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Numerical study on mechanical behavior of bent bolted connection in
shield tunnel under effect of preload
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(1. Key Laboratory of Coast Civil Structure Safety of Ministry of Education, Tianjin University, Tianjin 300354, China; 2. School of Civil

Engineering, Tianjin University, Tianjin 300354, China)
Abstract: With the help of ABAQUS FEM software, a numerical study is carried out on the mechanical properties of bent
bolted connection in shield tunnel under the effect of preload, which offers theoretical evidence for the design and construction
of bolted connection, considering the DP constitutive model fit for concrete as well as the plastic constitutive model fit for steel.
The differences between the effect of preload under different load cases are analyzed, and the principle of the preload effect is
revealed. The results show that the preload can improve the structural behavior of bent bolted connection, the restraint on the
segment increases, and the entire deformation decreases.
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Table 1 Geometric sizes of bolt

RAT WR A 2% WR A2 R AL R AL

HiZ K Pt =55 HiZ
30 mm 550 mm 360 mm 24 mm 52 mm
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Fig. 1 Construction drawing of bolt and hole
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Table 2 Material parameters of bolt

MR AR PrinmEE  JEARGRE MR
8.8 % 800 MPa 640 MPa 2.1x10°MPa
10.9 2% 1000 MPa 900 MPa 2.1x10°MPa
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Fig. 2 Division of model mesh
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Fig. 3 Boundary conditions and loads of model

2 BESH
2.1 HEIR

(D BRI SCSE, ORI 6 5 26 AH %
TR E JE MIBETE AT W PR N 77, (EH LA FHCEAE
NGRR3R G A R

(2) HHPVERE 8.8 i mig e Tidi /14 280
kN, 10.9 Z¢ =g Fihi /128 355 kN. LU~ 12
Pl LT V5

RISy T 1—6 i 8.8 i mnmigte, T
L 7—12 {109 Kmomigse; L% ikl T
1—3 F1 7—9 ANHINTRE /3, TOL 4—6 Jtihn 280 kN
77, T80 10—12 N 355 kN FUE 175 daiakdl
a5y TH1, 4, 7, 10 AAEAEVER, 8.8 Zimah
JEAEEY 310 kKNm, 10.9 ZZHX 500 kN-m; T4 2, 5, 8,
11 N4 JIfER, 8.8 ZimmmiBseit 1100 kN, 10.9
ZeHL 1750 kKN; T3, 6, 9, 12 AZHHIHEE
F, HUESHE 300 kN-m, %7 1100 kN,
2.2 MENERGERSH

XPIR RS AN T 77, BTS2 DR

(1) 8.8 oI

Y WA 43 SRR FNISAF B 4, LR ) WL 4.

s, 811

Max: 14.353e 1002

(a) 8.8 ZFEBIBHRIBF 1= E

Max: +6.567e+02
Elem: BOLT-NEW-1.1745
Node: 7432

Min: -4.965¢+02
Elem: BOLT-NEW-1.2558
Node: 87

t.:
(b) 8.8 HHRIBHIRIE B E &R 1= E

4 8.8 HmiRiEie AN H = E
Fig. 4 Stresses of high-strength bolt 8.8
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Fig. 5 Axial stresses of bolt under bending moment
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Fig. 6 Axial stresses of preload bolt under bending moment
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Fig. 7 Axial stress of bolt under axial force
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Fig. 8 Axial stresses of preload bolt under axial force
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Table 3 Deformation statistics of model

At L BREEMmMTKFE/mm  AKTF RKEBEE
# . A P fiFe/mm A /mm
1 -0.0211 0.8067 2.628 2.652
s 4 700204 0.1580 1.840 -2.299
7 -0.0402  1.4131 4.664 -4.671
10 0.0684  0.5814 3.048 -4.160
2 15276 -0.0857  -5.030 6.036
gy 5 09098 00901 4431 4.783
8 27080 -0.1613  -8.794 10.610
11 20133 -0.1689  -8.052 9.129
w4 3 04995 -0.0029  —2.598 2.642
I 0.1274  -0.0388  -2.232 2.067
ga 9 04911 00523 2571 2.608
12 00832 -0.0350  -2.684 2.154
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