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Experimental study on optimization of mix ratio for steel
slag-miscellaneous fill base material
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Abstract: Miscellaneous fill, steel slag, and slag powder were mixed to prepare steel slag-miscellaneous fill
base material by soil solidification. Firstly, coupling influence test of main materials including steel slag,
concrete crushed material and plain soil on the strength of base materials were conducted, regression model was
established to obtain optimal mixing ratio. Experimental verification shows that the prediction error was within
2%. Secondly, the orthogonal test was carried out with steel slag, concrete crushing material, cement as well
as curing agent as the factors, and the optimal results obtained were basically consistent with the strength

coupling influence test. Thus, the optimal mix ratio of steel slag and miscellaneous fill was determined. The test
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results of the optimal sample showed that the strength increased significantly with age, which presented

expansion rate of 1.03% after treatment 30 d high temperature water bath. X-ray diffraction analysis (XRD) and

scanning electron microscope (SEM) test results show that SiO, in slag powder reacted with {-CaO in steel slag

to form hydrated calcium silicate gel (C-S-H). It was also confirmed that the modification of the soil solidification

agent to the soil can effectively prevent the expansion of steel slag; C-S-H gel is filled in the space of the broken

concrete, steel slag as well as soil particles to increase the compactness of the steel slag-miscellaneous fill base

material and thus enhance its strength.

Keywords:road engineering; steel slag-miscellaneous fill; strength test; microstructure
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Table 1 Main components and content of broken concrete

%

Si0, ALO; Fe,0, TiO, CaO MgO Na0O P,0;

41.28 12.42  5.27 0.77 32.14 1.97 1.84 0.23

1.1.2 W& il R 5 ol A gk 0y 28 w1 i
AR A el e, SRR RE TRDARS R 1 G 4. 75 mm A
f TR SR XRE 03000 59 v 1k 2% i o 1547 73
B, ZRWE 2.
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Table 2 Chemical composition and content of steel slag

%

CaO  Si0, ALO, Fe,0, TiO, MgO SO, P,0,

58.13 16.31 1.89 14.36 1.03 3.58 0.35 1.54

1.1.3 #d#y 0B M0 R DK 5 4 5 R 4l
MO FAE T2 (0 S95 G b BT i SOk, L3R L R R
2 900 kg/m’, b 3% M 1 Ky 400 m*/kg, ¥ W
L% 3,
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Table 3 Composition and content of slag powder

%

Si0, ALO, Fe,0, TiO, CaO MgO SO, P,0, Loss

33.4 16.1 0.28 0.60 38.3 7.89 2.42 0.028 0.56

1.1.4 Rk JKJeR ML BUGIR 42, 55 @ ik iR &L
KUE , H F T LA 332 m*/ kg, #I#E I E] A 270 min,
2% ) ) 2 390 min, 45 T 58 JE 48 bR 4 W 2 Y
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Fig. 1 Steel slag-miscellaneous fill material configuration steps
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Table 4 Design of mixing proportion in the experiment of

the influence of admixture coupling

TR MEA/% O WE/% | P EE/% B/ Y%
1 70(Y, 47, ) 30 11 50(Y, :Z5) 50
2 60(Y, 47, ) 40 12 40(Y, .7 5) 60
3 50(Y, 47, ,) 50 13 70(Y, %) 30
4 40(YyZy ) 60 14 60(Y, 7 ) 40
5 70(Yy . Zs) 30 15 50(Y, %) 50
6 60(Y,. %) 40 16 40(Y, %) 60
7 50(Y, . Z ) 50 17 70(Y, 1 Z.5) 30
8 40(Y, . Z ) 60 18 60(Y, ,Z.5) 40
9 70(Y, %) 30 19 50(Y, ,Z.5) 50
10 60(Y, 572 5) 40 20 40(Y,.Z, ) 60
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Table 5 Orthogonal design factor levels ) Bt 6 3 B A 28 d 0] 32 B0 i 5 B [ 48 A S =K
e ik S (1) R (2).
Al% B/% Cr% D% R.= —115.278 X + 20.515 Y + 111.82 Z +
(1) 0.016 3 50 40
1.786 6 XY—0.037 1 XZ—1.032 9 YZ—
(2) 0.020 5 60 50
0.016 4 XYZ+ 0.0357 XY (X—Y) +
(3) 0.024 7 70 60
0.0460XZ(X—2)4+0.0126 YZ(Y—2) (1)
R= —14.092 X + 1.1828 Y + 8.5093 Z +
SR 45 LA L K R K T 0312 LAY 01791 X2 0. 074 Yz

I 98 e T e 7 d JCMIBR BT I 28 d [8] 122 T B 56
B o FRHRE A R e A 5 R L3R 6, 08 3R v it B dis

0.0088 XYZ + 0.0043XY (X—Y)+

0.0045XZ(X—2)+ 0.0017YZ(Y — 2) (2)

=4
F6 IMBERMAKER
Table 6 Compaction test and strength test results
P X/ % Y/%  Z/% EAEEKE/Y% BRTEE/(grem ) 7d EOBRPUIESEE/MPa 28 d Rl PLRLSE /M Pa
1 30 21 49 15.2 2.031 5.07 1.33
2 40 18 42 14.3 2.075 5.96 1.52
3 50 15 35 13.9 2.124 7.21 1. 80
4 60 12 28 13.3 2.159 6.87 1.57
5 30 28 42 12.9 2.089 6.36 1.48
6 40 24 36 12.2 2.124 7.98 1.59
7 50 20 30 12.0 2.152 10. 25 1.86
8 60 16 24 11.6 2.177 8.19 1.72
9 30 35 35 14.1 1.958 7.06 1.51
10 40 30 30 12.1 1.969 9.02 1.77
11 50 25 25 11.8 2.068 11.20 1.92
12 60 20 20 11.2 2.114 9.09 1.72
13 30 42 28 13.1 2.076 6.92 1.57
14 40 36 24 12.2 2.114 9.60 1.79
15 50 30 20 11.7 2.148 11.93 2.05
16 60 24 16 11.0 2.203 9.38 1.81
17 30 49 21 14.3 2.024 5.73 1.49
18 40 42 18 13.8 2.080 7.68 1.67
19 50 35 15 12.4 2.123 10. 12 2.01
20 60 28 12 10.6 2.210 9.02 1.84
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Table 7

7 days R, regression model analysis

ﬁi% i? E; ¥75 FAf P14
iR 65.22 9 7.25 53.46  <C0.000 1 dARHE
LR 28.40 2 14.20 104.75 <0.000 1
XY 8.29 1  8.29 61.18 <<0.000 1
Xz 407 1 4.07 30. 02 0.000 3
YZ 3.33 1 3.33 24.57 0.000 6
52 1.36 10 0.1355

BT 66.58 19

&8 28d [EFEHKEELRER S

Table 8 28 days R, regression model analysis

ﬁiﬂé -5 Al E‘; ¥ FfE PAH

BE 06761 9 0.0751 45.04 <<0.0001 AE#sE
M 0.3681 2 0.1840 110.35 <20.000 1

XY 0.1373 1 0.1373 82.31 <<0.0001

XZ 0.0849 1 0.0849 50.91 <0.000 1

YZ 0.0204 1 0.0204 12.22  0.0058

% 0.0167 10 0.0017  1.90

ST 0.6928 19

X: i
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58 30
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Fig. 2 7 days unconfined compressive strength contour

and response surface
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Fig. 3 28 days indirect tensile strength contour and

response surface
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Table 9 Orthogonal test results
T A B C D hefEEKE/ % KT HE/(geem?) 7 d Jo M BR AT H 5 E /M Pa 28 d (Bl #Z P P i & /MPa
1 (1 (1 (1) (1) 12.1 1.969 4.35 1.09
2 (1 (2) (2) (2) 11.7 2.148 9.55 1.54
3 (1) (3) (3) (3) 10.6 2.210 8.75 1.52
4 (2) (1) (2) (3) 11.0 2.203 5.95 1.21
5 (2) (2) (3) (1) 11.2 2.114 8.90 1.55
6 (2) (3) (1) (2) 11.8 2.068 11.20 1.91
7 (3) (1) (3) (2) 11.0 2.203 6.22 1.33
8 (3) (2) (1) (3) 11.2 2.119 9.01 1.55
9 (3) (3) (2) (1 12. 2 2.114 10. 66 1.84
F10 MEBRESEERNBEERESTE
Table 10 Analysis table of extreme difference between compressive strength and indirect tensile strength
A B C D
H#E 7TdIMBRPT 28 diE bR TdEMRPTE 28 dEdEbiR  7dEMBRPL 28 d i dEbiRL 7 dRMRET 28 d MG
RS /MPa  #J% /MPa SR /MPa PREE /MPa  JESREE /MPa  SREE /MPa  JESREE /MPa SR /MPa

1 7. 550 1.383 5.507 1.210 8. 187 1.517 7.970 1.493

I 8.683 1.557 9.153 1.547 8.720 1.530 8.990 1.593

I 8. 630 1.573 10. 203 1.757 7.957 1.467 7.903 1.427

R 1.133 0.190 4.697 0. 547 0.763 0.063 1. 087 0.167
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(C-S-H) , 41 Il F il o B $2 7. Y 48 5%/
B, 3 TR AR R, 0l 5 B 7 A A R 52 e ol A5
SRS T TE PR 2 AK i B G, 1 SR 0
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) BR e 1 56 B L 28 d [A] 425 BL P 9 I A8 3K 50 W 22 43

Wt e o % e BRI 2, i & IE 3SR e 45 2k
A.B,C.D,.,

L 45 32 BHRE A 5 B B i 50 5 1E 52 i8R, 1T LA
R, PIH B e R 25 AR 420, WA g0 15 1t
77 2k P A B A B EIE . 25 08 BE T8 e SE PR T
TR, ADEE 5090 243 4 R % - mi ek} : F +—=6:
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Table 11 Unconfined compressive strength at different

ages

% 41 /d W JiE /MPa
7 11.93
14 16.75
28 19.33
60 23.29

90 27.04

2.3 XRD & #f

W BRI A FAE IR R 4 (i 8 1 50%) , 3
T R C A LA B B i 4 64 5k 3094 .10 %6 1K
XA, FR 4 90 d J5 HEAT X G AT Sl g, 45 R L
Bl 6(a). HiEMar LA H i 56 41308 76 A 5 1 2
h 28.04°.39. 48° . 68. 18 ) C-S-H Aif it 45 AF 1 34
1T BR 2L, Ul AR 6 4 C-S-H b A 455 4 4 5 4
P A7 5 A8 B 4 1R 20. 86°,26. 68°.50. 18°.60. 02°HY
SO AT HHRFAE 0 AT LU Y, A7 5 06 {1 B 9 7 45 & 4
T AR, U8 B 2 A B £ S10, 5 5 ROM 5 ik
55 0 7F 18. 22°H Bl Ca(OH), 4% 1iF 1% , /1 /K Y8 2 9
Y -CaO KAk AR B, (H A (B 58 AN = o

i W T 6 LU AR B K & A T Ak BN 43
SIS 7.90 d 1 REAE g 4, R K TR A
BHCFRYT 0 ) AYIRBENE X B4, E 4T X 5T AT 5t
55, 25 R WL 6(b) o i B Th A DU 6 B2
TE AT 51 £ 27, 54° B A B o W] B 19 85 K A1 (CaO-
ALO,*2S10,) FEAE 0, (H 12 55 21 b R A 0431 2%, 1 B

1

1400

1200 F

1000
ﬁsoo— 31 fe 4 1 1 4 a
bl J.J..Luw-'“l POV & '\

"o Ghb

600

42
4 1 1 4 b

400 WIN‘MUM Iniabnadoiih y—
200 w 4 4 1 o4,

0

10 2I0 30 40 50 60 70 80
20/(°)
TE: a.50% 80 b.30% M c.10%5H#E
1.8i0, 2.CaCO, 3.Ca(OH), 4.C-S-H

(a) RNRMEZ R IR XRDE

1400 | 1
1200}
1000 |
" 52
800 |- 31 5 1 5 ]
2 i M«M‘" | Py " i\ .
600 | N Y
")
400 | [ T 1 5 b
o Musidn A . A
2
200 1
3 ; 21[ 6 6 ’\
0 M...-‘“-r‘-- w'--.mﬁ ) ™ M °

1020 30 40 50 6 70 30
260/(°)
¥E:a.7k4k90 d bk4bk7 d B0 d
1.8i0, 2.CaCO, 3.Ca(OH),
4.Ca0.A1,0,.28i0, 5.C-S-H  6.f-Ca0

(b) AFEFEF I T AR XRDE
El6 $MiE-ZIELH XRD
Fig. 6 XRD pattern of steel slag-miscellaneous fill
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