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Abstract: Aiming at the problem of asymmetric large deformation in the construction of very large sec-
tion highway tunnels, considering the relationship between the first principal stress of high in-situ
stress and tunnel axis, laminated soft rock interlayer and interlayer state, spatial asymmetry of soft
rock at working face, groundwater and other factors, and combined with the physical and mechanical
properties of rock samples and ground stress measurements, the mechanism of asymmetric large defor-
mation formation is investigated and the targeted optimization support scheme is proposed based on
the analysis of engineering geological conditions, and failure and damage characteristics of surrounding
rock and support structure. The results show that the asymmetric large deformation of the surrounding

rock in high in-situ stress laminated soft rock tunnel is due to the combined effect of the dip angle « of
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rock stratum, the angle 8 between maximum horizontal principal stress and tunnel axis, the angle y
between maximum horizontal principal stress and rock stratum, surrounding rock lithology and
groundwater. The location of the asymmetric deformation in the surrounding rock is determined by the
combination of the above factors. When the principal stress o, is neither perpendicular nor parallel to
the tunnel axis, compressive bias tectonic horizontal ground stress will form, leading to lateral asym-
metric stresses in the tunnel cross-section and resulting in asymmetric deformation. In order to reduce
the deformation effectively and prevent the surrounding rock from loosening and collapsing due to ex-
cavation disturbance, the measures of altering the layout of anchors, improving the length and stiff-
ness of the advanced grouting small conduits, spraying temporary sealing, and installing a damping
layer of high-density rubber sponge board between the flashing and sprayed concrete are helpful.

Keywords: extreme high in-situ stress; soft rock tunnel; asymmetric large deformation; support opti-

mization
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Fig.1 Schematic diagram of measuring point arrangement
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Table 1 Statistical table of surrounding rock deformation

measurement results

W 45 0%/ mm

L 17 2 37 HH
ZK41+50 425.1 458.5 407.3 430.3
ZK414-45 435.7 394.8 451.2 427.2
ZK41+40 369.4 387.5 421.3 392.7

DL ZK4A1-+40 Wi k1], 53 [ 28 T2 LA, H
[l A8 T I 5 il 288 0 28 JE o R 4n P 2 L 3 i
WA AT A T 4 R S B 43 AT AR TR LA AT L
15 R TE BB AR AT LR AR A

(DAY &

ZK4A1+ 040 Wr i =~ HE THT B a0 00 454t T80T 3T
e 2B 43 5 R 369.4,387.5 Fil 421.3 mm, HE 0 i K¢
M 392.7 mm s 9 42b 7K SF- 0 S5CAE T e (E 43 1A
398.3 f1461.5 mm, ¥J{H K 429.9 mm , AT W, Fl 5 7 &
] FKF- 7 ) #8 B A R AR TR i

(2) W) 1 A2 T B At H A 2 ) A

MIEL 3 1] DL A AR 1T 20 d Y HA B AR
TE %, 2t P AR T 2 )5, BRI A, 2
AR AT A 452 1k, L BT I B B, A AR B
SEF A A, — T F) 100 d 47 A B ka i, B e 7E
JE b b J B TR A AR R

(3) BB AN X Bk

M4 FEL S 0] DL Y, % G T T ) S AR T
AN A DTRE L 22 W 22 14 % A dq A s L
fefil 2 20 % Ao, AT W (R AR X PR AR

500
450 e
e

400 :: P i resssesss)

g 350 ,,.::::‘_’: Mt
5 300} s

g 2sop .

& 200 . z‘gﬂﬁ:‘rﬂﬁﬁ

% ] —a— 300 T B

® 150} ’ - Aﬁﬁi%g

100 r —e— Bl £l &

sopf ¢
.I 1 1 1 1 L 1 1 ]
% 10 20 30 40 50 60 70 80 90

WL / d
B2 ZK414040 Wi 28 T A7 %

Fig.2 Deformation displacement curves of section ZK41+
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Table 2 Rock sample mineral composition analysis results L Y
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Table 3 Ground stress test results
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Table 4 Statistical table of surrounding rock deformation

measurement results

HET R UL/ mm AL/ mm

fir . . -
1 2 3 A B

ZK40+970 261.6  305.8 298.1 2781  316.7
ZK40+965 277.3  304.2  293.8 339.4 3655
ZK40+960  293.5  322.8 3164  314.5 338.6
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