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I.   Introduction 

Nowadays the composite materials like plastics reinforced with carbon fibers (CFRP), glass fibers 

(GFRP), and aramid fibers (AFRP) are widely used in various industries such as automotive, chemical, 

electrical industry, aircraft and even in cryogenics. Due to its superior properties, composites have been one of 

the materials used for repairing the existing structures in various applications and also for joining composite 

parts together, using adhesives or mechanical fasteners nowadays, a new method called hybrid joint is also 

being employed where a combination of both adhesive and mechanical fasteners are used.  

In the present project ,an attempt is made to analyze the stress distribution in 3D models of three 

configurations of double riveted single lap joint namely bonded, riveted, hybrid. A major advantage of adhesive 
bonds with fastener may be designed and made in such a way that they can be stronger than the ultimate 

strength of many metals and it is broadly used in the aircrafts. 

Hybrid joints are a combination of adhesive bonding and mechanical fastening and have previously 

been considered in relation to repair and improvement in damage tolerance. Hart-Smith conducted a theoretical 

investigation of hybrid (boned/bolted) stepped lap joints and found that there was no significant strength benefit 

over perfectly bonded joints.  

 

II.   Hybrid Joints 

The permanent assembly of individual manufactured components is an important aspect of fabrication 
and construction. There are many ways for accomplishing this including the use of fastenings such as bolts and 

rivets, the use of adhesives, and by soldering, brazing and welding. Joint design is dependent upon the nature of 

materials to be joined as well as the method of joining. 

 The first cast iron bridge, at Ironbridge, in Shropshire, England, was erected in 1777-1779 by casting 

massive half-arches and assembling the mortise and tenon joints, with fit-on parts and tapered pegs. 
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Figure 2. First Cast Iron Bridge in Shropshire 

 

 This mode of construction was the only one known to the designer, and is closely based on the design 

of timber structures. The only concession to the new structural material was in the use of large scale, single 

piece, curved members. Rolled bars of T- and L-sections did not become available until after Napoleonic wars 

and the first I-beams, for light loading only, were made in Paris in 1847.  

 Heavy I-beams only become available in 1860 after the invention of mild steel. Fastening was 

originally by slotting a circular cylinder, cast as an integral of the beam, over a cylindrical column, cast with a 

retaining lip, but fish platesand bolting were introduced at early stage. 
 Steel “nailing” was developed and primarily used for fastening sheet metal to structural steel for metal 

roof decks and claddings. Research undertaken at the University of Toronto has shown that the existing 

technology of steel nailing also can be used to connect structural steelwork, particularly hollow structural 

section steel members. Cold-formed structural members may be joined with bolted connections that are 

designed with the aid of applicable national design standards, such as American Iron and Steel Institute (AISI). 

Winter categorized the failure of bolted connections into four separate modes, described as end tear-out, 

bearing, net-section fracture, and bolt shear. Recently Rogers and Hancock found AISI specification cannot be 

used to accurately predict the failure modes of thin cold-formed sheet-steel bolted connections that are loaded in 

shear. It is sometimes necessary to use combination (hybrid) joints in steel construction.  

 For example, high-strength bolts can be used in combination with welds, or rivets can be used in 

combination with bolts. The need for a hybrid joint can rise for number different reasons. For example, the load 

demands on an existing bolted joint may change with time, necessitating renovation of that joint. If the 
geometry does not permit the addition of more bolts, welds can be added to the connection in order to increase 

its capacity. Bonded structures can be of two types based on purely adhesive or adhesive/mechanical 

connections. These types of connections include bonded-welded, bonded-riveted, and bonded-screwed 

connections.  

 The concept hybrid joint is also used in structural timber by injecting a resin into the gap between the 

connector and the wood to improve the performance of bolted and dowelled joints.  

 On the other hand, steel bolts/screws were used as shear connectors to joint steel/timber beam to 

concrete slab [10-12]. Elshafie also used concrete shear key (dovetail) as shear connectors in timber-concrete 

composite joints.  It is convenient now to define an adhesive as a polymeric material which, when applied to 

surfaces, can join them together and resist separation. The structural members of the joint, which are joined 

together by the adhesive, are the adherends, a word first used by de Bruyne in 1939.  
 Fracture mechanics has become a very popular tool for characterization of adhesive metal joints in 

recent years. Furthermore, Conrad et al. studied the effect of droplet diameter and droplet spacing on mode I 

fracture toughness of a discontinuous wood-adhesive bonds. The fracture mechanics concept is also used to 

understand the basic dentin adhesion mechanisms.  

 Advanced composite materials and structures have undergone rapid development over the past four 

decades. The majority of advanced composite materials are filamentary with continuous fibers. As such, their 
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behavior and the behavior of structures made from them are more complicated than that of monolithic materials 

and their structures.  

 Advanced composite materials can be divided into classes in various manners. One simple 

classification scheme is to separate them according to the reinforcement forms- particulate-reinforced, fiber-

reinforced, or laminarcomposites. Fiber-reinforced composites, can be further divided into those containing 

discontinuous or continuous fibers. Polymers, ceramics, and metals are all used as matrix materials, depending 

on the particular requirements. The matrix holds the fibers together in structural unit and protects them from 
external damage, transfers and distributes the applied loads to the fibers, and in many cases contributes some 

needed property such as ductility, toughness, or electrical insulation.  

 The structure of polymers consists of long molecules with a backbone of carbon atoms linked by 

covalent bonds. In non-crystalline or amorphous polymers the molecular chains have an entirely random 

orientation and are cross-linked occasionally by a few strong covalent bonds and numerous but weaker van der 

Waals bonds. These weaker bonds break as the temperature reaches a value known as the glass transition 

temperature, T
g
, characteristic for each polymer. Below T

g
the polymer behaves as a linear elastic solid.  

 Creep becomes increasingly significant as the temperature increases and, above T
g
, the polymer 

deforms in a viscous manner under load. In crystalline polymers the molecules are oriented along preferred 

directions, bringing with them optical and mechanical anisotropy. Polymers are described as being either 

thermosets (e.g., epoxy, polyester, SiC, SiN, ZrO), have a wide range of engineering applications.  
 The strong ionic and covalent nature of the bonding in most ceramics leads to a stable crystal structure 

with a high melting point and high stiffness. Many ceramic materials have very high elastic moduli and 

strengths, but the advantages of these properties bestow are often outweighed by their highly brittle nature, 

which leads to low and unpredictable failure stress resulting from the presence of flaws.  

 Metal matrix composites typically comprise a light metallic alloy matrix, usually based on aluminum, 

magnesium or titanium alloys. The major reinforcing elements used in composites are glass, carbon/graphite, 

organic, and ceramic.  

 Both metal and ceramic materials have properties closer to those of likely reinforcements and this 

leads to a different choice of properties for which these composite systems are optimized.  

 With polymer matrix composites, it is almost true to say that the properties of the composite are 

essentially those of the fibers, with little contribution from the properties of the matrix. phenolic) or 

thermoplastics (e.g., polyimide, polysulfone, polyetheretherketone, polyphenylenesulfide). Ceramics, such as 
glasses, cement & concrete, and engineering ceramics(Al

2
O

3). 

 FiberReinforced Polymer (FRP), earlier limited to aerospace structures, are gaining acceptance in civil 

engineering applications also. FRP plates, sheets, rebar, and strands have been increasingly used in the 

construction industry due to their superior properties.  

 One of the potential structural applications of FRP composites with concrete or steel structures is 
strengthening of RC or steel beams with unidirectional fiber-composite sheets/plates bonded on their tension 

faces via the use of epoxy adhesives.  

 Growing maintenance and durability problems in transportation infrastructure have led researchers to 

explore FRP box-girder, I-beam, or other shapes in bridges. There are numerous examples of completed all-

composite new bridges and several more are under construction. 

 Due to the relatively low weight and high strength of FRP girders and decks it has proven to be 

efficient to replace old bridges that no longer meet today’s requirements with FRP alternatives. While design 

concepts vary, several systems employ a modular system to build up the bridge deck, meaning that composite 

profiles are transversely joined to form the required bridge span or occasionally width. Kumar et al. installed an 

all-composite bridge deck made up of FRP. 

 

.  III.   Snap Joint in Composite Structures 

In the majority of the composite structural components, both bolted and/or adhesive bonded joint was 

used. Most of the details are similar to those for metal joints. It was shown from extensive testing on bolted 

composite joints that failure always occurs in a catastrophic manner due to high stress concentration developed 

at the bolt locations.  

 Due to the inherent low bearing and interlaminar shear strengths of composites, these stress 

concentrations threaten the downfall of every piece of the composite structure [86-87]. The optimum composite 

joint design is the one capable of distributing stresses over a wide area rather than to concentrate them at a 

point. Adhesively bonded joints can satisfy these requirements, however, most of the adhesives are brittle, and 

brittle failure is unavoidable. This was the motivation of developing what is called the SNAP joint. 
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Figure3.1 Snap Joint 

 
 The snap joint technology developed by W. Brandt Goldworthy& Associates, Inc. The concept is 

based on similar joining technology used for connecting wooden parts. Also, this technique is very similar to 

techniques which were used a decade or so again for plastic. Figure 4-1 shows a pultruded structural composite 

member (A) with one end shaped as a fir-tree, and therefore has a large load bearing area.  

 In this figure, part (A) has been snapped into another structural shape (B). From Fig. 4-1 one can see 

that, the later shape has been designed to combine its structural shape with functionality that allows or the 

engagement of the load-bearing surface of member (A). It is possible to "snap" joint both parts together since 

part (A) has been cut for a short distance along it length to provide enough lateral flexibility to move out of the 

way when entering part (B). In order to make this joining concept successful, the fiber architecture of part (A) 

must be designed in such a way that the load bearing surfaces have higher inter-laminar shear strength capacity. 

Also, it can be noticed from the figure, that a circular hole was introduced at the end of the horizontal slot of 

part (A) to inhibit the crack propagation along the length of the pultruded member. The applications of this 
technology in composite structures will have benefits as follow: 

• The structures are easy to assembly. 

• Installation of structure members become faster. 

• Installation needs smaller number of labor and equipment. 

• Since it use composite materials, its weight is less than traditional structures. 

 The first prototype or "Demonstration project" using this joining method was in designing and 

construction of three Transmission Tower Structures, near Los Angeles by W. Brandt Goldworthy& Associates, 

Inc. and Ebert Composites Corporation. Through California Department of Transportation, they have proposed 

the design and the construction of a truss structure to carry highway singes. The snap joining technique is 

considered to be one of the optimum techniques to join composite structural members. However, it has a major 

limitation, and can only be used in specific applications. That is, this method can only be used to transmit axial 
loads, which make it ideal for truss-type structures.  

 However, in my opinion, this method should NOT be recommended when out-of-plane loads or any 

shear loads are introduced since the connection is not design to carry any major bending moments. Under 

flexural loads, it is expected that the joint will be very flexible, and the artificial cracks introduced to members 

will propagate and a complete failure will occur even under moderate service flexural and/or shear loading. 

 
Figure 3.2 Snap Joint Projects 
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IV.   Hybrid Joints 

In an attempt to improve the joint strength of composite materials, a hybrid of adhesive and bolted 

joints has also been explored [88], Fig. 5-1. Hybrid joints failed at a higher load than the bolted joints and with 

the proper clamping torque reached the same failure load as the adhesive joints.  
 Furthermore, unlike the adhesive joints, hybrid joints failed in two steps, first by initiation of fiber tear 

(akin to delamination in laminated continuous fiber composites) at one of the lap ends and then by tensile 

failure across the bolt hole. This led to a slightly higher overall elongation at failure for specimens with the 

hybrid joints.  

 Failure in fatigue also started by fiber tear and when the fiber tear progressed to the bolted area, a 

combination of half-net-tension failure and splitting (cleavage failure) occurred. In both static as well fatigue, 

failure was initiated by fiber tear and the round washers with their edges located slightly away from the lap ends 

were not effective in preventing fiber tear. 

 Hybrid joints give better static as well as fatigue performance than adhesive joints in composites when 

fibertear, the primary failure mode in adhesive joints, is either prevented or delayed by the presence of 

clamping. The presence of the lateral clamping pressure can significantly decrease the maximum peel stress at 

the interface, which helps in achieving improved joint performance. The square washer representing full 
clamping to the edges of the overlap area gives a better performance compared to round washer, representing 

partial clamping. 

 In an attempt to improve the joint strength of composite materials, a hybrid of adhesive and bolted 

joints has also been explored, Fig. 5-1. Hybrid joints failed at a higher load than the bolted joints and with the 

proper clamping torque reached the same failure load as the adhesive joints. Furthermore, unlike the adhesive 

joints, hybrid joints failed in two steps, first by initiation of fiber tear (akin to delamination in laminated 

continuous fiber composites) at one of the lap ends and then by tensile failure across the bolt hole.  

 This led to a slightly higher overall elongation at failure for specimens with the hybrid joints. Failure in 

fatigue also started by fiber tear and when the fiber tear progressed to the bolted area, a combination of half-net-

tension failure and splitting (cleavage failure) occurred. In both static as well fatigue, failure was initiated by 

fiber tear and the round washers with their edges located slightly away from the lap ends were not effective in 
preventing fiber tear.  

 Fu and Mallick found that, hybrid joints give better static as well as fatigue performance than adhesive 

joints in structural reaction injection molded composites when fiber tear, the primary failure mode in adhesive 

joints, is either prevented or delayed by the presence of clamping. Their finite element analyses proved that the 

presence of the lateral clamping pressure can significantly decrease the maximum peel stress at the interface, 

which helps in achieving improved joint performance. 

 
Figure 4 Sketch of an Adhesive/Bolted (Hybrid) Joint 

 

V.   Conclusion 

In this analysis, FEA for the prediction of stress distribute on in bonded, riveted and hybrid joints 

have been carried out 3D models were created by using PROE (creoparametric) and analyzed using ANSYS 

workbench FEA software .shear stress was used to compared the results with three joining methods. The shear 

stress with hybrid joint has less value of stress and also the carbon Fiber reinforced plastic is more strength than 

any other composite material. The stress induced by using ANSYS is less than the material ultimate stress and 

ultimate limit. The total deformation for both the materials in hybrid joint is less. It was found that a well 

designed hybrid joint is very efficient when compared to bonded, riveted joints in case of repair situation in 

aircraft fuselage panels, structures etc. 
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