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Prediction of Long-Term Interlaminar Shear Strength of Carbon
Fiber/Epoxy Composites Exposed to Environmental Factors

Sung Ho Yoon*', Ya Long Shi**

ABSTRACT: The purpose of this study was to predict the long-term performance using the interlaminar shear
strength of carbon fiber/epoxy composites exposed to environmental factors. Interlaminar shear specimens,
manufactured by the filament winding method, were exposed to the conditions of drying at 50°C, 70°C, and 100°C
and of immersion at 25°C, 50°C, and 70°C for up to 3000 hours, respectively. According to the results, the
interlaminar shear strength did not vary significantly with the exposure time for the drying at 50°C and 70°C, but it
increased somewhat for the drying at 100°C due to the post curing as the exposure time increased. The interlaminar
shear strength of the specimens exposed to the immersion at 25°C did not change significantly at the beginning of
exposure, but it decreased with the exposure time and the degree of decrease increased as the environmental
temperature increased. The linear regression equations for the environmental temperatures were obtained from the
interlaminar shear strength of the specimens exposed to the immersion for up to 3000 hours. Using these linear
regression equations, the interlaminar shear strength was estimated to be within 5.5% of the measured value at 25°C
and 50°C, and 2.3% of the measured value at 70°C. Therefore, the proposed performance prediction procedures can
predict well the long-term interlaminar shear strength of carbon fiber/epoxy composites exposed to environmental

factors.
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(a) Side view (b) Front view

Fig. 1. Cross sectional views of interlaminar shear test specimen
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Fig. 3. Overview of interlaminar shear strength test
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Fig. 4. Variations in interlaminar shear strength for the speci-
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Table 1. Linear regression equations predicting percent reten-
tion of interlaminar shear strength for the specimens
exposed to immersion condition at 25°C, 50°C, and 70°C

Linear regression equation
25°C y(t) = 100 - 0.4782 In(t)
50°C y(t) = 100 — 2.263 In(t)
70°C y(t) = 100 - 3.275 In(t)

(t: hours)
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Table 2. Linear regression equations predicting percent reten-
tion of interlaminar shear strength for the specimens
exposed up to 50000 hour immersion condition

Linear regression equation
0 hr y(T) = 100
100 hr y(T) = -1.104 + 29.42 (1000/T)
250 hr y(T) = -21.22 + 35.28 (1000/T)
500 hr y(T) = -36.44 + 39.71 (1000/T)
1000 hr y(T) = -51.66 + 44.13 (1000/T)
2000 hr y(T) = -66.87 + 48.56 (1000/T)
3000 hr y(T) =-75.78 + 51.15 (1000/T)
5000 hr y(T) = -86.99 + 54.42 (1000/T)
10000 hr y(T) =-102.2 + 58.85 (1000/T)
25000 hr y(T) = -122.3 + 64.70 (1000/T)
50000 hr y(T) = -137.5 + 69.13 (1000/T)

(T : Kelvin)
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Table 3. Comparison of the predicted and experimental percent
retentions of interlaminar shear strength for the speci-
mens exposed up to 50000 hour immersion condition

25°C 50°C 70°C

Pred. | Experi. | Pred. | Experi. | Pred. | Experi.

0hr 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

100 hr 97.6 | 100.5 | 90.0 94.6 84.7 83.9

250 hr 97.2 99.7 88.0 92.8 81.6 81.5

500 hr 96.8 94.8 86.5 86.3 79.3 78.2

1000 hr 96.4 99.5 85.0 82.4 77.0 78.8

2000 hr 96.1 98.3 83.5 81.2 74.7 75.3

3000 hr 95.9 90.6 82.6 78.3 73.3 74.4

5000 hr 95.6 - 81.5 - 71.7

10000 hr | 95.3 - 80.0 - 69.4 -
25000 hr | 94.8 - 78.0 - 66.3 -
50000 hr | 94.5 - 76.5 - 64.0 -

Table 30]= 7k =2 A\ 2bo] ta] £9)7] L] w2 o

25 2AREe BAT 1w 240 gF 288 &
AR ol dei glek ool s 32
7 © 2] 7Fo] 2000

A7 e 2oy 57} 25°Cel
= 5739 3.2% oW, 3000AI7JO1W% 57449
% oY 2 oZo| 7leslt) E3F E9]7] =71 50°CQ
£ = Z 7o) 30004 H7FA] = = 7E2] 5.5% o] U, &
47] 2527} 70°Ce] 7§ & A17Fo] 3000A] 717k A] = =
3re] 2.3% o2 o Z0] 7153l
21 (5)-4] (7)oll= E$]7] =7} 25°C, 50°C, 70°Co| A|
500004 717HA] ez ¥ S7PACHA|Ho|| tigt A=
FAIA L A2l A o] ety Qi o] & Al o] &5t
ZF &7 =of el =E Aol g SR E =S
A& 4= Sl

y(t) = 99.98 — 51.02In(t) at 25°C (5)

y(t) = 100 — 2.172In(¢) at 50°C (6)

y(t) = 99.99 — 3.326In(t) at 70°C (7)
58 E

SHAGAEE =5 AI7P°1] @E}itﬂi} “X]J%H

7] £roba5cel A4 *PEHOH Y SR

¢

Bob glcht mgAlzke] Loix)
Fistel g ARE B9)7] SErl Sobdss A,
B eIt 44 4ol 3

o
éE
i
£
~
fo
Hor
N
2
@)
)
o
1o 2
Ao
o
Y
©
[\S)
w
X
_O‘
=
o

Zo] 7h5 3l

4) AL E 2L AF
AA o B7] 7t B H Fo] S
= Al AEg =3 4 vk

REFERENCES

1. Taylor, D.M.,, and Lin, K.Y., “Aging Effects on the Interlaminar
Shear Strength of High-Performance Composites,” Journal of
Aircraft, Vol. 40, No. 5, 2003, pp. 971-976.

2. Yoon, S.H., “Evaluation of Durability for Glass Fabric/Phenolic
Composites under Salt Water Environment,” Journal of The
Korean Society for Composite Materials, Vol. 18, No. 4, 2005, pp.
27-33.

3. Hwang, YE, Lee, G.H., and Yoon, S.H., “Effect of Combined
Environmental Factors on Degradation Behavior of Carbon
Fiber/Epoxy Composites,” Journal of The Korean Society for
Composite Materials, Vol. 22, No. 5, 2009, pp. 37-42.

4. Sun, P, Zhao, Y., Luo, Y,, and Sun, L., “Effect of Temperature
and Cyclic Hygrothermal Aging on the Interlaminar Shear
Strength of Carbon Fiber/Bismaleimide (BMI) Composite,”
Materials & Design, Vol. 32, 2011, pp. 4341-4347.

5. Goermazi, N., Tarjem, A.B., Ksouri, O., and Ayedi, H.E, “On
the durability of FRP Composites for Aircraft Structures in
Hygrothermal Conditioning,” Composites Part B, Vol. 85, 2016,
pp. 294-304.

6. Barbosa, A.P.C., Fulco, A.PP, Gyerra, ES.S., Arakaki, EK,
Tosatto, M., Costa, M.C.B.,, and Melo, ].D.D., “Accelerated
Aging Effects on Carbon Fiber/Epoxy Composites,” Composites
Part B, Vol. 110, 2017, pp. 298-306.

7. ASTM D 792-08, “Standard Test Methods for Density and Spe-
cific Gravity (Relative Density) of Plastics by Displacement,”
Annual Book of ASTM Standards, American Society for Testing
and Materials, 2008.

8. ASTM D 2584-02, “Standard Test Method for Ignition Loss of
Cured Reinforced Resins,” Annual Book of ASTM Standards,
American Society for Testing and Materials, 2002.

9. ASTM D 2734-94, “Standard Test Methods for Void Content of
Reinforced Plastics,” Annual Book of ASTM Standards, Amer-
ican Society for Testing and Materials, 2003.

10. ASTM D 3171-09, “Standard Test Methods for Constituent
Content of Composite Materials,” Annual Book of ASTM Stan-
dards, American Society for Testing and Materials, 2009.

11. ASTM D 2344/D 2344M-00, “Standard Test Method for Short-
Beam Strength of Polymer Matrix Composite Materials and
Their Laminates,” Annual Book of ASTM Standards, American
Society for Testing and Materials, 2000.



