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Assessment of Mechanical Degradation in Carbon Fiber/Epoxy
Laminates under Long-Term Outdoor Exposure

Woo-Ju Lee*, Min-Soo Joo*, Kyo-Jin An**, Byeong-Su Kwak*, Jin-Hwe Kweon™***'

ABSTRACT: In this study, Carbon fiber/epoxy composites were exposed to the natural outdoor environment of Koreas
southern coastal region for eight years to quantitatively evaluate the degradation of their mechanical properties and
thermal stability. The specimens were subjected to environmental conditions involving simultaneous exposure to
ultraviolet radiation, salt, and precipitation. Annual measurements were conducted to assess moisture absorption,
tensile and compressive strengths, in-plane and interlaminar shear strengths, and Glass transition temperature (Tg).
Cross-sectional analysis revealed that the surface protection film began to degrade after four years, while the internal
Glass barrier remained structurally intact. Moisture absorption increased over the first four years and then gradually
declined. Tensile and compressive strengths fluctuated within 5% of their initial values, and shear strengths remained
stable within a +10% range. Tg decreased by approximately 12% compared to unexposed specimens. This study
provides empirical data on the long-term environmental degradation behavior of composites under real-world outdoor
conditions that are difficult to replicate through single-factor accelerated aging tests.
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Table 1. Stacking sequences for specimens

Tests Stacking sequence
[45/0/-45/90]
[45/0/-45/90]
[45/0/-45/90]

Cross-sectional microstructure

No-hole tensile

Open-hole compressive

In-plane shear [0/90],
Interlaminar shear [0]4
Glass transition temperature [0],5
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Fig. 1. Schematic of the vacuum bag set-up
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Fig. 3. Natural environment exposure set-up
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Table 2. Environmental parameters and measurement methods

Item Frequency | Recording Method
Temperature
Rainfall
—— Hourly Weather station
Wind Speed Biweekly
Humidity
UV Irradiance | Real-time UV sensor
Airborne Salt Monthly Monthly Wet candAle‘ /
Dry deposition
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Gauze used
for salt
collection

Erlenmeyer

Fig. 4. Salt deposition measurement methods: (a) wet candle
method, and (b) dry deposition method
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Table 3. Summary of climatological variations

Climatological Variation | Average | Maximum | Minimum
Temperature of year 14.5C 355C -70C
Monthly rainfall 178 mm 642 mm 0 mm
Monthly wind speed 2.41m/s 3.00 m/s 1.63 m/s
Monthly relati
oy e AV 70% 90% 35%
humidity
Monthly 12.46 25.30 0
irradiance level M]/m? MJ/m? MJ/m?
Monziiz;gle):me 0.61 1.10 0.26
2 2 2
(wet candle) mg/dm?®/day|mg/dm?*/day|mg/dm?®/day
Monthly airborne
chlorides 0.65 1.35 0.31
2 2 2
(measurement device) mg/dm?/day|mg/dm?*/day|mg/dm?/day
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Table 4. Cross-sectional observations
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Fig. 5. Monthly recorded environmental conditions: (a) ambient temperature, (b) rainfall, (c) wind speed, (d) relative humidity, (e) ultra-
violet radiation, (f) airborne chloride(wet candle method), and (g) airborne chloride(dry plate method)
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