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Security Status Evaluation of Metro Shield Tunnel Segments

ZHANG Yong, FU Shanxian
( School of Management, Xi’an University of Architecture and Technology, Xi’an 710054, China )

Abstract: In view of an accurate evaluation of the security status of metro shield tunnel segments, based on the

analysis of the formation mechanism of structural defects in metro shield tunnel segments, an evaluation index system is

established from five aspects: segment deformation, water leakage, cracks, arch detachment, and material degradation,

followed by a division of the security status evaluation level of the segment structure, as well as a construction of an

unknown measurement function, with the weight determined by the G2 method based on entropy improvement, and

the risk level determined based on the confidence recognition criterion. The model is applied to a metro shield tunnel

in Hangzhou to evaluate the security status of its segment structure. The research results indicate that the application of

uncertainty measurement theory can accurately evaluate the security level of tunnel segments, with accurate results and

strong practicality.

Keywords: shield tunnel; pipe segment; G2 method; uncertainty measurement theory
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Fig. 1 Segment deformation fault tree model
12 ERgRKkSH
121 %%

BlwK, FERIGH T KSHE KR s
BRI R R LS . e . ST U AR
T P A A L R R R 1 B T KOS
AR, —BofF B K o iR . Bk, . T
Jewdh 4 PRI
122 FHARRA

1) BiKFRERES L. JETREE S B TRk 2



555 4 ik B, &

KAEAEARAEAL (BRGE, YhdE | 5% ) FIfLiAL (12
RefL. AL o B IRGEAL PR B S AR R K
FORHERZ 2 A IR TT | iR LA E Y TR I
TERITE, A5 MBUEAE | 2l . Wb K AR a5 1
D, B AR A 1885 e 4 A 7 7K A R Rk
5, FEBRKRR.

2) BRIERAIYSITURE . T B AR A
THUR KO LU T g HUZE A, BRI S5 7 Bz B R
T = SN = NI 8 2| 7N (L 5 w2y N R TIPS
FRRME T, S HBABSNTIRE, XS
FrREEAL SR ITTARTE T e 8 K T AR TE 2 (il sk 2 e
T BARS B WAL, DT 8 B LKA 2k
KAEBWRAR .

AR 18 U 7K B DR 23 il 5 45 18 T K i
BRI, AN 2 TR .

BBk

AL BTL 5 ot
#ih i LEEI

B2 #RERKSRERMER

Fig. 2 Fault tree model for pipe segment water leakage
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Fig. 4 Fault tree model for pipe segment material degradation
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Table 1
metro shield tunnel segment structures
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Table 2 Pipe sheet deformation judgment criteria table
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Table 3  Criteria for judging pipe sheet cracks
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Table 4 Judgement criteria for water leakage of
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pipe segments
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Table 5 Judging criteria for pipe segment arch dislodgement
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Table 6 Judgment criteria for material degradation of

pipe segments
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Table 7 Disease data detection statistics table
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Table 12 Evaluation criteria for the security status of
pipe segments
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w, =(0.07,0.07,0.07,0.07,0.11,0.07,0.08,
0.08,0.08,0.07,0.07,0.08,0.07) ,
WP (8) HEER 4 N IX BN Z45hrgs 4l
FEVEM R
u, = (0.48,0.30,0.15,0.07),
u,, =(0.38,0.37,0.23,0.02),
u;, =(0.16,0.53 0.31,0),
u,, =(0.29,0.25,0.43,0.03).
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X (10) 15453

1) K5+486~K5+516,

t, =min{0.48+0.30=0.78> 0.6} =2 ;

2) K5+520~K5+546,

7, =min{0.38+0.37=0.75> 0.6} =2 ;

3 ) K5+550~K5+576,

£, =min{0.16+0.53+0.31=1>0.6} =3 ;
4) K5+580~K6+100,
7, =min{0.29+0.25+0.43=0.97 > 0.6} =3 ,
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Table 13 Pipe segment structure security evaluation ratings
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