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Abstract

Abstract

For the sake of long-term health monitoring of large civil infrastructure, the
packaged FBG sensors and smart composite FRP-OFBG bars have been studied and
developed based on the serious research of FBG’s sensing properties. The developed
sensors’ strain and temperature sensing properties, temperature compensation
technique, multi-layer strain transfer mechanics and error modification have also
been studied. The FBG monitoring system has been set up. The early stage of cement
paste curing and practical bridges under construction and in service have been
monitored by FBG. The main contents include:

Firstly, based on the principle of light travel in FBG, the sfrain and temperature
sensing properties have been considered, and the affection of central wavelength on
the FBG sensing sensitivities have also been analyzed. Then, the principle and
technique for temperature compensation are given when we use FBG as strain sensor.
Finally, the FBG sensing properties have been studied by the experiments of
materials, equal-strength beam and temperature calibration. The research results
show that the experimental results agree well with that from theoretical analyses, that
FBG’s axial strain sensitivity is much bigger than transverse strain sensitivity, and
that the monitoring results of FBGs are acceptable without considering the affection
of central wavelength on sensitivity if the central wavelength doesn’t change a lot.

Secondly, taken the need of long-term monitoring for civil engineering into
account, the structure, materials selection, and package techniques for packaged FBG
sensor have been studied. On the basis of research, we have developed mental tube
packaged FBG strain sensors, slice packaged FBG strain sensors and packaged FBG
temperature sensors, and have analyzed their sensing properties and tested by
structural experiments. The research results show that the packaged FBG sensors are
excellent to monitor inner strain of concrete structure, structural surface strain and
temperature.

Thirdly, the smart FBG-OFBG composite bars have been developed by use of
FRP’s strength properties and FBG’s sensing properties, and their mechanical
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properties, micro-structure, strain and temperature sensing properties have also been
studied. In order to test FRP-OFBG bars’ mechanical and strain sensing properties,
the experiment of 12 FRP concrete beams reinforced with GFRP-OFBG bars,
CFRP-OFBG bars, tube-packaged FBGs and bare FBGs under whole process dead
load has been accomplished, and the deformation of FRP and concrete cracks,
especially the slip and strain distribution of FRP, have been monitored. The research
results show that the smart FRP-OFBG composite bar is wonderful for its
mechanical and sensing properties, so it is a kind of perfect material for civil
engineering, which is not only structural material but also function material. As strain
sensor, FRP-OFBG completely overcomes the difficulties of FBGs lay-out due to
their fragility, and shows prosperity in structure monitoring in civil engineering.
Fourthly, the interface transferring mechanism of FBG strain sensors and error
modification have been studied. The equations of multi-layer interface transferring
and error modification are derived. Based on the comparison between theoretical and
experimental results, the strain error analysis and modification of three kinds of FBG
packaged strain sensors are studied, which is the base of the modification of
monitoring data from FBG smart sensing elements in Structure health monitoring.
Fifthly, the method that the curing of cement and concrete is monitored by use
of FBGs is brought forward, and the technique of bare FBG installation in cement
paste has been studied, and the technique of simultaneous strain and temperature
monitoring has been realized. The experiments of cement paste curing based on bare
FBG and FBG in cement paste under pressure has been finished, and the
experimental results show that FBG is reliable to monitor the strain and temperature
of the early curing for cement paste, and the FBGs in cement paste can be regarded
as wonderful strain sensors.
| Sixthly, The FBG monitoring system, consisting of sensors, optical switch,
interrogator, data collection and control software, has been set up. The technique of
FBG spot installation has been explored, and 27 FBG sensors have been successfully
installed in the Heilongjiang Hulan River Bridge and Heida highway Niutoushan
Bridge. The strain of the reinforcing steel bars has been monitored during the course
of tension with the FBG stain sensors in the prestressed box girder, and the stain
increments and distribution of concrete and rebars have also been monitored when
the box girder under dead load with FBGs. After the Hulan River Bridge was
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finished, the FBG sensors have monitored the strain course under traffic load and
temperature changes of the bridge. The fact that the FBG stain sensors have worked
normally for 2 years proves that the sensors could satisfy the need of bridge health
monitoring long-term structural health monitoring than the electric strain gauge in
their durability and stabilify. Finally, in order to achieve the need of local monitoring
system of “Heilongjiang Songhua River Bridge Health Monitoring System”, we have
completed the design of project and function to multi-FBGs monitoring system.

Key words infrastructure; optical FBG sensor; smart FRP-OFBG composite bar;

multi-layer interface strain transfer; bridge
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2 0P (r.t
V2E(r, 1) = per )6 E(r D, + iy { ’g;z(r )

(2-4)

BEARK P RE— AR, B TEA, Bt S h i g BT e
AR S U,
E(r.r)= Y ae,(r)expli(wt - B,2)] (2-5)
H(r,t)=> b,h,(r)expli(ot - B,2)] (2-6)
XF v oy — HEERAA TR BBFE
a, b, —— HRERE
B~ B,/ HEEEL.
#I (2-5) A (2-4) 115
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[ , . 3P, (.t
Zl:%gw (r,0)e" 5 +2.a‘%(—118v)s‘,r (r)e"“""--z}}: Ho I W (1) (2-7)

; ort
. U L st s d*a da, | . . .
W FIRIBIEAERE, FATTLIAR: 7 << ﬁ,,?d?‘ WL, BRZABSSFII, A
iEEEE
dav 3 ilor-B.z) _ 62 [Pper(rvt)} -
ZV:Q g (—if, )&, (r)e = Ky — (2-8)
TERRART R, JCEF SAETEI T E AT IH—5 R oI,
f f ¢, (e, x I, rdrdp=25,6.P,5,, /|8, 02-9)

At é, —— THHHIBERAIRE;

by, —— h, IR E;

S, —— IERE, HEWEHOIHEE, BEA
P, — H p PR,

¢ UEBE

8, — APIMEN, Byl p AR NESL AR, il
REKIL AT 5 R T A TR 5
PR SCEF AR T RIER AR R, BATK (2-8) RIWILXS A, AT
SR, RIGHTHEE RS &, #TERR, BEBNERN0~ 27 EAM0~ o
KA TR o, AR LA

da(ﬂ i da(_) . i 62 ﬂ 7
Gy a-pny YOy iermpzy Mg O e_of{[P (r,0¥|xh \rdrd 2-10
& & 4ﬁayffﬁﬂmuﬂm} s (210)

K, BAVEEAEREINSE, FIUS, B 1 a9 5al 5 8% 2 F1- 2 7
LA AR, TTOLHRIE R
BB R A A TR, T R ALE BT AR D AR A 1

SRS (S B AR e AT A R A R R R, A
Ae(r) = g,4n" () (2-11)
¥ EARAR (2-3), IRk
P (r,t)=An (r)e,E(r,1) (2-12)
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MG IRIE Tk A T AT iR

KT R, R 2 FAEE, TG R B REE An® () AL IR R
s (2-5) AR (2-12), W1E

P, (r.t)=4n® (f’)ﬁoz a,&,(r)expli{or ~ B,2)] (2-13)

¥ ERAARE (2-10), 9:1:%;:% [An (Ma,e™ |= —0*an* (Fa,e™, T

(+} -
day @B _da,u £ OB2)

dz dz

_ -::BGP [ f {[An ()e, Za £, ("D 1, (1) yrdrd

BRI LB B A BT I 0 )RR i a0 )
R« SR 24 AR AR R UL B B BB R E Ik A IE B ALHE . S TR
MERBA TS p MR, WS R RTRIR 402 (1)e' P @47 IF H T
T, itk BIRBA AR () R 2 R Pk

VORI MR BRI A, B TR, 4 A (r) T BU'S B F %
kI,

(2-14)

A’ () = n(r, ) Anfexp(i2nz | A) + exp(~i2nz | A)] (2-15)

B, v=p M, RQ1WAREE TELT 2 o exp(-if,2) —1, T
R2IA=B, =B, WIEIURRETT LAKE) 477 (K] a0 exp(if,z) T TR

da(') _ I-‘uowz

H

i 4p,P, af;f) f fff , o{n(r,¢)Angoer‘(2mz-2ﬁv )28;,; () xh, (r)yrdrdg  (2-16)

RRSL. HH A () 938 v MRS LR R 0O FIRTHERE o0 2 IR 48 4 5T Bl 46
o

dal’ | dz = xa? exp[~i2(AB)z] (2-17)
HA, x WS RYL ﬁu“FiﬂfQ
;‘;0 > f ["2. o(n(r, @) ez, (X i (r)yrrd (2-18)
M A3
da(+)/dz-rc a ) expli2(AB)z] (2-19)

Hr, AB=B,-m/A. ULﬂﬁ‘EEﬂj‘Jj‘ﬁfﬁ‘ﬁ%ﬂ,ﬁﬂ PR S HH A R AT LA S
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ﬁﬁmﬁéﬁﬁa$?%ﬁﬁﬁﬁﬁﬁﬁﬂ

4k

B UL X PR A T R E R AR, BRI B L A R
FEE e R .

)

~laOf } (2:20)

70 :A: Z;L

I 2-3 JeAE S et R e R B
Figure 2-3 Sketch of light transmitting in FBG

MFEICA MR Rl 222 PR, R ITRES, £4a =4,
= B . $RIEN A(0) B NS B A frts oAl A Bt R, 7Rz = L &,
JE P ERIE R 0, BFB(L)=0. H0<z< LI, XHEE (2-17) 1 (2-19) 3k
fE1g 3,
exp(—inz! A){ABsh[S(z — L)} +iSch{S(Z - L)]}

—ifz )
Azne 7 =40) (~AB)sinh(SL)+iSch(SL) @-2h)
B(z t)eiﬂpz = A(0) ix exp(inz [ A)sh[S(z — L)] (2-22)
’ (~AB)Ssh(SL) + iSch(SL)
Hrh, §=4k?-(48)" .
MNTF R EFHEELMS, LT RA:

AR = B(w}- B, » By=m/A (2-23)

T T A W R BT T 5, Blo) T RARR A
B{o)=(w /C)n{_,ﬁ (2-24)

£ — MK
ny —— JELAE AR R

BTG B A BRI RSB ER R, ARG %0 2 AR UL
B4, BlAg=0, W3 (2-23) M (2-24), A%

Blw)—B, =0/ Cngg —n/A=2mnz IR, —n/A (2-25)
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B, AR R R L

ZB:ZZHqTA (2-26)
SR L A R A A A 2, T T RoRe Al B SB 5  TF A
SR

2.3 RATMBHLIME GEF BRI

W1 B S G TR e AR T LA L, A1) S S YR Rt 5
e 5 A R B S RS S A RO . R (ERES) AN B A
BB SRR R . SRR BN R (RN )
RN, CHARIS KA, RN S BB RT E=A, Y
A PR S B S PR B I, S M R B R A, RN RO
R & BB A SERE Bk, B B ML T4 AT R el 58 5 R
SRR | 0 BT B A 1 kA R A SRR B S A R K, T R
PIREIH M. ST, BSOS AR M MR S R, R
GRS AR IR B MR L R N 5 R AR A R R S BT R
F— AR A AR BB R . F TR B A B R TPRT 9T 5 [ ik
2.3.1 HSJHARERL 1T BSE LTS iHE B 4
AR TR, B O KRR R 26 By, B
diy =2Adn, +2n,,dA (2-27)
B (227 PSR (226) B, 8
% — % +£i_/£ (2,,28)
Ay By A
AP,
an _ . (2-29)

b e —— BRI,
AEREHGHL, DFE LR AT AL AN, % R
TGRSR, J6EH BN HAERE T T A A RO,
dnw. nﬁ?
= (1, —v(py, +pyy)le (2-30)
Mo 2

A p, M p, REGCHEE, RGN R4 51 S BUG Y R RIS 2454k o
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H2E OGEAA ARG R e B

PR (SL =
2
é,\P:”"g [P, —0(py + p)l» HISE (2-28). (229) FI (2-30), T4
Dy (1= Py (2-31)

B AR RS Yo ] R AR T ik KA b e RIE T, BRI
SN AR LRI, TUEH, MLl —He)E, Jeer
SR AR A R B AR Ly — 5B REGH G E L ReNER
TR T BT AIME o A e B R AT R g M

La, =A,(1-P), o, AL el RS R ORI ORI R R
o, mikAE

Ay =08 (2-32)

LA STl TR O AR A Sl A SR B R R R, R AT R
BRBAEIFR AT RN LR, W FASRMARILETER, n, =1.456,
pu =0121, p, =0270, v=0.17, BPELHN 022", HFHRB ALK
4 1545nm. 1550nm, 1555nm, MR (6) HEBEHMNE TR LT 7
A 1.205pm. 1.209pm. 1212pm. sHHFRH: HOEKEEUARE, RN
PR KAS 12pm, Ba, =12pm/peifi. HTRARRERE. BN
MU TEAR KB KT ZMNER, RAXRFABMULBERBESEER, K
AR RIEET Y A & b e A BE AR LR B .

2.3.2 WA ERN D TR EMME BT o

EERRN T, el R 22 m R HAFIES NI, 5 LR Ry

T B REAY BT T —FE, B N S B ST B 2 AR O

2
d”eﬂ _ Rz

1-v
[P, - (P + Pp)le (2-33)
o 2 2v

2
R, — . 4
/‘?\Plz (g {piz_lzuu(p“'i_plz)]} Hﬂi (2'28)\ (2'29) %ﬂ (2‘30)2 ﬂ{%

%ﬁma—ﬁp (2-34)

R4 al =2,(0-P"), o TREAICHAER R ) TR NSO K
A RBUE R 3T 1550nm Bt Lk s, A EmnSEEE, P
B4 —0.73, o =2.6pm/pe.
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TERZ BN E, REEER, JLH i RO AR A R R A
FHISASE B, RTTRE—EH, ERNRITEMNERNEE R RS
Mo 5 MR R AR, P @R o REE 2 a8 1.3
. Et, BANT, Yotz m B N oAU, HHE—3
ZIB RN, EARGNAIERT, BRNEESEI—MEHENA-0) /v =5
&, FUESHNEEEES, RSN SHOCRIESFHER, Bl
PIRR N AR RS .. B REEERE SN, JEEH LM N DM R SUE
BYmAmMZE, EHAEERNPRET, G A 5HENE IR L S T8
B, XERRITE Y R By a N B N
2.3.3 AL GREEMEE 1EEE

R AR AR S R e A A M AT ST R R GRS, R BT
PR SRR AL CGREEIRAIND . DERBF TR, HQR20EE T
WS, WE

dn dA .
dh, =2A—L 4 n  ZNgT 2-35
s = 2( o ”ﬁ'dr) (2-35)
T, (2-26) WIS R LR P, wE
' d
L (2-36)
As o my d A dT
dn, s b omse. 1 dA . N ,
A, BURBEOLHEL ——==a, EIAAWKER, ATUSE
dr A dT
d}LEﬂ 1
=(a+—C)dT (2-37)
1@7 By

R BN S AT B RN AL T SR B A, B
BB BB AR, IO, PR — LR,
SELFHHIR IR R 0 B R B | — SRR R SR, X

i AT T HEF M AL e BB A R AP RO H
é%=%m+f¢3,%%ﬁﬁ%Wﬁ§%@Mﬁ@§%ﬁ,mmm%

eff

A =, AT (2-38)
BRI KA SRATA R, A L B A AR
AL R R B . SCAR[11014 H T A A OS5 8 o = 0.55%10°/
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2R OJLEARHOUHE i e

T ¢ =68n,x10°/C. n, =1456. BATTLEE alla+E/n,,)=007, H
I U B A B Y. L B MR B RN T% A

O FBOEH LK 1545nm, 1550nm 55 1555nm, AR S REUE &
o, 4314 10.76pm/'C . 10.80pm/ CHT 10.83pm/C. HIMERE: FopkaE iy
Ak, BRERESBMEREMAR 10.80pm/ CLAL. FFERIEE, HTF
MR AR BAKEME CERRU BT ZRZER, ARTCEEM1E
BARBELHER, THLEAEMETHEER, HEMR SRS
MR AL BRI, BRI ) By e e et R ad A e - A R AR S bn il 2 .
2.3.4 AR IMERRYEREST

B PR M R R B MR RRZ, e e e e, O
WHE TS, HEMEL, BATE., FHRES, TS olE B a0
HEE T SR E L B R M AL R BUE . O T ML SR A el B DR Ry
P, EREER LAETRENETET, XETIFORE B OBk EL 28
REFEIRE. REEREXNDEEBREEEFIFANEERRIE, &XREDEAT
JM RS AT EM KRR EZERE. T g MeeraBOpc
HEHMNTSEEEERBUTREHITEEDT.

1) AAHELMETERRYERESH

EBF KRN, Fa, ML~ p)FI(A, + AL - p) B, 3L (2-32)
WAL o BENRED, K

_ (Ag + A=~ p)—Ap(1—p) _ Ady

2-39
* Az(1-p) Ay ( ' )

H BRI (2-32) wJEHEBEKEL IH o, BHRR R
Ay =a (41, ) (2-40)

LT R AL RN AR ¢ B, R (2-40) SRgAR L, SRS HR (2-39)
RERNAE:, WEHERD, HETHAESRBEKENN o, FHNEEE.
HIHE RN

g'=(+mn, )& (2-40)

NT HEEXFFE LRGN, e BIwiin = ORI A =1550nm

VI RBUE W o, =12pm/pe, R FERTTHE, BEFR2-1FHESR. 1
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M AR Tl R S T 2 2 R 3
M
sttt ———————ete ———————— et

RO LB, HEA 100 pe B, AEERH OB AR o8 8T P A 4R
ZAVH 0.08ue; BMEFE SIS 5000ue. 10000pe5 20000pelI S8 T, 43 Al re 4L 1Y
SRR AT R 3.84pe. 7.74pusH 15.48ps,  HIHCE B o 56 A O R B AS A AN
B, WEAGT S, BEMABECHIRSEREWAKR, ek LRENH
B,

% 2-1 LTI KA T R A (M R

Tabie 2-1 FBG wavelength changes’ influence on calculation strain

SR RAR B REFEAHEIRE AN

(pe) | (nm) Ny, (%00 B (ue)
100 0.12 0.0077 0.08

1000 1.2 0.077 0.77

2000 2.4 0.156 1.56

5000 6.0 0.387 3.87

10000 12 0.774 7.74

20000 24 1.548 15.48

L T B 40 4 B S 5 S L K R AL R AT I R e R, IEH T
A R R AR R EAR T . SRR, R ER RSN R B3R
YA, RSN (A =1550mm 7)) REMRIRERE LR T
B3 A AR GEAT IS . R RT, AR AEE BB LA M O BAE
® A nm B4, SRS ERERREERERDN, T TENA
B, NXMRERE, eGSR RN ZE.

2) AL HEEAEEERREERENN
WRNAE AT — R, HRPOE KB MRNEEX o, P ERNEMNRE, A
M, =44 (2-42)

ZER KB EIREEA

_ AT' = (1 +1, )AT (2-43)

WIEE O KB 1550nm, FIAEIR A R UL 10.80pm/'C, 7 FEXGAl 00
KA S H o, TR ARSI ERETIAR 2-2 4,

i ERA RS L, BERKEN, BEBEBEH a, WEWREAD, K
F RO KSR AR R BN, MR AR SRR RS R
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$ 2% SLEGRILHINE BEE B

., ARSI ARG (RS, R TR FNRE (AT 600T
). FIRHE RS Yol L KA R R R, REARRR
o, AR M AR

F 22 EETIEHINR AR (o v SR A

Table 2-2 FBG wavelength changes’ influence on calculation temperature

RN WAL R AR TR
(‘C) (nm) WEN,, () HRRE (C)
10 ' 0.108 0.007 0.07e-2
50 0.54 0.035 1.75e-2
100 1.08 0.07 6.97e-2
200 2.16 0.139 0.278
300 3.24 0.21 0.627
400 432 0.279 1.115
500 5.4 0.348 1.74
600 6.48 0.418 2.508

2.3.5 RAMUBLMETREREMERA

BT A AT 0, JGETAT Rk IR B R L o AR RS RY 10
Lh. Bk, SiREALERE, YA et N A B % B 0 B R
FERIREN, T, &R BT R A SRR, AR A AR R
KER R, XA REASRE, WTRBEE B R MER AT el S &
NIRRT RN, EAGEH, WRREN., K TENENERE
ELT, EEEARIKE.

B RO SR ET YR LR PRI B AME R R EE A )RR B A
. BEMEEE. WML, FURMEBERNE. BENSERNNRLSEE
Ko GEERETRBREL, JOAREWH MR EERZ2HRT
SRR S, A BBEE S WHGERA R LA — 2R,
T 2 B4R R D OB R U REOS Tkl £5 3B MM ITE 2%
A, BFESREOMERET K. &ETR, FBEERENA S JlREHE
CEMPR T EX — S, RAAZIDHRREAMRER R E, T XEH A5
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7. TIRME—E#ITRE.

e RS e B IR RE M 2 BT, B SR e B B
M BRI I

A (237 HESERNANRE R A (A =a , TERIGEEEE E
RAETHRAIKARL, et S e Ab s Bl & B U BRI
YERIN, HABUERRI T S b R, 1050640 B B AR
KNARKF. BRI SEEM BT HRZIET, RETFHERT Y 125
ok, SRR ANZ AR AN 8 AR KIEm, N bR e R A ik A
ErEAmEEMETE, BN (2-37) MHERE o EBEE R R U
MERE FHAT R T S MR MR e B W R

m% 1
= Oy &ydr (2-44)
Ao Aoy
AR, o = Ay + nl £) i o AR gy o 26 DA T RLEAME I T O B
eff
e T AT R BORE TR

W AR R TR G, D R R T SRR R R R
—HEAR ML, BIREPE K AERFEREAN, FAFEREY
MAERIREGER, BMEUERAE S N SRR LR KA B M HAR T,

SEIY, RRIER (22310 1 (2-35), B K, =agy+ ! ¢, K, =1-pP, HFEES
Hog

(AR LA

Aok o+ K AT (2-45)

Bl

Ay,

B2

Bk (2-45) 1 (246), 4y =K, /K, KATATLET

= K,, AT (2-46)

& = (Alg, /A — YA g, [ Apy) K (2-47)

LB A LT R OB KRR EME R R B AL
[ 45 BURR AN B A R B A IR R BRI, BRI =R o AR,
A U AR EAME R AL RN AR, FIFFal (2-46) wf L5 E1E 5
HER R AR AL

Fi ARG C LB BRI REJER BT, B (2-32) #l (2-38) B4,
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L 5 AR A WA T T R

My =ae+e, AT (2-48)
BT EFEE S, PRARCHB AR b il T

Ay =08 +an AT (2-49)
Ay, = gy AT (2-50)

3, (2-49) —w x (2-50), &
Ay, — WAL, =08 (2-51)

Hrp oy =aT1/aTze_ B A
&= Ahy — ARy, (2-52)
[#4

gl

ERATLEH, 76D aetisBErtE M Amaf B gk RERIEN b
RERE BRSO, AR L R4S B A B B A S M AR R A
Wt (2-50) W AR BIVERROE E R A,

SHF AR A e S, B vE R oy Ak (ERUFT BLSE R
FI AN SRR 25 AN YA i RS e B A TR B A, MEA A E N AR B A
AR @ . RS AT Rk S A G — B, A AR R, BDEHR
MR IR AR B, XRER (247) 1 (2-52) iy Ry ATLAHL 1, Mt
B AR S R B, e PR AR EETXENEE.
2.3.6 XAXMETERENBSER

LRREAL T, JCEATRAR S EAR O R AR E T AN 7 AR I N AR
BRI R VER . EARRNRET BHOCRE XA FRERE T PGS
— R, ENE NEFREE GRS R ORI N SR
HIpREL, FormT:

: Ay = f(&,T) (2-53)
¥ R ITEGERES) (Taylor) 2R3, 1%
Ay = f(&,T)
- flen T+ LE D g ) D 1,
£ ar
3" (£9,T4) 8"f(£,,7T,)
+W—f(§:;T o) ~Ty)+ 5 (e ey’
+_af(€°;T°) (T =T,) +eree (2-54)
ar
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5’}”(80,7”@):“ _ 53’(80%)_05 . (e 1h) _
og :

/‘i“'\}L'BU = f(g():T(}); & " aT Bt S 686T aeT ;
AR B UL BRI S, A

Ay —Agy=a (e—g) v, (T-T)+a,(e—g,)T-T,) (2-55)

bR o, HE AR AR SRR R, ARk L, e
VRS, RS IE, o, J I R R SRR KA, e T 5
BRREWKEN: o, REE SNELRAERSHN, FREZHAMELRE
L, AR R .
IR T BRSO RS A e A, (T LIS 0 B T A
W, ST
_agle—g )T -Ty)
o (e—g)) e (I =Ty)

W B RS AL RS TE IR, BN, SEERTED ] RS SR RIE
MR AN 18 N2 S SRR A 1 A e I B

(2-56)

2.4 JE g CHE sEtE B Te

2.4.1 ABREMETERRIETAR

1) HRgERMR

ACK A R RIBE A REDRE, Sl RAMUT AT, 3 kng
K Bragg Photonics Inc. A R R1_L A 206 B A4 &) 0 L4k . LR R B RO e et
FC/APC Bk, Ahitg PO IR S RE RS K E Micron Optics 24 F
471 FBG—SLI AR A% . 1Z%{X38HT F—P (Fabry-Perrot) T3 B B X Anhir %
At A HAT R, AERENEESHE, HEEEREG,: HEK
e 1525— 1565 nm; P KAFEE 1pm; IS A 108Hz; B2 6HECH
T IE 256 4.,

2) KAHNRAMETERRARSER S

N T HFRAR OB K GEF T A8t b, AL TRAT &
=R QOCER) THITRE. BT REMEFRE, BEREHET1L,
A ELRE ERIE R,

1) #RERIEHLE B0l 1548nm A1 1554nm BIECE e AT 502
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SRR BRSO LR T kRS, BRI 45 R o Al w24 A 2-5
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Figure 2-4 Relationship of wavelength Figure 2-5 Relationship of wavelength
and strain for 1548nm FBG and strain for 1554nm FBG

2) EEREIE KLY 1549nm HIEDCEORHE 502 BERLFUIRLIE T
TI—1 BISERRpE R b, RN B a s RN, BN, &
FIRRE R T E 2-6 Box:
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Figure 2-6 Relationship of wavelength and strain for 1549nm FBG
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wE R T RN F T e

FHAL 7 vk T AR K —N A REE R 50U 0.0012nm/pe, B125 1.2pm/ue,
X G EAR AT R SR, B TES AT TP OB AR HI BN AR R
B AR, SERMERTT LA TEE,
2.4.2 RFMIEHLEE ERIRERE

1) RIEE

VA B AR S M T SR MO TR BRI AR e . ik, AT HRIE
FRP-OFBG 7 E R E, RATBGAKREHA —50C~80°C, 4HlFEH
Hi BRI R EEIR TYC—1 RIERELK ZEMAKE e, Eh—
50~20°C B IET K ZBHRIR RIS 2 Ak, T 20~80 CHEKi k. WEiER
SRR R E A 0.01C. BEFRA SKERE, BEN 004T. 1
Rk R IR R A% E Micron Opties 274751 FBG—SLI (Fiber
Bragg Grating—Swept Laser Interrogator) . %47 & AR B HIL A THER E IR
W52 58 o

2) WBERS A

¥ 3 WA e E TR AR R TR, I 2-7 for.
TELFCRLRE I B A GET R A =, 75 SR 4RI 2-8~2-10 fis.e

o

il 2.7 FBG I I

Figure 2-7 Picture of FBG temperature sensing

HiE 2-8~2-10 " LLE H, Serfidog el h o SR E N REE
0.999 BA_E, FHFRAHIEMIS, iEW T AL el B A BRI R R S R,
B — R G A RO . 7E—50~80°CTRE N, EFOLHHAIEEEIME K
—IRJE R USR5 A 0.00937am/°C « 0.00936nm/°C 1 0.00932nm/°C , 53
MEIHEAE 10.8pm/°C ELEEIT . A A Je 4T AE M B T A F R a0RE
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PRI, S2 A A TRREE NI O f R T . 155 SR B M
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Figure 3-1 Profile of tube packaged FBG for concrete inner strain monitoring
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