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Aggregate Size Test Standard Method Result
Specific Gravity (g/cm?) ASTM D127 2.51
Coarse Aggregate Fractured Particles (%) ASTM-D5821 93
Los Angeles Abrasion Value (%) ASTM C535 14
Specific Gravity (g/cm?) ASTM D128 2.67
Fine Aggregate Fractured Particles (%) ASTM C1252 52
Sand Equivalent (%) ASTM D2419 67

Table 1. Physical properties of the aggregates used

oslaiwl 390 e /Ve J:'; Slasin Y JJJ\’.'

Test Standard Method Result
Penetration (0.1 mm) ASTM D5 65
Softening Point (C°) ASTM D36 53

Specific Gravity (g/cm®) ASTM D70 1.02
Ductility (cm) ASTM D113 164
Flash Point (C°) ASTM D92 316

Table 2. Properties of the 60/70 asphalt binder

(CSS'ljzé)aéLﬂﬂﬂ‘:)yJ)?J}a‘j;QLm Yy JJJ.’:

Test Standard Method Result
Sybolt-Furol Viscosity at 25°C, s ASTM D88 32
Retained on Sieve ASTM D6933 0.005
Particle Charge ASTM D7402 Cationic
Storage Stability ASTM D6930 0.6

Tests on residue after distillation
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Residue by Distillation % ASTM D6997 60
Oil from Distillation % ASTM D6997 4
Penetration, 0.1 mm @25°C ASTM D5 109
Ductility, Cm, @25°C ASTM D113 >100
Solubility in TCE wt.% ASTM D2042 99.89

Table 3. Properties of the CSS-1 bitumen emulsion
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Test Standard Method Result

Penetration (0.1 mm) ASTM D5 14.3

Softening Point (C°) ASTM D36 71.8

Total Binder Content of the RAP Material (%) ASTM D2172 5.3
Binder Content of Fine RAP Material (%) ASTM D2172 6.25
Binder Content of Coarse RAP Material (%) ASTM D2172 2.6

Table 4. Properties of the asphalt binder of the RAP after extraction
b o (26 g s 4o)3 BCo LM &y -¥-¥
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Optimum Optimum
Sample - Binder
Emulsion Content
Content
HWMA-RO 10.5% 6.3%
HWMA-R70 5% 5.8%
HWMA-R100 2.5% 5.6%

Table 5. Optimum binder content of H-WMA mix
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Sample Description
HMA Control Hot Mix Asphalt
Control Half-Warm Mix Asphalt
HWMA-RO With 0% RAP
- i i 0,
HWMA-R70 Half-Warm Mix Asphalt With 70%
RAP
Half-Warm Mix Asphalt With
HWMA-R100 100% RAP

Table 6. Nomination and abbreviations of samples
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Fig. 1. Preparation processes of the SCB samples

12
11
10
9
8
2
3 7
2 6 s
parihes
= 5 P
= “erires
4 ptees
3 e
2
1
0
HWMA-RO
Wity gunngal yod o o 10.5
el o ey 6.3

B T ..,

.........................

o
P
e

“

A s

e e, P
- p—-

HWMA-R70 HWMA-R100

5 2.5
5.8 5.6

Fig. 2. Results of total binder content of mixes containing different amounts of RAP


http://dx.doi.org/10.22034/23.4.19
https://mcej.modares.ac.ir/article-16-53138-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-02 ]

[ DOI: 10.22034/23.4.19]

VEeY dL..«/f. A)w/ryj@.tve)jé

oot Ol e wdige gk — ode ale

(KN/mm) JLi b cwns = MQ

(kKN) JLs e cwlazal = Marshall Stability

(mm) JLi,L iy, = Marshall Flow

G me 5 01 6 plooilanil 5 blsee ziew SLES lis o]
ol e il K8 sl s bl Ceglie
Jlasle caslinad ghls bl oS ol oF Kb el
O Sl g pdiailesl gl Cuslis S el i
[26] col als JSo ois pl s 5o Caglie S0LES Ssle
w Ol (B 5T b IS0 s mokie JS g s L
Sl wilp oy sl 8 & Cib Cs D ol
Sl s 0T Slay s Sl Jlasle coslizad sl zig
2 Sl H-WMA-RL00 & yai (gl 4t 5 by oo
S e onl il e Sls, o meS 5 il Culind
(0) JS2 53 & ol Jlajle Cd (p 2l gl Ko
S edalia LS b |y mlS 015

il glado s (g5l L Alan] b s JLi b s 0 K3

EE B

Fig. 5. Marshall Quotient of mixes at different amounts
of RAP

(IDT) paitiund g _guiiS” g b0 3T b —Y-¥
Al o gon s b IS 5 s (V) JS2
woar g bdas e Ol Sy 5 S e e ) il
RAP Lss ulpl LS b8 ams U1y o IS5 ol
ol il Sl Sis o 5 - ss gl IDT e
HWMA-R100 b ylse 5 by o Siulsl ) Sldie op i
ol & el el o eslizal a3l e 50T s oS e
oo HWMA-R100 & yo5 Szt IDT s oS 35 IS
HWMA-RO 4 4ol & s 5 /4 HWMA-R70 4 4o3 4

Yv

315 doys Sl e JLE e colinad (I8 g, ¥ JSCE

1060
1040
1020
1000
980
960
940

(Kgf) Juis )b Cuoliin!

920
900

880

360 o s
HWMA-RO HWMA-R70 HWMA-R100
# JLo ke calizd 923 952 1040

Fig. 3. Results of Marshall Stability test versus
percentages of RAP

Jlok Jlgy-r-1-¢
Ol sdaas Ol il by K Jljle s,
5o () USe 53 a8 6 Sules .ol bglois 0T (g b illan]
OL3L il azl 5 ass 3l b Sl ol jasiie
Stle 4 Ol oo 1) b gloee jlb, ol Lol o S
SIS Gl W31 55 g g LB edd g g Coke 4SS
o S 55 01 Glay Ol Bl o bl ax
Lo S plrals Sl blie ) s
o e s S () IS e

S e ol Jlinl 4l 5 Aoy Sl pl b Sy,

7

UL.ALS Loy

Sl asl 3 am s Gl Bl L Ul Sy, ol ais Ly, & K2

S
F

Fig. 4. Marshall Flow testing results versus different
amounts of RAP

Jbsle Camd —£-1-¢

s (V) ddaly 3iles (Marshall Quotient) JLi 5L s
Al oy OF Gl 1 50 JLile Sl s
g - Mt sty O

:4.&4.\) U'l‘ BE)


http://dx.doi.org/10.22034/23.4.19
https://mcej.modares.ac.ir/article-16-53138-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-02 ]

[ DOI: 10.22034/23.4.19]

S Y (g

oSt (lal slab e AL L5

Sl b lse TSR ldis o35 zie NS b «
Cuslae oday Ol dals bglse & cd RAP g4l
s 0 Ll e el ol (el RAP (g5l (slab s zis
S AL o sy S by LS mhe JS 2y
5038 bl (S lae 5 3 o (o3L5 Sy S5
S s S llas 4 Cagby 38 pde e
2 L RAP (g5l glabjlsne iy cunslis 55 0l S,
Flae gbls glabylin 4 ol asb, conles
S Sl J s ol dles S ASG 1) RAP O3) Sdes
2ol il S Ko s O Sy Sl ol
Aoy Al pla mll &S o 8 s Olp e IS >
By Ko g5 5 oS5 5 LMl glales RAP 1 eslic
Coslia 3 &S Lies gla mbl dex Sloeslizad 34
@3l b RAP L ss aile dlinl by b,
Colo il 53 RAP gline 5 Shae Corge 5 axdls

L o HWMA Sl bgles 5b

Ciloes glado s g5l il bbb TSR slie v S

sl Y
100%
90%
80% ————————— — - ———— 8 __
70%
60% %
B so% %
a0% %
30% /
20% %
10% /
0% Z
HWMA-RO HWMA-R70 HWMA-R100 HMA
mTSR 76.1% 82.6% 88.9% 64%

Fig. 7. TSR values of mixes containing different
amounts of RAP

4.3‘) M))/\' JB\.L;— )‘J\iﬂ Q‘Ji.;».hjﬁ )\ LS)L:MJ b)‘j—&.ﬁ
6‘1.: S ol g_,Jl}- JJ‘GDJS Lﬁ'eJM ‘-;:le&) &L.:.w\.w?-
OLE oS el doys Av 5l a8 TSR laie HMA b Jlse
Al dals L;"Ju...ﬂ bolse Coglie 0550 BB edas
5 HWMA-RO L ylses 53 TSR awslie L .ol g,
by 55 ol oS 553 0 db>de (V) ISE 3 HMA
Al D ..,U‘ebj.ij eb)_ﬂﬁ b 4l U’-‘-‘j r)y Qﬁ_}lﬁ.& JE‘J;—

YA

G RAP 035 e 0T JLis 44 5 RAP 5 5 9 50 ol
350 bl e Gl Sl RAP 5y camS 55 ol
G oo NS 5 085 S8 Ll pl s bl o
03 dges Cwoglie el sl ol 4l falS ool 5 Js
AT FRNCI I - SV S P P
Sheslital a5 b 8wt Ol 5 oo «ilasl ol 5l edel ety
site b HWMA lab sl 3 RAP VL slaus )

303 b gl ) eites 2 2S5 Sas

;&»Jju_jdw,@;(lDT)Wﬂ; S Sl A IS
S“i’.'}):-lﬁz‘fiﬁ

0.9
0.8
0.7
0.6
0.5

IDT (MPa)

0.4
0.3

0.2

0.1

0

2
HMA
# IDT Dry 0.61 0.69 0.75 0.76
| DT Wet 0.46 0.57 0.67 0.49

HWMA-RO HWMA-R70 HWMA-R100

Fig. 6. IDT testing results of samples at dry and wet
conditions
L HWMA (slas yod K2 IDT s aglie b 3 b S
Gl Ol ol & Ay amg ol 4 Ol e HMA
Ll 0355 is HHWMA b e 5IHMA ol glse
oS5 s bt sles 0 WL Ol e 1y SRl cpl s
H-WMA lab s L oalie 55 HMA lab s
IDT 3l odel s pslie o35 8 i 55 b oo ool
358 &S dewy D pl 4 Ol8 s 5 HMA (ladd 5al
H-WMA-RO .léjlm BE) ol enliiul L;'-’:ij‘ J'.‘.'; Q)ﬁ
DL Y &;«w\ ol (.5“‘717“ LSLQ‘L"J{«.«J WL..A JM;:)._{ —r s
Jpis g L&A g5l HMA (glab s &Il

(TSR) (5™ caoglin Comd gulis —-Y-£
e g (IS Caaglie Sl w bge s (V) IS
53 g edalie das e 0L |y Calis  Jlan] gl e
5 V. HWMA-R70 « cos H-WMA-R100 b ylses oS
Ll a3l g s Shae W H-WMA-RO & g 45 e


http://dx.doi.org/10.22034/23.4.19
https://mcej.modares.ac.ir/article-16-53138-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-02 ]

[ DOI: 10.22034/23.4.19]

VEeY dL..«/i ULQ.@/(»)MJW@)}J

oot Ol e wdige gk — ode ale

S 500 bl s Bkl asde SediSs 5 jus
FAS 5 g Al s Al bl Cuslie O pae
K a4 AS ey el il (Sa, S5
S5 S ple o eslie S 85 e UlF e
JAlS s o RAP Alas il L HWMA slals s

TP EWRCINC I N

oo s sl Al gk o (U) L2555 50 polis A I

a3l e

0.7 J’T

;2
[N | ' ! 1T
gu.a % Ié ] 'fT ,%/ -
2 % / vl % szmm
. 7 7 7 7
0.2 % / % ﬁ H38mm

S
H
=
H
)
3
S
H
=
H
o
=]

HWMA-R100

T

MA

Fig. 8. Strength Energy (U) of mixes containing
different amounts of RAP

Wl il sbado s ol linl sbab e JC ol & S
0.3
0.25

0.2

e
=

e
o
a

/7
7
2%
D%

HWMA-RO HWMA-R70 HWMA-R100 HMA
Nl 0.28 0.19 0.14 0.21

Fig. 9. Jc values of mixes containing different amounts
of RAP

HWMA- 5 HMA il 4 5e 53 b3l s avglio L
bl 5 a5 e 3 & Ay amd pl 4 Ol5 0 RO
Bl L 3 W gles 035 4 s o HMA
sz S HWMA-RO b ylsee 3 ol sl 3 4 S
e (el 03 5 4 Ctle Slles e 5 1 (6 %S
S sshpe et ) Sov 4 el s
Lisw J6 4 Cud 6,8 Jo s HMA b s

AR

usfdﬁb“limL;YLM):LéLmeWlww
fad Js @) AUl labdse oS15 5 bl glales
Al (Al Glab e 035 0 S

o Sk y3SCB b3l b -¥-¢

Sladise 53 &5 55 e edalie (A K 4 a5 L
sle p¥ 55 i HWMA-RLOO 5 HWMA-R70
YA 5 ¥+ HWMA-RO & e Jlinl glab o cusis
o b on &S5l S3oadl ol @il el ds s
s bas Wles S o Ll ladllae Sl (ol ST
My 2ol cesls Gl o3V 351 i RAP 3 ol
Lo 13 RAP wllas 51 fassy ool s bl 5148 e
(eSS r)'\l Sl s cwl s sslaal HHWMA
SO e il el s 0 e 4 il (6 bl
p‘}! Sapp JMe =) LY ol w b clS sl oY
Gllanil Jldis =Y 5 RAP 5555 Lo 0 el gl 2i
bslis 0o o Jds @ bslos S plralr 5 0l
A IS hals

HWMA- 5 HMA lab Jdoes 35S (6550 slie anslis
5 2eS HMA bgses gl Sltis opl 45 das s OLis RO
oS5 s Bl glales (romes ool HWMA-RO L sl
Lol boaslie 53 3 Sy el HMA YL
5 e Sl 4 e 55 pl &S 545 e HWMACRO
Gl 55 el sld bise g pbolhaal | ials
(b3 Eou b glee 3 HWMA-R100 5 HWMA-R70
Spdin oy RAP oss (hIp L by i Ol
AL 2258 655 bl RAP Olsee Shal 81 L a5
el 0 4l 4o

Skl s opd e sdalie (1) IS5 55 &5 €850k
Jo el i RAP - sl doys il L H-WMA
ol bl pl o sosb il 038y tals
asl rals 700 5 YY Co g 4 RAP Ve 5 Ve 058
bylse Jltle J3RAP 525 4 Ol o 1y S5l ol e
Ay 5 okd b Mo 4 RAP wllas coils L s
@ b o Coe i Gl 5 sl el e

RAP wllas (s5l> bl ( W ronn w sl e 2


http://dx.doi.org/10.22034/23.4.19
https://mcej.modares.ac.ir/article-16-53138-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-02 ]

[ DOI: 10.22034/23.4.19]

S Y (g

oSt (lal slab e AL L5

a3l 53 5L L (L) bl sdae 5L 13 05
edls bt o (Stn) JsS

Sty F gl s (ITS) it 6 (225 Caglie
RAP) L5l Sl wily 0Kl Aoy Sl b
S 3 4 Ol g o L i el D8, cpl s il e Rl
Of dbis & 5 RAP) b5l cIlawt ailj 53 350 5o ol
Sl Sl sl 5 059 e

Il (slag god St (ITS) is b 228 sl
Rl s s i HWMA Glads sl sl 5I(HMA) ¢l
S B glales 0op Vb w0 Olg s 1) Al
Cos HWMA ol e 4 o HMA glab s
sl

doss L (TSR) bbb agb; coals
LSl e SRl el 2 S
;L?Li\“,\.:ﬂﬁ;puu&wc@yksumﬁyg
e 5 (S llan 5 odd o o s (S S5
AL LS o 4 o sb ) 35

ol HMA 5 H-WMA-RO L lse 55 TSR anslis
1 aebopl eV i Plas bl g opl &S das
Glab e cxle 51 30 Wlg e 45 biles S a5l
O ol b oo VU Ao g5l b L Al
H- il Glab sl oS5 5 Lot slales
A:L WMA

=S I Qe S5 G SR L badge ples o
AL e S5 Ges Ol sz 8 a3 Ll e a6
el 5l a5 Sy S5 A, Sl RS S
Slab sl 5l WS HMA lab sl 55 (U) 255 655
CeLHMA 3L oS15 5 bl gles .o HWMA-RO
S 355 0 HWMA-RO b ylses b aslie j5 L3 S
G lanl JalS 5 g L 4 e 2
el ol b gl

HWMA-L Jswe 4 oo (6,58 Jo sluls HMA b lse
Sl byl Jo Jldis 035 5S4 a5 L.l RO
glio o3 a2l 3TN0 5V Sl slado s b S e
by ol &8 S35 s 018 0 HMA b glse L

Y

¥

(¢

(6

N
g

v

A

o HMA L s Coslis s s .03l HWMA-RO
S5 S 5 pah ap o3 HWMARD bssee oo

S o Iy (i malS (S,

ol Sbd 33SCB bl mbi-¢-¢

Gp) Kl 55,5 AASHTO TP 105-13 5, lubkul b
23 S SS GeS gle s 35 Olge w
b sl 3 Shes alie Lol Jlae ol gles
Dy e a5 s i slab sl

S bl 55 RAP swjs sdix s ((10) S8 elid
S3Al e Glr s eSS 5 L
Ll S @3l 5l HWMARD byl oS
YA, HWMA-R100 bLse 3l 5 ¥+/ HWMA-R70
2w Ol e b el Sl ol s ol sdd zin
2> Cund RAP dlas 53 592 g0 13 035 oo S
oeals s sueSs RAP Flae 8 (53 plaar s b
Loy psbs bon m Ll B IS 51 I

sk

il il oo s (sl Alin] glab s GF Lol Ve K&

2
1.8
1.6

1.4

=
[

oo
o »

o
=

7/
77777

77
77

o
o i

HWMA-RO HWMA-R70 HWMA-R100 HMA
mGf 1.83 141 132 1.79

Fig. 10. Gt values of mixes containing different
amounts of RAP

(S 5 4o -0
sl bl o il clie glisons 5K
Sasn onl 53 el el slahlsl 5 p S Al

A ool 5 glas S et
B33 5558 5 bl 2y 50 pllas B3 pedow s a5 L
58 b Sdea wolinad sy Opdsel
s s & 05 e 1l ) A sl S pllias

Q


http://dx.doi.org/10.22034/23.4.19
https://mcej.modares.ac.ir/article-16-53138-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-02 ]

[ DOI: 10.22034/23.4.19]

VEeY JL.N/?. D)ijl/rjﬁﬂjwé)j-)

Cycle Assessment 2020 (LCA 2020, Sacramento, CA,
3-6 June 2020); 2020: CRC Press.
[11] Swaroopa S, Sravani A, Jain P. Comparison of
mechanistic characteristics of cold, mild warm and half
warm mixes for bituminous road construction. Indian
Journal of Engineering and Materials Sciences.
2015;22:85-92.
[12] Zhao S, Huang B, Shu X, Woods M.
Comparative evaluation of warm mix asphalt containing
high percentages of reclaimed asphalt pavement.
Construction and Building Materials. 2013;44:92-100.
[13] Ma T, Zhang D, Zhang Y, Zhao Y, Huang X.
Effect of air voids on the high-temperature creep
behavior of asphalt mixture based on three-dimensional
discrete element modeling. Materials & Design.
2016;89:304-13.
[14] Rodriguez-Alloza A, Gallego J. Volumetric
characteristics and compactability of asphalt rubber
mixtures with organic warm mix asphalt additives.
Materiales de Construccion. 2017;67(327):123.
[15] Eltwati, A.; Putra Jaya, R.; Mohamed, A.;
Jusli, E.; Al-Saffar, Z.; Hainin, M.R.; Enieb, M. Effect
of Warm Mix Asphalt (WMA) Antistripping Agent on
Performance of Waste Engine Oil-Rejuvenated Asphalt
Binders and Mixtures. Sustainability, 15, 3807, 2023.
https://doi.org/10.3390/su15043807
[16] Mogawer WS, Austerman AJ, Kluttz R,
Roussel M. High-performance thin-lift overlays with
high reclaimed asphalt pavement content and warm-mix
asphalt technology: Performance and workability
characteristics. ~ Transportation  research  record.
2012;2293(1):18-28.
[17] Behnood A. A review of the warm mix asphalt
(WMA) technologies: Effects on thermo-mechanical
and rheological properties. Journal of Cleaner
Production. 2020;259:120817.
[18] Majidifard H, Tabatabaee N, Buttlar W.
Investigating short-term and long-term  binder
performance of high-RAP mixtures containing waste
cooking oil. Journal of Traffic and Transportation
Engineering (English Edition). 2019;6(4):39.£+1-1
[19] Pasandin AR, Pérez I, GOmez-Meijide B.
Performance of High Rap Half-Warm Mix Asphalt.
Sustainability. 2020;12(24):10240.
[20] Nsengiyumva G, You T, Kim Y-R, Beran M.
Investigation of testing variables of semicircular
bending test for asphalt concrete mixtures:
experimental-statistical approach. 2016.
[21] Chen L, Qian Z, Wang J. Multiscale numerical
modeling of steel bridge deck pavements considering
vehicle-pavement interaction. International Journal of
Geomechanics. 2016;16(1):B4015002.
[22] Aliha M, Bahmani A ,Akhondi S. A novel test
specimen for investigating the mixed mode I+ Il
fracture toughness of hot mix asphalt composites—
Experimental and theoretical study. International
Journal of Solids and Structures. 2016;90:167-77.
[23] Ayatollahi M-R, Pirmohammad S.
Temperature effects on brittle fracture in cracked
asphalt  concretes.  Structural  engineering and
mechanics: An international journal. 2013;45(1):19-32.
Jiang J, Ni F, Dong Q, Wu F, Dai Y. Research
on the fatigue equation of asphalt mixtures based on

AR

oot Ol e wdige gk — ode ale

(Gr) oK 551 Geios 1l 3 il 22 (GF) b ylsee
ol ede s L5 HWMAGRO b ylsee s HMA byl
byl s VS\JFJL’)/\:\;'J slales 03 VL & Ol o |y el
oeb el Ll 5 0T L3 Sus o gosa>= b s HMA
BlaSn e clie St s HWMA-RO b ylsee U 5

Sy s 5558 3 5 e sla

&l -1
[1] Nations U. Transforming our world: the 2030
Agenda for Sustainable Development. 2015. Contract
No.: A/RES/70/1.
[2] Anmar Dulaimi, Abdualmtalab Ali, Sajjala
Sreedhar Reddy, Munder Bilema, and, Nur lzzi Md
Yusoff, A Comparative Review of Hot and Warm Mix
Asphalt  Technologies from Environmental and
Economic Perspectives: Towards a Sustainable Asphalt
Pavement, Int. J. Environ. Res. Public Health , 19(22),
14863, 2022; https://doi.org/10.3390/ijerph192214863
[3] Federico Autelitano, Erika Garilli
and, Felice Giuliani, “Half-warm mix asphalt with
emulsion. An experimental study on workability and
mechanical performances, Transportation Research
Procedia, Volume 55,2021, pp 1081-1089,
https://doi.org/10.1016/j.trpro.2021.07.079
[4] Zaumanis M, Mallick RB, Frank R. 100%
recycled hot mix asphalt: A review and analysis.
Resources, Conservation and Recycling. 2014;92:230-
4.0
[5] Jahanbakhsh H, Karimi MM, Naseri H, Nejad
FM. Sustainable asphalt concrete containing high
reclaimed asphalt pavements and recycling agents:
Performance  assessment, cost analysis, and
environmental impact. Journal of Cleaner Production.
2020;244:118837.
[6] Bardesi A, Soto JA. Low-temperature bitumen
mixing: Cold, half warm and warm mixing. 2010;4:7-
24,
[7] Marcobal J, Lizérraga J, Gallego J. Laboratory
Compaction Study and Mechanical Performance
Assessment of Half-Warm Mix Recycled Asphalt
Mixtures  Containing  %)++ RAP. Materials.
2019;12(12):1992.
[8] Aurangzeb Q, Al-Qadi IL, Ozer H, Yang R.
Hybrid life cycle assessment for asphalt mixtures with
high RAP content. Resources, conservation and
recycling. 2014;83:77-86.
[9] Lee N, Chou C-P, Chen K-Y. Benefits in
energy savings and CO2 reduction by using reclaimed
asphalt pavement. 2012.
[10] Mattinzioli T, Moreno F, Rubio M, Martinez
G, editors. LCA and cost comparative analysis of half-
warm mix asphalts with varying degrees of RAP.
Pavement, Roadway, and Bridge Life Cycle
Assessment 2020: Proceedings of the International
Symposium on Pavement Roadway, and Bridge Life


https://sciprofiles.com/profile/2683345
https://sciprofiles.com/profile/2236663
https://sciprofiles.com/profile/author/NWNVT1oyVjB2ZlVibUF3MU4vSDk0Z1JIS2VsNGdJTjVDUVpDZ1QvcHZMdz0=
https://sciprofiles.com/profile/author/NWNVT1oyVjB2ZlVibUF3MU4vSDk0Z1JIS2VsNGdJTjVDUVpDZ1QvcHZMdz0=
https://sciprofiles.com/profile/1558740
https://sciprofiles.com/profile/847994
https://sciprofiles.com/profile/847994
https://doi.org/10.3390/ijerph192214863
https://www.sciencedirect.com/journal/transportation-research-procedia
https://www.sciencedirect.com/journal/transportation-research-procedia
https://www.sciencedirect.com/journal/transportation-research-procedia/vol/55/suppl/C
https://doi.org/10.1016/j.trpro.2021.07.079
http://dx.doi.org/10.22034/23.4.19
https://mcej.modares.ac.ir/article-16-53138-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-02 ]

[ DOI: 10.22034/23.4.19]

S Y (g

Singh D, Chitragar SF, Ashish PK.
Comparison of moisture and fracture damage resistance
of hot and warm asphalt mixes containing reclaimed
pavement materials. Construction and Building
[26] Hinislioglu S, Agar E. Use of waste high
density polyethylene as bitumen modifier in asphalt
concrete mix. Materials letters. 2004;58(3-4):267-71.

vy

oS e Aaul Gl e AT LS )

actual stress ratio using semi-circular bending test.
Construction and Building Materials. 2018;158:996-
1002.


http://dx.doi.org/10.22034/23.4.19
https://mcej.modares.ac.ir/article-16-53138-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-02 ]

[ DOI: 10.22034/23.4.19]

VEeY JL.N/?. D)L%i’l/(}*ﬂj%é_)j)

Laboratory Evaluation of Half-Warm Mix Asphalt (H-WMA)
Containing High Reclaimed Asphalt Pavement (RAP)

Amir Kavussi , Jamal Rahimi?

1. Professor, Department of Civil and Environmental Engineering, Tarbiat Modares University, Tehran, Iran
2. M.Sc. Student, Department of Civil and Environmental Engineering, Tarbiat Modares University, Tehran,
Iran

*kavussia@modares.ac.ir

Abstract

Half warm mix asphalt (H-WMA) is one of the alternatives to conventional asphalt due to its special
production conditions. Half warm mix asphalt (H-WMA) manufactured with high proportions of
reclaimed asphalt pavement (RAP). Half warm mix asphalt (H-WMA\) are produced and compacted at
the temperature range of 60-100 ° C, which requires less temperature for production process of hot
mix asphalt (HMA) for example cold mix asphalt (CMA) manufactured at a temperature lower than
60 ° C; (ii) half warm mix asphalt (H-WMA) manufactured at less than 100 ° C, normally at 60-100 °
C; (iii) warm mix asphalt (WMA) manufactured at temperatures of 100-140 ° C. The aim of this study
is to investigate the effects of high percentages of reclaimed asphalt pavement (RAP) on the
volumetric and mechanical properties of Half warm mix asphalt (H-WMA) mixtures. In this research,
bitumen emulsion (CSS-1) and conventional bitumen 60/70 were used. The siliceous aggregates were
obtained from a mine near Tehran and reclaimed asphalt pavement (RAP) were obtained from an
asphalt plant and its granulation before and after extraction was done according to report number 234.
Generally speaking, in H-WMA, aggregates are heated to temperatures of 100-110 ° C and then
mixed with emulsion, which has previously been heated to 60-80 ° C and RAP are heated to 90-100 °
C. To determine the most suitable mixing time in the tests, the coating was visually analyzed after
mixing times of 1 and 2 min and the mixing temperature was 95-85 ° C. Thus, a laboratory analysis
was carried out in which the behavior of half warm mix asphalt (H-WMA) manufactured with 100%,
70% and 0% reclaimed asphalt pavement (RAP) was compared with that of a control mix, Hot mix
asphalt (HMA). Optimum bitumen content for hot asphalt mixture (HMA) and optimum bitumen
emulsion content for half warm mix asphalt (H-WMA) were calculated. Then indirect tensile tests
(IDT) (at 25° C), moisture damage (TSR) and Semi-Circular Bending (SCB) Tests (at 25° C and -20°
C) were performed on half warm mix asphalt (H-WMA) and hot mix asphalt (HWA). indirect tensile
tests (IDT) vyielded acceptable results, the IDT resistance increased with increasing the reclaimed
asphalt pavement (RAP) content. Following this, the moisture damage (TSR) of half warm mix
asphalt (H-WMA\) improves by increasing the reclaimed asphalt pavement (RAP) content, which can
be due to the complete covering of the surface of the aggregates with aged bitumen and the high
adhesion force between the aged bitumen and the aggregates and the lack of moisture penetration into
the aggregates. emulsified bitumen exhibited proper volumetric (e.g., air voids and density) and
mechanical behavior in terms of moisture damage and IDT. On the other hand, the results of SCB
tests at medium and low temperatures showed that by increasing the RAP content the samples become
brittle, which means that resistance to crack propagation reduced, and it may be the reason for fracture
energy reduction. These findings encourage greater confidence in promoting the use of these
sustainable asphalt mixes for their use in road pavements or urban streets.

Keywords: Half-Warm Mix Asphalt (H-WMA), Recycled Asphalt Pavement (RAP), Bitumen
Emulsion, Indirect Tensile Test (IDT), Moisture Damage, Semi Circular Bending (SCB) Tests
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