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Abstract: Based on the concept of fuse and plastic hinge outward movement, the extending end
plates were connected integrating the advantages of weakened and spliced connections, a locally
replaceable steel frame beam-column connection node was proposed. Two typical tests of end
plate connection and splicing joint were selected for simulation to verify the reliability of the finite
element modeling process, and then the specimen was analyzed with variable parameters to study
the influence of the weakening depth, weakening length, and short beam length of the short beam
flange on the bearing capacity, energy consumption capacity and ductility. The results show that
by weakening the flanges of the H-shaped short beams, the plastic hinges are moved outwards,
so that the plastic deformation under the earthquake is mainly concentrated on the short beams,
and other components maintain elasticity and have good post-earthquake recovery capabilities.
The degree of influence of parameters on the mechanical properties of the joint from large to small

is weakening depth, weakening length, short beam length. As the flange weakening depth
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increases, the bearing capacity of the joint is significantly reduced, while the energy consumption

and ductility are improved. At the same time, as the value of the weakened flange length

increases, the maximum bearing capacity of the joint decreases, and the ductility coefficient

increases. The influence of the short beam length on the mechanical properties of the joint is

basically negligible.

Key words: steel frame; hysteretic behavior; numerical simulation; beam-column joint; energy

consumption capacity
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Tab.2 Comparison of Test Results and Finite Element
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Tab.4 Design Parameters of RD Series Specimens
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Tab.5 Mechanical Properties of RD Series Specimens
KA G Ey/(kN e+ m-«rad ') | My/(kN + m) 0y /rad Miax/ (KN ¢ m) 0. /rad Omax / rad P
RD-2 35 025.6 409. 8 0.0117 477.9 0.044 8 0.049 2 3.83
RD-3 36 427.3 400. 7 0.011 0 456. 6 0.044 3 0.049 2 4.03
RD-4 37 754.9 385.1 0.010 2 425.8 0.041 9 0.049 0 4.11
BASE 37 156.3 356.7 0.009 6 396.0 0.040 6 0.049 2 4.23
RD-5 36 806. 8 323.9 0.008 8 358.8 0.036 8 0.049 9 4.18
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RD Series Specimens
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Tab. 6 Design Parameters of RL Series Specimens

%5 | BASE RL-1 RL-2 RL-3 RL-4
b/mm 340 250 290 380 430
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Tab.7 Mechanical Properties of RL Series Specimens
[ R Ey/(kNem=+rad ') | My/(kN + m) 0, /rad Minax/ (KN« m) 0./rad Omax /rad P
RIL-1 36 717.2 363.5 0.009 9 406. 5 0.044 9 0.049 3 4.53
RL-2 37 020. 4 362.8 0.009 8 403.2 0.044 5 0.049 0 4.54
BASE 37 156.3 356.7 0. 009 6 396.0 0.045 2 0.049 2 4.71
RL-3 38 117.0 358.3 0.009 4 392.2 0.045 1 0.049 0 4.79
RIL-4 37 316.3 365.7 0.009 8 402.8 0.045 7 0.049 3 4.66
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Fig. 22 Skeleton Curves of RL Series Specimens
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Fig. 25 PEEQ Strain Contours of BL Series Specimen
500 500 500
300 300} 300
g = g
© 100 © 100+ © 100
Z Z Z
< —100 < —100} < —100
® w ®
# —300 £ —300f # —300
T39%%%6 =003 0 0.03  0.06 T39%%%6 =003 0 0.03  0.06 T309% %6 =003 0 0.03  0.06
JZ B AL f/rad JZ [ £ 7% f/rad JZ [ AL % f/rad
(a) BL-1 (b) BL-2 (¢) BL-3
500 500 500
300 . 300F 300
g g g
© 100 + 100+ © 100
g Z g
< —100 < —100 < —100
# ® #
# —300 £ —300 # —300
%06 =003 0 0.03  0.06 %906 =003 0 0.03  0.06 39906 =003 0 0.03  0.06
2 IR AL ffi/rad 2 I8 B2 % fi/rad 9BV ¥ fiy/rad
(d) BL-4 - BL-1 BASE - BL-2 - BL-1 BASE —+ BL-2
- BL-3 BL-4 - BL-3 BL-4
(e) M- 6 i [=] Bl £ %) b (f) M- 0 ¥[8 f 28 % te
E 26 BL R34 A7 E #h £k
Fig. 26  Hysteresis Curves of BL Series Specimens
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TPEAN Y e B S P R R A A K R A
BB . BASE S 7F B HEME REOR T 4. X2
TR H 55 R F 5 BASE 304 19 S R KB 1 DR e
B TR BE L X R A T ) 2 AR AR I R
BN BB BN 2 Kz iy (B L L (L 5~
2.9 hy



58 HAAFE TRFER 2021 #
#9 BLRZIK G FEEEEER
Tab.9 Mechanical Properties of BL Series Specimens
KA G Ey/(kN e+ m-«rad ') | My/(kN + m) 0y /rad M./ (kKN » m) 0. /rad Omax/ rad P
BL-1 38 383.0 360. 8 0.009 4 396. 3 0.037 1 0.049 9 3.95
BL-2 39 052. 6 371.0 0.009 5 395.7 0.037 2 0.049 9 3.92
BASE 37 156. 3 356.7 0.009 6 396. 0 0.040 6 0.049 2 4.23
BL-3 38 052. 6 361.5 0.009 5 396. 2 0.036 7 0.049 3 3.86
BL-4 37 635.4 361.3 0.009 6 395.6 0.036 9 0.049 7 3.84
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