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-------------------------------------------------------------------------***------------------------------------------------------------------------ 
Abstract: T his  pa pe r  h i ghl ights  th e  mic ros tru c tur e  a na l ys is  of  r ec y c l ed  a gg r ega t e  c o nc re te( R A C )  
us in g  el ec t ro  d is p e rs i ve  s p ec t ro m et e r  ( E D X )  a nd  s c a n ni ng  m ic r o s c op e  ( SE M ) .  R ol l  o f  c a l c ium 
s i l ic a te  hyd ra t e  in  R A C  is  wel l  d is c us s ed  du ri ng  th is  pa p e r .  Qua n t i f ic a t i on  of  qu ic k l im e ( C a O)  a n d 
s i l ic a  ( Si O2)  ha s  b e e n  don e eva l ua t ed .  Whi c h  jus t i f i es  th e  rol e  o f  r ec yc l e d  a gg r ega t e  i n  f res h  
c onc re t e .  

 
To  o bta i n  g ood qua l i t y  c onc r e te  us in g  r ec y c l ed  a gg r ega t e  i ts  n ec es s a ry  to  f o l l ow t he mi nim um  
re qu ir e m en ts  d ef in ed  by  t he  r es p ec t iv e  B ui l din g  S ta n da rds .  A c c ep ta bl e  p ro p er t i es  o f  a g gr ega t es  
a re  a n  el e m en ta l  ba s e  f or  c onc r et e  qua l i t y ;  ho we ve r  a d e qua t e  mix  pr op or t io ns  a nd c onc re t e  
pr oduc t io n  m eth ods  a re  h i ghl y  im po rta nt  i n  c onc r et e  q ua l i ty  to o .  R ec yc l e d  a ggr e ga t es  c omp os ed  
of  or ig i na l  a gg re ga t e s  a nd  a dhe r ed  m or ta r .  Th e us e  of  r ec yc l ed  c o nc r e te  a g gr ega t es  a s  a n 
a l ter na t e  a gg r ega t e  ma t er ia l  i n  c o nc re t e  ha s  b ee n  s tud i ed  o ve r  t he  pa s t  2 0  y rs .  i t ' s  n ow 
rec og niz ed  tha t  r ec yc l ed  a gg r ega t e  c onc r et e  ( R A C ) ,  wh er e  na tu r a l  a ggre ga t es  a re  re p l a c ed  by  
rec yc l ed  c onc r et e  a gg r ega t es ,  i s  a l s o  a  tec h n ol ogy  f or  c ons e rvi ng  n a tura l  r es o urc es  a n d r educ in g  
the  e nv ir on m en ta l  i mp a c t  of  th e  c onc r et e .  Th is  pa pe r  pr es e nts  a  s t udy  o n m ec ha n ic a l  p ro pe rt ies  
of  c onc r et es  ma nufa c t ur ed  w ith  rec yc l ed  a g gr ega t es  s iz es  a n d c o nt e nts  of  1 4  ba tc h es  of  R A C s  
w er e  ma nu fa c tu r ed.  Tes ts  we r e  u nd e rta k e n  th e  c o mp r es s iv e  s tr en gth ,  s t re n gth ,  d ura b i l i ty ,  
wo rk a b i l i t y ,  d ry in g  s hri nk a g e,  a nd wa t er  a bs o rp t io n  of  ba tc h .  T es t  pa ra m et e rs  c om pr is e d  the  
rec yc l ed  a gg r ega t e  r e pl a c em e nt  ra t io ,  s iz e  of  c oa rs e  a g gr ega tes ,  a nd mi xi ng  m etho d  wi thi n  th e  
pr epa ra t io n  of  c o nc re te .  Th e  r es ul ts  in dic a t e  tha t  th e  c om pr es s iv e  s t re ng th  is n' t  d e te r mi ne  on  
mec ha nic a l  a nd  du ra bi l i ty - r el a t ed  p ro p er t i es  of  R A C s .  

K eyw o rd s  

Sc a n ni ng  el ec t ro n  m i c ros c o pic  ( SE M ) ,  r ei n forc e d  a gg r ega t e  c o n c re t e  ( R A C ) ,  E D X.  :  C onc re t e 
rec yc l in g;  c rus h in g  p r oc es s ;  rec yc l ed  a g gr e ga te ;  s us ta i na bl e  c o nc re t e;  du ra b i l i ty ;  b e ne f i ts  a n d 
us es  

1.  In t rod u c ti on  

C ons t ruc t io n  a nd  d em ol i t i on  wa s te  c o mp ris es  of  s a nd,  g ra v el ,  c o nc r et e  ru b bl es ,  s to nes ,  b ric k s ,  
wo od,  m e ta l ,  p l a s t ic  e tc .  C onc r et e  ru b bl es  w a s te  r ec yc l ed  a n d r ec y c l ed  a gg r ega t es  e xt ra c te d  fo r  
ef fec t iv e  u t i l iza t io n  in  fr es h  c onc r et e  ev e ntu a l l y  re duc e  th e  d ema n d  of  v i rgi n  na tu ra l  a g g re ga t es  
in  n e w  c o ns t ruc t io n.  E f f ec t iv e  u t i l iza t io n  r educ e  l a n df i l l  s pa c e.  Wi th  e xpa ns i on  of  c o n s truc t io n  
a c t iv i ty ,  c o ns t ruc t io n  a nd d e mol i t io n  wa s t e  inc rea s in g  da y  by  da y .  So  i ts  us e  r ec yc l ed  a g gr ega t es  
ef fec t iv el y  i n  fr es h  c onc re t e  pr oduc t io n  whic h  p ro t ec t  e nvi r o nm e nt  a n d a l s o  re d uc e  th e 
ex pl oi ta t i on  of  na tu ra l  r es ou rc es  with  i n  p rod uc t i on  of  v i rg in  a g gr ega t es .  R es id e nt ia l  pr oj ec ts  
Imp e ria l  H ei ghts  a nd  bui l di ng  n ea r  Ta t i ba ndh  wa s  ta k e n fo r  d eta i l ed  es t ima t e  a n d ma t er ia l  
qua n t i t i es  a r e  pu bl is hed  du ri ng  t h is  pa p er .  R es ea rc h  pa p er  c l ea rl y  s ta tes  c om pos i t io n  o f  
ma t er ia l s  l ik e  c o nc r e te ,  m or ta r ,  br ic k s ,  p l a s t ic ,  t i l es ,  woo d,  r e inf orc e m en t/ s t e el  a n d g l a s s .  
C onc re t e  ru b bl es  g e ne ra t ed  fr om  c o ns truc t io n  a n d d em ol i t io n wa s t e  c om p ri s es  of  
s a nd, gra v el ,c o nc re t e ,s ton e ,b ric k s , wo od, m eta l s ,g l a s s ,p l a s t ic , pa p e r  e tc ;  R ec yc l i ng  a nd r eu s ing  th e  
wa s t e  ( R ec yc l e d  A g gr e ga tes )  ma y  s a v e  l a ndf i l l  s pa c e  a nd a l s o  ma y  re duc e  th e  na t ura l  r es ourc es  
( Vir gi n  A g gr e ga t es )  f o r  th e  a s s em bl y  of  fr es h  c onc r et e .  R ec en t l y  l ot  of  r es ea rc h  wo rk  is  d i s pe ns ed  
on r ec yc l in g  a n d r eus e  o f  r ec yc l ed  a g gr ega t es  a s  a  pa r t  o f  wa s t e  ma na g e me nt .  Wa s t e  a r is in g  ou t  
of  c o ns t ruc t io n  a nd d em ol i t io n  s t ruc t ur es  a re  i nc r ea s i ng  da y  by  da y  a n d  a p pr ox ima t el y  50%  of  
th is  wa s te  c o m pris es  o f  c onc r et e  ru b bl e  wh ic h  ma y  b e th e  g ra t e  s ou rc e  of  r ec yc l ed  a g gr eg a tes .  So  
there’s  a n  u rg en t  mus t  es ta bl is h  a  t ec hn ol o gy  t o  r eus e  rec yc l ed  a ggr ega tes  a s  a  s u bs t i tut e  to  
v irg in  a ggr e ga t es  i n  pr oduc t io n  of  fr es h  c onc re t e .  R ec yc l ed  a g g re ga t es  w e r e  c ol l ec t e d  fr om  
di f fe r en t  s ou rc es  a nd  a l s o  the  mi x es  w er e  va ri ed  b y  r epl a c em e nt  o f  v ir g i n  a gg re ga t es  w ith  
rec yc l ed  a gg r ega t es  u p t o  10 0%  by  w ei ght  wi th  o r  wi thou t  a d mix tur e ,  M ic ro  S i l ic a .  R es ul ts  
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pr oj ec ts  tha t  th e  r e pl a c em e nt  o f  v i rg i n  a gg r e ga te  by  c oa rs e  r ec yc l e d  a ggr e ga t e  w ith  M ic r o  Si l ic a  
u p to  50%  ha s  b e tt er  c omp res s iv e  s tr e ngth  a s  c ompa r ed  to  th e  s ta nda rd  c o nc r et e  but  h ighe r  
l ev el s  o f  r epl a c em e nt  r educ es  th e  c om pr es s iv e  s tr e ng th .  

 

F ig .1  R ec yc l ed  a gg r ega tes  
 

Th e c o ns t ruc t i o n  i ndu s try  c on tr ib ut es  s u bs t a nt i a l l y  t o  th e  g en e ra t ion  of  s ol id  wa s t e  in  mos t  th e  
c oun tr ies .  I n  N or th  A me ric a  th e  ev e nt  a nd  de mol i t io n  wa s t e  c o nt ri but es  a ro un d  2 5 –  4 0%  o f  th e  
ove ra l l  wa s t e  g e n era t ed  d ep e nd in g  u po n t he  r egi o n  ( Ta bs h  a n d  A b del fa ta h  200 9) .  T he ev e nt  
M a te ria l s  R ec yc l in g  A s s oc ia t i on  ( C M R A )  ha s  c on duc t ed  a  s tudy  o n c o ns t ruc t io n  a n d d e mol i t io n  
wa s t e ,  a s s oc ia t ed  wi th  the  b ui l di ngs  a n d i t  h a d  b e e n  es t i ma t ed  to  b e  a r ou nd  136 mi l l i on  t on n es  o f  
wa s t e .  A l s o ,  I t  a bs ol u tel y  wa s  r e po rt ed  tha t  e xp e rt  o f  th e  bu i l di ng  wa s t e ,  a  va rio us  t on n es  of  
wa s t e  is  c om in g  f ro m  r oa d,  b ri dg e,  a nd a irp or t  c o ns t ruc t io n  a nd r en ova t i on .  I n  d ev el o pe d  
c oun tr ies  the  a n nua l  p er  c a pita  bui l d in g  a n d  c ons t ruc t io n  wa s t e  g e ne ra t io n  w e re  500 –  1000  k g  
a nd wit hi n  th e  eu  c ou nt ri es  th e  bu i l di ng  a n d c o ns t ruc t i on  wa s t e  wa s  es t i ma t ed  to  b e  a r oun d  17 5  
mi l l io n  to n nes  ea c h  y ea r  ( N i t iva t ta na no n  a nd B o ro nga n  20 07)  . t he  d ev el o pm e nt  a n d d em ol i t io n  
wa s t e  g en e ra t i on  s c e n a rio  i n  A s ia n  c ou nt ri es  is  a ddit i o na l l y  with in  the  i d en t ic a l  tr e nd. i t  h a d  b ee n  
re po rt e d  tha t  A s ia  a l on e ge n era tes  a bou t  76 0 mi l l io n  to nn es  o f  c on s truc t io n  a nd d e mol i t i on  wa s te  
onc e  a  yea r  ( W orl d  B a nk  1 999) . in  k e e pi ng  w ith  th e  a n nua l  r ep or t  of  D uba i  munic ipa l i ty ’ s  Wa s t e  
M a na g em e nt  D e pa rt m e nt ,  the r e  wa s  a bou t  2 7 .7  m i l l io n  to nn es  of  c ons t ruc t io n  wa s te ,  g e n era t e d 
fro m  va rio u s  c o ns t ruc t io n  s i t es  wi thi n  t ow n i n  20 07  ( Shr iva s ta v a  a nd  C hi ni  200 9) .  T his  wa s  
rec or di ng  g ro w th  i n  c ons t ruc t io n  wa s t e  g en era t io n  o f  16 3%  a s  c o mpa re d  to  th e  wa s t e  g e ne ra t ed  
in  200 6.  

 

F igur e. 2  -  E va l ua t i on  o f  rec yc l i n g  

Th e c o ns t ruc t i o n  i ndu s try  c on tr ib ut es  s u bs t a nt ia l l y  t o  th e  g en e ra t ion  of  s ol id  wa s t e  in  mos t  th e  
c oun tr ies .  I n  N or th  A me ric a  th e  ev e nt  a nd  de mol i t io n  wa s t e  c o nt ri but es  a ro un d  2 5 –  4 0%  o f  th e  
c ompl et e  th e  t ota l  wa s te  g en e ra t ed  d ep e ndi n g  up on  th e  r egi on  ( Ta bs h  a nd A b del fa ta h  2 0 09) .  Th e 
ev en t  M a t er ia l s  R ec y c l ing  A s s oc ia t io n  ( C M R A )  ha s  c onduc t ed  a  s tudy  on c ons tr u c t io n  a nd 
de mol i t io n  wa s te ,  r el a ted  t o  th e  bu i l di ngs  a nd i t  a bs ol ut el y  wa s  es t i ma t ed  to  b e  a ro und  1 36  
mi l l io n  to n n es  of  wa s te  ma tt e r .  A l s o ,  i t  a b s ol ut el y  wa s  r e po rt ed  tha t  a pa r t  f rom  th e bui l d in g  
wa s t e ,  a  unc ou nta bl e  t on n es  of  wa s t e  is  c o m ing  fr om  roa d ,  b rid g e,  a nd  a ir po rt  c o ns t ruc t ion  a nd 
re n ova t i on .  I n  d ev el o pe d  c o un tr ies  th e  a n nua l  p e r  c a p ita  bui l din g  a nd c ons truc t io n  wa s t e  
ge n era t io n  we r e  50 0 –  1000  k g  a nd wit hi n  t he  ec u  c ou nt ri es  th e b ui l di ng  a nd c o ns t ruc t i on  wa s t e  
wa s  es t i ma t ed  t o  be  a rou nd  175 mi l l io n  t o nn es  p .a .  ( N i t iva t ta na no n  a n d B o ro nga n  2 0 07) .  T he 
ev en t  a n d d em ol i t io n  wa s t e  g en e ra t i on  s c e na r io  i n  A s ia n  c ou nt r ies  is  a d di t io na l l y  wi thi n  th e  
id en t ic a l  t r en d. i t  a bs o l utel y  wa s  r ep o r te d  th a t  A s ia  a l o n e g e n era t e s  a bo ut  760 mi l l i on  to nn es  of  
c ons t ruc t io n  a n d de m ol i t i on  wa s t e  p er  a na m  ( W orl d  B a nk  199 9) .  pe r  th e  a n nua l  r ep or t  of  Duba i  
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munic ipa l i ty ’s  Wa s t e  M a na g e me nt  D epa rt me nt ,  th e r e  wa s  a b out  27 .7  m i l l io n  t o nn es  of  
c ons t ruc t io n  wa s te ,  g e n era t e d  fr om  va rio us  c ons t ruc t io n  s i t es  wit hin  t ow n i n  20 07  ( Sh r iva s ta va  
a nd C hi ni  20 09) .  Thi s  wa s  rec or di ng  g ro wth  i n  c o ns t ruc t i on  wa s t e  g en e ra t i on  o f  163%  a s  
c ompa r ed  t o  th e  wa s te  g e n era t e d  in  2 0 06.  L ik e  oth e r  d ev el opi ng  c o un tr ies ,  In di a  too  is  
ge n era t i ng  a n u nl i mit ed  qua nt i ty  of  c ons tr uc t io n  a n d d em ol i t i o n  wa s t e  du e to  ra p id  g ro wth  i n  
c ons t ruc t io n  i ndus tr y  in  l i n e  w ith  11th  f iv e  yea r  pl a n  th e  ev en t  i n dus t ry  is  s ec o nd  to  a g ric ul tu r e  
in  t er ms  of  ma g nitu d e  ( G ov e rn m en t  of  I n dia  200 7) .  I t ’s  on e a mo ng  th e  fo r em os t  i mpo rta nt  
em pl oy e rs  with in  th e  c oun tr y .  Th e ut i l iza t ion  f i gu res  ha v e s ho wn  s t ea dy  inc r ea s e  f r om  1 4.6  
mi l l io n  in  1 995  to  3 1 .46  mi l l i on  i n  200 5.  T he ev e nt  i ndus tr y  in  I ndia  s ig ni f ic a nt l y  a f f e c ts  the  
ec o no mic a l  pr oc es s  of  the  c ou nt ry .  Du ri ng  2 004  –  2005 ,  ov er  US $  100  b i l l io n  ha s  be e n i nv es t ed  
dur in g  th is  s ec t or .  Du et o  gov e rn m e nt  o f  India ’s  ( G OI)  r ec e nt  i ni t ia t iv e  to  p er mit  100 %  for ei gn  
dir ec t  i nv es t me nt  i n  r ea l ty  d ev el op m en t  p ro jec ts ,  t he  e ve nt  th e  ev e nt  s ec t or  l ik el y  to  s t i l l  rec or d  
high er  g r ow th  wi thi n  t he  w ith in  th e  a p pr oa c hin g  yea rs  ( M a rk et  R e s ea rc h  2 006) .  Th e c on t ri but io n  
of  t he  e ve nt  i ndus try  i n  t ota l  g ros s  do m es t ic  pr oduc t  ( G D P)  ha s  r is e n  f ro m  6 . 4%  in  200 0  –  2001  
to  7 .2%  in  200 4  –  2 0 05  ( T IF A C  E d 200 5) .  Tec h n ol ogy  In fo rma t io n,  F o r ec a s t i ng  a nd  A s s es s m e nt  
C ounc i l  ( TIF A C )  i nd ic a te  t ha t  th e  c o mpl et e  c ons t ruc t io n  w o rk  is  a pp rec ia t e  $8 47  bi l l io n  du ri ng  
the  num b e r  200 6  –  20 11  ( TIF A C  E d 2005) .  Pe r  th e  t e nth  f iv e  yea r  pl a ns  t he  ma t er ia l s  c os t  wa s  
a rou nd  40 –  60 %  o f  the  p roj ec t  c os t .  A n d d em ol i t i on  wa s t e  i n  I nd ia  wa s  es t i ma t e d  to  b e  
a pp rox ima t el y  1 4 .5  mi l l ion  t on n es  ( Pa p pu  et  a l .  2007) .  Th e C e nt ra l  Pol l ut i on  ( C PC B )  ha d e s t ima t e  
s ol id  wa s t e  g en e ra t i o n  a s  48  m i l l io n  to nn e  f or  th e  yea r  200 1  a nd  out  of  w hic h  12  –  1 4 .7  mi l l i on  
ton n es  fr om  i ndus try  a l on e  a nd by  20 10,  th is  wa s  ex p ec t ed  to  b e  a ro und  24  mi l l i on  t on n es  ( TIF A C  
E d 200 5) .  R ec yc l in g  o f  a ggr e ga t e  ma t e ria l  f ro m  th e e ve nt  a nd d e mol i t io n  wa s te  ma y  r e duc e  th e  
de ma n d - s up pl y  ga p  i n  bo th  th es e  s ec t ors .  C o ns t ruc t i o n  ma t er ia l  a c ros s  th e  pl a n e t  s o  th e  for e mos t  
the  em pl oy  o f  a l l  rea s ona bl y  ba i l i wic k  wo rk s .  A s  a ggr ega t e  r e pr es e nts  a b out  70- 80%  o f  c onc re t e  
c omp on e nts  s o  i t ’ l l  b e  be n ef ic ia l  to  rec yc l e  th e  m ix tur e  fo r  c o ns t ruc t i o n  w ork s  a n d  a l s o  to  
un ra vel  th e  e nvi ro nm e nta l  p ro bl e ms .  T o  mi ni miz e  th e  ma t t er  o f  mo re  tha n w es t  p ro du c t  i ts  a n  
hon es t  s t ep  t o  u t i l iz e  the  r ec yc l ed  a gg r ega t e s  p rovi d e  tha t  t he  s p e c i f i ed  f i na l  p r oduc t  w i l l  me et  
the  s ta n da rds .  Th e va l ue  o f  R ec yc l ed  C onc r e te  A ggr e ga t e  is  a dd it i ona l l y  b ut  20  to  ha l f  hour  bu t  
na tu ra l  a ggr ega te  i n  s om e r egi o ns [1 ] .  B y  us i ng  th e  r ec yc l ed  a gg r eg a te  th e  c o ns um pt io n  o f  na tu ra l  
a ggr ega te  is  r educ ed .  Ind ia n  ho us i ng  i ndus t ry  to da y  is  a mo ngs t  th e  f iv e  l a r ges t  w ithi n  t he  ea rt h  
a nd a t  th e  p r es e nt  ra te  of  g ro wth ,  i ts  s l a t ed  to  be  a mo n gs t  th e  ea s i es t  t wo  w ith in  t he  n ex t  
c en tu ry .  W ith  th e  s h o rta g e  a s  l ik el y  s e e n t oda y  the  l o ng  ru n s e e ms  t o  b e i n  da rk  fo r  t he  ev e nt  
s ec to r .  T he o f  na tu ra l  a ggr ega t es  aren ’t  o nl y  re qui r ed  t o  s a t is fy  the  d e ma n d  f or  th e  u pc om in g 
pr oj ec ts ,  bu t  th e  r e q uir em e nts  of  th e  ex t e ns iv e  re pa i rs  o r  re pl a c em e nts  r e qui r ed  for  th e 
pr eva i l i ng  in fra s truc t ur e  a nd  di l a p ida t ed  bui l d in gs  bui l t  fe w d ec a d es  ba c k .  C ons tr uc t io n  a n d 
de mol i t io n  d is p os a l  h a s  a l s o  em e rg ed  a s  a  c ont ro ve rs y  in  I n dia .  Ind ia  is  p r es en t l y  g e n era t i ng  
c ons t ruc t io n  a n d d em ol i t i on  wa s t e  t o  th e  t un e of  23 .7 5  mi l l i on  t ons  a n nua l l y  a s  p e r  t he  H in du  
onl i n e  of  M a rc h  2 007 [ 2] ,  wh ic h  is  l ove  s t y l e  of  th e  d ev el op ed  na t i o ns  a nd  th es e  f i gur es  a re  l ik el y  
to  d ou bl e  fo l d  w ithi n  t he  n ext  7  y ea rs .  Th e m a na g em e nt  of  c o ns t ruc t io n  a n d d e mol i t io n  w a s te  c a n 
b e a  s igni f ic a nt  c o nc e r n  b ec a us e  of  i nc r ea s ed  qua n t i ty  o f  d em ol i t i o n  ru b bl e ,  c on t i nui ng  s hor ta g e  
of  du mpi ng  s i t es ,  i nc r ea s e  in  c os t  of  d is pos a l  a nd  tra ns po rta t io n  a nd s p ec i f ic a l l y  of  th e  pri or i ty  
a bou t  env ir on m en t  d eg ra da t io n.  Th e i nc r e a s ing  pr o bl e ms  a s s oc ia te d  with  c ons tr uc t i on  a nd  
de mol i t io n wa s t e  ha v e  l ed  to  a  re thi nk i ng  in  dev el o p ed  c ou nt ri es  a nd t hus  ma ny  c o un tr i es  ha v e  
s ta rt ed  v i ew in g  th is  w a s te  a s  r es ourc e  a nd p res e nt l y  ha v e fu l f i l l ed  a  c omp on e nt  o f  th ei r  de ma n d  
for  s tu f f .  M a y b e s i nc e  c onc r et e  c om pos es  35%  of  th e  wa s t e  a s  p er  th e  s urv ey  c o nd uc te d  by  
M unic ipa l  C o rpo ra t io n  of  Del h i  [3] ,  In dia  s h oul d  s e ri ous l y  c ons id er  r eus i ng  d e mol is h ed  rub bl e  
a nd c o nc re t e  fo r  pr od uc t io n  o f  r ec yc l ed  c o ns t ruc t i o n  ma t e ria l .  Wo rk  o n rec yc l ed  c on c re t e  ha s  
b ee n  d es p e nc ed  a t  f e w pl a c es  in  I nd ia  bu t  wa s t e  a nd qua l i ty  of  fa b ric  p ro duc e d  b ei ng  s i t e  
s pec i f ic ,  t re m e ndous  i npu ts  a r e  n ec es s a ry  i f  rec yc l ed  ma t e ria l  s h ou l d  b e  u t i l iz e d  c o ns t ruc t io n  f or  
pr oduc i ng  h igh  g ra d e c onc re t e .  F or m erl y ,  m os t  th e  ma t e ria l s  wh ic h  a re  b ei ng  ut i l iz ed  w ithi n  th e  
c ons t ruc t io n  a c t iv i ty  a re  o bta i n ed  na tu ra l l y  a nd  ev ery  o n e t he  w a s tes  wh ic h  a re  o bta i n ed  fr om  
the d e mol is h e d  bu i l di ngs  w e r e  dis pos ed  i n  l a rge  u na ut ho riz ed  o p e n pl a c es .  Ov er  2 0  ye a rs  th e  
us a ge  of  RCA’s  wh ic h  a re  a c qu ir e d  f ro m  d e mo l i t io n  wa s t es  of  c o ns tr uc t io n  a c t iv i t y  enc om p a s s es  a  
gr ea t er  im po rta nc e  be c a us e  th e  a va i l a bi l i ty  of  na tu ra l  a gg r ega t es  i s  r educ i ng  d ra s t ic a l l y  yea r  b y  
yea r  a n d thus  th e  d a ma ge  c a us e d  by  th e  dis p os a l  wa s t e  is  i nc r ea s i ng .  tha nk s  to  a dva nc e  
tec h ni qu es  wh ic h  a r e  b ei ng  e mpl o ye d  wi thi n  th e  c rus hi ng  i ndus tr y  a n d  a dva nc em e nt  w i thi n  t he  
e qui pm e nt  & rec yc l i ng  pr oc es s ,  i t  bec a m e v e ry  ea s y  t o  pul v eris e  d em ol is h  wa s t e  l a r g er  boul de rs  
in  t o  t i ny  p iec es  s o  a s  to  pr ovi de  r ec yc l e d  a gg re g a tes  a t  rea s ona bl e  c os t .  
N ow a  da ys  th e  s ta n d a rd  of  r ec yc l e d  a gg re ga tes  ha s  be e n d ra s t i c a l l y  inc r ea s e d  tha nk s  to  goo d  
de mol i t io n  pra c t ic es  a nd a d va nc em e nt  wi thi n  th e  c rus hi ng  ma c hi n ery .  A s  a  r es ul ts  of  th is  th e  
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rec yc l ed  a gg r ega t es  of  ea s i es t  qua l i ty  a r e  a va i l a bl e  a t  t he  ra tes  a d equa t e  tha t  o f  na tu ra l  
a ggr ega tes  a n d g iv in g  a  trou bl es om e  c o mpl et i on  t o  th e  na t ura l  a ggr ega tes .  Tho ugh  th es e  
a ggr ega tes  a r e  a va i l a bl e  a t  r ea s o na bl e  ra t es ,  t he  us a g e  is  \ l im i te d  du e t o  us i ng  l o w  s tr en gth  
c em e nt  a nd po or  qua l i ty  a gg r ega t es  a nd a l s o  the  c ons tra in ts  o f  th e  s ta nda rds .  So  by  us i n g  l a tes t  
tec h nol ogi es  i n  c o nc r e te  t ec h nol ogy  a nd ma t er ia l  pr oduc t io n  t he  n ega t iv e  im pa c t  o n t he  rec yc l ed  
a ggr ega tes  m us t  b e  r e mov ed  a n d us a ge  o f  RCA’s  s h oul d  b e  i nc r ea s e d  i n  c ons tr uc t i on  a c t iv i ty .   

 

F ig .3 .  R ec yc l e d  a g gr e g a te  c rus h e r  

Th e us a ge  o f  c ons t ruc t ion  a n d  d emol i t i on  wa s tes  a s  a n a ggr ega te  f o r  the  ma nu fa c tu re  o f  c onc re t e  
is  ta k e n  i nt o  a c c ou nt  in  n ew  r es ea rc h  s tud i es .  Th e us a g e  o f  c o ns t ruc t i o n  a n d d em ol i t io n  wa s te  
a ggr ega tes  h el ps  in  r e duc i ng  th e  d e pl e t io n  of  na tu ra l  a g gr ega tes  a nd pr o bl e ms  a s s oc ia t ed  w ith  
mi ni ng  th e  a ggr e ga t es .  I t  i s  f ou nd  t ha t  th e  s t a nda r d  o f  na tura l  a g gr ega t es  is  h ea l th i e r  c o mpa re d  
to  th e  d ev el op m en t  a nd d em ol i t io n  wa s t e  a ggr ega tes .  Thus ,  de m ol i t i on  wa s t e  a gg re ga tes  ha v e  
l imit e d  us a g e.  B ut  t he  r educ ed  c os t  of  ma nu fa c tu re  of  c o nc re t e  with  th e  a s s is t a nc e  of  
c ons t r uc t io n  a nd d e m ol i t i on  wa s t e  a gg re ga tes  mus t  b e  ga in e d  a pp rec ia t i on .  Th e rul e  ove r  th e 
re duc t io n  o f  d is p os a l  of  d em ol i t i on  wa s te  ha s  p ro mp te d  t he  u s a ge  of  C D W a s  c o ns truc t io n  
a ggr ega tes .  Th e l i f e  c y c l e  of  c o ns t ruc t io n  ma te ria l s  is  ma d e m or e p er fo rm in g  w ith  th e  a s s is ta nc e  
of  r ec yc l e d  c ons tr uc t i on  d em ol i t io n  wa s t e .  The r e ’s  g ov er nm e nt  l a ws  a nd r egul a t io n  t ha t  a re  
a dvis es  t o  ex t en d  t he  em pl oy m en t  o f  r ec yc l ed  c o ns t ruc t i on  d e mol i t io n  ma t e ria l .  This  h a s  ma d e 
the  r ec yc l i ng  a m ou nt  o f  c o ns t ruc t io n  a nd  d em ol i t i on  ma te r ia l  by  a n a mou nt  of  90 %.  

 S t and a rd iz at io n  of  C on st ru c tio n  D em ol i ti on  W as te  A gg re ga te  

Th e i nc o rpo ra t io n  of  de mol i t io n  wa s t e  ma t er ia l  a s  a n a gg r ega t e  in  t he  c onc r et e  m ix  re qu ir es  
s ta nda rd iza t i on  s imi l a r  t o  tha t  c om pa r e d  to  the  na t ura l  a g gr ega tes .  This  is  b ec a us e  th e  c onc re t e  
mix  a l mos t  c om pos es  7 5%  of  th e  a gg re ga t es .  

Th e  c o ns t ruc t io n  a nd  d em ol i t io n  wa s t e  a gg re ga tes  a r e  c l a s s i f i e d  by  B S  8 500  ( 2 002) .   

 C l a s s i f i es  th is  i nt o  tw o ty p es  a s :  

  R ec yc l e d  C onc r et e  A gg re ga t es  ( R C A )  

  R ec yc l e d  A gg r ega t es  ( R A )  

   R ec yc l ed  C o nc r e te  A g gr ega t es  ( R C A )  

Th e c o nc r et e  a gg re ga t e  t ha t  c o nta i ns  95%  of  c rus h ed  c onc r et e  i s  na m ed  a s  r ec yc l ed  c onc re t e  
a ggr ega tes .  A nd i f  th e  mix tur e  e mpl oy ed  in  t he  c onc r et e  is  10 0%  c rus h ed,  i t ' s  c a l l ed  a s  r ec yc l e d  
a ggr ega tes .  R ec yc l ed  c onc re t e  a gg r ega t e  ( R C A )  is  tha t  t he  d es ig na t io n  ut i l iz ed  i n  B S  85 00 - 2  f or  
rec yc l ed  a g gr ega t e  pr i nc ipa l l y  c o mp ris i ng  c r us he d  c onc r et e .  D es ig na t i ons  o f  r ec yc l e d  a g gr ega t e  
a pa rt  fr om  R C A  a r e  o f  l ow e r  qua l i t y  a n d w i l l  c onta in  s ig ni f ic a n t  qua nt i t i es  o f  ma s on r y  wh ic h 
migh t  p r ec l ud e  o r  l im i t  th ei r  us e  i n  s t ruc tu r a l  c onc r et e .  Th e r es ul t s  of  a  t es t  pr og ra m me  to  c h ec k  
the  ut i l iza t i on  of  r ec yc l ed  c onc r et e  a g gr e g a te  ( R C A )  i n  h i gh - s t r e ngth ,  5 0  N / m m2  or  gr ea t er ,  
c onc re t e  a r e  d es c ri b e d.  T he  c o ns equ e nc es  of  c oa rs e  R C A  c on te nt  on  th e  c ei l i ng  s t re ng th ,  bul k  
e ngi n ee ri ng  a nd s t ur di n es s  pr op e rt i es  of  s uc h  c onc re t es  a r e  es ta bl i s hed .  Th e r es ul ts  s ho w ed  t ha t  
u p to  3 0%  c oa rs e  R C A  ha d  no  ef f ec t  on c o nc r et e  s t r en gth ,  bu t  t he rea ft e r  th er e  wa s  a  gra dua l  
re duc t io n  b ec a us e  th e  R C A  c onte nt  i nc rea s e d.  A  wa y  of  a c c om mo da ti ng  th e  r es ul ts  o f  h igh  R C A  
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c ont e nt ,  i nvol v i ng  s i mpl e  a djus tm e nt  to  wa t er/ c e me n t  ra t io  o f  th e  c o mb ina t io n  is  g iv en .  I t ’s  
s how n t ha t  h i gh - s t re ngt h  R C A  c o nc r e te  wi l l  ha v e eq uiva l en t  e ngi n e er in g  a n d s t urd in es s  
pe rf or ma nc e  t o  c onc re t e  ma d e w ith  na tu ra l  a ggr ega tes ,  fo r  c or res po nd in g  28- da y  des i gn  
s tr en gths .  

Th e c o ns t ruc t i o n  a n d de mol i t io n  wa s t e  i n  i ts  ori g i na l  s ta t e  c o ns is ts  of  wo od,  gyps um,  pl a s t ic s  a n d 
pl e nty  of  c o nta mi na t i ng  ma t e ria l s ,  t ha t  m us t  be  r e mov e d  tha n k s  to  i ts  us a g e  i n  c onc re t e  
ma nu fa c tu re .  

C ons t ruc t io n  i n dus t ry  ge n era t es  hug e a mou nts  of  de b ris  tha t  ha s  to  b e  r ec yc l ed  a nd  r eus ed  a s  
rec yc l ed  a g gr e ga t es  ( R A s )  for  pa rt ia l  o r  t ota l  s ubs t i tu t io n  o f  na tu ra l  a ggr ega tes .  R ec yc l i ng  
re duc es  wa s te  a nd r e duc es  e n erg y  c o ns um pti on  a nd h e nc e  c on t ri but es  t o  a  mo r e s u s ta ina bl e  
ind us t ry .  Du ri ng  th is  c ha pt er  th e  n ec es s i t y  fo r  r ec yc l i ng  a nd a l s o  t h e  c u rr e nt  s i tua t i on  w o rl d wid e  
a re  h ig hl igh te d .  R A  p r op er t i es  a re  dis c us s e d .  R A s  ha v e a  de ns i ty  b el o w  t ha t  o f  v ir g i n  ma te ria l s  
a nd b ett e r  wa t er  a bs or pt i on .  A  s ta te  of  t he  a rt  R A  c onc r et e  p er fo rma nc e  a t  th e  f r es h  a nd 
ha rd e ne d  s ta t e  is  s u m ma riz e d .  R A  c o nc r et e  pr es en ts  l o w er  c om pr es s iv e  a nd f l e xu ra l  s t re ng ths  
a ddit io na l l y  a s  l o w er  modul us  o f  e l a s t ic i ty  a nd l ow e r  fra c t ur e  du e to  th e  p or ous  na t ur e  o f  th e  R A  
a nd th e r ef or e  t he  o l d  a dhe r ed  c em e nt  mo rta r  o n th e  s u rfa c e  o f  th e  a ggr ega tes .  B o nd s tr e ngt h  a nd  
a bra s i o n  r es is ta nc e  a r e  l i t t l e  a f f ec t e d .  S hr in k a ge,  wa t e r  p e rm ea bi l i ty  a nd wa t er  a bs or pt ion  b y  
c a pi l l a ry  i nc r ea s e  w it h  inc rea s e  i n  R A  c o nt e nt .  H o we ve r ,  the  l ow er  p er fo rma nc e  is  m it i g a te d  b y  
a n h on es t  m ix  d es i gn  u s ing  s u ppl em e nta ry  c e me nt i t i ous  ma t e ria l s .  

Per fo rm a nce  o f  c on cre te  m ad e  w ith  c o mme rci al l y  p r od u ce d  co a rse  rec ycl ed  c onc re te  
ag gr eg a te  

Pe rf or ma nc e  t es ts  a r e  m et ed  o ut  fo r  f res h  a nd  ha rd e n ed  p ro p er t i es  of  c o nc re t e  ma de with  
c omm e rc ia l l y  p rod uc e d  c oa rs e  r ec yc l ed  c o n c re t e  a gg re ga t e  a n d n a tura l  f i n e  s a n d.  T es t  res ul ts  
ind ic a t e  tha t  th e  d i f fe r e nc e  b et w e en  th e  c ha r a c te ris t ic s  of  fr es h  a n d ha r de n ed  r ec yc l e d  a ggr e ga t e  
c onc re t e  a n d na tu ra l  a ggr e ga t e  c o nc r e te  is  ma y b e r el a t iv el y  na r ro w er  tha n r e po r te d  f or  
l a bora to ry - c rus he d  re c yc l ed  a g gr ega te  c on c re t e  mi xtu r es .  F o r  c onc re t e  w ith out  fur n a c e  s l a g  
ha vin g  s im i l a r  v ol um e tric  mi xtu r e  p ro po rt i o ns  a n d  w ork a bi l i ty ,  th er e  wa s  no  d i f fe r e nc e  a t  th e  
f iv e  hu nd r ed  s ig ni f ic a nc e  l ev el  i n  c o nc r et e  c omp r es s i v e  a nd t e ns i l e  s tr en gths  of  rec yc l ed  c onc re t e  
a nd c on tr ol  no rma l  c o nc r et e  ma de o f  na tu ra l  ba s a l t  a ggr ega t e  a nd  f in e  s a nd .  Wa t e r  a bs or pt i on  
ra t es  a nd c a r bo na t i on  of  r ec yc l ed  c o nc r e te  a nd  r e fe r e nc e  c onc r et e  w e r e  c om pa ra bl e  fo r  ma ny  
a ppl ic a t i o ns .  H ow ev e r ,  th e  a b ra s io n  l os s  o f  r ec yc l e d  a gg r ega t e  c onc re t e  ma d e wi th  ord ina ry  
hydra ul ic  c em e nt  i nc r ea s e d  by  a b out  12 %  c ompa r ed  to  no rma l  c o nc r et e ,  whi l e  th e  c o r r es p on di ng  
dry in g  s h ri nk a g e  wa s  a bou t  2 5%  h igh e r  a t  1  yea r .  Th e ra t i o  of  s pl i t t i ng  s t r en gth  to  c om pr es s iv e  
s tr en gth  wa s  fou nd  to  b e in  g oo d  a gr e em e nt  wit h  es ta bl is h e d  va l ue s  de riv ed  f or  e quiva l e nt  g ra d e  
c onc re t es  ma de  w ith  no rma l - we igh t  na tu r a l  a ggr ega t es .  O n e- y e a r  t es t  r es ul ts  in dic a te  tha t  
inc re m en ta l  i mp rov e me nts  i n  dura bi l i ty  c ha ra c t eris t ic s  c a n  f urth e r  b e a c hi ev e d  wit h  th e  
ut i l iza t io n  o f  fu rna c e  s l a g  c em e nt .  E nha nc ed  fr es h  a nd ha rd e n e d  c onc r et e  pr op e rt i es  of  th e  
inv es t iga t ed  r ec yc l e d  c onc r et e  a gg r ega t e  a s  c ompa r e d  to  a gg r eg a te  d e riv ed  f ro m  l a b ora t ory -
c rus h ed  c o nc re t e  a ris e  p ri ma r i l y  fr om  im p rov ed  a gg re ga t e  g ra di ng  a n d qua l i ty  a c hi ev a bl e  i n  
pl a nt  c rus hi ng  op e ra t i ons .  

Prep a ra ti o n  of  C o ns tr u cti on  and  D em ol i ti o n  W as te  A g gr eg at es  

Th e C D W a ggr e ga t es  a re  r ec yc l e d  a nd p ro du c ed  i n  ma ny  c ou nt ri es .  The  mix tu re  pr e pa ra t io n  is  
c ompl et e d  by  b rea k in g  th e  C D W i nto  s ma l l  p i ec es  tha t  o f  na t ura l  a ggr ega t es  mec ha nic a l l y .  The  
pi ec es  a r e  l a t er  c rus he d  by  m ea ns  c rus h ers  i nt o  fur th er  s ma l l er  piec es .  
N ex t ,  jus t  l ik e  th e  g r a din g  o f  c onv e nt io na l  a gg re ga t es ,  th es e  a r e  s c r ee n ed  by  m ea ns  of  s i ev e  
a na l ys is  a nd he nc e  us ed  a s  s ta nda rd  a gg r eg a t es .  A s  me n tio n ed  b ef or e  th e  wa s t e  f ro m  d e mol i t io n  
is  c onta mi na t ed  b y  m a ny  wa s t e  ma t e ria l s  t ha t  a re  ut i l iz ed  i n  c o ns t ruc t i o n.  So ,  the  r e mova l  of  
thos e  ma te ria l s  wi l l  a f fec t  th e  p er fo rma nc e  o f  t he  a gg r ega t es .  Th e r ub bl es  em pl oy e d  i n  th e  
dev el o pm e nt ,  a f t er  d e mol i t io n,  a r e  c ov e r ed  by  a  mo rta r  tha t  t oo  mus t  r e mov ed  fo r  th e  us a ge  a s  
a ggr ega tes .  T w o ty pic a l  p l a nts  tha t  r ep r es e nt  th e  r ec yc l i ng  of  r ec yc l ed  a g gr e ga t es  a r e  s how n i n  
f igu r e- 1  a nd  f igu r e2 .  
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F ig .1 :  A  C o ns t ruc t i on  a nd  D em ol i t i o n  Wa s t e  P l a nt ,  A s  pe r  G o nza l ez  –  F on t eb oa  ( 200 8)  

 

F ig .2 :  C o ns t ruc t io n  a n d D e mol i t io n  Wa s te  Pl a nt  a s  p e r  E guc hi  et .a l  ( 2007)  
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Th e p r oduc t io n  of  C D W a gg re ga t es  a r e  fa c t ors  tha t  w oul d  d et e rm in e  th e  qua l i ty  a n d th e  ma t er ia l  
c omp os it io n.  Th e  go od  p roc es s i ng  of  c o nc re t e  h el ps  i n  a  b ett e r  qua l i ty  of  a gg r ega t es .  

C omp o si ti on  o f  C on st ru ct io n  a nd  De mol it i on  A gg re ga te s  

Th e pr oduc t io n  of  C D W a gg r ega t es  a r e  fa c t ors  tha t  wi l l  d et er mi n e  th e  s ta nda rd  a nd a l s o  the  
ma t er ia l  c ompos it i o n.  Th e nic e  pr oc es s i ng  o f  c onc r e te  h el ps  i n  a n  exc ee di ngl y  b e tt er  qu a l i ty  of  
a ggr ega tes .  C o mp os it i on  of  C ons tr uc t i on  a n d D em ol i t i o n  A g gr ega tes .  I t  wa s  r ep or te d  t ha t  th e  
C DW  c o nta i ns  s om e a mou nt  of  s o me  na tura l  a gg re ga t es  t ha t  ha v e  a dhe r ed  mo rta r .  Th es e  ha ve  th e  
ori g i n  fr om  th e pr ec a s t  c o nc r e te  a n d t es t  s pe c im ens .  T he  C D W  c om p os it i on  d e pe n ds  u po n t he  s or t  
of  d em ol i t i o n  wa s t e  f urth e r  b ec a us e  th e  f or m  of  a gg r ega t e  us ed  f or  tha t  c ons truc t io n.  A  typic a l  
c ons t ruc t io n  a n d d e m ol i t i on  wa s t e  a g gr e ga te  is  c l a im ed  to  pos s es s  65- 70%  of  ma jo r  c oa rs e  
fur th er mo r e  a s  f i n e  a g gr ega t es ,  wit h  3 0- 35%  of  c em e nt  pa s t e .  

Ta bl e- 1:  C o mp os it io n  of  d i f f er e nt  ma t e ria l s  i n  c ons truc t io n  wa s t es  a s  p er  C o el ho  a nd d e B ri t o  
2011  

 

Di ffe re nt  C l ass i f i ca ti on  o f  R ecy cl ed  Ag g re ga te s  fr om  th e c on st r u cti on  and  d em ol i t i o n  wa st e  

Th e a g gr ega te  rec yc l e d  f ro m  C ons tr uc t i on  d em ol i t io n  wa s t e  mus t  s a t is fy  c e rta i n  r e qui r e me nt  o f  
pa rt ic l e  s iz e  fu rth e rm or e  b ec a us e  th e  mi ni mum  p r es enc e  of  c o n ta mi na n ts .  Th es e  pa r a me te rs  
s ta nd  a l o ng  th e  n ec es s i ty  of  du ra bi l i t y  a nd  s ta bi l i t y  of  thos e  ma te ria l s .  Wa s t e ,  us ua l l y  mix ed,  
whic h  c a n  b e  c om pos e d o f  d i f fe r e nt  or ig i n  m a te ria l s ,  mos t  o f  th em  c a ta l ogu ed  a s  n on- ha z a rdous .  
Th e E ur op ea n  Un io n t a rg ets  f or  t h is  wa s te  f or  20 20  ha v e be e n a l r ea dy  a c hi ev e d  by  t he  UK,  but  i t  
i s  ma i nl y  d ev el o pe d  i n  do wnc yc l i ng  p roc es s e s  ( ba c k f i l l i ng)  wh er ea s  upc yc l i ng  ( s uc h  a s  re c yc l e  i n  
n ew c o nc re t e  ba tc h es )  s t i l l  k ee ps  a t  a  l ow pe rc e nta ge .  Th e a i m of  t h is  pa p e r  is  to  ex pl o r e  furt he r  
wit hi n  th e  us e  o f  r ec y c l ed  a g gr e ga t es  f ro m  c ons t ruc t io n  a nd d em ol i t io n  wa s t e  ( C D W)  i n  c onc re t e  
mix es  s o  a s  to  im pr ov e u pc yc l in g .  A  r evi e w  of  m os t  u p- t o- da t e  res ea rc h  a nd l eg is l a t io n  a ppl i ed  
in  th e  U K  is  de vel op e d  r e ga r di ng  th e  a s s em bl y  of  c onc r et e  bl oc k s .  A s  a  c a s e  s tu dy ,  in i t ia l  t es ts  
w er e  d ev el o p ed  wi th  a  C DW r ec yc l ed  a g gr ega t e  s a mpl e  f ro m  a  C DW pl a n t  i n  S wa ns ea .  
C omp os i t io n  by  v is ua l  ins p ec t i on  a n d  s i evi ng  t es ts  of  t wo  s a mpl es  w e re  dev el o p ed  
a nd c o mpa re d  to  or ig i na l  a ggr e ga t es .  Ov e r  7 0%  wa s  f or m ed  by  s oi l  wa s te  fr om  exc a va t i on,  a nd  
a l s o  the  r es t  wa s  a  mi x  of  wa s te  f r om  m or ta r ,  c o nc r et e ,  a nd c e ra m ic s  with  s ma l l  tra c es  o f  p l a s te r ,  
g l a s s  a nd o rga ni c  ma tt er .  T wo c o nc r et e  m i xes  w er e  ma d e with  80%  re pl a c e m en t  o f  r ec yc l e d  
a ggr ega tes  a nd di f f er e nt  wa t er/ c e me nt  ra t io .  Tes ts  we r e  c a r ri e d  out  fo r  s l u mp,  a bs or pt i on ,  
de ns i ty  a n d c o mp r es s i on  s tr e ng th .  T he r es ul ts  w er e  c ompa r ed  to  a  r ef e re nc e  
s a mpl e  a n d s ho w ed  a  c ons i d era bl e  r ed uc t i on  of  qua l i ty  i n  b oth  mi x e s .  Des pi te  tha t ,  th e  dis c us s ion  
br in gs  t o  i de nt i fy  di f f e re n t  a s p ec ts  to  s ol ve ,  l ik e  h e te ro g en ei ty  or  c omp os i t io n,  a nd a na l y ze  t he m  
for  the  s uc c es s f u l  us e  of  th es e  rec yc l ed  a g gr e ga t es  in  th e  p rod uc t i on  o f  
c onc re t e  bl oc k s .  Th e c onc l us i ons  ob ta i ne d  c a n hel p  i nc r ea s e  upc yc l ing  pr oc es s es  ra t i o  wi t h  mix ed  
C DW  a s  rec yc l ed  a gg r e ga tes  i n  c o nc r et e  wa s t e ,  us ua l l y  m ix ed ,  whic h  c a n  b e c om pos ed  of  d i f fe r en t  
ori g i n  
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ma t er ia l s ,  mos t  o f  th e m  c a ta l ogu ed  a s  no n- h a za rdous .  Th e E ur op ea n Uni o n  ta rg e ts  fo r  th i s  wa s te  
for  2 020  ha v e b e en  a l rea d y  a c hi ev ed  by  t he  UK ,  but  i t  i s  ma i nl y  de vel op ed  i n  do w nc yc l in g  
pr oc es s es  ( ba c k f i l l in g)  wh e r ea s  u pc yc l in g  ( s u c h  a s  r ec yc l e  in  n e w c onc re t e  ba tc h es )  s t i l l  k e eps  a t  
a  l ow p erc e nta g e .  Th e a im  of  th is  pa p e r  is  to  ex pl or e  f ur th er  with in  th e  us e  of  r ec yc l e d  
a ggr ega tes  fr om c o ns t ruc t i o n  a nd d e mol i t io n  wa s t e  ( C D W)  i n  c o n c re t e  mi xes  s o  a s  to  i mp rov e  
upc yc l in g .  A  r evi e w  o f  mos t  u p- to- da t e  r es e a rc h  a nd l eg is l a t io n  a ppl i ed  i n  th e  U K is  d e vel o p ed  
re ga r di ng  th e  a s s em bl y  of  c o nc r et e  bl oc k s .  A s  a  c a s e  s tudy ,  i ni t ia l  tes ts  we r e  d ev el o pe d  wi th  a  
C DW rec yc l ed  a g gr ega t e  s a m pl e  fr om  a  C DW pl a n t  in  Swa ns ea .  C om pos i t io n  by  
v is ua l  ins p ec t io n  a nd  s ievi ng  t es ts  o f  tw o  s a mpl es  w e r e  dev el o pe d  a nd c o mpa re d  to  orig ina l  
a ggr ega te s .  Qui t e  70%  wa s  for me d  by  s o i l  wa s t e  fr om  exc a va t io n ,  a nd  th er ef o re  th e  r e s t  wa s  a  
mix  of  wa s t e  f rom  mo rta r ,  c o nc r et e ,  a nd  c era mic s  w ith  s ma l l  tra c es  of  p l a s te r ,  g l a s s  a nd  
orga nic  ma t t er .  T w o c onc re t e  mix es  w e r e  m a de  w ith  80%  re pl a c e me nt  o f  r ec yc l e d  a g gr e ga tes  a n d 
di f fe r en t  wa t e r/ c em e nt  ra t io .  T es ts  w e r e  c a rri ed  o ut  fo r  s l u mp,  a bs o rp t io n,  d e ns i ty  a nd 
c omp r es s io n  s tr e ngt h .  Th e  r es ul ts  we r e  c ompa r ed  to  a  r ef er e nc e  s a mpl e  a nd s h ow ed  a  
c ons i d era bl e  re duc t io n  of  qua l i ty  in  bot h  mix es .  D es p it e  tha t ,  t he  dis c us s i o n b ri ngs  t o  i de nt i fy  
di f fe r en t  a s p ec ts  to  s ol ve ,  l ik e  he t er og e ne ity  or  c om pos i t io n,  a nd  a na l yze  th em  for  th e  
s uc c es s fu l  us e  of  t hes e  rec yc l ed  a gg r ega t es  i n  th e  pr oduc t io n  o f  c o nc r et e  bl oc k s .  Th e c o n c l us ions  
ob ta in e d  c a n h el p  inc r ea s e  upc yc l i ng  pr oc es s es  ra t io  wi th  m ix ed  C DW a s  r ec yc l e d  a gg r ega t es  i n  
c onc re t e  m ix es .  Th e c ons t ruc t io n  i nd us t ry  ge n e ra t es  l a rg e  a mo unts  of  wa s t e ,  us ua l l y  mi xe d,  
whic h  mi ght  b e  c om po s ed  of  va r ious  o rig in  ma t er ia l s ,  m os t  of  th e m  c a ta l og ue d  a s  no n- h a za rdous .  
the  ec u  U ni on ta rg e ts  f or  th is  wa s te  fo r  202 0  a re  a l r ea dy  a c hi ev ed  b y  the  u ni t ed  k i ng dom ,  but  i t ' s  
ma inl y  de vel op ed  in  d ow nc yc l i ng  p roc es s es  ( ba c k f i l l i ng)  wh er ea s  upc yc l in g  ( s uc h  a s  r ec yc l e  i n 
n ew c o nc re t e  ba tc hes )  s t i l l  k e eps  a t  a  c of f e e  p erc e nta g e .  Th e a i m of  t h is  pa pe r  is  to  ex pl o re  
fur th er  wi thi n  th e  us e  of  rec yc l ed  a gg r ega t e s  fro m  c o ns t ruc t io n  a nd de mol i t io n  wa s t e  ( C DW)  in  
c onc re t e  mi x es  s o  o n imp ro ve  upc yc l i ng .  A  re vi ew  of  mos t  u p- t o- da te  r es ea rc h  a nd l eg is l a t io n  
a ppl i ed  wi thi n  the  U K  is  d ev el o pe d  re ga r di ng  th e  a s s e m bl y  o f  c o nc r et e  bl oc k s .  A s  a  c a s e  s t udy ,  
ini t ia l  t es ts  w e re  d ev e l op ed  wit h  a  C D W rec y c l ed  a g gr ega te  s a mpl e  fro m  a  C D W pl a n t  i n  S wa ns ea .  
C omp os i t io n  b y  v is ua l  ins p ec t io n  a n d s i evi ng  tes ts  o f  t wo s a m pl es  w er e  d ev el o pe d  a n d c ompa r ed  
to  or ig i na l  a ggr e ga t es .  Quit e  70 %  wa s  fo rm ed  by  s oi l  wa s t e  f ro m  exc a va t i on ,  a nd a l s o  the  res t  
wa s  a  mixt ur e  o f  wa s t e  f rom  mo rta r ,  c onc r e te ,  a nd  c e ra m ic s  wi th  s ma l l  tra c es  o f  p l a s t e r ,  g l a s s  
a nd or ga n ic  ma tt e r .  T wo  c o nc r et e  mi x es  w er e  ma d e wi th  80%  r e pl a c em e nt  of  r ec yc l ed  a g gr ega t es  
a nd di f f er e nt  wa t e r/ c em e nt  ra t io .  T es ts  w e re  a dm i nis t e re d  fo r  s l ump,  a bs or pt io n,  de ns i ty  a nd 
c omp r es s io n  s tr e ngt h .  Th e  r es ul ts  we r e  c ompa r ed  to  a  r ef er e nc e  s a mpl e  a nd s h ow ed  a  
c ons i d era bl e  re duc t io n  of  q ua l i ty  i n  bo th  mix es .  D es pit e  tha t ,  t he  dis c us s io n  b ri ngs  to  s po t  
di f fe r en t  a s p ec ts  to  un ra vel ,  l ik e  h et er og e ne ity  or  c om pos it i o n,  a nd  a na l yz e  th e m  fo r  th e  
s uc c es s fu l  us e  of  t ho s e  r ec yc l ed  a gg re ga t e s  wit hi n  th e  pr oduc t ion  of  c onc r et e  bl oc k s .  Th e 
c onc l us i ons  o b ta in e d  c a n hel p  inc r ea s e  u pc yc l ing  pr oc es s es  ra t io  with  mix e d  C D W a s  rec yc l ed  
a ggr ega tes  i n  c onc r et e  mi x es .  

N o r ea s o na bl y  u n ex pe c ted  or  de pl et i on -  c a u s ing  r ea c t io ns  mus t  be  ta k en  pl a c e  by  th e  a g gr ega t es ,  
wit h  th e  c e m en t  o r  th e  a r mo r.  I t  s h oul d  pos s es s  p e rf ec t  s ha p e pl u s  pa rt ic l e  s iz e  tha t  ma y  hel p  i n  
a c c epta bl e  wo rk a b i l i ty  fo r  th e  c onc r et e .  

Th e v a ri ou s  cl as si f ic at io n  o f  rec ycl ed  ag g re ga te s  f ro m  th e  d ev el o pm e nt  d e mol i t io n  wa s t e  by  
di f fe r en t  ins t i t ut i o n  i n  s e ve ra l  c ou nt ri es .  A  nu m be r  of  the m  a r e:  
c l a s s i f ie d  R A  i nto  fou r  ma i n  c a t eg or ies .  Th es e  a r e  d es c r i be d  a s  fo l l o ws :  
•  R ec yc l ed  c o nc r e te  a g gr ega t e  ( R C A ) :  a gg re ga te  d e riv ed  f ro m  c rus h e d  c o nc r e te  ma d e wi th  N A .  

•  R ec yc l ed  ma s o nr y  a ggr e ga t e  ( R M A ) :  a g gr e ga te  d er iv ed  fr om  ma s on ry  ru bbl e  s uc h  a s  c era mic s  
br ic k s  a nd s a nd–l i m e b ric k s .  

•  M i xe d  r ec yc l e d  a g gr e ga te  ( M R A ) :  a gg r ega t e  c ons is t i ng  ma i nl y  of  R C A  a n d  R M A .  

•  C o ns t ruc t io n  a nd  d e mol i t io n  r ec yc l e d  a ggr ega t e  ( C DR A ) :  

C l ass if i ca ti o n  ba sed  on  W at er  abs o rp t io n  and  L o ss  i n  W ei gh t  

Ta bl e- 2:  C l a s s i f ic a t io n  of  R ec yc l ed  A g gr e ga tes  f ro m  C o ns t ruc t ion  d e mol i t io n  wa s t e  a s  per  
M inis tr y  of  C o ns t ruc t i on  Ja pa n  ( A s  p er  Ka wa na ,  200 0)  
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C l ass if i ca ti o n  ba sed  on  O r ig in  

This  t yp e o f  c l a s s i f ic a t ion  wa s  put  f o rwa rd  b y  R i l e m  ( 19 94)  f or  a g g re ga t es  tha t  a r e  rec yc l ed  fr om  
the  ma jo r  ma t er ia l  i n  c ons t ruc t io n  a s ,  

  Typ e  I  –  M a s o nr y  Wa s t e  or ig i na t e d  A g gr e ga t e s  

  Typ e  I I  –  C o nc re t e  Wa s te  o rig ina te d  A gg r ega t es  

  Typ e I I I -  N a tura l  a g gr e ga tes  +  r ec yc l ed  a g gr e ga tes ;  Th is  ty pe wi l l  b e  ha vi ng  a  ra n g e  of  80 %  
of  na tu ra l  a g gr e ga t e  a nd  10  %  ty pe  I  a gg r ega tes .   

 

F ig .3 .  R ec yc l e d  A gg re g a tes  f rom  M a s o n ry  C o n s truc t io n  D emol i t i on  

C l ass if i ca ti o n  Ba sed  on  C o ns ti tu en ts  

This  c l a s s i f ic a t io n  is  a dva nc e  by  th e  eu  s ta n da rd ,  E N  126 20.  He r e  a n i n  d ep th  s o rt i ng  of  rec yc l ed  
a ggr ega tes  s u pp or t e d  i ts  i ndi v idua l  c ons t i tu e nts  is  f or m ed  a s  s ho w n in  ta bl e- 3 .  
On e exa mpl e  to  po in t  out  wha t  p r ec is el y  th e  c ode wis h es  to  c o nv e y  is ,  th e  na m es  R C U90 ,  R B 10,  
R A 5  impl i es  tha t  a n a g gr ega t e  c o nta i ni ng  c o n c re t e  90%  b y  ma s s ,  10  % l es s e r  ma s o nr y ,  b i tu mi nous  
ma t er ia l  b y  5  t ry  to  s o  on.  
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F ig .4 :  R ec yc l e d  Wa s t e  A ggr e ga t es  fr om  C o nc r et e  Wa s t e  

Ta bl e- 3:  Di f f e re nt  C a t e gor i es  o f  R ec yc l ed  A gg re ga t es  ba s ed  o n C ons t i tu en t  Pr es e nt  
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Ta bl e- 4:  Th e  C o ns t i tu e nts  p r es e nt  i n  C o ns t ru c t io n  Wa s t e  D em ol i t io n,  a s  m e nt io ne d  to  ta bl e  3  

 

Ke y  C ha ra c t er is t ic s  o f  R ec yc l e d  A gg r ega t es  fr om  C o ns t ruc t i on  D e mo l i t io n  Wa s te  

  El on g at ed  ag gr eg a tes -   

Wh e n th e  l e ng th  o f  a g gr ega t e  is  l a rg er  tha n  the  op pos i te  tw o di m e ns io ns  th e n i t ' s  c a l l e d  
el o nga t ed  a g gr ega te  o r  th e  l e ngt h  o f  a gg re ga t e  is  bi gg er  tha n  180 %  of  i ts  m ea n  d im e ns io n.  

 

F igur e  5  :  F l a t  pa rt ic l e s  ( l e f t)  a nd  el o nga t ed  pa rt ic l es  ( r igh t)  
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F igur e 6 R a ng e of  f l a t  a nd  el on ga t ed  pa rt ic l e  r a t ios .  Th e  5 : 1  pa rt ic l e  is  v er y  f l a t ,  g iv i n g  a  l e ngt h :  
hei ght  ra t io n  of  5 : 1 .  T he he igh t :  wi dth  d im e ns io ns  s e e n in  th e  ph o to  a r e  a bou t  4 :1 .  

  Ir regu l a r  –   

 Thes e  a r e  s ha p ed  by  a ttr i t i on ,  bu t  a r en' t  f u l l y  rou nd ed.  Th es e  i nc l u d e s ma l l  s to nes  a nd 
gra v el ,  a nd  of fe r  r edu c ed  w ork a bi l i t y  t o  ro und ed  a gg r ega t es .  Th e  mi xtu r e  with  i rr eg ul a r  
s ha pe ha s  h ig he r  p e rc e nta g e  of  vo ids  s ta rt i n g  fro m  35 t o  37%.  I t  g ives  l es s e r  w ork - a bi l i t y  
tha n ro un d ed  a gg re ga te  fo r  th e  g iv en  wa t e r  c o nt e nt .  Wa t e r  re qu ir em e nt  is  h igh e r  a nd 
he nc e  m or e c e me nt  is  re qu ir e d  f or  c o ns ta n t  wa t er  c e m en t  ra t i o .  T he in te rl oc k i ng  b e tw e e n  
a ggr ega te  pa rt ic l es  is  b es t  tha n rou n de d  a gg re ga t e  bu t  n ot  u p t o  b e  us e d  fo r  to p  s tr e ng t h  
c onc re t e  a nd  pa v em e n ts  s u bj ec t ed  t o  te ns i o n .  

 

  Rou gh  T ex tu re  –   

Th e s ha p e a n d s ur fa c e  te xtu r e  a f f ec t  t he  pr o pe rt ies  of  f r es h  c o nc r et e  qui te  th e  p rop e rt i es  of  
ha rd e ne d  c onc re t e .  
 
R ough - t e xtu r e ,  a nd a n gul a r  pa rt ic l es  r e qui r e  mo re  wa te r  to  p rovi de  w ork a bl e  c o nc r et e  tha n  
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do  s mo oth ,  rou nd e d  a nd  c o mpa c t  pa rt ic l es .  F or  b oth  c r us h ed  o r  n onc rus h ed  a gg r ega t e ,  pr op e r  
gra da t io n  g iv es  th e  id e nt ic a l  s tr e ng th  fo r  th e  id en t ic a l  c em e nt  fa c t o r .  

B on d  be tw e e n  c em e nt  pa s t e  a nd a  g iv e n a g gr ega t e  g en e ra l l y  i nc r ea s es  th e  pa r t ic l es  s u rfa c es  
c ha ng e  f ro m s mo oth  a nd  rou nd e d  to  rou gh  a nd a ngul a r .  Th e r is e  i n  b on d is  v i ta l  fo r  c ho os in g  
a ggr ega tes  f or  c o nc r e t e  wh e re  s t r en gth  a t  ea rl y  a g e  is  v i ta l .  

A ggr e ga t e  s h oul d  b e  f re e d  fr om  f l a t  o r  el o nga t ed  pa rt ic l es .  B ec a us e  th ey  r e qui r e  a  r i s e  in  
mix in g  wa t e r  a nd t hus  ma y  a f f ec t  th e  s tre ng th  of  c o nc r e te  pa rt ic ul a rl y  in  f l exu r e.  
A ggr e ga t e  pa r t ic l e  s ha pe  a nd s u rfa c e  t e xtu re  a r e  im po rta nt  for  c o r rec t  c om pa c t io n,  
de fo rma t io n  r es is ta nc e,  a nd  w ork a bi l i ty .  . . .  In  HM A ,  s i nc e  a gg r e ga tes  a r e  r el i ed  upo n t o  
pr oduc e  s t i f f n es s  a nd s tr en gth  by  i nt e rl oc k i ng  with  ea c h  o th er ,  c u bic  a n gul a r - s ha pe d  pa rt ic l es  
wit h  a  ro ugh  s u rfa c e  t ex tur e  a r e  b es t .  

Th e du ra bi l i t y  o f  th e  c o nc re t e  is  s ev e re l y  l i t t er e d  with  i nc r ea s i ng  th e  s c a l e  of  th e  
c om bi na t i on .  On i nc r e a s ing  th e  m os t  gra in  s i ze  to  12 0–180 mm,  th e  red uc t i on  i n  e ndu ri ng n es s  
is  30–50%  a s  c o mpa r ed  w ith  c o nc r et es  w it h  ma x imu m  a gg r ega t e  s iz e  2 0  mm .  t he r e' s  a l s o  a  
dis c ou nt  w ith in  th e  el onga t io n  l im it .  

Inc r ea s i ng  th e  g ra n ul a r  c om pos it i on  of  th e  mix tu re  inc r ea s es  th e  ef f ic i e nc y  ut i l iza t i o n  o f  
c em e nt  i n  c o nc re t es  wo rk i ng  i n  c o mp r es s i on.  A t  th e  i de n t ic a l  t im e,  th e r e' s  a  d is c ou nt  i n  
de fo rma t io n  a n d a  r i s e  i n  c o ef f ic i e nt  of  e l a s t ic i ty  a nd u ni t  w e ight  of  t he  c onc r et e .  Th e 
e ndu ri ng n es s  o f  th e  c onc re t e  is  s ev er el y  tor m en t ed  by  i nc r ea s ing  th e  di m ens io ns  o f  th e  
mix tur e .  

On i nc rea s in g  th e  m os t  gra i n  s iz e  to  1 20–18 0  mm,  th e  r educ t io n  i n  e ndu ri ng n es s  is  30–5 0 %  a s 
c ompa r ed  wit h  c onc r e tes  wit h  ma x imu m  a gg re ga t e  s iz e  20  mm .  th e re' s  a l s o  a  d is c ou nt  wi thi n  
the  el o nga t i o n  l i mit .  

On  i nc r ea s i ng  th e  c o m bi na t i on  s iz e ,  h om og e n eity  of  th e  c o nc re t e  de te ri or a tes ,  a n d t he r ef or e  
the  va l u es  R p a nd R pb a p pr oa c h  on e a n o the r ,  ev en o n s p ec im e ns  of  th e  id en t ic a l  c ros s -
s ec t i ona l  d i m ens io ns .  

Wh e n  d es ig ni ng  c onc r et es  fo r  g iv e n s tr e ngt h  a n d d e fo rma t io n  pr op er t i es ,  th e  c oa rs e n e s s  of  
the  m ix tur e  is  o ne  a m o ngs t  th e  f or e mos t  i mp orta nt  t ec h nol o gic a l  p a ra m et e rs .  
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  High  P or os it y -   

Th e i nt e rna l  po r e  c ha ra c t er is t ic s  a r e  i mp or ta nt  p ro pe rt i es  o f  a g gr ega t es .  Th e s iz e ,  th e  
num b e r ,  a nd t he r ef or e  the  c o nt i nui ty  of  t he  po res  th rou gh  a n  a gg r ega t e  pa r t ic l e  ma y  a f f e c t  
the  s t r en gth  o f  th e  mi xtu re ,  a b ra s io n  r es is ta nc e ,  s ur fa c e  t ex tu re ,  r el a t iv e  d e ns i t y ,  b on di ng  
c a pa bi l i t i es ,  a n d  r es i s ta nc e  to  f re ez in g  a n d tha wi ng  a c t i o n.  A b s or pt i on  rel a t es  t o  the  
pa rt ic l e ' s  a b i l i ty  t o  r e qui r e  in  a n e xc e e di ngl y  l iqui d .  Po ros i ty  ma y  b e a  ra t io  of  th e  a mo u nt  
of  th e  po r es  to  th e  e nt i r e  vol u m e o f  th e  p a rt ic l e .  P e rm ea bi l i ty  re f ers  to  t he  pa r t ic l e ' s  
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a bi l i t y  to  p e rmi t  l iqu i ds  to  m ee t  u p w ith .  I f  the  r oc k  por es  d on' t  s e em  to  b e c on n ec t ed ,  a  
roc k  ma y  ha ve  h i gh  po ros i ty  a nd  l o w p er m ea bi l i ty .  

•  F is su r ed  S u rf ace  –A  l on g  f in e  c ra c k  wi thi n  th e  s u rfa c e  of  s o me th ing  is  na me d  a  f is s u r e .  
I f  yo u  s ee  a  f is s ur e  wi t hin  th e  ic e  on  a  f roz e n  l a k e,  y ou  wi l l  ne e d  t o  re qu ir e  of f  yo ur  s k a tes  
a nd h ea d  ba c k  to  th e  c a r .  F is s u r e  ha s  i ts  ro ots  wit hi n  th e  L a t i n  wo rd f is s u ra ,  m ea ni ng  a  
c l ef t  o r  c ra c k .  

•  High e r  Wa te r  Re qu i rem en t  –T wo of  th e  f or em os t  c o mmo nl y  s p ec i f i ed  r e qui r em e nts  f or  
c onc re t e  e mpl o ye d  i n  th e  ma nufa c t ur ed  c onc r et e  pr oduc ts  ind us t ry  a r e  th e  l o ok  
c omp r es s iv e  s t r en gth  ( f ’  c )  a nd th e r ef or e  th e  ma xi mum  wa t er- to- c e me nt  ra t i o  ( w/ c ) .  Th es e  
two va l u es  a r e  i nv e rs el y  r el a t ed ,  wh ic h  im pl ies  tha t  bec a us e  t h e  wa te r- t o- c e m en t  ra t io  
inc rea s es ,  the  c om pr es s iv e  s t r en gth  dec r e a s es .  N ot  onl y  do es  the  w/ c  ra t io  ha v e  a  
po we rf ul  i nf l u e nc e  o n c o mp r es s iv e  s tr e ng th ,  but  i t  a l s o  a f f ec t s  th e  p e rm ea bi l i ty  a nd 
u l t ima t el y  th e  s tu rdi n es s  o f  t he  c o nc r e te .  B oth  o f  t hos e  pr op e rt i es  b ec o m e ex tr e m e l y  
imp or ta n t  wh e n th e  p r ec a s t  p ro duc t  a re  goi n g  to  be  s u b jec t ed  t o  a  c or ros iv e  e nvi ro nm e nt  
or  f re ez e- t ha w c o ndi t io ns ,  o r  wh e n i t ' s  re qu ir e d  to  s up pl y  a  wa te rt igh t  s truc tur e .  
C onc re t e  is  i nt e nd ed  to  r es is t  a  s p ec i f ic  m a ximu m  l oa d  p e r  a r e a  be fo r e  fa i l i ng ,  c a l l e d  
c omp r es s iv e  s tr e ng th  va ri ety  of  th in gs  i nf l u e nc e  th e  concrete ’s  a b i l i ty  to  r es is t  th e  fo rc e  
fro m  a n a p pl i ed  l oa d ,  l ik e  t he  di m ens io ns ,  t yp e,  qua n t i ty  a n d g ra d a t io n  o f  a gg r ega tes ,  th e  
s ort  a n d qua nt i ty  of  c em e nt  a n d/ o r  s uppl e m e nta r y  c em e nt i t i ous  m a te ria l s ,  th e  nu mb e r  o f  
mix  wa t e r ,  th e  a ge  or  ma tu ri ty  of  th e  c o nc r e te ,  a nd a l s o  th e  p ro du c t io n  p ra c t ic es  u t i l iz e d  
in  pl a c in g ,  c o ns ol ida t i ng  a nd c u ri ng  th e  c o n c re t e .  Sma l l  c ha n ges  i n  a n y  o f  th os e  va r ia bl es  
c a n ha ve a  pr of oun d  ef f ec t  o n th e  concrete ’s  c om pr es s i ve  s t r e ngt h ,  p er m ea b i l i ty  a n d 
s tur di nes s .  T o  a c c ou n t  fo r  s uc h  va ria bl es ,  mix es  a re  d es ig n ed  t o  s a t is fy  a  m edia n  o r 
re qu ir e d  c om pr es s i ve  s tr en gth  ( f ’  c r) ,  w hic h  is  l a rg er  tha n  the  pl a n ni ng  s t r en gt h .  
Pr oc e dur es  f or  d et e rm ini ng  th e  c om mo n o r  re qu ir e d  c o mp r es s iv e  s tr en gth  a r e  a dd r es s e d  
in  c ha p t er  5  of  A C I  318 a n d a r e  c ov e r ed  with in  th e  M a y/ Jun e  2004 M C  a rt ic l e  t i t l ed  
“Standard  Deviat ion”  ( a va i l a bl e  a t  w w w. pr e c a s t .or g ) .  Onc e  ge n e ra l  re qu ir e me nts  l ik e  th e  
des ir ed  c om pr es s iv e  s tr e ngth ,  a i r  c o nt en t  a n d s l ump  a r e  es ta bl is h e d,  i ni t ia l  mi x  d es i gns  i s  
a l s o  d ev el op e d  f o l l o wi ng  th e  rul es  i n  A C I  21 1.1 ,  “Standard  P ra c t ic e  fo r  c ho os i ng  
Pr opo rt io ns  fo r  N or ma l ,  H ea vy we igh t  a nd  M a s s  Concrete . ”  

Wa te r- to- cem en t  r a ti o -  Th e ma xi mu m  wa t er - to- c em e nt  ra t i o  is  a l s o  es ta bl is h ed  by  t h e  
c us tom e r  o r  a ut ho ri ty  ha vin g  ju ris dic t i o n  s u ppo rt e d  a n t ic i pa t ed  ex pos u r e  c o ndi t io ns .  Th e  
ta rg et  w/ c  ra t i o  ma y  b e s el ec te d  f ro m  a va i l a bl e  da ta  on th e  pa rt ic u l a r  ma t e ria l s  w hic h  wi l l  
b e  us ed.  I f  no  s uc h  da ta  is  o f f er e d  th e  w/ c  r a t io  a re  of t en  s el ec t ed  fr om  ta bl e  6 .3 .4( a )  of  
A C I  211. 1  s up po rt ed  the  s p ec i f ie d  c om p res s ive  s tr e ngt h .  Th e l o w er  o f  th e  2  w/ c  ra t i os  
s houl d  b e us e d  f or  th e  c om bo  d es ig n.  Th e wa t er - to- c em e nt  ra t io  is  t ha t  th e  w ei ght  of  wa t e r  
pr ovid e d  du ri ng  a  m ix  div i de d  by  th e  bur d en  of  c e m en ti t ious  ma t e ri a l s .  The ov era l l  w e ight  
of  wa t e r  i nc l ud es  a l l  ba tc h  wa t e r  a nd fr e e  wa t er  f ro m  t he  s ur fa c e  of  a g gr e ga t es .  I f  th e  
num b e r  of  wa t e r  is  p ro vi d ed i n  ga l l o ns ,  i t  c a n  ea s i l y  be  c onv e rt e d  to  pou nds  by  m ul t i pl y i ng  
the  ov e ra l l  ga l l ons  b y  8 .3 4  p ou nds  p er  ga l l on.  C e me nt i t i ous  ma te ria l s  i nc l ud e c e m en t ,  
b l e nd e d  c e m en ts  a n d  s uppl em e nta ry  c em e nti t ious  ma t er ia l s  l ik e  a s h ,  s i l ic a  fu me a nd s l a g .  
Tha nk s  to  t h is ,  th e  wa te r - to- c e me nt  ra t i o  is  a l s o  not ed  bec a us e  th e  wa t e r- to- c em e nt i t i o us  
ma t er ia l s  ra t i o  ( w/ c m ) .  Wh e n c a l c ul a t in g  th e  w/ c  ra t i o ,  t he  fu l l  w eig ht  o f  a l l  c em e nti t io us  
ma t er ia l s  is  e mpl oy ed  wit hi n  t he  d e no mi na to r .   

1  ga l l on  o f  wa t er  =  8 . 3 4  p o u n ds  o f  wa t er  

2.  L i te ra tu re  r evi ew :  

Us e o f  rec yc l ed  a gg re ga t e  i n  c o nc re t e  i s  hel p ful  f or  e nvi ro nm e nta l  p ro t ec t i on.  R ec yc l e d  
a ggr ega tes  a re  th e  m a te ria l s  fo r  th e  l on g  te rm .  Th e a ppl y in g  of  rec yc l ed  a gg r ega te  h a s  be e n  
s ta rt ed  in  a n e xc e e di ngl y  s iza bl e  a mou nt  of  c o ns t ruc t i o n pr oj e c ts  of  th e  va r ious  E uro p ea n,  
A me ric a n,  R us s ia n  a nd  A s ia n  c ou nt ri es .  M a ny  c oun tr i es  a r e  g iv i ng  i nf ra s t ruc tu ra l  l a ws  r el a xa t io n  
for  i nc r ea s i ng  th e  em p l oym en t  o f  rec yc l ed  a g gr ega t e .  Th is  pa p er  r e po rts  t he  el e me nta l  pr op er t i es  
of  r ec yc l e d  f in e  a gg r e ga te  a n d r ec yc l e d  c oa rs e  a gg r ega t e  &  a l s o  c ompa r es  thes e  p ro p er t i es  with  
na tu ra l  a gg re ga t es .  B a s ic  c ha ng es  i n  a l l  a ggr ega t e  pr op e rt i es  a re  d et e rmi n ed  a nd th ei r  e f fec ts  o n 
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c onc re t i ng  wo rk  a r e  d is c us s e d  a t  l e ngt h .  S i mi l a rl y  th e  pr op e rt i es  of  r ec yc l e d  a gg r ega t e  c onc r e te  
a re  a l s o  de t er mi n ed.  B a s ic  c onc re t e  p ro p er t i es  l ik e  c om p res s i ve  s t r en gth ,  f l e xu ra l  s tr en gth ,  
wo rk a b i l i ty  e tc .  a re  e xpl a i ne d  h e r e  f or  va ri ous  c o mb ina t io ns  of  r ec yc l e d  a g gr ega te  w it h  na tu ra l  
a ggr ega te .  
 
Recy cl ed  C on cr et e  Ag gr eg at e  (RC A)  

B a s e  o n s om e  r es ea rc h ,  i t ' s  b e e n re po rt ed  th a t  th e  c onc r et e  ma d e wit h  rec yc l ed  c oa rs e  a ggr e ga t es  
( R C A )  ha s  s i mi l a r  p ro pe rt ies  t o  i t  p rod uc e d  f ro mN A .  M ea n whi l e  th e  ut i l iza t io n  of  R C A  n e eds  
c a ut io n  tha nk s  to  i ts  h igh er  wa t e r  a bs o r pt i on  t e nd e nc y  c om pa r ed  to  N C A .  Th e R C A  ma y  inc l ud e  
the  M i x ed a gg r ega t e  t ha t  c om e fr om  c o ns t r uc t io n  a nd d e mol i t io n  wa s te  t r ea tm e nt  a n d  inc l ud e 
c onc re t e  wa s t e ,  un b oun d  a g gr e ga t es  a n d c era mic  pr oduc ts  a s  th e  a dd it i ona l  mi xtu r e .  
C oda l  gui d el in es  of  re c yc l ed  a g gr ega tes  c on c re t e  i n  va r ious  c o un t ri es  a r e  s ta te d  h er e  w ith  th e ir  
ef fec ts ,  o n  c o nc re t i ng  wo rk .  I n  g e ne ra l ,  pr es e nt  s ta t us  of  r ec yc l ed  a ggr ega te  in  In dia  a l o ng  wit h  
i ts  futu r e  n e ed  a nd  i ts  s uc c es s fu l  ut i l iza t i on  a re  d is c us s ed  he r e .  

Sel ec t ed  i n te r na t i ona l  exp e ri e nc e  ha s  b ee n  out l in e d  he r e  wh ic h  ha s  rel e va nc e  fo r  th e  In dia n  
s i tua t i on :  

A) S co tl and  –  A bou t  63%  ma t eria l  ha s  b e e n r ec yc l ed  in  2000 ,  r ema in in g  37 %  ma t e ri a l  be in g  
dis p os e d  in  l a n df i l l  a nd  ex e mp t  s i t es .  a )  Th e govt  is  f unc t io ni ng  ou t  on s p ec i f ic a t i ons  o f  r ec yc l i ng  
a nd c o de of  p ra c t ic e .  b)  A tt e mp t s  a r e  be in g  ma de fo r  es ta bl is hi ng  l ink s  wi th  th e  d es ig n  s ys te m,  
c omp ut er iz i ng  t ra ns f e r  n ot e  s ys t e m  to  fa c i l i ta te  da ta  a na l ys is  a nd  fa c i l i ta t i n g  dia l o gu e  b et w ee n  
a ge nc i es  fo r  a d op t io n  of  s ec o n da ry  a gg r ega t es  by  c o ns ul ta nts  a nd  c ont ra c t ors .  

B) De nm a rk  –  c ons is t e nt  wi th  th e  Da n is h  E n vir on m en ta l  Pro t ec t i o n  A g enc y  ( DE PA ) ,  i n  2003,  30 %  
of  th e  ov e ra l l  wa s te  ge n e ra t e d  wa s  C o ns t ruc t ion  & De mol i t i o n  wa s t e .  
a )  C ons is t en t  w ith  DE PA  a r oun d  7 0- 75%  w a s te  is  g en e ra t ed  fr o m  d em ol i t io n  a c t iv i ty ,  20- 25%  
fro m  r e nova t io n  a n d a l s o  the  r ema i n ing  5- 1 0%  f rom  n e w bui l di ng  d ev el o pm e nts .  
b)  Tha nk s  t o  c ons tra ints  of  l a n df i l l  s i te ,  rec yc l in g  c oul d  b e a  k ey  is s u e  f or  th e  c oun try .  
c )  Sta tut ory  o rd e rs ,  a c t io n  pl a n  a n d vol u nta r y  a gre e m en ts  a r e  a dmi nis t e r ed ,  e .g . ,  r eus e  of  a s pha l t  
( 1985) ,  s o rt in g  of  C o n s truc t io n  & De mol i t i on  wa s t e  ( 19 95)  e tc .  

C )  N eth erl and s  –  ov e r  4 0  mi l l io n  C ons truc t io n  & D e mol i t io n  wa s te  is  b ei ng  g en e ra t e d  ou t  o f  
whic h  80 %  is  br ic k  a n d c o nc r e te .  

a )  va ri ety  of  in i t ia t iv es  ta k e n  a b out  r ec yc l ing  ma t e ria l  s i nc e  19 93,  l ik e  p r ev e nt i on  of  wa s t e ,  
s t imul a t e  r ec yc l in g ,  p ro mot in g  b ui l di ng  ma te ria l s  w hic h  ha v e a  ex te n de d  l i f e ,  pr oduc t s  whic h  
migh t  b e  ea s i l y  d is a s s em bl ed ,  s epa ra t i on  a t  s ourc e  a nd pr ohi bi t io n  of  C o ns t ruc t io n  & D em ol i t io n  
wa s t e  a t  l a n df i l l s .  

D) US A  –  C ons truc t io n  & De mol i t i o n wa s te  a c c ounts  fo r  a bo ut  22 %  of  th e  e nt ir e  wa s te  ge n era t e d  
wit hi n  t he  U SA .  

a )  R eus e  a n d r ec yc l i n g  of  C ons tr uc t i on  & D em ol i t io n  wa s te  is  o n e c o mp on e nt  of  l a r g er  hol is t ic  
pra c t ic es  c a l l ed  s us ta i na bl e  or  g r e en  bui l d in g  p ra c t ic e .  

b)  G r e e n  b ui l di ng  c o ns t ruc t i o n p ra c t ic es  ma y  inc l u d e s a l va gin g  dim e ns i ona l  num b e r ,  us i ng  
rec l a i m ed  a gg r ega t es  f ro m  c rus h ed  c o nc re t e ,  gr i nd in g  dr ywa l l  s c ra p s ,  to  us e  a s  s oi l  a m e nd me nt  a t  
the  l oc a t io n .  

c )  P rom ot in g  „ „decons truct ion‟‟  in  s i tu  of  „demol i t ion‟ .  

d)  D ec o ns t ruc t io n  m ea ns  pl a n n ed  b r ea k in g  of  a  bui l d in g  wi th  r eus e  b ei ng  th e  mos t  mot iv e .  

E)  J ap an  –  M uc h  o f  the  R &D  i n  Ja pa n is  c onc en tra te d  on  ma t e ria l s  whic h  mi ght  w i ths ta n d  
ea r th qua k e  a nd pr efa br ic a t i on  a )  85  mi l l io n  a  l ot  of  C ons tr uc t i o n  & D e mol i t io n  wa s te  ha s  be e n  
ge n era te d  in  20 00,  o ut  o f  wh ic h  9 5%  of  c onc re t e  is  c r us h ed  a nd r eus ed  a s  roa d  b ed a nd  
ba c k f i l l i ng  ma t e ria l ,  9 8%  of  a s pha l t  +  c onc r e te  a n d  3 5%  s l udg e  is  r ec yc l e d .   

F )  S ing ap or e  –  C ons t r uc t io n  & D em ol i t io n  w a s te  is  s epa ra t el y  c ol l ec t ed  a nd r ec yc l ed .  A  pe rs o na l  
c ompa ny  ha s  bui l t  a n  a utoma tic  fa c i l i t y  wi th  3 ,  0 0 ,0 00  to n ev e ry  y e a r  c a pa c i ty .  
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G ) Urb a n  cen te r  –  C onc r et e  br ic k s  a nd pa vi ng  bl oc k s  a re  s uc c es s f u l l y  prod uc e d  im pr eg n a t io n  of  
phot o  c a ta l ys t  fo r  c o n t rol l i ng  N ox  i n  a mb i en t  a ir .  

H) I nd i a  –  Us e  f or  e mba nk m e nt  pu rp os e  i n  b rid ges ,  roa ds  etc .  u p  to  th r e e  t o  4%  of  tota l  
pr oduc t io n.  A k ma l ,  Sa mi1  ( 2 011)  ins is t  tha t  the  a va i l a bl e  r es o urc e s  s houl d  be us e d  a p pr op ria t el y  
& wh e n eve r  rec yc l ed  i t  s houl d  b e do n e a t  the  na t io na l  l ev el  with  th e  a s s is ta nc e  of  G UL F  
C OO PE R A T ION  C OUN C IL  ( G C C )  & E N V IR ON M E N T  PR OT E C TI ON  I N DUSTR IA L  C O ( E PIC ) .  Th ey  
obs e rv e  tha t  G C C  c ou n tri es  p ro duc e  qu it e  12 0 mi l l io n  pl en ty  of  wa s te  o nc e  a  yea r  out  o f  whic h  
18 .5 %  is  e xp ou nd ed  t o  s ol id  c o ns t ruc t io n  wa s t e .  R es ul ts  f ro m  D uba i  m un ic ipa l i ty  i ndi c a te  tha t  
out  of  7 5%  o f  10 ,0 00  a  l ot  of  ge n e ra l  wa s t e  pr oduc ed ,  70%  is  o f  c onc re t e  d emol i t i on  wa s te .  Th e 
a utho r  s t ro ngl y  a dv o c a tes  tha t  a  p ow e rful  c omm it me nt  & i nv es tm en t  by  go ve r nm e nt  bo di es  
a ddit io na l l y  a s  p riva te  bo di es  ma k e  th is  n ec es s a ry  fo r  s us ta i na b i l i ty .  Som e  ma t e ria l s  a r e  r eus ed  
for  r ec yc l i ng  l ik e  pl a s t ic ,  g l a s s  e tc .  wit hi n  t he  s a me  wa y  c o nc r e te  a l s o  c a n b e us e d  c o nt inu ous l y  
a s  l ong  b ec a us e  th e  s pec i f ic a t io n  is  tr ue .  R ec yc l in g  s ol id  wa s te  ma te ria l s  fo r  c o ns truc t io n  
pur pos es  bec om es  a n inc rea s in gl y  im po rta n t  wa s t e  ma na g em e nt  o pt i on ,  b ec a us e  i t  c a n  r es ul t  i n  
e nvi ro nm e nta l  a nd ec ono mic  b e n ef i ts .  C ons er va t i on  of  na tura l  r es ou rc es ,  s a v in g  o f  e n erg y  i n  
pr oduc t io n  a nd t ra ns po rta t i o n,  a nd r e duc t io n  of  p ol l ut io n  a r e  th e b e ne f i ts  o f  r e c yc l ing .  
Pa rt ic ul a rl y ,  c o nc r et e  c oul d  b e a  p er f ec t  c ons t ruc t io n  ma t er ia l  f or  r ec yc l i ng .  In  gul f  c oun tr ies  
na tu ra l  res ou rc es  a r e  im po rt ed  f ro m  di f f er e nt  l oc a t i ons  f or  fu l f i l l in g  th e  n ec es s i ty  of  
c ons t ruc t io n.  S ma l l  s ourc es  a va i l a bl e  i n  g ul f  c oun tr i es  in  A ra b i a n  P en ins ul a  a re  l i mi te d .  F o r  
c ons t ruc t io n  wo rk ,  de ma nd  of  d es a l i na t ed  wa t er  & s a nd  l oc a l l y  a va i l a bl e  e xi ts .  C o ns e rva t i on  of  
na tu ra l  s ourc es ,  s a vi n g  na tu ra l  r es ou rc es ,  e ne rgy  tra ns p or ta t i on  & re duc t io n  of  pol l u t io n  a r e  
a dva nta ge .  G ui de fo r  C em e nt  & C o nc r e te  A s s oc ia t i on  of  l a t es t  Z ea l a nd  ( C C A N Z )  8  ha s  s how tha t  
the  c os ts  a ppl yi ng  $1 0 / ton  o nto  l a nd  f i l l  du mpi ng  of t en  ma k e  r ec y c l ing  c onc r et e  a gg r ega te  ( R C A )  
a  pr e fe r r ed  op t io n.  T he ut i l iza t io n  of  R C A  to  c o ns e rv es  na tu ra l  a gg re ga t e  & t he  a s s oc i a t ed  
e nvi ro nm e nta l  c os t  o f  ex pl o ra t i on  & tra ns p or ta t io n  wa s te  mi ni miza t io n  & r e duc i ng  th e  bu rd e n  on  
l a ndf i l l s  ma y  b e a  g l oba l  is s u e.  E xt e ns iv e  res ea rc h  ha s  be e n me t ed  o ut  wo rl d wid e  on t he  
ut i l iza t io n  of  r ec yc l e d  a ggr ega te  in  c onc r et e .  I t  a l s o  s ho ws  tha t  g l o b a l l y  the  c o nc r e te  c ons t ruc t i on  
ind us t ry  ha s  ta k e n a  r es p ons ibl e  a t t i tu d e  to  c onf i r m  tha t  i ts  na tu r a l  res ou rc es  do n' t  s e e m  to  be 
ove r  e xpl oi t e d .  Tha nk s  to  is s ues  r e fe r ri ng  to  s us ta i na b i l i ty  a n d l imit e d  na tu ra l  r es ou r c es ,  i t ' s  
c l ea r  tha t  th e  ut i l iza t io n  of  r ec yc l e d  a nd s ec o nda ry  a gg r ega t es  ( R SA ) ,  fo r  ins ta nc e ,  c rus he d  
c onc re t e  a n d a s pha l t  a nd in dus t ria l  by pr od uc ts  l ik e  a s h  a nd  fu r n a c e  s l a g ,  w i l l  g ro w.  H ow ev e r ,  
c urr e nt l y ,  i t ' s  o nl y  wit hin  th e  U SA ,  Ja pa n,  pa rts  of  W es t e r n  r e gul a t i ons  a r e  s uf f ic i e nt l y  pu t  w ith i n  
the  pl a c e  tha t  th e  ut i l iza t io n  o f  R SA  e xc ee d s  10%  of  t he  o ve ra l l  a ggr e ga t e  us a g e.  C o ns e qu en t l y ,  
wo rl d wid e  th e  u t i l iza t ion  o f  R SA  s ta nds  a t  a pp ro xima tel y  75 0 m i l l ion  to n es ,  i t ' s  l es s  3%  out  of  
tota l  a g gr ega t es  us e  i n  wo rl d .  Th ey  a l s o  i ns is t  tha t  s us ta i na bi l i ty  is  mos t l y  rec og niz ed  a s  a  
fou nda t io n  fo r  r es ou rc e  a n d  en e rgy  –  s a vi ng  tec h nol ogic a l  d ev el o p me nts  in  ma n y  f i e l ds  i nc l udi ng  
tha t  of  c o ns t ruc t io n.  Pa r ek h ,  M o dh era 5  ( 2 0 11)  dis c us s  th e  p ro bl ems  re f er ri ng  t o  s us ta ina bi l i t y  
a nd l i mi te d  na tu ra l  r e s ourc es .  Th ey  a l s o  s u g ges t  us e  of  r ec yc l ed  a n d s ec o nda r y  a g gr ega te s  ( R SA ) ,  
for  i ns ta nc e  c rus h e d  c onc re t e  a nd a s pha l t  a nd i ndus tr ia l  byp r odu c ts  l ik e  a s h  a nd fu r na c e  s l a g .  
Th en pr oduc ts  no w r e us ed  in  s ev e ra l  ma t er i a l  prod uc t i on .  Th e r e  a re  ma n y  s tud i es  tha t  p rov e tha t  
c onc re t e  ma d e with  th is  k ind  of  c oa rs e  a gg r ega t es  c a n ha ve m ec h a nic a l  pr op e rt ies  l ik e  thos e  of  
c onv e nt i ona l  c o nc r et e s  a nd  ev en hi gh - s t r en gth  c onc r et e  is  no wa da ys  a  pos s ibl e  goa l  for  th is  
e nvi ro nm e nta l l y  s ou n d  pra c t ic e .  M i r ja na  Malešev4  e t  a l  ins is te  tha t  th e  n um b er  of  r ec yc l e d  
a ggr ega te  va ri es  wi th  r ive r  a gg r ega t e  b y  t he  po in t  of  0 , 50 ,1 00  res p ec t i vel y .  Th e pr o pe rt ies  o f  
wo rk a b i l i ty  ( s l um p  t e s t)  i mm ed ia t el y  a f te r  mix in g  a nd ha l f - hou r  a f te r  mi xi ng ,  bul k  d e ns i t y  o f  
fr es h  c onc r et e ,  a i r  c o nt e nt ,  b ul k  d e ns i t y  o f  ha r de n ed  c o nc r et e ,  wa t er  a bs o rpt io n  ( a t  a ge  of  28  
da ys ) ,  wea r  r es is ta nc e  ( a t  a g e  o f  2 8  da ys ) ,  c omp r es s iv e  s tr e ng th  ( a t  a g e  o f  t wo ,  7  a nd  2 8 da ys ) ,  
s pl i t t in g  e nd ur in gn es s  ( a t  a ge  of  28  da ys ) ,  f l exu ra l  s t re ng th  ( a t  a ge  of  28  da ys ) ,  mo dul us  of  
e l a s t ic i ty  ( a t  a g e  o f  2 8  da ys ) ,  d ryi ng  s h ri nk a ge  ( a t  a g e  o f  th r ee ,  4 ,  7 ,  14 ,  21  a n d 28 da y s ) ,  bo nd  
b et w ee n  r i b be d  a n d mi l d  re in fo rc em e nt  a nd c o nc re t e  a r e  t es t e d .  N i ne ty  ni ne  s p ec im e ns  w e re  
ma d e f or  t es t i ng  o f  th e  l is t ed  pr op e rt i es  of  h a rd en e d  c o nc r e te .  I t ’s  b ee n  fou nd  th a t  wo rk a bi l i ty  o f  
c onc re t e  wi th  na tu ra l  a nd r ec yc l ed  a g gr ega te  is  n ea rl y  th e  id e nt i c a l  i f  wa t er  s a tura te d  s urfa c e  
dry  rec yc l ed  a gg re ga t e  is  em pl oy ed .  A l s o ,  i f  d ri ed  rec yc l ed  a ggr e ga t e  is  em pl oy ed  a nd ext r a  wa te r  
qua n t i ty  is  a dd ed  d uri ng  m ixi ng ,  th e  id e nt ic a l  work a bi l i t y  a r e  of t e n  a c hie ve d  a f t e r  a  pr e s c ri be d  
t im e.  B ul k  d ens i ty  of  fr es h  c o nc r et e  is  s l ig ht l y  dec r ea s e d  wi th  i nc r ea s e  wi thi n  th e  qu a nt i ty  of  
rec yc l ed  a g gr e ga t e .  T he a uth ors  a l s o  i ns is t  tha t  fo r  c o nc r et e ,  c omp r es s iv e  s t r en gth  ma inl y  
de p en ds  o n th e  s ta nd a rd  o f  r ec yc l ed  a gg r e ga te .  I f  g oo d  q ua l i ty  a ggr ega te  is  e mpl oy e d  fo r  th e  
a s s em bl y  o f  l a t es t  c o n c re t e ,  th e  r ec yc l e d  a gg re ga t e  ha s  no  i nf l u e nc e  o n th e  c om pr es s iv e  s tr e ngth ,  
i r res p ec t i ve  of  th e  r e pl a c em e nt  ra t io  of  na tura l  c oa rs e  a g gr ega te  wi th  r ec yc l e d  a gg r eg a te .  Th e  
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id en t ic a l  f i ndi ngs  a r e  fou nd  fo r  c o nc r et e  en dur in gn es s  ( s pl i t t i ng  a nd f l exu ra l ) .  Th e mo dul us  of  
e l a s t ic i ty  o f  c o nc r et e  a l s o  dec r ea s es  wi th  i nc rea s in g  r ec yc l ed  a g gr e ga te  c on t en t  a s  a  c ons e qu enc e  
of  l o w e r  mod ul us  o f  e l a s t ic i ty  o f  rec yc l ed  a g gr ega t e  c om pa r e d  to  n a tura l  a g gr e ga t e .  Sh ri nk a g e  o f  
c onc re t e  d ep e nds  on  the  qua nt i ty  of  r ec yc l ed  c onc r et e  a g gr ega te .  C onc r et e  wi th  quit e  50%  of  
rec yc l ed  c oa rs e  a ggr e ga te  ha s  s ig ni f ic a n t l y  mo re  s h ri nk a g e  c omp a re d  to  c onc r et e  w ith  na tura l  
a ggr ega te .  I nc r ea s ed  s hri nk a g e  ma y  b e a  res ul ts  of  th e  a tta c h ed  m orta r  a n d c em e nt  pa s t e  with in  
the  r ec yc l ed  a g gr e ga t e  g ra i ns .  B r et t  et  a l 2  ( 201 0)  i ns is t  tha t  th e  em pl oy me nt  of  rec yc l ed  
a ggr ega tes  i n  c o nc r e te  is  bot h  ec o n omic a l l y  v ia bl e  & t ec h nic a l l y  fea s ibl e .  A ddi t io na l l y  to  
de mol i t io n  wa s t e  s ou r c es ,  R A  a l s o  c a n b e c o mpos e d  of  exc es s  C o nc re t e  ma t e ria l s  r et ur n e d  to  th e  
pl a nt .  M i rza  a n d Sa i f 3  ha v e  s tu di ed  th e  ef fec t  o f  s i l ic a  f um e on  r ec yc l e d  a gg r ega t e  c onc re t e  
c ha ra c t eris t ic s .  Th e  o dds  of  r ec yc l e d  a g gr e ga te  r e pl a c e me n ts  o f  na tu ra l  a gg r ega t e  e mp l oye d  by  
w eigh t  we r e  0 ,  50 ,  a n d  100% ,  wh er ea s  t he  c h a nc es  of  s i l ic a  fu m e r e pl a c em e nts  of  c e me n t  ut i l iz ed  
by  w e igh t  w e re  5 ,  10 ,  a nd  15 %.  Th e res ul t s  s how tha t  th e  c om p res s iv e  a nd t ens i l e  s t re ng ths  
va l ues  o f  th e  r ec yc l ed  c onc r et e  a gg r ega te  i n c rea s e  b ec a us e  th e  r e c yc l ed  a g gr e ga t e  a n d a l s o  th e 
s i l ic a  fum e c o nt e nts  in c rea s e.  Th e s tu dy  a l s o  ind ic a t es  tha t  s o  a s  to  a c c omm oda t e  5 0%  o f  r ec yc l e d  
a ggr ega te  in  s truc tur a l  c onc r et e ,  th e  c om bo  ha s  t o  i nc o rp ora t e  5%  of  s i l ic a  f um e.  G upta 7  
dis c us s es  tha t  no r m a l l y  c oa rs e  a gg r ega t e  is  t ha t  the  f ra c tu r ed  s to n e o bta i n ed  f rom  roc k s  in  h i l l s  
or  p e b bl es  f ro m riv e r  b ed,  a n d s inc e  of  d e pl et io n  of  e xc el l e nt  c o n ve nt i ona l  a gg r ega t e  i n  c erta in  
re gi ons ,  t he  r eq uir e me nt  f or  de vel op me nt  o f  R ec yc l ed  A gg r ega t e  t ec h nol o gy  s h oul d  b e  
pr eoc c u pi ed  c o mm e rc ia l l y .  I t ’s  l ik e  a s h ,  w hic h  is  of f e r ed  f rom  el ec tr os ta t ic  pr ec i pi ta tors  o f  
a s s ort ed  s up e r  th e rm a l  pow e r  s ta t io ns  wh ic h  is  a n  in dus t ria l  wa s t e  p ro duc t .  I t ’s  c hem ic a l l y  
rea c t iv e  wh en ,  m ix ed  wi th  c e m en t  t o  be  u s ed  in  c onc r et e .  This  c a n b e a l s o  us e ful  a s  pa rt ia l  
re pl a c e m en t  o f  c em e nt ,  b ec a us e  i t  g iv es  c o nc re t e  ha vi ng  b e tt er  im p er m ea b i l i ty .  T hus ,  i t ' s  a  wid e r  
us e  i n  ind us t ry .  H e a l s o  not i f i es  l a rg e  s c a l e  r ec yc l i ng  of  d e mol is h ed  wa s te  w i l l  o f f e r ,  no t  o nl y  the  
a ns w e r  o f  g ro wi ng  w a s te  dis p os a l  p ro bl e m  a n d  en e rgy  r e qui r em e nt ,  b ut  wi l l  h el p  hous i ng  
ind us t ry  in  ge tt i ng  a ggr e ga t es  l oc a l l y .  Su c h  de mol i t io n  wa s t e  is  c rus h ed  t o  r eq ui r ed  s iz e ,  
de p en di ng  up on th e  p l a c e  of  i ts  a ppl ic a t io n  a nd  c rus h ed  ma t e ria l  i s  s c ree n ed  s o  a s  to  pr ovid e  
rec yc l ed  a gg r eg a te  o f  a pp ro p ria t e  s iz es .  A n a g gr ega t e  pr oduc ed  by  d e mol is h ed  bui l d ings  a r e  
goi ng  to  b e c a l l ed  R ec yc l e d  A gg re ga t es .  S a nk a r na ra ya na n 10  et  a l  s e e  t he  s c e na rio  in  In dia  
pr es enc e  of  C ons truc t i on  &  D em ol i t io n  wa s t e  a n d  o th er  in e rt  ma t er ia l  ( e .g .  dra i n  s i l t ,  d us t  a n d 
gri t  f r om  r oa d  s w e ep in g)  a n d  o bs e rv es  th e  fo l l owi ng:  

i )  Th e pot e nt ia l  to  s a v e  l ots  of  na tu ra l  r es ou rc es  ( s to n e,  r iv e r  s a n d ,  s oi l  etc . )  a nd e n er gy ,  ex i ts  i n  
thes e  wa s tes  

i i )  I ts  oc c upy in g  s i g ni f ic a nt  s pa c e  a t  l a n df i l l  s i tes .  

i i i )  I ts  p res e nc e  s p oi l s  pr oc es s in g  of  bi o- d e gra da bl e  l ik e wis e  r ec yc l a bl e  wa s t e ,  C ons tr uc t io n  &  
De mol i t io n  wa s t e  ha s  pot e nt ia l  us e  a f t er  pr oc es s i ng  a nd g ra di ng ,  Ut i l iza t i on  o f  C ons tr uc t io n  &  
De mol i t io n  wa s t e  is  s ort  o f  c om mo n in  i ndus tr ia l ize d  c ou nt ri e s  but  i n  Ind ia  u p to  now no  
orga niz e d  ef f or t  ha s  b e en  ma d e.  T he  a uth or  s ugg es ts  th e  f o l l ow in g : -  Hi era rc hy  - Th e pr in c ipl e  of  
„3R‟  –  r ed uc t i on ,  r eus e  a nd  r ec yc l e  is  a p pl ic a bl e  fo r  C &D  wa s t e  PL A N - Wit h  a n h on es t  p l a n  dur in g  
c ons t ruc t io n  or  d e mo l i t io n,  i t ' s  p os s i bl e  t o  a t te nua t e  wa s t e  ge n era t io n  by  r e duc i ng  wa s ta g e  
( re duc t io n) ,  fo l l o w ed  by  r eus e  o r  s a l va ge  o f  the  ma te ria l s  of  th i ngs  l ik e  d oo r/ wi ndo w  fra m e,  
pa n es  a nd  s hu tt ers  etc .  

Th e l a s t  wi thi n  th e  l is t  o f  p ri or i ty  r ec yc l e  is  fea s i bl e  by  wa y  o f  s e gr ega t io n  of  th e  c om p on e nts ,  
c rus hi ng  th e  ma s s iv e  a ggr e ga t es  a nd  us i ng  th e  va ri ous  s iz e  g ra d es .  

Wo rk i ng  Su b- G r oup o n c ons t ruc t io n  a n d  de mol i t io n  wa s t e  
Pr es enc e  of  C o ns t ruc t ion  &  D e mol i t io n  wa s t e  a n d  o th er  i n e rt  ma t er ia l  ( e .g .  dra i n  s i l t ,  d us t  a nd 
gri t  f r om  r oa d  s w e ep i ng)  is  c r i t ic a l  a  c oupl e  of  th ir d  of  th e  fu l l  m unic i pa l  s ol id  wa s te  g e ne ra t ed .  
C ons t ruc t io n  & D em ol i t io n  wa s t e  ha s  t o  b e  fo c us ed  u po n s e ea bl e  of :  

( i )  T he  p ot e nt ia l  to  s a ve  l ots  of  na tu ra l  r es o urc es  ( s t on e ,  r iv e r  s a n d,  s oi l  etc . )  a nd  e n er gy .  

( i i )  I ts  bul k  wh ic h  is  c a rri e d  ov er  l o ng  dis ta n c es  fo r  jus t  du mp in g .  

( i i i )  I ts  oc c up yi ng  s ig n i f ic a n t  s pa c e  a t  l a nd f i l l  s i t es .  
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( iv)  I ts  pr es e nc e  s poi l i ng  p roc es s i ng  o f  b io- d eg ra da bl e  i n  a dd it i on  rec yc l a bl e  wa s t e .  C o ns truc t io n  
& D em ol i t io n  wa s t e  ha s  po te nt ia l  us e  a f te r  p roc es s i ng  a nd  g ra di ng .  Ut i l iza t io n of  C o ns tr u c t io n  &  
De mol i t io n  wa s t e  is  s o rt  of  c om mo n i n  i nd us tria l iz e d  c ou nt ri es  bu t  in  In dia  t o  da te  n o  o r ga niz ed  
ef fo rt  ha s  b ee n  ma d e .  

 G o ve rnm en t  a nd  UL B  (U rb a n  S e rv ice s  L td . )  In it i at ive s  

1.  Th e Sol id  Wa s t e  M a na g em e nt  ( S WM ) C e l l  o f  th e  gov e rn m en t .  Of  M a ha ra s ht ra  ha s  g iv e n  a  
pr omi n e nt  pl a c e  t o  C & D  wa s te  i n  th ei r  a c t io n  pl a n .  A c t io n  poi n t  1  s ta te  tha t  „ „Separate  c o l l ec t io n  
of  d e br is  a n d bul k  wa s te .  E a c h  c i ty  ha s  t o  h a ve  i ts  ow n mec ha nis m  fo r  c ol l ec t i on  a nd d is pos a l  o f  
wa s t e  f r om  bul k  wa s t e  pr oduc e rs  a nd c ons t ruc t i o n  debris‟ ‟  ( pr es c ri be d  t im e  –  30 th  N o vem b e r ,  
2006) .  

2 .  M un ic i pa l  C or po ra t ion  of  M u m ba i  ha s  n ot i f i ed  C o ns t ruc t io n  a nd D em ol i t io n  a n d Des i l t i ng  
Wa s t e  ( M a na g e me nt  a nd Ha n dl i ng)  R ul es ,  2006‟‟ .Cons truc t ion  & De mol i t io n  wa s t e  to ge the r  wi th  
s i l t  wa s  us e d a s  c o ve r  ma t er ia l  w ith in  th e  c l os ur e  pr oj ec t  of  o l d  dum p - s i t e  a t  G o ra i  i n  M um ba i .  
Th e bul k  of  C o ns t ruc t ion  &  De mol i t i on  wa s t e  g e n era te d  i n  Del h i  do es n' t  g et  i nto  th e  m unic i pa l  
s ol id  wa s te  s tr ea m  a s  M a na ge m en t  of  c on s truc t io n  a n d d em ol i t ion  wa s t e  ( M C D)  ha s  c er ta in  
int e rm e dia t e  p oi nts  f o r  C o ns t ruc t i on  & D em ol i t i on  wa s t e  b ut  p ro p er  dis p os a l  ma y  b e a  pr obl em  
b ec a us e  th e  d e b ris  is  dum p ed  wi thi n  th e  e xis t i ng  l a nd f i l l s ,  ea t i n g  i nto  th ei r  s pa c e.  M C D  wa s  
ins t ru m en ta l  i n  g et t i ng  a  f ea s i bi l i ty  s t ud y  w or n out  c ol l a b or a t io n  wit h  IL &F S.  T he s tudy  
“Feas ibi l i ty  s tu dy  on  us e  of  C o ns t ruc t io n  &  D em ol i t i on  wa s t e  i n  roa d  works”  wa s  dol e  out  by 
C R R I .  T he  s tu dy  fo un d  pot e nt ia l  f ea s i bi l i ty  fo r  a ppl ic a t io n  in   

 ( a )  E m ba nk m e nt  a n d s ub- g ra d e  c ons tr uc t i on ,  

 ( b)  S u b- ba s e  c o ns t ruc t io n,   

( c )  Sta bi l iz e d  ba s e  c o u rs e  c o ns t ruc t io n  a nd  

 ( d)  R ig i d  pa v em e nt  c o ns t ruc t i o n.   

M C D  ha s  a l l oc a t ed  a  D B OT  p ro jec t  fo r  c o r rec t  s t ora g e  a n d c ol l ec t i o n  o f  500  T PD  C o ns tr u c t io n  & 
De mol i t io n  wa s te  fr o m  3  M C D  zo nes ,  tra ns po rta t i o n  to  a n i d en t i f ie d  s i t e  wh e r e  th e  fa b ric  w oul d  
b e pr oc es s e d  a nd u t i l i zed .  Th e r ej ec ts  woul d  be l a n d  f i l l ed  a t  th e  i d e nt ic a l  s i t e .  Th e  DB O T pa rt n e r 
–  IL &F S  Wa s te  M a na g em e nt  a nd c o nc r et e  S er vic es  L td .  woul d  a l s o  bui l d  a  „ test‟  roa d  us in g  
pr oc es s ed  C & D  wa s t e  wit h  t ec h nic a l  a s s is ta n c e  of  C R R I  whic h  mi gh t  th e n  b e mo ni to re d  fo r  qui t e  a  
yea r .  

3 .  E f fo rts  wo ul d  b e ma d e f or  ma rk et  de vel op m en t  of  pr oc es s e d  C & D  wa s t e .  
R el e va nt  ru l es  a n d g uid el i nes  C &D  is  b ri ef l y  inc l u de d  w ith in  the  „Munic ipa l  Sol i d  Wa s te  
( M a na g em e nt  a n d Ha ndl i ng)  R ul es ,  2000‟  but  th er e ' s  n o  d eta i l  inf or ma ti on ,  e xc ept  a  quic k  
me nt io n  in  Sc h ed ul e  I I  o f  th e  rul e  fo r  i ts  s ep a ra t e  c ol l ec t i on .  This  br i ef  m en tio n  do es n' t  a pp ea r  to  
b e  s u f f ic ie nt  s e ea bl e  o f  i ts  g ro wi ng  qua n tum  a nd  a l s o  th e  wa y  i t  a f fec ts  th e  g e ne ra l  ma na ge m en t  
of  mu nic i pa l  s ol i d  wa s te .  G r ea t er  d eta i l s  a n d mo re  t e eth  a r e  r e qui r e d   

 ( a )  C o nt rol l i ng  th e  s i t ua t io n  a nd  

 ( b)  M a na g e m en t  o f  C &D  wa s t e  i n  a  c om pr e he ns iv e  ma n n er  w hic h  is  l ik el y  t o  ha v e s ig n i f ic a n t l y  
pos i t iv e  im pa c t  o n t he  ove ra l l  s c ena ri o  of  wa s te  ma na g em e nt  a n d c l ea nl i n es s .  

3.  L O G IS T IC S  O F  R EC Y C L ED  AG G REG A TE  PR O D UC TIO N  

 F or  us e  of  l e f to ve r  c onc re t e  a g gr ega te ,  t he  b es t  s i tua t i on  is  wh er e  th e  c onc r et e  p l a nt  a nd 
a ggr ega te  pl a n t  a r e  o n  the  id en t ic a l  s i t e  thu s  min im iz i ng  th e  c a rta ge  of  th e  l ef tov e r  c o n c re t e  to  
the  c rus hi ng  pl a n t .  Th e e mpl oy m en t  of  mo bi l e  c rus hi ng  pl a n ts  s tr a teg ic a l l y  l oc a t ed  c a n  r educ e  
the  d em ol i t i on  c o nc r et e  a n d  rec yc l ed  a gg r ega te  c a rta g e  dis ta nc es  a n d mi ght  b e  j us t i f i ed  on  l a rg er  
pr oj ec ts .  
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3. 1  P r od u ct io n  of  C o n cre te  A gg re g at e  f r om  De mol i ti o n  M at er ial : -  

R ec yc l e d  a gg r ega t es  t o  b e  p rod uc e d  f ro m  a ge d  c onc r et e  tha t  ha s  b ee n  d e mol is h ed  a nd fa r  f ro m  
fou nda t io ns ,  pa v e m en ts ,  b ri dg es  o r  bui l d i ngs ,  i s  c rus h e d  a n d  pr oc es s ed  in to  va ri ous  s iz e  
fra c t io ns .  R e in fo rc i ng  s te el  a n d oth e r  e m b ed de d  i t ems ,  i f  a ny ,  a r e  re mo ve d  a n d c a r e  is  t a k en  t o  
for es ta l l  c onta mi na t i o n  b y  di rt  o r  o th er  w a s te  bui l d in g  ma t e ria l s  l ik e  pl a s t e r  or  gyps um.  I t ’s  
pru d en t  to  s to re  o l d  c onc r et e  s epa ra t el y  to  o th er  de mol i t i on  ma t er ia l s  to  a s s i s t  a void  
c onta mi na t i on .  R ec o rd s  of  the  h is t o ry  o f  th e  de mol i t i on  c onc r et e  –  s tr e ngth ,  m ix  des ig n s  etc .  –
woul d  s el do m  b e a va i l a bl e ,  but  i f  a va i l a bl e  t hes e  a re  us eful  in  d et er mi ni ng  th e  po te nt ia l  o f  th e  
rec yc l ed  a g gr ega te  c o n c re t e .  

 

A ggr e ga t e  c rus hi ng  pl a nt  

 

Wo rk i ng  S e qu e nc e  o f  A ggr e ga t e  c rus hi ng  pl a n t  

3. 2  P r oce ssi ng   

F or  us e  o f  l ef t ov er  c onc re t e  a g gr ega te ,  th e  b es t  s i tua t io n  is  w he re  th e  c o nc r et e  pl a nt  a nd 
a ggr ega te  pl a n t  a r e  o n  the  id en t ic a l  s i t e  thu s  min im iz i ng  th e  c a rta ge  of  th e  l ef tov e r  c o n c re t e  to  
the  c rus hi ng  pl a n t .  Th e e mpl oy m en t  of  mo bi l e  c rus hi ng  pl a n ts  s tr a teg ic a l l y  l oc a t ed  c a n  r educ e  
the  d em ol i t i on  c o nc r et e  a n d  rec yc l ed  a gg r ega te  c a rta g e  dis ta nc es  a n d mi ght  b e  j us t i f i ed  on  l a rg er  
pr oj ec ts .  

3. 3 P r od u ct io n  of  C o n cre te  A gg re g at e  f r om  De mol i ti o n  M at er ial : -  

R ec yc l e d  a gg r ega t es  t o  b e  p rod uc e d  f ro m  a ge d  c onc r et e  tha t  ha s  b ee n  d e mol is h ed  a nd fa r  f ro m  
fou nda t io ns ,  pa v e m en ts ,  b ri dg es  o r  bui l d i ngs ,  i s  c rus h e d  a n d  pr oc es s ed  in to  va ri ous  s iz e  
fra c t io ns .  R e in fo rc i ng  s te el  a n d oth e r  e m b ed de d  i t ems ,  i f  a ny ,  a r e  re mo ve d  a n d c a r e  is  t a k en  t o  
for es ta l l  c onta mi na t i o n  b y  di rt  o r  o th er  w a s te  bui l d in g  ma t e ria l s  l ik e  pl a s t e r  or  gyps um.  I t ’s  
pru d en t  to  s to re  o l d  c onc r et e  s epa ra t el y  to  o th er  de mol i t i on  ma t er ia l s  to  a s s i s t  a void  
c onta mi na t i on .  R ec o rd s  of  the  h is t o ry  o f  th e  de mol i t i on  c onc r et e  –  s tr e ngth ,  m ix  des ig n s  etc .  –
woul d  s el do m  b e a va i l a bl e ,  but  i f  a va i l a bl e  t hes e  a re  us eful  in  d et er mi ni ng  th e  po te nt ia l  o f  th e  
rec yc l ed  a gg r ega t e  c on c re t e .  M os t  r ec yc l e rs  u s e  a  ja w c rus h e r  f or  p r ima ry  c rus hi ng  b ec a us e  i t  c a n  
ha ndl e  l a rg e  pi ec es  of  c onc r et e  a n d r es id ua l  rei nf orc e me nt .  Im pa c t  c rus h ers  a r e  p r ef e r re d  fo r  
s ec o nda ry  c r us hi ng  a s  they  p rod uc e  th e  n ex t  p erc e nta g e  o f  a gg r e ga te  wi thou t  a dh e re d  mo rta r .  
M os t  r ec yc l i ng  pl a nts  ha ve  both  p rima ry  a nd s ec o nda ry  c rus h e rs .  Th e f i rs t  c r us he r  us ua l l y  
re duc es  ma te ria l  r ig ht  do wn to  60- 80 mm w hic h  is  f e d  i nto  a  s ec o nda ry  c r us h er .  th e  fa b ric  f ro m  
the s ec o nda ry  c rus h in g  the n  pa s s es  th rou gh  two s c re e ns  tha t  s epa r a te  th e  c om b ina t io n  i n to  s iz es  
gr ea t er  tha n 19 mm ,  b et w ee n  19 mm  a n d s ev en  m m,  w ith  th e  f a br ic  f in e r  tha n  7  m m b ei ng  
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re mo ve d  ( a nd  us ed  a s  roa d  m eta l ) .  T he  pl us  19  mm  ma t e ria l  i s  f e d  ba c k  t o  the  s ec o nda ry  c rus h er .  
Th e 7- 19 m m fra c t io n  is  s c r e en ed  to  s up pl y  c oa rs e  a gg r ega t e  c ompl yi ng  wit h  th e  gra di ng  
re qu ir e m en ts  o f  N Z S 3 121:1 986 15.   

3. 4 R ecy cl ed  Wa sh  W at er  and  A gg re ga te  R eco ve ry   

Truc k s  c omi ng  ba c k  fr om  s i t e  to  b e  wa s h ed  out  dis c ha r g e  i nto  a  „ concrete  rec la imed‟  w he re  th e  
c oa rs e  a gg r ega t e  a n d  c oa rs e  s a nd  a r e  r ec ove r ed  fr om  t he „ l iquid‟  f i n es  fo r  r e us e .  C oa rs e  
a ggr ega te  r ec o ve r ed  f r om  fr es h  c onc r et e  wi l l  b e  r ec yc l e d  a n d t houg ht  o f  a s  l ov e  v ir gi n  a g gr ega t e ,  
pr ovid e d  th e mo rta r  is  s uf f ic i e nt l y  wa s h ed  o ut .  

 

F igur e 2:  Typ ic a l  s ys t e m  f or  rec yc l in g  wa s h  wa t er/ a gg re ga t e  r ec ov er y  

Typ ic a l  ru ra l  l ow v ol u me r ea dy  mix e d  pl a n t s  op era te  a  r ec yc l in g  s ys te m  tha t  s e tt l es  th e  s ol i ds  
fro m  th e f i nes  ou t  of  s us pe ns i o n  s o  a l l ows  re us e  o f  th e  c l ea r  wa s h  wa te r .  Th e  s ol i ds  t h a t  h a v e 
s et t l e d  a r e  p e ri odic a l l y  r em ove d  a n d a l l ow e d  to  dry ,  b e fo re  dis pos a l  to  l a nd f i l l .  F o r  l a rg e r  pl a n ts  
the  nu mb e r  of  s ol id  m a te ria l  to  b e  dis pos ed  of  is  p roh i bi t iv e ,  a n d a  rec yc l ed  wa s h  wa t e r  s ys te m  
( s e e  F i gu re)  is  of t en  u s ed.  

3. 5 Q u al i ty  C o nt r ol  

Th e f l ow  of  i nt e rna l  c ont rol  is  fr om  i nv es t iga t i on  of  th e  i ni t ia l  c onc re t e  t o  a p pl ic a t io n  o f  th e  
rec yc l ed  c oa rs e  a gg r ega t e  c o nc re t e .  I nt e r na l  c on tr ol  is  m et e d  out  i n  k e epi ng  w ith  th e  
dev el o pm e nt  s p ec i f ic a t io n  & ma n ufa c tu ri ng  guid el i n es  f or  r ec yc l ed  c oa rs e  a g gr ega t e  c onc re t e .  
Int e rna l  c o nt rol  c ov er s  th e  th re e  r es pec t iv e  pr oc es s es  fo r  th e   

a )  O rig ina l  c onc r et e  

b)  R ec yc l ed  c oa rs e  a gg re ga t e   

c )  R ec yc l ed  c oa rs e  a gg re ga t e  c onc r et e .  

A s  a  res ul ts  of  exa m i na t i on ,  a ny  ma t e ria l  t ha t  do es n' t  a da pt  th e  s ta nda r d  r e qui r em e n ts  of  th e 
dev el o pm e nt  s p ec i f ic a t io n  a nd/ or  ma nufa c turi ng  g uid el i n es  a t  a ny  of  thr e e  p roc e s s es  is  
res tr ic t ed  f ro m us e.  

4.  TES TS  O N  REC YC L E D AG G R EG A TE   

De mol is h e d  ma te ria l  o f  r ei nfo rc ed  c e m en t  c onc re t e  ( R C C )  & PC C  is  em pl oy e d  f or  rec y c l ing  in  
fou nda t io n.  Th e l i fe t i me of  R C C  d em ol is h  ma t er ia l  i s  25  yrs .  S uc h  ma t ed  c r us hi ng ,  s iev in g  & 
s epa ra t i on  p roc es s  a r e  do n e by  ma n ua l  c ru s hing  m e tho d.  O n d e m ol is h  ma t er ia l ,  a g gr eg a te  t es ts  
a re  c o n duc t ed  whic h  a re  m e nt io n ed  i n  I n dia n  Sta nda r d  c od e f or  na tu ra l  a ggr ega t e  & c hec k  
fea s i bi l i ty .  

 4 .1  P ro p er t i es  of  R ec y c l ed  C o nc r et e  A gg r ega t e: -  

 4 .1 .1Pa rt ic l e  S ize  D is t r i but io n: -   
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Si ev e  a na l ys is  is  d is p e ns e d  a s  pe r  IS  2 386  for  c rus h ed  rec yc l ed  c onc re t e  a gg re ga t e  a nd  na tura l  
a ggr ega tes .  I t ’s  f oun d  tha t  r ec yc l ed  c oa rs e  a ggr e ga t e  a r e  r e duc ed  to  n um e rous  s iz es  dur ing  th e  
me tho d  of  c rus hi ng  a nd s i ev in g ,  wh ic h  p r ovid es  th e  s i mpl es t  p a rt ic l e  s iz e  dis tr ib ut i on.  Th e 
a mou nts  o f  f i n e  pa rt ic l es  b ut  4 . 75 mm  a f te r  r ec yc l i ng  o f  d em ol is h e d  wa s t e  w er e  wit hi n  t he  o rd e r  
of  5- 20%  d ep e ndi ng  upo n t he  i ni t ia l  g ra d e  of  d emol is h ed  c onc r et e .  th e  mos t  ef f ec t iv e  qua l i t y  
na tu ra l  a ggr ega te  ma y  be  o bta in e d  by  p ri ma ry ,  s ec o nda ry  & t e rt ia ry  c rus h in g ,  wh e r ea s  th e  
id en t ic a l  i s  o bta i n ed  a f t er  p ri ma ry  &  s ec o nd a ry  c rus hi ng  i n  c a s e  o f  rec yc l ed  a gg r ega t e .  Th e o nl y  
c rus hi ng  p roc es s  is  a ddit io na l l y  ef fec t iv e  wit hi n  t he  c a s e  o f  re c yc l ed  a gg re ga t e .  Th e  pa r t ic l e  
s ha pe  a na l ys is  o f  r e c yc l ed  a gg r ega t e  in di c a tes  s i mi l a r  pa r t ic l e  s ha pe  o f  na tu ra l  a ggr ega t e  
ob ta in e d  f ro m g ra v el .  Th e  r ec yc l ed  a gg re ga te  g en e ra l l y  m e ets  a l l  the  q ua l i ty  r eq ui re m e nts  o f  
a ggr ega te  em pl oy ed  i n  c o nc r et e .  

 4 .1 .2  S p ec if ic  G ra vi t y: -   
 
Th e s pec i f ic  g ra vi ty  in  s a tura t ed  s u rfa c e  dry  c ondi t io n  o f  r ec yc l e d  c onc re t e  a ggr e ga t e  wa s  foun d  
fro m  2 .35  to  2 .58  wh ic h  a r e  l es s  bu t  s a t is fy i n g  th e  res ul ts .  I f  r el a t i v e  d e ns i t y  is  a  s ma l l er  a mou nt  
tha n  2 .4 ,  i t  s ho ul d  c a us e  s eg r ega t io n,  ho n e yc om bi ng  & a l s o  y i el d  of  c o nc r e te  ma y  g et  re duc ed.  
 
4. 1. 3  W a te r  Ab so rp t i on : -  

Th e R C A  fro m d emol i s hed  c o nc r e t e  inc l ud e  c rus he d  s to n e a ggr e g a te  w ith  o l d  mo rta r  a dhe ri ng  
the r et o ,  th e  wa te r  a bs or pt i on  ra n ges  f r om 1 . 5%  to  7 . 0%,  whic h  is  c ompa ra t i vel y  a bov e th a t  of  th e  
na tu ra l  a gg r ega t es .  Thus  th e  wa te r  a bs o rp t io n  r es ul ts  a r e  s a t is f a c tory .  
 
4. 1. 4  Bu l k D en si ty  

Th e ma j or i ty  d ens i ty  o f  r ec yc l ed  a g gr ega t e  is  und e r  tha t  o f  na tura l  a ggr ega te ,  th us  r es ul ts  a re n' t  
s a t is fa c to ry;  tha nk s  to  l es s  B ul k  D e ns i ty  th e  c om bi na t i on  p ro po rt io n  ge ts  a f f ec t ed .  

4. 1. 5  C ru sh i ng  and  I mp ac t  V al u e s  

Th e r ec yc l e d  a gg re ga t e  is  c om pa ra t iv el y  w ea k e r  tha n th e  na t ur a l  a ggre ga t e  a ga ins t  d i f fe r en t  
mec ha nic a l  a c t io ns .  A s  pe r  IS  23 86  pa rt  ( IV) ,  the  c rus h i ng  a nd im pa c t  va l ues  fo r  c o nc r et e  w ea ri ng  
s urfa c es  mus tn' t  exc e e d  30%  & f or  a pa rt  f ro m  w ea r in g  s urfa c es  45 %  res p ec t i vel y .  Th e c r us hin g  &  
impa c t  va l u es  of  r ec yc l ed  a g gr e ga t e  s a t is fy  t he  B I S  s pec i f ic a t io ns  l imi t .  F r om  c rus h in g  &  im pa c t  
tes t  i t ' s  f oun d t ha t  u s e  of  r ec yc l e d  a g gr eg a te  is  f ea s i bl e  f or  a p pl ic a t i on  a s id e  fr om  w ea ri ng  
s urfa c es .  
 
4. 2  C omp res si ve  te s t  on  cu b es  

Th e typic a l  c om p res s i ve  s t re ng ths  of  c u bes  c a s t  a re  de te r mi ne d  a s  per  I S  516 us i ng  R C A  a nd 
na tu ra l  a gg r ega t e  a t  t he  a g e  3 ,  7 ,  &  28 da ys  a nd r ep or t ed  in  Ta bl e2 .  O f  c ou rs e ,  th e  c o m pr es s iv e  
s tr en gth  of  R A C  is  s l i g ht l y  b el o w th e t ra d it i o na l  c onc r et e  ma d e u p of  s im i l a r  m ix  pr op or t i ons .  Th e 
re duc t io n  in  s t re n gth  c ompa r e  to  N A C  is  s o  a s  of  8- 14 %  a nd  10- 1 6%fo r  M - 30  &  M - 40  c onc re t es  
res p ec t i vel y .  Th e nu mb e r  o f  r e duc t i o n  i n  s t r en gth  d ep e nds  on pa ra me t ers  l ik e  gra d e  of  
de mol is h e d  c o nc re t e ,  re pl a c e m en t  ra t i o ,  w/ c  ra t i o ,  p roc es s i ng  of  rec yc l ed  a gg r ega t e  e tc .  A s  pe r  
tes t  r es ul ts  th e  s t re ng th  o f  rec yc l ed  a gg r ega t e  c u b e is  ov e r  ta rg e t  s tr e ngth ,  s o  R C A  a re  of t e n  u s ed  
for  c o ns t ruc t io n  pu rp o s e.  

5:  F l ex u r al  S t re ng th  

F l exu ra l  S tr e ngt h  R epl a c em e nt  Of  N a tu ra l  A g gr ega t e  0%  10%  20 %  30%  M 30 - 7  Da ys  3 .58  N / mm2  
3 .04  N / mm2  3 .52  N / m m2  3 . 30  N / m m2  M 3 0 - 2 8 Da ys  4 .9 8  N / mm 2  4 . 71  N / mm 2  4 . 805  N / m m2  4 . 601  
N / mm2  M 40- 7  Da ys  4 .69  N / m m2  4 .5 7  N / m m2  4 .48  N / mm 2  4 . 39 6  N / mm 2  M 4 0 - 28 Da ys  5 .81 8  
N / mm2  5 .6 37  N / mm2  5 .43 6  N / m m2  5 .33 4  N / mm2  In f er e nc es  f ro m  ta bl e  nos .  2  & 3 : -  F ro m  ta bl e  
no .  2  & 3  i t ' s  o bs erv e d  tha t  th e  M 30  g ra d e & M  40  gra de of  c o nc r et e  s a t is fy  th e  r es ul ts  for  1 0%,  
20%,  a n d 30% .  A s  c ompa re d  M  30 gra d e o f  c onc re t e  the  s t r e ngt h  re duc t i on  i n  M  40 gra d e  of  
c onc re t e  is  m or e  a s  pe r  r es ul ts .  
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Me th od ol o gy/ An al y si s :  

 
M eth od  of  m ic r os t r uc tura l  a na l ys is  of  rec yc l ed  c onc r et e  is  des c ri b ed  a s  fo l l ows .  
A rc hit ec tura l  a nd  s t r uc tura l  dra wi ngs  a r e  a c c us tom e d  eva l ua t e  the  q ua n t i t ies  f or  th e  p roj ec t  
Imp e ria l  He igh ts  a nd  q ua nt i t i es  a r e  ta bul a te d  b el o w:   

S .N o.  
M a te ria l s  
 

Qua n t i t y  ( C u .m.)  Pe rc en ta g e  ( %)  

1  C onc re t e  720. 75  51 .6 1  

2  M or ta r  282. 83  20 .2 5  

3  B ric k  364. 37  26 .0 9  

4  R ei nf orc em e nt  6 .51 5  0 .47  

5  Ti l es  9 .25  0 .66  

6  Pl a s t ic  6  0 .43  

7  Wo od  4 .92  0 .36  

8  G l a s s  1 .8  0 .13  

 

Qua n t i t i es  i n  p e rc e nta ge  a r e  s ho wn  b el ow  i n  Pi - C ha r t :   

 

 

 

Concrete  
52% 

 
20% 

Mortar  

 
26%  
Brick  

 
0.47 % 

Reinforcement  

 
0.13 % 
Glass 

 
0-43 % Plastic  

 
0.36 %  
Wood  

 
0.66 %  

Tiles  
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1 Cement 
22,77,500.00 

16% 
2 Sand 2,87,816.00 

2% 

3 Aggregate 
5,69,241.00 

4% 

4 Reinforcement 
21,47,995.50 

15% 

5 Bricks 6,01,215.00 
4% 

6 Tiles 8,25,000.00 
6% 7 Wood 5,62,500.00 

4% 

8 Plastic 
10,75,750.00 

8% 9 Glass 3,87,300.00 
3% 

10 Labour Charge  
26,20,296.00 

18% 

11 Formwork 
Charge  

26,20,296.00 
18% 

12 Water Charge +    
Contingencies  

4,36,716.00 
3% 

PRICE OF MATERIAL 

 

S.N o  M a te ria l  Qua n t i t y  ( C u .m)  

1  C onc re t e  1339 .156  

2  St e el  37 .8 19  

3  B ric k s  1274  

4  M or ta r  603. 44  

5  A dhes iv e  12 .2 1  

6  Ti l es  52 .2 3  
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Sa m e s t udy  is  c a r ri e d  out  fo r  r es i de nt ia l  p r oj ec t  n ea r  Ta t iba ndh  i n  R a i pur  c i t y  a n d pe r c en ta g e  
qua n t i t i es  c a l c ul a t ed  a re  ta bul a t ed  a n d s ho w n in  P i - C ha rt  b el ow .  

 

 

40% 

1% 

39% 

18% 

0% 2% 

CONCRETE

STEEL

BRICK

MORTAR

ADHESIVE

TILES

3% 

2% 

11% 
2% 

0% 

34% 

48% 

PRICE OF MATERIAL 

cement

brick

steel

tiles

adhesive

sand total

aggregate
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I t  i s  w el l  obs e rv ed  f ro m  th e c a l c ul a ted  qua n t i t i es  tha t  th e  pe rc en ta ge  o f  c onc r et e  ru b bl es  in  b oth  t he  
res id e nt ia l  pr oj ec ts  is  51 .6 %  a n d  4 0%  . Th e s e  c o nc re t e  r ub bl es  a f t er  c rus h in g  c a n  f etc h  r ec yc l e d  
a ggr ega tes  w hic h  ha s  goo d  p ot e nt ia l  to  b e  us ed  i n  f r es h  c o nc r et e .  R es t  ot he r  ma t e ria l s  qua nt i f i ed  
c a n a l s o  b e r eus ed.  S c op e of  th is  pa p e r  is  res tr ic t ed  to  r ec yc l e d  a ggr ega t es  onl y  a n d in  ev ery  
res id e nt ia l  pr oj ec ts  a pp ro xima tel y  50  % of  c onc r et e  ru b bl es  e xi s ts  wh ic h  c a n b e  g oo d  s ou rc e  o f  
rec yc l ed  a g gr ega tes .  

6.  Rec ycl ed  A gg re g at e  C o nc re te  o bs er va ti on :  

A s  re vea l ed  fr om  pr ev ious  s tu di es ,  t he  s ta n da rd  of  a g gr ega te  is  u s ua l l y  c l a s s i f ie d  in  l in e  w ith  th e  
a bs o rp t io n  ra t es .  H igh  a bs o rp t io n  i nd ic a t es  h igh  l ev el  o f  c e me nt  m orta r  a t ta c hm en t ,  whic h  ge n e ra l l y  
e nds  u p  in  c o nc r e te  wit h  i nf e ri or  s t re ng th ,  du ra bi l i t y  a nd  d efo r ma tio n  a n d s h ri nk a g e  p ro pe rt ies .  
A c c ord in gl y ,  th e  ut mo s t  a l l owa bl e  d es ig n  s t r e ngth  a nd th e re fo r e  th e  m em b e rs  a nd p or t io ns  to  wh ic h  
s uc h  c o nc r et e  is  a l s o  a ppl i ed  a r e  l i mit e d .  F ro m  th e r es ea rc h ,  th r e e  s o rts  o f  R A  a r e  c l a s s i f i ed:  Ty p e  
C 1 ,  C 2  a nd C 3  fo r  rec y c l ed  c oa rs e  a gg r ega t e  a nd s o rt  3  F 1  a nd F 2  f or  r ec yc l e d  f i n e  a gg r e ga te .  F o r  th e  
rec yc l ed  c oa rs e  a g gr e g a te ,  Ty pe C 1 ha s  th e  m os t  ef f ec t iv e  qua l i ty  w ith  roc k  bot to m  wa te r  a bs o rp t io n  
ra t e  o f  th r e e  o r  l es s  a nd s ul fa t e  s ou n dn es s  of  1 2%  or  l es s ,  wh i l e  rec yc l ed  c oa rs e  a gg r eg a te  Ty pe  C 3  
is  in te nd e d  to  ow n 7 %  or  l es s  of  wa t er  a bs o rp t io n.  F o r  th e  r ec yc l e d  f i n e  a gg re ga t e ,  Typ e  F 1  a nd F 2  
a re  d es i gn ed  to  p os s es s  5 %  o r  l es s  a n d 10 %  o r  l es s  of  wa t er  a bs or pt io n  re s pec t iv el y .  
Th e p hys ic a l  p ro p er t i es  of  r ec yc l e d  a g gr ega tes  r el y  on  b oth  a dh e re d  mo rta r  qua l i ty  a n d th e r efo r e  
the  a m ou nt  of  a d he r ed  mor ta r .  Th e  a dhe r ed  mo rta r  c o ul d  b e a  po r ous  ma t er ia l ;  i ts  po ros i ty  d ep e nds  
upo n th e  w/ c  ra t i o  o f  the  r ec yc l ed  c o nc r et e  em pl oy ed .  Wh e n s t ruc tur es  ma n ufa c tu r ed  f r om  c onc r et e  
a re  de mol is he d  o r  r e n ova t ed ,  c onc r et e  r ec yc l ing  is  a n  i nc r ea s i ngl y  c omm on m etho d  o f  ut i l iz in g  th e  
ru bbl e .  C onc r et e  wa s  onc e r out in el y  truc k ed  to  l a n df i l l s  f or  di s pos a l ,  but  r ec yc l in g  fea t ur es  a  
num b e r  of  a dva n ta g e s  tha t  ha v e  ma d e i t  a  mor e a t tra c t iv e  o pt i on  dur in g  th is  a g e  of  g r ea t er  
e nvi ro nm e n ta l  a wa re n es s  a nd t he r ef or e  t he  d es i r e  to  s ta y  c o ns t ruc t i o n  c os ts  d ow n.  R ec yc l e d  
a ggr ega tes  ( R A )  w e r e  s ourc ed  f ro m  a  s i te  o f  the  d e mol is h e d  bui l di ng  s t ruc tu r e  of  a r ou nd  20 yea rs  i n  
Ho C hiM i nh  C i t y ,  th e  dem ol is h ed  c o nc r et e  c ol l ec te d  wa s  fu rth e r  c rus h ed  em pl oyi ng  a  s ma l l  ja w 
c rus h er  t o  g et  a gg r eg a tes  i n  i ts  u ns c r e e ne d  a nd un gra d e d  s ta t e  a nd ex pe ri e nc e  m ec ha n ic a l  s iev es .  
M in or  im pu rit i es  we r e  r em ov ed  a nd  f i n e  R C A  of  pa rt ic l e  s iz e  pa s s ing  th rou gh  s ie ve  4 . 75  mm a nd  
c oa rs e  R C A  of  pa rt ic l e  s izes  s ta rt i ng  f ro m  4 .75  to  2 5  mm  wa s  o bta i n ed.  This  e xp e ri m e nta l  s t udy  
did n' t  c ons id er  th e  e mpl oy m en t  o f  f in e  r e c yc l ed  a g gr e ga t es .  F o r  th e  na t ura l  a g gr e ga tes ,  c oa rs e  
a ggr ega tes  of  c rus h e d  gra nit e  a gg re ga t es  o f  c a rb ona c eo us  m in e ra l  typ e wit h  pa rt ic l e  s i ze  s ta rt in g 
fro m  4 .7 5  to  25  m m w e re  s o urc ed  f ro m  th e qu a rry ,  whi l e  r i ve r  s a nd  wa s  us ed  a s  f i n e   

TES TS  O N  R EC YC L E D  AG G REG ATE   

  Wa t e r  a bs o rp t io n  t es t   

  C ompa c t io n  fa c to r  t es t  
   s p ec i f ic  gra v ity  t es t   
  s iev e  a na l ys is  t es t  
   mi x  d es ig n  
   s l um p t es t   
  c omp r es s iv e  s t re ng th  t es t   

F or  a l l  th e  m os t  i mp o r ta nt  t es t  a r e  c om put ed .  Th e s l um p o f  r ec yc l e d  a gg re ga t e  c o nc r e te  i s  qui te  th e  
c onv e nt i ona l  c o nc r et e .  A t  th e  t i p  i t  a r e  o f t e n  s a i d  tha t  th e  R C A  ma y  b e us ed  f or  o bta ini ng  g ood  
qua l i ty  c onc r et e .  D em ol is he d  ma t e ria l  o f  r e inf orc e d  c e me nt  c o nc r et e  ( R C C )  & PC C  is  e mpl oy e d  fo r  
rec yc l in g  in  f ou nda t io n.  Th e l i f e t im e  o f  R C C  de mol is h  ma te ria l  i s  25  yrs .  S uc h  ma t ed  c rus hi ng ,  
s iev in g  & s e pa ra t io n  p roc es s  a r e  do n e by  ma nua l  c rus hi ng  me tho d.  On  d em ol is h  ma t er ia l ,  a ggr e ga t e  
tes ts  a re  c o nduc t ed  w hic h  a re  m e nt io ne d  i n  Ind ia n  S ta n da r d  c ode f or  na tura l  a gg r eg a te  & c hec k  
fea s i bi l i ty .  
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•  W at er  abs o rp t io n  te st  

Wi th  th e  r is e  wi thi n  t he  us e  of  r ec yc l e d  a gg re ga t e  c o nc r et e ,  th e  d ema nd  o n rec yc l ed  a g g re ga t e  ( R A )  
is  es c a l a t i ng .  A s  s uc h ,  the  be ha vio ur  a n d c ha ra c t eris t ic s  of  R A  mus t  b e  c l ea rl y  und ers to od.  I n  
pra c t ic e ,  th e  t es t in g  pr oc e du res  of  a g gr ega tes  i n  c i ty  fo l l o w  t ho s e  l a id  d o wn i n  B ri t is h  Sta n da r d  
Ins t i tut io n  ( B SI)  ( B S:  812) ,  wh ic h  g iv e  a  dec e nt  fou nda t io n  fo r  a s s es s i ng  p rop e rt ies  of  na tu ra l  
a ggr ega tes .  A s  R A  ma y  ha ve c e me nt  pa s t e  a t ta c he d  whic h  wi l l  d et a c h  fro m  the ma s s  dur ing  s a m pl e  
pr epa ra t io n  wh e n r e p et i t iv e  s oa k i ng  in  wa t er  a nd d ryi n g  a r e  e mp l oye d.  Th us ,  th e  s ta nd a rd  t es t in g  
a pp roa c h  fo r  wa t er  a bs o rp t io n  c a n not  g iv e  a c c ura t e  r es ul ts  fo r  R A ,  ba s ed  up on  w hic h ,  er ro rs  i n  
c onc re t e  mix  d es i gns  ma y  r es ul t .  

Pr oced u re  f or  A gg re g at e  C o ar se r  Th a n 6. 3 mm:  

 1 .  A b out  2  k g  of  a gg r ega t e  s a mpl e  is  ta k en ,  wa s h ed  to  g et  r i d  o f  f i nes  s o  pl a c e d  with i n  th e  w ir e 
ba s k e t .  Th e  w ir e  ba s k e t  is  th e n im me rs ed  i n  wa t er ,  whic h  is  a t  a  t e mp era tu re  o f  220C  to  320C .   

2 .  I mm ed ia t el y  a f te r  i mm ers io n  th e  en tra pp ed  a ir  is  fa r  fr om  th e s a mpl e  by  l i f t i ng  th e  ba s k et  25  mm  
a bov e th e  bo tt om  o f  t he  ta nk  a nd  a l l o wi ng  i t  to  dr op,  25  t im es  a t  a  ra t e  of  a bo ut  o n e  dro p p e r  
s ec o nd.   

3 .  Th e ba s k e t ,  w ith  a gg re ga t e  a r e  k ep t  c om pl e tel y  im m ers e d  in  wa te r  fo r  a  p er io d  of  24  ±  0 .5  h our .   

4 .  Th e ba s k e t  a nd a g g re ga t e  a r e  we igh e d  w hi l e  s us pe n de d  i n  wa t er ,  wh ic h  is  a t  a  t em pe ra tu r e  o f  
220C  to  32 0C .  

 5 .  Th e  ba s k et  a n d a gg re ga t es  a r e  a l o of  f ro m  wa t er  a n d dr i ed  wi th  d ry  a bs o r b en t  c l o th .   

6 .  Th e s u rfa c e  d ri ed  a g gr ega t es  a r e  w ei gh ed.   

7 .  Th e c om b ina t io n  is  p l a c ed  i n  a n exc e ed in gl y  s ha l l ow  tra y  a nd h ea t ed  t o  100 to  11 00C  with in  t he  
ove n  fo r  t we nt y - fou r  ±  0 .5  ho urs .  L a t e r ,  i t ' s  c ool e d  in  a n  a i rt i ght  c o nta i n er  a n d w ei gh ed.  5 .  

 We ight  o f  s a tu ra t ed  a ggr e ga t es  i n  a i r :  W 1 g  =  2 .  We igh t  o f  o ve n dr y  a gg r ega t es  in  a ir :  W 2 g  =  Wa t e r  
A bs o rp t i on  ( %)  =  [( W1 - W2) *1 00]/ W2  =  
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C OM PA C TI ON  F A C TOR  TE S T  

Th e c om pa c t i on  fa c to r  tes t  is  em pl oy ed  to  c a l c ul a te  th e  de gr e e  o f  wo rk a b i l i ty  of  fr es h  c o nc r et e  wi th  
rel eva nc e  th e i nt e ri or  e ne rgy  r equ ir e d  fo r  c o mpu ti ng  th e  c onc r et e  pe rf ec t l y .  C om pa c t i on  fa c to r  tes ts  
w er e  de vel op ed  a nd a l s o  th e  d eg r ee  of  c ompa c t io n  is  m ea s u r e  by  i t .  This  tes t  wi l l  g ive  th e  
rea s ona bl y  r el ia bl e  a s s es s m e nt  of  t he  wo rk a bi l i ty  of  c o nc re t e  a nd the r ef or e  th e  t es t  r e qui r e  
mea s u r em e nt  of  th e  l oa d  o f  th e  pa r t ia l l y  a nd f u l l y  c om pa c t ed  c onc re t e  a n d a l s o  t h e  ra t i o  th e  
pa rt ia l l y  c om pa c t ed  w eig ht  t o  th e  fu l l y  c om pa c te d  we igh t  Th e c o mpa c t i n g  fa c to r  l i es  b et w e en  0 .8  to  
0 .92  fo r  th e  c o nv e nt i o na l  ra ng e  of  c o nc r et e .  F or  c onc r et e  whic h  ha s  l ow  w ork a bi l i ty  tha t  s l ump  t es t  
is n' t  s u i ta bl e  th e n th e  c om pa c t i on  fa c t o r  t es t  is  em pl oy ed  a n d t h is  tes t  is  c on duc t ed  wit hi n  th e 
l a bora to ry .  

 

 

APP ARA TUS  F O R  C O M PAC TI O N  F AC TO R  T ES T:  

1 .  C ompa c t io n  F a c to r  M a c hin e  

2 .  W eig hi ng  M a c hi ne  &  C ompa c t i ng  R od  

3 .  M ec ha nic a l  V i bra t or  o r  St e el  T ro wel .  

 

Th e a ppa ra tus  c ons is t s  of  t ro w el s ,  ha nd  s c o op  whic h  is  15 .2  c m l ong ,  ba l a nc e ,  a n d  a  r od  o f  s t e el  
whic h  is  1 . 6  c m dia m et e r ,  6 1  c m  l o ng  r oun de d  a t  o n e e nd.  I n  th e  l a b ora to ry ,  the  c o nc re t e  m ix  is  
rea dy  a s  p e r  des ig n.  
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THE  PRO C ED UR E  O F  C O MP AC TIO N  F AC TO R  TES T :  

Th er e  a r e  th e  s u bs e qu e nt  s t eps  w ithi n  th e  p r oc e dur e  a s  g iv en  b el o w;  

1 .  B y  us i ng  th e  ha nd  s c oop ,  p l a c e  th e  c o nc r e t e  s a mpl e  g e nt l y  w ithi n  th e  u pp e r  h op pe r  to  i t s  b ri m  a n d  
l ev el  i t  a nd  s o  c ov er  th e  c y l in de r .  

2 .  A t  th e  u nd e rs id e  of  th e  up p er  ho pp e r ,  op e n th e  tra pdo or  s o  c o nc r et e  fa l l s  in to  th e  l o w er  hop p er  
a nd wi th  th e  ro d ,  pus h  th e  c onc r et e  s t ic k i ng  on  i ts  s id es  g e nt l y .  

3 .  T o  c o ns t i tu t e  th e  c y l ind e r  b el ow ,  o p en  th e  tra pdo o r  o f  th e  l o we r  hop p er  a n d p e rm it  th e  c o nc r et e  
to  fa l l .  

4 .  B y  us in g  tr ow el s ,  b ri ng  to  a  ha l t  th e  s ur pl us  of  c onc r et e  a b ov e th e  h igh es t  l ev el  o f  the  c y l i nd e r  
a nd l ev el  i t ,  th e n c l ea n  th e  s ur fa c e  o f  t he  c y l i nd e r .  

5 .  T o  th e  c l os es t  10 g  w eig ht  t he  c y l in d er  wit h  c o nc r et e  a nd  th i s  w eigh t  is  na me d  th e bu rd en  of  
pa rt ia l l y  c o mpa c t e d  c o nc r et e  a s  W1 .  

6 .  E m pty  th e  c y l in d er  s o  wi th  th e  id e nt ic a l  c onc re t e  mi x  i n  l a y ers  a pp rox ima t el y  5  c m d e ep  r ef i l l  i t  
a nd  to  g et  fu l l  c om pa c t ion ,  ea c h  l a y e r  ha s  g ot  to  b e  hea v i l y  ra m m ed.  

7 .  L ev el  th e  h igh es t  s u rfa c e  th e n  w ei gh  t he  c y l ind e r  wi th  f u l l y  c o m pa c te d  whic h  is  tho ug ht  bec a us e  
the  we igh t  of  fu l l y  c om pa c te d  c onc r et e  a s  W2.  

8 .  Th en  a s  W,  f in d  th e  bu rd e n o f  th e  e mpt y  c y l ind e r .  

9 .  F ro m  0 .7  to  0 . 95  is  t ha t  th e  ra ng e  of  c o mpa c t io n  fa c to r  va l u es .  

 

 

 

 

 

ADV A NT AG ES  O F  C O M PAC TI O N  F AC TO R  T ES T:  

Th er e  a r e  th e  s u bs e qu e nt  a dva n ta g es  of  c om pa c t io n  fa c t or  t es t  s uc h  a s ;  

1 .  I n  l a bo ra t or ies ,  s u i t a bl e  f or  t es t in g  wo rk a bi l i ty .  

2 .  F o r  c o nc r et e  of  l o w wo rk a b i l i ty ,  t h is  t es t  i s  s ui ta bl e .  

3 .  Ov er  a  l a rg e  ra n g e,  i t ' s  s u i ta bl e  to  d et ec t  t he  va ria t io n  i n  wo rk a b i l i ty .  

4 .  A s  c o mpa r ed  t o  th e  s l ump tes t ,  t he  c om p a c t io n  fa c t or  t es t  g iv e s  mo re  i nfo r ma tio n  th a t ' s  a bou t  
c ompa ti bi l i t y .  

5 .  Th is  t es t  is  mo r e a p pr op ria t e  t ha n s ta t ic  t es ts  fo r  h ig hl y  th i xot r opic  c o nc re t e  mi xt ur es  a nd ma y  b e  
a  dy na mic  t es t .  

6 .  M or e  p r ec is e  a nd  s e ns i t iv e  r es ul ts .  

 

C ompa c t io n  F a c to r  Va l ue  Sta n da r d of  Wo rk a bi l i t y  

0 .95  G ood  

0 .92  M ed ium  

0 .85  L ow  
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DIS A DV A NT AG ES  O F  C O MP AC TIO N  F AC TO R  TES T :  

Th er e  a r e  th e  s u bs e qu e nt  dis a d va nta ges  o f  t h is  t es t ;  

1 .  R e duc es  i ts  us eful n e s s  wit hi n  th e  f i e l d  b ec a us e  o f  th e  ma s s iv e  a n d po n de ro us  na tur e  of  the  d evic e .  
2 .  To  l iv e  th e  ma s s  of  th e  c o nc re t e  wit hi n  t he  c y l i nd e r ,  th e  t es t  m eth od  r e qui r es  a  ba l a nc e.  
3 .  T his  t es t  m e tho d  d oes n' t  us e  v i b ra t i on  a nd a l t houg h  th e  t es t  i s  c om me rc ia l l y  a va i l a bl e  a n d us ed  
ra r el y .  
 
sp ec i f ic  g r av it y  tes t  

Th e c oa rs e  a gg r ega t e  rel a t iv e  d ens i ty  t es t  mea s u r es  c oa rs e  a gg r ega t e  we igh t  un d er  th re e  d i f fe r en t  
s a mpl e  c o nd it i ons :  

•  Ov e n - d ry  ( n o  wa t er  i n  s a mpl e) .  

•  Sa t ura t e d  s u rfa c e- d r y  ( S SD,  wa t er  f i l l s  th e  c om bi na t i on  p or es ) .  

•  Su b me rg e d  in  wa te r  ( und e rwa te r) .  

Us ing  th es e  th re e  w eig hts  a nd th ei r  r el a t i ons hips ,  a  sample ’s  a p pa r e nt  r el a t iv e  d ens i ty ,  b ul k  rel a t iv e  
de ns i ty  a nd bul k  S SD  r el a t iv e  de ns i ty  a ddi t io na l l y  a s  a b s or pt i on  a r e  of t e n  c a l c ul a ted .  
A ggr e ga t e  r el a t iv e  d e n s i ty  is  r e qui r ed  to  s e e  w eigh t - to- v ol um e r el a t io ns hi ps  a n d t o  c a l c ul a te  va ri ous  
vol um e- r el a t ed  q ua n t i t i es  l ik e  vo ids  in  mi n e ra l  a gg r ega t e  ( VM A ) ,  a nd v oi ds  f i l l ed  b y  a s p ha l t  ( VF A ) .  
A bs o rp t i on  a r e  of t en  u s ed  a s  a n  i nd ic a to r  o f  a ggr ega te  du ra b i l i ty  y et  b ec a us e  th e  v ol um e  of  a s pha l t  
bi nd e r  i t ' s  l ik el y  t o  s o a k  u p .  The  s ta nda rd  c oa rs e  a gg re ga t e  r el a t i ve  d e ns i ty  a nd a bs or p t io n  t es t  is :  
Sp ec i f ic  g ra vi ty  ma y  b e a  m ea s u r e  o f  a  mater ia l ’s  d e ns i ty  ( ma s s  p e r  uni t  vol u m e)  a s  c o mp a re d  t o  th e  
de ns i ty  of  wa t e r  a t  73 .4°F  ( 23°C ) .  Th er e fo re ,  by  d ef in i t i o n,  wa t e r  a t  a  t e mp e ra tu r e  o f  73 . 4°F  ( 2 3°C )  
inc l ud es  a  r el a t iv e  d e ns i t y  of  1 .  A bs o rp t io n,  whic h  is  a ddi t i ona l l y  det e rm in ed  by  th e  id e nt ic a l  t es t  
pr oc e du re ,  c oul d  b e a  mea s u r e  of  th e  nu m b er  of  wa t er  tha t  a n a g gr ega t e  c a n a bs o r b  i n to  i ts  po r e  
s truc t ur e .  P or es  t ha t  a bs or b  wa t e r  a r e  re ma rk ed  a s  “water  p er m ea b l e  vo ids” .  
Sp ec i f ic  G ra vit y  Us e  A ggr e ga t e  r el a t iv e  d e ns i ty  is  e mpl o ye d  i n  a n e xc e ed in gl y  num b e r  o f  a ppl ic a t i o ns  
inc l ud in g  Sup e rpa v e  mix  d es i gn ,  d el e te ri ou s  pa rt ic l e  in d en t i f ic a t ion  a nd s e pa ra t io n,  a nd ma t e ria l  
pr op e rty  c ha n ge  i de nt i f ic a t i on .  

S u p erp ave  Mix  D esi g n  

Sup e rpa v e  mi x  des ig n  c oul d  b e a  vol um e tr ic  pr oc es s ;  i t  rel i es  o n m ixi ng  c o ns t i tu en t  ma t e ria l s  o n  th e  
pr em is e  of  th e ir  v ol u me .  Ho w ev er ,  a ggr e g a te  a n d a s pha l t  bi nd er  v ol um es  a r e  d i f f u c ul t  to  l iv e 
dir ec t l y ,  t he r ef or e  a  mater ia l ’s  w eig ht  is  u s ua l l y  m ea s ur ed  s o  c o nv er te d  to  a  vol u m e s upp or te d  i ts  
rel a t iv e  de ns i ty .  C o rr ec t  a nd  a c c ura te  ma te ria l  r el a t iv e  de ns i ty  d et e rmi na t io ns  a r e  v i ta l  to  p ro pe r  
mix  d es i gn .  A n i nc o r rec t  r el a t iv e  d ens i ty  va l ue  w i l l  en d  i n  i nc o rr ec t  c a l c ul a te d  v ol um es  a nd  
u l t ima t el y  l ea d  t o  a n inc o r rec t  mi x  d es i gn .  A ggr e ga t e  A bs or pt io n  Us e A g gr ega t e  a bs o r pt ion  is  tha t  
the  i nc r ea s e  in  ma s s  tha nk s  to  wa t e r  wi thi n  the  po r es  of  th e  fa br i c .  A ggr ega te  a bs o rpt io n  ma y  b e a  
us ef ul  qua l i ty  b ec a us e:  1 .  High  va l u es  c a n in d ic a te  no n- du ra bl e  a gg r ega t e .  2 .  A bs or pt i o n  c a n in dic a t e  
the  qua nt i ty  of  a s pha l t  bi nd e r  th e  c om bi na t i on  w i l l  a bs o r b.  I t  i s  g e ne ra l l y  des ira bl e  to  a void  h i ghl y  
a bs o rp t iv e  a gg r ega t e  i n  HM A .  Th is  c a n b e b e c a us e  a s pha l t  bi nd e r  t ha t ' s  a bs o r b ed  by  th e  c om bi na t i on  
is n' t  a va i l a bl e  t o  c oa t  th e  mix tu r e  pa rt ic l e  s u rfa c e  a nd  is  th e r ef or e  no t  a va i l a bl e  f or  bo n di ng .  
Th er ef or e ,  h i ghl y  a bs o rp t iv e  a g gr e ga t es  ( o ft e n  s p ec i f i ed  a s  ov e r  5  pe rc en t  a bs o rp t io n)  r e qui r e  mo re  
a s pha l t  bi nd er  to  d ev el o p  th e  id e nt ic a l  f i l m th ic k n es s  a s  l es s  a bs o rp t iv e  a g gr e ga t es  ma k in g  th e  
res ul t i ng  HM A  c os t l i er .  A ggr e ga t e  r el a t iv e  d e ns i ty  Typ es  S ev e ra l  d i f f e r i ng  ty pes  o f  r el a t i ve  d e ns i ty  
a re  c o mmo nl y  us e d  de pe nd in g  u po n h o w th e  a mou nt  o f  wa t er  p e r mea bl e  v oids  ( o r  po re s )  wi thi n  th e  
mix tu r e  a r e  a dd r es s e d  •  A ppa re nt  rel a t iv e  d e ns i ty ,  G s a .  Th e  a mo u nt  m ea s ur e m en t  onl y  i nc l ud es  th e 
de gr e e  of  th e  mix tu re  pa r t ic l e ;  i t  do es n' t  i nc l ud e th e  qua n t i t y  o f  a ny  wa t e r  p er m ea bl e  voi ds .  Th e  
ma s s  m ea s u r em e nt  o n l y  inc l u d es  t he  m ixt ur e  pa r t ic l e .  A ppa r en t  r el a t iv e  d e ns i ty  is  m ea nt  to  o nl y  
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mea s u r e  th e  pa r t ic ul a r  gra v ity  of  t he  s ol i d  vol um e,  th e r efo r e  i t ' l l  be  th e  b es t  of  th e  c o mb ina t io n  
s pec i f ic  g ra vi t i es .  I t ’s  for ma l l y  de f i n ed  b ec a us e  th e  ra t io  of  th e  ma s s  of  a  un it  vol u me of  th e  
imp e rm ea bl e  p or t io n  of  a g gr ega t e  ( do es  n ot  inc l u de  th e  pe r mea bl e  po res  i n  a gg r ega t e)  to  t he  ma s s  
of  a n  e qua l  v ol um e  o f  ga s - fr e e  H2 O  a t  th e  s ta te d  t e mp e ra tu r e .  

•  B ul k  r el a t iv e  d ens i ty  ( B ul k  Dr y  Sp ec i f ic  G ra v ity) ,  G s b.  th e  d eg r ee  m ea s u r em e nt  i nc l ud es  th e 
ge n era l  vol u m e of  the  c om bi na t i on  pa rt ic l e  a ddit io na l l y  b ec a us e  th e  vol u m e of  t he  wa t e r  pe rm ea bl e  
voids .  Th e ma s s  mea s ur em e nt  o nl y  i nc l ud es  th e  m ix tur e  pa r t i c l e .  S inc e  i t  inc l u d es  the  wa t e r  
pe rm ea bl e  vo id  v ol um e,  bul k  rel a t iv e  d e ns i t y  a r e  b ut  a p pa r e nt  r el a t iv e  d e ns i ty .  I t ’s  f or m a l l y  def in e d 
b ec a us e  th e  ra t io  of  th e  ma s s  o f  a  u ni t  v ol um e of  a gg re ga t e ,  inc l u di ng  th e  wa t e r  p e rm ea bl e  v oids ,  a t  
a  s ta t ed  t em p era tur e  t o  th e  ma s s  of  a n  e qua l  vol um e of  ga s - f r ee  wa t er  a t  th e  s ta t ed  t e mp e r a tur e .  

•  B ul k  Sa tu ra t ed  Sur fa c e  D ry  ( S SD)  r el a t iv e  d e ns i ty .  Vol u m e m ea s u r em e nt  inc l ud es  th e  vol um e of  th e  
c om bi na t i on  pa r t ic l e  a ddit io na l l y  b ec a us e  the  vol u me  of  th e  w a te r  p e rm ea bl e  vo ids .  Th e ma s s  
mea s u r em e nt  i nc l ud es  the  c om bi na t io n  pa r t ic l e  m or e ov er  bec a u s e  th e  wa t e r  wi thi n  the  wa t er  
pe rm ea bl e  vo ids .  I t ’s  f or ma l l y  d ef i n ed  b ec a u s e  th e  ra t io  of  t he  ma s s  of  a  u ni t  vol u m e o f  a ggr e ga t e ,  
inc l ud in g  th e  l oa d  o f  wa t er  w ithi n  t he  voi ds  f i l l e d  to  th e  ex te n t  a c hiev e d  by  s u bm e rgi ng  in  wa t er  fo r  
rou ghl y  15  hou rs ,  to  th e  ma s s  of  a n  e qua l  vol um e o f  ga s - fr e e  H2 O a t  th e  s ta t ed  t em p er a tur e .  

•  E f f ec t iv e  r el a t iv e  de ns i t y ,  G s e .  Vol u me me a s ure m en t  i nc l ud es  th e  qua nt i ty  o f  th e  mi xt ur e  pa r t ic l e  
p l us  th e  voi d  v ol um e  t ha t  bec om es  s tuf f ed  w ith  wa t e r  d ur in g  th e  t es t  s oa k  pe ri od  mi nus  the  a mo un t  
of  t he  vo ids  tha t  a bs o rb  a s pha l t .  E f fec t iv e  r el a t iv e  d ens i ty  l ies  b e tw e en  a p pa r e nt  a nd  b ul k  r el a t iv e  
de ns i ty .  I t ’s  f or ma l l y  de f i ne d  bec a us e  t he  r a t io  o f  th e  ma s s  i n  a i r  of  a  u ni t  vol u me of  a  pe rm ea bl e  
ma t er ia l  ( exc l ud in g  vo ids  p er m ea bl e  to  a s ph a l t)  a t  a  s ta ted  te mp e r a tur e  to  th e  ma s s  i n  a ir  ( of  e qua l  
de ns i ty)  o f  a n  e qua l  v ol um e o f  ga s - f r ee  H2 O a t  a  s ta t ed  te m pe ra tu r e .  E f f ec t iv e  r el a t i ve  d e ns i t y  is  s et  
by  a  dis t inc t  p roc e du re  a n d is n' t  c ov er e d  dur in g  th is  s ec t i on .  R el a t io ns h ip  wi th  Oth er  S p ec i f ic  
G ra vit i es  

•  The d i f f e r enc e  be tw e en  G s a  a nd  G s b is  tha t  the  v ol um e of  a g gr eg a te  em pl oy ed  i n  th e  c a l c ul a t ions .  
Th e di f fe r e nc e  be t we e n  th es e  vol u m es  is  th a t  the  vol u m e of  a bs o rb e d  wa t e r  wi thi n  th e  aggregate ’s  
pe rm ea bl e  v oids .  B oth  us e  th e  aggregate ’s  ov e n d ry  w e ight .  

•  Th e di f f er e nc e  b et w ee n  G s b  a n d bul k  ( SSD)  r el a t iv e  d e ns i t y  is  t ha t  th e  we igh t  o f  a gg r ega t e  
em pl oy ed  i n  th e  c a l c ul a t ions .  Th e  di f f er e nc e  bet w e e n  thes e  w e ight s  is  tha t  the  w ei ght  of  a bs or b ed  
wa t er  wit hi n  the  aggregate ’s  p e rm ea bl e  voids .  B o th  us e  t he  id e nt ic a l  a gg r ega te  vol u m e.  
•  Th e di f f er e nc e  be t w ee n  G s a ,  G s e a nd G s b is  tha t  th e  vol u m e of  a ggr e ga t e  em pl o yed  i n  t he  
c a l c ul a t ions .  A l l  thr e e  us e  th e  aggrega te ’s  o ve n dr y  w ei ght .  
•  Th e  f o l l ow in g  r el a t io ns hi ps  a re  a l wa ys  t ru e :  

1 .  G s a  ≥  G s e  ≥  G s b  

2 .  B ul k  ( S SD)  s p ec i f ic  g ra vity  ≥  G s b  

3 .  A ggr e ga t e  s pec i f ic  g r a vit i es  ( G s b,  G s a ,G s e  a nd  bul k  S SD  s p ec i f ic  gra vity  )  a r e  a l l  ≥  
G mm( b ec a us e  G m m  i nc l udes  th e  a s pha l t  bi n d er ,  whic h  ha s  a  l o w e r  s pec i f ic  gra v ity  tha n 
the  a gg r ega t e)  

Ba sic  P ro ced u r e  

1.  O b ta in  a  s a m pl e  of  c oa rs e  a gg r ega t e  ma t e ria l  re ta i ne d  o n th e  N o.  4  ( 4 .7 5  m m)  s ie ve  ( F igur e  6) .  
This  s a m pl e  s iz e  is  ba s ed  on no mi na l  ma x imu m  a gg r ega t e  s iz e  ( N M A S) .  Sa mpl e  s iz es  ra ng e  fro m  2 000  
g  f or  a  0 .5  i nc h  ( 12 .5  mm)  N M A S  to  5 000  g  f or  a  1 .5  inc h  ( 3 7 .5  m m )  N M A S.  
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( 4 .75  m m)  s ie ve .  

2 .  Pr e pa r e  th e  ma t er ia l .  

  Wa s h  th e a gg r ega t e  r eta i n ed  o n th e  N o.  4  ( 4 .75  mm)  s i ev e.  This  d is c a r ds  s ma l l  a g gr e ga te  
pa rt ic l es  c l in gi ng  to  th e  r eta i n ed  l a rg e  pa rt ic l es .  

  Dry  t he ma t e ria l  u nt i l  i t  ma i nta ins  a  c ons ta n t  ma s s .  This  i nd ic a t es  tha t  a l l  th e  wa te r  ha s  l ef t  
the  s a m pl e .  D ry in g  s h o ul d  oc c u r  in  a n o ve n  r e gul a te d  a t  2 30°F  ( 11 0° C ) .  

  C ool  th e  a g gr ega te  t o  a  c om fo rta bl e  ha ndl i ng  te mp e ra tu r e .  

  Imm e rs e  t he  a g gr ega t e  in  wa t er  a t  roo m t e mp era tu re  f or  a  p e rio d  of  15  t o  19  hou rs  ( F igu re  
7) .  
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7 :  S oa k i ng  th e  s a mpl e .  

I f  th e  c o m bi na t i on  is n' t  o ve n- d ri e d  b e fo re  s oa k in g ,  rel a t iv e  d e ns i t y  va l ues  is  a l s o  s ign i f ic a nt l y  
h igh er .  Th is  c a n b e b e c a us e  w ithi n  th e  no rm a l  proc edu r e  th e  wa te r  mi ght  not  b e  a bl e  to  pe n et ra t e  
the  p or es  to  th e  m iddl e  o f  the  m ixt ur e  pa r t ic l e  du ri ng  th e  s oa k in g  t im e.  I f  t he  mi xtu r e  is n ' t  ov e n- dr y  
to  s ta r t  ou t ,  th e  p r ev a i l ing  wa t e r  wi thi n  th e  a gg r ega t e  p or e  s t ru c tur e  is  a l s o  r ea d y  to  pe n et ra t e  
fur th er  i nto  t he  p or es  ( A A SH TO ,  2 000c [1]) .   

3 .  Dry  th e  s a mpl e  to  a  s a tura t ed  s u rfa c e  d ry  ( SSD)  c o nd it i on .  R ol l i ng  u p th e  mi xtu r e  in to  the  t ow el  
a nd s o  s ha k i ng  a nd r ol l ing  th e  mi xtu r e  f ro m  s id e  t o  s id e  is  s om et im es  ef f ec t iv e  i n  r e duc i ng  th e  
s a mpl e  to  a  SSD c on di t io n  ( V id eo  1) .  I t  s h ou l d  b e n ec es s a r y  to  wi p e th e  l a r g er  pa r t ic l es  s epa ra t el y .  
Onc e  t he r e  a r e  no t  a n y  v is i bl e  s ig ns  o f  wa t er  f i l m o n th e  mix tu r e  pa rt ic l e  s u rfa c es ,  de te rm in e  th e  
s a mpl e  ma s s .  M a k e s u re  to  us e  c l oth  a nd n o t  pa p e r  t ow el s .  Pa p e r  tow el s  ma y  a bs o rb  wa te r  wit hi n  
the  a gg r ega t e  p or es .  

4 .  P l a c e  th e  c om pl e te  s a mpl e  i n  a  v er y  ba s k et  ( F igu r e 8)  a nd w ei gh  i t  un d er wa t e r  ( F ig ur e  9) .  Th e  
ba s k e t  s houl d  b e p re- c ond it i o ne d  to  t he  wa t e r  ba t h  t em pe ra tu r e .  S h a k e th e  c on ta i ne r  t o  r el ea s e  a n y  
e nt ra pp e d  a ir  b efo r e  w eigh in g .  Th e c o nta in er  ov er f l o w  mus t  wo r k  pro p erl y  t o  a to ne  fo r  th e  wa t e r  
dis pl a c ed  by  t he  s a m pl e .  

5 .  R em ov e th e mi xtu r e  fro m  the wa t er  a nd d r y  i t  unt i l  i t  ma i nta i ns  a  rel en t l es s  ma s s .  T his  mea ns  t ha t  
ea c h  o n e th e  wa t e r  ha s  l ef t  th e  s a m pl e .  D ryi ng  s h oul d  oc c u r  in  a n ove n r egul a t ed  a t  23 0 °F  ( 110 °C ) .  
6 .  C ool  th e  mix tu re  i n  a ir  a t  t e mp e ra tu r e  fo r  1  t o  t hr e e  hou rs  th en  de te r mi ne  th e  ma s s .  

S iev e an al y si s  tes t  

S i ev e  a na l ys is  h el ps  t o  wo rk  o ut  t he  pa rt ic l e  s ize  dis t r i bu t io n  of  th e  c oa rs e  a n d f in e  a g gr ega t es .  Th is  
is  d on e  by  s i ev in g  t he  a ggr ega tes  a s  p er  IS :  2 386  ( Pa r t  I )  –  1 963 .  d uri ng  th is  we  us e  di f f e re n t  s i ev es  
a s  s ta nda rdiz e d  by  th e  I S  c od e  s o  pa s s  a g g re ga t es  th ro ugh  th em  a nd t hus  c ol l ec t  d i f f er e nt  s iz ed  
pa rt ic l es  l e f t  ov e r  di f f er e nt  s i ev es .  
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Th e ap p a r atu s  u s ed  a r e  –  

i )  a  c ol l ec t i on  o f  I S  S iev es  of  s iz es  –  80 m m,  6 3m m,  50 mm,  40 m m,31 .5m m,  25 mm ,  2 0 mm,  16 mm , 
12 .5 mm,  10m m,  6 .3 m m,4 . 75m m,  3 .35 mm ,  2 .36 mm,  1 .1 8m m,  60 0µm ,  300 µm ,  150 µm  a nd 75 µm .  
i i )  B a l a nc e  o r  s c a l e  wi t h  a n  a c c ura c y  to  l iv e  0 . 1  p e rc en t  of  th e  l oa d  o f  th e  t es t  s a m pl e .  

Th e w eigh t  of  s a mpl e  a va i l a bl e  s ho ul d  no t  b e  l es s  t ha n  th e  w ei ght  g i ve n  b el o w: -  

 

Th e s a m pl e  fo r  s i evi n g  s houl d  b e  p r epa r ed  fr om  t he  l a rg e r  s a m pl e  ei the r  by  qua rt e ri ng  o r  by  m ea ns  
of  a  s a m pl e  di v id e r .  

Pr oc e dur e  t o  wo rk  out  pa rt ic l e  s ize  d is t r i but ion  o f  A gg re ga t es .  

i )  T he  t es t  s a m pl e  is  d ri ed  to  a  c on t i nui ng  w eig ht  a t  a  t em p era tur e  of  110  +  5oC  a n d w ei g hed .  

i i )  Th e s a mpl e  is  s i ev e d  by  e mpl o yi ng  a  s et  o f  I S  S i ev es .  

i i i )  O n c om pl e t io n  of  s iev in g ,  th e  fa b ric  o n ea c h  s i ev e  is  w eigh e d.  

iv)  C umul a t iv e  w e ight  pa s s in g  th rou gh  ea c h  s iev e  is  c a l c ul a t ed  a s  a  pe rc en ta g e  of  th e  en t ir e  s a mpl e  
w eigh t .  

v )  F ine n es s  mo dul us  i s  obta i n ed  b y  a ddi ng  c umul a t iv e  p e rc e nta ge  of  a ggr ega t es  r e ta in e d  on ea c h  
s iev e  a n d  d iv i di ng  th e  s um by  10 0.  

S l u mp  t es t   

Th e s l ump  va l u e  of  c o nc r et e  is  s i mpl y  a  p ri n c ipl e  o f  g ra vity  f l ow of  s urfa c e  of  th e  c o nc r e t e  c o ne t ha t  
ind ic a t es  th e  qua nt i ty  of  wa t e r  a dd ed  t o  tha t ,  whic h  s ugg es ts  wha t  pr opo rt io n  th is  c o nc re te  m ix  is  i n  
wo rk a bl e  c on dit io n.  

Ap p a r atu s  f o r  S l u mp  tes t  

F ol l owi ngs  a p pa ra t us  a re  em pl oy ed  i n  th e  s l ump  t es t  o f  c o nc re t e:  

•  M eta l l ic  moul d  w ith in  t he  s ha p e  o f  a  f rus tum  of  c o n e ha vi ng  b ott om  dia m et e r  2 0  c m  ( 8  in) ,  t op  
dia m et e r  10  c m ( 4  i n)  a nd he igh t  3 0  c m ( 12i n) .  

•  S te el  ta m pi ng  r od  ha vin g  1 6  mm  ( 5/ 8  i n)  di a me te r ,  0 . 6  m ( 2  f t . )  l o ng  w ith  b ul l et  en d.  
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Pr oced u re  o f  S l u mp  t est  

Duri ng  S l um p t es t  fo l l owi ng  s t e ps  a re  f o l l o w ed:  

•  F irs t  o f  a l l ,  the  i nn e r  s ur fa c e  o f  th e  mo ul d  is  c l ea n ed  a n d  fr e e  f r om  m ois tu r e  a nd  fr e e  fro m  ot he r  
o l d  s ets  o f  c o nc re t e .  

•  The n pl a c e  th e  moul d  o n th e  s l e ek  ho rizo nta l ,  r ig i d ,  a nd no n- a bs or ba nt  s u rfa c e .  
•  Th e mo ul d  is  th e n s tuf f e d  wit h  f r es h  c onc re t e  i n  fou r  l a y e rs  wi th  ta pi ng  ea c h  l a ye r  2 5  t i m es  by  
ta pi ng  r od ,  a nd l ev el  th e  h ighes t  s ur f a c e  wi th  a  tro w el .  
•  Th e n th e  moul d  is  s l owl y  pul l ed  i n  v e rt ic a l  a nd  fa r  fr om  c o nc r et e ,  s o  a s  t o  no t  dis tu r b  t he  c onc r et e  
c on e.  
•  This  fr e e  c o nc r e t e  d ef or m  a l l  th e  s urfa c e  t o  s u bs id e  t ha nk s  to  th e  ef f ec t  of  g ra vi ty .  
•  Tha t  s u bs i de nc e  of  c o nc r et e  wit hi n  th e  p e ri ph ery  m a y  b e a  SL UM P  o f  c onc r et e .  
•  Th e h eig ht  d i f f e r enc e  be t we e n  th e  p ea k  of  s ubs i d enc e  c o nc r e t e  a nd m i l d e w c o ne in  m m is  ‘s lump  
va l ue  of  concrete ’ .  

R ec o rd ed  s l u mp v a l u e o f  a  s a mpl e  is  =  ……… mm  C om pr es s iv e  s tr e ngt h  t es t  
C omp r es s iv e  s t r e ngth  is  tha t  th e  c a pa c i ty  of  fa br ic  o r  s tr uc tu re  to  r es is t  or  wi ths ta nd  u n de r  
c omp r es s io n.  Th e C om pr es s iv e  s tr e ng th  o f  a  c l oth  is  d ec i de d  by  t he  po w er  of  th e  fa b ri c  to  r es is t  
fa i l ur e  wi th i n  th e  fo r m  c ra c k s  a nd  f is s ur e .  In  th is  t es t ,  th e  pus h  forc e  a p pl ie d  on  th e  b oth  fa c es  o f  
c onc re t e  s pec im e n  a nd  a l s o  t he  ma xi mum  c o mp res s io n  tha t  c o nc r e te  b ea rs  wi thou t  fa i l u r e  is  no te d .  
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C onc re t e  t es t i ng  h el ps  u s  to  ma jo rl y  ta r g et  t he  C o mp r es s iv e  s t re ng th  of  c o nc r et e  b ec a us e  i t  hel ps  u s  
to  qua n t i fy  th e  f l e xi bi l i ty  o f  c o nc r e te  to  r e s is ts  C o mp r es s iv e  s tr es s es  a m on g  s t ruc tu r es  wh er e- a s  
oth er  s tr es s es  l ik e  a xi a l  s tres s es  a nd te ns i l e  s tr es s es  a r e  c a t er e d  b y  r ei nfo rc em e nt  a nd  o t he r  m ea ns .  
In  t ec hn ic a l  p oi nt  of  v ie w,  C o mp r es s iv e  St r e ngth  o f  c o nc re t e  is  d ef in ed  bec a us e  th e  C h a ra c te ris t ic  
s tr en gth  o f  150 mm  s iz e  c onc r et e  c ub es  @28  da ys .  

C omp r es siv e  s tr en gth  of  C onc re te  and  i ts  imp o rt a nce : -  
A s  we a l l  k now tha t  c o nc r et e  c oul d  b e a  mixt ur e  of  s a nd ,  c e me nt ,  a nd a gg r eg a t e .  T he  s t r e ngt h  of  th e  
c onc re t e  d ep e nds  u p on ma ny  fa c to rs  l ik e  ind iv i dua l  c om pr es s ive  s tr e ngt h  of  i ts  c ons t i tu e nts  
( C em e nt ,  Sa nd ,  a g gr e g a te) ,  qua l i ty  of  ma te ri a l s  us ed ,  a i r  e nt ra i nm e nt  mi x  pr op or t io ns ,  w a te r- c e m en t  
ra t i o ,  c u ri ng  me tho ds  a nd t e mp e ra tu r e  e f f ec ts .  C o mp r es s iv e  s t r en g th  g iv es  a  c onc e pt  o f  t he  s t r e ngth  
a nd a b ov e- m en ti on ed  fa c tors .  Thr ough  c o nduc t i ng  th is  t es t ,  o n e c a n ea s i l y  ju dg e  t he  c o nc r et e  
s tr en gth  ps i  a nd  q ua l i t y  of  c o nc re t e  pr oduc ed .  

F ac to rs  af f ec tin g  co m p res si ve  s tr en gth  o f  c onc re te : -  

C oa rs e  a gg re ga te : -  

C onc re t e  is  fo r me d  h omo ge n ous  b y  c om bi n ing  a g gr e ga t es ,  c e m en t ,  s a nd ,  wa t e r  a n d  va rio us  oth e r  
a dmi xtu r es .  B u t  ev e n wit h  p ro p er  m ixi ng ,  t he re  ma y  a ris e  s om e  mic r oc ra c k s  b ec a us e  o f  d i f f e r enc es  
in  t he r ma l  a nd mec ha nic a l  p ro pe rt i es  of  c o a rs e  a gg re ga t es  a n d c em e nt  ma t rix ,  w hic h  e nds  u p i n  
fa i l ur e  o f  c onc r et e .  C onc re t e  t ec hn ol og is ts  c a me u p wi th  th eo r et ic a l  c onc ep ts  r ega r din g  s iz e  of  
a ggr ega tes ,  whic h  b ec a us e  th e  s i ze  o f  a g gr e g a te  b ei n g  t he  ma in  c o n tri bu to r  of  c om pr es s iv e  s tr e ng th .  
So  i f  th e  di m ens i o ns  of  a g gr ega t e  is  i nc r ea s e d,  th en i t ' d  l ea d  inc r ea s e d  c o mp r es s i ve  s t r e ngth .  
This  th eo ry  wa s  l a t er  dis c a r d ed,  a s  e xp e ri me nts  p rov e d  tha t  g r ea t e r  s iz e  of  a g gr e ga tes  s ho we d  
inc rea s ed  s t r en gth  in  in i t ia l  pha s es  but  r e duc e d  ex po n en tia l l y .  Th e s ol e  r ea s o n  f or  t h is  s t r en gth  
dro p wa s  b ec a us e  of  t he  r e duc ed  a r ea  f or  b ond s tr e ng th  b et w e en  c em e nt  ma tr ix  a n d  a gg re ga t es  a n d  
w ea k e r  tra ns i t io n  z o ne .  
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Air -e nt r ain me nt : -  
A ir  e n tra i n me nt  i n  c onc re t e  wa s  on e i n  a l l  the  c onc ep ts  de vel op ed  b y  c ol d  c ou nt ri es  s o  a s  to  
for es ta l l  da ma g es  be c a us e  o f  f re ez in g  a nd t ha wi ng .  L a t er  o n,  a s  experimentat ion’s  pr ov ed  
mul t i dim e ns i ona l  b e ne f i ts  of  a ir  e nt ra i nm e nt  tog e th er  w ith  im pr ov ed  th e  wo rk a b i l i ty  of  c onc re t e  a t  
l ow er   

wa te r/ cem en t  r at io .  

A s  the  a c hi ev e me nt  of  the  s pec i f i e d  w ork a bi l i ty  a t  l o we r  wa t er  c o nt e nt  h el p ed  o n e to  a t ta i n  c onc r et e  
wit h  th e  gr ea t e r  c o m pr es s iv e  s tr e ng th  whi c h  s uc c es s i vel y ,  r es ul ts  i n  l igh t  c o nc re t e  w ith  g r ea t e r  
c omp r es s iv e  s t re ng th .  

Wa te r/C e me nt  r a ti o: -  

W e a r e  a l l  very  tu n ed  in  to  h ow exc es s  wa t e r  a r e  of t e n  ha r mful  to  the  s t re ng th  of  c o nc r et e .  C em e nt  
b ei ng  th e  k ey  b in di ng  ma t er ia l  in  c o nc r et e  n e eds  wa t er  f or  hy dra t i on  p roc es s ,  but  tha t ' s  onl y  l im it ed  
to  a b out  ( 0 . 20  to  0 .25 )  you  l ook  a f t er  c em e nt  c o nt e nt .  th e  s u rpl u s  wa te r  s ee ms  to  b e b e ne f ic ia l  i n  
c ont ri bu t i ng  t o  w ork a bi l i ty  a n d f i nis hi n g  of  c onc r e te .  Th e v er y  a s pec t  wh e r e  e xc es s  wa t er  is  ta k e n  
int o  a c c ou nt  ha r mful  b ec a us e  b ec a us e  th e  wa t er  w ith in  th e  c o nc re t e  ma tr ix  dr ies ,  i t  l ea v es  l a r ge  
int e rs t i t ia l  s pa c es  a m ong  a g gr e ga t e  a nd c e me nt  gra i ns .  This  i nt ers t i t ia l  s pa c e  b ec o m es  p ri ma ry  
c ra c k s  du ri ng  c o mp r es s ive  s t r en gth  t es t in g  o f  c o nc r e te .  

C omp r es siv e  st re ng th  t es tin g  of  c onc re te : -  

Th e t es t  is  c a r ri ed  out  us in g  15 0m m  c o nc r et e  c u b es  o n a  U niv e rs a l  tes t i ng  ma c hin e  or  c o mp res s iv e  
tes t i ng  ma c hi n e.  

Ap p ara tu s  

A s  pe r  IS :  51 6- 195 9  C omp r es s iv e  t es t in g  ma c hin e  ( 200 0K n) , 15c m × 15c m× 15c m  s t e el  c ub e  mol ds  or  
C yl ind e r  ha vi ng  Dia  15 c m  a n d l e ngt h  3 0c m  a r e  us e d.  



       International Research Journal of Engineering and Technology (IRJET)      e-ISSN: 2395-0056 

                Volume: 07 Issue: 12 | Dec 2020                 www.irjet.net                                                                      p-ISSN: 2395-0072 

 

© 2020, IRJET      |       Impact Factor value: 7.529      |       ISO 9001:2008 Certified Journal       |     Page 1695 
 

 

Prep a ri ng  o f  m a te ri al  fo r  C u be  t es t :  

A l l  the  fa br ic  mus t  b e  br ough t  a nd  s to re d  t o  a n a pp ro xi ma t e  t em pe ra tu r e  of  27  ±3  de g re e  C el s i u s .  
C em e nt  m us t  b e  uni fo rml y  m ix ed  w ith  a  tro w el  s o  a s  ther e  e xis t  no  l umps .  
M ixi ng  o f  c o nc r et e:  M a c hin e  mi xi ng:  Th e i n gr ed ie nt  mus t  no t  b e  rota t e d  fo r  ov e r  2  m inu tes  a nd  
the r ef or e  t he  fo l l o wi ng  pa tt e rn  mus t  b e  fo l l o w ed  1>C a l c ul a ted  wa t er ,2> 5 0%  c oa rs e  
a ggr ega tes ,3> f i n e  a gg r ega t es , 4>c em e nt , 5>5 0 %  c oa rs e  a gg r ega t es .  Ha nd  mix in g:  th e  m e t hod  mus t  b e  
don e  o n th e  o bl o ng  pa n un t i l  a  re gul a r  mix  is  o b ta i ne d.  Dry  mi xi ng  of  f i ne  a gg r ega t es  a nd  
c em e nt>a ddi t io n  o f  c oa rs e  a gg re ga t e  wi th  the  e ve n dis tr i but i o n>a d dit io n  of  c a l c ul a t ed  wa t er  i n  
ba tc h  t i l l  c o ns is te nc y  is  a c hi ev ed.  P r epa ri ng  of  fa bric  f or  C u be  t es t :  A l l  th e  fa br ic  mus t  b e  br ough t  
a nd s to r ed  to  a n a p p r oxi ma t e  te mp e ra tu r e  o f  27  ±3  de gr e e .  C em e n t  mus t  b e  u ni f or ml y  m ix ed  w ith  a  
tro w el  s o  a s  th er e  exis t  no  l u m ps .   

Mix i ng  o f  c o ncr et e:  M a c hin e  mi xi ng:  Th e i ng re di e nt  mus t  not  be  ro ta t ed  f or  qu it e  2  mi nut es  a nd  
a l s o  the  fo l l o wi ng  pa tt er n  mus t  b e  fo l l o we d  1>C a l c ul a te d  wa t e r , 2>50 %  c oa rs e  a ggr e g a tes , 3>f in e  
a ggr ega tes ,4>c e me nt ,5 >50%  c oa rs e  a gg r ega t es  Ha nd  mix in g:  th e  m eth od  mu s t  b e  d on e on  the  o bl on g  
pa n u nt i l  a  s ta nda rdi zed  mi x  is  o bta i n ed.  Dry  mi xi ng  of  f i ne  a g gr ega t es  a nd  c e m en t> a ddit io n  o f  
c oa rs e  a gg r ega t e  wi th  the  ev e n dis t r i bu t io n> a ddit io n  o f  c a l c ul a te d  wa t er  i n  ba tc h  t i l l  c on s is te nc y  is  
a c hiev ed .  
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Pr oc e dur e  f or  C o mp r es s ive  s t r en gth  of  c o nc re te  o r  C ub e  t es t : -  

1 .  P l a c e  th e  p re pa r e d  c onc re t e  mix  wit hi n  t he  s t e el  c u b e moul d  f or  c a s t in g .  

2 .  Onc e  i t  s ets ,  a f t e r  2 4  ho urs  r e mov e  th e  c o nc r et e  c u be  f ro m  th e moul d .  

3 .  K ee p  th e  tes t  s p ec i me ns  s ub m er g ed  un d e rwa te r  fo r  s t i pul a t ed  t im e.  

4 .  A s  m e nti on e d  th e  s pec im e n  mus t  b e  k e pt  in  wa t e r  fo r  7  o r  14  o r  2 8  da ys  a nd fo r  ea c h  7  da ys  t he  
wa t er  is  m odi f i ed .  

5 .  ma k e  s ur e  tha t  c o nc re t e  s pec im e n  mus t  be  d ri ed  b e fo re  pl a c ing  i t  o n th e  UTM .  

6 .  W ei ght  of  s a m pl es  is  n ot ed  s o  a s  t o  pr oc ee d  with  t es t i ng  a nd  i t  m us t  no t  b e  bu t  8 .1 Kg.  

7 .  Tes t i ng  s p ec i m ens  a re  pl a c ed  with in  th e  s p a c e  b et w ee n  b ea ri ng  s urfa c es .  

8 .  C a re  m us t  b e  ta k e n to  s to p  th e  ex is t e n c e  of  a ny  l oos e  ma t e r ia l  or  gri t  on th e  m et a l  p l a tes  of  
ma c hin e  o r  s p ec im e n  b l oc k .  

9 .  T he  c o nc r e te  c u bes  a r e  pl a c ed  o n b ea ri n g  pl a t e  a nd  a l ig ne d  pr op erl y  w ith  th e  mid dl e  of  thr us t  
wit hi n  t he  t es t in g  ma c hin e  pl a t es .  

10 .  Th e l oa di ng  m us t  b e  a ppl i e d  a xia l l y  o n s pec im e n  wi th  no ne s h oc k  a nd i nc r ea s ed  a t  t he  s p e ed  of  
140k g/ s q  c m/ m in .  t i l l  the  s p ec i m en  c ol l a ps e.  

11 .  Tha nk s  to  th e  c o ns ta nt  a p pl ic a t i on  of  l oa d ,  th e  s p ec i m en  s t a rts  c ra c k i ng  a t  a  d e gr e e  & f i na l  
br ea k d ow n  of  t he  s p ec im en  m us t  b e  n ot ed .  
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Effe ct s  of  Re cycl ed  A gg re ga te  o n  C on cr et e  Mix :   

C ons t ruc t io n  a nd d e m ol i t i on  ( C &D)  wa s t e  is  on e i n  ev er y  of  th e  m os t  i mp or ta nt  wa s t e  f l ows  wi thi n  
the  wo rl d .  Dis pos a l  o f  C &D  wa s t e  is n' t  o nl y  a n en vi ro nm e nta l  c onc er n  but  a l s o  inc l u des  a  ma jo r  
inf l u e nc e  o n th e  c o ns e rva t i on  of  na tu ra l  r es ourc es  by  a vo idi ng  e x c a va t io n  of  ma t er ia l .  M os t  o f  th is  
wa s t e  go es  i nto  l a n df i l l s ,  inc r ea s i ng  th e  bur de n o n l a ndf i l l  l oa din g  a nd o pe ra t io ns .  So m e n on in e rt  
wa s t e  ma t er ia l s  i n  C & D  wa s t e  ( s uc h  a s  l ea d ,  ta r ,  a s b es tos ,  pa i nt ,  a nd  p res e rva t iv e  res i dues )  ma y  
int ro duc e  e nvi ro nm e nt a l  ha za rds  ov e r  t im e  [ 1] .  

 Ins t ea d ,  r ec yc l in g  pr es en ts  a  c ha nc e  to  l os e  c o nc r et e  a nd o th er  no nha za rd ous  wa s t e .  
R ec yc l i ng  is  on e a m o ngs t  th e  s t ra t eg ies  t owa rd  mi ni miz in g  wa s te  a n d of f e rs  ma n y  be n ef i ts—
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re duc i ng  th e  d ema nd  for  b ra n d  s pa nk in g  n ew r es ourc es ,  l o w er ing  o n tra ns p o rt  a nd  prod uc t i on  
e ne rgy  c os ts ,  us i ng  wa s te  wh ic h  m igh t  p r ef e r a bl y  be  l os t  to  l a ndf i l l  s i tes  [2 ] , p r es er vi ng  a r ea s  o f  l a n d 
for  fu tu re  ur ba n de vel opm e nt ,  i mp rov in g  t he  f i na l  s ta t e  of  th e  e nvi ro nm e nt  [3] ,  a nd  s us ta ini ng  m or e  
jo bs  tha n  w oul d  be a va i l a bl e  by  tr ea t in g  th e  i de nt ic a l  a mou nt  o f  ma te ria l s  a t  t ra d i t i ona l  l a ndf i l l s  [1] .  
A c c ord in g  to  Ka rta m  e t  a l .  [4] ,  th e r e  a r e  fou r  fa c to rs  a f f ec t in g  C & D  wa s t e  r ec yc l i ng .  F i rs t  is  tha t  th e  
pur i ty  o f  r ec yc l e d  ma t er ia l .  C hoos in g  b et w ee n  r ec yc l in g  a nd  o th er  a pp rop ria te  d is p os a l  me tho ds  is  
s et  by  th e  c o nc en tra t i ons  of  h a rm ful  s u bs ta n c es  i n  r ec yc l e d  C & D  m a te ria l s .  Sec on d  is  tha t  th e  c os t  of  
c ol l ec t i on  a nd  t ra ns po rt .  Thi rd  is  tha t  th e  c o s t  of  s or t i ng ,  tra ns f or ma tio n  in to  r eus a bl e  ma t er ia l ,  a nd  
the r ef or e  th e  dis pos a l  c os ts  of  a ny  r es i du a l  ma te ria l  to  l a nd f i l l s  or  inc i n e ra t i on.  F i na l l y ,  i t ' s  
n ec es s a ry  tha t  r ec yc l ed  ma t e ria l s  m ee t  t he  p er t i n en t  r equ ir e d  s p ec i f ic a t io ns  a nd  s ta n da r ds .  
R ec yc l e d  a gg r ega te  is  im po rta n t  d ue  to  th e  h igh  c ons u m pti on  of  ra w  ma t e ria l s  ne e de d  to  c r ea t e  
c onc re t e  a nd s i nc e  of  th is  h igh  l ev el  o f  w orl d wi de  c o ns truc t io n  a c t iv i t i es .  B y  r ec yc l i ng  c o nc r et e  
wa s t e  a ggr e ga t es  a nd  us ing  th em  a s  a  s our c e  fo r  pr oduc in g  n ew  c onc r et e ,  a n  a l t er na t e  s ou rc e  o f  
a ggr ega te  p rod uc t i on  is  of fe r ed .  Th e e nvi ro nm e nta l  i mpa c t  of  th e  a s s em bl y  o f  c oa rs e  a ggr e ga t e  l e d  
Kuwait ’s  l oc a l  E nv ir on me nt  P ubl ic  A u tho ri t y  in  199 7  to  ba n i ts  p ro d uc t io n  fr om  l oc a l  qua r ri es  [5] .  

Th e v ol um e of  c o ns t r uc t io n  wa s t e  i n  Kuwa i t  wa s  es t i ma t ed  a t  4 .1  mi l l i on  to ns  a t  a  ra t e  of  11 ,00 0  
tons  p e r  da y  in  20 10,  whic h  is  ta k e n  i nt o  a c c oun t  h i gh  c o mpa r ed  t o  i nt er na t i o na l  f i gu res ,  p ro ba bl y  
tha nk s  to  th e  h i gh  l ev el  o f  c o ns t ruc t io n  a c t iv i t ies  a f t e r  th e  G ul f  wa r  a nd  to  p oo r  ma t e ria l s  
ma na g e me nt  by  t he  Ku wa it i  in dus t ry .  C & D  wa s t e  i n  Ku wa i t  i s  pro duc ed  f ro m  th e  s ubs eq ue nt  
a c t iv i t ies :  d e mol i t io n  of  o l d  bu i l di ngs ,  ma t er ia l  l e f t  ov er  f ro m  ne w c ons tr uc t i o n,  bu i l di ng  
ma in t ena nc e,  a nd ma n ufa c tu ri ng  de b ris  [4 ] . T homa s  et  a l .  [ 6] f ou nd  t ha t  b ec a us e  th e  wa t er  a bs o rp t io n  
of  r ec yc l ed  a gg r ega te  i s  be yo nd  tha t  of  na tu r a l  a ggr ega t e ,  es p ec ia l l y  wh en th e  r ec yc l e d  a ggr e ga t e  is  
dry  b ef or e  mi xi ng ,  t he  nu mb e r  o f  wa t er  r eq ui re d  t o  c o mb in e t he  c o nc r et e  pr op e rl y  mus t  b e  
inc rea s ed .  A bd el - Ha y  [ 7]  s t udi e d  th r e e  g ro u ps  o f  mix es  c o nta i ni ng  di f f er e nt  wa te r  to  c e me nt  ra t ios  
( w/ c ) ,  a nd  e ve ry  of  th os e  g rou ps  i nv ol ve d  f i ve  mi xes  with  d i f f e r en t  a m oun ts  of  r ec yc l e d  a ggr ega te .  
Th e a utho rs  f ou nd  t ha t  ea c h  o n e th e  c onc r et e  m ix es  ha d  l o w wo rk a bi l i t y ,  a n d  a l s o  th e  wo rk a b i l i ty  
dec r ea s e d  w ith  inc r e a s ing  p erc e nta g e  o f  rec yc l ed  a gg r ega t e  c ont e nt  du e to  th e  h igh - wa t er  
a bs o rp t io n  of  t he  r ec yc l ed  a g gr ega t e  a n d  i ts  rough  s u rfa c e  tex tur e .  
Poo n et  a l .  [8]  s tudi ed  f ou r  gr oups  of  c o nc r et e  mix es :  1 00%  na tu ra l  a ggr e ga t e ,  20 %  r ec yc l e d  
a ggr ega te ,  50%  r ec yc l ed  a g gr ega t e ,  a n d 100 %  r ec yc l e d  a gg r ega t e .  E a c h  grou p  us ed  thr e e  mix es :  th e  
pri ma r y  w ith  a ir- d ri e d  ( A D)  a gg r ega t e ,  th e  s e c ond  w ith  ov en- d ri e d  ( OD)  a g gr ega te ,  a n d  th e re fo r e  th e  
l a s t  with  s a tura te d  s u rfa c e  d ry  ( S SD)  a gg r eg a te .  This  s tudy  wa s  w ont  to  t es t  th e  s l um p  a nd a l s o  th e  
s tr en gth  of  th e  r ec yc l ed  a g gr ega te  c o nc r et e  m ix es .  Th e a uth o rs  c onc l ud e d  tha t  th e  num b e r  of  
rec yc l ed  a g gr ega t e  wi thi n  the  c o nc re t e  mi x  ha d  a  c of f ee  ef fec t  on in i t ia l  s l um p  fo r  the  mi x es  
c onta in in g  r ec yc l ed  a ggr e ga t e  with in  th e  S SD  c o nd it i o n,  whi l e  t he  mi xes  c o nta i ni ng  a n ov e rs iz e d  
a mou nt  of  A D a nd OD  rec yc l ed  a gg r ega t e  w o ul d  r e qui r e  a n  o uts iz e d  a mo un t  o f  wa t e r ,  wh ic h  r es ul te d  
in  h igh  i ni t ia l  s l u mp  [9 ] .  

M udul i  a nd M uk ha rj e e  [10]  fou nd  tha t  r ec yc l ed  a g gr ega te  c onc r et e  mix  ha s  h igh e r  a i r  c o nt e nt  tha n 
na tu ra l  a gg re ga t e  c o nc re t e  mi x .  F a l ek  et  a l .  [ 11]  c o nc l ud ed  tha t  t he  c on nec t io n  b et w ee n  t he  d e ns i t y  
a nd a l s o  th e a mou nt  o f  f in e  rec yc l ed  a g gr eg a te  i n  c onc r et e  mi x es  is  a n  inv e rs e  r el a t io n s hip;  w he n  
the  pr op or t io n  o f  f i n e  rec yc l ed  a g gr e ga t e  i nc rea s es ,  th e  d ens i ty  o f  t he  c o nc r e te  mix  dec r e a s es .  th is  is  
of t e n  du e t o  th e  d ens e n es s  of  th e  f i ne  r ec yc l ed  a g gr ega te  c om pa r e d to  th e  d e ns i ty  of  th e  c rus h ed  f in e  
s ton e  a n d s i nc e  th e  mix tur e  t o  c em e nt  r a t io  ha s  a n  i ns ig ni f i c a nt  ef f ec t  o n c o nc r et e  d ens i ty .  
L ova to  e t  a l .  [12 ]  fou n d  tha t  a  r is e  of  th e  r e c yc l ed  a gg re ga t e  c on te nt  ( f i n e  ( F R A ) ,  o r  c oa r s e  ( C R A ) ) ,  
te nds  t o  s c a l e  ba c k  the  concrete ’s  res is ta nc e,  wh ic h  is n' t  des ira b l e .  th e  ve ry  b es t  r es is ta nc es  a re  
exh i bi t ed  by  c onc r et e s  wit hout  r ec yc l e d  a g gr ega t es .  W he n 1 00%  F R A  or  C R A  a r e  a d d ed  to  th e  
mix tur e ,  th e  concrete ’ s  r es is ta nc e  is  r educ e d  by  18 %  a n d  24 %,  r es p ec t iv el y .  Wh e n  wo rk i ng  wit h  
100%  s u bs t i tu t io n  o f  n a tura l  a gg r ega t es  b y  r ec yc l e d  o n es ,  a  r es is ta nc e  r educ t io n  o f  ro ugh l y  20%  wa s  
fou nd  fo r  l o w w / c  ra t i os  ( 0 . 45)  in  c o nc re t es  with  100%  F R A  o r  100%  C R A .  
A c c ord in g  t o  Tho ma s  et  a l .  [6 ] ,  c onc r et e  wi t h  100 %  c oa rs e  rec yc l e d  a gg r ega t e  s h o we d  a  dis c ou nt  i n  
c omp r es s iv e  s t re ng th  b et w ee n  9%  a n d 45%.  Puthus s er y  et  a l  [13]  c onc l ud ed  tha t  th e  c omp r es s iv e  
s tr en gth  d ec r ea s ed  w i th  th e  r is e  of  f r es h  c o nc r et e  wa s t e  ( F C W)  a g gr ega t e  c o nt en t  i n  b ot h  s e ri es  of  
c onc re t e  mix es  tha t  w er e  eva l ua t ed .  M a s l e hu ddi n  et  a l .  [13 ]  c o nc l u de d  t ha t  th e  c o mp r es s i ve  s tr e ng th  
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dec r ea s e d  w ith  th e  r is e  of  fr es h  c o nc r et e  wa s te  ( F C W)  a gg r ega t e  c ont e nt  i n  bo th  s e ri es  of  c o nc r et e  
mix es  tha t  w e re  eva l u a ted .  M a s l ehud di n  et  a l .  [14 ]  c o nf ir m ed  tha t  Ty p e I  c o nc r et e  ( c o nc r et e  w ith  
no rma l  c e m en t)  is  mo re pr oof  a ga i ns t  c hl o r id e  di f fus i on  tha n Ty pe V  ( c o nc re t e  wi th  h igh  s ul fa t e  
res is ta nc e)  a nd d em o ns t ra t ed  tha t  a ddi ng  s i l ic a  fum e im p rov es  t he  p e rfo r ma nc e  of  c o nc r et e .  Th ey  
a l s o  foun d  tha t  th e  c hl ori d e  c onc en tra t io n  a c c el era tes  re in fo rc e me nt  c o r ros i on ,  a nd a s  c hl orid e  
c onc en tra t io n  i nc r ea s e s ,  the  c o r ros i on  c u rr e nt  d e ns i ty  ( )  i nc r ea s es ,  l ea di ng  t o  h igh e r  w ei ght  l os s  of  
the  fa b ric  b ec a us e  o f  c or ros i on .  V e ria n  e t  a l .  [15 ]  o bs erv e d  tha t  t he  d i f fus io n  c o e f f ic ie n t  d ec r ea s es  
wit h  t i m e u nt i l  i t  ev e ntua l l y  rea c h es  a  s ta b l e  va l u e.  Z ha ng  a nd G j orv  [16 ]  c o nc l ud ed  th a t  c hl or id e  
di f fus iv i ty  is  in ve rs e l y  pro po rt i ona l  to  t he  r oot  o f  th e  c hl or id e  s ourc e  c o nc e nt ra t io n  in  a n  
exc e ed in gl y  di l u te d  s o l ut io n,  wh er ea s  bot h  c ond uc t iv i ty  a nd  d i f fus i v i ty  a r e  inv e rs el y  p ro p ort io na l  to  
the  c ub ic  roo t  o f  t h e  c hl o ri d e  s ou rc e  c o nc e nt ra t io n  d ur in g  a  c onc e nt ra t ed  s ol ut i o n  ( g e n era l  
s ol ut io n) .  M o r eov e r ,  t he  di f fus i o n  o f  c h l or i de  wa s  m or e  e nt hus i a s t ic  a bou t  t he  c o nc e nt ra t i on  a t  
l ow er  c o nc en tra t io n  l ev el s .  Put hus s e ry  et  a l .  [13 ]  obs e rv ed  tha t  the  ut i l iza t i on  o f  F C W  a gg re ga t e  
dec r ea s e d  th e r es is ta n c e  to  c hl o rid e  io n p e n et ra t i on  by  th e  c o nc r e te .  t h is  mi ght  ev en  be a s s oc ia t ed  
wit h  F C W a g gr ega t e  ha ving  h igh e r  po ro s i ty  tha n na t ura l  g r a nit e  a gg r ega t e .  Ol o r uns o go  a n d 
Pa da ya c h ee  [1 7]  p r es e nt ed  a  l a r g e  ra ng e  o f  ex p er im e nta l  r es ul ts  o n a c i d  s ol u bl e  c hl or id e  di f fus i on  
for  va rio us  mix es  of  c onc re t e .  Th ey  s ho w e d  tha t  th e  ef f ec t iv e  c hl ori d e  tra ns po rt  c o e f f ic i e nt  is  
s tro ngl y  pa s s i ona t e  a b out  t he  a mo un t  o f  e xp os ur e  of  c o nc re t e  t o  a  c hl ori de  e nv i r on m en t .  N ev es  et  a l .  
[18]  a nd  B uha ma d  [ 19]  fou nd  tha t  c hl or id e  c o nduc t iv i ty  i nc r ea s e d  wit h  i nc r ea s es  wi thi n  th e  
re pl a c e m en t  l ev el s  o f  R A  f or  a  g iv en  c u ri n g  du ra t io n  o f  c onc r et e  mi xes .  H o we ve r ,  l o ng er  c u ri ng  
dura t io n  d ec r ea s ed  th e  c on duc t iv i t y  of  th e  c onc re t e  mi x  fo r  a ny  g i ve n  R A  l evel .  Xia o  et  a l .  [20]  fo un d  
tha t  t he  c hl or id e  di f fu s ion  p roc es s  is  a dd it i ona l l y  i nf l u e nc ed  by  t he  R A  s ha p e t o  s o m e ex te n t .  t he  
upp e r  th e  a mou nt  of  e qui l a t e ra l  pol yg ons  of  R A ,  the  l o w er  the  ef f e c t iv e  c hl or id e  di f fus i o n  ( D ef f)  i s ,  
mea ni ng  r egul a t io n  o f  R A  c a n re duc e  th e  De f f  o f  th e  R A C  mo d el .  a d dit io na l l y ,  th e  v a ria t i on  of  
c h l ori de  c o nc en tra t io n  on c o nc re t e  bo un da ri es  ma y  a f f ec t  th e  d i f fus i on  pr oc es s  a n d  d i f fus iv i t y  of  
c h l ori de .  D i f f us io n  in vol v i ng  l a rg er  c hl o rid e  c o nc e nt ra t i ons  o n t he  b oun da ry  with in  t he  mi ddl e  is  
mo re  fa v ora bl e  t ha n  o n ei th er  en d  fo r  th e  i d e nt ic a l  c h l or id e  c onc e nt ra t i on  [ 21] .  

7.Ex p er ime nt al  p r og r am  

7. 1.  M a te ri al  

Th e ma t eria l s  us ed  fo r  t h is  e xp e rim e nta l  p r ogra m  fo r  t he  a s s e m bl y  of  r ec yc l ed  a gg r ega t e  c onc r et e  
a re  b in de r  ( OPC  a nd  G G B S a n d F A ) ,  r ec yc l e d  c oa rs e  a g gr e ga t e ,  n a tura l  f in e  a nd c oa rs e  a ggr ega t es ,  
wa t er ,  a nd  s up e rpl a s t i c ize r .  

7. 1. 1.  Bi nd e r  ma t er ia l  

B in de r  c o ns is ts  o f  or d ina ry  hyd ra ul ic  c e m en t  ( OPC )  T yp e I  Po rt l a n d  c em e nt  g e n era l - pu r p os e  c em e nt  
s upp or te d  B S 12  [26 ]  c l a s s i f ic a t io n  a nd  s o rt  F  Wa s t e  a s h  c on fo rm i ng  to  A S TM  C  61 8  [ 27 ] ,  a nd  wi th  
B l a in e' s  f in e n es s  of  40 00  g/ c m2 ,  f i ne n es s  in  te rms  o f  s p ec i f ic  ex pa ns e  b et w ee n  25 0  a nd 550 m2/ k g  
a nd r el a t iv e  d e ns i t y  o f  two .3  g/ c m 3.  G G B S wa s  ob ta i ne d  fr om  H o  C hi  M inh ,  V ie tna m.  T a bl e  1  g i ves  
the  c h em ic a l  a nd ph y s ic a l  pro p er t i es  of  th e  c e m en ti t ious  re pl a c em e nt  ma t eria l s .  A  S ul pho na t ed  
N a phtha l e n e  fo rma l d e hyd e  t yp e s up e rpl a s t ic ize r  ( C E R A PL A ST  30 0)  wa s  us ed  f or  th e  c o mb i na t i on .  

Ta bl e  1 .  C he mic a l  c om pos i t io n  a nd  p hys ic a l  pr op e rt i es  of  F A  a nd  G B F S.  

C he mic a l  c o mp os it io n  ( %)  F A  ty pe  F  G B F S  

SiO 2  53  17 .8  

A l 2 O 3  25 .8  11 .6  

F e 2 O 3  6 .5  25 .8  

C a O  9 .5  33 .5  
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C he mic a l  c o mp os it io n  ( %)  F A  ty pe  F  G B F S  

M gO  0 .7  4  

N a 2 O  0 .3  0 .1  

K 2 O  3 .8  –  

SO 3  0 .4  0 .3  

Ti O 2  –  0 .4  

Phys ic a l  c om pos i t io n  
  

F in en es s  ( bl a i n e)  m 2 / k g  295  400  

L oos e  d ry  u nit  we igh t  k g/ m 3  650  
 

Sp ec i f ic  gra v ity  2 .3  
 

R eta i ni ng  o n 45  μm s ie ve  ( %)  8 .2  
 

7. 1. 2.  A gg re ga te s  

R ec yc l e d  a g gr ega tes  ( R A )  w er e  s ou rc e d  f ro m  a  s i t e  of  th e  d e mol i s hed  b ui l di ng  s t ruc tu r e  o f  a rou nd  
20 yea rs  i n  Ho C h i  M i nh  C i t y ,  th e  d e mol is h ed  c o nc re t e  c ol l ec t e d  wa s  fu rth e r  c rus h e d  e mpl oy in g  a  
s ma l l  ja w  c rus h er  to  g et  a g gr e ga t es  i n  i ts  u n s c re e n ed  a nd u ng ra d e d  s ta t e  a nd g o  th ro ugh  mec ha nic a l  
s iev es .  M i no r  i mpu ri t i es  we r e  r emo ve d  a nd f in e  R C A  of  pa r t ic l e  s iz e  pa s s in g  th ro ugh  s ie v e  4 .75  mm 
a nd c oa rs e  R C A  of  pa r t ic l e  s iz es  s ta r t i ng  f ro m  4 .75  t o  25  m m  wa s  ob ta in e d.  Th is  ex p er i me nta l  s tu dy  
fa i l e d  t o  c o ns id e r  th e  em pl oy m en t  o f  f in e  r ec yc l e d  a g gr ega tes .  F or  th e  na tura l  a g gr e g a tes ,  c oa rs e  
a ggr ega tes  of  c rus h e d  gra nit e  a gg re ga t es  o f  c a rb ona c eo us  m in e ra l  typ e wit h  pa rt ic l e  s i ze  s ta rt in g 
fro m  4 .75  to  2 5  m m w er e s ourc e d  f ro m  th e q ua rry ,  w hi l e  r i ve r  s a n d  wa s  us ed  a s  f i ne  a gg re ga t es .  F i g .  
1  s hows  th e s i ev e  a n a l ys is  c urve  fo r  th e  f i n e  a ggr e ga t e ,  wh i l e  t he  c ha ra c t e riza t io n  t e s t in g  of  th e  
phys ic a l  pr op e rt i es  o f  a ggr ega tes  is  p r es en te d  i n  Ta bl e  2 .   

 

F ig .  1 .  Pa r t ic l e  s i ze  d is tr i bu t io n  of  r iv er  s a nd  us ed  in  th is  s tudy .  

Ta bl e  2 .  Phys ic a l  p ro p er t i es  fo r  c oa rs e  a nd  f i n e  a g gr ega tes .  

A ggr e ga t e  
A bs o rp t i on  
c a pa c i ty  ( %)  

Po ros i ty  
( %)  

Sp ec i f ic  
gra vi ty  

L os  a bra s io n  
va l ue  ( %)  

B ul k  de ns i ty  
( k g/ m 3 )  

R C A   5 .2  12 .7 5  2 .35  34  1490  

https://www.sciencedirect.com/topics/materials-science/particle-size-analysis
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A ggr e ga t e  
A bs o rp t i on  
c a pa c i ty  ( %)  

Po ros i ty  
( %)  

Sp ec i f ic  
gra vi ty  

L os  a bra s io n  
va l ue  ( %)  

B ul k  de ns i ty  
( k g/ m 3 )  

N C A  1 .25  4 .25  2 .6  22 .3  1515  

R ive r  Sa n d  0 .9  
 

2 .65  
 

1550  

7. 2.  M ix  p rop or ti o ns  and  t es ti ng  o f  v a ri abl es  

Th e mi x  p ro po rt i o n  w a s  t ir ed  tw o  g rou ps .  a  c omb ina t io n  p ro po r t io n  wa s  ma d e to  s up pl y  no r ma l  
c onc re t e  ( N C ) ,  whi l e  the  DM DA  wa s  a d op t e d  fo r  r ec yc l e d  a gg r eg a te  c onc r et e  ( R A C )  m ix  with  th e  
te r na ry  b in di ng  s ys t e m.  F A  wa s  us e d  a s  f i l l er  fo r  na t ura l  s a nd  a t  o pt i mu m  l o os e  pa c k ing  d e ns i ty  
fo l l ow e d  b y  a  c om bi na t io n  of  ( Sa n d  +  F A )  w it h  R A  to  g et  o pt imu m  p a c k ing  d e ns i t y  ( F ig .  2a  a nd b) .  In  
oth er  t o  a na l yze  th e  i nf l u e nc e  o f  mix  p ro po rt i ons  a n d s up pl e m en t a ry  ma t er ia l s  on  R A C  pr op e rt i es ,  
th is  e xp e rim e nta l  wo r k  c ons id er e d  tw o c o n c re t e  mix  ba tc h  gr oup ,  ba tc h  I  a n d ba tc h  I I .  G G B S  wa s  
wo nt  t o  r epl a c e  OPC  a t  va ryi ng  p e rc en ta g e  l ev el  fr om  0% ,  10% ,  20 %,  30%  40 %  a nd  5 0%  a t  c ons ta nt  
c em e nt  w/ b ra t i o  in  ba tc h  I  c o nc r et e  m ix  whi l e  fo r  ba tc h  I I  c on c re t e  mix ,  a gg re ga t es  c ons t i tu e nt  
re ma i ns  c ons ta n t  wi th  G G B S r epl a c em e nt  l e ve l  f ixe d  a t  30%  a nd ra n gin g  w/ b ra t io  ra ng e  o f  0 .3 ,  0 . 35 .  
0 .4 ,  0 .45 ,  a nd 0 .5  w er e  a d op t ed .  Th e mo s t  id ea  of  th e  DM DA  wa s  to  c o nf ir m  tha t  en ha nc ed  
pe rf or ma nc e  R A C  wh e n th e  ma jo ri t y  d ens i t y  of  th e  c onc r et e  m ix tur e is  h igh es t .  Th e  b ind e r  pa s te  
vol um e wa s  f ix ed  a t  N  =  1 .2  a n d c ons ta n t  wa t er  r educ ta nt  of  1 . 4%  wa s  us e d  fo r  a l l  c onc r et e  m ix .  M ix  
no me nc l a tu r e  a nd pr o po rt i on  us ed  is  a s  pr es en te d  i n  Ta bl e  3 .  t he  ta c t ic  fo l l o w ed  H wa n g' s  [25 ]  
f in di ngs ,  a s  s u mma riz ed  h er e:  a n  a p pr oa c h  to  o pt i miz in g  mix  d es ig n  fo r  p ro pe rt i es  of  R A C  wa s  
s upp or te d  the  p ro p er t ies  of  ba s ic  ma t e ria l s  c ons t i tu e nts  of  R A C  e mpl oy in g  a  de ns i f i ed  mix  d es ig n  
a pp roa c h  ( DM DA )  s ug ges te d  by  C ha n g  [ 21] .  Th e op t ima l  a mou nt  of  a s h  to  f i l l  a gg re ga t e  v oids  is  
de te r mi ne d;  th e n,  th e  c oa rs e  a g gr ega t e  wa s  a dde d  to  th e  m ix tu re  in  p ro po rt io n  to  t he  o bta i n ed  
opt imu m  pa c k i ng  d en s i ty  of  ( s a n d  +  F l t  a s h)  +  R C A .  The ra t io  of  a s h  to  bot h  f i ne  a nd c oa rs e  
a ggr ega tes  o f  th e  m os t  u nit  we igh t  wa s  a c c us tom e d  c a l c ul a t e  the  voi d  v ol u m e  ( Vv) .  W he n c em e nt  
pa s t e  c o nt en t  eq ua l s  to  vo id  v ol um e V p =  N Vv,  whe r e  N  is  ma g ni f ic a t i on  fa c to r  f or  p a s te  v ol um e  
ta k ing  a s  c o ns ta nt  o f  1 .2  du ri ng  th is  e xp e ri m e nt ,  wi th  t h is  a l l  th e  v oid  s pa c e  is  e nt i r el y  s t uf f ed  wi th  
c em e nt  pa s t e .  S um ma r y  of  t he  p roc e du r e  is  g ive n  a s :  

(i)Different trials  of mix prepared by fil l ing the fine aggregate with varying percentage of ash (FA + GBFS) 
to obtain the optimum amount of ash + fine aggregates as shown in Fig.  2(a); 

(ii)Different trial  mixes of mixture for (Fly ash + Fine aggregate)  amount to fil l  the voids in coarse 
aggregates  to achieved optimum packing density and porosity ratio as shown in Fig.  2(b); 

(iii)Constant ‘α ’ ,  ‘β ’  through optimum weights of materials  obtained during laboratory experiments was 
determined with Eqs.  (1),  (2). 

(1)α=WflyWfly+Ws,(2)β=Ws+Wfly(Ws+Wfly)+Wca,(3)ξ=WslagWslag+C,where W f l y :  weight of fly ash 
(kg/m3  of concrete);  Ws :  weight of fine aggregate (kg/m3  of  concrete);  Wc a :  weight of coarse aggregate 
(kg/m3  of concrete);  Ws l a g :  weight of blast-furnace slag (kg/m3  of concrete);  and C:  weight of cement 
(kg/m3  of concrete).  

https://www.sciencedirect.com/science/article/pii/S2238785420312035#fig0010
https://www.sciencedirect.com/science/article/pii/S2238785420312035#fig0010
https://www.sciencedirect.com/science/article/pii/S2238785420312035#eq0005
https://www.sciencedirect.com/science/article/pii/S2238785420312035#eq0010
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8. CONCLUSION 

Testing programme was carried out replacing virgin aggregates by recycled ones with replacement 
percentages of 25%,50%,75% and 100% along with admixture MicroSilica.Concrete cubes were casted in 
moulds with machined faces of 15cmx15cmx15cm.Cubes  were tested after 7 and 28 days. Various concrete 
mixes (Cement:Sand:Aggregates)  in proportion 1:2.36:3.2 were taken with water cement ratio 0.55 . CR0 - 
Normal  concrete. 

Table 1. Results of cube compressive strength with 15% Silica 
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Aggregates.  CRA0S10-Normal concrete with 0% replacement by recycled aggregate and 15% addition of 
silica .CF-Compaction Factor.  It  is  observed that the strength achieved with the addition of silica (15%) by 
weight of cement is less than the strength of normal grade concrete (  CR0) and further study is carried out 
with same design mix with replacement of Silica to 15%. Replacement ratio of recycled aggregates with 
virgin Aggregates is  maintained same and cube strength is tested after 7 and 28 days of curing at room 
temperature.   

 

Figure 1.1. Relative 28 days compressive strength for Normal Concrete and Recycled Aggregate Concrete with 20% 
Silica 

Table 2. Results of cube compressive strength with 20% Silica 

 

 

28.67 

23.17 

20.28 

16.03 
14.63 

29.81 

24.76 
26.075 

17.42 

14.18 

0

5

10

15

20

25

30

0 25 50 75 100

C
O

M
P

R
E

S
S

IV
E

 S
T

R
E

N
G

T
H

 I
N

 M
P

a
 

PERCENTAGE REPLACEMENT OF VIRGIN AGGREGATES 

WITH RECYCLED AGGREGATES 

COMPRESSIVE

STRENTH OF

NORMAL

CONCRETE(Mpa)

COMPRESSIVE

STRENGTH OF

RECYCLED

AGGREGATE

CONCRETE(Mpa)



       International Research Journal of Engineering and Technology (IRJET)      e-ISSN: 2395-0056 

                Volume: 07 Issue: 12 | Dec 2020                 www.irjet.net                                                                      p-ISSN: 2395-0072 

 

© 2020, IRJET      |       Impact Factor value: 7.529      |       ISO 9001:2008 Certified Journal       |     Page 1704 
 

Average compressive strength after 7 days of curing with 50% replacement of virgin aggregate by recycled ones is quiet 
greater than the normal grade of concrete CR0.  

 

Figure2.1. Relative 28 days compressive strength for Normal Concrete and Recycled Aggregate Concrete with 20% 
Silica 

Based on test results, recycled aggregate concrete with admixture Silica is giving better compressive strength as compared to 
fresh concrete with replacement percentages of 25% and 50%.Recycled aggregate concrete mixes is giving bigger compressive 
strength as compared to fresh concrete at replacement percentages of 25% and 50% due to gel formation because of 
admixture Silica. Workability decreases with percentage increase of recycled aggregates because of water absorption by the 
adhered mortar. Recycled aggregates can be termed as raw material which can be economic assets in future for the 
construction industry. Results are awesome and recycled aggregates can be utilized for sustainable infrastructural 
development.  
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