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Abstract

This study examines a method for identifying stiffness reductions in structures subjected to seismic loads and retrofitting effects using a

combination of the finite element method and an advanced genetic algorithm. The novelty of this study is the application of seismic loading

and its response to anomalies in the tested structure. The technique described in this study may enable not only detection of damaged elements
but also the identification of their locations and the extent of damage due to seismic loading. To demonstrate the feasibility of the method, the

advanced genetic algorithm is applied to frame and truss bridge structures subjected to El Centro and Pohang seismic loads. The results reveal

the excellent computational efficiency of the method and its ability to prevent severe damage from earthquakes.

Keywords : seismic load, stiffness reduction, retrofitting effect, genetic algorithm

1LME aejEol Higsto] &4 dare|olrh dareE sy
o] uj9- Hoju} £ Hofo] EAET AT = 9= Ao of

2| ol A WA A 9 2A N T ol Al Y 293} vl of ule} thofst Holol] 838k 4= glomz
OS2 g o] fEuErt A3 kARt & 4= gle 7129 o] 414 &1l oY E EAE AT 2= Q9o
i S7HAlolth A 7lof oJsto] FhaEol A2t &AFol o] Lefof chorst Fat BAjof 28 U 8x1 gtk E3,
BB AE B A AL R SR RS A B gAY e ELe B8 g0 25t U A% oS dist]
5l7] o] Yt} E3], shal = Y 22 Wi L2 =2 o] = thoFst A7} S8 =] o] 94t} Lee2t Jung(2009)2t Han(2010)
2 AS FRE T T o] 9= 2| %lof| FoFshH, %l o] L 02} e E] &S Feslo] ofx] i W ILM W ko] X &4
HFAYSE 79 FoF HRE AP o ER5k= A2 Wefsiet o] A ¢13}9] © 1, Chandrashekhar®} Ganguli 5(2009)& A &
gt B, A A 7S 483 ohFet AlEdlold 2 2 o] B34S 7|H TG E5 U B EE o] 85)0] &4
W02 A ehgS e R EY A L &4 FHE o L grlels AE S=8skgth E3E Rus 5(2006)2 A A8
B & o ek o] R E A 5= S Aot 23} npo]| 32 AR} eSS AFEEle] TRE Yo
theFet ol & AlEdlol A W & Y e E-2 AFAAH &AF 9129 A =S A 3= AFE =3 5H Tk Cazacult
I FAsto A e 2 S 3 WS EAS HFE G Grama(2014)-& - A2}k 31 8] 23 FEAS o] 838t Mo L2 2

1 Corresponding author:
Tel: +82-54-820-5847; E-mail: Isy@anu.ac.kr
Received March 27 2020; Revised April 1 2020;
Accepted April 2 2020
©2020 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

SR ZEEE =2F M333 M3=(2020.6) 193

i



I

ARSES W PR B fARTYZ 7N AT L

A

S|
L A} W L X Eof t5lo] EMI(Electro-Mechanical
Impedance) @} 1-FAI A 58 o]-&dto] &S Fst=
o
A

t}. 3}, Sakamoto 2} Oda(2012)2 G-# 2} &t

i)
N
(o]

o

oo

ok

|

Lt}

[>

T2E 3 22 0] gojobe B}l 7]
¥ 71Tt Leeo} Kim(2018)-& o Gaussian 4
[e]

Fooh 9H ANYBE ATl AFAE B2 A5
29] 0] A 518 £AE 3ot

Tt )£ AT HHe A B ANl et
FRE| SA F 5L FHOE 1Y 0m, A Fo|
GRS AN T S A 2 W WY T AP
of thh Al AT vjulshek. mhebA £ eRo M fkt
YNYES I FREC] AR T FHAHEDY
Yo} 9118 Ao AL, TR Hste] 24 9
= E31S APl Beehs e ES At Bk of
Af T Al A% W) AR W A o] n, )

B
2
i)
es|
A
a

2
o

>
2
filo
>
i
)
o
g
ol
o
s
iy
o
ol
o
N
fu
ot
v

& SAsP) kel ARAV Y TPeks AL delein
wehA, 2 Aol Al A RS o] WE fEe
4 2 2231 ABAQUSSE MIDASE &85 &=
A S ST S AL o] & f% 2 TelE A
Fot TES AR G STeE AYS AT v
AL AEHL7] 915} £ AP A A ABHFS W
Fage] UYL MIDASE 8500, Z4Aat 9%
A

194 B=EHMTE IS =T H333 XM3=(2020.6)

it

LA U

&

4
oL

ABAGUS Modeling

Damaged Model Input file {Inp) |

Measured Response
| -

Gutput file(.data)

-

Genetic Algorithm

Fitness function
1% Step
Genetic Algerithm Process

Initial Population
Elastic Modulus

v Elastic Modulus

Write Input file(inp)

¥

Hybrid GA
’

Qutput file|.data)

'

1

I

I

]

]

]

1

I

i

]

]

I

I

|

]

I

1

I

I

' v

]

] Calculatad ESSPDI\QB

I J

I i ———

i Y

]

. Fitness Value
¥ =min| 3 (UL -U) | "0

\ _—

I

.....................

1
1
|
I
i
i
1
1
1
1
I
|
I
1
1

] I
I
|
1
I
|
i
|
1
1
1
I
|
I
'
1
I
I

T 7HA] W A2 Agte 2 AtollAl= HEA] gare
ol tisto] a4 o) Wt =E s sto] 7] v ol whef vl aL glo)

j=!
Bl E A3 2Aston, Afles siH o 4 H Ay

r

fl
>
=k
k1
Jo
H
It
et
z
=1
NI\
o
n)
o
o
u
il
o
o
=
2
Wl

Ir

a7

N
>
~
i
o
B>
[0

o % Asroln] FAo] ASHE A%2 Abx
AR 840 F A4S o
A3t 24 PN A F R AL
A 34 2ol 4 71 o] Axtel
bol 4 gre ATbA O R A4
Itk o] Al 7] ATl ghefl 4]
Qe A Afololl ] 9.3} Aol
Py S B9 SER 1Y 0
A @2} ol AT F ] 2} Aol
d

ol

0

S
x

rr
o,
o
2
rr
oY

ok
£

A

o3t
ST

Lo g et @
offl by Shl
Jo 2
P
offt
1 o
o ot
12
Mo ox
JIN‘ ‘11 :10 ox,

4>
I
i)
ol

N
=
ol
o
2
ol

]_

e K

)

N o
PAURNENS

o

i) —Q of
rle ok 2w
2 tlo 4>
r Y
H N e
% Lo
U

1.
2
ot

O ol o
=

fr 2
)
o
o2
lo
o
1o

>

>
)
o
iih)
o
_O|L
2
o



6;~:§](5[n]—w[n])2, (n=1,2,3,....., N) 2)

A 2 2= 3530
549 A2 ulat

bl Alefell o] 221 gk5

i
N
2
el
=
=t
&
3,
fr
)

DU
p=s
Jo ox

N
1o

2

NRL

1

<t Al 2 A s A Uz ZiA o ofs A4k ghE
aFE ) o] 43k HAEE 242 A E A U7 A A X1S)s)
of O] 3 ¢, & FAAIA F-SHA Hw A (3)3} o]
e 4= ik

U=MIN{e,} , k=1,2,3, ... L 3)

91 Aol A L& 2tz At ol A &f 7Hd Bl= e & 9
n) gk}, A (el A -3k 212 27t =7} At o S whet i
A AT 58 eabE Avhd A FREH, 4o
2 dAEEE Fojrl 2ol thet 224 449 1A B =
£ A4t . dadt WE2 a9, AxlskeS W
T2E0| A A= MIDAS S ARE-3Ho] S5 AF E o] 2]
2 f3E A e R E gk F, ABAQUS---A il
& dE7Her g4 gtk o], o] Ashe #95
R B 5 As dare|SS A st 4 Bl anks
shelsfar} gt

re
re
-
-3
>
rr
=
)
e
)
ok
g
ofy
Hm
i
>
[>
i)
o
iy
op
_?L

ol
=
_>\i

o4 E

ot
o

H
Ui
ol
)
>

HT

o
ok
Mo

Lo

El

M

it

i)
iy

lo

of o> Bv O B RN

o
i)
=
¥2
T
Hrt
ul
>
[
o,
flo
N
N,
o T
v X
oZ
QL
4 32 u)

o
2 r
N fl

filo
N
N
o
19 ofy
L
o
o
it
ofN Ho

-1
N
il
lo
ol
Oﬂ:
o
ofy
jakad
>
m

]
=
off mx
>
fl
N
p)
£ o
- ofy fo g

(e}

I

H

k)

©

offt

ot off

O

V]

&

=

o\

1

i)
R o

i

ro

o

©
o
Horoh o

R
Ol
ol
2
A
2,
g
N
fa

>
ok g
4>
e
rr
o)
uu)
)
=
o’
oL
>
[>
jati)
o

N

2 72 792 Fig. 29} 2tk

324% MR R3AA EH2A mg Y

(a) Before reinforcement (b) After reinforcement
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(b) Damage detection modeling

Fig. 4 Truss bridge models for a seismic analysis
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Fig. 8 Results of stiffness reduction detection from GA(Pohang
earthquake)

Table 1 Results of stiffness reduction detections under Pohang
earthquake loads

No Undamaged Young’s | Reduced Young’s (a/b)x100
’ modulus(a)(MPa) modulus(b)(MPa) (%)

1 18.1 75.4

2 24.9 103.8

3 25.1 104.6

4 24.8 103.3

5 24.0 239 99.6

6 25.4 105.8

7 24.5 102.1

8 25.1 104.6

9 252 105.0
Hojzh 19 x]o| A oF 25%2] Z/d A15k7F Ty s S5
o 4= 9le}

422 A2 & 5 45

o Holx] & A\ 1151502 gk 2 A 3E Ay 917] 4
w9l 1 FA o] tfsho] Fig. 3(b)2t o] il sS ehd
P9l B2 A9 3 09 Us By 7tshec). of
T FAT A A G S Adste] AskE A A
3t HAdo]$- Bl o] fLE eleh = Qlrt. A3/ 3] At o
AR ARE Aol B e] gAe 2sheAl 2 Ao By
< 918 W 4w A A 4 Ik Fig 94 1A Bgo]
T e T AYE Boje: A EASHIE |
BT R A PAA O R B2 E 98-S SHIT 5 it

3}IT). Fig. 103}
U2, U3, URI1, UR2,
. 271405 Eel i

EEEPEE L EEY
1z}‘W%EaA4147P
d Lc>] L, R, U, UL, URQ] & 57}A] 3
ooz FRsMTh 197 B4 Fatel 7 7o % AAA

u 5H7] ek Fig. 112 El Centro 2 415}

C
=
(98}
\-ﬂ
_l
‘_.
o |
ﬁ
HU
N
T

_1

2
__l

N
£
£
44
m{n

i3 ﬁ o2

Element number

(a) El Centro earthquake

1 2 3 4 9 6 T 8 9

Element number

(b) Pohang earthquake

Fig. 9 Results of stiffness detection after reinforcement

ULt U2 U3 Yk UL5 UL UL ULs—
Ut U2 U3 W Us U6 Uur U8 U9

t\/2\/\/u\/1s\/6\/\/18\/19

Fig. 10 Unknown parameters of the truss model

Fitness value
IS
L]
o

O NS g p et ST,
0 50 100
Generation

(a) Fitness values for increased generations

L A . .
. . . e - .
] . oo ¢ M .
S 10 <
5 oo Ll
S F . ® .,
s L e
. 3 L3
= . . P e .
.
o . DPCR AV W Y WA ey
0 20 40 [He) 80 100
Generation
(b) Average distance between individuals
30
N
=2
3
g2
o
E
3
£

Element Type
(c) Estimated values
Fig. 11 First results of stiffness reduction detection from GA(EI
Centro earthquake)

SR ZEEE =2F M333 M3=(2020.6) 197

i



L1 L2 L3 L4 L5 LB L7 L8 L9
Element Type

(a) El Centro earthquake

L1 L2 L3 L4 L5 L6 L7 L8 L9
Element Type

(b) Pohang earthquake

Fig. 12 Second results of stiffness reduction detection from GA

Table 2 Final results of stiffness reduction detections under El
Centro earthquake loads

No Undamaged Young’s Reduced Young’s (a/b)x100
modulus(a)(MPa) modulus(b)(MPa) (%)
L1 243 101.3
L2 24.4 101.7
L3 25.1 104.6
L4 25.0 104.2
LS 24.0 21.3 88.8
L6 24.7 102.9
L7 24.8 103.3
L8 242 100.8
L9 243 101.3
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Fig. 13 Final Results of stiffness detection after reinforcement
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