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Abstract

A Study on Damage Assessment of Truss

Structures using Nonlinear Parametric Projection Filter

Mun, Hyo - Jun

Dept. of Architectural Engineering,
The Graduate School of

Cheju National University
Supervised by Prof. Suh, IlI-Gyo

After structures were built, they have always been exposed to
external environment. As time has passed, most structures have been
slowly or rapidly damaged by a variety of external loads of
earthquake, wind, impact and so forth. Most structures continuously
accumulate damage during their service life. Recently for the
serviceability and safety of structures, the detection of structural
damage becomes an important issue. Recent studies introduce
probabilistic methods for detecting damage using statistically measured
experimental modal data from healthy and damaged structures.

Because modal and dynamic data of a vibrating structure can be



gained without dismantling the structure, these data are very useful in
various aspects. But the results of detection are affected by the kind
of damage measures to be used.

A study on the structural damage detection using the Nonlinear
Parametric Projection Filtering algorithm 1is presented and the
effectiveness and convergence of damage measures are investigated in
this paper.

Damage measures are associated with the change in mode shape
due to structural damage. Proposed damage measures contain the
change in natural frequency, mode shape and curvature of mode shape.

Because space truss structures are composed of many members,
the effects on the behavior of structures due to the damage of
structures are less than other structures. so it is difficult to find
damaged members from the whole system.

Therefore, damage detection takes wuse of 2-step damage
1dentification method. First, kinetic energy change ratio is used to
find damage region including damaged members and then
Nonlinear Parametric Projection Filter algorithm is used to detect
damaged members in damage region.

Of all damage measures, CNF+CMS shows better convergence result
than others.

Moreover, 2-step damage detection method shows good result in find
damage region. And the result of finding damaged members using
Nonlinear Parametric Projection Filter is also good. So 2-step damage
detection method turns out to be useful to damage assessment of large
truss systems.

In addition, by this time the parameter y of Nonlinear Parametric



Projection Filter algorithm has been decided by the method of
trial-error in image restoration problems. To resolve this complicated
procedure, the method to calculate the parameter y in every step is

presented in this paper.
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o714 Ex 7IHA A5, Se A=d 3o g4 3d, Qv #S53S

2.4 P EY AdLE A4

(o
i)
)
=)
[m
1

>
>

d4y W44 S o 2k
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(1) BY P
28)

2t+l/z‘: q)t:%t/z‘
21‘/1‘: 2!/t*1+Bt[yt_Mt2t/tfl] ) t=0 (2.9)
(2) Filter Gain(3}etH| EE AL I H)
B=M" (MM +~Q)" (2.10)
3) =4 T 34
,RtJrl/t: tht/t®?+ FtS;FtT (2.11)
Rtﬁ‘, = Rtﬁtﬂ +E&<MRM‘=1MT+ @)B‘T
—BMR,, — R, M'B] (2.12)
4) =71=3
20/71:;0 , /RO/ﬂ: Ry (2.13)
el 5o Bl da) Avuw, ;= FHA A5, 2, £ - 143
o] AR E wpgro g 3 ¢ A7ke] FAH Aot}
yt —|— ’Ut + Et/t ’z\t—l/t—l
OO
_ T +
M, [< — o, |
21
Fig. 2.4 Construction of parametric projection filter
E g

Fig. 24% stetuEg Al PE o] FAHAEE el 1
AMEEE Yy, & d9E, F4A ,QM (Z& :;im/,g)—% =
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T dE A (filter gain)& A elsA Fig. 239 7] Ala" 29 H]

S

3
o Az, Ry7F FOlAW AQIDENH 2z, , By 0l AAAT 4(210)
o RRE Bt AET =004 y, B B3k, 429), QIDEHE 2,
B/t ARG B8 AQ8), QIDOERE 2 o, Py . AQIDZFE Bl

Asreeh =104 y, & #Sea, BA AQ29), QIDRFE 2z 4, Pyl T
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3. HYY uieto =] AIGEE 0|E

zi1= 0 (2,) + w, (2.14)

vi=mlz;) to, (2.15)

o714z, nakd AEEHE, g = pAt

rio,

r 2]

N

=
v
g
=

r
o,
=t
(e)
o
]

FEA ADe ggol 4@16)e s dE NH B

E[( ZU;)(WTT u?)}: ( gt QOt)S ; (2.16)

w,, v,oe FHeE MARY. 0 ,(z,), m(z,)= A

N
=
o
o
Ae,
o
34
10
e

S~

g Mg 3o, g0 deiA vEFsoz Jpg

b (z,) V(2 - 2(m)
b ,(z,) = : = : (2.17)

2(2)) L 0iM(Y, e 2)
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miP(z,) miV (2D 27)

mt(Zt) = = (2.18)
m$?(z,) mi? (2D 2)

AANAE AQIT, 2199 MARTE 0, m, 7t HndTE 4 slA

(214), 215)8 FAA Z,, , z4,9 FHAAA dFsEe (Taylor 27H)

q)t(zz‘) = q)t(zt/t) + CD;(Z; - Et/z‘) + - (2.19)

m(z,) = mt(zt/tfl) + M (2, — Et/tfl) + (2.20)

21(2.19), (22009 xS FA&A

G(z2)=0,(2y)+P(2,— 2y, (2.21)

mt(‘zt):mt(gt/tfl)+Mt(zt_2t/t71) (2.22)

SN, @, M vhest 2t

q>t=(?bf) (nxn) Mt=( amf) (pxn) (2.23)
Z; - -

Z= zy, 2= Ry-1

21(2.21), (222)< ol&stol 2(2.14), (215)9 1nAFES FAeH gt 2ol

vk 4 9

211 =Pz + W, + & (gm) - @tfg L4 (2.24)

yt:MZt—i_vt—i_mt(ét/t_l)_Mgt/t_l (225)

21(2.24)3 22259 AP st Al

g Agare dugdEe A &

juiit}

30,
£ 1o

ol gate] T 2o WY sebulE
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(1) féa v} 2] A

oo 1
R/t = q)t(zt/t)

Zyr= Ryi—1 T By, — mt(zt/tfl)]

(2) Filter gain
B =M"(MM"+~Q)"

fztﬂ, = fzz%ﬂ + Bt <MﬁmflMT+ @)B‘T

~BMR,, —R,, M"B’

(4) =717

Zogy-1= 29, Roj-1= Ry
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(3.2)

Zip1 = Iz
o714 ofel BA t = WEALNA 2 2RE dEE, [ b oagads
dehdth m@ 4E2M Folr 2 2gelde] dupggonne et 2
o thebd & itk
v, =m,(z,) + v, (3.3)
Qg 2AA z), FASATEAN VY R, & JUHon mEy] gid %
oh whebA] ATgel A e YA e BegA

oM & & QFo] Zul HEHE o §F %
@ GaEFol M 7, olut o] EHA B
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0Ys  9Yy Y»
—| 2 92, o7, (3.4)
D e 5
aym 8ym 8ym
9z —822 y s >

1
—_— . Z,Z,...}Z--"AZ‘;"';ZH
} {yz( 1772 J J ) (35)

_24_



o

(3.6)
(3.7)

&t7] o

S

& oF

3

b ulel kS
S4 o] Fof

kel

b oshebelel 4 gt

R

R

o] 24

ol A
o] o)
= =2
44

o

==

Al

uhch

=
fLE

=]

€l]

R

2

e

o sha
2 e Bt[yt = mt(zt/tfl)]

tT (MMT + 7@)71

Bt_
Rt

m X nsl

L

L

o] amvl¥a, FAd g uet deelEr yaks
M

of ofeglgol ok wEhA #E =FolA=

utetolet v Aat

ol 714

3.
2ol
e X

=1
o

T oW om # T T o
B v A R
T CE - A
. ~ 1]
Xy _ x B
I o B o e <
woB ok R W = WE
T o v nEEod
T S .
Ty 3 g RO T
CCRIRE "2 Lt = T
R A 7! BN — T
X MoK | e
T X ™ W =0 zTu
S gy OS2 = T 2w
RIRI: - ‘o S oo n,mﬂ r
-~ ‘I_vlﬂ E .
s —~ c3 v
ol - mm T ox (TR
T & = > % HOA e R
= ~ x> do @ o
E HT_ ~ DT_ o UTL ﬂ N
Toa 2 EHM Thgg
_ % - g B ) -
o L J) Ho N
= A v BT o -
X & O o e
) Sl ik
S ) LoP oF -
) o N4 ! o ™ ﬁo
o - I TR
S e T~ s S A o
MH e Bt o = o WT -5 9
N i w N gy H
oo o M 4T N
o ST R W ¥ Ow T+
o o [ oy = o oo
S T N .
— e ° N W
X gy LT e m o

n
v
i
4l
~
7}
H
_7‘l:

_25_



AZ
o)
20/—1
@
©)
Target : 24 4
|
-
! N
! \ 20 >
0 HEA Yy Yep Yia Yosou y

Fig. 3.1 Relation of estimated state and observed data

S8, 27 yy,_ 1, 2901 )% DHO, 0L Ave A4 Og 20 2

71E71€ BE oW 2366)3% 372 v o] Hrh

50/—1 :%T(%%T‘F’YQ))A{% (5’0/—1)} (3.8)

s

A7 g (301) & AHE 2, )
A Aesk gt ol ey 4 ek,

ZA0lth, 4382 Al yol oy

’YQO (MMT )71]%20/071 =1my (5 00—1 ) — %20/0,1 (3.9

4714 2, $We] e mx 19 AMEolL,

A A @AM setvlet S AT i, 25 t=104 BS 24T =

flo
2

V
(e
[-'O
2
&
o
ks
k)
;g

=

_26_



Ut olel wp AE7ANA HAA H5HA y, o HSshe FBA 21/1% Axk et

us
AN
B
2

ﬁ
9|_,

F gtk aE o] FHAE A48 D2 BEHE FI ® AA ¥

FAAE o B FAA 2 0l F BEA y, 4B THT

s

oAl D0, 0 294 H(y, 4, 2 0)& AdeE A0 @& 2 a2 7
712 BRE ¥ A4 OolMet vV R & Avtsta, A5 ¢ =204 B&
ARG 2 oA #5A g, o deshs F4A 2,5 TG oo e

S AA BEA g, e TAT oleld BPL wEAW Felst e s

II.

AAFAA z,& TE F Ak
@O 29 ol WalA Lursk s b gol e & gk,

’Y@ (MMT)_lMZt/%—l = my (ZAtﬁt—l) _Mzt/t—l , ©=0 (3.10)

@102 B P& detwE yi 2 25kt F4 A9 gho] Wakm olo
web A welA 9 gelth webd 4 24 A% e 4@ 2
4al7] 9la) Aol AAHoE FAF Bast glov, T FHY 44
o mstel whel Qs 7 Aslui s 4gre AL S 9lo] uE]

[e)
&4

2

fol
o
Hi

o

},

2
o
Y
o
v

4 F49

_27_
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Fig. 3.2= HIAQ e EY Ay &S Ul dider s v
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Filter Gain B, A4t
B, =M (MM +1Q)"

!

v Ae) wE el A
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v
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| ét/é_g't/t—l | <€

END

Fig. 3.2 Algorithm of nonlinear parametric projection filter
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2. iAo A of

2.1 sAMA 1
Fig. 41°] vl 2391 Eejz FxEe P4 984 A=10cn’ , A5

’

E=2.1x10%kgf/cm® , B= p=10.00787 kg/cm® °ITh.
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)
ol © ® o |@ 200
1 5 N
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wEE ZHAStal 2rjE o R A
FH ALS A7 27 A= BAAY] 30%e 4w TP
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HY st A2 AlS diolHE AR&afol sty =RollA e walAel g
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Table. 4.1 Damage index

Case CNF CMS CCMS
1 1A ~ 32 | A3 2349 xy A= | AR 39 xy AR
2 1= ~ 63k AH 236,79 xy A= A4 79 xy A%
3 1A ~ 974 | 841 34789 xy A= | A4 379 xy AHRE
4 12k ~ 133 | 2E dAHY xy AFE
5 82k ~ 132} | A3 6,789 xy Afre
&4 A4S 9% wAe &4 U Table 4201 Uehieh ¥ H-°4 e
A GURA £39 A BevA E49 ASE Eor, By
£ A9t £ ART 2 499 0 A9E it
Table. 4.2 Assumed damaged rate
Case Damaged member
No.2 No.5 No.10 No.13
1 50%
2 50%
3 50%
4 50%
5 50% 50%
6 50% 50%
7 30% 50%
8 30% 50% 70%
(1) gd¥A &3¢ B
G 5A EA dsid= A 2, 5, 10 22 13°] 247} 50%4 E4EAS
A%

of Wal meiskelth. Table. 437 44% 77 w7552 WEHCNF)S 1
A BEREY WMSHCMS)E Ubehdich Table. 433 44004 A &4 A3}
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Table. 4.3 Change of natural frequency in damaged single member

Damaged
Mode Undamaged

No.2 No.b No.10 No.13
1 16.72 15.05 16.71 16.43 16.02
2 27.12 25.58 27.12 27.12 26.06
3 45.29 45.15 4482 40.73 4496
4 63.41 63.39 62.24 57.54 60.12
5 73.94 73.84 72.60 73.89 73.67
6 103.68 102.92 103.29 97.58 102.54
7 125.13 123.64 124 .91 123.46 116.72
8 165.83 146.06 153.03 165.72 164.96
9 193.78 192.43 168.32 193.66 182.07
10 202.50 202.34 198.71 202.49 198.53
11 224.15 222.96 216.08 222.68 223.83
12 243.51 241.46 241.95 233.25 239.05
13 253.29 250.55 250.75 253.21 250.34

Table. 4.4 Change of first mode shape in damaged single member

Damaged
Node Undamaged =" Nob No.10 No.13
5 X —0.0044 00339 | -0.0941 | -00911 | -00816
. 0.3291 0.3280 0.3355 0.3341 0.3280
. X 01848 202450 | -01844 | -01786 | -0.1601
. 0.3950 0.3473 0.3941 0.4127 0.4240
, X ~0.2475 S02965 | -0.2468 | 02378 | -0.2160
. 0.2895 0.2437 0.2887 0.2604 0.2962
5 x ~0.2998 S0.3379 | -0.2990 | -02875 | -0.2636
. X ~0.23%5 ~02633 | -0.2379 | 02463 | -0.2404
. 0.3222 0.3225 0.3217 0.3274 0.3217
. X ~0.1900 202292 | -018%5 | -01993 | -0.19%5
. 0.4034 0.3533 0.4024 0.4212 0.4323
o X 201335 01874 | -01332 | -01442 | -0.0828
y 0.2834 0.2396 0.2827 0.2552 0.2906
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LS =
Aoz ATt EXAFAS 93 Tteratione 5003] 7HA] 438 8} 44 o}
4

oA AAZE ZF Case®d CNFol| 93t £4F4HS yeg

Wt CNFel 4¢ 2E 439 dolHE AFE3 Case 49 4 $7} tf& Casedl
el 4 24 AW A U AL 2 5 A geld ONFE gAHew
dolge] 77t BeETE &4 FAe FAAEY dEs ASs & F QA
AR el Case 29 AR =9l Case 52 B3 Aol AL 33
2 Zol7k gl e B 5 U
Table. 45 Result of damage identification with CNF
in damaged single member
Case Stiffness ratio
No.2 No.5 No.10 No.13
1 0.69 1.00 0.66 0.94
2 0.52 0.98 0.63 0.79
3 0.51 0.66 Q.55 0.61
4 0.51 0.5 0.53 0.53
5 0.58 0.60 0.66 0.96
—— M1 —*-M.2 —4— M3 —>M4 -a-M.5 ——M1 5-M2 -A-M3 —%M4 —*M5 M6 —+M7

o

STIFFNESS RATIC
o o
o o
1l
1
STIFFNESS RATIC

0 100 200 300 400 500 0 100 200 300 400 500
ITERATION ITERATION

(a) Damage of member 5 (b) Damage of member 10

Fig. 4.2 Result of damage identification with CNF of case 4

in damaged single member

_35_



Table. 4.6 Result of damage identification with CMS

in damaged single member

Mod No.2 No.5 No.10 No.13
°% | Case [ 223w |Case | 73w | Case | 2231 | Case | #2430
1 063 3 0.86 35 0.89
2,5 0.8
1 3 075 4 0.52
1 051 4 0.51 4 0.51
1 0.75 1,2 0.82
2 0.57 3 0.75
2 3,5 0.81 4 051 4 0.51 4 0.51
4 0.51 5 0.68
o j 1235] 055 3 0.81
3 4 051 g 4 0.50 4 0.51
2 0.89 1,5 0.56 2 0.75
4 4 0.51 2,3 0.52 3,4 0.55
4 0.56 4 0.50 5 0.87
2 0.66 3 0.86
5 4 0.51 4 0.50 4 0.51 4 0.51
5 0.74 5 0.89
3 0.63
6 4 0.51 wkak - 4 0.52 kAt -
5 0.88
3 0.65 1 0.85
7 LAy - 1 - 4 0.5 2,4,5 0.47
5 0.79 3 0.5
1,2 0.65 2 0.61
8 4 0.52 LI - 4 0.51 35 0.55
5 0.75 4 0.5
1 0.69
9 2,3 0.73 I, - 4 0.52 1s -
4 0.52
1 0.71 1 0.57 1 0.81
10 2 0.68 2,45 0.48 4 0.5 2,3,5 0.64
4 0.5 3 0.54 4 0.5
1 0.78 1,245 0.5 2,3 0.81
11 2 0.85 1 -
1 05 3 0.61 4 0.5
1 0.75 3 0.67 1 0.88
12 2,3 0.85 LI, - 4 0.53 2,3,5 0.61
4 0.51 5 0.83 4 0.5
13 s - kAl - 4 0.54 s -
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(2) BF5A &2 3%

B &4 el HA 29 10, 59 1001 242 50%, 29 130] Z+zt
30%, 50% Z12]al 2, 103} 13°] z+z} 30%, 50%, 70%% &% S 5o s
Al aelskdth. Table. 487 49+ ZH7F afxlsg9 WSHCNF)9F 12 RE=X
Z o] W3HCMS)E eI

Table. 4.8 Change of natural frequency in damaged multi—-member

Mode | Undamaged =5 7575 No.5,1oDamageilo.2,13 No0.2,10,13
1 16.72 14.84 16.42 15.41 14.44
2 27.12 95,57 27.12 25.10 23.96
3 45.29 40.73 40.57 44.189 40.15
4 63.41 57.37 56.30 60.11 55.10
5 73.94 73.78 72.38 73.62 73.36
6 103.68 97.40 97.22 102.29 88.65
7 125.13 121.16 123.17 116.28 110.97
8 165.83 145.75 153.03 153.34 152.32
9 193.78 192.38 168.16 182.00 176.07
10 202.50 202.32 198.69 192.33 197.87
11 224.15 220.58 21591 223.34 220.98
12 24351 232.23 230.72 236.03 226.76
13 253.29 950.44 250.31 249.32 247,87
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Table. 4.9 Change of first mode shape in damaged multi-member

Damaged
Node ) Undamaged =9 "5 N0.5,10 gNo.2,13 N0.2,10,13
, | x ~0.0944 —0.0812 ~0.0909 | -0.0799 ~0.0655
y 0.3291 0.3320 0.3404 0.3298 0.3305
s | x ~0.1848 ~0.2375 01781 | -0.1898 ~0.1559
y 0.3950 0.3639 04118 0.4028 0.4460
. Lx ~0.2475 ~0.2866 02372 | -0.2424 ~0.1997
y 0.2895 0.2222 0.2597 0.2779 0.2631
5 | x ~0.2998 -0.3264 ~0.2867 | -0.2864 -0.2374
o X -0.2385 ~0.2686 02457 | -0.2527 ~0.2589
y 0.3222 0.3266 0.3268 0.3240 0.3253
o Lx ~0.1900 ~0.2351 ~0.1988 | -0.2108 ~0.2194
y 0.4034 0.3700 0.4202 0.4100 0.4530
o | X ~0.1335 ~0.1939 01438 | -0.1128 ~0.0666
y 0.2834 0.2186 0.2545 0.2730 0.2590

Table. 4102 HF5A =42 4§ 7} cased 2 CNFol| 93 =454 2
s

oz dolHY A7t BesE ERAY F474

N
L
o2
foi
ot
)
o
T
4
s
O
24
2l
ol
it
o

Case 29} IR =9l Case 59} H] w3
Ao ®E FAAE WEs] Z zol7t gle S & F Avh FA4 2, 10, 139]
A

=dd 49E Addsta= CNF AAE A8 499 Case 4014 FHA =7

Table. 410 Result of damage identification with CNF

in damaged multi-member

Case Stiffness ratio
No.2,10 No.5,10 No.2,13 No.2,10,13
1 0.79, 0.80 0.97, 0.65 0.77, 0.90 0.71, 0.81, 0.89
2 0.59, 0.80 1.00, 0.59 0.65, 0.80 0.81, 0.71, 0.86
3 0.59, 0.63 0.68, 0.66 0.70, 0.63 0.82, 0.75, 0.56
4 0.53, 0.52 0.50, 0.50 0.71, 0.51 0.84, 0.75, 0.50
5 0.58, 0.63 0.61, 0.80 0.73, 0.95 0.73, 0.89, 0.94
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Table. 4.11

Result of damage identification with CMS

in damaged multi—-member

Mod No.2,10 No.5,10 No.2,13 No.2,10,13
ode
Case | ZAd¥] | Case| Z4d98] | Case | Z438] | Case ARl
1 0.68,0.90 1 1.00,0.90 1 1.00,0.82,0.86
1 2,35 | 0.76,0.85 3 1.00,0.85 4 0.74,0.53 35 1.00,0.83,0.81
4 0.53,0.53 4 0.53,0.53 4 0,78,0.56,0.33
1,35 | 0.76,1.00 1,35 | 0.88,1.00,0.88
2 2 0.56,1.00 4 0.53,0.53 2 0.88,0.98 2 0.81,1.00,0.85
4 0.53,0.53 4 0.74,0.53 4 0.79,0.56,0.34
3 1,2,351 097,055 |1,2,3,5] 0.96,0.60 3 1.00,0.84 11,235 0.95,0.54,0.92
4 0.52,0.52 4 0.52,0.52 4 0.74,0.53 4 0.78,0.56,0.33
1,3 0.98,0.57 1,3 0.89,0.60 2 0.85,0.73 15 0.98,0.53,0.84
4 2 0.93,0.54 2 0.65,0.54 3 1.00,0.57 2 0.94,0.64,0.71
4 0.51,0.51 4 0.51,0.51 4 0.74,0.54 3 1.00,0.56,0.63
5 1.00,0.60 5 1.00,0.69 5 1.00,0.83 4 0.72,0.52,0.32
2,5 0.65,0.96 35 1.00,0.86 e ~
g 4 0.53,0.53 4 0.53,0.53 4 0.74,0.54 =
3 0.99,0.65
6 4 0.55,0.55 | wtat H = 1 gy -
5 1.00,0.88
1 1.00,0.77,0.83
2,3,5 0.90,0.52 : ’
2 P P o
4 0.68,0.48 5 0.98,0.98,0.40
1,2,3 | 0.61,0.97 2.5 0.81,0.73 1,3 0.62,0.93,0.93
8 4 057,057 | &4k - 3 0.69,0.77 2.5 0.70,1.00,0.80
5 0.73,0.96 4 0.68,0.48 4 0.71,0.51,0.31
S EEER RO I o i W i
4 0.52,0.52
1, 0.88,0.86 1,2 0.79,1.00,0.86
10 12 0.71,1.00 f1,2,3,5 | 0.56,1.00 3, 0.92,0.62 35 0.92,1.00,0.59
4 0.51,0.51 4 0.50,0.50 0.79,0.59 0.81,0.61,0.41
0 lwa | - 2350 0m08 ], - o )
4 0.50,0.50
1 0.77,0.81 1,5 0.73,0.89
12 2,3 0.86,0.86 2 0.64,0.98 )AL ~ Ak ~
4 0.53,0.53 3 0.83,0.63
5 1.00,0.79 4 0.52,0.52
1 0.85,0.96
13 2 0.77,0.95 | wat - At - 1 -
4 0.50.0.50
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Table. 412 Result of damage identification with CCMS

in damaged multi—-member

Mod No.2,10 No.5,10 No.2,13 No.2,10,13
0% I Case 73X H] | Case | 7449 | Case | 7Z+44H] | Case ARl
1 0.79,1.00
1 - - - - 2,3 1.00,1.00,0.88
2,3 1.00,0.82
1.00,1.00,0.,72
2 - - - - 2,3 0.97,0.71
0.88,1.00,0.72
3 1.00,0.81 3 1.00,084 1 2,3 1.00,0.73 2,3 1.00,0.83,0.68
wkak - wkAk - - - Ak -
1 0.89,0.96,0.98
7 - - 1 1.00,080 | 2,3 1.00,0.50
2,3 1.00,1.00,0.48
0.94,0.82 2 1.00,1.00,0.83
s | - | - |wal| -
3 0.93,0.79 3 0.88,1.00,0.83
. i i Lolessoss| T ]
2,3 1 0.54,1.00
1 0.71,1.00
10 - ¥ 1,3 1.00,0.89 1,3 1.00,1.00,0.88
2,3 1 0.58,1.00
1 - - 1,2 | 0.75,1.00 - - A -
3 0.62,0.97
12 - - - - 3 1.00,0.81 3 1.00,1.00,0.88

(3) CNF¢ CMS9 =3
Ar e EFAE dell EFFAS TR A dAH ez Hole e 77t

2
As 4 gk mekA
CNF¢t CMSE z&slo] dolHe % B8 N2 ARZ so] £4534%

x!
O

wess el FHeAt 4

T3t
F A Fxe gL Table. 4194 CNF= A=AREE=9 Case 29 1x2 =9l
Case b2 AEsA T, CMSE AR A BAetE 497 Homa [ e

A Case 1, 2, 3, 55 AEste] o5& XA A Table. 4133 o] 87FA] €]

42 el 2459 F9349
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Table. 4.13 Damage index combined CNF with CMS

Case CNF+CMS
1 CNF9 Case 2 + 12} R=oA CMS9 Casel

CNF2] Case 2 + 1# Z=oA CMS9] Case2
CNF9 Case 2 + 13} B=of A CMS2 Case3
CNF9 Case 2 + 13} B=o A CMS2] Caseb
CNF<2] Case 5 + 1# BE=oA CMS9] Casel
CNF<9] Case 5 + 12 BE=A CMS9| Case2
CNF9| Case 5 + 13 R=oA CMS9 Case3
CNF9| Case 5 + 13 oA CMSE| Caseb

(ol BN [l NP INO) I N BN SU I I W)

Table. 414 Result of damage identification with CNF+CMS

in damaged members

Case CNE + CMS

No.2 | No.5 | No.10 | No.13 | No.2,10 | No.5,10 | No.2,13 | No.2,10,13
1 0.50 0.64 0.50 051 | 0.50,0.50 | 0.62,0.50 | 070,0.51 | 0.70,0.50,0.30
2 0.50 | 0.50 | 0.50 | 0.50 |0.50,0.50 |0.50,0.50]| 0.70,0.50 | 0.70,0.50,0.30
3 0.50 | 0.50 | 0.50 | 0.50 |0.50,0.50 |0.50,0.50]|0.70,0.50 | 0.70,0.50,0.30
4 0.50 0.57 0.50 0.50 | 0.50,0.50 | 0.52,0.50 | 0.70,0.50 | 0.70,0.50,0.30
5 0.50 g, 0.53 056 | 0.50,0.51 g 0.70,0.53 | 0.71,0.46,0.34
6 0.50 1 gy 050 | 0.50,0.52 g, 0.70,0.50 | 0.73,0.46,0.32
7 0.51 0.50 0.50 050 | 0.53,0.50 | 0.50,0.50 | 0.70,0.50 | 0.70,0.50,0.30
8 0.55 At 0.51 050 | 0.61,0.50 1y 0.74,051 | 0.64,0.54,030

of talA CNF<}
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Fig. 4.4 Result of damage identification in case 2 of CNF+CMS
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Table. 4.15 Result of convergence by parametric projection filter and
kalman filter in damaged members with CNF+CMS

Damage mermber Filter algorithm
Kalman filter Parametric projection filter

No.2 0.50 0.50

No.5 0.65 0.50

No.10 0.50 0.50

No.13 0.52 0.50

No.2,10 0.50, 0.50 0.50, 0.50

No.5,10 0.60, 0.50 0.50, 0.50

No.2,13 0.70, 0.52 0.70, 0.50
No.2,10,13 0.70, 0.50, 0.31 0.70, 0.50, 0.30

o

STIFFNESS RATIO
b
STIFFNESS RATIC
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Fig. 4.7 Result of damage identification with CNF+CMS by kalman filter
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skt

Table. 4.16 Damage index
Case CNF CMS CCMS
1 12 ~ 37 A3 23459 xy AFE AH 349 xy AHE
2 12 ~ 62 A 23789 xy A= H4H 389 xy AFE
3 12 ~ 123 dH 459,109 xy AFE AH 899 xy A=
4 12+ ~ 163 2E AAe xy A= A3 499 xy A=
5 112 ~ 163 | d#A 789,109 xy AH%E | A& 34899 xy AHE
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Table. 4.17 Assumed damaged rate

Case Damaged member
No.2 No.3 No.6 No.12 No.15
1 509
2 50%
3 50%
4 50%
5 50% 50%
6 50% 50%
7 50% 70%
8 30%% 50% 70%

Al &4 dH e 2 1elM et §d £ o= Table. 41701 YERHRA

(1) @7 &3 B+

o3

S KA kel disiAE BA 2 6, 12 183 157} 247 50%4 &4 A
ol oha) weisglo.
Table. 4.18 Result of damage identification with CNF
in damaged single member
C Stiffness ratio
ase No.2 No.6 No.12 No.15
1 0.89 0.95 0.95 0.79
2 0.87 0.87 0.54 0.62
3 0.57 0.57 0.50 0.53
4 0.50 0.50 0.50 0.53
5 0.67 0.67 0.95 0.70

g}
A

=z

=

Table. 418 &= Table. 4.16°14 A At Z} Case®™ CNFel 93 &4F4 &

ity CNF AAE A3 H5-9 Case 47} ©+E Caseol w8 <

U s B 5 9t & CNFY 49+ diAd o= boly e 7
s

B4 RAY FAREL G AL & 5 Atk
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Table. 4.19 Result of damage identification with CMS

in damaged single member

Mode No.2 No.6 No.12 No.15
Case | 44w | Case | 44wl | Case | 4AnH] | Case | AW
1 0.7 3 0.81
1 2,3 0.84 2 0.89 1 0.84 4 0.51
4 0.51 4 0.51 4 0.51 5 0.7
9 1,2,35 0.79 1,2 0.87 1 0.89 2,35 0.78
4 0.5 4 0.51 4 0.51 4 0.51
1,2,35 0.64 1,2,35 0.65
3 7 05 4 0.51 4 0.51 A 051
4 4 0.5 4 0.52 s 4 0.51
4 051 | i
5 4 0.51 5 0.6 Sy 4 0.51
15 0.86
6 4 0.51 2,3 0.71 s 2,35 0.73
4 0.51 4 0.51
2 0.82 o )
7 4 0.51 7 051 4 0.51 =1l
2 0.83 2 0.65
8 1 05 7 051 4 0.51 4 0.5
2,35 0.7
wa |- | owa |- | 3,
9 4 0.51 1 05
1,2 0.65 1,25 0.59 2,5 0.85
10 35 0.78 3 0.71 4 0.51
4 0.51 4 0.51 4 0.1
1 1,2,35 0.71 B} AL B 1,2,35 0.8 1,2,35 0.62
4 0.5 4 0.51 4 0.51
35 0.86
wa |- [ owa |- | :
12 4 0.5 4 0.51
1,35 0.66
wa |- | = wa |-
13 4 0.51 1 051
1 0.64 1 0.64 1,2,3 0.87
14 2 0.76 4 0.5 4 0.51
4 0.51 245 0.52 5 0.72
1 0.69 1,25 0.67
15 2,35 0.85 4 0.51 3 0.59 1235 0.82
4 0.52 4 0.51 4 0.5
1 0.74 2 0.67 2,3 0.8
16 2 0.86 4 0.52 4 0.5 4 0.51
4 0.47 5 0.78 5 0.68
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Table. 420 Result of damage identification with CCMS

in damaged single member

Mode No.2 No.6 No.12 No.15
Case | 743w | Case | AAdn]l | Case | 4w | Case | AW
1 0.56
: 1 0.78 1 0.9 24 08 1,35 0.89
3 0.88
2 0.89 2 0.87 5 073 2 0.52
1 0.55
2 2 0.75 - - 45 0.90 5 0.79
5 0.65
1,25 0.58
3 3 0.67 B B B B 2,3 0.74
4 0.83 5 0.66
4 5 0.9 - - kAl - - -
5 - - - - 1N - 2,35 0.87
. ) i i ) 3 08 | 25 | 085
5 0.7 34 0.88
8 1,25 0.85 - - - - - -
9 5 0.78 i = 5 0.63
1 0.72
2 0.61
10 12 085 3 0.67 5 0.72 - -
4 0.82
5 0.62 5 0.58
14 0.85
11 5 0.69 125 0.51 5 0.75 2 0.75
3,4 0.47 5 0.57
1,2,3 0.85 3 0.9
12 4 0.78 gy - - -
5 059 5 0.81
13 15 0.89 - - 5 0.7 wkak -
14 1,45 0.90 - - 5 0.83 - -
1 0.9
15 2.5 0.84 - - 5 0.68 3 0.85
5 0.76
1,2,3,4 0.89
16 5 0.9 5 0.86
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(2) B5A &£49 B+

Bangg &4 geides 24 29 12, 63 127F Z+7F 50%, 33 157} 7+7)
50%, 70% =12]aL 6, 129} 157} Z+2} 30%, 50%, 70%% &35S 9o sl
A e sksiet.

Table. 421 Result of damage identification with CNF

in damaged multi-member

Case Stiffness ratio
No.2,12 No.6,12 No.3,15 No.6,12,15

1 0.89, 0.94 0.92, 0.93 0.57, 0.46 0.89, 0.97, 0.73

2 0.84, 0.53 1.00, 0.64 0.62, 0.35 0.95, 0.77, 0.77

3 0.62, 0.50 0.67, 0.56 0.57, 0.32 1.00, 0.70, 0.37

4 0.61, 0.50 0.50, 0.50 0.52, 0.30 0.70, 0.74, 0.39

5 0.97, 0.95 0.67, 0.98 0.86, 0.66 0.72, 0.97, 0.53
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Table. 4.22

Result of damage identification with CMS

in damaged multi-member

Mod No.2,12 No.6,12 No.3,15 No.6,12,15
oce Case | 74Adn]l | Case | 7AW |Case| Z4A4H] | Case ARl
1,35 | 0.82,0.96 1 0.96,0.89 1,2 0.90,0.88 1 1.0,0.88,0.88
1 2 0.79,0.92 3 0.96,0.80 35 0.93,0.60 3,5 1.0,1.0,0.71
4 0.53,0.53 4 0.52,0.52 4 0.56,0.34 4 0.79,0.56,0.34
1,23 | 0.85,0.94 13 0.89.0.9 1,2 0.88,0.90 1 1,0.95,0,80
2 4 0.51,0.510 ’ R 3,5 091,070 | 2,35 1.0,1.0,0.70
5 0.76,0.87 4 0.51,0.51 4 0.56,0.34 4 0.75,0,54,0.35
1,25 | 0.63,0.96 1,2 0.78,0.50 1,3 1.0,1.0,0.67
3 3 0.77,1.0 1235) 09710 3,5 1.0,0.76 2,5 1.0,1.0,0.44
4 0.50,0.50 4 0.53,0.53 4 0.57,0.34 4 0.84,0.6,0.36
o ) o i 4 | 0560.33
4 I, ey 5 0.90.0.65 4 0.73,0.54,0.32
5 kA - Ak - AL - AL -
1 0.85,0.55,0.95
6 dkAb - 1 - kAL - 2,35 | 0.96,0.63,0.53
4 0.70,0.50,0.30
2 0.82,1.0 1,2,3 | 10.56,0.95 N B
7 4 0.53043 4 0.51,0.51 4 0.50,0.30 R
3 1,2 0.89,1.0 2.5 0.61,091 1,235 0.89,0.88 1,235 0.88,0.77,0.65
4 0.50,0.50 4 0.52,0.52 4 0.50,0.30 4 0.71,0.51,0.32
9 A} - Ak - AL - kAL -
1,35 | 0.70,0.88 | 1,2,3 | 0.63,0.71
10 2 0.64,0.75 4 054,054 | oAk - kAk -
4 0.51,0.51 5 0.66,0.89
1,235 0.72,083 | 1,23 | 0.62,090 | 1,23 | 0.68,0.60 1,3 0.84,0.92,0.63
11 4 0.5.0.50 4 0.58,0.58 4 0.47,0.28 2,5 0.75,1.0,0.55
B 5 0.5,0.62 5 1,0.52 4 0.70,0.50,0.30
12 WAk - Ak - Hk AL - kA -
1,2 0.86,0.82
13 3,5 0.89,0.77 | Ak - e, - 1, -
4 0.45,0.45
u 1,25 | 0.68,0.82 |1,235| 064,082 11,235 0.64,045 A} B
4 0.50,0.50 4 0.51,0.51 4 0.57,0.34 =
1,2 0.740.79 | 1,23 | 0.84,0.62 1,35 | 1.0,0.81,0.85
15 35 0.80,0.61 4 0.52,0.52 1N - 2 0.88,0.59,0.53
4 0.53,0.53 5 0.97,0.76 4 0.72,0.52,0.31
1 0.71,0.98 2 0.66,1.0
16 2 0.83,1.0 4 0.52,0.52 1Ny - 1, -
4 0.52,0.52 5 0.79,1.0
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Table. 4.23 Result of damage identification with CCMS

in damaged multi-member

Mod No.2,12 No.6,12 No.3,15 No.6,12,15
ode
Case| Z4AH] |Case| ZAIH] |Case| AW [Case I )
1 0.93,0.72 1 1.0,0.65 1 0.57,0.86 1 1,0.55,0.81
1 2 0.83,0.70 2 0.86,0.75 2 0.84,0.6 2,3,4 1,0.89,090
3,45 1.0,0.88 3,4,5 1,0.84 3,4,5 0.97,0.82 5 1,0.76,0.83
1 0.73,0.98 2,3 0.96,0.88
2 25 0.63.093 5 1,0.88 5 0.98.0.60 45 1,0.93,0.57
1,3 0.66,0.95 15 0.66,0.78
3 2 0.54,1.0 - - 2 0.70,0.53 3 0.95,1.0.0,0.70
5 0.61,0.87 3 0.80,0.44 45 | 0.92,0.94,0.37
w lax ) wa ) 14| 08710 |, )
2,35 0.83,0.9
B - e ) i ) 123 1010097
45 0.98,1,0.74
6 s - 1N - 3,45 0.85,0.70 1N -
1 0.72,0.98
7 - - - - 3,5 0.62,0.94 - -
4 0.85,0.95
T2.]..08510 | _ )
8 1,2,3 0.86,1.0 . = 35 0.80.098
9 gy - gy - 3,45 1.0,0.50 2,3,4 0.8,1.0,0.9
o b2 oseio |, i i i 123 08,.L0,L0
5 0.87,0.57 45 0.68,1.0,1.0
1,3 0.57,1.0 1 0.96,0.83
11 1231 085091 2,4 0.6,0.97 2,4 1,0.73 1, -
5 0.67,0.68 0.52,0.51 3,5 0.92,0.44
P N ) wa ) e - 123 | 081010
45 0.6,1.0,1.0
13 dk AL - wkAk - kb - Ak -
14 5 0.88,0.74 5 097085 11,345 0.76,1.0 - -
2 0.97,0.87 | 2,34 0.83,1.0 1,2,3 1,0.98,0.85
15 g 0.83,0.79 5 0.91,0.62 5 0.72,0.79 45 0.9,0.84,0.89
16 - - - - 3,5 0.81,0.87 12,345 1.0,1,0.88
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Table. 4.24 Damage index combined CNF with CMS

Case CNF+CMS

1 CNF9] Case 2 + 12 E=o4 CMS<
CNF9] Case 2 + 1x} E=o|A CMS<
CNF9] Case 2 + 1x} E=o|A CMS<
CNF¢] Case 2 + 12 =X CMS<]
CNF9] Case 5 + 1& E=o|A CMS<9] Casel
CNF9] Case 5 + 1x E=o|A CMS<2] Case2
CNF9| Case 5 + 12} =04 CMS9| Case3
CNF9] Case 5 + 12} =0 A CMS<2| Caseb

Casel
Case2
Case3
Caseb

|| |o | w|

Table. 4.25 Result of damage identification with CNF+CMS

in damaged members

Case CNF + CMS

No.2 | No.6 | No.12 | No.15| No.2,12 | No.6,12 | No.3,15 | No.6,12,15
1 0.50 0.59 0.50 0.50-11|-0.50,0.50" | 0.53,0.31 | 0.50,0.30 | 0.74,0.51,0.30
2 0.50 | 0.50 | 0.50 | 0.50 | 0.50,0.500.50,0.50|0.50,0.30 | 0.70,0.50,0.30
3 0.62 0.65 0.50 0.50 | 0.53,0.50 | 0.63,0.56 | 0.58,0.30 | 0.79,0.52,0.30
4 0.54 0.54 0.50 0.50 | 0.55,0.50 | 0.54,0.50 | 0.56,0.30 | 0.80,0.51,0.30
5 0.50 0.60 0.51 0.60 | 0.51,0.51 | 0.58,0.52 | 0.55,0.43 | 0.92,0.55,0.40
6 0.50 0.50 0.54 0.50 | 0.50,0.54 | 0.51,0.55 | 0.73,0.30 | 0.72,0.56,0.30
7 0.67 0.66 0.52 0.60 | 0.67,0.52 | 0.63,0.52 | 0.70,0.40 | 0.70,0.54,0.41
3 0.63 0.66 0.51 0.50 | 0.63,0.53 | 0.55,0.52 | 0.63,0.30 | 0.70,0.52,0.30

Table. 425+ @74 &40 499 HaFAEded 5o dair CNFt

CMSE z3ste] 454 +a% A0g yepith 44 43 Ao &
(e}
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Fig. 5.1 Algorithm of 2-Step damage detection
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2 ndoxE Table. 5.104$ Zo] 8714 &4 AEE 714 & H ) Case
1 ~ Case 4&= 9 FAl &40 B5EA FA @, ®, @183 G7F 72
50%% £4E 7 $-o]al Case 5 ~ Case 82 B4 A £49¢ HA$2A HA
@, @ 47 50%, FA®, @ 47 30%, 50%, FAG, W= 47 50%, 70%
aa FA@, @, @W7F A2 30%, 50%, 0% £3E 3¢5 HERdTh

Table. 5.1 Assumed damaged rate
Case Damaged member
No. 4 No. 8 No. 12 No.14 No.15 No.24
1 50%
2 50%
3 50%
4 50%
5 50% 50%
6 30% 50%
7 50% 70%
8 30% 50% 70%
Table. 5.2 Effective Mass Ratio
Mode Effective Mass Ratio
X y z
1 0.00000 0.00000 0.51650
2 0.46825 0.23972 0.00000
3 0.23984 0.46801 0.00000
4 0.00000 0.00000 0.00024
5 0.00000 0.00000 0.00000
6 0.00045 0.16932 0.00000
7 0.16941 0.00044 0.00000
8 0.01712 0.02499 0.00000
9 0.02501 0.01711 0.00000
10 0.00000 0.00000 0.00000
11 0.00000 0.00000 0.00000
12 0.00000 0.00000 0.02584
13 0.00000 0.00000 0.00650
14 0.00020 0.00139 0.00000
15 0.00139 0.00020 0.00000
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A4 33 A" FAVE E4Edva add
Caseoll /] KECRgkel & A3 dAld FAES ved Ze=
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Ao r EAHEF S
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Table. 5.3 Region of damage assessment

Case Node Member
46,7,89,11,12,21,22,23,24,26,28,29,30,31,
1 2,5,7,11,12
32,41,42,43,44,46,47,62,63,64,65,69,70,71
2 7 8,9 29, 30, 31, 32
3 3 5, 12, 13, 14, 15, 16
4 3 5, 12, 13, 14, 15, 16
456,7,89,11,12,13,14,15,16,21,22,23,24,26,28,29,
5 2,35,7,11,12
30,31,32,41,42,43,44,46,47,62,63,64,65,69,70,71
6 5 5, 12, 13, 14, 15, 16
7 35 5,6,7,12,13,14,15,16,21,22,23,24
8 3 5, 12, 13, 14, 15, 16

Table. 53914 & 4 91%0°] Case 13 Case 59 A$+= tE Casest 238 F

Ao FAe #7F 242F 307K, /AR B AS B T Utk o] Afole= FEF
o Ma7h Wol FAIAA va oJEwol A& Aom Addrt £F Case 63
Case 8¢ 7% 22k FA 8, 129 74 4, 12, 147} 49 A o= 7Moo AUA
T &Y F4AF Case 69+ FA 89], Case 89+ FA| 47F 2= 2
A Bes B Ak o A 9A EF FAARA olgwe] ds Aow %
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Fig. 5.4 Result of damage detection by observation data

(g) Damage of member 15, 24

c
DlLvd SSaNLdILS

4

Z} Case
$- Case 12 HelHE] Q571 Zol £4F434dd tha oJH 5ol

L
R

Fig. 54

%

p—

<0

2 = 9th 2 9 Case 29 Case 32 Arej=e] 7f4=7F Ao

o
S
BN
—_
1o

O

X

1Az gejgel A%t wol

gl

=

Case 13} w}

R
i

Case 5

o

1_.7(:3]_'__

A4l

)
4 9o}t Case 79 74

il
oy
NS
A
—
file)
T0
o
o
i
X
oF

-~

4

M
fvzel

X

4

o}, A Case 63 Case 8

=5

¢+

_78_



(3) Kalman filter2 33 A3}e v

A o7 BoplA ol ASHI UAr 2w AES B wBA ANG %
ey Agure] £4F4 AN vnBTh BSolH £ FHL 3
7] S1% 1R Age AN 19 F9sh BAsie

Table. 5.4 Convergence of solutions by Parametric projection
and Kalman filters
Damaged Filter algorithm
member Parametric projection Iteration Kalman Iteration

No.4 0.51 80 0.53 300

No.8 0.50 70 0.67 1000

No.12 0.50 40 0.67 1000

No.15 0.50 10 0.52 70

No.4,12 0.53, 0.54 20 0.57, 0.56 200

No.8,12 dkAk - Elgas -

No.15,24 0.50, 0.30 20 0.50, 0.32 400

No.4,12,14 Elgas - Elsaly -

Table. 54v It EZ ALdIH o} 240 A= &4 F4& T3 239
el ol MEFES e

2 A2 5a% 2y dev=y Agdugud dAge de] FESE
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Fig. 55 Result of damage detection with observation data by kalman filter
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3.2 A A 2

Fig. 560 YEld Jx Exx F2RES 24 9dld A=6.0m’ GAF
E=2.1x10%kgflcm® 2= p=10.00787 kg/ cm
o] x,y, z BE W] tha] A ot BZuolHE md 13 npE AR
AR ESFE 1294 53744 9] 5709 X559 KECRge] 2 AAA vy,

i
23 BEFFAES gttt AN At BN Y F 2

Fig. 5.6 Analytical model 2 (¥+$] : cm)

29 20 A % Table. 550 A ¢} 7Fo] 874A1¢] &7 AelE 7HA k3Tt Case 1
~ Case 4= @dFA £ A=A FA4 @, ®, Wl 247 50%, 87F 70%

E4E A0l Case 5 — Case 8& BFERA £49 4924 240, ©
%2k 50%, FAD, BE A2 30%, 50%, FAQ, O, OE A4 50% 1

@, 8, 8pel 247+ 30%, 50%, 70% +=74% 495 depdth

2
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Table. 5.5 Assumed damaged rate

Case

Damaged member

No. 2 No. 6 No. 11 No.19 No.32 No.37

1 50%

2 50%

3 50%

4 70%

5 50% 50%

6 50% 70%

7 50% 50% 50%

3 30% 50% 70%

Table. 5.6 Effective Mass Ratio
Effective Mass Ratio
Mode
X v z

1 0.00000 0.47791 0.00000
2 0.02556 0.00000 0.25036
3 0.00000 0.01926 0.00000
4 0.32773 0.00000 0.17399
5 0.00000 0.15240 0.00000
6 0.45326 0.00000 0.00586
7 0.00000 0.00681 0.00000
8 0.00207 0.00000 0.01515
9 0.00000 0.02864 0.00000
10 0.01156 0.00000 0.00478
11 0.00000 0.02718 0.00000
12 0.03461 0.00000 0.01264
13 0.00000 0.00001 0.00000
14 0.01329 0.00000 0.00033
15 0.00000 0.00003 0.00000
16 0.00000 0.01335 0.00000
17 0.00333 0.00000 0.03245
18 0.00467 0.00000 0.00171
19 0.00000 0.04605 0.00000
20 0.00013 0.00000 0.00093
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Table. 57 Region of damage assessment

Case Node Member
1,2,3,6,7,10,11,12,14,15,16,19,20,23,
1 2,3,7,812,13
24,25,27,28,29,32,33,36,37,38,40,41,42
2 2,78 1,2,6,7,10,11,14,15,16,19,24,32,33,36,37,41,42
3 78 6,7,10,11,14,15,16,32,33,36,37,41,42
4 7,12 6,10,14,15,19,23,27,28,32,36,37,40,41
1,2,3,6,7,10,11,12,14,15,16,19,20,23,
5 2,3,7,8,12,13
24.25,27,28,29,32,33,36,37,38,40,41,42
6 8 7,11,15,16,33,37,42
7 2,712 1,2,6,10,11,14,15,19,23,24,27,28,32,36,37,40,41
8 12 19,23,27,28,32,37,40

Table. 57914 Case 13 Case 5% KECRZto] & dHo] ol 1 wF &4
F4E e M7 Bl AL B o4 Q) oo wEl &4 FH g A
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1A A FHE &
3}

o
o2
18
=
1o
4z
24
il
o
)
oz
o
il
B
ox
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AE Ao w & F4F AS B F Ak EF5A &4 49 Case b &
A A e FAIES FHEHAAAA tha S A7 BASAA T, E4EH FA9
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Fig. 5.8 Result of damage detection by observation data
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Table. 5.8 Convergence of solutions by Parametric projection

and Kalman filters

Damaged Filter algorithm

member Parametric projection Iteration Kalman Iteration
No.2 0.52 10 0.52 150
No.6 0.50 200 0.56 1000
No.11 0.50 20 0.52 300
No.32 0.31 10 0.33 100
No.2,6 0.52,0.70 20 0.52,0.70 160
No.11,37 0.50,0.30 10 0.47,0.38 500
No.6,19,32 0.50,0.5,0.50 300 s -
No.19,32,37 0.70,0.50,0.30 70 0.68,0.52,0.40 500
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