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Model Test of Tunnel Water and Sand Inrush
Disaster in Silty Fine Sand Stratum

YANG Xiang

Abstract

large buried-depth and high water pressure sand layers and

In recent years, when shield is tunneling in some

sandy gravel layers, stratum collapse accidents induced by tun-
nel water and sand inrush have been reoccurring. Therefore, it
is urgent to further explore the disaster mechanism of tunnel
water and sand inrush and the damage process of stratum col-
lapse, providing construction guidance for similar projects.
Based on existing engineering cases, a visual test device for
tunnel water and sand gushing is designed to study the evolu-
tion law of soil and water loss quality and seepage damage of
stratum. Besides, the influence of compactness of silty fine
sand, buried depth of model tunnel, groundwater level and
leakage point position are also discussed. The experimental re-

sults show that; (1) The disaster can be roughly divided into
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three stages: water and sand leakage stage, rapid sand gushing
stage and water inrush damage stage. What's more, the dry
matter ratio of soil and water loss parameter is proposed as the
basis for judging the development stage of tunnel water and
sand inrush disaster; (2) The leakage location and groundwa-
ter level have great influence on the evolution process of forma-
tion seepage failure; (3) It is found that when the leakage spot
is below the tunnel, the water and sand inrush disaster is more
severe with a smaller silty sand compactness, a shallower tun-
nel buried depth and a higher water level height, and the water
and soil loss mass is greater. It is recommended that during the
excavation process of shield tunneling in large buried-depth wa-
ter rich strata, a good ground reinforcement plan be made,
while strengthening the waterproof capacity of the tunnel, espe-
cially at the arch bottom of the tunnel.

Key words shieid tunnel; water and sand inrush; leakage
spot location; groundwater level; tunnel buried depth
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Fig.1 Test model box
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Fig.2 Particle size grading curve of test sand sample
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Tab.1 Main physical and mechanical parameters of test

sand sample

W/ PIEESEE SR/

IR (e/em’) ARG MRRK )
ad A 1.5 2.43 1.42 27.4
qis B 1.4 2.41 1.40 25.8
4w C 1.3 2.38 1.39 24.1
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Tab.2 Test conditions

o1 gj?:f;f) I WA W
1 1.3 10 LT 10 cm  BEE T 7
2 1.3 20 i IR 20 em BRI R U7
3 1.3 30 LT 30 em  EIEF Y
4 1.4 10 WHE LR 10 em  BRIE Ry
5 1.5 10 Wi LR 10 em BRI R U7
6 1.5 10 Hb AT Ak %38 T Jr
7 1.5 20 Hb 1T A2k B&iE 5
8 1.5 20 i T Ak W& iE Ty
9 1.5 30 T IR 30 em BRI R U7
10 1.5 30 M LLR 20 em  BEIE R 7
11 1.5 30 i LLR 10 em BRI R 7
12 1.5 30 Hb T b &3 T 7
13 1.5 30 W LLR 10 em  BEIE 1y
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Fig.3 Curve of water and soil loss mass over time
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Fig.4 Change curve of water and soil dry matter ratio over

time at different stages

RN I — B Bt 2R34T 7K TR A o o b 491 3 AR A 15
fEE o A GKBEIRRY B, Tk K £ T4 1 L
TR, N 80% [ 2 40% £2 47, /KAl 5 T S Z A JE
BT B A 5K T8 B E R K, i 5 s
PEBBEK 3 2 o et R HL I s X DL B

K5 SORBEIRET BoK L kA bl

Fig.5 Condition of soil and water loss at the stage of water

inrush damage
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Fig.6 Transverse failure mode of soil layer at different

leakage spots
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Fig.7 Change curve of water and soil loss mass over time

below different leakage spots
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Fig.8 Change curve of soil and water loss mass over time on

different groundwater levels
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Fig.9 Change curve of water and soil loss mass over time un-

der different compactness of silty fine sand
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Fig. 10 Change of soil and water loss mass over time at

different tunnel buried depths
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