
IJE Transactions B: Applications Vol. 22, No. 2, August 2009 - 205 

MOISTURE DIFFUSION PROPERTIES OF FABRIC 
COMPOSITE (GLASS FIBER/EPOXY RESIN) 

 
 

A. Naceri 
 

Laboratory of Materials, Faculty of Sciences and Engineering, University of M’sila 
P.O. Box 166, M’Sila, Algeria 
abdelghani_naceri@yahoo.fr 

 
(Received: February 29, 2008 – Accepted in Revised Form: December 11, 2008) 

 
Abstract   In this study, the effect of hygrothermal conditioning on the moisture diffusion properties 
of the fabric composite (glass fiber/epoxy resin) was investigated. The water uptake of the specimens 
conditioned in humid environment at different relative humidities (0, 60 and 96 % r.h) at constant 
temperature (60˚C) was evaluated by weight gain measurements. The moisture diffusion properties of 
the fabric composite (glass fiber/epoxy resin) were determined using standard weight gain method. 
The weight gain experiments were performed to determine the equilibrium moisture content Mm of 
the fabric composite as a function of relative humidity (r.h). The measured weight gain is then fit to 
the solution to the diffusion equation (Fick’s law) to determine the diffusivity D. The comparison 
carried out between the values obtained of the characteristic parameters (D and Mm) of the kinetics of 
water absorption by the hygrothermal test of conditioning carried out into the laboratory and those 
given by Loos and Springer confirms the following principal remarks clearly: the diffusion coefficient 
D and the maximum weight gain Mm depend not only on the nature of material but also of the 
environmental conditions (hygrothermal conditioning). The maximum concentration of water 
(matrix+interface) obtained from calculations based on measured values, where a homogeneous 
diffusion phenomenon is assumed inside the material (Df=0), shows clearly that the presence of fibers 
in a polymeric matrix reduces the water up-take of the matrix by about 4 times. 
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چسب /يا شهي شيا رشته(اف مركب ي رطوبت در الي آب بر خواص نفوذيرارتن مقاله اثر جذب حيدر اده   يچك    

 متفاوت ي نسبيها ط مرطوب با درصد رطوبتيشده در مح  خواباندهيها  و جذب آب نمونهيبررس) ياپوكس
 رطوبت يخواص نفوذ. ن شدييش وزن تعي افزايريگ روش اندازه  بهC۶۰˚  ثابتيدر دما)  درصد۹۵ و ۶۰، ۰(
ن روش ياز ا.  شديريگ ش وزن اندازهيروش استاندارد افزا به) يچسب اپوكس/يا شهي شيا رشته(ب اف مركيال
 دست سپس با پردازش اعداد به.  استفاده شدي برحسب رطوبت نسب(Mm) يرات رطوبت تعادليين تغيي تعيبرا

 (Mm, D) يرهاي متغوار ر نمونهيمقاد  سةياز مقا. دست آمد  به(D) يريب نفوذپذيك، ضريآمده بر فرمول ف
اند  گزارش کردهنگر ي لوس و اسپری کهبا ارقام) شگاهي آب در آزمايدر آزمون جذب حرارت(ك جذب آب ينتيس

 و نيزت ماده، ي تابع ماه(Mm)ش وزن ي افزا بيشترين و(D) يريب نفوذپذيضر: شود يد مييأ تبه خوبی موارد اين
كه موجب نفوذ ) فصل مشترك+نهيزم( غلظت آب يشترين ب.است) ط مرطوبيخواباندن در مح (يطيط محيشرا

ت آب ي كميمر ي پلةنيك زمياف در يدهد كه حضور ال ي نشان ميخوب  به(Df=0)شود  يهمگن درون ماده م
 .دهد ي برابر كاهش م۴نه را تا يشده در زم جذب

 
 

1. INTRODUCTION 
 
Fiber reinforced polymer matrix (FRP) composites 
are extensively used in airframe structural 
applications. Carbon (CFRP), Glass (GFRP) and 
Kevlar (KFRP) are the most commonly used 
composite materials in aeronautical and aerospace 
industries [1]. Polymeric composites are being 
investigated for use in a variety of structural 

applications in which they will be subjected to 
adverse environmental conditions while under load. 
     All polymer composites absorb moisture in 
humid atmosphere and when immersed in water. 
The effect of absorption of moisture leads to the 
degradation of fiber-matrix interface region creating 
poor stress transfer efficiencies resulting in a reduction 
of mechanical properties [2,3]. 
     Moisture diffusion in polymeric composites has 
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been shown to be governed by three different 
mechanisms [4,5]. The first involves diffusion of 
water molecules inside the micro gaps between 
polymer chains. The second involves capillary 
transport into the gaps and flaws at the interfaces 
between fiber and the matrix. This is a result of 
poor wet ting and impregnation during the initial 
manufacturing stage. The third involves transport 
of microcracks in the matrix [6,7]. 
     Moisture absorption is characterized by the 
migration of molecules down the concentration 
gradient, which occurs through diffusion. The 
properties of the matrix (resin) can also change 
significantly during exposure to an aqueous 
environment. Furthermore, the water can diffuse 
between the fibers and the matrix, weakening or 
destroying the bond at the fiber/matrix interface. 
The amount of moisture absorption during of 
specific period of time (t) depends on the diffusion 
coefficients of the individual component in the 
plastic/composite. For fiber reinforced plastic 
composites, the diffusion coefficient depends on 
the following three factors: volume or weight 
fraction of fibers, diffusion coefficient of the 
matrix (base resin) and temperature [8]. 
     Presence of moisture in the epoxy matrix and in 
the fiber-matrix on the glass fibers are thought be 
the main reasons for reduced strength of glass fiber 
reinforced polymer matrix (GFRP) woven fabric 
composite material in wet condition. In general 
moisture diffusion in a composite depends on 
factors such as volume fraction of fiber, voids, 
viscosity of matrix, humidity and temperature [9]. 
     The inhomogeneities in the material, such as 
voids, micro-porosity, and damages related to 
thermo-mechanical loading history of the material, 
may affect the diffusion coefficient. The driving 
force for moisture diffusion is the gradient in the 
moisture concentration. For homogeneous materials, 
the moisture diffusion follows Fick’s law. 
     In service, composite materials are exposed to 
varying humidity and temperature conditions. In 
this study, the effect of environmental conditions 
(different relative humidities) on the moisture 
diffusion properties of fabric composite material 
was investigated [10]. 
     The objective of this work was to study the 
moisture absorption and absorption kinetics of fabric 
composite: Influence of hygrothermal conditioning 
(water uptake) kinetics and characteristics of the 

water absorption. 
     Different models have been developed in order 
to describe the moisture absorption behavior of the 
materials [11]. For one-dimensional moisture 
absorption each sample is exposed, on both sides, 
to the same environment, the total moisture content 
G can be expressed as follows [12]: 
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Where mi is the initial weight of the moisture in 
the material and mm is the weight of moisture in 
the material when the material is fully saturated, 
in equilibrium with its environment. D is the mass 
diffusivity in the composite. This is an effective 
diffusivity since all the heterogeneities of the 
composites have been neglected. h is thickness of 
the specimen and t is the time. The moisture 
content is measured by finding the weight gain of 
the material. 
     The percent moisture content of the composite 
as a function of time was measured according to 
mass gain, using the following formula [13,14]: 
 

100).
dryW

dryWwetW
((%)M

−
=  (3) 

 
Where the wet and dry weights are denoted by 
Wwet and Wdry. The moisture absorption was 
calculated by the weight difference. The 
percentage weight gain of the samples was 
measured at different time intervals and the 
moisture content versus square root of time was 
plotted. 
     Solving the diffusion equation for weight of the 
moisture, and rearranging in terms of percent 
moisture content, following relation is obtained: 
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Where Mm is the equilibrium moisture content of 
the sample. Using the weight gain data of the 
material with respect to time, a graph of percent 
moisture content of the material Vs square root of 
time is plotted. 
 
 
 

2. EXPERIMENTAL 
 
The aim of this experimental work was to study the 
moisture absorption and absorption kinetics of a 
laminate made of 12 layers of glass fiber fabric/epoxy 
resin: Influence of hygrothermal conditioning (water 
uptake) kinetics and characteristics of the water 
absorption. 
     The physical properties of woven fabric composite 
(glass fiber fabric/epoxy resin) studied are presented 
in Table 1. 
     The test is carried out on specimens machined 
(profiled specimen) with a radius of 1000 mm, 
length 200 mm, thickness 3,2 mm and width of 30 
mm at the end and 20 mm at the center (Figure 1). 
The detail of this choice is discussed in the 
reference [15]. 
     After total drying, samples were exposed to 
various moist environments at constant temperature 
and different relative humidities. A periodic weighing 
allowed ensuring that a physical equilibrium had 
been reached before testing. 
     In this second study, the effect of hygrothermal 
conditioning on the moisture diffusion properties of 
the fabric composite (glass fiber/epoxy resin) was 
investigated. The water uptake of the specimens 
conditioned in humid environment (Figure 2) at 
different relative humidities (0, 60 and 96 % r.h) at 
constant temperature (60˚C) was evaluated by 
weight gain measurements. The moisture diffusion 
properties of the fabric composite (glass fiber/epoxy 
resin) were determined using standard weight gain 
method. The diffusivity, D is measured by exposing 
a dry sample to a humid environment and measuring 
the mass of water absorbed (weight gain) as a 
function of time. The weight gain experiments were 
performed to determine the equilibrium moisture 
content Mm of the fabric composite as a function of 
relative humidity (r.h). The measured weight gain is 
then fit to the solution of the diffusion equation 
(Fick’s law) to determine the diffusivity D. 
     The equilibrium moisture content of material 

was reached at about six months. The aim of this 
work is to study the environmental (moisture 
absorption) behavior of glass fiber fabric/resin 
epoxy. This method is used to calculate the 
diffusivity D and the maximum moisture content 
Mm of the woven fabric composites. 
 
 
 

3. RESULTS AND DISCUSSION 
 
The influence of environmental conditions (water 

TABLE 1. Physical Properties of Woven Fabric Composite. 
 

Composite Thickness 
(mm) 

Density 
(g/cm3) 

Fiber 
Volume 
Fraction 
in (%) 

Woven 
Fabric 3.2 1.94 55 

 
 
 

 
 
Figure 1. Profiled specimen with a radius of 1000 mm. 
 
 
 

 
 
Figure 2. Environmental chamber of hygrothermal conditioning. 
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uptake) for the lamina (glass fiber fabric/epoxy 
resin) is discussed. Figure 3 shows percentage of 
weight gain as a function of square root of time for 
fabric composites at different relative humidities 
(0,60 and 96 % r.h) at constant temperature (60˚C). 
Table 2 presents the experimental results (D and 
Mm) of moisture absorption of composite (glass 
fiber fabric/epoxy resin). It can be seen that the 
maximum moisture content (Mm) value increases 
(Figure 4) with an increase in relative humidity (r.h) 
and the diffusion coefficient (D) decreases (Figure 5) 
with an increase in the relative humidity (r.h). 
     The weight gain depends mainly on three 
parameters: time (t), equilibrium moisture content 
(Mm) and diffusion coefficient (D). The values 
(characteristic parameters) of the kinetics of moisture 
absorption (Mm and D) obtained by the experimental 
moisture conditioning method confirms clearly the 
principal remarks observed: the diffusion coefficient 
(D) depends on the temperature and the equilibrium 
moisture content (Mm) depends on the relative 
humidity (r.h). Diffusivity is independent of relative 
humidity and maximum moisture content is 
independent of temperature. 
     The absorption behavior of the fabric composite 
was investigated at 60˚C under different relative 
humidities. Two relative humidity conditions (60 
and 96 % r.h) were selected and equilibrium weight 
gain was obtained as a function of relative humidity 
(r.h). To estimate the variability, the tests were 
performed with samples cut from different plates 
(four plates at 60 % r.h-60˚C and four plates at 96 
% r.h-60˚C). The parameters G and P represent the 
ratio of M compared to Mm and the ratio of Dt  
compared to h. 
     The experimental data of moisture absorption 
(results obtained) can be collapsed to a single 
curve, or master plot, by plotting G vs. P as in 
Figure 6. That the experimental data collapse to a 
single curve shows that Fick’s law is a good model 
for moisture diffusion. Good agreement is found 
between the experimental and theoretical (Fick’s 
law) results. 
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Figure 3. Moisture content of composite (glass fiber 
fabric/epoxy resin) under environmental exposure as a function 
of square root of time. 
 
 
 
TABLE 2. Experimental Results of Moisture Absorption 
of Composite (Fabric Glass E Fiber/Epoxy Resin) at 60˚C-
60 and 96 % r.h. 
 

Relative Humidity (r.h) in % 60 96 

Diffusivity of Composite (D) 
in cm2/s. 10-8 1,20 0,21 

Maximun Weight Gain of 
Composite (Mm) in % 0,18 1,10 

Maximun Weight Gain of 
Resin (Mm) in % 0,62 4,00 
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Figure 4. Maximun moisture content vs. relative humidity. 
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One notices that the kinetic absorption at 60 % RH 
significantly seems slower than the kinetic of 
Fick's (problem which could be due to a variation 
of the hygrothermic degree inside the climatic 
chamber of conditioning in vapor medium and to 
the periodic interruption in moisture absorption 
caused by removing the samples from the 
environmental chamber for weighing affects the 
results to a measurable degree). 
     Table 3 presents the Parameters characteristic 
of water absorption of the composite (glass 
E/polyester) given by Loss, et al [10]. The 
comparison carried out between the values 
obtained of the characteristic parameters (D and 
Mm) of the kinetics of water absorption by the 
hygrothermal test of conditioning carried out in the 
laboratory and those given by Loos and Springer 
confirms the following principal remarks clearly: 
the diffusion coefficient of water D and the 
maximum weight gain Mm depend not only on the 
nature of material but also of the environmental 
conditions (hygrothermal conditioning). 
     The maximum concentration of water (matrix 
+ interface) obtained from calculations based on 
measured values, where a homogeneous diffusion 
phenomenon is assumed inside the material (Df=0), 
shows clearly that the presence of fibers in a 
polymeric matrix reduces the water up-take of the 
matrix by about 4 times (see Table 2). 
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Figure 5. Diffusion coefficient vs. relative humidity. 
 
 
 

 
(a) 

 

 
(b) 

 
Figure 6. Comparison between experimental data of moisture 
absorption and theoretical fick's law of fabric composite, (a) 
96 % r.h-60˚C and (b) 60 % r.h-60˚C. 

 
 
 
TABLE 3. Parameters Characteristic of Water Absorption 
of the Composite (Glass E/Polyester) Given by Loss, et al  
[10] at 65˚C-60 and 100 % r.h. 
 

Relative Humidity (r.h) in % 60 100 

D in (cm2/s. 10-8) 23,0 3,80 

Mm in (%) 0,45 2,75 
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With: 
 

ρf: Density of Glass Fiber (ρf = 2,54 g/cm3), 
ρc: Density of Composite “Glass Fiber 

Fabric/Epoxy Resin”, (ρc= 1,94 g/cm3), 
ρr: Density of Resin “Epoxy Resin”, (ρr = 1, 

17 g/cm3), 
Vf: Fiber Volume Fraction (Vf =55%), 
Vr: Resin Volume Fraction (Vr= 45%). 
 
 
 

4. CONCLUSIONS 
 
The moisture diffusion properties of the fabric 
composite (glass fiber/epoxy resin) were determined 
using standard weight gain method. The weight 
gain experiments were performed to determine the 
equilibrium moisture content Mm of the fabric 
composite as a function of relative humidity (r.h). 
The measured weight gain is then fit to the solution 
to the diffusion equation (Fick’s law) to determine 
the diffusivity D. 
     The comparison carried out between the values 
obtained of the characteristic parameters (D and 
Mm) of the kinetics of water absorption by the 
hygrothermal test of conditioning carried in the 
laboratory and those given by Loos and Springer 
confirms the following principal remarks clearly: 
the diffusion coefficient of water D and the 
maximum weight gain Mm depend not only on the 
nature of material but also on the environmental 
conditions (hygrothermal conditioning). The 
maximum concentration of water (matrix+interface) 
obtained from calculations based on measured 
values, where a homogeneous diffusion phenomenon 
is assumed inside the material (Df=0), shows 
clearly that the presence of fibers in a polymeric 
matrix reduces the water up-take of the matrix by 
about 4 times. 
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