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Experiment on the effect of the diagonal brace on the seismic behavior of
square hollow column-truss beam connections

LIU Jianfei', AN Yi'*, CHENG Xin'?, LEI Honggang'"

(1. College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Shanxi Key Laboratory of
Civil Engineering Disaster Prevention and Control ( Taiyuan University of Technology) , Taiyuan 030024, China)

Abstract; In order to achieve the construction of environmentally-friendly, efficient, and highly precise modular
assembled steel structure buildings at construction sites, this study introduces two types of assembled square hollow
column-truss beam connections: one with diagonal braces and one without diagonal braces. Four full-scale cross-
shaped specimens were meticulously designed for the purpose of conducting cyclic loading tests. The seismic
behavior of these specimens was thoroughly investigated under both beam failure and diagonal brace failure modes,
and the underlying causes for the occurrence of these failure modes were elucidated. Furthermore, the impact of
diagonal braces on crucial aspects such as ultimate bearing capacity, ductility, stiffness, and energy dissipation
capacity was comprehensively evaluated. Finally, an analysis of the mechanisms underlying these two failure modes
was conducted, and the design suggestions of joints with and without diagonal braces were respectively given in
combination with the failure modes and mechanical performances. Remarkably, the experimental results indicate
that the specimens without diagonal braces exhibited commendable seismic behaviors in terms of plastic deformation
and energy dissipation capacity. The incorporation of diagonal braces effectively transferred plastic deformation from
the truss beam to the end of the diagonal brace, resulting in a significant enhancement of the connections”bearing
capacity and stiffness. However, it should be noted that the plastic deformation capacity of the truss beam was
constrained prior to diagonal brace failure. During the whole loading process, the connection between the column
seat and the truss beam of the four specimens did not show any damage phenomenon, and there was no obvious slip
phenomenon of the flange plate between the column and the column seat, which indicates that the column seat type
connection was reliable.
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Fig.1  Example of engineering application of square hollow

column-truss beam-diagonal brace system
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Tab. 1 Design parameters of the specimens

alfE TrREHER AT P RHE BE/AN 4 SR L
J24-c 200 mm x200 mm x20 mm  C160 mm x80 mm x6 mm L 50 mm X6 mm ABCE 1635.0 0.33
J2b4-c 200 mm x200 mm x20 mm  C160 mmx80 mmx6 mm L 50 mmx6 mm  C140 mm x%0 mmx10 mm  1635.0 0.33
J3-2-c 200 mm %200 mm x30 mm  C160 mm x80 mm x8 mm L 50 mm x6 mm AiHE 1407.6 0.20
J3b2-¢ 200 mmx200 mmx30 mm  C160 mmx80 mmx8 mm L 50 mmx6 mm  Cl40 mm x%0 mmx10 mm  1407.6 0.20
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Tab.2 Measured material properties
Fafk % SR BE/mm S JEEFE / mm f,/MPa f./MPa E/TPa 8/ %
10 9.74 354.6 478.0 0.196 25.0
I 20 19.53 361.5 462.1 0.197 28.6
30 29.39 359.4 450.2 0.200 31.3
6 5.82 297.6 386.9 0.203 28.1
B
8 7.74 261.6 340. 1 0.203 27.3
JE 6 5.68 265.3 344.9 0.205 24.4
TR 25 24.51 366.5 487.2 0.195 32.9
R 10 9.78 378.2 494.5 0.189 27.5
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Fig.9 Final failure mode of diagonal brace failure specimens
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Fig. 10  Hysteretic curves of the specimens

JERe IR HEVESS
Mk AERHEB RS i J12b4-c #1 J3b-2-c 7E
300
150
£ o
5
2150 %
-300 . ' . s
-90 -45 0 45 90
1000 -
500 |
Z o
S
-500 |
-1 000 : ‘ ‘ ;
-80 -40 0 40 80
A/mm
(c) J2b-4-cHHER IR
& 10
1000
500 |
£
R
—s— J2-4-c
=500 F  —e— J2b-4-c
—— J3-2-¢
—a— J3b-2-c
-1 000 |
-90 -45 0 45 90
A/mm

E11 4Bk

Fig. 11  Skeleton curves of the specimens

Xt T RIS T A B B RHE K, 2
TIRFHEREL AT 730 4 A~Bir B, B #E By B 2L By
Be R i B KORE IR AL T B, 4% BB
FET R R IRAL Y Bl B 8 X A 1
T R RSP AR L RIFERERE ) .

X T RHERIIE T A BCERHE B0 72
IE R, R SN AR A IR R R A AR
FE AR 2 St e st A MR T 3 X Al
R 2RI WA S DR A LW T T e, e
TFRR N WA A T B DIR853 122 M A v, 3k
PRI BOR , (HEEE N8BT, il TR 1
o, 38 12 A B8 T2 7 e A1, 1 R Ot B 2 D/



S

. 66 - MR T

X % ¥ 456 4

SR, 2 AMar 4838 I 2] — 7 (A i, 38 ke o B 45 1k, %
BRI RE 0, S B RE R NI B s, ie4h,
A J3b-2-c 1YE SR 2R i BLR AL B Be, TR
J2b-4-c WIRLR B R T
3.3 thBREE S

WA AR PR A B R 38 ) F DL
4 IR WA B T R 3, Ak re a1
J2-4-c Al J2b-4-c J3-2-c il J3b-2-c AU FR 7R 2% 1]
T E R R R A R R R R e T
329% 1 231% ., S22, BHER AT R A 28
TIERTHER 2 R A RHE 32 DL A L[]
B E W = MBS BUR R ERHE R 1 TAE
ZHT, KEB My i i RHE AR G A R A
i TR AR BR 7 3T

#3 RERRKES F,
Tab.3  Ultimate load carrying capacities of specimens
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Fig. 12 Illustration of the energy equivalence method
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Tab.4 The ductility coefficients of all the specimens
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