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Abstract:  The axial compressive strength of carbon fiber reinforced polymer composites ( CFRP) is significantly lower than the
tensile strength, which hinders its wide applications. The failure mechanism of CFRP under unidirectional compression parallel to the
fiber alignment direction is complex, but research on this issue is limited. In order to understand this mechanism more deeply and in-
tuitively, a two-dimensional microscopic numerical model is proposed. The influences of various properties of the fiber and matrix
on the compressive strength of CFRP are investigated, including the axial elastic modulus of the fiber (E, ), the transverse elastic
modulus of the fiber( E, ) , the shear modulus of the fiber ( Gy, ), the elastic modulus of the matrix (E,, ), the proportional strength
limit of the matrix (o), the yield strength of the matrix (o) and the degree of initial fiber misalignment. Results show that the
model is capable of explaining the failure mechanism of CFRP under a unidirectional compressive load. Shear stress plays an impor-
tant role in the compressive failure process. The localization of shear stress caused by initial fiber misalignment leads to plastic yield
of the matrix and finally a kink band. Changes in these properties directly affect the concentration of shear stress in the defect areas,
thereby affecting the compressive strength of the CFRP. When the values of £, , E,, Gy, ,E,, 0,, o, are separately increased by
10% or the degree of initial fiber misalignment is decreased by 10% , the compressive strength of CFRP is increased by 2.33% , 0O,
0.39% ,3.38% , 1.17% , 2.30% and 2. 52% respectively. E, has the greatest influence on the compressive strength of CFRP,
followed by the initial fiber misalignment. The effects of the plastic properties of the matrix on the compressive strength of CFRP are
obvious.
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1 Introduction

Carbon fiber reinforced polymer ( CFRP) com-
posites are important materials in many fields such as
aerospace , medical equipment, and automobile manu-
facturing owing to their excellent specific strength and
modulus. However, research shows that the axial
compressive strength of unidirectional CFRP is much
lower than the tensile strength''' | which limits the
wide applications of CFRP. Experimental studies on
the axial compression failure of CFRP illustrate that
fiber kinking is the most common failure mode" ',
It has been showed that fiber kinking is closely related
to the initial fiber misalignment'''. Vogler and Kyri-
akides'®’ applied compressive and shear load on the u-
nidirectional specimen and observed the quasi-static
growth of kink bands across composite plates, indica-
ting the important role of shear stress in fiber kinking.
Moran et al'’’ also observed almost stable in-plane ex-
tensions of kink-band by compressing CFRP speci-
mens with single notched edges. A typical micrograph
of kink-band is shown in Fig. 1. 8
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Fig. 1 Typical kink-band micrograph from experiments: rotation
angle of fiber «, angle of kink band 8, width of kink band w'®.

Rosen'®’ first proposed an analytical theoretical
method to predict the compressive strength of fiber re-
inforced composites. However, he assumed an elastic
buckling theory of aligned fibers without considering
the fiber initial misalignment. As a result, the predic-
ted results of the model are always higher than experi-
mental ones. Argon''®’ and Budiansky et al''’ im-
proved the Rosen’ s theory by introducing the initial
fiber misalignment into their analytical model, which

brought their results closer to the experimental values.
They believed that the shear stress caused by the ini-
tial fiber misalignment leads to slide and rotation of
the fiber, which is the main cause of the formation of
kink-band. Their research was later recognized by
many researchers.

In recent years, finite element ( FE) models
have been developed in order to further understand the
compression failure mechanism of CFRP. Basu et
al''”” idealized CFRP as a two-dimensional plane
formed by alternating fiber layers and matrix layers,
and captured the formation of kink-band through a fi-
nite element method. Pimenta et al”’’ and Bishara et
al'™ ") considered the fiber fracture and matrix plas-
ticity in their model, and simulated the formation and
expansion of the kink-band. Their results indicated
that the plastic yield of the matrix plays a key role in
the formation of the kink-band and the failure of the
fibers first occurs at the edge of the kink-band. In the
work of Vogler et al'"”’ and Bishara et al'®’ | models
with local and global fiber initial imperfections were
used to study the initiation and growth of the kink-
band, respectively by a numerical simulation method.
Their research showed that both local and global im-
perfections can induce kink-band, but local imperfec-
tions are more likely to produce kink-band with obvi-
ous characteristics. The study also suggests that the fi-
nal angle of the kink-band is dominated by the tensile
strength of the fiber. Yerramalli and Waas' ' presen-
ted a three-dimensional model to study the effect of
the fiber diameter on the compressive strength of
CFRP. The results demonstrate that the compressive
strength increases with the increase of the fiber diame-
ter, which has been verified by their experiments.
More importantly, they also found that there is no ob-
vious difference between the predicted compressive
strength based on 2D and 3D models. Zhou et al'"”’
proposed a 2D model in which global imperfection
was introduced and the plastic yield of the matrix was
considered. In addition to compressive failure mecha-
nism, the effects of the fiber volume fraction, the ini-
tial fiber misalignment, the initial fiber-matrix inter-
face sti ness, the interface strength and the fracture
energies on compressive strength were studied.
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Researchers have been committed to obtain mod-
els that can be generally accepted using whether ana-
lytical methods or numerical simulation methods. De-
spite of the above understanding, it remains some un-
clear topics on the compressive failure of CFRP.
What remains unclear is the extent to which the chan-
ges in mechanical properties of fibers and matrix af-
fect the compressive strength of CFRP. To answer the
question and expound the compression failure mecha-
nism of CFRP, we presented our numerical investiga-
tions on the axial compressive failure of unidirectional
CFRP. A 2D microscale FE model with local initial
fiber misalignment was developed. The sensitivity of
the compressive strength to various mechanical prop-
erties was studied in order to understand the influence
of each mechanical property on the compressive
strength. The property of carbon fibers is heterogene-
ous. Although some researchers have taken this into
account, no detailed studies have been done in this re-
gard. In the paper, the influence of anisotropic stiff-
ness of fibers in different directions was also dis-
cussed. Therefore, the parameters related to the me-
chanical properties of the fiber include the axial elastic
modulus of fiber (E; ), the transverse elastic modu-
lus of fiber (E, ), and the shear modulus of fiber
(Gy,) . The mechanical parameters related to the ma-

trix include the elastic modulus of matrix (E, ), the
proportional limit of matrix (o,) and the yield
strength of matrix (¢,). In addition, the effect of the
initial fiber misalignment on the compressive strength
was also studied.

2 Modelling

2.1 Geometric model

The model idealizes CFRP as a two-dimensional
plane with two independent components of alternating
fiber layers and matrix layers, as shown in Fig. 2.
The width of the fiber layer (d;) is assumed to be
5.1 pm. According to the fiber volume fraction
which is 60% , the width d,, of matrix layer can be
deduced to be equal to 3.4 pm. After studying the
rationality of the model, according to the previous
study, the number of fibers was assumed to be 22 in
order to capture the kink-band. The local fiber imper-
fections were introduced as a half sinusoidal wavi-
ness, making the transition from the defect zone to the
defect-free zone smoother. As shown in Fig. 3, the
length of the imperfection zone (L) is 25 pm, far less
than the length of the entire structure (x), 1025 um,
and A represents the amplitude. A/L is assumed to be
0.012 5, indicating the degree of imperfection.

NN Fiber layer

I 1\latrix layer

Fig. 2 Geometric model.

Fig. 3 Schematic diagram of local imperfection.

2.2 Material model

The carbon fiber in the model was assumed to be
an orthotropic and elastic material. The properties of
fiber are given in Table 1. The axial modulus of the

fiber is the data of Toray T800 carbon fiber obtained
in the experiment''®'. Other properties were refer-
enced from the transverse and shear modulus of T300
carbon fiber measured by Hiroaki Miyagawa et
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al'”* | because the data on the shear modulus and

transverse modulus of T800 carbon fiber is still not a-
vailable. Unlike the axial modulus of the fiber, the
characterization of the transverse and shear modulus
of the fiber has always been a challenging problem,
and there is currently no generally accepted standard
test method. The matrix in the model was considered

to be an elastoplastic material. The elasticity and the
plasticity of the matrix were characterized from the
axial compressive behavior of a 603 epoxy polymer,
as shown in Fig. 4. The Young’ s modulus of the
matrix was identified as 4 710 MPa and the plasticity
of the matrix were derived from the plastic section of
the curve.

Table 1 Mechanical properties of fibers.

Eg/MPa Ep/MPa Vi vy G,/ MPa Gpy/MPa
290000 8000 0.256 0.3 27300 3080

i baseline model was established to explain the axial
compression failure mechanism of CFRP. Further-
200 L more, the simulation results of the baseline model
s were compared with the experimental ones to validate
gci 150 [ the model. The effects of the mechanical properties of
% the fiber and the matrix on the compressive strength of
& 100 CFRP were then investigated. The performance pa-
il rameters include the axial elastic modulus of the fiber
(E, ), the radial elastic modulus of the fiber (E, ),
AT R S ST TR the shear modulus of the fiber ( G, ), the elastic

0.00 0.02 0.04 0.06 0.08 0.10 0.2
Strain

Fig. 4 Stress-strain curve of matrix.

2.3 Finite element model

The commercial finite element software
ABAQUS is used to simulate the compression process
of CFRP. The finite element model is shown in Fig.
5. The fibers and the matrix in the model were mesh-
ed with linear plane strain continuum elements CPE4.
Three elements were laid along the width of each fiber
or matrix layer. Considering the severity of deforma-
tion in the defective area, in order to increase the reli-
ability of simulation, from both sides to the inside,
the mesh size gradually decreases from 25 to 0.5 um.
The left end of the model has a boundary condition of
zero displacement in the fiber direction, the upper left
end is fully constrained, and the right end is given a
compression displacement. Due to the convergence
difficulty generated by fiber kinking, the compression
process was simulated using the explicit module of
ABAQUS.

— Fiber elements layer
Matrix elements layer

Fig. 5 Finite element model.

2.4 Computational scheme
Based on the above-mentioned parameters, a

modulus of the matrix (E,, ), the proportional limit of
the matrix (o), the yield strength of matrix (o) and
the degree of initial fiber misalignment. The variations
of the above parameters take the changes of -10%,
-5% , +5% , +10% relative to the benchmark mod-
el. The sensitivity of the compressive strength to vari-
ous parameters is studied.

3 Results and discussion

3.1 Compression failure mechanism of CFRP

The compressive strength predicted by this base-
line model is 1 669.7 MPa while the experimental re-
sult is 1 680 MPa'"®'. The slight difference between
the experimental and simulated values indicates that
the model can predict the compressive strength of
CFRP. The experimental specimens were prepared
from Toray T800 carbon fiber and 603 epoxy resin.
The size of the sample is made according to the com-
pression test standard ASTM D3410-03"*" | which is
150 x 10 x3 mm’. The total length of the sample in-
cludes a gage length of 20 mm and tab length of 65
mm at both ends. The fiber volume fraction of the
specimen is 60% , which is consistent with the mod-
el. The porosity of the sample is less than 3% .

The stress-strain curve obtained from the baseline
model is illustrated in Fig. 6. The stress-strain re-
sponse is linear until a critical stress, after which the
stress drops suddenly and the material structure fails
instantaneously. Due to the adoption of the ABAQUS/
Explicit dynamics module, a small oscillation phe-
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nomenon occurs at the end of the curve. Fig. 7 shows
the distributions of shear stress S, at different stages
of compression corresponding to points 1-4 on the
curve in Fig. 6. Due to the existence of the initial fi-
ber misalignment, shear stress concentration occurs in
the defect zone. The shear stress concentration area
continuously expands with increasing load, and even-
tually passes through the entire model in the width di-
rection, which causes the final formation of kink-band
and the failure of the material structure. Therefore,
shear stress plays an important role in the whole fail-

1.8x10° 3
1.6x%10°
1.4%10%
1.2%10°
1.0%10°
B8.0x10°
6.0x10%
4.0x10?
2.0x107

% .

Stress/Mpa

iy

L I L I L I L 1 L 1
0.002 0.004 0.006 0.008 0.010
Strain

0.0
0.000

Fig. 6 Stress-strain curves obtained from CFRP
unidirectional compression simulation.

5,511

(Avg: 75%)
+5.524e+02
+4.499e+02
+3.477e+02
+2.456e+02
+1.434e+02
+4.120e+02
-6.099e+02
-1.632e+03
-2.653e+03
-3.675e+03
-4.697e+03
-5.719e+03
-6.741e+03

Fig. 9

ure process. In addition, on both sides of the kink-
band, the fibers are significantly bent, as shown in
Fig. 8. Although the material as a whole is in com-
pression, the fibers on both sides are subject to tensile
stress, which can be verified from the experiments of
Pimenta et al®'. Open cracks in the fibers on both
sides of the kink band can be observed in Fig. 9.
Their research also proves, at the outer edges, that
the fibers reach the tensile strength first at both sides

of the kink band.
I Kink-band
ib) feb L]

(a) Shear stress begins to appear (point 1),
(b) Extension of shear stress (point2) ,
(¢) Shear stress state at peak point ( point 3) and
(d) Shear stress state of kink-band ( point 4 ).

Shear stress concenfration

5, 512

{Avg: 75%)
+5.600e+02
+4 BdTee02
+4.003e+02
+3,340e+02
+2.507e+02
+1.633e+02
+3.267e+ 0
-4.267a+01
-1,180e+02
-2.68Ta+02
-3,440a+02

(ap

Fig. 7

Tensile stress concentration

in fibers

Edge of kink-band and fracture of fibers'3! ; (a) Edge of kink-band and (b)An enlarged view of region I.
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The plastic properties of the matrix are introduced
into the model, and the concentration of shear stress
causes the matrix to yield plastically. Before the forma-
tion of the kink-band, the onset and growth of the plas-
tic yield of the matrix can be clearly observed
(Fig. 10). Similarly, Fig. 10 (a), Fig. 10 (b),
Fig. 10 (c), and Fig. 10 (d) correspond to points
14 in Fig. 6, respectively. The plastic yield of matrix
starts at the initial fiber imperfection zone and expands
continuously under compressive load. When the yield
continues to occur, the fiber gradually loses the support

from the matrix, and the kinking behavior occurs.
When the yield band passes through the entire width, a
kink-band is formed. The morphology of the kink-band
obtained by simulation is very similar to that observed
by previous experiments®*'. During the kinking
process, the phenomenon that the fibers are locally
subjected to concentrated tensile stress appears after the
formation of kink-band, which indicates that the prima-
ry cause of the material structure failure is not the fail-
ure of fibers, but the plastic yield behavior of the ma-
trix.

(a) Initiation of plastic yield of matrix

I

(b) Expansion of plastic yield of matrix

l

|

l

|

I

l

(U

N

(c) Matrix plastic yield zone at peak point

(d) The plastic yield of the matrix is finished, and a kink band is formed

Fig. 10 Initiation, expansion and end of plastic yield of matrix.

3.2 Results of parametric studies
3.2.1 Influence of the elastic modulus of the matrix
Fig. 11 shows the variation of the compressive
strength versus E_,. The compressive strength increa-
ses linearly with the increase of E . It indicated that a
lower E, can cause earlier material structural failure
and smaller failure strain. In the model, the matrix is
assumed to be isotropic and elastic material. There-
fore, the shear modulus G,,, of matrix is also im-
proved while E | is increased, which makes the matrix
more resistant to deformation and increases the com-
pressive strength of CFRP accordingly. It is further
proved that the concentrated shear stress is the reason
for the plastic yield of the matrix.
3.2.2 Influence of the yield strength of the matrix
According to the axial compression stress-strain

1.75x10°

1.73%10° -
1.70%10° -
1.68x10° -
1.65x10° —

1.63%10° |-

Compressive strength/MPa

1.60=x10° 1 " I i 1 i 1 " 1 " l
4.2x10° 4.4x10° 4.6x10° 4.8x10° 5.0x10° 5.2x10°

E IMPa

Fig. 11 Influence of E,, on the compressive strength.

curve of 603 epoxy resin (Fig. 4), the proportional
limit of the matrix (o,) was kept consistent with the
baseline model, which is 50 MPa, and the yield
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strength of the matrix was varied within a range of
+10% . The plastic stage of the stress-strain curve of
the matrix with different yield strengths is drawn in
Fig. 12. The predicted compressive strength versus
the yield strength of the matrix is plotted in Fig. 13.
The result shows that the compressive strength of
CFRP increases almost linearly with the increase of
o,. The increase of o causes the plastic yield zone of
the matrix to propagate more slowly, which results in
the improvement of the compressive strength of
CFRP.

a,

250 -——197.97MPa
—— 206.20MPa
[ 50 &ampa
— y a
200 -——230.86MPa

150

Stress/MPa

100

50 L 1 " 1 i 1 i
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Plastic strain

Fig. 12 Plastic section curve of matrix with different yield strengths.
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1.73%10° |-
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1.65%10° I~
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1.63x10° [~
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o /MPa

‘I.ITS[JX‘IOS_E

Fig. 13 Effect of o, on the compressive strength.

3.2.3
trix

Influence of the proportional limit of the ma-

In the same way, according to the axial compres-
sion stress-strain curve of 603 epoxy resin (Fig. 4),
in order to explain the influence of o, on the compres-
sive strength, o, is changed within a range of +10%,
while the yield strength of matrix (o,) remains un-
changed. The plastic stage of the stress-strain curve of
the matrix with different proportional limits is drawn
in Fig. 14. As shown in Fig. 15, the compressive
strength of CFRP increases with the increase of o,
because the increase of ¢, enhances the yield resist-
ance of the matrix.
3.2.4 Influence of the axial elastic modulus of the
fiber

Fig. 16 illustrates the influence of the axial elastic

35
240 o
i}
220-—— 55MPa
200k~ 52.5MPa

180
160
140
120
100

80

60

v

L 1 L I L

0.000 0.002 0.004 0.006 0.008 0.010
f—’léls!:f.‘ strain

1 L 1 " L 1

40 L
0.00 0.02 0.04 0.06 0.08 0.10
Plastic strain

Stress/MPa

Strass/MPa

Fig. 14 Matrix plastic section curves with different proportional limits.

1.75=10°

1.73=10° -

1.70%10° |-

1.68%10" |-

1.65%10° [

Compressive strength/MPa

1.63%10% -

=103 2 o
Lt 44 46 48 50 52 54 56

g /MPa

Fig. 15  Influence of o, on the compressive strength.

modulus of the fiber ( E;, ) on the compressive
strength. It is observed that E; has a positive influ-
ence on the compressive strength. Fig. 17 exhibits the
compressive response of CFRP with different axial e-
lastic modulus E;, of the fiber. In Fig. 17, the stiff-
ness of the whole material is improved due to the in-
crease of E,, which is the main reason why the com-
pressive strength of CFRP increases with the increase
of E, . In addition, while the compressive strength of
CFRP is improved, the failure strain is reduced and
the material failure is advanced. This phenomenon
can be explained by variation of the shear stress. Ta-
ble 2 shows the shear stress value of the same element
under the same global strain when E,, changes. The
increase of E; enhances the shear stress in the stress
concentration area, which causes the compression re-
sponse curve to reach the peak point faster.
3.2.5 Influence of the transverse elastic modulus of
the fiber

Fig. 18 illustrates the fact that the transverse
elastic modulus of the fiber has no effect on the com-
pressive strength of CFRP.
3.2.6 Influence of the shear modulus of the fiber

The predicted compressive strength versus the
shear modulus of the fiber ( Gy, ) is plotted in
Fig. 19. The result of fitting the data to the curve in-
dicates that G, 1is almost proportional to the
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Fig. 16 Influence of E; on the compressive strength of CFRP. Fig. 17 Compressive stress-strain curves of CFRP with different Ey .

Table 2 Shear stress of the same element under the same strain.

Changes in E,, -10% -5% 0 5% 10%
Shear stress/MPa 91.280 99.214 108. 754 115.538 124.451
G tial fiber misalignment. The predicted compressive
' strength versus the degree of initial fiber misalignment
%“1.?3“03 is shown in Fig. 20. The compressive strength of
& o CFRP reduces sharply with the increase of A/L. The
o N L < . . .. . . . ey
o existence of the initial fiber misalignment facilitates
a;'} 1.68x10° A A A A the concentration of the shear stress in matrix, resul-
a . . . . . . .
8 1 65x10° ting in the plastic yield of the matrix easily. In addi-
5 tion, a high degree of initial fiber misalignment will
Q 3 . .
& 16310 enhance the concentration of shear stress, leading to
1.60%10° i L i I i L . an earlier reaching of the failure strain in the pressur-
=107 *10% PET =107 wi0? . . .
FIIR T30 2‘?M1PUE aReAR A ized material and a lower compressive strength value.
. “ . 1.75x10°
Fig. 18 Influence of E;, on the compressive strength of CFRP. I
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Fig. 20 Influence of A/L on the compressive strength of CFRP.
G, /MPa
Fig. 19 Influence of Gy, on the compressive strength of CFRP. 3.3 Sensitivity analysis of the compressive

compressive strength of CFRP. In terms of this pa-
rameter, the shear modulus of the whole material
structure is increased due to the fact that the increase
of G, is the reason why the compressive strength of
CFRP is improved. Also, the improvement of shear
properties of the whole material structure makes the
yield of the defective area more difficult.
3.2.7 Influence of the initial fiber misalignment
The model use A/L to represent the level of ini-

strength of CFRP to various parameters

The compressive strength of CFRP is taken as the
function of the variation range of the parameter. The
fitting curve is shown in Fig. 21 to illustrate the rela-
tionship between the parameter variation and the com-
pressive strength. When the parameter changes by
10% , the change of compressive strength is defined
as the sensitivity value of the compressive strength to
the parameter. The sensitivity value K is expressed as
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where i represents a studied parameter, Ag, is the var-
iation of the compressive strength when the parameter
changes by 10% , and ¢ is the predicted compressive
strength value of the baseline model.

The K sensitivities corresponding to the parame-
ters Ey ,Ey, , Gy, ,E,, ,0,,0, and the initial fiber mis-
alignment are 2. 33%, 0%, 0. 39%, 3. 38%,
1.17% , 2.30% and 2.52% , respectively, as shown
in Fig. 22. It can be seen that E_ has the greatest in-
fluence on the compressive strength of CFRP, fol-
lowed by the initial fiber misalignment. Besides, E,
has no effect on the compressive strength of CFRP
and the influence of plastic properties of matrix cannot
be ignored.

Here, the weak influence of G, on the compres-
sive strength of CFRP is explained by the effect of
G, on the shear modulus of composite material,

K =

1.73x10°

1.70x10%

1.68x10° -

1.65x10° |-

Compressive strength/MPa

1.63=x10°

1.60%10°

0.00 0.0
Parameter change

-0.10 -0.05 0.10

Fig. 21 Influence of parameter changes on the compressive strength.

4 Conclusion and prospect

This work proposed a 2D micromechanical model
to investigate the axial compressive failure mecha-
nisms of carbon fiber reinforced polymer ( CFRP)
composites. The developed model performs well on
predicting the compressive strength of CFRP and cap-
turing initial and growth of the kink-band. A few
conclusions are as follows.

(1) Compression failure mechanism of CFRP:
Under the effect of an axial compressive load, the ex-
istence of initial fiber misalignment leads to a signifi-
cant shear stress concentration, which will cause the
plastic yield of the matrix. With the continuous yield-
ing of the matrix, the matrix gradually loses its ability
to support the fibers, causing the fibers to kink. E-
ventually, a kink-band is formed at the imperfection
and structural failure of materials occurs. The primary
cause of CFRP axial compression failure is the plastic
yield behavior of matrix caused by a shear stress con-
centration rather than the fiber fracture.

which can be estimated by the following equation

(2).

1 1 1

Gor "G G )
where G,,, is the shear modulus of matrix. In Eq.
(2), compared with 1/G,,, 1/G,_,, has a more sig-
nificant influence because G, is much smaller than
G;,. The improvement of G, will enhance the yield
resistance of the material, which will improve the
compressive properties of the material. Therefore,
G, has a more significant effect on the compressive
strength of CFRP than G,.

The discussion in this section shows that impro-
ving the elastic and plastic properties of the matrix is
of great significance to improve the compressive
strength of CFRP. In addition, reducing the degree of
initial fiber misalignment in the production process
can also effectively improve the axial compression
performance of CFRP.
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Fig. 22 Sensitivity of parameters.

(2) The influence of various parameters on the
compressive strength of CFRP is summarized as fol-
lows: The influences of E, ,0,,0,Ey, Gy, and on
the compressive strength of CFRP are positive, while
the influence of initial fiber misalignment on the com-
pressive strength of CFRP is negative. And the trans-
verse elastic modulus E,, of the fiber has no effect on
the compressive strength of CFRP. When E, , E,,,
Gy, ,E, ,0,,0, are increased by 10% and the initial
fiber misalignment is reduced by 10% , the compres-
sive strength of CFRP is increased by 2.33% , 0% ,
0.39% , 3.38%, 1.17% , 2.30% and 2.52% , re-
spectively.

(3) According to the discussion in section 3. 3,
the elastic modulus of the matrix (E, ) has the grea-
test influence on the compressive strength of CFRP,
followed by the initial fiber misalignment. The effects
of the plastic properties of matrix cannot be ignored
either. Therefore, in practical production, it is rea-
sonable to improve the axial compressive performance
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of CFRP by minimizing the initial fiber misalignment
and enhancing the mechanical properties of the resin.

Compared with the tensile properties of CFRP,
the understanding of the compression properties and
compression failure mechanism of CFRP still needs to
be improved. This study focuses on the influence of
the mechanical properties of fibers and matrix on the
compressive strength of CFRP. In the following, we
will further discuss the influence mechanism of inter-
face performance, damp — heat aging and other fac-
tors on the compression performance of CFRP based
on the presented model. In addition, experiments will
be carried out to validate the prediction accuracy of
the model.
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