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This research is aimed at comparing the stress dependency of creep viscoelastic behavior for glass/epoxy composite and neat
epoxy close to the glass transition temperature and room temperature. Long-term creep performance of quasi-unidirectional
composites and quasi-isotropic stacking sequence composites is modeled based on the time-stress superposition principle
(TSSP). Linearity and nonlinearity of viscoelastic behavior and stress-dependence correlations were investigated for quasi-
isotropic stacking sequence composite at 25°C and 50°C (near the glass transition temperature). Stress dependency of creep
stages (primary, secondary, and tertiary) of neat epoxy was evaluated at this range of temperature. The prediction results of
composite at room temperature show that the raising of the stress levels leads to the acceleration of viscoelastic strain values,
but the creep compliance does not present any dependency. Besides, the reduction of viscoelastic ability is realized by
measuring less amount of creep compliance at higher stress level in the glass transition temperature. These observations
confirmed the linearity and nonlinearity of viscoelastic behavior at room and glass transition temperature, respectively. Similar
results of neat epoxy revealed that the increase in the stress level accelerates the strain values at room temperature and
decreases the creep resistance at glass transition temperature. Failure morphologies of epoxy sample fractured at room
temperature are included scarp, cusp, and river line; however, close to the glass transition temperature, more expansive mirror
zones appeared. Fiber architecture significantly affected the secondary stage regime by providing load-bearing ability. Thereby,
creep rate reduction and enhancement of creep lifetime and creep resistance would be reported using unidirectional
reinforcing in contrast to those of the multilayer sequence one.

1. Introduction

Epoxy has gained enormous attention to use as a matrix in
fiber-reinforced polymer (FRP) composites, due to relatively
high chemical resistance, low volatility, low shrinkage on cur-
ing, and relatively high specific strength and modulus [1]. Vis-
coelasticity of epoxy affects the residual stiffness [2] and
fatigue life during dynamic loading [3]. High viscoelastic abil-
ity is often the primary requisite for reliable long-term struc-
tural applications [4]. The viscoelastic properties of
polymeric materials can be evaluated using the creep tests [5].

At long-term creep loading, nonlinear viscoelastic
response increased by adding modifiers to asphalt binder [6]
and increasing the stress and temperature value [7]. The non-
linearity impacted the creep compliance and relaxation mod-
ulus [6]. Deformation of polymeric materials becomes more
critical as the temperature reaches the glass transition temper-
ature (Tg) [8]. Polymer softening near Tg is a significant
problem to deteriorate viscoelastic resistance [9]. Viscoelastic
characterization under the impact of elevated temperature
and Tg throughout the creep tests has been performed on
polymeric matrix composites (PMC) in previous researches.
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Ahci and Talreja [7] studied creep-recovery test data for
graphite fiber thermoset composite with Tg value higher
than 700°C. The composite displayed noticeable creep in
the fiber direction when the temperature approached the
Tg value, and it showed a nonlinear viscoelastic behavior
beyond threshold stress of 13 ksi at 700°C. Sayyidmousavi
et al. [10] conducted creep tests on polyimide resin-based
carbon fiber composite at 180, 220, and 270°C. Increased
temperature resulted in softening and acceleration of the
creep strain. Moreover, the nonlinearities were produced at
elevated temperatures.

Durante et al. [11] studied the creep behavior of polylac-
tic acid reinforced by woven hemp fabric. They showed the
increment of creep compliance by rising temperature.
Reviewed studies of Eftekhari and Fatemi [12] demonstrated
the significant impact of elevated temperature on polymer
chains’ increased mobility. Also, creep strain and creep rate
increased with increasing temperature because of higher
macromolecular mobility in polymer chains.

Wang et al. [13] investigated the creep and recovery
behaviors of polystyrene composites filled with chemically
reduced graphene oxide. They found that the creep deforma-
tion and strain rate increase with elevating temperature. Lu
et al. [14] studied the effect of temperature on the creep behav-
ior of resin matrix and basalt fiber-reinforced polymer (BFRP)
experimentally. They reported as temperature exceeded Tg, a
remarkable increase in strain is observed. Reis et al. [15] inves-
tigated the creep behavior of epoxymatrix composite in glassy,
glass transition, and elastomeric regions. They concluded the
higher deformation as temperature increases.

There is sparse in evaluating the comparison of creep
response between nonlinear and linear viscoelastic behavior by
increasing stress levels on polymeric composites. For this pur-
pose, the impact of stress on viscoelastic strain is investigated
at a glassy state and glass transition temperature of E-glass/epoxy
composite. The time-stress superposition principle is used to
predict long-term creep performance at 25°C and 50°C. Linearity
and nonlinearity of viscoelastic behavior are determined by plot-
ting an isochronous curve. The effect of stress on creep response
at the primary and secondary stage is indicated at glassy state
and glass transition temperature of neat epoxy. Morphologies
of creep fractured epoxy surfaces are obtained and show the vis-
coelastic ability at 25°C and 50°C creep-fractured samples by
scanning electron microscopy (SEM).

2. Methodology

2.1. Materials. Resin epoxy Epolam 2040 and hardener Epolam
2047 were purchased from Axson Technologies Company.
According to the company datasheet, Table 1 shows the viscos-
ity and density properties of the epoxy resin and hardener at
room temperature. Unidirectional (0°, 90°) and biaxial (±45°)
E-glass fibers were supplied from STA Company. Volumetric
density of E-glass fibers is 2.58g/cm3, and its mechanical prop-
erties including tensile modulus, tensile strength, and elonga-
tion are 40.68 (GPa), 919 (MPa), and 2.685 (%), respectively.

2.2. Sample Preparation. Resin and hardener were mixed by
a weight ratio of 100 : 32 for 5min, preparing neat epoxy

samples and the composite matrix. After mixing, the mix-
ture was poured in the given mold (with the dimensions of
type ɪ in ASTM D-638) to prepare neat epoxy samples.
The curing procedure was in two stages at 25°C for 24 hours
and at 70°C for 16 hours. A vacuum infusion process (VIP)
was employed to fabricate the E-glass/epoxy composite. The
glass fiber arrangements (in seven plies) were as follows: [0°]
for quasi-unidirectional composite and [90, 0, ±45, 0, ±45, 0,
90] for quasi-isotropic stacking sequence composite. The
curing steps were the same as the neat epoxy procedure.
The quasi-isotropic stacking sequence composites and
quasi-unidirectional composites were labeled as MD (multi-
directional) and UD (unidirectional).

2.3. Material Characterization

2.3.1. Tensile Test. Tensile tests were conducted as per the
requirements and proposed dimensions of ASTM D3039
[16] on composite and ASTM D638 [17] on epoxy with a
Zwick universal testing machine Z250 to determine the sam-
ple’s mechanical properties. Ten rectangular-shaped com-
posite samples and five dog bone-shaped neat epoxy
samples have been tested under loading rate of 2mm/min
and 5mm/min, respectively.

2.3.2. Dynamic Mechanical Analysis. To certify polymeric
samples for application involving a range of temperature,
dynamic mechanical thermal analysis (DMTA) is the most
widely used technique. It was performed in three-point bend-
ing mode as per ASTMD7028 [18] using a Triton Technology
DMTA machine (Ltd.). Measurements were recorded in the
temperature range of 21-120°C at a heating rate of 5°C/min
and oscillation frequency at 1Hz. Glass transition temperature
was determined using the tan delta peak method. Dimensions
of the samples for DMTA were 37 × 10 × 1:8mm3.

Table 1: Physical properties of resin and hardener.

Properties
Resin Epolam

2040
Hardener

Epolam 2047

Viscosity at 25°C(MPa·s) 1100 10

Density at 25°C (g/cm3) (ISO
1675:1985)

1.16 0.94

Table 2: Condition of creep tests on the MD and UD samples.

Code of sample Temperature (°C)
Stress (MPa)

Reference-failure
Test time

MD 25
40, 129, 216,
302, 345, 354

3 hours

MD 50
40, 100, 195,
311, 324

1 hour

UD 50
40, 108, 311,
400, 450

1 hour

Epoxy 25 32, 53 2.5 hours

Epoxy 50 18, 32 4 hours
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2.3.3. Creep Measurements. To study the time-dependent
deformation of composite and neat epoxy samples, creep
measurements were carried out using a Santam universal
testing machine STM-150. According to ASTM D2990
[19], the test requirements and proposed dimensions were
in a tensile mode and force control. Dimensions of epoxy
and glass/fiber composite were based on ASTM D-638 (type
ɪ) (mentioned in ASTM D2990). The condition of creep tests
is summarized in Table 2. The sample was placed in the
grips with level arm in vertical position. The displacement
of crosshead was controlled by encoder feedback, measure-
ment using sensor, and with the displacement resolution of
0.1μm. The ratio of this amount to the initial length deter-
mined the strain value.

2.3.4. Scanning Electron Microscopy. Creep fracture mor-
phologies of epoxy were characterized by scanning electron
microscopy (SEM) using an LEO-1450VP operating at
20 kV. Before evaluation, fractured surfaces were coated with
gold powder for electron absorption. Provided images were
in the magnification of 100x, 500x, 2500x, and 4000x.

3. Results and Discussion

3.1. Tensile Test. Results from a tensile test of MD, UD, and
epoxy specimens are summarized in Table 3. Ultimate ten-
sile strength and elongation at break of the UD composite
are twice those of the MD composite. In comparison, the
elastic modulus of both composites is almost similar. Epoxy
has an elongation at break, 89 times figure for the UD com-
posite. From the results, it can be concluded that there is a
substantial improvement (1032%) in tensile strength, from
neat epoxy to unidirectionally reinforced epoxy matrix, as
the fibrous phase mostly governs it.

3.2. Dynamic Mechanical Analysis (DMA). The present
investigation provides insights into the viscoelastic proper-
ties of glass/epoxy composite and neat epoxy. Storage mod-
ulus (E′), loss modulus (E″), and loss factor, that is, tan δ, of
specimens in the temperature range of 21-120°C are shown
in Figure 1. Storage modulus is indicative of the elastic mod-
ulus, and loss modulus represents the amount of energy dis-
sipated during heating of a material. The ratio of E″/E′ is
known as the loss factor.

Figure 1(a) represents the storage modulus of specimens.
Fiber reinforcing of epoxy matrix stiffens the neat epoxy.
Thus, the storage modulus of neat epoxy shows a remarkable
increase upon the addition of glass fiber. However, irrespec-
tive of fiber orientation type, there is a decrease in E′ with

increasing temperature due to the increased molecular
motion of polymer chain with temperature [20]. As the
specimen approaches Tg, E′ falls rapidly due to the onset
of glass transition behavior.

Figure 1(b) shows that the peak height is higher in glass
fiber composites. The reason might be that the polymer’s
viscoelastic deformability at the filler interface and small
energy has been dissipated [21]. The peak factor (tan δ) ver-
sus temperature curve (Figure 1(c)) can determine Tg of
specimens, which have been presented in Figure 1(d). A
slight decrease in Tg can be attributed to the fiber reinforc-
ing when filler surfaces do not partially participate in cross-
linking reaction [22].

3.3. Prediction of Long-Term Creep. It is impractical to con-
duct creep tests for the entire lifetime of materials and to
extract durable response of creep behavior of glass/epoxy
composite [23]. Accelerated methods are essential for reduc-
ing the time and most of them are based on the superposi-
tion principle [24]. Time-stress superposition principle
(TSSP) allows to extend curves over time and predicts
long-term deformability. Accordingly, the viscoelastic
response at higher stress is identical to that at the lower
stress in a long time [25]. TSSP is based on the Doolittle for-
mula, in which viscosity is shown to be a function of free
volume [26], and its application was early found by
O’Shaughnessy [27] and Ferry and Stratton [28].

The linearity of viscoelastic behavior of short-term creep
data is the first and most crucial requirement for utilizing the
TSSP model [29]. Isochronous curves are presented in
Figure 2 for UD andMD composites at 25°C and 50°C.R square
value of the linear fits in each stress-strain diagram confirmed
the viscoelastic behavior’s linearity for exploiting TSSP.

Steps of generating master curve at 25°C and 40MPa are
as follows.

First, single-step short-term creep tests were conducted
at isotherm and reference stress ranging to failure stress.
Accordingly, at 25°C, creep tests were performed for 3 hours
at stress levels of 40, 129, 216, 302, 345, and 354MPa for 27
minutes. Creep-strain time data are illustrated in Figure 3(a).
After that, unshifted creep strain curves appear on a loga-
rithmic time scale in Figure 3(b). Creep curves were shifted
horizontally and vertically through a sufficient coefficient
to achieve accepted fit at each curve’s end. Horizontal and
vertical shift factors are proposed to shift curves in time
and strain scale, respectively [24].

A smooth master curve with suitable overlapping is
obtained during the numerical shifting technique,

Table 3: Mechanical properties of the UD and the MD composites and the epoxy specimens.

Specimen
Elongation at break

(avg) (%)
Standard

deviation (σ)
Ultimate strength

(MPa) (avg)
Standard

deviation (σ)
Elastic modulus
(GPa) (avg)

Standard
deviation (σ)

MD 0.026 3:74 × 10−4 433 1.34 18.2 0.67

UD 0.051 2:94 × 10−3 804 8.68 17.3 0.31

Epoxy 4.54 1:95 × 10−3 71 1 3.02 0.11
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represented in Figure 3(c). Numerical shifting technique
(Rouleau, 2013), Arrhenius equation [23, 30], and manual
shifting methods [9, 31] are exploited to generate long-
term master curves. Finally, a schematic of the creep strain
function of time is plotted in Figure 3(d). The long-term
creep strain rate is estimated to be 6:1 × 10−14, and the creep
lifetime of MD composite is predicted to be 250 years
(1010 s), approximately. The validity of this principle is con-
firmed as a proper matching of a theoretical master curve
with the experimental tests [32, 33] and the curve simulated
by the Findley power law [34].

3.4. Stress Dependency of Glass/Epoxy Composite. Figure 4
displays creep strain and creep compliance profiles of MD
composite as a function of time, tested at 25°C and 50°C
(near the glass transition temperature). The applied load
was chosen within the elastic limit of the composite.
Figure 4(a) shows the variation of compliance, defined by
the ratio between the resulting strain and the applied stress,
versus time at room temperature and different stress levels of
40, 129, and 216MPa (10%, 30%, and 50% UTS, respec-

tively). The relative coincidence of three compliance master
curves represented the linearity of the long-term viscoelas-
ticity at room temperature, and the compliance does not
depend on stress levels. The other research mentioned this
insight, the creep compliance at lower stress and tempera-
ture is independent on stress level, the volume expansion is
limited, and so a linear behavior is observed [35].

As evident from Figure 4(b), creep strain increases rap-
idly with a rise in stress. For example at t = 106 s (277 hours),
creep train increased by 50% (from 0.08 to 0.19%) and by
0.57% (from 0.19% to 0.30%), as the applied stress increased
from 40 to 129MPa and 129MPa to 216MPa, respectively.
It could show the ability to accelerate strain by increasing
stress at the linear viscoelastic region. Based on (a) η = σ/εo
[36], at the linear viscoelastic response and constant η, by
increasing stress, εo must increase and according to this vis-
coelastic strain is accelerated.

The creep lifetime and strain rate are summarized in
Table 4. It shows an increment of creep strain rate from
6:8 × 10−12 (s-1) to 4:0 × 10−10 (s-1) and the reduction of
creep lifetime from six years and three months (108.3 s) to
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Figure 1: Line graphs of (a) the loss modulus, (b) the storage modulus, (c) the tan delta, and (d) the glass transition temperature for the UD
and MD specimens.
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16 days (106.14 s), on rising the stress level from 129MPa to
216MPa.

In the line graphs at Figure 4(c), the creep compliance at
108 (s) for stress levels of 40, 100, and 195MPa (10%, 23%,
and 45% UTS, respectively) is 136, 60, and 26 (×10-12) Pa-
1. Because of the significant difference in compliance
amount, it is concluded that the viscoelastic behavior is
stress-dependent and nonlinear. The nonlinearity is derived
from the stress-dependent time response in the deformation
process [37]. As the nonlinearity achieved, the compliance is
no longer independent on the stress levels and the creep
phenomena are no longer reversible [35].

In Figure 4(d), at t = 107 s, by increasing stress from 40
to 195MPa, viscoelastic strain reduces from 0.0030 to
0.0026. According to the relation (a) and Figure 4(c), by
increasing stress levels, η rises and for this reason, creep
strain may not be increased significantly. It could be con-
cluded that an increase in stress level at the nonlinear region
leads to a reduction in viscoelastic ability. Goertzen and
Kessler [31] reported the creep resistance might reduce near
the glass transition temperature. Such reduction might be
ascribed to the fact that the increase in temperature will
cause a reduction in the activation barrier for the dissocia-
tion of various interchain bonds, thus allowing the polymer
to untangle, slip, and reorient quickly [38].

3.5. Stress Dependency of Epoxy. It is essential to consider the
stress dependency of epoxy’s viscoelastic behavior as a com-
posite matrix at the glassy state and glass transition state. At
room temperature, epoxy’s creep behavior is evaluated at 32
and 53MPa (see Figure 5(a)). In the line graph’s primary
stage, creep response at higher stress saw a lower strain value

(0.002mm/mm) at lower time 360 s than the figure for
32MPa (0.0055mm/mm and 1850 s) to complete strain
hardening and to enter the transient stage.

In the transient stage, creep rate at a higher stress level
(53MPa) saw more amount than that of the 32MPa. It is
seen that increasing stress leads to accelerate strain, and it
is realized that epoxy plays a linear viscoelastic response at
this condition region. It could be due to faster polymer chain
reorientation to damp higher energy applied on the epoxy
system. Constant load for a prolonged period of creep might
result in stretching and reorientation of polymer chains that
are eventually leading to a failure [39].

At glass transition temperature, changes of stress have a
considerable effect on creep curve format. For example, the
graph for higher stress at the primary stage shows a longer
time and strain to perform the strain-hardening mechanism.
Viscoelastic strain and time at the endpoint of the primary
stage are 0.0295 and 8846 s for 32MPa and 0.012 and
3126 s for 18MPa. Such expansion in the primary stage
might result from weak energy bonds during glass transition
as stress increases. This reduction of energy bond makes the
polymer chain stretch for a higher amount of strain to
harden the epoxy system. Several types of molecular
motions, including flexible polymeric chains, may rearrange
quickly on the repeating unit length scale above their Tg, and
after a longer duration, the polymeric chains get disen-
tangled [40].

It is seen a negligible region of the secondary stage at
32MPa. Such shortened steady state could be a result of a
reduction in viscoelastic ability at Tg. Increasing σ might
lead to progress transition from glassy to rubbery state and
deteriorate viscoelastic resistance of epoxy. For this reason,
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Figure 2: Isochronous curves at 25°C and 50°C for (a) the UD and (b) the MD composites.
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the nonlinearity of viscoelastic behavior could be indicated.
As the other research reported, the transition between the
linear and the nonlinear regime takes place more rapidly
when the stress increases at higher temperature [35]. In gen-
eral, viscous flow at high temperatures causes higher molec-
ular chain relaxation and insufficient properties [41].

3.6. Scanning Electron Microscopy Analysis. Scanning elec-
tron microscopy was performed on creep-fractured epoxy
samples to evaluate viscoelastic resistance at glassy and glass
transition state. Fractographic images of the creep test at
25°C/53MPa are shown in Figures 6 and 7. In Figure 6,
the beginning of crack growth and layer separation initiated
from a defect. By propagation of the crack, the mirror zone
was created (smooth and glassy area). This region’s size
and width (subcritical crack growth) increase with time
and temperature [42]. The transition region from mirror

zone to rough zone was seen, and the rough zone was
marked as a plastic deformation region by fine and little big-
ger three-dimensional epoxy.

In Figure 7(a), plastic deformation zone is observed, and
in higher magnification, there are some cusps in Figure 7(b).
Textured microflow was observed in most areas more than
cusps formed partially in the plastic deformation zone.
Other deformation mechanisms are included scarp and river
line in Figures 7(c) and 7(d). Scarps located at the boundary
between the crack planes and the river line are fractographic
features for diagnosing crack growth directions. Scarp is
most clearly seen in brittle matrix systems [43].

The failure mechanism typically changes at elevated
temperatures as compared to ambient temperature. The
fractographic analysis was performed on the epoxy sample
fractured in a creep test at 50°C. In Figure 8(a), the dominant
morphology was the mirror zone, and for this reason, the
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Figure 3: Sequences of generating master curve: (a) creep strain versus time, (b) creep strain versus logarithm of time, (c) shifted creep
curves, and (d) master curve for the MD composite at 25°C and 40MPa.
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epoxy treats like semirubber polymer near Tg. Crack propa-
gates from a defect and by making a rib reach to the next shear
plane. The dimensions of the mirror zone increase rapidly by
increasing temperature [42]. Figure 8(b) shows a relatively
smooth surface containing some local plastic deformation as
a continuous line on the mirror zone has been observed for
neat epoxy. At higher magnification, scarps are detected as a
local plastic deformation (Figure 8(c)).

3.7. Fiber Architecture Effect. Some fibers including carbon,
glass, and aramid are applied to improve creep performance
and polymer strength. However, composites tend to creep
and soften which results in buckling and failure of load-
carrying capabilities [44]. The stacking sequence had a dis-
tinct effect on the creep resistance depending on the region
of glassy, glass transition, and rubbery states [45]. For this
reason, fiber architecture impact is investigated on creep
performance of the glass/epoxy composite near the glass
transition temperature. Variation of creep strain and creep
compliance in the function of time is illustrated in Figure 9
at 50°C and stress level of 40MPa for the UD and the MD
composites.

By contrast, in Figures 9(a) and 9(b), the primary stage
in both composites has no visible difference, and it has the
same regime. It could be due to the fact that epoxy matrix
plays a prominent role at the primary stage and before trans-
ferring stress to fiber that epoxy molecular stretched. Hence,
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Figure 4: (a) Creep compliance and (b) creep strain master curves at 25°C and stress levels of 40, 129, and 216MPa and (c) creep
compliance and (d) creep strain master curves at 50°C and stress levels of 40, 100, and 195MPa for the MD composite.

Table 4: The result of the master curve at different stress levels for
the MD specimens at 25°C.

Stress (MPa) Creep strain rate (s-1) Creep lifetime

40 6:1 × 10−14 250 years

129 6:8 × 10−12 Six years and three months

216 4:0 × 10−10 18 days
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both composites display a similar profile at the primary stage
because of the same matrix system.

By completing the stretch as the main mechanism at the
primary stage, creep stress transfers from the matrix to the
fiber. Since unidirectional fiber supports most of the pres-
sure on the UD sample, less stress is sustained by epoxy,
and therefore, the epoxy matrix is under lower stress than
the MD sample. For this reason, creep rate at steady state
saw lower slope value for UD composite. The creep strain
rate is estimated to be 4:21 × 10−15 for the UD composite
and 2:73 × 10−11 for the MD composite. It could be con-
cluded that the mechanisms at the transient stage could

depend on the stacking sequence in the similar temperature
and stress level. Similarly, Li et al. [46] reported the creep
strain rate of composite with 0° fiber angle is lower than that
of the composites with 15°, 30°, and 45° fiber angle.

The creep lifetime of the UD composite is predicted
12,680 years (1011.6 s), which is 4004 times that of the MD
composite (three years and two months (108 s)). It is visible
that the unidirectional composites have a significant poten-
tial to resist sudden failure near its Tg. It could be due to
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Figure 5: Schematic format of creep failure for neat epoxy (a) at room temperature (32 and 53MPa) and (b) at the glass transition
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the fact that the stress applied to the unidirectional compos-
ite is entirely supported by fibers [46].

In the comparison in Figures 9(c) and 9(d), compli-
ance within 107 s (115 days) was determined to be 74 ×
10−12 Pa−1 for the MD and decreased by 61% to the 29

× 10−12 Pa−1 for the UD composite. Such a reduction in
creep compliance was also observed in higher percent at
the breakpoint. It can mainly state that the creep behavior
of the samples is strongly dependent on the fiber architec-
ture. Almeida Jr. et al. found that the creep resistance
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Figure 8: Micrograph image of epoxy sample fractured at 50°C creep test.
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decreases from longitudinal to transversal fiber orienta-
tion [47].

4. Conclusion

The present study highlights new insights into the influence
of stress on viscoelastic behavior at the linear and nonlinear
region of polymeric materials. The main results are as
follows:

(1) At the glassy state and the linear viscoelastic behav-
ior of glass/epoxy composite, increased stress causes
viscoelastic strain acceleration. However, nonlinear
viscoelasticity near the glass transition temperature
represented reduction in viscoelastic resistance and
strain value as stress increases

(2) Creep compliance is independent on applied stress
levels at room temperature that confirm the linearity
of viscoelastic behavior, whereas near the glass tran-
sition temperature, the nonlinearity can be observed
by compliance dependency on stress levels

Furthermore, the following are about the neat epoxy
samples:

(3) The acceleration of the onset strain of the transient
stage and the strain rate enhancement are observed
at higher stress level and room temperature. In con-
trast, the exposure to the glass transition tempera-
ture provides negligible viscoelastic strain at the
steady state and creates a sudden failure at the ter-
tiary regime

(4) Fractography of the neat epoxy samples fractured at
room temperature demonstrated plastic deformation
morphologies included scarp, cusp, and river line
that represented high resistance of viscoelasticity.
Besides, by observing the mirror zone and partial
plastic deformation at the glass transition tempera-
ture, the reduction in viscoelastic resistance could
be concluded

Finally, the significant impact of fiber architecture on
creep resistance is indicated on secondary stage due to the
different loading support of fiber that could change the sus-
tained stress by epoxy matrix. Quasi-unidirectional compos-
ite shows higher viscoelastic resistance because of the longer
creep lifetime and lower creep rate value.
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