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Abstract

To study the stress performance of nodes in cellular beam-solid web column frames, numerical
simulations were carried out using ABAQUS finite element software to analyze the foot-rule model
of cellular beam-solid web column cross-shaped nodes with different opening rates and opening
positions, and the damage modes, plastic hinge generation locations, hysteresis curves, and hys-
teresis curves of cellular beam-solid web column cross-shaped nodes were studied in detail. The
hysteresis curve, skeleton curve, ductility performance and energy dissipation capacity of the cel-
lular beam-solid web cross-shaped node were studied in detail. The results show that the plastic
hinge can be transferred from the node domain to the first hole in the beam by properly adjusting
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the opening rate and the opening position of the cellular beam-solid web cross-shaped node; when
the opening rate is 60% and the distance of the first hole is 400 mm, the node has a high load ca-
pacity, a full hysteresis curve and good ductility and energy dissipation capacity. It meets the
seismic design requirements of “strong column and weak beam; strong node and weak member”.
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Figure 1. Specimen size diagram of FWLZ-1
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Table 1. Material properties

=1 MEHteE

B 125 e R f/MPa IR 58 f/MPa FPERT R E/MPa
R 8 mm 367.00 521.0 2.0162 x 10°
IR 12 mm 357.15 501.0 1.9218 x 10°
BT 16 mm 352.43 496.0 2.0080 x 10°
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Figure 2. Schematic diagram of loading scheme
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Figure 3. Comparison of test failure diagram and finite element; (a) FWLZ60-400 cellular
beam failure diagram; (b) FWLZ60-400 honeycomb beam simulation damage diagram
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Figure 4. Comparison of the test and finite element
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Table 2. Comparison of ultimate bearing capacity test values and finite element simulation values
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R R P/KN A PR IOARIE Py/KN PP,
FWLZ60-400 222.77 219.8 0.98
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Figure 5. Comparison of the test and finite element
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Table 3. Size parameters of cross-type nodes
#3 +FEBARTSH

R GG JHLE JTALEE R
FWLZ50-200 50 200
FWLZ50-400 50 400
FWLZ50-600 50 600
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Continued
FWLZ60-200 60 200
FWLZ60-400 60 400
FWLZ60-600 60 600
FWLZ70-200 70 200
FWLZ70-400 70 400
FWLZ70-600 70 600
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Figure 6. Hysteresis curve of each honeycomb beam-solid belly column cross-type node model
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Figure 7. Skeleton curve
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Table 4. Load and displacement values for each model

* 4 BEREHEMABE

R JE AR 2 PPRARAS
P, /KN A, /mm P, /kN A,/mm
FWLZ50-200 175.09 20.68 180.22 34.05
FWLZ50-400 190.46 21.90 205.08 47.96
FWLZ50-600 179.70 26.22 196.16 57.65
FWLZ60-200 178.56 17.84 194.72 39.10
FWLZ60-400 203.67 19.07 215.43 59.44
FWLZ60-600 187.24 24.26 180.94 35.48
FWLZ70-200 142.56 21.23 156.46 29.72
FWLZ70-400 158.61 23.52 176.89 38.89
FWLZ70-600 143.19 26.12 151.19 32.35

RN R R 2 A 7 B WRAE A 2R 2 TSR AR AR B PR AT B BR A o
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I AR iR, BERT DUEAS B VR, SO WIS AR B T -

43. &MY
AR B2 v i E AR
u=— 1
A, U NIETE R u, e SR R R I T A 85% T RIS s Uy A I R IR F
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I /MBS 1.24.

Table 5. Ductility coefficients

?5 EMEH
R 5 JiE IR A /mm PPRALA /mm IE T F L
FWLZ50-200 20.68 34.05 1.65
FWLZ50-400 21.90 47.96 2.19
FWLZ50-600 26.22 47.65 1.82
FWLZ60-200 17.84 39.10 2.19
FWLZ60-400 19.07 59.44 3.12
FWLZ60-600 24.26 35.48 1.46
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FWLZ70-200 21.23 29.72 1.40
FWLZ70-400 23.52 38.89 1.65
FWLZ70-600 26.12 32.35 1.24
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Figure 8. Schematic diagram of equivalent viscous damping coefficient
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Table 6. Peak load energy dissipation coefficient

6. IBETHEEREMAY

B G 5 SOk i BELJE A 2 he REEFERLRILE
FWLZ50-200 0.24 151
FWLZ50-400 0.28 176
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Continued
FWLZ50-600 0.27 1.70
FWLZ60-200 0.23 1.46
FWLZ60-400 0.27 1.70
FWLZ60-600 0.21 1.33
FWLZ70-200 0.22 1.38
FWLZ70-400 0.24 151
FWLZ70-600 0.20 1.26
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