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Research Objective 
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Note: K=key segments, L1, L2=adjacent segments, 

B1~B7= standard segments.
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Research Method 
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Research Innovation Points 

 By establishing a refined numerical model, the 

deformation and failure mechanism of the segment 

ring in large-diameter shield tunnel was analyzed 

Formation process of  

macro performance points 
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Research Innovation Points 

 Proposed deformation control standards applicable 

to large-diameter shield tunnel segments (8‰) 

Formation process of macro performance points. 

0 50 100 150 200 250 300 350
0

50

100

150

200

250

300

350

G
en

er
al

iz
ed

 l
o
ad

 P
/k

N

Transverse deformation D/mm

E
D

B
C

A

IV

III

IIb

IIa
L1 L2

B1

F

B2

B3

B4

B5

B6

B7

9°351°

313°

275°

237°

199° 161°

123°

85°

47°

D

Concrete crushing at 161° and 199°

Concrete crushing at 9° and 351°

Concrete crushing 

at 85° and 275°
Bolts of 161° and 

199° yielding

Bolts of 9° and 351° yielding

Bolts of 85° and 275° yielding

Loading method varies

Ultimate pointYielding pointElastic point

I

Control point (8 ‰) 

Ensure safe operation of tunnels JZ
US-A



Conclusions 

 The transverse deformation during the formation of 

the first semi-plastic hinge (i.e., the first yield point) 

of the structure is selected as the deformation 

control value for large-diameter shield tunnel 

segments and is equal to 8‰ of the segment’s outer 

diameter. This control value can serve as a 

reinforcement standard for preventing the failure of 

large diameter shield tunnel segments. 

 The transverse deformation of a large-diameter 

shield segmental ring can be divided into four 

stages: i) linear growth stage (Stage I); ii) quasi-

linear growth stage (Stage IIa, Stage IIb); iii) 

nonlinear growth stage (Stage III); iv) failure stage 

(Stage IV). 
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