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Abstract The dynamic analysis of delaminated composite structures is carried out based on the higher order
plate theory. In the finite element (FE) formulation, the seven degrees of freedom per each node are used with
transformations in order to fit the displacement continuity conditions at the delamination region. The boundaries
of the instability regions are determined using the method proposed by Bolotin. The numerical results obtained
for skew plates are in good agreement with those reported by other investigators. The new results for delaminated
skew plate structures in this study mainly show the effect of the interactions between the geometries and other
various parameters.
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[Table 1] Natural frequencies of square and skew laminated

plates

Skew Natural frequency

angle Source I 1 T
[7] (FSDT) 1.914 3974 6.654
[8] (FSDT) | 1914 3974 6.656
0° Present[FSDT] | 1.909 3.968  6.659
a/h Present[HSDT] | 1.907 3.960 6.588
[7] (FSDT) | 2.827 5.189 8.479
=1000 [8] (FSDT) | 2.824 5.189 8.483
30° | Present[FSDT] | 2.972 5857 17.735
Present[HSDT] | 3.027 5.883  7.830
[7] (FSDT) | 1.570 3.038 3.742
[8] (FSDT) 1.569 3.037 3.732
0° | Present[FSDT] | 1.569 3.036 3.729
Present[HSDT] | 1.570 2.903 3.781
[7] (BSDT) | 2.080 3.549 4.710
a/h=10 [8] (FSDT) 2.084 3.512  4.699
30° | Present[FSDT] | 2.069 3.525 4.645
Present[HSDT] | 2.036 3.358 4.608

[® 2] 2] AHApzt=el S7hEeE 27] A3t whE if
5= ¥3} (0/90/90/0)
[Table 2] Natural frequencies for different skew and
delamination sizes

Delamination size (%)
Skew | Node | 0 30 50 70
angle
1 11.627 10.995 10.595 9.331
0 I | 22346 | 21.608 | 18353 | 15.166
III 40.570 40.863 36.275 18.262
IV | 44911 | 43326 | 38007 | 26911
1 18.566 17.885 17.155 13.188
30 11 26.804 25.774 22.781 18.401
I 44.750 41.568 36.672 19.590
v 50.605 53.644 44.839 27.889
1 21.305 21.084 19.608 14.891
45 11 29.023 29.838 25.117 20.014
M | 44799 | 45.083 | 37.309 | 21.807
v 56.314 58.894 47.834 28.317
I 23.382 22.530 21473 16.445
60 1I 30.779 29.779 27.007 21.431
111 45.527 42.887 38.044 22.828
v 61.081 60.459 50.332 28.186
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[Table 3] Natural frequencies for different skew and
delamination sizes

Delamination size (%)
Skew | \ode 0 30 50 70
angle
I 13.594 | 13.048 | 12234 | 10.860
I | 27.873 | 29239 | 23619 | 17.921
0 I | 35205 | 37.702 | 38.046 | 18.699
IV | 46507 | 45.692 | 40.106 | 29.950
I 16328 | 15.610 | 14.847 | 13.018
0 | 32170 | 29.615 | 24.183 | 19.483
30 I | 37272 | 45162 | 38.588 | 19.755
IV | 54680 | 51.109 | 41.611 | 28.936
I 17.844 | 18.050 | 16312 | 14.467
0 | 31.674 | 31.988 | 24551 | 20203
45 I | 42992 | 49560 | 37912 | 21.717
IV | 51527 | 53.493 | 44906 | 28.606
I 19.519 | 18507 | 17.932 | 16.034
0 | 31597 | 29.577 | 25225 | 21.085
60 II | 49.008 | 47.875 | 37.511 | 23.870
IV | 50446 | 54.921 | 47.668 | 28210
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[Fig. 2] Dynamic instablity region for different skew angles
(No delamination)
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[Fig. 3] Dynamic instablity region for different skew angles
(30% delamination)
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[Fig. 4] Damage region for FRP repair of RC plates under
an impact loading
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