[ Downloaded from mcej.modares.ac.ir on 2025-07-17 ]

[ DOI: 10.22034/23.4.115 ]

igh — ol dbna

oo Olpes (o
VEY b o ojled Y 50

e 5 ol

250

SS WIEg0 b glo 40 516 3 gw (S gl 3 ool pib
BT w1 SIS y 59>

"ok dedemus oI5 Iy e M gHL 5 e

Q‘Jéj ‘Q‘J'.’.\ ‘Q‘J'.’.\ WJV.LG aK..i."lJ cg)\jo& L}.«q.«\*é.ﬂ o dSESls cu\Jo& v.w.l...@,» LML U}w.é}j:—\
Ol sl Ol g Oyl erl; oLl Ol jos pwdige s dSEls (8 ;S5 (g el

Ol sl Ol g Ol &K isls Ol jue Euntey oIS (S S> (Gsmmails=Y
Email: H.Ziari@iust.ac.ir
\i~Y/~\//\~:u;ﬂ;\i'@JU \i~\/\~/~\’:c,_élw;@)lj

ol el (S5 Jewsdd 51 g a oslinad (Slinl law s, 61,800 S 5 Kol gl Eou s WK glaoys 51 S
Sl Joms Ml Bolest b s b S las el SO S e 33N 5 0 e 3 eslined LU 5 e dlSl otaly andllas
Sl p dn Al o 53 by 3V o)l s (S lan Sl S sl i s 53 (o st cal 3 ol 0 plndl OF 5 Shes i
Wl IS 05y ell 5 3V o)l doys £0 5 Y0 e O o Lls cslite S 50 Sl e Dl slab gl 5 Slas Lo
b e Ll s Gl aids T 5 glaoley 53) oogb e St gl ialosl b Jlinl glad ped anlis 5 ob5,0 s eslizul
ASTM D3910 aslorl b Gillae plraslr Olpe 5 0 (651800 & 5 awle (Smr—o s (1SLL £ 2 5 (Col G Ol J2)
Gt sad Ole 3 fpaman Lo Jrws Mol 3 Shes el o V5 o5l S5l Gladised o sy Ol w8 S e
o (Aal) ol Pl ad 4 S S G5k 4 03 3 Shae o Sbie Glls SV ol dos £ gl byl (Al
EVIY Olsee a0 bdows zsby Cuslam 288 5 Ao ys YV 5 YVA Ol & o 5 0 adds e 5 V0 Oloyode 5o S 158l
53 3V oyl dos B (gl bgdse 3,8 Moy 00 /A Ol a4 (S5 S ol s o plrale Ol A 5 ds)s

sl i Oloy 53 coslie S 4 Oy g s Ogand 34l 3 Loy VA (1ol dald 4503 b alis
sk Sl (S V5 o5l (K s Ml ks IS £ el (T OB g
4_{1.3 noﬁj..u. U,»JI..NJ DL WL.A k:»:.d.;SL: ‘-5&%1& Lsum\bg;».w Mv\a& _\
g3ose il el ol sgdme 5 ab Hllas gladdes iy SIS b las ol el abauly o

ol (iluely Slaols, ausn Il 5 llas ssneS Eol 5 oemb NleEs B e Ol OlEe S W ab
Aol ladilony Sl (ol Jldde loaan [2 1] ol bl 51l 03 ol el s ol K


https://mcej.modares.ac.ir/search.php?slc_lang=fa&sid=16&author=%D8%B2%DB%8C%D8%A7%D8%B1%DB%8C
https://mcej.modares.ac.ir/search.php?slc_lang=fa&sid=16&author=%D8%B2%D8%A7%D9%84+%D9%86%DA%98%D8%A7%D8%AF
https://mcej.modares.ac.ir/search.php?slc_lang=fa&sid=16&author=%D8%B2%DB%8C%D8%A7%D8%B1%DB%8C
http://dx.doi.org/10.22034/23.4.115
https://mcej.modares.ac.ir/article-16-66283-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-17 ]

[ DOI: 10.22034/23.4.115 ]

Ier 5 b5

e S e slab e 53 glo )l e K dl..m Sleslanad L6

Sse 3 gy e (65580 [12] 555 e 3 50 (s S
Kz g el (Ko a5l hsu Dlpen Slols
Slabjls 5 Sas 53 Wi o Cbme Glp 03s
Sl aie; opl 3 [12] Wil e L3b glls 5o dlend
ol ol 3Y 5 oL 5l S84 s Ol St ss Jaw s

el
Comlorm bl 4 J13] 0L 5 5 5l laadlas s
b oaglio 53 3Y 58 o)l ol Al Glab s sb,
3 AL el S sl Ol ml A alsy Wlas Koo
ol e (5 5558 Ll 4 oV g oL s Ol5l 3 LU (sl ]
Seosb a4 b by 4 sl el 4 Ll
AYVIOA 5ty il bjlse 4 5V 58 o3l e Sy
S 5 AL sl S 5 mén Ao YV 5 VY
Conlom 14] 3 5 Sy 5l oash L5 ol Sl
Gl S s beds Sl JUd bl ok
LYl ECNT- Py COWRSERED PLEPSI
5 osdsleasl LRlol (plal cpl e S I3 ),
O Sihe maw pa jltleg; sl (655 bS]
Lb e b ol abisl lr 2o 8 5 GliS
3 W S b Ol ml cs S 15 esliad o)
Showz 3, 8hes  ashae Y 0l b L
ol e 5 LK o St ol )l
w56 5 ol Jule Olse 4 i 4 il St
slgiy ol e ol BB Cpialen] e S s
25 b odd SOl 3 5 SN g ool Lo ps Ve Ds gl A
e Vb Caglie s 5 1 U o rie S
ol dals cugby Al s AUl glab s
ol S3U Y LT sy, SO Sy Ak
03,515 ssbhee 3V sl 5 (BLSL il Kl
3,50 [15] OLer 5 ool ks EN 13108 o3l 058
s LSSy glabylse o5 15 Ak s e
/rek) SU 5 (SBS L edipdlol slayd) b g5 w
g 48 als O Gl gl s s Ssline (e s
s Se 5 2 Vs el s BL3L slaglaKe

AR

03,8 Jlil 1y s Sl (6ob) e L &S sl 5 2xs
[3] Wpd o damecny OS5I (golins Esl SL
ool o1l wile mo sladilany :Jols Ladilony o
Sl il St 5 648 Gladilmy (o3l 2Sbs
Pl Ll ol Llowy Sz glaos = aiod
by dibe o 55 5 Cotle SDlles ladilows 5 Kdle;
slaoly 5l S 4] ss ananas (3L slacdlend
bl SIlwd s OF 5l ealizad 5Y 5 oL o 3l eslizal 3 4o
Jes Ml @sldS sbdle o cl (S fews
B, S s S 5 IS 5T Glesed Ol e w
byl [5] ol 0 555 los 1S 2 d b laggslas,
St Sl oy ol pr B S Ol (S5 s DA
Corse o e 3 s el a5 B s el s 5 LUl
Sheslamal disly cpl o sd e e lad olelys
53 ek 4 e slalad b el s S, glaiS
ssba Sl sl 3 a2dS dle Yoo s (g Gble
Slaoly 51 K Ll Gl il Sl psle
0 el 5,58 [6] el Ky gDl sl
agslusy o o Aul b ol b a5 cbli= o g
Ul ol bt oS 5 (68553 sl o v
b Sy phe Slol S Caslie
S plas (5558 Opd ol 3 sl (K55 Jees S
L) dls e glaskd s Ol el el o
Wl odns LS5 Tl Ol 3 [8,7] el (Olos
» s bl Al bl 5l i Olge
Sl 53 Sl ns el Jlind b o3 Shes lasiio
Sl SIS 36 Al b sla S5 » SliSKm 5 5
53 s Siw 5l ise Olgea sV o)l eslizul [10 9]
SV 0 oS Ll g B sbe Bl - b
M ol 4 117 5550 Slesosle dnT3 55 o slas
(e o Oolee Sl gl ey 4 b Wlas &S
Lo gl Al L 035 SIS0 bl 5 g el
55 o ) e Sl e el Jslne ab las


https://mcej.modares.ac.ir/search.php?slc_lang=fa&sid=16&author=%D8%B2%DB%8C%D8%A7%D8%B1%DB%8C
http://dx.doi.org/10.22034/23.4.115
https://mcej.modares.ac.ir/article-16-66283-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-17 ]

[ DOI: 10.22034/23.4.115 ]

VEY Jb/ie)u/r}w}%wji

ote Ol jos wdige Sa s — oode aloe

4>y i 9 Yo BE) ;Jup-j J_}Jw edu)kﬂ Cwelaal
bylse a5 sls QLS fass opl s e Ly el
GAeS Shdm bl 63V o)l sl S i
rmen ol (Sal Alas gl dald s 4 o
:‘Y_,_e c)L.»Jw l; &JM éuﬁb‘.&s«w wﬁ[}- WY 6}«‘.&0

i (559795 g Buny

o080 (‘J§ L;JL“‘ Slabl 5o V5 o)l s J:‘j‘u
53 3o Dlaid Ll ol sl Bl Fagh 5 G
oy a el s bbbl s 0f G s
Sl Gt cpl Slaal 51 Gl el el s D
5 G 5 e el 1 aS el bli> ]
5okl 4 S ks Wik sl S GG e
L RPE TR V- PR H DUWERY GV Dapy JYRTEIIH Lo Sy EEN R P
() Jrmg el bsloe 5l kg ctle b Gai
oY ol il lads s Gl Gl e 4
bl s cnl (gl ol als (Sl 5l g ol ol
N oslpm 5 (N dlan (S5 2beed Gla S
Clasiin ol Gl e A @3l i 5 Gl 350
sl Dglite S 50w Nl slads e (o5 Sase
L baged demlis s g S 35 5Ys
Er s sk lld e Gl St gbabl
5,1kl 5 ISSA AL05 foally s b Gillas sl (6,135,
Sopo w4 G ) Ol 1 pledl ASTM D3910
Wl 3 p b S

B B L R
NESTERNC R S TP
Sl L 5 sk anles ol 55 Cuslis

2 S8 Syl B odess G Qe Y
osles 5 S0l WK 5 3 o Sk
S5 Sl 5 b pln s Cuglis (S35 ,8

ARAY

5 Shild (i3S Caslie ki 5l bl g SIS
Ol ol 31 romen 35l i J;‘U Cosby 4 Cauwlus
Sl s Shee ghls o snae SUI 5 dals 5 L bl
© oy 0o {16] DL 5 SUL Loy g Swle
Sl b Saol byl (SO ol )
Olgear Vor 5V0 00 Y0 oo lados 55 556 o)l e (g5l
gl bl SOl s Shee sl alseddys
P SFS S Jely (S Ok Bl s sl
sls ol galesl 2 A sl Jate ol 5 (St
il glab sl 5 Shas L6 5V o)k 5l oslisd 5
3 S0FSH el ((Sadobd s sl 5l
Glabylie Sz jes b cdsy s dsle ol
[17] S8 51 ladlas 53 s SRl 5o 1y Jlad
Sl blsus 53 5Y 55 0L Flae 5l sslizal a0l
WJlisle ol bt Coglie s W35 oy 355 oS
St s s 2l ke (b a4 ol
5 $BLsL Sl Plae sl Jgons il labs gl
s anslie K L SO s Shee L35l sl ok
il Alae b ol il Kl sl 0l il
Lol oMl s s Y8 ol b BLSL
Ul bslse [l ol 53 Caslie 5 228 plSowd
ARG bl 4 (18] OLKes 5 815 s e
Gl ool by Jpene Jlinl glab s
Sl sy Y osl w5 il S el ol
Coslo ¢ (Soolys Jobe JLisle (5l alansl yay a b gl
A el (Sos S5 Sk Hln s caslie sk
bl sl Lo 53 a5 Slas oS 3l OLES =W
sl 5 VL sles o olly il SV ol 5 1S
Lodb ol bl 30 ol gl 5> S50 pln s
ol ko Vb anslin Y o5l sla Shs 4 ax
bbb Ko 3l gz T bl osb,
[19] 0en 5 (63 5mme 3| pias3y L3 A3 508 Aland
V3 o5l (55l 08 il byloe Stedly S
slailesl sk ol gl s bl S b o) sS


http://dx.doi.org/10.22034/23.4.115
https://mcej.modares.ac.ir/article-16-66283-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-17 ]

[ DOI: 10.22034/23.4.115 ]

s 5 b oy S P Gk sl 3 lo)l o S las Sl eslizad b

GV sl e o A Ca%ioz byloes 55 3V ool 5 O sl 3 lis SR s
ol 03 5l eaiasolis oY s oyl sl Ca%ioz el 3 Shas 5 Canglin 4 plaes ¢l (SO Jewis O
Sl B e St Gl Gkl s s Glas o5 o § Slgo -
St G cpl 53 e ealizad SV g bae b ol 2l 3515

B M o] il U (5,5 L B 5 oS s (550 S gl

(OhL3k hhdlr $,8) a8 bala&n s opl 53
o oS Vs ol mlas el 0o el s
ol Olge a4 (Olghol @Sl Y55 Ll 8) (S S
Al Olgsa 53 AU, 5 DK I s

eslazal 550 1l g5 SHulls (gduails Bl 5l esland

o o LT S35 ols dal 1S5 1) 58
s Sl oS e bosYs o bw s adb
Alas ol ol 5 A Bls i 3,50 (FESEM)
Frd e gy S glols () K8 5N 5 oL e
=) S8 cl b Hlas 4 s 2l 28 s U

L 1 oslitul ol paseie (V) dsd= 55 O 390> 5 ol A3l
Wl Vs sl & ol OF Sy ppdpe cal (A7 T R R G0 03 O A s el 2

boaslie 3 a5 BB wlogy rils Jds 4 gnalls ¢ 55l
S 3 (55 SO 53 S o W5 5 1 g5

AL il ol 4 3L (s e (St

_s_<'.) S Dl slabs slis cuails o3 g N J g
Passing by weight of total

Sieve size, aggregate, % ot oS 5 5 oltle 5 S pslal romes Sl 0l
mm Type I Selected o T ) Y
gradation gradation i Galesl plil ) e DY oL o s dlSen
4,785 90 - 100 100 . - X
] Ll Lol ol S (V) KS 5 (7)) Jeds
2.360 65— 90 72 o e 2 ’ Y
1.180 45-170 46 ssbolen (XRF) (oSGl andl il s omiwcih o
0.600 30-50 30 i . .
0300 18_ 30 21 )\JJ.A éb\.} a)b.jw )J):’: ‘w\ JMAM (V) J}J\? @l}; )\ 45
0.150 10-21 16 . . -
G doy> OV/Y Ol LSt G
0.075 515 10 " > e ool ST ST o 5 s
Table 1. Gradation range of colored slurries mixtures el ol AlSTAAY (ol e 3 LIS, 5 e C’L‘“
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Natural Steel Slag ISSA A105
Tests Standard -
aggregates  aggregates Specification
Specific gravity, gricm® ASTM C128 2.65 3.57 -
Sand Equivalent Value of Soils and Fine ASTM D419 65% 76% 45% Minimum
Aggregates

Soundness of Aggregates by Use of Na,SO4 ASTM C88 2.1% 0.96 15% Maximum
Los Angeles abrasion ASTM C131 20.8% 15.2% 35% Maximum

Table 2. Physical characteristics of aggregates

XRF o |y cllan oot o5 5 ¥ dyir

Material type Fe, O, MgO CaO Al,O3 SiO, K,0 TiO, Na,O MnO L.O.l
a’g\'gart:ég:e 3.2 11 214 131 516 3.1 0.5 2.8 0.4 2.1
Steel slag 164 75 572 28 127 07 0.29 0.3 0.2 1.2

Red pigment 69.3 1.6 2.6 1.6 16.5 0.6 900 ppm - 0.4 1.1

Table 3. Chemical composition of material by XRF analysis
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Fig. 1. Microscopic images: a. natural aggregates and b. steel slag
O 23 G55 Sl B olasia b g
Specification Value Standard ISSA criteria
Viscosity (Saybolt Furol) @ 25°C, sec AASHTO T59 24 20-100
Sieve test, % ASTM D244 0.01 Max 0.1%
Coating test, % AASHTO T59 99 -
Particle charge AASHTO T59 Positive Positive
Storage stability of asphalt emulsion (24-h), % ASTM D6930 0.3 Max 1%
Distillation of emulsified asphalt, weight of the mass (%) D7497 ASTM 60 Min 57%
Test on asphalt emulsion obtained by ASTM D7497
Softening point of asphalt by ring and ball test, °C ASTM D36 57 -
Penetration grade (@ 25°C,100g,5s), 0.1 mm ASTM D5 63 40-90
Table 4. Specifications of cationic slow setting asphalt emulsion
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name content, % content, %
SSO 0 100
SS10 10 90
SS20 20 80
SS30 30 70
SS40 40 60

B kil § WS 74 v

LM ¢ b

PRV TR T ST ISP - IR PUIEY PRSI
i K Flas 5l s Sl Gl IS 055 el
(Al S a3 UK, 35 doys Vb Cpiomed S
Ve S o Wlas) (S wlas S Sl
Sl A (S el gkl gy (oo be
5 (0) dsdr 3 i 5w Shask gy 5 b sl (o180
5 el b o ed esls Ol (V) S
sdsail ) ASTM D3910 asbiopol 55 0T b Jad o (slad po ]
Aol Bl feg ol bl b 5 ol
Jordlsies ol 05T ccbie las 5 ped 5o
S st 5 w8 Sspe pllas s, ISSA ALOS
OXS 03331 3l e Mg e Bl sz Slasis
Glahlel b b ses 3 Shae Siow 5 Bl - b e )

Table 5. Classification of colored slurry mixtures
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Material selection

» Asphalt emulsion
and steel slag

» Natural aggregate » Red pigment > Portland cement and water

T

Specification and quality test for each material

Asphalt emulsion

v" Viscosity, Sieve test, Storage stability
v" Other test according to ASTM D2397

Test on residual asphalt emulsion obtained by
ASTM D7497

¥ Softening point
¥ Penetration grade

Aggregate and steel slag

Phase I

¥" Gradation
Sand equivalent value
Soundness of aggregates

Soundness of Aggregates

AR NN

Specific gravity

Changing the amount of components

a4

Mix design of colored slurry seal including determining the appropriate
amount of water, cement and the initial amount of bitumen emulsion

T

Evaluating the performance of mixtures using the following tests:

o Wet cohesion

o Wet track abrasion (moisture sensitivity assessment)

o Loaded wheel- Sand Adhesion (bleeding potential evaluation)

o Loaded wheel- Displacement (Evaluation of resistance to traffic loading)

Phase I1

hed

@ Passing the necessary conditions
h'd

Yes
U

| Data analysis and reporting |

Phase I1I

Fig. 2. Research process
MK
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Fig. 3. Test devices and manufactured samples

Lokt ales ilesl = N dser

Mixture type SSO SS10 SS20 SS30 SS40

Residual bitumen

content. % 85 9 8 85 9 8 85 9 8 85 9 8 85 9

Water content, % 10 10 9 95 95 9 9 85 8 9 8 8 8 8 8

Mixing time, s 181 186 185 186 186 183 185 184 184 187 184 182 182 184 185

Table 6. Mixing time test results
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Mixture Minimum amount of Maximum amount of Acceptable range of Optimal amount of
type residual bitumen, (%) residual bitumen, (%) residual bitumen, (%) residual bitumen, (%)
SSO 12.5 14.3 12.5-14.3 13.4
SS10 12.5 15.2 12.5-15.2 13.8
SS20 12.5 15.9 12.9-15.9 14.4
SS30 12.5 16.5 13.5-16.5 15.0
SS40 12.5 16.8 13.8-16.8 15.3

Table 7. Classification of colored slurry mixtures
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Abstract

An efficient approach to road safety coupled with preventive maintenance of asphalt pavements is the
application of colored slurry seal, as it improves the road visibility while enhancing the aesthetic aspects of
the urban space. Around the globe, application of colored surface treatments on roads has witnessed a growth
in recent years, especially in urban areas. This study aims at investigating the feasibility and effectiveness of
using electric-arc furnace steel slag as an alternative to natural aggregates in the colored slurry seal mixture
design followed by a performance assessment of the resultant mixture. For this purpose, first, characteristics
of the aggregate and steel slag were investigated. Next, performance of the designed slurry seal mixture was
assessed by testing five different mixtures containing the slag at 0, 10, 20, 30 and 40 wt.%. Evaluation and
comparison of the asphalt specimens were performed by conducting 30- and 60-min wet cohesion tests, 60-
min wet track abrasion test, loaded wheel-sand adhesion test, and loaded wheel-displacement test according
to ASTM D3910. Based on the XRF results, the considered steel slag powder contained a significant amount
of calcium oxide (~ 57% of natural aggregate). The high CaO/SiO, ratio for the steel slag indicates its
alkalinity, which suggests its improved adhesion to bitumen thanks to its rather acidic nature. According to
FESEM results, the steel slag material was found to be composed of particles of angular geometry with a
rougher surface and higher porosity than natural aggregates, further indicating better slag-bitumen adhesion.
Performance assessments indicated superior performance of the steel slag-containing specimens of colored
slurry seal. Among the studied mixtures, the one with 40 wt.% steel slag exhibited the best performance, as
shown by 27.8 and 37.3% increase in the mixture cohesion upon 30- and 60-min wet cohesion tests,
respectively, as compared to the control specimen. Furthermore, 47.7% lower moisture sensitivity and 50.8%
and 40% smaller vertical and lateral displacements, respectively, were observed for the slag-containing
mixture. The bleeding potential of the mixtures decreased with increasing the steel slag dosage from 0 to 40
wt.%, so that the mixture containing steel slag at 40 wt.% exhibited 23.7% lower bleeding potential. Trying
to optimize the asphalt emulsion dosage, it was figured out that the optimal content of asphalt emulsion
increases with the added content of steel slag to the mixture. Accordingly, the mixture containing steel slag
at 40 wt.% required 1.9% more asphalt emulsion to achieve a given cohesion level within a certain time.
Based on the results of this research, in order to improve performance characteristics of colored slurry seal
mixtures while observing environmental obligations, it is recommended to use steel slag as an alternative to
natural aggregates in this type of surface treatment. Therefore, according to the environmental issues and the
limitations of natural resources, it is recommended that steel slag be replaced by natural aggregates up to
40% in the colored slurry mixture. By replacing steel slag, proper adhesion and cohesion between asphalt
mixture materials is achieved and its resistance to moisture sensitivity, traffic loading and bleeding is
improved.

Keywords: Loaded Wheel test, Colored slurry seal, Steel slag, Cohesion, Moisture susceptibility


https://mcej.modares.ac.ir/search.php?slc_lang=fa&sid=16&author=%D8%B2%DB%8C%D8%A7%D8%B1%DB%8C
http://dx.doi.org/10.22034/23.4.115
https://mcej.modares.ac.ir/article-16-66283-fa.html
http://www.tcpdf.org

