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Fig. 1 Schematic diagram of sensor arrangement of north branch of Huangpu Bridge of Pearl River
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Fig. 2 FFT spectra of temperature and strain data: (a) temperature; (b) strain
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Fig.3 Wavelet decomposition diagram: (a) temperature; (b) strain
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Fig. 4 Correlation between the temperature components and the strain components in the d4 and d3 layers
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Fig. 5 Flow chart for identification of overweight vehicles
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of wavelet coefficients on strain threshold
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Fig. 8 Identification results of the overloaded vehicles
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Fig. 10 Stress distribution statistics and Fig. 11 Probability distribution diagram of seasonal temperature

Gaussian distribution fitting

4 BTRTENSFRKABREENRS &6 RN A

AR 8 0t R W 00, 1 e 257 3 22 I AL 4910 0 2 08 P 5 24 M0 2R 8 T 06 I A 98 A 5l 1) A7 A
RS BT 45 B A BT RE LB SR 45005 1R SRR 20 46 T i1 1 SRR R LR 2t L TR I T R e B A
il Ak BE AT Y e R T 5 1

AR Sy — b n] L) R 5K P S BB P i A 42 5 7 1) B U CUn R 4% L IR 55 AT
VLA AR P 450 i T R BT RE S SR A 2 25 B U It | 0 AL A e T M RO A sl st
B0 JHP AT AR 016 75 SR DR S FR 3 RS O DR 08 A B IR 9 L Lk P A S R v R AR 55 4 [
B ETBUERARDY ) TR TR Z R T Tl SR A R SRR B 2 i 06 7R AR S L R L BT
VGG B AF AU AL H 25 iz BT A TR B SRS LA TR R R 2 h R AR
AEHO R R S =07 SR 2 T 0 I 55 A e 2 A S (0 v A A AR A A B L L R R
WA R, YU 5N T RO 45 R AT I )Y 8 S T AT HE AT B A TR 4R T A AR
R A 2T 350 A S e s 00 A9 R Bl 20 B (o A7 A — S8 R BR . (1) — B AR 2428 M 00 L X —
A EILA TR 8 2 A P S Rl B 5 B B LURZ P 6 5 HABF G 1815 (2O Frig i = F B R
B 08 0 A0 7 18 3 R S B I R AT A% A BR300 T A% 14 96 S8 NG 5 (3) H T B0 45 A £t M 00 AT 7 R M
PRI L Bk = X K3 Ak B2 75 325 B9 234

PRI A AT AR T 00 3 7 1) T PR BT 57 B O SR P U B PR I P &5 IEE A R T =
TR LR KRB ER T 5 0 2T 20 750 B S R JUY B M 0 e 55 °F- 5 6 AT 9 2 T R RE T
- 15 19 v R S 4 B2 I I 2R GEIT L X 22 AR AN ] 6 RS 3% LA/ A JBORE BE R I8 10 4 4 30 4 B s
BOE AR IS 23 B A BROT AT EL AT 5 T T 0L 19 57 3% I 5 2% i 8 A F o 25 R kL BT B R
A VA 45 SRR oK, F T 2= T H 5 B A7 SR 0 B M 00 DR S80HIs o A A SR A R MR IR 5 B . PR R
WHEI A HE S BN 12 Bz o FE 23 B 2% 28 BB 9 22 RO R AIE L 38 R B0 =2 1) a8 B i) 0t sl /D il J=
UK 2 ) ) SRR A A0 B ] 1 R il AR 00 A Sl M 800 1) 22 4 BE IR T T 1 A i S o O S TR T
TR IS5 2 G A R A BEZR A Hadoop #1 Spark . 73 A SRS JIE HBase  HL# 2 ~] T H Mahout
S5 R B AL B AR 25 JEF- B BT e | 1 A Ak B BE ) FE AT B9 AT SR L R AT Y At A A



660 ;K (2017 4F) 45 32 3%

GIE XAz Dol ]

AP Rl e A GREF
AR RgEHE i e 1 W K HGR A
PRI HrNA (HENE PRSI 7
RaEmE ERNG = NY P -

sEEEE | 24
H 5 %A E £ REEAE S XBH A
[ VR BRI RO A B0 7 S T j

B 12 FH L

Fig. 12 Platform design framework

TR 0 1 2K 0 M R 51 15
5 i

AR SR T R B Ak FH R 73 A7 B A A AT - YAt B A 00 e ) 182 P BB 00 8 a0 114 22 TR SR R A
M\ 57 6 R 42 4 A0 23 B AR A SR I A ] FE T 5T = A D5 T A 4 T I A BIE 5 SR B R A BT BOA: B T
FEHEIE L IR He T 22 3 50 B AR SR B A I 2 55 SF- 65 B8 AR B L AT T A A AR B L A kB M T AR
G 2R B 1) T e R n ey A DR S0 o0 e T Bt AN (] 26 B B 15 A5 QIR 3 A L g 45 5 A BR G o3
e 7 3 RO Bt 5 T vk AR 2k bl v 42 4 AR S A S L e R R e R AT e AR AT 5 R O b
AT R R R AF 50 Y B RO S R, () B, 4545000 2% B8 2 3 03 B0 T Bt S A S D4t R W Ml 55
3 o DT 52 00k T8 et 5400 R AT i 5 A A A BRI 20 A 2 o 22 U0 4 B W R 8 R R 1 R e i

S & UMk

C1] SRR, REBF AR E NS 5 WN Rt [J] W RZEZERE AR, 2001, 29(1):65—69
(ZHANG Qiwei. Conception of long-span bridge health monitoring and monitoring system design[J]. Journal of
Tongji University(Natural Science) , 2001, 29(1):65—69 (in Chinese))

L2 28, JSChy, BREEM, 4. REIN B2 45 0 % Refd e Wil R e &R UEOR BT[] ). EARTHR 4R, 2006, 39(2):46
—52 (LI Hui, ZHOU Wensong, OU Jingping, et al. A study on system integration technique of intelligent
monitoring systems for soundness of long-span bridges[J]. China Civil Engineering Journal, 2006, 39(2):46—52
(in Chinese))

(31 2B, T4i5s, L. S N B0 W D0t i Bl 20 A7 5 00— S5 M RR MR " P e ke LT ). P RL 2 4
KRB, 2012, 42(8):972— 984 (LI Aiqun, DING Youliang, WANG Hao, et al. Analysis and assessment of
bridge health monitoring mass data — progress in research/development of “Structural Health Monitoring” []].
SCIENCE CHINA Technological Sciences, 2012, 42(8):972—984 (in Chinese))

[ 4] Catbas F N, Susoy M, Dan M F. Structural health monitoring and reliability estimation: Long span truss bridge
application with environmental monitoring data[ J]. Engineering Structures, 2008, 30(9):2347—2359.

[5] ChanT HT, YuL, Tam H Y. et al. Fiber Bragg grating sensors for structural health monitoring of Tsing Ma
bridge: Background and experimental observation[ J]. Engineering Structures, 2006, 28(5):648— 659,

6] X®F, Zdefe, Horst, . BT R B W I i A6 g b X TR 6 1 76 20 W 4 M 2 0L B A8 AL AR 980 ). 2 %
2013(2):118— 122 (LIU Yiping, LI Yinghua, TANG Liqun, et al. Research on temperature variations of a
concrete continuous rigid-frame bridge in South China based on long-term temperature monitoring[J]. Highway,
2013(2):118—122 (in Chinese))

L7 1 R, T, REOF, A PRI R G 5 0 B AR A L) . diRsh K 52T, 2012, 32(2).287



VRMRAE + T o A SR U S gt R 0 ) A B A B R B g T 661

£8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

—291 (WU Jian. ZHANG Yufeng. YUAN Shenfang. et al. Abnormal data feature library construction for bridge
health monitoring system[J]. Journal of Vibration Measurement &. Diagnosis, 2012, 32 (2): 287 — 291 (in
Chinese))

BOAR, E AR BRI, AR ORI SR g BE WIS e R D). E RE R, 2005, 2(2):1—7 (HUANG
Fanglin, WANG Xuemin, CHEN Zhengqing, et al. Research progress made on the health monitoring for large-
type bridges[]J]. China Railway Science, 2005, 2(2):1—7 (in Chinese))

BERFH . =W, SRR, /DR e AR B A B U R A L) ). A B2 AR, 2004, 21(11):30— 34
(LIAO Jinxiang, YUAN Mingwu., ZHANG Jinquan. Application of wavelet transform on damage detection of
bridge structure[ J]. Journal of Highway and Transportation Research and Development, 2004, 21(11):30— 34
(in Chinese))

Hester D, Gonzalez A. A wavelet-based damage detection algorithm based on bridge acceleration response to a
vehicle[J]. Mechanical Systems & Signal Processing. 2012, 28(2):145—166.

P . ALk, Bl BT e oA DU 3T R0 2 A A% SRR ARG Or i [T . MR, 2016, 46(3):74—79
(JTA Buyu. YU Xiaolin, YAN Quansheng. Method of bridge condition assessment based on discrete dynamic
Bayesian networks[]J]. Bridge Construction, 2016, 46(3):74—79 (in Chinese))

Yu L, Lin J C. Cloud computing-based time series analysis for structural damage detection[]J]. Journal of
Engineering Mechanics. 2015, 143(1) :C4015002.

PREAR . BREEAG. 22 onge v o V3 76 5 52 0 28 M W3R B R 7 23 B e i BT, 450 TR, 2011, 27(2):120—
126 (CHEN Xiachun, CHEN Dewei. Application of multiple linear regression model in analysis of temperature
effect on strain monitoring for bridge structures[]J]. Structural Engineers, 2011, 27(2):120—126 (in Chinese))

Moyo P, Brownjohn ] M W. Detection of anomalous structural behaviour using wavelet analysis[ J]. Mechanical
Systems & Signal Processing, 2002, 16(2-3) :429—445,

Tang L, Liu Z, Jiang B, et al. Features of long-term health monitored strains of a bridge with wavelet analysis
[J]. Theoretical and Applied Mechanics Letters, 2011, 1(5):27—30.

W, B, KGe. BTN RSB0 E A Bl ] DR TR M. 2006, 28(11):94—97
(JIANG Zengguo, QU Weilian, MIN Zhihua. Damage localization of structures by wavelet packet analysis[ J].
Journal of Wuhan University of Technology, 2006, 28(11):94—97 (in Chinese))

EARAR ., S AL A 2SR/ e A A e A 5 R B R b a R L], R 2D 5 i, 2008, 27:124 —126
(WANG Zhenlin, NIE Guohua. A method for structure damage detection based on curvature mode and wavelet
packet transformation[]]. Journal of Vibration & Shock, 2008, 27.:124—126 (in Chinese))

B, BT T A B 0 R A A e AR PR A E T EEBESE D, TN AR TR %, 2012 (YIN Wu. The method
research of determing limited load value for overweight vehicles cross bridges based or reliability theory[ DJ.
Guangzhou: Guangdong University of Technology, 2012 (in Chinese))

R, A 1 sl BRI A B 5 AR LT ], b D7 2¢i@ , 2008(1) :126 —127 (CHEN Min. Current situations of
studying the distinguishing of moving load on bridge[ J]. Northern Communications, 2008 (1):126 — 127 (in
Chinese))

Law S'S, Chen T HT, Zhu X Q, et al. Regularization in moving force identification[ J]. Journal of Engineering
Mechanics, 2001, 127(2):136—148.

R, R, B, S B THEIREME MR R TRYIR, 2006, 19(4):509—513 (YU Ling,
ZHU Junhua, CHEN Minzhong, et al. Moving force identification based on method of moments[J]. Journal of
Vibration Engineering, 2006, 19(4):509—513 (in Chinese))

S, MW, WS, . BRI MR BGEE ¥ [T]. a5 i, 2000, 19(1):58 —60 (YUAN
Xiangrong, BU Jianging, MAN Honggao, et al. Function approaching method in moving load identification[ ] ].
Journal of Vibration &. Shock, 2000, 19(1):58—60 (in Chinese))

M, A moR. AN TR LA S A AR p LT ], BB SR, 2003, 25(4):97 — 101 (HUANG Lin,
YUAN Xiangrong. Application of wavelet analysis in identification of moving loads on a bridge[J]. Journal of the
China Railway Society, 2003, 25(4):97—101 (in Chinese))

S0, MESCIR. BRES. T A 35N BP A4 0 4% 00 b BR 4540 A # R 3I [T ). WiVL R %54k, 2005, 39(10):1596 —



662

DI (2017 4F) %5 32 3%

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

1602 (JIN Hu, LOU Wenjuan, CHEN Yong. Load identification for bridge structures based on self-adaptive BP
neural networks[ J]. Journal of Zhejiang University, 2005, 39(10):1596—1602 (in Chinese))

Chen S R, Cai CS. Equivalent wheel load approach for slender cable-stayed bridge fatigue assessment under traffic
and wind: feasibility study[J]. Journal of Bridge Engineering, 2007, 12(6):755—764.

Frangopol B D M, Kong J S. Gharaibeh E S. Reliability-based life-cycle management of highway bridges[]].
Journal of Computing in Civil Engineering, 2001, 15(1):27— 34.

JAZE, TR, NEAR, 5. AR T RS Al M i p e it R 2R [T, Tolk g5, 2009, 39(3):96—102 (ZHOU
Kui, WANG Qi, LIU Weidong, et al. A summary review of recent advances in research on structural health
monitoring for civil engineering infrastructures[J]. Industrial Construction, 2009, 39(3):96—102 (in Chinese))
XA 6L T AR O 2R B0 AR R S A R S R A R T RE BE AR AT LD, MR Tl R 2%, 2015 (LIU Yuefei,
System reliability analysis of bridge structures considering correlation of failure modes and proof modes[ D].
Harbin Institute of Technology, 2015 (in Chinese))

B2 TG E A 80 U B A B R SRS R S DU RN (D], MR Tl R *% . 2014 (FAN Xuepin.
Reliability updating and bayesian prediction of bridges based on proof loads and monitoring data[ D]. Harbin
Institute of Technology, 2014 (in Chinese))

Zejia Liu, Yinghua Li, Liqun Tang. et al. Localized reliability analysis on a large-span rigid frame bridge based on
monitored strains from the long-term health monitoring system[J]. Smart Structures and Systems, 2014, 14(2);
209—224.

ARl TR (R A ) I 8 MR A 4 M R S BT S5 I AL LR AR SR (D, TN BT R4, 2012 (LI
Yinghua. Performance analysis and evolution of continuous rigid frame bridge based on long-term health
monitoring[ D]. Guangzhou: South China University of Technology, 2012 (in Chinese))

FR. EE TR A I A BHE R S T S AT AR B SELD]. SN AR R TR %, 2014 (WANG Zhen.
Characteristics analysis and reliability calculation based on long-term bridge health monitoring data [ D].
Guangzhou: South China University of Technology. 2014 (in Chinese))

TR, T A B 0 R M A AR g I AR T & AR AT 5 F e WU CDD. SN B TR %%, 2015 (LEI
Xiugiang. The time-varied reliability analysis and service life prediction of the bridge structure based on long-term
health monitoring data[ D]. Guangzhou: South China University of Technology, 2015 (in Chinese))

Mell P, Grance T. The NIST definition of cloud computing[J]. Communications of the Acm, 2010, 53(6) :50.
BRRE, R, =i RE T G BRI, BAF2= 4. 2009, 20(5):1337—1348 (CHEN Kang, ZHENG
Weimin. Cloud computing: system instances and current research[ J]. Journal of Software, 2009, 20(5):1337 —
1348 (in Chinese))

DESY, G, REW. F. o8 ARREM SRR T]. BFE%M, 2011, 32(7):3—21 (LUO Junzhou,
JIN Jahui, SONG Aibo, et al. Cloud computing: architecture and key technologies [ J]. Journal on
Communications, 2011, 32(7):3—21 (in Chinese))

AR BREF. OB R A KL AT, sOlE i AL TR SMEE, 2011, 11(1) 179 — 184 (SHI
Jianjun, LI Xiaoli. Research on traffic information cloud computing and its application [ J]. Journal of
Transportation Systems Engineering &. Information Technology, 2011, 11(1):179—184 (in Chinese))

M. T 2P 6 EW IR RS O EEE U R BORDE LD . ORI 3838 K%, 2015 (TTAN Ran. Research
on collaborative techniques for automobile logistics service value chain based on cloud platform[ D]. Chengdu:
Southwest Jiaotong University, 2015 (in Chinese))

A, BEL T, TR Z G SRS REM R LGER T B MA A0, 2012, 15(5):83—96
(YANG Shanlin, LUO He, DING Shuai. Survey on multi-sources information service system based on cloud
computing[ ] ]. Journal of Management Sciences in China, 2012, 15(5):83—96 (in Chinese))

AR, SR, SR, SF. T I RO R 45 b e BRI R A = i L) D BARBE E R R . 2011, 8(1):24
—27 (ZHU Shicun, ZHANG Yufeng, ZHANG Litao, et al. Cloud computing research based on the Internet of
things for long-span bridge structure health monitoring[ J]. Modern Transportation Technology, 2011, 8(1):24—
27 (in Chinese))



%5 URBCHRAE « T i A U S0 R I Y I Ak B R AR % 663

Processing Technique and Application of Big Data
Oriented to Long-term Bridge Health Monitoring

TU Cheng-feng', LIU Ze-jia', ZHANG Ge', ZHOU Li-cheng', CHEN Yi-tao', CHENG Nan',
GU Jia-wei?, DONG Shou-bin*, DENG Zhi-hua®, WANG Yong®. TANG Li-qun’

(1. School of Civil Engineering and Transportation. State Key Laboratory of Subtropical Building Science, South China University of
Technology, Guangzhou 510640, China; 2. School of Computer Science &. Engineering, South China University of Technology.,
Guangzhou 510006, China; 3. Huangpu Bridge of Pearl River in Guangzhou, Guangzhou 511434, China)

Abstract: The application of bridge long term health monitoring system is briefly introduced in this
paper, as well as the research status of big data analysis technology based on bridge long-term health
monitoring is also summarized. Based on long term health monitoring, this paper focuses on following
three aspects of research progress in big data analysis: multi-scale correlation analysis and multi-
dimensional modeling, anomaly data mining and analysis, and time-dependent reliability study, and
the development and application of the bridge health monitoring service platform based on cloud
computing are introduced and prospected.

Keywords: bridge long-term health monitoring; big data; correlation analysis; data mining; time-

dependent reliability; cloud computing



