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Effect of bedding angle of layered soft rock tunnels with
different large deformation grades
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Abstract: This paper aims to explore the influence of bedding angle on layered soft rock tunnel under different
deformation grades. Based on the large deformation soft rock tunnels along the Jiumian Expressway, the
parameters of ubiquitous joint model were determined through rock mechanical test. Based on the numerical

simulation, the influence of bedding angle on the stress and deformation of surrounding rock and supporting
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system of large deformation tunnel in layered soft rock was studied under different soft rock large deformation
levels (slight, medium and strong). The results of numerical simulation were verified by field statistical law of
bedding angle and large deformation. The results show that: 1) The deformation and stress of surrounding rock
and the supporting structure with small angle (0°, 15") and large angle (90°) of bedding are large, with the
increase of large deformation grade, the effect of surrounding rock and support changes caused by bedding angle
is more obvious. 2) The deformation of surrounding rock gradually shifts from the arch bottom to the right arch
waist with the increase of bedding angle. The surrounding rock deformation mainly occurs at the position where
the tunnel contour is tangent to the bedding plane, and the arch bottom and left arch foot are sensitive to bedding
angle. 3) The deflection of the initial support stress and the plastic zone of the joint are roughly consistent with
the normal direction of the weak plane of bedding. With the increase of bedding angle, the shear plastic zone of
joints shifts from vault and arch bottom to left arch foot and right arch shoulder, and finally shifts to the upper
and lower position of left and right arch waist. The initial support tension stress is more sensitive to the bedding
angle than the compressive stress, vertical joints increase the risk of tensile and shear failure plastic zone
transfixion, but the radius of plastic zone in shear failure may decrease. 4) The statistical law of the site is that
the large deformation grade of small angle and large angle is higher, strata failure occurred in the waist and
shoulder of the arch when the bedding angle is below 60°, the failure of rock strata tends to develop to the
spandrel with the increase of bedding angle. Rock failure mainly occurs in the arch waist at large bedding angles.

Keywords: layered soft rock tunnel; large deformation grade; bedding angle; ubiquitous-joint model;

numerical analysis; field monitoring
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Fig.1 Large deformation of Jiumian Expressway
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Table 1 Large deformation classification scheme in the code
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Fig.2 Yield diagram of ubiquitous joint model
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Fig.3 Rock sampling of Jiumian Expressway
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Table 2 Parameters of surrounding rock and joint
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Table 3 Construction method and advance and support system under different large deformation levels

PGS IR Tk STy = i FF AT (53
LEIT ZHBETA RENEE (42 .4.5m) 358 J R (22,3 m) A2 X A mmFERK/NFEHE(6m) HEHH(C25,
BrEfEsm)  KEFL1 5 m, B A A 40 em 24 cm)
rh 4§ =M (ERL RENPE (5.6 m) K REMF(H#RX e32.8m 042 X4 mm FHR/PFE (6 m, I HZEY 2 (C30,
PRl 5m) B 3 m, BRG] 40 em RN (042.4 m) BB R AL AAR 24 24 cm)
el =ZEHEEOL RN FE (51,6 m) HEER KEMF(A#ERe32.8m  ¢l08WE (6 m, L FEH 2P (C30,
BB B 3 m, B w30 em, BT FER/NSE (0424 m) AL 4R 24)) JELEE 43 51 30
F45.5m)  EREE K 25 cm)




98 T K5 xm¥ 2 FROPE L) % 45 %

Bs5 HEERETEE

Fig.5 Schematic diagram of calculation model
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Fig. 7 Ground stress condition
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Table 4 Influence of bedding angle on deformation of
surrounding rock under different large deformation levels
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Fig.8 Maximum deformation at various positions under different large deformation levels and bedding angles
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Fig. 9 Tunnel contour changes with different bedding angles
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Table 5 The influence of bedding angle on the stress of secondary lining under different deformation grades
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gl 0.069 0.072 0.052 0.051 0.054  0.063 1.437 1.333 1.239 1.153 1.258 1.343
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Fig. 14 Distribution of the plastic zone of the joints and surrounding rock under different deformation grades
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