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Modal analysis of pre and post impacted nano composite laminates
Abstract
Modal analysis is carried out on pre and post impacted nano
composite laminates. The laminates are prepared using 3, 5
and 8 layers of 610gsm glass woven roving mats(WRM) with
epoxy resin and montmorillonite(MMT) clay content is varied from 1% to 5%. Impulse hammer technique is used to ﬁnd
natural frequency and damping factor of laminates. Medium
velocity impact tests are conducted by using a gas gun. The
vibration responses of natural frequency and damping factor are obtained and are studied for laminates with all edges
clamped boundary conditions. Results show considerable
improvement in natural frequency and damping factor due
to nano clay addition. It is also seen that the nano clay
controls the delamination due to impact loading.
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INTRODUCTION

Structures of automotive, aircraft, ship and mass transit bodies are subjected to a wide range
of dynamic loads that can produce excessive vibration. It is needed to understand the dynamic response of these structures for diﬀerent modes of vibration. The vibration of the elastic
plates has been studied widely both experimentally and theoretically [11]. The ﬂexural damping capacity of the composite laminates is due to the material properties, ply orientation and
stacking sequences of the layers. In the past, there were several work on analytical models to predict the damping responses of composite laminates for various lay-up speciﬁcations
[1, 4, 16, 17, 24]. Chandra et al. [6] have given extensive review on damping studies of ﬁbre
reinforced composites. Suarez et al. [21] studied the inﬂuence of ﬁbre length and ﬁbre orientation on damping and stiﬀness of polymer composite materials. Higher damping values were
obtained in graphite/epoxy and kevlar/epoxy laminates by varying the ﬁbre orientation than
by ﬁbre aspect ratio. Abderrahim et al. [12] evaluated experimentally the damping characteristics using beam specimens subjected to an impulse input. Impact and post impact vibration
response of metal foam composite sandwich plates was carried out for low and medium velocity
impact under free-free boundary condition [23]. The vibration response (natural frequency and
damping ratio) was reported as a function of impact load to the sandwich plate. Mujamdar and
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Suryanarayan [15] showed that a short delamination that is less than 25% of the beam length
did not signiﬁcantly aﬀect the ﬁrst and second mode frequency of the beam for all boundary
conditions. Roland et al. [19] established the ﬁrst mode natural frequency of the in-plane vibration in a composite square plate for free-free boundary conditions of laminates with 45◦ ply
orientation. Shadin et al. [20] carried out vibration tests on impact damaged composite beam
specimens and found decrease in natural frequency accompanied by an increase in damping
ratio. There is very limited work on experimental investigation of damping parameters for nano
composite laminates. The physical properties of the composites are improved by addition of
nano ﬁllers. Dispersion of nano clay eﬀectively improves the internal damping of the composites [3, 7]. Christian and Dongwei [8] reviewed free vibration of delaminated composites. Nano
size carbon ﬁbres increase the structural damping level up to two times in polymer composites
with increase in stiﬀness [10]. Nano particles make a better inter phase property which aﬀect
the damping characteristics of composites [18]. Jiua et al. [9] conducted experiments on nano
composite beams and showed 200–700% increase in damping ratios at higher frequencies. Antonio et al. [2] worked on low velocity impact response of ﬁber glass-epoxy- laminate with 1%,
to 10% organically modiﬁed MMT ceramic nanoclay and observed some variation in natural
frequencies and also observed that 5% clay addition is optimum for improvement in damping.
In this work the eﬀect of nano clay incorporation in the epoxy/glass ﬁber laminates is
studied for medium velocity of impact. The natural frequency and damping factor are obtained
for laminates before and after impact and the eﬀect of damage on natural frequency and
damping factor is studied. The cross ply laminates are considered for this study. The number
of layers used is 3, 5 and 8 to get the diﬀerent thickness values.The eﬀect of nano clay on
natural frequency and damping factor and also on delamination during impact is studied.
2
2.1

EXPERIMENTS
Preparation of nano composites

FRP composites ﬁlled with nano clay are fabricated in two steps. In the ﬁrst step MMT clay
was taken and mixed with the epoxy resin using a mechanical shear mixer in the laboratory.
Clay was mixed at 750 RPM for 2hrs. Then the mixture was placed in the vacuum oven to
remove the air bubbles at room temperature, which resulted in well dispersion of clay in the
epoxy resin. Then 10% curing agent, triethylene tetramine(TETA), was mixed with the epoxy
-clay mixture by weight and was reinforced by WRM mats. The laminates were prepared by
hand lay-up technique and then kept under pressure in a compression molding machine for a
period of three hours. The cured laminates were cut in to 300mm x 300mm size and holes were
made by using a Jig for mounting the laminates in the ﬁxture.
Figure 1 shows a typical result obtained from several XRD tests on samples of clay, neat
epoxy and epoxy with dispersion of various wt. % clay. The results obtained are analyzed
using Bragg’s law to calculate the d-spacing.
As seen in most other papers [14, 22] relative analysis of the peak and their intensity gives
suﬃcient information to the degree of dispersion of these nanoclays in the resin. Fig. shows
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Figure 1
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XRD pattern of epoxy with and without clay.

single peak at 11.15◦ and corresponding interlayer distance calculated from Bragg’s law is 11.8
Å. It is observed that the basal reﬂection peak is absent up to 4% of clay. This reveals that
the interlayer distance is more than 75 Åwhich means that Bragg’s diﬀraction condition is not
satisﬁed or exfoliated nanocomposite structure has formed [5]. For 5% clay, sharp reﬂection
peak is noticed at 2.85◦ and corresponding interlayer distance is 46 Åwhich indicates that
intercalated nano composites has formed. The formation of intercalated nanocomposite at 5%
clay content is due to the un-even curing in the intergallery and extragallery matrix regions of
the nanocomposites.
The tensile strength and tensile modulus for the laminates are given in the Table 1. The
values are the average of ﬁve test specimens. Improvement of tensile strength of about 32%
is noticed in laminates with 3% clay than laminates without clay. Similar improvement is
reported in our earlier studies [13]. Similarly the improvements in tensile modulus is observed
to be about 15% for laminate with 3% clay and about 10% for laminates with 4% and 5% clay.

Table 1

Tensile strength and modulus of the laminates with and without clay.

Properties
Tensile strength in N/mm2
Tensile modulus in GPa

Without
clay
207.25
18.34

1% clay

2% clay

3% clay

4% clay

5% clay

235.6
18.94

266.2
19.46

274.4
21.06

247.72
20.15

245.5
20.14
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Medium velocity impact

Prior to impact loading all the four edges of the laminates were clamped and the natural
frequency and damping factor were obtained by impulse hammer technique. Figs. 2(a and
b) show typical experimental set up used for the impact study. The specimens are subjected
to impact loading. A steel cylindrical projectile with spherical nose of mass 7.6 g is used for
impact loding at diﬀerent velocities between 35 m/s and 82 m/s. Laser diode is used to record
the incident velocity of the projectile. PCB accelerometer model PCB 352C41 of capacity of
500 g is used to measure the response through the data acquisition (DAQ) Card [NI-PXI 4472]
and the response is recorded on the personal computer. The data acquisition system is used
to capture the signal developed by the sensors.

(a)
Figure 2

2.3

(b)

(a) Gas gun set-up used for experiments (b) Fixture for laminate during testing

Vibration test

Vibration tests based on impulse-frequency response method are used to ﬁnd natural frequency
and damping factor. The laminate is exited in vibration by an impulse hammer while specimen
response is monitored by the accelerometer. The accelerometer location is identiﬁed in a nondamaged area by the projectile impact. The accelerometer is placed at 1/4 diagonal length which
is also a non- nodal line. The hammer is exited near the projectile impact area. Excitation
and response signals are fed into the Fast Fourier Transform (FFT) analyzer, which computes
and displays the frequency response curve. Labview 8.6 program is used for this purpose. The
series of the peaks in the frequency response curve give the natural frequencies of the system.
The damping factor for the materials is obtained by using the half-power band width method
(see, Figure 3).
The expression used to ﬁnd the damping factor ξ, is
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Figure 3
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FRF plot for ﬁnding damping factor.

ξ = (f 2 − f 1)/2fn

(1)

Where f1 and f2 are the lower and upper frequencies and fn is the resonance frequency.
3
3.1

RESULTS AND DISCUSSION
Pre impact natural frequency and damping

The specimens are excited using the impulse excitation technique both before and after the
impact. The natural frequencies of these tested laminates are obtained. The FRF plots are
obtained from the NI-DAS and the peak values of these FRF plots provide the natural frequency of the laminates. Figures 4 to 9 show the experimental values of natural frequency and
damping factor for the ﬁrst ﬁve modes of vibration of laminates for clamped-clamped boundary
condition. Improvement in natural frequency is noticed in all ﬁve modes of vibration due to
nano ﬁller dispersion. Fig. 4 shows modal natural frequencies for three layer laminates with
and without clay content. First fundamental frequency of the laminate without clay is 138.2
Hz and the frequency increases as the clay percentage increases. For 5% clay content, the
frequency is 155.6 Hz, i.e 12.6% increase in ﬁrst fundamental frequency is noticed. At higher
modes the diﬀerence in natural frequency is high. At ﬁfth mode of vibration the diﬀerence
between 5 % clay and without clay is 81 Hz, but the percentage of increase in natural frequency is same as in ﬁrst mode. This is because of constant frequency ratio between the higher
modal frequency and ﬁrst mode frequency for the same geomentry and boundary condition of
the laminates. Fig.5 shows modal natural damping factor for three layer laminates with and
without clay content. The damping factor values are between 0.002 to 0.01 for laminates with
and without clay for diﬀerent modes of vibration. There is increase in damping factor values
for addition of clay up to 3%, then there is drop in damping factor for all the modes. In mode I,
there is 90% improvement in the laminate with 3% clay when compared with laminate without
clay, and in mode V the improvement is about 130%. Presence of clay improves the damping
factor and also this value is high in higher modes.
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Figure 4

Natural frequency of three layer
laminates for ﬁrst ﬁve modes.

Figure 5

Damping factor of three layer laminates for ﬁrst ﬁve modes.

Fig. 6 shows the modal natural frequencies for ﬁve layer laminates with and without clay
content. First fundamental frequency of the laminate without clay is 211.4 Hz and it increases
as the clay percentage increases. For 5% clay content, the frequency is 248.8 Hz, i.e the increase
is about 17.7%. At higher modes the diﬀerence in natural frequency between laminates with
and without clay is still more. At ﬁfth mode of vibration the diﬀerence between laminates
with 5 % clay and without clay is 175 Hz, but the percentage increase in frequency is same for
all modes which is similar to three layer laminates. Fig.7 shows damping factor of ﬁve layer
laminates with and without clay content. It is observed, there is increase in damping factor
values in laminates for clay up to 3% and then there is drop. For the ﬁrst mode, there is 73%
improvement and in mode V the improvement is about 90%.

Figure 6

Natural frequency of ﬁve layer laminates at various modes.

Figure 7

Damping factor of ﬁve layer laminates at various modes.

Fig. 8 shows the modal natural frequencies of eight layer laminates with and without clay
content. First fundamental frequency of the laminate without clay is 329 Hz and it increases
as the clay percentage increases. For 5% clay content, the frequency is 362.5 Hz, i.e there is
an increase of 10.1% in ﬁrst natural frequency. At higher modes these diﬀerence in natural
frequency are still higher. The trend of natural frequencies is similar to that of three layer and
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ﬁve layer laminates. Fig. 9 shows the variation of damping factors for the laminates with and
without clay content. In eight layer laminates also, there is increase in damping factor values
of clay up to 3% and then there is drop. In mode I, there is 65% improvement and in mode V
the improvement is about 66%.

Figure 8

Natural frequency of eight layer
laminates at various modes.

Figure 9

Damping factor of eight layer laminates at various modes

The improvement in frequency of vibration is due to the enhancement in modulus values of
laminates with clay. In general it is observed that the addition of clay in the matrix increases
the natural frequency of vibration due to increase in modulus of nano composites. Natural frequency increases for clay up to 3 wt%, and on further increase, the natural frequency remains
same or slightly higher than laminates with 3% clay. At high clay content (>3%), the agglomeration and weak ﬁbre – matrix interface are possible reasons for having not much increase in
natural frequency.
It is clear that as the clay content increased, there is increase in damping factor which is
due to the presence of the additional medium (clay) in the matrix. For rigid nano-particles,
the high stress concentration area around the particles lead to initial microcracks and inelastic
deformation in the matrix. The interfacial shear strength between nano-ﬁller and matrix is
higher than in conventional composites due to the formation of cross-links or shield the nanoﬁllers that form thicker interphases than in conventional composites.
Comparing both natural frequency and damping factor of these laminates, there is improvement in modal natural frequencies due to clay addition. In natural frequency, the improvement
is noticed for clay up to 5%, but there is marginal diﬀerence in frequency for laminates with 4%
and 5% clay content. Considering the damping factor, the improvement is noticed for laminates
with clay up to 3%. The percentage of improvement is high for three layer laminates.
3.2

Post impacted natural frequency and damping factor

The test results for natural frequency of the laminates after impact are shown in Tables 2
to 4 for 3, 5 and 8 layered laminates, respectively. The Laminates with and without clay
were subjected to impact velocity of 35, 50, 65 and 82 m/s. The natural frequency values
corresponding to ﬁrst ﬁve modes are obtained. It is observed that there is decrease in natural
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frequency of laminates with and without clay. The decrease in natural frequency is high in
laminates when the velocity of impact is high. Also it is observed that the decrease in natural
frequency is high at higher modes of vibration. But this decrease in natural frequency is less
in laminates with clay.
Table 2 shows the post impact natural frequencies for three layer laminates with and without
clay. Laminate with 1% clay subjected to 35m/s velocity shows 2.5% improvement in mode I
and 2.2% in mode V. Similarly after 82m/s velocity, the improvement is 9.2% in mode I and
10.5% in mode V respectively. If laminates with 3% clay are compared with laminates without
clay, the increase in natural frequency for 35m/s to 82m/s is from 9.2% to 19% in mode I
and is 9.1% to 22.5% respectively in mode V. For laminates with 5% clay the increase in post
impact natural frequency for 82m/s is 21.8% in mode I and 27.2% in mode V respectively. It is
observed in post impacted specimens that there is increase in natural frequency for laminates
with clay compared to laminates without clay. Also it is observed that as the percentage of
clay is increased there is corresponding increase in percentage of natural frequency. This trend
is seen for the velocities from 35m/s to 82m/s. The increase in natural frequency for laminates
with clay is due to reduction in delamination compared to laminate without clay. Addition
of clay improves the natural frequency and also it controls the delamination area in laminates
subjected to impact loading (see, Fig. 10).

Table 2

Clay %
Without
clay

1% clay

3% clay

5% clay

Post impacted natural frequencies for three layer laminates.

Velocity of
impact in m/s
35 m/s
50 m/s
65 m/s
82 m/s
35 m/s
50 m/s
65 m/s
82 m/s
35 m/s
50 m/s
65 m/s
82 m/s
35 m/s
50 m/s
65 m/s
82 m/s

Post impact frequencies for three layer laminate in Hz
Mode I Mode II Mode III Mode IV
Mode V
136.5
274.3
393.1
461.3
600.6
135.1
271.5
389.0
455.2
589.0
133.9
269.1
384.2
449.9
573.0
122.2
245.6
349.4
410.5
523.0
139.8
280.9
402.6
483.7
613.7
134.7
270.7
522.6
466.0
588.6
133.9
269.1
519.5
460.6
582.0
133.5
268.3
381.8
457.9
578.0
149
299.4
429.1
515.5
655.1
147.9
297.2
424.4
511.7
650.7
146
293.4
417.5
509.5
642.4
145.3
292.0
415.5
506.3
640.7
151.2
303.9
446.0
536.7
666.7
150.3
302.1
441.8
535.0
663.5
150.1
301.7
441.2
528.3
663.4
148.8
299.0
435.9
529.7
665.1
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Table 3 shows the natural frequencies of post impacted ﬁve layered laminates with and
without clay. In 1st mode, the natural frequency of laminate with 1% clay after the impact
of 35 m/s velocity, is 222.1Hz and it is 6% higher when compared to laminate without clay.
For the same laminate at mode V the post impact natural frequency is 975.9Hz and it is 5.8%
higher than that of laminate without clay. In the case of laminates with clay of 5%, the increase
in mode I and mode V natural frequencies are 15% and 17.5% respectively when compared to
laminates without clay. Similarly for 82 m/s for the laminates with clay of 3% and 5% the
increase in mode I natural frequencies are 24.2% and 26.6% respectively and for mode V the
corresponding increase in frequency values are 28% and 31.8%. Hence it is understood that
presence of nano clay increases the natural frequency and reduces the delamination area.
Table 3

Clay %
Without
clay

1% clay

3% clay

5% clay

Post impacted natural frequencies for ﬁve layer laminates.

Velocity of
impact in m/s
35 m/s
50 m/s
65 m/s
82 m/s
35 m/s
50 m/s
65 m/s
82 m/s
35 m/s
50 m/s
65 m/s
82 m/s
35 m/s
50 m/s
65 m/s
82 m/s

Post impact frequencies for ﬁve layer laminate in Hz
Mode I Mode II Mode III Mode IV Mode V
209.6
421.3
603.6
708.4
922.1
209.2
420.5
602.4
705.0
912.1
207.2
416.5
594.6
696.1
886.8
191.8
385.5
548.5
644.4
820.9
222.1
446.4
639.6
768.4
975.9
220.3
442.8
854.7
762.2
962.1
219.7
441.6
852.4
755.7
955.0
218.4
438.9
624.6
749.1
945.6
241.2
484.8
694.6
834.5
1060.5
240.9
484.2
691.3
833.5
1059.6
239.8
481.9
685.8
836.9
1055.2
238.2
478.7
681.2
830.1
1050.2
246.2
494.8
726.2
874.0
1085.7
244.3
491.0
718.2
869.7
1078.5
244.1
490.6
717.6
859.23
1078.9
242.9
488.2
711.6
864.7
1082.1

Table 4 shows the natural frequencies of post impacted eight layer laminates with and
without clay. There is small increase (1.5%) in natural frequency of the laminates with 1%
clay for 35 m/s velocity of impact in mode I and mode V when compared to laminates without
clay. For the same laminate at 82 m/s velocity, the increase in natural frequency is 5.8% and
7% for mode I and mode V respectively. If we consider laminates with 3% clay the increase
in natural frequency with reference to laminates without clay the range is from 8% to 12% in
mode I and 8% to 15% in mode V for the velocities 35m/s to 82m/s. Similarly the range for
5% clay laminate is 10% to 15% in mode I and 10% to 18% in mode V. The reason for increase
in frequency of laminates with nano clay is that the clay increases the stiﬀness of the specimen.
It is observed that as the velocity of impact increases the delamination area also increases
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Table 4

Clay %
Without
clay

1% clay

3% clay

5% clay

Post impacted natural frequencies for eight layer laminates.

Velocity of
impact in m/s
35 m/s
50 m/s
65 m/s
82 m/s
35 m/s
50 m/s
65 m/s
82 m/s
35 m/s
50 m/s
65 m/s
82 m/s
35 m/s
50 m/s
65 m/s
82 m/s

Post impact frequencies for eight layer laminate in Hz
Mode I Mode II Mode III Mode IV
Mode V
328.8
660.8
946.9
1111.3
1446.2
328.2
659.6
945.2
1106.0
1430.9
326
655.2
935.6
1095.6
1395.2
311.5
626.1
890.9
1046.6
1333.2
334.5
672.3
963.3
1157.3
1468.4
332.8
668.9
1291.2
1151.4
1454.3
330.1
663.5
1280.7
1135.5
1434.9
329.6
662.4
942.6
1130.5
1427.1
355.1
713.7
1022.6
1228.6
1561.3
354.3
712.1
1016.8
1225.8
1558.9
351.8
707.1
1006.1
1227.7
1547.9
350.1
703.7
1001.2
1220.0
1543.9
362.1
727.8
1068.1
1285.4
1596.8
362
727.1
1064.1
1288.7
1598.2
361.8
727.2
1063.6
1273.5
1599.1
359.1
721.7
1052.1
1268.3
1585.1

and correspondingly there is decrease in natural frequency. Percentage of decrease in natural
frequency at higher mode is higher than ﬁrst mode. The percentage of decrease in natural
frequency is high in laminates without clay. Hence it is clear that addition of clay controls
reduction in delamination area which intern controls the reduction of natural frequency. Clay
addition in thicker laminates improves reduction in natural frequency, this is because the control
of delamination area by nano clay is high in thicker plates at high velocities. [see Figs. 11 and
12]. Figure 11 shows the variation in delamination area for 3 layer laminates subjected to
impact velocities between 35m/s and 82 m/s. At velocity 35 m/s, the delamination size in the
laminate without clay is about 78 sq. mm and no delamination is noticed in laminates with 4%
and 5% nano clay. When the laminate is subjected to velocity of 82 m/s the delamination area
for composite laminate without clay is 804 sq. mm. For the same velocity in laminates with
5% clay the delamination area is about 162 sq. mm. So, there is 80% decrease in delamination
area due to clay addition. In all the laminates an increased delaminated area was observed
on the rear side of the target than the front side which is due to bending of the target during
impact. Fig. 12 shows that the reduction in delamination area due to nano clay is much higher
in thick laminates than the thin laminates.
The damping factors of the impacted specimens are obtained by half power band width
technique from FRF plot. The damping factor is obtained for the ﬁrst ﬁve modes of the
impacted laminates. Figs. 13 to 15 correspond to post impact damping factor values for 3,
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(a)

(b)
Figure 10

Figure 11

(a) Delamination area of 5 layer laminate without clay when subjected to 50m/s (b) Delamination
area of 5 layer laminate with 4% clay when subjected to 50 m/s

Delamination area of 3 layer laminates subjected to diﬀerent velocities.

Figure 12

Delamination area of layer laminates with clay subjected to different velocities.
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5 and 8 layer laminates with and without clay, respectively. Fig. 13 shows the post impact
damping factor values for three layer laminates when subjected to 35 m/s impact velocity.
In mode I, the improvement for the laminate with 3% clay, is about 90% when compared
to laminate without clay. For laminate with 5% clay the improvement percentage is about
75%. The same trend follows in other modes. Fig. 14 shows the post impact damping factor
values of ﬁve layer laminates when subjected to 35 m/s. The improvement in damping factor
for mode 1 is noticed due to clay dispersion in matrix. The percentage of improvement for
3% clay is about 63%. Similar improvement is observed in mode 2 to mode 5 of vibration.
The post impact damping factors for 8 layer laminates are shown in Fig. 15. In mode 1, the
improvement for laminate with 3% clay is about 57% and for 5% clay it is about 52%. It is
observed that the presence of clay upto 3% improves the damping factor in all modes which is
seen in pre impacted specimens also. Comparing 3, 5 and 8 layer laminates, the improvement
percentage in damping factor is in high 3 layer laminates. This is due to higher delamination
area of 3 layer laminates than 5 and 8 layer laminates, when subjected to impact loading. The
improvement in damping factor of laminates with clay is due to clay dispersion in matrix and
degree of delamination.

Figure 13

Post impact damping factors for
three layer laminate subjected to
35 m/s.

Figure 14

Post impact damping factors for
ﬁve layer laminate subjected to
35 m/s.

Figure 16 shows the fracture surface of epoxy-ﬁber composite without clay. It shows failure
of bundle of ﬁbers without any damage in the surface area as it is held by the matrix. There
is no resistance from the matrix and hence the interfacial property of composite is poor and
shows low strength. Figure 17 shows fracture surface of epoxy-glass ﬁber with 1% clay when
subjected to 85 m/s. Failure of ﬁbers are seen with non uniform length. It is also observed
shear failure in ﬁber cross section as the failed cross section shows irregular shape. Figure 18
shows fracture surface of epoxy-glass ﬁber with 3% clay when subjected to 85 m/s. In this
case, matrix at the surface of the laminates is completely damaged and ﬁbers are not failed at
impacted zone. The impact energy is absorbed by the matrix and crack in matrix is observed
in the region away from the point of impact. Only few ﬁbers are failed in the laminate with
3% clay nearer to impacted zone. This is because the energy is obsorbed by the matrix with
Latin American Journal of Solids and Structures 8(2011) 9 – 26
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Post impact damping factors for eight layer laminate subjected to 35 m/s.

nano clay and the clay has participated in the load sharing. Figure 19 shows fracture surface
of epoxy-glass ﬁber with 5% clay when subjected to 85 m/s. Complete brittle failure of both
ﬁber and matrix is observed. This is due to the aggolerimation of clay particles leading to weak
bonding between the matrix and clay.

Figure 16

3.3

SEM of fracture surface of 3 layer
laminate without clay subjected
to 85 m/s.

Figure 17

SEM of fracture surface of 3 layer
laminate with 1% clay subjected
to 85 m/s.

Comparision of frequency and damping factor for pre and post impacted laminates

The experimental natural frequencies for pre and post impacted laminates are compared and
the results for Mode I of three layer laminates are shown in Fig.20. In mode I, the natural
frequency of laminate without clay, after 82 m/s velocity of impact, is 11.6% less compared to
pre impacted specimens. In mode V the natural frequency is about 19% less when compared
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Figure 18

SEM of fracture surface of 3 layer
laminate with 3% clay subjected
to 85 m/s.

Figure 19

SEM of fracture surface of 3 layer
laminate with 5% clay subjected
to 85 m/s.

to pre impacted specimens. For the same velocity, the laminates with clay of 1% to 5% the
decrease in mode I natural frequency is between 6.32%to 2.96%. Similarly for mode V, the
decrease in natural frequency after the impact is between 13.13% to 8.46%.

Frequency in Hz

Before Impact

Figure 20

35 m/s
50 m/s
65 m/s
82 m/s

Pre and post impact mode I natural frequencies for three layer laminates.

Fig. 21 shows the comparision of natural frequencies between pre and post impacted ﬁve
layer laminates with and without clay which were subjected to impact loading. In mode I, the
natural frequency of laminate without clay after the impact of 82 m/s velocity is 9.27% less
compared to pre impacted specimen. For the same laminate at mode V after the impact of
82 m/s, the natural frequency is about 17% less compared to the pre impact specimen. If we
consider the laminates with clay of 1% to 5%, the decrease in mode I natural frequency is less
Latin American Journal of Solids and Structures 8(2011) 9 – 26
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Figure 21
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Before Impact
35 m/s
50 m/s
65 m/s
82 m/s

Pre and post impact mode I natural frequencies for ﬁve layer laminates.

than 4%. Similarly for mode V, the decrease in natural frequency is between 9.3% to 6.5%.
Fig. 22 shows the comparison of frequencies corresponding pre and post impacted eight
layered laminates with and without clay. For mode I, the natural frequency of laminates
without clay after 35m/s velocity of impact is 5.3% less compared to the value of pre impacted
specimen. At 82 m/s, the natural frequency is about 13% less compared to the value of pre
impacted specimen. If we consider laminates with clay of 1% to 5%, the decrease in mode I
natural frequency is less than 2%. Similarly for mode V, the decrease in natural frequency
after impacted is less than 10% when compared to the value of pre impacted specimens.

Frequency in Hz

It is to be understood that as the impact velocity increases the delamination area increases
which intern reduces the natural frequency of the laminate. Addition of clay improves the
natural frequency and also it controls the delamination area in laminates subjected to impact
loading. Hence the decrease in frequency of laminates with clay subjected to impact loading is
much less than that in laminates without clay.

Before Impact
35 m/s
50 m/s
65 m/s
82 m/s

Figure 22

Pre and post impact mode I natural frequencies for eight layer laminates.
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Damping factor x10-3

Figures 23-25 correspond to Mode I damping factor values for 3, 5 and 8 layer laminates
with and without clay respectively. It is seen that there is improvement in damping factor
for laminates with clay upto 3%. It is observed in laminates with clay that as the velocity of
impact increases the increase in damping factor is almost double. This is because, the damping
factor is improved by nano clay as well as by the delamination area. In laminates with clay
between 1% to 5%, the maximum increase in damping factor is in laminates with 3% clay and
diﬀerence in damping factor with increase of impact velocity is much less when compared to
laminate without clay. The reason being that the clay controls the delamination due to which
the increase in damping factor is less for the velocity of impact increases. But in laminates
without clay the increase in damping factor with increase of impact velocity is high as the
delamination area increases with increase of impact velocity.

35 m/s
50 m/s
65 m/s
82 m/s

Mode I damping factor for three layer laminate before and after impact.

Damping factor x10-3

Figure 23

Before Impact

Figure 24

Before Impact
35 m/s
50 m/s
65 m/s
82 m/s

Mode I damping factor for ﬁve layer laminate before and after impact.
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Figure 25

4

25

Before Impact
35 m/s
50 m/s
65 m/s
82 m/s

Mode I damping factor for eight layer laminate before and after impact.

CONCLUSION

Composite laminates were prepared by hand lay-up and compression molding process and
subjected to projectile impact for velocities between 35m/s and 82 m/s in clamped-clamped
boundary condition. The natural frequency and damping factor of the laminates are obtained
before and after impact. The following conclusions are made.
1. XRD pattern of nano composites shows no peaks which ensures the uniform dispersion
of clay in the resin for clay upto 4%.
2. Natural frequency and damping factor in laminates are improved due to the presence of
nano clay.
3. The natural frequency for the impacted specimen is less that in pre impacted specimen
which is due to the damage caused by impact.
4. The damping factor and delamination area increase with increase of impact velocity.
5. In composites with clay the delamination area decreases with the increase of clay content
and is seen for all velocity ranges. Due to this the increase in damping factor is less than
that in laminates without clay.
6. Dispersion of clay improves the energy absorption capacity of matrix and protects failure
of ﬁber.
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