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Research on the Constitutive Model of Steel Slag-Mineral Powder

Modified Loess-Red Bedded Mudstone
Yu Yunyan',Tian Haolei',Luo Chongliang”, Ding Xiaogang'
(1. School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, P. R. China;
2. School of Civil Engineering, Tianshui Normal University, Tianshui, Gansu 741001, P. R. China)

Abstract: Aiming at the geological characteristics of loess overlying red-bedded mudstone in the Gansu
area, two kinds of industrial solid wastes, namely steel slag and mineral powder are adopted to carry out the research
on the mechanical properties and the constitutive model of the modified loess-red bedded mudstone mixed fill
by compacting and triaxial CU test. The results show that; (1) The maximum dry density of the mixed fill is the
largest when the mass ratio of loess: red mudstone is 1:3. (2) The shear strength of steel slag is maximum
when the mass dosing of steel slag is 7. 5%. The larger the mass dosing of mineral powder is, the larger the shear
strength is. (3) Tt is verified that the strain hardening process of soil samples before and after steel slag
improvement could be accurately fitted by the Duncan-Zhang model. (4) For the problem that the hyperbolic model
promoted by Shen Zhujiang can not fit the strain hardening well, this paper proposes to use the staged fitting method
with positive and negative solutions, and it is verified that this method can accurately fit the strain hardening process
of the mineral powder amended soil.

Keywords: loess-red mudstone; industrial solid waste; stress-strain curve; Duncan-Chang model; Shen

Zhujiang promotion hyperbolic model
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Table 1 Basic physical indicators of soil samples
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Table 2 Percentage of the chemical composition of materials used in the test/ %
Ay Sio, Al,0, Fe,0, Ca0 K,0 MgO Other
AN =y 64.53 26.24 7.75 0.09 0.71 0.52 0.16
w1 57. 14 16.78 6.56 12. 34 4.11 2.74 0.33
i 20.32 5.35 8.78 51.41 1.62 11.19 1.33
Uy 40.22 11. 69 9.94 31.56 1.25 4.03 1.31
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Fig. 1 Photos of steel slag and mineral powder
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0%gz 0 0
5%gz 5 0
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7. 5%gz-3%kf 7.5 3
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Fig.2 Saturated triaxial instrument
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Fig.3  Grain size grading cumulative curves of soil
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Fig.4 Compaction curves of mixed fill of loess-red

bedded mudstone
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Fig.5 Steel slag amended soil compaction curves
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Fig. 6 Relationship between steel slag dosage, optimum

moisture content and maximum dry density
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Fig.7 Damage forms of the specimens
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Fig. 8 Stress-strain curves for different steel slag dosages with constant compaction (k=0.96)
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Fig.9 Stress-strain curves at different mineral powder dosages and 7. 5% steel slag powder dosage with

constant compaction (£=0.96)
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Table 4 Shear strength index of soil samples at
different dosages (k=0.96)
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Fig. 11  Relationship between strength and

perimeter pressure

P 11 AT, A A U (5 B | ke A i JBE 1
S HE, W 0k R UG, BN R
AU ISR B B AR5 B 415 3 W 4 7
kX P SR R TR RCR U N B2 X T[]
— BRI AR W DR B AR B R 1S RO
W R 5 X ] — Bl B B NI AE 7. 5% B
I, WA R A R A 3 ) A 5 B8 AR A i 2 i
HAB 1R BE ARG A

HE 5 AT AN E N k5 Y A
T AR (R R EE BRA IR T 5 R IR YOG R B AR
PLMETER G, G RE R KT 0.9, Wik
BRBHEGE 7. 5% U8 HL RO 08 2
HHOR, UE HARE RO, 3k ud . A ) AY
FE2EiE T, H A A 0 A 9 | ke A o B I I R
R,

x5 AEWETHMEETHEE-BEXR

Table 5 Strength-perimeter pressure relationship for

different steel slag and mineral powder dosages

TR +# RER e R?
0%gz 0. 143 58.90  0.993
5%gz 0. 644 73.35  0.998

7.5%gz 0.903 63.10  0.995
10%gz 0. 500 71.53  0.998

e 12. 5%z 0.385 61.50  0.997

R 15%gz 0.208 71.80  0.979

7.5%gz-3%kf  0.738 277.00  0.969
7.5%gz-4%kf  0.783 321.00  0.990
7.5%gz-5%kf  0.915 334.50  0.908
7.5%gz-7.5%kf  1.035 338.50  0.910
7. 5az 0. 460 77.80 1
7.5%gz-3%kf  0.544 147.98  0.958
?ﬁfﬂ; 7.5%gz-4%kf  0.813 191.85  0.976
7.5%gz-5%kf  0.979 211.10  0.972
7. 5%gz-7.5%kf  1.178 226.85  0.999

3.2 EFPE-KERFREL LR
R -k AR AR X5 2 ATE Kondner $2 H it XX
iR £ 77— AR S ZR FE Al b ST A A ALY

&

=a + be (5)

0, ~0;
K a HEEE ;b HEPR,
R 8 By I g — I AR O & i 2 HT B Zebe 1Y
PAA A 12 fros AR 3E K 12 7] IS 2B A -5k
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Table 6 Parameters of the Duncan-Chang model R 6l ./ kPa a b
T BIR/kPa @ b 40 0.010 55 0.012 77
40 0.019 82 0.014 29 30 0.010 31 0.010 16
12. 5%gz
80 0.016 49 0.013 5 120 0.010 22 0. 008 79
0%gz
120 0.013 99 0.012 46 160 0.008 62 0.007 71
160 0.013 47 0.011 46 2 0.015 9 0.011 4
40 0.002 17 0. 009 89 80 0.014 89 0.010 72
15%gz
80 0.006 22 0.007 91 120 0.014 34 0.009 59
5%gz
120 0. 006 59 0. 006 47 160 0.013 5 0.008 54
160 0. 006 39 0. 005 29
7. Sz 120 0.001 81 0.005 78 3.3 ETRBIERNRULMEHR
160 0.003 73 0. 004 59 T RB -k g AR A Ak 7R il 2R 1Y)
40 0.005 2 0.010 69 WFFE, RERTTAR 1 T 4 XU e 2% ] LU
I¥ AR AL 2 HD
80 0.006 11 0.008 8 BTN AR AL R 2, B
10%gz e,(l +ne,)
120 0. 006 63 0.00715 P (6)
(1 + me, )2
160 0.004 77 0. 006 34

ISR L om n Al RS EAE SR E (o, -
Uz)[\ﬁﬁ%gig(al _0-3>, &m%ﬁmﬁ Er /!—\\:T:t
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Table 7 Shen Zhujiang model fitting parameters

fift 2
T+ I ./ kPa
L n Ly m, n,
40 -0.004 73 0.007 095 0.004 843 0.002 2 0.003 3  0.001 047
7.5%gz
80 -0.004 84  0.006 222 0. 004 436 0.001 948  0.002 505 0.000 719
40 -0.004 8 0. 004 81 0. 004 026 0.000 935  0.000 936 0.000 153
80 -0.004 43 0.004 439 0.003 714 0.000 864  0.000 866 0.000 141
7. 5%gz-3%k{
120 -0.003 94 0.004 02 0. 003 339 0. 000 803 0.000 82  0.000 139
160 -0.002 78  0.003 368 0.002 729 0. 000 65 0.000 789  0.000 15
40 -0.002 79  0.003 522 0.002 818 0. 000 698 0.000 88  0.000 176
80 -0.002 31 0. 003 055 0. 002 401 0.000 629  0.000 833 0.000 178
7. 5%gz-4%k{
120 -0.002 46  0.002 788 0.002 179 0. 000 69 0.000 78  0.000 171
160 -0.001 9 0.002 319 0.001 764 0.000 598  0.000 731 0.000 175
40 -0.002 51  0.003 198 0.002 544 0.000 645  0.000 823 0.000 168
80 -0.001 7 0. 002 531 0. 001 906 0. 000 557 0.000 83  0.000 205
7. 5%gz-5%k{
120 -0.001 9 0.002 375 0.001 789 0. 000 621 0.000 778  0.000 192
160 -0.001 57  0.002 008 0.001 502 0.000 529  0.000 675 0.000 17
40 -0.002 19 0.002 83 0.002 193 0.000 638  0.000 823 0.000 185
80 -0.001 54 0. 001 697 0.000 548  0.000 816  0.000 214
7.5%gz-7. 5%k{
120 -0.001 07 0.001 89 0.001 326 0.000 457  0.000 805  0.000 24
160 -0.001 25  0.001 756 0. 001 275 0.000 473  0.000 662 0.000 181
100 2001 2507
80F
. 150}
60} £ g
¥ 'S 100} 5
Saof v ¥ ool
= 40 kPa = " 40kPa ~—~ " 40 kPa
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Fig. 13 Fitted plot of amended soil with different steel slag and mineral powder dosages
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Table 8 Parameters of the Duncan-Chang model with different steel slag and mineral powder dosages

Rf
T n K
o,=40 kPa a,=80 kPa g,=120kPa  0,=160 kPa
0%gz 0.972 0. 950 0.939 0.973 0.291 0.214
5%z 0. 895 0.932 0.976 0. 946 -0. 802 0. 658
7.5%gz - - 0.983 0.934 -2.4579 1.398
10%gz 0.927 0. 904 0.958 0.914 -0.005 9 0. 643
12. 5%z 0.910 0.912 0.954 0.933 0. 104 0. 402
15%gz 0.956 0.957 0.950 0. 966 0.112 0.235
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g BRI %
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Fig. 15 The n-gz dosage relationship curve
5 %
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Fig. 16 The K-gz dosage relationship curve
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