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CIRCULAR-HOLE STRESS CONCENTRATION ANALYSIS ON
GLASS-FIBER-COTTON REINFORCED MC-NYLON

YOU RUI TAO, NING RUI LI AND XU HAN

The influence of geometrical discontinuities on the stress distribution is critical for design applications. A
novel type of composite, named glass-fiber-cotton reinforced monomer casting nylon (GFCR MC-nylon),
is prepared, and the circular-hole stress concentration of a GFCR MC-nylon plate is investigated via the
digital image correlation technique (DIC). The experimental results show that the stress concentration
factor (SCF) of the composite varies with the diameter of the circular hole and stress intensity. A novel
finite element model is established to investigate the influence of glass-fiber (GF) length on SCF. The
simulation results show high agreement with the experimental results. The findings provide the basis for
the structure design of fiber-cotton reinforced composite.

1. Introduction

For a homogeneous thin panel with a circular hole subjected to uniaxial loading, the distribution of stress
is not monotonic around the circular hole. The stress concentration factor (SCF) is defined as the stress
around the circular hole divided by the average stress. Generally, the maximum SCF is located at the
hole edge.

Nowadays, fiber-reinforced composites have been widely applied in industry. The stress concentration
of fiber-reinforced composites has attracted attention in the recent past. If the fiber under consideration
is an isotropic material with a circular hole, Cheng and Chen [1988] have provided equations to solve
the SCF for plane-stress analysis. The equations show that the distribution of stress is determined by
the proportion and elastic modulus of the fiber and resin. Maximyuk et al. [2014] studied the nonlinear
deformation of flexible composite shells with a reinforced curved hole under static loading. Pandita
and Nishiyabu [Pandita et al. 2003] investigated the tensile strain field of woven fabric composites with
digital photogrammetry technology. The experimental results revealed the strain concentrations near the
singularity and that the strain concentrations were influenced by the tensile loading direction and the hole
dimension relative to the size of the unit cell of the plain woven fabrics. Ghasemi and Razavian [2012]
advocated that the influence of specimen dimension, notch size, lay ups, and material properties were im-
portant to the residual strength and stress concentration factor of laminated composite materials. Defense
hole systems are used to redistribute the stresses around the main hole by introducing an auxiliary hole
in the low-stress area near the main hole. Jadee and Othman [2015] investigated the effect of the defense
hole system on the stress distribution around the bolt-hole in a GF reinforced polymer composite bolted
joint, showing that adding an auxiliary hole near the bolt-hole reduces the stresses in the vicinity of the
bolt hole. Toubal et al. [2005] investigated the stress concentration characterization of a laminate carbon
epoxy with an electronic speckle pattern interferometer, which were compared with the predictions of a
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theoretical model previously developed by Lekhnitskii [Lekhnitskii et al. 1968] and a finite element study.
Liu and Huang [2014] thought that the SCF with transversely isotropic fibers involved can be sufficiently
approximated by a much simpler stress concentration factor formula derived upon isotropic fiber rein-
forcement. Liu and Tang [2016] studied the stress concentration in notched cross-ply laminates under
tensile loading. Some other researchers focused on the influence of ply cluster thickness and location
on matrix cracking evolution in open-hole composite laminates [Moure et al. 2016], progressive failure
analysis on scaled open-hole tensile composite laminates [Bao and Liu 2016], gradient model [Khoroshun
and Kabysh 2007], and a unified approach to problems of stress concentration near V-shaped notches
[Savruk and Kazberuk 2007]. The above references show that reduced stress concentration in composites
has been studied widely and applied in engineering. However, there are few studies or experiments
available in the literature that explain the stress concentration of long GF cotton reinforced composites.

Finite element simulation has been adopted in the stress concentration analysis of composites. For
example, Wu and Mu [2003] compared the SCF in isotropic and orthotropic finite-width panels by
performing systematic finite element simulations. Finite element modeling also has been applied in the
stress-analysis of laminated composite plates containing circular holes under transverse loading [Paul and
Rao 1995]. Hao et al. [2015] investigated the notch effects and crack propagation on kenaf/polypropylene
nonwoven composites. However, the finite element modeling used in the above references was based on
commercial finite element method (FEM) code, such as the Discrete Damage Mechanics model, which
is not suited to analyze the influence of length and proportion of fibers on stress concentration.

New measurement technologies have been applied in the investigation of stress concentration, such
as digital photogrammetry technology [Maximyuk et al. 2014], electronic speckle pattern interferometry
[Toubal et al. 2005], and digital image correlation (DIC) [Aparna et al. 2015]. The DIC technique uses
high-speed, high-resolution, and accurate charge-coupled device cameras for measuring displacement
components on the surface of the testing material having speckle patterns. Images are captured at the
time of testing at every stress cycle and these deformed patterns are correlated with a reference pattern
and determining the displacements of the so-called subsets.

In this paper, the authors prepared a novel type of long GF cotton reinforced nylon through casting. The
ultimate strength of the composite is more than 140 MPa. Therefore, this composite may be manufactured
as a structural part in which a circular hole is always used to connect the other parts. The present study
is hence aimed at investigating the stress concentration on the composite plate using the DIC technique.
The arrangement of this paper is summarized as follows. The preparation of the composite and tensile
samples and experimental procedure are introduced in Section 2. The experimental results of stress
concentration are discussed in Section 3. Then, a novel finite element model is established and the finite
element analysis results are compared with experimental results in Section 4. At last, in Section 5, the
authors give the conclusions of this study.

2. Preparation of GFCR MC-nylon specimen

As a type of engineering plastic with high molecular weight, high mechanical advantages, and excellent
self-lubricating performance, monomer casting nylon (MC-nylon) has been widely used for the produc-
tion of gears, bearings, and slide blocks [Xu et al. 2013]. Many attempts have been made to improve the
properties of MC-nylon [Zhang et al. 2012; Wang et al. 2013], such as incorporating GF into the plastic
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resin. However, in the above researches, the mechanical properties of the composite were not improved
significantly because the length of the GFs was too short.

As shown in Figure 1 (left), GF cotton is a new reinforcing material in composites. GF cotton is
not a mixture of GF and cotton, but is instead gossypine long GF. In other word, GF cotton is made up
nondirectional long GFs, which is loosened from a GF bundle, shown in Figure 1 (center) by a garnetting
machine. In the GF bundle, the orientation of the GFs is directional. After loosening, the GF bundle
is dispersed as single one. The orientation of single GF is nondirectional, as shown in Figure 1 (left).
To illustrate the orientation of the GFs, a microscopic image of the fibers in a composite is shown in
Figure 1 (right). It is clear that the fibers are nondirectional. In this investigation, the length of the GFs
is 60 mm, which is much longer than that of short GF-reinforced composites. This novel composite is
isotropic because the orientation of the GFs in the composite is nondirectional in three-dimensional space.

The raw materials in this composite include caprolactam monomer, a main catalyst, an auxiliary
catalyst, and reinforced material. The caprolactam monomer was supplied by China Petroleum and
Chemical Co. Sodium hydroxide (NaOH), the main catalyst, was purchased from Genert Chemical
Reagent Co. (Tianjin, China). Toluene-2,4-diisocyanate (TDI), the auxiliary catalyst, was purchased
from Kelong Chemical Reagent Factory (Chengdu, China). GF cotton, which acts as reinforced material,
was manufactured by Nanjing GF Co. The length of monofilament of GF is 60 mm.

The preparation of the GF-cotton reinforced MC-nylon is in Figure 2. Firstly, an appropriate amount
of GF cotton was put in mold preheated to 170 ◦C. A proper quantity of caprolactam and a small quantity
of carbon powder were put into a three-necked flask, and then were heated to about 130 ◦C. To remove
water in the caprolactam, the melting caprolactam was refluxed under vacuum for about 30 min. Then a
proper amount of NaOH was added into the melting caprolactam to promote the ring-opening reaction.
After refluxing the melt for another 30 min, TDI (0.6 wt% of the melting caprolactam) was added to the
caprolactam. Thirdly, the melt was cast into the mold filled with GF cotton, Figure 2 (left and center),
and the mold cavity was enclosed with a punch, Figure 2 (right). The caprolactam was polymerized for
20 min. The composite was then obtained and ejected from the mold. A composite plate prepared by
this technology is shown in Figure 2 (bottom).

Cut from the composite plate, the specimen is shown in Figure 3 (right). The width (D) and length
of the specimen is respectively 50 mm and 80 mm, and the thickness of this plate is 1 mm, as shown
in Figure 3 (left). The ends of the specimens act as gripped ends. The hole is drilled in the center
of the specimens by a drilling machine. To investigate the effect of hole diameter on the SCF, the
hole diameter is drilled as 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, and 12 mm,
respectively. All the holes are not drilled in different composite plates, but are successively drilled in
the same plate. Therefore, the influence of the composite property on SCF may be avoided. Due to
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Figure 1. GF cotton and nondirectional fibers. Left: GF cotton. Center: GF bundle.
Right: GF in composite.
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GF cotton mold punch

20 mm

Figure 2. Preparation of GF cotton reinforced MC-nylon. Top: GF cotton in mold,
pouring MC-nylon, and polymerizing. Bottom: GFCR MC-nylon plate.

Figure 3. Experimental specimen. Left: specimen size (mm). Right: painted specimen.

the plate’s thickness being 1 mm, and the fact that the minimum diameter of circular hole is 2 mm, the
state of stress is approximately plane stress under simple tension conditions. Certainly, the state of stress
is close to plane stress while the diameter of the circular hole increases. The DIC technique relies on
contrasting patterns on the surface of the measured specimen. The color of the composite plate is black,
therefore, the specimens should be painted with white and black paint subsequently, and this is shown in
Figure 3 (center). The specimen preparation is as follows. Firstly, white paint is painted on the surface
of the specimen. Then, tiny black paint-drops are evenly painted on the surface of the specimen. The
maximum diameter of the black paint-drops is less than 0.2 mm.

In general, the SCF of a circular hole in an infinite plate is different from that in a finite plate. In
other words, SCF is influenced by the ratio of plate width to circular hole diameter (D/2a). However,
for an isotropic plate, the research reveals that the finite plate can be viewed as an infinite plate on the
condition that D/2a is more than 4 [Tan 1988]. In this study, the minimum D/2a of the specimen is 4.16.
Therefore, the specimen with a circular hole can be viewed as an infinite plate and it is not necessary to
take the effect of D/2a on SCF into account.
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circular hole

specimen
tensile machine

DIC

Figure 4. Experimental equipment.

3. Experimental equipment and procedure

DIC has been applied in many industrial areas, such as the automobile and aviation industries. DIC uses
video cameras to record images on the surface of the testing specimen, stores them in digital form, and
performs image analysis to extract the full-field shape, deformation, and motion measurements with the
help of many types of object-based patterns, including lines, grids, dots, and random arrays. In this work,
the authors use DIC to measure the strain field of a composite plate. The DIC system used in this inves-
tigation is named noncontacting full-field strain measurement system-VIC3D, which is manufactured by
Correlated Solutions Inc. of the United States. The measuring length range of this DIC system is from
0.8 mm to 50 m, and the measuring strain range is from 0.001 to 20.

The DIC equipment and the specimens are shown in Figure 4. The composite specimen is clamped
in the clamping chuck of the testing machine. The aim of this article is to investigate the SCF of the
composite plate under elastic conditions. Therefore, the maximum stress loaded on the specimen is no
more than 15 MPa, which is much less than the yield stress of 80 MPa for this composite. Moreover, the
tensile loading applied to the specimen is adjusted according to the diameter of circular hole to ensure
that the maximum stress in all experiments is identical. In this experiment, the frequency of taking
pictures for DIC is set as 120 pictures per minute and the loading rate is set as 40 N/s, which indicates
that loading is nearly quasistatic.

4. Experimental results and discussion

4.1. Effect of diameter of circular hole on SCF. A strain nephogram indicates the value of strain by
color. Two strain nephograms of the composite specimen are shown in Figure 5, in which the strain
along the loading direction εy is indicated by a different color. The maximum and minimum strains are
displayed in red and burgundy, respectively. It can be seen from Figure 5 (left) that the strain of the
specimen has approximate bilateral symmetry in space. Both the right and left sides of the circular hole
in the strain nephogram are colored by red, especially near the edge of hole, which indicates that the
deformation concentration is high in this area. In other words, the stress concentration first emerges near
the edge of circular hole, while the strain concentration gradually disappears far away from the edge of
hole. To evaluate the stress concentration of the circular hole, the strain values are extracted along the
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Figure 5. Strain nephogram around hole. Left: strain nephogram. Right: local strain nephogram.
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Figure 6. Strain distribution around circular hole.

horizontal sampling line shown in Figure 5, and are listed in Figure 6, in which the x-axis represents the
distance from the central point to the sampling point and the y-axis indicates the corresponding strain.
Intuitively, the fluctuation of strain curves is small when the diameter of the circular hole is less than
4 mm. In other words, the strain along the sampling line is almost even and the stress concentration is
inapparent in this case. As the diameter of the whole increases, the strain near the hole edge increases,
which leads to the slope of the strain curve to increase. Therefore, the stress concentration becomes more
and more obvious.

Hole-edge stress concentration may be represented by SCF, which is the maximum stress of the hole
edge divided by the average stress. For isotropic metal materials, the tangential direction tensile-stress
distribution around the hole edge may be represented by

σm
ρ =

σ 0

2

(
1+ A

a2

ρ2 +

(
1+ B

(
4a2

ρ2 −
3a4

ρ4

))
cos 2ϕ

)
, (1)

where σm
ρ represents the tangential direction tensile-stress, σ 0 stands for the nominal stress, a is the

radius of the circular hole, ρ represents the distance from the measured point to the center of the hole,
and ϕ is the deviation angle from tensile direction. In (1), σm

ρ reaches its maximum value when ϕ is 90◦.
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Figure 7. Experimental SCF of the composite.

In (1), A and B are determined by

A =
(1− vm

− 2(vm)2)E f
− (1− v f

− 2(v f )2)Em

E f (1+ vm)+ Em(1− v f − 2(v f )2)
, (2)

B =
Em(1+ v f )− E f (1+ vm)

−Em(1+ v f )+ E f (−3+ vm + 4(vm)2)
, (3)

in which Em and E f are respectively the elastic modulus of the resin and the fiber, and vm and v f are
the volume fraction of the resin and the fiber, respectively. Therefore, (1) shows that the SCF is not only
determined by the constituent original properties, but also by the composite geometric parameters such
as the fiber volume fraction.

For the GF cotton reinforced MC-nylon, Em and E f are 3 GPa and 80 GPa respectively; vm and v f

are 0.85 and 0.15 respectively. Therefore, while a is equal to ρ, the maximum SCF calculated from (1)
is about 1.9.

In this paper, we define the maximum SCF for the composite just as in an isotropic plate; namely, as
the maximum stress of the hole edge divided by the average stress. Then we calculate the maximum SCF
of the composite from Figure 6 and list the SCF in Figure 7, which shows that the maximum SCF of the
composite increases as the diameter of the circular hole increases. The maximum SCF is between 1.012
and 2.726, which is different from 1.9, as calculated by (1). Therefore, the experimental results show
that (1) is not suitable for calculating the SCF of this composite. This may be caused by the influence of
the diameter of circular hole and the length of GF.

As shown in Figure 1 and Figure 8 (left), the GF in this composite is bent and tangled up, which
constitutes a fiber network. Under tension stress, the GF around the circular hole acts as “rebar”. The
GF network reinforces the matrix and transmits the strain far away from the hole edge. Compared to
the stiffness of matrix, the stiffness of GF is higher. Therefore, the GF network in the composite acts as
“anchoring” and “tangling”, which alleviates the strain concentration near the hole edge and decreases
the SCF. Moreover, the experimental results show that the maximum SCF of this composite is more than
that calculated by (1).

Unidirectional fiber-reinforced composites have been widely applied in industries, and it’s maximum
SCF of a circular hole may be much more than that in the isotropic case. For example, the maximum
SCF of a typical unidirectional carbon-fiber-reinforced composite is 9.37 [Liu and Tang 2016], which
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circular hole

GF glass fiber rebar

tensile direction

Figure 8. Anchoring (left) and tangling (right) of fiber network.

indicates that the stress concentrates around the hole edge seriously. Although the length and strength
of the carbon fiber in [Liu and Huang 2014] is much higher than that of the GF in this composite, the
SCF of the carbon-fiber-reinforced composite is much higher than that of this composite. The cause may
lie in that the unidirectional fiber in composite can be viewed as “round steel” and the fibers network
in composite act as rebar. It is evident that the anchoring and tangling of the fiber network alleviate the
stress concentration. Therefore, the conclusion may be drawn that the length and strength of the fiber is
not the sole factor in influencing the SCF of circular hole. Sometimes the distribution of fibers plays a
more important role in alleviating stress concentration.

Figure 8 indicates that the maximum SCF of the composite is determined by hole size and microstruc-
ture size. On the one hand, the bigger the hole, the higher the SCF. For example, when the diameter
is 2 mm, the corresponding SCF is close to 1, and the maximum SCF is 2.726 when the diameter is
12 mm. All experimental results are obtained from the same specimen and the center of all the circular
holes are identical. Therefore, the influence of the material properties on the SCF can be excluded. The
factors that affect the SCF are hole size and microstructure size. Microstructure size, namely the average
GF length around the hole, also influences the SCF. A sketch of the distribution of GFs and the circular
hole are shown in Figure 9. The length of all GFs are identical and the orientation of GFs is random.
The average length of fibers around the circular hole is determined by the diameter of the circular hole.
The authors developed a program to calculate the average length of the GFs around the hole, which is
shown in Figure 10. It can be found from Figure 10 that the larger the diameter, the smaller the average
length of GF. While the diameter of hole is 12 mm, the average length of the GF decreases from 60 mm
to 55 mm. The average length of GF is approximately negative linear with the diameter of circular hole.

GF cotton

circular hole

Figure 9. Circular hole and random distribution of GFs.
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Figure 10. The average length of fibers around the circular hole.

As the average length of the GFs reduce, the effect of anchoring and tangling weakens. Therefore, the
stress concentrates near the hole edge and the SCF increases. Moreover, the integrity of the GF network
weakens as the diameter of the circular hole increases. In a word, the integrity of the GF network and
the average length of the GF around circular hole influence the SCF, and the SCF of the composite is
determined by hole size and GF size.

4.2. Effect of stress intensity on SCF. Generally, SCF is unrelated to the stress σ 0, as shown in (1).
However, the experimental results show that the SCF of this composite is related to the stress σ 0. With
the help of the DIC system, the authors recorded the strain around circular hole under different stress
intensities (3 MPa, 5.5 MPa, 8 MPa, and 10 MPa). The SCF under different stress intensities and different
diameters of the circular hole is shown in Figure 11. On the whole, for all circular holes, the higher the
stress, the lesser the SCF. For example, the SCF of the 10 mm circular hole decreased from 2.92 to 2.34
(about 20%), while the stress increased from 3 MPa to 10 MPa.

SC
F

stress (MPa)

Figure 11. SCF under different nominal stresses.
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In our knowledge, the SCF of the circular hole edge is unrelated to the nominal stress under static
loads for isotropic composites. The authors advocate that both the material construction of the composite
and the distribution of the GF influence the SCF under static load. As opposed to a single phase material
such as metal, the composite consists of two phases: the matrix phase MC-nylon and the reinforced phase
GF. The mechanical properties of the reinforcing material GF is much different from that of MC-nylon.
For example, the modulus of elasticity of MC-nylon is about 3 GPa, which is much less than that of GF,
which is 80 GPa. Therefore, under the same stress, the deformation of the soft matrix phase is much
larger than that of rigid GF. Under the action of axial loading, the MC-nylon around the bilateral of the
circular hole deforms first, and then the stress is transmitted to the reinforced phase. At the same time, the
reinforced phase works faintly under low stress intensity. In other words, the concentrated strain of the
matrix around the hole edge is hardly transmitted from the hole edge. Therefore, the strain concentrates
around the hole edge and the SCF is high. When the nominal stress increases, the reinforced phase works
and the strain concentration around the hole edge weakens, which leads to a decrease of SCF.

Also, Figure 11 shows that the reduction of SCF varies with the diameter of the hole. The reduction
ratios of the SCF for 2 mm, 4 mm, 6 mm, and 8 mm circular holes are 19.2%, 16.8%, 14.9%, 19.7%,
respectively. The average GF length and the integrality of GF network around the circular hole may play
an important role in the reduction of the SCF. The smaller the diameter of circular hole, the longer the
average GF length and the better the integrality of the GF network. In other words, the reinforced phase
works effectively regardless of the nominal stress. Therefore, the SCF of the 2 mm circular hole is the
minimum regardless the stress intensity.

5. Finite element analysis

5.1. Finite element model. The reason why the commercial FEM code is not suited to analyze the
influence of the length and proportion of the fibers on stress concentration is illustrated in Section 1. It
is necessary to suggest a novel method to simulate the stress concentration of a circular hole for this
composite. The core idea of this simulation model is that the matrix phase and reinforced phase in this
composite are assigned different material properties respectively. Moreover, the GF is simplified as a bar
and its distribution is random. In this composite, the diameter of the GF is 13 microns and the number
of GFs is massive, which may lead to the number of elements in the simulation model being extremely
massive. Therefore, the authors simplify the GF as a bar with a square cross section. The side length
of the square cross section is 0.8 mm, and the length of the bar is identical to the GF length. It is noted
that the volume fraction of the GF in this simulation model is identical to that of the 21% composite. In
this FEM model, the Solid185-type element is applied to mesh the MC-nylon and the GF. First, the GF
is meshed with the element size 0.4 mm. Then the MC-nylon is meshed with the adaptive element, and
the interface elements between the MC-nylon and GF are coincided.

The geometric modeling is as follows. The first step is to construct the geometric model of GF through
the loop statement in the APDL language. The GF bars are confined within a cuboid. Length, width, and
thickness of the cuboid are respectively 80 mm, 50 mm, and 5 mm, which is identical to the dimensions
of the specimen. The distribution of the GF is random and uniform in the matrix. To investigate the
influence of GF length on the SCF, the GF length are 13 mm, 26 mm, 38 mm, and 60 mm, respectively.
For example, the GF length in Figure 13 is 13 mm. The number of GF bars depends on the volume of
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Figure 12. The geometric model (left) and finite element model (right).

a single GF bar and the volume fraction of the GF in the composite. The second step is to construct
the geometric model of the matrix, and the volume of GF bars is removed from the cuboid by Boolean
operation. It is noted that the dimension of the cuboid is the same as that of the specimen, and the
diameter of the circular hole varies from 2 mm to 12 mm. Figure 12 (left) shows this model and the
random distribution of GFs.

The matrix and GF are meshed sequentially by the element type Solid185. The element size for the
GF is 0.4 mm. Then the matrix elements and the GF elements are combined with the linkage of nodes,
shown in Figure 12 (right). The bottom edge of the model is fixed, and a load of 2000 N is applied to
the upper side nodes. The boundary condition and load applied on the finite model is identical to that in
the experiment.

5.2. Results and discussion. The simulation results obtained from the above simulation model are shown
in Figure 13. Firstly, the simulated SCF and the experimental SCF are compared when the GF length is

SC
F

stress (MPa)

simulation SCF (GF 13 mm)
simulation SCF (GF 26 mm)
simulation SCF (GF 38 mm)
simulation SCF (GF 60 mm)
experimental SCF (GF 60 mm)

Figure 13. Simulation results.
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60 mm. Although the former value is a bit more than the latter one as a whole, the average difference
between the two SCFs is only 5.6%. Therefore, it is consistent between the experimental SCF and the
simulation results. Figure 13 also shows that the shorter the GF in the composite, the larger the SCF.
The average SCF for the composite with 38 mm, 26 mm, and 13 mm long GFs is 1.97, 2.25, and 2.62
respectively. Moreover, Figure 13 indicates that the gradient of SCF curves decreases as the GF shortens.
For example, when the GF length is 13 mm, the SCF increases from 2.32 to 2.96 and the corresponding
variation of the SCF is 21.6%. For 60 mm GF, the SCF raises from 1.14 to 2.76 and the corresponding
variation of the SCF reaches 58.6%. It may be that the “anchoring” and “tangling” of the fiber network
weakens as the GF shortens, and the strain concentrates around the edge of circular hole. Moreover, it
can be easily seen that the SCF is close to 3 while the diameter of circular hole is 12 mm regardless of
GF length. This may be induced by the decrease in the average length of the GF and the weakening of
anchoring and tangling, which has been discussed in Section 2.

For the isotropic plate without fiber reinforcement, the SCF of the circular hole is 3 and is unrelated
to the diameter of the circular hole. In other words, the corresponding SCF curve is a horizontal line
because there is no anchoring or tangling of fiber network. When the GF length in this composite is
close to zero, the composite is similar to the isotropic plate without fiber reinforcement. It is obvious
that the simulation results shown in Figure 13 are rational. Therefore, the SCF of the circular hole of the
composite is related to both the diameter of the circular hole and the GF length.

6. Conclusion

In this paper, a novel composite named as glass-fiber-cotton reinforced MC-nylon is prepared and the
stress concentration of a circular hole of this composite is investigated with the digital image correlation
technique. The experimental results show that the maximum SCF of the composite increases as the
diameter of circular hole increases. Also, the higher the stress intensity, the lesser the SCF. Moreover,
a novel simulation model to investigate the SCF of this material is suggested, showing that the shorter
the GF in composite, the larger the SCF. In a word, the SCF of this composite is influenced by the GF
length, the stress intensity, and the diameter of the circular hole.
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