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Research on Hysteretic Performance of Prefabricated Column-Base Joints with

Replaceable Composite Energy-Dissipation Components
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Abstract: Based on the design concepts of plastic damage control and replaceable energy-dissipation
components, a prefabricated column-base joint with replaceable composite energy-dissipation compo-
nents is proposed. The joint consists of H-shaped steel columns and composite energy-dissipation compo-
nents (including L-shaped tension-compression energy-dissipation plates and shear energy-dissipation
devices) assembled with high-strength bolts, forming a “tension/compression-shear” dual energy-
dissipation mechanism that ensures the bearing capacity and enables damage control and post-earthquake
replacement. A total of ten joint models were established in ABAQUS software to simulate their behavior
under cyclic loading. The hysteretic curves, skeleton curves, and stress distribution differences of joint
models with different parameters were compared and analyzed, and the influence laws of key parameters
on the hysteretic performance of joints were summarized. The results showed that the width ratio and
thickness ratio of the L.-shaped tension-compression energy-dissipation plates, as well as the axial com-
pression ratio, were all important parameters affecting the hysteretic performance of the novel column-

base joints. Increasing the width ratio and thickness ratio of L-shaped tension-compression energy-
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dissipation plates effectively improved the bearing capacity of the joints, but also increased the stress in

the structural columns. It was suggested that the width ratio and thickness ratio should be in the ranges of

0.3-0.7 and 0. 5-1. 0, respectively. Increasing the axial compression ratio reduced the ductility of the

joints, thereby affecting the safety and reliability of the structure.

Keywords: prefabricated column-base joint; composite energy-dissipation components; numerical

analysis; hysteretic performance
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Fig.1 Assembly diagram of the novel column-base joint
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Fig.2 Force diagram of the novel column-base joint
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Table 1 Geometric parameters of models
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PCFJ-0 175 0.5 14 0.74 12 6 0.3
PCFJ-1 105 0.3 14 0.74 12 6 0.3
PCFJ-2 245 0.7 14 0.74 12 6 0.3
PCFJ-3 175 0.5 10 0.53 12 6 0.3
PCFJ-4 175 0.5 18 0.95 12 6 0.3
PCFJ-5 175 0.5 14 0.74 20 6 0.3
PCFJ-6 175 0.5 14 0.74 12 10 0.3
PCFJ-7 175 0.5 14 0.74 — — 0.3
PCFJ-8 175 0.5 14 0.74 12 6 0.2
PCFJ-9 175 0.5 14 0.74 12 6 0.4
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Fig. 3 Schematic diagram of joint components
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Fig.7 Influence of the width ratio of L-shaped tension-compression

energy-dissipation plates on the hysteretic performance of joints
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Fig. 11 Influence of parameters of shear energy-dissipation devices on

the hysteretic performance of joints
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on the hysteretic performance of joints

+5.136x10°
+3.550%10?

+5.136x10°

+3.254x10? +3.254x10?
+2.958x10? +2.958x10?
+2.663x10 +2.663%10°

+2.367x10? +2.367x10?
o o
T75%10° +1.775%10?
e e
183x10% +1.183x%
+8.876x10! +8.876x10!
+5.917x10! +5.917x10"
+2.959x10! +2.959x10"
+9.219x107* +9.219x107 |

B 14 PCFJ-75 )1 = El(+0. 03 rad) MPa
Fig. 14  Stress nephogram of PCFJ-7 (+0. 03 rad)
PCFJ-9 19 Ji i fa7 2% 2 51 & 179.9,233.1 kN, J5 &
o i O K 29. 6%, WA fir 2 4r B S 257.9,
281.5 kN, Ji 4 LU # 18 K 9. 2% , 3% B Al 1 LU 1 34
R A 3 A A A T IR AT AR 5 0 e 2R 22 (B
/0N
G55 PR ZR B ok S WPl TR BE G T A E M 1 g
M52 R . AE P R B R (DI T8
i TC W T R Be HL T 7 22, DR ot BB K e 28 0)
JOL B S B A SRy 8 R S %
29



T T b, A5 < TR 0 A 5 A 2L e TR R BT A [ A REATT 5

300
200
100
£ _——
= 0
100
\ e
-300 ——PCFJ-9 -
3 2 -1 0 1 23
¥4 /102 rad
(a) i [l i £ %F ko
300 =
200 /4/
100
=
= 0
= 100
== S
=300 3 ——PCFJ-9-

-3 -2 -1 0 1 2 3
FESi % £1/10 2 rad
(b) H AN L
B 15 Jl s LU X A5 Il 2 R 1Y 5 1)
Fig. 15 Influence of the axial compression ratio on the hysteretic

performance of joints

[>S

A“ (1)

y

w=
Ao A R IR AL A%, 85 F e sk E AR
P BRAL S

TR B P R B R 2 fron o AT BE
L DERNAA U I N E DN PR I o S G SR A e g
T P=A ROV A 2 3 S 2 A Y 5 4
G

F2 TREMRY
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5 1l B I, R LR, R R S R R
mm mm
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PCFJ-9 0.4 30.20 90.00 2.98
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