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Experimental study on seismic performance of plug-in seismic isolation

connection joints for box-type modular steel structure
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Abstract: In order to better apply the isolation technology to the modular structure, a cross plug-in damping and
isolation connection node suitable for modular steel building was designed. Four node specimens were loaded
monotonically and cyclically in the shear direction under different vertical pressures, and the seismic performance of
the nodes in the shear direction was obtained by analyzing the damage patterns and load displacement curves of the
nodes. The results indicate that the deformation mode of the node is dominated by shear deformation of the rubber
bearing, while all other steel components remain in the elastic state. The experimental phenomena and load-
displacement curves demonstrate that the seismic isolation node fully utilizes the performance of the rubber bearing.
With the increase of shear deformation, the equivalent stiffness of the node and the horizontal stiffness after yielding
due to the hardening of the rubber material will first decrease and then increase. The yield force shows a linear upward
trend, while the equivalent damping ratio shows a linear downward trend. Under the same shear deformation, with
the increase of vertical pressure, the horizontal stiffness after yield will decrease, and the change of equivalent stiffness
is not obvious. Both the yield force and the equivalent damping ratio increase with the increase in vertical pressure.
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Fig.3 Schematic diagram of substructure studied
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Tab.1 Specimen number and main parameters
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Fig. 5 Loading and failure modes of material specimens
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Tab.3 Equivalent stiffness at different shear
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Tab. 6 Yield force under different shear deformations

Jai i 73 /&N
%5
100% 250% 300%% 400%
ID-3 3.98 5.34 5.79 7.78
ID-4 5.10 7.07 7.13 8.41
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Fig. 16 Yield force under different shear deformations
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Tab.7 Equivalent damping ratios under different shear

deformations
. S b/ %
i
100 250 300 400
JD-3 23.66 16.74 15.62 13.31
JD-4 23.14 18.76 16.97 13.79
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Fig. 17 Equivalent damping ratios under different shear

deformations

5 ID-34HE, JD-4 i % ] 334 K, HAAE BT V)
ASTE 100 % N S 2% B JE He g /N T TD -3, 76 87 Y1 48 &
250%.300% M1400% F ¥ T ID-3,HIF A .
JEE R 2 8 i) 7 A 38 K3 SO S PR RE RE R 50, [l bhf
T I FERE G K, SRR I SR W BE FEAIG , M 45
BBH RS k. TD-3 5 TD-4 Wi st =7 JAE R 25 R4 BEL
Je LB BT UIAS T (1 18 K S IR TR 3

4 #ig

AT T dE T A AN 5 A @
VBB 72 T L IR 2 St A4S T ABGRAEAE A [F] 1 1)
FE J77F 43 730 B4 T 96 B o0 280 R0 B8 Jin 280038 , x5
SR IT B BILLT 458

(1) bt % 87 Y1748 FE I\ 100 % ~400 % , 5 be 7% 15
S [ B TR e R e 595. 5% o A [ Y BT 11 AR R
A E AW E N R & S A B 2 TR AR S N - 1§ 5
M 10 MPa 34 K F1| 12 MPa 5 S0 [u] 35 180 AL 4% 55 19
W BN 18. 7% FEAIRE) 13. 3% . 5 15 s AE K AS T
THA R FRFERERE T .

(2) 77 s e BT YIS 2 3 B v RE BE 35 25 B At ol
PRAM B A BY V1A T 18 JRIE e AR JG W B 2 TR
{H i 5 BY DI AS T 1 4k 2L 38 K A MRl &5 & AR 1 AL
Sk T AR A 43 W EE DA YT 0 S WY S i
iR S W i 5 B 1A% T 4 1 K i SE R AR P T

(3) 7 sl it Rk 7 B BT U1 AE T 44 K 2 Rk b
T A, BT Y138 FE M 100 % ~400 % , 95 b 7% 7 5 R
Mk 7385 K32 i 95. 5% AHE I BT P AR T2 T 1% o) K
TR A e Al v D R S RS 1 i Al B O e
SE T 1 s e AR T i 1) e R OK R AR 2
PR, DT 17 2 0 Je AR 0 9 5

(4) 17 20 S5 R0 B JE H Bl BY DI AS T2 16 18 Ok 5 4%
PE R B R, 3T U138 FE ML 100 % ~400% , 8 b 7% 47
SR R R 2 PR AR 43. 7% . M F A BT D) AS



54

W5, 45« A A H AL B 25 ) 48 N DB bRl 72 3 e

MU RE IR T 483

8 g B AR R AR R P e e B 2 42 M A
e 18 1) I 7 B 38 R 2 die v AR U S R RS Y FE REfE
T3, SR B 7K P S W BE R AR BRI, T A5 0 4R 2 B
JELLHE K

(5) 717 i B9 A8 T AR X SR AR 52 8 o A B
ARTE | A BE S I B i J3E AR W R AN | B3 AR i 52 B b
At B9 45 ) T 43 4 A0 T SRR DR 0 T TR A
RAE T AR SR PERE o

2 % 3Lk References

(1] R8T, B, % . WHESE LT L4 55 1Y
YA MR R RERF ST [T]. VG e R IURR R 54
(B ABHERR) ,2023,55(2) :205-210.
XU Yinglu, SHANG Yongfang, MA Pengbo, et al.
Study on the hysteretic performance of flange
weakening combined nodes under steel frame beams
[J]. J. Xi'an Univ. of Arch. & Tech.
Science Edition), 2023, 55(2) : 205-210.

[2] LEES, PARKJ, KWAK E, et al. Verification of the

(Natural

seismic performance of a rigidly connected modular
system depending on the shape and size of the ceiling
bracket[ J]. Materials, 2017, 10(3): 263.

[3] HWAN Doh J, HO N M, MILLER D, et al. Steel
bracket connection on modular buildings[J]. Journal of
Steel Structures &. Construction, 2017, 02(2): 1-7.

[4] LAWSON P M, BYFIELD M P, POPO-OLA S O,
et al. Robustness of light steel frames and modular
construction [J]. Proceedings of the Institution of Civil
Engineers-Structures and Buildings, 2008, 161(1): 3-16.

[5] LAWSON R M, OGDEN R G, BERGIN R.
Application of modular construction in high-rise
buildings [J].
2012, 18(2): 148-154.

[6] HmpRife, 2k . J7 A AR -H BV N s 207 s
PEREWFIC ). vH R SR R 224 (B RBHEMD
2017,49(1):14-21,28.
YANG  Yinghua, LI

Journal of Architectural Engineering,

Hao. Research on static

steel pipe column-H-beam
internal stiffened node [J]. J. Xi'an Univ. of Arch. &.
Tech. (Natural Science Edition),2017,49(1):14-21,28.

[7] LAWSON R M, OGDEN R G, POPO-OLA S.

performance of square

Design considerations for modular open building systems
[J]. Open House International, 2011, 36(1): 44-53.
[8] #hy, B, 259, % AR BRI B HE e 6t
R e e RS 5 BE T BOTE MR (D], A
24, 2021, 42(S1): 55-61.
CAO Ke, ZHAI Siyuan, LI Guogiang, et al.

Experimental study and theoretical calculation method

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

on lateral stiffness of a full-scale column-supported
modular steel frame[J]. Journal of Building Structures,
2021, 42(S1):55-61.

LYUYF, LIG Q, CAO K, et al. Behavior of splice
connection during transfer of vertical load in full-scale
corner-supported modular building [J].
Structures, 2021, 230: 111698.
LYUYF, LIG Q, CAO K, et al. Bending behavior

Engineering

of splice connection for corner-supported steel modular
buildings [J]. 2022, 250:
113460.

ANNANC, YOUSSEFM, NAGGARM. Experimental

Engineering Structures,

evaluation of the seismic performance of modular steel-
braced frames [J].
(7): 1435-1446.

ANNAN C, YOUSSEF M, NAGGAR M. Seismic

Engineering Structures, 2009, 31

overstrength in braced frames of modular steel buildings
[J]. Journal of Earthquake Engineering, 2008, 13(1):
1-21.

ANNAN C, YOUSSEF M, NAGGAR M. Seismic
vulnerability assessment of modular steel buildings[J].
Journal of Earthquake Engineering, 2009, 13 (8) :
1065-1088.

YANG Chao, CHEN Hao, OU Jinping. Experimental
study on seismic performance of modular steel
construction beam-to-beam combined side column joint
with  blind bolted Thin-Walled
Structures, 2023,184(3) :1-18.

AP, £, BB, & BIRWELES HAMKE
AR B YT B DU R PR RE K B I BT T T
[J]. #HLEH 2, 2020, 41(5): 168-179.

JIA Shushuo, WANG Yan, WANG Xiujun, et al.

connection [J].

Seismic  behavior and restoring force model of
connections between rectangular tubular columns and
H-shaped beams using single direction bolts [J].
Journal 2020, 41 (5)
168-179.

YANG Nianxu, XIA Junwu, CHANG Hongfei, et al.

of Building Structures,

A novel plug-in self-locking inter-module connection
buildings [J].  Thin-Walled
Structures, 2023,187:1-17.

a7 /NN, BT B R . — R B oI (Y A2 TR 48 A Tl
A5y O T AR B (P B . CN108571507
B,2020-08-18.

JIAN Xiaogang, HUANG Xin, YANG Peikang. A

for modular steel

kind of deformation shrinkage self-recovery split-type

unilateral

[P]. Shanghai: CN108571507B,2020-08-18.
(F4532W)

bolt fastener provided with curved surface



