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An Experimental Study on the Mechanical Properties of
Carbon-Epoxy Composites in Salt Water Environment
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ABSTRACT

The main objective of this study i1s to investigate the effect of salt water on the mechanical properties of a
carbon-epoxy composite material. Specimens were made of a carbon-epoxy composite USN125 and tested under
inplane tension and shear after 0, 0.5, 1, 2, 3, 6, 9, and 12 months immersion in 3.5% salt water. Waterproof
painting and acceleration technique were not applied. The tensile strengths and moduli in fiber and matrix
directions did not show any remarkable degradation until 12 months immersion. In contrast to the tensile
properties, shear strength and modulus started to degrade from the early stage of the immersion time and
gradually decreased to 36% and 46% of dry values, respectively, after 12 months immersion.
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Strain gauge

Fig. 7 Shear test specimen with strain gaug

Table 1 The moisture absorption rate

Fig. 4 Salt water tank. (Unit = %)
th
N 0.5 I 2 3 6 9 12
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(a) Fiber direction - Stram gauge Average | 042 | 053 | 062 | 068 | 106 | 125 | 1.29
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Fig. 8 Instron 5582. Fig. 9 Shear test fixture.
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Fig. 10 Stress-strain curves of fiber direction tensile test (dry condition).
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Fig. 11 A typical failure of fiber direction tensile test.
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Fig. 12 Strengths in fiber direction for various immersion times.
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Fig. 14 Failure strains in fiber direction for various immersion times.

Fig. 16 A typical failure mode after matrix direction tensile test (2

0.40 . .
] months immersion).
0.35
i 10_313 Jo-320 To.az To.321
0.30 - 10298 Tg 994 0.288 0.291 - l 1F 1 10 l 60
= 0.25 . R T B I b R I 50
S
@« 0.20+
g 4 40
2 015- =
=] | R
= 0.10 E 30
| N o w
0.05 1t : I = 7
1 RS I SN N SR B IR N SRR N ISERN I SR N S 7
0.00 S i S e e e e B S LN S |
0 0.5 1 2 3 6 9 12 10
Immersion time (month)
Fig. 15 Poisson's ratios(v,,) for various immersion times. 0 0 1000 2000 3000 4000 5000 6000 7000

Strain (ug)
H| 7 A o HEge &, oF fo 2
|23 ahe HFES 270E # oF 1% EUATL ol 2.2t Fig. 17 Stress-strain curve of matrix direction tensile test (9 months
b4

Holof 435}t A4AT vinske] 12709 & 1% 7HF 251819 immersion).



6 5498t - UAS - AgH - WU - HUE - 2FY - 284 e O B R 6
e REAERER
60 -
T 2
153 |52 51
50 "t
50 - I48 “'47 l 50 T47 ]i !
nc:s l 1 + L
= 40 - i o
s rrrrett
%ﬁ 30-
§ 20 Fig. 21 A typical shear failurc mode (2 months immersion).
Z -
0 7 r 1 - 1 - r 1 1 t T T T1r 100
0 0.5 1 2 3 6 9 12
Immersion time (month) g 80
Fig. 18 Strengths in matrix direction for various immersion times. w60
o
12 - » 40
]-10.4 20
9.9
10 - 9.6 9.5 J. 9.4 9.5 |
+ I T T 941 T 9.4
| = 1 I l 0
8 - 0 10000 20000 30000 40000 50000
& Strain (peg)
S
w Fig. 22 Stress-strain curves of shear test (dry specimens).
=}]
=
E 44
'
7))
100 94
2] | I ts88 .
I 83 T82
| _ 80 - [ IB‘
0 N B et Iee A S S R B LA S — 173
0 0.5 1 2 3 6 9 12 o 7
= TBO
Immersion time (month) Z 60+ I 55 I
Fig. 19 Stiffnesses in matrix direction for various immersion times. ?ﬁ
S 404
1 o
7000 - 7
] 20 -
6000 - s ] I
; 5294 5358
= 5000 " 4933 T5°32 st1 ] ]’4917 l 0 7 T ; T T T T T 1
0 0.5 1 2 3 6 9 12
2 _ 4391 l ] l J
£ 40004 l i + Immersion time (month)
=]
«E ' Fig. 23 Shear strengths for various immersion times
@ 3000-
e
= ‘ =
T 2000- 3.3 Mt AlH
=
1000 A" AMEE AlES o A7|7he s 4
. ot Fdsit. ADAIFE L] AFE= Fig. 90l Hel wpe} .
! I ! 1 ! I ' I ' 1 ! LI I v 1 ! 1 - o
6 05 1 2 3 6 9 12 HYEo] S%E Wold wi7ztR| scho] dojuypx] ¢kl wE
Immersion time (month) o ASTM D5379¢f whe} o ZFE= HPEC] 5% XLolA
Fig. 20 Failure strains in matrix direction for various immersion times. LIEY

Fig. 200] <) uje} Zo] Tt WHBL Aol
ok Al®a} Wmalo] oF 12~26% 7| Z7har)

Hstgich AE Sige] AAE SEste] HERSS
AA G A AroE WEo| o9l ExE9 olHE B ¢
s Fig. 219 o] Mo vehgich sheokahe Avimw
[0}& HZ¥ V-Notch A#e] m& ZEL Fig 213 2ol



$21% H 3 B 2008. 6 A4 goll o3t B/ A] Baael 24 W3 AF 7

8 -
6.1

- 6 - I 308 Ts.'z
é | 1 150 Tas I
s || S
2 E i i
S 4 N
= | F e
c .......
=
s
27
¥ »]

0 L L T Ll 1 [ 1 I 1 1

Immersion time (month)

Fig. 24 Shear stiffnesses for various immersion times.
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