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Hybrid joint deals with joining of two dissimilar metals or dissimilar joints like Bolted-Bonded, Riveted-bonded, Welded-riveted 
etc. Metal joint plays an important role in load transfer through the assemblies which gives importance in metal joints. Current 
paper deals with the experimental and analytical analysis of rivet joint, adhesive joints &Rivet-Adhesive. Joints (Hybrid Joint).

ABSTRACT

Introduction 
Often small machine components are joined together to form 
a larger machine part. Design of joints is as important as that 
of machine components because a weak joint may spoil the 
utility of a carefully designed machine part. Mechanical joints 
are broadly classified into two classes’ viz., non-permanent 
joints and permanent joints. Non-permanent joints can be as-
sembled and dissembled without damaging the components. 
Examples of such joints are threaded fasteners (like screw-
joints), keys and couplings etc. Permanent joints cannot be 
dissembled without damaging the components. These joints 
can be of two kinds depending upon the nature of force that 
holds the two parts. The force can be of mechanical origin, 
for example, riveted joints, joints formed by press or interfer-
ence fit etc, where two components are joined by applying 
mechanical force. The components can also be joined by mo-
lecular force, for example, welded joints, brazed joints, joints 
with adhesives etc. Not until long ago riveted joints were very 
often used to join structural members permanently. However, 
significant improvement in welding and bolted joints has cur-
tained the use of these joints. Even then, rivets are used in 
structures, ship body, bridge, tanks and shells, where high 
joint strength is required.[11] Modern applications for adhe-
sives are very diverse, ranging from aircraft, automobile and 
civil structures o pressure sensitive films and tapes. Some of 
the attributes an adhesive should possess include: the ability 
to distribute external loads within the bonded joint, the ability 
to carry static and fatigue loads throughout the service life of 
the bonded joint, and the ability to adequately wet and bond 
to the adherent

Surfaces and make for a durable bond over the service life 
of the intended application. Adhesives are classified in many 
different ways, and some of the most common ways of clas-
sification depends on i) their physical appearance or state, ii) 
chemical composition or functionality, iii) curing or processing 
conditions and iv) end use or final. Application. [12] In hybrid 
joining two or more joining operations are carried out either si-
multaneously or sequentially, leading to enhanced properties 
of the joint due to a synergistic load bearing interaction under 
service conditions. Combining pressure sensitive adhesive 
bonding with mechanical joining or with structural adhesives 
can offer advantages in terms of processability and load bear-
ing capacity when high levels of both static and dynamic me-
chanical resistance are required. Hybrid joining has become 
a preferred practice in the assembly of modern lightweight au-
tomotive and commercial vehicle structures. One of the rea-
sons for this development has been the increased demand in 

mixed material design (e.g. as in combinations of steel and 
aluminum parts) that cannot be realized with traditional join-
ing tech-neologies such as welding. Furthermore combining 
different joining technologies in hybrid joining can build on 
their individual strengths and advantages and counterbal-
ance specific weaknesses. Such hybrid joining technologies 
are, for example, being used today in the automotive industry 
for the manufacturing of the body in white (BIW) structure, 
where BIW refers to the stage in which the car body sheet 
metal parts (including doors, hoods etc.) have been assem-
bled but components like chassis, engine and trim have not 
yet been added. Today’s standard practices in hybrid joining 
with adhesives include spot weld bonding, hem flange folding 
and bonding, clinch bonding and adhesive bonding in combi-
nation with self-piercing rivets.[13].In the proposed work the 
finite element analysis and experimental analysis is carried 
out to finding out the strength of hybrid joint, riveted joint and 
an adhesive joint .

A)	 Hybrid joining creates robust, attractive assemblies
Aerospace and automotive manufacturers have been incor-
porating hybrid joining into their production for years now this 
joining method, however, has been largely ignored by appli-
ance manufacturers.

A novel approach to assembly construction, the method is 
surely applicable within the appliance industry and stands to 
benefit both appliance manufacturers and end

Users. Hybrid joining refers to the use of an adhesive in com-
bination with a mechanical method of joining. There are three 
main varieties of hybrid joining: rivet-bonding, weld-bonding 
[4].

B)	 Hybrid joints for an assembly.
i) A more recent study examined the influence of sevral join-
ing process relative to geometrical and envorments factors.It 
was genreally found that in comparision with simple welded 
joints,hybrid weld-bonded joints,there is a strong reduction of 
dependance from temprature and aging.With other methods 
of hybrid-fastned joints,the contribution of the adhesive bond-
ing to the maximum load is very high,while a genrally little re-
duction of relavance of temparature and aging was found.[10]

ii) Hybrid joining also can produce assemblies that are wa-
tertight and corrosion-resistant, owing to the adhesive’s coat-
ing and sealing the substrate. Assemblies wrought by hybrid 
joining also exhibit high fatigue resistance, which has made 
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the method a favorite among the aerospace and automotive 
industries [4]

iii) The use of hybrid joining could also lead to other benefits 
such as increased joint rigidity, contributing to overall stiffness 
gains and reduction of vehicle mass Additionaly,the use of ad-
hesive in conjunction with mechanical fasteners could signifi-
cantly reduce stress concentrations, which serve as locations 
for crack starters. serve as location for crack starters. Hybrid 
joining methods can also provide additional joint continuity to 
allow increased spacing between fasteners or weld. [7]

2. EXPERIMENTAL ANALYSIS
For the experimental analysis it requires the following Mate-
rial.
i)	 Adhesive 
ii)	 M.S. Rivet.
iii)	 Al-Plates of 100mm length.(as per ASTM std)

2.1 Adhesive.
The test was carried about with an adhesive of the company 
Locite as request of the sponsoring company. The adhesive 
used was the Hysol product E-214HP is a light paste, indus-
trial grade epoxy adhesive. This one-component, no-mix, and 
heat activated formulation develops tough, strong, structural 
bonds. Which provide excellent peel resistance and impact 
strength. Bonds to wide variety of materials, including metals, 
glass, ceramics and plastics, these are the typical application 
of this product.

2.2 Lap Joint.
For the experimental setup the Al- Al lap joint was taken into 
consideration with the following configuration.
i) Al-Al lap joint with rivet joint
ii)Al-Al lap joint with the adhesive joint
iii) Al-Al lap joint with Hybrid (Adhesive-riveted) joint.
2.3 M.S. Rivet
Simple M.S. Rivet of 3.5 mm diameter. 

3. EXPERIMENTAL RESULTS.
Testing was carried out using universal testing machine hav-
ing maximum capacity 100Kn/10Tone (star testing machine 
model: STS 248, software based) (see fig 2) one end of the 
sample was held by a lower self tightening grip. That was 
fixed. And the other end was held by an upper grip that oper-
ates at a constant rate of the 5mm/min.

Load was applied using load cell at a speed of 5mm/min load 
required to shear the specimen. Load/displacement graph 
were recorded on the software. For the different joints con-
figurations.

Table 1
Sr. No Lap joint Total load carried in N
1  Adhesive alone 3875N
2 Rivet alone 3865N
3 Hybrid joint ( MS+Rivet) 5185 N

The following diagrams can verify the data obtained in ex-
perimental set up which themselves have been got from the 
mentioned experimentation.

 Fig: 1 Hybrid joint on tensile testing machine.

 

Fig 2 Load vs. displacement graph (Hybrid joint) Used 
M.S. Rivet.

Fig 3 Load vs. displacement graph (Adhesive alone)

Fig 4 Load vs. displacement graph (Rivet only)
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4. FINITE ELEMENT ANALYSIS
In the present work, the finite element analysis was carried 
out using UG NASTRAN software. A 3D cad model was cre-
ated. And carried out shear test for the same load .for Rivet 
joint, Adhesive joint, Hybrid joint. The stresses occur for each 
configuration during the analysis is shown in Table 3.

The result is comparing with the load versus displacement 
diagram value obtained in Experimental analysis. Figure 5. 
Shows the simple lap joint (2D) of different joint configuration.

Only rivet

Only adhesive

Rivet-adhesive bonding
Figure 5
Table 2 Material properties of rivet - adhesive.
Material Yield strength(MPa)
Aluminum 179
Mild steel 250
Adhesive 30(Shear strength).

Parametric Solid model of the plate assembly with adhesive 
and rivet joint in between them has made. As shown in fig 4.

Adhesive modeled with 0.38 mm thickness between the plates.
. 	 Load applied at the end of the plate.
. 	 Surface to surface contact applied between the Adhesive 

and plate. 

5. FEA STEPS.
FEA was performing on. Following steps.
·	 Cad modeling
·	 Meshing
·	 Joint preparation
·	 Thickness and material assignment
·	 Boundary conditions
·	 Surface to surface Contact
i)	  CAD model of the plate assembly with adhesive and rivet 
joint between them.

 

 

Fig 5.1
Finiete elemnt model and Boundary conditions

ii)Meshing 

 

Fig 4.2

Fig 5.3 Finite element Analysis of Hybrid joint

 

Fig 5.4 (Stresses in adhesive)
 

Fig 5.5 (Stresses in M.S rivet.)
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Fig 5. 6 FEA of (only) Rivet joint.

Fig 5. 7 Stresses occur in only Rivet. Joint.

Fig 5. 8 FEA of only Adhesive joint.

Fig 5. 9 Stresses occur only in adhesive.

Table 3

Lap joint Yield strength 
(MPa)

Stresses 
occur 
(MPa)

Factor 
of 
safety

Rivet alone M.S. 250 MPa 278 0.89

Adhesive alone. 30MPa (Shear 
strength) 266 0.112

Hybrid joint (stresses 
occur only in 
Adhesive )

30 MPa (Shear 
strength) 234 0.128

Hybrid joint (stresses 
occur only in MS-
Rivet)

250 Mpa 152 1.6

Hybrid joint (stresses 
occur only in AL-
Rivet)

179 Mpa 119 1.5

6. Result and discussions.
The factor of safety must be greater than one to prevent the 
failure. as shown in table 3, For the lap joint of only rivet joint 
(M.S. Rivet) the stresses occur was 278 MPa.250<278 hence 
it is less than the yield strength of M.S Rivet. So the FOS 
became 0.89. <1

When plate is bonded with only adhesive the stresses occur 

Are 266 MPa. 266>30 MPa (Shear strength of adhesive) plate 
get fail. When the lap joint of adhesive- rivet (Al-rivet) was 
taken, stresses occur in adhesive is 234 Mpa. That means 
266 Mpa reduced to 234 hence other load taken by al rivet. 
And stresses occur in Al rivet is 242.which is greater than its 
yield strength 179 Mpa. 119< 179 MPa. 

Factor of safety for al hybrid joint is179/119 =1.5. >1.Adhe-
sive-rivet (M.S) was taken stresses occur in adhesive become 
232 Mpa hence the stresses is around the range of 200Mpa 
>30 MPa .At the same time stresses occur in the M.S. rivet is 
119 MPa< 250MPa. Factor of safety For M.S. hybrid joint is 
250/152 = 1.6.>1 so stresses occur in the Hybrid joint is within 
the yield strength limit, as its FOS is greater than 1.hence this 
configuration having high load carrying capacity 

Compare to only adhesive or only rivet joint. This is experi-
mentally proved.

7. Conclusions
1.	 The adhesive bond with M.S. Rivet (Hybrid joint) gives 

high load carrying capacity.
2.	 Also decreases the stresses developed in adhesive.
3.	 Correctly designed rivet/bonded joints are much stronger 

than the adhesive only or rivet only.
4.	  The rivet Material is important factors in determining the 

load carrying capacity.
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