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Research on the Mechanical Strength of Fiber Bragg Grating Sensor
Adapting to Railway Structure
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Hyuk-Jin Yoon - Jung-Seok Kim

Abstract In order to apply FBG(Fiber Bragg Grating) sensor as one of reliable sensors in the commercial railway
structure, the reliability of FBG sensor in the mechanical strength viewpoint have to be confirmed and the maximum
strain should surpass the fracture strain of the host structure to measure the measurands until the host structures fail.
In this paper, several factors that influence the mechanical failure strength of fiber Bragg grating sensors were
analyzed. A set-up for dynamic tensile testing of optical glass fibers with fiber Bragg gratings was made. To increase
the FBG failure strength, techniques relying on the H2 loading treatment and stripping methods were established and
testified as a result of the tensile strength test of optical fibers.
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Fig. 1. Configuration of the optical fiber
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(a) Front view

(b) Side view
Fig. 2. Apparatus for the tensile testing



RIA

£

K| .
N

Ho
[iE]

o
HEOR=25 K124 K18 20094

=

06

ra

g 782 51tk A2k 21 Fig 29] 91AEZ(Model
No. 4482)c] Haato] AE& P31, A& ofej &
A 20 3HA FHF-E ARGt ¢l 17 Bxd
Sl =

BT T4 AF AES 9 AE AL IEC
60793-1-31 o] ukat 4*451“5}[4] Aolx Aol=
15()mmo] B 5% HEYEL /A= A &2 &
Z s é_!fé% YAt BE AYPL 23+1°C] 229
50%2] AYE=E FAT FL3 FHANA A
Z+7ko] Ago| A AMEE AJH| = 10~157] o|d, 37

d 24 ST BYRel 7RSS ASS

2.2 AN 21 BT Bt
3G 7AA QA ATo] AL nA 2 a4
£ BAHA Yols et Bxuo] ¢ % =9
o] FFEoIHH5]. o] #EL FHRE 2710l AFd
sl

o R EE}%, FBG Al 1% A —.%Pc ﬂ]rzéC’M 2

T2 kA ‘?‘iom &l &

A=l é?‘é}%ﬁ—a %414 S%7t ggsich
%‘ﬁ%% U453 4L 71 ol gt FYg &

(B’
U
o

3 T 7PgstR, BAee) Loy
A2jo] }ﬁﬂﬁ% o, Fase) ol T ey
A3 2 Agre 28o] ZRtc) o|AL FEEE
n(o)2H HY3LT, o9t o+do APol9] S-H FH
7 St 9ol ¢ 390 S8 nlo)do2 HAL,
238 5 o]&le] LA Y Uo] F AFE FEY 4

A (1) ol ERHCHS].

N) = /Ogn(a)da 8

Z No)e 4 9 gols

_1{a)\"

No) = LO(UO) @
A7) o AR 2 WS 7R S|, me oo|
B E A o,k o] A W [,k Ao)A] o]
olct.

Zo| LAl 47 0% o+do Aele] S0l wpg
BEL, $20) o] Abolo] Y& W o] FHATH FLLS 7
A1 AL, $ colAE HBER Gt A b 2
o] VY 4 AUtk

—{)- o]o

dF(o,L) = Flo+do,L) — F(o,L) 3)
=(1-F(o))Ln(o)do

4 (3% AEsiY, FA8 e 38 FE vt 92 B
o g4 g Zo| 7F 4 ok
M) C))

Aol AH-E AEY AeE Mot Z2ke] Al
52 g g8 F= Aoz o2y o] S 4

F=1—exp(—L «

St
F(Ui) = i—A3.5 , 1=1,2,3,...M (5)
o YL A7) £L2 0,050,010k F i7F 1 LT

7]‘ 71 22 -3 o0, i7F MY w7t 7B 2 ot

38 0,2 Lhehic
9}01 2 Aol v4 9 IE FE Y 0,0
o A3, Fig. 3@°l epfoc
4 @% 4 G228 B 4 O FET 4 Uck

1
log(lnm)—mlog(o)—-mlog(ao) ©6)
L
-Hog( Lo)

4] (6)2 Fig. 3 (A Slol& A 2I-271 508
EAY 4 Qo0 4 AT 7|87 FHoRREY me
2R 4 9lon], me ool By FRA e se
B4 vEhiIT,

e =

2 T

&3 i

3 E50% =

58 & \Slope m

ES F-1 Y

3° . .

Med.
Failure stress(of) log(oy)

(a) Indication of breaking stress  (b) Estimation of m value

Fig. 3. Illustration of Weibull distribution
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Table 1. Failure strength of pristine and Hydrogen loaded fibers

Failure stren GPa
Fiber M gth ( ) m
Max. Med. Min.
Pristine 10 4.83 4.74 4.67 94
H; loaded 10 4.79 4.67 4.51 66
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Fig. 5. Weibull plots of pristine and Hydrogen loaded fiber
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Fig. 6. Weibull plots of mechanically and chemically stripped fiber

Table 2. Failure strength of mechanically and chemically stripped

fibers
. Failure strength (GPa)
Fiber M m
Max. Med. Min.
Pristine 10 4.83 474 4.67 94

Chemically stripped | 15 4.81 4.56 4.16 | 26
Mechanically stripped | 15 3.1 1.81 0.58 2
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