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Flexural behavior of glass fiber reinforced polymer tube filled with
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Engineering, Northeastern University, Shenyang 110000, China)

Abstract: In order to study the flexural performance of glass fiber reinforced polymer (GFRP) tube filled with steel

bars/concrete hollow members, a nonlinear analysis program was developed. The effects of main parameters such

as hollow rate, reinforcement ratio, GFRP tube wall thickness and strength grade of concrete were analyzed system-

atically. The program was verified by test. The calculation formula of the bearing capacity of GFRP tube filled with

reinforced hollow concrete members was established. The results show that the calculation results are in good

agreement with the test results by using the nonlinear analysis program and the established bearing capacity for-

mula. The flexural bearing capacity increases with the decrease of the hollow rate and the increase of the reinforce-

ment ratio, the GFRP tube wall thickness and the concrete strength grade. The hollow rate has the greatest influ-

ence on the flexural bearing capacity, followed by the reinforcement ratio and the thickness of GFRP tube wall thick-

ness, and the concrete strength grade has relatively less influence on the flexural bearing capacity. The radius ratio

of hollow part should be 0.25-0.5. The flexural bearing capacity of the hollow members can be compensated by

properly increasing the reinforcement ratio, GFRP tube wall thickness or concrete strength grade. The research con-

clusion can provide reference for the practical application of the GFRP tube filled with steel bars/concrete hollow

member structure.
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Fig.1 Section form of glass fiber reinforced polymer (GFRP) tube filled

with steel bars/concrete hollow structure
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Fig.4 Section division method and strain diagram of the GFRP tube

filled with steel bars/concrete hollow structure
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Fig.5 Sketch diagram of the GFRP tube filled with steel bars/concrete hollow bending member
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Table1 Experimental parameters and results of GFRP tube filled with steel bars/concrete hollow bending members

Serial Hollow part GFRP tube wall Steel Ultimate bearing
number diameter/mm thickness/mm bars capacity/kN
GRCHB1 75 5 4 124
GRCHB2 75 7 4 138
GRCHB3 75 3 4 93
GRCHB4 50 5 4 127
GRCB5 — 5 4 129
GRCHB6 75 5 8 173
GRCHB7 75 5 6 147
&2 GFRP EMEMEEESH
Table2 Material properties of GFRP tubes
Longitudinal direction Circumferential direction
Elastic modulus /MPa Strength/MPa Elastic modulus /MPa Strength /MPa
16 680 174 27210 467
®3 WMEHERESH
Table 3 Material properties of steel bars
Variety Model Yield strength/MPa Ultimate tensile strength/MPa Elongation/%
HPB235 Diameter 8 mm 271.1 361.2 20.9
HRB335 Diameter 14 mm 379.8 494.6 18.6
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(a) Steel reinforcement cages (b) PVC tubes (c) GFRP tube (d) Parts assembly

(e) Component finished products
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Fig.6 Component production of the GFRP tube filled with steel bars/concrete hollow bending members
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Fig.7 Test device and test point arrangement for bending specimens
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(b) Top pressure area (c) Bottom tension area
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Fig. 8 Failure patterns of the GFRP tube filled with steel

bars/concrete hollow bending members
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Fig.9 Comparison between calculation and experimental results of the GFRP tube filled with steel bars/concrete hollow bending members
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Fig. 10 Effect of hollow ratio on flexural behavior of GFRP tube filled AU PERER

with steel bars/concrete hollow bending members
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Fig. 11 Effect of reinforcement ratio on flexural behavior of GFRP tube

filled with steel bars/concrete hollow bending members
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Fig. 12 Effect of thickness of GFRP tubes on flexural behavior of GFRP

tube filled with steel bars/concrete hollow bending members
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Fig. 13 Effect of concrete strength on flexural behavior of GFRP tube

filled with steel bars/concrete hollow bending members
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Table4 Calculated results and tested results of GFRP tube
filled with steel bars/concrete hollow bending members

Specimen MeP/KN Ml /kN Mexp/ ppeal
GRCHB1 38.75 37.39 1.036
GRCHB2 43.13 42.99 1.003
GRCHB3 29.06 27.54 1.055
GRCHB4 39.69 37.57 1.056
GRCB5 40.31 37.80 1.066
GRCHB6 54.06 55.83 0.968
GRCHB7 45.94 45.89 1.001
BRCS(T)-5" 25.50 24.18 1.055
GRCB-3" 51.30 50.91 1.008

Notes: pexp—Tested bending moment; p7¢2! —Calculated bending

moment.
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