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Damage detection in beam structures based on curvature changes
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By Tomisaku Mizusawa and Shinji Takagi

This paper deals with the method of damage detection in beam structures

based on curvature changes. By using a simply supported beam and a cantilever
model, it is shown that the changes in the curvature curves or curvature

node shapes are localized in the region of damage, and hence can be used to
detect damage in a structure. The changes in the curvature increase with
increasing size of damage. The Newmark method and the Stodola-Newmark method
were used to obtain the displacements and the displacement mode shapes of
beams with damages, respectively. By using a central diffrerence approximation,
curvatures and curvature mode shapes were calculated from the displacements
and vibrating displacement-mode shapes.
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Fig. 1 Beam with a local damage
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Table 3. The effect of location of damage,Lp and stiffness deduction
ratio, 171, on the deflections and curvatures of a damaged-
cantilever beam subjected to uniform load,q! Le/L=0.02
Lp 1716
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0.0 | 1.318 2.813 4.427 1.250 1.250
0.1 1.318 2.813 4.421 1.389(11.1) 1.251(0.08)
0.3 | 1.318 2.813 4.427 1.785(42.8) 1.254(0.32)
L/2 0.5 1.318 2.813 4.421 2.500 (100) 1.258(0.90)
0.7 1.318 2.813 4.428 4.166 (233) 1.272(1.76)
0.8 | 1.318 2.813 4.428 6.250 (400) 1.288(3.04)
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Fig. 6 Experimental model with a local damage
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of Young’s modulus,E/Ec on frequency parameters,
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o
oot

3.50

.
I
= oe
=]

0.0

Le/L=0.01
Modes
Lp E/Eo
1st 2nd 3rd 4th Sth
0.0 | 3.518 22.03 61.70 120.83 199.9
0.1 | 3.515 22.00 61.70 1207 199.9
0.3 | 3.511 21.89 61.70 120.1 199.9
L/2 0.5 3.504 21.71 61.70 119.2 199.8
0.7 3.488 21.30 61.68 117.1 189.8
0.1 3.505 21.98 61.55 120.7 189.5
0.3 | 3.474 21.81 61.16 120.0 198.6
L/50 0.5 3.420 21.54 60.53 119.0 197.3
0.7 | 3.304 20.89 58.33 117.2 195.0
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Fig. 8 The effect of a local damage at the center on the
deflection mode shapes and the curvature mode
shapes of cantilever beams;L,=L/2 and Lc/L~0.01
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Table §. The effect of location of damage ,Lp, damege width,Lec/L and
deduction of Young's modulus,E/E. on frequency parameters,
n¥=wl2y/ p Ac/Eolo of a damaged beam with simple supports

Modes
Lp Le/L E/Eo
Ist 2nd 3rd 4th Sth
0.0 0.0 | 9.870 39.48  B88.84 158.0 248.9
0.1 | 9.853 39.48  88.70 158.0 248.5
0.3 | 9.807 33.48  88.28 158.0 245.3
0.01 0.5 | 8.725 39.48  B87.57 158.0 2434
0.7 § 9.541 39.48 86.04 158.0 238.5
0.8 | 9.325 39.48  84.368 158.0 235.4
L/2
0.1 | 9.810 39.48 88.32 157.8 245.5
0.3 { 9.646 39.47 86.94 167.8 241.9
0.05 0.5 | 9.368 39.46 84.75 157.6 236.7
0.7 i 8.804 39.43  80.81 157.2 228.8
0.8 | 8.223 39.40 77.60 186.6 222.5
0.1 | 9.862 39.42 88.77 158.0 246.7
0.3 | 9.838 39.23 88.56 158.0 246.1
0.01 0.5 | 8.797 38.81 88.21 158.0 245.1
0.7 1 9.701 38.20 87.48 158.0 242.9
0.8 | 9.584 37.40 86.69 158.0 240.5
L/4
6.1 | 9.840 39.25 88.58 157.8 246.1
0.3 | 9.755 38.61 87.88 157.8 244.1
0.05 0.5 | 9.607 37.57 88.83 157.6 240.9
0.7 | 9.283 35.81 85.03 157.2 235.2
0.8 | 8.914 33.79 83.57 1568.6 230.2
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Fig. 11 The effect of damage width ratio,l./L on the

first two curvature mode shapes of simple
beans; Lp=L/4 and £/E.=0.3
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