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Estimates Of ‘C & D’ Wastes Composition In Estimates Of ‘C & D’ Wastes Composition In 
I diI diIndia India 

Composition Typical as per MCD Survey, 
f C&D TIFAC 2004

Survey 2005 by 
IL&FS ECOSMARTof C&D TIFAC 2004 

Soil/Sand Gravel 36 0 43 0 31 5

IL&FS ECOSMART 

Soil/Sand, Gravel 36.0 43.0 31.5 
Bitumen 2.0 - -
Metals 5.0 - 0.4 
Masonry / Brick 31.0 15.0 59.0Masonry / Brick 31.0 15.0 59.0 
Concrete 23.0 35.0 -
Wood 2.0 - 1.5 
Others 1.0 7.0 7.6 
Total 100.0 100.0 100.0 

Total  C & D concrete wastes = 12 million tonnes  annually y

NCB/CDR/VVAroraNCB/CDR/VVArora--Dec 2013Dec 2013



International Practice International Practice -- SpecificationsSpecificationspp

•• UK UK -- BS 8500BS 8500--2:20062:2006, the complementary British , the complementary British 
Standard to BS EN 206Standard to BS EN 206--1 :1 :Standard to BS EN 206Standard to BS EN 206 1 :1 :
–– RecycledRecycled concreteconcrete aggregateaggregate (RCA(RCA),), andand
–– RecycledRecycled aggregateaggregate (RA)(RA)..
–– RCARCA isis obtainedobtained fromfrom crushingcrushing demolisheddemolished concreteconcrete

structures,structures, discardeddiscarded precastprecast elementselements andand unusedunused
hardenedhardened concreteconcrete ((11)).. SuchSuch aggregateaggregate cancan bebe usedused inin(( )) gg ggg g
structuralstructural concreteconcrete havinghaving cubecube strengthstrength ofof concreteconcrete
5050 MPaMPa..

–– RCARCA hashas nono strengthstrength limitationlimitation providedprovided thethe aggregateaggregateRCARCA hashas nono strengthstrength limitationlimitation providedprovided thethe aggregateaggregate
isis notnot contaminatedcontaminated.. ForFor concreteconcrete cubecube strengthsstrengths ofof
2525 toto 5050 MPaMPa,, aa maximummaximum ofof 2020 percentpercent replacementreplacement
ofof coarsecoarse aggregateaggregate appliesapplies forfor designateddesignated concreteconcreteofof coarsecoarse aggregateaggregate applies,applies, forfor designateddesignated concreteconcrete..
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International Practice International Practice -- SpecificationsSpecifications

•• RARA maymay containcontain masonrymasonry upup toto 100100 percentpercent..
•• AdditionalAdditional specificationspecification clausesclauses requiredrequired onon aa casecase

byby casecase basisbasis..
–– maximummaximum acidacid solublesoluble sulphatesulphate alkalialkali–– maximummaximum acidacid solublesoluble sulphatesulphate,, alkalialkali

content,content, ASRASR reactivityreactivity andand anyany limitationslimitations onon
useuse inin concreteconcrete..

•• RARA useuse isis limitedlimited toto concreteconcrete cubecube strengthstrength ofof 2020
MPaMPa..

•• ProvisionsProvisions forfor thethe useuse ofof finefine recycledrecycled concreteconcrete•• ProvisionsProvisions forfor thethe useuse ofof finefine recycledrecycled concreteconcrete
aggregateaggregate andand finefine recycledrecycled aggregateaggregate areare notnot
givengiven inin BSBS 85008500--22:: 20062006,, butbut itit cancan bebe usedused ifif
d dd d hh i ifii ifi i ii i ffdemonstrated,demonstrated, thatthat significantsignificant quantitiesquantities ofof
deleteriousdeleterious materialsmaterials areare notnot presentpresent..
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Indian Indian -- SpecificationsSpecifications

•• ISIS:: 456456--20002000 permitspermits useuse ofof aggregatesaggregates otherother
thth t lt l tt ii l il i tt ithiththanthan naturalnatural aggregatesaggregates inin plainplain concreteconcrete withwith
followingfollowing restrictionsrestrictions::

–– ShouldShould meetmeet strengthstrength andand durabilitydurability requirementsrequirements
–– WaterWater absorptionabsorption shouldshould notnot bebe moremore thanthan 1010 %%

S l h teS l h te o te to te t otot o eo e thth oo 55 %%–– SulphateSulphate contentcontent ––notnot moremore thanthan oo..55 %%

•• RCARCA fromfrom CC && DD wastewaste cancan thusthus bebe permittedpermitted ififpp
meetingmeeting aboveabove requirementsrequirements

NCB/CDR/VVAroraNCB/CDR/VVArora--Dec 2013Dec 2013



Studies ConductedStudies Conducted
•• CC && DD wastewaste ofof aa demolisheddemolished buildingbuilding inin DelhiDelhi

usedused toto makemake coarsecoarse andand finefine aggregatesaggregatesusedused toto makemake coarsecoarse andand finefine aggregatesaggregates

•• AggregatesAggregates soso producedproduced testedtested forfor variousvariousAggregatesAggregates soso producedproduced ,, testedtested forfor variousvarious
engineeringengineering propertiesproperties

•• TrialsTrials conductedconducted forfor compressivecompressive strengthstrength andand
workabilityworkabilityyy
–– DifferentDifferent percentagepercentage ofof recycledrecycled aggregateaggregate usedused asas

replacementreplacement ofof naturalnatural aggregateaggregate

These Studies conducted at NCB were part of a joint project with Sintef
, Norway NCB/CDR/VVAroraNCB/CDR/VVArora--Dec 2013Dec 2013



Recycling for lab trialsRecycling for lab trials
C & D waste was taken from a site at Subhash Nagar

f lhiarea of Delhi.
The demolished concrete was segregated into three
lots:lots:
Lot1‐ Concrete resulting from RCC member of
buildings.g
Lot2‐ Concrete resulting from RCC members of culvert
slab.
Lot3‐ Concrete resulting from flooring like brick‐
concrete, tiles, mosaic, plaster etc.
Lot1 and Lot2 mixed together and named as RCA1Lot1 and Lot2 mixed together and named as RCA1
sample, while Lot3 samples were named as RCA2.
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The site from where recycled aggregate was takenThe site from where recycled aggregate was takenThe site from where recycled aggregate was takenThe site from where recycled aggregate was taken
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CrushingCrushing
The ‘as received’ samples were broken into The ‘as received’ samples were broken into 
approximate size of  50 to 60 mm approximate size of  50 to 60 mm by manual  by manual  pppp yy
hammer action. hammer action. 

The manually broken samples were separated The manually broken samples were separated 
into three fractions of sizes (into three fractions of sizes (--20mm to 20mm to 
10mm) (10mm) ( 10mm to 4 75mm) and (10mm to 4 75mm) and ( 4 75mm)4 75mm)10mm), (10mm), (--10mm to 4.75mm)  and (10mm to 4.75mm)  and (--4.75mm).4.75mm).

The aggregates of +20mm size were crushedThe aggregates of +20mm size were crushedThe aggregates of +20mm size were crushed The aggregates of +20mm size were crushed 
in small motorized crusher, and then again in small motorized crusher, and then again 
sieved through 20mm, 10mm and 4.75mm sieved through 20mm, 10mm and 4.75mm 
sieves.sieves.
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Heap Heap of aggregate of aggregate RCA2RCA2
(Uncrushed)(Uncrushed)
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Partial crushed aggregate RCA1Partial crushed aggregate RCA1
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Crushed aggregate Crushed aggregate (RCA)(RCA)
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Crushed Crushed coarse aggregate coarse aggregate 
Heap (RCA)Heap (RCA)Heap (RCA)Heap (RCA)
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Carbonation test performed on RCA1Carbonation test performed on RCA1

Average carbonation depth in RCA1Average carbonation depth in RCA1--
40mm (about 35% volume40mm (about 35% volume40mm (about 35% volume 40mm (about 35% volume 

carbonated).carbonated). NCB/CDR/VVAroraNCB/CDR/VVArora--Dec 2013Dec 2013



Carbonation test performed on RCA2Carbonation test performed on RCA2

For RCA2 sample the carbonation was much less at 3.1mm 
because most of the material was PCC under flooringNCB/CDR/VVAroraNCB/CDR/VVArora--Dec 2013Dec 2013



Sieve analysis for recycled coarse Sieve analysis for recycled coarse aggregate  aggregate  
(10 mm & 20 mm)(10 mm & 20 mm)

10 mm10 mm 20 mm20 mm

Sieve SizeSieve Size % Passing% Passing % Passing% Passing %% % Passing% PassingSieve SizeSieve Size
mm mm 

/micron/micron

% Passing% Passing % Passing % Passing 
(Permissible (Permissible 

limit as per IS limit as per IS 

% % 
PassingPassing

% Passing % Passing 
(Permissible (Permissible 
limit as per limit as per pp

383)383)
pp

IS 383)IS 383)

4040 100100 10010040 mm40 mm -- -- 100100 100100

20 mm20 mm -- -- 99.899.8 8585--100100

12.5 mm12.5 mm 100100 100100 -- --

10 mm10 mm 99.899.8 8585--100100 6.66.6 00--2020

4.75 mm4.75 mm 1111 00--2020 0.80.8 00--55
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Sieve Analysis for recycled coarse (RCASieve Analysis for recycled coarse (RCA--1) 1) 
aggregate (10 mm & 20 mmaggregate (10 mm & 20 mmgg g (gg g (

10 mm10 mm 20 mm20 mm

Sie e Si eSie e Si e %% % Passing% Passing %% % Passing% PassingSieve SizeSieve Size
mm mm 

/micron/micron

% % 
PassingPassing

% Passing % Passing 
(Permissible (Permissible 
limit as perlimit as per

% % 
PassingPassing

% Passing % Passing 
(Permissible (Permissible 
limit as perlimit as per/micron/micron limit as per limit as per 

IS 383)IS 383)
limit as per limit as per 

IS 383)IS 383)

40 mm40 mm -- -- 100100 100100

20 mm20 mm -- -- 99.199.1 8585--100100

12.5 mm12.5 mm 100100 100100 -- --

10 mm10 mm 99.299.2 8585--100100 77 00--2020

4.75 mm4.75 mm 3.63.6 00--2020 0.90.9 00--55
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Sieve Analysis For Recycled Fine AggregateSieve Analysis For Recycled Fine Aggregate

% % 
PassingPassing

% Passing (Permissible limit as per IS % Passing (Permissible limit as per IS 
383)383)

Sieve SizeSieve Size
mm /micronmm /micron

Grade Grade 
Zone Zone ––II

GradeGrade
Zone Zone --IIII

GradeGrade
ZoneZone––IIIIII

Grade Grade 
ZoneZone––IVIV

10 mm10 mm 100100 100100 100100 100100 10010010 mm10 mm 100100 100100 100100 100100 100100

4.75 mm4.75 mm 99.899.8 9090--100100 9090--100100 9090--100100 9595--100100

2.36 mm2.36 mm 89.389.3 6060--9595 7575--100100 8585--100100 9595--100100

1.18 mm1.18 mm 68.368.3 3030--7070 5555--9090 7575--100100 9090--100100

600 micron600 micron 49.249.2 1515--3434 3535--5959 6060--7979 8080--100100

300 micron300 micron 27.827.8 55--2020 88--3030 1212--4040 1515--5050

150 micron150 micron 13.713.7 00--1010 00--1010 00--1010 00--1515
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Sieve analysis for recycled fine aggregate (RCA1) Sieve analysis for recycled fine aggregate (RCA1) 

%% % Passing (Permissible limit as per IS% Passing (Permissible limit as per IS% % 
PassingPassing

% Passing (Permissible limit as per IS % Passing (Permissible limit as per IS 
383)383)

Sieve SizeSieve Size GradeGrade GradeGrade GradeGrade GradeGradeSieve SizeSieve Size
mm /micronmm /micron

Grade Grade 
Zone Zone ––II

GradeGrade
Zone Zone --IIII

GradeGrade
ZoneZone––IIIIII

Grade Grade 
ZoneZone––IVIV

10 mm10 mm 100100 100100 100100 100100 10010010 mm10 mm 100100 100100 100100 100100 100100

4.75 mm4.75 mm 99.799.7 9090--100100 9090--100100 9090--100100 9595--100100

2 362 36 89 789 7 6060 9595 7575 100100 8585 100100 9595 1001002.36 mm2.36 mm 89.789.7 6060--9595 7575--100100 8585--100100 9595--100100

1.18 mm1.18 mm 67.267.2 3030--7070 5555--9090 7575--100100 9090--100100

600 micron600 micron 53.253.2 1515--3434 3535--5959 6060--7979 8080--100100

300 micron300 micron 28.328.3 55--2020 88--3030 1212--4040 1515--5050

150 micron150 micron 16.416.4 00--1010 00--1010 00--1010 00--1515
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Other Test Results Of Recycled Coarse Aggregate

SlSl
No.No.

ParameterParameter ValueValue
Permissible limitPermissible limit

as per IS 383 (maximum)as per IS 383 (maximum)

11 Specific Gravity Specific Gravity 2.172.17 ----
22 Water Absorption %Water Absorption % 6.76.7 ----
33 Crushing Value %Crushing Value % 36 136 1 30 (max) * 45 (max) **30 (max) * 45 (max) **33 Crushing Value %Crushing Value % 36.136.1 30 (max) ,   45 (max) 30 (max) ,   45 (max) 
44 Impact Value %Impact Value % 34.934.9 30 (max) *,   45 (max) **30 (max) *,   45 (max) **
55 LA LA ––Abrasion  %Abrasion  % 50.950.9 30 (max) *,   50 (max) **30 (max) *,   50 (max) **( ) , ( )( ) , ( )

66
Soundness, Sodium Soundness, Sodium 
SulphateSulphate %%

4.14.1 1212

77 El ti I d %El ti I d % 21 121 177 Elongation Index %Elongation Index % 21.121.1 ----
88 Flakiness Index %Flakiness Index % 5.65.6 ----

* For aggregates to be used in concrete for wearing surfaces* For aggregates to be used in concrete for wearing surfaces
** For aggregates to be used in other concrete. ** For aggregates to be used in other concrete. NCB/CDR/VVAroraNCB/CDR/VVArora--Dec 2013Dec 2013



Other Test results of recycled fine aggregateOther Test results of recycled fine aggregate

SlSl ParameterParameter ValueValue
Permissible Permissible 

limitlimitSlSl
No.No.

ParameterParameter ValueValue limitlimit
(maximum)(maximum)

11 Specific GravitySpecific Gravity 2.122.12 ----11 Specific Gravity Specific Gravity 2.122.12

22 Water Absorption %Water Absorption % 8.28.2 ----

33 Silt content by, %Silt content by, % 7.77.7 8%8%

66
Material finer than Material finer than 

8 08 0 15%15%6.6.
75µ, %75µ, %

8.08.0 15%15%
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Microscopic Analysis of Microscopic Analysis of 
NormalNormal AggregatesAggregatesNormalNormal AggregatesAggregates
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Microscopic Analysis of Microscopic Analysis of 
RecycledRecycled Coarse AggregatesCoarse AggregatesRecycled Recycled Coarse AggregatesCoarse Aggregates
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Microscopic Analysis of Microscopic Analysis of 
RecycledRecycled Fine AggregatesFine Aggregates
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Testing Of Concrete Incorporating Testing Of Concrete Incorporating 
Recycled AggregatesRecycled Aggregates (RCA2(RCA2))Recycled AggregatesRecycled Aggregates (RCA2(RCA2))

Materials Used:

i Cement (OPC) natural aggregates recycledi. Cement (OPC), natural aggregates, recycled
aggregates & chemical admixture.

ii C t (OPC) t l t l dii. Cement (OPC), natural aggregates, recycled
aggregates, micro silica and chemical admixture.

Replacement of normal aggregates with Recycled
aggregates :
25%, 50%, 75% and 100%

NCB/CDR/VVAroraNCB/CDR/VVArora--Dec 2013Dec 2013



Test results Test results –– Compressive strength of Concrete mixes Compressive strength of Concrete mixes 
with and without  with and without  incorporating incorporating silica fumesilica fume

Replacement Of NaturalReplacement Of Natural AggAgg With RecycledWith Recycled AggAggReplacement Of Natural Replacement Of Natural AggAgg With Recycled With Recycled AggAgg
( 10( 10--20 fraction only)20 fraction only)
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0 100 0 100 0 37 41 46 80
0 75 25 100 0 34 41 47 900 75 25 100 0 34 41 47 90

50 50 100 0 35 41 44 80
0 25 75 100 0 32 37 41 90
0 0 100 100 0 17 29 34 100

7 50 50 100 0 28 36 38 95

7 25 75 100 0 27 36 40 957 25 75 100 0 27 36 40 95

7 0 100 100 0 22 35 40 90
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Test results Test results –– Compressive strength of Concrete mixes Compressive strength of Concrete mixes 
Replacement Of Replacement Of 

Fi A tFi A t WithWith R l d Fi A tR l d Fi A tFine Aggregate Fine Aggregate With With Recycled Fine AggregatesRecycled Fine Aggregates
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Test results Test results –– Compressive strength of Concrete mixes Compressive strength of Concrete mixes 
Replacement Replacement of of 

Fi A tFi A t WithWith R l d Fi A tR l d Fi A tFine AggregateFine Aggregate With With Recycled Fine AggregatesRecycled Fine Aggregates
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Can We Use Recycled aggregates in Concrete ?Can We Use Recycled aggregates in Concrete ?
R i tR i t•• Requirements:Requirements:
–– StrengthStrength

•• Suitable for part replacement in concrete up to gradeM25Suitable for part replacement in concrete up to gradeM25•• Suitable for part replacement in concrete up to gradeM25Suitable for part replacement in concrete up to gradeM25
–– DurabilityDurability

•• High Water absorption, VoidsHigh Water absorption, VoidsHigh Water absorption, VoidsHigh Water absorption, Voids
•• Generally not suitable for RCC (except if waste is Generally not suitable for RCC (except if waste is 

exclusively from good quality concrete)exclusively from good quality concrete)
•• Suitable for Plain Cement Concrete (PCC) Suitable for Plain Cement Concrete (PCC) 

–– ServiceabilityServiceability
•• Can be affected b leaching f om mi ed asteCan be affected b leaching f om mi ed aste•• Can be affected by leaching from mixed wasteCan be affected by leaching from mixed waste
•• However if used with care, can be part replacement can However if used with care, can be part replacement can 

be permitted in PCC blocks, PCC internal Road work, Lean be permitted in PCC blocks, PCC internal Road work, Lean p , ,p , ,
concrete etc. concrete etc. 
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ConclusionConclusion

•• ConstructionConstruction andand DemolishenDemolishen wastewaste cancan bebe
RecycledRecycled toto makemake coarsecoarse andand finefineRecycledRecycled toto makemake coarsecoarse andand finefine
aggregateaggregate (sand)(sand) forfor selectiveselective useuse inin
concreteconcrete

•• AirAir voidsvoids andand WaterWater absorptionabsorption isis highhigh ininpp gg
RecycledRecycled C&DC&D wastewaste aggregatesaggregates

•• LargeLarge variationsvariations inin typetype ofof waste,waste, needsneeds toto
bebe carefullycarefully segregatedsegregated beforebefore processingprocessing
forfor effectiveeffective utilizationutilization
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ConclusionConclusion……contd.

•• CohesivenessCohesiveness ofof concreteconcrete increasesincreases withwith
thethe increasedincreased recycledrecycled aggregateaggregate contentcontentthethe increasedincreased recycledrecycled aggregateaggregate contentcontent

•• WithWith increasedincreased replacementreplacement ofof finefine oror•• WithWith increasedincreased replacementreplacement ofof finefine oror
coarsecoarse aggregateaggregate withwith recycledrecycled concreteconcrete
aggregatesaggregates -- nono significantsignificant differencedifference iningg ggg g gg
slumpslump value,value, whilewhile thethe additionaddition ofof silicasilica
fumefume resultsresults inin reductionreduction ofof workabilityworkability..

•• WithWith increasedincreased recycledrecycled coarsecoarse aggregateaggregate
thethe strengthstrength getsgets reduced,reduced,
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ConclusionConclusion……contd.

•• WithWith thethe increasingincreasing contentcontent ofof recycledrecycled finefine
aggregateaggregate thethe compressivecompressive strengthstrength isisaggregateaggregate thethe compressivecompressive strengthstrength isis
increasedincreased..

•• ItIt waswas foundfound thatthat thethe100100%% replacementreplacement ofof
recycledrecycled finefine aggregateaggregate showsshows goodgood
resultsresults whichwhich areare comparablecomparable toto controlcontrolresultsresults whichwhich areare comparablecomparable toto controlcontrol
mixmix atat 33--Day,Day, 77--DayDay andand 2828--dayday..

** II thth ff iliili ff thth i di d** InIn thethe presencepresence ofof silicasilica fumefume thethe increasedincreased
percentagepercentage ofof finefine aggregateaggregate reducesreduces thethe
strengthstrength ofof concreteconcrete..gg
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