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Abstract 3URPRWLQJ UHF\FOHG DJJUHJDWRYXFERPOFRYVWHXEQLRIQLFK VLJIQL¢FDC
DQG GHPROLWLRQ & ' ZDVWH IRU SUi%ﬁédLiQér&e?Q)Fc@Mrwldnaln%ﬁhgéHtGSﬂéttively

the demand on conventional aggregates and it is an alternati\pD DJHG & UHVXOWV LQ PRUH EHQH¢
WR HIIHFWLYHO\ PDQDJH &' ZDVWH PDQ\ RI ZKL

& ' DJJUHIJDWHYV DV D VXEVWLWXWH 3 LRQDO é 5| v RC
LQ ORZ VWUHQJIJWK FRQFUHWHV LV inZk%LQ \IL—KEJ%CI;W
industry. Therefore, this study focused on investigating the

VWUHQJWK SURSHUWLHY DQG WKH L 83iual ﬁqli"q@? irEiRPNHQ WA coshang qyartity)
of strength gaining of concrete elements made by mixing the tHQGULNV ~ 3LHWHUVHQ DQG WKH

FRQYHQWLRQDO DJJUHJDWHYV DQG UWRFOHIVE WH U IDWHFRQWWUXFWLRQ F
JUDGH RI WKH FRQFUHWH zZDV 7RERQMWHXBEMKL ROWEKRQGRGRIRROLWLRQ &
involved replacing the conventional coarse aggregates partiallye a reliable alternative to replace natural aggregates in
ZLWK DQG UHF\FOHGF&RQE!UWWWWF& VWUXFWLRQ &XUUHQW:«
LQ FRQFUHWH PL[WXUHV 7HVW FXEHY #W *UEBb\M Ilﬁlf.WI-UIbEFl(V\,S'_H@Fﬁ-[lJQQVﬁD&H

RI WKH PDWHULDOV DQG RWKHU FRQ YD@ L;(/l:,:
7KH WHVW FXEHV ZHUH WKHQ VXEM%%&& wg:g §4 }—@8’% :?ﬂﬁ; WH
WHVW XQGHU WKUHH WHVW VHULHV CH'V 4 '6
different curing periods of the specimens as 7, 28 and 90 daﬁrevalent In many deve oping Countr 1es
WR GHWHUPLQH WKH EHKDYLRXU RI VWUHQJWK JDLQLQJ ZLWK WLPH
7KH FRQFOXVLRQ GUDZQ IURP WKH VWRYHLRIWKBWHUWWLDRQVHBARROWHWR-OHG &
VXEVWLWXWH XS WR RlI FRDUVH enpineerinp applicationsuas R\ ansirgetion' material is a
DJJUHJDWHYV LQ FRQYHQWLRQDO ORZGIHHWHWR & GQ D WAHU VHVQUEH GRIOWK KFARXQIFKU RUMAHF \ F C
DSSOLFDWLRQV ZLWK WKH VSHFL{HG@PRWGHYWIQ/ I\ DOO WKH TXDOLWLHYV ZKH(
FRQVWUXFWLRQ PDWHULDOV LW KDV V
Keywords: &RPSUHVVLYH VWUHQJIWK FR QMW I¥emenCiRteraH RR/AKold R Q2014;
non-structural concrete. *RELHDQDQGK  -D\DNRGAl, 2016). 2VVD
Detailed investigation on the performance characteristics
INTRODUCTION Rl UHF\FOHG DJJUHJDWHV H[WUDFWHG
DQ XQERXQG SDYHPHQW PDWHULDO ZD
&RQVWUXFWLRQ DQG GHPROLWLRE\ ZDR miHal]@012) Jayakadet RLI (2Q18)Hand
KHDYLHVW DQG PRVW YROXPLQRAXWrapbeys/H JHQ HEKBIWWHGXGLHWKHHYHDOH:!
FRQVWUXFWLRQ VHFWRU &RQVWUNKFWORCY ZBVRKHZHNGIDK HPKHRW HVLV WD

" &RUUHV SR Q Ghi@u@prxaiNasm( T https://orcid.org/0000-0003-0077-3962)

7KLY DUWLFOH LV SXEOLVKHG XQGHU WKH &UHDWLYRRNRPRPRD U L&EE Q¥HYV B\FRQ'
7KLY OLFHQVH SHUPLWV XVH GLVWULEXWLRQ DLP® U8R RIGKH & MRKD W R\PKPHH B DL
”':' SURSHUO\ FLWHG DQG LV QRW FKDQJHG DQ\zZD\
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GHIRUPDWLRQV DJDLQVW UHSHWIKMLY®WAGRRGHQRI|I DWHF\EWH®BDY ' DJJU
further proved by the state-of-the-art study conducted bgroperties of non-structural concrete elements has not
& D U GeRaV (R016). EHHQ ZLGHO\ VWXGLHG LQ 6UL /DQND 7
HITHFWLYH DQG HI,{FLHQW LPSURYHPH
7KH XVH RI DJJUHJDWHV IURP UsH 6f\dovEnBondl aggrBgdtdétin tddcrete industry by
GLITHUHQW W\SHV RI FRQFUHW H déeprfifihg the sdnBtRcharkhiteriQiBs\of canciettl iRade

UHSRUWHG RYHU WKH SDVW GHFDL @ UMMEBEYHERE VERIYHROWRVUHDVH
in some regions especially in developed countries.

The uncertainty is raised to obtain the same properties 54 XVLQJ DQ UHF\FOLQJ & ' ZDVWF

RI'FRQYHQWLRQDO FRQFUHWH Vs\{}/s{éﬁdﬂé/a‘sb’B\‘\éons%&c%%méﬁ’e*ﬁz&ﬂm%‘ddétrﬁahd

UHF\FOHG & ' DJJUHJDWHV GXH WRWK $YHRMHHE W R IRIHFHOAVH WKH D
FRQVWLWXHQaal, 2612).I/LoQiQg to the g UHF\FOHG &' DJJUHJDWHV LQ FRQV

study of Ozalget al WKH XVH RI & " DU DJJUHJDWHYVY IURP
LQ WKH SURGXFWLRQ RI FRQFUH % El/?
VHSDUDWLRQ DQG FODVVLJDWQQEE'Q %B\%% 'jn& &SS%J? i U E b
DSSURSULDWH UDWLR RI & ' DJJu 2k

WR REWDLQ WKH VXfthe conQate amQ RQV

it is suggested to be around 20 % (Sidtaal, 2014;
Ozalpet al, 2016). Silveet al (2014) further suggested METHODOLOGY
to produce a practical means of measuring the quality
RI UHF\FOHG & ' DJJUHIJDWHV WRBWRGXFOVFRQFUHWH ZLWK
predictable performance.
7KH UHF\FOHG PDWHULDOV IRU WKH U

7KH FKHPLFDO SURSHUWLHYV RITURP\BPOBEXGLRIIYBVWWHYHF\FOLQJ SO
FDQ YDU\ ZLGHO\ GHSHQGLQJ RQHWWHIHVRXQUFBHORIHSBUHQMQND &RPP|
PDWHULDOV IURP ZKLFK WKH\ OME\FOHGLYHG D3PEPIDMNHY ZHUH RE\
et al 7TKHUHIRUH 0D llVV20Q1)0 RERQ@QEYHWH DJJUHIJDWHY ZHUH REWDLQI
VXJJHVWHG ZLWK KLV VWXG\ WR HYDOXDWH MK UIPSPFEWDRIG zDV 1UF
VXOSKDWH DQG FKORULGH FRQW HQMY Q&3 URIILUFEID Wi \6 BIULREND 7KH
to the applications in concrete productions. AccordingtoppwHULDOV IRU LQGXVWULDO DSSOLFC
past studies, the engineering properties of the produced HSUHVHQWDWLYH VDPSOHV RI UHF\F1
UHF\FOHG & ' DJJUHJDWHV LQ D &Qrgé\/gdgFeéé%Q&éeanblrQHe%@dVKRXOG

be investigated prior to their application since the
characteristics are varied region to region (Tadtsal, [SHULPHQWDO SURJUDPPH
2009) due to the quality and constituents in the pareng

materials. Materials characterisation

7KLV VWXG\ ZDV LQWHQGHG WR LEEHGKLIY pHKERDVWH 4B RIBWHY v

reusingUHF\FOHG & ' DddbhkfadWeman- oy 5y ypwHY ZHUH WHVWHG WR FKDUDF
structural concrete in Sri Lanka. Non-structural concrete

FROVLVWYV RI ORZ LQWHUPHG L DWW 2(@%5%'%@)(?(@“)5\/?9&??\?\%?& Wy

/ySH] 8Fdd @b IRU FRQFUHW
footing in non-aggressive environment, foundatlonF{N KH VWDQGDUG WHVW PHWI

trenching, pipe-beddings, levelling surfaces, subgrade

for foundations and structural slabs, shoulders, mediaff RPUVH DJJUHJDWHV PL [ UDWLRV IRU V
EDUULHUV VLGHZDONV NHUEV Dl? IRU RUQDPHQWDO XUEDOQ

elements etc. Determination of the characteristics of KH VWXG\ IRFXVHG RQ VXEVWLWXWLC
UHF\FOHG & ' D93 codct@anetsl should be@ddregates for conventional concrete aggregate, to
GRQH ZLWK FRPSUHKHQVLYH H[S Aateinrng Qthe papprensaje pbogndany pareentpge  of

D GHWDLOHG H[SHULPHQWDO SWRJIJPIPPHIDWWVFRKEOWWRE EH DGGH(
to investigate the strength properties and strengtRon-structural concrete for target compressive strength.
GHYHORSPHQW ZLWK WLPH RI WRM XFRDEOFFRWHVYH KHQUWKOHWHY ZHUH
conventional aggregates in different fractions is replace& ' DJJUHJDWHV ZLWK GLIITHUHQW SHUF
E\ UHF\FOHG & ' DJJUHJDWHYV VKRZQ LQ 7DEOH
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Table 1: 7THVWV DQG WKHLU VWDQGDUG PHWKRGV IRU FRQYHQWLRQDO FRQFUHWH DJJUHJDW
Test Type of material Test method

6LHYH DQDO\VLVY WHVW &RDUVH 6DQG & ' % 6 SDUW %ULW
%XON GHQVLW\ &RDUVH 6DQG & ' % 6 SDUW %QULWLVK 6WD
$JJUHIJDWH LPSDFW YDOXH &RDUVH % 6 SDUWwW %ULW
JODNLQHVYV LQGH] &RDUVH % 6 VHF %ULWLVK €
&OD\ DQG VLOW FRQWHQW 6DQG & ' % 6 %ULWLVK 6WDQGDU
6SHFL¢{¢F JUDYLW\ DQG ZDWHU DEVRUSWLRQ &RDUVH & % 6 SDUW % L

(b)

) LJ X U H(a) Recycled construction and demolition aggregates; (b) natural aggregates

7TDEOH 6DPSOH QDPHV ZLWK FRDUVH DJJUBFOMNSY BRVIVUDMWH RVYWUHQJIJWK WHVW

6DPSOH QDPH 10WXxUDO DJJUHIDWHWRPSYHYYI Y Fp Y WMWHQIJWK WHVW IRU FR
E\ ZHLJIKW e\ 2zt BRRUWDQFH ZKLFK UHYHDOV WKH V'
properties of the concrete. Test results are primarily
XVHG WR GHWHUPLQH ZKHWKHU WKH F
1$ &' WKH UHTXLUHPHQW RI D VSHFL{HG VWL
1$ &' VWUHQJIJWK WHVW ZDV FRQGXFWHG LQ
1$ &' %ULWLVK 6WDQGDUGYV ,QVWLWXW
conducted under 3 series based on curing periods of the
VSHFLPHQV SULRU WR WKH WHVWV 7K
7DEOH &RQFUHWH PL[ GHVLJQ LQIRUPDWpRINedko examine the strengtily gaining of the concrete
mixture VSHFLPHQV ZLWK WLPH

1% &'

&RPSRQHQW 9D O X H Series | :  Specimens cured for 7 days.

GD\V FXULQJ SHULRG zZDV VHO
"HVLIQ VWUHQJIWK Zin28days 1P P strength properties before standard curing
Standard deviation 8.0 Nmin SHULRG ZKLFK LV GD\V DQG WR
0buUJLQ T *  1PP performance under site curing.
7DUJHW PHDQ VWUHQJWK * Series I1: 1 BBecimens cured for 28 days.
JUHH ZDWHU FHPHQW UDWLR This is the control test for the curing time.
6OXPS £ PP 8VXDOO\  GD\V FXULQJ ZDV GR(
OD[LPXP DJJUHJDWH VL]H PP

the standard test procedure.

Journal of the National Science Foundation of Sri Lanka 46(2) June 2018
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Series lll: Specimens cured for 90 days. OL[LQJ RI FRP $Hetnm@rAcenstituents in
GD\V FXULQJ ZDV VHOHFWH'G WKK K OWH WPW IWIIDAVHZWRE SLHFHV SC
VWUHQJWK JDLQ ZKLFK LV ZBHIR QH MRMH & VEBIQRSWDH B L[LQJ 7KHVH
curing time period of 28 days. This is to DGGHG DW WKH FUXVKLQJ SURFHVV DQ(
examine the effect of re-cementing processo maintain the consistency of the selected sample. In
due to the hydration of residual cementpGGLWLRQ WR FRPSDUH WKH UHVXOWYV
LQ FHPHQW PRUWDU ZKLFK/H¥sBWWBTKEHIVBYWKH FRQWURO PL
recycled aggregates and conglomerategyatyral coarse aggregates to benchmark the results. Al
FHPHQW PRUWDU SDUWLFO*FW&C&IQU&HWQ $QVMYHUH SUHSDUHG ZLWK
R + PP 7KHVH VOXPS YDOXHV ZH
&RQFUHWH PL[ GHVLJQ DGGLQJ PRUH ZDWHU ZLWKLQ WKH UDQ
GHVLJQHG YDOXHV GXH WR KLJK ZDWHL

The non-structural concrete elements generally refer t '
DJJUHJDW g}éll,\ZG:lSD GH
WKH JUDGH RI FRQFUHWH @tV KDQ D % PQ

7KLV VWXG\ ZDV FRQGXFWHG
FRQFUHWH PLIRV IRU VDPSOH Sk GL IR ﬂH%fDQX'gngVVng
LOWHUPHGLDWH VWUHQJWK FRQ 3% H ZDV

e

VWUXFWXUDO DSSOLFDWLRQV $F
LV HVVHQWLDO WR HQVXUH WKH

QG VWRUHG DW URRP WHPSHL
Standards Instltutlon 2009).

for non-structural concrete applications.
&RQFUHWH PL[ GHVLIJQ FDOFXODWLRQ ZDV FDUULHG RX

DFFRUGLQJ WR WKH %ULWLVK 'TE?U”QP“PF\/W@Q@G”S&R\Q%W'S\@% FXEHV ZHUH

1997). The strength requirements for concrete are takeR [WHU KDQG LPPH HG LQ D ZDWHU

at an age of 28 days as it is the standard curing tim¥/KH ZDWHU WHPSHUDWXUH ZDV FRQW!

%ULWLVK 6WDQGDUGY ,QVWLWXWOPRZLQJI W KH JKHEHV WHR) KDGEDWH St

GHYLDWLRQ ZDV HPSOR\HG LQ RUGHU-WRREHWWUPFKOHFWWKHGWWYUHYMNVFXEF

mean strength based on the required design strengthe curing tank after the designed curing periods and

ZKHQ GHVLJQLQJ WKH FRQF U H WedtedPfor] EpGpressive istretgth Pl e the test method

& ' DJJUHIJDWHYV RI YDU&RIEZDB7)TX®BHO LW\ 5DR %ULWLVK 6WDQGDUGV ,Q"

$00 VSHFLPHQV ZHUH SUHSDUH GThe \orDpr&sgivp Qierigid @&sProdahineladd tiReliested

*UDGH PL[ GHVLJQ DV VKRZQ LQVDPBEOHY DUH VKRZQ LQ )LJXUH 7KH
WKH WHVWHG VDPSOHYV ZHUH LQVSHFWI

According to the mix design information in Table 3, ZHUH VDWLVIDFWRU\

the calculated quantities of materials for 3ahconcrete

LV DV IROORZV

&HPHQW NJ

Water 180 kg

6DQG NJ

Natural aggregate (20 mm) 1080 kg

X

xX X X

7KH ZDWHU FRQWHQW ZDV LQL
foralnm YROXPH RI WKH PL[WXUH
DV NJ WR LQFUHDVH WKH ZRI
mixture.

BURSRUWLRQLQJ RI FRM®Fuddtied =

RI WKH PDWHULDOV IRU P zH USSR e
required volume of concrete specimens for testing. The

UHTXLUHG FRDUVH DJJUHJDWHYV ZHUH éa%UWLDOO\ UHSg)DFHG E\
VXEVWLWXWLRQ RI UHF\FOHG & ' DJJUHJDWHV DV WKH PL[HG
SURSRUWLRQV RI FRDUVH DJJUH Jb I H K@) Desting/aeqRe® spedyer. (h)resied concrete cubes

June 2018 Journal of the National Science Foundation of Sri Lanka 46(2)
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0D ¥t al (2012)

level of humidity could be 80 % of the total absorption
FDSDFLWt\al 0DV 5HF\FOHG & ' DJJUHIJI
ZHUH QRW VRDNHG WR EH VDWXUDWHG
not probably result in an effective interfacial transition

JRQH EHWZHHQ WKH VDWXUDWHG UHF\
DQG WKH QHZ FH RHAQ A013)DIVskefbre0 D V

LW LV UHFRPPHQGHG WR DGG ZDWHU Z¥
is in progress.

&RPSUHVVLYH VWUHQJWK RI WKH VSHFI

+LJK LQWHU SDUWLFOH ERQGLQJ VWUH
aggregate and the surrounding paste of the concrete
PDGH ZLWK UHF\FOHG & ' DJJUHJDWH ZL
$EGHOIDWDK GXH WR WKH DQJXC
aggregate and the residual cementation on the surface of
WKH UHF\FOHG DJJUHJDWH +RZHYHU &
H[KLELW ORZ FRPSUHVVLYH VWUHQJW
corresponding natural aggregate concrete. The decrease
of the strength is proportional to the replacement ratio of
natural aggregates. Four test cubes from each sample mix
UDWLR 7DEOH ZHUH FDVWHG FXUHG
curing periods. The average values of compressive
VWUHQJWK LQ HDFK FDVH KDYH EHHQ
GHYLDWLRQV LQ 7DEOH 7KH KLJKHV)
LQGLFDWHG DV XVXDO LQ WKH FRQFUH)\
DJJUHJDWHYVY 7KH FRPSUHVVLYH VWUHC(
RI' & " DJJUHJDWHV XS WR UHVXOWHC
YDOXHV WKDQ WKH GHVLJQ VWUHQJWE
the standard curing time period of 28 days. Therefore,
FRQYHQWLRQDO FRQFUHWH FDQ EH F
PL[ GHVLJQ IRU *UDGH LQ ORZ LQWEF
FRQFUHWH DSSOLFDWLRQV ZLWK WKH
& ' XS WR 7KH VXEVWLWXWLRQ RI DI

VXJIJHVWHG WR HOLPLQDWH VO X Rdgyrdg®Res MaZgiventighér keQuits thehRhE arbeGvalue
aggregates in concrete by pre-saturating the aggregatésl 03D RQO\ DIWHU GD\V ZKLFK LC
before mixing. It has been suggested to pre-soak thé DLQLQJ EH\RQG WKH VWDQGDUG YDOX
recycled coarse aggregates by a sprinkler system for2dW FDQ EH UHFRPPHQGHG WR XVH F
KRXUV SULRU WR WKH DSSOLFD Wth ReplabeQ cdnviriRiofaR dddregatds Wik nen-SrOciukaw L F
sheet in order to maintain the humidity. A recommendedoncrete applications. The average compressive strength

Table 5:  Averaged results for the compressive strength

Sample name

13 &'
1$ &'
1$ &'

1$ &'

Test series |
(7-days strength)
&RPSUHVVLYH
VWUHQJWK 03D

Test series Il Test series I Slump
(28-days strength) (90-days strength) value
6WDQGDUG &RPSUHVVLYH 6WDQGDUG &RPSU
GHYLDWLRQ VWUHQJWK 03D GHYLDWLRQ VW
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m Series | (7 days curing)m Series 1l (28 days curing) m Series 1l (90 days curing)

P
a0 | W7 days curing

—e—28 days curing
30 +— =>==90 days curing

/
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//
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PRUWDU LQ UHF\FOHG & ' DJJUHJDWHYV
LV WDNHQ IRU VWUH Q Xh¥ Kedd®@ieQLQJ +1I
of loose and attached mortar that covers the aggregates
VLIQL{;FDQWO\ LPSURYHV WKH FRQWDF
QHZ FHPHQW SDVWH DQG WKH DJJUHIJ
UHVXOWHG LQ D VLIJQL¢{¢FDQW LPSURYH
concrete structures (Ismai al, 2013).

SHVXOWV RI WKH VWXG\ VKRZ WKH
UHF\FOHG & ' DJJUHJDWH LQ FRQFUHW
VROXWLRQ WR WKH SUREOHP RI &': PDC
HQYLURQPHQWDO SROOXWLRQ DQG UHG
VSDFH *UHDWHU HIIRUWY DUH UHTXLL
FUHDWLQJ DZDUHQHVV HVSHFLDOO\ LQ
VSHFL,FDWLRQV DUH QHHGHG WR HVWI
& ' PL[HG FRQFUHWH FDQ EH VDIHO\ XV|

KH SHUFHQWDJH RI GHFUHDVH LQNEWYIHQIWK ZLWK UHVSHFW WR
WKH UHIHUHQFH FRQFUHWH 1$% &' LQFUHDVHV DV WKH
& ' SRUWLRQ LQFUHDVHV DWhee I 1HHQUW PIGW\RREXNBLQHG LO WKLV UHVI
YDOXHV RI SHUFHQWDJH RI GHFUJd\WdibnsZ KLFK DUH REWDLQHG LQ
28 days and 90 days are higher than that of 7 days. A +| JKk ZDWHU DEVRUSWLRQ SURSHUWL
IRU WKH 1$ &' VSHFLPHQ WKH Sfhidfald QW B tem&hthioHdd Bnd fthe presence of
in 28 days and 90 days are 46 % and 40 %, respectively. constituents such as bricks, roof tiles etc., demand
+RZHYHU LW LV LQ GD\V DQG PRGHFBWWM P NRUW Qi ADERROFUHWH PL
ORZHU YDOXH WKDQ DQG G D\ Veonsi$tendy sk, |1RU WKH
WKUHH VDPSOHV ZKLFK PL[HG & ',D $53.01 hDM4HYD BV QWIDIHG VLIQL ¢ FD
GHFUHDVH LQ WKH VWUHQJWK FRPS®HWG ZL VK WKbHUHIHEWRBHWKD Q
VDPSOH 1$ &' ZDV OHVV DW GDWKWKD@ DN 1$EDY  +RZHYHU VWU
7KLV UHYHDOV ORZHULQJ WKH GLIIERHR BRRIVIRORHEDOWOH GRGKY UL E X\
RI' WKH VSHFLPHQV ZLWK WLPH D O Wdfdtetedtarddrmy. & * SRUWLRQ LV
increased. x TKH FRPSUHVVLYH VWUHQJWK LQFUHI
HYHQ ZKHQ WKH SHUFHQWDJH RI QD
$vV IRU WKH FRQWURO VDPSOH I1SHFBHDWPOXHYWLBH WKH SHUFHQWD.
03D DQG 03D ZHUH REVHU ¥dt@gdid ¥ Betdaidd. Y HO\
IRU GD\V VWUHQJWK DQG GR\¥YV VWK QIWKR UWRZRIHW LQFUHDVHG
LQ FRPSDULVRQ WR WKH VSHFLPH@HIFRUH®VH ZAKHWHWVUWQIWK ZLWK UHV!
LV UHODWHG WR WKH VXEVWLWXWERQFUHWH &1 WEH YIIPUHDODVHY DW (
03D DQG 03D ZHUH REVHUY¥HK® LUHV SHREZWYARHOWKHVH SHUFHQWD
for the 28 days strength and 90 days strength. The GD\V WKDQ DW GD\V ZKLFK UHYHI
VLIQL{FDQW GLITHUHQFH LQ DFKLHRYMWNUWGUWRIWKQH QR Z IALWKVLPH DC

VXEVWLWXWLRQ XS WR Rl & ' DWRIGULHIFREBQWYW IHDVIHIAIBSWHY LV LQFL
IRU GD\V VWUHQJIJWK ZKHUH WKHK IZK$D BWFRFOHG & " DUYHRJIDWHYV FDQ
for cementing process, is negligible. WKH VSHFL¢{HG PL[ GHVLJQ IRU *UDG

ORZ LQWHUPHGLDWH VWUHQJIJWK FRQ
Strength increment after 28 days is common for all replacing natural coarse aggregates up to 40 %.

WKH VDPSOHY HYHQ ZKHQ WKH SHUFPKRWDPSEBH & $ LQFUHIORMHHW QRW VKRZ
The possible reason for this is the presence of hardened VWUHQJWK ZLWKLQ VWDQGDUG GD\
conglomerated cement mortar particles and the old LW KDG WKH WDUJHW VWUHQJWK DW
mortar coating attached to the aggregates. These need the requirement of more time for continuous strength
more curing time for hardening and re-cementaton JDLQLQJ ZKHQ SHUFHQWDJH RI UHF\F(
SURFHVYV ZLWK ZDWHU DEVRUSWL R highetHaQ covhi§ddedteX mafQrdl toarse RdgRdates.
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