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Optimization design of mixture ratio of AC-13
asphalt mixture mixed with steel slag

LIU Ming-jin' ,KE Wang”, LI Chuang-min®
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Transportation Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract; In order to discuss the application of steel slag from Pingxiang Iron and Steel Co. ,
Ltd. in asphalt pavement, after the inspection and analysis of the physical and mechanical
properties and chemical composition of the steel slag, the asphalt mixture AC-13 was de-
signed by replacing part of limestone with steel slag, and the pavement performance of it
was studied experimentally. First, an orthogonal test was carried out to optimize the vol-
ume parameters of the asphalt mixture. The optimal combination is as follows: gradation
2, asphalt-aggregate ratio 5. 0% and steel slag content 25%. Then. based on the best com-
bination, the asphalt mixtures with different steel slag contents were designed and their
pavement performances were tested. The experimental results show that compared with the
asphalt mixture without steel slag. the high-temperature stability and water stability of the
asphalt mixture mixed with steel slag have been improved in different ranges with the in-
crease of steel slag content. When the steel slag content is 75% , the dynamic stability of
the asphalt mixture increases by 43%, its residual stability increases by 3. 1%, and its ten-

sile strength ratio increases by 3. 7%. When the steel slag content is 50% , the fatigue life
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of the asphalt mixture increases by 10.1%. Finally. optimal comprehensive pavement per-

formance was taken as the optimization objective, and it was determined that the steel slag

content of the designed asphalt mixture AC-13 mixed with steel slag is 50% ~75%, and the

gradation curve was gradation 2.

Key words: steel slag; asphalt mixture AC-13; volume parameter; pavement performance;

volume expansion rate
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Table 1 Main chemical components of steel slag

\ Wk 4 1L/ %
AR TR
CaO MgO SiO» Alz (ON Fe; O P, ()5 {-CaO %E/E\%
1 47.23 7.33 12.05 .96 4.01 2.37 2.57 15.52
2 46. 89 7.58 12.28 0. 84 4.39 2.66 2. 34 14.55
3 47.79 7.36 11. 60 0. 86 4.24 2.35 2.33 15.15
A 47. 30 7.42 11.98 0.89 4.21 2. 46 2.41 15. 07
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Table 2 Physical and mechanical properties of steel slag

S 25
ez 0 750 AR R 46 7 ik
3~5 mm 5~10 mm 10~15 mm

JEREAE/ % <22.0 — — 17.2 T0316-2005
WAZHLEFE/ % <22.0 17.3 15.2 14. 3 T0317-2005
00 X 4 BE =>2.900 3.433 3.418 3.289 T0304-2005
K=/ % <3.0 2.9 2.8 2.2 T0304-2005
B R RORL S 1/ % <12.0 — 7.1 9.8 T0311-2005
B8/ % =42 — — 54 T0302-2005

(a) LK 500 fi5

(b) HK 4 000 1%
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Fig. 1

SEM images ol steel slag
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Table 3 10 d expansion amount of steel slag mixture

. MK &/ mm Bk

FE i G 5 0
1d 2d 3d 4d 5d 6d 7d 8 d 9 d 10d  kE/N%

1 0.29  0.45  0.63 0.75 0.93 105 1.11  1.16 1.21  1.24 1.03

2 0.34 0.49 0.59 0.76 0.8 103 109 1.17  1.25  1.29 1.08

3 0.31 0.51  0.66 0.79  0.96  1.09 1.13  1.18  1.26  1.32 1.10
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Table 4 AC-13 gradation design results

MILR o T 3 A L
f/mmo R OFR 1 2 3

16 100.0  100.0  100.0  100.0  100.0  100.0
13.2  100.0 90.0 95.0 97.6 97.2 96. 8
9.5 80.0 68.0 74.0 78.5 75.1 69. 6
4.75  53.0 42.0 47.5 50. 6 45.6 42.6
2.36 40.0 28.0 34.0 37.5 34.5 31.5
1.18 27.0 15.0 22.0 22.4 20. 8 19.2

0.6 19.0 10.0 14.5 14.3 13. 4 12.6

0.3 15.0 7.0 11.0 8.1 7.8 7.5
0.15 10.0 5.0 7.5 6.3 6.1 5.9
0.075 8.0 4.0 6.0 4.8 4.7 4.6
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Table 5 Orthogonal factor level table

IKF Wik Bi/ % 2 WAL/ %
1 25 1 4.5
2 50 2 5.0
3 75 3 5.5

®6 ERFIHA
Table 6 Orthogonal design table

Jrs Wik B4/ % PR wma /%
1 25 1 4.5
2 25 2 5.0
3 25 3 5.5
4 50 1 5.0
5 50 2 5.5
6 50 3 4.5
7 75 1 5.5
8 75 2 4.5
9 75 3 5.0
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Table 7 Orthogonal test results of

three optimization objectives

2 fLBR/ 0 RRERR % W AEE/ 7
1 4.3 13.1 67.2
2 3.8 13.9 72.7
3 3.4 15.5 78.1
4 3.3 13.2 75.0
5 2.8 14.5 80.7
6 5.7 15.4 63.0
7 2.7 13.7 80. 3
8 5.3 14.6 63.7
9 4.7 15.3 69.3
HAER  3.0~5.0  BAIL0 65.0~75.0

xS ILMEFESNHER

Table 8 Variance analysis results of VV

= MZVIM HAmE  Fi  FlAME SENT
Wik 0. 260 2 9.630  19.000 —

4 2.047 2 75.815  19.000 P

A 6. 847 2 253.593  19.000 X
""" e oo 2 — - -

R FHMMET ESHER
Table 9 Variance analysis results of VMA

W%  W2ETHFM BEE  FH FIESE BEHE
Wi 0. 202 2 6.966  19.000 —
9 6.409 2 221.000  19.000 P
liig=ga 0.282 2 9.724  19.000 —
""" w2 oo 0 2 — - -
K10 BmEWMAPFET E5HER

Table 10 Variance analysis results of VFA

5 WETHM HEE FH  FIHKRE B
Wikt 5. 749 2 23.088  19.000 P
e 24. 496 2 98.378  19.000 P
MAL  340.562 2 1367.719  19.000 P
""" wx o2 2 —  o— =

H1 75 22 3 A AT R A AR BIE ST 4 6 R A
A7 HEFIRE X FL B A B9 52 0 LU 3, s B i
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Table 11 Volume parameters of asphalt mixture under optimal

asphalt-aggregate ratio with different steel slag contents

GENEZ A/ LR/ FRIEE WEEA RERE/ Ve /

/% % % /% B/ % kN mm

0 4.7 3.8 14.1 73.0 13.89 3.01

25 4.8 3.9 14,2 72.5 15. 46 3.24

50 5.0 4.0 14.4 72.2 17.76 3.39

75 5.1 4.2 14.5 71.0 19. 41 3. 42
CHAME - 3.0~5.0 =140 6.0~75.0 =800  —
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Table 12 Rutting test results of asphalt mixture

mixed with steel slag

WiEB R/ % FRGIE /mm FEEE/GR » mm™)

0 1. 861 3 150
25 1.734 3 596
50 1.619 4167
75 1.5627 4 492

H R 12 W], AN 8 A K TR 5 R 30
FROERE . XF AC-13, YWl B 80 75 %0, 5
WE &/ RAE WD REERK N
4492 W /mm, WARBRE A K ARG RSt e
ERE T 43% .. SRR F . WE W B AN
T IBHE RS R SRR e M. Bl 0 e R R
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Table 13 Immersion Marshall test results of asphalt

mixture mixed with steel slag

Wik#Ha/ RAK48hJjF BK30minjmg ERERE
% MIAERE /KN [ EE /KN B/ %
0 11. 89 13. 04 91.2
25 14.05 15. 29 91.9
50 16. 14 17.32 93.2
75 18.52 19. 64 94. 3

R14 BMEDFROAAABRELRELER
Table 14 Freeze-thaw splitting test results of asphalt

mixture mixed with steel slag

Wit/ B 24 BT B/ MPa TSR/
% Ui G 8 2 K VR AT P12 %

0 1.013 1.156 87.6

25 1.126 1. 267 88.9

50 1.210 1. 341 90. 2

75 1. 368 1.498 91.3

M 13 Fg 14 ] 1, % FI2 K D B8R L 56
FIR il 5 24 55, AN W) 4N 5 8 RS 38 400 19
TR AR 8 Fa e B L TSR 3 2 i T 8LyE
ARZER, HEE W R 0B, W55 WA R K
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Fb L FERE B I 75 YOI, I T T A R BR B o
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BN R T BRI M A A R A RO
A i XU I R B T L A B R SR L T A i
— Wi Z M.

g A= K I BKOR RN U il B 24K 6 4 R mT
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Table 15 Low temperature bending test results of asphalt

mixture mixed with steel slag

Wi/ PUERORE/ RAREHNA/ B/

% MPa s MPa
0 8.278 2 946 2 810
25 8.653 2919 2 964
50 9.096 2973 3059
75 9.451 3012 3137

Ziad 15 AL EEENENE AR R B
5 NG A IR R o N NI L R R D 7 NP SR ST R
S TR AR AR IR 2 R0 A2 . 3 2 R O G i T 2
PERE T2 52 W 7 10 00 A9 52 W 10 WY REE T A1
IR PERETC W] 3 T A g R I AR A A Y 1 L
o 2 B A v U TR S I TR 2R T e
TEB A B o . 3 T 7 1R 5 R B9 2 HE AR 4 24 1 B
B8R A T W U R AR T RE A TR SR 9 IR
TLPERE (H 4R & TR G R REBETT .
4.4 KRBEM

XFT BN RS RS R RS E TR E T
WS Al LU B I EIRA R . TR
ha e AR B Y A AR T | RS I TR B L I K A 1)
A AR UCR GO i TR SRR LR ) (JTG E42-
2005) H AN i 10 7 TR BE I K A ARG DN T 1k R A
MBI HIRE R REETE. AFRWEE
TR S RHA R IR iR 45 R L3R 16,

xK16 HMEDH H RS ECRBIKEREL R
Table 16 Volume expansion rate test results of asphalt

mixture mixed with steel slag

Wik B 8 KT =K 1 Bk %/ %6
/% A/ em?® R/ em® R sEE B ER
0 511.5 512.1 0.12
25 506. 4 509. 3 0. 57
<1.50
50 517.9 521.7 0.73
75 513.1 517.5 0. 86
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Table 17 Four-point bending fatigue test results of asphalt

mixture mixed with steel slag

W B/ WIS/ MPa 257 AR /K
0 3756 44 6230
25 3562 471 320
50 3473 495 310
75 3913 456 980

M2 17 A5, X T AC-13, ZE ik & &
S0 BME T EIRG RIS Fam K, 5A#E
WEWFIREGRAHLIER T 10. 1%, FENESBE
75 VoL B L 4B AR A N AT R G R 57
PEREA B B F+ 0 B 2 0 75 1R 6 ki o 24 2 2 4R
TR — R AL I — R B R B
R T IR G R 7 R AE M G R I &R .
i A T M R 2 R SCRR G OR T AR RN 2 1Ak

S8 HAE Y 2 i T AR, O EL AR i A R SR T Y
SE R I S T B R M 2 AT AR RO, B K H
o 7 S E R AE I AAR A M. N Y
ZALR S I R AR AL T E iR E B,
HHHK AT LUTE 5 80 i A 42 il i B i A — 8 TR
FE X PR OR 7P R B A — 8RR A
T 25 R TR AR [ A U8R = TR G R 1Y K 55 &
B3 22 i B9 v 25 (VR 5 B i 0 57 5 am R I I%i
P B KW IR & R G S B AR 8 K (I
17D AL A 7] By AR KT 1T 3z B Y 9% 55
I T3 3G K % 55 T A 46

SGAEZEBNENTFRARN S REMERE. K
T e M AR T BE AR FRESE M AR 55 M BE L B
7% g i e R KRR I I 57 P BE L X T AC-13
Wi IR AR, P AN s e AR R R M £ 2,
WMt EESBE N 50% ~75%, K AAKRFEXT 51
EWH RS BT R A L SRR T 2
AR A LRI RO B B IR SR
P& P e 4R A el .

5 #ig

J iR A R B AR B WA U IR A R
PG AR R I B A B 3 SR L i k.3 Rl
BB R 3 AU H, BEAT IF 38R 56 A5 U T R
ARk, ARG DADG A9 A AR Gl it 26 L AN TR iR i B
T IR AR A H s T M RE R
E5ARBHE IR AR L 15 2 DU 458

D ARHE S R T X B T IR A R LB R
SRR RE L e DR B /N 50 HE B AK YR R - ol A
o VORI VAN 3B i AR s 45 D 0 ORk ] B R Y
R R BE L 422 R B /N 14 e HE AR UK A G
WA LG BB i AR S A R X T RN R Y 52
M A B, 4 DR B /N B I 5 HE B AR IR - il A L
B ANEB R, UL AC-13 RS 500 B e
KA HAR M EN R AFEA G ARECI L 2.NEB
w250 lA 5%,

2) H5ARBWEN Y EIR A B . Rl G W&
B R 0 R A R 0 B AR B L AR R AR
F TSR 25 1 A [6] i B2 A 38 K, ik B e g 2
TSUR AR EERE T B3U R REERES T
3.1 TSRS T 3. 7% . Wil B AIFAMN
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S O T R AR Y IR M B L E Sl R AR i
M ZR . A ME BRI, BWNE D E IR
BRI ERBE KRB Z K., MBS s
75 YO R AR B R K E 0. 86 46 AHAT SR 9 B
JLHLE B R BRI K R AN KT 1. 5% My HE R 2ok,
BN BT IR AR AC-13 B9 55 75 fir 16 891 15
R S0 REE R, 5ARBWNE NI IR AR
FA G, 98 55 3 A S T 10,100,

3) M M RRZE A e B IR A R
AC-13 M MR SRR 2. WikE =
R 50 % ~75% , FH S BRUR I7 B 8 AR A L.
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