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Abstract: Taking a shield tunneling project section in Xiaoshui as a case study, research was conducted to solve the
key problem of the proportioning of grouting materials under karst geological conditions. A series of pre-tests were
carried out in the pre-test period using raw materials such as clay, sand, gravel and cement, on the basis of which
orthogonal tests on the factors of paste slurry proportioning were carried out by means of in situ soil extraction. The test
results show that the dry clay and water-cement ratio are the factors that have the greatest influence on the compressive
strength of the paste; The main influencing factor of the slump of the paste is the water-cement ratio, and the mixing
amount of dry clay and sand contributes to the slump quite a lot; In terms of the compressive strength, the degree of
contribution is in the order of the water-cement ratio>>dry clay~>sand. Considering the performance parameters and
economy of paste slurry, it is recommended to choose No.6 (A2B1C3) paste slurry as the filling grouting material for
this construction. The results of the study show that the preparation of paste slurry using clay and mechanism sand from

the construction site can meet the requirements of the Design Institute for the performance index of karst filling
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Fig.1 Longitudinal section of Xiaoshui shield tunnel survey
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Table 1 Detailed cave survey and treatment scope
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Fig.2 Preparation process of paste
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Table 2 Clay-cement paste system component dosage table

e K-
1 2 3
A+ FHE(1.0)
AR 0.2 0.25 0.3
Bk 0.6 0.7 0.8
C: S| 0 HY-4(5%) IKBEEE (5% )
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Table 3 Clay-cement paste system performance parameters

sy A X 2% e — HUE R JE /MPa B/ (grem ™) ES

BB 7d 14d 28d 7d 14d 28d 7d 14 d 28d
1 1.695 112.5 0.307  0.386 0.531 1.67 1.68 1.69 48.27  48.96 46.39
2 1.644 187.5 0.210  0.259 0.315 1.61 1.64 1.61 56.56  55.33 54.76
3 1.611 225 0.109  0.116 0.195 1.56 1.55 1.60 61.67  63.99 59.58
4 1.660 127.5 0.500  0.570 0.731 1.67 1.69 1.67 49.00  49.62 47.83
5 1.661 185 0.271  0.363 0.524 1.65 1.65 1.57 52.31  51.72 47.24
6 1.643 292.5 0.208  0.257 0.401 1.58 1.56 1.52 52.83  52.47 48.98
7 1.716 75 0.634  0.925 1.287 1.67 1.70 1.67 45.59 4411 40.45
8 1.688 210 0.431 0.540 0.799 1.66 1.63 1.58 49.28 4745 41.52
9 1.638 277.5 0.344  0.405 0.651 1.61 1.59 1.52 56.29  54.21 43.80
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Table 4 Clay-cement with sand composite paste system

component dosage table
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R+ A (1.0)
ALK 0.4 0.6 0.8
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Table 5 Performance parameters of clay-cement-sand composite paste system
sy AR %5 WshE/ P F 5/ MPa FE B B/ (geem ™) FKE/ %
B mm 7d 14d 28 d 7d 14d 28 d 7d 14d 28d
1 1.730 152.5 0.568 0.760 0.943 1.72 1.71 1.70 39.53 41.08 39.59
2 1.810 185 0.609 0.744 1.018 1.75 1.77 1.70 34.72 32.18 28.89
3 1.859 210 0.505 0.616 0.734 1.81 1.82 1.70 30.16 28.78 22.13
4 1.921 95 2.055 2.220 2.856 1.92 1.93 1.90 26.72 26.81 26.77
5 1.915 125 1.676 1.868 2.287 1.91 1.88 1.89 24.26 24.59 24.09
6 1.721 230 1.252 1.571 2.003 1.66 1.67 1.60 36.00 36.03 31.01
7 1.998 99 4.434 4.913 6.397 1.96 1.98 2.00 21.55 21.24 21.92
8 1.805 130 3.149 3.345 4.270 1.78 1.79 1.79 32.72 33.31 33.84
9 1.838 160 2.635 2.981 3.539 1.79 1.79 1.82 28.90 28.45 29.93
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Table 7 Orthogonal experimental design program

- B AR
++/kg #/kg K E /%
1 1.5 6.0 0.4
2 1.5 7.0 0.5
3 1.5 8.0 0.6
4 2.0 7.0 0.4
5 2.0 8.0 0.5
6 2.0 6.0 0.6
7 2.5 8.0 0.4
8 2.5 6.0 0.5
9 2.5 7.0 0.6
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Table 8 Slurry performance data sheet
e AT % W/ YHERE/ P 5 /M Pa FE b3 B/ (geem®) KA/ %
=)
JE 4 {H mm mm 7d 14d  28d 7d 14d  28d 7d 14d  28d
1 2.17 140 238 6.042 7.112 7.846 2.18 2.13 2.20 11.56 11.38 11.74
2 2.18 170 146 4.047 5.727 5.678 2.17 2.17 2.17 12.76  11.61 13.12
3 2.15 170 192 3.53 4.760  4.981 2.12 2.12 2.18 13.03 12.41 13.08
4 2.17 150 271 4.089 5.651 6.212 2.17 2.16 2.19 12.37  11.82 12.42
5 2.16 165 181 2.809  4.055 4.085 2.15 2.14 2.16 13.49 12.74  13.63
6 2.09 205 45 2.106  2.711  3.139 2.07 2.07 2.08 17.13  16.27 17.13
7 2.15 155 213 3.194  4.065 5.105 2.15 2.12 2.16 13.73  12.77  14.02
8 2.07 175 72 2.374  3.353  3.630 2.08 2.04 2.07 17.16  15.72  17.08
9 2.06 210 42 1.37 1.859  2.038 2 2.04 2.05 19.63  17.40  19.30
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Fig.4 Time-varying compressive strengths of Fig.5 Plot of water mean values of factors affecting
paste-slurry agglomerates compressive strength
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Table 9 Statistical table of R—value for each factor . .
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Fig.7 Plot of water mean values of slump -influencing factors
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