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Mechanical Properties of Steel-Bamboo Composite Columns

under Long-Term Loading
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Abstract: To investigate the mechanical properties of steel-bamboo I-section composite column under long-
term loading, 18 specimens were designed and manufactured. Static loading test, long-term loading test
and secondary static loading test were carried out successively, in which the creep process were measured
and analyzed, influencing factors of bearing capacity and deformation and their variation rule were studied.
Results show that the steel-bamboo I-section composite column has high integrity and bearing capacity, the
creep deformation reached 90% of the total creep when loaded for 60 days, the Burger model can accurately
describe the creep process of the composite column. The ductility and ultimate strain are significantly in-
creased after long-term loading, while the ultimate bearing capacity is not greatly affected, the bearing ca-
pacity and ductility are improved with the increasement of steel ratio.
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(a) Specimens in static loading test

(b) Specimens in long-term loading test

(c) Specimens in thermal deformation
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Fig. 1 Test specimens
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Fig. 2 Cross section of steel-bamboo composite column
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Table 1 Parameters of specimens
Specimen No. H,/mm A,/mm’ Sectional dimension of steel/(mm>XmmXmm) A,/mm* h/mm a/ % £ N, /kN

Z-A-1a/b/c TM-1 20.73 9168 70.00X120.00X1. 48 752 600 7.58

Z-A-2a/b/c TM-2 17. 88 7982 70.00X120.00X2.03 1024 600 11. 37

Z-A-3a/b/c TM-3 14. 83 6 394 70.00X120.00X2.47 1236 600 16. 20
ZC-N1-1 20.73 9168 70. 00X120. 00X 1. 48 752 600 7.58 0. 30 61.5
ZC-N1-2 17. 88 7982 70. 00X120.00X2.03 1024 600 11. 37 0. 30 82.8
ZC-N1-3 14. 83 6 394 70. 00X120. 00X 2. 47 1236 600 16. 20 0. 30 98. 4
ZC-N2-1 20.73 9168 70. 00X120. 00X 1. 48 752 600 7.58 0.56 114.7
ZC-N2-2 17. 88 7982 70. 00X120. 00X2.03 1024 600 11. 37 0. 56 154.6
ZC-N2-3 14. 83 6 394 70. 00X120. 00X 2. 47 1236 600 16. 20 0. 56 183.6
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Table 2 Mechanical properties of bamboo plywood

Yield Yield Ultimate Ultimate Elastic
strain/ stress/ strain/ stress/ modulus/
(pm+m ") MPa (pme+m ") MPa MPa
3182.30 23.19 4 832.24 27.99 7 310. 38

R3 HBEMANFMEEE

Table 3 Mechanical properties of cold-formed thin-walled steel

Yield Ultimate Elastic

Thickness Poisson’s
ickness/ stress/ stress/ modulus/ Ol\:én S
mm MPa MPa MPa rate
1. 48 254. 45 347. 44 210 574 0.29
2.03 298. 50 401. 75 204 296 0. 30
2.47 276. 20 382.07 223199 0.27
F4 —RMHRBEREED
Table 4 Yield bearing capacities in static loading test
Ttem Z-A-la/b/c 7-A-2a/b/c 7Z-A-3a/b/c
212.5 275.3 328.7
N,/kN 193. 8 285. 6 319. 6
208. 3 267. 4 335. 4
N,/kN 204.9 276. 1 327.9
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Fig. 3 Schematic diagram of long-term loading device
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Fig. 4 Applying long-term loads on site
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Fig. 5 Secondary static loading test after long-term loading
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Table 6 Calculation of creep deformation components of
specimen ZC-N1-1

Long-term Elastic Viscoelastic Viscous Total
loading deformation/ deformation/ deformation/ creep/
duration/d mm mm mm mm
0 0.3352 0 0 0.3352
30 0.3352 0.0304 0.000 1 0.365 8
60 0.3352 0.040 3 0. 000 3 0.3758
90 0.3352 0.043 5 0. 000 4 0.379 1
120 0.3352 0.044 6 0. 000 6 0. 380 3
150 0.3352 0.044 9 0. 000 7 0.3808
235 0.3352 0.045 1 0.001 1 0.3813
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(a) Vertical split in bamboo plywood at flange in
specimen ZC-N1-2
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Table 7 Experimental results of secondary static loading test

Specimen

Yo, N,/kN A,/mm N./kN A,/mm
ZC-N1-1 222.3 1.78 398.7 3. 96
7ZC-N1-2 295. 4 1. 86 491. 6 4. 21
7ZC-N1-3 345.9 1.92 579.7 4. 32
7ZC-N2-1 217.8 1. 83 423. 4 4. 18
7ZC-N2-2 289.6 1.79 537.9 4. 25
ZC-N2-3 334.5 1. 91 550. 7 4.43
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(b) Buckling of steel after bamboo plywood failure
at flange in specimen ZC-N2-2
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Fig. 10 Primary failure models of specimens
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