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Moisture absorption/desorption effects on flexural properties of GFRP laminates

JIANG Xu', ZHOU Mukai', QIANG Xuhong', DONG Hao’
(1. College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. China Design Group Co. Ltd., Nanjing 210001, China)

Abstract; To investigate the influence of moisture absorption/desorption on the flexural property degradation of
glass fiber reinforced polymer ( GFRP) laminates under hot/wet aging environments, three-point bending tests were
carried out. The flexural properties of specimens were compared under dry, unsaturated, and saturated water
absorption conditions at test temperatures 20 “C and 40 °C. A moisture absorption — desorption process was
considered as a cycle to investigate the mechanical degradation and permanent damage of GFRP laminates induced
by moisture diffusion. Experimental results show that the combination effects of moisture and temperature reduced
the flexural strength and elastic modulus of GFRP laminates, and the reduction rate of flexural strength was much
larger than that of elastic modulus. At the test temperature of 40 “C, unrecoverable losses of elastic modulus
(15.0% ) and flexural strength (16.4% ) occurred for GFRP laminates experiencing one cycle of moisture
absorption — desorption process, which was not evident at the test temperature of 20 “C. Moreover,a coupled hygro-
mechanical finite element ( FE) model was developed to characterize the mechanical behaviors of GFRP laminates
at different moisture absorption/desorption stages, and was subsequently validated with flexural test results.

Keywords: glass fiber reinforced polymer ( GFRP); environmental degradation; mechanical property; coupled

hygro-mechanical numerical analysis
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Fig.1 Glass fiber reinforced polymer laminate specimen
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Tab.1 Mechanical properties of GFRP laminates
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Tab.2 Overview of the flexural tests
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Fig.3  Flexural test device
Pl 4 g 75 g a0 A5 1 0 Sl v D), 204 i R A1 2
HRRAEAY 70% 5 i KA IAE] 10 mm 1, 45 1k
AR, I AR . B ISR R E R 1 s, SAiE
EER RS R R T T BT
s |

T0%F [~~~

P—-—
ks
(a) T ZRFRAC B R A 2R A 70%
|
|
|
|
|
|
|
|
|
I -
10/mm ik

(b) HRAFEIEF] 10 mm
4 LIS F B AN

Fig.4 Termination rules of the flexural test
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Fig.5 Comparison of moisture uptake curves between test results
and FE analysis on GFRP specimens under flexural tests
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Fig.7 Stress —strain curves of GFRP specimens under flexural tests w
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Fig.8 Environment-dependent flexural property degradation of GFRP laminates
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Fig. 10 Moisture concentration distribution across the mid-plane
of the specimen with 30% moisture uptake content (24 h)
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Fig. 11  Moisture concentration distribution across the mid-plane
of the specimen with 50% moisture uptake content (229 h)
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