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Abstract

In order to study the dynamic performance of the planar steel frame with castellated beams con-
nected by end-plates against continuous collapse, this paper uses the component disassembly
method to study the dynamic performance analysis of the planar steel frame with castellated
beams connected by end-plates under the failure of the central column, and studies the influence
of parameters such as plate thickness, opening ratio, first hole distance and hole shape on its dy-
namic performance against continuous collapse. The results show that after the central column
fails, as the displacement of the failed column increases, plastic hinges gradually form at the first
hole of the castellated beam, and the force transmission path within the structure is redistributed,
allowing it to regain stability without continuous collapse. The ultimate vertical displacement of
the failure point is 419.1 mm, and the ultimate horizontal displacement of the third layer of the
failed column is 25.7 mm. The thickness of the end-plate has a great influence on its resistance to
continuous collapse. When the end-plate thickness is 6mm, the ultimate vertical rotation angle of
the castellated beams on both sides of the failed column reaches 7.34°, and the structure under-
goes continuous collapse. It is recommended that the end-plate thickness be between 10~14 mm.
The opening ratio and first hole distance have little impact on the continuous collapse perfor-
mance. The opening ratio has a positive correlation with its ultimate displacement. It is recom-
mended that the opening ratio be between 50%~70%. The first hole distance has a positive corre-
lation with its ultimate displacement. , the recommended first hole distance is between 0.5~1.5 h.
The regular hexagonal hole end-plate connected to the castellated beam flat steel frame is more
stable than the round hole shape. Based on the displacement method, it is proposed that the dy-
namic amplification factor suitable for end-plate connected castellated beam planar steel frame
structures is 1.2.
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Figure 1. Schematic diagram of failed column
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Figure 2. Mesh division of structural components
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Figure 3. Finite element model
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Figure 4. Comparison of damage modes
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Figure 5. Comparison of vertical displacement time history curves of failure point
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Figure 6. Damage mode
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Figure 7. Vertical displacement time history curve of DZ60-14-250 failed column
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Figure 8. Horizontal displacement of the first floor of DZ60-14-250
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Figure 9. Horizontal displacement of the second layer of DZ60-14-250
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Figure 10. DZ60-14-250 top horizontal displacement
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Table 1. Specimen parameters

# 1 HEsH

WA SRR Imm JFALERI% LI B /mm L RAALE VAR IWIRES

DZ50-6-250 6 50 250 ANILAL AL R 27
DZ50-10-250 10 50 250 NIUTBAL TR 2
DZ50-14-250 14 50 250 NIUTEAL R R 27
DZ60-14-250 14 60 250 FNILAL AL R 27
DZY60-14-250 14 60 250 R AL AR 2K i)
DZ70-14-250 14 70 250 NIUTEAL R 27
DZ60-14-125 14 60 125 FNILAL TR AL 27
DZ60-14-375 14 60 375 NIUTEAL TR AL 2
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ML 1L A m LA B0 4 A0 IR 15 1 £ % i i A P B8 ) 384 K TR/ o iR DZ60-6-250 FrIAR FR 1% i) o7
B Viax = 538.1 mm, 14 58 G A i IR [y 46 47y 7.34°, #IE 6°, DRI e G0 R A S v 1 . A
DZ60-10-250 FIMZFR U 17 7 Viex = 437.2 mm, DZ60-14-250 FIMZFR S [ 8% Viax = 419.7 mm, 1554
T AR PR M 43 N 5.96°, 5.72°, JRARMBIL 6°, ZEHIT AR KR A LRI
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Figure 11. Vertical displacement time history curves of failed columns with different end plate thicknesses
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Figure 12. Vertical displacement time history curves of failed columns with different porosity ratios

i
T
=100
=150 1
—-200
=250
—-300
—350

=400

—450

— DZ60-14-250
— DZ70-14-250
— DZ50-14-250

E 12. TEFFLRHEPEE RBET2HZ

DOI: 10.12677/hjce.2024.134058

539

TARTHE


https://doi.org/10.12677/hjce.2024.134058

(Z)cS e

4.3. HFLEEE

ML 13 1f DA B AR PR 5 1 57 A% B 1 LR 28 RO 386 K/ o iR DZ60-14-375 A PR B [ i 5
Vinax = 425.0 mm, 5 55 G2 B ) MR R 8 ) 46 1  5.8°. itk DZ60-14-125 HEFR U 147 7 Vi = 394.1 mm,
W 5 R I [ B PR S () 5 iy 5.37°, % DZ60-14-125. DZ60-14-250 Flitff DZ60-14-375 Ak A= i 415
B 1M DZ60-14-125 5iX ' DZ60-14-250 tRFRALFEAHZE A K, 245 FLEEE KT 250 mm (1.0 h)i, 2R%%
RUAL N ) RS I ORI . R e FLEE B9 E 0.5~1.5 h.

—— DZ60-14-125
0 — DZ60-14-250
—— DZ760-14-375
,50 ~
-100
~150
£
R =200
i}_\
T 250
24
=300
-350
=400
-450 T T T T T T T T T T T 1
0 2 4 6 8 10 12

t/s

Figure 13. Vertical displacement time history curves of failed columns with different first hole distances
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Figure 14. Vertical displacement time history curves of failed columns with different hole types
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Figure 15. Vertical displacement ratio curve of the failed column top when the middle column fails
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