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Risk assessment of tunnel undercrossing building based on
improved three-stage method

GUO Yifan, ZHENG Junjie, LIU Hui
(School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan 430074, P. R. China)

Abstract: It is of great significance to assess the risk of building damage along the line that may be caused by
metro tunnel construction. How to balance efficiency and accuracy is a challenge for risk assessment of tunnel
underpass buildings. An improved three-stage building damage assessment method is proposed, in which the
risk of tunnel underpass buildings is initially screened in the first two stages simultaneously from the perspective
of both the hazard of tunnel excavation to the building and the vulnerability of the building itself, and a detailed
multi-indicator assessment of the risk of tunnel underpass buildings is performed in the third stage. In the initial
risk screening, Peck empirical formula and the ultimate tensile strain method are used to assess the hazard of
tunnel excavation to the building, and the building integrity and the building’ physical characteristics are used as
the basis for building vulnerability assessment. In the detailed assessment of buildings damage risk, a three-
dimensional finite element numerical model is established and multiple control indicators are selected to

comprehensively assess the building damage risk caused by tunnel underpass. A shield tunnel underpass
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masonry building project is taken as an example to verify the rationality of the proposed method, and the results

show that the introduction of vulnerability assessment as another basis for initial risk screening can effectively

avoid underestimation of risk. The comparison of the assessment results with the measured shows that the

improved three-stage method can accurately assess the risk of tunnel underpass buildings.

Keywords: improved three-stage method; tunnel underpass building; building damage; vulnerability; risk

assessment
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Fig.1 Process of the improved three-stage building

damage assessment method
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Fig.2 Schematic diagram of building deformation
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Table 1 Classification of building damage grade based on

ultimate tensile strain"”’
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Table 2 Assessment of masonry building damage degree

SEREJE

FRAEH A

e A SRS AR T AT WL AR IR
eI
B VR AT W AR I 5 A K AT R, g
L] SR AR AT AR 5

3 B A OC L4 5 05 -8 5 17D 9 T LR IR

SRR BRI s D e R OT 2, BB T BN T 5 mm s A SRS (/W Bl /AR /B Ok 5 1] A R I
B 5~15 mm; S8 WI AL L /A% Bl /BRSO 5 1) oA W] R A2 T
AR T 28 B S8 BT 15 mm s KA VER AR (0 /KA By /W /5 5 1] o A )™ AR OB

Sy PRI 895 2 B B M 2 451 98 M0k Ak
T A ST PR AEOR VP AN £ SR Sy E . A5 Y
Py BEARFAE AS [R5 BOLAR P R AL BE T % 5= 19
ERRIN G, 75 1% B BERL S 457 48 20V Ok SR AE
S BB A [ 0 R AR o B T T 42 S B S I
ARURYE . O T ARAS R SRR W B AR, 7 BN O
B AE BHEAT TR0 A R AT o S A W B A AT
240 3 2 45 R R AR R L AR A 79 958 2 JFG v 45 4 e i

vk 48 Bk b, o 3 S B A B A S e IR R E
SCT AN Gy W, 2 B%E R T 5 i HE 7 4 1~4.
SR 1Y) 45 R R AE AE B B PE D 4 op S R T (AR AR
K, ST B AE (14 45 52 i DR 2R 56 R 1Y) B 6 O
Oy B AU WL 3 3. 3R 3 S B R AR & F b0
55 % T 2 0 BE R AR R bR A K
5 2 W U IR IR 3E Polsby %442 1 i
A KL 2B T E

SRR A O e 2 1 i B O WS A e RS S T ] Ig:mi (11)
47 2 3 AN B R PR 2 R, LA R R A ‘ P
HEFBIR B SRS 3 N E . fegy VT AR PR K
®3 ETERAYESTENSREES
Table 3 Vulnerability scoring based on building physical characteristics
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Table 4 Classification of building vulnerability grade

based on vulnerability index
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Table 5 Calculation results of ultimate tensile strain method
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Table 6 Physical and mechanical properties of soil
~ref ref ref ref
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@, F BTk 1 0.8 20. 2 19.3 20.7 44 025 2.0 5870 5870 29 350
@, 41 7.6 19.4 1.5 32.0 72 045 2.0 16 010 16 010 48030
@, 41 12.9 19.5 1.5 34.0 79 245 2.0 17 610 17 610 52 830
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Fig.4 Finite element model
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Fig. 5 Calculation results of bottom settlement of

building longitudinal wall
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Fig. 6 Principal tensile strain nephogram of longitudinal

walls
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