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In this study, an attempt is made to develop a baseline-less structural diagnosis system that can detect the
abnormal section with ease, using the data collected from the vibration measurement. In order to
investigate the damage state, it is necessary tomeasure the intact state of the structure in advance.However,
there are many existing structures which have no such data. Thus, it is very useful to develop a new
abnormality detection method without using the baseline data. The proposed system can identify the
locationof abnormal sectionwithout using the baseline data.Basedupon the chaos excitation, it is possible
to perform the abnormality detection by paying attention to the chaos characteristics of structural response.
Several numerical examples are presented to demonstrate the applicability of the proposedmethod.
KeyWords:baseline-less structural diagnosis, chaotic excitation, attractor,

1.

1)

2),3),4)

5),6)

7),8) Wavelet 9),10)

11),12),13),14)

12)

14) 3

5)-10)

11)-14)

Baseline

Baseline

Baseline

Baseline

- 977 -

応用力学論文集 Vol.13, pp.977-984　 （2010 年 8 月） 土木学会



Baseline-less

Baseline

1 4

2.

15)

1
16)

17)

1

2
-1

120 3
-1

1

1 2
0.01

(1) 3
18)

1 z1

,

)(

321
31

3121
21

21
11

zzz
dt
dz

zzzz
dt
dz

zz
dt
dz

(1)

0.01s 100
4 x

( =16, =40, =4) (z1=0, z2=5, z3=10)
=1.0 0.1 2

No.1 No.2
-2, 3

1
-2(2) =0.1 No.2

2
20 -4

-5 =1.0
-4(1)

( -5(1)) =0.1 No.2
20

-1

-1
Moment of inertia Iy,z 0.0108 m4

Young’s modulus E 210GPa
Weight/m 27.68kN/m
Poisson’s ratio 0.25
Damping ratio for the 1st and 2nd
mode

0.01

1st-2nd Natural frequency (Hz) 1.42(y axis, bending)
1.56(x axis, bending)
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DVLAA -7 -5
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DVLAA -7 std.
4 DVLAA

x
-7(1) DVLAA

1

-2 DVLAA
Delay time, 108
Embedding dimension, m 3
Neighborhood points, Nb 50
Calculation time, N 500

-3 DVLAA
DVLAA in intact condition DVLAA in damage condition

1st story
(node 1,2,3,4) 0.01885 0.01885 0.01885 0.01885 0.01885 0.01884 0.01886 0.01886

2nd story
(node 5,6,7,8) 0.03650 0.03650 0.03650 0.03650 0.03647 0.03649 0.03651 0.03651

3rd story
(node 9,10,11,12,) 0.04132 0.04132 0.04132 0.04132 0.04161 0.04158 0.04133 0.04133

4th story
(node 13,14,15,16) 0.04102 0.04102 0.04102 0.04102 0.04102 0.04104 0.04103 0.04103

5th story
(node 17,18,19,20) 0.03528 0.03528 0.03528 0.03528 0.03529 0.03528 0.03529 0.03529

-4
Scenario
Number Deterioration and damage location

Damage sce. 1 10% deterioration of EIy,z at element
below node 1. (1st story)

Damage sce. 2 20% deterioration of EIy,z at element
below node 19. (5th story)

Damage sce. 3 10% and 20 % deterioration at elements
and below node 8 and node 14.

(2nd and 4th stories)
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1 2 DVLAA

DVLAA 1
2

(1) x DVLAA (2) y DVLAA
-7 No.1

(1) x DVLAA (2) y DVLAA
-8 No.2

-5 No.1 DVLAA
x direction y direction

1st story
(node 1,2,3,4) 0.01881 0.01881 0.01840 0.01838 0.02247 0.02200 0.02199 0.02242

2nd story
(node 5,6,7,8) 0.03580 0.03579 0.03561 0.03562 0.04461 0.04442 0.04448 0.04461

3rd story
(node 9,10,11,12,) 0.04029 0.04032 0.04032 0.04033 0.05136 0.05146 0.05133 0.05141

4th story
(node 13,14,15,16) 0.04008 0.04011 0.04005 0.04007 0.05149 0.05144 0.05156 0.05151

5th story
(node 17,18,19,20) 0.03441 0.03427 0.03441 0.03442 0.04478 0.04496 0.04485 0.04496

-6 No.2 DVLAA
x direction y direction

1st story
(node 1,2,3,4) 0.01759 0.01759 0.01758 0.01757 0.02156 0.02155 0.02153 0.02155

2nd story
(node 5,6,7,8) 0.03401 0.03404 0.03411 0.03407 0.04358 0.04354 0.04356 0.04357

3rd story
(node 9,10,11,12,) 0.03860 0.03854 0.03855 0.03857 0.05036 0.05037 0.05044 0.05036

4th story
(node 13,14,15,16) 0.03836 0.03835 0.03834 0.03843 0.05069 0.05081 0.05069 0.05062

5th story
(node 17,18,19,20) 0.03296 0.03295 0.03365 0.03343 0.04401 0.04460 0.04449 0.04409
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14
14
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(1) x DVLAA (2) y DVLAA
-9 No.3

-7 No.3 DVLAA
x direction y direction

1st story
(node 1,2,3,4) 0.01779 0.01780 0.01774 0.01775 0.02094 0.02099 0.02099 0.02091

2nd story
(node 5,6,7,8) 0.03449 0.03448 0.03479 0.03478 0.04269 0.04245 0.04242 0.04272

3rd story
(node 9,10,11,12,) 0.03909 0.03901 0.03914 0.03907 0.04918 0.04903 0.04915 0.04912

4th story
(node 13,14,15,16) 0.03934 0.03942 0.03875 0.03885 0.04938 0.04983 0.04972 0.04933

5th story
(node 17,18,19,20) 0.03340 0.03331 0.03348 0.03333 0.04284 0.04282 0.04288 0.04289
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