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Abstract: Glued joints appear in the automotive industry in many types, both in terms of functional stress and in terms of
design. Glued joints appear in the automotive industry in many types, both in terms of functional stress and in terms of
design. At present, car body plates are most often joined by resistance (spot, seam and projection) welding technology.
These disadvantages include, for example, problematic joining of sheets of different thicknesses and qualities, or thermal
influencing of the welded area. By using the bonding technology, we avoid these problems and we can take advantage of
the many advantages it offers in the automotive industry. This paper gives an overview of the advantages of using glued
joints in the automotive industry. It is devoted to the problem of strength calculation of these bonded joints.

1

Introduction

Many people think that gluing is a modern technique
belonging only to the present, but the opposite is true.
People have been using adhesives for thousands of years.
The first people used glue in the Stone Age. The discovery
and introduction of bakelite in 1910 was followed by the
introduction of many new types of plastics that are
inherently associated with the adhesive. Virtually until
World War II, only materials that were able to soak the
adhesive (paper, wood) were glued. Glue technology is
currently used in construction, aviation or healthcare, and
last but not least, in the automotive industry, where
adhesives are used not only for bonding body parts, but
also for sealing and vibration damping. At present,
adhesives are manufactured exactly according to customer
requirements and it is difficult to find a field where it would
not be used.
Glued joints appear in the automotive industry in many
types, both in terms of functional stress and in terms of
design. It can be said that the bonding either acts as a
complementary and sealing function (bonding and
cementing of bodies for sealing, vibration damping,
corrosion protection, application of reinforcements) or, in
specific cases, can generally represent welding technology
in structural strength joints [1-3]. Some applications of
glued joints can be seen in Figure 1.

Figure 1 Overview of glued joints of the car body

At present, car body plates are most often joined by
resistance (spot, seam and projection) welding technology.
This technology has several disadvantages. These
disadvantages include, for example, problematic joining of
sheets of different thicknesses and qualities, or thermal
influencing of the welded area. Other specific problems are
caused by the zinc coating, which serves as a corrosion
protection in cars. Zinc adheres to the electrodes and there
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is a problem at the weld seams to maintain the protective
function of the coating.
By using the bonding technology, we avoid these
problems and we can take advantage of the many
advantages it offers in the automotive industry. Such as the
possibility of new assembly procedures, reduction of the
resulting weight of the car, preservation of the protective
layer of zinc, higher strength and rigidity of the body, high
quality of appearance of the parts to be joined and
substantial reduction of noise in the car body.
It also has number of complications with the use of
bonding technology in car body construction. For example,
the adhesive must be overpainted [4-6], due to production,
short time intervals to cure the joint, the adhesive life must
be longer than that of a car, the adhesive must have
sufficient strength, the shrinkage of the adhesive during
curing on the car body surface.
This paper is devoted to the problem of strength
calculation of these bonded joints. It deals with classical
strength calculation as well as using finite element method
for strength calculation.

2

-

Figure 2 Mitigation of notch effects by adhesive layer [8]

Disadvantages of glued joints:
- technological complexity of preparation of glued
surfaces,
- long curing time of the adhesive, maximum
strength of the glued joint reaches after some time,
- low temperature resistance,
- aging of the adhesive,
- low peel and splitting strength,
- non-demountability of glued joints.

Characteristics of glued joints in the
automotive industry

Glued joints appear in the automotive industry in many
types, both in terms of functional stress and in terms of
design. Adhesives have several obvious advantages over
other bonding methods. The main advantages are that they
can be used for joining different types and thicknesses of
materials without affecting the base material of the parts to
be glued compared to other joining technologies such as
welding or riveting [7]. Glued joints distribute more evenly
under stress, absorb vibration and often perform a sealing
function. In spite of all advantages, the strength and loadbearing capacity of the bonded joint depends mainly on its
suitable positioning.
The main advantage of joining parts by gluing is the use
of this technology where it is not possible to create a joint
in other ways e.g. different types of materials, complex
shapes, etc. Bonding has many advantages and
disadvantages, but this work focuses primarily on the
advantages and disadvantages of using adhesive
technology in the automotive industry and with regard to
the design and stress of the bonded joint.
Advantages of glued joints:
- increased stiffness of the parts to be joined,
- tightness of joints (no need for additional sealing),
- good damping properties (noise, vibration),
- increased safety in case of failure (Figure 2),
- weight loss,
- possibility of joining materials of different sizes
and thicknesses,
- increase of corrosion resistance of the car body,
both chemical and electrolytic (adhesive is an
electrical insulator),

possibility of joining various materials (steel-glass,
rubber-steel etc.),
no damage to the protective layer of galvanized
sheets,
flat mounting of car body plates ensures uniformly
distributed tension in the glued joint (which
increases overall strength and rigidity of the whole
car body).

The nature and composition of the adhesives used to
build the car body is always firmly linked to the desired
function of the joint. In this way, the adhesives can be
divided into strength, reinforcement and sealing [9].
Strength adhesives cure together with body paint. The
edge adhesives are partially cured by induction heating
during assembly, but full hardness is achieved only during
the curing of the varnish by high temperatures in the
furnace. The designer currently has a choice of many types
of adhesives with different mechanical properties, ranging
from tensile to brittle behaviour. In the automotive
industry, we are particularly interested in strength
adhesives.

3

Calculation of glued joints of glued joints

Glued joints can be loaded statically or dynamically
and their material properties are determined primarily for
three characteristic load cases: tension, shear and peel. As
a rule, the pressure is not specified because the
compressive strength of the glued joint is incomparably
higher than for other types of stress and is difficult to
achieve. These characteristic load cases usually occur in
different combinations (e.g. tension - shear, peel - tension).
In special cases, however, these load cases can be
encountered separately (Figure 3) (e.g. net tension or clean
shear).
The glued joints have a high shear resistance. Very
badly tolerated tensile force. Therefore, we shape them so
that the joint is loaded only by shearing.
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Figure 3 Types of stresses of glued joints

The glued joint is loaded with force F (Figure 4). In this
case (assuming the flange material is inelastic), both parts
are shifted by length e. If Hook's law applies to the
adhesive, the voltage τ is the same over the entire length of
the connection l.

Figure 4 Glued joint stressed on shear

The basic calculation equation (1), (2) is based on the
mean stress τ equally distributed over the length of the joint
and we compare it with the allowable stress τD.
(1)

∙

(2)
where k - safety factor, F – force, l - length of the
connection, b - joint width, τ - tensile stress, τD - allowable
tensile stress.
Experiments showed these values (3) τp for steel are
23

54 ∙ 10

(3)

Calculation of glued joints using finite
element method

Recently, at ever faster evolving computer technology
and available literature, we can encounter modern
numerical methods, such as finite element method (FEM)
[10,11]. It is one of the most widespread numerical
mathematical methods used to solve the problems of
elasticity and strength, the dynamics of pliable bodies, heat
transfer, fluid flow, electromagnetism, and many other
problems in engineering.
Knowledge of the behavior of glued joints is essential
for their subsequent application in practice. For effective
prediction of the properties of glued joints it is necessary
to use suitable tools allowing to accurately model various
modes of failure that may occur in the structure. The failure
of glued joints includes the area from the beginning of
loading to the initiation of the crack, followed by the area
of development of the failure.
The possibility of numerical simulation of the glued
joint is the main requirement for its successful design. If a
suitable numerical method was found, it would be possible
to replace a large part of the glued joint experiments with
this simulation. This would lead to a reduction in the times
involved in the development, production and production
cost of the product.
The simpler tools offered by FEM analysis allow you
to model only the area from the beginning of the load to the
initiation of damage [12]. The principles of linear elastic
fracture mechanics apply in this area. The behavior in this
area is described by the cohesive stiffness of the adhesive
layer. The failure initiation state occurs at a critical value
of the stress at the crack front. In the FEM model, this state
describes the tension between the nodes of an idealized
adhesive layer caused by their critical displacement and
critical load.
In addition to the strength approach, advanced analyzes
can also be based on the elasto-plastic fracture mechanics
approach to describe the area of failure development.
These principles apply especially in a situation where the
adhesive layer is very thin between two parts to be glued
and its behavior cannot be described by macroscopic
properties, such as tensile modulus or Poisson's constant
(E, ν) [13]. In these cases, the behavior of the bonded joint
by the energy required for crack propagation, or the rate of
release of the strain energy G, is described.
These approaches make it possible to predict the onset
and spread of failure without prior knowledge of the
location of the crack and the direction of crack propagation
in the structure. The quality of the calculation and the
accuracy of the results are directly dependent on how
ideally the adhesive layer can be idealized using
conventional and advanced tools offered by FEM analysis.
In addition to the accuracy of the results, the duration of
the calculation, these can also differ in the user-friendliness
of the results.

~ 25 ~
Copyright © Acta Mechatronica, www.actamechatronica.eu

Acta Mechatronica - International Scientific Journal about Mechatronics
Volume: 4 2019 Issue: 4

Pages: 23-28

ISSN 2453-7306

GLUED JOINTS IN THE AUTOMOTIVE INDUSTRY
Silvia Maláková; Anna Guzanová; Peter Frankovský; Vojtech Neumann; Erik Janoško

Elements commonly available in FEM analyzes can be
used to idealize the adhesive layer. Their behavior is
described in terms of material parameters, which in some
cases can be obtained from glue producers, but more often
it is necessary to find out more difficult by means of
experiments. Specifically, the adhesive layer can be
replaced by contact, 3D elements, 2D elements, a linear
spring system, or simply replacing the adhesive, such as the
SSG element in Siemens NX or the TIE element in Abaqus.
Individual modeling techniques using 3D elements for
adherend realization are shown in Tab. 1. By means of
these elements it is possible to describe only the linear area
of cohesive behavior of the adhesive, up to the initiation of
failure.
Table 1 Comparison of basic modeling techniques [14]

FEM model

The way of
idealization
Adherend adhesive layer

3D – 3D

3D - 1D
Elements
with defined
stiffness

compromise between computational complexity and result
accuracy.
The next step is to load the file into the solver and start
the calculation itself. The calculation is started using the
command line and follows the mathematical operations
described above. The results are written to files during the
calculation.
The last step is to load and process the results in the
postprocessor. The postprocessor allows viewing the
simulated process, plotting acceleration, stress, strain and
many other variables depending on the selected variable.
In recent years, models using the so-called cohesive
joint model have been used in the research of glued joints.
The cohesive Model can be used to model adhesives,
bonded surfaces, seal models, patches, or delamination
processes (Fig.5). The cohesive model exploits some of the
advantages of common FEM elements and is based on
Griffith's refraction theory. The aforementioned common
elements included in the FEM creation tools are
characterized by the absence of a criterion for predicting
the evolution of violations for any violation mode. The
cohesive model is innovative and used approach for the
calculation and prediction of the evolution of bonding
failure, specifically this model includes, compared to the
previously mentioned models, the area of crack initiation
in the structure.

Figure 5 2D plain strain finite element model of bonded joint
testing

3D - Special
glued contact

The first step is to create a CAD model. This model is
then converted into a preprocessor, which converts the
geometric model into the form necessary for the calculation
itself. In this phase, the main task is to create an adequate
computer network and to define the initial conditions
correctly. The preparation of the whole calculation model
follows the rules that each company creates itself and must
be strictly observed. The rules are set to achieve a

The cohesive model must be implemented in the
numerical model of FEM analysis. All elements making it
possible to apply the principles of the cohesive model are
generally referred to in the literature as decohesive
elements [15]. These elements can be one-dimensional,
two-dimensional, and three-dimensional elements and
include commonly available solver for FEM analysis.
Cohesive elements are used for modeling an adhesive layer
with a certain final thickness compared to a cohesive
surface contact. The adhesive behavior of these elements is
defined by the material properties. Cohesive elements are
defined by the thickness, stiffness and strength of the
adhesive. It is advisable to apply cohesive elements
especially in places where crack development can be
expected. It is assumed that at the beginning of loading
there are no cracks in the adhesive layer, otherwise this
phenomenon can be modeled by the absence of elements at
the crack site. The relative displacements between the
upper and lower surfaces, which are measured in the
thickness direction and in the directions perpendicular,
represent the opening of the crack face between the glued
surfaces.
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Conclusions

References

Glued joints appear in the automotive industry in many
types, both in terms of functional stress and in terms of
design. It can be said that the bonding is either
complementary and sealing (bonding and cementing of
bodies for sealing, vibration damping, corrosion
protection, application of reinforcements) or can, in
specific cases, represent welding technology in structural
strength joints.
The nature and composition of the adhesives used to
build the car body is always firmly linked to the desired
function of the joint. In this way, adhesives can be divided
into strength, reinforcement and sealing, depending on
their purpose. Strength adhesives cure together with body
car paint. The edge adhesives are partially cured by
induction heating during assembly, but full hardness is
achieved only during the curing of the varnish by high
temperatures in the furnace.
With the development of the automotive industry, the
ever-increasing number of cars on the road and the related
increase in road accidents, manufacturers are increasingly
concerned with the passive safety of cars. When the new
vehicle is put into operation, there is a so-called
homologation where the car must meet all the requirements
specified in the standard. One of the many conditions is
that the car must guarantee a prescribed level of passive
safety, which is tested under predetermined conditions. At
present, we are still looking for possibilities and
technologies that would mean cheaper, faster and more
accurate production of cars, while maintaining the
conditions and criteria required by us. These technologies
undoubtedly include computer design of cars. Everything
is done on computers from designing, designing individual
components, to demanding strength calculations and
simulating vehicle barrier tests. In all calculations and
simulations, the aim is to bring the computational model to
reality as much as possible.Numerical simulation of the
glued joint allows to reduce the time for product
development, production and production costs.
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