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A Stress and Strain Monitoring Method for Bridge Cantilever Construction
Based on Fiber Bragg Grating Sensing Technology
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Abstract: In view of the shortcomings of traditional monitoring techniques for internal stress and strain in bridges,
such as poor durability and cumbersome measurement, a structural health monitoring method of bridge hanging
basket construction based on fiber grating sensing technology was proposed. Taking the cross-Changhe expressway
separation interchange bridge as the research case, the most unfavorable cross section of the bridge under live load
during construction was selected, and optical fiber sensors were implanted at the intersection points of the top plate,
bottom plate and web center line of the initial girder section at the bridge pier to monitor its stress and strain. The
stress and strain changes of the starting beam section during the construction period of the hanging basket were
analyzed, and the internal structural health status of bridge hanging basket during construction period was evaluated.
The results show that the proposed method can be used to monitor changes in internal stress of bridges.The stress and
strain growth of the top plate of the starting beam section are mainly affected by the prestress and tension, while the
stress and strain growth of the bottom plate are mainly affected by the concrete pouring. After the box girder of the
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middle span closed section is poured, the middle span beam section no longer presents the phenomenon of pulling up

and pressing down. The stress and strain of the top plate reach their peak values after prestressing the beam section in

front of the edge span closing section, while the stress of the bottom plate reaches its peak value after pouring the

beam section in front of the edge span closing section. The strain of the bottom plate reaches its peak value after

prestressing the side span closing section. It is suggested that during the construction of bridge hanging basket, the

stress and strain changes of the beam segment before the closure of the side span should be monitored during the

construction period until the end of the construction.

Keywords: stress and strain; hanging basket construction; fiber optic grating sensing technology; health monitoring
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Fig. 1 Sensor placement sections
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Fig. 3 Layout of fiber bragg grating sensors

Oy T AR A TR E AR RS AR SRR A R AR T Y
SR, 5 7RI A5 R[] 22 R 6 A7 DA B T s I it
FEARAL o BT A B T U AR T2 HS
it e, SELHEMHE AR S5 I LD e LIS
1, BEARALR D CE PR I, PO e L s



548

TR 2 4 (A RBLAR)

2024 4%

AAXTHESS, I AR EAT . Dkt S e 27 14 Tkt 18
TRBRE 1 58 USRS Ao i 2 0450 B, A2 s [
TEATFIRE 30 1E N J7 LASR iR i R o AR R I i
J5 NP 51 2051 Y, 5IRATAN A 831, FLArFL22,
WAL LIRT 5 em 2247 (A AR5, 7EAN A 28
HETARRE 51 ORI, S S it T 40] B A7 1
PERIR . L et e s A i e 5 m , A 28550
fRICSE . BN LB OIUARIEET 51 2k A R R 2,
I 4 2 Mt A G 2 S e 1 48, S B 0 Bk )
FalisR A . AW Tad 7 223 00 60 SOLLF L
A AT, RINIR ERTEA G B
23 MENANHE

YR RE BN g R AR U B, AR A il e v R,
JEB SRR, R EER B R M R /N i
TG HE AR W G LT AT 3 R, BETT S R GBI K
DREe!™ o R RIS 55 R K ARSI R M R,
i A R AR B A5 A R A RS &, X (1),

€ =K. [(A: = ) + (e — Aeo)] (D

e Ko A 55 P AR e 1 FE 9 R G K R
KA B AR AN R A A AL PR A I B {5 A0 A
O 728 A B A i I L A S T AN O
Ao A TRANBER (00 7 D0 2

SRR S S 1 B2 W R,

o M N Z R AR L AR Ak, il 3 (2) THRR L

PR AR A Ao AR EECHAI PR B, e —hRE
1,=20 C,
2 R R SR, ST GNP
5K (3).
F = K¢ [(Ap — Apo) = Kip (1 = 1p0)] (3)
o K R )5 P AR A B B A B8 Ko i
KAR A ) I AN 2B A 0 A I AE s Ao
SR I A ) A0 s ¢ Ay 0k A R P PR 8 5
tro 9 D Ao N AU PR BE TR E
2 (2), (3) FTARAFI AL R Sy o i3 2
0 =K {(Ar = Apo) = Kip [Ki (A, = ) + to— trol} /A (4)
A ARy LR A TR AR
2.4 MEMFERIEIIE
o 6 U P £ M 0 Ty 1 1) 5 B, 2T ABAQUS
O3 BT ST B BRIT AL, DL “ AT K
27 BRI T T2, DL CRRIR R B
ESTIVPIE) S TR EESIFi I R I S UL STET S
FERYI 3 7045 o A T TOUR RIS AR 0, 3 A48T 54
ARSI R G SSMAE AnIE 4. di & 4 al &
N7 ) SEME S E A S — BB, A
R T390 S 1 g B A O R, {EL R R 2 25 (H
INT 7.0%, XS R BER TR R BT A &
A 4, FERAME /DN . SRS T IAE S SEME
A2 SRR, BTG EF I B BATR B2 107 728 s I 7

1=K (A= 20)+1o () R T R R N Ak, HREAEEE I T
A KO EE S PR B LU B R EG A EE U R] S M AT 2 ) A ) A
16 -
14
12
£ 10t
S 8]
R 6F
23 —— S
ol —a— SEE
72 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
01234567 8 91011121314151617 1819 20 21 22 23 24 25 26 27
T4
(a) THHR Y 7
12
10 t
£ 8
=
R 4t
B o2t — A
Or —— SEMIfE
72 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
01 234567 8 910111213141516 17 1819 20 21 22 23 24 25 26 27
T8
(b) JFEARE /1

B4 SEMSHERHERILL

Fig. 4 Comparison of measured and calculated stress results
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Fig. 5 Stress distribution of section I, I
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