202 iﬁl H P S OK R (A R R R Nov. 2021
H37E %6 Journal of Shenyang Jianzhu University ( Natural Science) Vol. 37, No.6
NEHS 2095 - 1922(2021)06 -0961 — 10 doi.10. 11717/j. issn ;2095 — 1922.2021. 06. 01

TR KEMENIE - AWNEFERE
TRENDFEEMERIT O
ZEE, XK e HER PFHx
(R PHERS R AR TR 2B, 10T TLFH 110168)
1%

Z HW R — A SRR K BB LA - HAREAEREET & P
’5‘6‘, TFHR . Fik XA ABAQUS #3A4F x4 S LR B A2 L BAERA Ty
HATA A R AT AR T EREE FRERER 5 %Ga
SEOTH AT S A Pra, ER AT LA ERIFHAER S oL
M, %fr T AR A AR B 5 R A AR TR R R K AR AR AR A At
A FEEAARTN YRR, EELABER T, #HA T LgFew AR Al
WM ARK T4, #H AT ELERIFOREME, it AT EORERER
W, TVAR THNE 33 -MIERZEMIK R,

KSR ANE S EEAAE BB ROV SRR A W BE IR AL ; SR s PR fE
FE 4 ES TU391 XHERFRERD A

S

w« %
[~

\\?b & &

Finite Element Analysis of Mechanical Properties
of Double Gusset Plate K-Shaped External Steel
Braces and Square Steel Tubular Joints

LI Guochang ,NIE Jingian ,YANG Zhijian ,QIU Zengmei

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract ; In this paper,a double-gusset plate type K-shaped external steel braces and square steel
tube connection joint was proposed,and its seismic performance is studied. ABAQUS software was
used to analyze the mechanical properties of the joint under monotone load and reciprocating load.
The influences of the diameter of the split bolt, the thickness of the gusset plate,the wall thickness
of the square steel tube and the diameter of the high strength bolt on the mechanical properties of
the new joint were studied. The results show that the new joint has good seismic performance and
energy dissipation capacity,and good ductility. The bearing capacity and initial stiffness of the new
joint are greatly affected by the diameter of the high-strength bolt. The energy dissipation capacity
and ductility are greatly affected by the diameter variation of the split bolt. The new joint has good
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seismic performance and can be used in external braced steel frame structure system.

Key words : steel frame with external brace ;double gusset plate connection;rigidity degeneration;

ductility ; hysteretic performance
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Fig. 1 The double gusset plate joint
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Table 1 Model parameters

TR 25 D,/mm B,/mm By/mm D,/mm
DB-1 16 16 12 20
DB-2 18 16 12 20
DB-3 20 16 12 20
DB4 22 16 12 20
DB-5 20 18 12 20
DB-6 20 20 12 20
DB-7 20 22 12 20
DB-8 20 16 8 20
DB-9 20 16 10 20
DB-10 20 16 14 20
DB-11 20 16 12 16
DB-12 20 16 12 18
DB-13 20 16 12 22
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Fig. 3 Comparison of test and finite element results
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Table 2 Ultimate bearing capacity of each model

_— Z A ZHri
Y= MBRAL BB ARRGE BRBRK
#/mm  #HI/KN B/mm  #HSI/kN
DB-1 22.2 858. 21 21.2 934. 34
DB-2 19.1 874. 41 19.1 963. 45
DB-3 19.6 919.42 18.9 981. 18
DB4 19.8 932.95 19.7 1 008. 38
DB-5 21.1 1 007.49 19.6 1 013.37
DB-6 22.8 1 049. 81 23.8 1 051.31
DB-7 17.9 1 086. 32 18.0 1 070.99
DB-8 21. 4 911.57 20.5 968. 65
DB-9 19.9 915.98 21.1 968. 28
DB-10 19.6 924. 24 21.4 992. 96
DB-11 18.1 644. 56 17.1 707. 05
DB-12 19.0 768. 41 16.5 876.24
DB-13 23.1 1 033.39 21.0 1162.28
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Table 3 Ductility factor of different bolt diameters

B - JENRAE  WRBRAL HEPE R AL
2] -
ATK #/mm  B/mm  jFEE OCEEHE
iE 4.01 21.16 5.28
DGP-1 4.79
i 4.93 21.23 4.31
E 4.39 20.71 4.72
DGP2 4.67
i 4.50 20.78 4.62
E 4.33 21.13 4.88
DGP-3 4.57
i 4.97 21.20 4.27
i 4.43 20.72 4.68
DGP4 4.43
i 4.97 20.79 4.18
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Fig. 10 Comparison of energy dissipation coefficient
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Fig. 11 Comparison of stiffness degeneration curves
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Table 4 Ductility factor of different plate thickness

FE Y - JEIRDL  WRBRAE FEPE R KL
FFK B/mm  B/mm EE SR
E 4.33 21.13 4.88
DGP-3 4.57
i 4.97 21.20 4.27
F o 4.39 21.22 4.83
DGP-5 4. 60
i 4.88 21.29 4.36
E o 4.08 21.01 5.15
DGP-6 4.65
i 5.09 21.08 4.14
E 431 21.23 4.93
DGP-7 4.75
i 4.66 21.30 4.57
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Fig. 12 Comparison of energy dissipation coefficient
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Fig. 13 Comparison of stiffness degeneration curves
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Table 5 Ductility factor of different square steel tube

wall thickness

fm JEIRRL BB SR AL
R I #%/mm %/mm
£2 ARGRERE Bl (]

E 431 20. 95 4.86

DGP-8 4.54
il 4.98 21.02 4.22
E 4.39 21.07 4.80

DGP9 4.56
i 4.89 21.14 4.32
I 4.33 21.13 4.88

DGP-3 4.57
i 4.97 21.20 4.27
E 4.34 21. 14 4.87

DGP-10 4.57
i 4.96 21.21 4.28
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Fig. 14 Comparison of energy dissipation coefficient
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Table 6 Ductility coefficient of different diameters of
high-strength bolts
LAY - Sl HBRAE HEPE R E
7 In S —
2K H/mm  B/mm EE OEHE
I 4.23 21.03 4.97
DGP-11 4. 60
i 4.98 21. 10 4.24
IE 4.29 20. 99 4.89
DGP-12 4.59
i 4.91 21.05 4.29
IE 4.33 21.13 4.88
DGP-13 4.57
L 4.97 21.20 4.27
IE 438 21.19 4.84
DGP-13 4.55
i 4.99 21.25 4.26
:I_: N
5 én 1/8

(1) BRI AT EAE R W s A B S 3R
A S 1 ek B PR AR 3 ), B s = o
PERR IR B FR AR 3% ), Y = A B R ¥
PEARIE

(2) TEAR A A S Ar 284 T, B B A
(3T ] AR IEPE R B R T 4, %
W BT A R PR tERE .

(3) BT AL w1 A AR T ) 4 W B 57 ey
SRR B AR 1L B 52 AR, FERE R ) I AE
P AZ X hr A AR AR AR K

(4) R FEor RIE SMPIRETERE, &1
XFRLRAL ) ELAR P I FE 16 ~ 20 mm; 15 AR
JEEEPEHIAE 16 ~20 mm ; = 5 1R Ae 5 A5
1E 18 ~22 mm,
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