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S t a n d a rd  P ra c t i c e  fo r 

D e ve l o p i n g  P e rfo r m a n c e  E n g i n e e re d   

C o n c re t e  P a ve m e n t  M i x t u re s  

AA S H T O  D e s i g n a t i o n :  R  1 0 1 - 2 2 1   

A d o p t 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 :  3 c ,  H a rd e n e d  C o n c re t e  

I N T R O D U C T I O N  

S p e c i fi c ati o n s  fo r c o n c re te  p av e me n t mi x tu re s  h av e  trad i ti o n al l y  b e e n  p re s c ri p ti v e ,  w i th  S tate  

H i g h w a y  A g e n c i e s  ( S H A )  s p e c i fy i n g  me a n s  a n d  me th o d s  fo r b o th  c o n s ti tu e n t ma te ri a l s  an d  

s p e c i fi c  re q u i re me n ts  fo r p ro p o rti o n i n g .  T h i s  p l a c e s  th e  maj o ri ty  o f th e  p e rfo rma n c e  ri s k o n  th e  

S H A  an d  l i mi t s  i n n o v ati o n .  R e c e n t tre n d s  o f b l e n d i n g  c e me n ti ti o u s  mate ri a l s ,  re d u c i n g  p a s te  

c o n te n t,  u s i n g  mo d e rn  ad d i ti v e s  an d  ad mi x tu re s ,  an d  o th e r i n n o v a ti o n s  i n  th e  i n d u s try  p ro v i d e  th e  

o p p o rtu n i ty  to  mo v e  to w ard s  s p e c i fy i n g  th e  p e rfo r man c e  c h ara c te r i s ti c s  o f c o n c re te  mi x tu r e s  a n d  

al l o w i n g  i n d u s try  to  d e s i g n  mi x tu re s  th a t me e t s p e c i fi c  p e rfo rma n c e  re q u i re me n ts .  N e w  me th o d s  

to  e v al u ate  c o n c re te  p e rfo rman c e  h av e  b e e n  d e v e l o p e d ,  a n d  o th e rs  are  b e i n g  fo rmu l ate d ,  th a t c an  

re s u l t i n  i mp ro v e d  p e rfo rman c e  an d  e c o n o mi c s .  F u rth e r ,  s h i fti n g  th e  re s p o n s i b i l i ty  fo r 

p e rfo rma n c e  to  th e  c o n tra c to r p ro v i d e s  an  o p p o rtu n i ty  fo r i n n o v a ti o n .  

1 .  S C O P E  

1 . 1 .  T h i s  p ra c ti c e  c o v e rs  e l e me n ts  o f a  c o n c re te  p a v e me n t mi x tu re  th a t c o n s i d e rs ,  an d  i n c l u d e s ,  

al te rn ati v e  p e rfo rman c e  c h arac te ri s ti c s  fo r ac c e p tan c e .  

1 . 2 .  I n  S e c ti o n  6  o f th i s  p ra c ti c e ,  S H A  trad i ti o n s  o f u s i n g  p re s c ri p ti v e  me th o d s  a re  re s p e c te d  w h i l e  a l s o  

o ffe ri n g  o p ti o n s  to  u s e  o n e  o r mo re  p e rfo rma n c e  me a s u re s  i n s te a d .  

1 . 3 .  T h i s  p ra c ti c e  i s  i n te n d e d  to  p ro v i d e  S H A s  fl e x i b i l i ty  i n  th e i r ap p ro a c h  to  th e  u s e  o f a l te rn a ti v e  

p e rfo r man c e  me as u re s  an d  i n c l u d e s  a  ran g e  o f c h o i c e s  th a t c an  b e  s e l e c te d  to  b e s t fi t th e  n e e d s  o f 

th e  ag e n c y .  

1 . 4 .  L i fe  c y c l e  c o s t o f c o n c re te  p av e me n ts  w i l l  b e  c o n s i d e rab l y  re d u c e d ,  as  a  re s u l t o f e x te n d e d  s e rv i c e  

l i fe ,  b y  r e d u c i n g  ma te ri al  an d  c o n s tru c ti o n  v ari a b i l i ty .  T h i s  i s  ac h i e v e d  b y  a ro b u s t q u al i ty  c o n tro l  

( Q C )  p ro g ra m.  

1 . 5 .  P e rfo rman c e  v al u e s  i n c l u d e d  a re  fo r an  av e ra g e  c o n c re te  p a v e me n t l i fe  i n  th e  ran g e  o f 3 0  y r.  D u e  

to  n o r mal  mate ri a l s  a n d  te s ti n g  v a ri ab i l i ty  a n d  av a i l a b l e  l o c al  c o n tra c to r e x p e rti s e ,  s o me  ri s k e x i s ts  

i n  p re d i c ti n g  ac tu a l  s e rv i c e  l i fe .  A s  s e rv i c e  l i fe  p re d i c ti o n  mo d e l s  an d  te s t me th o d s  ma tu re ,  th a t 

ri s k i s  e x p e c te d  to  b e  re d u c e d .   

1 . 6 .  S u b s ta n ti a l  re s e a rc h  h as  s h o w n  th a t a ke y  to  re d u c e  th e  l i fe  c y c l e  c o s t o f c o n c re te  i s  b y  re d u c i n g  

c o n s tru c ti o n  v ari a b i l i ty .  

1 . 7 .  T h e  v al u e s  s tate d  i n  S I  u n i ts  are  to  b e  re g a rd e d  a s  th e  s tan d a rd .  T h e  v al u e s  g i v e n  i n  p a re n th e s e s  

are  p ro v i d e d  fo r i n fo rma ti o n  o n l y .  
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1 . 8 .  W h e n  p e rfo rma n c e - b as e d  me a s u re s  a re  s e l e c te d ,  th e  i mp o rta n c e  o f q u a l i ty  c o n tro l  i n c re a s e s ;  

c o mp l i an c e  w i th  th e  a c c e p ta n c e  c ri te ri a are  p re d i c a te d  o n  a w e l l - d e s i g n e d  an d  e x e c u te d  Q C  

p ro g ra m th at i n c l u d e s  p ro c e s s ,  p ro d u c ti o n ,  an d  c o n s tru c ti o n  c o n tro l .  

1 . 9 .  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 co n ce rn s ,  if a n y,  a s s o cia te d with  its  u s e .  

It is  th e  re s p o n s ib ility  o f th e  u s e r o f th is  s ta n da rd to  e s ta b lis h  a p p ro p ria te  s a fe ty  a n d h e a lth  

p ra ctice s  a n d de te rm in e  th e  a p p lica b ility o f re g u la to ry limita tio n s  p rio r to  u s e .  

2 .  RE F E R E N C E D  S T A N D A R D S  

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

  M  6 ,  F i n e  A g g re g a te  fo r H y d rau l i c  C e me n t C o n c re te  

  M  8 0 ,  C o a rs e  A g g re g a te  fo r H y d ra u l i c  C e me n t C o n c re te  

  M  8 5 ,  P o rtl an d  C e me n t  

  M  1 5 4 M /M  1 5 4 ,  A i r- E n tra i n i n g  A d mi x tu re s  fo r C o n c re te  

  M  1 9 4 M /M  1 9 4 ,  C h e mi c a l  A d mi x tu re s  fo r C o n c re te  

  M  2 2 4 ,  U s e  o f P ro te c ti v e  S e a l e rs  fo r P o rtl an d  C e me n t C o n c re te   

  M  2 4 0 M /M  2 4 0 ,  B l e n d e d  H y d rau l i c  C e me n t 

  M  2 9 5 ,  C o a l  F l y  A s h  a n d  R aw  o r C a l c i n e d  N atu ra l  P o z z o l a n  fo r U s e  i n  C o n c re te  

  M  3 0 2 ,  S l ag  C e me n t fo r U s e  i n  C o n c re te  a n d  M o rtars  

  M  3 0 7 ,  S i l i c a F u me  U s e d  i n  C e me n ti ti o u s  M i x tu re s  

  M  3 2 1 ,  H i g h - R e a c ti v i ty  P o z z o l a n s  fo r U s e  i n  H y d ra u l i c - C e me n t C o n c re te ,  M o rtar,  an d  G ro u t 

  R  3 9 ,  M aki n g  a n d  C u ri n g  C o n c re te  T e s t S p e c i me n s  i n  th e  L a b o rato ry   

  R  6 0 ,  S a mp l i n g  F re s h l y  M i x e d  C o n c re te  

  R  7 6 ,  R e d u c i n g  S amp l e s  o f A g g re g a te  to  T e s ti n g  S i z e  

  R  8 0 ,  D e te rmi n i n g  th e  R e ac ti v i ty  o f C o n c re te  A g g re g a te s  an d  S e l e c ti n g  A p p ro p ri a te  

M e a s u re s  fo r P re v e n ti n g  D e l e te ri o u s  E x p an s i o n  i n  N e w  C o n c re te  C o n s tru c ti o n  

  R  9 0 ,  S a mp l i n g  o f A g g re g a te s  

  R  1 0 0 ,  M aki n g  a n d  C u ri n g  C o n c re te  T e s t S p e c i me n s  i n  th e  F i e l d  

  T  2 2 M /T  2 2 ,  C o mp re s s i v e  S tre n g th  o f C y l i n d ri c a l  C o n c re te  S p e c i me n s  

  T  9 7 ,  F l e x u ra l  S tre n g th  o f C o n c re te  ( U s i n g  S i mp l e  B e a m w i th  T h i rd - P o i n t L o a d i n g )  

  T  1 2 1 ,  D e n s i ty  ( U n i t W e i g h t) ,  Y i e l d ,  a n d  A i r C o n te n t ( G rav i me tri c )  o f C o n c re te  

  T  1 5 2 ,  A i r C o n te n t o f F re s h l y  M i x e d  C o n c re te  b y  th e  P re s s u re  M e th o d   

  T  1 6 0 ,  L e n g th  C h a n g e  o f H ard e n e d  H y d rau l i c  C e me n t M o rta r a n d  C o n c re te  

  T  1 6 1 ,  R e s i s tan c e  o f C o n c re te  to  R ap i d  F re e z i n g  an d  T h aw i n g  

  T  1 9 6 ,  A i r C o n te n t o f F re s h l y  M i x e d  C o n c re te  b y  th e  V o l u me tri c  M e th o d  

  T  3 1 8 ,  W ate r C o n te n t o f F re s h l y  M i x e d  C o n c re te  u s i n g  M i c ro w av e  

  T  3 3 4 ,  E s ti mat i n g  th e  C ra c ki n g  T e n d e n c y  o f C o n c re te  

  T  3 3 6 ,  C o e ffi c i e n t o f T h e rma l  E x p an s i o n  o f H y d ra u l i c  C e me n t C o n c re te  

  T  3 5 8 ,  S u rfa c e  R e s i s ti v i ty  I n d i c a ti o n  o f C o n c re te ’ s  A b i l i ty  to  R e s i s t C h l o ri d e  I o n  P e n e trati o n  

  T  3 6 3 ,  E v a l u a ti n g  S tre s s  D e v e l o p me n t an d  C ra c ki n g  P o te n ti a l  d u e  to  R e s trai n e d  V o l u me  

C h a n g e  U s i n g  a  D u a l  R i n g  T e s t 

  T  3 6 5 ,  Q u an ti fy i n g  C a l c i u m O x y c h l o ri d e  A mo u n ts  i n  C e me n t P a s te s  E x p o s e d  to  D e i c i n g  

S al ts  

  T  3 9 5 ,  C h ara c te ri z ati o n  o f th e  A i r- V o i d  S y s te m o f F re s h l y  M i x e d  C o n c re te  b y  th e  S e q u e n ti a l  

P re s s u re  M e th o d  

  T P  1 1 9 ,  E l e c tri c al  R e s i s ti v i ty  o f a C o n c re te  C y l i n d e r T e s te d  i n  a U n i ax i a l  R e s i s ta n c e  T e s t  
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  T P  1 2 9 ,  V i b ra ti n g  K e l l y  B a l l  ( V K e l l y )  P e n e trati o n  i n  F re s h  P o rtl an d  C e me n t C o n c re te  

  T P  1 3 5 ,  T o ta l  P o re  V o l u me  i n  H ard e n e d  C o n c re te  U s i n g  V a c u u m S a tu ra ti o n  

  T P  1 3 6 ,  D e g re e  o f S atu rati o n  o f H y d rau l i c - C e me n t C o n c re te  

2 . 2 .  A STM Sta n da rds :  

  A 8 2 0 /A 8 2 0 M ,  S tan d ard  S p e c i fi c ati o n  fo r S te e l  F i b e rs  fo r F i b e r - R e i n fo rc e d  C o n c re te  

  C 1 2 5 ,  S ta n d ard  T e rmi n o l o g y  R e l a ti n g  to  C o n c re te  an d  C o n c re te  A g g re g a te s  

  C 1 1 1 6 /C 1 1 1 6 M ,  S tan d a rd  S p e c i fi c a ti o n  fo r F i b e r - R e i n fo rc e d  C o n c re te  

  C 1 1 5 7 /C 1 1 5 7 M ,  S ta n d a rd  P e rfo rma n c e  S p e c i fi c a ti o n  fo r H y d ra u l i c  C e me n t 

  C 1 5 8 2 /C 1 5 8 2 M ,  S ta n d ard  S p e c i fi c a ti o n  fo r A d mi x tu re s  to  I n h i b i t C h l o ri d e - I n d u c e d  

C o rro s i o n  o f R e i n fo rc i n g  S te e l  i n  C o n c re te  

  C 1 5 8 5 ,  S ta n d ard  T e s t M e th o d  fo r M e a s u re me n t o f R ate  o f A b s o rp ti o n  o f W a te r b y  H y d rau l i c -

C e me n t C o n c re te s  

  C 1 6 0 2 /C 1 6 0 2 M ,  S ta n d ard  S p e c i fi c a ti o n  fo r M i x i n g  W ate r U s e d  i n  th e  P ro d u c ti o n  o f 

H y d ra u l i c  C e me n t C o n c re te  

  C 1 6 4 6 /C 1 6 4 6 M ,  S ta n d ard  P rac ti c e  fo r M a ki n g  a n d  C u ri n g  T e s t S p e c i me n s  fo r E v a l u a ti n g  

R e s i s ta n c e  o f C o a rs e  A g g re g ate  to  F re e z i n g  an d  T h aw i n g  i n  A i r - E n trai n e d  C o n c re te  

  C 1 6 9 7 ,  S tan d ard  S p e c i fi c a ti o n  fo r B l e n d e d  S u p p l e me n tary  C e me n ti ti o u s  M a te ri a l s  

  C 1 7 6 1 /C 1 7 6 1 M ,  L i g h tw e i g h t A g g re g a te  fo r I n te rn al  C u ri n g  o f C o n c re te   

  C 1 7 9 7 ,  S tan d ard  S p e c i fi c a ti o n  fo r G ro u n d  C a l c i u m C a rb o n a te  an d  A g g re g a te  M i n e ra l  F i l l e rs  

fo r U s e  i n  H y d ra u l i c  C e me n t C o n c re te  

  D 7 3 5 7 ,  S tan d ard  S p e c i fi c a ti o n  fo r C e l l u l o s e  F i b e rs  fo r F i b e r- R e i n fo rc e d  C o n c re te  

  D 7 5 0 8 /D 7 5 0 8 M ,  S ta n d ard  S p e c i fi c a ti o n  fo r P o l y o l e fi n  C h o p p e d  S tra n d s  fo r U s e  i n  C o n c re te  

2 . 3 .  O th e r Pu b lica tio n s :  

  Q u a l i ty  A s s u ran c e  P ro c e d u re s  fo r C o n s tru c ti o n  ( 2 3  C F R  6 3 7 . 2 0 7 )  

h ttp : //w w w . fh w a. d o t. g o v /l e g s re g s /d i re c ti v e s /fap g /c fr0 6 3 7 b . h tm  

  F i e l d  R e fe re n c e  M a n u al  fo r Q u a l i ty  C o n c re te  P av e me n ts  ( F H W A - H I F - 1 3 - 0 5 9 )  

h ttp : //w w w . fh w a . d o t. g o v /p av e me n t/c o n c re te /p u b s /h i f1 3 0 5 9 . p d f  

  T e s ti n g  G u i d e  fo r I mp l e me n ti n g  C o n c re te  P av i n g  Q u a l i ty  C o n tro l  P ro c e d u re s  

h ttp : //p u b l i c ati o n s . i o w a. g o v /1 3 6 1 8 /1 /te s ti n g _ g u i d e . p d f 

3 .  T E RM I N O L O G Y 

3 . 1 .  T h e  d e fi n i ti o n s  fo r c o n c re te  an d  c o n c re te  ag g re g a te  te rms  u s e d  i n  th i s  p rac ti c e  a re  p ro v i d e d  i n  

A S T M  C 1 2 5 .  

4 .  M A T E RI A L S  

4 . 1 .  Pro vide  ma te ria ls  in  a cco rda n ce  with  th e  fo llo win g :  

4 . 1 . 1 .  Pro vide  a g g re g a te s  m e e tin g  th e  re q u ire me n ts  o f:  

4 . 1 . 1 . 1 .  Fin e  A g g re g a te — M  6  

4 . 1 . 1 . 2 .  Co a rs e  A g g re g a te —M 8 0 

4 . 1 . 1 . 3 .  R e cycle d Co n cre te  A g g re g a te  (R CA ) — M  8 0 ,  i f R C A  i s  p ro p o s e d  
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4 . 1 . 1 . 4 .  L ig h twe ig h t A g g re g a te  (fo r in te rn a l cu rin g ) — A S T M  C 1 7 6 1 /C 1 7 6 1 M  

4 . 1 . 2 .  Pro vide  ce m e n t m e e tin g  th e  re q u ire m e n ts  o f:  

4 . 1 . 2 . 1 .  Po rtla n d Ce m e n t— M  8 5  

4 . 1 . 2 . 2 .  B le n de d Hydra u lic Ce m e n t—M  2 4 0  

4 . 1 . 2 . 3 .  Pe rfo rm a n ce  Hy dra u lic Ce me n t— A S T M  C 1 1 5 7 /C 1 1 5 7 M  

4 . 1 . 3 .  Pro vide  s u p p le m e n ta ry  ce m e n titio u s  ma te ria ls  m e e tin g  th e  re q u ire m e n ts  o f:  

4 . 1 . 3 . 1 .  Fly  A s h  a n d R a w o r Ca lcin e d Na tu ra l Po z zo la n s — M  2 9 5  

4 . 1 . 3 . 2 .  Sla g  Ce m e n t—M  3 0 2  

4 . 1 . 3 . 3 .  Silica  Fu m e —M  3 0 7  

4 . 1 . 3 . 4 .  Hig h  R e a ctivity Po zz o la n s —M  3 2 1  

4 . 1 . 3 . 5 .  B le n de d Su p p le me n ta ry  Ce me n titio u s  Ma te ria ls — A S T M  C 1 6 9 7  

4 . 1 . 4 .  Mixin g  Wa te r fo r Co n cre te  Mixtu re s — A S T M  C 1 6 0 2 /C 1 6 0 2 M  

4 . 1 . 5 .  Pro vide  a dm ixtu re s  m e e tin g  th e  re q u ire me n ts  o f:  

4 . 1 . 5 . 1 .  A ir- En tra in in g  A dm ixtu re s —M  1 5 4  

4 . 1 . 5 . 2 .  Ch e m ica l A dmixtu re s — M  1 9 4 /M  1 9 4 M  

4 . 1 . 5 . 3 .  Co rro s io n  In h ib itin g  A dmixtu re s — A S T M  C 1 5 8 2 /C 1 5 8 2 M  

4 . 1 . 6 .  Pro vide  fib e rs  m e e tin g  th e  re q u ire m e n ts  o f:  

4 . 1 . 6 . 1 .  Ste e l Fib e rs —A S T M  A 8 2 0 /A 8 2 0 M  

4 . 1 . 6 . 2 .  Ce llu lo s e  Fib e rs — A S T M  D 7 3 5 7  

4 . 1 . 6 . 3 .  Po lyo le fin  Ch o p p e d Stra n ds — A S T M  D 7 5 0 8 /D 7 5 0 8 M  

4 . 1 . 6 . 4 .  Ma cro  Sy n th e tic Fib e rs — A S T M  C 1 1 1 6 /C 1 1 1 6 M  

4 . 1 . 6 . 5 .  Micro  Syn th e tic Fib e rs — A S T M  C 1 1 1 6 /C 1 1 1 6 M  

4 . 1 . 7 .  Pro vide  m in e ra l fille rs  m e e tin g  th e  re q u ire m e n ts  o f:  

4 . 1 . 7 . 1 .  Gro u n d Ca lciu m  Ca rb o n a te  a n d A g g re g a te  Min e ra l Fille rs — A S T M  C 1 7 9 7  

5 .  S A M P L I N G  

5 . 1 .  Sa mp le  in  a cco rda n ce  with  th e  a g e n cie s  s p e cifie d p ro ce s s e s  a n d m e th o ds ,  o r th e  s ta n da rd 

m e th o ds  in clu de d b e lo w:  

5 . 1 . 1 .  S a mp l e  a g g re g a te s  i n  a c c o rd an c e  w i th  R  9 0 .  

©  2 0 2 2  b y  th e  A m e ri c a n  A s s o c i a ti o n  o f S ta te  H i g h w a y  a n d  T ra n s p o rta ti o n  O ffi c i a l s .  

A l l  ri g h ts  r e s e rv e d .  D u p l i c a ti o n  i s  a  v i o l a ti o n  o f a p p l i c a b l e  l a w .  
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