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Cylindrical rubber block composite structures have been prepared by compression moulding using the material combination
of a rubber compound and a 10 mm thick plate-insert of aluminium metal honeycomb sandwich structure (AHCS) or
Kevlar-reinforced plastic composite laminate structure (KPCL) embedded in the rubber block while preparing the above
cylindrical rubber block composite structures such as CRBCS, and CRBCS, respectively. Here the suffices (h and k)
signify rubber encapsulated composite structure containing AHCS and KPCL. Instrumented impact, dart drop method of
testing was used to examine the relative energy absorption characteristic of the structures. On application of impact loading
with an impact energy of 600 Joules, the vulcanised cylindrical all-rubber block samples (CRBS having no insert) got failed
completely. On the other hand, when the same impact energy was applied to the vulcanised cylindrical rubber encapsulated
composite structure (CRBCS i.e., CRBCS, or CRBCS,), the samples remained virtually unbroken but received only a
permanent deformation on the upper part of the CRBCS sample surface where the dart impacted. And such deformations
are in conformity with the relative deflection data as was observed in the oscilloscope. Interestingly, it was observed that
the KPCL embedded cylindrical structure, CRBCS, absorbed more impact energy than the corresponding AHCS embedded
cylindrical structure, CRBCS, but the latter structure advantageously showed greater time lag for transmission of impact
load. When the plate-inserts such as AHCS and KPCL were tested under drop weight impact testing method, their
deformation trace out profiles were found to be quite different from that of their rubber encapsulated counterparts such as

CRBCS, and CRBCS,.
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Introduction

For the development of a light weight blast protective
system, it is necessary to appreciate the fact that there
are various mechanisms of shock or impact energy
attenuation, for example through rarefaction of waves,
impedance mismatch, irreversible compression and
plastic deformation and the like [1-7]. Studies of the
stresses produced in the structures and their
propagation are very important from the viewpoint of
safe design of structural items [1-4]. Consideration
of stress wave movements in solids in various
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conditions of dynamic loading has been of serious
concern to researchers for a long time. And scientists
often have to handle the problems of structural
responses to moving and impulsive loads while
selecting the materials for the design of various
defence equipment. The design of structures against
shocks and sonic booms have drawn great interest
among scientists worldwide through the development
of structures to encounter the stresses resulting from
the explosions or impact loading. All along, one of the
special areas of interest to the defence scientists has
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been no doubt in the field of studies pertaining to the
transfer and attenuation of stresses in the visco-elastic
media. Therefore, studies relating to the transfer of
stresses across boundary layers through the media of
different densities and elastic properties [2-6, 8] has
motivated and drawn a lot of attention. In fact, the
experiments on the evaluation of impact properties
are always considered very much important towards
making worthwhile contribution to understand the
attenuation phenomena of the impact load in the
development of suitable material system for practical
application.

The importance of polymer and composite
materials has been steadily growing to deal with the
problems of impact loading of various threat levels
[7-17]. There is always ever a need for the
experimental work on the evaluation of properties of
the special composite system [4, 12, 14-21]. In this
backdrop, in the present work it generated
experimental data which provided some interesting
knowledge to understand the behaviour of the plate-
insert material system such as aluminum honeycomb
sandwich [17, 22, 23] structure (AHCS) and Kevlar
reinforced plastic [10, 11, 13, 21] composite laminate
(KPCL) vis-a-vis their corresponding rubber
encapsulated plate-insert material forms such as
CRBCS, and CRBCS, respectively under dynamic
impact loading. Such dynamic load may be considered
as some kind of mechanical shock and its study is
expected to enrich the knowledge towards
development of materials system to help tackle the
problems in relation to the attenuation of impact load.

Experimental
Plate-Insert Materials
(a) Honeycomb

Aluminum honeycomb sandwich [15, 22, 23] structure
(AHCS) with a core-cell size of 5 mm and thickness
10 mm procured from Hidusthan Aeronautics Limited
(HAL), Bangalore was used as plate-insert material
to prepare CRBCS, . The sandwich structure was cut
into the desired circular shape of diameter 60 mm for
insertion into the cylindrical rubber block composite
structure (CRBCS, 40 mm) as schematically shown
in Fig. 1.

Fig. 1: Typical Cylindrical Rubber Block

omposite
Structure (CRBCS) in which plate-insert is embedded.
CRBCS includes CRBCS; or CRBCS,

(b) Kevlar Reinforced Plastic Composite Laminate
(KPCL)

Kevlar fabric was received from M/S Versieday, West
Germany for fabrication of Kevlar reinforced plastic
composite laminates (KPCL) [10, 11, 13, 21]. It was
prepared from the prepregs of butyraldehyde-modified
phenolic resin and Kevlar-29 fabric (460 g/m?). The
prepregs were prepared by spreading the phenolic
resin solution over the surface of the fabric followed
by evaporation of the solvent to make their prepregs
for fabrication of laminate by compression molding.
10 mm thick KPCL containing 25% resin was
prepared from the prepreg in a compression mould at
160°C under a pressure of 7 MPa. The size of KPCL
sample was made same as that of AHCS.

Rubber Compounding

The ingredients for rubber compounding were mixed
in a conventional laboratory open mill at 40° C to 45°
C with a mill rolls speed ratio of 1.1 and the time of
mixing was kept same for all the mixes to ensure
uniformity in the compounding. The rubber was first
added to the mill and then masticated till the viscosity
is reduced sufficiently [26]. After mastication of
rubber carbon black (particulate reinforcing filler), zinc
oxide (activator cum filler), Nonox-D (antioxidant),
stearic acid (activator), process oil, sulphur (curing
agent) and mercaptobenzthiazole (MBT accelerator)
were added step by step to the masticated rubber
and mixed uniformly. Such rubber compound was
vulcanized at 150°C and 5 MPa pressure for 25
minutes in a hydraulic press for fabrication of CRBS,
CRBCS, and CRBCS, samples.

Under the processing conditions and during
performance, rubber is subjected to different forms
of stress and they undergo flow and other deformations
[26, 27]. Control of rheology was very important and
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was to be adjusted by formulation with compounding
ingredients and subsequent processing conditions. In
this experimental study, rubber compounding has been
formulated (Table 1) to encapsulate the plate-insert
materials (KPCL or AHCS) in the desired position in
the rubber block without undesired displacement.

Table 1: Recipe for the natural rubber compounding using
different chemicals

Ingredients phr (parts per hundred
parts of rubber)

Smoked Sheet 100

Carbon Black 45

Zinc Oxide 5

Fatty Acid 1.5

Oil 1.5

Accelerator, MBT 1.0

Sulfur 1.5

Antioxidant, Nonox D 1.0

Curing Temperature and Time 150°C and 25 min

of Cure respectively

Fabrication of Cylindrical Rubber Block
Composite Structures (CRBCS) Comprising
Rubber and Plate-Inserts (KPCL, AHCS) Samples

A specially designed metal mould having cavity
dimension of 50 mm height and 80 mm diameter (ID)
was used for making rubber block structure (CRBS)
and cylindrical rubber encapsulated composite
structure (CRBCS) by compression moulding, where
the acronym CRBCS includes CRBCS, as well as
CRBCS,. The thickness and diameter of AHCS or
KPCL circular plate-insert are 10 mm and 60 mm
respectively.

(1) Kevlar-29/Phenolic resin hard composite
laminate (KPCL) as plate-insert was embedded
in the rubber block for fabrication of vulcanized
cylindrical rubber block composite structure
(CRBCS,, where the suffix k signifying the
presence of KPCL in CRBCS).

(2) Aluminum honeycomb sandwich structure

(AHCS) of 5 mm core-cell size as plate-insert
was embedded in the rubber block for fabrication
of vulcanized cylindrical rubber block composite
structure (CRBCS,, where the suffix h signifying
the presence of AHCS in CRBCS).

Evaluation of Mechanical Properties

Kevlar reinforced phenolic composite laminate
(KPCL): Evaluation of tensile, interlaminar shear
strength (ILSS) and impact properties of the composite
laminate was made as per ASTM D7565 and BS 2782
Part-3, Method 315A: 1977 respectively. Tensile
strength and ILSS were evaluated in Tinius Olsen
Universal Testing machine whereas Dynatup
Instrumented Impact Testing Machine was used to
determine the impact strength.

Instrumented Impact Testing (Dart Drop Method)
Sample For Testing

Samples of plate-insert materials (AHCS and
KPCL) and those of cylindrical rubber block
structures (CRBS, CRBCS i.e., CRBCSk or
CRBCS, ) were tested by application of impact loading
using drop dart method [28] where the velocity was
adjusted to control the energy at 200 Joules and 600
Joules respectively for the plate-insert materials
(AHCS, KPCL) and cylindrical rubber block
structures (CRBS, CRBCS). The method uses a free
falling dart steel rod tup (having hemispherical shape
with a 16 mm diameter) attached to a load which
was allowed to strike the AHCS, KPCL, CRBS,
CRBCS, and CRBCS; samples with a given velocity.
The samples of cylindrical rubber block structures
(CRBS, CRBCS) for testing were of 80 mm diameter
and 50 mm thickness. An oscilloscope recording
system (Dynatup) was used [22, 28] to record the
load-time trace and the integrated energy-time trace
as shown in Figs. 2-5.

Results and Discussion

Impact property is an important parameter which helps
to understand the design of protective systems against
shock resulting from impact load or blast [2-7, 12,
14]. It is reported in the literature that the laminated
and sandwiched structures are generally better in
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Fig. 2: Instrumented impact test results of aluminium
honeycomb sandwich structure, AHCS
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Fig. 3: Instrumented impact test results of aluminium
honeycomb sandwich structure embedded in rubber
block CRBCS,

attenuating the shock waves [4, 5, 8, 14, 22-24]. In
this study, the cylindrical rubber composite sample
structures are made as non-homogeneous composite
structure with a purpose to introduce non-
homogeneities in terms of elastic and wave
propagation properties and impedance characteristics
in the system to happen when dynamic load is to be
applied [3, 4, 8].

In the present investigation, the use of Kevlar
fibre as reinforcement has been preferred because
of its attribution of high strength, toughness and
relatively low density compared to other fibres like
for example, metal and ceramic fibres [13, 19, 24,
29]. The interesting feature of the assembly of the
composite structure (CRBCS,) containing KPCL

plate-insert is that it contains all the basic three
categories of polymer materials [30, 31] such as natural
rubber (elastomer), plastics (phenolic resin) and fibre
(Kevlar fabric). In this cylindrical rubber composite
system, the effectiveness of vulcanized rubber as
encapsulant for the plate-inserts is owing to the
rubber’s high dynamic modulus rather than static
modulus of elasticity unlike metals, fibres and plastics
[27]. In this rubber encapsulated composite sample,
logically a major portion of the tensile mechanical load
is carried by the Kevlar fibre in the KPCL plate-
insert. The phenolic resin as plastic phase acts mainly
as hard binder for the Kevlar fibre for the composite
plate-insert structure to enhance the rigidity in the
KPCL laminate structure to act against the
compressive mechanical load upon impact on the
upper side of the KPCL in the CRBCS, sample.

It is reported that the presence of voids can
dampen the shock waves [4, 22, 32]. In recent times,
biomimetic tendon-reinforced (BTR) composite
structure, comprising: a plurality of spaced-apart
stuffer members is being explored as protective item
against blast [4, 8, 32-33]. It is also reported that the
inclusion of foam material in the BTR composite
structure can absorb energy under shock or impact
load and help to reduce the force transmitted to the
entire structure [33]. Furthermore, foam material is
reportedly helps reducing stress concentration in the
BTR composites system [32, 33]. With this
background of information, metal honeycomb
sandwich structure (AHCS) was used to create foam
like structure in the CRBCS, sample. And also the
choice of honeycomb sandwich structure has been
made in view of its high structural integrity, resistance
to dynamic load, insulating capacity towards heat and
sound energy [14, 20-21, 32]. The purpose of
introducing honeycomb was to introduce discontinuity
in the CRBCS, structure because it is reported that
the most effective way of reducing transmission of
sound energy produced by impact force or blast is by
introducing discontinuities in the structure [27].

The results of the mechanical properties of
Kevlar fibre reinforced phenolic composites laminate
(KPCL) in terms of tensile strength and interlaminar
shear strength are evaluated as 432.1 MPa and 12.04
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MPa respectively. The plate-insert (AHCS and
KPCL) were tested under drop weight impact testing
method. And the load history during the impact event
was recorded; in addition to that the load signal was
integrated to produce a second signal that was the
energy absorption (Figs. 2 and 3). The relative impact
energy characteristics of the plate-inserts and
encapsulated rubber block structures are summarized
in Tables 2 & 3. It is interesting to note that the
deformation trace out profiles of the plate-inserts
like KPCL and AHCS are quite different from that of
their rubber encapsulated counterparts CRBCS, and
CRBCS, (Fig. 2 through Fig. 5).

It was observed that the all-rubber samples
(CRBS) got failed completely with the application of

Fig. 4: Instrumented impact test results of Kevlar reinforced
plastic composite laminate structure, KPCL

Fig. 5: Instrumented impact test results of Kevlar reinforced
plastic composite laminate structure embedded in
rubber block CRBCS,

an impact energy of 600 Joules; but when the same
impact load was applied on the rubber encapsulated
structures such as CRBCS, and CRBCS, samples,
their basic structures remain protected even on
application of impact energy but they experienced a
minor deformation at their upper surfaces as
permanent set (and the corresponding deflection is
recorded in the oscillometer). Because of the presence
of vulcanized rubber, there was rebouncing of impact
load [27, 28] as implicated in the trace out of the profile
(Figs. 3 and 5) of the sample of thickness as high as
50 mm. In this case, the presence of vulcanized rubber
in the composite system is responsible for apparent
protection of the structure, thus showing engineering
value of vulcanized elastomer [26, 27] when used in
combination with the composite plate-insert
structures like KPCL and AHCS. Interestingly and
more importantly, each of the plate-inserts (KPCL
or AHCS) and all- rubber structure (CRBS) when
used separately, each got failed completely; but when
either of them (KPCL or AHCS) was used in
combination with rubber, the combined sample did not
apparently fail but each experienced some permanent
deformation at the impacted spot area on the upper
surface of the sample. Thus, clearly there is a synergy
in the combination of plate inserts and vulcanised
rubber to act against the impact load more effectively.

In the elastic body, when load motion is produced
by a suddenly applied force, the action is not
transmitted at once to all parts of the body [2-7]. At
the beginning, the remote portions of the body remain
undisturbed and the deformation produced by the load
at the immediate region of the applied impact force is
believed to propagate through the body in the form of
elastic waves. The hydrodynamic phenomena are
reported to have great role to play for attenuation of
such impact pressure. These waves are considered
to be as plane waves at a great distance from the
centre of disturbance.

The load history event experienced in the
impacted sample test piece is schematically shown in
Fig. 2 through Fig. 5. It may be noted that when AHCS
and KPCL plate-inserts were used separately without
any rubber encapsulation, then the energy absorption
profile followed some kind of a zigzag path before
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being failed completely (Figs. 2 and 4). Interestingly,
almost cent percent of the energy input has entered
into the KPCL plate-insert system to follow a zigzag
energy profile (approximately 1 m sec - 7 m sec region,
Fig. 4). In such cases, the load-time history can be
broadly divided into two regions - aregion of fracture
initiation and a region of fracture propagation. As the
load increases during fracture initiation phase, the
elastic strain energy is accumulated in the sample and
no gross failure takes place; but failure mechanisms
remained actively damaging on a microscale.
However, it may be noted that such samples without
any rubber encapsulation did not find practically any
scope to rebounce any energy because of the lack of
resiliency with the samples of KPCL and AHCS.

Fig. 2 broadly indicates that with the application
of impact load on AHCS through the falling of dart,
the 1% immediate face of the honeycomb sandwich
structure got damaged as implicated through the
inflection of load within a short period of around 2 m
sec followed by steadiness of load profile for a while
(approx. 3-9 m sec. region) showing the failure
process of the uniform cell structures of the
honeycomb. Thereafter, in the impacted sample

AHCS again there was increase in the load (approx.
9-15 m sec region, Fig. 4) as a result of the creation
of the combined structure resulting from the
association of the 1%t and 2" faces of the honeycomb
sandwich structure besides the components of the
generated post compressed cell structure of the
honeycomb (approx. 15-23 m sec. region, Fig. 2).

CRBS, CRBCS, and CRBCS, samples were
put to test to examine the role of rubber in the
vulcanized rubber encapsulated structures in effecting
rebounce to the impact force. The tests clearly show
that rubber has a very interesting role, when used in
combination with plate-inserts (KPCL and AHCS),
to manage the shock by rebouncing the impact load
[26] from the immediate area of the impacted sample
system.

Rheologically, rubber is viscoelastic and its
engineering value lies in its uniquely enormous
reversible extensibility and energy absorbing capacity
[26, 27]. It may be recalled that in engineering
applications, discontinuous shock absorption and
continuous vibration insulation are two functions which
are not very easy to separate [26, 27]. In many cases

Table 2: Results of relative impact energy data for the plate-insert material without any vulcanised rubber encapsulation

S.No. Samples (dimension of the cylindrical block sample) :
radius = 40 mm, thickness = 10 mm

Energy absorbed, Deflection of the Time lag,
Joules sample having been m sec
impacted, (mm)

1. Aluminium honeycomb sandwich structural plate-insert

material sample (i.e., AHCS)

2. Kevlar reinforced plastic composite laminate plate-insert

material sample (i.e., KPCL)

186.08 24.85 37.82

195.52 12.50 10.55

Temperature of experiments = 25°C; Velocity of the falling dart = 2.2 m/sec; Energy applied (Input) = 200 Joules

Table 3: Results of relative impact energy data for the cylindrical vulcanised rubber block structures (CRBS, CRBCS, and

CRBCS,)

S.No. Samples (dimension of the cylindrical block sample) :
radius = 40 mm, thickness = 50 mm

Energy absorbed, Deflection of the Time lag,
Joules sample having been m sec
impacted, (mm)

1. All-vulcanised rubber block, R (i.e., CRBS, no insert placed) 1.0 2.1 0.64
2. CRBCS, sample (vulcanised rubber encapsulated AHCS plate-insert) 79.17 7.93 247
3. CRBCS, sample (i.e., vulcanised rubber encapsulated KPCL plate-insert) 108.53 7.83 2.28

Temperature of experiments = 25°C; Velocity of the falling dart = 3.3 m/sec; Energy applied (Input) = 600 Joules
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rubber is called upon to play the role of shock manager
and also contribute to dampening the vibrations. In a
material system involving rubber, the design for shock
absorption as well as for the insulation of continuous
vibration calls for the use of appropriate physical
properties in the rubber component [27].

Tables 2 and 3 indicate that the KPCL plate-
insert embedded cylindrical structure, CRBCSk
absorbed more impact energy than the corresponding
AHCS embedded cylindrical structure, CRBCSh but
the latter structure advantageously showed greater
time lag for transmission of impact load. Presence of
hollow structure through the inclusion of AHCS might
have helped to reduce the force transmitted to the
main structure [33]. Interestingly, the hollow structure
in AHCS as well as in CRBCS, could produce more
deflection (Tables 2 and 3) which are in commensurate
with the observation of Jiang et al. reporting that foam
can undergo much larger deformation under a given
blast load [33]. They also reported that BTR
composite with foam could delay the composite
damage time compared to the damage time of the
composite without foam core [33].
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