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Effect of Long-Term Load on Mechanical Properties of Steel-Bamboo
Combination Beams
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Abstract : In order to study the mechanical properties of steel-bamboo combination I-beams under long-term
load, thickness of bamboo plywood, thickness of steel plate, and steel content were set as the main parameters
to design two sets of 12 specimens. One group was subjected to a bending failure test after a one-year long-term
load, and the other was directly subjected to a short-term bending test. The long-term effects of load on the ulti-
mate bearing capacity attenuation, deflection, component ductility, and section strain of combination beams
were studied. The deflection of combination beams at failure was calculated and analyzed based on the effective
moment of inertia method. The results show that the failure test phenomenon of combination beams is related to
the steel content, which is generally manifested as debonding and cracking of the lower flange bamboo plywood.
The damage range of the combination beams gradually spread upward as the steel content increased. Ductility of
combination beams changed after long-term loading. The effect on the combination beams is basically the same
after long-term tension and compression of bamboo plywood, and the position of the neutral axis of combination
beams remaines unchanged. The degree of bearing capacity attenuation is related to the thickness of bamboo ply-

wood, steel plate thickness, and steel content. The calculated values obtained from the deflection calculation
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formula agree well with the experimental values, and the errors are all within 10%.

Key words:long-term load; steel-bamboo combination beam; effective inertia; bearing capacity attenuation
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(a) Specimens of combination beam
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Table 1 Parameters of specimens

Thin-wall section size/

Sectional size of component

Specimen ¢,/mm t,/mm (mm X mm X mm) b h/(mmX mm) Steel rate(by volume)/ %
DL-1 16.3 1.5 30150 30 78.2X182.8 10
DL-2 18.0 1.5 30150 30 77.8X186.3 10
DL-3 15.7 2.0 40X 170X 40 98.1X202.0 14
DL-4 18.2 2.0 40X 170X 40 97.8X206.7 13
DL-5 17.9 2.0 40X 190X 40 97.7X226.2 13
DL-6 20.0 2.0 50X 210X 50 118.4X250. 2 13
CL-1 16.1 1.5 30150 30 78.1X182.3 10
CL-2 18.2 1.5 30X150% 30 77.8X186.5 10
CL-3 15.9 2.0 40X 170X 40 98.2x202. 1 14
CL4 18.2 2.0 40X 170X 40 98.1X206. 6 13
CL-5 17.8 2.0 40X 190X 40 97.7X226.3 13
CL-6 20.1 2.0 50X 210X 50 118.0Xx250. 2 13
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Table 2 Mechanical properties of bamboo plywood

¢,/mm MOR/MPa E,/MPa
15.9 82 8532
18.3 71 7573
20.2 77 7127
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Table 3 Mechanical properties of thin-walled steel

t/mm /,/MPa f./MPa E./GPa L
1.50 272 319 197 0.853
2.00 358 423 197 0.846
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Fig.2 TImage of long-term loading device
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Fig.3 Schematic diagram of long-term loading device
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Fig.4 Loading device for bending test (size: mm)
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(a) Cracking between layers of bamboo plywood

(d) Buckling deformation of steel at loading point  (e) Degumming of lower flange interface

(c) Tearing of bamboo plywood

(f) Upper flange lifted
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Fig.5 One-time destruction test phenomenon
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(d) Cracking between layers of bamboo plywood
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Fig. 6 Second destruction test phenomenon
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Fig.7 Load-midspan deflection curves for first and second failure tests
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Fig.8 Load-midspan deflection relation comparison curves for first and second failure tests
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Fig.9 Strain relationship curves of midspan section for first and second failure tests
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Table 4 Ultimate load for first and second failure tests

F,/kN F!/kN

Specimen Fop/ Flo/
No. DL  CL Fier DL  CL Fuet

1 40.0  39.4 1.015 19.0 16.2  1.173

2 52.0  41.2  1.262  20.0 17.6 1.136

3 56.0  55.2  1.014 33.2 339  0.979

4 66.0 71.2  0.927 37.6 39.6  0.932

5 72.0  71.8 1.003 45.6 44.6  1.022

6 92.0  86.4 1.065 64.1 64.4  0.995
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Table 5 Test value and theoretical value of composition beam
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M/ Deflection («,,) of CL-4 /mm  Deflection («,,) of CL-6 /mm
(kN* Test Theoretical Test Theoretical
m) Error/ % Error/ %
value value value value
3 1.58 1.66 4.82 0.95 0.96 1.04
9 4.71 4.97 5.23 2.86 2.87 0.35
17 9.32 9.39 0.75 5.53 5.43 1.84
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