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Research on the road performance and volume stability of steel slag
asphalt mixes
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Abstract: In order to explore the influence of steel slag coarse aggregate on the road performance and
volume stability of asphalt mixture, two different expansive steel slags were used as coarse aggregates
and the limestone was used as fine aggregates to design the mix as AC-13C type asphalt mixture. The
influence of steel slag on the performance of asphalt mixture was analyzed by immersion Marshall test,
dynamic stability test, freeze-thaw splitting test, indirect tensile test and volume stability test. X-ray
diffraction (XRD) and scanning electron microscope (SEM) was conducted to investigate the
mechanism. The results showed that the road performance of steel slag asphalt mixture is better than that
of limestone asphalt mixture. The indirect tensile fatigue properties of steel slag 1 and steel slag 2 asphalt
mixtures were 1.36 and 2.16 times that of limestone asphalt mixture, respectively. The asphalt mixture
produced with steel slag 2 had better stability than steel slag 1. Although the volume stability of steel slag
asphalt mixture decreased, the Marshall stability of steel slag 1 and steel slag 2 asphalt mixture was still
1.25 times and 1.52 times higher than that of limestone asphalt mixture after 72 hours of immersion.
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Table 1 Properties of coarse aggregates %
TH i1 Wik2 | AE | HRIER
JE AR 10.50 4.30 24.40 <26.00
JEFE(E 14.40 8.10 26.50 <28.00
1R[] 1 (AR I3
i) 3.00 1.90 7.00 <12.00
B R RABURL B 1k 5.30 470 6.70 <15.00
SERHZ kR 3.62 1.46 — <2.00
-Ca0 it 3.87 2.16 — <3.00

T - (~CaO Hiie B S8 A4S .

R2 RMEMMER T RS
Table 2 Chemical composition of steel slag coarse aggregates %o
KR | w(Ca0) | w(Fe,0,) | w(Si0,) | w(Mg0) | w(ALO,) | w(P,0,) | w(MnO) | w(Ti0,) | Jb
Wi 1 40.48 30.24 14.01 5.93 3.39 2.29 1.68 1.00 0.98
A2 | 43.92 27.28 17.00 4.40 4.14 0.92 0.85 0.70 0.79
#z3 SBSU-D)RA&MEHDAFRELER
Table 3 Test results of SBS(I-D) polymer modified asphalt
i ¥t 5 HoRIEDR et
et £ AJE (25 °C,55,100 g)/(0.1 mm) 40 ~ 60 44
DI AT N 1 >0 0.369
Wi A Ak 5 (FRBREL )/ °C 260 77.0
Wi S R HEFE (5 °C)/em 220 28
Wi IN s DAPEVAW >230 280.8
Wi v PR A i 25 CHUHEIK I 1% =75 82.7
W e R A ECHESE B 135 "C/(Pass) <3 1.73
Wi % A (15 °C)/(geem™) — 1.027
PR E HEES AT, 48 h ARk di 22/°C <25 2.0
TR N Pt AR Ak % +1, -0.275
(163 °C,5h) FREBEF AL (25 °C)/% >65 76.0
5 B 4EJE (5 em/min, 10 °C)/cm >15 18

1.2 $MEFEERE XRD F1 SEM 437
B 1 RN 2 R AR BHAE IR KR A XRD 35 A4
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Fig. 1 XRD spectrum of steel slag coarse aggregate
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Fig. 2 SEM diagram of three coarse aggregate surfaces at 1
000 times magnification
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Fig. 4 Surface SEM diagram of three coarse aggregates after

immersion for 72 h at 1 000 times
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Fig. 5 SEM diagram of sections of three coarse aggregates

after immersion for 72 h at 1 000 times
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Fig. 6 Grading curves of asphalt mixes
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Table 4 Dynamic stability and immersion residual stability

test results

AR | A% | SEEERE/(Remm™) | RKIR AR E /%
i 1 5.2 7974 86.7
it 2 52 10 502 93.1
AR 5.2 5602 86.1
NN\ \
Sl N
HEN
o
0.2 %\ /\ /\
' e

B7 3G A R LR R
Fig. 7 Freeze-thaw splitting strength of three kinds of coarse
aggregates
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Fig. 8 Fatigue life of asphalt mixture
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Table 5 Marshall expansion rate of three kinds of coarse

aggregate asphalt mixture after 72 h immersion

HIER | REARIHAR em® | 32K 72 hisHAR em® | RBUEZIK /%
it 1 503.9 513.2 1.8
i 2 521.9 526.9 1.0
A 506.7 508.6 0.4
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Fig. 9 Surface cracking of three kinds of coarse aggregate asphalt mixtures immersed in water for 72 hours
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Fig. 10 Microtopography of asphalt mixture of three kinds of coarse aggregates after soaking for 48 hours
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Fig. 11 Microtopography of asphalt mixture of three kinds of coarse aggregates after soaking for 72 hours
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Table 6 Marshall volume index of immersion for 72 hours

) ‘ WTFAREL | 2B | BB | iR
AL | =K B AR N
AARI% | % | BRI% | Ei%
0 13.3 43 17.6 75.6
it 1
72 13.2 49 18.1 73.0
0 11.3 4.1 15.4 73.4
Wik 2
72 1.2 45 15.7 71.4
0 11.0 3.1 14.1 78.0
ey
72 10.9 3.6 14.5 752
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Table 7 Marshall stability kN
ANTRIRE KR )T 1 S B OR Faoe i
HHLER
0.5h 72.0 h
i 1 19.23 16.17
i 2 19.87 19.53
R 13.36 12.89
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