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Optimal proportion and its mechanical properties of low liquid
limit silt stabilized by multi-source solid waste

ZHANG Kexiang', ZHANG Lishi’, WANG Bao?, DING Jianwen', YANG Zhengtao'
(1. School of Transportation, Southeast University, Nanjing 210096, P. R. China; 2. Jiangsu Hongze Lake Water

Conservancy Project Management Office, Huaian 223100, Jiangsu, P. R. China)

Abstract: To address the engineering defects of low liquid limit silt subgrade, such as difficult rolling, low
strength, poor water stability, and to seek the alternative of traditional inorganic curing agent, this paper
combined with blast furnace slag (GGBS), carbide slag (CS), desulfurization gypsum (DG) to form a composite
industrial solid waste (ISW) to improve the silt for subgrade filling, and carried out compaction test, unconfined
compressive strength (UCS) test and water stability test, to explore the improvement effect of ISW on the

mechanical properties and water stability of low liquid limit silt. Based on experimental results, an empirical
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model for strength prediction of multi-source solid waste(GGBS-CS-DG) improved soil was established, the

response surface of UCS of low liquid limit silt under ternary ISW improvement was constructed, and the
optimal ratio of ISW (14.88% GGBS+5.96% CS+2.26% DG) was proposed. On this basis, it is proved that

the ISW improved soil has great road performance, and its mechanical properties and water stability are

significantly improved with the increase of curing age. At 28 days, the strength and water stability of the ISW

improved soil are basically equivalent to that of the cement improved soil with the same dosage. The low liquid
limit silt solidified by GGBS-CS-DG can be used as subgrade filler.

Keywords: low liquid limit silt; multi-source industrial solid waste; strength prediction model; response surface

methodology; road performance
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Table 1 Basic physical and chemical indicators of silt

RIRGKRH/ Y% Bl dk/% BRTHEE/ (¢/m®)  LE

17.5 12.2 1.92 2.72
AES RE O MERREC O WIR/ G MR/ MR
17.88 0.53 28.2 18.5 9.7




% XX #

R, 5. 5 U E KR BALIR IR 28 R oy B bR e B L A S Mk 3

B Ls o X B AT 5 5 (XRD) 45 4 & F 29~
YA B 2 i, i AT SR 56 H AE AL k3
BAG AN AR SKASARA5, XHFRK
I T K 56 (XREF) I 15 4 {4 32 22 4k 4 5l 4 3% 2
7w

100

IS R - LR
=0.075mm N 0.005~0.075mm = <<0.005mm

AT SRR R R A (%)

0 1 i 1 ; 1
1 0.10.075 0.010.005  0.001

A B A% (mm)
1 BB RAER

Fig.1 Particle size distribution of silt
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Fig.2 XRD diffraction pattern of silt
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Table 2 Main chemical components of test materials
%
kL CaO Si0,  ALO;  Fe,O, SO,  MgO
ML 3.28 56. 88 13.62 4.34 0.08 2.24
GGBS  40.44  33.58 13.58 0.40 3.08 8.89
CS 89. 86 4.80 2.55 0.81 1.34 0.11
DG 45.21 1.65 0.59 0.25 45.52 1.25
OoPC 55.63 19. 84 5.99 3.87 3.72 1.22
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Table 3 Orthogonal experimental design table for three

factors and three levels of ISW stabilized soil
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Table 4 Orthogonal experimental scheme for strength

screening of ISW stabilized soil

" L I fe A K2 4/ 4 e
I8 A 5= L5 B i/
1 XQ X.‘%
1 10 6 1 17
2 10 4 2 16
3 10 6 3 19
4 10 8 2 20
5 13 8 1 22
6 13 4 3 20
7 13 4 1 18
8 13 8 3 24
9-1 13 6 2 21
9-2 13 6 2 21
9-3 13 6 2 21
10 16 6 3 25
11 16 8 2 26
12 16 4 2 22
13 16 6 1 23
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Table 5 Research scheme on UCS and water stability of stabilized soil
RE ke RS [ A 0] il 2 A48 5/ % Fy i /d
ISW6 Tl [# 7 (Industrial solid waste, ISW) 6 3.7.14.28
ISW10 Tolk [# 7 (Industrial solid waste, ISW) 10 3.7.14.28
ISW23 Tl [# 7 (Industrial solid waste, ISW) 23 3.7.14.28
UCS i KR E P ISW23(H) Tl [ 9 (Industrial solid waste, ISW) 23 3.7.14.28
OPC6 7K (Ordinary Portland cement, OPC) 6 3.7.14.28
OPC10 7Kk & (Ordinary Portland cement, OPC) 10 3.7.14.28
Silt FIRHY L, A48 o (71 4k 3.7.14.28
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Fig.3 Flowchart for sample preparation and curing
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Fig.4 Compaction curves of ISW stabilized soil with

various proportions
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Table 6 Experimental results of compaction and UCS of

ISW stabilized soil

150 21 SR g R ANTF FRAP I UCS/MPa
HE pam/em®) @,/ % Suer-7d Sues-28d
1 1.81 16.48 1. 36 5.15
2 1.81 16.70 1.22 5.42
3 1.76 13.47 1.45 5.13
4 1.71 12.53 1.27 4.74
5 1.75 15.39 1.46 5.93
6 1. 80 16.41 1. 50 6.69
7 1. 80 15.75 1.07 5.63
8 1.77 17.48 1. 50 6.27
9-1 1.78 15.58 2.18 6.78
9-2 1.78 15.58 2.28 6.83
9-3 1.78 15.58 2.31 6.65
10 1.79 15. 35 2.19 6.84
11 1.76 15. 81 2.15 6.66
12 1.78 15.52 1. 66 6.34
13 1.77 15.92 1.59 6.15
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Table 7 Parameter selection for strength model of ISW stabilized soil

UCS 4151 Q a; a, az apy Az Q33 Qs a3 Az
Ster —7.51 0.51 1.34 1.49 —0.024 —0.12 —0.40 0.018 0.043 —0.048
Sues —8.98 1.71 0.59 1.15 —0.071 —0.082 —0.29 0.042 0.061 —0.089
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Table 8 Performance evaluation and analysis of strength

model for ISW stabilized soil

Frip e Pl - RP RWF R B
W1/d i1 fi R R’
7 0.0004  38.22 0.37 1.88 0.82  0.96

28 0.000 4 42.00 0.27 2.85 0.83 0.96
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Fig.5 Error distribution diagram of ISW stabilized soil

strength model
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Table 9 Significance analysis of each sub-item in the

strength model of ISW stabilized soil

AT 7 d IR 28 d F: i
PE FE P FfH
X, 1 0.000 2 90. 87 <<0.000 1 209. 24
X, 19 0.0120 14. 99 0.0300 13.32
X, {8 0.005 0 22.78 0.002 8 29.71
X215 0.005 0 22.87 0.000 3 83. 84
X, T 0.000 1 114.56 0.005 5 21.81
X, I 0.000 3 82.33 0.009 3 16. 81
X, X, 3 0.048 0 6.76 0.0130 14.01
X, X, 1 0.0300 9.03 0.0430 7.32
X, X, 3 0.074 0 5.08 0.047 0 6.92
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Fig.6 Standardized residual distribution diagram of

model prediction strength for three types of stabilized soil
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Table 10 Standardized residual distribution and

independence test

e g /d Shapiro-Wilk  Durbin-Watson
o i 1% Pl B D
7 0.4412 1. 983
¥k

28 0.3458 2.012
. 7 0.6721 1. 897

A RD
28 0.3124 1.925
7 0.3017 2.056

CERL
28 0.4235 1.918
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Fig.7 UCS response surface under the action of two factors
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