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Similar Materials for Tunnel Pre-Grouting Model Test in Fault Fracture Zone
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Abstract: In order to obtain similar materials for tunnel model tests with wide matching and simple preparation
methods, engineering materials such as gypsum, cement, river sand, and machine-made sand were selected, so
as to meet the requirements of pre-grouting model tests for tunnel fault fracture zone that investigate the
grouting effect of permeable crystalline slurry. Similar materials for surrounding rock, fracture zone, and tunnel
lining were prepared through methods such as similarity constant calculation, material selection, and
performance testing. The results show that the similarity constant was determined, such as C,=50, C,=1, Cy=50,
and Cy,=2 500. The experiment is conducted based on an optimized material ratio and preparation process.
Similar materials with weight, compressive strength, and elastic modulus ranging from 16.65 to 17.58 kN/m”?,
0.21 to 0.93 MPa, and 29.72 to 113.74 MPa are prepared by using cement, river sand, and gypsum. When mgg:
mgt me: my=1:0.15:0.03: 0.04, the prepared materials meet the test requirements. Selecting machine-made
sand with an average particle size of approximately 0.4 mm as a similar material for the fracture zone can
effectively avoid particle size effects and reasonably simulate the characteristics of loose and broken rock and
soil. Similar materials with an elastic modulus of 0.38—0.62 GPa are prepared by using gypsum, barite powder,
and cement. When mg: myp: mc: my=1:0.09:0.05: 1.4, the prepared materials meet the test requirements, and
the self-made polyvinyl chloride (PVC) assembly mould is used for pouring. The results indicate that similar

materials of surrounding rock, faults, and lining all meet the similarity relationship requirements of tunnel fault
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pre-grouting model tests. At the same time, by adjusting the ratio, the research results can provide more

material choices for similar engineering simulations.

Keywords: tunnel grouting; model test; permeable crystalline slurry; similar material; experimental study
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Table 1 Dimensional matrix of model test
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Table 3 Similarity constants of various physical

quantities in model test
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Figure 1 Main raw materials for similar material test

of surrounding rock

x5 FBHESBEMU AR L ER
Table 5 Ratio of similar materials for surrounding rock

in each group
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Table 6 Compressive strength test results of similar

materials for surrounding rock in each group

. WRBIRFT 4/ PR/ PR/

kN MPa MPa

1 1.08 0.55 91.68
2 0.83 0.42 73.77
3 0.71 0.36 56.48
4 0.42 0.21 56.13
5 0.75 0.38 52.61
6 0.51 0.26 41.28
7 0.37 0.19 29.72
8 1.14 0.58 60.79
9 0.96 0.49 69.81
10 1.83 0.93 85.23
11 0.92 0.47 100.61
12 1.28 0.65 113.74

EiNe WHiE/g  KEPIL/% KEPH/ % TWRH/%
1 1500 3 10 15
2 1500 3 9 15
3 1500 3 8 15
4 1500 3 7 15
5 1500 3 6 15
6 1500 3 5 15
7 1500 3 4 15
8 1500 4 8 15
9 1500 5 8 15

10 1500 6 8 15
11 1500 7 8 15
12 1500 8 8 15
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Figure 2 Flow chart of similar material test for

surrounding rock

3% 6 AT YT LG Y K A L R K R L AR Ak
BF, ARARURE B B 0 R B 5 S M AR 43 0 O 0.19~
0.93 MPa #l1 29.72~113.74 MPa; £ L) 52 b % 18 [l 5
J1 2 S HOMARRL G Z& Ry Bl 8 AT AE bR A i
E B R A LAY B A BB REIC LU 288
32 EEEMMHEENEIRR

X 25 2 IRE AT B I U 4 R LR 7

®7 BRABSHEUMBHEEER
Table 7 Gravity results of similar materials for

surrounding rock in each group

A (kf-gm/"‘) A (klilii/’g) s (kfji/’” )
1 17.58 5 16.95 9 17.31
2 17.36 6 16.69 10 17.38
3 17.28 7 16.65 11 17.44
4 17.12 8 17.26 12 17.53
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Figure 3 Measurement process of permeability coefficient
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Table 8 Permeability coefficient measurement test data and results
BiERE BiERE/ BiERE/
45  H/em H,/cm ) 45  H/em H,/cm ) 4% H)/em H,/cm )
(emes ) (emes 1) (emes™ 1)
1 98.3 36.7 1.81x10°° 5 94.4 40.5 1.68x10 ° 9 80.8 42.9 1.25x10°
2 97.6 40.1 1.68X10°° 6 90.6 41.3 1.42X10°° 10 75.5 46.7 9.21xX10*
3 85.2 33.5 1.82x10°° 7 83.7 42.3 1.33x10°° 11 74.1 43.3 1.11Xx107°
4 97.4 38.3 1.74%x107° 8 93.3 41.6 1.57%x107° 12 79.3 55.9 6.58 <10 *
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Figure 4 Particle size distribution of machine-made sand
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Table 9 Main physical parameters of actual and ideal

similar lining structures

i H JEEE /em KJE/em 9L /GPa
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Figure 5 Prototype and model size of tunnel lining

structure (unit: cm)
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Table 10 Ratio plan and test results of similar

materials for lining

WS gy mggy o m . BERBEIRAT /KN SRR/ MPa

1 1:0.09:0.01:1.4 0.77, 0.78, 0.81 380
2 1:0.09:0.03:1.4 0.88, 0.86, 0.88 460
3 1:0.09:0.05:1.4 1.01, 1.03, 1.04 530
4 1:0.09:0.07:1.4 1.21, 1.22, 1.17 620

H 2 10 AT DL 56 3 20 A (UM R 5P 85 2
530 MPa 5 B A8 {E 560 MPa f5c M 4231 o FT LAH %E #4
BEBC EE R 10 s 0 i 0 s 1 0 =1:0.09:0.05:1.4,
5.3 BEiE AT R 0 E
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Figure 6 Tunnel lining model preparation
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