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Numerical simulation of mechanical properties of new horizontal
connection device for prefabricated shear walls

FU Chongyang' ,XIONG Ergang' ,HU Qinbin' ,ZHANG Hairong' ,XU Han®, FAN Yujiang'
(1. School of Civil Engineering, Chang’an University, Xi'an 710061, China;
2. Civil Engineering Design Branch of MCC Changtian International Engineering Co. , Ltd. , Changsha 410200, China)

Abstract; In order to study the mechanical properties of a new type of horizontal connection device for prefabricated
shear walls, dynamic mechanical properties of two groups of connection devices with different bolt numbers were
tested, and the ABAQUS finite element software was used to simulate the dynamic properties of the connection
devices. The test results show that the energy dissipation of the horizontal connection device can be effectively
improved by increasing the number of bolts and the bolt preload force, but the loading frequency has little influence
on it. The results of finite element analysis show that the relationship between the maximum horizontal force,
energy dissipation capacity, secant stiffness of the device and the bolt preload is approximately linear, which is in
good agreement with the test data. In the case of large preload, the mechanical properties display a rising trend,
but the range of transition from linear relationship to nonlinear gradually increases.
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Fig. 2 Schematic diagram of anchorage
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Tab. 1 Calculated values of mechanical property parameters of the device under each loading condition

PG5 IME A /He % H1/kN FERERE JJARRME /KN - mm HBIZEHIZ /KN - mm ! SR

BE A 0.2 45 3 434. 381 1. 198 0. 507
E A 0.2 55 4 324. 444 1. 378 0.493
IE A 0.2 65 4 931.723 1.532 0.514
E A 0.3 45 3 490.753 1.270 0. 486
E A 0.3 55 4 158.029 1. 454 0.506
IE A 0.3 65 4 889. 327 1. 657 0.512
BE A 0.4 45 3 608. 878 1.272 0.502
E A 0.4 55 4 149. 689 1. 452 0.505
IE A 0.4 65 4 940. 998 1.628 0.527
IE B 0.2 45 2 316.010 1. 021 0. 445
2E B 0.2 55 2 688. 854 1.128 0.432
2E B 0.2 65 3107.707 1. 207 0. 455
2E B 0.3 45 2 549.098 1. 014 0. 444
E B 0.3 55 2 757.545 1. 118 0.436
E B 0.3 65 3 055.193 1. 155 0.468
IEE B 0.4 45 2 322.052 1. 002 0. 410
I B 0.4 55 2 784.706 1.182 0. 417
2E B 0.4 65 3 354.183 1. 338 0. 443
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Tab. 2 Parameters of concrete material

o E fo) S/ gL
% €. &,
s=g%  MPa MPa i /MPa
Bl C30 30.4 2.317 1.255E-3 1.02E-4 29 518
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Tab.3 Parameters of steel materials

IER YA v Sl P

RS HER /N4
mm MPa MPa  Bi&E/MPa
HPB300 6 298 412 210 000 0.3
HRB400 8 406 556 200 000 0.3
HRB400 12 410 581 20 0000 0.3
Q345 - 345 530 206 000 0.3
10. 9 %% 30 940 1 040 209 000 0. 31

12.9 2% 30 1100 1220 209 000 0. 31
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Fig. 16 Stress nephogram of finite element model of device B
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Tab. 4 Comparison between simulation and experiment

%E Dﬂﬁ T;%*%?Jﬁ ED,TEST/ El),FEM/ 8/%
4s  WE/Hz %5 /kN kN -m kN + m
ELEA 0.2 45 3434.381 3629.06 5.4
WA 0.2 55 4324.444 4 253.74 —1.7
HEA 0.2 65  4931.723 4994.94 1.3
EEA 0.3 45 3490.753 3528.54 1.1
EEA 0.3 55 4158.029 4214.02 1.3
HEA 0.3 65 4 889.327 4952.14 1.3
FEA 0.4 45 3608.878 3676.47 1.8
E A 0.4 55 4 149.689 4 243.14 2.2
A 0.4 65  4940.998 5053.23 2.2
BB 0.2 45 2 316.010 2 243.26 —3.2
WEB 0.2 55 2 688.854 2709.21 0.8
WEB 0.2 65 3107.707 2 915.30 —6.6
EEHB 0.3 45 2 549.098 2402.72 —6.1
WFEB 0.3 55 2 757.545 2709.21 —1.8
EEHB 0.3 65 3055.193 2915.77 —4.8
EHEB 0.4 45 2 322.052 2 186.67 —6.2
EWB 0.4 55 2 784.706 2 709.27 —2.8
WEB 0.4 65 3354.183 3 214.37 —4.3
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Fig. 20 Influence of larger preload on mechanical properties

of device A
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Tab. 5 Mechanical performance parameters of the

device under large preload

ESIH AR Epren/  H#l% %X

G5 WIEH/EN KN-mm WIE BB Fru /KN
LE A 65 5271.76 1.54  0.60 46. 3
E A 100 7 744.22  2.26  0.61 68.0
IE A 130 9 687.14 2.84 0. 60 85. 0
e A 160 11 561.17 3.40  0.60  101.0
IE A 190 13 312.63  3.95 0. 60 117.0
E A 220 14 985.81 4.48  0.59  131.8
LHE A 250 16 569.87 4.99  0.59  146.0
3% B 65 3083.57 0.91  0.60 27.3
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Fig. 21 Simulation results of device B under large preload



IRV ARG A ) 2 B (B A A 91

= ATRRICAAE

10000 b dol 2t 2

8000

6000

4000

FERERE SRR A/KN - mm™

2000

60 90 120 150 180 210 240 270
PR T JI/KN
(a) BERIEHE TR I M E ) 500

3.5
= PR CAIIE
s ol ——HAERIE
s
825}
Z
ﬁ( 2.0F
=
= 1L5h
ﬁ
1.0
0.5 !

60 90 120 150 180 210 240 270
ISR B /KN
(b) BB T 5% F1 0k e K S0

0801 o ArmsEaEm
0.75 F —Z&IERIE L
0.70F
3 0.65F
™
=0.60F = - - - .-
& 0.55¢
0.50F
0.45F
0.40, 1 L s ,
50 100 150 200 250
SR TS JI/KN
() AR T 2K F7 0 B JE B B 5
100

= HRRICAIE
90F— LRMERLA Hh 2

80
70

50

e RIKFFI/KN
3

40
30F

20 L I I ! | | 1 I
60 90 120 150 180 210 240 270

BRAR IR JI/KN
(d) BERIRRETIR I F,,, 00 50

B2 BRAMEAWEEBAZSHHZM
Fig. 22 Influence of larger preload on mechanical

properties of device B
Ay
N
4 ik

ARG B OK P JE R A K T S 1 RE
BOHIFHIAE 7 P4, BEAT 1 IR 9K Hh 4 AL F N
BOAR:; Wi ABAQUS A, * KP4 it
FTRE AL, EEEHEWT

(1) 39 DR TS 1 R 0 ] 72008 Dk
s R AR RE 7, B D AR R 3 LT
VAR A LT AR 0 B ) 2 R ] 2%
IR L BRI —F, B ABAQUS 47 o B 45
SRR S W TR K O FE 4 B RERE MERE

(2) 53t I8 40 0 156 485 L i A
Ge, R BUKEZ TR SR RN, K F A i
FEREAE 7 1 42 2% 0 2R KD B LB 2 0 K, L 2%
3 28 56 2 7 7 1 A 2 e 0 0 9 I A 2 3
LUIEE TR SR K, BT IRE — 2,
{5 5 TR MR 2 a0 2

%% 30k References

(1] JEZW, fHEab. PR SE + 87 00 5 250 1 R 5

BUR St sug (1], TRESUE S goE, 2020, 42
(1): 1-9.
WANG Mengfu, YANG Huidi. Research advance and
improvement strategy of precast concrete shear wall
structure system[]J]. Earthquake Resistant Engineer-
ing and Retrofitting, 2020, 42(1). 1-9.

(2] PUdugd - SCWTBLUR, BRIE B, T e i TR gk 1 45
W s T S SRk [T ], 454 T A2, 2020, 36
(5): 224-233.

AISIKAIER A, CHEN Guoxin. Summary of investi-
gation on joint form of precast concrete structure joints
[J]. Structural Engineers, 2020, 36(5): 224-233.

[3] 2, . 2emd=0iR s+ HE 200 s B AR MR 5T

BEIR[T]. AEHLH IR, 2018, 39(2): 1-16.
WU Gang, FENG Decheng. Research progress on
basic performance of prefabricated concrete frame
joints[ J ]. Journal of Building Structures, 2018, 39
(2): 1-16.

[4] BORA C, OLIVA M G, NAKAKI S D, et al. Devel-
opment of a precast concrete shear-wall system requi-
ring special code acceptance[]J]. PCI Journal, 2007,
52(1): 122-135.

[5] LIMWY, KANGT H K, HONG S G. Cyclic lateral
testing of precast concrete T-walls in fast low-rise con-
struction[J]. ACI Structural Journal, 2016, 113(1):
179-189.

[6] JIANG SF, LIAN S H, ZHAO ], et al. Influence of
a new form of bolted connection on the mechanical be-
haviors of a PC shear wall [ ] ].
2018, 8(8): 1381.

[7] ZHU L M, KONG L M, ZHANG C W. Numerical

study on hysteretic behaviour of horizontal-connection

Applied Sciences,

and energy-dissipation structures developed for prefab-
ricated shear walls[J]. Applied Sciences, 2020, 10

(4): 1240.



92

[N )

B R

A
S

o R(ARPEER) 556 &

(8]

[12]

[13]

[16]

SEMELAWYM E, DAMATTY A E, SOLIMAN A
M. Novel anchor-jointed precast shear wall: testing
and validation [ J ]. Proceedings of the Institution of
Civil Engineers-Structures and Buildings, 2015, 168
(4): 263-274.

SEMELAWYM E, DAMATTY A E, SOLIMAN A
M. Finite-element analysis of anchor-jointed precast
structural wall system[]J]. Proceedings of the Institu-
tion of Civil Engineers-Structures and Buildings, 2017,
170(8): 543-554.

SUN J, QIU H X, JIANG H B. Experimental study
and associated mechanism analysis of horizontal bolted
connections involved in a precast concrete shear wall
system [ J ]. Structural Concrete, 2019, 20 (1):
282-295.

CHONG X, XIE L L., YE X G, et al. Experimental
study on the seismic performance of superimposed RC
shear walls with enhanced horizontal joints[J]. Journal
of Earthquake Engineering, 2019, 23(1). 1-17.

SUN C F, LIANG ST, ZHU X J, et al. Experimen-
tal study and numerical simulation of precast shear
wall with rabbet-unbonded horizontal connection[] ].
International Journal of Concrete Structures and Mate-
rials, 2020, 14(1); 1-16.

Eibik, ER R, 7. EEEWIREE 5 ) bt
RTEREA B TR IT [T]. @I LM, 2019, 49(S2):
515-521

WANG Hongxin, TANG Zhirong, WANG Ning. Fi-

nite element study on seismic behavior of prefabricated

steel reinforced concrete shear walls [J]. Building
Structure, 2019, 49 (S2): 515-521.
Tod, REE, MRERAE, 5. TN S QIR BE 4 BE AR IR

YT R RV [T ], W R 5= (TR
=h), 2016, 48(S2): 86-92.

WANG Wei, XIONG Feng, XU Jinxiang, et al. Ex-
perimental study on shear resistance of bolted connec-
tions of prefabricated concrete wallboards [J]. Ad-
vanced Engineering Sciences, 2016, 48 (S2): 86-92.
BE, BER, RS, 5. AT ) 5K F 5
BB SRR R BUEERE R T[T ], VLR 3R,
2020(6): 33-37.

BAO Lei, ZHAO Hongkang, FANG Youzhen, et al.
Study on seismic performance of steel plate high-
strength bolt connection with horizontal joint of pre-
fabricated shear wall [J]. Jiangsu Construction, 2020
(6): 33-37.

23, WL, Ak 0. — Bl Y 08 AL % B T BT
TEPURERE A ATLT]. TREBE5EHE AR, 2019, 51

[18]

(20]

[21]

[22]

(5): 78-86.

LI Wanrun, XIANG Rongjiang, DU Yongfeng. Seis-
mic performance analysis of a new bolt connected pre-
cast shear wall[]J]. Advanced Engineering Sciences,
2019, 51(5): 78-86.

HBRE, A=, Wik, PEVEFERELS IR R 5 AR K K
ELBR TR B [T]. #5178 T, 2008, 24
(1): 47-55.

TANG Tongbi, ZHOU Yun, YANG Bo. Types and
performance of friction dampers and their engineering
applications [ J ]. World Earthquake
2008, 24(1): 47-55.

PALL A S, MARSH C. Response of friction damped
braced frames[J]. Journal of Structural Engineering,
1982, 108(9): 1313-1323.

L1Z, HE M, DONG H, et al. Friction performance

Engineering,

assessment of non-asbestos organic (NAQO) composite-
to-steel interface and polytetrafluoroethylene (PTFE)
composite-to-steel interface; Experimental evaluation
and application in seismic resistant structures[]J]. Con-
struction and Building Materials, 2018, 174. 272-283.
SAMANI H R, MIRTAHERI M, ZANDI A P. Ex-
perimental and numerical study of a new adjustable
frictional damper[]J]. Journal of Constructional Steel
Research, 2015, 112 354-362.

Egs, BEE, kEH, F maKILB e EER
JeZs Sz RE R ST (1], BRBIMEAR, 2020, 15
(1): 11-20.

WANG Yuliang, CUI Hongjun, ZHANG Yumin, et
al. Experimental research on mechanical property of
friction damper with sliding long-hole bolt[J]. Tech-
nology for Earthquake Disaster Prevention, 2020, 15
(1): 11-20.

Hr A N R RN [ £ 5 R & BRI, ST RERHL JE 4%
JG/T 209—2012[S]. dbxt. wEbRifE AL, 2012
Ministry of Housing and Urban-Rural Development of
the People's Republic of China. Dampers for vibration
energy dissipation of buildings: JG/T 209—2012[S].
Beijing: Standards Press of China, 2012.

Hde N R IEFIE AR 5 FIIR & B, IR BE L 450 it
BIE :GB50010—2010[S]. Jbnt: o[ @t 35 Tolk i hi
#k, 2015.

Ministry of Housing and Urban-Rural Development of
the People’ s Republic of China. Code for design of
concrete structures: GB 50010—2010 [ S].
China Architecture & Building Press, 2016.

Beijing ;

(R# Ak ko )



