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Application of optical fiber Bragg grating strain measuring technique
in large scale shaking table model tests
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Abstract: Based on the non-destructive shaking table model test of a three-arch type underground station structure
of subway on a liquefiable foundation, the strain responses of galvanized steel wires in the center pillar of the model were
measured with optical fiber Bragg grating sensing technology and the strain responses of microconcrete at the corresponding
positions were measured with strain gauges. The synergy relations of galvanizing steel wires and microconcrete were
analyzed quantitatively with Mann-Whitney U non-parameter detection method. The results showed that the model structure
is in an elastic or minor damage working stage under the action of ground motion; the inspection coefficient P values
obtained with Mann-Whitney U non-parameter detection method at the top and bottom of the center pillar of the model are
all larger than 0. 05 under different ground motions; at the middle part of the center pillar ,the strains obtained with fiber
Bragg grating measuring technique are obviously better than those with strain gauges; under larger electromagnetic
interferences, for the positions where there exist relatively weak signals or basis materials of small sizes, the fiber Bragg
grating sensing technique is more applicable.
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Tab. 1 Scale relationship and ratio of model system
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Tab. 2 Loading conditions for a subway

station structure shaking table tests

TRFG AMES TR EE B
1 e 7 Bl 0.02 180
2 N SP-1 0.1 100
3 Taft TA -1 0.1 15
4 FHIR SF -1 0.1 100
5 Sl B2 0.02 180
6 B SF -2 0.3 100
7 FATR SP -2 0.3 100
8 Taft J TA -2 0.3 15
9 ] e 7 B3 0.02 180
10 w3 SF -3 0.5 100
11 P TR SP-3 0.5 100
12 Taft J TA -3 0.5 15
13 £ M B4 0.02 180

2 JE&F Bragg St MK R IE R IR IR 77 5

2.1 4T Bragg St iz 35 R 32

JGET Bragg YOt A U LI 2, A HDCER 41K
(R EREAE 2755 A s TRl AR AL, Sl 1 52 S5
FELT 8 T B 7 O I o S B, fik e 1 HL v %
AT RS LA S S s G S M RO K
T O PR A AR R b RE 0% AR [ HEAR L H
PRI B RRRE) G T 00T, e sh 51k
JeHlt Bragg HKRFEANL, 3 EOLHME M A 224, SLeFA Ly
HAT B SR AT BT S R n g il 50 5 b 7 5y 98l
AR AR M 22, 6l Bragg PR A2k =00



25 10 31 MRoras: st Bragg e AS I3 AR FE R AR 2) &AL 58 o n 115
Ap = 2ngA (1) 304 304 304 304

K,y HASEIE 1 4T Bragg Sl i 5 1 0
Ko s A NSEHHEIA s n o M SGETEF SN EE X A R 28 (8] H 0
KT,

AT SCLF SR B3 A 18 1o AR
IR RN N 1.22 pm/ e, PRI G 4 ol s 5
5N ARE bR E & RN

e = A, x1000/1.22 (2)

K, & R RIAE(H 5 A N IR AR

)\ﬁ]‘ j'ﬁtjﬁ B ﬁiﬁ]‘)‘ﬁta

B2 62T Bragg SobIbL R T AR 5 ]
Fig. 2 Working principle diagram of fiber Bragg grating
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Fig. 3 Strain test observation plane of subway station
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Fig. 4 Distribution map of strain sensors

in section of subway station
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Fig.5 Encapsulation schemes of optical fiber Bragg grating
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Fig. 6 Strain test flow chart by using
optical fiber Bragg grating
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Fig. 7 Time histories of strain in zinc — coated wire on central column under Shifang ground motions
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Tab. 3 P-value of Mann

-Whitney U inspection

under different ground motions
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Fig. 8 Time histories of strain in zinc — coated wire and microconcrete on column under different ground motions
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Fig. 9 Time histories of strain in zinc — coated wire and microconcrete on column under different ground motions
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