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Fig.1 The model of {rame structure
% EIRSEHRISE & AB P E bRy 10 5
B ST R AR 10 % #0130 % AU B ERT ATIUBR

(AR R B Ty MO T 360 S TR P el AT
P 1 BRI, S D TR R R A
HESHSRF BRSO

ERETBEEE R B EE
TS RIAR B RS IRE. B 2 450 T SE 4 A
ZRA R o o g SR R EL A B 3 A5 TR
AB ¥ [ 4b ) 10 5 BATEAH & HE A% 30% R
T RT PR AR E R

20 it |
15 f

10r

nodes Y direction

. L . . L
1] 5 10 15 20
nodes in X direction

(a)

‘nodes ¥ direction
_
o

0 5 10 15 20
nodes in X direction

()

20 I |

15

10

nodes ¥ direction

— ol T s e e e’

0 5 10 15 20
nodes in X direction

(e)



#2M EINIE I Skt r3 sk S st okt ] 83
20 | r__ ______ - 20 b r:’_”__:‘-;"__:.:d—.l
|
z Iy | T By !
i | | |
= 1w} | 1 2 1ot | !
b | | - | |
5 sf ! I 2 5/
2 I g | |
ok | | ol 1 |
0 é .‘(JD 15 20 ?] 5 llﬂ 1‘5 20
nodes in X direction nodes in X direction
{d) (e)
B2 SEh AR AT I B i R A
Fig.2 The first fourth curvature mode shapes o0 b [ =
of intact frame structure = |
1R 2 B 3741 () R 1 H RS IRA, g0 !
(b) R 2 WHIAGERA, (o) A% 3 Wil gaof .
BARE, (d) FORE 4 W RESRY. LLRE 2 3 st '
RIS TLES, AMMERsSEREESRR  § | ,
Gidl B R T, Hh 3 2.8 3 S 4 iR A o
0 5 10 15 20

EERBRENL, REZAESHRGHORE. 5B

2 r ===
- |
S st }
K
o
Ay
5w}
£
1
2 5| | ]
-
2 |
=
ol I
0 ] 1o 15 20
nodes in X direction
(a)
L N s iy |
|
: i i
- 18T ‘
2 |
o { {
X 1
= 10 | |
. !
g 5
g i J
o b 1 |
ol L ] — | L
o & 10 15 20

nedes in X direction

(b

nodes in X direction

(d)
E3  RAGHSRRRT TR S R E
Fig.3 The first fourth curvature mode shapes
of damage frame structure
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Fig.4 The third curvature mode shape of

slight damage frame structure
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Fig.5 The second curvature made shape of

the frame structure with multi-position darmage
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Fig.7 The experimental results of classic testing point
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Fig.8 The experimental results of

the first curvature mode shape
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DAMAGE DETECTION FOR FRAME STRUCTURE USING
CURVATURE MODE SHAPES *

Wang Shanshan Ren Qingwen
{ Department of Engineering Mechanics, Hohai University , Nanjing 210098, China )

Abstract The structure damage detection method uses the changes in dynamic parameters between the intact
and damage states to evaluate and localize damage directly, fast and inexpensively. This paper adopted the cur-
vature mode shape to investigate the damage in frame structure. The Finite element analysis was used to ob-
tain the displacement. By using the central difference approximation, the curvature mode shapes were then
calculated from the displacement mode shapes. Numerical simulation results show that the changes of curva-
ture mode shapes are sensitive to the demage in the frame structure. Thus, the curvature mode shapes can in-
dicate the presence of damage and its severity, and locate damage at the same time. Curvature mode shape is
also suitable for detection of multiple damages. The experimental result further verifies its sensitivity to struc-
tural damage.

Key words  damage detection, frame structure, curvature mode shape, dynamic parameter
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