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T S - 2 d  M P  4 6 - 1  AAS H T O  

S t a n d a rd  S p e c i fi c a t i o n  fo r 

B a l a n c e d  M i x  D e s i g n  

A A S H T O  D e s i g n a t i o n :  M P  4 6 - 2 4 1  

T e c h n i c a l l y  R e v i s e d :  2 0 2 4  

T e c h n i c a l  S u b c o m m i t t e e :  2 d ,  P ro p o rt i o n i n g  o f A s p h a l t –A g g re g a t e  M i x t u re s  

1 .  S C O P E  

1 . 1 .  T h i s  s p e c i fi c a ti o n  fo r b a l an c e d  m i x  d e s i g n  us e s  v o l um e t ri c  a n d/o r p e rfo rm an c e - b as e d/re l at e d  te s t 

re s u l ts  to  p ro du c e  j o b - m i x  fo rm u l a s  fo r as p h a l t m i x tu re s .  

1 . 2 .  T h i s  s tan dard s p e c i fi e s  m i n i m u m  p e rfo rm a n c e  te s ti n g  re qu i re m e n ts  fo r  b a l an c e d d e s i g n  o f as p h a l t 

m i x tu re s .  

1 . 3 .  Th i s  s ta n da rd m a y i n vo lv e  h a za rdo u s  m a te ri a ls ,  o p e ra ti o n s ,  a n d e q u ip m e n t.  Th i s  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  a s s o c i a te d w i th  i ts  u s e .  It is  th e  re s p o n s i b i li ty  o f 

th e  u s e r o f th i s  p ro c e du re  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 ti c 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 :  

  P P  1 0 5 ,  B al a n c e d D e s i g n  o f A s p h a l t M i x tu re s  

  T  2 4 6 ,  Re s i s t an c e  to  D e fo rma ti o n  an d C o h e s i o n  o f H o t M i x  A s p h a l t b y  M e an s  o f H v e e m  

A p p ara tu s  

  T  2 8 3 ,  Re s i s t an c e  o f C o m p a c te d  A s p h al t M i x ture s  to  M o i s tu re - I n du c e d  D a m ag e   

  T  3 2 0 ,  D e te rm i n i n g  th e  P e rm an e n t S h e ar S trai n  a nd  S ti ffn e s s  o f A s p h al t  M i x tu re s  U s i ng  th e  

S up e rp av e  S h e a r T e s te r 

  T  3 2 1 ,  D e te rm i n i n g  th e  F a ti g ue  L i fe  o f C o m p a c te d  A s p h al t M i x tu re s  S u b j e c te d  to  Re p e a te d 

F l e x u ral  B e n di n g  

  T  3 2 2 ,  D e te rm i n i n g  th e  C re e p  C o m p l i an c e  and  S tre ng th  o f H o t M i x  A s p h al t  ( H M A )  U s i n g  

th e  I nd i re c t T e n s i l e  T e s t  D e v i c e  

  T  3 2 4 ,  H am b u rg  W h e e l - T r ac ki n g  T e s ti n g  o f C o mp ac te d A s p h a l t M i x tu re s  

  T  3 4 0 ,  D e te rm i n i n g  Ru tti n g  S u s c e p ti b i l i ty  o f H o t  M i x  A s p h a l t ( H M A )  U s i n g  th e  A s p h al t 

P av e m e n t A n a l y z e r ( A P A )  

  T  3 7 8 ,  D e te rm i n i ng  th e  D y n am i c  M o du l u s  an d F l o w  N u mb e r fo r A s p h al t M i x tu r e s  U s i ng  th e  

A s p h al t M i x ture  P e rfo r m an c e  T e s te r ( A M P T )  

  T  3 9 3 ,  D e te rm i n i ng  th e  F rac tur e  P o te n ti al  o f A s p h a l t M i x tu re s  U s i n g  th e  I l l i n o i s  F l e x i b i l i ty  

I nd e x  T e s t ( I - F I T )  

  T  3 9 4 ,  D e t e rm i n i n g  th e  F ra c ture  E n e rg y  o f A s p h al t M i x tu re s  U s i n g  th e  S e m i c i rc u l a r B e n d 

G e o m e try  ( S C B )  

  T  4 0 0 ,  D e te rm i n i n g  th e  D am ag e  C h a ra c te ri s ti c  C u rv e  an d F ai l u re  C ri te ri o n U s i ng  th e  A s p h a l t 

M i x tu re  P e rfo rm an c e  T e s te r ( A M P T )  C y c l i c  F a ti g u e  T e s t 

  T  4 0 1 ,  C an ta b ro  A b ra s i o n  L o s s  o f A s p h a l t M i x tu re  S p e c i m e n s  
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  T  4 1 9 ,  D e te rm i n i ng  th e  F l e x ura l  C re e p  S t i ffne s s  o f A s p h a l t M i x tu r e s  U s i ng  th e  B e nd i n g  

B e a m  Rh e o m e te r  ( B B R)  

  T P  1 1 6 ,  Ru tti ng  Re s i s tan c e  o f A s p h al t  M i x ture s  U s i ng  I n c re m e n ta l  Re p e a te d  L o ad  P e rm an e n t 

D e fo rm a ti o n ( i RL P D )  

  T P  1 3 3 ,  D e te rm i n i ng  th e  D am a g e  C h arac te ri s ti c  C u rv e  and  F a i l u re  C ri te ri o n  U s i n g  S ma l l  

S p e c i m e n s  i n  th e  A s p h a l t M i x tu re s  P e r fo rma n c e  T e s te r ( A M P T )  C y c l i c  F a ti g u e  T e s t 

  T P  1 3 4 ,  S tre s s  S w e e p  Ru tti n g  ( S S R)  T e s t U s i n g  th e  A s p h al t M i x tu re  P e rfo rm an c e  T e s te r 

( A M P T )  

  T P  1 4 1 ,  D e te rm i n i n g  th e  I ndi re c t T e n s i l e  Nfl e x  F a c to r to  A s s e s s  th e  C rac ki n g  Re s i s ta n c e  o f 

A s p h al t M i x ture s  

2 . 2 .  A STM Sta n da rds :  

  D 7 3 1 3 ,  S tan dard T e s t M e th o d  fo r D e te rm i n i n g  F rac tu re  E n e rg y  o f A s p h a l t- A g g re g a te  

M i x tu r e s  U s i ng  th e  D i s k- S h ap e d C o m p ac t T e ns i o n  G e o m e try  

  D 7 8 7 0 /D 7 8 7 0 M ,  S tan da rd P rac ti c e  fo r M o i s tu re  C o n di ti o n i n g  C o m p ac te d  A s p h al t M i x ture  

S p e c i m e n s  b y  U s i ng  H y dro s ta ti c  P o re  P re s s u re  

  D 8 0 4 4 ,  S tan dard T e s t M e th o d  fo r E v a l u ati o n  o f A s p h a l t M i x tu re  C rac ki n g  Re s i s ta n c e  U s i n g  

th e  S e m i - C i rc ul a r B e nd  T e s t ( S C B )  a t I n te rm e d i a te  T e mp e ra tu re s  

  D 8 2 2 5 ,  S tan dard T e s t M e th o d  fo r D e te rm i n ati o n  o f C rac ki n g  T o l e ra n c e  I n d e x  o f A s p h a l t 

M i x tu re  U s i n g  th e  I n di re c t T e n s i l e  C ra c ki ng  T e s t a t I n te rm e d i a te  T e m p e ra tu re  

2 . 3 .  Fe de ra l High wa y  A dm i n i s tra ti o n :  

  F H W A .  C y c l i c  F ati g u e  I n de x  P ara m e te r ( Sa p p )  fo r A s p h a l t P e rfo rm a n c e  E ng i n e e r e d M i x ture  

D e s i g n .  F H W A - H I F - 1 9 - 0 9 1 .  F e d e ra l  H i g h w ay  A d m i n i s trati o n ,  U . S .  D e p ar tm e n t o f 

T ran s p o rtati o n ,  W a s h i ng to n ,  D C ,  2 0 1 9 .  A v ai l a b l e  fro m 

h ttp s : //w w w . fh w a . do t. g o v /p av e m e n t/p u b s /h i f1 9 0 9 1 . p df   

2 . 4 .  Na ti o n a l Co o p e ra ti ve  High wa y  R e s e a rc h  Pro gra m :  

  A dv an c e d A s p h a l t T e c h no l o g i e s ,  L L C .  NCHR P R e p o rt 673 :  A  Ma n u a l fo r D e s ign  o f Ho t Mi x  

A s p h a lt w i th  Co m m e n ta ry .  P ro j e c t 9 - 3 3 .  N a ti o n a l  C o o p e rat i v e  H i g h w ay  Re s e a rc h  P ro g ram ,  

T ran s p o rtati o n  Re s e arc h  B o ard ,  W as h i ng to n ,  D C ,  2 0 1 1 ,  p p .  1 4 2  an d 1 4 4 .  

  B o n aqu i s t,  R.  NCHR P R e p o rt 69 1 :  Mi x  D e s i gn  Pra c ti c e s  fo r Wa rm  Mi x  A s p h a lt.  P ro j e c t 

9 - 4 3 .  N a ti o n a l  C o o p e ra ti v e  H i g h w ay  Re s e arc h  P ro g ra m ,  T ran s p o rt ati o n  Re s e arc h  B o ard,  

W as h i ng to n ,  D C ,  2 0 1 1 ,  p .  8 0 .  

  W as h i ng to n  S ta te  U n i v e rs i ty ,  P e n n s y l v an i a  S t ate  U n i v e rs i ty - A l to o n a,  an d L o u i s i a n a 

T ran s p o rt ati o n  Re s e arc h  C e n te r.  NCHR P R e s e a rc h  R e p o rt 8 4 3 :  L o n g- Te rm  Fi e ld 

Pe rfo rm a n c e  o f Wa rm  Mi x  A s p h a lt Te c h n o lo gi e s .  P ro j e c t 9 - 4 9 A .  N ati o n a l  C o o p e ra ti v e  

H i g h w ay  Re s e a rc h  P ro g ram ,  T r an s p o rta ti o n  Re s e a rc h  B o ard ,  W a s h i n g to n ,  D C ,  2 0 1 7 .  

2 . 5 .  Sta te  Sta n da rds :  

  A L D O T - 4 5 8 ,  H i g h  T e m p e ra tu re  I n d i re c t T e n s i l e  T e s t fo r H M A  

  N J D O T  B - 1 0 ,  O v e rl ay  T e s t 

  T e x - 2 4 8 - F ,  O v e rl a y  T e s t 

  V D O T  

2 . 6 .  O th e r D o c u m e n ts :  

  C h r i s t e n s e n ,  D .  A n al y s i s  o f C re e p  D a ta  fro m  I n d i re c t  T e n s i o n  T e s t o n  A s p h al t C o n c re te .  

Jo u rn a l o f th e  A s s o c ia ti o n  o f A s p h a lt Pa v i n g Te c h n o lo gi s ts ,  V o l .  6 7 ,  1 9 9 8 ,  p p .  4 5 8 –4 9 2 .  

  G h anb ari ,  A . ,  B .  S .  U n de rw o o d,  an d Y .  R.  Ki m .  D e v e l o p m e n t o f a  Ru tti n g  I nd e x  P aram e te r 

B as e d o n th e  S tr e s s  S w e e p  Ru tti n g  T e s t an d P e rm a n e n t D e fo rm ati o n  S h i ft M o de l .  
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In te rn a ti o n a l Jo u rn a l o f Pa v e m e n t En gi n e e rin g,  2 0 2 0 .  A v ai l a b l e  fro m  

h ttp s : //d o i . o rg /1 0 . 1 0 8 0 /1 0 2 9 8 4 3 6 . 2 0 2 0 . 1 7 4 8 1 9 0   

  H i l tu n e n ,  D .  R. ,  an d Ro qu e ,  R.  A  M e c h an i c s - B as e d P re d i c ti o n  M o de l  fo r T h e rm al  C rac ki n g  

o f A s p h a l ti c  C o n c re te  P av e m e n ts  ( w i th  D i s c u s s i o n ) .  Jo u rn a l o f th e  A s s o c ia ti o n  o f A s p h a lt 

Pa v i n g Te c h n o lo gi s ts ,  V o l .  6 3 ,  1 9 9 4 .   

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 .  A D T—a v e rag e  da i l y  traffi c .  

3 . 1 . 2 .  de s i gn  ESA L s —de s i g n  e qu i v a l e n t ( 8 0 - kN )  s i n g l e - ax l e  l o ads .  

3 . 1 . 3 .  HMA —h o t m i x  a s p h a l t.  

3 . 1 . 4 .  NMA S—no m i n a l  m ax i mu m  ag g re g a te  s i z e .  

3 . 1 . 5 .  WMA —w ar m m i x  as p h a l t.  

4 .  S I G N I F I C A N C E  A N D  U S E  

4 . 1 .  I n c o n j u n c ti o n  w i th  P P  1 0 5 ,  th i s  s tan dard m a y  b e  u s e d  to  s e l e c t a n d e v a l ua te  m a te ri al s  fo r 

b a l a n c e d  d e s i g n  o f a s p h a l t p av i n g  m i x ture s .  T h i s  ap p ro a c h  i s  o n l y  ap p l i c a b l e  to  p av e m e nts  w i th  

de s i g n  traffi c  g re ate r t h a n 3  mi l l i o n  E S A L s  o r h i g h  s tre s s  n o n - h i g h w a y  ap p l i c ati o n s .  

5 .  RU T T I N G  T E S T S   

5 . 1 .  H i g h w ay  ag e n c i e s  s h o u l d s e l e c t o n e  o f th e  te s ts  i n  th i s  s e c ti o n .  

5 . 2 .  A s p h a lt Pa ve m e n t A n a ly ze r (A PA )  (T 3 4 0 ) :   

5 . 2 . 1 .  Te s t Cri te ri a —C o mp a re  th e  te s t  re s u l ts  w i th  th e  c ri te ri a  g i v e n  i n  T ab l e  1  ( N o te  1 ) ,  o r c ri te ri a  

s p e c i fi e d b y  th e  s ta te  h i g h w ay  ag e n c y .  

 

T a b l e  1 —A s p h a l t P av e m e n t A n al y z e r C ri te ri a  

T ra ffi c  L e v e l ,  mi l l i o n E S A L s  C ri t e ri a 

3  to  < 1 0  T B D  

1 0  to  < 3 0  T B D  

≥30  T B D  

 

N o t e  1 —T ab l e  X 1 . 1  s u mm a ri z e s  th e  A P A  c ri te ri a  u s e d  b y  di ffe re n t s t ate  D O T s .  

5 . 3 .  Flo w  Nu m b e r Te s t (T 3 78 ) :  

5 . 3 . 1 .  Te s t Cri te ri a —C o mp are  th e  te s t r e s u l t s  w i th  th e  c ri te ri a g i v e n  i n T ab l e  2 ,  o r c ri te ri a  s p e c i fi e d  b y  

th e  s ta te  h i g h w a y  ag e n c y .  
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T a b l e  2 —F l o w  N um b e r T e s t C ri te ri a 

T ra ffi c  L e v e l ,  mi l l i o n E S A L s  

H M A  M i n i m u m  A v e ra g e   

F l o w  N u m b e ra  

W M A  M i n i m u m A v e ra g e   

F l o w  N u m b e rb  

3  to  < 1 0    5 0    3 0  

1 0  to  < 3 0  1 9 0  1 0 5  

≥30  7 4 0  4 1 5  

a  Re c o m m e n de d  c ri t e ri a  fro m  N C H RP  Re p o rt  6 7 3 .  
b  Re c o m m e n de d  c ri t e ri a  fro m  N C H RP  Re p o rt  6 9 1 ,  p .  8 0 .  

 

5 . 4 .  Ha m b u rg Wh e e l- Tra c kin g Te s t (HWTT)  (T 3 2 4 ) :   

5 . 4 . 1 .  Te s t Cri te ri a —C o mp are  th e  te s t re s u l ts  w i th  th e  c ri te ri a g i v e n  i n  T ab l e  3 ,  o r c ri t e ri a  s p e c i fi e d  b y  

th e  s tate  h i g h w ay  ag e n c y  ( N o te  2 ) .  

 

T a b l e  3 —H am b u rg  W h e e l - T ra c ki n g  T e s t C ri te ri a 

T ra ffi c  L e v e l ,  mi l l i o n E S A L s  C ri t e ri a 

3  to  < 1 0  T B D  

1 0  to  < 3 0  T B D  

≥30  T D B  

 

N o t e  2 —T ab l e  X 1 . 3  s u mm a ri z e s  th e  H W T T  c ri te r i a u s e d  b y  d i ffe re n t s tate  D O T s .  M an y  ag e n c i e s  

re qu i r e  a m ax i m u m  ru t de p th  a t a  c e rta i n  num b e r o f p as s e s  o r a  m i n i m u m  n u m b e r o f p a s s e s  a t a  

c e rta i n  ru t d e p th .  I n  ad di ti o n ,  s e v e ra l  ag e n c i e s  h av e  a m i n i mu m  re q u i re m e n t fo r  th e  m o i s tu re  

s u s c e p ti b i l i ty  p a ram e te r o f s tri p p i n g  i nfl e c ti o n  p o i n t ( S I P ) .  I t i s  al s o  i m p o rtan t to  no te  th at 

di ffe re n t t e s t te m p e rat u re s  ( ran g i n g  fr o m  4 0  to  5 6 ° C )  are  c urre n tl y  b e i ng  us e d b y  s tate  D O T s .  

F u ture  re s e a rc h  s h o u l d  c o n s i de r s e tt i n g  th e  te s t te m p e ra tu re  b as e d  o n  th e  p re di c te d d e s i g n  

p a v e m e n t te m p e r atu re  fr o m  th e  L T P P  B i n d s o ftw are  and  e s tab l i s h i ng  n a ti o n a l l y  ac c e p te d c ri te ri a 

th at ac c o un t fo r  di ffe re n t d e s i g n traffi c  l e v e l s .  

5 . 5 .  Hi gh  Te m p e ra tu re  In di re c t Te n s i le  Te s t (HT- ID T)  (A L D O T- 4 5 8 ) :  

5 . 5 . 1 .  Te s t Cri te ri a —C o mp are  th e  te s t re s u l ts  w i th  th e  c ri te ri a g i v e n  i n  T ab l e  4  o r c ri te ri a  s p e c i fi e d  b y  

th e  s ta te  h i g h w a y  ag e n c y  ( N o te  3 ) .  

 

T a b l e  4 —H i g h  T e m p e ratu re  I nd i re c t T e n s i l e  T e s t C ri te r i a 

T ra ffi c  L e v e l ,  mi l l i o n E S A L s  C ri t e ri a 

3  to  < 1 0  T B D  

1 0  to  < 3 0  T B D  

≥30  T B D  

 

N o t e  3 —T h e  A l ab am a D e p artm e n t o f T ra ns p o rta ti o n re qu i re s  a m i n i mu m  H T - I D T  s tre n g th  o f 

2 0  p s i  at 5 0 ° C  i n  a  p ro v i s i o n al  s p e c i fi c a ti o n ,  A L D O T - 2 2 - P S 0 1 6 5 ( 2 ) .  

5 . 6 .   Hv e e m  Sta b i li ty  Te s t (T 2 4 6) :  

5 . 6 . 1 .  Te s t Cri te ri a —C o mp are  th e  te s t re s u l ts  w i th  th e  c ri te ri a g i v e n  i n  T ab l e  5 ,  o r c ri te ri a  s p e c i fi e d  b y  

th e  s ta te  h i g h w a y  ag e n c y  ( N o te  4 ) .  
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T S - 2 d  M P  4 6 - 5  AAS H T O  

T a b l e  5 —H v e e m  S ta b i l i t y  T e s t C ri t e ri a  

T ra ffi c  L e v e l ,  mi l l i o n E S A L s  C ri t e ri a 

3  to  < 1 0  T B D  

1 0  to  < 3 0  T B D  

≥ 3 0  T B D  

 

N o t e  4 —T ab l e  X 1 . 4  s u m m a ri z e s  th e  H v e e m  s ta b i l i ty  te s t c ri te ri a  u s e d b y  di ffe re n t s ta te  D O T s .  

5 . 7 .  Su p e rp a ve  Sh e a r Te s te r (SST)  (T 3 2 0 ) :  

5 . 7 . 1 .  Te s t Cri te ri a —C o mp are  th e  te s t r e s u l t s  w i th  th e  c ri te ri a g i v e n  i n T ab l e  6 ,  o r c ri te ri a  s p e c i fi e d  b y  

th e  s ta te  h i g h w a y  ag e n c y .  

T a b l e  6 —S u p e rp av e  S h e ar  T e s t C ri te ri a 

T ra ffi c  L e v e l ,  mi l l i o n E S A L s  M a x  P e rm a ne n t S h e a r S trai n  ( % ) a  

3  to  < 1 0  3 . 4  

1 0  to  < 3 0  2 . 1  

≥ 3 0  0 . 8  

a  Re c o m m e n de d  c ri t e ri a  fo r th e  re p e a te d  s h e a r a t c o n s ta n t h e i g h t te s t  fro m  N C H RP  Re p o rt  6 7 3 .  

 

5 . 8 .  In c re m e n ta l R e p e a te d- L o a d Pe rm a n e n t D e fo rm a tio n  (i R L PD )  (TP 1 1 6) :   

5 . 8 . 1 .  Te s t Cri te ri a —C o mp are  th e  te s t re s u l ts  w i th  th e  c ri te ri a g i v e n  i n  T P  1 1 6 ,  o r c ri te ri a s p e c i fi e d b y  

th e  s ta te  h i g h w a y  ag e n c y .  

5 . 9 .  Stre s s  Sw e e p  R u tti n g (SSR )  Te s t Us i n g th e  A MPT (TP 1 3 4 ) :  

5 . 9 . 1 .  A n a ly s i s —T h e  te s t re s u l ts  fro m  T P  1 3 4  c an  b e  i m p o rte d to  a n d p ro c e s s e d  b y  th e  F l e x M A T ™  

p ro g ra m  ( av a i l ab l e  fro m  F H W A )  to  c a l c u l ate  th e  Ru tti ng  S tra i n  I nd e x  ( RS I )  p aram e te r.  

5 . 9 . 2 .  Te s t Cri te ri a —C o mp are  th e  te s t re s u l ts  w i th  th e  c ri te ri a g i v e n  i n T ab l e  7 ,  o r c ri te ri a  s p e c i fi e d  b y  

th e  s ta te  h i g h w a y  ag e n c y .   

 

T a b l e  7 —S tre s s  S w e e p  Ru tti n g  T e s t C ri t e ri a  

T ra ffi c  L e v e l ,  mi l l i o n E S A L s  M a x  Ru tt i n g  S tra i n  I n de x  ( RS I ) a  

3  to  < 1 0  1 2    

1 0  to  < 3 0  4  

≥ 3 0  2  

≥  3 0  an d s l o w  tra ffi c  1  

a  Re c o m m e n de d  c ri t e ri a  fo r th e  s tre s s  s w e e p  ru tt i ng  te s t fro m  G h an b a ri  e t al .  ( 2 0 2 0 ) .   

 

6 .  C R A C K I N G  T E S T S  

6 . 1 .  H i g h w ay  ag e n c i e s  s h o u l d s e l e c t at l e a s t o n e  o f th e  te s ts  i n  th i s  s e c ti o n .  

6 . 2 .  B B R  Mi x tu re  B e n din g Te s t (T 4 1 9 ) :  

6 . 2 . 1 .  Te s t Cri te ri a —C o mp are  th e  te s t re s u l ts  w i th  th e  c ri te ri a g i v e n  i n  T ab l e  8 ,  o r c ri te ri a  s p e c i fi e d  b y  

th e  s ta te  h i g h w a y  ag e n c y  ( N o te  5 ) .  
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