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In this study, effects of adding ground granulated blast furnace slag, Type II
Portland cement, and glass fibers on the performance of recycled cold asphalt
mixtures were investigated. Based on the previous studies, the additive content
in the mixture was set at 2% by weight for cement and ground granulated blast
furnace slag, and various percentages of glass fibers were considered,
specifically 0.2%, 0.3%, and 0.4% of the aggregate weight in the asphalt
mixture. Results indicated that recycled cold asphalt mixtures without
additives do not possess sufficient durability. The use of glass fibers leads to
an increase in Marshall stability up to a maximum of 10.3% compared to the
base mix design. By increasing the percentage of emulsion bitumen in the
recycled cold asphalt mixture, and in the worst case, it causes a decrease in
indirect tensile strength in dry condition by at least 78% and 17.7% at the age
of 7 and 28 days of the samples, which indicates a decrease in the moisture
resistance of the recycled cold asphalt mixture containing glass fibers. Results
also indicate that cement and ground granulated blast furnace slag increase the
Marshall stability by 50% and 40%, respectively, increase the indirect tensile
strength in dry conditions by 36.3% and 16.4% at the age of 28 days, also
significantly increase the flow number at the age of 28 days and increase the
fatigue resistance at the age of 42 days compared to the base mix design. From
the results obtained, it can be understood that due to the functional and
economic parameters, the use of cement as an additive in recycled cold asphalt
mixtures is justifiable and useful.
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1- Reclaimed Asphalt Pavement
2- Toughness
3- Polyvinyl Acetate
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4- Dynamic stability
5- Indirect tensile strength

1- Transeverse crack
2- Splitting tensile strength
3- Uniaxial penetration strength
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1- Fracture energy

2- Tensile strength ratio
3- Reinforcement

4- Stone matrix asphalt
5- Porous asphalt mixture
6- Adsorption

7- Adsorption capability
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4- Polyester fibers
5- Polypropylene fibers
6- Indirect tensile strength ratio

1- Basalt fibers
2- Splitting strength test
3- Freeze—thaw splitting strength ratio
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1- Cracking Tolerance Index
2- Flexibility index

3- Mineral fibers

4- Polyacrylonitrile fiber

5- Contabro Test
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1- Dynamic modulus

2- Steel slag

3- Ground granulated blast furnace slag
4- Basic oxygen furnace

5- Electric arc furnace

€3 53 aBS Sppe G n 4 oaxs L

(Al Glablin gl 3 ated SUI I eslizd
oS Al Glabylss s ais SU 1 eslid
S Sles Sl Sl n s e BLL
S A s el S Sales Jsde dhex
slabes 53 So,S 5 ol s Coglas  Salills
VYT OLan 5 Sl el e S 15 b s
Lol .(Y'Y' ngKAA};S)Lé AL n[)b&mﬁ)d)h{j
Ul & ol 0358 ) ey 5 0SBl L
Lk s e gmiéub#éﬁjﬁo&f‘}}ﬁ
- b gl s eslital b &S (oolse 5l s S

d}‘ﬁa)l{ﬂjy.)yﬁ c)l{ﬁc.})‘)bg;”ju.widu
u‘y}&w )\ so)b.]..» Cf 93 U'l\ .Jw:l_'& rJATu)J
Aol sled w0 ool 5 5V g ol )8 Sl

AYYY (e oslygas YOV OLKen 5 Kilsa)

VFF Glie) ooz als o2 Jlo (J& 5 Jo slacSls 55 gwaige A



o Bl AT bl 53 5 e ST Gl
g5 9 3l eslid b g 3 Aos 03yl wsas
S alie glado s ‘rg’)-"’ E T S PR
S sn b 035 o Wl (AT w2l 5 ol s
OLES 0Ll andllas b L5 035331 (Sl b lses s
5 Bl 415 A3 VO Sl eslizul oy pn 43 4S sl
et Al bl oV ol a0
OLKan 5 s ple Guam H3 iy daler 1) i
Sl lu&is 53V 58 o)l e 1K EEEEARARY,
blee 53 Al w5 5l gt 0 Sl Ol w
ol i S 15 eslizad 3y5e B3G5 e Jlau]
LYo 5 Y o e 0 calirs gladss s oY
©odo,s Yoo slie s Sal Kl S S
OIS O3 deops YO 51 s ol il Sosk
Wb S 5 eslatal 5,40 355 513 L;JL;L.J b s
il b plss 4 S 6l 035331 48 515 0L s
Sl 5 Ol gl 3 Ao 53 ol oo (B 5 e
Al Ceslie va.)\.'; Sl a5 Cuslis g
23 m e Sl dess Sl sk, sl
033508 (505 G 3 s Al bl
b 53 A Olsie a3V 58 el 31 (VT s
350 0151 (S s s S eslizal (B3G5 Al
Aoy Vsl 8Lk s Dln] glab s oS
o Sl 63 Shoe (ol 3 e e Y B 00l e
Rl by S F A s caslie 5 Saus
03 o353 Dy Bl b o il
ol 0l 55 8Y (g5l s Ol e
5l eslitul @ § &y Slusl js e 4o g L
63 S ol sae Gda L caliie o580 5 g
5 s olpen (BLSL s il lab gl

o)l{jw Jﬁ)\g ¢JL>- u'i‘ L R 04 U\Ji":“a’ﬁ}:’.

3- Silica fume
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1- Blast furnaces
2- Styrene butadiene styrene
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1- Dynamic creep

2- Indirect Tension (IDT) Fatigue Test
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1- Universal Testing Machines
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1- Voids in the Mineral Aggregate



>
=
L
1

—
+
1
1

>
1
T

Jlib cuwglin JSlos

A d
1
T

(598 312Ul Cangli

G.2

G.3

G.4

LMl )b o

LM b o s (BL5L s Alanl b glsee Il jle cuylie N IS5

Aos3 WIV 5 VA Olse 4 aly DY) o by
Sedl cpl bikleds o395 YA 5V w53 i Jas
53 ekd S5 asbiml jlas Bl 5ITSR b s
asdllan 55 Wles S 55 035, YA e 3 Las Ve Jsis
els3 (shwys 08 2alS 15 ((V2YY) Bslo 5 (55 pme
ol BLL s il lab e s b,
O o el by ol ol 55158 oy L U
e S 4wt OUL S 38 a0 S
Al gabsle 53 Ogdgol 3 e 213
Susks plss Al co e ey s e BLSL S
gd g 3 B3 S s AT glab s
e S sl Glaki 5 ITS (nlesl 51 ey
53 B8 G s 250 aisad 03, 5SS alaie
ITS tlesl 55 450 03,558 5 ahaie lans & ST

VFF plis) ooz ol o2 Jlo (J& 5 Jo slacSlo 55 gwaige

(it b 22S e glis 0s5l @l Y-t
ATS)
CA!)LE.A (Cws) 0l 03l QL.;'..: \% Jg..'& B S )jla.:L:..A

Lot b s a0,V e 3 laai 53 TSR HITS
oo 53 edd (5 yma glaslilial sl Olas (55l
L 5ad ITS oo slie ol ol dil oo 500l sl Ve
ISl as S 513 oLl sse 3 e, YA e 3
g3 0y la}’\:;'—lcjla & sld 3 TSR HITS Lslas A
53 el S5 gla IS8 Gillae das oo OLES 055, YA (oo
JA 055, YA 5V o 53 sl DO b oS I
03530 1y Vo Jsd S5 e o Lal (glas llisl [las
ol o3 eslanal 5,00 sla S35l 51 el 1S o0
Sl LS b bse 4 b S 0 sl
S sl Dol glar b b e dlote]
flel 3 i Slllae 5 lanl Gy alnd

AR



Slad Ao s dosm Sl o sl el 05 503 03551 5
Caslin Galesl o BLL s Sl bl it
2 Ao e Slre Olge a4 ) s 8 A2S
Sl 8,5 s i S s g O ged
L3 e Dbe Olye 4 et o OIS o gli
Opedgol 8 A3 131 o g gy Ogpd sl 3
Al a3 s Sk s il by
ol Bt b s pde OF by Cowles
Bl 55, YA 5V Ol e 3 Cnel el 55 Olor
Glhe S Sl s el b IS Cwslie
53l sl Ve Jade s edd S5 slabae
Caslie Sl i Olarw 3l LM - b
e A el S s e 28 (IS
O e Aoy YUY 5 A Olse 4 059, YA 5V
Cb A i YTV VA e 5 4l DM b
2550 53 bl sl 03 ol s Wil S ol e B!
Sde 53 paloss WIS ol sl b b
B I P I R Sl Gy Vb
s O dsde las wbool Bl TSR il
03350 a5V o8l es Olay e 53 1y 0Vl
st IS nslie JBls e 51 Ll LS e
Wl b (B 3 (Al b e (Lo 2
35V G 53Vt Jader 35S de slaaslpl ol el
S ol OF sdasOlis s ¢ b b 5 iled 03550 1 1,
blove 4 gad pdtee i (22S Caaslie Sl 1 Ol e
2 oalesd Al S sl ol (BLSL s Al
VUE Olgn 4 oy YA 5V o 33 58 55 oS Sl
T e R
LW b 3 s o2 (225 Caglie (215
CTL Ologws O5embiliden (1STy L5 40 Ol s3>
Jsb 53 Sy (nl &5 3lipe Oseed pol 3 53 5 5

oA 3) pall 8 s xiy St 4 e Ol

rl 53 e BUIN S ol llas ol el osls OLES
5 S5 phie b g3lpe Sl g 55 (s g 5 5o mhan
2 S miy rmen 5 S5 ke oses 6500
s sb 448 Uk sdalie e en s
ils I3 e, F S S ahde possee D a g
e i BYs 4 e OUl s il Ol e
S pde sy Cawles Cuglie falS
s Al b s oatid SUL SauS el
el o L 5L
on s Y Usb i pde) (Saess cools -)
bl izl m 62500 P e 00,7 5
) psbar @ S2) (Gl ol L350 5 e D]
(¥
A Os Sl ddd OUD sl (5558550 Y
S Als S el Coale danly 4 55 Ol
(Y 5 slas @& JSC2) (Wles, 4
O Sz e st 3 5 Sl Wl sy Y
Sl K55 Ul gl 5 Ll Sl 58 ol
ais Gl
JS2) Bt Oley 3wt SBUI O sz o y3 8
¥ s &
Sl Ogo3l il 5 0dd S5 LVs 4 a5 L
S aded DU S S5 S s Ol e sk
3w Hlinl glab i s eslizal (gl b
AL e (BLSL

SUL (Y Jsd) i Sladlas s Sl s
B e AT b s Shes sy e
S ollas pl miy s &8 cl cpl Wled
O > Seaslie sl p3Y Jsb a5l sl ealind
aigs BUI S ol b s ol yls 1y S, 58 5
B R g R e
OLan 5 K8 YY) Sldlas opl 5l

s 4w Q}:..,Jy\ﬂé Lo)s s Gl (YoYY



e lS oy el s V5 0 gl Gilles JL- o s 3 5 (Osmdpol 5 CnSld 5l g eilail
oS Dlos & S palsd S o)l Ao 5 TS A LD spd e Al el Sl
s (22 Caaglie (I3 Ol e o s s ol gl S ol (YeYE OKes
Oles b 55 Ologwr 4y Cod palosd 51,5 o)l L 85 (Ca0) 1Sl o 55 LG olis 552

Ll a8 a5 038 My (S ool 558 0 S 5

ol LYY (Slas o35 gee) &S o fes Olonw

Bee — Ve
@ s 0@ ; -®8-TSR

fa. 4 Sl By 1.4

Fo 4 1A

-
<
L
T

ITS (Dry)=v\. kPa

.1
*
*
H

1
|
|
|
|
|
|
I
1
1
1
I
I
I
|
1
1
1
1
1
1
1
1
1
|
|
|
1
1
1
1
1
1

T
L d

o

‘00 e

(Jwly o) podimno yul (A Zenglite
-«
(>4

| >4
*
1

P G.2 G.3 G.4 C S
LM b ol

535V sl Jos DLy Sde s il M| glag b TSR HITS mls V Ko

2- Xing 1- Asphalt demulsification



aids BUL g alogd dgil 5 o)l (loww g9l 0y (8L5L (Hliw] slabgliu 60,Slas ol duslio 5 o)y

.. b ; -E-TSR
f£a. -+ Ss Y

\40

(ISl o) et e S gl
bl
1>4

&

P G.2 G.3 G.4 C S
LM )b ol

535 YA o3l Jos Dby S s ilisee b slaz b TSR S ITS mls A JS

Ogmd gl 09y5 31 BUN 03,55 2iY 5V b)) ITS Sibesl 53 4 e 03,558 5 phis mhw 53 SUIA S
(Sl 610K HUS )3 O g 30! 3 Lo g5 0ks 0ol g DU ¥y g

bl 5 Al (2855 slaa¥ Jlajle caslie 5 AL, Swlys B byﬂ @Lﬁ Y-¢
Coslie) (FaishS 0/070 5 A0 s ja (BLSL 5> KENLAYER l53lo 5 3l sl sy b Gullae
A e e N A e e el Ve T 1S, aY Cubhs S 5w

1- California Bearing Ratio



S b (Gl se) Salos o5 ol =k

s 53 alod Al S o)l s Oleres el M|
Al Bl [ S doys laged) Vo S8 5 VY
2 Gille ol o o33 0L (108, (S sl
Bl b Sealus i a3l Sl edal cosa
Sk al B b s See e Oles
S sl Sshls s s 1y s Shee
by by Olesw 1 eoliiul (gas g sdanOll
(BU3L 2 AT Glabslie s ol sl S
b s bl oS b 5 ol Il 3 s e5se
T Sl G sbs Sl oiabes] e
Ol 5 o palosd A58 sl w5 Olapw (S5l LI
T L Oloww Oulbilyden 2STy ble 55 a5 ol s
3502 53 Sl Jas Oloy Do 5 U ol 5 53 352 50
33 orl sl (BLSL s i lab gloe s Shee
odd Ol S Gb ol ol AE S8l
byl sl LA B Jam o)l Luyg
A ek sl S S Gl oY Al
Sl E Vb s U il lab e Lo
5 AASHTO T378 5kl illae) Soolys 3
S I 03 cusmme GRS hesn T Dy b3 L
(2L 03,8 s e S Te oV 5l (1AL S sl
llas (VY0 Mlin] (il e cemsl) Lib
03,551 5 1 e ol Olegwr (55l LY - b Ve IS

C,w-ﬂl a)jAJ.

5- Long-life pavements

6- National Asphalt Pavement Association

Jl i 25 3L 470 i g3lus) e sl (CBR)
Jub s Yor spa- s bl bl Y (oo,
o5 de 5 badge plad sy ol S NURPROWE
A S 13 IS L cos

Sl b (b Conlr bl mls ls
ol S5l s 4 aind OUL ol Lo
Y bk Bli 05 SO 03,50 1 am 53 5 sk
spe el bl D 2 b Bl e
S ol o (0 Jads ailks) sk
A S5l Sl

oS gl y 5l eslanad LY Sl e iy opl oo
deles ol o sl Uyl (U1 oKl Jaw s
GHS) s TSl e a3 S
ol 358 e sl (LIS HL IS sl Bk
el ol Ol (F) a5 ke
ep = An® + c(e” — 1) )
S slas n QB () gme 5 S &0l s S
sl ol 55 e ul s AB,C 5 (5,184

() ol 5l eab g0 ol i 03,51 oty Sl
daly ol pss 5 sl Grie s e a8 S i JLss
sde e .l ol &SI (0) 5 (8) Lty 5o s S
o33 Gria O 3 &5 IS slass bl ol Sl

dEp

= ABnP ! + cePn &)
n

dZ

d—:’ = AB(B — 1)n®~2 + CD%e™" ()

1- Flow number

2- Francken model

3- Permanent strain

4- California Department of Transportation

VE Y Glie) ooz ols p2o Jo (& 5 Jo slacsle ) owaige 1



Salys B35 bl s Y i

(Flow number) s, sus Lol b ol
A P
Ve C
ARS S
YT eC s b

e

310
3
3
Y
2,
a

-

o0

. Yoou Yooo Tooo Fooe Deee
SIS 5L S Slaai

6)‘5\5)‘.3‘}&;»&.}‘»\#5 &U.ojajlf.\}b U;JJS 'stlestLﬂ J:‘;JS .\-.0).5)‘.)‘,&5 A JS.J-

i oL gl S plle ol sdd &IY 0D
5330 i Dby Ol B o b Kot 2 lie
3o 8Y sl es Ol e 3 Kos Lot b
T L Olaws Osanlilyden [2ST5 0T s 45 AL e
Al 55T e Oles ke 5 Ogond ol 3 3 5 5 50
Aoy gl B 2 b s meS (S ses
S O gal 53 oy oS Hlke 5 0L b lad
Lilb e S & Al glaadl 5 e Jlatl

(\i'Y LL;!\JA.Q abbw)

SRS Gy 4 Kt Ope3] mls gt
e
SES s 4 S Usesl bt Jde g
Sl ey SIS S sl lrs 55 5 i oS
IS sl 5 (sl Slre) sl e chas 0 O
Sbxe) Smax) v Sl 0 Oy sl OIS
bl s 5l el s ol el eslizal (o3

Gl S5 s i g p s 5 Jsl slasbs sl (S



o’fo

O’YO

Y+e

TQ’Q

< &
. -
. .

>4
+
+

P LSl b
= C LS b
8 LY b
* r”‘ f”’ ;’00 A“‘ ‘000‘ ‘YQ”
SISk S Slaw
P LS b
= C L3 b
8 L3 b
; !
Y ¥ Foo A \ \Y..
SISl S slaes
(r"b JL’.'M) d)"lg)‘f J&:ﬂ Sldas ﬁ‘ﬁ BL) Ls)‘KJL: J&:.a 3ldas BL L;\'?’b.ﬂ)‘.)".e..? \" JS—:
YA



(s b RS By 4 (Saed bS] s Y Jsur

SN S sl S 5 el b ol

Vo) Jsl sbe

AR £33 sbe !

YYATY Jol sles
T4 £33 b ©

Yod) Jsl slme

YA £33 b >

GG s s a5 38 ol e Ole ol 5 Sb 2yl 0-t

P Al MR ol sl Go) Ol eslinal a e i Pl s G e So sl ealsl

o g 4l BUI 5 Ologs 438 5 0 a8 S L (2Ll s Jll glabdse gl Sl
Ol O Jodr 4 ar g b el odd a0 ol anslie V8 Jgdr 53 58! 5 aw p slaa pa
A5Gl e ot el SU s 4 pe o %S Loy il gla S5553) G Ol w0 ax 55 Lol

3ols Bk s e L;JL;L.NT b e

G ol 53 eslial 3550 sla 53l g1l 5 eslizul 4y N8 s

o3 eslinal 3y 5 S5 330 ke
o2 ALl 5 S

(A) olg w5 B} A SAS 5o sl & Caid 55530 ol
las p SskS A0 s f e
(0 S Sw
YoUYoxA Y/AO \YoxA (Ao s +/¥) adss SU
YY/AYXA \4 \/VAXA (o3 Y) Oloss
VaxA 14 A (13 V) o3l e
Salas 55 0303l a5 YA 5V s 53 iens 2 S S e 0
- 5 . - - ] . YA - . . . .
DS ey S O3l 5 5 O 0P 63 Shas olgt ey Oda L hask ol Lo
@B e A el 5 1Y G 5o i 8 LYl b b Bl s AT sl s
Wl 25 o Go Sl Jeel o3l ki GUI s Ll sl gl cilisus

Oty 02 Bk 2 Gl slab e - 23S S5 addlas 3y5s Ol 5 oalogd Wl S

GiS Osasl 5 e Vool s ess s Jlib



ot R B2 il glab sl s Sas
Ll

w5 S e 53 Shas 0051 Sl @l 4 axp L -
S b S Al Oler (SRasg cnl 0
Al U503 e il glab ghsee 55 eslinal
gl 0> gy 5 sl p Olaslu YT w00 -3l -
s il glabylie by Conle L3
2Lk

JEs e 5 solaly S ol Gl o Ll 51 -
Glaadl 3 5l miy eslinad ol Ol 55 528 Glesls
UL s il glab e il e i
looslr (sl palss S ol 5 Olos (55>
4 oS Ol 5l bl gl T 5 o8 S5
Wl e BLEI o g 3, s g 3 5 Ol

sl genlis a5 S

S ol slgiy A
1S ol 5 Ologw augy deoyd 03 5l & =
5 BUL e il glabyie s palosd
2 g 93 Gl Qlosen [l Jl ) romes

Sk 3 il glab gl s
Sl sbes 53 CaSs Slio sat anslin 5 ) o -
$ob Bk s Aol sl sy oS s

A3 W8S o)l 5 Olog

osbizal das o Ilan] blse 4 o Slesw Csl
ys

(BUSL 3 AT labslss plss 035 oS s -
il AT 315 5 O send ol 5 oy o Sl
sy () 3l anils Wl e W5 4w Cins Jlas!
Loz 35 (V ( (BLSL aliS GBIkl s os 1y 3
BUSL 3 i bglse 53 i Oged gal 3 oS
Oged gl 3 5 LS 3 Sl 6laSs 555 (F
Bk e Ul bslsa s S35

S Al byl olss 53 cias w4y Lo-
Sy bee Oy £ ITS 2lesT a8 ol p3Y (8L L
5 a8 R0 gy Qg sl i Ao S
RAL 03 s opl s eslatal o) g ads S -
Sl e (S Flas G55 dops +/8) S
4 D S Gl pos e b (125 gl
23 o S o3 WIV VA Olss 4 iy DO - b
ol BL3L e il bglie 355 YA 5V i
NG

Sl (Saeass Moan 4wk OU -
Sl e G353 (b 5505 5 SS
Al ad (BUSL 3 e AT slabs sl

S s by Cole Rl il 4 a5 L -
Glaz b s b IS B 4 (S 5 Sl
Ol 55 sn e palosd A5l S o)l s Olages S5l L
Ol L Olesws Opmalilyden (2S15 Jole 55 45 3L 5o

35m 03 Sl Jes Ol3 e 5 O g 5ol 3 55 3 g 0

VY Qb ooz @l oo Jlo JE 5 Joo lacale ) pwiiee ¥



=iy

Ameri, M., Mohammadi, M. H., Motevalizadeh, S. M. and Mousavi, A. 2019. “Experimental study to
investigate the performance of cold in-place recycling asphalt mixes”. Proceed. Instit. Civ. Eng.-Transport,
172(6): 360-370.

American Association of State Highway and Transportation Officials (AASHTO). 2001. “Resistance of
compacted bituminous mixture to moisture induced damage”. T283-89, standard specifications for
transportation materials and methods and sampling and testing. Part II: Tests, Washington D.C., T283-1—
T283-8.

American Association of State Highway and Transportation Officials (AASHTO). 2012a. “T166-12 bulk
specific gravity of compacted hot mix asphalt (HMA) using saturated surface dry specimens”. 32nd Ed.,
AASHTO, Washington, D.C.

American Association of State Highway and Transportation Officials (AASHTO). 2012b. “Bulk specific
gravity (Gmb) of compacted hot mix asphalt (HMA) using paraffin-coated specimens". T275-07.

American Association of State Highway and Transportation Officials (AASHTO). 2013a. “Quantitative
extraction of asphalt binder from hot mix asphalt (HMA)”. T164-13.

American Association of State Highway and Transportation Officials (AASHTO). 2013b. “Resistance to
plastic flow of asphalt mixtures using Marshall apparatus”. T245-13.

American Association of State Highway and Transportation Officials (AASHTO). 2014. “Sieve analysis of
fine and coarse aggregates”. T27-14.

American Association of State Highway and Transportation Officials (AASHTO). 2017a. “Standard practice
for emulsified asphalt content of cold recycled mixture designs”. PP86-17.

American Association of State Highway and Transportation Officials (AASHTO). 2017b. “Determining the
dynamic modulus and flow number for asphalt mixtures using the asphalt mixture performance tester
(AMPT)”. AASHTO T-378, Washington, DC.

American Association of State Highway and Transportation Officials (AASHTO). 2018. “Standard
specification for materials for cold recycled mixtures with emulsified asphalt”. MP31-22.

American Association of State Highway and Transportation Officials (AASHTO). 2020. “Theoretical
maximum specific gravity (Gmm) and density of asphalt mixtures”. T209-20.

Amouzadeh Omrani, M. 2023. “Laboratory comparison of mechanical properties of emulsified cold recycled
asphalt containing cement kiln dust and steel slag with recycled asphalt containing cement”. J. Transport.
Infrastruct. Eng., 9(3): 57-79. doi: 10.22075/jtie.2023.30574.1641. [ In Persian]

Arimilli, S., Jain, P. K. and Nagabhushana, M. N. 2016. “Optimization of recycled asphalt pavement in cold
emulsified mixtures by mechanistic characterization”. J. Mater. Civ. Eng., 28(2): 04015132.

ARRA. 2023. “Recommended mix design guidelines for cold recycling using emulsified asphalt recycling
agent”. CR201.

Asphalt Institute. 1998. “A basic asphalt emulsion manual”. Department of Transportation, Federal Highway
Administration.

ASTM D4867/D4867M-09. 2014. “Standard test method for effect of moisture on asphalt concrete paving
mixtures”. West Conshohocken, PA: ASTM International, approved July 1. https://doi.org/10.1520/D486
7 _D4867M-09R14

ASTM D1188-07. 2015. “Standard test method for bulk specific gravity and density of compacted bituminous
mixtures using coated samples”. ASTM International, West Conshohocken, PA.

Azari, H. 2010. “Precision estimates of AASHTO T283: Resistance of compacted hot mix asphalt (HMA) to
moisture-induced damage”. National Cooperative Highway Research Program, Transportation Research
Board of the National Academies.

Azizi, H. and Amouzadeh Omrani, M. 2022. “Investigating the effect of different additives on the mechanical
properties of cold asphalt produced with emulsion bitumen”. Civ. Proj. J., 4(5): 31-46.
https://doi.org/10.22034/cpj.2022.364307.1161. [In Persian]

Criado, M., Ke, X., Provis, J. L. and Bernal, S. A. 2017. “Alternative inorganic binders based on alkali-
activated metallurgical slags”. In Sustainable and Nonconventional Construction Materials using Inorganic
Bonded Fiber Composites (pp. 185-220). Woodhead Publishing.

Cross, S. A. and Jakatimath, Y. 2007. “Evaluation of cold in-place recycling for rehabilitation of transverse
cracking on US 412”. No. FHWA/OK 07 (04)), Oklahoma State University.

Dotzycki, B. and Jaskuta, P. 2019. “Review and evaluation of cold recycling with bitumen emulsion and
cement for rehabilitation of old pavements”. J. Traffic Transport. Eng. (English Edition), 6(4): 311-323.

Du, S. 2015. “Performance characteristic of cold recycled mixture with asphalt emulsion and chemical
additives”. Adv. Mater. Sci. Eng., 2015(1): 271596.


https://doi.org/10.1520/D486%207_D4867M-09R14
https://doi.org/10.1520/D486%207_D4867M-09R14
https://doi.org/10.22034/cpj.2022.364307.1161

Du, S. 2022. “Effect of different fibres on the performance properties of cold recycled mixture with asphalt
emulsion”. Int. J. Pavement Eng., 23(10): 3444-3453.

Eltwati, A. S., Enieb, M., Al-Saffar, Z. H. and Mohamed, A. 2022. “Effect of glass fibers and waste engine oil
on the properties of RAP asphalt concretes”. Int. J. Pavement Eng., 23(14): 5227-5238.

EN 12697-24. 2012. “Bituminous mixtures-test methods for hot mix asphalt — part 24: resistance to fatigue”.
European Committee for Standardization.

Ghanizadeh, A. R., Rahrovan, M. and Bafghi, K. B. 2018. “The effect of cement and reclaimed asphalt
pavement on the mechanical properties of stabilized base via full-depth reclamation”. Const. Build.
Mater., 161: 165-174.

Grace, M. A., Clifford, E. and Healy, M. G. 2016. “The potential for the use of waste products from a variety
of sectors in water treatment processes”. J. Clean. Prod., 137: 788-802.

Hoseini, S. M. and Hamidijo, R. 2023. “Fundamentals of using reclaimed asphalt pavement (RAP) and
limitations of its recycling in batch-type asphalt plants”. The 15th Bitumen, Asphalt and Machinery
Conference and Exhibition. [In Persian]

Huang, X., Wang, Z., Liu, Y., Hu, W. and Ni, W. 2016. “On the use of blast furnace slag and steel slag in the
preparation of green artificial reef concrete”. Constr. Build. Mater., 112: 241-246.

Issa, R., Zaman, M. M., Miller, G. A. and Senkowski, L. J. 2001. “Characteristics of cold processed asphalt
millings and cement-emulsion mix”. Transport. Res. Record, 1767(1): 1-6.

Jain, S. and Singh, B. 2021. “Cold mix asphalt: An overview”. J. Clean. Prod., 280: 124378.

Jalili, A., Siahpour, A. R., Ghasemzadeh, M. K. and Kashaninovin, M. 2019. “Evaluation of the effect of
cement and asphalt crumb content on the characteristics of cold asphalt mixtures prepared from asphalt
crumb”. The 11" Bitumen, Asphalt and Machinery National Conference and Exhibition.
https://civilica.com/doc/966074. [In Persian]

Jiang, Y., Yi, Y., Tian, T., Fan, J., Bai, C., Tan, Y., ... and Deng, C. 2023. “Laboratory and field research on
using cement and polyester fiber to enhance the performance of emulsified asphalt cold recycled mixture”.
Arab. J. Sci. Eng., 48(4): 4937-4951.

Kandhal, P. S. and Mallick, R. B. 1998. “Pavement recycling guidelines for state and local governments:
Participant's reference book”. No. FHWA-SA-98-042.

Kim, Y., Lee, H. D. and Heitzman, M. 2009. “Dynamic modulus and repeated load tests of cold in-place
recycling mixtures using foamed asphalt”. J. Mater. Civ. Eng., 21(6): 279-285.

Kong, L., Lu, Z., He, Z., Shen, Z., Xu, H., Yang, K. and Yu, L. 2022. “Characterization of crack resistance
mechanism of fiber modified emulsified asphalt cold recycling mixture based on acoustic emission
parameters”. Constr. Build. Mater., 327: 126939.

Liang, R. 2008. “Refine AASHTO T283 resistance of compacted bituminous mixture to moisture induced
damage for superpave”. No. FHWA/OH-2008/1, United States Federal Highway Administration.

Lin, J., Hong, J. and Xiao, Y. 2017. “Dynamic characteristics of 100% cold recycled asphalt mixture using
asphalt emulsion and cement”. J. Clean. Prod., 156: 337-344.

Liu, Z., Sun, L., Zhai, J. and Huang, W. 2022. “A review of design methods for cold in-place recycling asphalt
mixtures: Design processes, key parameters, and evaluation”. J. Clean. Prod., 370: 133530.

Liu, H., Kuang, A., Wang, Z., Chu, C., Yu, H. and Lv, S. 2023. “Investigation on fracture and fatigue
performance of cold recycling emulsified asphalt mixture based on acoustic emission parameters”. J. Clean.
Prod., 428: 139285.

Meena, P., Naga, G. R. R. and Kumar, P. 2023. “Effect of mechanical properties on performance of cold mix
asphalt with recycled aggregates incorporating filler additives”. Sustainability, 16(1): 344.

Ministry of Road and Transportation of Iran. 2006. “Cold mix recycling, general technical specifications”.
Deputy of Education, Research and Technology, No. 339.

Ministry of Road and Transportation of Iran. 2011. “Iran highway asphalt paving code”. Deputy of Education,
Research and Technology, No. 234.

Modarres, A., Rahimzadeh, M. and Zarrabi, M. 2014. “Field investigation of pavement rehabilitation utilizing
cold in-place recycling”. Resour., Conserv. Recy., 83: 112-120.

Nagvi, H., Khavandi, A. R., AmirZehni, M,. Shamsi, M,. Abdal, M,. & Nasrollahtabar, A. 2023. “Design and
implementation of cold recycled asphalt layer in the pavement of runway 29 left of Mehrabad International
Airport”. The 15th Bitumen, Asphalt & Machinery Conference & Exhibition. [In Persian]

Naser, M., Abdel-Jaber, M. T., Al-Shamayleh, R., Ibrahim, R., Louzi, N. and AlKhrissat, T. 2023. “Improving
the mechanical properties of recycled asphalt pavement mixtures using steel slag and silica fume as a
filler”. Build., 13(1): 132.

VF Y Glie) ooz ols p2o Jo (&5 5 Jo slacsle ) (owaige Y



National Asphalt Pavement Association. (n.d.). “Implementation efforts”. Retrieved January 19, 2025, from
https://www.asphaltpavement.org/expertise/engineering/resources/bmd-resource-guide/implementation-
efforts.

Nikfarjam, H. 2020. “Performance evaluation of cold recycled mixtures”. M.Sc. Thesis, Civil Engineering
Department, Sharif University of Technology, Iran, Sharif Digital Repository, 53093 (09). [Online].
Available: http://repository.sharif.edu/ resource/479269/. [In Persian]

Park, K. S., Shoukat, T., Yoo, P.J. and Lee, S. H. 2020. “Strengthening of hybrid glass fiber reinforced recycled
hot-mix asphalt mixtures”. Constr. Build. Mater., 258: 118947.

Sabouri, M. and Sadeghi, M. 2023. “Investigation on properties of cold recycled asphalt mixtures reinforced
with polypropylene fibers”. Amirkabir J. Civ. Eng., 55(3): 583-602. [In Persian]

Tian, T., Jiang, Y., Yi, Y., Fan, J., Yang, D. and Deng, C. 2022. “Fiber-emulsified asphalt cold-recycled
mixture produced using vertical vibration compaction: Performance study”. J. Mater. Civ. Eng., 34(7):
04022114.

Wang, Z., Wu, S., Yang, C., Xie, J., Xiao, Y., Zhao, Z., ... and Zhang, L. 2022. “Quantitative assessment of
road performance of recycled asphalt mixtures incorporated with steel slag”. Mater., 15(14): 5005.

Wang, M., Huo, T., Xing, C. and Wang, Y. 2023. “Influence of fiber mixing process on the cracking resistance
of cold recycled asphalt mixture”. Appl. Sci., 13(2): 999.

Xiao, F., Yao, S., Wang, J., Li, X. and Amirkhanian, S. 2018. “A literature review on cold recycling technology
of asphalt pavement”. Constr. Build. Mater., 180: 579-604.

Xing, C., Tang, S., Chang, Z., Han, Z., Li, H. and Zhu, B. 2024. “A comprehensive review on the plant-mixed
cold recycling technology of emulsified asphalt: Raw materials and factors affecting
performances”. Constr. Build. Mater., 439: 137344,

Yao, X. and Xu, T. 2023. “Fatigue fracture and self-healing behaviors of cold recycled emulsified asphalt
mixture containing microcapsules based on semicircular bending test”. J. Clean. Prod., 410: 137171.

Yao, Y., Xu, G., Wu, M. and Zhao, M. 2023. “Exploring the influence of cement and cement hydration
products on strength and interfacial adhesion in emulsified cold recycled mixture: A molecular dynamics
and experimental investigation”. Constr. Build. Mater., 409: 134050.

Zhang, J., Zheng, M., Pei, J., Zhang, J. and Li, R. 2020. “Research on low temperature performance of
emulsified asphalt cold recycled mixture and improvement measures based on fracture energy”. Mater.,
13(14): 3176.

Zhu, C., Zhang, H., Li, Q., Wang, Z. and Jin, D. 2025. “Influence of different aged RAPs on the long-term
performance of emulsified asphalt cold recycled mixture”. Constr. Build. Mater., 458: 139680.

Ziari, H., Aliha, M. R. M., Moniri, A. and Saghafi, Y. 2020. “Crack resistance of hot mix asphalt containing
different percentages of reclaimed asphalt pavement and glass fiber”. Constr. Build. Mater., 230: 117015.

Ziari, H., Tavakoli, H. and Zalnezhad, M. 2024. “Structural attributes in cold recycled asphalt mixes:

Microstructure insights”. Road, 32(120): 219-236. doi: 10.22034/r0ad.2023.410558.2186. [In






