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Sieve size, aggregate, %
mm Type 1l Selected
gradation gradation
4.785 90 - 100 100
2.360 65-90 72
1.180 45-70 46
0.600 30-50 30
0.300 18-30 21
0.150 10-21 16
0.075 5-15 10

Table 1. Gradation range of colored slurries mixtures
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Natural Steel Slag ISSA A105
Tests Standard S
aggregates  aggregates Specification
Specific gravity, gr/icm® 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
XRE Mo b mlae plard oS 5 ¥ s
Material type  Fe;,03  MgO  CaO  ALO;  Si0,  K),0 TiO, Na,O MnO L.O.
Natural 3.2 11 214 131 516 3.1 0.5 2.8 0.4 2.1
aggregate
Steel slag 16.4 7.5 57.2 2.8 12.7 0.7 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
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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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Mix Steel slag Natural aggregate
name content, % content, %
SSO 0 100
SS10 10 90
SS20 20 80
SS30 30 70
SS40 40 60

Table 5. Classification of colored slurry mixtures
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Material selection

» Asphalt emulsion » Natural aggregate

and steel slag

> 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

v

AR NN

Phase I

Gradation

Sand equivalent value
Soundness of aggregates
Soundness of Aggregates

Specific gravity

a4

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

T

Wet cohesion

Evaluating the performance of mixtures using the following tests:

Loaded wheel- Sand Adhesion (bleeding potential evaluation)

o

o Wet track abrasion (moisture sensitivity assessment)

)

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

Phase I1

Changing the amount of components

hed

@ Passing the necessary conditions

hid

Yes
U

Phase I1I

| Data analysis and reporting |

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

0 ladisd eles ool WY @L:j v oaemg Lol Msal‘g_i
Slr ¥ Caslie 5 28 S wads T 5T Ol LW ol dalo3T

Jg-;d\‘/.:.ﬁ BE SS40 M}aj}ﬁb}j‘ Cnds b &.33‘)3 QJ“LJ..SJL' ﬁJLS.ag J aw 3 Qj:‘“—‘)“ﬁs‘\cjﬂ ﬁJu“ (-\) JJJO- s
G LB dadises ple e cond dos A ekl Bl s b s il O 5 Ol ks
g 0> ol (S b Blse) Gl IS JMEs L 1SSA TBI13 Gl 45 VA+ fslim Bl 0L
2l ol e S e O ka0l B Ly Ll ) e gt sl ek S S
.Ju'\as)_g\ C#A.L.’qﬂ.;u\'é)s BE) b ‘;Jmm;: )‘.Lia w% dm&.u)igﬁ.\@u’Méb;;"“))"")}“d}?‘“j}“ﬂgj
A elle 3l b Olen 53540 5 SS30 sl sald o8 LSSy Lo oy O e oV o)l s il L sl
A S (Sl On fp i G Aess A g S ISSA Jaall ps Sl spde B b3 0L
dos 4okl L 3 s wsed Olpea dxea bad gl s 4 355 el 4 e s dl"“‘ <L uT e
S3ed 4 s SSM0 5 SS30 S0 SSI0 bbb gL S e e S Sl
3 Sl R e oS 0 BS0) Asld e sl sl oS e S, b sl S
BEREREW_ R YA E) Yo YY) Y Q‘J:,a “ 4.5,._.3: \i QL»:)CJJA J}J}& J“JLLVJ LSLA‘L . 8}3‘)3 UT .‘:.w &_9}@&
e Aoys TV 5 YOV 0T Ol & cele VOl

iy b cele ) Olojeds 53 SS10 5SSO b glses 5 .o Db o (TN b1
Dps g & S s MO w A 5l 5 Ol Pk St Rl mlS a0l (05 8) lsse

S Jem Dl ekl akds V5 Y glaoles o

\YY


https://mcej.modares.ac.ir/search.php?slc_lang=fa&sid=16&author=%D8%B2%DB%8C%D8%A7%D8%B1%DB%8C

VeY Jb/ie)w/ry}%wjl

oo Ol jos wdige Sa s — oode ale

LS O plasd oS5 5l g5 BB e Y3
Sis b 50 boliSe St colals 1S5 S
ETURETE RSP HRL Ca%ioz EF e o ol
O e P S T I AT, O
Sk Sln Gl 5 005 Hlas g5 ol 035 52l
L B PSR RGN YN W I E PR [V
wsly s N ol 03y 4iS 5 FESEM sl
J8 4 e (anb Allas 4 o sl ol YL Sl
el 5 oobd KU 4 Cod LS O ey
RIS L B s bl e (S 5 iy ool
oo b bV el clie (Sl S 50

[32-30] 5,5 il snen O, Kimss s

gk o Lulyd 58 Sabe 0ge3T
53 Gusibgs cele ) Olyode s ksl ilbesl =l

uﬁ.ﬁhiﬂ c.)j.l}:& la L;.il.hd C,v.«l\ ol 43‘)\ (-\) )\)}AJ DL g_JT
RS AY Gl op iy o e ISSATBL00 S5 ol
D3 Jeadl) s Sle o3 gdone 53 b e ans (a0 20
Aoy bl dabglswe aan 53 NV GIS waxg Lo
o .)Jg.k.&)." ;uj)‘ C,&L' o.blﬁgl.v J.‘.j )‘J.S.A g byﬁ oJL.'J».u
SSA0 Lyl e 2500 sk Al 5 Rl Bl
0 bass e 4 cod ricwle il s Shee
S Wl Gl cl adls S35l cilie slads s
SS40 5 SS30 SS20 SS10 (slad gai ko yd 4 odilandls
T8 AV Jlade 4 s 5 4 (8S10) dald & ges 4
4 s badgel 55 Jis Sl ldde o S aS (g sb 4y Lledd
J.zpf\‘Q'\ sde L S840 450l a4 Sl olile 3L 3 sy
L SS10 5 SS20 SS30 (slaw s OF 31 o 5 ol e
R eSS 0Ve 5 VAL XYVe s oa Gl e
osb Rl 018 o oonl S A1s D13 sday laasy 53 m e %
;LSJ)\ C,.Gb cL}.TL’U"L# J‘Yjﬁ °)L.’j"'“ &ﬁl}- AS .\.:.Q.@ﬁ
J@_bﬂ‘ﬁ)b CAJL&A L Cj.a Sl OML::JJ{L;)\D}-QJ.‘)Q

6[.&.1.&): B oS 0 4 (L;“u}la) g_;"}" J’\j’ B QA_}L&A)

\ VY

U\]::‘ (SRt A0 @ j.‘.’; )\Jia Sdwe u':'-l‘f" L’ egﬁ)]) odew )

Al e hals vfw

I Y s b e St bl ml d JSS

17.0
£ 160
Q |
o A7
S 15.0 [
5 7
% 14.0 ﬁ
; ;f
2 130 Eﬁ
= 7
.g 12.0 ;.-5
j 7
S5 11.0 ﬁ
© Z
10.0
A AD q
Bitumen content, %
@SSO0 ®@SS10 SS20 mSS30 m@mSS40

Fig. 4. The results of wet cohesion test in 30 minutes

W33\ s sb e S bl =l 0 S

30.0
28.0
26.0
24.0
22.0
20.0
18.0

Cohesion (kg-cm@200 kPa)

16.0

A AD q
Bitumen content, %

@SSO0 m®@SS10 SS20 BSS30 @SS40

Fig. 5. The results of wet cohesion test in 60 minutes

B3 Aoy Sulpl b aS @b 8w 018 o bl ol
SS10 5 SSO (slabylses 3 S (asis Ol
&5 Osed el 3 ole i GRIBI L e 5 a8l N3
S S Ol osl es Obes Jhll OF Jlis
3V 5 05l Ol il 53l S ol Jl 55 cpl LSl sl g
Sl el oY oyl sl slab i s 5 i
oL e XRF SIUT lid o ot lab gloes S



I 5 b5

b S lablae 5o losl e Sow plas ol eolinad A6

Ay od Caslie U edd Eol o0 cpl o530 oML
Sloiasy 0 s iy wld ol sl il
S 3 b ssse padse ol 5 O kas Sl et

133 30 ,19] <o

tole 5 Ko —003 (I3 & 3 ShalosT
) sl Sta-r a O ISL el e
53 Jres el Al glabglone gl (S35 58 Sl
S5 58S 5boles .l ol £l (V) Jlagal 5wl
G525 5 DRIB & e s o Rl sk e s
Ol GRIP s asde (Al ) bl
Byod a4 Somd [ (anle (Shz) (S35 8 JMde V58
A5 A 3 s badise den Sg b 4 das o S dall
S35 3 a5 eS bl S A
53l Ol e (dons 43 s dses gl Anes
Aol % 505 4 s SSA0 5 SS30 S$S20 SS10 (o s
asl, Jals Ao, YY/V 5 Yo/N VA /A o 5 4 (SSO0)

sl

J:ML;)‘)’W\ Sk s (gﬁ:)ﬁé&wb{) awle ;.,LMM;; A% Jﬁ.ﬁ

ale St — 1L 2 T 5 (S

600
550
500
450
400
350
300
250

200
7.5 8

ISSA maximum limit

Sand adhesion (g/m?)

9.5

8.5 9
Bitumen content, %

=@=—SS0 == SS10 == SS20 =@==S5S30 ==X==5540

Fig. 7. Sand adhesion (bleeding potential) of colored slurry
seal in the loading wheel test - sand adhesion

3 sl aen j babglse Soj 5 a0l WLyl
Md}jbcé;}-)w\béjC,w.rle.lﬂﬁ)bgjab/\)‘

J:S )‘.,\.3.4 JSSA M‘)}Iﬂu: 03 ek u.a.>=£~4 Cod gd>ee

\Y¢

Olye &t ol fewe el glabgle 3 51 osline
AO A 3l 3 doys ialsl L SS10 5SSO (sladi sas s
e O N Y W RS PR LR
55530 SS20 (slab ghoa 53 45 ol Jb 3 opl Al e
A a A skilely S35l aisad s 3l 2alS &5 SS4O
b s el 25 SS10 5SSO (Glai sad 4y Cored sy
s V8 b Sl cwle Aoy bkl L OlS e
S bl e, Blas o 1y (Sas 0L s ety cediladl,
s S llas s g s 4 Sa20L s
SFEH Lgm K5 3 5 (S llan 8 )50 53 o
S Sas Ol ey gbs Yl S sbl sl

Al o

T P W PPNV PRCR IRERP TR, B T3

800 TEEEESEEERSSSESEESS
ISSA maximum limit

& 700
g @
E 600
a
2 500
[
S
2400
<

300

200

7.5 8 8.5 9 9.5
Bitumen content, %

—=@— 550 == 5510 === 5520 === 5530 =X==5540

Fig. 6. The results of the weight loss of colored slurry seal

R S er gl RS sl Dlasils JS sk
03 ol edalie ol b Comles lies g £l
53 5 Sl S Sy se e Canle s s dals b loss
b S g LIS 5 8 s N I e
3 opie ol cudas S bl Sl el b Sos
S Sse ol Corse Ol s (il (55 ekiles
SV ol o bl 5l dal lae mlae )3
Ghls rmen 5 o3y Sl 8L cle S
On S T 3 B el Ssas S 5 o eae
oS5 okl ey 4 ol s bl e sbl bialaK


https://mcej.modares.ac.ir/search.php?slc_lang=fa&sid=16&author=%D8%B2%DB%8C%D8%A7%D8%B1%DB%8C

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

oo Ol jos wdige Sa s — oode ale

wlS Sl s G3pee alralr dops Y U SV ol e
el 03 S IAy 3 Mgy cpl Lo £ B a8 ol ol
SS 58530 slab slius o5 513 OLE sl 4sds  sbay
5 Sases lralr Ol 5o 1) o Sles e 5 4 40
Ko e olie dlolb ax S1owlazals Sl 3 ab sl
Je 5 sbay s 4 55 LB (SS 40 5SS 30) Labs ylss
Sldge Bl plralr s Glas o)y 4 3
XY 65114 SSO & 53 4 Cavs SS40 5 SS30 SS20 SS10
G3 Gaw ) el azils 2alS L3 04/A 5 £V E8/8
SS10 slabylsne 3 3V oyl il lssas Gillas
53 edos 4 ediledl 8 doss 5 SS40 4 SS30 SS20
el Al cope cP 0w el e b oalis
el sdd Aoy B/r 5 YO/ XYY AA i 4 (65 sas
Vg o)l il & el OF of S = ol sl
SELL e ss bl S 5 Shes 35040 o
0 Aoy Il LIS Sl s e SO
eSOy, Olse 4y lals o slad 53 Slol 3 dab s
S0 Al GRB LS Ges Ay 5 0S5 e
blsee 53 155051 sla 3 il o 5L Jodss b Lao sl e
30,5 Jdd lesle a3 L Ol 0a s«
olgne 5 FeSesee ltle b bse ol sl
JSo (87 36] Wiss Sadsld slaal &l 0 Seslie
G S o 5 (SAakd Ges oo 5 Lok ol
Sl s a3V oyl ,m [38] W S e b 58 s
5 J8 sV s SWasl wsly 5 035 43S 55 5 il
A3 Caslie ol LYs 51 S ol il e
ol ol oS s b Al glabglsne 55 SasLs
Lgdor Dbd Goe SR 5 byl 2 Caglis 115
S e 8 plabalse s a4 sba [39]
Jlaxl (38 3 ol Sl g U5 s SA2LE
4 Sluls Vg lsw a3 L1 (Saiols ol s
ool 48 als 2alS (e Ol 4 oy B0 BT e
oS s M85 FE B Sile LSS s 4 g5 s
03 e K> Ghasn Lopsde nl el S Hlas

140 33] 3503l pean 42338 Slalllae

\Yo

e 3 51V o5l bosdd Sl slab e S5
Lol S 5l &S s a5 ol 03,5 Jabs aelop]
e (555 5 Ao A Sl 8 Rl Lol e cal )
(b Ti ot K0 ot LB opon byl
3 Aoy ke bbb o (55,5 cnlpls b e Sl 3l
Sheslinal &opso 53 e 0l it ey SV o)L
s 3 ES a6l YU o 5l el g Y5 oL
Gl 4 &Sl O el ol s sl eslizad (Ss5 L8
S SYG 23 5 Jt 5 VL o peadis sl o)l e (daiel
AV sl sl bl 53 L3 Ol (b SIS«
23k a e aw s (So5 5 el Cel &S aB,
Ao Sladss 53 pabge cpl apde Yo doss bl b

[35 341 el ol oLl 55 0l Sim sty

b bybe il 5 G390 JSH e Ol oS

ol (SIS L F > d‘.{lo)T
dos s 5 obiledl 3 lis e 53 51 aalesl ol =
5248 ed o p BB bl 53 0ol SV 6l
M s lae ool sds &I A 5 A) gl S
Ao bbb plrals 5 See 3V ol w5 el
MO s A 5l sdilel L3 Jnll wtile S 3 e 51
Sl sl il SS10 5SSO slabslse s A
Colicdo s 8 A MO 1 3 Gl L g 5 0dd plrals
02 ol st abgle Bl g plralr LI
Uil5l L SS40 5 SS30 SS20 (slakiyei 53 45 el s
s s G b plrals i o)y 4 A Gl LS
Ods eseie Sl Lae Ol ol il andls 2alS s,
o3V ol bl Ol S8l (sl 3 51 lie It
53 35 05l (Sl (sladi 50 o)l Ol Jaie 51l
a5 dald s Sl g o Shee b el
AL S5k 4 Llails 3508 5 B b plrals
sl s Sl s goses plralr OV ol Ol
SSA0 5 SS30 slawisel & by e alrasls Olys o oS
oile 3L ;3 Aoy o ol s 4 @Lﬁ PR il CRNGIo
ol hoys Ve s ol slablie oy 45 A0



OLea 5 (6 b5 e e Sy gy lab gl s Lgla)l{f,q;;;wdl.m 3l a;Li:le;t

R WP W P PP JUR O PR L JUIE LS VAR R L S5 e Ol (o el (63 g0 IS5 i Jliie A SS
6 ..
ISSA Limit 12
X
)
= ° 10 s =="
S
g 4 .
Fo] = 8
(] c
S 3 @
i IS
2 2 6
) =
2 4
1 O
2
0
0
Bitumen content, % A . AL A
’ Bitumen content, %
mSSO SS10 SS20 H®SS30 ESS40 BSSO0  ESS10 SS20 @SS30 [SS40
Fig. 9. The amount of lateral deformation of colored slurry Fig. 8. The amount of vertical deformation of colored
seal samples slurry seal samples

e gDl Sladi sai gl OF g do s 5 0bile 3L 15 5lams 03 5des V Jgdr

Mixture Minimum amount of Maximum amount of Acceptable range of Optimal amount of

type residual bitumen, (%) residual bitumen, (%) residual bitumen, (%) residual bitumen, (%)
SS0 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.
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