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Effect of Circumferential Bolt Corrosion on Ultimate Bearing

Capacity of Shield Tunnel

Yin Jianguang, Jin Hao,Gong Quanmei,Zhou Shunhua
(1.Key Laboratory of Road and Traffic Engineering of the Ministry of Education, Tongji University, Shanghai 201804, P. R. China;
2. Shanghai key Laboratory of Rail Infrastructure Durability and System Safety, Shanghai 201804, P. R. China)

Abstract: Circumferential bolts are subjected to corrosion factors such as water and electricity, lowering the
bearing capacity of the shield tunnel structure. In view of this, through the establishment of a finite-element model
which can reflect the corrosion of the circumferential bolt, the changes of the deformation, the longitudinal joint opening
and the stress of the bolt under the 0%, 3%, 5% and 10% corrosion conditions were discussed. The results show that:
(1) With the deepening of bolt corrosion, the convergence deformation and longitudinal joint opening of shield tunnel
are significantly increased. The effect of high corrosion rate (10%) on the longitudinal joint opening at the arch is most
significant. Compared with the unrust group, the opening amount increases nearly one time. (2) The stress level of the
top and the bottom bolt increases with the corrosion rate, and the stress level before yield increases and enters the yield
stage earlier. (3) The stress of the waist bolt increases with the corrosion rate through the whole process.

Keywords: underground railway; shield tunnel; bolt corrosion; FEM; bearing capacity
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Fig. 1 Schematic diagram of the circuit connection of test
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Table 1 Corrosion rate record of the test
FEC S (3 2 IV S 1 N 1 = o 4 1 s 411
%7 SR/ A /h /% /%
1 0 0 0 0
2 2 42.6 3 3.25
3 2 42.6 3 3.19
4 5 17.0 3 2.81
5 2 71 5 6.11
6 2 71 5 5.32
7 5 28.4 5 5.02
8 2 142 10 9.84
9 2 142 10 9.67
10 5 56.8 10 10.12

®2 HAEFHREBILRR

Table 2 Corrosion mass record of the test

W FHER EH K RS BRSE
g WREE/A 0 BME/h R Jia JEa

1 0 0 2937.60 2937.60 2 937.60
2 2 42.6  2877.87 2858.74 2784.34
3 2 42.6  2860.25 2823.12 2769.01
4 5 17.0  2916.04 2929.63 2 834.10
5 2 71 3024.70 3196.26 2 839.89
6 2 71 299533 3124.11 2 835.98
7 5 28.4  2980.65 3089.65 2 831.02
8 2 142 2904.30 2992.90 2 618.51
9 2 142 292192 3027.20 2 639.37
10 5 56.8 2927.79 3045.03 2 631.50
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Fig. 3 Deformation process of corrosion expansion force
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Fig. 5 Full-scale load test
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Fig. 6 Convergent deformation of full-scale

test and numerical simulation
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Fig. 8 Convergent deformation of lining ring ( whole process)
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Fig. 9 Convergent deformation of lining ring ( plastic process)
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Fig. 10 Inner joint opening of top block and adjacent block
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