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Introduction
Carbon fiber reinforced plastic (CFRP) composite
materials have high specific stiffness (modulus of
elasticity/density) and specific strength (tensile
stress/density), as compared with metallic material.
However, CFRP composite materials lack the strength of
the thickness direction. So, they are very weak for
compressive load or impact damage.
Therefore, a systematic research on strength degradation
by impact damage is required to establish a reliable and
safe design of an aircraft.
In this paper, the residual strength degradation of the
CFRP composite material by impact damage was
evaluated, and the influence of the fiber arrangement on
the residual strength degradation of the CFRP composite
material by impact damage was estimated by applying
the Tan-Cheng theory[1,2] to the strength function.

Theoretical background
In 1921, Hankinson[3] proposed an experimental
equation for predicting the failure strength of an
anisotropic composite material. Thereafter, Tsai-Hill’s
theory[4,5] by the extension of Von Mises’ failure
criterion for an anisotropic material was proposed. TsaiWu’s theory develops upon Tsai-Hill’s theory by using a
mutual stress factor. Subsequently, Tan[1, 2] proposed a
strength theory from a Fourier series by considering the
periodicity, where the strength of the composite material
has a periodicity that is based on the fiber’s orientation.
This equation easily can be used to predict the failure
strength relatively accurately.
The coordinate system of an anisotropic composite
material is shown in Fig. 1. In Fig. 1, ‘θ’ indicates the
fiber’s angle from the x-axis and σx is the remote stress
in the horizontal direction. The failure strength of the
composite material in this system has a periodicity
according to ‘θ’. Therefore, Tan and Cheng developed
the failure strength function as a cosine series by
considering the symmetry of the failure strength, as
shown in Eq. (1).

Xθ = (

∑C
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n

cos nθ ) −1

(1)

In the above equation, Xθ expresses the failure strength
in the x-axis direction in the anisotropic composite
material with a fiber angle of θθ has a range of -π/2 ≤ θ ≤
π/2.

Fig. 1. Coordinate system of anisotropic lamina.

Fig. 2. Coordinate system of fabric lamina.
This study examines the fiber angle, θ of a plain woven
CFRP composite material with a range of -π/4 ≤ θ ≤ π/4,
as shown in Fig. 2. Eq. (1) is then transformed into Eq.
(2).

Xθ = (

∑ Cn cos 2nθ )−1
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n = 0 , 2 , 4...

The value of the n-factor determines the accuracy of the
failure strength. If we choose three as the value of the nfactor, there are three unknown variables (C0, C2, and C4).
Three failure strengths are needed to determine the three
unknown variables. Tan had used the equation with three
as the value of the n-factor, as shown in Eq. (3).

X θ = (C0 + C2 cos 4θ + C4 cos 8θ ) −1

(3)

Experimental
Materials
The plain-woven CFRP used in this research is
produced by using carbon fiber prepreg (model WSN3K,
thickness: 0.227mm) that is manufactured by the SK
Chemical CO. Prepreg piles up to 16ply and stiffens at
140℃ and a pressure of 60kg/cm2 in the Autoclave. The
test specimens were manufactured according to the fiber
arrangements of 0˚/90˚, 15˚/75˚, 30˚/60˚, and ±45˚.
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Apparatus and Procedures
Impact damage of 25J was inflicted at the center of the
specimens. In order to obtain the residual strength, a
universal test machine (AG-25TG, SIMADZU CO.) of
25ton capacity was used. The tensile test setup is shown
in Fig. 3.
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Fig. 3. Installed specimen for the test.

Results and Discussion
Each test was performed three times, and the average
results were compared. When the angle between the load
direction and the fiber arrangement direction increases
from 0˚ to 45˚, it can be confirmed that the strength
degrades as shown in Fig. 4. From these results, it can be
seen that the angle between theload direction and the
direction of arrangement of fibers has considerable effect
on the strength.
The strength curve as per Eq. (3) and the experimental
results for composite material with impact damage are
represented by a solid line and solid squares, respectively,
in Fig. 4. From these results, it can be seen that the
strength function of the residual strength of impacted
CFRP material for an arbitrary fiber arrangement can be
determined using the tensile strength and the modified
Tan’s equation, since the strength function agrees well
with the experimental results.

Fig. 4. Test results and numerical analysis curve of
residual strength for impacted specimen

Conclusion
The residual strength test was performed according to the

variation of the fiber arrangement using carbon fiber
composite material with impact damage. The strength
function was calculated using the modified Tan's
equation and the results of the residual strength test.
The residual strength of the 0˚/90˚ specimen with impact
damage decreased by about 55% but that of the +45˚/45˚ specimen decreased by about 22%. That is, it can be
seen that the ratio of the degradation of the residual
strength with impact damage decreases as the angle
between the load and fiber arrangement increases.
The strength function of the residual strength of
impacted CFRP material for an arbitrary fiber
arrangement can be determined using the tensile strength
and the modified Tan’s equation, since the strength
function agrees well with the experimental results.
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