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Damage Identification Technique for Bridges Using Static and
Dynamic Response
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Abstract : Load bearing structural members in a wide variety of applications accumulate damage over their service
life. From a standpoint of both safety and performance, it is desirable to monitor the occurrence, location, and extent
of such damage. Structures require complicated element models with a number of degrees of freedom in structural
analysis. During experiment much effort and cost is needed for measuring structural parameters. The sparseness and
errors of measured data have to be considered during the parameter estimation of structures.

In this paper we introduces damage identification algorithm by a system identification(S.I) using static and dynamic
response. To study the behaviour of the estimators in noisy environment Using Monte Carlo simulation, and a data
measured perturbation scheme is adopted to investigate the influence of measurement errors on identification results.
The assessment result by static and dynamic response were compared, and the efficiency and applicabilities of the
proposed algorithm are demonstrated through simulated static and dynamic responses of a truss bridge. The
assessment results by each method were compared and we could observe that the S.I method is superior to the other

conventional methods.

Key Words : damage identification, system identification, monte carlo simulation, perturbation scheme
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Table 1. Sectional area of truss models
Elem | Area |Elem | Area |Elem | Area |Elem | Area

W | em) | W} @) | K| @) | | (o)
1 | 37600 31 | 280.80 | 61 | 165.60 | 91 | 280.80
2 | 32306 | 32 | 24800 | 62 | 117.62 | 92 | 248.00
3 | 19440 | 33 | 396.00 | 63 | 25840 | 93 | 308.64
4 | 24800 | 34 | 353.40 | 64 | 24800 | 94 | 323.16
5 | 30864 | 35 | 47520 | 65 | 19320 | 95 | 25840
6 | 27748 | 36 | 24800 | 66 | 19626 | 96 | 475.20
7 125840 | 37 | 396.00 | 67 | 301.60 | 97 | 237.12
§ 36640 | 38 | 35340 | 68 | 24800 | 98 | 231.64
9 | 23712 | 39 | 67040 | 69 | 19320 | 99 | 368.00
10 | 23164 | 40 | 41520 | 70 | 26220 | 100 | 62720
11 | 301.60 | 41 | 62400 | 71 | 368.00 | 101 | 165.60
12 | 51840 | 42 | 26220 | 72 | 24800 | 102 | 2i1.12
13 | 19320 | 43 | 67040 | 73 | 23712 | 103 | S1840
14 {12920 ] 44 | 43600 | 74 | 26220 | 104 | 627.20
15 | 43200 | 45 | 30864 | 75 | 52880 | 105 | 193.20
16 162720 | 46 | 26220 | 76 | 302.40 | 106 | 129.20
17 | 19320 | 47 | 52880 | 77 | 308.64 | 107 | 432.00
18 | 21112 | 48 | 30240 | 78 | 26220 | 108 | 627.20
19 | 51840 | 49 | 237.12 | 79 | 670.40 | 109 | 193.20
20 | 62720 | 50 | 26220 | 80 | 436.00 | 110 | 231.64
20 116500 | 51 1 36800 | 81 | 624.00 | 111 | 301.60
22 | 23164 | 52 | 248.00 | 82 | 35340 | 112 | 51840
23 | 36800 | 53 | 19320 | 83 | 67040 | 113 | 237.12
24 | 62720 | 54 | 19626 | 84 | 41520 | 114 | 27748
25 | 237.12 | 55 | 301.60 | 85 | 396.00 | 115 | 258.40
26 | 32316 | 56 | 248.00 | 86 | 333.40 | 116 | 366.40
27 | 25840 | 57 | 19320 | 87 | 47520 | 117 | 308.64
28 | 47520 | 58 | 117.62 | 88 | 248.00 | 118 | 323.16
29 | 30864 | 59 | 25840 | 89 | 396.00 | 119 | 194.40
30 | 35340 | 60 | 248.00 | 90 | 353.40 | 120 | 248.00
Bl W RAe] g FYsA AA | 121 | 57600

Top element (76}
Area 302.40 | 120.96 reduction

Top element (12)
Area 518. 40 207.36 reduction

"NLAAAAAA\5;Lx1444‘i;;1x114 ‘

N, sPanz

{seans SPAN 3

P10 P11 P12
Vertical glement (41}

Afoa 624.00  249.60 reduction

Cross element 16) P13

Area 277,48 111.00 reduction

Fig. 7. Schematic of damage detection mode!
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Table 2. Mean value & standard deviation by lteration

Proportional error Absolute error
Tteration Mean Standard Mean Standard
No. value deviation value deviation
) (@ () (o)
100 99.88 - 5.62 100.82 5.63
200 99.96 5.95 100.35 5.63
300 100.58 572 100.06 561
400 100.22 5.58 100.16 5.79
500 100.05 5.70 100.31 571

Smulated lteration - 100

owoks Emor
N{10082 567 ) /

01
X—u

Fig. 8. Behavior of error by perturbation iteration (100)
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Fig. 9. Behavior of error by perturbation iteration (500)

123



1z
o

Fig. 83} Fig. 9= 1009, 50011 9] perturbation ¥k
Bo w2 AHEEE Jebd 1otk

Fig. 87} Fig. 98 Aui@ 2 oJAgor &A%
perturbationol] B Q3 Qb= AFCFE 1002
HhE 348 B3 ATEXY S vehie
Ae HAd 5 gtk £ I 4 24l 4
£ 75 2419 el AA3] AT AEH el
Mol 2 nglexpel Adjexte] AEE
EFHATL HdAE 5009 UHE 3gE 34
A] perturbations: 9l3te] ARg-etgitt A HEHE
uHEHH 5003 SAo|H AFH o7 wrbesA|Rt
kel AF 5L Fotdy] 43 AlEde| o=
2 5003} A X perturbation ¥HE-S ARSI}

o =
%‘Ta

7H«l o}z
= 24 33 ALl A48 R
T4¢] 8 Ao Fnlc = ¢} 35

3L ol Fig. 100] YERRSI:

*P%H}%iﬂ “H-&’—OH

Table 3& AA AstAl ol AF2d Algztake]
B3 Folnt.

Edlx F2BY &4 F4L 4811 249 A
4= EfA 2l &4 7153 §EA) =2A
EZRE 30719 AFE(n,=30)E LEﬂt‘s}gir,}

\NAAAAANNNNAALAANNNNAA/

= $10 p-4 sS4 s12 iL

m( M M2 Mi T —

NHHHH
M1 ic

A =

WHHHWH

il I\HHHH i1 HHH

mImmle WHHHH =
CN TR e
Fig. 10. Number of static load cases
Table 3. Loads of test vehicles
Vehicles symbol M1 M2 T TC
Load (KN) 4.408 4.265 3.235 3.367
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Fig. 13. Damage prediction results of bridge using FLE(Static)

Fig. 14. Damage prediction results of bridge using FLE(3D)

A EdAF7 2A vEh AFHoR &4
Ao FARtezE HAe &4& sl
olzlgel grke AL BFY vk

J1eju4} Fig. 137} Fig. 149] &4 Egj29] ®iER]
FE AMRY 248 Qe Bale] BRI}
&YX e FAle) WEASF vlE 1 glo] ¥R
S 714 32 P 6w, 124, 419, 768 24
o HAE A A 2 F Y2 & Utk

34. S5 SH2 o8 24 oS
F4 ARE ol§¥ Ees T2BY S4E S

3 2
4 datg 4o A9k owsh) e
58 ol§ste] £y WA HA
Btk &4 wAe AEae

A 63 F-Alol 60.0%, 123 EAdl) 60.0%, 41
Aol 60.0%, 76% Aol 60.0%2] E4Fe] 9
RAog 7HAsIA

A%HY Efre 4 AEE o]L3
o

- T A

&
Me mxrse @4dstd FEE olgsln
o] AEHL 7|37] At 1~10274A]19] 3
E(nmd = 1005 AH&3IAAL, A AREE
3 Aast FaA 30749 AHE(n,=30)E
g3t

Fig. 15 &4 45 AMEE 1~10x704 9] 7
F@olaL, Table 45 Z+ 5P B2 14X

o]t.

"

o

Z

rx oo Ol'ﬂ -lN' oxl

gh=etdigts|x|, M203 H2%, 20054

NS
liwneani S

1
““M"‘Eniﬁ““"‘“!ﬂ““ﬂw !“““""'A'AVA““““MMN‘"“!5
MODE 3 MOOE 4
O, Y,
P e Ny 2 e Ry

N7
Ty S e

MODE 5 MODE 6
R, A ™ s
MODE 7 MOOE 8
&
NIRRT IS
MOODE 10
Fig. 15. Mode shapes of test bridge
Table 4. Eigen value of test bridge
Eigen value Eigen value
Mode shape (radisec?) Mode shape (radisec?)
1 227 6 34.46
2 5.06 7 39.23
3 7.87 8 4135
4 16.24 9 74.95
5 22.73 10 76.94
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Fig. 16. Damage prediction results of bridge using DME
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Fig. 19. Damage prediction results of bridge using FLE(3D)
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