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ABSTRACT 

STRESS ANALYSIS IN SINGLE LAP JOINTS OF COMPOSITE PLATES 

UNDER DİFFERENT LOADING CONDITIONS  

 

Samer Kadhim Kareem 

Graduate Thesis, Faculty of Mechanical Engineering Department 

Thesis Supervisor: Assist. Prof. Dr. Hakan Tanriover 

September-2018, 168 pages 

 

In the recent four decades, the demand of the different industries about the light 

but strong materials which can be used massively, caused a big progress in producing 

the composite materials. According to the proposed requirement, the necessity of 

researching about composite materials and the structures which can be constructed 

based on them is obvious. In this thesis, firstly a brief introduction about the composite 

materials and their applications are presented. Then, the analyses of three different 

structured of single-lap single-bolt composite joints are presented. The aforementioned 

analysis are done because to corroborate the process of simulation which we have done 

for our design and find features which can be compared together. The analyses are 

based on stress and deformation. According to the proposed analyses, the T800 carbon 

epoxy composite material has better performance in terms of deformation under 0-

5KN force. Based on the results which are obtained from the aforementioned analyses, 

using two supportive plates are used to reduce the effect of load effect on the composite 

plates. Based on the analyses which are done in chapter 3, a new design is presented 

in chapter four. According to the results which are done in ANSYS in term of 

deformation, the performance of our design can be used as an alternative design to 

replace with the three ones, which are presented in chapter three. Finally, some 

suggestions as ongoing and future works are presented in chapter five, like, doing 

experimental test on our design structure. 

Key Words: Composite material, finite element method, displacement 

analysis, stress analysis. 
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ÖZ 

DEĞİŞİK YÜKLEME ALTINDAKİ TEK BİNDİRME BAĞLANTILI 

KOMPOZİT PLAKLARIN GERİLME ANALİZİ 

 

Samer Kadhim Kareem 

Yükseklisans, Makine Mühendisliği Anabilim Dalı  

Tez Yöneticisi: Assist. Prof. Dr. Hakan Tanrıöver 

Eylül 2018, 168 sayfa 

 
Son kırk yılda, değişik endüstriler tarafından kitlesel olarak kullanılabilen hafif 

ama güçlü malzemelerin talep edilmesi, kompozit malzemelerin üretiminde büyük bir 

ilerlemeye neden oldu. 

Önerilen şartlara göre, kompozit materyaller ve bunlar temel alınarak 

oluşturulabilecek yapılar hakkında araştırmaların yapılmasının gerekçesi açıktır. 

Bu tezde, öncelikle kompozit materyaller ve uygulamaları hakkında kısa bir 

tanıtım sunulmaktadır. Daha sonra, üç farklı yapıya sahip tek bindirmeli ve tek cıvatalı 

kompozit bağlantıların analizleri sunuldu. Söz konusu analizler, tasarımımız için 

yaptığımız simülasyon sürecini desteklemek ve birlikte karşılaştırılabilecek özellikler 

bulmak için yapılmıştır. Analizler, gerilme ve şekil değiştirmeye dayanmaktadır. 

Önerilen analize göre, T800 karbon epoksi kompozit malzemenin 0-5KN gücü altında 

deformasyon açısından daha iyi bir performansı vardır. 

Yukarıda bahsedilen analizden elde edilen sonuçlara dayanarak, kompozit 

plakalar üzerinde etkili olan yükün etkisini azaltmak için iki destekleyici levha 

kullanılmıştır. Bölüm 3'te yapılan analize dayanarak, dördüncü bölümde yeni bir 

tasarım sunulmuştur. ANSYS'te deformasyon anlamında yapılan sonuçlara göre 

tasarımımızın performansı, üçüncü bölümde sunulan üçlü ile değiştirilecek alternatif 

bir tasarım olarak kullanılabilir. Son olarak, halen yürütülmekte olan ve deneysel 

çalışmalar gibi gelecekte yürütülebilecek işler belirtilmiştir. 

Anahtar Kelimeler: Kompozit malzeme, sonlu elemanlar metodu, yer 

değiştirme analizi, gerilme analizi
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CHAPTER 1 

A GENERAL OVERVIEW OF COMPOSITE MATERIALS AND THEIR 

APPLICATIONS 

1.1. Introduction 

In this section a short bibliography of the composite materials and the different 

structures and stacking which can be used for it are presented. Moreover, the generality 

of constructing the composite materials and the applications of them in various 

industries are presented. 

1.2 Basic Concepts of Composite Materials 

One of the short definition which is used for describing the composite material 

is, a material consisting of two or more parts, which is formed by combining two or 

more different components in a macroscopic manner along an interface [1]. 

The first main progress of composite materials happened in 1930's in America, 

in that time the availability of glass fiber cause to product the modern composite 

laminate, which causes glass fiber reinforced composite materials took its place in the 

world market [2]. Composite materials can be seen as relatively new and advanced 

technology materials, when they are evaluated in terms of material science. One of the 

most important features of composite material can be considered as its homogeneity 

at micro level. Figure 1.1 illustrates the global glass market volume share. 
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Figure 1.1: The global glass market volume share [3]. 

1.2.1 Fibers 

The main reason that the using of fibers are widespread in the recent three 

decades significantly can be considered as their ability to obtain the maximum tensile 

energy and stiffness of a material [4]. Fibers are normally vain as structural materials 

except they are held collectively in a structural unit with a binder or matrix material 

and except some transverse reinforcement is provided [5]. The want for fiber 

placement in distinctive directions in accordance to the precise utility has led to a range 

of types of composites [6]. Figure 1.2 depicts the progress of using carbon-fiber 

composites since 2013 and the prediction about using it. 
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Figure 1.2:  The progress of using carbon-fiber composites since 2013 and the 

prediction about using it [7]. 

 

The woven fiber composites do now not have extremely good lamina and are 

now no longer prone to delamination, however, electricity and stiffness are sacrificed 

due to the fact the fibers are not as straight as in the non-stop fiber laminate. Chopped 

fiber composites are used appreciably in high-volume purposes due to their low 

manufacturing cost [8]. 

1.2.1.1 Glass Fiber 

Fiberglass or glass fiber is a fabric made from extraordinarily best fibers of 

glass. The ensuing composite material, exact regarded as fiber-reinforced polymers 

(FRP), is known as "fiberglass" in popular usage. Fiberglass is used for mats, 

insulation, reinforcement for quite a number polymer products, and industrial fabric 

that are heat-resistant, corrosion-resistant, and excessive in energy [9]. 
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The wide range applications of the Fiberglass in different industries like aircraft 

panels producing, rocket engines, helicopter rotor propellers, pressure vessels and 

sports equipment because of its medium cost, mechanical, chemical and electrical 

properties makes it under a significant attention [10]. 

As a sum up, the main characteristics of the Fiberglass which make it more 

applicable can be regarded as [11]: 

 High Tensile Strength 

 Dimensional Stability 

 High Heat Resistance 

 Fire Resistance 

 Good Thermal Conductivity 

 Durability 

 Economical 

In the other hand the Fiberglass has so disadvantages like, high elongation, 

relatively low strength and moderate strength and weight. 

1.2.1.2 Carbon Fibers 

One of the high performance composite which are usually used as 

reinforcement elements in constructions is Carbon fibers [12]. The aforementioned 

material usually makes from artificial silk and polyacrylonitrile (PAN). The main 

distinguish features of Carbon fibers compare to the glass fibers can be regarded as, 

their highly strength and stiffness of them. The aforementioned material is used in 

different industries like, airplanes and turbine blades manufacturing. Figure 3, depicts 

the end-use markets for Carbon fibers. 
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Figure 1.3: Major global end-use markets for Carbon fibers [13]. 

1.2.1.3 Aramid Fibers 

One of the other material that is used as composite material is Aramid. The 

main feature of the aforementioned material is, its high strength. However, some of 

the weakness point of Aramid fibers like, the ability to hold the poor adhesion of the 

matrix have been limited the usage of it [14]. 

1.2.1.4 Boron Fibers 

Boron fiber is five times stronger than steel. The chemical vapor deposition 

process to deposit boron vapors on fine tungsten or carbon filaments carries it out [15]. 

Boron provides strength, congested and light weight, and possesses excellent property 

Newton buckling resistance. The Boron uses for, golf club skiing, and biking are worn 

out tires, space applications such as aircraft empennage variety leather member gear 

ready for the repair and maintenance of aircraft. 
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Table 1.1: A comparison between Boron and Silicon carbide laminate [16]. 
 

Boron Silicon Carbide 

Density (g/cc) 2.40-2.59 2.98-3.20 

Tensile Strength (GPa) 3.60 3.90 

Tensile Modulus (GPa) 441 400 

Elongation (%) 0.9 N/A 

CTE (10-6 cm/cm/oC) 2.5 N/A 

1.2.1.5 Silicon Fiber 

In the textile industries, must not be used at all stages of the process, on the 

fiber during the production of the fabric and/or directly to manufactured goods. Should 

be applied to different systems to provide different benefits, easing control or toluene 

diisocyanate foam and paint. We should not also be used to achieve a reduction 

inspired by the friction between the fibers itself. Table 1 presents a comparison 

between Born and Silicon carbide laminate. Generally, Silanol silicon posts, reaction, 

through the linker to the condensation catalyst in the paint to encapsulate the fiber. 

These fibers high thermal treatment will lead to immunize textiles fiberfill filling the 

material contained in the regulations and duvets or wearing life jackets. Clean up 

should only be used during the sometimes fiber production [17]. Silicon lubricant to 

reduce this and put polyether higher hydrophobicity and easier to clean. Fiber can be 

addressed should not legitimize the initial softness to textile fibers made of them. It 

must not be limited to the fiber processing or termination. Used in various applications 

of the coating extends fashion wear socks, such as women in the technically 

demanding air bags [18]. 

1.2.2 Matrices 

Fiber reinforced composite (FRC), a high-performance composite material is 

consisting of three elements. The matrix is essentially homogeneous, coherent rom 

composite materials fiber optic network. It continues. The edges provide average 
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bound and reinforcements in the case of the lighting. It provides protection from 

environmental damage, reinforcements to help the transfer of cargo, and offers end 

properties color durability and functionality [19]. 

1.3 Classification of Composite Materials 

As a classification for the composite material, they can be categorized in three 

classes which are, particles and fiber supported, supported and structural composites 

[20]. 

In order to the strengthening of the particles and the dispersion of the synthetic 

drugs are supported sub-classifications of molecules composite materials. A broad 

term to indicate that the interactions between the particle bitmap can be the treatment 

of atomic or molecular level, but uses the continuum mechanics. Most of these 

synthetic materials, the particle is the most difficult stage of the matrix [21]. The goals 

of the design synthetic fibers supported include high often force and/or congested in 

the basis weight. These characteristics in specific terms of modulus the parameters that 

are consistent respectively attributed the most serious specific Infinity modulus of 

elasticity to specific gravity. Figure 1.4 illustrates a classification of composite 

materials. 

 

Figure 1.4: A classification of composite materials [22]. 
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Synthetic fiber supported with the strengths and weaknesses of the 

exceptionally high specific module and use fiber optic dot density materials. Usually 

composed of composite structural composite materials and homogeneous property that 

does not depend on the characteristics of the materials, but also on the geometric design 

of the various. The structural elements, the sandwich plates laminar are and vehicles 

are the most common structural composites [23]. 

1.3.1 Fibrous Composite Materials 

The fibrous composites are materials which consist of lightweight, high 

modulus fibers imbedded in a surrounding material called the matrix [24].Their 

notable appeal lies in the fact that, frequently, something greater is gained. The 

longevity is an example. If a crack virtually ran via a GFRP composite, one would 

possibly (at first sight) count on the durability to be an easily weighted average of that 

of glass and epoxy; and both are low. But that is now not what happens. The sturdy 

fibers pull out of the epoxy. In pulling out, work is completed and this work contributes 

to the toughness of the composite. The longevity is larger – regularly an awful lot 

larger than the linear combination [9]. 

1.3.1.1 Whiskers 

Particles have no favored orientation and provide minimal upgrades in 

mechanical properties. Whiskers are single crystals that are extraordinarily sturdy 

however are challenging to disperse uniformly in the matrix. They are small in each 

size and diameter in contrast to fibers. Fibers have a very lengthy axis in contrast to 

particles and whiskers used to give a boost to metal and ceramic matrices [9]. Whiskers 

are quite small and, in contrast to the bulk material, have very high electricity and 

stiffness in the lengthwise course the properties of microscopic whiskers can be very 

close to the perfect houses of a single unit [25]. Whiskers used for reinforcement 

generally have a random orientation within the material, and so the strengthened cloth 

nonetheless has isotropic properties [25]. 
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1.3.2 Laminated Composite Materials 

Laminated composite materials are notably used in aerospace, defense, marine, 

automobile, and many other industries. They are normally lighter and stiffer than other 

structural materials. A laminated composite fabric consists of quite a few layers of a 

composite mixture consisting of matrix and fibers. Each layer might also have 

comparable or distinct fabric residences with one of a kind fiber orientations below 

various stacking sequence. Because, composite substances are produced in many 

combinations and forms, the layout engineer have to think about many design 

alternatives. It is integral to know the dynamic and buckling characteristics of such 

buildings subjected to dynamic masses in complex environmental conditions [26, 27]. 

1.3.2.1 Fibrous Laminated Composite Materials 

The use of fibrous composite substances for structural purposes grew to 

become quite frequent as the twentieth century got here to a close. The self-belief in 

and ability to format and manufacturer with these materials was once exemplified by 

the twenty-first-century application of carbon fiber composite as the major load-

bearing structural material in the Boeing 787 industrial aircraft. The benefits of fibrous 

composites include high stiffness, excessive strength, mild weight, non-corrosive, zero 

or near-zero thermal expansion, incredible fatigue life, high have an effect on 

resistance, reduced manufacturing fees due to reduced parts depend and reduced 

preservation costs [28]. Figure 1.5, depicts a schematic of laminated composite 

material. 

1.3.2.1.1 Laminae 

A lamina is a level (or from time to time bent) course of action of unidirectional 

(or woven) strands suspended in a network material. A lamina is, for the most part, 

thought to be orthotropic, and its thickness relies upon the material from which it is 

made [29]. A cover is a pile of a lamina, which is arranged in a one of a kind way to 

harvest a favored outcome. The singular lamina is reinforced together with the guide 
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of a curing procedure that relies upon the material gadget utilized. The mechanical 

reaction of a cover is uncommon from that of the character lamina that structures it. 

The cover's reaction relies upon the properties of each lamina, as appropriately as the 

request in which the lamina is stacked [30]. 

 

Figure 1.5: A schematic of laminated composite material [31]. 

 

The male or female layers comprise of high-modulus, high-quality strands 

implanted in a polymeric, metallic, or artistic grid material. Strands right now being 

used comprise of carbon, glass, aramid, boron, and silicon carbide. Lattice materials 

that are being used comprise of thermoplastic and thermoset saps, fired, and metallic. 

Figure 1.6 depicts examples of the topologies of a variety of cellular lattices configured 

as the cores of sandwich panel structures. Layers of particular materials may also be 

utilized[6], bringing about a mixture overlay. The man or lady layers of a cover, for 

the most part, are orthotropic (key homes in orthogonal bearings) or transversely 

(isotropic homes in a transverse plane of the layer). Covers may likewise flaunt 

anisotropic (variable course of vital properties), orthotropic, or semi isotropic 

properties. Semi isotropic covers flaunt isotropic (free of heading) in plane reaction, 

however, do never again show isotropic out-of-plane (bowing) reaction [6]. 
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Figure 1.6: Some of the topologies of a variety of cellular lattices configured as the 

cores of sandwich panel structures [32]. 

 

1.3.3 Particulate Composite Materials 

Particulate composites are made by means of mixing silica flour, glass beads, 

even sand into a polymer at some stage in processing. Particulate composites are an 

awful lot much less environment-friendly in the way the filler contributes to the 

strength. There is a small obtain in stiffness, and every so often in strength and 

toughness [33], but it is some distance less than in a fibrous composite. Their 

enchantment lies extra in their low cost and in the correct put on resistance that a 

challenging filler can supply [34]. 

1.3.4 Combinations of Composite Materials 

Composite are mixtures of two resources in which one of the materials, referred 

to as the reinforcing phase, is in the shape of fibers, sheets, or particles, and are 
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embedded in the different substances called the matrix phase. The reinforcing fabric 

and the matrix cloth can be metal, ceramic, or polymer. Typically, reinforcing 

substances are sturdy with low densities whilst the matrix is commonly a ductile, or 

tough, material. The draw lower back is that such composites are often increased 

excessive priced than traditional materials. Examples of some current day software of 

composites include the diesel piston[35], brake-shoes and pads, tires and the Beech 

craft aircraft in which one hundred percent of the structural aspects are composites 

[36]. 

1.4 Major Composite Classes 

Consisting of two or a lot of distinct phases, secure along. Solid materials will 

be divided into four categories: polymers, metals, ceramics, and carbon, that we tend 

to think about as a separate category attributable to its distinctive characteristics. The 

kinds of fabric combos currently in use. Composites square measure sometimes 

classified by the sort of fabric used for the matrix. The four primary classes of 

composites square measure chemical compound matrix composites (PMCs), metal 

matrix composites (MMCs), ceramic matrix composites (CMCs), and carbon/carbon 

composites (CCCs). At this point, PMCs square measure the foremost wide used 

category of composites. However, there square measure vital applications of the 

opposite varieties, that square measure indicative of their nice potential in applied 

science applications [37]. The most sorts of reinforcements employed in composite 

materials: aligned continuous fibers, discontinuous fibers, whiskers (elongated single 

crystals)[38], particles, and diverse kinds of fibrous architectures created by textile 

technology, like materials and braids. More and more, designers’ square measure 

mistreatment hybrid composites that mix differing kinds of reinforcements to realize 

a lot of potencies and to cut back price [39]. 

1.4.1 Polymer-Matrix Composites 

Polymer-matrix composites (PMCs) carries with it a compound organic 

compound because the matrix, with fibers as the reinforcement medium. These 
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materials are employed in the best diversity of composite applications, furthermore as 

within the largest quantities, in lightweight of their room-temperature properties[40], 

simple fabrication, and value [41]. 

1.4.2 Metal-Matrix Composites 

As the name implies, the matrix is a metal for metal matrix composites. 

Moreover, strengthening can increase specific hardness, specific strength, corrosion 

resistance, creep resistance, thermal conductivity and dimensional stability. Some of 

the advantages of these materials over polymer matrix compounds are high operating 

temperatures, resistance to inhibition of inflammation and degradation of organic 

liquids. Metal matrix compounds are much more expensive than small and medium 

size vehicles, so the use of mc is somewhat limited. Aluminum, magnesium, titanium, 

and copper alloys are used as matrix materials as well as super alloys. The 

reinforcement may be in the form of continuous or interspersed fibers or particles in 

the form of bristles; the concentrations typically vary between 10% and 60%. The 

materials include continuous carbon fiber, silicon carbide, boron, aluminum oxide and 

thermal minerals[42]. Intermittent reinforcements, on the other hand, are mainly 

composed of silicon carbide yarns, fibers cut from aluminum and carbon oxides, 

silicon carbide particles and aluminum oxide [43]. 

1.4.3 Ceramic-Metal Composites 

Composite technology is rapidly evolving to accommodate a wide variety of 

industrial sectors such as aviation, automotive and electricity. New fibers, new 

matrices, new composite structures and innovative production processes continue to 

offer exciting opportunities for performance and discounts. It is necessary to protect 

the competitive power in the globalizing world markets. The prediction of compound 

behavior continues to improve with advanced scientific understanding and modeling 

capabilities that allow for more efficient and reliable use of these complex materials. 

Industrial stage and key design drivers and material requirements are discussed in 

detail in this section. The manufacturers around the world are obliged to increase 
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productivity in order to comply with increasingly stringent emission laws. Over the 

years, various methods have been used to realize these productivity gains. However, 

increasing the temperature at which the engine is operating has caused the most 

significant increase in gas turbine efficiency [44]. 

1.4.4 Carbon-Carbon Composites 

Carbon carbon-based materials (CCM) are a conventional type of classes 

comparable to the graphite/epoxide household of polymer matrix compounds. These 

substances can be produced in a huge range of substances using monolithic, 

unidimensional, one-way boxes, ribbons or fabrics. Thanks to its versatility, its 

mechanical residences can be without problems adjusted. Carbon-based substances 

have excessive strength, hardness potential, and high thermal and chemical stability in 

inert environments. The carbon compounds consist of a fibrous carbon sub layer in a 

carbon matrix. Although both factors are identical, the compound does not facilitate 

complex behavior. Because the nation of each issue may additionally be distinct from 

carbon dioxide. Crystallized carbon, namely graphite, is intently associated with 

susceptible Van der Waal forces of hexagonal carbon binding plates [45]. 

1.4.5 Hybrid Composites 

An especially new fiber bolstered composite is a hybrid bought by means of 

the usage of two or more exclusive fiber patterns in a single matrix; Hybrids have a 

better mixture of homes than composites containing a single fiber type. Various 

mixtures of fibers and matrix substances are used, but in the most frequent system, the 

carbon and glass fibers are incorporated into a polymeric resin. The carbon fibers are 

solid and quite challenging and supply low-density reinforcement; however, this is 

expensive. Glass fibers are cheaper and do now not exhibit carbon stiffness. The glass-

carbon hybrid is stronger and harder, has greater affect electricity and can be produced 

at a decrease fee than same carbon or glass plastics. The two distinctive fibers can be 

mixed with quite a number of approaches to eventually influence their average 

properties. When hybrid composites are stressed, failure is typically no longer 
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catastrophic. The important applications for hybrid composites are lightweight, 

structural elements of water and air transport, carrying items and lightweight 

orthopedic surgeons’ components [46, 47]. 

1.5 Current Applications 

Composite materials have played an important role in weight reduction and 

today there is three main use is that fiber, Aramid reinforcement glass, and epoxy. 

There are others, such as toughening of boron (compound, which had a tungsten core). 

Since 1987, the use of space, composites have doubled every five years, will become 

the new compounds is always visible. Having been raised about the ability of 

components de descriptions and applications, versatile, and space vehicles using 

warm, and hot air balloon gondolas gliders travelers to employees, customers, and the 

battle space shuttles. The applications developer from all poultry and other animals, 

helicopter rotor blades, propellers, bodies of seats and a tool [48]. 

1.5.1 Aircraft Brakes 

Carbon brakes had been in the beginning used in excessive performance navy 

aircraft applications. The lower weight and higher electricity absorption capability of 

carbon brakes justified their cost, which historically used to be higher than the fee of 

steel brakes. These value concerns frequently resulted in the use of metal brakes on 

smaller, short-haul industrial airplanes and carbon brakes on larger, long-haul 

commercial airplanes. In the past, the higher fee of carbon brakes may want to greater 

without difficulty be justified for larger airplanes due to the fact of the cost savings 

related to reduced weight and longer service life. However, current upgrades in carbon 

brake manufacturing and overhaul. Carbon brakes are a realistic choice to metal 

brakes. Advances in engineering and manufacturing suggest that retrofitting carbon 

brakes onto existing airplanes can minimize gasoline costs for certain models. This 

article affords historic history about carbon brakes and outlines their operational 

advantages, such as their wonderful environmental impact. It is essential to be aware 

that this article does no longer address total fee of possession subjects such as usage 
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and overhaul costs. Operators should weigh the decisions on brake type based totally 

on countless considerations, together with specific model usage, route utilization, and 

price shape [49]. 

1.5.2 Automotive 

The cutting-edge materials used in car industry each category of metals and 

composites are reviewed. Also, the most current topics of research on improvement of 

new compositions, manufacturing, and characterizations of these materials for the 

specific cause of use in automotive is presented. Polymer composite substances have 

been used for purposes with low production volumes, because of their shortened lead 

times and lower funding charges relative to traditional metal fabrication. Important 

drivers of the boom of polymer composites have been the reduced weight and parts 

consolidation opportunities the cloth offers, as well as graph flexibility, corrosion 

resistance, fabric anisotropy, and mechanical properties. The price of composite 

substances is generally a lot higher (up to 10 instances greater when the usage of 

carbon fibers) than those of traditional metals. The essential targets for future 

development have to be the use of hybrid composites (low-cost fibers to be used the 

place viable and aramid and carbon fibers to be used only where they are required for 

damage tolerance or stiffness reasons), the contrast of particularly automated and 

speedy manufacturing strategies which include the utility of intelligent performs or 

half-finished goods, and the full use of the achievable of composites for components 

integration. The glass-reinforced thermo set composites are the most generally used 

composite in car functions today, however with the development of very excessive 

[50]. 

1.5.3 Other Commercial Applications 

The renewed hobby in wind generators has been induced through the use of 

composites in the fabrication of the blades. One can mention additionally the 

composite propeller blades for the cooling blowers, which borrow the science of the 

aircraft propellers, which have a velocity of rotation larger than for the wind turbines. 
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As it is shown in Fig. 1.7, fifty percent of Boeing 787 have been constructed with 

composites material. 

 

 

Figure 1.7:  Fifty percent of Boeing 787 have been constructed from carbon fiber 

[51]. 

 

Some of other vehicles that are used composite materials in them can be 

regarded as, bicycles and sail boats like “multishells”. Compressed fuel bottles are 

made the usage of filament-wound glass epoxy or Kevlar epoxy. Tubes for off-shore 

installations made of glass/carbon/resin, which are three to four instances lighter than 

tubes made of steel. Biomechanics the carbon/carbon composites have the rare 

properties of now not upsetting fibrous outgrowth when in contact with the blood 

stream; they are so called Thrombo resistant. Telepherique cabin the use of composites 

on the classical answer for the telepherique motors made of metals gives, at equal 

mass, an excellent augmentation of the beneficial payload [52]. 
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1.6 Conclusion 

In this section a brief bibliography about the composite material and the 

different kinds of fibers, which have been used in the process of constructing the 

different kinds of laminates were presented. Furthermore, some of the laminate joints 

were presented and the pro and cons of using composite material for laminate joints 

were described. Moreover, some of the applications of composite materials in 

industries were presented. According to this section it is obvious that the progress of 

using the composite material is so fast and doing research about them is valuable. 
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CHAPTER 2 

DESCRIBING THREE MATHEMATICAL MODEL FOR LAMINATE 

JOINTS 

2.1 Introduction 

In this section three composite modeling methods are presented. The proposed 

models are based on three journal papers that are simulated in chapter 3. In the 

proposed models the effect of different parameters which can change the 

characteristics of the composite material like friction force are considered. Moreover, 

the models are obtained based on different mechanical structures. 

2.2 Laminate Joints 

One of the most important application of the composite material is using to 

make a highly efficient structure like joints. Some of the reasons which have been 

convinced the engineers to use this kind of material in different application as the joint 

can be regarded as, highly strength, low weight and robust to vibration. 

Based on the points about the composite material, it is obvious that doing 

research in this field can help to improve the safety of the structures so significantly. 

The two main classes for the laminate joints can be considered as, bonded joints and 

bolted joints. Figures 2.1 and 2.2 illustrates the bonded joints of composite structures 

[53]. 
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Figure 2.1: Established joining technique. 

 

 

Figure 2.2: Various joint design options. 

 

Based on the adhesive technology which is supported with the bonded joints the 

structures with the different mechanical properties can join, like the composite and 

metal parts. The main concern in bonded joints design is the bond area in shear, which 
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should carry the load through the joint. According to the mechanical fasteners, which 

usually require for joining composite structural components, like bolted composite 

joints, some failure modes of bolted joints have been happed like, bearing failure of 

the materials, tension failure, shear-out or cleavage failure. Figure 2.3 represents 

bolted joint failures. 

 

 

Figure 2.3: bolted joint failures [54]. 

2.3 First Model 

According to [47], in the first level, before the clearance was eliminated, the 

external applied force F considered as a very small value, and assumed that the 

secondary bending did not occur in the joint [55]. The F variable is defined as the 

external tensile force which is transferred from the upper laminate to the lower 

laminate through the friction force, which is defined as 𝑓ି  and effect between the 

laminate and nut. Figure 2.4 illustrates schematic diagrams of the bolt-load carrying 

mechanism in a single-lap.  The friction force between the two laminates is defined 

as𝑓ି [56]. 
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Figure 2.4: Schematic diagrams of the bolt-load carrying mechanism in a single-lap. 

 

In Eq. 1 the friction force between the lower laminate and nut which is defined with 

𝑓ି  cause to the friction force between the upper laminate and nut was balanced 

during the load transfer, Fig. 2.1(c). The friction force resulted in the bolt being 

subjected to a shear load 𝑆 , Fig. 2.4. According to Fig. 2.4, 

 

𝐹 ൌ  𝑓ି   𝑓ି                                                                                                         (1) 

 

𝑓ି ൌ  𝑆                                                                                                                   (2) 

 

𝑓ି ൌ 𝐹 െ 𝑆                                                                                                             (3)  

 

It is assumed that the rotation angle of the bolt is equal to the laminates, θ, because the 

deformation can be negligible. In addition, the bolt bearing load and friction force 

developed on the contact surface are denoted by 𝑁 and𝑓, respectively. Based on Fig. 

2.5. 

 

𝐹 cos 𝜃 ൌ  𝑓ି  𝑓ି  𝑁                                                                                     (4) 

 

𝐹 sin 𝜃 ൌ  𝑓  𝑁ି െ  𝑁ି ൌ  𝑇 െ  𝑁ି                                                               (5) 
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Figure 2.5: Schematic diagrams of the bolt bearing mechanism. 

 

According to Fig. 2,5, it is found that the bolt shear load is obtained from the friction 

force between the upper laminate and nut as well as the bolt bearing load 𝑁. Based 

on the proposed point, Sc obtained as follow, 

 
𝑆 ൌ  𝑁  𝑓ି                                                                                                          (6) 

2.4 Second Model 

In this section an analytical model is presented as an extension of the model 

proposed by McCarthy and Gray [57]. Figure 2.6 presents the configuration of the 

under study single-lap single-bolt composite joint. 

 

 

Figure 2.6: Mass-spring model of a single-lap composite bolted-joint. 

 
 

Based on the [48], the masses are free to move in the x-direction only. According to 

the Fig. 2.6 linear equations of the system can be form as follows, 
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ሾ𝑀ሿሼ𝑥ሷ ሽ   ሾ𝐾ሿሼ𝑥ሽ ൌ  ሼ𝐹ሽ                                                                                            (7) 

 

The accelerations can be neglected for the quasi-static loading, which leads to, 

 
ሾ𝐾ሿሼ𝑥ሽ ൌ  ሼ𝐹ሽ                                                                                                             (8)   

 

where [K] is the value of stiffness matrix and c is the clearance between bolt diameter 

and hole, and 𝑢 is the maximum displacement reached during the first region. 
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By considering 𝐸 as elasticity modulus in longitudinal direction, and 𝑊 and 𝑡 as 

the width and thickness of the composite plate respectively, the Eq. 11 is obtained as 

follows, 

 

𝐾 ൌ  ாಽ.ௐ.௧

ି  ଶ⁄
                                                                                                      (11)   

 

where 𝑃 is defined as the distance between the hole center and the plate free end 

where load is applied, and D is the hole diameter. The shear stiffness 𝐾௦ is obtained 

as follows, two composite plates in series. 

 

𝐾௦ ൌ   ଵ

ೞషభ
 ଵ

ೞషమ
 ൨

ିଵ

                                                                                (12)   

 

Where 𝐾௦ିଵ and 𝐾௦ିଶ are the stiffness under shear load of composite plates 1 

and 2. By considering𝐺௫௭ , 𝐴ௐ, and 𝑡 as the interlaminar stiffness of the laminate, 

the washer area in contact with the composite plate and the plate thickness, 

respectively, Eq. 13 obtained as follows, 

 

𝐾௦ି = 
ೈ.ீೣ

௧
                                                                                                    (13) 
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By considering 𝐹 as the maximum friction forces value that the joint can transmit 

and 𝜇 and 𝐹௧௨ as the friction coefficient and the normal force produced by the bolt 

torque, Eq. 14 can be defined as follows, 

 
𝐹 ൌ  𝜇 . 𝐹௧௨                                                                                                  (14) 

 

𝐹௧௨ ൌ   ఛ

.
                                                                                                         (15) 

 

where 𝜏 and k are defined as, the bolt torque and the torque coefficient which usually 

taken as 0.2, respectively [48]. By considering 𝐾௦ି, 𝐾ௗି, 𝐾ି and 𝛽  as the 

bolt shear stiffness, 𝐾௦ି, the bolt bending stiffness, the bearing stiffnesses of plates 

1 and 2, 𝐾ି, and an experimental coefficient, 𝛽, the secondary bending effect is 

obtained as follows, 

 

𝐾௧ ൌ   ଵ

ೞష್
  ଵ

್ష್
  ଵ

್షభ
 ଵ

್షమ
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                                  (16) 
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                      (a) 

 

       (b) 

Figure 2.7: Free body diagrams for each mass during the first and second regions. 

 

Moreover, by considering the 𝐺 as the bolt shear modulus, and 𝐴 as the bolt 

transverse section area the stiffnesses included in 𝐾௧ can be achieved as follows: 

 

𝐾௦ି= 
ଷீ್್

ଶሺ௧భା௧మሻ
                                                                                                       (17) 

 

𝐾ௗି ൌ  ா್௧భ௧మ

ଶሺ௧భା௧మሻ
                                                                                                (18) 

 

In Eq. 18, 𝐸 is defined as the bolt Young modulus. Moreover, 𝐸் is defined as the 

elasticity modulus of composite plate in transverse direction which is calculated by 

using the laminate theory. 
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𝐾ିଵ= 𝑡ଵඥ𝐸ଵ𝐸்ଵ                                                                                            (19) 

 

𝐾ିଶ= 𝑡ଶඥ𝐸ଶ𝐸்ଶ                                                                                            (20) 

 

According to the main contribution of this work, which is estimating the secondary 

bending stiffness, two springs are included in the model, 𝐾ఝଵ and 𝐾ఝଶ, and the effect 

of the secondary bending coefficient𝛽, can be avoided. 

 

𝐾௧ ൌ   ଵ

ೞష್
 ଵ

್ష್
  ଵ

್షభ
 ଵ

കభ
 ଵ

್షమ
 ଵ

കమ
൨

ିଵ

                                 (21) 

 

 

Figure 2.8:  Loading conditions applied to composite plates to estimate the secondary 

bending stiffness [48]. 

 

By considering 𝑡 as the load path eccentricity, the Eq.22 can be obtained as follows, 

 

𝑀ଵ  𝑀ଶ ൌ 𝐹. 𝑡                                                                                                   (22) 

 

Equations 23 and 24 present the compatibility equations of rotations and transverse 

displacement, respectively. By considering, 𝐿 , 𝐸ி and 𝐼 as the distance between 

the hole surface and the plate free end, the composite plate flexural modulus which are 

obtained with the laminate theory and the composite plate’s moment of inertia, Eqs. 

23 and 24 are obtained. 
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𝜑ଵ=𝜑ଶ= 
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మ
   

(23) 

 

𝑣ଵ=𝑣ଶ= 
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మ൯ାଶర

భ ாమ
ಷమூమ

మ
              

(24) 

 

By considering 𝜑 and 𝑡 as a function of the rotations and plate thickness the 

longitudinal displacements can be obtained as follows, 

 

𝑢 ൌ  𝜑. ௧

ଶ
                                                                                                            (25) 

 

𝐾ఝ ൌ ி

௨
                                                                                                                   (26) 

 

Equations 27 and 28 are presented the secondary bending stiffness for each composite 

plate yields. 
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(27) 

 

𝐾ఝଶ ൌ

 
ଶൣర
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మ ൧
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భாಷమூమሻ
   

(28) 

2.5 Third Model 

In this model which is presented in [58], the failure criteria which are based on 

an extension of Chang–Lessard criteria considering as a three-dimensional stress field. 

Hahn and Tsai by using high-order elasticity theory formulated the non-linear shear 
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stress–strain relationship. By considering𝐺ଵଶ, 𝐺ଵଷ and 𝐺ଶଷ  are shear modulus, 𝜏ଵଶ, 

𝜏ଵଷand 𝜏ଶଷ are shear stress, 𝛼 is a constant parameter which is determined 

experimentally. Based on the proposed variables shear strain, 𝛾ଵଶ , 𝛾ଵଷ and 𝛾ଶଷ are 

obtained as follows, 

 

𝛾ଵଶ ൌ  ଵ

ீభమ
𝜏ଵଶ   𝛼𝜏ଶ

ଵଶ                                                                                             (29) 

 
 

𝛾ଵଷ ൌ  ଵ

ீభయ
𝜏ଵଷ   𝛼𝜏ଶ

ଵଷ                                                                                             (30) 

 
 

𝛾ଶଷ ൌ  ଵ

ீమయ
𝜏ଶଷ   𝛼𝜏ଶ

ଶଷ                                                                                            (31) 

 

Chang–Lessard criteria consider four failure modes which can be regarded as, 

matrix crushing, matrix cracking, fiber–matrix shearing failure, and fiber failure. In 

the following each one of them will be presented. 

2.5.1 Matrix Crushing 

The Eq. 32 presents the compressive transverse stress and in-plane stress, 

which is based on Chang–Lessard criteria matrix crushing failure (𝜎ଶ < 0). Moreover, 

in Eq. 33 the failure criterion includes the out-of plane shear stress contribution is 

calculated. By considering, 𝜎ଶ , 𝑌 , and 𝛾ଵଶ
ெ  and 𝛾ଶଷ

ெ  as the normal stress in transverse 

direction, the transverse compressive strength, and  the ultimate shear strains, the Eqs. 

32 and 33 are obtained as follows, 
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where emc > 1. By defining S12 and S23 as the in-plane and out-of-plane shear strengths, 

the Eq. 34 can be calculated as follows, 
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If the in Eq. 34 the composite material is considered as composite with linear elastic 

behavior, then the 𝛼 = 0 and the Eq. 34 can be rewrite to: 
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Equation. 8 presents the failure criterion which can take into account the damage 

produced by tightening torque. 
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The variables 𝜎ଷand ZC in Eq. 36 are, the out-of-plane normal stress, and the out-of-

plane compressive strength, respectively. Moreover, S13 is the out-of-plane shear 

strength. For linear elastic composites that 𝛼 is equal to zero in them Eq. 36 can be 

rewrite as, 
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2.5.2 Matrix Cracking 

Based on the Chang–Lessard criterion for in-plane tensile matrix cracking 

failure (𝜎ଶ > 0) the contribution of out of- plane shear stress is also considered, Eq. 38. 
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In Eq. 38, YT is defined as the transverse tensile strength. One of the main points in this 

stage is, when the criterion is satisfied (emt > 1) the composite fails by matrix cracking. 
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For linear elastic composites Eq. 39 can be rewrite as, 
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Furthermore, a matrix cracking failure criterion can be used to predict delamination 

onset, 
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In Eq. 41, ZT is defined as the out-of-plane tensile strength. Equation 41 can rewrite 

for the linear elastic composites as follows: 
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2.5.3 Fiber–Matrix Shearing Failure 

In Eq. 43 the present failure criterion, which includes the of out-of-plane shear 

stresses’ contribution is presents as follows, 
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In Eq. 43, 𝜎ଵ and 𝑋 are, the normal stress in fiber direction and the fiber compressive 

strength. 
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2.5.4 Fiber failure 

In order to consider the possibility of tensile loads, the present model includes 

a tensile fiber failure criterion based on Chang–Chang failure criteria, 
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where XT is the fiber tensile strength. Moreover, the tensile fiber failure criterion 

yields: 
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For composites with linear elastic behavior, 
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2.6 Conclusion 

In this section three different models which were used for the composite 

materials were presented. According to the proposed models, considering the 

parameters like friction force can improve the accuracy of the model, but it has direct 

effect in the calculating time. 
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CHAPTER 3 

ANALYZING DIFFERENT CASES FOR THE SINGLE COMPOSITE LAP-

JOINTS 

3.1 Introduction 

In this chapter some of the main parameters which effect on the single 

composite lap-joint’s deformation and stress are analyzed. Firstly, some of the designs 

and the composite materials which are used in the other papers are described and the 

effect of thickness and the clearance on the under study system are assessed. Then, 

three design are considered to simulate in ANSYS software to achieve the best design 

based on the materials which are applied for them. Finally, a comparison between the 

proposed simulated systems are done and some suggestions are presented to ameliorate 

the effect of load on the single lap joint of composite plates in terms of, decreasing the 

deformation and stress value. Moreover, the boundary conditions of all case studies 

are considered like the first case study. 

3.2 The Importance of Analysis the Effect of Thickness and Clearance 

The thickness and clearance can be considered as the factors which have direct 

effect on the single composite lap-joint’s deformation and stress condition. In the 

following the proposed factors will be analyzed. 

Analyzing the effect of load sharing composite joints is one of the main points 

which can give us a good view about designing and constructing the high performance 

composite plate in terms of reduce the deformation and stress that is happened based 

on the effect of the load. According to [49], the IM7/MTM-45-1 carbon/epoxy 
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composite material is used for the plates and the bolt and nut are constructed based on 

6Al–4V titanium alloy. Figure 1 illustrates the general geometry of the aforementioned 

single-bolt, single-lap joint. 

 

Figure 3.1: The general geometry of the single-bolt, single-lap joint [49]. 

 

Based on the proposed analysis, the friction force that the joint can transmit 

based on the applying the maximum load.  Furthermore, when the values of plate 

length be increased, it leads to a lower joint stiffness. On the contrary, when the values 

of plate width be increased, it leads to a higher joint stiffness. Based on the 

aforementioned analysis, if the bolt diameter is reduced, the joint stiffness increases 

only in the first region, if the bolt diameter is reduced. Figure 3.2 represents the effect 

of clearance on bolt load transfer. 

 

Figure 3.2: the effect of clearance on bolt load transfer [59]. 

The other paper analysis based on [60], are presented that thin joints experience 
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higher degrees of out-of-plane displacement and the taper type has a significant effect 

on secondary bending and hence the final mode of failure in the joint. Figure 3.3 

depicts different kinds of tappers, which are analyzed in the proposed research. 

 

Figure 3.3: Different kinds of tappers, which are analyzed in [60]. 

 

Moreover, in terms of increasing joint thickness, out-of-plane displacement is 

less severe in thick joints. 

The main purpose of the analysis like the ones which are explained in this 

section, is finding a model or method to predict the bolted single-lap composite joints. 

In [59] a method for predicting a composite single shear lap joints strength is 

presented. Moreover, under tensile loading, the contact area between the fasteners and 

the hole edges’ secondary bending increased, which increased the bearing strength and 

reduced the bearing stresses. 

As mentioned at the beginning of this section, clearance is one of the main 

factors of important features of a composite bolted single-lap joint. In the following 

some of the researches, which have focused on the proposed factor are represented. 

According to [61], the effects of bolt-hole clearance on Bearing strength of 

carbon fiber-epoxy laminates is considered. Based on the proposed research, 

significant reduction in bearing strength at 4% hole deformation was obtained for the 

pin-loaded and clamped laminates, according to the bolt-hole clearance, which verified 

the significant effect of bolt-hole clearance with regard to the design bearing strength 
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of mechanically fastened joints. Moreover, the magnitude and distribution of stress at 

the hole was found to be significantly dependent on the level of clearance. Figures 3.4 

and 3.5 represent the bolt–hole clearance effect on the static bearing strength of pin 

loaded and clamped, respectively. 

 

Figure 3.4:  Effect of bolt-hole clearance on the static bearing strength of pin loaded 

[0/45/90/-45]s and [0/45/90/-45]s2 laminates [61]. 

 

 

Figure 3.5: Effect of bolt-hole clearance on the static bearing strength of clamped 

[0/45/90/-45] s and [0/45/90/-45] s2 laminates [61]. 

Furthermore, the damage in the bearing plane was found to be more extensive 
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for laminates with larger bolt-hole clearance. 

One of the other researches which has concentrated on effect of clearance is 

done by C.T. McCarthy 1, M.A. McCarthy [62]. Based on the proposed research, when 

the clearance be increased, it leads to increased bolt rotation, decreased bolt-hole 

contact area, and decreased joint stiffness. Moreover, increasing clearance should 

result in reduced load capacity for the joint; however only a few papers have included 

an analysis of failure, or experimental evidence to support this claim. Furthermore, a 

reduction in slope (stiffness) due to increasing clearance is clearly visible. The peak 

radial stress increases with increasing clearance (due to the load being distributed over 

a smaller contact area). Table 3.1 represents the clearances in the proposed research. 

Table 3.1: Clearances in present in [62]. 

 

 

Figure 3.6 illustrates the experimental joint bearing stiffness variations with 

increasing applied bearing stress, together with model predictions of first fiber failure. 
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Figure 3.6:  Experimental joint bearing stiffness variations with increasing applied 

bearing stress [62].  

 

3.3 Simulation Case Study 

In this section three single composite lap-joint, which are different in terms of 

design and material are simulated in ANSYS software and the obtained results are 

compared with each other. The proposed single composite lap-joints are based on three 

research papers, which are represented briefly in the following. 

3.3.1 The First Case Study 

The first case study is based on the research of Fengrui Liu [56]. The structure 

of the composite single-lap bolted joint depicts in Fig. 3.7. 
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Figure 3.7: The structure of the composite single-lap bolted [56]. 

 

The two laminate plates have been made of T800 carbon epoxy composites 

with lay-ups of [45/0/-45/0/90/0/45/0/-45/0]s2. The surface to- surface contact 

technique was used. Moreover, hexahedral meshes on the outer layer of the bolt shank 

is implemented. Figure 3.8 represents the FE model of the single-lap, single-bolt joint, 

which is applied in the first case study. 

 

Figure 3.8: FE model of the single-lap, single-bolt joint: (a) mesh and boundary 

conditions (b) refined FE mesh around the bolt hole (c) internal cube and 

surrounding parts (d) refined meshes on the bolt shank surface [56]. 
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Figure 3.9:  Experimental and numerical load vs. hole-deformation curves for the 

single-bolt joint [56]. 

 

Figure 3.9 represents the experimental and numerical load and hole-

deformation curves for the single-bolt joint. 

3.3.1.1 Simulation of the First Case Study in ANSYS 

Based on the aforementioned research, the structure of the single-lap, single-

bolt joint is designed in SOLIDWORKS software. In the next step the proposed 

designed structure is imported to the ANSYS software. Figure 3.10 illustrates the 

designed the single-lap, single-bolt joint in ANSYS software. 

 

Figure 3.10: The designed single-lap, single-bolt joint which is imported in ANSYS 

software. 
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Based on the first case study the structure of single-lap, single-bolt joint which 

is designed in SOLIDWORKS software is imported in ANSYS software and based on 

the characteristics of the first case study, the parameters are set on the system. Table 

3.2 represents some of the characteristics of the system which is analyzed in ANSYS. 

In all results in this chapter the forces are implemented on the system from zero to 5 

KN for a one second period [63]. 

The parameters which are analyzed in this section can be regarded as, the total 

deformation of the composite plates, bolt and the hole of each plates. Moreover, the 

directional deformation of composite plates, bolt and the hole of each plates are 

calculated in X, Y and Z directions, which is mentioned in Fig. 3.10.  The down and 

upside laminate plates was modeled with 2515 elements and the aluminum plates with 

30710 elements. The boundary conditions for the proposed simulation is the same as 

given in Fig. 3.8. The parameters TH, DH are upper plate hole and bottom plate hole, 

respectively.  According to the paper the bolt was subdivided into an internal cube and 

surrounding part and the Tie Constraint technique was used to connect these two 

components. Furthermore, the meshes far from the hole boundary were not as refined 

as those near the hole. Table 3.3 represents the minimum and maximum total and 

directional deformation values. 

Table 3.2: Characteristics of the designed single-lap, single-bolt joint, which is 

analyzed in ANSYS. 
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Table 3.3: The minimum and maximum total and directional deformation values. 

 

 

Figures 3.11 and 3.12 depict the total deformation of the hole in upper and 

bottom plates, respectively. Moreover, Figs. 3.13, 3.14, 3.15, 3.16 and 3.17 illustrate 

the X- directional deformation of upper and bottom laminate plates and the bolt, the 

hole in the upper and bottom laminate plates, respectively. 

 

 

Figure 3.11: Total deformation of the hole in upper laminate plate. 
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Figure 3.12: Total deformation of the hole in bottom laminate plate. 
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Figure 3.13: X Axis - Directional deformation of upper laminate plate. 
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Figure 3.14: X Axis - Directional deformation of bottom laminate plate. 
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Figure 3.15: X Axis - Directional deformation of the bolt. 
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Figure 3.16: X Axis - Directional deformation of the hole in the upper laminate plate. 
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Figure 3.17: X Axis - Directional deformation of the hole in the bottom laminate plate. 
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Figure 3.18: Y Axis - Directional deformation of upper laminate plate. 
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Figure 3.19: Y Axis - Directional deformation of bottom laminate plate. 

 

Figures 3.18, 3.19 and 3.20 represent the Y-directional deformation of upper 

laminate plate bottom laminate plate and the bolt. Furthermore, Table 3.4 represents 

the minimum and maximum directional deformation values. 
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Figure 3.20: Y Axis - Directional deformation of the bolt. 

 

Table 3.4: The minimum and maximum directional deformation values. 
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Figures 3.21 and 3.22 illustrate the Y- Axis directional deformation of upper 

and bottom laminate plates in YZ plane. Moreover, Figs. 3.23, 3.24, 3.25, 3.26 and 

3.27 depict Z Axis directional deformation of upper and bottom laminate plates, the 

bolt, the hole in upper and bottom laminate plates. 

 

 

 

Figure 3.21: Y Axis - Directional deformation of upper laminate plate. 
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Figure 3.22: Y Axis - Directional deformation of bottom laminate plate. 
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Figure 3.23: Z Axis - Directional deformation of upper laminate plate. 
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Figure 3.24: Z Axis - Directional deformation of bottom laminate plate. 
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Figure 3.25: Z Axis - Directional deformation of the bolt. 
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Figure 3.26: Z Axis - Directional deformation of the hole in upper laminate plate. 
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Figure 3.27: Z Axis - Directional deformation of the hole in bottom laminate plate. 

 

In the following the shear stress and normal stress effect on the first case study 

are presented. Tables 3.5, 3.6, 3.7 and 3.8 represent the shear stress based on bolt, nut, 

bottom and upper laminate, respectively. 
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Table 3.5: The bolt shear stress. 

 

Table 3.6: The nut shear stress. 

 

 

Table 3.7: The bottom laminate plate shear stress. 
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Table 3.8: The upper laminate plate shear stress. 

 

 

Tables 3.9, 3.10, 3.11 and 3.12 are represented the normal stress along X- axis 

based on bolt, nut, bottom and upper laminate, respectively. 

 

Table 3.9: The bolt normal stress along X- axis. 
 

 

 

Table 3.10: The nut normal stress along X- axis. 
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Table 3.11: The upper laminate plate normal stress along X- axis. 
 

 
 

 

Table 3.12: The upper bottom plate normal stress along X- axis. 
 

 

 

Tables 3.13, 3.14, 3.15 and 3.16 are represented the normal stress along Y- axis 

based on bolt, nut, bottom and upper laminate, respectively. 

Table 3.13: The bolt normal stress along Y- axis. 
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Table 3.14: The nut normal stress along Y- axis. 

 

 

Table 3.15: The upper laminate plate normal stress along Y- axis. 

 

 

Table 3.16: The bottom plate normal stress along Y- axis. 

 

3.3.2 The Second Case Study 

The second case study is based on the A. Olmedo, C. Santiuste and E. Barbero 

research [57]. In this paper the IM7/MTM-45-1 carbon epoxy composite is considered 

as the laminate material and 6Al–4V titanium alloy is considered for bolt and nut. 
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The main factors which are considered for analyzing in the proposed research 

can be regarded as, the estimation of secondary bending as a function of geometrical 

parameters, the properties of material, and the sequence of stacking. Based on the 

aforementioned research, the friction force that the joint can transmit based on the 

applying the maximum load. The down and upside laminate plates was modeled with 

3911 elements and the bolt and nut with 27361 and 116442 elements.  Figure 3.28, 

represents the geometry model of a single-lap composite bolted-joint, which is used 

for the proposed research. 

 

Figure 3.28: The geometry model of a single-lap composite bolted-joint based on [57]. 

 

The composite plates length and width were Lc = 140 mm and Wc = 30 mm 

respectively; and the distance between the hole center and the plate free end where 

load is applied was pc = 135 mm. Both laminates had quasi-isotropic lay-up with 

stacking sequence [45/-45/0/90]3S. Its ply had a thickness of 0.125 mm, yielding a 

laminate thickness of 3 mm. two different values of bolt torque where applied, 8 Nm 

and 1 Nm. Moreover, when the values of plate length be increased, it leads to a lower 

joint stiffness. On the contrary, when the values of plate width be increased, it leads to 

a higher joint stiffness. Based on the proposed research, if the bolt diameter is reduced, 

the joint stiffness increases only in the first region, where the stiffness is dominated by 

the friction forces. 

Figure 3.29 represents the comparison between analytical model and 

experimental results based on load–displacement. 
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Figure 3.29.  The comparison between analytical model and experimental results 

based on load–displacement [57]. 
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The model which is presented in the proposed paper has also shown a direct 

relationship between the material elastic properties and the joint stiffness. 

3.3.2.1 Simulation of the Second Case Study in ANSYS 

 

In the following the single-lap composite bolted-joint structure which is 

presented in [57], is redesigned and simulated in ANSYS. Table 3.17 represents the 

characteristics of the proposed single-lap, single-bolt joint, which is analyzed in 

ANSYS. According to the paper, the characteristic element size in the final mesh was 

0.26 mm. Furthermore, Table 3.18 represents the minimum and maximum total and 

directional deformation values. 
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Table 3.17:  Characteristics of the designed single-lap, single-bolt joint, which is 

analyzed in ANSYS software. 

 
 

 

Table 3.18:  The minimum and maximum total and directional deformation values. 

 

 

Figures 3.30 and 3.31 depict the total deformation of the hole in upper and 

bottom plates, respectively. Moreover, Figs. 3.32, 3.33, 3.34, 3.35 and 3.36 illustrate 

the X- directional deformation of upper and bottom laminate plates and the bolt, the 

hole in the upper and bottom laminate plates based on XY plane, respectively. 
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Figure 3.30: Total deformation of the hole in upper laminate plate. 
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Figure 3.31: Total deformation of the hole in bottom laminate plate. 

 



69 

 

 

 

Figure 3.32: X Axis - Directional deformation of upper laminate plate. 
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Figure 3.33: X Axis - Directional deformation of bottom laminate plate. 
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Figure 3.34: X Axis - Directional deformation of the bolt. 
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Figure 3.35: X Axis - Directional deformation of the hole in the upper laminate plate. 
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Figure 3.36: X Axis - Directional deformation of the hole in the bottom laminate plate. 
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Figure 3.37: Y Axis - Directional deformation of upper laminate plate. 
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Figure 3.38: Y Axis - Directional deformation of bottom laminate plate. 

 

Figures 3.37, 3.38 and 3.39 represent the Y-directional deformation of upper 

laminate plate bottom laminate plate and the bolt. Furthermore, Table 3.19 represents 

the minimum and maximum total and directional deformation values. 
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Table 19: The minimum and maximum total and directional deformation values. 

 

 

 

 

 

Figure 3.39: Y Axis - Directional deformation of the bolt. 
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Figures 3.40, 3.41, 3.42, 3.43 and 3.44 depict Z Axis directional deformation 

of upper and bottom laminate plates, the bolt, the hole in upper and bottom laminate 

plates. 

 

 

 

Figure 3.40: Z Axis - Directional deformation of upper laminate plate. 
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Figure 3.41: Z Axis - Directional deformation of bottom laminate plate. 
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Figure 3.42: Z Axis - Directional deformation of the bolt. 
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Figure 3.43: Z Axis - Directional deformation of the hole in upper laminate plate. 
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Figure 3.44: Z Axis - Directional deformation of the hole in bottom laminate plate. 

 

Tables 3.20, 3.21, 3.22 and 3.23 represent the shear stress based on bolt, nut, 

upper and bottom laminates, respectively. 
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Table 3.20: The bolt shear stress. 

 

 

Table 3.21: The nut shear stress. 

 

 

Table 3.22: The upper laminate plate shear stress. 

 

Table 3.23: The bottom laminate plate shear stress. 

 

 

Tables 3.24, 3.25, 3.26 and 3.27 are represented the normal stress along X- axis 

based on bolt, nut, bottom and upper laminate, respectively. 
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Table 3.24: The bolt normal stress along X- axis. 

 

 

Table 3.25: The nut normal stress along X- axis. 

 

 

Table 3.26: The upper laminate plate normal stress along X- axis. 

 

 

Table 3.27: The upper bottom plate normal stress along X- axis. 

 

 

Tables 3.28, 3.29, 3.30 and 3.31 are represented the normal stress along Y- axis 

based on bolt, nut, upper and bottom laminate, respectively. 
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Table 3.28: The bolt normal stress along Y- axis. 

 

 

Table 3.29: The nut normal stress along Y- axis. 

 

 

Table 3.30: The upper laminate plate normal stress along Y- axis. 

 

 

 

Table 3.31: The bottom plate normal stress along Y- axis. 
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3.3.3 The Third Case Study 

The third case study is based on the Alvaro Olmedo and Carlos Santiuste [58]. 

The laminate plate’s material considered as carbon epoxy HTA 7/6376, the other 

plate’s material is aluminum AA7475-T76 and titanium 6Al114VSTA applied as the 

bolt and nut material. Figure 3.45 represent the boundary conditions and geometrical 

description of the single-lap-joint, based on the proposed research. 

 

 

 

Figure 3.45: The boundary conditions and geometrical description of the single-lap-

joint [58]. 

 

The composite lay-up was [(0/±45/90)2]S. Moreover, five contact interactions 

were defined between the three solids; the composite plate was in contact with 

aluminum plate, bolt head and bolt shank. Composite plate was modelled with 30,720 

elements, aluminum plate with 5120 elements, and 6010 elements were used to model 

the bolt and the nut. 

Based on the proposed research, the effect of tightening torque and the through-

the thickness stress distribution are affected by the secondary bending phenomenon. 
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Figures 3.46 and 3.47 illustrate the load–displacement curves. 

 

Figure 3.46: Load–displacement curves. Numerical predictions and experimental 

results [58]. 

 

 

Figure 3.47:  Load–displacement curves. Friction coefficient equal to 0.1. Influence 

of torque [58]. 

3.3.1.1 Simulation of the Third Case Study in ANSYS 

The third case study is based on the research of Alvaro Olmedo, Carlos 
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Santiuste. In the proposed research new set of failure criteria to predict composite 

failure in single-lap bolted-joints is presented. Furthermore, the analyses of the stress 

field in single-lap bolted-joints have shown that secondary bending produce non-

uniform stress distributions through the composite laminates’ thickness in the vicinity 

of the bolt hole. Moreover, Table 3.32 represents the minimum and maximum total 

and directional deformation values. 

Table 3.32: Characteristics of the designed single-lap, single-bolt joint, which is 

analyzed in ANSYS software. 

 

 

Table 3.33 represents the minimum and maximum total and directional 

deformation values. Figures 3.48 and 3.49 depict the total deformation of the hole in 

upper and bottom plates, respectively. Moreover, Figs. 3.50, 3.51, 3.52, 3.53 and 3.54 

illustrate the X- directional deformation of upper and bottom laminate plates and the 

bolt, the hole in the upper and bottom laminate plates, respectively. 

 

Table 3.33: The minimum and maximum total and directional deformation values. 
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Figure 3.48: Total deformation of the hole in upper laminate plate. 
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Figure 3.49: Total deformation of the hole in bottom laminate plate. 
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Figure 3.50: X Axis - Directional deformation of upper laminate plate. 
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Figure 3.51: X Axis - Directional deformation of bottom laminate plate. 
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Figure 3.52: X Axis - Directional deformation of the bolt. 
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Figure 3.53: X Axis - Directional deformation of the hole in the upper laminate plate. 
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Figure 3.54: X Axis - Directional deformation of the hole in the bottom laminate plate. 
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Figure 3.55: Y Axis - Directional deformation of upper laminate plate. 
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Figure 3.56: Y Axis - Directional deformation of bottom laminate plate. 
 

 

Figures 3.55, 3.56 and 3.57 represent the Y-directional deformation of upper 

laminate plate bottom laminate plate and the bolt. Furthermore, Table 3.34 represents 

the minimum and maximum directional deformation values. 
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Figure 3.57: Y Axis - Directional deformation of the bolt. 

 

Table 3.34: The minimum and maximum directional deformation values. 
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Moreover, Figs. 3.57, 3.58, 3.59, 3.60 and 3.61 depict Z Axis directional 

deformation of upper and bottom laminate plates, the bolt, the hole in upper and bottom 

laminate plates. 

 

 

 

Figure 3.58: Z Axis - Directional deformation of upper laminate plate. 
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Figure 3.59: Z Axis - Directional deformation of bottom laminate plate. 
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Figure 3.60: Z Axis - Directional deformation of the bolt. 
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Figure 3.61: Z Axis - Directional deformation of the hole in upper laminate plate. 
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Figure 3.62: Z Axis - Directional deformation of the hole in bottom laminate plate. 

 

Tables 3.35, 3.36, 3.37 and 3.38 represent the shear stress based on bolt, nut, 

aluminum and laminate, respectively. 
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Table 3.35: The bolt shear stress. 
 

 

 

Table 3.36: The nut shear stress. 
 

 

 

Table 3.37: The aluminum plate shear stress. 
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Table 3.38: The laminate plate shear stress. 
 

 

 

Table 3.39: The bolt normal stress along x- axis. 

 

 

Table 3.40: The nut normal stress along X- axis. 
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Table 3.41: Aluminum plate normal stress along X- axis. 

 

 

Table 3.42: The laminate plate normal stress along X- axis. 

 

 

Table 3.43: The bolt normal stress along Y- axis. 
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Table 3.44: The nut normal stress along Y- axis. 

 

 

Table 3.45: The upper laminate plate normal stress along Y- axis. 

 

 

Table 3.46: The bottom plate normal stress along Y- axis. 
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3.4 Conclusion 

The researches about single-lap bolted-joints are reviewed in this chapter and 

three of them that they have better results in terms of deformation based on clearance 

and thickness are considered to be simulated in ANSYS. The proposed three ones are 

designed in SOLIDWORKS and then imported to ANSYS. In ANSYS software the 

total deformation and directional deformations of the bolt, nut and the plates based on 

different materials are analyzed. Moreover, the shear stress and normal stress in X and 

Y axes are analyzed. According to the aforementioned analyses the performance of the 

single-lap bolted-joint, which is constructed based on T800 carbon epoxy and 

Titanium 6AI-4V alloy is better than the other two ones in term of total deformation 

and generally in term of directional deformation, shear stress and normal stress. The 

other main parameter that is considered as the main factor to design the proposed 

single-lap bolted-joint as a better one is having a low weight. 
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CHAPTER 4 

ANALYSIS OF A CONCEPT DESIGN OF A SINGLE COMPOSITE LAP-

JOINT 

4.1 Introduction 

In this chapter a new design due to the pros and cons of other single composite 

lap-joints which are analyzed in chapter three is presented. The proposed single 

composite lap-joint is designed in SOLIDWORKS and then imported in ANSYS 

software. The obtained result corroborates the high efficient performance of the 

designed single composite lap-joint under 5kN pressure compare to the other ones, 

which are presented in chapter 3. 

4.2 Concept Design 

Based on the structure of the single composite lap-joint, two aluminum plates 

are set in top and bottom of the designed single composite lap-joint. Figures 4.1 and 

4.2 illustrate the proposed single composite lap-joint, which is designed for this 

project. Moreover, Figure 3 depicts the single-lap, single bolt joint and its geometric 

dimensions. 
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Figure 4.1: The designed single composite lap-joint. 

 

Figure 4.2: Boundary condition for our design 

 

Figure 4.3: The different parts of designed single composite lap-joint. 
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Figure 4.4: The sizes of different parts of the designed single composite lap-joint. 

 

Table 4.1 represents the characteristics of the designed single-lap, single-bolt 

joint, which is obtained based on ANSYS software. The laminates were made of T800 

carbon-epoxy composites with lay-ups of [45/0/-45/0/90/0/45/0/-45/0]s2. The 

thickness of each lamina was 0.125 mm, yielding a total laminate thickness of 5 mm. 

Furthermore, the bolt and nut material are considered as Titanium 6AI-4V. Tables 4.2 

and 4.3 illustrate the minimum and maximum total and directional deformation values. 

In order to ensure hexahedral meshes on the outer layer of the bolt shank, the bolt has 

been subdivided into an internal cube and surrounding part. Moreover, the meshes far 

from the hole boundary is not as refined as those near the hole, which improve the 

computational efficiency. The free face mesh type in Ansys software is considered as 

Quad/Tri. The boundary condition of our design for the simulation is like the first case 

study which is presented in chapter 3. The down and upside laminate plates was 

modeled with 2515 elements and the aluminum plates with 30710 elements. Moreover, 

the bolt and nut are modeled with 83010 and 117680 elements. 
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Table 4.1: The characteristics of the designed single-lap, single-bolt joint. 

 

 

Table 4.2: The minimum and maximum total and directional deformation values. 

 

 

 

Table 4.3: The minimum and maximum total and directional deformation values. 

 

 

In all results in this chapter the forces are implemented on the system from zero 

to 5 KN for a one second period. Figures 4.4-4.11 depict the total deformation of the 

bolt, nut, upper and bottom Aluminum plates, upper and bottom laminate plates, 

respectively. 
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Figure 4.5: Total deformation of the bolt. 
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Figure 4.6: Total deformation of the nut. 
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Figure 4.7: Total deformation of the hole in upper Aluminum plate. 
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Figure 4.8: Total deformation of the hole in bottom Aluminum plate. 
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Figure 4.9: Total deformation of the upper laminate plate. 
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Figure 4.10: Total deformation of the bottom laminate plate. 
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Figure 4.11: Total deformation of the hole in upper laminate plate. 
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Figure 4.12: Total deformation of the hole in bottom laminate plate. 

 

 

Figures 4.12-4.17 illustrates the directional deformation of the bolt, nut, upper 

and bottom Aluminum plates, upper and bottom laminate plates in X axis, respectively. 
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Figure 4.13: X Axis - Directional deformation of the bolt. 
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Figure 4.14: X Axis - Directional deformation of the nut. 
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Figure 4.15: X Axis - Directional deformation of upper Aluminum plate. 
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Figure 4.16: X Axis - Directional deformation of bottom Aluminum plate. 
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Figure 4.17: X Axis - Directional deformation of upper laminate plate. 
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Figure 4.18: X Axis - Directional deformation of bottom laminate plate. 

 

Figures 4.18-4.23 depict the directional deformation of the bolt, nut, upper and 

bottom Aluminum plates, upper and bottom laminate plates in Y axis, respectively. 
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Figure 4.19: Y Axis - Directional deformation of the bolt. 
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Figure 4.20: Y Axis - Directional deformation of nut. 
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Figure 4.21: Y Axis - Directional deformation upper Aluminum plate. 
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Figure 4.22: Y Axis - Directional deformation bottom Aluminum plate. 
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Figure 4.23: Y Axis - Directional deformation of upper laminate plate. 
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Figure 4.24: Y Axis - Directional deformation of bottom laminate plate. 

 

Figures 4.24-4.29 represents the directional deformation of the bolt, nut, upper 

and bottom Aluminum plates, upper and bottom laminate plates in Y axis, respectively. 
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Figure 4.25: Z Axis - Directional deformation of the bolt. 
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Figure 4.26: Z Axis - Directional deformation of the nut. 
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Figure 4.27: Z Axis - Directional deformation upper Aluminum plate. 
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Figure 4.28: Z Axis - Directional deformation bottom Aluminum plate. 
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Figure 4.29: Z Axis - Directional deformation of upper laminate plate. 
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Figure 4.30: Z Axis - Directional deformation of bottom laminate plate. 

 

Tables 4.4, 4.5, 4.6, 4.7 and 4.8 represent the shear stress based on bolt, nut, 

bottom and upper laminate, and bottom and upper aluminum, respectively. 
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Table 4.4: The bolt shear stress. 

 

 

Table 4.5: The nut shear stress. 

 

 

Table 4.6: The bottom laminate plate shear stress. 
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Table 4.7: The upper laminate plate shear stress. 

 

 

Table 4.8: The upper Aluminum plate shear stress. 
 

 

 

Table 4.9: The bottom Aluminum plate shear stress. 

 

 

 

 



140 

Tables 4.10, 4.11, 4.12, 4.13, 4.14 and 4.15 represent the normal stress along 

X- axis based on bolt, nut, bottom and upper laminate, and bottom and upper 

aluminum, respectively. 

Table 4.10: The bolt normal stress along X- axis. 

 

 

Table 4.11: The nut normal stress along X- axis. 

 

 

Table 4.12: The upper laminate plate normal stress along X- axis. 
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Table 4.13: The bottom laminate plate normal stress along X- axis. 

 

 

Table 4.14: The upper aluminum plate normal stress along X- axis. 

 
 

Table 4.15: The bottom aluminum plate normal stress along X- axis. 
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Tables 4.16, 4.17, 4.18, 4.19, 4.20 and 4.21 represent the normal stress along 

Y- axis based on bolt, nut, bottom and upper laminate, and bottom and upper 

aluminum, respectively. 

Table 4.16: The bolt normal stress along Y- axis. 

 

 

Table 4.17: The nut normal stress along Y- axis. 

 

 

Table 4.18: The upper laminate plate normal stress along Y- axis. 
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Table 4.19: The bottom plate normal stress along Y- axis. 

 

 

Table 4.20: The upper aluminum plate normal stress along Y- axis. 

 

 

Table 4.21: The bottom aluminum plate normal stress along Y- axis. 

 

 



144 

4.4 Conclusion 

In this chapter a new design for a single composite lap-joint is presented.  Based 

on the simulation results which are obtained from the represented single composite 

lap-joint in chapter 3, it has been considered to add two external plate to support the 

composite plates, which has had better response in terms of total and directional 

deformation compare to the aforementioned single composite lap-joints. The T800 

carbon-epoxy, aluminum alloy and Titanium 6AI-4V are considered as laminate 

plates, holder plates and bolt and nut, respectively. Based on the simulation process 

which is done in ANSYS software, the total and directional deformations of the 

designed single composite lap-joint 5000 N is better than the other ones, which are 

presented in chapter 3. 
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CHAPTER 5 

CONCLUSION 

5.1 Introduction 

In this chapter firstly, a short review about previous chapters and a sum up 

about the results, which are obtained based on the analysis that are done in chapters 3 

and 4 are described. Finally, some suggestions as ongoing works are presented. 

Moreover, some of our suggestion about the ongoing works which can do in this area 

are presented. 

5.2 Chapters Review 

In chapters one and two a bibliography about the composite materials and some 

of the features of them are described. Then, in chapter 3, three researches which were 

done based on different kinds of single composite lap-joints are presented. In the 

proposed research IM7/MTM-45-1, T800 and HTA 7/6376 carbon epoxy were 

considered as the main material for constructing the laminate plates. Moreover, 

40CrNiMo alloy, Titanium 6AI-4V and Titanium 6Al114VSTA were set as the 

materials of the bolts and nuts. According to the deformation analysis that was done 

in ANSYS software the performance of T800 carbon epoxy and Titanium 6AI-4V 

alloy under load is better than the other two ones in term of total deformation and 

generally in term of directional deformation. Based on the proposed points a new 

design for a single-lap bolted-joint was presented in chapter 4. The materials which 

are set for the proposed structure are T800 carbon epoxy for laminate plates, Titanium 

6AI-4V alloy for bolt and nut and Aluminum alloy for two holder plates. The results 

of analysis in ANSYS in terms of total and directional deformation verified the high 
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performance of the proposed structure in terms of robustness under load against the 

deformation.  

5.3 Ongoing Works 

As ongoing works based on the structure of this thesis two suggestions are 

provided that are explained in the following: 

 One of the best way that can reduce the single composite lap-joints 

constructing expenses is doing simulation in different software like 

ANSYS or ABAQUS, but the process of simulating always is so time 

consuming and sometimes the results are not so good and the material or 

the structure need to change. In order to accelerate the process of 

simulating and obtaining better results, using the machine learning 

methods to find the general shape and the best material can be considered 

as a novel method. 

 Moreover, the process of this thesis was based on finding a better structure 

which can tolerate more load and have a robust behavior against the 

deformation. As future works, the structure which is presented as a concept 

design in chapter 4 and the materials which are set on them can be 

constructed and analyzed and then the experimental results can be 

compared with the simulation ones.  
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