H T O  D e s i g n a t i o n :  T P  1 1 3 -2 2 1  

T e c h n i c a l l y R e v i s e d :  2 0 2 2  

T e c h n i c a l  S u b c o m m i t t e e :  2 b ,  L i q u i d  As p h a l t  

1 .  S C O P E  

1 . 1 .  T h i s  te s t me th o d  c o v e rs  t h e  d e te r mi na ti o n o f a n a s p h a l t b i nd e r’ s  re s i s ta nc e  to  d uc ti l e  fa i l ur e  us i ng  

a  d o ub l e - e d g e - no tc h e d  te ns i o n  ( D E N T )  te s t.  

1 . 2 .  T h e  te s t i s  c o nd uc te d  a fte r the r ma l  c o nd i ti o n i n g  to  d e te r mi n e  th e  e s s e nti a l  wo r k o f fa i l ure ,  the  

p l a s ti c  wo r k o f fa i l ure ,  a nd  a n a p p ro x i ma te  c ri ti c a l  c ra c k ti p  o p e ni ng  d i s p l a c e me nt a t a  s p e c i fi e d  

te mp e ra ture  a nd  ra te  o f l o a d i n g .  

1 . 3 .  T h e  v a l ue s  s ta te d  i n S I  uni ts  a re  to  b e  re g a rd e d  a s  th e  s ta nd a rd .  

1 . 4 .  Th is  s ta n da rd do e s  n o t p u rp o rt to  a ddre s s  a ll o f th e  s a fe ty  c o n c e rn s ,  i f a n y ,  a s s o c i a te d wi th  i ts  u s e .  

It i s  th e  re s p o n s i b i li ty  o f th e  u s e r o f th is  s ta n da rd to  e s ta b li s h  a p p ro p ri a te  s a fe ty  a n d h e a lth  

p ra c tic e s  a n d de te rm i n e  th e  a p p li c a b i li ty  o f re gu la to ry  li m i ta ti o n s  p ri o r to  u s e .  

2 .  RE F E R E N C E D  D O C U M E N T S  

2 . 1 .  A A SHTO  Sta n da rds :  

  M  3 3 9 M /M  3 3 9 ,  T h e rmo me te rs  U s e d  i n t h e  T e s ti ng  o f C o n s truc ti o n M a te ri a l s   

  R 2 8 ,  A c c e l e ra te d  A g i ng  o f A s p h a l t B i nd e r U s i n g  a  P re s s uri z e d  A g i n g  V e s s e l  ( P A V )  

  T  2 4 0 ,  E ffe c t o f H e a t a nd  A i r o n a  M o v i n g  F i l m o f A s p h a l t B i nd e r ( Ro l l i ng  T h i n- F i l m O v e n 

T e s t)  

  T  3 0 0 ,  F o rc e  D uc ti l i t y T e s t o f A s p h a l t M a te ri a l s  

2 . 2 .  A STM Sta n da rds :  

  E 1 ,  S ta nd a rd  S p e c i fi c a ti o n fo r A S T M  L i q ui d ‐ i n‐ G l a s s  T h e rmo me te r s   

  E 2 3 0 /E 2 3 0 M ,  S ta nd a rd  S p e c i fi c a ti o n fo r T e mp e ra t ure ‐ E l e c tro mo ti v e  F o rc e  ( e mf)  T a b l e s  fo r 

S ta nd a rd i z e d  T h e rmo c o up l e s   

  E 8 7 9 ,  S ta nd a rd  S p e c i fi c a ti o n fo r T h e rmi s to r S e n s o rs  fo r G e n e ra l  P urp o s e  a nd  L a b o ra to ry 

T e mp e ra ture  M e a s ure me nt s   

  E 1 1 3 7 /E 1 1 3 7 M ,  S ta nd a rd  S p e c i fi c a ti o n fo r I nd u s tri a l  P l a ti n u m Re s i s ta nc e  T h e r mo me te r s   

  E 2 8 7 7 ,  S ta nd a rd  G ui d e  fo r D i g i ta l  C o nta c t T h e r mo me te rs  

2 . 3 .  In te rn a ti o n a l Ele c tro te c h n i c a l Co m m i s s i o n  Sta n da rds :  
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  I E C  6 0 5 8 4 ‐ 1 :  2 0 1 3  T h e r mo c o up l e s  ‐  P a rt 1 :  E M F  S p e c i fi c a ti o ns  a nd  T o l e ra nc e s   

  I E C  6 0 7 5 1 :  2 0 0 8  I nd us tri a l  P l a ti n u m Re s i s ta nc e  T h e r mo me t e rs  a nd  P l a ti nu m T e mp e ra ture  

S e ns o rs  

3 .  T E R M I N O L O G Y 

3 . 1 .  D e fi n i ti o n s :   

3 . 1 . 1 .  Wt—to ta l  wo rk o f fa i l ure ,  a re a  und e r th e  l o a d  v e rs us  l o a d - l i n e  d i s p l a c e me n t c urv e ,  J  ( c a l ) .  

3 . 1 . 2 .  wt—s p e c i fi c  to ta l  wo rk o f fa i l ure  ( Wt /B ℓ ) ,  kJ / m2  ( kc a l /i n. 2 ) .  

3 . 1 . 3 .  we —s p e c i fi c  e s s e n ti a l  wo rk o f fa i l ure ,  th e  e ne r g y re q ui re d  to  fra c ture  o r b re a k the  s a mp l e  wi t h o ut 

p l as ti c  d e fo r ma ti o n a wa y fro m th e  fra c t ure  z o ne ,  kJ / m2  ( kc a l /i n. 2 ) .  

3 . 1 . 4 .  wp —s p e c i fi c  p l a s t i c  wo r k o f fa i l ure  te r m,  t h e  no n- e s s e nti a l  wo rk d i s s i p a te d  d uri n g  t h e  d e fo rma t i o n 

o f a  v o l u me  o f a s p h a l t a ro u nd  th e  fa i l ure  z o ne ,  M J / m3  ( M c a l /i n. 3 ) .  

3 . 1 . 5 .  β —g e o me tri c  c o n s ta n t d e s c ri b i ng  t h e  s h a p e  o f t h e  p l a s ti c  z o ne .  

3 . 1 . 6 .  δ t—c ri ti c a l  c ra c k ti p  o p e ni ng  d i s p l a c e me nt a l s o  re fe rre d  to  a s  C T O D ,  mm ( i n. ) .  

3 . 1 . 7 .  P—l o a d ,  N  ( l b f) .  

3 . 1 . 8 .  d—d i s p l a c e me nt i n te s t,  m ( i n . ) .  

3 . 1 . 9 .  B —s a mp l e  t h i c kne s s ,  m ( i n. ) .  

3 . 1 . 1 0 .  ℓ —l i g a me nt l e ng t h ,  t h e  s p a c e  b e t we e n th e  no tc h e s ,  m ( i n. ) .  

3 . 1 . 1 1 .  σ n —ne t s e c ti o n s tre s s  o f s a mp l e ,  N / m2  ( p s i ) .  

4 .  AP P AR AT U S  

4 . 1 .  Te s ti n g A p p a ra tu s —A  c o n s ta nt ra te  o f d i s p l a c e me nt d e v i c e  c a p a b l e  o f ma i nta i ni n g  d i s p l a c e me n t 

a t ra te s  o f 1 0 0  ±  2 . 5  mm/ mi n ( 4  ±  0 . 1  i n. / mi n) .  T h e  ma x i mu m s tro ke  fo r th e  i ns tr u me nt( s )  s h a l l  b e  

1 0 0 0  mm ( 3 9 . 5  i n. )  o r g re a te r.  T h e  a p p ara tus  s ha l l  h a ve  a  s e t  o f l o a d i ng  p i n s  th a t e n s ure  p re c i s e  

a l i g n me nt o f th e  s a mp l e  d uri n g  the  te s t.  T h e  a p p a ra tus  s h a l l  b e  a b l e  to  d e te rmi ne  d i s p l a c e me n t to  

a n a c c ura c y o f ± 0 . 0 5  mm ( ± 0 . 0 0 2  i n. ) .  

N o t e  1 —T h e  D E N T  te s ti n g  a p p a ra tus  i s  c o mmo nl y  a  fo rc e - d uc ti l i t y  a p p a ra tus  i ns ta l l e d  i n  a  

d uc ti l o me te r.  

4 . 2 .  L o a d Se n s o r—T h e  s e ns i ti v i t y o f th e  l o a d  s e n s o r a nd  re c o rd i ng  e l e c tro ni c s  s ha l l  a l l o w t h e  l o a d ,  P,  

to  b e  me a s ure d  e v e r y 0 . 3  s  d ur i ng  t h e  te s t wi t h  a n a c c ura c y o f a t l e a s t ±  1  p e rc e nt.  T h e  l o a d s e ns o r 

s h a l l  b e  c a p a b l e  o f me a s uri ng  a  no mi na l  ma x i mu m fo rc e  o f up  to  1 3 3  N  ( 3 0  l b f) .  

4 . 3 .  Te m p e ra tu re - Co n tro lle d B a th  fo r Te s tin g—T h e  b a th  s h a l l  b e  l a rg e  e no u g h  to  c o nta i n t h e  te s ti n g  

a p p a ra tus  a nd  s a mp l e s  i n t h e i r  mo l d s  p ri o r to  te s ti ng  und e r 2 5  mm ( 1  i n. )  o f wa te r.  T h e  e q ui p me nt 

s h a l l  b e  c a p a b l e  o f ma i nta i ni n g  th e  wa te r a t t h e  te s t i n g  te mp e ra ture  to  a n a c c ura c y o f a t l e a s t 

± 0 . 5 ° C  ( 0 . 9 ° F ) .  T h e  th e rmo m e te r fo r me a s uri n g  t h e  te mp e ra ture  o f th e  b a t h  s h a l l  me e t th e  

re q ui re me n ts  o f M  3 3 9 M /M  3 3 9  wi th  a  te mp e ra ture  ra n g e  o f a t l e a s t 1 0  to  3 0 ° C  ( 5 0  to  8 6 ° F ) ,  a nd  

a n a c c ura c y o f ± 0 . 1 ° C  ( ± 0 . 1 8 ° F )  ( s e e  N o te  2 ) .  
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N o t e  2 —T h e r mo me te r t yp e s  s ui ta b l e  fo r us e  i nc l ud e  A S T M  E 1  me rc ur y t h e r mo me te rs ;  A S T M  

E 8 7 9  th e rmi s to r th e r mo me te r;  A S T M  E 1 1 3 7 /E 1 1 3 7 M  P t- 1 0 0  RT D  p l a ti nu m re s i s ta nc e  

th e r mo me te r,  s p e c i a l  o rd e r;  o r I E C  6 0 7 5 1 :  2 0 0 8  P t- 1 0 0  RT D  p l a ti nu m re s i s ta nc e  th e r mo me te r,  

s p e c i a l  o rd e r.  

4 . 4 .  Te m p e ra tu re - Co n tro lle d B a th  fo r Co n diti o n i n g—A  b a th  c a p a b l e  o f ma i nta i ni n g  a  mi ni mu m o f 

2 5  mm ( 1  i n. )  o f wa te r o v e r th e  s a mp l e  a t t h e  c o nd i ti o ni n g  te mp e ra t ure  re q ui re me nt s  to  wi t h i n 

± 0 . 5 ° C  ( ± 0 . 9 ° F ) .  T yp i c a l l y ,  th e  te mp e ra ture - c o ntro l l e d  b a th  a nd  th e r mo me te r fo r te s ti n g  a r e  

uti l i z e d .  

4 . 5 .  Me ta l Sti rri n g R o d—S ti c k c a p a b l e  o f s ti rri n g  th e  h o t a s p h a l t b i nd e r v i g o ro us l y.  

4 . 6 .  B a s e  Pla te s —T h e  b a s e  p l a te s  s ha l l  b e  ma d e  o f no n - a b s o rb e n t ma te ri a l  o f s u ffi c i e nt th i c kne s s  to  

p re v e nt d e fo r ma ti o n a nd  o f a  s uffi c i e nt s i z e  to  h o l d  fro m o ne  to  th re e  mo l d s ,  b ut s ti l l  a b l e  to  fi t i n 

th e  te mp e ra t ure - c o ntro l l e d  b a th  fo r c o nd i ti o ni n g .  T h e  p l a te  s h a l l  b e  u ni fo r ml y fl a t to  e ns ur e  th a t 

th e  b o tto m s urfa c e s  o f e a c h  m o l d  wi l l  to uc h  i t t h ro u g h o ut.  

4 . 7 .  Mo ld—C o n s i s t s  o f t wo  e nd  p i e c e s  fo r e a c h  s a mp l e  a nd  a  s i l i c o ne  mo l d .  

N o t e  3 —U s e r a g e nc i e s  a nd  a s p h a l t b i nd e r s up p l i e rs  ma y  a g re e  o n a n a l l  me ta l  d e s i g n fo r t h e  

mo l d s  p ro v i d e d  i t d o e s  no t d e vi a te  fro m th e  d i me ns i o ns  a nd  to l e ra nc e s  g i v e n.  

4 . 7 . 1 .  Si li c o n e  Mo ld—C o ns i s ts  o f a  s i l i c o ne  mo l d  wi th  t h e  d i me n s i o ns  s h o wn i n F i g ure  1  wi t h  c a p a b i l i t y 

o f fo r mi n g  thre e  s a mp l e s .  

 

 

N o t e :  A l l  d i me ns i o ns  i n m m,  a nd g e ne ra l  t o l e ra nc e  i s  0 . 2  m m ( 0 . 0 0 8  i n. ) .  

 

F i g u re  1 —D i me n s i o n s  o f S i l i c o n e  M o l d s  

4 . 7 . 1 . 1 .  D ENT En d Pie c e s —F o r th re e  s a mp l e s ,  s i x  a l u mi nu m e nd  p i e c e s  wi th d i me ns i o n s  g i v e n i n  

F i g ure  2 .  
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