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Tab.1 Particle size distribution of shield tunnelling soil
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Fig. 1 Samples of lithium slag and shield tunnelling spoil
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Tab. 2 Performance indicators of fly ash

Ei=p 41 /% FAKEL  BRE% FKE
i <12.0 <95 <5.0 <1.0
WE 10.8 86 3.9 0.21
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Tab.3 Major chemical composition of lithium slag and

cement

A Si0: ALOs K20 CaO0 MgO  FexOs

HRE 4226 2387 7.19 593 0.37 1.67
7K 21.48 6.46 2.11  59.03 1.98 4.07
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Tab. 4 Preliminary test results

MRS WKl AAKBE%  EBBEY%  EWELBE% K E WIKZE Y% Jish/mm
1 0.20 3.9 149
2 20 80 0.25 6.7 247
3 0.30 BT BT
4 0.20 3.3 121
5 25 75 0.25 5.6 221
6 0.30 13.6 298

0.1 20
7 0.20 2.9 103
8 30 70 0.25 49 189
9 0.30 9.6 276
10 0.20 24 89
11 35 65 0.25 4.7 173
12 0.30 8.9 237
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1.3.3 FA/(FA+L)C B ) # 2

SV IKVE N CLSM R AR 25 #H 5%

5T 80%- 75% (T=80%- 75%)5E XN LA KL BI5

B, 70%-. 65% (T=70%- 65%)E X A/NLEIBE
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Tab. 5 Mixing proportion design based on impact

analysis of CLSM performance
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Tab. 6 Test results of CLSM working performance
MEd S HEBEY% JE A LB E % pEilaa WK/ % WA/ mm
A-1 0.23 4.7 177
A-2 0.24 5.6 205
20 80
A-3 0.25 6.7 247
A-4 0.26 72 271
B-1 0.23 3.9 163
B-2 0.24 5.0 190
25 75
B-3 0.25 5.6 221
B-4 0.26 6.9 244
C-1 0.23 3.6 154
C-2 0.24 4.7 170
30 70
C-3 0.25 4.9 189
C-4 0.26 6.0 215
D-1 0.23 3.1 141
D-2 0.24 43 161
35 65
D-3 0.25 4.7 173
D-4 0.26 5.6 199
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Fig.2 Relationships between solid-liquid ratio and
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Fig. 3 Relationships between shield slag mixing ratio and

working performance of CLSM
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Tab.7 Mix proportions design of CLSM considering fly

ash content
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Fig. 5 Typical microstructure schematic diagram
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Fig. 6 The Variation law of compressive strength of CLSM under freeze-thaw cycles
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Compressive Strength and Its Prediction Model of CLSM Based on Shield
Tunnelling Spoil-Lithium Slag
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Abstract: [Objective] Addressing the issue of low utilization rates for solid waste resources such as tunnel shield
excavation waste and lithium slag from mining tailings, a controlled low-strength material (CLSM) from a holistic
perspective of solid waste resource utilization was developed. This material utilizes shield excavation waste as a single fine
aggregate and lithium slag combined with fly ash as a composite cementitious material. [Methods] This study
investigates the factors affecting the compressive strength and operational performance of controlled low-strength materials.
It analyzes how the proportion of shield spoil and fly ash in the total cementitious material mass (FA/(FA+L)) influences
the compressive strength and working performance of CLSM. A compressive strength prediction model based on
SSA-LSSVR was developed, which provides a foundation for optimizing CLSM mix design. [Results] (1) When the
water-solid ratio is 0.24, the compressive strength of CLSM with 80% of the shield slag is less than 2.10 MPa, and when
the shield slag content is reduced to 65%~75%, the compressive strength is 2.42~4.31 MPa. (2) When the water-to-solid
ratio is 0.24, the compressive strength decreases by 5% to 15% when the FA/(FA+L) ratio increases from 0% to 30%. (3)
When the water solid ratio increases to 0.25, the decrease of compressive strength increases to 9%~25%. The evaluation
metrics for the LSSVR model's prediction results are as follows: MRE is 8.62%, RMSE is 0.287, and R? is 0.882. In
contrast, while the evaluation metrics for the CLSM compressive strength prediction model based on SSA-LSSVR are as
follows: MRE is 3.96%, RMSE is 0.207, and R? is 0.935. [Conclusion] SSA plays a significant role in optimizing the
hyperparameters of LSSVR, enhancing the model's fitting ability and generalization performance, and achieving a good
coupling effect. In practical applications, the constructed compressive strength prediction model of CLSM based on

SSA-LSSVR can be utilized for the optimization of mix proportions.
Keywords: shield tunnelling spoil; lithium slag; controlled low-strength material; compressive strength; prediction model



