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COMPARISON OF FAILURE THEORIES  FOR IMPACT RESPONSES OF 

COMPOSITE LAMINATED PLATES 

SUMMARY 

Damage and strength estimates of composite materials could not be fully and 

accurately developed. However, different damage criteria have been developed 

considering the conditions. Although the damage criteria were originally developed 

from the calculations of isotropic materials, there are now different solution methods. 

In this thesis, these damage criteria are examined under three main titles as non-

interactive damage criteria, interactive damage criteria and discrete damage criteria. 

In this study, the combination of Hashin-Rotem damage criterion, which is one of the 

discrete damage criteria using the ABAQUS program, and the Tsai-Wu criterion of 

the non-interactive damage criteria, and the Chang-Chang criterion of the discrete 

damage criteria, were simulated using the LS-DYNA program. 

 

In the study, IM7/8552 composite material was used. This material has been used in 

many experimental studies, which makes it possible to compare simulation studies 

with real results on this material. In this thesis, the main purpose is to compare and 

interpret the displacement and damage that will occur as a result of a steel sphere 

hitting the middle point of the laminated composite plate with different damage criteria 

using numerical methods. It is also aimed to observe the damage to the same laminated 

composite plate that will occur with bird strike simulation. Therefore, an experiment 

is modeled from an article containing test results. 

 

In the experiment, IM7/8552 material was used, consisting of 40 layers of 200x200x40 

mm dimensions, with plate layout angles [0/45/90 / −45]5s. This plate with a total 

thickness of 5 mm is fixed by supporting it with 4 pieces of 20mm diameter steel balls. 

The distance between these balls is 100 mm and the plate is balanced on these balls 

with rubber bands, but the strength of the tires is neglected because the effects of these 

rubber bands in the experiment are very small. 

 

It is a steel ball with a diameter of 20 mm and a weight of 32.7 grams, such as ball 

support balls scattered on the plate. This sphere was thrown at different speeds and 

angles with a gas gun and diffractions on the plate were examined. 

 

LS-DYNA and ABAQUS programs were used to simulate this experiment. In 

addition, bird strike simulation was performed in the LS-DYNA solvent to observe the 

behavior of the same composite material against bird strike. As a bird geometry, a 

hemispherical cylinder was selected and modeled by the SPH method. 

 

Verification and interpretation were made by comparing the results of the analysis with 

the experimental results. 
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ÇARPMA TEPKİLERİ İÇİN KATMANLI KOMPOZİT LEVHALARIN 

HASAR KRİTERLERİNİN KARŞILAŞTIRILMASI 

 

ÖZET 

Kompozit malzemeler günümüzde havacılık ve savunma başta olmak üzere bir çok 

alanda kullanılan önemli bir yapısal malzeme olarak göze çarpmaktadır. Kompozitler 

iki veya daha fazla malzemenin birbiri içinde çözünmemek kaydıyla farklı oranlarda 

bir araya getirilmesi ile üretilmektedirler. Düşük özgül ağırlıklarının, yanı sıra yüksek 

mukavemet özellikler göstermesi nedeni ile kullanımı yaygınlaşmıştır. Örnek 

verilecek olursa; askeri zırhlı araçlarda, balistik zırhlarda, hava araçlarında, 

otomobillerde yaygın olarak kullanılmaktadır. Bu alanlarda parça direnci çok 

önemlidir bu yüzden parçalar şarapnel, kurşun gibi yüksek hızlı materyallerin 

çarpmalarına karşı dayanıklı olmalıdırlar. Bu yüzden üretim aşamasına geçilmeden 

testler uygulanır. Sonlu elemanlar modellemeleri ile birlikte sayısal yöntemlerle 

yapılan simülasyon testleri deneysel testlere oranla daha uygun maliyetli ve verimli 

olduğu için tercih edilmektedir.  

 

Kompozit malzemelerin hasar ve dayanım tahminleri tam olarak kesin ve doğru bir 

biçimde geliştirilememiştir. Ama koşullar göz önüne alınarak farklı farklı hasar 

kriterleri geliştirilmiştir. İlk başta hasar kriterleri izotropik malzemelerin 

hesaplamalarından geliştirilmiş olsa da artık farklı çözüm yöntemleri bulunmaktadır. 

Bu tezde bu hasar kriterleri etkileşimsiz hasar kriterleri, etkileşimli hasar kriterleri ve 

ayrık hasar kriterleri olarak üç ana başlıkta incelenmiştir. Bu çalışmada ABAQUS 

programı kullanılarak ayrık hasar kriterlerinden olan Hashin-Rotem hasar kriteri ve 

LS-DYNA programı kullanılarak etkileşimsiz hasar kriterlerinden Tsai-Wu kriteri ile 

ayrık hasar kriterlerinden Chang-Chang kriterinin kombinasyonu simüle edilmiştir. 

 

Çalışmada IM7/8552 kompozit malzemesi kullanılmıştır. Bu malzeme birçok deneysel 

çalışmalarda kullanılmıştır bu da bu malzemenin üzerinde similasyon çalışmalarının 

gerçek sonuçlarla karşılaştırılmasına olanak sağlamaktadır. Bu tezde temel amaç bir 

çelik kürenin lamine kompozit plakanın orta noktasından çarpması sonucu oluşacak 

deplasman ve hasarı sayısal yöntemler kullanarak farklı hasar kriterleri ile 

karşılaştırmak ve yorumlamaktır. Ayrıca, kuş çarpması simülasyonu ile meydana 

gelecek aynı lamine kompozit plakaya verilen hasarın gözlemlenmesi de 

amaçlanmaktadır. Bu nedenle, test sonuçlarını içeren bir makaleden bir deney 

modellenmiştir. 

 

Deneyde 200x200x40 mm ölçülerinde 40 tabakadan oluşan ve plaka dizim açıları 

[0/45/90/−45]5s  olacak şekilde IM7/8552 malzemesi kullanılmıştır. Toplam kalınlığı 

5 mm olan bu plaka 4 adet 20mm çapındaki çelik toplar ile desteklenerek 

sabitlenmiştir. Bu toplar arası mesafe 100 mm olup plaka bu toplar üzerinde lastik 

bantlarla dengelenmiştir fakat bu lastik bantların deneydeki etkileri çok küçük 

olduğundan lastiklerin mukavemeti ihmal edilmiştir.  

 

Plakaya çaptırılan top destek topları gibi 20 mm çapında 32.7 gram ağırlığında çelik 

bir küredir. Bu küre gaz silahı ile farklı hızlarda ve açılarda fırlatılarak plaka 

üzerindeki kırınımlar incelenmiştir.  



xvi 

 

 

Bu deneyi simüle etmek için LS-DYNA ve ABAQUS programları kullanıldı. Ek 

olarak, aynı kompozit malzemenin kuş çarpmasına karşı davranışını gözlemlemek için 

LS-DYNA çözücüsünde kuş çarpması simülasyonu gerçekleştirilmiştir. Bir kuş 

geometrisi olarak, bir yarım küre silindir seçilmiş ve SPH yöntemi ile modellenmiştir.  

 

Analiz sonuçları deneysel sonuçlarla karşılaştırılarak doğrulama ve yorum yapılmıştır. 
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1.  INTRODUCTION 

Composite materials are not a human invention because they can also be found in 

nature. For example, wood, which is a natural composite, consists of the one type of 

polymer consisting of cellulose fibers and another resin matrix polymer that is 

polysaccharide lignin. The other natural composite materials can be exampled as bone, 

tooth and mollusc shells that combine hard ceramic reinforcement phases in natural 

organic polymer matrices [Bryan Harris]. Although the use of composites dates back 

to ancient history, the science and technology of composite materials weren't 

developed much compared to the last century. Composite technologies showed huge 

development in the 20th century. Nowadays the importance of composites is 

widespread. 

The use of composites is increasing rapidly in order to create lighter structures and 

increase efficiency. Therefore, while these materials are widespread in the aviation and 

defense industries, the rate of use is also increasing in the automotive and railway 

sectors. The increasing usage rate of composite materials in daily life has brought 

along the need to examine the behaviors of impact responses. In vehicles manufactured 

using composite materials, the primary goal is to ensure the safety of people and 

therefore sufficient collision resistance. For this reason, tests are applied before 

proceeding to the production stage. Simulation tests with numerical methods along 

with finite element modeling are preferred because they are more cost effective and 

efficient than experimental tests. 

As a result, different criteria have been developed for the damage and strength 

estimates of composite materials in order to apply these tests. 

1.1 Purpose of Thesis 

Parts resistance is an important issue in the aircraft and defense industry. Vehicles 

produced against the impact of objects such as shrapnells, bullets and birds must be 

durable. However, when comparing expensive physical tests with real materials and 



2 

numerical methods, it turns out that numerical methods are more efficient and cost-

effective. The main purpose of this project is to compare, validate and interpret the 

deformation and damage that will occur as a result of the impact of a steel sphere from 

the midpoint of a laminated composite plate by using numerical methods, with 

different damage criterias. In addition, it is aimed to observe the damage to the same 

laminated composite plate that will occur by bird strike simulation. Thus, an 

experiment was modelled from an article containing the test results, compared 

different damage criteria and validated the study. 

Our aim in this project is to interpret the results by performing the drop test on the 

IM7/8552 laminated composite plate using with two different damage criteria when 

exposed to impact bal which have different velocities (59 m/s and 106 m/s). For this, 

LS-DYNA and ABAQUS/Explicit FE, two different programs that each contains a 

criterion, were used. In addition, in order to observe the behavior of the same 

composite material against bird strike, bird strike simulation was performed in the LS-

DYNA solver. As a bird geometry, a hemispherical cylinder was selected and modeled 

with the SPH method. 

1.2 Literature Review 

The impacts can be occured during manufacture, normal operations, or maintenance. 

In some studies, both experimental and numerical solution studies were carried out 

together; In some studies, it is seen that only numerical analysis is done and it is 

confirmed by the experimental study results of other researchers. Simulation tests with 

numerical methods along with finite element modeling are more preferred with 

developing technology, as they are more cost effective and efficient than experimental 

tests. Generally in thesis only numerical solution used, such as “Implementation of 

classical and advanced failure criteria for composite layered structures in FEMAP and 

assesment results” which is Master’s degree thesis about analysis with using FEMAP 

software and compare the some failure criterias . In the thesis Hoffman and Larc failure 

criterias have been used(Grasso, 2018). Also another example the study “Finite 

element modelling of damage induced by low-velocity impact on composite 

laminates” by Feng and Aymerich about numerical solution with using 

ABAQUS/Explicit FE [Feng]. The damage modes incorpereted with code with 

VUMAT material subrotines. Then the reuslts compared with experimental data. 
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Generally, experimental studies interested in the residual strength of impact damaged 

test specimens that are exposed to tensile, compressive, shear, bending, static, and 

fatigue loads. On the other side, the numerical analyzes mainly focus on predicting the 

residual tensile and compressive strength[abra]. To fully understand the effects of 

foreign body impact damage, impact dynamics, location, type, size of the damage 

caused, and the residual properties of the laminate should be predicted. Additionally, 

the best way to the know accurate of the numerical solitons is comparing experimental 

results with simulation results. Therefore, there are many studies performed about this 

subject. But the study about impact tests IM7/8552 composite laminates selected as 

reference research. Because, in the paper an experiment made and the experiment 

simulated with LaRC and Puck failure criterias. There are results at different velocities 

and different impact angles. The results are compared(Cui, Thomson, Eskandari & 

Petrinic, 2019)[]. So this study selected as reference and same experiment modelled 

with LS_DYNA and ABAQUS/Explicit FE. 

 

1.3 Organization of Thesis 

In the first chapter, the subject is introduced and the purpose of the thesis is stated. 

In the second chapter, composite materials and their types are explained and some 

composite damage models are explained. 

In the third chapter, how the experiment is modeled is explained. 

In the fourth chapter, the results are compared. 

In the fifth chapter, the conclusion is explained. 
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2.  COMPOSİTE MATERIALS 

2.1 Definition of the Composite Materials 

Composite materials, which are structural materials, are formed by combining two or 

more organic or inorganic materials without being dissolved in each other and are 

considered as a new type with different structural properties. The components of the 

composite are named as the reinforcement phase and the matrix. Composites make it 

possible to maintain the required stiffness of the material while reducing weight. So, 

composites are often used in advanced technologies due to the high performance of 

composites over monolithic materials while the manufacturing of composites is more 

difficult than producing monolithic metals. In the aerospace industry, for example, the 

strength to weight ratio of a material is more important than other industries.  

The fibers, sheets, or particles are constituted reinforcement phases that are embedded 

in the matrix phase. Matrix elements hold the reinforcement materials together. The 

main goal of the matrix elements is transfering the applied loads to the reinforcements 

with higher strength properties. They also protect the reinforcements from mechanical 

deterioration and environmental risks. 

 

2.2 Classification of Composite Material 

Due to the fact that composite materials can use a large number of materials in their 

structures, it is not possible to draw exact limits. But it is possible to classify according 

to matrix and fiber elements as below. 

 

2.2.1 Composite Types according to Matrix Materials 

Composite materials can be classified as polymer, metal, ceramic and carbon matrix 

composite materials according to the type of matrix material. 

 

2.2.1.1 Polymer Matrix Composites 
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The most common type of composite is polymer matrix composites are due to their 

production costs lower and manufacturing process are more simple than other types of 

composites[k.kaw]. They are made from polymers reinforced with small diameter 

fibers. Termosets, thermoplastics and prepregs are the example of polymer matrix 

composites. 

 

2.2.1.2 Metal Matrix Composites 

Iron, aluminum, titanium, magnesium, copper and steel are generally used as matrix 

materials. They can be used at high temperatures even in environments where the risk 

of oxidation is high. Harris states that, although it is difficult to manufacture and has 

high costs, it is mostly used in space and aviation fields, while it is used in car engines 

and brake systems (1999, p.22). 

 

2.2.1.3 Ceramic Matrix Composites 

These composites obtained by reinforcing the ceramic phase with reinforcing 

materials. They can be produced by combining metallic or non-metallic elements. 

They have a ceramic matrix that offers the advantages of high hardness, low density 

and outstanding thermal and chemical resistance. One of the disadvantages of Ceramic 

Matrix Composites is brittleness. In jet engines and high-performance disc brakes they 

are used. They are also used as heat shields because they can withstand higher 

temperatures than metal matrix composites [Bryan harris]. The main ceramic matrix 

composites are aluminum oxide, silicon carbide, silicon nitride. 

 

2.2.1.4 Carbon-Carbon Composites 

Carbon-carbon composites are formed by carbon fibers in the carbon matrix. They are 

used in areas that require high performance, such as aviation and automobile racing 

[K.Kaw]. 

 

2.2.2 Composite Types according to Reinforcements 
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Composites can be classified flake composites, particulate composites, fabric/padding 

composites, fiber compositess and laminated composites according to their 

reinforcement unit’s geometry.   

 

2.2.2.1 Flake Composites 

Flake composites are constituted by flat reinforcemnets as it can be seen in figure []. 

Glass, mica, aluminum and silver are the common flake materials. 

 

2.2.2.2 Particulate Composites 

Particle-reinforced composite materials are created by randomly placing particles 

made from one or more materials in a matrix of a different material. Particles immersed 

in matrices such as alloys and ceramics generates particle composites. These materials 

are also called isotropic because the particle distribution is random and homogeneous. 

Kaw express that they have improved strength, increased operating temperature, 

oxidation resistance and some advantages.İncluding use of aluminum particles in 

rubber; silicon carbide particles in aluminum; and gravel, sand, and cement to make 

concrete an example of a particle composite (2006). 

 

2.2.2.3 Fabric/padding composites 

These composites are created by filling the three-dimensional matrix material with 

three-dimensional filler. The matrix functions as a skeleton of various geometric 

shapes in porous structures resembling smooth honeycombs, cells, or sponge. The 

filling material used can be metallic, organic or ceramic based. 

 

2.2.2.4 Fiber Composites 

Fiber composite materials are obtained by combining the fibers with a suitable matrix 

material. Matrices that are reinforced short(discontinuous) or long (continuous) fibers, 

are generally anisotropic. Resins such as epoxy, metals are known examples of 

matrice. Carbon and aramids are much used fibers reinformcements in fiber 

composites. While high strength is obtained in the direction of long fibers, low strength 
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is obtained in the direction perpendicular to the fiber. Therefore, high strength can be 

obtained in both directions by placing the fibers in a perpendicular direction to each 

other. They show higher strength and rigidity than the materials they are made from. 

 

2.2.3 Lamination of Composites 

Laminated composites are formed by putting together at least two layers that contain 

fiber in the same or different directions. These layers can be metal, glass, plastic, or 

wood. Randomly oriented fibers in the matrix are also formed with unidirectional 

fibers or different fiber-reinforced layers. It is the oldest and most common composite 

type in applications. They are widely used as surface coating material in wing and tail 

groups in aircraft. Each layer has an orientation angle when laminating. These angles 

can be defined such as 0, 45, 90, -45 degrees according to the reference axis. 

Multidirectional laminate is composed of plies that are stacked on top of each other by 

having different angles. 

 

2.3 Failure Criterias 

Since composites are not structurally isotropic, they are more complex than monolithic 

materials. Therefore, studies have been made to calculate the strength of these 

materials and many failure criteria have been found. Some of these criteria are 

mentioned in this thesis. In order to understand these criterias, the coordinate system 

of composite materials must be known. For the plies 1 refers to the longitudinal 

direction, 2 refers to transverse direction, and 3 refers to the direction to through-

thickness direction which is perpendicular to the plies layered. For a standard 

composite laminate coordinate system X-axis is fiber direction from 0 degrees. Y-axis 

is transverse direction and the Z-axis is the perpendicular direction to the composite 

plate. 

 

There are many composite damage criteria and damage analysis methods. However, 

since these criteria and methods are developed in certain geometries, material contents 

and scenarios, they give successful results in these situations. We can group these 
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criteria in three main groups which are non-interactive failure criteria, interactive 

failure criteria, separated failure criteria. 

 

2.3.1 Non-interactive Failure Criterias 

These criterias do not consider account the interaction of stress and strain components 

on the composite layer. The most commonly used are maximum strain damage criteria 

and maximum strain damage criteria. 

 

2.3.1.1 Maximum stress 

Regarding Rankine's maximum normal stress theory and Tresca's maximum shear 

stress theory, this theory is similar to that for isotropic materials. [K.kaw]. The stresses 

formed according to this criterion are calculated linearly using the modulus of 

elasticity and strain. The resulting stresses are divided into tensile, compression and 

shear stress components in local axes. If at least one of the following conditions is 

arised the damage occurs for the specimen. 

 −𝑋𝐶 < 𝜎11 < 𝑋𝑇 (2.1) 

 −𝑌𝐶 < 𝜎22 < 𝑌𝑇  (2.2) 

 −𝑆12 < 𝜎12 < 𝑆12 (2.3) 

 

2.3.1.2 Maximum strain 

The maximum normal strain theory enhanced on the basis of two theories that 

developed by St.Venant for isotropic materials and the maximum shear stress theory 

developed by Tresca  [K.kaw]. . If at least one of the following conditions is arised the 

damage occurs for the specimen. 

 −𝜀11
𝑇 < 𝜀11 < 𝜀11

𝑇  (2.4) 

 −𝜀22
𝑇 < 𝜀22 < 𝜀22

𝑇  (2.5) 

 −𝛾22
𝑇 < 𝛾22 < 𝛾22

𝑇  (2.6) 

 

2.3.2 Interactive Failure Criterias 
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In these damage criteria, the stresses are considered with different directions together. 

Generally, graphical drawing is made using data obtained from a series of 

experimental studies and polynomial equations are produced accordingly. 

2.3.2.1 Tsai-wu 

Beltrami's total strain energy failure theory is led to develop this theory. Tsai-Wu 

applied this theory for a layer in plane stress. The failure occurs if the following 

condition is satisfied[K.Kaw]. 

𝐹1𝜎11 + 𝐹2𝜎22 + 𝐹3𝜎33 + 𝐹4𝜏23 + 𝐹5𝜏31 + 𝐹6𝜏12 + 𝐹11𝜎11
2 + 𝐹22𝜎22

2

+ 𝐹33𝜎33
2 + 𝐹44𝜏23

2 + 𝐹55𝜏31
2 + 𝐹66𝜏12

2 + 2𝐹12𝜎11𝜎22

+ 2𝐹13𝜎11𝜎33 + 2𝐹23𝜎22𝜎33 ≤ 1 

 

 

(2.7) 

 

where 

 
𝐹1 =

1

𝑋𝑇
−

1

𝑋𝐶
 

(2.8) 

 
𝐹2 =

1

𝑌𝑇
−

1

𝑌𝐶
 

(2.9) 

 
𝐹3 =

1

𝑍𝑇
−

1

𝑍𝐶
 

(2.10) 

 𝐹4 = 𝐹5 = 𝐹6 = 0 (2.11) 

 
𝐹11 =

1

𝑋𝑇𝑋𝐶
 

(2.12) 

 
𝐹22 =

1

𝑌𝑇𝑌𝐶
 

(2.13) 

 
𝐹33 =

1

𝑍𝑇𝑍𝐶
 

(2.14) 

 
𝐹44 =

1

𝑆23
2 

(2.15) 

 
𝐹55 =

1

𝑆31
2 

(2.16) 

 
𝐹66 =

1

𝑆12
2 

(2.17) 

 

The parameters F12, F13 and F23 can be found by performing biaxial testing[serdar 

korkut]. 
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2.3.2.2 Tsai-Hill 

Tsai-Hill failure theory based on the Von-mises theory which is distortion energy 

failure theory for isotropic materials. But Hill developed this theory for the anisotropic 

materials and Tsai regulated this theory for the unidirectional plies [K.kaw]. Generally, 

the transverse tensile strength of a unidirectional lamina is much lower than its 

transverse compressive strength, so this theory underestimates the failure stress. As a 

result, Tsai-Hil theory doesn't use the compressive strength. To get rid of this 

shortcoming this theory modified as following; 

(
𝜎11

𝑋1
)

2

− (
𝜎11

𝑋2
) (

𝜎22

𝑋2
) + (

𝜎22

𝑌
)

2

+ (
𝜏12

𝑆
) < 1, 

(2.18) 

 

where 

 𝑋1 = 𝑋𝑇  𝑖𝑓 𝜎11 > 0 (2.19) 

 𝑋1 = 𝑋𝐶  𝑖𝑓 𝜎11 < 0 (2.20) 

 𝑋2 = 𝑋𝑇  𝑖𝑓 𝜎22 > 0 (2.21) 

 𝑋2 = 𝑋𝐶  𝑖𝑓 𝜎22 < 0 (2.22) 

 𝑌 = 𝑌𝑇  𝑖𝑓 𝜎22 < 0 (2.23) 

 𝑌 = 𝑌𝐶  𝑖𝑓 𝜎22 > 0 (2.24) 

 

 

 

 

 

 

 

2.3.3 Seperated Failure Criterias 

Generally, in these criteria, damage modes are classified as fiber failure under tension, 

fiber failure under compression, matrix failure under tension, matrix failure under 

compression and delamination. Because of excess energy release, the fiber failure 

under tension is most significant failure. There are many seperated failure criterias but 

in the thesis Hashin-Rotem, Chang-Chang are mentioned because of the similation is 
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made with LS-DYNA which used combination failure mode including Chang-Chang 

with Tsai-Wu and ABAQUS that used Hashin-Rotem failure criteria, programs.  

 

2.3.3.1 Hashin-Rotem 

The Hashin-Rotem damage criterion which is developed in 1973, is one of the first 

damage criteria commonly used in composite materials. One of the criteria by which 

the start of damage is calculated in ABAQUS is the Hashin-Rotem [Hashin, Z., 

Rotem] criterion. It calculates two damage mechanisms: fiber damage and matrix 

damage separately in the direction of compression and tension. Matrix damage mode 

is concerned with the lateral and tangential stresses coming to the fiber. Only the 

tension and strength values in the fiber direction are accounted for in this failure 

criteria. So, the fiber damage mode consists the normal stresses, transverse strength, 

shear stress and strength values[serdar korkut]. The equations are following: 

 

Fiber tension  (𝜎11 ≥ 0): 

 𝜎11

𝑋𝑇
< 1 (2.25) 

Fiber compression (𝜎11 < 0): 

 𝜎11

𝑋𝐶
< 1 (2.26) 

Matrix Tension (𝜎22 + 𝜎33 ≥ 0): 

 
(

𝜎22

𝑌𝑇
)

2

+ (
𝜏12

𝑆12
)

2

< 1 
(2.27) 

Matrix Compression (𝜎22 + 𝜎33 < 0): 

 
(

𝜎22

𝑌𝐶
)

2

+ (
𝜏12

𝑆12
)

2

< 1 
(2.28) 

 

 

2.3.3.2 Chang-Chang 

 

Chang-Chang damage criterion was developed by Fu-Kuo Chang and Kuo-Yen Chang 

in 1987 and is a frequently preferred criterion in composite damage analysis [hang, 
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F.-K. and Chang, K.-Y]. It is one of the criteria to damage calculation in LS_DYNA 

MAT54 mode that is  used in this thesis. 

Fiber tension  (𝜎11 ≥ 0): 

 
(

𝜎11

𝑋𝑇
)

2

+ 𝛼
𝜏12

𝑆12
< 1 

(2.29) 

 

Fiber compression (𝜎11 < 0): 

 
(

𝜎11

𝑋𝐶
)

2

< 1 
(2.30) 

 

 

Matrix Tension (𝜎22 > 0): 

 
(

𝜎22

𝑌𝑇
)

2

+ 𝛼 (
𝜏12

𝑆12
)

2

< 1 
(2.31) 

 

 

Matrix Compression (𝜎22 < 0): 

 
(

𝜎22

2𝑆12
)

2

+ [(
𝑌𝐶

2𝑆12
)

2

− 1]
𝜎22

2𝑌𝐶
+ (

𝜏12

𝑆12
)

2

< 1 

 

(2.32) 

 

 

 

In this criterion, the coefficient 𝛼 determines the weight of shear stress in the 

calculation in terms of shear stress.
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3.  SIMILATION MODEL 

3.1 Material Properties IM7/8552 

Table 3.1 Elastic Properties of IM7/8552. 

Property Value 

E11 162095.8 MPa 

E22 9721.61 MPa 

G12 4688.436 MPa 

G13 4688.436 MPa 

G23 4688.436 MPa 

ν12 0.362 

ν13 0.362 

ν23 0.362 

ρ 1580 kg/m3 

 

Table 3.2 Strength and Fracture Tougness Properties of IM7/8552. 

Property Value 

“GIC 0.22 N/mm 

GIIC 0.66 N/mm 

GFC 165.6 N/mm 

GFT 195.8 N/mm 

XT 2625 MPa 

XC 2008 MPa 

S12 149.7 MPa 

YT 113.3 MPa 

YC 400.6 MPa 

 



14 

3.2 Finite Element Modelling at LS_DYNA 

3.2.1 Composite Plate Modelling 

The layers created with using shape mesher module with “Box solid” entity. And 

divided with 25 pieces. 8 layers created with this process. 

 

 

Figure 3.1 : Plate Modelling 
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Figure 3.2: Meshed Plate 

 

Figure 3.3: Composite Layers 

3.2.2 Impact and Support Balls Modelling 
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The balls were modelled with the same process with “sphere solid” entity. They have 

meshed with 5 density. 5 same sphere solid was created. One of is impact ball other 4 

are support balls. 

 

Figure 3.4: Steel Ball Model 

 

Figure 3. 5: Impact and Support Balls 
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Figure 3.6: Whole Model 

3.2.3 Boundary Conditions 

 

After the model was created. At the “model and part“ menu “create entity” selected 

and the boundary conditions were created. From the “Boundary” tab the “SPC” 

Selected for the create boundary conditions for the bottom support balls. Therefore; 

the support balls fixed at x,y,z axes and all rotation axes. From the “Initial” tab the 

“velocity” selected and 59 m/s and 108 m/s velocity selected towards z-axis to layers. 

 

 

Figure 3.7: Velocity Properties of Impact Ball 



18 

3.2.4 Material Properties 

From the Keyword Manager, “Mat” tab selected. In this tab “020 RIGID” selected for 

the rigid steel balls. The properties are following in figure; 

 

 

Figure 3.8: LS_Prepost Property Entrance of Steel Balls 

Secondly for the layers “MAT 054/055-ENHANCED_COMPOSİTE_DAMAGE” 

Selected. For the selection the rotation angle of laminated layers componenet vector 

are selected aaccording to 0, 90, -45, 40 degrees. DFAILT, DFAILC, DFAILM and 

DFAILS values used in LS-DYNA MAT54/55 for the rupture criteria are determined 

by the following formulas [Illınger].  

 
𝐷𝐹𝐴𝐼𝐿𝑇 =

𝑋𝑇

𝐸11
 

(3.1) 

 
𝐷𝐹𝐴𝐼𝐿𝐶 =

𝑋𝐶

𝐸11
 

(3.2) 

 
𝐷𝐹𝐴𝐼𝐿𝑀 =

𝑌𝑇

𝐸22
 

(3.3) 

 
𝐷𝐹𝐴𝐼𝐿𝑆 =

𝑌𝐶

𝐸22
 

(3.4) 

 

 

 

 



19 

To the failure criterion; Chang matrix failure criterion with CRIT 54 selected whereas 

CRIT 55 were Tsai-Wu criterion for matrix failure. Additionally in this mode the 

possion ratio must be defined  

 

Figure 3.9: Composite Plate’s Property Entrance 

 

3.2.5 Contact 

 To achieve result the connection types must be selected correctly. From the Keyword 

Manager, CONTACT tab selected and in this tab; 

For the composite plates 

“AUTOMATIC_ONE_WAY_SURFACE_TO_SURFACE_TIEBREAK” selected 

for the contact between these laminated layers. The master and slave parts refers to 

parts which contacts and distribute loads from one to another. There are 7 contacts due 

to model was created as 8 layers. There are 7 contacts due to model was created as 8 

layers. 
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Figure 3.10: Contact Between Layers 

For the contact between support balls and layers 

AUTOMATIC_SURFACE_TO_SURFACE was selected. 

 

 

Figure 3.11: Contact Between Layers and Support Balls 

For the contact between impact balls and layers 

ERODING_SURFACE_TO_SURFACE was selected. 
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Figure 3.12: Contact Between Layers and Impact Ball 

 

3.2.6 Strain Rate Graph Entering 

 

3.3 ABAQUS Modelling 

3.3.1 Composite Plate Modelling 
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Figure 3.13: Plate View From XY Plane 

 

Figure 3.14: Composite Plies and Orientations 
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Figure 3.15: Composite Plate Part 

 

Figure 3.16: Finite Element Model of Composite Part 

3.3.2 Support and Impact Balls Modelling 
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Figure 3.17: Rigid Shell Ball Part. 

 

Figure 3.18: Finite Element Model of Ball. 
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3.3.3 Boundary Conditions 

 

Figure 3.19: Boundary Conditions of Support Balls. 

3.3.4 Material Properties 

 

 

Figure 3.20: Elastic Properties Of Plate 
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Figure 3.21: Hashin Damage Criteria Input. 

3.3.5 Assembly and Contact 

 

Figure 3.22: Assembly of Whole Model 
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Figure 3.23: Impact Ball-Plate Contact Porperties 

 

Figure 3.24: Impact Ball-Plate Contact Properties 2 
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Figure 3.25: Support Ball-Plate Contact Porperties 

 

Figure 3.26: Support Ball-Plate Contact . 
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4.  ANALYSIS RESULTS AND COMPARISON 

4.1 Velocity-Time Comparison 

 

Figure 4.1: Velocity Time Graph of Impact Ball at 59 m/s impact 

 

Figure 4.2: Velocity Time Graph of Impact Ball at 106 m/s impact 



30 

4.2 Displacement-Time 

 

Figure 4.3: Displacement Time Graph of Impact Ball at 59 m/s impact. 

 

  

4.2.1 Force-Displacement 

 

Figure 4.4: Impact Force-Time Graph at 59 m/s impact 

4.2.1.1 Kinetic Energy 



31 

 

Figure 4.5: Impact Ball Kinetic Energy-Time Graph at 59 m/s Impact 

4.2.1.2 Displacement and Von-Mises Stress 

 

Figure 4.6: Displacement of Layers at LS_DYNA Simulation at 59m/s Impact 
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Figure 4.6: Displacement of Layers at Abaqus Simulation at 59m/s Impact 

 

Figure 4.7: Von-Mises Stress at LS_DYNA Simulation at 59m/s Impact 
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Figure 4.8: Delamination at 106 m/s at LS_DYNA 

 

Figure 27 

 

5.  BIRD IMPACT WITH SPH METHOD 
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5.1 Modelling 

 

Figure 5.1: Bird Properties 

 

Figure 5.2: Whole Model. 

5.2 Boundary Conditions and Material Properties 
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5.3 Analysis Results 

 

Figure 5.3: Damage Reuslts of The Bird Impact. 

 

 

6.  CONCLUSIONS AND RECOMMENDATIONS 
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