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Effect of Embedded Optical Fiber Sensors on
Transverse Crack Spacing of Composite Laminates

D.C. Seo* J.J. Lee* and C.S. Hong™*

ABSTRACT

In this study the effect of the presence of embedded optical fiber sensors on the transverse
cracking of cross-ply laminates was investigated. The transverse crack spacing of cross-ply
laminates with embedded optical fiber sensors was predicted using modified shearlag analysis
considering the presence of optical fibers and compared with experimental results. The effect
of the orientation and quantity of optical fibers was evaluated and the effect of coating of optical
fiber was also investigated. Specimens were made with transparent Glass/Epoxy prepreg because
the transverse crack and other damages such as delamination, splitting and bleeding of laser
can be examined directly and visually. It has been found that the transverse crack spacing was
not affected significantly by the embedding of optical fibers at low volume fraction of optical
fibers. However, the following trend was found that specimens with embedded optical fibers
showed earlier crack initiation and smaller crack spacing than specimens without embedded optical
fibers. The theoretical crack spacing evaluated from the shear lag analysis showed good ag-
reements with experimental results.
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Fig. 2. Schematic diagram showing specimen configurations with embedded optical fibers
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Fig. 3. photographs showing the transverse crac-
king of (a) [0/980,]s specimen (b) [0,/
90315 specimen.
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Fig. 4. Applied stress vs. theoretical crack spacing
of [0/90,]5 specimens with 0 and 50 optical
fibers embedded paraliel to the loading
direction,

Table 1. The material properties of HFG GU-300,

Property Symbol Value
Elastic modulus in
fiber-direction E 45.77 GPa
Elastic modulus in
transverse direction E, 19.90 GPa
Shear modulus in 1-2 plane| G, 7.38 GPa
Poisson’s ratios V19 0.270
Tensile strength in
fiber-direction S |1017.09 MPa
Tensile strength in
transverse direction Sy 38.87 MPa
Fe:ii}?ergt ig;rain in transverse €1 0.199%
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Table 2. The material properties of SKI UGN-150,  4-2. 34§ 3] 4k
Property Symbol Value
Elastic modulus in E 40.77 GPa BASE AEA] 9 [0/90,1s A1H 24
ﬁbe:r—direction : ! . 8 1, 370 ARIE [0/90,1s AlHe AgdEE
N eanaverse. direction E, | 1.70GPa | 3] 7% FALAL $Ho] WY THZZ Fig.
Shear modulus in 1-2 plane| G, 4.86 GPa 6ol ebigel. FEAL AlGEe 24T A
Poisson’s ratios v19 0.310 o grE] Fsled z} AHulcl HFE FH3b)
Tensile strength in o] w FAfe] AFEEL BRI 37 U
fiber-direction S, |1079.88 MPa - .
Tensile strength i 0.085% °olt}. BAR-5 AMIE Alge] Fh7AL
e str in
transverse direction St 57.86 MPa PS5 AFA] e X|He FALES & 3
Failure strain in transverse 0.537% o] & ELO] 2] gk olZle ArelEl A2 A
direction Etu . A N
. 2-g

[0,/90;1s A1 Fell FAHE 770 ]S et
Al ebz] wgks w9 o]&3 <l FHZAE Fig.5
o vpeliglch, zaZell A AlwkE k34l (stepped
curve)& Zol 124mm, BWFAZ FA 0.6mm

A|H 8] Folel] AA Fhe] LAYUE w9 o] &
Aol Az Y. ALESFFA 8, oY =
& Garrett and Bailey[5]ellA] w3l nle} zho]

Qeje] Aol Aol A Jele] sl A Tl
WS o) FdA S PHE eEpdet Fig.
5ol A FAel Aoz A Aole A9 e

Aoz walrh, wpebA] AIE F4R-9] AHE
gl B4

F-5o)
#9 AeoE 9T DIFTAL

79| dske w]$ & zloz AzhEeAlch,
10
no optcal fiber
- S S 7 optical fibers
8 b
6 b

Theoretical crack spacing(mm)

i

Q . i 1
0 100 200 300 400
Applied stress(MPa)
Fig.5. Applied stress vs, theoretical crack spacing

of [0,/903]g specimens with 0 and 7 optical
fibers embedded parallel to the loading
direction.

o] =& w2 shear-lag 3432 ZAFelw
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0 A ! . !

0 100 200 300
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Fig.B. Stress vs, theoretical and experimental crack
spacing of [0/90,]g specimens with 0 and
1, 3 optical fibers embedded parallel to the
loading direction.
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i
3]

o)&sly] W Fol HZe 378 A (intrinsic la-
mina property) & #FE F vl =T Parvizi et

al.[7]o] o3l
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“4(cracking constraint) o] WA s}4 e},
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<

0 : | ! 1
0 100 200 300 400
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Fig. 7. Stress vs. theoretical and experimental crack
spacing of [0,/90;]5 specimens with O and
1, 3, 5, 7 optical fibers embedded parallel
to the loading direction.
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Fig. 8. Stress vs. theoretical and experimental crack
spacing of [0,/90;]g specimens with 1
optical fibers embedded perpendicular to the
loading direction,
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