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Abstract: When sudden surface surcharge occurs around the tunnel, the surface additional stress on the tunnel segments will be
generated. When the surface surcharge is too large, it will cause the opening bolts of the longitudinal joints of the tunnel to be
exposed, and the structural edges and corners of the segments at the top of the arch will be damaged. In response to the hazards
of sudden surface surcharge on the tunnel, the indoor reduced size model tests with geometric similarity ratio CL=15.5 are
carried out to study the change of confining pressure of the tunnel comprehensively considering the depth of the tunnel, the size
and location of the surcharge. The method of theoretical analysis is used to study the change of confining pressure and total
confining pressure of the tunnel under the action of surface surcharge, and finally the theoretical analysis and experimental
results are compared under the same working conditions. The results show that when the surchage is accumulated step by step,
the change of the confining pressure of the tunnel basically shows an equivalent increase, and it exhibits an overall downward
trend with the increase of the eccentric distance within a certain range. When the surcharge position is 0.5D¢ and 1D, the
decrease of the confining pressure of the tunnel at the eccentric side is obviously much smaller than that at the non-eccentric
side. However, when the surcharge position is 1.5Do, the changes of the confining pressure at both sides of the tunnel are

basically the same (Do is the outer diameter of the tunnel

EEWB: WiLE A AR THRIBIE (LGF22E080012); HiMlh
the thickness of the soil at tunnel crown, the influences of the Bl 52 B R TH (20201203B127)

segment). As the buried depth increases, due to the increase in

surface surcharge on the confining pressure of the tunnel WRsHHEA: 2021 -09 -22
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are relatively reduced. The theoretical results are in good agreement with those of the indoor model tests, and thus the accuracy

of the experimental and theoretical analyses is demonstrated.
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Fig. 1 Model test devices
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Fig. 2 Schematic diagram of overall tunnel model
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Table 1 Similarity constants in indoor model tests

L/ iRy e AEALE £ Yy e AEALE £
JUATRAY BN 15.50 AR A 16.75
£ 5 o 16.75 HEF G, 1.08
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Table 2 Geometric parameters and material properties of tunnel model

et & R 4ME/m EF NE/m B R EE/m A% /m B R A 2/ MPa (=R R(El 7N
JFE A 6.200 5.504 0.348 1.200 34500 0.2
A 0.400 0.356 0.022 0.077 2060 0.3

R 3 BEERRRN LS SRR
Table 3 Geometric parameters and material properties of tunnel-

connecting bolts

o R EAE S BRI BRI BN

- /m £/m H/m FRE/MPa  FALL
JEAL 0.400 0.030 17 200000 0.30
PR 0.027 0.002 6 33800 0.32

R4 FROMIENFiahR
Table 4 Physical and mechanical properties of dry sand

TR fKER NS MR R4t
Agrem?) /% 1) /kPa /MPa
g

1.495 0.23 29 0 2.89
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Table5 Test conditions

REHmS HWERME/MmM  FEEE/m R
1 s 0 0.6 Frb
2 > 0.2 0.6 FHrb
3 > 0.4 0.6 FHrb
4 L 0.6 0.6 Fb
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7 -t 0 0.8 FHb
8 s 0 0.6 B
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Fig. 3 Change of confining pressure of tunnel under different

surcharges
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Fig. 4 Change of confining pressure at tunnel crown before and

after surcharge
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Fig. 6 Change of confining pressure of tunnel under different
buried depths
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Fig. 7 Change of confining pressure of tunnel under different

surcharge positions
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Fig. 8 Change of confining pressure of tunnel under different soil
conditions
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Fig. 9 Schematic diagram of theoretical model for tunnels!'¥
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Fig.10 Schematic diagram of forces acting on tunnel lining!'¥
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Table 6 Parameters of actual working conditions
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Fig. 11 Change of total confining pressure of tunnels under

different buried depths
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Fig. 13 Change of confining pressure of tunnels under different
values of x
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Fig. 15 Change of confining pressure of tunnels under different
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Fig. 16 Dimensionless comparison diagram of confining pressure

at tunnel crown under different surcharge loads
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Fig. 17 Comparison of confining pressure at tunnel crown under

different values of x
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Fig. 18 Comparison of confining pressure at tunnel crown at
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