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Utilization of Recycled Concrete as Aggregate for Hot Mix Asphalt Concrete
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Abstract

Natural aggregates (NA), obtained from rock quarry, are
widely utilized in all construction projects, including road
construction. Aggregates are employed for over 80% of the
materials used for road construction. Consequently, road
construction projects require substantial quantities of natural
ageregates, leading to a growing demand that contrasts with the
limited supply of these materials. This disparity leads to
extensive research and the development of innovative
technologies to explore and assess alternative materials that can
replace natural aggregates. In this study, the construction and
demolition waste (C&DW) was selected to produce Recycled
Concrete Aggregate (RCA) as a substitute for natural aggregates.
The RCA was utilized in asphalt concrete mix design using the
Marshall method, in accordance with the standards of the
Department of Highways. The study compared the engineering
properties and performance of three asphalt concrete mixtures:
(1) conventional asphalt concrete, (2) asphalt concrete
containing 40% RCA, and (3) asphalt concrete containing 90%
RCA. Asphalt cement type AC 60/70 was employed as the
binder. The results indicated that asphalt concrete containing
40% RCA, and 90% RCA required a higher amount of asphalt
cement compared to conventional asphalt concrete. The results
from stability and flow tests demonstrated that both 40% RCA
and 90% RCA asphalt concretes conformed to the Department
of Highways standard. However, indirect tensile strength (IDT)
tests revealed that the tensile resistance of asphalt concrete
containing 40% RCA, and 90% RCA was 1% and 16% lower,
respectively, than that of conventional asphalt concrete. The
cost analysis revealed that asphalt concrete containing 40%
RCA, and 90% RCA incurred higher costs—11% and 47% more,
respectively—than conventional asphalt concrete. This cost
increase is attributed to the higher asphalt cement content

required for mixtures incorporating RCA.

Keywords: Recycled Concrete Aggregate, Replace Aggregate,

Sustainable Pavement Material
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Concrete Aggregate: RCA) u1ldTusnun oas19879190u (Road
Pavement) [1-3]
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595539A (Natural Aggregate) ldangnanunssunsviimilesiiu
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819ugABY (Asphalt Concrete) 11 uilamsydand o swusanlu
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HMA) Aae38un5urad (Marshall) musnsgIu va.-u. 408/2532 [4]
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i@desnInLazn1siva (Stability and flow) Lagn1INAEEUAIAIIL
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2.2 ianuaasa (Aggregate) Uszlnniiuihu (Limestone)
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warfulu 30 Binl : Bin2 : Bin3 : Bind lnaliudieg19u1MadeU
AuanRidou 1éun MINAFBUMAIAINU NI UNILUALNTOAT
1, ManageumAn Sand Equivalent, nsnadeUMIAIA AL
(Soundness), N15NAFAUNIAIATSTLAIULUY (Flakiness Index),
AINAARUNARDUNIAIATITEAIUE717 (Elongation Index), N19%1
AUANNTOVY Coarse Aggregate LA¥NITNAGBUNIAINIINATUYD
woaflafve%IATIN AULIATHIUNNTVIAADUVBINTUNINAN
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3. YUABUMSAUHUIY

3.1 MITMS UG NE IS UNTTINABY

wisuTanuIaTIn ﬁai’aqmaimmqassmwa (NA) uagdanua
FIWABUNIASLLLAR (RCA) mﬂﬁuﬁwﬂﬁwmaammamﬁﬁmummigm
uneldud n1smAuEnnseves Coarse Aggresate laeldin3os
Los Angeles Abrasion #1111AS§1U N18.-01.202/2515 “I5n159Aa8es
®1AIMUENNTD09 Coarse Aggregate 1n 1413 09 Los Angeles
Abrasion (Wigue1 ASTM C 131 uag C 535)” [5]

N1IMIVUINVDINIATIN (Gradation tests) mummgmﬁ na.-N.
204/2516 “FSn1svaaeanawin Watdan lnenunzunswuuulian
(1figuwin AASHO T 27-70)"18.-91.205/2516 “I5n15MAaeIvnuuIa
indan Inerunzinsiuudns (fieuwin AASHO T 27-70) [6-7]

n1snegeuMAIRYiANLUL (Flakiness Index) AR 1Y
M18.-1.210/2518 “ F5nsmeaesaIdviiauiuy (Flakiness Index)
(8]

nsMAdouMIATRYALE1 (Elongation Index) AuaNATEILT
78.-1.211/2518 “ A8 1svnaesmAInailn1e1a (Elongation Index)
9]

NINAFBUMAIANNGNTUINE (Specific Gravity) AMLNIATFIY
i yia.-n. 207/2517 “FBnsmeaeamAAuiT Iz Yes Tanuln
N1 (Wgumin AASHO T 85-70)” LLazmmsgmﬁ' 8.9, 209/2518
“3Fn1snaansmiA1ALa 9T INgLaEN 1SR AT N v Tag

Aggregate wiafinaziden (Wiouvin AASHO T 85-70)” [10-11]
3.2 N1900NUUVFIUNFULOFNATROUATH

PnmamaFeUAMANTR It TaRNITINETINYIR (NA) uas
Tanuasiuanaeunissloda (RCA) auziideidoyauildlunis
AinseiuazeanuuuLilemsnsadruNaNivanzas (Mix Proportion)
Tnsfasanfanuandiugumaimnssvesuoaitadaounin 19
Julumudatnueuaziinsgiureansumamad tngldsenuuudng
dunaeailafneun3ntuiiane Wearing Course 12.5 mm. fiavun
3 §n91AUAIUNAN ABTARNNIATINGITUIIARD TANNIATINABUNTHS
laAa NA: RCA i 100:0, 40:60 wag 10:90

TagannsAnwiiiuan [12-16] wuidnaidunan Tanuias
sssumAdetaniiasiuaeuninilefanfosay 60:40 1udn
dunaniangay

wazfishndiunauTanmanussminetaginasiuneuniag
IwAafisosas 10:90 iushdrunaugsgaiinuauiiruaunnaas
LOulUmuNIATEILATITNAEUIIUNNYBINTUNIIMA T N84,
408/2532

3.3 MsnedeUnaNURYeUeaTIATADUNTH

Az IeldvinInegeunnanifuazUssaniamnisldauves
weaiadnaunsn lnanmadeumAaiosn wLaznsiua (Stability
and flow) LazN1TNAADUAIAIINFIUNIULTIAIN198 04 (Indirect
Tensile Strength) MUNATFIUNIATEIU ASTM D6931

4. ATITVNANITNAFOU

4.1 wamsvnFeURauIR Tawuve anIaTI

mwmaauamauﬁ“ﬁLﬁuaaﬁmmi’aamasm SRR IR
Ansquit evanldlunisesnuuusnsidiunay lnranisesnuuy
Gradation vesdusaLeaTiadnaunin uansisguTl 4

120.0 seeccesss Upper

Wearing
100.0 Course 12.5
mm.
eeeeeseece lower Wearing

80.0
Course 12.5

% Passing
3
s

— ¢ — - Gradation
RCANirgin
90/10 %

——4@—— Gradation
RCA / Virgin
40/60 %

10.00 100.00

sieve $%%s (mm.)

E‘Uﬁ 4 mamWmaawmmﬂawaﬁaﬂmaiw
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KAZIINHANITOBNLUUDSATIEIUNEN WU 3 DRSIEIUNENT]
AuanURdulUnudeinuaLazINAITIUNISNAREUUTINITBINTY
19918299 Na.4. 408/2532 fanandlumsnen 1

A13199 1 nan1snaaeuAaNtRiUossiuvesianuIaT

Characteristics of Retain [Passing
aggregate Wu|3/8” | 1/27 |3/47 | #4 | #4 DH-S
Nature Virgin (Fuyu)  |Rca 1| RcA 2 |408/2532
Source a.qluily wesufjifns
Los DH-T
Angeles 202/2515 23.38 < 40%
35.36
Abrasion
(%)
DH-T
Bulk Sp. Gr | 207/2517
2.207 | 2.722
oD DH-T 2.653|2.691|2.687
209/2518
A ¢ DH-T
aren
PP 207/2517
Spec 2.717 | 2.574
DH- 2.685|2.706|2.703
Gravity
T209/2518
DH-T
Water
207/2517
Absorption 6.738 | 10.481
DH-T 0.46 | 0.20 | 0.22
(%)
209/2518
Flakiness DH-T
Index (%) | 210/2518 17.62(27.10|26.93
Elongation DH-T <30
Index (%) | 211/2518 20.03|26.70(29.29

4.2 wansvagoumANaaysnIw (Stability)

#sueailadanoun3nINTanIaTINETINYA (Virgin) uaz
Fanuiasauneuninileiia (RCA) 7 Air void fosay 4 wudinm
wdpInmYessnTduNAN 3 ShsidIunan TenaauaudRduly
AN EUAITD MUALAZLIINTEINUNST Na.s 408/2532 d1w3y
drunauvosuaaiadnouniniifanuiasiuneuninilefa (RCA)
wanfishauiesay 40 uaziishsduiesay 90 TrimauautRdy
w@iesnm deeniueailadaeuninanianinasiusssuyifandu
Yovay 12 wazfevas 8 muaiu duuanduguil 5

Avg Stability

4500.000 3952.183

4000.000 3473.923 3645.670
3500.000 I\’{
3000.000

2500.000

2000.000

1500.000

1000.000

Avg Stability (Ib) @ AV 4%

500.000
0.000
Virgin

RCA/Virgin 40/60  RCA/Virgin 90/10

e AV Stabiility @ AV 4 % NA.3 408/2532

3UR 5 Wsuisuarmdiniusseninsainievesanatosam
WATAATIIN VAU 408/2532

4.3 4anISINADUNIANADE SN IWUAEAT5IYa (Stability and Flow)
NATUIA AT 8sAINLAENNSIna (Stability and Flow) 484
dnsrdrunanieaiannounInanTanuIasINGITUYIA (Virgin)
dnsdnfosaz 100 woailadrouninananuiasiuaauninsluda
(RCA) 8n51dusesar 40 uavusaiadAauninanianuiasiu
o s o i o v
AauN3ASLELAa (RCA) 8nsidiusosay 90 wulnA1AMauUfAdiiy
wfiosninuasnising vesdnsidiunans 3 dnsdiunan T
AududfduadesnmeaznsivaruaunusiuInsgIun va.u
408/2532 TudruredneailadnsunIafildiunauvesianuiasiy
s s oy o Y
Aoun3niluiAa snsdusesas 40 uavsnsndiusesaz 90 e
wigsnnuaznisina Weenitueaiadaouninainianuiasiu
55UNR Fowar 33 uariosaz 32 mud1du Auanslugui 6

2 Avg Stability/Flow
<
S 400.000 347.179
<
@  350.000
E  300.000 233.858 236.242
- 250.000
1=
5 200.000
> 150.000
<)
= 100.000
2
% 50.000
0 0.000
g Virgin RCA/Virgin 40/60  RCA/Virgin 90/10
type mix
e Stability/Flow @ AV 4 % N|a.4 408/2532

JUN 6 Wlsuisuamdiussenisenivvesaaiosnmuazn1siug
WAZHIMTFIU V8.4 408/2532

mamwmaauamauﬁ"ﬁLﬁyaqﬁwhaﬂmaaéﬁ’aaa'wi’aaﬁww
ueailadmeunia lnan1smagaeu Marshall Density, Air Void, Void in
Mineral Aggregate (VMA), Void Filled with Bitumen (VFB), Marshall
Stability, Flow tiag Stability / Flow WUIIRe 3 Shs1dIuNEL v
NA: RCA 7 100:0, 40:60 @z 10:90 wanIAUANURYDIFIDY1IHINIG
woailadmeunimulundefmunuazinnsgiure s va.
408/2532 laguansuanisnadeunuanUivesueailadnouniniie
3% Marshall Test lumsnedi 2

A5 2 HaNSERNLUUEIUNELLEATafABUNSAAEIT Marshall Test

DH-S
o ; Mix1 | Mix2 | Mix3 |408/2532
Marshall Characteristics Unit .
90/10 | 40/60 | Wearing
Course
Asphalt Cement (AC) % 5.05 | 953 | 625 | 3.0-7.0
Compaction per face Blows 75 75 75 75
Marshall Density g/(:m3 240 | 205 | 219 -
Air Void % 396 | 395 | 394 35
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DH-S
n ) Mix1 | Mix2 | Mix3 [408/2532
Marshall Characteristics Unit
90/10 | 40/60 | Wearing
Course
Void in Mineral 14.69
% 2098 | 16.04 >14
Aggregate (VMA)
Void Filled with Bitumen 73.03
% 81.20 | 75.42 -
(VFB)
Marshall Stability los 3952.2 |3441.8| 3473.9 | >1800
Flow 0.25 mm 0.01 in 1139 | 1568 | 1512 | 8-16
Stability / Flow Lbs/0.01in | 347 | 207 | 230 >160

4.4 HanAFoUNIAIAINITHILY IUABUTINIY19E8Y (Indirect Tensile
Strength)

WATUINANITNARBUNIAINITA TUNIUA DUTIA IN198 DY
(indirect Tensile Strength) vasTagueailainauninainiaguiasiu
53R (Virgin) waz Tanuasiuneunseslafia (RCA) dasndiudos
az 100:0 60:40 Wag 10:90 wuiueaiadaounInfifdiunauvosian
wasmAeunIFslelAa sandiesas 40 waridhsdudosay 90
firafiesnmuaznisinateeninueailadasuninainianuiasiy
sssuvAAnduesidudioni 1 uas 16 Wesldudnuddu duans
Tuguit 7

Avg IDT
__ 600.000
5 454.140 448.826
< 500000 380.864
S 400.000 F )
13
% 300.000
@
T 200.000
g
% 100.000
2
E 0.000
Virgin RCAWNirgin 40/60  RCA/NVirgin 90/10
Type mix

JUN 7 wamsvadeudszansnmananiinisimuniuseussianides

4.5 USunaeaiandiuudilalunisuauieanannounsm
A IlivimsinTgiuTnaueailad@wudnldlunisuas
woanlafnouNInUBITANNIATINSTIUYIA kA ianIIATINABUNTAT
loAa nuinvsunaneaiaddiuudd il dufifisduniuusiiaues
o al a da X o a
wasweounInslufaiiiugy dwuandlugui 8

% Asphalt Cement @ AV 4 %
12.000
9.530
. 10.000
5
£ 8.000 6.250
8 5.050
= 6.000
=
2 4000
S 2.000
0.000
Virgin RCAWNirgin 40/60  RCA/Nirgin 90/10
e % Asphalt Cement @AV 4% |.4 408/2532

UM 8 Wibuifisuranuduiusseniadesidusvesueaitaddiung
WaTUAIFIU VAU, 408/2532

4.6 m51/531/7&57?775’5@1771?71407uyﬁammaﬁﬁaﬁfﬁauﬁm Wearing
Course 12.5 mm

91NHANNTBBNUUUS AT ILHALUAL N SVIAGEULT DA AT
vaiiegiIMLeaiiadnounin auggIeldinisinneiuas
Uszanusanisussanusaiagildlunuyimaeaiadaeunie
Ifun nsuszanasiataniildlusuyfmnueaiadnounia
Wearing Course 12.5 mm n1sUszanmusianiandildlusuyianis
woailadAoun3InaINTanuI1a5INEIIUIR (Virgin) 8nsduiauas
100 MsUszsnasaianiililunuyiinaeailadasuninainian
wImTINABUNIATIYAA (RCA) 8ndiusosas 40 uazn1suseunn
sefanildlusuyfmuesailadreuninainiaguiasuneunies
leidia (RCA) Sasndusaeag 90

wuueailadnauninaninasiuaeuninileda dns1dIuRCA
Fouar 90 uardnsdiu RCA favag 40 AxdsnAngeniueaiad
ABUNIAIINTAANINTINSTTUYIA Fewaz 47 uavSosarll Mmua1Ay
Fauandlumseil 3-6

719299 3 91 aguiaTlviuay TaauIasIuARUNSHs luAa (RCA)

RCA

3/4” | 1/2" | 3/8” | #u | RCA1 | RCA2
31A1780)
u7a321 | 400 | 400 | 300 | 300 100 100
Wwawn/
auv..)
dnsdiu | 003 | 021 | 033 | 043 - - Virgin
vo3ian
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