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Mechanism of Three-dimension Sensing with Fiber Gratings for
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Abstract: A method using for the detection and analysis of the three-dimension strain sensing signals of
the longitudinal concrete cracks was proposed by utilizing the reflectance spectrum of fiber gratings. The
fracture model of three-dimension finite element using bottom-up method based on ANSYS was given.
The three-axis stress applied on the fiber grating under uniform and radial force was presented, the three-
axis strain function was derived on the basis of above-mentioned stress field, and the relation curve
between resonance wavelength of x-polarization, y-polarization and three-axis stress was given. The
variation of reflective spectrum of fiber grating of 10 cm length is calculated using transfer matrix method
under three-axis strain based on theoretical analysis and numerical calculation, the results show that, the
peak wavelength shifts of x-polarization and y-polarization are 10. 1 nm and 12 nm respectively under
uniform and radial force of 20N. At the same time, the reflection spectra of the fiber Bragg grating split
into two main peaks and the spectral difference of the two peaks increases linearly, and the split point
shiftes to long-wavelength, the reflectivity of shorter wavelength is higher than the long-wavelength but
the bandwidth of shorter wavelength is less than the long-wavelength when the load increases. The (Full
Width Half Maximum, FWHM) of the two splitted reflection peaks increases but the spectral peaks
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space remains unchanged almost when the length of grating increases to 15 cm under same force compared

to grating of 10 cm length. The sensitivity of the grating proposed in the paper is up to 0. 14 nm/N. The

two-dimension sensing is extended to three-dimension sensing based on single grating with the method

proposed in this paper.

Key words: Fiber gratings; Radial force; Reflection spectrum; Transfer matrix method; Three-dimension
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Fig.1 Three-dimension finite element model of

concrete fracture
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Table 1 Property of three-dimension finite element model

Parameters of

concrete slab Values
Elastic modulus 3X 10" Pa
Poisson ratio 0.2
Size 140 mm X 40 mm X 20 mm
Parameters of fiber grating
elastic modulus 69107 Pa
Poisson ratio 0.17
Length 140 mm
Diameter 125 pm
Length 10 mm
Period 534.5 nm
Photoelastic coefficient P,,=0.121,P,,=0.270
Compressive strength 1.5 GPa
Parameters of crack length 100 mm
Maximal width 0.5 mm
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Fig. 2 Relative position of fiber grating and fracture in

finite element model after meshing
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Fig. 5 The relationship of three-axis stress s, .0, 0. and x-

polarization,  y-polarization  wavelength  under

uniform and radial force applied on the upper surface
of concrete(F=20N)

2 SRR ESHERI S

2 SRR X O It n A e VR 0 IO RO AR
A 1 O A o A (i) N7 S O 2 R AR AT (B A A (B
LG £ e SO R B 2 7 A e Ay AT R
Rl IR A L 5 5 G SRR, L A BDE UM « Ay T5
li] L 9 3 5 A< AR A Sy

(M), = =52y =20, + LA =) ppy—
V.bn:l(a,JFO‘;)} (D
(Anon)y:*%{(l)n —20o, L= p, —
vpu 1o, +6.)} (2)

s G SCMEA RT3 E Ry G £F B RL Y 5
)fﬁi sV ﬁYEFA%ﬁ?PM *ﬂ Dz j‘]ﬁ'ﬁgigﬁvo‘r\oﬂmo‘: y‘j

1228001- 3



1

i

JCEFSEMAE vy = T7 [ HY I ).

WX DM TH, B F 6. F0,, FE x Jr MM
v 7 AT AR A B R AR AR G £F M AR U S B
G000 R AT 5 R A AR AN SR G AR R S 4
24 RUEA AN TG K Y B RS AR BE G R e b
WK ALK ALy = 20804 A+ 20 AA L 7T £5 75 12 [1]
YER T DGEFCMAE = Fy J5 1) (4 Hl K A2 A

o (ncﬁ>3A0
E

v.2) LA p, —vpi (o, (2,552 Fo.(x,

N o
E

(AAB),I(ATva‘Z): X{(P“_Zvl)lg)a,(fs

y.2)) ) +2 {6.(xsys2) —vlo,(xsy:2)+

o, (x,y,2) ]} (3)

(ncff ) ’ Ao
E

yo2) A=W p,—vpy 1o, (x,y,2) +0o.(x,

N o
E

(AAg) (x5 y,2)=— X (py—2vp)o, (xs

y.2)) ) +2 {6.(xsys2)—vlo,(xsy.2)+

o, (x,y,2) ]} 4)

K6 ol bl R 32 42 ) AR s i i B o . AR
1.55 pmilf Bt B R 550 1, 2 oA 8 (IR & + 2
BN A2 M Iy ik B AR T3 AR /N (2ND L 6 £ 6 i i
MR W A v T AR B I 0 T B R A R R 0. e
2R 118 A DRI 3 DR VA 9 R 0 A BT e 1) P 3 43 O L B AR
T e A N s S5 i R A B IR AR R S S U Y
3 %4 RN A Ty 1) 1) < T 1) B B i HLOH R
B 4% SRS B e L 32 W i A% Bl o 2 ok
A PR A 1 I e b R O T A 0 ) SO R TR B AR
g, L BT e O R 0 1 Y B /N T D iR W T B AR ) 2
SIVEFE T3 40N I, T A 55 i 04 1 38l K 1) B 3 4R
U6 Fp 3 K TR) B D 329 6 nm. AR R R 3 i =
TOTN B, e 41 08 1 355 < 1] B 4% 22 15 nm, 40141 7.

AR R AL A S A BE S 15em B ()& 6, & 7
S BE X R 10 em) M B I ) £ 45 R BT L 7R

1.0 . T . ‘ ﬂ .
0.8 f
2
T 06
g L
E 04 +
0.2t
0 1 L A A | A 1
1.548 1.549 1.550 1.551 1.552
Wavelength/(x10°m)
B 6 BEEENA R, LM KRR AR EAER A B R 45

Fig. 6 The reflective spectrum of fiber grating under

concrete crack with force free
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