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A Study on the mechanical characteristics and
damage detection of composite laminates with

embedded optical fiber sensors

D.C. Lee*, S.J. Yoon* J.J. Lee* and C.S. Hong**

ABSTRACT

The effect of optical fiber embedded in composite structures to monitor the internal
deformation and damage on the mechanical properties was investigated. Unidirectional specimens
and crossply specimens containing one or three optical fiber sensors were fabricated and uniaxial
tension tests were performed. Testing data of stiffness, Poisson’s ratio and strength of these
specimens were compared to those of specimens without embedded optical fiber. All specimens
were fabricated using transparent Glass/Epoxy prepregs since the occurrence of damage of
specimens and bleeding of laser signal due to the damage of optical fibre sensor can be observed
visually and directly. The optical fibers were embedded at the neutral surface parallel to the
loading axis. Stress and strain concentration which can arise around the optical fiber embedded
in the crossply specimens were investigated with FEM analysis, and matrix crack initiation and
growth behavior was also observed. Finally, the relationship between the fracture of optical
fiber and damage of specimens was discussed. From the results showing that stiffiness, Poisson’s
ratio and strength values of specimens with different number of embedded optical fibers were
distributed within the 10% deviation, it can be said that small quantities of optical fiber embedded
do not have significant effect on the mechanical characteristics and matrix crack initiation and
growth behavior of composite laminates. As for crossply specimens, the fracture of optical fiber
arise near the time of saturation of matrix crack density. However, the fracture of optical fiber
at the unidirectional specimens arise before observing macroscopic damage of specimens.
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Table 1. Details of specimen mark,

Specimen Stacking Ig;?f:é egf l\étfmtléasetr
mark type optical fiber | specimens
TUO Unidirectional 0 9
TU1 Unidirectional 1 10
TU3 Unidirectional 3 10
TCO Cross-ply 0 9
TC1 Cross-ply 1 10
TC3 Cross-ply 3 10

1) T:tension specimen, C:cross-ply, U:unidirectional.
2) Number in the specimen mark means the number

of optical fiber embedded.
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Fig. 3. Schematic diagram showing specimen con-

(b) Crossply specimen
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Table 2. The material constants used in finite ele-
ment method,

Young’s . , Shear
Material Modulus | Poisson’s | nodulus
(GPa) Ratio (GPa)
E1=38.6 | n12=0.26 | G12=4.14
GFRP E2=8.27 | n13=0.26 | G13=4.14
E3=8.27 | n23=0.52 | G23=3.10
Optical Fiber| E=71.0 n=0,14
Resin E=3.4 n=0.34
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Algo] o]=iak AAMS o) ® 2 dake BF Table 4. The results of uniaxial tension test-
2] A AR g A ARG e, T AL strength(mean value).
= 2 5 5 as = Tensile Standard Strength
271l AR ARe) 3 AR A Al Specimen strength deviation change
g Ee] ke rlalstgch. AR P A (MPa) (MPa) (%
Zow AAF =W BuldAile] ¢ %] oo TUO 1028.48 47.93 -
?“ =T e TR R TU 1054. 14 35.69 2.495
o] o} HAukAslzm i), =3, duEFAEA TU3 1034.21 48.39 0.557
#He AR By AR Ert ForR, o TCO 318.75 14.12 -
we a]lde] wlia]l AL do . TC1 319.72 23.99 0.304
B Aol 9¥e W43 oo TC3 319.19 21.85 0.138
)L, z} ASFel dis) 9~10719] Al & A

|
Paigleng, 7 APAAEL A e A E(no-
rmal error distribution) & zZteviil 71 & 4 9l
ok 2HA, A e Agel 844 (uncer-
tainty) & & Q% HA ke 225 Hazslr] 96l
ZB2] 714[15](Chauvenet’s criterion)$& -4
&gl o] 7]1&el <& TCo, TU1, TUO ATl A
7 1744 e) Algie] ALl AlatelA A=,
TCO, TCl, TUO Alg|FolA =z 1/h4e] AlHo]
E o)) 2 ﬁ]"&"ﬂ/ﬂ Ael=lglen, TUO AHAT
oA 1708 AlHe] 7wl AAtel A A= et
o]} 7o) 753]/\]-5] zF ATl el A, s,
Zogn)e] Fagh 9 EEHAE Table 3, 4, 51
Az el we, FAGE 9A 2 Ad
o) AAS WL EE ol ‘«}EM}%I o} Table 3,
4, 5904 1 whsh o),
BAgel 24, AEE A9 4% 35«1 2%
B3, e A 10% Y= A
dct. 29z, WPFAaAEARS JmA2A
Ae) AAg wlmws)
B AolS) AT QAR 2 99 )
XA skt elelg Ane AjlE FARS F
Au7} g A= BRI L Absle] E3Al <]
Table 3. The results of uniaxial tension test-
stiffness(mean value),

Tensile Standard Strength
Specimen stiffness deviation change

(GPa) (GPa) (%
TUO 45.97 0.65 -
TU1 46.61 0.54 1.39
TU3 46.64 1.53 1.46
TCO 24.84 0.58 -
TC1 25.40 0.88 2.25
TC3 25.76 1.03 3.70

Table 5. The results of uniaxial tension test-
Poisson’s ratio(mean value).

Poisson’ s
; Poisson’s Standard :
Specimen At Jeviation ratxo( %h)ange
TUO 0.268 0.009 -
TU1 0.273 0.016 1.87
TU3 0.279 0.013 4.10
TCO 0.118 0.006 -
TC1 0.122 0.005 3.39
TC3 0.129 0.013 9.32
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Fig. 13. Typical example photographs showing the damage of optical fiber sensors

and associated laser signal bleeding.
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