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Development and application of model test system for inrush of water and
mud of tunnel in fault rupture zone

ZHANG Qing-song, WANG De-ming, LI Shu-cai, ZHANG Xiao, TAN Ying-hua, WANG Kai

(Research Center of Geotechnical and Structural Engineering, Shandong University, Jinan 250000, China)

Abstract: In order to study disaster evolutionary process and failure characteristics of Yonglian tunnel of Ji'an-Lianhua
highway under the effect of disturbance, taking F2 fault fracture zone as the research object, a large-scale 3D geologic model
test system is developed. The system consists of model bench, geostress loading system, hydraulic loading system and
information monitoring system. A new type of similar material of fault and surrounding rock used in the solid-fluid coupling
model tests is developed through tests on a large number of different material ratios and physical and mechanical performance
parameters. The test system and similar material are used to simulate the hazard of inrush of water and mud. The change rules
of seepage pressure, stress-strain, displacement and flooder in the process of excavation for common and fault surrounding rock.
The results of model test agree with the catastrophic characteristics of actual projects perfectly. The system is stable and reliable,
and it can be widely used for model tests in other underground projects. The research methods and the results are of certain
guiding significance to the practical engineering.
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Fig. 1 Geomechanics model test system
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Tablel Physico-mechanical parameters of prototype and model materials

— Y PURSRIE kiRt BB RH %) P B A
- p/(g-em’®) o, /MPa E/GPa ki(cm-s™) c/kPa /()
IEFAEEEIR 2.43~2.56 15~20 3~5 4.86x107°~1.02x107  113.62~171.74 34~39
1B A R AE R 2.43~2.56 0.75~1 0.15~0.25 2.43%10%~5.1x10™ 113.62~171.74 34~39
Wr 2 25 1 IR 1.94~2.05 6~10 0.8~1.0 4.95%10%~2.18x107 105.03~145.5 36~42
W1 |2 25 R AH AL 1.94~2.05 0.3~0.5 0.04~0.05  2.475x10°~1.09x10*  105.03~145.5 36~42
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Table 2 Material ratios of ordinary surrounding rock
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Table 3 Material ratios and physical mechanic parameter of fault
surrounding rock
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Table 4 Laboratory test parameters of similar materials
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prm 7 . o
/(g:em”) /MPa  /GPa  /(cm's ') /kPa /(° )
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Fig. 4 Positions of monitoring sections
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Fig. 5 Part of monitoring components
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Fig. 6 Excavation and construction of primary support
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Fig. 7 Process of inrush of water and mud
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Fig. 8 Variation of seepage pressure with excavation step
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Fig. 9 Variation of seepage pressure with time after exposing fault
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Fig. 10 Variation curves of flooder
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Fig. 11 Stress-strain curves of fault
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Fig. 12 Displacement-excavation step curves
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Fig. 13 Displacement-time curves
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Fig. 14 Location of inrush of water and mud
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Fig. 15 Inrush of water and mud deposit
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Fig. 16 Location of flooder in engineering field
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Fig. 17 Curves of actual displacement of surrounding rock
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