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Abstract As one of the most reliable fasteners, solid
riveted joints are widely utilized in many industrial
areas. In the present work, the authors recalled some
results on the riveting process and the strength of one
kind of riveted joints obtained by simulation and exper-
imental investigations in a previous paper. The numeri-
cal results were in very good agreement with the
experimental results, allowing us to validate our simu-
lation approach and its use for further studies. We
selected several engineering parameters for the riveted
joint: initial assembly, friction coefficient, rivet’s geom-
etry and sheets’ geometry, in order to carry out a
parametric study and determine their relative impor-
tance. These were conducted in FEA software. The
results showed the impact on riveting process and the
strength of the riveted joint by varying each parameter
which was interesting for the industry.

Keywords Parametric study . Riveted joint . Mechanical
strength . Fracture . Optimization

Introduction

Riveted joints are widely used in many industrial fields,
e.g. automotive vehicles, ships, aircrafts, bridges. There
are a number of types of rivets, such as solid rivets,
semi-tubular rivets, blind rivets, self-pierce rivets, etc. In
the present study, the focus is on the solid rivet. As one
of the most reliable type of fasteners, the solid rivet is
utilized in applications where reliability and safety
count. In order to study the riveting process of riveted
joints and their strength, engineers usually use a series
of practical experiments which are time consuming and
costly. In recent years, with the development of Finite
Element Method (FEM) and computing technology, sim-
ulation softwares are able to deal with most mechanical
problems, such as bulk forming, sheet forming and
many other processes. In addition, with FEM software,
a better insight of the process is possible by analyzing
the various mechanical parameters of the models. The
parametric study of a mechanical model is capable to be
utilized to assess the robustness of the current model
and improve the quality of the joint.

Because of the importance of riveted joints, numer-
ous studies can be found in literatures on this topic. The
following four references are given as examples.
Langrand B. et al. [8] studied structural embrittlement
due to the riveting process, mechanical strength charac-
terization and simplified modeling of bondings. Each
topic was carried out both using numerical and experi-
mental methods. The results showed that FEM was able
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to simulate the corresponding processes and then reduce
the development costs when compared with the purely
experimental approach. Cheraghi S. [4] developed a 2-D
numerical model of a countersunk riveted joint in FEM
software and utilized it to investigate impacts of several
parameters on the quality of the joint. He found that
decreasing the countersunk depth allowed for a higher
range of hole and rivet diameter tolerances, as well as
an increase in the range of squeeze force. However, no
corresponding experiment was carried out to validate his
numerical simulation. Fung and Smart [7] developed 3D
models of snap riveted joint and countersunk riveted
joint in FEA software to study impacts of several
parameters on the quality of the joints. He found that
the clamping force, interference in the rivet hole, fric-
tion coefficient, width and thickness of the plate, and
stress amplitude all affected the total strain range and
effective stress. However, because this work was con-
ducted in 1997, the meshes of the models were very
coarse due to the low capability of the computers in
that period. Calvin and Straznicky [10] utilized a 3-D
finite element model to study the installation of univer-
sal and countersunk rivets in monolithic aluminum
sheet. They found that the degree of rivet flushness
and the rivet squeeze force played significant roles in
the formation of residual stresses. Residual stresses be-
neath the rivet head was also found to be influenced
primarily by through-thickness compression of the joint-
ed sheets during riveting. However, the authors didn’t
conduct any experiments. Manes A. et al [9] utilized

numerical models to investigate the effects of the
squeeze force, the clearance, the rivet length and the
clamping angle in the stress field of the joints. Using
the literature fatigue data of Al8090-T81 and the Cross-
land multiaxial fatigue criterion, the influence of the
riveting parameters on the fatigue strength was evaluat-
ed for optimization purposes. Their focus was on the
fatigue life of riveted joints.

In previous work, the authors [3] carried out the
numerical simulations and experiments of the riveting
process of four kinds of rivets with different diameters
(5.8 mm, 9.87 mm, 11.8 mm and 15 mm). The simu-
lated results, including the load–displacement curves,
the final dimensions of the forming heads and the
equivalent strain distribution after riveting, were in very
good agreement with the experiments. In addition [2],
four other riveted joints with different dimensions (vary-
ing the length of one rivet and the thickness of the
sheets) were utilized to study the strength of the riveted
joints (tensile strength and shearing strength) experimentally
and numerically. In the simulations, the Bauschinger Effect

Fig. 1 Configuration of the standard riveted joint before riveting

Table 1 Dimensions of the standard rivet joint before riveting (unit:
mm)

L d dh L1 L2

25 9.87 10.25 5.8 5.8

Fig. 2 Geometries of the specimens cut from rivets for uniaxial
tension (left) and upset tests (right)

Fig. 3 True stress strain curves of the rivet material in uniaxial tension
and in upset tests
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was taken into account approximately and a new ductile
fracture criterion was proposed and utilized in the
tensile test and the shearing test of the riveted joints.
The result showed that the new ductile fracture crite-
rion was successful for predicting the ductile fracture
initiation and growth both when the rivet material was
under tensile stress and shearing stress.

In order to assess the robustness of riveted joints, as
well as to study the impacts on the riveting process and
the strength of the riveted joints introduced by varying
several important parameters of the riveted joints, one
kind of riveted joints is selected as a standard model.
Experiments and simulations of this riveted joint are
performed and then several parameters of the model
(including initial assembly, friction coefficient, rivet’s
geometry and sheets’ geometry) are changed to study
their influence on the model numerically.

Finite element method

For a more complete description of the scientific approach
of FE simulation of metal forming process, the reader may
refer to [11].

Constitutive equation

The total strain rate tensor is decomposed into and elastic
part �"e and a plastic part �"p:
�" ¼ �"e þ �"p ð1Þ

The linear elastic Hooke’s law is used to connect the
stress tensor σ and elastic strain tensor εe. Their time
derivatives are related by the fourth order elasticity
tensor E.

Fig. 4 Force displacement curves of the riveting process of the stan-
dard riveted joint

Tension of riveted joints.                              Shearing of riveted joint.

a b
Fig. 5 Illustration of tension
and shearing processes of
riveted joints

Fig. 6 Force displacement curves of the tension process of the stan-
dard riveted joint
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�σ ¼ E �"e ð2Þ
The plastic component of the strain rate tensor obeys the

flow rule:

σ0 ¼ 2

3
σ0 "ð Þ

�"p
"
� ð3Þ

where σ’ is the deviatoric stress tensor, σ0 is the yield stress,

"
�
is the equivalent strain rate and " is the equivalent strain.
In order to correct the stresses rate for rotations, the

Jaumann derivative of the stress tensor is used in Eq.
(2):

dJσ
dt

¼ σ
� �w

�
σþ σw

� ð4Þ

where w
�

is the spin tensor.

Friction

At the interface between part and tool the friction shear
stress can be modeled by a Coulomb’s law:

t ¼ �af σnj j Δv

Δvj j with tj j � σ0ffiffiffi
3

p ð5Þ

where αf is the friction coefficient, σn is the normal stress
and Δv is the tangential velocity difference between part
and tool.

Contact formulation

We followed the same approach as Forge2008® which
can deal with multi-body and multi-material structures.
A nodal incremental form of the penalty technique is
used for contact analysis. At each time step, the nodes
that are potentially going to penetrate the opposite sur-
face are searched. Based on the in-depth penetration
measurement, a penalty contribution is added to the
functional for these nodes. The contact terms arising
from contact between different bodies are computed
through a coupled approach based on a master–slave
algorithm [1].

b l; uð Þ ¼
Z
ΓC

lh ua; ubð Þds ð6Þ

where, Гc is the contact surface, l is the contact normal
stress and h(ua, ub) is the distance function between the
two contact surfaces.

However, after finite element discretization, the two
surfaces are not similar, so it is necessary to define on
which surface the right part of Eq. (6) should be
integrated.

In the usual master–slave formulations, b(l, u) is only
integrated on the slave body surface:

b lha; u
h

� � ¼
Z
ΓC

a

lhah uha; u
h
b

� �
ds ð7Þ

where, lha is the normal stress on the slave body surface,

while ΓC
a is the slave body surface.

In order to obtain an accurate integration result, the
slave body should be discretized more finely than the
master body, but that is not always possible in the
reality. Hence, the symmetric formulation was proposed
in which the integration happens in both surfaces:

Fig. 7 Force displacement curves of the shearing process of the
standard riveted joint

Fig. 8 Force displacement curves in riveting processes with different
friction coefficient
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bðlh; uhÞ ¼ 1

2

Z
ΓC

a

lhahðuha; uhbÞdsþ
Z
ΓC

b

lhbhðuhb; uhaÞds

0
B@

1
CA

ð8Þ
However, if the discretizations of the two surfaces are not

identical then this method will introduce too many contact
conditions and may artificially stiffen the contact interface.

Consequently, in the quasi-symmetric formulation, lhb is

replaced by an approximation~lhb that is calculated fromlha only:

b lh; uh
� � ¼ 1

2

Z
ΓC

a

lhah uha; u
h
b

� �
dsþ

Z
ΓC

b

elhbh uhb; u
h
a

� �
ds

0
B@

1
CA ð9Þ

where,elhb is equal to phb lha
� �

which is the orthogonal projection

of lha on ΓC
b [6].

Other numerical issues

The non-linear equations resulting from the mechanical
behaviour are linearized with the help of the Newton–
Raphson method. The resulting linear systems are gen-
erally solved with iterative methods, which appear faster
and require much less CPU memory than the direct
ones.

Prediction of possible formation of folding defects
during forging is based on the analysis of the contact
of the part with itself, so providing a problem similar to
the coupling with tools.

Automatic dynamic remeshing during the simulation
of the whole forming process is almost always neces-
sary, as elements undergo very high strain which could
produce degeneracy. Before this catastrophic event,

Fig. 9 Equivalent strain
distribution in the rivet using
different friction coefficient: a
f00.01; b f03

Fig. 10 Initial assembly errors: a dies are non-concentric with sheets;
b upper sheet is non-concentric with lower sheet

Fig. 11 Final shapes of the riveted joints with initial assembly errors: a
dies are non-concentric with sheets; b upper sheet is non-concentric
with lower sheet
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decrease of element quality must be evaluated and a
remeshing module must be launched periodically to
recover a satisfactory element quality. The global mesh
can be completely regenerated, using a Delaunay or any
front tracing method, but the method of iterative im-
provement of the mesh, with a possible local change of
element structure and connectivity, seems to be much
more effective.

For industrial complicated applications, with short
delays, the computing time can be decreased dramati-
cally using several or several tens of processors. This
requires to use an iterative solver and to define a
partition of the domain, each sub domain being associ-
ated with a processor. But the parallelization is made
more complex due to remeshing and the remeshing
process itself must be parallelized.

In order to avoid the necessity for the user to per-
form several computations, with different meshes to
check the accuracy, error estimation can be developed
using for example the generalization of the method
proposed by Zienckiewicz and Zhu [12]. Then, if the
rate of convergence of the approximation is known, the

local mesh refinement necessary to achieve a prescribed
tolerance can be computed, and the meshing modules
are improved to be able to respect the refinement when
generating the new mesh [6].

Standard riveted joint

For a more comprehensive description of the experi-
ments and simulations of the riveting process, tension
process and shearing process, readers may refer to [2,3].
The following is a brief review of several important
aspects and an assessment of the reliability of the com-
putation as compared to experimental measurement.

Configuration of the standard rivet

Figure 1 shows the configuration of the riveted joint
before riveting which will be utilized as the standard
riveted joint in the following study and its dimensions
are illustrated in Table 1.

Constitutive properties of the rivet material and the sheet
material

In riveting process, the rivet material is mainly under
compressive stress. However, in the tensile process of
riveted joints, the rivet material is mainly under tensile
stress. As a common phenomenon in most polycrystal-
line metals, the Bauschinger Effect is defined as the
phenomenon whereby plastic deformation causes a loss
of yield strength restraining in the opposite direction
[5]. Accurate constitutive property is essential to ensure
quality of simulated result. In this study, all forming
processes are cold forging processes, therefore the heat
effect can be neglected. Hence, as a first approach,

Fig. 12 Force displacement curves in riveting process with different
initial assembly

Fig. 13 Force displacement curves in shearing processes of riveted
joints with different initial assembly

Fig. 14 Force displacement curves in riveting process with different
rivet diameter

Int J Mater Form

Author's personal copy



uniaxial tension and upset tests are utilized to obtain the
constitutive property of the rivet material. The speci-
mens utilized to conduct these tests are cut from the
rivets. In Fig. 2, the left sample is machined from a
rivet for the uniaxial tension test with 6 mm in diameter
and 15 mm in length while the right sample is for the
upset test with the same diameter as the shank of the
rivet and 12 mm in length.

The true stress strain curves from the upset and
uniaxial tension test are shown in Fig. 3. Due to the
Bauschinger Effect in the manufacturing process of the
rivet, the curve from the uniaxial tension is lower than
that from the upset test and the difference between the
two curves is almost constant for strains less than 0.2.
Several hardening laws were compared with the exper-
imental behavior of the rivet material and no one was
found perfet for this material. Hence, the point-to-point
law which was supported by Forge2008 was selected
for rivet material.

Ductile fracture criterion

In the tension and shearing process of the riveted joint,
fracture in the rivet will occur. For uncoupled damage
equations, the corresponding parameters are, in general,
determined experimentally. However, they are only
found useful in similar loading conditions; this is the
case for Oyane criterion and Cockcroft & Latham
criterion. Hence, in the present work, a ductile fracture

criterion is used as following:
Z "f

0
a
σ1

σ
þ b

σm

σ

� �
d" ¼ 1 ð10Þ

where, a and b are constants, "f is the equivalent strain
at the fracture point, σ1 is the first principal stress, σm

is the hydrostatic stress and σ is the equivalent stress.
In previous work [2], the two parameters a and b are

determined as 1.25 and 1.5 respectively.

Riveting process of the standard rivet

In riveting process, the displacement of the lower die is
set as 8.8 mm and the friction coefficient between each
contact part is set as 0.15. Thanks to the symmetry of
the riveting process, only one half of the rivet has to be
modeled which can save much computation time. In the
simulations, the numbers of elements of the rivet, the
upper sheet, the lower sheet are 30,760, 5,476 and
5,632 respectively. There are 129 increment steps for
each simulation and adaptive refinement technique is
used in the simulation. In the driven head part of the
rivet, finer meshes are applied because the deformation
in this area is severe. Figure 4 shows the force dis-
placement curves in the riveting process of the standard
riveted joint both from experiment and from simulation.
Readers can refer to the article [3] for more details.

Fig. 15 Final shapes of riveted
joints with different rivet
diameters after riveting process:
a d09.47 mm; b d09.87 mm; c
d010.24 mm

Fig. 16 Final shapes of riveted joints with different rivet diameters after tension process: a d09.47 mm; b d09.87 mm; c d010.24 mm
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Tension and shearing of the standard riveted joint

To assess the strength of riveted joints, two experiments are
widely used: tensile process and shearing process. Figure 5
illustrates the experimental assemblies for tension and shear-
ing of riveted joints.

Figure 6 shows the force displacement curves in the
tension process of the standard riveted joint both in
experiment and simulation while in Fig. 7 are such
curves for the shearing process. From these two figures,
it can be noticed that the FEA software is able to obtain
almost the same results as those from experiments. The
errors of the maximum tensile strength and the maxi-
mum shearing strength are both less than 6 % which is
acceptable for industries.

Parametric study

In real application in industries, some parameters of
riveted joints may vary due to some uncertain reasons.
Therefore, engineers want to know the influences of

parameters on riveting process and the strength of riv-
eted joints. The parameters studied in this paper are
friction coefficient, initial assembly, rivet’s geometry
and sheets’ geometry.

Friction coefficient

In the simulation of riveting process, the friction be-
tween lower die and rivet may have influence on the
simulated results by changing the flow of the rivet
material and then the strain distribution in the forming
head. Hence, the friction coefficient at this interface is
set as 0.01 (almost no friction), 0.15 and 0.3. In Fig. 8,
it is obvious that the friction coefficient has very little
influence on the load displacement curves. Figure 9
shows the equivalent strain distribution in the rivet after
forming using different friction coefficient (0.01 and
0.3). In this figure, it can be found that the strain
distribution in the final rivet is almost the same. The
difference is less than 2 % and can be neglected. Since
the final diameter of the rivet shank and the final
dimensions of the forming head are almost the same
in each case, we can predict that the tensile strength and
shearing strength of the riveted joints are also the same.
Numerical simulations give the same results.

Fig. 17 Force displacement curves in tension processes of riveted
joints with different rivet diameters

Fig. 18 Force displacement curves in shearing processes of riveted
joints with different rivet diameters

Table 2 Relative errors of driven force, tensile strength and shearing
strength of riveted joints with different initial diameters of shanks of
rivets

Diameter (mm) 9.47 9.67 9.87 (standard) 10.07 10.24

Required driven
force (%)

−20 −9 0 16 23

Tensile strength
(%)

1 1 0 −1 −1

Shearing
strength (%)

3 2 0 −1 −1

Fig. 19 Force displacement curves in riveting process with different
rivet length
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From these results, we deduce an important engineer-
ing conclusion: an error on fiction coefficient identifi-
cation will not affect significantly the results of the
simulation.

Initial assembly

In real industrial application, riveted joints are utilized
by array to fasten sheets. However, the riveting process
is one by one. Hence, some errors on the positions of
the rivet axes can be observed and the phenomena in
Fig. 10 may occur in reality. In case (a), the two sheets
are fixed and the dies are non-concentric with the
sheets’ holes. In case (b), the two sheets are fixed and
the upper sheet’s hole is non-concentric with the lower
sheet’s hole.

In Fig. 11, it can be found that the driven head is asym-
metric for case (a) while the shank is twisted for case (b).
Figure 12 shows the force displacement curves in the rivet-
ing process of the two cases and the standard case. There is
almost no difference between each case.

Since the diameter of the final rivet is not changed as
compared with the standard riveted joint, the tensile
strength of the joints are the same as that in standard
riveted joints. Figure 13 shows the force displacement
curves in shearing processes for all the two cases and
the standard riveted joints. The curve of case (a) is
almost the same as the curve of the standard riveted

joint. However, the rivet in case (b) breaks at smaller
displacement than that in the standard case.

In conclusion, initial assembly errors have no significant
influence on the force displacement curves in riveting pro-
cess and strength of the final riveted joints.

Rivet diameter

In this paper, the diameter of the standard rivet is
9.87 mm. In order to study the impact of the diameter
of the rivet, five sizes (9.47 mm, 9.67 mm, 9.87 mm,
10.07 mm and 10.24 mm) of diameters are utilized in
the simulations.

In Fig. 14 are the force displacement curves in the
riveting process using different rivet diameters. In rivet-
ing process, the rivet shank expands under the compres-
sive force. The rivet with larger shank diameter contacts
and fills the sheets hole earlier and then starts to deform
the driven head earlier. Hence, the larger the initial rivet
diameter is, the higher the curve will be. Figure 15
shows finals shapes of the riveted joints. The rivet with
larger initial diameter yields larger driven head. For case
(a), the diameter of the driven head is 14.4 mm while

Table 3 Relative variations of driven force, tensile strength and shear-
ing strength of riveted joints with different initial lengths of rivets

Length (mm) 23 24 25 (standard) 26 27

Required driven force (%) 43 27 0 −26 −38

Tensile strength (%) 17 8 0 −4 −5

Shearing strength (%) 16 6 0 −1 −1

Fig. 20 Final shapes of riveted joints with different rivet lengths after riveting process: a l023 mm; b l025 mm; c l027 mm

Fig. 21 Force displacement curves in tension processes of riveted
joints with different rivet lengths
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for case (b), this value is 16.8 mm. The difference of
two cases is 16.7 %.

Figure 16 illustrates the final shapes of three riveted
joints after tension process. It is easy to notice that the
deformation of the lower sheet is very large and there is
almost no deformation of the rivet shank for case (a). The

reason for this phenomenon is that the diameter of the driven
head is too small to relieve the deformation of the lower
sheet when it is under tensile force from the lower die. The
main contribution to the displacement of the lower die is the
deformation of the lower sheet but not the deformation of
the rivet. Figure 17 shows the force displacement curves
during the tension process of the five riveted joints. From
this figure, we can also find the same result as discussed
before. The rivet with the smallest initial diameter doesn’t
break in the tension process.

From Fig. 18, it is obvious that the force displacement
curves in shearing are almost the same for all of the five
cases because the diameters of the rivet shank after riveting
process are approximately the same.

In conclusions, Table 2 shows quantitative comparisons
by varying diameters of the shanks of rivets.

Rivet length

In this paper, the length of the standard rivet is 25 mm. In
order to study the impacts from the length of the rivet, five
lengths (23 mm, 24 mm, 25 mm, 26 mm and 27 mm) are
utilized in the simulations.

Figure 19 shows the force displacement curves in the
riveting process where the rivets with different initial
length. From this figure, it can be found that the second
turning point where the rivet material starts to contact
the wall of the sheets’ hole is almost the same in each
curve though there is subtle difference. However, after
the rivet material fills the holes of the sheets, since the
shorter rivet has less material to deform the driven head,
the strain in the driven head and the diameter of the
driven head increase faster than those of the longer
rivets. Therefore, under the same displacement of the

Fig. 22 Final shapes of riveted joints with different rivet lengths after
tension process: a l023 mm; b l025 mm; c l027 mm

Fig. 23 Force displacement curves in shearing processes of riveted
joints with different rivet lengths

Fig. 24 Force displacement curves in riveting process with different
diameters of the holes of the sheets
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lower die, the final driven force in each case is totally
different, see Table 3. In Fig. 20 are final shapes after
riveting process. From this figure, it can be noticed that
the deformation of the rivet in case (a) is the largest. In
addition, since the driven force of the riveted joint with
23 mm rivet is very large and it squeeze more rivet
material into the holes of the sheets which expands
them more.

Figure 21 shows the force displacement curves in the
tension process of the riveted joints with different rivet

initial lengths. Since the riveted joint with 23 mm initial
length has the largest diameter of the rivet shank after
riveting among all of the five cases, its tensile strength
is higher than any other case. For the riveted joint with
27 mm initial length, because the diameter of its driven
head is too small to relieve the deformation of the
lower sheet when it is under tensile force from the
lower die, the rivet doesn’t break during the tension
process. Figure 22 illustrates the final shapes of riveted
joints with different rivet lengths after tension process.

Fig. 25 Equivalent strain distribution in the rivet after riveting process with different diameters of the holes of the sheets: a dh09.9 mm; b dh0
10.25 mm; c dh010.65 mm

Fig. 26 Force displacement curves in tension processes of riveted
joints with different diameters of the holes of the sheets

Fig. 27 Force displacement curves in shearing processes of riveted
joints with different diameters of the holes of the sheets
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The force displacement curves during the shearing
process of the riveted joints are shown in Fig. 23. In
this figure, it can be noticed that the riveted joint with
23 mm initial rivet length has the higher shearing
strength because the final diameter of the rivet shank
after riveting is larger. However, for the riveted joints
with 25 mm, 26 mm and 27 mm initial rivet lengths,
since the final diameters of the rivet shanks after rivet-
ing are almost the same, they have almost the same
shearing strength.

In conclusions, Table 3 shows quantitative comparisons
by varying lengths of the shanks of rivets.

Diameter of the hole of the sheet

Regarding the diameter of the holes of the sheets, we
set them as 9.9 mm, 10.05 mm, 10.25 mm, 10.45 mm
and 10.65 mm. Figure 24 shows the force displacement
curves of the riveting process for these five sizes of
riveted joints. In this figure, it can be noticed that the
smaller the diameter is, the earlier the rivet material
starts to contact the wall of the holes. As aforemen-
tioned in section Rivet diameter, the rivet that starts to
contact the wall of the holes earlier yields a higher
force displacement curve as shown in Fig. 24. Figure 25
illustrates the final shapes of three rivets and their strain
distributions after riveting.

Table 4 Relative errors of driven force, tensile strength and shearing
strength of riveted joints with different initial diameters of the holes of
the sheets

Diameter (mm) 9.9 10.05 10.25 (standard) 10.45 10.65

Required driven
force (%)

9 4 0 −4 −14

Tensile strength
(%)

−9 −6 0 3 3

Shearing strength
(%)

−7 −3 0 5 10

Fig. 28 Force displacement curves in riveting process with different
thicknesses of the sheets

Fig. 29 Equivalent strain distribution in the rivet after riveting process with different thicknesses of the sheets: a L10L205.3 mm; b L10L20
5.8 mm; c L10L206.3 mm
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Because the diameters of the driven heads are rela-
tively small and the diameter of the rivet shank are
large in the last two cases (10.45 mm case and
10.65 mm case), the movement of the lower die
deforms only the two sheets but not the rivet. There-
fore, the rivets in these two cases do not break, see
Fig. 26. Another phenomenon in Fig. 26 is that the
riveted joint with smaller diameter of hole has smaller
tensile strength.

Figure 27 shows the force displacement curves of the
shearing processes for these five sizes of riveted joints.
In this figure, it is easy to find that the shearing
strength of the riveted joint increases with the initial
diameter of the sheets’ hole.

In conclusions, Table 4 shows quantitative comparisons
by varying diameters of the holes of sheets.

Thickness of the sheets

In this study, the thickness of the upper sheet is
assumed as the same as that of the lower one.

0.5 mm is set as an increment, so the thicknesses are
5.3 mm, 5.8 mm and 6.3 mm. Figure 28 shows the
force displacement curves during the riveting process
of these three sizes of riveted joints. Because the
diameters of the rivets are the same for all the three
cases and so are the diameters of the holes of the
sheets, rivet materials start to contact with the wall
of the holes of the sheets at the same lower die
displacement in each case, i.e., the second turning
points (see section Riveting process of the standard
rivet) in all of the three curves are almost at the same
position. However, after rivet material fills the holes of
the sheets, the riveted joint with thicker sheets has less
rivet material to deform the driven head, so under the
same displacement of lower die, the diameter of the
driven head and the equivalent strain in the driven
head of this riveted joint is larger which makes the
force displacement curve of this riveted joint higher. In
addition, the forces are higher in the riveted joints
with thicker sheets. Hence, more rivet material is
squeezed into the holes of the sheets and the final
diameters of the rivets are thicker. Figure 29 shows

Fig. 30 Force displacement curves in tension processes of riveted
joints with different thicknesses of the sheets

Fig. 31 Force displacement curves in shearing processes of riveted
joints with different thicknesses of the sheets

Table 5 Relative errors of driven force, tensile strength and shearing
strength of riveted joints with different initial thicknesses of the sheets

Thickness (mm) 5.3 5.8 (standard) 6.3

Required driven force (%) −21 0 32

Tensile strength (%) 0 5

Shearing strength (%) −1 0 6

Table 6 Comparison of influence introduced by each parameter

Parameter Driven
force
(%)

Tensile
strength
(%)

Shearing
strength
(%)

Comment

Friction 100 % <1 <1 <1 Weak

−100 % <1 <1 <1 Weak

Assembly 100 % <1 <1 <1 Weak

Rivet diameter −2 % −9 1 2 Medium

2 % 16 −1 −1 Medium

Rivet length −4 % 27 8 6 Important

4 % −26 −4 −1 Important

Sheet diameter −2 % 4 −6 −3 Important

2 % −4 3 5 Important

Sheet thickness −8.6 % −21 −1 Medium

8.6 % 32 5 6 Important
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the equivalent strain distribution in the final rivet after
riveting for three sizes of riveted joints.

During tension processes of theses riveted joints, not
only that thicker sheet have stronger resistance to the
deformation, but also that the riveted joints with thicker
sheets have larger diameters of driven heads, hence, riveted
joints with thicker sheets have higher tensile strength and
smaller deformation of sheets, see Fig. 30. However, for the
riveted joints with 4.8 mm and 5.3 mm in thicknesses of the
sheets, the sheets deform seriously and the rivets don’t break
during the tension process.

For shearing processes of the riveted joints, as discussed
previously, riveted joints with larger final diameter of rivet
have higher shearing strength. Figure 31 shows the force
displacement curves during the shearing processes of these
three riveted joints.

In conclusions, Table 5 shows quantitative comparisons
by varying thicknesses of sheets.

Summary

In Table 6 is a summary of influences of each param-
eter on driven force, tensile strength and shearing
strength of riveted joints. The second column is the
deviation value from the standard value in percent form.
Corresponding influence on each aspect is illustrated in
the 3rd, 4th and 5th column, respectively and a general
comment is given in the last column. The general com-
ment is given mainly based on the strength of the
riveted joints.

Conclusions

& Previous experimental and numerical studies of the rivet-
ing process and the strength of the riveted joint were
recalled in this paper. Numerical results are in good agree-
ment with those from the experiments (for the standard
riveted joint), e.g., the load displacement curve of the
riveting process from the simulation is almost the same
with that from the experiment (the error of the force at the
same displacement is less than 3 %). These results allow
us to investigate numerically the influence of engineering
parameters on the process and on the rivet strength.

& The influence introduced by the friction between the
lower die and the rivet in riveting process is negligible.

& Initial assembly errors have almost no influence on the
load displacement curve in riveting process. The tensile
and shearing strength of the riveted joints with initial
assembly errors are almost the same as those with no
such kinds of errors.

& Riveted joints with higher initial diameters of rivets re-
quire higher force in riveting processes and yield driven

heads with higher diameters. In tension processes of riv-
eted joints, the joints with smaller diameters of driven
heads have higher deformation of the lower sheets. Be-
cause the final diameters of the shanks of rivets are almost
the same, joints with larger initial diameters of rivets have
almost the same tensile and shearing strength.

& Riveted joints with smaller initial lengths of rivets re-
quire higher force during riveting processes and yield
driven heads with larger diameters. When the force in
riveting process is large enough, it will squeeze more
rivet material into the hole of the sheets which expands
the diameter of the hole of the sheet and the shank of the
final rivet. In tension processes of riveted joints, the
joints with smaller diameters of driven heads have larger
deformation of the lower sheets. In addition, the joints
with larger diameters of the shanks of final rivets have
higher tensile and shearing strength.

& Riveted joints with larger initial diameters of holes of
sheets require smaller force in riveting processes and
yield driven heads with smaller diameters. In tension
processes of riveted joints, the joints with smaller diam-
eters of driven heads have larger deformation of the
lower sheets. Hence, the rivets don’t break during the
tension processes when the initial diameters of holes of
sheets are relatively too big. Riveted joints with larger
initial diameters of holes of sheets have higher tensile
and shearing strength.

& Riveted joints with larger initial thicknesses of
sheets require smaller force in riveting processes
and yield driven heads with larger diameters. In
tension processes of riveted joints, the joints with
smaller diameters of driven heads have larger defor-
mation of the lower sheets. In addition, thinner
sheets bear smaller tensile strength. Hence, the rivets
don’t break during the tension processes when initial
thicknesses of sheets are relatively too small. Riv-
eted joints with larger initial thicknesses of sheets
have higher tensile and shearing strength.
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