812-8581

E-mail: furukawa@doc.kyushu-u.ac.jp
812-8581

E-mail:otsuka@doc.kyushu-u.ac.jp
812-8581

E-mail:u-bayashi@doc.kyushu-u.ac.jp

6-10-1

6-10-1

6-10-1

keywords structural damage, vibrational characteristic, field experiment,
microtremor, micro shaking device, steel truss bridge

6)

7).8)

iy

2)

AE

3) 4)

4) .5)



22

2
1)
( )
)
4
1/10 1/2000
-2 -1
7.5Hz 5
ASQ-2CA
200Hz
2
-1
(7.5Hz )
21 0.102kgf 0.1m 0.0102kgf m 221.8N
-1
5 6
( -1 61 81 0

2l J2\J 23\ J 22\ 25 26 27

(@) 1
1 /N2 /N3 /N4 5 6

S |

\ AUV

208\ 2L 123\ J2a\J 25 26 27
(b) 2
3/ N4/ N5/, \56

?.E:*-i

A

7 22 23\S 2a_J25\J 26\ 27
(c) 3

3 N4 (N5 /N6

23\ 2\ J 5\ J 26127
21 22 23 24 25 26 27 77 (d) 4




2.3

16
1 4
11
_2 o
[
24
H )
-3
4
(@)
(b)
-3
(1) A
8 50
H
( -3
2 B
8 50
15
1.0cm
(3) C
8 50
15 50
100cm
(4) D
8 50
15 50
300cm
-4
1)
=1-1/(1+4l/1)

Al |

10cm

50cm

200cm

300cm

)

446.94

N P

-4
-2
8 15
A 0.013 0.000
B 0.064 0.001
C 0.214 0.120
D 0.290 0.290
@y 1

31

0.003
0.002 -
0.001
0.000
-0.001
-0.002

-0.003
200

(m/sec?)

206 208

(sec)

202 204 210

@)
-5 (

-3(b)




12
-5 _5(b) 1
2 3
2
2.4 4
-6
33 64
s | s | .
z \\. z N,
32 6.3} ~
— \
\l
31 62 A .
A B C D A B C D
(@ 1 b 2
-6
-6
-6(a) 1 -
6() 2 -6(a)
1 3.265Hz
D 3.149 Hz
~6(b) 2
6.342 Hz
D 6.213 Hz
D
1 0.116 Hz 2
0.129 Hz 2
1 355% 2 2.03%
1
3.2
1
2 D
12 12
10 - 1.0
208 _/\ /'/ 208
06 " 06 .
04 04 /I\'/
02 02l  *TT
00 00
A B C D A B C D
(@ 1 (b) 2

12

-7
-7
-7(a) 1 -7(b)
2
2
1
3.3
4 4
4 11
-3 o )
11 1 )
A B C|
1 0.233 0211 0.234 0.215 0.384
2 0.696 0.729 0.850 1.018 1216
3 0.935 0.970 0.922 0.886 0.995
4 0.993 0.918 0.933 0.968 0.996
5 1.070 1.032 0.963 1.005 0.990
6 0.606 0.619 0.521 0.665 0.629
7 0.000 0.205 0.199 0.231 0.267
8 0.042 0.313 0.221 0.122 0.000
9 0.397 0.420 0.468 0.452 0.454
10 0.771 0.787 0.750 0.755 0.916
11 1.000 1.000 1.000 1.000 1.000
12 1.002 1.003 1.007 0.973 0.981
13 0.686 0.742 0.703 0.726 0.684
14 0.394 0.392 0.394 0.387 0.384
15 0.040 0.040 0.055 0.000 0.000
i A s O ey, o
"'.__. A / ‘l +n X ;ﬁ__\_ ? i
Z\-'}I "‘\. .ﬁ'."‘j?\\‘ f :s, F _y_l___l\.f_‘l:._&".__ W o\
@) (b) A
‘\ x’u"' = ,;\Z"?: y
SPRR). NI
(© B (d c

R e
AV RA AT AVAN

(e) D
-8 (1 )

- 1 —e— 2 5

—v— 9 12 —<4— 14
14
12t /o
10 =)

o/
08t _—
o o—°

06
04f v—I— 4 Y M
02 ™ u L l/
0.0




(gal)

(gal)

11

1
-3 -8
11 1.0
-9 -9 8 1
9 15 5 12
2 14 -9 2
8 1 9
15 5 12
0.10 010
008 9- L ) - 3
006 006
004 004
002 002
000 000
0 2 4 6 8 10 0 2 4 6 8 10
(H2) (Hz)
(a) 9
012 012
0.10 14- 6 E 0.10 14- 12
008 008}
006 006}
004 004}
002 002}
0.00 0.00 i
o 2 4 6 8 10 o 2 4 6 8 10
(Hz) (Hz)
(b) 14
-10
( A)
= 9- 1 —e— 9- 3
14- 6 —v— 14~ 12
0.14
0.12
=
S 010 v7x °
008} = "
[] \ _—
0.06 | l>\v
0.04
0.02
000 1 1 1 1
A B C D
-11

A
41
9 1 3
14 6 12
4
4.2
A -10
012 012
T 010 - 1 T 010 - 3
008 008
006 006
004 0.04
002 002
000, 2 4 6 8 10 o'000 2 4 6 8 10
(Hz) (Hz)
(@) 9
030 030
3 025 14- 6 T o02s) 14- 12
020 ozl
0.15 015}
0.10 010k
005 0051
" A
000 s e 8 10 0005 s 1o
(Hz) (Hz)
(b) 14
-12
( A)
-—=-— 9- 1 —e— 9- 3
14- 6 —v— 14 12
0.35
0.30
= b 2
& 025 X
0.20
0.15
0.10 o\./ v
0.05 | ]
\ ] ®
000 1 - 1 1
A B C D

-13



11 9 1 3 A 8 50

10cm
14 B 50 50cm
6 A D
1 3 9
15 14
12 15 ( -13)
B ( -15)
8 A -14(a)
B
14
6 12
B C
( -13)
( -15) 14
6 12
43 15
_ 06 06
A 12 T o05f 9- 1 g 05 9- 3
- T o4] Y
13 -13 14 03} 03
6 12 02 02
01} 01 l
B C 00 00 h
6 12 15 2 4 (:z) 8 10 0o 2 4 (}-?z) 8
(@) 9
B
05 05
C 50 = 14- 6 = 14- 12
S 04 & o4
100cm 03 ol
1 3 8 02 02
01 0af
-13 o — eu- 8“ 10 00 2 4 6 8
(Hz) (Hz)
D ! (b) 14
-14
-12 A
9 1 ( ‘
3 = 9- 1 —e— 9- 3
14- 6 —w— 14~ 12
0.8
g 06} -
4.4 0al \
A -14 02 T —S
° v
\o ° °
_15 _15 9 WA e ¢ o
1 A

-15



45
A -16
17 -17
14 6 12
14 12
B C
43
C D
16 16
E - 1 g 9- 3
2 12} R
081 08
04F 04
00 bl 00 "
o 2 4 6 8 10 o 2 4 6 8 10
(Hz) (Hz)
a 9
25 25
g 20/ 14- 6 g 20 14- 12
15¢ 15
10f 10
05} 05 J\
09 00 .
0o 2 4 6 8 10 o 2 4 6 8 10
(Hz) (H2)
(b) 14
-16
( A)
—a— 9- 1 —e— 9- 3
14- 6 —v—  14- 12
24
20t I—
g
= 16,
°
12F \
08} d ¥ v
[ |
04+
\.7. .
0.0 L 1 1
A B C D

-17

14

D
9
A
]
46
42 45
-18
]
1
3
6
12
18 @ ()
[

44

4.5

14
14



08 - -
—— -
< 06f Y v )
2
041
b 4 ) 4
02} i /
] -
00 L, —a—9
A B c
(@) 9 - 1
24 —a— -
e -
20F v -
= Ty v -
= 16t \
12} '\
08}
04} .
{ ]
00 s ——p——§
A B c D
(© 14 - 6
-18
-19 (1 2
(1 2 ) 1
—a— (1 ) —— (2 )
@) —v— @)
( 2 < ( 12
(9 1)
—— ( 14 12 )
2.0
v
v— /
15¢ v
< /
10t f——g—a g
05r . .
0.0 :
A B c D

-19

16 —— -
v —— -
T_g: 12+ —v— -
o8t M v v
041
ol A=——n1——n——1
’ A B c D
(9)] 9 - 3
24 = -
—o— -
_ 200 Ty v -
L 16}
12+
08} v v
041
[0} [\
00 n ——p g
A B c D
(d) 14 - 12
A
1 12
9
14 12
-19 1 2
1
2
12
9
1 14
A
B B C

12



1) 1995

, 1995
2)Ohtsu M., Shigeishi M., Sakata Y. Nondestructive evaluation
1 of defects in concrete by quantitative acoustic emission and

ultrasonics. Ultrasonics, 36:187-195. 1998

3)Hearn G, Testa GR. Modal analysis for damage detection in
structures. Journal for Structural Engineering, ASCE117
3042-3063. 1991

( ) 4) , , :

, Vol.45A  701-712, 1999

5)Hassiotis S, Jeong GD. ldentification of stiffness reduction
using natural frequencies. Journal of Engineering Mechanics
ASCE 121 1106 1113.1995

6)Kaouk M, Zimmerman DC. Structural damage assessment
using generalized minimum rank perturbation theory. AIAA
Journal 32 836-842. 1994

7)Wang Z, Lin RM, Lim MK. Strutual damage detection using
measured FRF data. Computer methods in appled mechanics
and engineering 147 187-197. 1997

A 8) , ,
, JCOSSAR2003
617-624, 2003
(2005. 3. 15 )

EXPERIMENTAL STUDY ON CHANGES IN VIBRATIONAL CHARACTERISTICS
DUE TO STRUCTUAL DAMAGE

Aiko FURUKAWA, Hisanori OTSUKA and Fukutaro UMEBAY ASHI

This study described the investigation results on change in vibration characteristics of structures due to damage
based on ambient vibration and forced vibration testing using a micro shaking device. We firstly estimated changes
in natural frequencies, damping ratios and mode shapes between intact and damaged structures from ambient
vibration measurements. Secondly, we obtained changes in harmonic excitation responses and investigated their
sensitivitires to damage. Compared to natural frequencies, damping ratios and mode shapes, harmonic excitation
responses have larger sensitivities to damage and have the higher possibility to be used as input data for damage
detection.



