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Fig. 1.1 Shenyang Boguan Bridge
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Fig. 1.2 The elevation layout of Boguan Bridge (unit: m)
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Fig. 1.3 The plane layout of Boguan Bridge (unit: m)
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Fig. 1.4 Cross-section diagram ofarch rib (unit: mm)
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Fig. 2.5 Finite element model of the Shenyang Boguan Bridge
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Tab. 2.1 Material properties

- - VLR E T EE Ay BIIK Z B
(kN/m?) u (KN/m?) (1/C)

Mt & Strand1860 1.95*10° 0.3 78.5 1.2*10°
HE) Q345 2.06*10° 0.3 76.98 1.2*10°
BE ARG C30 3.00%107 0.2 25 1.0%10°®
Hr AR C40 3.25%107 0.2 25 1.0*10°
P, a2 C50 3.45*107 0.2 25 1.0*10°
AT A 2 H 7€ X A48 1.00*10° 0.3 78.5 1.2*10°°

*22 FHBHEE
Tab. 2.2 Section properties
AL B (M Ixx (m*) lyy (m*) Izz (m*) Cyp (m)  Czp (m)

Sikis 4.20%103 2.81*10° 1.41*10° 1.41*10°® 3.66*107 3.66*107
¥ 8.34*10° 1.57*10™ 7.85%10° 7.85%10° 0.1 0.1
T 0.57 1.21 1.74 0.62 1.27 2.42
FS LR 14.3 21.5 38.5 7.42 1.25 2.5
IR 0.88 1.63*1072 1.69%1072 0.95 1.83 0.16
i AT AR 2 2.12 0.14 2.54 0.22 0.8 1.66
HE 3.14 1.57 0.79 0.79 1 1
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Fig. 2.7 Internal force distribution of the suspenders under all the combinations
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Tab. 2.9 The maximum displacement of girders under all the combinations
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Tab. 2.10 The maximum stresses of girders under all the combinations
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Fig. 2.11 The maximum stresses of teel-box arched ribs under all the combinations
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Fig. 2. 12 The lateral displacement of steel-box arched ribs under all the combinations
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Fig. 2.13 The vertical displacement of steel-box arched ribs under all the combinations
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Tab. 2.4 The maximum stresses of key parts of steel-box arched ribs under all the combinations

PR g AL MEAA T WERAE N wmERAES I WERAS IV WERAE V
P TS -2.4 -2.6 2.7 -4 -4.2
24 HOU) -44.5 -46.8 -46.1 -69.2 -68.6
1/4 $EH -41.2 -44.3 -45.7 -53.7 -47.6
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1/2 #tif -33.9 -37.7 -39.3 -68.3 -58.4
P () A 2 -10.6 -11.6 -10.3 -12.5 11.4

K24 BATEALEAEN T SRR RN 7] (45)

Tab. 2.4 The maximum stresses of key parts of steel-box arched ribs under all the combinations(centinue)

LIS 5 IS FIEAA T MEHAA N WERAS M S IV WA SV
Hb A TH R -4.2 -4.5 -4.7 58 5.7
HEI -48.6 -55.2 -58.2 -66.3 -70.4
3t 1/4 $Ei) -55.4 -61.6 -63.7 -68:1 -62.2
1/2 #:/h -35.8 -40.7 -4148 -56.7 -54.7
HLa L -8.5 9.2 8.7 9.3 9.5
k3 T 2.7 -3.1 -2.9 -3.5 -3.8
I RS T -45.2 -53.1 -55 -67.2 -76.3
4 1/4 #Lh -37.2 -44.9 -44.3 -46.3 -45.3
1/2 HEH) -34 -42.6 -40.1 -58.6 -58.7
HLa L 8.9 -9.6 9.1 9.7 9.2
P TS -25 -3.2 -3.9 -6.7 -6.5
HEJ) A -43.9 -54.9 -52.9 -81.6 -78.7
5# 1/4 L1 -27 -33.2 -33.3 -45 -38.2
1/2 R -31.2 -40.5 -39.1 -71.2 -68.2
HETaj s 22 -9.4 -10.3 -11.1 -11.4 -10.5
%25 HATEHAVER R HE AL B R AR
Tab. 2.5 The maximum displacement of key parts of steel-box arched ribs under all the ombinations
gk & Hr#% 77 7] 24T S#HLTI AT SHHLTI
) -15.59 -20.98 -17.37 -9.68
HAE | 20.06 -0.03 24.98 8.3
N -0.24 1.18 0.52 -0.38
4Hean 1% ] -11.38 -18.69 -13.35 -9.78
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A 21.84 1.73 27.11 9.78
IhIn) 2.21 11.18 3.29 0.41
B 1A) -12.51 -19.13 -14.95 -10.32
HE A 28.94 5.87 35.91 11.7
IhIn) 2.24 11.18 3.35 0.43
1B [ 15.36 31.35 23.34 20.27
HE IV 15 ) 38.38 5.24 42.75 16.41
IhIn) 6.44 10.78 1.59 -3.98
1B [ -54.65 -72.97 -49.59 -42.94
HEV ) 18.87 6.55 28.62 6.67
N -2.25 11.6 5.22 5.14
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Tab. 2.6 The first 10 modal frequency values and its vibration model features

B H IRA#/Hz JE s P2y
1 0.927 1.079 T PG R [ S0 R
2 1.087 0.920 F 5 HEGE R [ TE AR
3 1.259 0.795 TSR ) SRONAR, 0 G ) 1L BR
4 1.370 0.730 T PG SO R L
5 1.399 0.715 12015 185 [ri) SO0 R -5 AL R
6 1.437 0.696 i PG R ] IR R
7 1.465 0.683 T 1 ] TR S R A
8 1.649 0.606 T B 8 R 1) SRS R
9 1.666 0.600 1 5 PLGE RO AR
10 1.696 0.590 T P B RO R A
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Fig. 2.14 The first 10 modes of the bridge
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Fig. 3.1 Structural health monitoring system for Shenyang Boguan Bridge
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Fig. 3.2 The schematic diagram of FBG strain sensor
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Tab. 3.1 Mechanical properties of fiber and gripping parts
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Fig. 3.3 Picture of gripper packaged FBG strain sensor

ZOCEEM N AR RS R AP 2R A 1) BN BAROCA dmm: 2) MREEm, SRR, 2R
FA BAZTEOMUE], B ERE L w IR R B, HEREVEH Jy32000pe; 3) JoM AL IEHFE . JhAF
LA EAEAE AE LM L, B T BRI C L SO NAR 38 (520 s 4) R AZ B RERSE
BRI €, SRS R0 1200ue, PEREVISACRIFAREAE ; B) KHIREVELT o R R e el
b, 7 20Hz FIEH A T 4 160000 F, AR TAFETEREAI IR IR .

AR, BRI SR L RME AR AT e W6 % 3.2 JubmiE IS A9 B iIAL R ds M o &
.

(2) P ML s k3
LT, 5 FE O PSS P 0 0 5k LA LU P 158 . e (R B
S P U 0 5 52 0 4 T S 75 2 S OB T30 AT 207 Y £ e, 24
ShSRIRBEASH NI GRS, A JRE e . AP BELIEL P R AR PR PR 505 P 5 P 2 6D O % 5
S 5L E ;. %7 L D, (K TR MR R T PR YRR 2 . S T S BRHRBE KM
T 45 R Bl TR T 0 P AT 0 LI BRI TOLT MR B (R S o A Ll R 8 A R AR T
Z, AR LR 5 FAT KRR PR AT . OB R . TR, BUABASEAT . T SKBLIE A B A4
AR, RS TR 55 0 T (KRR W
L MR 4 2 1 00 B 30 T R (LN LT M R R 5B R 3 3 % 2
T, HI IR SRS IR AR T 31 A R A2
T, AR IR i1 A T SER T DA B B A (L
Ay
Ag

=(&+a)AT (3-7)

A ERFELAFMBI B DG SIS R, —kE=T.00x10°K™; o KT

Mk 2B S R B, 8% a=55%x10"K™; AT iRk,

SICEF M N AR R Ay, AESEPR TR, Faxd e Lt Ye i B A R an it AT R, DUENEE S
(1 AP, RIS 52 et T B PR Wi N RO o AR IO Ry At e 05 3 Wil 3.4 o, SR )
NIRRT RE, R ROGLT Y e fE S A LR, SNSRI R AR AT, BRI IR 2
FERICECH AT NLAS , AT ROE M AR R B o 28 Jm (DG £ YR B A% Ik 2 an ) 3.5
Js o ARG IR E . 'S S RIS R EER 3.3 R .

iR



JEMETECH ] M &} £ H W

L LT
\ . ket
/
e

25l i
3.4 JerF b fh L

Fig. 3.4 Structural diagram of FBG temperature sensor
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Fig. 3.6  Accelerometer
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Tab. 3.2 Basic parameters of accelerometer
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Tab. 3.3 Performance parameters of antenna of GPS
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Tab. 3.3 Performance parameters of anemoscope
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Fig. 4.1 Distribution of sensors in Shenyang Boguan Bridge
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Tab. 4.1 Monitoring items and sensor type
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Fig. 4.2 Monitoring points layout for the suspenders
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Fig. 4.3 Installation and protection of accelerometer
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Fig. 4.4 Optimal sensor placement program by Effective Independence
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Fig. 4.6 Accelerometer installed onthe girder
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Fig. 4.10 Installation and protection of FBG sensor
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Fig. 4.23 SDI-221 GPS receiver
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Fig. 5.3 Stress monitoring results of SS13 and SS14
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