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ABSTRACT  

The composite material was prepared by reinforcing the epoxy with E-glass fiber. 
The creep and flextural test were measured in this work for one and two layer of E-
glass fiber with volume fraction rate of (10%, 20%, 30%, and 40%) in orientation of 
(0-90o) immersed in epoxy (DGEBA) resin with total thickness of 4mm. The tests were 
done at different temperature levels from (25 to 55)Co for creep test. The results had 
revaluated showing that the creeping properties of this composite materials will be 
improved  with increasing the volume fraction layer of fiber at different temperature 
levels with constant stress. Creeping increases when the temperature increases and 
decreases with increasing of the number of layers and volume fraction of fiber. The 
creep constant increases with increasing the temperature up to 45Co then the creep 
constant down. The creeping energy of epoxy E-glass (epoxy composite) increases 
with increasing the volume fraction rate of E-glass fiber. 
 
Keywords: Epoxy resins, Mechanical properties, Tensile strength, E-glass fiber, Creep    
                    Properties. 
 

بمتركبات االیبوكسي المدعم یافلاألخاصیة الزحف في   
 

  الخالصة
 و تجرب ة الزح ف) . (Eالزجاجیة نوع  باأللیافتحضر بتقویة مادة االیبوكسي  المتراكبةالمواد   إن

 حجمی  ھوبنس  بة ) E(الزجاجی  ة ن  وع  األلی  افھا ف  ي ھ  ذا البح  ث لطبق  ة وطبقت  ین م  ن قیاس  ت  م  نحن  اءاال
وبس  مك )   (DGEBAمغم  ورة ف  ي االیبوكس  ي )°٩٠-°٠(  وباتج  اه%) ٤٠، %٣٠، %٢٠، %١٠(

  ).ملم ٤(قدره  إجمالي
 أظھ  رت.  °م) ٥٥-٢٥(اختب  ارات الزح  ف ف  ي درج  ات ح  رارة مختلف  ة تراوح  ت م  ابین  أج  راءت  م 

كب ة ق د تحس نت بزی ادة النس بة ارتخ واص الزح ف لمث ل ھ ذه الم واد الم إنت م تقییمھ ا م ن  إنالنت ائج بع د 
  .عند مختلف درجات الحرارة وتحت إجھاد ثابتالزجاجیة  األلیافالحجمیة لطبقة 

أظھرت النتائج إن الزحف یزداد عندما تزداد درجة الحرارة ،وك ذلك ف ان الزح ف یق ل بزی ادة ع دد 
وبعدھا یقل ثابت )  °م ٤٥(إن ثابت الزحف یزداد بزیادة درجة الحرارة ولحد . طبقات األلیاف وكمیاتھا 

ی  ادة النس  بة الزح  ف ،حی  ث إن طاق  ة الزح  ف لالیبوكس  ي المق  وى باأللی  اف الزجاجی  ة عن  دھا ی  زداد بز
  .الحجمیة لأللیاف الزجاجیة
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INTRODUCTION 

n materials science, creep is the tendency of a solid material to slowly move or 
deform permanently under the influence of stresses. It occurs as a result of long 
term exposure to high levels of stress that are below the yield strength of the 

material. Creep is more severe in materials that are subjected to heat for long periods, 
and near melting point. Creep always increases with temperature [1]. The rate of this 
deformation is a function of the material properties, exposure time, exposure 
temperature and the applied structural load. Depending on the magnitude of the applied 
stress and its duration, the deformation may become so large that a component can no 
longer perform its function — for example creep of a turbine blade will cause the blade 
to contact the casing, resulting in the failure of the blade. Creep is usually of concern to 
engineers and metallurgists when evaluating components that operate under high 
stresses or high temperatures. Creep is a deformation mechanism that may or may not 
constitute a failure mode. Moderate creep in concrete is sometimes welcomed because 
it relieves tensile stresses that might otherwise lead to cracking. Unlike brittle fracture, 
creep deformation does not occur suddenly upon the application of stress. Instead, 
strain accumulates as a result of long-term stress. Creep is a "time-dependent" 
deformation. The temperature range in which creep deformation may occur differs in 
various materials. For example, tungsten requires a temperature in the thousands of 
degrees before creep deformation can occur while ice will creep near 0 °C (32 °F).[2] 
As a rule of thumb, the effects of creep deformation generally become noticeable at 
approximately 30% of the melting point for metals and 40–50% of melting point for 
ceramics. Glacier flow is an example of creep processes in ice. The mechanism of 
creep depends on temperature and stress. The various methods are: 
 
General Creep Equation 

        ….(1) 
      

where  is the creep strain, C is a constant dependent on the material and the 
particular creep mechanism, m and b are exponents dependent on the creep 
mechanism, Q is the activation energy of the creep mechanism, σ is the applied stress, 
d is the grain size of the material, k is Boltzmann's constant, and T is the absolute 
temperature. At high stresses (relative to the shear modulus), creep is controlled by the 
movement of dislocations. [3]For dislocation creep, Q =  Q (self diffusion), m = 4-6, 
and b = 0. Therefore, dislocation creep has a strong dependence on the applied stress 
and no grain size dependence. Some alloys exhibit a very large stress exponent 
(n > 10), and this has typically been explained by introducing a "threshold stress," σth, 
below which creep can't be measured. The modified power law equation then 
becomes:[3] 

I 
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    …(2) 
     

Where A, Q and n can all be explained by conventional mechanisms (so 3 ≤ n ≤ 10). 
When subjected to a step constant stress, viscoelastic materials experience a time-
dependent increase in strain. This phenomenon is known as viscoelastic creep. The 
effect of increasing molecular weight tends to promote secondary bonding between 
polymer chains and thus make the polymer more creep resistant. Similarly, aromatic 
polymers are even more creep resistant due to the added stiffness from the rings. Both 
molecular weight and aromatic rings add to polymers' thermal stability, increasing the 
creep resistance of a polymer.[5] Both polymers and metals can creep. Polymers 
experience significant creep at temperatures above ca. –200°C; however, there are 
three main differences between polymeric and metallic creep.[2] Polymers show creep 
basically in two different ways. At typical workloads (5 up to 50%) ultra high 
molecular weight polyethylene (Spectra, Dyneema) will show time-linear creep, 
whereas polyester or aramids (Twaron, Kevlar) will show a time-logarithmic creep. 
A review of deformation in oriented thermoplastics has shown that anisotropy is 
known to influence their creep behavior [7]. For example, the 100 s isochronous 
modulus in LDPE fell fivefold for a 45/ orientation to the draw axis compared to that 
aligned with this axis [8]. The subject of creep in oriented, reinforced composites has 
received less attention compared to that of polymers. The few publications on the 
subject, as reviewed in [9], show that strain magnitudes can be many orders lower as 
might be expected when strong, brittle fibers are arranged to support the load. In a 
polyester laminate, for example, the instantaneous elastic strain was 0.75% and the 
creep strain accumulated to just 0.2% in 1000 hr at 20/C in air under a stress of half its 
tensile strength [10]. In fact, the reinforcement was introduced to polymers in order to 
eliminate their troublesome dimensional instability under moderately low loading. 
Ceramic fibers: glass, boron and carbon fibers are strong, elastic and brittle and apart 
from their elastic strain, are otherwise inextensible. Consequently, individual fibers 
themselves display a negligible plastic or a viscous (time-dependent) strain [11]. Thus 
creep may be almost entirely eliminated when continuous fibers are aligned with the 
stress direction [12]. The role of mixture always predicts the density of fiber-reinforced 
composites [13] 
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ρc : density of the composite            
 ρm: density of the matrix            
 ρf : density of the fibers 
Vm: volume fraction of the matrix   
Vf: volume fraction of the fiber     
 Wf: weight fraction of the fiber 
 
Theoretical Part 
Several equations were used in this search for calculation the theoretical composite 
materials properties.  
  = ∆  °                                                           …(5) 
  =        ∈                                          …(6) 
 
Where      is the strain 
 Q  is the creeping energy. 
 t is the time in the creeping test. 
T is the temperature for the creeping test. 
K  is the creeping constant. 
 
EXPERIMENTAL WORK 
1-Diglycidyl ether of bisphenol-A (DGEBA) is a typical commercial epoxy resin and 
is synthesised by reacting bisphenol-A with epichlorohydrin in presence of a basic 
catalyst.  

 
The properties of the DGEBA resins depend on the value of n, which is the number 

of repeating units commonly known as degree of polymerisation the number of 
repeating units depend on the stoichiometry of synthesis reaction. Typically, n ranges 
from 1 to 25 in many commercial products. Epoxy resin Diglycidyl ether of bisphenol-
A (DGEBA) was used with its hardener in ratio (3:1). 
2- Fiber glass type (E-glass) Figure (12). 
3-Hand lay-up technique was used to prepare sheets of epoxy composites reinforced 
with E- glass fibers (one and two layer). The sheets were left to solidify at room 
temperature. Epoxy composites with standard dimensions (ANSI / ASTM D 638) 
Figure (13). 
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4- The volumes fraction of E-glass was (10, 20, 30, and 40). 
5-The creep test was carried out with different temperature (25, 35, 45, and 55). 
6-Creep test specimens Figure (13) were used standard dimensional suitable for the 
creeping machine (ASTM-BS1178) Figure (14). 
 
RESULTS AND DISCUSSION 

The results of strain experimental are shown in figures (1) to (4). These figures 
show the effect the time on the strain of the epoxy, from these figures can be see that 
the strain increase with increasing the time at constant temperature for one layer 
because of  the epoxy are viscoelastic at all temperature with time so that in 
considering the strain induced in service it is always required to take into account not 
only the stress, but the time for which it is applied. The viscoelastic properties are also 
highly temperature dependent so that the maximum temperature must be clearly 
specified, and taken into consideration. Also, we can see that the strain decrease with 
increasing the volume percent of the fiber because the additive the fiber to the matrix 
or epoxy lead to composite materials (epoxy and fiber) is stiffer and stronger than the 
polymer matrix and the stiffer increase with increasing the percent of the fiber. The 
cause of the stiffer of the composite that the density of the fiber great than the matrix or 
epoxy. The figures (1) to (4) also, show that the strain increase with increasing the 
temperature because the viscoelastic of the epoxy increase with increasing the 
temperature. 

The result in figure 5 to 8 shown the reinforcing the Diglycidyl ether of bisphenol-
A (DGEBA) with fiber lead to increase the strain with increasing the volume fraction 
of the time of the creeping for two layer. Also, we can see that the strain in one layer 
composite materials  great than the strain in two layer composite materials, this 
attributed to the fact that the reinforcement imparted by the fibers allowed stress 
transfer from the matrix to the fibers. At low layer the matrix is not restrained by 
enough fibers and in the high layer, the stress was more distributed and the composite 
stiffness increased, this is due to strong interface region between the matrix and the 
fibers. 

Figure (9-10) show the creep constant at different temperature. The creep constant 
increased with increasing the temperature up to 45oC then the creep constant down 
because the materials are brittle and stiff at the primary and then the material become 
plastic with increasing the temperature where the average  strain increases by linearly 
this lead to plastic castrate.  
Figure (11) show that the creeping energy of the epoxy reinforcement of the glass 
fibers, where the energy increase with increasing the volume fraction of the glass fiber. 
 
CONCLUSIONS 

From the results of the creep at different temperature and volume fraction of glass 
fiber, the following conclusions can be list: 

1- The creep rate decreased with increasing the volume fraction of glass fibers.  
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2- The creep rate decreased with increasing the layer of glass fibers.  
3- The creep rate increase with increasing the temperature. 
4- The creep rate in on layer high than the creep in two layer at different 

temperature. 
5- The creep constant increased with increasing the temperature. 

 
 

Figure (1): change of strain with time for  % fraction of fiber glass of  
one layer at room temperature. 
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Figure (2): change of strain with time for % fraction of fiber glass of one layer at 

T=35 C. 
 

 
Figure (3): change of strain with time for % fraction of fiber glass of one layer at 

T=45 C. 
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Figure (4): change of strain with time for % fraction of fiber glass of one layer at 

T=55 C. 
 

Figure (5): change of strain with time for % fraction of fiber glass of two layers at 
25 C. 
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Figure (6): change of strain with time for % fraction of fiber glass of two layers at 

35 C. 
 

 
 

Figure (7): change of strain with time for % fraction of fiber glass of two layers at 
T = 45 C. 
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Figure (8): change of strain with time for % fraction of fiber glass of two layers at 

T=55 C. 
 

 
Figure (9): creep constant (K) with different temperature of one layer. 
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Figure (10): creep constant (K) with different temperature of two layers. 
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Figure (11): change of heat with fraction of fiber glass. 

 

 
Figure (12): - Fiber glass type (E-glass) woven rove with angle of (0-90) 

continuous direction with surface density (0.5 Kg/m2). 
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Figure (13) : CREEP-SPECIMEN 

 
Figure (14): creeping machine 

 
REFERENCES 
[1].Joel, R. F. ,Polymer Science And Technology, 2nd ed. (2009) 
[2]. Holmes, M. and Just, D. J. GRP in Structural Engineering, 1983, Applied Science, 

Elsevier. 
[3].Shrotriya, P. , Sotts, N. R. "Creep and Relaxation of Woven glass/Epoxy 

substances for multilayer circuit board applications" polymer composites, (1998) 
Vol.19,No.5. 



Eng. & Tech. Journal, Vol.31, No.1, 2013               Creep Behavior in Fiber-Reinforced Epoxy 
                                                                                           (DGEBA) Composites 

 
        

25 
 

[4].Rosato, et al., Plastics Design Handbook, (2001) 63-64. 
[5].Meyers, M. A. and Chawla, K. K. "Mechanical Behavior of Materials. Cambridge 

University Press. (1999). p. 573. http://www.toodoc.com/Mechanical-Behavior-of-
Materials-ebook.html.  

[6].McCrum, N.G, Buckley, C.P; Bucknall, C.B, Principles of Polymer Engineering, 
Oxford Science Publications. (2003). 

[7]. Gittus, J., Creep Viscoelasticity and Fracture in Solids, Applied Science, 1975. 
[8].Darlington, M. W. and Saunders, D. W., "Creep in oriented thermoplastics", 

Journal Macromol. Sci. Phys, 1971, B5 (2), 207-218. 
[9].Johnson, A. F., Engineering Design Properties of GRP, BPF/NPL Pub No. 215/3 4-

86, 1986. 
[10].Howe, R. J., Cumulative Damage of a Glass Reinforced Plastic, Ph.D. thesis 

University of Nottingham 1971. 
 [11].Pearson, S., "Creep and recovery of a mineral glass at normal temperatures", 

Journal Soc. Glass Tech, 1952, 36, 105-114. 
[12].Sturgeon, J. B., Creep of fiber reinforced thermosetting resins in :Creep of 

Engineering Materials, Ed. C.D.Pomeroy, I. Mech.E. 1978, 175-195. 
[13].Donald R. Askeland, and Pradeep P. P., "The Science And Engineering of 

Materials" 2003. 
[14].Catherine A. Tweedie and Krystyn J. V. "Contact creep compliance of 

viscoelastic materials via nano indentation" Department of Materials Science and 
Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts 
Journal Materials Research Society., Vol. 21, No. 6, Jun 2006 

[15]. Brien, D.J. O’,Sottos N.R. , White S.R. "Cure-dependent Viscoelastic Poisson’s 
Ratio of Epoxy"Experimental Mechanics (2007) 47: 237–249 

[16].Emad S. AL-Hassani, Sheelan R. A."The Effect of Fiber Orientation on Creep 
Behavior and Flextural Strength in Epoxy Composites" Eng. &Tech. journal Vol. 
(28),N. 7 (2010). 

g. & Tech. Journal, Vol.28, No.7, 2010 
 
 
 

http://www.toodoc.com/Mechanical-Behavior-of

