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Research on the Stability Region Division of Urban Underground Space
of Qingdao City
Zhang Ziguang"?, Qiu Wenge'*
(1.Key Laboratory of Transportation Tunnel Engineering, Ministry of Education, Southwest Jiaotong University ,
Chengdu 610031, P.R. China;2. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P.R.China)
Abstract: For the unique characteristics of urban geological environment in upper-soft and lower-hard stratum of
Qingdao city, the stability region division of urban underground space of Qingdao is systematically studied adopting
the numerical calculation method based on the finite element strength reduction, and the statistical analysis method by
the field monitoring data. The conception of three degree regions which contain “Difficult Region (R, ) ——Easy
Region (R, )—-Difficult Region (R,,)” is proposed from the view of stability of surrounding rock. The distribution
range of Ry, and R, and the boundary stratum thickness H, , p, are the research core and key that the problem of the
stability region division of urban underground space in upper-soft and lower-hard stratum. The greater H_ is as well as
the greater D is, the greater the distribution range of Ry, is and the smaller Ry is, and the greater H,, ) is;
conversely the smaller H,,,, ;) is. The research result provides a theoretical basis for the reasonable development and
utilization of urban underground space.
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Table I Mechanical parameters of rock and soil
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Fig. 3 The S-k curves of underground caverns in slightly

weathered homogeneous stratum
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Table 2 Calculation results of safety factor of the rock stratum

R /m 0.1 0.2 0.4 1

5 10 20 30 50 80 100

WRAE — 2.35 — 4.42
Xk 0.93 — 1.76  2.53
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FHK
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2.92 2.64 2.28 2.08 1.76 1.23 1.15
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Table 3 Calculation results of safety factor of the soft stratum

H/m 1 5 10 20 30 50

K 0.39 0.46 0.47 0.42 0.39 0.34
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P, HETR 50.0 m BF 24 RE K 0.34, UiHH
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Table 4 The stability region division of

underground space
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Table 5 Calculation results of safety factor with the thickness soft stratum is 12 m

H/m 0.5 1.0 1.3 1.6 1.9 2.2 3.0 6.0
K 0.70 0.85 0.90 1.00 1.10 1.20 1.30 1.60
H/m 9.0 12.0 24 30 50 80 100
K 1.70 1.75 1.70 1.62 1.39 1.23 1.15

x6 HHHME24mZTERPUHELER

Table 6 Calculation results of safety factor with the thickness soft stratum is 24 m

H/m 2.5 3.0 3.5 4.0 6.0 12 20 30 50 80 100

K 0.95 1.05 1.08 1.16 1.25 1.40 1.64 1.54 1.30 1.23 1.15

WZIEIE H D90 m 12 m 24 m BFAGTAEEE R RB K RIS IRIE H 3Gy 2 BUEH s
LARRBEER AR HASIIE 8 Frs, AW, /MBI e H BN 4 R ALK
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Table 7 Overburden stratum thickness by the stability region division of underground

space in upper-soft and lower-hard stratum

B X I AG R/ m R, /m R./m R,,/m

H.=12 <1.6 1.6~ —
K=1.00

H.=24 <27 2.7~ —

H=12 <1.9 1.9~ —
K=1.10

H.=24 <3.8 3.8~ —

H./m

H =12 <2.2 2.2~88 >88
K=1.20

H =24 <4.8 4.8~88 >88

H =12 <3.0 3.0~66 >66
K=1.30

H =24 <7.5 7.5~50 >50
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Table 8 Calculation results of safety factor under different H,

H/m 0.2 0.5 1 2 3 4 5 10 20 30 50 80 100
D=104m 1.10 1.53 1.86 — — — 242 256 252 230 213 1.58 1.45
D=312m — — 0.82 1.03 1.15 1.24 1.32 1.45 1.52 1.42 1.25 1.10 1.00
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Table 9 Overburden stratum thickness by the stability region division of underground space in different excavation span

2 DX A R Ry /m Ry/m Rpy/m
D=104m <0.2 0.2~ —
K=1.00 D=20.8 m <1.6 1.6~ —
D=312m <1.8 1.8~100 >100
D=104m <0.2 0.2~ —
K=1.10 D=208m <1.9 1.9~ —
D=312m <25 2.5~80 >80
H/m
D=104m <0.3 0.3~ —
K=1.20 D=20.8 m <2.2 2.2~88 >88
D=312m <3.6 3.6~68 >68
D=10.4 m <0.4 0.4~ —
K=1.30 D=20.8 m <3.0 3.0~50 >50

D=312m <4.8 4.8~44 >44
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Table 10 General situation of metro station

ZEuiZ PR Dxh/(mxm) PR/ m AR /m s T e HiJZ 53 A
. N XU B FEIURMZIE 1.0~8.6 m, 58 XALIZE 0.5
ZORBEEE  23.76x19.13 13.2~17.0 8.2~14.3 [y 22 m LRI 3.1-7.0 m
T LA EE IR MZIE 0~ 12 m; X2 R 1~9.
Lk 20.52x18.18 13.0~15.1 0~1.5 S 4o UL 1~ 127 m
R 11 HRIUENNSEST S
Table 11 Statistical analysis on ground settlement
Euhi 2R FEARKL e KAH/mm #¢/IME/mm FHI{E/ mm FREZE/ mm RIS ]
IR 19 6.22 1.37 2.29 1.18 0.36
L1 41 80.96 21.19 54.75 16.97 0.31
. AR AN JEE —8 0.0~9.0 m, ¥ 5.3 m,
4 %t
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