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Abstract: Based on structural mechanics, the different hoop forces on upper and under a tunnel are determined
to simulate water pressure in the first place. The fully-sealed hydraulic loading device for horseshoe-section
tunnel-model tests was manufactured, which implements non-uniform hydraulic loading successfully. A model
test were carried out to investigate its mechanical characteristics. The test conclusions are consistent with those of
numerical simulation for controlled safe locations, which would verify the validity of the loading simulation for
water. It solves the ‘bottleneck’ problem of water pressure loading during the model test of a tunnel. Under water
pressure, the moment at the invert is more than that at the arch. The moment at the invert towards interior and that
at the wall-footing is outwardly. A large eccentric tensile crack appears. The invert and wall-footing are deemed
as controlled safe locations of lining. The ultimate bearing capacity of two-lane tunnel lining for high-speed
passenger railway is determined under water pressure. Compressive-shearing damage takes place at the
wall-footing. The bending destruction appeared at the invert. The results can provide a reference for the design
and construction of a tunnel subjected to high water pressure.
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Fig.1 Construction site of tunnel subjected to high water

pressure

1.2 KERBEIEHIRIE

oA 52 PR S PR 7K R A VR IR J 43 A e AN 3512
1, 2 E/NTNR” SR A, B S bR
LI SRR RN E 7 SR ME LRI . AR YR S5 7
PRI, OKATE PSS, A nERT B
B E, WK 2 fros.



¥

B2 A b o A s A0 e P

Fig.2 Simulation of water pressure on a horseshoe-shaped

tunnel section
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Fig.3 Equivalent circumferential compressive stress

transformed from confining force
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Fig.4 Different confining forces applied on upper and lower
parts of lining
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Fig.5 Comparison of equivalent bending moment between
factual radial water pressure and simulation of confining force
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Fig.6 Comparison of equivalent axial force between factual
radial water pressure and simulation of confining force
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Table 1 Comparison of internal force for lining between factual radial water pressure and simulation of confining force when the

water pressure is 500kPa
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Table 2 Comparison of internal force for lining between

simulation of confining force and factual radial water pressure
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Fig.7 Loading equipment of non-uniform water pressure
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Fig.8 Composite test equipment for lining of tunnel and

stratum
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Table 3 Physical and mechanical parameters of prototype and
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Fig.9 Welding of strain gauges for lining
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Fig.10 Mechanics characteristics of lining under water
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Fig.11 Variation curves of internal force for lining induced by
water pressure
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Fig.13  Cracks of lining induced by water pressure through

model test
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Fig.16 Principal stress of lining induced by factual radial
water pressure
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