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Abstract- The numerical techniques using finite element 

method is used to modal and analysis of bonded riveted 

joints utilizing different shape of rivets. The goal of this 

study was to recommend the best arrangement and rivet 

shape of these joints in order to get the most out of them. 

Three different rivets configuration are taken: cylindrical 

hole rivet, single conical rivet and double conical rivet 

with different rivet hole diameter 3, 4 and 5 mm. The result 

reveals that the maximum Von-Mises stresses occur at the 

center of the bonded joint on which the stress reach a peak 

of 84 MPa while it reduced to 14 MPa near the edge of the 

plate for the bonded joint only. Also, for the same rivet 

configuration, it is shown that the maximum stress 

increase when the hole diameter increases from 3 to 5 mm 

in the case of cylindrical hole dimeter. The same behavior 

is observed for single and double conical rivet hole on 

which the stresses increase by 2.3% when the dimeter rises 

by about 66%.  
 

Keywords: Polymers, Riveting Joint, Bonded Materials, 

Abaqus. 
 

1. INTRODUCTION 

In automotive and aviation industries nowadays, it has 

demanded increasingly   to use lightweight materials to 

save energy consumption and reduce pollutant emissions. 

The use of hybrid architectures involving polymers, 

composites, or metal pieces aims to take advantage of the 

unique properties of each material [1]. As a consequence, 

the nowadays modern industrial manufacturer prefers the 

structure that mixed between traditional metal and 

polymers in many real-world applications.   

Joining two different materials with beneficial features 

such as high rigidity and strength, as well as superior 

resistance to fatigue and fracture damage, is, however, 

difficult [2]. There are different methods to fasten 

materials including clamping two material using screw, 

bolt and nut, rivets, adhesive material, and a mixture of 

both (mechanical and adhesive) [3]. 

In the automotive sector, mechanical fasteners such as 

rivets, pins, and bolts are extensively used. The structures 

that utilize hybrid methods to joint and linking composite 

materials have also been reported [4-7], based on extensive 

experimental and computational data on failure 

mechanisms under static and dynamic stress situations. 

Due to anisotropy material behavior of these hybrid 
joining , the fundamental concern with these methods is 
that high stress riser around rivets holes reduces joint 
strength, which is considerably more severe and 
cumbersome on composite material than in metallic 
equivalents [8]. 
 So, the use of adhesive method for joining two 
materials is more reliable than traditional mechanical 
method on which the loads are distributed equally and thus 
leads to reduce the effect of static and dynamic stress 
concentration factor set up in the parts to be joint [9]. 
These cutting-edge technologies are employed not just in 
aerospace but also in other technical disciplines [10]. 

The strength of hybrid joints can be 1.5 to 3 times that 
of solely glue bonded joints. Marannano and Zuccarello 
[11] studied the behavior of hybrid bonded/riveted joints 
using a numerical and experimental method. It has been 
shown that adding St or Al rivets to an adhesively bonded 
joints with an overlap length equivalent to twice the 
minimum size assumed by improves static strength and, 
more importantly, fatigue performance. Experimentally, 
the load capability and the ductile property of pultruded 
fiber-reinforced polymer  for the DLJ joints with hybrid 
joint mechanical fasteners and adhesive material were 
investigated [12]. By raising the displacement rate, the 
ultimate failure loads of these joints were greatly 
enhanced, while the deformation capacity remained same. 
 The hybrid technique of connection with multi-
directional adherends and elastic adhesive demonstrated 
high joint performance implying that they might increase 
the total safety of redundant designed structures consist of 
fragile pultruded fiber-reinforced polymer parts. 

Habibi and Ramezani [13] conducted the influence of 
rivet placement on the strength and failure of 
nanocomposite rivet and hybrid adhesive-rivet using two 
experimental and computational methods. The strength of 
the joint rose as the number of rivets in the joint of the 
nanocomposite components grew, according to the results 
of the laboratory testing and the finite element analysis 
also the strength of the rivet joint is influenced by the 
placement of the rivets. Employing a single lap connection 
for cantilever beam, and double cantilever beam joints, 
Gupta et al. [14] investigated the strength of lap shear and 
fracture toughness with opening mode of epoxy/alumina 
nanocomposite adhesives in Al alloy joints. 

mailto:ayadmuhmmed@mtu.edu.iq


International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 52, Vol. 14, No. 3, Sep. 2022 

101 

The lap shear strength and fracture toughness of 

nanocomposite adhesives were found to be significantly 

higher than those of neat epoxy adhesive. Also, the glue 

with 1.5 wt. percent nanospheres and 1.0 wt. percent 

nanorods had the highest fracture toughness of both types 

of joint. In the present work, the FE software using Abaqus 

software is chose to estimate the effect of bonded layer and 

rivet shape on the stresses and deformation evolved in 

bonded joints with rivets.  

 

2. BACKGROUND THEORY 

 

2.1 Rivet Design 

There are two main types of riveted joint: lap-joint and 

butt-joint. In lap joints the components to be joined overlap 

each other as shown in Figure 1. There are three different 

methods to determine the maximum tensile load that can 

be applied to the joint which are [15]: 

1. Based on shear stress, the tensile load is given by  

r dF nA =  (1) 

2. Based on compressive or bearing stress, the safety 

applied tensile load is given by 

b cF nA =  (2) 

bA td=  (3) 

3. Base on tensile strength, the tensile load is given by 

P tF A =  (4) 

where, 

F the load (N) 

Ar projected bearing area of rivet (m2) 

Ab cross-sectional area of plate between rivet holes (m2) 

t thickness of plate (m) 

d diameter of rivet (m) 

d allowable shear stress MPa 

d allowable compressive stress MPa 

t allowable tensile stress MPa 

 

 
 

Figure 1. Single riveted lap-joint [16] 

 

2.2. Adhesives Design 

The main variables that dominate the performance of 

adhesive material include the nature of materials, type of 

adhesive and the thickness of the joint plates. The tensile 

stress developed in the sheet metal is given by [13] 

/P tw =  (5) 

and the shear stress is given by 

 

/P Lw =  (6) 

3. MATERIAL PROPERTIES AND 

GEOMETRICAL MODELING 

Ten various configurations of riveted joints with thin 

film adhesive layer were adopted in this research can be 

summarized as: 

• A thin layer of adhesive material only (without rivets). 

• A thin layer of adhesive material with rivets (cylindrical 

shape with different hole diameter 3 mm, 4 mm, 5 

mm). 

• A thin layer of adhesive material with rivets (conical 

shape with different hole diameter 3 mm, 4 mm, 5 

mm). 

• A thin layer of adhesive material with rivets (double 

conical shape with different hole diameter 3 mm, 4 mm, 

5 mm). 

Figure 2 illustrates the basic dimensions of the 

proposed models and the applied load with the suitable 

constrained that mimic the real case. 

The C3D8R element is used to generate the finite element 

meshes using eight-node brick element with reduced 

integration [13] through the preprocessor module, and it is 

frequently used in structural engineering mechanics for 

linear and nonlinear analysis. In addition, this element is 

utilized the friction model and contact boundary condition 

to take into account the contact surfaces between the rivet 

shank and the plate. 

In order to have an accurate result the parts are meshed 

with different element number and form the coarse mesh 

at the outer edge of the model to fine mesh at the contact 

surfaces between plate and the rivet. The total number of 

nodes and element used for each part is shown in Table 1. 
 

Table 1. The total number of nodes and elements used in the double 

cone rivet model 
 

Instance Name No of Elements No of Nodes 

Aluminum and polyester 

plates 
57942 67633 

Rivet 5454 6270 

 

The main assumptions used to build the numerical 

model in Abaqus were taken into account: 

A friction factor of 0.1 was defined for the contact area 

between the rivet shrunk and the joint surface [17]. Half-

modeling was used to reduce computation time. In 

addition, the perfect elastic plastic behavior of the 

materials was adopted in the present study. The adhesive 

layer is isotropic, which means that all mechanical 

properties in all direction are constant and the effect of 

flows inside the bonded material will not be included in 

the analysis. The applied load is assumed to be constant to 

better comparison between the different configuration of 

rivet shapes. 

The physical mechanical properties of the materials 

used for all models are listed in Table 2. Because the 

displacement and hence the stresses are presumed 

proportionate to the load in the Abaqus program, the 

applied load was set to a low value of 612 N. The total 

number of nodes and elements are different for each 

method, for example 73903 nodes and 63396 elements 

were employed to simulate the double cone riveted-

bonded FE mesh.  

 

t 
t 
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Figure 3 showed the central part of the joint with their 

rivets for three selected model (cylinder, single cone and 

double cone) meshed using hole diameter (5 mm) utilized 

in the present study. 
 

 
Figure 2. Geometrical configurations and applied constrain on Finite 

Element models of a) using adhesive material only, b) using rivets and 

adhesive material (cylindrical rivet), c) using rivets and adhesive 

material (conical rivet), d) using rivets and adhesive material (double 

conical rivet) 
 

Table 2. Material parameters that were employed in this study 
 

Material 
Elastic Modulus 

(GPa) 
 

Modulus of 

Rigidity (GPa) 

Polyester [1] 3.1 0.4 1.1 

Polyethylene 

(PEHD) [1] 
1.5 0.36 0.75 

Aluminum 

AA1050[15] 
71 0.3 26 

 

4. VALIDATION OF THE PROPOSED MODEL 

In order to verify the results obtained from Abaqus 

software used in the current study, the case of single rivet 

overlap joint solved using Ansys software was taken form 

[18] as a verification case and comparisons are made 

between them. The geometry of the lap joint consists of 

aluminum alloy plate with a dimension of 215 mm × 15 

mm × 2 mm and a rivet diameter of 4 mm as illustrated in 

Figure 4 and the material properties used for the plates and 

the rivet are shown in Table 3.  

The finite element mesh of the geometry was done by 

splitting it into three parts namely outer plate, inner plate 

and the rivet and use dependent mesh technique. The part 

is fixed from the one side and the other part is allowed to 

move freely in the long side. 

 
 

Cylinder hole rivets (5 mm) 
 

 
 

Single cone rivets (5 mm) 

 

 
 

Double cone rivets (5 mm) 

 

Figure 3. Mesh density for three selected models 

 

 
Figure 4. Actual dimension [18] 

Table 3. Material properties [18] 
 

Material E (Young’s Modulus)   (Poisson’s Ratio) 

Plate 2024-T3 74 GPa 0.33 

Rivet 2117-T4 71.7 GPa 0.33 

 

A load of 2058 N is subjected to the freely end as 

suggested in [18]. The contact between the head of rivet 

and the outer and inner surface of the plate are considered 

as well as between the inner hole of the outer plate and the 

body of the rivet.  

(b) 

(c) 

(d) 

(a) 

A

L 

Adhesiv

e 
PEH

D 

A

L PEH

D 

cylinder rivet 

=3, 4 and 5 mm 

A

L PEH

D 

Adhesiv

e 

PEH

D 

A

L 

Adhesiv

e 

cone rivet 

=3, 4 and 5 mm 

Double cone rivet 

=3, 4 and 5 mm 

 

outer plate Rivet inner plate 
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Figure 5 shows the generated mesh of whole part with 

the constrained applied on it and the Figure 6 illustrate the 

maximum shear stress contour evaluation in the lap joint 

using the Abaqus. Table 4 summarizes the maximum shear 

stresses for both models, the present Abaqus model and the 

model used in [18]. It can be concluded form the table that 

there is a good agreement between the proposed 

idealization and the results obtained in [18].  
 

Table 4. Verification results 
 

Type of model Shear stress (MPa) 

The present model [Abaqus] 142.32 -195.56 

The results of [18] 138.44 – 184.57 

 

 
 

Figure 5. Idealization model using Abaqus 

 

5. RESULTS AND DISCUSSION 

The distribution of principles stresses (Mises, 2, 1) 

through the middle surface of the parts joint area in the 

case of using adhesive layer only are illustrated in Figure 

7. It can be noticed that the maximum Von-Mises stress is 

raised highly in the joint area between the two plates 

namely Al plate and PEHD plate, when compared with the 

other principal stress. The Von-Mises stress reached a 

maximum value of 84 MPa at the mid layer of joint which 

reduce to 14 MPa near the outer edge of the plate as shown 

in Figure 7a. The calculated major and minor principal 

stresses (1 and 2) are observed to be normally 

distribution along the bonded layer in which the maximum 

stress reach a value of 86 MPa near the bonded layer as 

indicated in Figure 7b. From Figure 7c it can be observed 

that the value of 2 is nearly 10 MPa at the mid layer since 

the main load is in axial direction not in the transverse 

direction. 

Figure 8 shows the Von-Mises stress in the mid-surface 

of the lap riveted joint with the adhesive material for 

different rivet hole diameter ( = 3, 4 and 5 mm). These 

figures indicated that the maximum stresses occur at rivet 

body near the bonded layer. The maximum stresses 

increase by 2.4% and 4.7% in the case of hole dimeter 4 

and 5 mm respectively. Moreover, the maximum stresses 

occur at three rivets in the same time as illustrated in 

Figures 8a, 8b and 8c. 

Figures 9 and 10 demonstrate the effect of conical 

rivets configuration on Mises stress for two cases single 

and double conical rivet. It can show that the stresses in 

both cases rise by 3.6, 1.2 and 1% from that of rivet with 

cylindrical hole. However, the is a slight difference 

between the stresses in single conical hole and double 

conical hole on which the stresses reach a maximum value 

of 89 MPa and 90 MPa respectively as shown in Figures 

9c and 10c.Also, it can be shown form the results that the 

influence of the conical hole rivets has a small effect on 

Von-Mises stresses when comparing to cylindrical rivet 

and one can explain that in which the slope of conical head 

rivet has no significant effect on stresses. 

The longitudinal (along x axis) and axial (along y axis) 

deflections for three different cases are shown in Figures 

11 and 12. It is clear that there is a small difference in a 

deflection between the three cases in which the transverse 

displacement decreased by 1.3% for single conical 

configuration lap joint in comparison with cylindrical lap 

joint as illustrated in Figures 11a and 11b. In contrast, there 

is a modest increase in axial deflection for double conical 

lap joint configuration in comparison with single conical 

lap joint arrangement as demonstrated in Figures 12b and 

12c. Moreover, it is cleared that the value of deflection in 

the longitudinal direction is larger than in other direction 

(transverse and depth directions) on which the values 

increase by 28%, 29% and 30% in the case of cylindrical, 

conical and double conical rivet shape respectively for 

hole diameter of  = 5 mm and that because the load is 

applied is in the y direction, i.e., in the direction of load as 

illustrated in Figures 11 and 12. 

The effect of rivet hole geometry on failure modes are 

displayed in Figures 13a,13b and 13c. It can be easily 

noticed that the mode failure in the case of cylindrical rivet 

hole is a pull-out mode as indicated in Figure 13a where 

the local yield of material occurs in the conical rivet shape 

(single and double) as represent in Figures 13b and 13c. 

 

           

                                                
 

                 (a)                                (b)                                (c) 
 

Figure 7. The distribution of stresses through the mid-layer joint: (a) 

Von-Mises stress, Mises (b) Maximum principal stress, 1 (c) minimum 

principal stress, 2 
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                   (a)                               (b)                               (c) 
 

Figure 8. The distribution of Von-Mises stresses through the mid-layer 

of riveted bonded joint: (a)  = 3 mm, (b)  = 4 mm, (c)  = 5 mm 

 

           

                                                    
 

                 (a)                                (b)                                (c) 
 

Figure 9. The distribution of Von-Mises stresses through the mid-layer 

of riveted bonded joint with single conical hole: (a)  = 3 mm  

(b)  = 4 mm, (c)  = 5 mm 

 

           

                                                
 

                  (a)                               (b)                                (c) 
 

Figure 10. The distribution of Von-Mises stresses through the mid-layer 

of riveted bonded joint with double conical hole: (a)  = 3 mm (b)  = 4 

mm (c)  = 5 mm 

 

 
Figure 11. The contour distribution of transverse deflection for three 

different cases (a) cylindrical joint  = 3 mm, (b) signal conical joint  

 = 3 mm, (c) double conical joint  = 3 mm 

 

 
Figure 12. The contour distribution of axial deflection for three different 

cases (a) cylindrical joint  = 3 mm, (b) signal conical joint  = 3 mm, 

(c) double conical joint  = 3 mm 

 
 

Figure 13. The contour distribution of transverse deflection for three 

different cases (a) cylindrical joint  = 5 mm, (b) signal conical joint  

 = 5 mm, (c) double conical joint  = 5 mm 

(a)  (b)  (c)  

(a)  (b)  (c)  

(a)  (b)  

(c)  
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6. CONCLUSIONS 

The rivets bond lap joint configuration with different 

hole diameters (3mm, 4mm, 5mm) were carried out 

using numerical analysis. The maximum Von-Mises 

stresses occurs in the mid layer of the bonded materials for 

the three models studied. The cylindrical rivet 

configuration revealed the best design in terms of stresses 

and deflection. While the best design in terms of mode of 

failure is the double conical rivet configuration to 

eliminate the pull out failure mode which is noticeably 

seen in cylindrical rivet configuration [16]. 
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