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Study on the effect of steel slag and steel fiber on microwave heating and
pavement performance of asphalt mixture

HU Yaoyao', ZHANG Shengtao”, XIAO Yushuai’*, SONG Shimao*, ZHANG Jizhe’

(1. Shandong Provincial Communications Planning and Design Institute Co., Ltd., Jinan 250101, Shandong, China; 2. Shandong
Hi-Speed Group Co., Ltd., Jinan 250098, Shandong, China; 3. School of Qilu Transportation, Shandong University, Jinan
250002, Shandong, China; 4. Shandong Province Hi-Speed Maintenance Group Co., Ltd., Jinan 250032, Shandong, China)

Abstract ; In response to the problem of unclear patterns of the influence of induced materials on the microwave heating performance
of asphalt mixtures, coarse basalt and middle basalt asphalt mixture, coarse steel slag and middle steel slag asphalt mixture, coarse
basalt and middle steel slag asphalt mixture, and coarse steel slag and middle basalt asphalt mixture with different dosages of steel
fibers had been designed and prepared. The influence of steel slag and steel fiber on the heating rate and uniformity of asphalt
mixture was studied by microwave heating test. In addition, rutting test, low-temperature bending test, water-soaked Marshall test,
volumetric stability test and four-point bending fatigue test were used to evaluate the pavement performance of steel slag asphalt
mixtures. The results found that steel slag significantly improved the microwave heating efficiency of asphalt mixtures, but reduced
the heating uniformity. The effect of steel fiber on the microwave heating efficiency of asphalt mixtures was not obvious, and the
heating uniformity showed the phenomenon of first improvement and then deterioration with the increase of steel fiber dosage. The
incorporation of steel slag could improve the high and low temperature performance as well as fatigue resistance of asphalt mixtures,

but it adversely affected the volume stability and water stability of the mixtures. This study preliminarily confirmed the feasibility of
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steel slag used as induced-heating self-healing asphalt pavement aggregate, showing promising application potential.

Keywords: steel slag; asphalt mixture; steel fiber; microwave heating; warming uniformity ; durability
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Table 1 Basic performance indicators of SBS asphalt

HARFG bR 25 T4 AFE/0.1 mm 5 CHEJE/cm LCIA=VAS 135 Ciz3h i/ (Pa-s)
i 56.0 32.0 78.2 1.9
AT 40.0~60.0 =20.0 =60.0 <3.0
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Table 2 Basic performance indicators of coarse aggregate
SRR RN/ mm R EE KR/ % JERE/ % IEAZOUVBHER % 5057 RIS S50
e 5~10 3.034 0.52 10.1 8.6 5
TRE
10~15 2.987 0.68 9.4
) 5~10 3.530 1.10 8.2 7.7 5
RLHL
10~15 3.526 1.17 8.1
FRIER A R =2.600 <3.00 <28.0 <30.0 5
3 AERPEAYERESE bR
Table 3 Basic performance indicators of fine aggregate
HLA FEMUA XS 55 b4/ % Wm#EfE/ (g-keg™) A/ s
Pl eY 2.749 65.0 2.2 37.5
HARZR =2.500 =60.0 <25 =30.0
#4 HHEEANERES bR
Table 4 Basic performance indicators of mineral powder
e, " i/ mm
Wk FOMMEE  kR%  FKERE =
<0.6 <0.15 <0.075
Wk 2.728 0.2 0.6 100.0 94.0 82.9
HARER =2.500 <1.0 <1.0 100.0 90.0~100.0 75.0~100.0
1.1.5 4 HEH 70~130 pm, AT BE -8 5.5 mm, F il

EFHE AR TR LT 4 S AT 4, H b R B 41 4
BORVERE WL 5. WNET i Dy by W PR AR 47 4, 24 4

®S5 KRR

EH30.2%,

BAVERETES

Table 5 Basic performance indicators of lignin fiber
A KJE/mm RSy i 5358/ % pH W 3/ i EIKF/ %

Y NGiE 4R 2.6 17.1 7.7 7.66 3.45

FARE R <6.0 18.0+5.0 7.5+£1.0  LFHEFTERY 5.00 £5 <5.00
1.2 $WEYLIERE 2500
1.2.1 YR ’ gg:f;gg:)“mo‘)sss

T X AT ST ( X-ray diffraction, XRD ) 43 #7 2000 | i :oT i::iizou
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Fig.1 XRD diffraction pattern of coarse aggregate
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Table 6 Chemical composition analysis of coarse aggregate

e Btk AU %
fesendy 3w Wit
CaO 7.918 48.299
Sio, 51.407 11.037
ALO, 19.591 3.182
Fe,0, 7.960 21.407
MgO 3.789 3.177
K,O 2.039 0.039
Na,O 5.340 0.119
TiO, 1.791 4.481
P,0, 0.752 2.592
MnO 0.100 3.970
FHoAth 0.313 1.697

123 FmEEH
AR RS 2 B,

(b ZRE
K2 HERRE SEM g

Fig.2 SEM scanning results of coarse aggregate surface
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Table 7 Asphaltmixture material composition and designations

RE AR R e
TRAVIHIRG R 10~15 mm XU 5~ 10 mm Xl MU 58 CB-MB
WEWIHIREA R 10~ 15 mm 5~ 10 mm ##E HLEIED &4 CS-MS
MR EIR AR 10~15 mm Z %A 5~ 10 mm i HLHEES 54 CB-MS
MW LW EIRA K 10~15 mm i 5~ 10 mm XA PR 58 CS-MB
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Fig.3 Asphalt mixture gradation curve
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Table 8 Volume-to-mass conversion method
WoENT S TR EL B AR TR X 25 B R IDis e
1 X, v, Y, =(X,V,)/M
2 X, v, Y,=(X,V,)/M
M:Xl Vl +X2V2+“.+Xnvn
n X, V., Y, =(X,V,)/M
#*£9 GRHRTT A R
Table 9 Asphaltmlxture design result
Wit Pk PRSI K EEYLNE . ok HRWH .

ES M e . SERE/ T o 4B /KN e/
WERIRR - Domva  mwbmn e S0 e guaee oo/ KN f/mm
CS-MS 5.9 2.910 2.803 3.7 18.3 79.8 10.92 5.3
CB-MB 5.8 2.577 2.481 3.8 17.1 77.8 9.13 3.9
CS-MB 5.9 2.747 2.631 3.8 18.0 78.8 9.48 4.4
CB-MS 5.9 2.724 2.618 3.8 17.5 78.3 10.07 4.9
FroARZ R 3.0~4.0 =17.0 75.0~85.0 =6.00
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Table 10 Asphaltmixture types and designations

e memxm | HTE o
kB %
1 0 CB-MB
2 CB-MB 0.2 CB-MB0.2%
3 0.4 CB-MB0.4%
4 0.6 CB-MB0.6%
5 0 CS-MS
6 CS-MS 0.2 CS-MS0.2%
7 0.4 CS-MS0.4%
8 0.6 CS-MS0.6%
9 0 CB-MS
10 CB-MS 0.2 CB-MS0.2%
11 0.4 CB-MS0.4%
12 0.6 CB-MS0.6%
13 0 CS-MB
14 CS-MB 0.2 CS-MBO0.2%
15 0.4 CS-MB0.4%
16 0.6 CS-MBO0.6%
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Fig.4 Raw material microwave heating temperature
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Table 11 Raw material microwave heating rate Fh K 5 —I%ﬂ Wi i {El': * 4_ jljﬁ H r— %j]l] :J’}L HTlEﬂ
o FHif R/

i LU (Cosh) SERLE R R, 3 BB 00 10 75 1 2
1 i 10~ 15 mm 0.94 (CS-MS ,CS-MB ,CB-MS) [ Fifi #3454 CB-MB £
2 it 5~10 mm 0.92 FHEP, ELFH A9 i BT s B s m i s m - CS-MS
3 LR 10~15 mm 0.60 fn# 100 s J5 &m0 Gk #) 98.8 CL
4 Zik4 5~10 mm 0.57 CB-MBH£7 38.4% , Nt BARE THEHFIRS
5 B 0.41 AL WA R Y BT A, R IR IR T E IR G
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Fig.5 Microwave heating temperature curve of asphalt mixture
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*12

for asphalt mixtures

AT 1R A B T il 24U 46

Table 12  Fitting results of microwave heating curves

=) i = /RS R/AN R’
1 CB-MB y=0.518 64x+20 0.999 89
2 CB-MB0.2% y=0.553 82x+20 0.999 77
3 CB-MB0.4% y=0.561 64x+20  0.999 61
4 CB-MB0.6% y=0.525 36x+20 0.999 61
5 CS-MS y=0.801 36x+20 0.999 49
6  CS-MS0.2% y=0.809 18x+20  0.999 59
7 CS-MS0.4% y=0.769 45x+20  0.999 95
8 CS-MS0.6% y=0.793 82x+20 0.999 62
9 CB-MS  y=0.651 09x+20  0.999 70
10 CB-MS0.2% y=0.679 73x+20  0.999 92
11 CB-MS0.4% y=0.692 73x+20  0.999 90
12 CB-MS0.6% y=0.67545x+20  0.999 84
13 CS-MB  y=0.739 18x+20  0.999 52
14 CS-MB0.2% y=0.773 55x+20  0.999 53
15 CS-MB0.4% y=0.776 55x+20  0.999 64
16 CS-MB0.6% y=0.790 18x+20  0.999 75
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Fig.6 Microwave warming rate of asphalt mixtures
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Fig.7 Uneven warming of asphalt mixture specimens
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Fig.8 Temperature coefficient of variation of
asphalt mixture specimens
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Table 13 Dynamic stability of asphalt mixture

¥ i SfE B/ (K -mm™)
1 CB-MB 45154
2 CS-MS 5759.1
3 CB-MS 4730.8
4 CS-MB 52745
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Table 14 Maximum bending and tensile strains
of asphalt mixture

e %7 RRBHINAL/ e
1 CB-MB 3599.8
2 CS-MS 4 039.0
3 CB-MS 3703.9
4 CS-MB 3967.3
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Table 15 Residual stabilization of asphalt mixture with
water immersion

5 %7 BOKILHEEE/ %
1 CB-MB 95.3
2 CS-MS 88.6
3 CB-MS 92.4
4 CS-MB 89.7
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Table 16 Volume expansion of asphalt mixture

B Gie C,/%
1 CB-MB 0.06
2 CS-MS 0.35
3 CB-MS 0.13
4 CS-MB 0.27

H R 16 AIAL T E IR -G R C, Rl BT o
g, AR R A KT 2.00% MR ER
X OIS A 28 1 a LU/ A SRBRE S 2R im
Ui B S AR5 KB A3 € /K Ak 5 B, [ B 4 o % 1T 22 FfT
(A 7T B BELAS T 7K 43 AR (o0 03 10 7 T 5
W EME B I, CS-MS 5 CS-MB ) C, b
CB-MSH 100% LA L, 6 WU AR (%) 9 i TE 45 5 &
AR KB, 35 I8 T A9 v B R A 385 o 2% 1 LR R
N RS A B 2 38 5 K e AR R R R A
7Mtfiﬁj;t$%flli Hﬂﬁﬁﬂ&ﬁﬁﬁ; oy — 71, Ok
i TN, 250 i fEH 10~ 15 mm fAS
LRI AR ey ”?*1"3V\],ﬁ7ii7kﬂcfi 0 7 AR
2 R 8 22k Pl AL R R 25 R T B 1) 2 BRI 4N, il
TR R I K R
37 MATHEFRE

4 FHH IR A RS B AL R a8l 10 B,
W FFAT AN 17 B

10r

I—CS—MS ——CB-MB ——CS-MB —— CB-MS

(o)
T

PR/ GPa
(o)}

0 7 14 21 28 35
TEPRUCEL/ 104 UK
K10 PiiRa kR At h 2k

Fig.10 The modulus variation curve of asphalt mixture
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Table 17 Fatigue life of asphalt mixture

75 G I3 i/

1 CB-MB 220 667

2 CS-MS 305 546

3 CB-MS 252 567

4 CS-MB 260 261
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