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Abstract This paper presents a methodology iftentifying some stress concentrators based on the
modal analysis performed using MSC Patran and MSC Nastran programs. The influence of a beam
crack on its own frequency is practically insignificant. In order to emphasize this concentrator and its
position, a modal shape processing method is used, by way of a program developed in EXCEL

Key Works:stressanalysis finite elementnumerical analysis

1.INTRODUCTION

To verify the validity and effectiveness of the damage algorithms introduced above,
numerical modal analysis based on the finite element (FE) method was performed.
Numerical analysis was carried out by using the commercial FE software MSC Nastran
2012.1.The geometrical configuration of the beams is shown in Fig. 1
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Fig. 1Geometry and dimensions of the test beams containingutitiamage

The dimensions dBeam 1lare as follows: length L= 1250 mm, width B = 50 mm, and
thickness H = 5 mm. Mitut damage with a depth of 2 mm and size (width) of 50 mm is
introduced at a diance of 750 mm from one edge of the be&wperimentally determined
materi al properties are: Young® 831 auwdnass u s
density) = 2708 kg/m3Finite element models for beams consist of two dimensional beam
elements (MSQPatran 2012). Finite element length of 10 mm is considered Bibais lis
constructed by means of 125 equal length elemertd26 nodes|]1], [2], [3].
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Fig. 2 FEM of the test healthy beams

For the healthy beam, a constant stiffnesss assumed for all elemenisee Figure 2)
while the damaged beam is modeled by reducing the stiffness of the selectemtysee
Figure 3)

Reduction of stiffness is achieved by decreasing the thickness of elements in the
damaged region of the beamhish consequently reduces the moment of |ndat[t4:]n,[5] [6].
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Fig. 3 FEM of the test beams containing railit damage

INCASBULLETIN, Volume 9, Issue 2/ 2017



161 Verification of Checking of the Validity and Effectiveness of Darr

Using the modal analysis, first three natural frequencies and corresponding flexural

mode shapes were obtained for the intact b@eam Figure 4 through Figure. 6)
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Fig. 4 Flexural mode shapes were obtained for the intact beam
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Fig. 5 Flexural mode shapes were obtained for the intact beam
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Fig. 6 flexural mode shapes were obtained for the intact beam

2. MODE SHAPE CURVATURE (MSC) DAMAGE INDEX

In this algorithm the location of damage is assessed by the difference in the mode shape

curvature between the healthy and the damaged case

\

wL U 0

where v and v; are mode shapes of the damaged and the healthy state of a structure,

respectively, anddenotes the node number or measured point.

The mode shape curvatures are computed from numerically calculated mode shapes

using the central difference approximation.
0 ¢ v
)
The sum of the damage indices from each mode is defined by

0"Y0 + Y0
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Fig. 7 Flexural frequencies of the test beams containingeuilldamage Mode 1
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Fig. 8Flexural frequencies of the test beams containingentldamage Mode 2

Fig. 9Flexural frequencies of the test beams containingeuilldamage Mode 3

Fig. 10 Damage detection methods for beams with CL boundary conditions Mode 1
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