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Abstract: In order to compare the influences of different opening forms on the impact resistance of steel beams with web
openings (SBWO), the equivalent flexural stiffnesses of steel beams with hexagonal and circular openings in the web
at different opening spacings and opening heights were compared, and drop weight impact tests and finite element

analysis were carried out. The main parameters analyzed are the opening form, impact energy, spacing between
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openings, opening height, and impact position. The drop weight impact force, displacement, and strain around web

opening were collected during the test. The results show that the buckling deformation of the steel beam with

hexagonal web opening (SBHWO) is larger than that of the steel beam with circular web opening (SBCWO) under

the impact of the drop weight. The SBCWO exhibits a larger impact plateau value, stronger ability to resist the

impact, and better energy dissipation capacity. The maximum displacement produced by the SBCWO is 86.49% of

that of the SBHWO. The finite element numerical model can more accurately simulate the dynamic response of

SBWO under impact. The most unfavorable impact position of both SBWO is about 1/4 of the calculated length from

the beam end. The impact position near the beam end is more favorable, and the displacement generated here is the

smallest. It is less affected by the opening form.
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Fig.1 Geometrical parameters of steel beams

with web openings
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PR R HREC FAR

XA %5 S/mm D/mm V/(ms') M/kg E/J
H-E1-S310-D180 310 180 10 330 16 500
H-E2-S310-D180 310 180 10 430 21 500
H-E3-S310-D180 310 180 10 530 26 500
H-E4-S310-D180 310 180 12 430 30 960
H-E2-S290-D180 290 180 10 430 21500
H-E2-S330-D180 330 180 10 430 21500
H-E2-S310-D160 310 160 10 430 21500
H-E2-S310-D200 310 200 10 430 21 500
C-E1-S310-D180 310 180 10 330 16 500
C-E2-S310-D180 310 180 10 430 21 500
C-E3-S310-D180 310 180 10 530 26 500
C-E4-S310-D180 310 180 12 430 30960
C-E2-5290-D180 290 180 10 430 21500
C-E2-S330-D180 330 180 10 430 21500
C-E2-S310-D160 310 160 10 430 21 500
C-E2-S310-D200 310 200 10 430 21 500
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Table 2 Material properties of steel
s Xk J;/MPa Ju/Mpa E/GPa fhk%/%
JEAR 304.43 442 .88 199.47 40.84
% 329.49 464.50 200.36 39.37
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Fig. 4 Arrangement of strain gauges at opening O3
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Fig. 5 Deformation modes of steel beams

with web openings
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Fig. 6 Local deformation of steel beams

with web openings
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Fig.8 Comparison of impact force time-history curves
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Fig. 9 Definition of impact peak value and

impact platform value
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Fig. 18 Comparison of time-history curves of impact

force and mid-span displacement
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