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------------------------------------------------------------ABSTRACT----------------------------------------------- 
This paper is a study of impact damage for composite material. The damage of composite structures caused by 

impact events is one of the most critical behaviours that inhibits more widespread application of composite 

material. It is important to study and understand the damage mechanism in order to produce effective designs 

for composite structures. The aerospace industry is one of the industries that uses composite material widely in 

its structures.  The failure caused by impact damage will contribute to unexpected scenarios. This paper 
discusses damage in composite material, impact in composite material, classification of impact, impact 

response, high velocity impact, energy absorption and impact force of composites, and modes of failure. 
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I. INTRODUCTION 

In recent years, impact damage induced in laminated composites used for primary load-bearing 

structures has been, and still remains, an area of great concern. This high level of concern stems from the fact 

that impact damage occurs in various forms such as matrix cracking, fibre/matrix debonding, surface 

microbuckling, delamination, and fibre breakage, and that the different forms of impact damage affect the 

various laminate properties to different degrees [1].Glass/polyester laminate structures are widely employed in 
the aeronautics as well as the naval and ground-transport industries owing to their good mechanical properties, 

low manufacturing costs, and permeability to electromagnetic waves. Although these kinds of structures are not 

designed as armour, they could be subjected to high-velocity impacts of low-mass fragments, and this requires 

deeper knowledge of their response to impacts of this type. Impact damage could significantly diminish their 

strength, although this may not be visually detectable [2]. This is one of the main reasons why the use of 

laminate-type composite materials is limited [3]. In this paper, reviews are based on the damage in composite 

materials, impacts on composite materials as well as failure modes in composite structures. 

 

II. DAMAGE IN COMPOSITE MATERIAL 

Composite is not atmospherically oxidised. Therefore maintenance can be reduced. Atmospheric 

oxidation is the main reason for the maintenance of metal parts. Composites are much more susceptible to 

damage caused by heat and ultraviolet light than metal. Both heat and ultraviolet light can degrade the resin 
composite by initiating chemical reactions such as oxidation. Oxidation of the epoxy resin due to heat damage 

can reduce the physical properties and mechanical strength of a composite [4]. Severe degradation of the resin 

component may reduce the overall strength of the composites often leading to premature failure. Thermal 

pressure caused by lightning, engine overheating or engine fire has been observed to cause loss of mechanical 

strength, enbrittlement and finally cracking.When composites were introduced into aircraft components, 

unexpected damage from in-service conditions occurred. Most of the damage was categorised as internal defects 

and generally consisted of matrix cracking which was not easily detected on the surface of the specimen. This 

may have been due to impacts during flight operations, such as runway debris impacting on composite 

airframes, bird-strikes during flight operations, or the dropping of hand tools during maintenance work. Under 

repeated or impact loads these materials were subjected to various forms of damage, mostly delamination and 

cracks [5].In the laminated composites usually used in aircraft applications, damage can appear in various 
forms: matrix cracking, fibre fracture, fibre pull-out and delamination. These are all possible damage 

mechanisms which can be faced by composite laminates in the event of impact. When these materials are 

subjected to impacts, the structural integrity, stiffness and toughness of the material are significantly reduced, 

resulting in catastrophic failure of the structure in extreme scenarios. Impact damage can cause a reduction in 

the performance of composite structures. 
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III. IMPACT ON COMPOSITE MATERIAL 

In aviation, the collision of two or more bodies can range from dropped objects, the collision or 

grounding of vessels, the collision of vehicles or aircrafts to accidental impacts like bird strikes. Due to the 

increasing focus on the impact problem, it is important to understand the material‟s behaviour when subjected to 

impulsive loading. Impact is defined as the collision between two or more bodies, where the interaction between 
the bodies can be elastic, plastic, fluid or any combination of these. The impact velocity is one of the 

fundamental quantities in impact dynamics [6]. After the impact event, a series of physical phenomena takes 

place such as elastic, shock, and plastic wave propagation, fracture and fragmentation, perforation, and 

spallation [7]. Impact damage in aircraft can be caused by different sources [8]. In general, there are four types 

of velocity:-, low, high, ballistic and hypervelocity. A low velocity impact (<11 m/s) may occur through damage 

from, for example, service trucks, cargo containers, dropped tools during maintenance operations, etc. A high 

velocity impact (>11 m/s) takes place through sources such as: debris from the runway hitting the fuselage 

during take-off or landing, ice from the propellers striking the fuselage, hail, and bird strikes. Damage can also 

be caused by ballistic impact (>500 m/s) which is normally a concern for military applications. Finally, there is 

hypervelocity impact (>2000 m/s), e.g. the impact of space debris on a spacecraft.  The impact problem can be 

simplified by dividing it into two separate conditions: low velocity impact by a large mass (dropped tool) and 
high velocity impact by a small mass (runway debris, small arms fire, etc.) [9]. The impact object may cause 

internal damage that is often hard to detect and this can result in a severe reduction in the strength and stability 

of the structure;-, thus the effect of foreign objects impacting on composite material is a major problem [10].  

 

Composites have been widely used in aircraft, aerospace, marine, and automotive structures. However, 

composite materials have serious limitations. One of the most significant amongst these is their response to 

localised impact loading such as that imparted by a dropped tool or runway debris [11 – 15]. Internal damage 

can be formed in composite laminates extending well beyond the impacted area, and this will significantly 

reduce the strength and stiffness of the composite [16]. Composite materials‟ response to impact loading and 

also the dissipation of the incident kinetic energy of the projectile is very different when compared to metals. 

For low and intermediate incident energies, metals absorb energy through elastic and plastic deformation. 

Although these will result in permanent structural deformation, the consequences on the load carrying capability 
of the component are usually small compared to composites [17]. However, the ability of the composites to 

undergo plastic deformation is extremely limited as the resultant energy is frequently absorbed in creating large 

areas of fracture with ensuing reductions in both strength and stiffness [18].  

 

The prediction of the post-impact load bearing capability of a damaged composite structure is more 

difficult than for metals. The damage zone of a composite is generally complex in nature and very difficult to 

characterise. The problem is further complicated by the lack of existing standards or established testing 

techniques for the impact damage of composite materials. Much of the work published in the literature has been 

conducted on purpose-built machines using convenient specimen geometries. As a result, direct comparisons 

between different material systems are often very difficult and immediate conclusions are sometimes hard to 

draw [19]. At high incident impact energies, target perforation may occur and the passage of the impactor will 
generally result in petalling, cracking and spalling. Although such damage will degrade the load-bearing ability 

of the structure, its effects can generally be predicted using fracture mechanics principles [19]. 

 

The term projectile is used for any item capable of being launched. The target is defined as any moving 

or stationary object struck by the projectile. Projectiles can be categorised as soft, semi-hard or hard depending 

on the material that is used and the degree of deformation they undergo during impact. Soft projectiles undergo 

significant deformation during impact, semi-hard projectiles experience some deformation, while hard 

projectiles experience small or negligible deformations and the response is dominated by the target response 

[20]. The ballistic limit velocity is commonly used to measure a material‟s ability to withstand impact by a 

certain projectile. The ballistic limit is defined as the greatest impact velocity that the material can withstand 

without being perforated. The ballistic limit is obtained from the average of the greatest velocity that does not 
lead to perforation and the lowest velocity leading to perforation. A low velocity impact happens when the 

contact time of the impactor is longer than the time for the lowest vibrational mode. The support conditions are 

important as the stress waves generated outward from the impact point have time to reach the edges of the 

structural element, causing its full-vibrational response. In a high velocity impact, the response of the structural 

element is governed by the „local‟ behaviour of the material in the neighbourhood of the impacted zone, the 

impact response of the element being generally independent of its support conditions. The contact period of the 

impactor is much smaller than the time period of the lowest vibrational mode of the structure [21]. 
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To simplify the problem, the target is classified according to its thickness. If there is no influence of the 

lateral boundary on the penetration process, the target is semi-infinite. The target is thick if there is influence of 

the lateral boundary only after significant travel of the projectile into the target. The target thickness is 

intermediate if the rear surface exerts considerable influence on the deformation process during nearly the 

entirety of the projectile motion. Finally, the target thickness is said to be thin if there is no through-thickness 

stress gradient. Other characteristics of the target include shape (flat, curved, serrated, irregular and circular or 
rectangular), composition (monolithic plate, composites, spaced plates, etc.) and boundary conditions (free, 

simply supported and clamped) [22]. Penetration means projectile entry into any region of the target and 

includes perforation, containment and rebound. Perforation means that the projectile passes through the target 

with a final residual velocity. Containment or embedment means that the projectile is stopped during contact 

with the target. Rebound or ricochet means that the projectile is deflected from the target with a final rebound 

velocity [22].  

 

Table 1 provides very useful information about the different velocity regimes and their corresponding 

application and test methods [21]. 

 

Table 1: Velocity regimes and corresponding applications for test methods [21]. 
 

 
 

IV. CLASSIFICATION OF IMPACTS 

It is well-known that an impact initiates elastic waves propagating from the point of impact. Material 

damping and energy dissipation related to wave propagation will result in a decaying response. Therefore, the 

duration of impact plays a key rule in determining the type of impact responses. If the impact duration is in the 

order of the transition time for dilatational waves, the response will be dominated by through-the-thickness 

waves, as shown in Figure 1(a). For a longer impact duration, the response will be governed by flexure and 

shear waves, as shown in Figure 1(b). If the impact duration is much longer than the time for the waves to reach 

the structure boundaries, the resulting response will be quasi-static. This happens because the deflection and 
load would have a similar relation as in static loading, as shown in Figure 1(c). Typically, the response in Figure 

1(a) is related to ballistic impact. The responses in Figure 1(b) and Figure 1(c) are usually associated with the 

impact of runway debris and the impact from drop-weights, respectively. In most cases, the response in Figure 

1(a) will cause easily detectable impact damage. The responses in Figure 1(b) and Figure 1(c) can cause non-

visible impact damage, i.e. barely visible impact damage (BVID). The responses in Figure 1(b) and Figure 1(c) 

are also designated as wave-controlled and boundary-controlled impacts, respectively [23, 24, 25].  

 

For a boundary-controlled impact, the entire structure is deformed during the impact with the contact force and 

deformation in phase, as shown in Figure 2(a). However, for a wave-controlled impact, the deformation is 

localised to the region around the impact point with the contact force and deformation out-of-phase, as shown in 

Figure 2(b). 
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(a)        (b)            (c) 

 

Figure 1: Classification of different impacts [23] 

 

 
 

(a) Boundary-controlled                 (b) Wave-controlled 

 

Figure 2: Comparisons between different impact responses [23] 

 

V. IMPACT RESPONSE 

It is important to relate the shape and dimensions of the damage to the geometric characteristics of the 

sample, the boundary conditions and the test parameters (impact velocity, energy, maximum force, etc.), to 
better understand the damage mechanisms. This characterisation of the damage will be very useful in the phase 

of the project of laminated composite components [26, 27]. When subjected to impact loading, fibre reinforced 

composite materials are capable of absorbing and dissipating large amounts of energy in a wide variety of elastic 

and fracture processes [27, 28]. Up to the point of initial failure, most of the incident energy of the projectile is 

absorbed by the elastic response of the structure. This ability to absorb energy elastically is dependent upon a 

large number of parameters including the mechanical properties of both the fibres and the matrix, the 

fibre/matrix interfacial strength, the velocity of the impinging projectile and the size of the structural 

component. In recent years, much work has been undertaken in order to assess the role of the inherent properties 

of the constituent materials on the impact response of a composite material. 

Consequently, in a low velocity impact, the incident energy of the projectile is absorbed by the whole structure, 
whereas under high velocity impact conditions most of the available energy is dissipated over a small zone 

immediate to the point of contact. Under conditions of high velocity impact loading, the dynamic response of 

the target is much localised, the geometrical effects are very small and therefore simple beam-like specimens are 

capable of simulating the impact response of larger, more complex structures. For the case of drop-weight 

impact loading, where the contact time is greater and the target response more significant, geometrical effects 

are likely to be more important.  

Usually, impact-induced damage is caused by the interaction of the local indentation and the global deformation 
of the structure. Impact damage in composite laminates includes a few common damage characteristics, such as 

matrix cracks, delaminations and fibre ruptures. Delaminations are particularly serious since they can occur at 

relatively low loads and have a major influence on the flexural stiffness degradation and buckling failure of 

composite laminated plates. Delaminations in impacted laminates are primarily driven by interlaminar shear 

stresses. Delaminations are also the main energy absorption mechanism of polymer composite materials, which 

consists of the creation of fracture areas at the weaker interfaces between the individual composite layers. A 

typical distribution of delaminations in composite laminates is shown in Figure 3. It indicates that the major 

axes of delamination are usually oriented in the direction of fibres at the interface of the plies [29]. 
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Figure 3: Delamination caused by impact [23] 

An efficient approach to study the effect of impact on composite structures is to separately analyse two 

aspects of impact, namely impact damage resistance and impact damage tolerance. Impact damage resistance 

addresses the response and damage of the structures caused by an impact. On the other hand, impact damage 

tolerance deals with the effect of existing impact damage on the strength and stability of the structures. 

 

VI. HIGH VELOCITY IMPACT 

High velocity impact is dominated by inertial forces, wave propagation and changes in material 

stiffness, strength and fracture energy due to a high strain rate [30]. There are many parameters which influence 

the response of polymer composite materials under high velocity impact, and these include: type, architectures 

and volume fraction of the reinforcement, laminate thickness, matrix system, projectile geometry and mass [31]. 

 

Woven fabric composites exhibit a higher fracture toughness compared with unidirectional laminates under high 

velocity impact [32]. Mines et al. [33] reported experimentally measured perforation data for woven, woven z-

stitched and through-thickness z-stitched E-glass/polyester laminates for high velocity impact tests in a velocity 

range of 570 m/s, for a variety of projectile nose geometries (cone, flat and hemispherical). They concluded that 
all three configurations behaved in a similar manner. 

 

Ganesh Babu et al [34] conducted high velocity impact tests using a heavy mass projectile of around 550 g with 

three nose geometries (conical with sharp, round and flat tip) on one type of unidirectional glass fibre/epoxy 

composite plates. They reported less influence of nose geometry on the energy absorption and ballistic limit 

velocities for a thin section target, and a much greater role with increasing target thickness. One area which has 

received less attention is the response of polymer composite materials made from various reinforcements 

towards very sharp tip projectiles under relatively high velocity impact [35]. 

 

Usually, high velocity impact tests were carried out using a single stage gas gun. Figure 4 shows an example of 

a single stage gas gun used in the testing by Sultan et. al. [36]. The rig consisted of the pressure reservoir unit, 

the firing mechanism unit, the launching unit, the catch chamber unit and the velocity measurement unit. The 
gun is projected to have the capacity to launch a projectile with muzzle velocity of less than 700 m/s at a 

reservoir tank pressure of 150 bar.  
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Figure 4: High velocity impact testing device (gas gun) [36]. 

 

Table 2 shows the historical developments in the study of composite structures under high velocity impact 

events from the year 2000 until 2014. The studies include experimental works, analytical formulation and also 

simulation. 

Table 2: Historical developments in the study of composite structures under high velocity impact events. 

Refs. Year Key aspects 

[37] 

 

[38] 

[39] 

 

 

 

[40] 

 
[41] 

 

[42] 

 

[43] 

 

[30] 

 

[44] 

 

 

[45] 
 

[46] 

 

 

[47] 

 

 

[31] 

 

 

[48] 

2000 

 

2002

2003 

 

 

 

2004 

 
2008 

 

2009 

 

2009 

 

2010 

 

2010 

 

 

2010 
 

2010 

 

 

2011 

 

 

2011 

 

 

2011 

- High velocity impact on integral armour was studied using the finite element method 

DYNA3D. 

- Impact perforation behaviour of CFRPs was investigated using a high-velocity steel sphere. 

- Spherical-shaped ice simulating hailstones were projected onto woven carbon/epoxy 

composite panels to determine the damage resistance of thin-walled composite structures to 

ice impact, and to observe the resulting damage modes that occur over a wide range of 

velocity. 

- The high velocity impact response of composite and FML-reinforced sandwich structures 

has been investigated using a nitrogen gas gun. 
- Damage evaluation of the local damage of concrete plates caused by high-velocity rigid 

projectile impact.  

- A combined experimental and numerical approach was used to study the ballistic impact 

response of S2- glass fibre toughened epoxy composite beams using a high speed gas gun. 

- An analytical model was developed to predict the residual velocity of cylindrical projectiles 

under high velocity impacts on carbon epoxy laminates. 

- A solution methodology to predict the residual velocity of a hemispherical-nose cylindrical 

projectile impacting a composite sandwich panel at high velocity was presented. 

- Evaluation of the residual velocity of the projectile and the damage area were investigated 

through the experimental analysis of perforation of glass/polyester laminate structures 

subjected to high-velocity impact. 

- The influence of plasma spray surface coating on the ballistic performance of aluminium 
plates subjected to high velocity impact loads was investigated. 

- Sandwich panels of carbon/epoxy skins and an aluminium honeycomb core were modelled 

by a three-dimensional finite element model implemented in ABAQUS, subjected to high-

velocity impact. 

- Another approach to a hybrid particle-finite element algorithm for high-velocity impact 

based on the Generalized Particle Algorithm has been introduced and compared to the other 

computation algorithm. 

- High velocity impact performance of glass reinforced polyester (GRP) resin composite 

plates with different type of reinforcement was investigated using a sharp tip conical head 

projectile and a smooth barrel gas gun. 

- The standard material characterisation under compression and fracture modes were 
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[49] 

 

[50] 

 

 

[51] 

 
[52] 

 

 

[53] 

 

[36] 

 

[54] 

 

 

[55] 
 

 

[56] 

 

 

[57] 

[58] 

 

 

[59] 

 
[60] 

 

[61] 

 

 

[62] 

 

[63] 

 

[64] 

 

2011 

 

2011 

 

 

2012 

 
2012 

 

 

2012 

 

2012 

 

2013 

 

 

2013 
 

 

2013 

 

 

2013 

2013 

 

 

2013 

 
2013 

 

2014 

 

 

2014 

 

2014 

 

2014 

observed under experimental study of high-velocity impact fracture of ice.  

- Numerical algorithms and material models for high-velocity impact computation were 

studied. 

- High velocity impact response/failure of sandwich plates, with E-glass fibre/polyester face-

sheet and foam core were studied by using finite element models developed in ABAQUS 

explicit code. 

- Ballistic impact performance of hybrid composite made of Kevlar-29 and Al203 

powder/epoxy targets under high velocity impact was studied.  
- The failure of fibre reinforced thermoplastic composites (polypropylene made of hybrid E-

glass/PP yarns) was investigated under medium and high velocity impact loading conditions 

by electromagnetic and acoustic emission signal measurements.  

- Influence of adhesive thickness on high velocity impact performance of ceramic/aluminium 

composite targets was examined in this paper through numerical investigations. 

- Effect of thickness for glass epoxy laminated plates was examined under high velocity 

impact damage analysis. 

-The comparison between the mechanical and ballistic performance of composite laminates 

(Kevlar-29 multifilament yarn) produced from single-layer and double-layer interlocked 

woven structures was studied. 

- The effect of different construction textile designs of aramid fabric on the ballistic 
performances, specifically on the energy dissipation and projectile arrest for soft body 

armour, was investigated in this study. 

- The response of carbon fibre reinforced polymer (CFRP) laminates subjected to high 

velocity impact has been investigated by experimental and numerical methods using a two-

stage light gas gun. 

- Energy absorption efficiency of different thickness was investigated.  

- High velocity impact response of sandwich structure composite laminated plates, Kevlar-29 

epoxy and 6061-T6 aluminium, has been experimentally investigated using a nitrogen gas 

gun. 

- A bird strike was simulated by using the explicit finite element solver code LS-Dyna, and 

then SPH high velocity impact parametrics were studied. 
- High velocity projectile impact through different thickness of polyurea coated AA5083-

H116 aluminium alloy plates has been studied in this paper.  

- Shielding performances of 2024 aluminium alloy panel, carbon fibre reinforced polymer 

composite (CFRP) panel and hybrid laminates with different stacking configurations were 

investigated being impacted by hypervelocity flyer. 

- The effect of impact force on Ti-10Mo alloy powder compaction by the high velocity 

compaction technique was investigated. 

- The effect of high velocity impacts and energy absorbed by the laminate on carbon/epoxy 

tape quasi-isotropic laminates was studied. 

- An experimental and numerical study of the influence of tensile and compressive 

preloading on the high velocity impact performance of T800S/M21 carbon/epoxy plates was 

conducted. 
- The effect of foam density variations in composite sandwich panels under high velocity 

impact loading was investigated in this study. 

 

VII. ENERGY ABSORPTION AND IMPACT FORCE OF COMPOSITE 

Impact forces are forces due to a collision between two objects. Impact force can also be described as a 

force that delivers a shock or a high impact, normally for a short period of time. The impact force‟s effect is 

dependent on the relative velocity of those bodies with respect to one another. The faster the bodies are moving, 

the higher the impact‟s force will register. When two materials collide with one another at normal speeds, one 

will absorb most of the impact by deforming and then dispelling the energy in the form of heat and/or sound 

energy as a result of the deformations and vibrations induced in the struck object [65].The time response for a 

high velocity impact is very short and it is unlikely that the material‟s deformations and vibrations will occur. 

Thus, the struck material behaves as if it was more brittle than it is, and the majority of the applied force goes 
into fracturing the material. Or, another way to look at it is that materials actually are more brittle on short time 

scales than on long time scales [66]. To simplify it, the faster the impact, the more it may impact a material, 

causing it to act as if it were actually a brittle material. 
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The behaviour of composite energy is affected by several factors, such as the composite material and 

properties, condition, geometry, and dimension of the structural component and finally the test condition [67]. 

The absorbed energy required to produce fracture surfaces in a specimen will be recorded in the unit of Joule. 

The impact test is useful to determine the material toughness and it is also defined as the energy absorbed by a 

specimen without fracture [68]. A highly stressed and greatly deformed material is able to withstand a higher 

impact and is tougher.  

 
The energy absorption characteristics of a crashworthy composite structure can be tailored by 

controlling various parameters like fibre type, matrix type, fibre architecture, specimen geometry, process 

conditions, fibre volume fraction and testing speed. Changes in these parameters can cause subsequent changes 

in the specific energy absorption of composite materials up to a factor of 2 [69]. 

 

There are several factors influencing energy absorption characteristics, which are [69]: 

 

1. The type of reinforcing fibre used in a composite material determines to a very large extent its energy 

absorption characteristics such as: 

a. A decrease in the density of the fibre causes an increase in the specific energy absorption capability of 

the fibre-reinforced tubes. 
b. The higher the strain to failure of the fibre, the greater the energy absorption capabilities of the fibre 

reinforced tubes. 

c. When the fibre reinforced tubes crush in similar modes, changes in the fibre stiffness affect the energy 

absorption capability less than fibre failure strain. 

 

2. The effects of the matrix on the energy absorption capability of a composite material are:  

a. A higher interlaminar fracture toughness of the thermoplastic matrix material causes an increase in the 

energy absorption capability of the composite material. 

b. An increase in matrix failure strain causes greater energy absorption capabilities in brittle fibre 

reinforcements. Conversely, the energy absorption in ductile fibre reinforcements decreases with 

increasing matrix failure strain. 

c. Changes in matrix stiffness have very little effect on the energy absorption capability of composite 
materials with ductile fibre reinforcement. 

 

The energy absorption of materials that fail by transverse shearing or brittle fracturing is little affected by matrix 

stiffness. However, materials failing due to lamina bending can be more significantly affected by matrix 

stiffness. Any changes in matrix stiffness can cause brittle fibre composites to fail in a different mode. However, 

changes in matrix stiffness have very little effect on the energy absorption of ductile fibre reinforcements [70]. 

 

3. The fibre orientations that enhance the energy absorption capability of the composite material are:  

a. Increase the number of fractured fibres. 

b. Increase the material deformation. 

c. Increase the axial stiffness of the composite material. 
d. Increase the lateral support to the axial fibres 

 

The orientation of fibre, θ is varied from 0o to 90o on glass/epoxy, carbon/epoxy, and Kevlar/epoxy. The specific 

energy of the carbon/epoxy tubes initially decreased with increasing θ up to 45o and then remained constant. 

This initial decrease in the energy absorption is attributed to the reduction in axial stiffness of the composite 

material with increasing θ. The specific energy of the glass/epoxy and Kevlar/epoxy tubes remained constant 

with increasing θ up to 45o and above this value it increased. The increase in energy is due to the increased 

lateral support to the axial fibres with increasing θ. Thus, it can be concluded that for carbon/epoxy, the energy 

absorption decreases nonlinearly as θ increases and the mode of damage is primarily brittle fracture. While for 

glass/epoxy, the energy absorption increases nonlinearly with an increase in θ and the mode of failure is lamina 

bending [70]. 
 

4. The effects of projectile nose shape on the energy absorption capability of a composite material are:  
 

The nose shape of projectiles is an important factor affecting the mechanism of deformation of the target plates 

[71]. The blunt projectile can penetrate more efficiently an aluminium alloy specimen, followed by 

hemispherical and conical nosed projectiles, with the condition target thickness to projectile diameter ratio being 
less than one [72]. Blunt projectiles penetrated the target more efficiently than conical projectiles when the 

thickness of the target was moderate [73]. For the case of thin and thick targets, however, an opposite trend was 
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observed. Borvik et al. (2002) [74] studied the impact behaviour of steel plates when struck by blunt, 

hemispherical and conical nosed projectiles. They found from experiments that blunt projectiles were more 

efficient penetrators than hemispherical and conical projectiles at low velocities. However, at higher impact 

velocities, the conical projectile required less energy to perforate the target. 
 

 

 
Figure 5: Charpy impact energy absorption of some composite and non- composite materials 

 

Figure 5 illustrates the relative energies for failure under impact of fibre glass and other materials. The test was 

measured with the Charpy test method. Based on the Figure 5, S-glass-fibre composites have the highest 
capacity for energy absorption followed by E-glass and then aramid composites. High-strength carbon/epoxy 

has a significantly lower energy-absorbing capability than these materials and high-modulus carbon/epoxy, the 

lowest of all the composites. The exceptionally high impact toughness of S-fibre glass has led to its application 

in ballistic protective materials. This research has shown that glass/epoxy composites have the highest impact 

energies, with S-glass/epoxy composites being 4-7 times more impact-resistant than high strength carbon/epoxy 

laminates and about 35 times more resistant than high-modulus carbon/epoxy materials. Glass/epoxy composites 

are 9-11 times more impact resistant on this basis than aircraft grade aluminium alloy [75].  

 

VIII. MODES OF FAILURE 

The properties of fibre, matrix and the inter phase region, affect the threshold energies or stresses 

required to initiate the different failure modes induced by impact [76]. Types of impact can be classified 

according to the damage incurred. High velocity can be characterized by penetration induced fibre breakage, and 
low velocity by delamination and matrix cracking.  

 

The kinetic energy of the projectile when impacted into the target is dissipated and absorbed in various ways by 

the target. The main energy absorbing mechanisms during ballistic impact are:  
 

a. Kinetic energy absorbed by the moving cone formed on the back face of the target. 

b. Shear plugging of the projectile into the target. 

c. Energy absorbed due to tensile failure of the primary yarns. 

d. Energy absorbed due to elastic deformation of the secondary yarns. 

e. Energy absorbed due to matrix cracking and delamination and frictional energy absorbed during 

penetration. 
 

A variety of failure modes may lead to perforation. The failure modes of the target will vary depending on the 

material‟s properties, impact velocity, projectile nose shape, target geometry, support conditions, relative mass 

of projectile and target, etc. The most common failure modes are shown in Figure 5 [20].  

 
Figure 5: Common failure modes of target 
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The most relevant failure modes in the present research are brittle fracture and petaling. A brittle 

fracture occurs as a result of tensile stress acting normal to the crystallographic planes with low bonding when 

the projectile hits the material‟s surface. Petaling occurs when the tensile strength is exceeded at the rear side of 

the target and a star-shaped crack develops around the tip of the projectile. The sectors formed are then pushed 

back by the motion of the projectile, forming petals. 

 

The heterogeneous and anisotropic nature of fibre reinforced plastic (FRP) laminates result in four major modes 
of failure due to low velocity impact: 

a. Matrix failure: The cracking occurs parallel to the fibres due to tension, compression or shear. 

b. Delamination: This is produced by interlaminar stresses. 

c. Fibre failure: Tin-tension fibre breakage and in compression fibre buckling. 

d. Penetration: The penetrator completely perforates the impacted surface. [77] 

 

a. Matrix damage 

Matrix damage is the first type of failure induced by a transverse low-velocity impact. Normally, this takes 

the form of matrix cracking and bonding between the fibre and the matrix. Matrix cracks occur due to property 

mismatching between the fibre and the matrix, and are usually oriented in planes parallel to the fibre direction in 

unidirectional layers. 
 

b. Delamination 

Delamination is a crack which runs in the resin-rich area between plies of different fibre orientation; it is 

not between lamina in the same ply group. Delamination is a result of the bending mismatch coefficient between 

the two adjacent laminates, such as different fibre orientations between the layers. The greater the mismatch 

(0/90 is the worst-case fibre orientation), the greater the delamination area will be [75]. This will affect the 

material‟s properties, stacking sequence and laminate thickness. Both bending cracks and shear cracks could 

initiate delamination, but the delamination induced by shear cracks is unstable and the bending crack induced 

delamination grows in a stable manner and proportional to the applied load. 

 

c. Fibre failure 

This damage mode generally occurs much later in the fracture process than matrix cracking and 
delamination. Fibre failure occurs under the penetrators due to locally high stresses and the indentation effects 

of shear forces, and on the non-impacted face due to high bending stresses. Fibre failure is a precursor to the 

catastrophic penetration mode. 

 

d. Penetration 

Penetration is a macroscopic mode of failure. It occurs when the fibre failure reaches a critical extent, 

enabling the penetrators to completely penetrate the material. It is easy to predict the orientation of matrix 

cracking fibres of unidirectional layers, while the crack patterns of randomly oriented layers are less easy to 

establish. 

 

IX. CONCLUSIONS 
As composite materials have been introduced into aerospace industries, unexpected impacts also may occur. 

These may be due to many impact scenarios such as runway debris and bird strikes. Composite structures are 

brittle not ductile. Most composites can only absorb energy through damage mechanisms and in elastic 

deformation, but not via plastic deformation. Thus, composites can fail in a wide variety of modes and these 

severely reduce the structural integrity of the component. Impact damage on composite aircraft can go 

undetected for long periods until catastrophic failure, such as the separation of major structures. The drastic 

reduction in residual compression strength and less reduction in tensile strength resulting from impact damage, 

are a major issues in the design and airworthiness certification of these composites. Therefore, there is a need to 

study impact damage and the mode of failure so that continuous structure health monitoring can be performed to 

prevent any major incident and catastrophic failure. It is important to know the impact response, impact energy 

and impact force absorbed by the material before its failure in order to produce an effective design for a 
structure. Based on previous research, studies on experimental, analytical formulation and simulation were 

carried out to mimic the real impact in evaluating impact damage progression. 
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