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In order to realize the efficient assembly of modular steel frame structures, finite element and theoretical analyses
were conducted on the proposed new modular steel frame inter-module fully bolted assembled inner sleeve connection
joints proposed by the group. Parametric analysis on the new inter-module connection joints with different structural
parameters under static and quasi-static loading were conducted by using the validated ABAQUS finite element
model. The effects of parameters such as the length and thickness of the inner sleeve, the thickness of the connecting
plate and the spacing of the module columns on the bearing capacity of the new connection joints were investigated.
The results show that the bearing capacity and seismic behavior of the new inter-module connection joints are good. In
the affected domain of the beam, increasing the length of the inner sleeve can significantly improve the mechanical
performance of the new connection joints. Based on the analysis results, this study gives suggestions for the
optimization and design of the new connection joints, and establishes a simplified restoring force model suitable for the
new connection joints, which provides a reference for the further popularization and application of modular steel frame
structure to realize industrialization development.

modular steel frame; connection joint; finite element analysis; mechanical property; restoring force model
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Fig.1 New inter-module connection joint
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Fig. 2 Schematic diagram of local optimization
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Fig.4 Establishment of finite element model

Ry LS AR S R T R 32 i R A BRI A T i
FEEAE R 5 T PR g R 5 — 2. A AT o 0 R s 7 AT
2% 5 (Reference) , % F# & (Coupling) J7 24 4 v Al
ey m Y B EARESH A, ERG S
da) JIT 735 1 24 SR O M40 9% v AR 3 B 25 . R T
WS, E a8 B v 8 2 A Hr B AT AR5 1A
it TN 458 /0N 1) MR T T R T K A R 7, LA A A S
RSB AT 345 248, JEF VG Y R it 4 R 02 1 55 4, I
iz B0, 3 (10 Bl R bt oA 0025 A A 285 55 320 B 18R i B
SRy [ Y ETR S5 4 25, O o o TR B A AR AE 2
A Z A0 [ 32 T F G R R S 3 AR R R R A
TOURE £ o5 A 42 AT B i 28 1 7 2R A 7 2 R AN A 2%

22 BRTHERIEIE

Shy 56 UE AR SCASE B 18] 3% 422 95 A PR T AR R 1) 1T EE
K HIAS SC i 57 ABAQUS A FR T 1 %6 SCifik [ 22-23 ]
Hh R A R (BT R R AT B 4 A, O 5 R 06 5 R AT %
Fe o 20 ik B Sk [22-23 1 AR RN T B A A
STLA I A7 & SCL, X HE A7 B 3 i 48 Fn 416 I8 1 &2
PIIE"REIER: £V

& 5~8 it , k[ 22-23]H i 4 ST 1 AT SC1 78
Topofin 22 ) T A 30 g I A 2 e I Ok R R 3 R AL R
A IR BEEZL LL T MR 5 3 oy B e A (R B A R
Hi, A SC A BR TR DL 45 S R, R A i 4 0 A 2 B
T W RS, AR SR I AR, S
SCHR [ 22-23 ] 1032056 Bl IR AR 2 S ARAH [

+4.021e+02
+3.688e+02
+3.355e+02
+3.022¢+02
+2.689e+02
+2.356e+02
+2.023e+02
+1.689¢+02
+1.356e+02
+1.023e+02
+6.900e+01
+3.569e+01
+2.372e+00

b) RFSTIASCATBRIC M 1 2 [ (S MPa)
B5 K4 ST1RIEMEIKE 5HRTEMN
IR X b

Fig.5 Comparison of failure modes between

monotonic loading test and finite element

simulation of specimen ST1
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Fig. 14 Comparison of load-displacement curves of joints with different parameters
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Table 3 Static performance analysis results of joints

AR 5 JE R AT /KN JEBRAZAS /mm YA AT /KN RE I wa/ %
BASE 110.10 81.03 130.60 —
JD1-N360 114.32 84.35 135.21 3.404
JD2-N810 130.20 87.69 153.42 17.474
JD3-N1110 138.96 87.29 164.15 25.69 4
JD4-T6 65.01 38.07 74.03 —43.32y
JD5-T14 112.69 80.97 133.78 2.38 4
JD6-T18 111.96 77.67 134.58 2.96 4
JD7-B14 114.60 79.95 134.64 3.09 4
JD8-B16 117.02 81.36 139.09 6.50 4
JD9-B20 120.18 81.11 142.63 9.214
JD10-J4 108.46 81.53 129.24 —0.92
JD11-J6 112.79 80.48 132.55 1.494
JD12-J7 111.27 80.98 131.01 0.314
JD13-720 110.15 81.52 130.26 —0.26 v
JD14-730 109.21 81.92 129.20 —0.77 ¥
JD15-240 108.65 82.42 128.51 —1.60 Y
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Fig. 16 Hysteresis curves of joints with different parameters
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with different parameters
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Table 4 Quasi-static performance analysis results of joints

AR G 5 R AT 3 /KN JE R AZ A% /mm M7 3 /KN RBEA KGN/ %
BASE 104.96 71.76 124.04 —
JD1-N360 100.96 70.09 118.45 —4.51Y
JD2-N810 123.40 76.96 145.03 16.92 4
JD3-N1110 126.89 72.53 148.15 19.44 4
JD5-T14 107.53 70.37 127.06 2.43 4
JD6-T18 108.58 69.73 128.40 3.51 4
JD7-B14 107.14 70.23 126.91 2.31 4
JD8-B16 109.94 71.37 131.02 5.63 4
JD9-B20 113.06 66.54 132.83 7.09 4
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Fig. 18 Stiffness degradation curves of joints

with different parameters
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Fig. 20 Stiffness degradation law of joints at all stages
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