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Abstract: This paper presents the damage analysis of a three-dimensional (3D) finite element replica of delaminated E-glass composite plates is 

developed to study the internal delamination in the FRP composite plates. FEM software ANSYS is used to model and  determine the natural 

frequencies of delaminated composite plates. Natural frequencies as well as modal displacements are intended for a selection of case by means 

of different size in addition to delamination characteristics. This illustration proves development of the accuracy of results for the delamination 

in composite plates. The analyses give you an idea with location to that implementation of delamination damage modes and are required for 

accurate simulation of the three dimensional delamination plates.  
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1. Introduction 

The utilization of laminated composite supplies in 

space vehicles as well as various machine components has 

increased considerably over the past decades. There is proof 

that trembling of laminated plates was the topic of additional 

than a 1000 publication in the last decade. Researchers 

explain important awareness in formative the natural 

frequencies of such significant structures. Qatu published 

the results intended for the frequencies of laminated plates 

having rectangular shapes beneath dissimilar edge setting 

and triangular shapes. Under frequent or shock loads these 

resources are subjected to a variety of forms of harm, more 

often delaminations and cracks. Such harm becomes a 

barrier to the additional widespread practice of compound 

materials. Consequently, the monitoring of interior or 

concealed damage in composite material is dangerous in 

manufacturing practice. The utilization of vibration based 

technique as non-destructive testing method for break 

monitoring of laminated composite panels is a meadow 

attract the attention of a lot of researchers 

The useful damage monitor intended for this type 

of fabric or arrangement depends mainly on the precise 

forecast or opinion of automatic or lively behaviors of 

together whole and offended merged panel. It is complicated 

to get precise solution for multi-layered panel have random 

lamination series and/or boundary conditions. This 

complexity increase significantly at what time such structure 

is delaminated. Therefore, computational approach similar 

to limited constituent method takes part in a significant 

position to detect damage for laminated composites. There 

are numerical delaminated multilayered composites. 

The model of a delaminated beam has two sub-

laminates by off-setting beam elements. Rikards urbanized a 

replica of limited super rudiments for squeeze in combined 

beam and plate with no delamination, every layer creature 

measured because a easy Timoshenko beam. Afterward, 

Gadara discusses the modal difference of delaminated ray 

beneath dissimilar edge conditions. Beginning and Rudolf 

analyzed the delaminated multi-layer compound shield base 

on Mindlin Reissner protect model. Zak et al. the beginning 

and Rudolf urbanized model of limited fundamentals future 

for beam and plates with edge delamination. 

Among most of the publications the prediction of material 

mechanical or dynamic behaviors is based on the standard 

laminated plate theory. In this assumption, the transverse 

shear bend effect is unobserved. Then, this assumption 

cannot give accurate consequences for reasonably thick 

laminated plates, for which the plane stretchy modulus is a 

great deal and is advanced than the transverse shear 

modulus. In addition, the Poisson’s effect is major for angle-

ply laminated plates. As a result, three-dimensional layer-

wise assumption is wanted in arrange to get a precise 

calculation of the active response of multi-layered 

composite panels. In addition, potential dangers are 

frequently induce by unseen or internal delaminations in the 

service laminated composites.. 

 In this paper, a three-dimensional finite constituent 

replica for multi-layered composite through the resources of 

internal delamination is recognized, in addition to the fiber 

orientations of individual lamina as well as the transverse 

and the Shear effect are in use into account. Numerical 

calculations using ANSYS 16.0 package are carried out for 

different plates beneath free boundary conditions. Natural 

frequencies, modal displacements of the intact and damaged 

multi-layer composite plates are subsequently analyzed for 

various samples. 
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2. Model refinement 

A sensitivity examination is passed out to study the 

effect of constituent dimension on the correctness of the 

finite element results. In this amend, an 8-layer laminated 

composite plate with a side length of 220 mm×70 mm and 

an overall thickness of 6 mm is measured. The ply 

orientations are [0°/90°/0°/90°]s and the material constants 

are E1 = 45 GPa, E2 = E3 = 10 GPa, G12 = G13 = 5 GPa, 

G23 =3.84 GPa, υ12 = υ13 = 0.3, υ23 = 0.33 and  ρ = 2E-09 

mm
3־

. 

 

     2.1. Model verification 

To validate the consequences of the developed 

model, the results obtain at this time are compared by the 8-

layer composite plate. The present examination shows 

earlier results to the reported consequences than the other 

reported analytical consequences. In accumulation, a 

dissimilar laminated compound protect is measured for 

representation verification. This is a 16-layer plate with an 

area of 220 mm × 70 mm and an entirety thickness of 6 mm. 

The ply orientations are of [0°/90°/0°/90°/0°/90°/0°/90°]s 

and the material constants are E1 = 45 GPa, E2 = E3 = 10 

GPa, G12 = G13 = 5 GPa, G23 =3.84 GPa, υ12 = υ13 = 0.3, 

υ23 = 0.33 and   

ρ = 2E-09 mm
3־

. 

 

3. Results and discussions 

3.1. Samples 

Two plates are considered prepared of E- epoxy 

composites. Each model laminate has a side length of 220 

mm ×70 mm and a overall thickness of 6 mm and consists 

of 8-layer in orientation of [0°/90°/0°/90°]s. Solitary of the 

plates is intact and named O, the additional plates are named 

A, B respectively, are damaged with delamination of 

dissimilar areas. The delamination position is replicated as 

an interspaces, or real division, of 0.02 mm between the 

third and the fourth layers including from the top of the 

plate. Each delaminated plate has only delamination located 

at the position with the center. The delamination center 

coordinates are x = 220 mm, y = 70mm. The delamination 

areas of plates A, B 30 mm × 30 mm and 50 mm × 50 mm 

are, respectively. The objects constants of the samples for 

FEM computations are 

E1 = 45 GPa, E2 = E3 = 10 GPa, G12 = G13 = 5 GPa, G23 

=3.84 GPa, υ12 = υ13 = 0.3, υ23 = 0.33 and ρ = 2E-09 

mm3־. 

 

Table 1 

Numerical results of the natural frequencies (Hz) for the free 

plates and plate A,B for 8-layer 

S.No Plate 0 Plate (A) 

30mm×30mm 

Plate (B) 

50mm×50mm 

1 34.183 33.935 31.98 

2 308.03 307.83 306.19 

3 343.92 343.54 341.51 

4 526.12 523.91 530.73 

5 992.35 991.76 926.09 

6 1032.51 1031.78 974.97 

7 1860.75 1859.74 1794.22 

8 1945.56 1943.15 1801.35 

9 2146.01 2136.28 2167.95 

10 2730.72 2725.98 2718.01 

 

 

Table 2 

Numerical results of the natural frequencies (Hz) for the free 

plates and plate A,B for 16-layer 

S.No Plate 0 Plate (A) 

30mm×30mm 

Plate (B) 

50mm×50mm 

1 47.434 46.483 44.36 

2 325.74 319.68 317.79 

3 339.41 367.07 333.55 

4 669.11 599.31 595.81 

5 1004.3 1030.15 979.91 

6 1039.1 1087.25 1019.72 

7 1929.01 1937.28 1873.82 

8 2016.95 2113.41 1953.56 

9 2788.35 2478.42 2464.58 

10 3031.83 2885.73 2890.49 

 

3.2. Delamination effect on the natural frequencies  

The natural frequencies are computed for the first 

ten modes of the plates. List the natural frequencies for the 

plates by means of dissimilar size of delamination. It can be 

seen with the intention of with the enlarge of delamination 

area, the natural occurrence decreases. The delamination 

consequence on the accepted frequencies is though very 

little for the first six modes and advanced for the additional 

modes. The association among the frequency and 

delamination dimension is investigate.  It is also seen that 

the decrease of the natural frequencies is not the same for 

different modes. The delamination-induced decreases of 

natural frequencies are relatively large, and the change of 

the natural frequencies is almost negligible. However, the 

variation manner of the values is not the same for each plate. 

When the delamination-induced changes of the natural 

frequencies are nearly zero for all the considered cases, 

which indicates that the delamination-induced frequency 

change is insignificant for small delamination. Therefore, it 

is indispensable to analyze the delamination-induced 

changes of other parameters such mode shapes, modal 

strains, etc., for effective detection of delamination in 

composite plates. 
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3.3. Delamination effect on mode shapes 

The analysis of the delamination-induced changes 

of plate parameters is mode-dependent. This may imply that 

the delamination region exerts specific effects on the 

relevant modes. In order to further investigate the 

relationship between the delamination in addition to the 

mode-dependent variation of power debauchery in the 

laminate, the unit-normalized restricted displacements of 

point inside the delamination area of the laminates are 

computed. The relative displacements are analyzed for 

points the length of the line immediately on the upper and 

lower surfaces within the delamination area of Plate A (the 

plate with delamination area of 30×30 mm
2
).

  
Fig. 1. The first mode shape of Plate A (33.935 Hz).   Fig. 2.The second mode shape of Plate A (307.83 Hz). 

 

    
 

Fig. 3. The third mode shape of Plate A (343.57 Hz).   Fig. 4. The fourth mode shape of Plate A (523.9Hz). 

    
Fig. 5.The fifth mode shape of Plate A (991.76 Hz).   Fig. 6. The sixth mode shape of Plate A (1031.7 Hz). 
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Fig. 7. The seventh mode shape of Plate A (1859.7 Hz).            Fig. 8. The Eight mode shape of Plate A (1943.1 Hz). 

 

 

 
Fig. 9. The Tenth mode shape of Plate A (2725.9 Hz). 

 

 It can be seen with the intention of significantly 

higher displacements, when compared with the modes with 

lower frequencies. Therefore, energy dissipation variation 

will be larger in the modes for the delaminated plates during 

vibration. The delamination appears clearly in Fig 8 because 

of the high energy dissipation in this mode as it is seen in 

Fig. 7. Therefore, as soon as the delamination occurs at 

someplace in a composite plate, there might be an 

interactive movement or impact inside the delamination area 

throughout the vibration of the laminate. These phenomena 

origin the variations of power debauchery in the laminate, 

and they are modal dependent. Thus, the delamination can 

be detected according to the difference of force dissipation 

in the laminate during vibration. The result of contact on the 

delaminated stiffened laminate was discussed.  

 

4. Conclusions 

A delamination analysis process for composite 

laminates was presented in this paper. The delamination 

defect for multi-layer composite plates has been analyzed by 

finite elements technique and modal examination. To 

complete correct consequences for delamination recognition 

of multilayer composite laminate, a moderately very well 

mesh is measured for the finite element analysis. The 

following conclusions might be drawn from the results of 

numerical replication in this study.  

(1) The finite element model planned in this paper can 

calculate precisely the active behaviors of a multi-layer 

composite plate with interior delamination at arbitrary 

position. 

(2) Local interior delamination has slight consequence on 

the natural frequencies of a multi-layer compound plate 

even though the amount of the natural frequency difference 

increases with together the delamination measurement and 

the arrange of the natural frequency. 

(3) Delamination consequence is clearer on mode shape than 

it is on the frequencies. The changes of the dislocation are 

mode-dependent. The location of the delamination in the 

laminate is important. If the delamination part occurs in the 



International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)              ISSN: 2349-7947 

Volume: 5 Issue: 5                                                                                                           60 – 64 

_______________________________________________________________________________________________ 

64 
IJRMEE | May 2018, Available @ http://www.ijrmee.org 

_______________________________________________________________________________________ 

laminate somewhere the dislocation of a exact mode is high, 

this mode is extremely impacted by the delamination. 

(4) The consequences of numerical examination in this 

study can be taken as guideline for understanding of 

dislocation measurements on the outside of specimen when 

experimental modal examination is conceded out to 

investigate local change of structural parameters for damage 

recognition. The finite element representation, plan and 

numerical technique provided in this paper can be used for 

dynamic response examination of damaged engineering 

structures, especially for multi-layer composite plates. 
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