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Influence of foundation settlement on mechanical performance of shear
keys of segment joints in immersed tube tunnels

LIU Yu-yang, XIE Yong-li, LAl Hong-peng, ZHANG Hong-guang
(Key Laboratory for Bridge and Tunnel of Shaanxi Province, Chang’an University, Xi'an 710064, China)

Abstract: In order to have a more comprehensive understanding of the influence of foundation settlement on mechanical
performance of shear keys of segment joints in immersed tube tunnels, based on the5 immersed tube tunnel project of Hong
Kong-Zhuhai-Macao Bridge, large-scare model tests with geometric similarity ratio of 1  4.69 under two different settlement
working conditions are systematically carried out. A finite element numerical simulation on segments of the real immersed tube
tunnel is made simultaneously. The mechanical properties of shear key of segment joints and the distribution of shear force are
studied. The experimental results show that: (1) The dominant influence on change of stress in the shear keys is induced by the
foundation settlement. (2) In the process of foundation settlement, the stress value of the horizontal shear keys is relatively
small; (3) The lower end of the angle of shear keys in middle walls is compressed earlier than the same position in side walls,
and the former is larger than the latter one in the value of stress, so the shear keys in the middle wall is crushed firstly; (4) The
deformation trend of vertical shear keys is that the lower part is being compressed and the upper part is moving apart with shear
key trough, the shear force distribution of the roots of shear keys among a joint relates closely with the setting position of shear
keys, and in a cross section the foundation subsidence at one side leads to horizontal pull effect on the linings of immersed tube
at the other side; (5) The equations for the maximum shear force and foundation settlement in a joint are put forward as well as
the vertical shear ratio among the vertical shear force in the joint.
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Fig. 1 Cross section of segment joint of immersed tube tunnel
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Fig. 3 Settlement simulation test platform
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Fig. 4 Immersed tube model
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Fig. 5 Schematic diagram of “fabricated shear key”
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Fig. 7 Three rectangular resistance strain rosettes
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Fig. 8 Layout of shear key strain rosettes
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Fig. 10 Torsion of middle segment
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Fig. 11 Immersed tube joint section, the foundation and the
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Fig. 12 Section of three immersed tube joints
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Table 1 Parameters of numerical model

eVl HVERCR E/Pa WIRALLY  HE/(KN-m)
Bii)n 2.5%10’ 0.32 11.00(77 5 %)
K — — 10.06
) 3.45X10" 0.20 25.82
ik He 2.5%X107 0.32 11.00(7F FJE)
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Fig. 14 Curves of shear key settlement in middle wall versus third

principal stress
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Fig. 15 Curves of shear key settlement in side wall versus third

principal stress
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Fig. 16 Vector diagram of shear key stress in middle wall under
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Fig. 19 Curves of shear key settlement in side wall versus third

principal stress at larger settlement side
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Fig. 22 Curves of vertical shear versus foundation settlement
Ertr LAEMMT RN, BT A RSk A BY B
(KA1 BT T AT B R IO R .
301 —=— HFHYIRELS mm
—o— HEEHIFES.0 mm
—— YIRS mm

¥ H1IFEYIFE6.0 mm
—— HEEYTF%9.0 mm

A GE

24}

B

6L

¢ D FH B
LLpL A
23 B 758K T 1 Rl BB T 1k ph 2%
Fig. 23 Curves of horizontal shear versus foundation settlement
GRS THUN, RS B SR 5T (A
LT A BY 5 ) % 1 B AP BY y, ET B
&) BY ) By bR 2 I Gty R AT R s
SRBY BRI S, AR I Ze U S B A
0.99991, Wil 24 fros. SbETrREQrR
y=27661x+3632 , 2)
b,y TSRS IR KBTI (ND, x IR

& (mm).

GE

2 3 4 5 6 71 8 9 10
YT B /mm
24 ik C B AR 557 ) thik
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Table 2 Vertical shear bearing ratios of vertical shear keys

WHREE  — _ LRIy _ TET IR
VIR 1.5 mm YR 3.0 mm UTF% 4.5 mm UTF% 6.0 mm UTF% 9.0 mm kb
kG 4 0.20 0.23 0.23 0.23 0.23 0.22
s C 0.30 0.27 0.27 0.27 0.27 0.28
HRE D 0.30 0.27 0.27 0.27 0.27 0.28
k% B 0.20 0.23 0.23 0.23 0.23 0.22
F 3 BET AR EE RIEL
Table 3 Vertical shear bearing ratios of vertical shear keys
B AT VL% 1.0 mm VI 2.0 mm VL 3.0 mm VI 4.0 mm VB 5.0 mm  FIYEY JiaREk L
%5 A 0.40 0.43 0.44 0.45 0.45 0.43
ks C 0.48 0.44 0.43 0.43 0.43 0.44
ik D 0.11 0.12 0.12 0.12 0.12 0.12
%% B 0.01 0.01 0.00 0.00 0.00 0.01
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