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1. Introduction

One of the main goals of designing and implementing
asphalt pavement is to ensure its performance in
conditions that pavement may change. To achieve the best
pavement performance, the asphalt mixture must be of
good quality in terms of durability and stability. The
quality of asphalt pavement depends on various factors
such as the quality of the aggregates and the bitumen, and
the proper mixing between the bitumen and the
aggregates. To evaluate the anti-stripping properties of
asphalt mixtures, various tests have been performed,
including the AASHTO T283 test, which determines the
amount of anti-stripping properties based on the TSR
parameter (indirect tensile strength ratio of wet and dry
asphalt mixture samples). The minimum acceptable
amount of TSR parameter is considered to be 75% in Iran
pavement regulations.

Image processing of asphalt mixture samples was
performed for the first time in 1993 at the University of
Southern California. The main purpose of this research
was to study the inside of the asphalt core after paving and
find deformation and damage before and after loading.
Later, various image processing methods were used to
model 3D asphalt samples. In 2013, the analysis of the
structure of the asphalt mixture was performed using
digital image processing techniques that was developed
based on the research of Zelelew et al. In this research,
different components of asphalt mixture and volumetric
information were investigated. The methods used were
based on detecting the threshold between air, mastic
(bitumen and filler), and aggregate based on laboratory
data.

The main purpose of this study was to investigate the
characteristics of asphalt mixtures containing modified
bitumen with nano-lime, zycotherm and ivanic. In
addition, the relationship between the results of SEM test

and the results of moisture sensitivity test with the
proposed method AASHTO T283 were explored.

2. Materials and methods

Aggregates were extracted from the Asbcheran stone
mine according to grading No. 4 of Iran. Moreover,
bitumen with a penetration degree of 60/70 was used as
standard. To improve the anti-stripping properties of
asphalt mixtures in this study, Zycotherm, lvanic, and
nano-lime nanomaterials were used. To investigate the
properties, indirect tensile tests, Marshall Resistance,
Resilient Modulus, dynamic creep, SEM test, and image
processing by MATLAB software were used.

3. Results and conclusion
The mechanical properties of asphalt mixtures containing
bitumens modified with nano-lime, Ivanic and Zycotherm
were studied. Moreover, in order to investigate the
properties of moisture sensitivity in addition to AASHTO
T283 regulation, the amount of stripping was examined
using SEM images and quantified using MATLAB
software. Finally, the TSR results and parameter C, which
are obtained by quantifying the results of images taken
with SEM, were used to compare the results. The general
results obtained in this research are:

e The results of Resilient Modulus test of modified
and unmodified mixtures show that the use of
Zycotherm and lime reduces the hardness of the
mixtures;

e  The results of the dynamic creep test show that the
use of lime and zycotherm improves the rutting
resistance and between these two materials
zycotherm has a better effect. In contrast, Ivanic
slightly reduces the amount of rutting resistance;

e Marshall Resistance test results show that all three
additives improve the compressive strength of the
mixture, and among these materials, lime,
zycotherm, and Ivanic have the highest values,
respectively, compared to the control sample;

e lvanic additive improves moisture sensitivity and
increases the amount of indirect tensile strength. In
contrast, mixtures containing lime and zycotherm,
have better moisture sensitivity than Ivanic sample,
but this improvement in moisture sensitivity is
achieved by reducing the indirect tensile strength;

e The results related to TSR and Boiling Water
parameters show that all three additives Ivanic,
Zycotherm, and Lime, are suitable for anti-stripping
properties, and all three of these materials have
obtained better conditions than the control sample,
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and among these materials, lime has better
conditions compared to others;

e  The results related to moisture sensitivity show that
the use of nano-lime is more effective than the other
two additives. This comparison can also be done
based on parameter C obtained from the
quantification of the SEM test results;

e  The results of the SEM test are similar to the results
of the quantitative tests. However, performing
quantitative moisture sensitivity tests is a long
process and requires more time and equipment than
SEM testing;

e The results of examining the relationship between
the SEM test and the quantitative moisture
sensitivity tests show that the qualitative tests
obtained from the SEM are of good accuracy.




’ft’:&o}&.ﬁ:@jw(Jﬁw Y (!—H’)wj.sjj ‘JWWW%’/‘:“

https://civil-ferdowsi.um.ac.ir/ DOI: 10.22067/jfcei.2022.73841.1081

Slgo Gol> HwT Gl bgli Jvgb s amlus (aslh iowiw &l TSR folsh 9 SEM isbo3T gubd oo bl ou)p
¥ Mok pus
ey Ui
O St Vil 3 gomm

® aslan ol dewe g sl i ol

muﬂrb e A “”wlau Loae
skl ! i) Sl bt Slalse i 5 o iy 205 oo Sl i slabsliio Lol (sla ol I S Sl o 45wl 4 il 00
=l etk Sla s o i3S o li Ol el il ] 5 T284 gei ] Lol [ O, o Lo il il 48 Colos slgiig Cilisio (glotoli o [ Lo o7
s il Ol e o iile S gl inloil s 5ol ushy ol )y 3 (6 sl Da g (eoUe 4 42,1 T284 il dals
SO oS 3lsn 5 sl AMiea T o Lsloe SO o2 (i 0 ool () 03 ol ooty S i s oo Sy ke i 5 el
il il esliza ll g ot Ct s badigad 5l Sl i) oS K 5 sl i G ol aistl y STl o Sl ip 75K abor
Slo o loiT S 53 3,8 S5 oy 3550 (500 S b (S (sl sy 5T28A 2l ol ultd oy LUyl b Colockd fook oy 5 5k &yt e
Gl Gl 1S o L bslie Sl pa e (Sl o Sl A o Sigr s ke ol e Cuoslie sla ploiT 1SS0l 2 & Lo
Slobplove S Ol o S dontd Wil o v s ST a8 5 SKen i sla 7l onlize | diile S oy oo 1 oolite | 45 o fols L S e

S asiie [y il

ke ¢ gy s A S S sl (b Sl (sl li S0k o Sl SveSlg

3 8hes 53 i el 3 3 (6t A 5 S e Wl L] 4o

Godal 43 s ba sl 5l eslinad [3] 55,5 o il byie  Oluebl il (g5lussy gl 5 (b ol sl 51 (S
s Sis ey 53,8 o Sse 3 S Sy sse 5 dsb o3 Gl 8 Sl il Ll 55 0 5 Shes S
- e O BYastl § i 5 il sl gy ek S 2 8kee (e nl 4 O 8l 235 o e 0T L2

B ol gl el gladle ) 45 (ool abex 3l [4] 558

(BLSL Sk dlge 4 Olg e Ll S5 eslizal 55

S 3550 ol Bk s st p1IS i 4 5 S o L1 3150 50
[ 5 [5] Llas S 13

o Sl glagsles, 2L L ol S 650k

5 Sl g 5 LS 5 3 e ke b3

rrekes 3 S s b ool (Sals LOT Sy

e ol 3sE s Saaole sa iless slalS

Email: ameri@iust.ac.ir

5l L3 ol iS5l L AT b s (3l
Jolse 4 Al 65lsy kS [1] A5l s, 5 b
A ek S S Alas cuds il sl
Gl o5 o K 5 3 e e LMl 5 eslizals 5o
2]
03 P Sl 3 olie L s el ae el ge G o
SYSNUPOPI W3 WIS P POL E I e

Slab e Il 5 el sl g5lus; i glas Ses

AL e VE VNN OT ol el VB /A Wlie s g *

Q‘ﬁlWJVha@leQ‘ja& a.lg..j.ﬂb“sﬁ‘}:)eb a)ﬁc}l&»‘ ZJ)L-..AG.L.....UJ (\)

Olpl Caio 5 ple oKl Ol e adSESs (s 415 5 oly (555 5 tils (V)

Ol S 5 e ol K13 (Ol o 0SS (S 25 s ol iyl b8 st pal il (V)

.Qlﬁler\.ae@.}\: Ol yas 0 SN (§ 2l 5 50l (685 gameiils (1)

g w}}}a@'b (Sl sy 68 gamiils (0)
e 33 o pdiga eSSl sl (1)



https://civil-ferdowsi.um.ac.ir/
https://civil-ferdowsi.um.ac.ir/article_41656.html

@t i (L TSR 2ol s SEM ioleif peled o L] s o

il gla iy Sl s [14] cles (1080 Sl dn
Sl Gk god nan 3ladia [ hatens ppal 515 5
Sltle osa 2 YOO Jle 55 [16] 5 [15] A eslizd
s s s (2315 1 ST 5 eslizally il b ylsn
I35 Slihes bl 68 [17] A3 ol Opeipn S oy
Gl s ol o3 18] el anw s LS
O3 sz 2usm e DAL 5 il b o il
e wle] jasis LU, eddeslizal gl by, owlan S
bl il S 5 L 5 8) Sl dya
ol AL
Glabslies Slasiin w p Guiss opl 3 ol s
Salsl 5 0555« SaT b b sdimdal 3 (sl Sl
L SEM bl 2 o BLL) s 0 OIS 5 563
AASHTO (sslgiy (i3 ush) Conle (tlol mls

Ca.wle.,\.\;: 427-‘);3 T283

LI TPIERS

c“-se-n 5390
Ol el Skas 3l 0t o tams S s 1 Gaiond ol 3
ol el eslizad (V) S sduals b ille Xsles
olad ghuails Gllae O VYE & 00 el Gb saualls
o slad ol 3 (S llias Sliasiiis Aib oo e Sl
Gollas VeV 348 5 L L5 5 e o Lewledd DL M
ol ealanal s lbad oy gods (V) J g

Gedrs ol 53 Al lab loes  SA20L 2 55040 Sl

SAE0L e b e 8 olgdn s eon it
Logilee STl 5 SSlpl 5505 slpe sl 51 o
el G5 slge .alodd aslanal (V) Jsdor Slasiin
elodd byl 3 L (high shear) YU 53 05es olKans
il (8) s b Gillee 3 Losle ja oS 5 Ao

oo L Ol s oS o3l GBI (6,8 sdenr 5 il K
T élﬂ.’;\ M\Jgi.«.wjdjge ZWLLUJ\)J ‘_S:“"_}t:’. J’:ﬁ)
Gl 5 b laailb w3l stz Ysans [A]
OOl s 5l b 2o )8 (Saitl e Sl Wi e Al
L.SLAJ:; ‘)\ ealea] Lol J‘:Jf;j‘. &YL CA:AA( )\ J:" j’:g
:bﬁ [9] )jﬂlfw uf.,l,\LQLijG J';.AS 4@ J.:U.}’L;a o.)s.\lcw‘
B K G e U edle Sa0Leds
SRl s (Sadld Cuslas 5 e 53 ek o e Ll e
SO 6‘,: [10] .,UJ; ﬂ LA;SJ.}' .,\.:u) Logy UL.AG B
by s glaiolosl Jlanl glab dos 55 Sasol e
f Ol e LOT daxjl & Cslods Ol utne laaslopl
ASTM olie> o byl 5 AASHTO T283 il
] ‘5‘J_1)IJIJ::)) g;"'bf [12] j[ll] JJSA)L.:J‘D3625
S Lz b olads gos Il il glabs s Sui0L e
J':iuj Sy5e o (glos 53 Wged a5l 0wl 4l
5 0,8 e 3 bl ahse Glaxsil 5 b 8,00 S b
Sk Jlie by sde pl oS s5d e Oy ho
53 TSR el Jlaie Jilas [11] sl e dlanl b
&L.w‘a.,\.:.: A.Uﬁjh_zjé M)JVO L’J"JJ Q\J..:_‘ LSJL"")) :LALL):JT
Clods slgein ASTM Law s oS Old gl 35, Lo [12]
52358 o0 SR s 3o 50 RS st (SAS0L e s
ool lhr Sl hs s oS i sad Sl p S YO Sialasl ol
D13 s 63 odedy g JBJ:VTJ::JL;?A/\H Sod>= 3
D3 oo p 2u50 S Dot Wil il 5o 5 5,8
[12] & ,5 -
6\4,.: ‘_;’j"} 6@/,”[50&:0‘2‘)3 \‘\‘\Y‘ JL&)J ‘_;ejla)l
ol (il b gln (gl sad 3l s (5515 Sl
S5 ddllae &5 S plnil OF (sl Goiows o) 4 Lol ua

PN P IR Ep Y COCeS S P S B TR UG S CHS

TEo) oG ol oty 5w Sl

25 e pnlige & 2



0 ujé.\éu,ﬁcM—J&U.W—ﬁ")wﬂ/@—‘;flﬁwﬂ/—;u.w—‘;jalp)jw

100.00

90.00

80.00

70.00

60.00

50.00

3

40.00

30.00

20.00

10.00

0.00
0.00 0.075 0.3 2.36 4.75 125 13

el 4y S o3l

RIS C!Lm Ghuals VS

‘}_{N@Luuw Y s

ialesl gt TTE s 5 S P T st -
EXP !
Yy Yo Iz AASHTO T96 | wlscutys plas (sl (o) i) oy 4 b Shas
A A A AASHTO T104 alssdgs C!Lm Slr (o) e Sl g Blis 5o S35
oY V0 V0 ASTM D4791 Glaads wlas @l (o)) 513 5 e sbal K
\A Y/0 v/0 AASHTO T85 als cdns Of wder dos Sl
\/o VY VY AASHTO T104 wlsp éLm $lp (Ao0) ot Sl Llas 5 S5,
Y/t Y/0 Y/A AASHTO T84 Gl 5, ol Gl dss Slas
e b b olanie Vs
3,1kl 550 i
Ve 3 o=besl Srs o pa
P UINES el A=
VY v/ v/ ASTM D70 318 Sl 453 YO 45 (o gasis U5
" Ve it ASTM D5 S il a5 YO 55 3580 ey
or o1 ¢4 ASTM D36 GLS (Sl 4 53) (o5 dai
VoY - Yoo ASTM D113 SIS le Yoy LK
Yoo — Yoo ASTM D92 (IS Sl amys) Jbil abais
0/44 — - ASTM D4 (Lo 53) Aedd g (63 55 S~
oY — - ASTM D6 (Ao3) &yl = Jlys G5y
o3kl 5550 gla 55438l Olas sat Vs
Jlasl ax s oslo g 5 Py O3 e
58 sl am s A ;QJ;))‘)ﬁQJ.L.GLa g:,a.(aj:a‘_;ﬂbﬂpf'/ﬁ\/ (;'jg-:)
ol 55! dol S50 o3l ¢ 5 Sy
Vo Yo las c_u
Ca0 Ca(OH)? ol Al o3 Fos il s ST st
/0 ay ARVA)

MJJJJUWJ‘“W“;/‘ ’f"“_g;)w‘/,.?d?ijﬂw



@t i (L TSR 2ol s SEM ioleif peled o L] s o

Gt 53 eddeslinal OLS 5 ¢ Jads

oslizuls 5o Ao s oS ~Slesl S5 el
s S 2ol 05k dald o pal

YAy oLs 5 gasls) 3 do s Y Sal 4t Sal 5L L sddpdhol 4 sl

YA O ea 5 s ple) 3 Ao s o/ Sl ! Sl gl b e dd ol & g

(Mirzababaei, 2016) s .w,s /) o555l 05553 b s dadlol & 5o

Ikl G il s Ji ol caeglis ialesl
Ll gl 1zl b | a5 [19] 4 oLl ASTM D 1559
o Doy e 5 B 1S ze S5l (ST 5 el s L
Culg s 5 L o e ;\jfdi}l.w a= o e gles js el
M;)‘JEQ}A)TJ)}AJL&)LAWaKMJL

S S oo bl S dade Sl
@ yo 4 ol dles! Lol O 3 &8 Wil oo o 5 b iales]
A bl UTM ol o a3l cpl dimes S8
S ol 5 A o 0L (MR) 5l L1y Sge 5 Jsike
sl K8 s ool slo S ol Al blsas
53,5 05 ol b byl (5l b5 L s s
— S 15 ges B guames AU éﬁf‘)l}i:;\ L MR las
"’\‘ju‘ Sty 23S
Jsde JilesT plomil (51 5535 50 (SLaki pod Gedioss cnl 3
J)‘.)\J.L:M‘ d.b 9 6))51;15 eKI...u.S )‘ eéu.:.wu..: ;J.?J:
sl oy cele Y Cded Colg s Al ('S\J:‘ ASTM D 3387
ASTM D4123 5 ikl Gb 5 (5 1545 31 S ol i 55 Yo
L st Syt <555 £ 8l L Jlesl L
ae-)b Yo 6Lﬂb L cé)‘bﬁ)l.g ‘hjb \/0 9 LSJl.lf)L: 4.:..:@'/0

SSelzs i Ghlsl el sl Sl 255 ST
L sladises Australian code AS 2891-12 s ikl b
S astle Loy 0 J gl Lo s s e e O Cu.:)l
53 ISl kS £00 L UTM25 6l 3l sslizall Sulgs s
Cges g S Soson 5 S Sl A s 0 gles
b 8L olads slaw Sy 6,58 Ll 5 L3S Jlesl
Dl bl s s Glas sde Olgea p g Abip

A

YL e O oKiws 3l eslizall Sas5l 4w o LI

o b ol S Sl &5 55V (gles 5 5 (High Shear)
W .wl«:éjf(aL?L}\ ai3s Y odeds 5 addd 5 593 00 v
Sl 0Nyl b Ghss Gl dald 850 Gl e 3
Sl ol &g sl ONT 0 5O ol & s
st OVl Sal gl (gsls Lged gl 5000 ol
plowil gl o3linals s po (sladi gad bl sl S5 oY el
Coge o515 S5 oK Sl eslimall ol sl el

bl )

53550 a5 5 ol i AT LT
bl Geos Gl 3 et e (RES Slesl elnil (sl
sed s [11] cleds el AASHTO T283 51t
Ao by uslpd olKas b 0 S VY sladised ol
S 35 4 B sad us LA (ST 2 Loy Vo b gl
sl o S gladi sl Culgs us - Sy S
Il 5 lad gas i S 513 ol 5540 31 S Sles &35 YO
3 L8 plal Ao s A0 51 i 038 58y Sl eslizall
61345 38 ol A s WY e gles 5 el V1 ey
-l i s 6LAJL.&_.JT)J Celw Y Codody o 5 LS
a5 Y0 gles ;.j).m;.obﬁ Culg s 5 A (6,185 Ny

GS i sba dlsle cnlinal L JLE b culis ol
e les o 3 455K 5 las b SKhawl 455 L
Ol n IS Hsbay 5,8 o o3 S o 3 Smlw B
byl Ul samsolss JLdle colial jlaie &5 S
o Sal 5 SAils ol s Cuslie sl Al

b S K sla 8L

1Ee) o5 Dle oy s o Sl

25 e pnlige & 2



ujé.\éuiaM—&U.&m—w")&wﬂ/.{m—‘;flﬁwﬂ/—;u,L”,o}—‘jjulﬁ{}.w

Cewlo s L;‘.’JLL.J kjjaw ;Ju.@.?j J)J\A BE QT C.s'du)

Sl gal Sl

3500

3000

2500
2000
1500
1000
5
0
s Sai

Sk dste lel s YIS

(MPa) Susyr ) Jota

8

Seias

NCHRP Project slgliy bl Slay sde (Gaes ol s
sy Hlinl bylse Sailis cuslis LUl gl 09-33
Gl G sad gl Slay sde e S 5 el
= LT e IS5 5148 &S 0len . aslons 1,1 (8) I3 s
5330l oslite (g, e gas sl Seslys i 4 by e
Gl Lgas 8l sy e WamDle LB 5 g dals 13 505 )
Lol clasls il 5 Sl (ol &gl ot p 5515
ol Bged Bl 3 g SIS o 55015 diloay 2l 81
sde opl S Gla Sa s e Ol | als Wy, SOl
o sl sl dals Baad w0l e Sl
Sy Lol Sal 5 p 5l Sl eslizal S Ol el g
lsa SOl 31 eslanad Js sl o bl Saijls
S Coson sl syl e Ly SAld 53 s
s e el 1y Sas L ol cueglis

2550
2500
2450
2400
2350

2300
2250
2200
2150
2100
2050
Ll Sal

Sl gl )

sy, dae

Serlys i lel s S

gl o

S sl

Silesl 53 IELL S il 53 IS Lreas (23S e Y IS

B

Sobr Sasn Ml (bl nl el sl SEM alei/
PRERK QJﬁgQuﬁgT)sjaMUq-bjlmjlprm
ol alesl slulad 518 ol gl cnlans 315
et Censlodiass S o e ASTM D3625 &byl 3ol
%)&})@embjbjxﬁ@‘&r;\/\' Tija-CjLa.a
0rt psi b pslal 5 6,8 o )13 SEM) oy (S5,

.Jjn:LSA C;uj‘iJﬁ LSJﬁLﬁ

Sl oS 3l 0351 s 6l clia b pslar B
Gk 38 by Canles LT 2 L sleGUal
3 G pl 3 eledel ey e b RIS D0
sba Wl IS ol sl e oslinel e i3l
4 aldel (6w 031 Cand b 5 oS b dds gl oy pooas
Aoy ol e S el cik S5 Sl el s

Db g b 8 K05 bl sl (SOl b seln S5 ik

o]
S X ke
ol o3 eslinad 3550 sladgas Sigr » Jade Lilesl =k
ot byl cwleddesls Olis (1) K& 3 Gedss
o 84S 28 o U3 s 250 S U1 1 Sk
RCT RS < Sl 5 a5l e bl Jf.,\,.ﬂw
ff?td j‘ 45; 45‘}§£}LQ.A 'JJBJL5A )\JE Cﬂ‘Aﬁ )l¢2>;‘ L k:~4L$=qb
bdoes Sagr p dsde Sl el Sal gl conl jasiin
medd (S p e JRalS Eel Sl 50 55005 5 el
bsue e Jalpl Csl 3 s 5l L Sl gt Ll
S e b e alS el Solpl Js 03 8 e Il
EE 53 S G S0kes p 5l Bk 5l el e

s e R

TE) o Dlot oy s e S



2t i (SO TSR zall s SEM lajl s oy Lol oo

450 s

LB

Sl gl RS

400
350

3

2
2
1
1
0
s Saf

(s e S el ml 1

90.00
85.00
80.00
75.00 I
70.00
als Sal

k. A
TSR sl bl r sy ol a3l il VS

(KPA) poiina jué oS
g &8 B 8 B

53]
=]

TSR( %)

9P ) Sl
b ol i pns Gl 8Lk Olsea TSRl
s b (52tS Coaglie oo Sl by (pl 3 5 e eslinl
EE b bl St i IS Caglie & S
Ol o3 ealials) se Slae iSOl (6l bl ol 4 b e
2B Sl LG8 0ka caladienls 0L (V) Ko s G
Alos Caslie LI o s liSAL) A e iy
bylsw 4 bye jldie oo opl 5o &S Wledd  Sai0L e
Lg) a5 53 Sl K3 G338 53 5 iy Sal sl sl
Coglin Hllde ;B4 8 aS 5 S Oly i Ol 5 0 sldedalin
Gl Sl L2l S50 o0 4 SEx 5 5 s
S L 0 sy ol 50T Ul s sl e b
e il b ssd ol en S 23S Cuslie e
¢35 eslaiuls 4o a3le QL:@)&QL;:%‘J;‘&:SQJLSJ

oLz (0) UK s Jlijle cuslis Jilesl a0 bg e =k
s o350 der LT o p Slases 31 S 0,50k LCasloddosls
Gl oo 5 ) s dlaxdls Ui le izl 45 e 35U
ol sladisal gl AL e Dosline Cile (gladl gas
ol bl @ b B ln 5 ke Sl ol STt
Sal b Sz 313 o 0diS Mol S3le 0 a3LS1 51 3L
el el SOl 5 esls il 1 e (g mde I
Jsde 53 Sl 36 8 o 5800 3k Sl cleds
sl Sal 5l 5 Solpl mle G35 5,105 e 5 Shig

NG ‘cb;
10.4
103
10.2
:i
701
3
L 10
3
~ 99
=
% 98
9.7
96
95
94
s Sl Sl gl T

Jlisle sl Jguj@u 0 s

W,}JJS@,L&
35 sy Wﬁwswuj@b V) S
Ly @b 5l S G80ka dase Ol Sax
5 Crled S sl Laddgad 3 1y (33 i eSOl
53 blesls 13 ks s | S 5 5 Caslie 5o e
olpan S 5 Saslie 55 pa LI L SSlsl (@b e
Sasls Glatea s esle cpl sl 65,8 slesl L oS o3y
0l als Eel 5 S0l5 Salgl 5 eslizal 3 b

.&Lm‘obﬁgmujuwjzf“;ﬁuf&tsjju‘}w

7£'7:&:}[«J;ﬁ.’:}bfwdb



v.fé...éu.&.(:..«—Wﬁw—ﬁﬁmﬂa/.{w—‘;fﬁwﬂ/—;u.,L”w}—‘jjA[&wa

SEM

SolS W) UK 53 SEM slas Sl edelcwsa =k
b)‘bﬁ.;bﬁ_}j‘ QL&.:J.:M&L&!&MJ{JL\GJ O.i‘)z Cslod

.JJ‘)J-:—QSJ-SB {5’.‘)}‘ QL.';; eL:..c LSL“J"‘}

SEMHV:3000W  WD:5.21d mim I VEGAN TESCAN
EEM MAG. 500x Det. SE 50 pum -
Viewfield:2889um PC 12

Sal 56 L sdizdol 45508 & Ly 0 SEM

Peformance in nanospace /]

p 3y L
SEM HV 3000k WD B6575 N il i) EGAI TESCAN
EEM MAG. 500x Det. SE 50um -
ewtils 2839 um PG 10 partomancs innanospace [

r}ébba“c}k«o\ M)MMJD);JASEM

Sy 050 5 Sl sl Wsel gl JeOlses
S s (IS Caaglie JLAS L sk Conle
LBl pl Solpl sl Lses (gl aSOT Jl> eslsl Glas)

olostil Bl e 5 5 glacaslie il 5l

4

SEMH 30,00V WD 8.0497 mim VEGAN TESCAN
SEM MAG: 600 Del SE 50 pm 1
Miewrfield: 2888 um P 1

dals & 503 4 by 0 SEM

Peiformance in nanospace /]

SEMH 3000 D 7azs i Lebiloeo] VEGAN TESCAN
SEMMAG, 500 Det. SE 50 pm 1
Viewfiald 2865 0m PG 11

&y\ﬁ\babcw\ M}NML"JJASEM

pertmsnce n nanospace A

s hiiz ol 5 odddol (sladi yoi (sl » SEM Salesl EE A s

SEM slaki pos (sl e s 5 gl © S

G0l ol (A) o Ol e iy dsys

(B) el Ol ¢ is A3 | C=100%((B-A)/B)

Jals YY/E

Yo/ V/VY

&a‘ Le.ucwl \/oA

aA/4Y AA/4)

Slsel b szl \YVo

AV/Yo AL/

fj:'-‘}gi‘) La.l..:rcwl Y/AY

AV/AA AV/VA

s e R

1801 &K Slod amty 5 oo Sl



@t i (L TSR 2ol s SEM ioleif peled o L] s o

5ol SOl Glab e Stigr e SialesT =)
el &ﬂ”;jgibj\ o3l el 45 das o OLES el
g b gle s a8

S eslinl 4 das o DLt (Salys 5 Ghlesl b Y
03 3 K o (SAEL 5 Lol o 5015 5 ST
Seilgl bl s 5 5005 e ST o5l esle 53
das e alS ) Susld Cuslas Jlds S O seons

A4S 5 S sdalias Ol e L Lo iz | g3 il 51
5N o blsue (g lis Cuoslie 3 Sl S35l 4
A i Sl s p 505 STl o 53
Lles S S dald & yad 4l |y ldie

PSSl w4 el e RIS s
bl SSlnl edipdlol ladised o 53 it b
SRl L b el 3 &S| 35l 1, (6 e
Jloe 3 dad 0 Cesay it o LIES gl ks
Sy el 81505 5 Sal gl Ll
B N LIPS tE FR S P CP P R N
et b (IS Zuslie FAS L) k) ol
S g S

4 a3 o 0L Oligr OF s TSR il 4 by e il 0
Sal p5Sels o« SSlpl sle aw a SU20L e gy
s 1y e Jal 2 slge ) e a s des ol
Lol Sl slse cnl om0 5 ez S S ald D5l
201 sl se b s S

S eslial oS sls Ol sk, ol 4 by s A
ol sl s S5l 53 e e b STt
ol do G5l oS 54 C il el amlis
el Zls s LB 5 s g edelisas SEM

3 AS bl ol s oS sls 0L SEM ilesT s v
SO a5k oS Glailesl mls 35,5 555 Wil e
Jrle b Cols WS slanlesl el sl
Wl (SR Sl 5 Ol 4 5L s el SV
2,13 SEM bl

5 SEM sl o Bl sp 4 b mls A
Bloss oS sl Ol sk, Conles S sla il

by Sl e lis

Lo 3l (A JSK5) SEM dlw ey sddils o o slias
SOl (0) s 53 sdaliawsa, @l s edd e il S
e C il (aL‘a,., Sl dods cpl s cled
5 ilises oty gl o 3l byl 48 o
ol Ol Jaw i e 133l 5 il gla g 2 s 2
TSR bl b bl cnl Calghns oo slgily Sods
=l B8 3 anlie sy g0 sh)y Conlon Sladalise

esleds 55158 () IS s anslis 0yl
2 A (St Sl jasiie (1) JSKE 55 45 6 S0les
i sl A a3l 355 s TSR bl 5C el oye
5 el S sl gy 3l eslind Ll 550 3m 3ds 33 ol

S0k e s p Sl s Olssa 1y O s 5 Ol e

100 EMTSR mC
96
92
88
E\ 84
80
76
72
68
64
60
al Sal Sl gl ARSI

TSR (b 5 C )l amglin & JS

SHpear
slabsle SO Slogast ddlas « G opl 5o
5 Sl (KAl L sddpal sla s sl i
oot s Sl e Sl s 5y 0 55015
Jlis AASHTO T283 bl LS 55 b, Cumlas
5488 513 e 3550 SEM yslas Sl eslinall (SA30L =
Loculens omledd (3lu sS55I eslinally
2oba bl (5l 05 51aS C ol 5 TSR s oy 4Ll
E Al gl Culedel Cwsa SEM L eicils
A5ke rass cpl s eslcwsa S 2l el oslial

3l

1Ee) o5 Dle oy s o Sl

23 o g



L;w‘{/‘aM_J&va_j.aj)z&wﬂ/véw/_‘;fuwﬂ/_j)/u./L’:\A}_dj‘l—c)‘}w

slie 33 51 SEM 1 edelcwsay AS la el

.M)‘))}P.-ﬂ

&'

Ameri, M., Shaker, H., Badarloo, B., & Jafari, F., "Numerical and Experimental Investigation on the Modified of Hot
Mix Asphalt Concrete Containing Crumb Rubber and Waste Pet", Tehnicki vjesnik, Vol. 27, No. 4, pp. 1186-1193,
(2020). ,

Ameri, M., Mohammadi, R., Mousavinezhad, M., Ameri, A., Shaker, H., & Fasihpour, A., "Evaluating Properties of
Asphalt Mixtures Containing polymers of Styrene Butadiene Rubber (SBR) and recycled Polyethylene Terephthalate
(rPET) against Failures Caused by Rutting", Moisture and Fatigue, Frattura ed Integrita Strutturale, Vol. 14, No.
53, pp. 177-186, (2020).

Jahanian, H. R., Shafabakhsh, G. H., & Divandari, H., "Performance evaluation of Hot Mix Asphalt (HMA)
Containing Bitumen Modified with Gilsonite", Construction and Building Materials, Vol. 131, pp. 156-164, (2017).
Ameri, M., Nemati, M., & Shaker, H., "Experimental and Numerical Investigation of the Properties of the Hot Mix
Asphalt Concrete with Basalt and Glass Fiber", Frattura ed Integrita Strutturale, Vol. 13, No. 50, pp. 149-162,
(2019).

Mansourian, A., Ameri, M., Mirabi Moghaddam, M. H., Riahi, E., Shaker, H., & Ameri, A. H., "Behavioural
Mechanism of SBR, LDPE, and SBS Modified Bituminous Mixtures", Australian Journal of Civil Engineering, pp.
1-10, (2021).

Ja.:.l.v 9 u<.:.:_~.~‘y BEE Lr aJ_..iCM_J1 J:5 ;5"<J«J'33 9 é_:\jj).‘u CJL;—J)_..G}- fK_.;..‘LAJT Q_.»LDJH ;.r (S350 rjs ;.C ;jsk_& ;.C ;L;JAL& o ;L;JAL& A

OT49) Y 2V e AW (B 5 Jom sl cxle 5 wdigs "EVA.

Lglos 5 alaulesT 5 gade Sosmo o PET 5 SaeV 555 6855 g3l 5 ol co oo wB o jinr wr S e ple gl Y

O8N Y o 0L() S sl Ol ot oirlign 400 "0 8 il

SOl Sl g il b 5 wlag; b e S 5 5 eslial sl Sl " o (g ele cr SOl o s ol A

10.

11.

12.

14,

Q8 ) XY o V) (i 5 Jom slacatbe o5 dign " aly o i, Sl eslizally (AT slabs sl
Farazmand, P., Hayati, P., Shaker, H., & Rezaei, S., "Relationship between Microscopic Analysis and Quantitative
and Qualitative Indicators of Moisture Susceptibility Evaluation of Warm-Mix Asphalt Mixtures Containing
Modifiers", Frattura ed Integrita Strutturale, Vol. 14, No. 51, pp. 215-224, (2020).
Yilmaz, M., & Yalcin, E., "The Effects of Using Different Bitumen Modifiers and Hydrated Lime Together on the
Properties of Hot Mix Asphalts”, Road Materials and Pavement Design, VVol. 17, No. 2,, pp. 499-511, (2016).
American Association of State Highway and Transportation Officials, "Standard Method of Test for Resistance of
Compacted Asphalt Mixtures to Moisture-Induced Damage", Aashto T283-99, Washington D.C., USA, (2000).
American Society for Testing and Materials, "Standard Practice for Effect of Water on Bituminous Coated Aggregate
Using Boiling Water", ASTM D 3625-96, West Conshohocken, PA, USA, (2001).

YA Gsgar ey 630l SOl 5 (6 aelp Cislae ((TFE 25 Ol ol glael, lind (g5l &bl Y

Wang, H., & Hao, P., "Numerical Simulation of Indirect Tensile Test Based on the Microstructure of Asphalt

wj;jﬁu/j«pww@j@ ’Z"’“_,C“;)L«J‘/,.?d;'jw‘JLw



@t i (L TSR 2ol s SEM ioleif peled o L] s o VY

15.

16.

17.

18.

19.

Mixture", Journal of Materials in Civil Engineering, pp. Vol. 23, No. 1, 21-29, (2011).

Moon, K. H., Falchetto, A. C., & Jeong, J. H., "Microstructural Analysis of Asphalt Mixtures Using Digital Image
Processing Techniques”, Canadian Journal of Civil Engineering, Vol. 41, No. 1, pp.74-86, (2014).

Zelelew, H. M., Papagiannakis, A. T., & Masad, E., "Application of Digital Image Processing Techniques for Asphalt
Concrete Mixture Images”, In The 12™ International Conference of International Association for Computer Methods
and Advances in Geomechanics (IACMAG), pp. 119-124, (2008, October).

Nejad, F. M., Motekhases, F. Z., Zakeri, H., & Mehrabi, A., "An Image Processing Approach to Asphalt Concrete
Feature Extraction", Journal of Industrial and Intelligent Information, Vol. 3, No. 1, pp. 54-60, (2015).

Al-Qadi, I. L., Leng, Z., Lahouar, S., & Baek, J., "In-Place Hot-Mix Asphalt Density Estimation Using Ground-
Penetrating Radar"”, Transportation research record, Vol. 2152, No. 1, pp. 19-27. (2010).

American Society for Testing and Materials, "Standard Test Method for Resistance to Plastic Flow of Bituminous

Mixtures Using Marshall Apparatus”, ASTM D1559, West Conshohocken, PA, USA, (2000)

e lige 8USCals 10l g il pwlis IS ALoLL m_;JLL»T slable tsby conlis 0 SUE0L eds slge 5 5l5e 80 3 L3550 Olesl (g el Y

(1740) Ol s 5 (e o3 (g ol 5 5 0ly pwdige 03 8 (Ll as

i T glabs goies mshy o b > (955 2 Sdon Kl b b o Cw\,:;;,;i; AT L cf sl 5z Gl e gaele Y

YY) O, 0l Slazstl ol Cams Hsbd Glacstlo 5 dmw s e 3 K8 (ae s glains

Lol foz s m(};—%b 5 Sl gl JJL:,,.T slable msb) Con b 3 Shae oL3h b o (28U OLs sl sl wp el cp g ale VY

(W‘ﬁ'\) Y=YV I ‘<‘5)'L.u)) fub'o}u) q uf.&jwuﬂvw

23. Mirzababaei, P., “Effect of Zycotherm on moisture susceptibility of Warm Mix Asphalt mixtures prepared with

different aggregate types and gradations ", Construction and Building Materials, Vol. 116, pp. 403-412, (2016).

’2"‘&;/'“‘/’%9—}&”“/[“ WJ)I"J/J“"‘G;Y“'“L‘F%/“:J



	1-ameri-Final
	1-- ameri (2).pdf

