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Axial compression performance of pultruded GFRP tube

based on casing buckling restraint

LIFeng , LI Da, ZHU Ruijie
(College of Field Engineering, Army Engineering University of PLA, Nanjing 210007, China)

Abstract: In order to solve the problem of continuous collapse caused by the instability of the key compression
struts in fiber reinforced polymer (FRP) space truss structure, a casing buckling restrained brace for the overall in-
stability of glass fiber reinforced polymer (GFRP) tubes composed of stainless steel casing and bolt connection sys-
tem was proposed. In order to analyze the influence of the casing buckling restrained brace on the axial compres-
sion performance of pultruded GFRP tubes, axial compression tests were carried out on three GFRP tube specimens
and four GFRP tube specimens with casing buckling-restrained brace. The loading course and failure form of speci-
mens were observed, and the load-displacement curves and load-strain curves were obtained, and the ultimate
bearing capacity and failure mode were compared. At the same time, the finite element model was used to analyze
the influence of different slenderness ratios of GFRP tubes, core and casing gaps and casing thicknesses on the axial
compression performance of GFRP tubes. The results show that: the casing buckling restrained brace can effect-
ively restrain the overall instability deformation of GFRP tubes, its ultimate bearing capacity and ductility are im-
proved, and the GFRP tubes develop from instability failure to material strength failure; the larger the slenderness
ratio of the core, the higher the ultimate bearing capacity of the GFRP tubes due to buckling of the casing compared

with the critical load of the core instability, and the better the restraint effect; the greater the gap between the inner
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core and the casing, the better the ductility of the GFRP tube, but its ultimate bearing capacity will be reduced; too

thin casing thickness will reduce the ultimate bearing capacity of GFRP tubes, but too thick will have no obvious re-

straint effect.

Keywords: pultruded GFRP tube; casing buckling restrained brace; axial compression performance; global sta-

bility; failure model
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Fig.1 Measure and construction of buckling restraint device
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Table 1 Mechanical parameters of glass fiber reinforced polymer (GFRP), aluminum alloy and stainless steel

Material Elastic modulus/GPa Poisson’s ratio

GFRP E; =63.0,E,=E3=14.2,G12=G13=13.0,G»3=94 via = vz = 0.25, va3 = 0.27
Al alloy EA1=65.0 val =03

Stainless steel Ess=200.0 vss = 0.3

Notes: Ej—Elastic modulus of 1-axis; E; —Elastic modulus of 2-axis; E3—Elastic modulus of 3-axis; Gio—Shear modulus of plane 12;

G13—Shear modulus of plane 13; Go3—Shear modulus of plane 23; vy, v;3—Major Poisson’s ratio; vo3—Minor Poisson’s ratio; £ — Elastic

modulus of Al alloy; voj—Poisson’s ratio of Al alloy; Ess—Elastic modulus of stainless steel; vss—Poisson’s ratio of stainless steel.
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Table 2 Number and size of GFRP and buckling
restrained brace (BRB) tubes

mm

Outer sleeve GFRP tube
Number

Do L T Do L T
GFRP1
GFRP2 — — — 60 1000 6
GFRP3
L-B-1 120
L-B-2 984 4 60 1000 6
S-B-1
S-B-2 108

Notes: L—Length; Dy—Outer diameter; T—Thickness; L-B—
Large gap BRB; S-B—Small gap BRB.
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Fig.2 Loading device and measuring-point arrangement for axial

compression test of GFRP tubes
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Fig.4 Process and failure form of GFRP tubes axial compression test
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Fig. 10 Load-axial strain curves of GFRP tubes with BRB under axial compression
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Table 3 Comparison of the axial compression test results between GFRP tubes and GFRP tubes with BRB
Specimen Ultimate load/kN Average load/kN Increase coefficient/% Variation/% Failure mode
GFRP1 133.7
GFRP2 138.9 137.7 — 1.85 Buckling failure
GFRP3 140.6
S-B-1 2474
S.B.2 0473 2474 79.66 0.02
Strength failure
L-B-1 212.9
L-B-2 212.6 212.8 54.54 0.05
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Fig. 11 Finite element model (FEM) of casing buckling restrained brace
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different slenderness ratios considered in FEM of S-B specimens
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Fig.17 Load-axial displacement curves of BRB under axial pressure

with different gaps considered in FEM of S-B specimens
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with different thicknesses considered in FEM of S-B specimens
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