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Mechanical properties and micro-mechanisms of tunnel spoil roadbed
improved by calcium carbide slag and phosphogypsum

JIAO Ning', ZHANG Li-shi*, DING Jian-wen"', XUE Chuan-rong', WANG Shou-jie'
(1. School of Transportation, Southeast University, Nanjing 211189, Jiangsu, China;
2. Jiangsu Hydraulic Research Institute, Nanjing 210017, Jiangsu, China)

Abstract: To solve the problems of land resource waste and potential environmental threats caused by
the stockpiling of abandoned tunnel spoils and industrial solid wastes, an attempt was made to
synergistically improve abandoned tunnel spoils using industrial solid wastes, namely calcium carbide
slag and phosphogypsum, to transform them into high-quality engineering fillers. A series of

laboratory tests were conducted to investigate the influence patterns of different solid waste ratios on
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the physical and mechanical properties of the improved soil, and the optimal ratio was selected.
Microscopic tests were performed to analyze the microscopic improvement mechanisms and action
mechanisms. Road mechanical property tests were carried out to verify the feasibility of using the
improved soil as roadbed fillers. The results indicate that the combined addition of calcium carbide
slag and phosphogypsum exhibits a significant synergistic effect, especially in enhancing the
mechanical properties of abandoned spoils, with an effect far exceeding that of adding calcium carbide
slag alone (taking a total mass fraction of 4% as an example, the average compressive strength of the
C3P1 improved soil is 1. 35 times that of the soil with calcium carbide slag alone). The optimal ratio
of calcium carbide slag to phosphogypsum is 3: 1, under which the improvement effect on abandoned
spoils is the most significant, and both the mechanical properties and stability of the improved soil
reach the optimal state. Hydration reactions and ion exchange reactions occur among calcium carbide
slag, phosphogypsum, and the active components in the soil, generating cementitious products such
as calcium silicate hydrate (C-S-H) , calcium aluminosilicate hydrate (C-A-S-H) , and ettringite
(AF1). These products significantly increase the compactness of the soil through filling, bonding,
and adsorbing soil particles, thereby enhancing the macroscopic mechanical properties of the improved
soil. Attributed to the double-edged nature of the expansion effect of the product ettringite and the
combined action of other cementitious products, under the optimal ratio (3:1) , the mechanical
properties of the improved soil do not show a linear growth trend with the increase of the total additive
The

phosphogypsum meets the requirements of highway subgrade design specifications, preliminarily

content. improved soil with an appropriate proportion of calcium carbide slag and
verifying the feasibility of using the improved soil as roadbed fillers.
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Fig.1 On-site sampling of spoils
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Table 1 Basic physical parameters of sampled spoils

LB Y i R/ % AR/ % | BBYERREL/ Y | MRS ORI/ % | g/ (geem D) | IRAEEE AR/ % I KT %/ (grem )
HE 29.19 15.17 14.02 37.40 1.91 12.50 1.946
x2 ABRMBNEIELZERS
Table 2 Main chemical compositions of test materials %
IR SiO, CaO AL, Fe,O, K,O SO, TiO, MgO Cl P,0, SrO CuO
T i + 62. 10 5.70 17.96 5.99 3.06 0.81 0.98 2.24 0.07 0.04
HL A 4.98 92. 34 1.94 0.14 0.25 0.15 0.10 0.06 0.02
WA 4.23 42.73 0.33 0.10 52.41 0.17 0.01 0.02




H
P
%

=18 2026 4

= 5 wm
6.90 mm 3 (S
RESOLUTION 15 ke 10.00 kx

(a)  HifT¥E

10.0 kx

(b WAE

2 i 5 A R ROULE 5
Fig. 2 Microscopic morphology of calcium carbide slag and phosphogypsum
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Fig.3 Compaction characteristics of improved soil with different contents of calcium carbide slag or phosphogypsum
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Fig.8 Unconfined compressive strength of improved soil with different combination ratios of calcium carbide slag and phosphogypsum
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