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Abstract— Composite materials are widely used in different 

areas such as aircraft, naval and automobiles. Main motive 

behind that is the distinctive property of weight reduction, 

which is important for greater speeds, improved payloads and 

efficient fuel consumption. Various damages like cracks or 

delaminating are inevitable during service period. They may 

be due to impact load, chemical decay or change in 

temperature or pressure conditions. It has been 

experimentally proved that confined damage in a structure 

causes the reduction in local structural stiffness, resulting in 

deviations in dynamic performance of the structure. 

Additional resonance or crack proliferation induce large 

displacements resulting in the failure of the structure. In this 

study, efforts have been made to determine the natural 

frequency of vibration of composite plate in different 

boundary conditions and the multiple parameters of crack 

have been varied and the results have been established. The 

tests on composite plate is done experimentally to find natural 

frequency using FFT analyzer and the results are validated 

using ANSYS. The work is done with varying crack 

parameters like depth, length and orientation. The frequency 

decreases with increase in crack dimensions and decreases 

with increasing orientations. For different boundary 

conditions, frequency increases with decreasing degrees of 

freedom. This will help in designing structures resistant to 

earthquakes and other disasters, given that the resonance 

frequency is known earlier. It will help in building a safe 

structure and will prolong its life for many years. 
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I. INTRODUCTION 

Cracks occurring in the plate cause the changes of the natural 

frequencies and the dynamic response behavior under loads. 

The effects of the cracks on the vibration characteristic of the 

structures have been widely studied. Krawczuk [1] proposed 

FEM model of a rectangular plate with a through crack by 

modifying the stiffness matrix of the plate element to simulate 

the effect of the crack Plates are straight, flat and non-curved 

surface structures whose thickness is slight compared to their 

other dimensions. Generally plates are subjected to load 

conditions that cause deflections transverse to the plate. 

Geometrically they are bound either by straight or curved 

lines. Plates have free, simply supported or fixed boundary 

conditions. The static or dynamic loads carried by plates are 

predominantly perpendicular to the plate surface. The load 

carrying action of plates resembles that of beams or cables to 

a certain extent. Hence plates can be approximated by a grid 

work of beams or by a network of cables, depending on the 

flexural rigidity of the structures. Plates are of wide use in 

engineering industry. Many structures such as ships and 

containers require complete enclosure of plates without use 

of additional covering which consequently saves the material 

and labor. The analysis of plates first started in the 1800s. 

Euler [1] was responsible for solving free vibrations of a flat 

plate using a mathematical approach for the first time. Then 

it was the German physicist Cladding [2] who discovered the 

various modes of free vibrations. Then later on the theory of 

elasticity was formulated. Navies [3] can be considered as the 

originator of the modern theory of elasticity. Napier’s 

numerous scientific activities included the solution of various 

plate problems. He was also responsible for deriving the exact 

differential equation for rectangular plates with flexural 

resistance. For the solution to certain boundary value 

problems Navies introduced exact methods which 

transformed differential equations to algebraic equations. 

Poisson in 1829 [4] extended the use of governing plate 

equation to lateral vibration of circular plates. Later, the 

theory of elasticity was extended as there were many 

researchers working on the plate and the extended plate 

theory was formulated. Kirchhoff [5] is considered as the one 

who formulated the extended plate theory. In the late 1900s, 

the theory of finite elements was evolved which is the basis 

for all the analysis on complex structures. However the 

analyses using finite elements are now being carried out using 

comprehensive software which requires high CPU resources 

to compute the results. Another method for analysis of plates 

statically and dynamically was later developed for arbitrary 

shapes using advanced finite elements. Actually there was a 

method called the weighted residual method which was used 

in analysis of plate even before the finite element method of 

analyzing the plate was formulated. 

II. COMPOSITES 

Composite material refers to material that is created by the 

synthetic assembly of two or more organic or inorganic 

materials in order to obtain specific material properties such 

as high strength and high stiffness to weight ratio, corrosion 

resistance, thermal properties, fatigue life and wear resistance 

& increased tolerance to damage [7].Development and design 

of polymer composite materials and structures is the fastest 

growing segment of lightweight(durable and sustainable) 

construction and product engineering. Since fifteen years for 

each five years period the world an engineered material 

system comprising of two or more phases on a macroscopic 

level is termed as a structural composite. The mechanical 

performance and properties of composite are superior to the 

properties of the independent constituents. The stiffer and 

stronger phase is called reinforcement, whereas the delicate 

phase is called matrix. Reinforcement, the mainstay of  

A. Objective of the Study 

The primary aim of this research is to study the vibration 

characteristics of a glass fiber composite plate with cracks. 
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The values obtained experimentally are compared with that 

obtained using ANSYS 15.0. 

The effects of different crack parameters like depth of 

the crack, length of crack, and orientation of crack on natural 

frequency of composite plate are studied and conclusions 

have been made to describe its property. 

III. RESULTS &       DISCUSSIONS 

The following results were obtained from the experiment on 

cracked composite plate and these vibration frequencies are 

compared with that obtained using ANSYS 15.0. 

Vibration Testing Results of Glass Fiber Composite 

Plate Effect of introduction of crack into the plate for different 

boundary conditions 

 
Fig. 1: Crack in the Composite Plate 

The frequencies for the first 3 modes in case of both 

cracked and untracked composite plate are shown in table. 

The frequencies are shown in different boundary conditions 

and compared for both experimental and with ANSYS. 

Using Crack dimension: Length (a) = 0.1L = 23.0 mm, Depth 

(d) = 0.5 mm 

Boundary 

conditions 

Frequency 

modes 

Plate 

without 

crack 

(Exp.) 

Plate 

without 

crack 

(ANSYS) 

Cracked 

plate 

(Exp.) 

Cracked 

plate 

(ANSYS) 

FFFF 

Mode 1 276 284.46 200 200.26 

Mode 2 404 432.81 356 372.42 

Mode 3 492 512.72 452 476 

CFFF 

Mode 1 184 192.15 172 174.67 

Mode 2 212 248.37 196 202.72 

Mode 3 360 387.24 344 350.60 

CFCF 

Mode 1 204 237.51 188 190.32 

Mode 2 292 312.14 256 280.57 

Mode 3 408 457.13 360 392.97 

SFSF 

Mode 1 196 212.67 180 178.24 

Mode 2 276 308.29 228 234.59 

Mode 3 384 426.32 352 358.57 

Table 1: Natural Frequencies (in Hz) of both Cracked & 

Untracked Composite Plate in Different Boundary 

Conditions 

It can be seen from the observations of the table that 

the natural frequency for all different boundary conditions 

decrease with the introduction of a crack. The crack is 

centrally located. It is due to reduction in the stiffness of the 

plate as the crack is introduced. The values of vibration 

frequency obtained with ANSYS are greater than 

experimental ones because the damping factor is not applied 

to the experimental values. It is simply observed that the 

vibration frequency is greatest for FFFF condition and then 

follows the sequence CFCF > SFSF > CFFF. As the restrain 

at the support conditions increases, frequency also increases. 

A. The Variation of Modal Frequency for Different 

Boundary Conditions are Compared through the Following 

Figures 

Figure shown Variation of natural frequency (in Hz) for 

cracked and untracked plates in different boundary conditions 

 
Fig. 2: Variation of Natural Frequency for Plate in FFFF 

Condition 

 
Fig. 3: Variation of Natural Frequency for Plate in CFFF 

Condition 

 
Fig. 4: Variation of Natural Frequency for Plate in CFCF 

Condition 
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Fig. 5: Variation of Natural Frequency of Plate in SFSF 

Condition 

B. Effect of Crack Depth on Natural Frequency for Different 

Boundary Conditions 

The depth of the crack was varied as 0.5 mm, 1 mm and 2 

mm. The total thickness of the composite was 3 mm. The 

crack length was same for all cases (a = 23.0 mm). The 

frequency obtained from experiment was validated using 

ANSYS and the values are shown in the table 

Crack Length (a) = 23.0 mm, crack depth (d) = 0.5 mm 

Boundary 

conditions 
Frequency modes 

Cracked Plate 

(Exp.) 

Cracked Plate 

(ANSYS) 

CFFF 

Mode 1 172 174.67 

Mode 2 196 202.72 

Mode 3 344 350.60 

CFCF 

Mode 1 188 190.32 

Mode 2 256 280.57 

Mode 3 360 392.97 

SFSF 

Mode 1 180 178.24 

Mode 2 228 234.59 

Mode 3 352 358.57 

Table 2: Natural frequency (in Hz) of cracked plate for 

depth d = 0.5 mm 

Crack Length (a) = 23.0 mm, crack depth (d) = 1 mm 

Boundary 

conditions 

Frequency 

modes 

Cracked plate 

(Exp.) 

Cracked Plate 

(ANSYS) 

CFFF 

Mode 1 168 173.76 

Mode 2 184 201 

Mode 3 336 349.94 

CFCF 

Mode 1 180 188.35 

Mode 2 244 278.78 

Mode 3 348 392.40 

SFSF 

Mode 1 172 177.63 

Mode 2 216 230.38 

Mode 3 344 356.97 

Table 3: Natural Frequency (in Hz) of Cracked Plate for 

Depth d = 1 mm 

Crack Length (a) = 23.0 mm, Crack Depth (d) = 2 mm 

Boundary 

conditions 

Frequency 

modes 

Cracked Plate 

(Exp.) 

Cracked Plate 

(ANSYS) 

CFFF 

Mode 1 162 168.53 

Mode 2 176 198.26 

Mode 3 324 347.65 

CFCF 

Mode 1 172 187.45 

Mode 2 236 274.82 

Mode 3 344 390.42 

SFSF Mode 1 166 175.28 

Mode 2 208 228.95 

Mode 3 332 352.47 

Table 4: Natural Frequency (in Hz) of Cracked Plate for 

Depth d = 2 mm 

It can be concluded from the observations that the 

natural frequency of vibration of the composite plate 

decreases with increase in depth of the crack. The similar trend 

is observed for all the three boundary conditions used for 

testing. The variations of natural frequency with different 

crack depths for different boundary conditions are shown in 

the following figures: 

Figure shown Variation of frequency (in Hz) for 

different crack depths in different boundary conditions 

 
Fig. 6: Variation of Frequency with Crack Depth for Plate in 

CFCF Condition 

 
Fig. 7: Variation of Frequency with Crack Depth for Plate in 

SFSF Condition 

 
Fig. 8: Variation of Frequency with Crack Depth for Plate in 

CFFF Condition 
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C. Effect of Crack Length on Natural Frequency for 

Different Boundary Conditions 

This is the most effective parameter among all the crack 

parameters considered for the vibration testing of the 

composite plate. The length of the crack was varied as different 

aspect ratios (a/L) were taken. The aspect ratios for which it 

was tested were 0.1, 0.2 and 0.5. The length of the crack were 

calculated as 23.0 mm, 47 mm and 117.5 mm respectively. 

The depth of the crack was however kept constant, i.e., d = 1 

mm. The results have been shown in the following tables. 

Crack length(a) = 0.1L = 23.0 mm, crack depth (d) = 1 mm 

Boundary 

conditions 

Frequency 

modes 

Cracked 

plate 

(Exp.) 

Cracked 

Plate 

(ANSYS) 

CFFF 

Mode 1 168 173.76 

Mode 2 184 201 

Mode 3 336 349.94 

CFCF 

Mode 1 180 188.35 

Mode 2 244 278.78 

Mode 3 348 392.40 

SFSF 

Mode 1 172 177.63 

Mode 2 216 230.38 

Mode 3 344 356.97 

Table 5: Natural Frequency (in Hz) for Crack Length a = 

23.0 mm 

Crack length(a) = 0.2L = 47 mm, crack depth (d) = 1 mm 

Boundary 

conditions 

Frequency 

modes 

Cracked plate 

(Exp.) 

Cracked Plate 

(ANSYS) 

CFFF 

Mode 1 156 170.81 

Mode 2 180 200.95 

Mode 3 316 345.82 

CFCF 

Mode 1 172 185.53 

Mode 2 236 272.30 

Mode 3 340 392.40 

SFSF 

Mode 1 164 175.22 

Mode 2 212 228.88 

Mode 3 328 353.82 

Table 6: Natural Frequency (in Hz) for CRACK LENGTH a 

= 47 mm 

Crack length (a) = 0.5L = 117.5 mm, crack depth (d) = 1 mm 

Boundary 

conditions 

Frequency 

modes 

Cracked plate 

(Exp.) 

Cracked Plate 

(ANSYS) 

CFFF 

Mode 1 144 154.92 

Mode 2 176 194.59 

Mode 3 308 332.82 

CFCF 

Mode 1 164 166.01 

Mode 2 232 247.77 

Mode 3 332 382.28 

SFSF 

Mode 1 160 162.63 

Mode 2 196 203.35 

Mode 3 300 301.26 

Table 7: Natural Frequency (in Hz) for Crack Length a = 

117.5 mm 

From the above results, we can conclude that the 

vibration natural frequency of the plate decreases with 

increase in length of the crack. This indicates that frequency 

varies with stiffness of the plate and it decreases when 

stiffness does too. The comparison between the effects of 

different crack lengths is shown in the following figures. 

Figure shown Variation of natural frequency (in Hz) with 

length of crack in different boundary conditions 

 
Fig. 9: Variation of Frequency with Crack Length for Plate 

in CFFF Condition 

 
Fig. 10: Variation of Frequency with Crack Length for Plate 

in CFCF Condition 

 
Fig. 11: Variation of Frequency with Crack Length for Plate 

in SFSF Condition 

D. Effect of Crack Orientation on Natural Frequency for 

Different Boundary Conditions 

The orientation of crack was initially 90 degrees. Then it was 

changed to 45 degrees. The orientation was measured with 

respect to the horizontal glass fibres of the composite plate. 

However, the length and depth of the crack were kept 

constants (a = 23.5 mm, d = 1 mm). The results of the 

experiment and that obtained from ANSYS have been 

tabulated below. 

For crack length (a) = 23.0 mm, depth (d) = 1 mm 

Boundary 

conditions 

Frequency 

mode 

90 

degree 

(exp.) 

90 degree 

(ANSYS) 

45 

degree 

(exp.) 

45 degree 

(ANSYS) 

CFFF Mode 1 168 173.76 200 211.41 
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Mode 2 184 201 228 234.26 

Mode 3 336 349.94 356 358.94 

CFCF 

Mode 1 180 188.35 188 191.25 

Mode 2 244 278.78 248 280.45 

Mode 3 348 392.40 372 408.36 

SFSF 

Mode 1 172 177.63 192 196.28 

Mode 2 216 230.38 244 247.71 

Mode 3 348 356.97 368 371.18 

Table 8: Natural Frequency (in Hz) for Plate in 90 & 45 

Degrees Orientations 

From the above results, it can be induced that 

frequency decreases by lesser amount when a crack is 

introduced at an angle rather than perpendicular to the 

direction of fibers. And also the trend is similar for 

complementary angles. The variation of natural frequency 

with orientation of crack in different boundary conditions is 

expressed in figures below. 

Figure shown Variation of natural frequency (in Hz) 

with different crack orientations in different boundary 

conditions 

 
Fig. 12: Variation of Frequency with Crack Orientation for 

Plate in CFFF Condition 

 
Fig. 13: Variation of Frequency with Crack Orientation for 

Plate in CFCF Condition 

 
Fig. 14: Variation of Frequency with Crack Orientation for 

Plate in SFSF Condition 

IV. CONCLUSION 

Conclusion The whole study deals with vibration testing of 

the fabricated composite plates to determine the natural 

frequency of vibration so as to prevent damages in structures 

due to the phenomenon of resonance. In the initial stages, 

composite plates were fabricated using the simple hand layup 

technique. Then the plates were cut into specimens of size 

230 mm x 230 mm for vibration testing using FFT analyzer 

and pulse software. A crack was introduced centrally in the 

plate to study the effects of varying parameters. The natural 

frequencies for first three modes were determined from the 

Frequency Response Function obtained in the Pulse Lab 

Software. The tests were conducted varying different crack 

parameters like depth of crack, length of crack and orientation 

of crack. The results obtained from the experiments were thus 

compared with those obtained by using the finite element 

package ANSYS 15.0. 

The various conclusions obtained from this study are:  

 The composite plates can be casted easily using the Hand 

Layup technique. 

 The natural frequency at which the plate vibrates 

decreases with the introduction of a crack. 

 The natural frequency is highest for the FFFF boundary 

condition and then follows the sequence CFCF > SFSF 

> CFFF. 

 If the depth of the crack increases, then the frequency of 

vibration of the plate decreases. 

 Natural frequency of vibration also decreases with the 

increase in length of the crack. 

 The frequency varies with the orientation of crack, so it 

increases if the orientation is changed from 90 degrees to 

45 degrees. It is maximum at 45 degrees. 

 The values obtained by using ANSYS software are 

greater than the experimental values. 

V. FUTURE SCOPE 

The current study of vibration analysis of cracked glass fiber 

composite plates can be expanded to the following arenas: 

 Study of Hydrothermal effects on the natural vibration 

frequency of cracked composite plates. 

 Study of buckling characteristics of composite plate with 

crack and study of hydrothermal effects on the buckling 

characteristics of the plate. 
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 Study of vibration characteristics on delaminated 

specimens of glass fiber composite plate with crack. 

 Study of vibration characteristics of cracked composite 

plates made of carbon fibers and also cracked hybrid 

composite plates. 

 Study of vibration characteristics of cracked composite 

plate in many more boundary conditions and other 

different crack parameters. 
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