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in the results of solution of problem (19) and (20), the minimum and maximum values of the elements and braces are plotted in figure 5.it can be seen that if only one frequency is measured the damaged element cannot be detected in the case of two frequencies measured the results of detection are not unique (both the elements 5 and 6 are identified to be damaged). from the case of three measured frequencies, the damaged element 5 could be identified, and from the case of four frequencies measured, the element 6 is also identified to be damaged. fem studies indicate that the modal frequencies of a 3d
curved element (e.g., a beam) are only functions of the modal frequencies of the same shape but with a planar cross section. this is also confirmed in our previous studies on the same type of test element [ 17, 18, 20 ]. as the dynamic stiffness matrix of a 3d beam element will be functions of the crack position (--9) and crack depth (--8), the eigenfrequencies of the element should be functions of the crack position (--7) and crack depth (--8). then, one can use the obtained n-dimensional eigenfrequency vector to represent the eigenfrequency of the 3d beam element, which can be designated by (--10). based on

our previous study [ 20 ], we mainly focus on the eigenfrequency of the first five modes, and we set n=5 in this study. in addition, a 3d beam element has three families of nodal coordinates as shown in figure 2. in our previous work [ 18 ], we have shown that the eigenfrequency of the planar beam element is a function of the node number of each family. in this paper, for the first five modes of the 3d beam element, we also adopt the node number of each family to represent the eigenfrequency of the 3d beam element, and they are listed in table 2.
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