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Abstract: Based on the similar model test of large-section excavation under the action of pipe-roof
and beam, the variation law of pipe-roof deformation and surface settlement caused by
excavation was studied. In order to fully study the influence of parameter changes on the pipe-roof
deformation and surface settlement, a three-dimensional numerical model was established by
using the finite element software. Based on this model, the effects of the flexural stiffness of the
pipe-roof and the beam on the pipe-roof deformation and surface settlement were analyzed, and
the optimal stiffness matching was studied according to the fuzzy mathematical theory. The
results indicate that the overall deformation of the pipe-roof structure resembles a “plate” and
exhibits symmetry about the middle pipe-roof. The surface settlement of the cross section of the
pipe-roof forms a “grooved” pattern, conforming to the Peck curve distribution. The pipe-roof
deformation and surface settlement are exponential functions of the beam stiffness and the
pipe-roof stiffness, with greater sensitivity to changes in the beam stiffness. The safety and
economy can be taken into account when the beam stiffness and the pipe-roof stiffness are 0. 5D
and 2K respectively.
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Fig. 1 Plan view of Shifu Road station
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Table 1 Physico-mechanical parameters
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Fig. 6 Pipe-roof deformation at section P1
and P2 after excavation
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Fig. 7 Variation of pipe-roof deformation with

excavation length at P1-3 and P2-3
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excavation
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Table 4 Calculation results of membership .
of fuzzy comprehensive evaluation

i l i l
1 0.50 6 0.49
2 0.67 7 0.08
3 0.38 8 0.38
4 0.55 9 0.50
5 0.29

4 45

D) 2 RS A8 I — o i i 22
PEERUT 7, BT mx fr . i IE
FFL4y N8 A B 0 A G in = A B B
HY 2K SR B e 1. OB i HA8IE
Bl FF 2K BE IS NS 2 1 K . 35 v M 3R IR 22
53 0 F- G FIGHIE A~ B B, T2 25 8 5 v
VB TF Ml R T S U AU 53 A, 135 6 Peck TR

2) AR RN M R TR Y 5 R R W
FEHEDUES NI AR BOREOC R, HA w8 IE Fl
b R X R 2 O 2 A A T Sy B

3) BN N 0. SK I % 2K I, 45 s
T F b DR A 0/N 2 27 91% F128. 62%. 4
BHENIEE N 0. SD I N2 2D W}, A5 HE AR T8 Fish
LR BN 9. 41% F1 10%.

4) G HENI B 5 SRR EE 43028 0. 5D F1 2K
B, T DASHEI 2 4 5 2 0

Sk

[ 1] JiaPJ,Zhao W,Khoshghalb A, et al. A new model to predict
ground surface settlement induced by jacked pipes with
flanges [ J ]. Tunnelling and Underground Space Technology,
2020,98:103330.

[2] Jia P J, Zhao W, Chen Y, et al. A case study on the
application of the steel tube slab structure in construction of
a subway station[ ] ].Applied Sciences,2018,8(9) :1437.

[3] Yang X, Li Y S.Research of surface settlement for a
single arch long-span subway station using the Pipe-roof
pre-construction method [ J | . Tunnelling and Underground
Space Technology,2018,72:210-217.

(4] W, A= m B, B A, 45 AT P T AR T I T 48 e

J1AAR R BT [0 ], ACBRIE R A, 2006,43(1) : 22~
27,31.
(Xiao Shi-guo, Li Xiang-yang, Xia Cai-chu, et al.Study on
the behavior of the upper pipe-curtain during the advance of
a box culvert within pipe - curtains by a model test [J].
Modern Tunnelling Technology,2006,43(1):22-27,31.)

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

SKARPT X SC, XS TR, A5 L T S 70 A e 8 486 1o )
FEM AR08 5 SRR UELT ] BT RS T AR A2
2019,27(6):1321-1332.

(Zhang Chao-zhe, Zhao Wen, Liu Song-yu, et al. Equivalent
lateral stiffness method and verification of new pipe roofing
structure for underground supporting. [J]. Journal of Basic
Science and Engineering,2019,27(6):1321-1332.)

Jia P J,Zhao W, Du X, et al.Study on ground settlement and
structural deformation for large span subway station using a
new pre-supporting system|[J].Royal Society Open Science,
2019,6(2):181035.

Aksoy C O, Onargan T.The role of umbrella arch and face
bolt as deformation preventing support system in preventing
building damages [J]. Tunnelling and Underground Space
Technology,2010,25(5) :553-559.

Hisatake M, Ohno S. Effects of pipe roof supports and the
excavation method on the displacements above a tunnel face
[J]. Tunnelling and Underground Space Technology, 2008,
23(2):120-127.

L NG, ThR, A5 TR OR BE RE I R B RO
RIWFFELT ], AR TRE2=H,2015,48(supl ) :429-434.
(Tan Zhong - sheng , Sun Xiao -jing, Ma Dong , et al.
Experimental research of pipe-roof pre-supporting
technology for the shallow large-span tunnel[J].China Civil
Engineering Journal ,2015,48(sup1) :429-434.)

SR, S SEREAR AR U BRI T AR TR AR 81
BN [V ] AR S TR, 2017,17(23) :83-88.
(Gong Jian-wu, Sheng Hao, Qi Pei-lin.Similar model study
on deformation characteristics of tunnel with pipe - roof
reinforcement during construction [J]. Science Technology
and Engineering,2017,17(23):83-88.)

Xie X Y, Zhao M R, Shahrour I.Face stability model for
rectangular large excavations reinforced by pipe roofing[J].
Tunnelling and Underground Space Technology, 2019, 94:
103132.

SR, TR AT, SR, A K R B T A A TS T E
Je g At R [ ], & A1 T35 5 TR, 2016,35(6) :
1214-1224.

(Guo Xuan, Zhang Hong-ru, Meng Jiao, et al. Model test
to earth pressure distribution on pipe roof of tunnels as
pre-supporting system in weak surrounding rock[J ].Chinese
Journal of Rock Mechanics and Engineering,2016,35(6) :
1214-1224.)

Guo X Y, Wang Z Z, Geng P, et al. Ground surface
settlement response to subway station construction activities
using  pile-beam-arch  method [ J | . Tunnelling  and
Underground Space Technology,2021,108:103729.

AR BEE  RFR AE ET IR B - BRI B R
B LRI AT FE [T ] AR 22 240 (A SR BEA AR L 2016, 44
(4):570-576.

(Miao Yuan-bing , Wei Wen , Chen Ren-chun , et al.
Orthogonal experiment on the of soil similar material [J].
Journal of Fuzhou University (Natural Science Edition) ,
2016,44(4):570-576.)

Lu B,Dong J C,Zhao W, et al.Novel pipe-roof method for a
super shallow buried and large - span metro underground
station[ J . Underground Space,2022,7(1) :134-150.



