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Research on the Mechanical Performance
of the Modular Connection Joint
for 3D Parking Garages

HE Yongjun' ,LIU Chanjie' ,ZHOU Xuhong’

(1. School of Civil Engineering, Hu' nan University , Changsha, China, 410082 ;2. School of Civil Engineering,
Chongging University , Chongqing , China 400044 )

Abstract; A simple and efficient modular connection joint is proposed for the 3D parking garage
structure ,and its mechanical properties are analyzed. ABAQUS is used to analyze the influence of
the end-plate thickness t,, the number of bolts at the connecting plate n, the thickness of the
connecting plate #, and the length of the short cantilever beam / on the mechanical properties of the
joint by modelling. The component method is used to formulate the initial stiffness of the joint. The
conclusion of the paper;the hysteresis performance of the joint can be improved respectively by
increasing ¢,,n,t, and /,and the effect of / is the most significant. ¢, has basically no effect on its
skeleton curve, and the ultimate bearing capacity of the joint will gradually improve with the
enhancement of #,,n and [/, meanwhile the degree of its improvement will decrease. #, has the
strongest influence on the energy dissipative capacity of the joint, followed by n and [/, and the
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effect of ¢, is the weakest. The ductility coefficients of four sets of joints are greater than 3, and

they are all semi-rigid. The mechanical performance of the joint is good,and the comparison with

the finite element results shows that the accuracy of the calculation formula meets the requirements

and can be used to estimate the initial rotational stiffness of the proposed joint.

Key words : modularity ; 3D parking garage ; connection joint; hysteretic behavior;initial stiffness;

finite element method

R I VA LSS L DY TR VN
ZE () PR e A e R G e, A B R
LW 9 L VA S I S I P o P VA BV E S
TWRAM BT oT, eSSk A A 2T
B SE PR T SRR T
R, AR BT 5 I, A oA A R R R AR U
BB SRR BT R S LS
At T A A TR s s ARl
2 TR AR B AL K T EE R M B AT X
IR A=A

e e e U A g — ol M AR 4G
FpR 2, Tl A B A e, SR LA 7™ R 40
S 55 815 BE AR 2 (U ER DR A D10 A5 T A 2
RIET5 1) G N SN SR A 2
PR 2R B ) K s D VEREBEAT TS IR T
—E MR e [ A AR
AR FR B EXE A, WA TARZEE R K
TEMWTE , 25 8 AR AR T T Z R4y
A DI AR R BRI A
PEAED AR TR AR A A R R K
J& S TR IR R bk
T SRR AR B

(FLFE ST M43 42 B S0, 2 45 R A 2 1) I
PRI A4 18 32 A A fr i TE . 2T I,
EFEYAM ARG T AL EFEZ T,
TE A HAL ST AR5 72 R SE RS, T LA 2
WA G0 Jti T v P A7 A B9 L 3R RIS, O X
AR T —Fh H OB A
s WO S RS O AE T 98 B, BRSNS
PEAT 7 AL R WA T 4 T L S ol (R I
Jith T o R B2, A S7 A R PR R AL e
TR TR,

1 BEBRA ST A A2 2 KT ki 4

L1 BRUSEIEEESE

SEHAE TR, L5 S AR
PR AR SRR FO R M e 2 Bt 0 i R
A RST PR f 7 T T R 4 B3 B
ML R B AT AR DT 5 RIDRE
AL SR PEAE T B, SR i oz g 2 0 T
Yy AT DL JZ D — A AL PR I 25 A
B I 2L B 55 | 2 AR AN G B 45 A
S B — RS T, e e UL R
FATT %, JF 1 ik W e 1 e PR T JURE A 2
1 RIS A A RS R R I AN 1 BT
N, AR S T YR AR LA R WL B A

AN 1
2 Z ’,\%?/
b

= =
4 ]
]
==
=

L2 WBVRTAEA3. MM A, O
I35, BT A,
B 1 s R 4R R s A

Fig.1 Structural diagram of the 3D garage modular
L2 TmRfERK

SE LIBLHL 2 [8] (4 3 12715 508 BIF 5T
G AR T — T R G- A S Y A,
2 Fi7R o % e RS =,
o1 H BV b AL 5 LR i e R A i S
VL 2 BRI R, b LB B P o U
A RIKF- AR 185 2 =3 i HEL T



980 WHERKESMARBFR)

%38 %

AR S 14 92 22 WOAR A 85 28 =3B Sl
P A ) H RIS, SRR e T
SEIN, I HEAT i iR AR T 1 | AT LU B 4 3
PRAE N T o R

L H AU AR 2 HORU R AR 3. B0 4. 3 HeA;S. JR
REGE 6. R ZEART. SRR 8. SiA,
B2 B RR-AE AT AR

Fig.2 The beam-column-column modular

FEMZEY R H B, bR Ak 2 R H
TR R 2 R B A 12 41 10,9 9 M20
PRSP ey o MR A B R S AL AR AR T
A T SR 22 TR R T o S A R 2 AR R
) LB SMism Al Al SR M20 FE
P R IR AR R, AR ] M6 B RL
SRR L

2 ARICEAA 4

2.1 #RARH
WA R R R i A A
PRI R A Q345 B, IR R A 10. 9 2%
PRI AR A 38R R M i B i A AR
AL HMBIASEILR 1,
Fz1 HEANY

Table 1 The material constitutive

ME  E/N0°MPa v f,/ MPa  f/MPa g,
Q3454 206 0.3 345 520  0.052
R 1,95 0.3 995 1160  0.150
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Fig. 5 Comparisons between finite element and test results
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Table 2 The parameters of each test specimen
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Fig.7 Hysteresis curves of the HID group
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Fig.9 Energy dissipation curves of the specimens
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Table 3 The calculation results of hysteresis loading
- M,/ 9,/ M,/ 6,/ S/ S/ o
(kN-m) 10 * rad (kN-m) 107 rad 10*(kN-m-rad ") 10* (kN-m-rad ")
HID-1 53.28 8.56 112.95 59.75 3.97 1.37 6.98
HID-2 79.71 11. 81 157.35 70. 00 4.06 1.85 5.93
HID-3 87.83 11.78 172.07 57.02 4.20 2.34 4.84
HID4 91.97 11.75 180. 48 55.75 4.25 2.57 4.75
TID-1 91. 45 11.75 176. 24 50. 00 4.04 2.50 4.26
TID-2 91.96 11.75 180. 48 55.75 4.24 2.57 4.75
TID-3 93. 89 11.73 177. 63 56. 06 4.24 2.63 4.78
TID4 93. 89 11.73 177. 63 55. 05 4.29 2.74 4.69
NJD-1 40. 55 9.03 77. 66 50. 00 0.90 2.26 5.54
NJD-2 90. 02 11.76 173. 54 55.43 4.24 2.57 4.71
NJD-3 91.96 11.75 180. 48 55.75 4.44 2. 66 4.75
NJD4 93. 50 11.75 181.92 53.34 5.35 2.70 4.54
LID-1 93. 89 11.73 177.63 56. 06 4.52 2.64 4.78
LID-2 108. 62 15.02 190. 41 63.21 2.63 1.97 4.21
LID-3 116. 70 17.10 205. 47 70. 00 2.57 1.95 4.09
LID4 132. 88 23.36 214. 86 70. 00 2.47 1.93 3.00
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