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Abstract: In order to protect the ecological environment and reduce the project cost, the excavated weathered sandstone is
crushed and mixed with a certain proportion of loess, bentonite, cement and pumping agent for solidification and improvement
as the fluid-filling materials. Based on the backfill project of a foundation pit in Lanzhou, through orthogonal design, the rapid
shear tests on the fluid-solidified soil with different proportions are carried out. The influence factors and significance of shear
strength are analyzed, and the regression equation for the shear strength is given. The tests show that the most significant factors
affecting the internal friction angle and cohesion are the pumping agent and the bentonite respectively. The order of influence of
each factor on the internal friction angle can be arranged as follows: pumping agent— cement— fine aggregate of weathered
sandstone— loess— bentonite— coarse aggregate of weathered sandstone. The order of influence on the cohesion can be
arranged as follows: bentonite— coarse aggregate of weathered sandstone— pumping agent— loess— fine aggregate of
weathered sandstone— cement. According to the test results of various proportions, the regression equation for predicting the
internal friction angle and the cohesion of the fluid-solidified soil is established. The research results have certain reference

value for evaluating the weathered sandstone as the fluid-filling materials.
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Table 1 Basic physical and mechanical properties of test materials

T T®E o RE mEH WER
KA /(grem) s e, /kPa A/ )
wt 1.71 2.17 1.15 47.2 24.9
g}‘ﬂ: 1.83 2.60 1.42 23.1 32.35
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R 2 KEHRKERS
Table 2 Chemical compositions of cement

ZHEE Si02 F6203 A1203 CaO @Eﬁi%
RS
e 80.71 3.66 3.26 5.44 5.36
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Table 3 Basic properties of bentonite
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Table 4 Performance indexes of pumping agent
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KR S S t
/% ®/% /(geem?)  Ji{E/mm  E/MPa
SZER 36.5 5.0 1.08 80 85
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Table 5 Factors and levels of orthogonal tests (%)
KT —3 B C D E F
1 80 10 20 2 1 0.2
2 75 15 25 4 3 0.4
3 70 20 30 6 5 0.6
4 65 25 35 8 7 0.8
5 60 30 40 10 10 1.0

1.3 RWAHERIALSHIEE

W RAHD 25 22 N TR 0%, KiARAE 2~5 mm
R RE, RIARLE 2 mm DL RONAIERE, IR FS
HNMRA, 7928 d FHATEI IR . 408 (T
R VEREY (GB/T 50123—2019) D7IEER T30 FE
43 BN 100, 200, 300, 400 kPa fHE B & /7, 374
AN 0.8 mm/min, BYIRJE VI H AR A IR (1 P BE
FAMEER T, WHEREWE 1 R,
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Fig. 1 Diagram of sample placement
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Table 6 Data of orthogonal tests Table 7 Results of range analysis of internal friction angle
AL EX K, A
%% A B C D E F Q%ﬁ)} *fﬁif A B C BE D E F
I As B, Cs D: E F. 3836 778 K, 181750 166.520 166.280 169.240 169370 157.440
2 Ay By Cs Dy E: F 3658 2038 K, 180.300 191.500 190.350 180.220 170.190 187.750
3 A, Bs Cs Ds E Fs 3437 68.4 K, 193.780 178.710 195.860 179.130 203.810 224.450
4 A B, Cs D; E; F, 4131 62.7 K, 201.380 192.700 201.250 203.850 212.500 194.120
5 A, Bs C: D E, Fr 2649 0.6 K, 177240 205.020 180.710 202.010 178.580 170.690
6 As Bs C D Es Fs 2887 1014 K, 36350 33304 33256 33.848 33874 31488
7 As Bs G Ds Ei F 4327 873 K, 36060 38300 38070 36.044 34038 37.550
§ A. B C D» E Fi 3828 4.6 K, 38756 35742 39.172 35826 40.762 44.890
9 A B. G Di Es F 373 69.9 K, 40276 38540 40250 40.770 42500 38.824
0 A B, G D E F 6 553 K, 35448 41004 36.142 40402 35716 34.138
1 A B G D E B 49 1008 R 24.140 38500 34.970 34.61io 43.130  67.010
12 A By C; Dy E4 Fs 4286 78.2 =8 MBIMEDHER
3 A B G D E F 15.23 31.9 Table 8 Results of range analysis of cohesion
14 A, By Ci Ds E F, 41.06 79.1
5
15 As B, Ci Ds E, F, 2846 466 % ks
16 As By C Ds Es; F 3985 32.1 A B C D E F
17 A, B, C Dy E;3 Fs 3167 253 K, 37090 291.00 21640 199.40 28520 210.30
18 As B G Ds Ei Fo 4043 312 K, 23330 24410 30240 263.10 26140 235.90
;3 22 E‘ gz 33 E“ ? g;'zz gg'g K, 21490 23630 32520 26890 22320 289.20
1 5 2 2 2 4 K .
21 A, B, C Ds E Fs 329 36.8 K, 20690 303.10 27430 28720 27590 318.20
2 Ay By, C Dy E F5 44588 30.1 K, 38770 33920 29540 395.10 268.00 325.80
23 A By G Dy Es Fao 3123 41.8 K, 7418 5820 4328 3988  57.04  42.06
ig ﬁ“ EZ 23 g‘ E“ E“ gg'gg i;f K, 4666 4882 6048 5262 5228 47.18
4 1 4 2 5 2 . . —
— — - - K, 4298 4726 6504 5378 4464 5784
KT, SN ATIRbRHOR 22 e, St K, =] % 4138  60.62 29.86 5744 5518  63.64
0 20 RAKA BT MACPHTASREER AL K, % 7is4 6184 5486 1902 TL6D 6516
- o ; S . . . . . .
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Fig. 2 Relationship between various factors and internal friction angle
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Fig. 3 Relationship between various factors and cohesion
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Fig. 4 Relationship between measured value and predicted value
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