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Analysis of mechanical performance of clamp-bolted connection joints between steel
structure module units

Wang Junyi', Chen Zhihua', Guo Ning’, Liu Yang', Lyu Taihui’, Han Shuxun’
(1. School of Civil Engineering, Tianjin University; 2. Hebei Haoshi Integrated Housing Co. , Lid. ;
3. China Railway 16th Bureau Electrification Engineering Co. , Lid. )

Abstract: To improve the connection efficiency of steel structure module units, a clamp-bolted connection joint between block units
was proposed. A finite element model of the joint was established to analyze the static performance, seismic performance, and the
influence laws of three parameters (side wall thickness of the welded connection surface between the corner fitting and the module steel
beam (side wall thickness of corner fitting) , wall thickness of the positioning clamp, and wall thickness of the module steel beam) on
the mechanical performance of the joint. The results show that the clamp-bolted connection joint features a simple and reasonable
structure, a clear load-transfer mechanism, and favorable seismic performance; increasing the wall thickness of the module steel beam
can improve the maximum bearing capacity, as well as the overall stiffness and energy dissipation capacity of the joint to a certain
extent; increasing the wall thickness of the positioning clamp can improve the initial stiffness of the joint but reduces its energy
dissipation capacity, and excessive wall thickness of the positioning clamp reduces the ultimate bearing capacity of the joint; increasing
the side wall thickness of the corner fitting can improve the bearing capacity of the joint, and greatly enhances its energy dissipation
capacity, but weakens the stiffness of the joint.
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Fig.1 Schematic diagram of clamp-bolted connection joint
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Table 1 Specimen parameters

FPFOEE  GEALRE BRI

H J&/mm BEIEL/mm B¥JE/mm

S-01 12 8 8

S-02 20 8 8

S-03 16 8 8

S-04 12 10 8

S-05 12 6 8

S-06 12 8 10 B2 BRTERME S

S-07 12 8 12 Fig.2 Finite element model meshing
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Fig.3 Setting of constraint conditions Fig.4 Cyclic loading regime
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Fig.5 Stress contour of failure state in finite element Fig. 6 Comparison of load-displacement
simulation (unit: MPa) curves
3 HRE5HW

3.1 TEmEEeE
3.1.1  #IRAEEX

S, Mises
(CF¥3: 75%)

A BT 2 R ) 2= B (B 7) TR, fa 7000
FE DA FE S AR 8K, A B BT YA T i A ;jfgggj;gg
KN 7 BRAE 7 57 = A 55 B R S i 1 Ak DA S B B 2 #3804e402
SRR AL , 26 W R A R AFBR T A Tad AR AT LA gt
L E T N AE A, 08 AT LR SR 32 7K 37 faf 2 ) 7 2] Ao
PUBYIRCR . B AR TE M 2 R = A AR — o e %%EEE)

JE R T 1 M R R R B 1R I 7 8 B
O TR BB 5 4 13 452 DX B OB P 2
BHOFRINBUR RS, frF SEm R s 87 SENSNAEL)ZE( S4L:MPa)

A TS IAS T A HAR R MR i T2 A T 5 A 8 b ] Fig.7 Sectional stress contour under monotonic
BT 4B ’ ) loading (unit: MPa)




138 ERCPNE N B 54

3.1.2 mERALHEHZE 801
U 3 1 A A IR A (30 2 P 8 R o7
R AU R RIE R AT 0 R (3 6 1 K /Nl a5 ol
WU AR TR PR R I b DR S R S )
LRITATLL S 1B I IR, mE 8 /T = sof
T 4, 7 R 0 A A B8 48 mn, R4 B 67 mm, 20t
T AAE Y SRR BB 108, LRI 45 43 1) K v
fﬁ( 1.011 kN/mm) 5 0 50 100 150 200

£ #%/mm
8 HIAMEBEI TR &

Fig.8 Load-displacement curves under

IR 7 AT SR A FR T o i, 13 B AN R S
BORAE T BRI 0 R R A 2 Y AT A &
B9 fis, iR fF S01 ~S07 [ WIEE 434 1. 011 1. 032,0. 932,
1.000.0.923 1. 112, 1. 080 kN/mm , ¥ FR 7&K % /743 51}y 75.5 .
81.3.85.2.69.1.82.0.81.4 81.3kN, HE 9(a) nl Al ki A HMEEE A 12 mm 3E0E] 20 mm, 55 5 AR B2
FEA TR PR AR 2 T R 75. 5 KN 3SR 3 85 3KN, IR T 12. 98% , 1 -l e JEE 3 il DA /&7 49 a5 (R A BR K
BB 55 AR . FEL9(b) AT, 258 AR AEREJE N 6 mm S INE] 10 mm B, 55 20 A BR #2807 i
82. OkN FEALH] 69. 1kN, TFE T 15. 73% , P I AE SE 47715 A B AN DK 8 67 R AR BE IR T8 K,
& 9(c) A, BE G RCHAR ERE SN 8 mm 3G HNF] 12 mm , 15 55 W EE A — 5 B EE T, B PR AR 2 J7 M 75. S kN 3§
KE] 81 4KN, BT 7. 81% , LT s A ZEARIEZ 5 M DL SR AR 5558 Z5 R A D0 R, 1T LA B4 oA e
A R JEL I I 3 049 S 7R3

monotonic loading

90 90 90
80} P 8ot 80+
70+ B i 70t 70t
60} 60} 60}
Z sof S0l Z sof / S0l Z sof —a01
g 40t : g:gg g 40t i :gzgg g 40t $-06
30+ 30t 301 —S-07
20 201 20+
10 10 10F
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
{3 #%/mm {3 % /mm {7 /mm
(a) A[EIAAPHEEE (b)) ANFEL-RAPREE () ARFBLHENFERE R

E9 RESHENE T LML MBI
Fig.9 Comparison of load-displacement curves under monotonic loading with different parameters
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Table 2 Mechanical performance indexes of different specimens

WS FILANIE/ (KN/mm) 1F [ W {E fof 25/ kN A 1) WAL A7 2K/ kN S YU faf 4/ kN RS % EEREL

S-01 0.912 74. 540 82.450 78.490 1.92
S-02 1.014 81.317 87.579 84.448 7.60 1.18
S-03 0.913 82.120 78.990 80. 560 2.60 1.62
S-04 1.020 77.529 79. 829 78.679 0.24 1.16
S-05 0.902 75.090 82.190 78. 640 0.19 1.57
S-06 1.126 85.990 82.167 84.059 7.09 1.22
S-07 0.948 78.830 78.780 78.810 0. 40 1.65
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Fig. 11 Comparison of skeleton curves of different Fig. 12 Comparison of stiffness degradation curves of
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