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Abstract: Research on composite materials is nowadays developed on a global scale, because they have multipurpose applications. 

Composite materials are used in a wide range of industries. The most significant advantages of composite materials include strength, 
stiffness, low fibre density (e.g. carbon fibre or glass fibre), the ability to make them into any shape required for the application. The paper 

deals with the possibilities of joining composite materials with metallic materials. The experimental part includes tests of the strength of the 
chosen type of adhesive and comparison of the individual results obtained by the experiment. 
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1. Introduction

In the design of utility machines nowadays, we try to achieve 
the most acceptable ratio between the total weight of the machine 

and its overall performance and utility characteristics. This is also 
the reason why alloy and metal components are gradually being 

replaced by composite materials in such a way that their mechanical 
properties are either maintained or even exceeded at several times 

less weight. Other manufacturing efficiencies now include the 

search for new technological options for joining composite 
materials. These include riveting, ultrasonic welding, but above all 

bonding.  

Bonding is currently the most preferred method of joining 
composite materials. When joining composite materials with 

adhesives, the selection of the correct and appropriate type of 
adhesive for the stressed joint is a very important and essential 

aspect. Shock absorption and sound reduction are also among the 

preferred and important properties of adhesives. 

2. Theoretical backround

Composite materials are heterogeneous materials composed of 
two or more phases that are different in their properties. These are 

mechanical, physical and chemical properties. Many types of 
composites are known, the most used are metal-metal, metal-

ceramic, polymer-ceramic, polymer-polymer, ceramic-ceramic 

combinations. Among the most widespread composites in the 
industry worldwide are composites based on organic resins, which 

are reinforced with different types of inorganic or ceramic fibres. 
The most significant advantage of composite materials with organic 

matrices is the synergistic combination of the lightweight and 
conformable formability of the unreinforced resin with the stiffness 

and strength of the reinforcing fibres. [4] 

In contrast to other joining technologies, such as welding, 

bonding does not affect the material to be joined. Due to the fact 
that each surface of the material to be bonded has specific 

properties (water absorption, gas absorption, surface texture,...) 
there is no universal adhesive that can be used for all materials. It is 

therefore necessary to choose the appropriate adhesive according to 
the type of material to be bonded, in order to create a high quality, 

strong and prescribed bond. [1, 3]  

In designing the joint structure, care must be taken to ensure 

that the bonded joint is modified to minimize blunting and bending 
stresses, as most bonded joints are susceptible to such stresses. With 

these stresses, the force is concentrated only at certain locations in 
the bonded joint, resulting in local concentration of forces. This can 

cause degeneration of the joint and subsequent damage. 

The principle of the shear strength test is to determine the shear 
stress of a simple interlaced joint between specified adherends. 

These are subjected to a tensile loading force F. The result of the 

test is the force Fmax which is required to break the joint. The test 
body is clamped in jaws according to EN 1465, which are 

symmetrical to each other. The test itself is carried out by loading 
the specimen at a constant speed with a force that is in the plane of 

the bonded joint until the specimen breaks or is plastically 
deformed. The overall dimensions and shape of the individual 

sample follow STN EN 1465 and are shown in Fig.1 and Fig.2. The 
shear strength is generally given in MPa. [6] 

Fig.1: Shape of the sample 

Fig.2: Dimensions of the individual sample 

Procedure of manufacturing a bonded joint 

It is important to follow the prescribed sequence of basic steps 
when making a bonded joint. These procedures vary depending on 

the properties of the adhesive and are applied according to the 
adhesive technical data sheet recommended by the manufacturer. 

The basic manufacturing procedure has 4 stages. [3, 7] 

- Preparation of the adherend (material to be bonded) - 

surface treatment of materials - surface leveling, removal of dirt and 
degreasing of the surface, increasing the adhesive properties of the 

surface and also moisture treatment of materials with absorbent 
surfaces. 

- Adhesive preparation

- Application of the adhesive - a continuous film of

adhesive is applied to the cleaned and degreased surface of the 

material to be bonded. In practice, adhesives with double-sided 
application are more often used, because their use results in a more 

uniform and homogeneous film on both surfaces of the materials to 
be bonded. One-sided application of the adhesive is mainly used for 

economic reasons or in cases where two-sided application is 
technologically difficult. 

- Installation of bonded joints - the bonded parts are fixed

to each other and the prescribed pressure must be maintained. 
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The thickness of the adhesive layer applied is an important 
factor that affects the final strength of the bonded joint. If too thick 

a layer of adhesive is applied to the surface, the joint has little 
strength (Fig.3). Conversely, if a thin layer of adhesive is applied to 

the surface, then the joint is susceptible to dynamic stresses and is 
subject to rapid fatigue. [2,7] 

 

 

Fig.3: Dependence of bonded joint strength on adhesive thickness [2] 

Types of fractures of bonded joints 

In all destructive tests, not only the resulting strength of the 

bonded joint is evaluated, but also the type of failure of the joint [2, 
3, 10]. This fracture is a decisive factor in the selection of a suitable 

adhesive. 

 

Fig.4: Basic types of failure of bonded joints: AF - adhesive failure, CF - 

cohesive failure, CSF - failure of one of the adherends, SCF - cohesive 
failure at the substrate boundary, DF - delamination of the substrate [8] 

3. Experimental part 

The aim of the experiment was to select several types of 

metallic materials most used in automotive manufacturing and then 

bond them together with a carbon fibre composite material. 
Subsequently, the fabricated specimens were tested for static axial 

force transfer using a shear strength test. For the experimental tests, 
the materials most used in the automotive industry, namely stainless 

steel, aluminium, galvanised steel sheet and steel plate, were 
selected and then bonded to the composite sample. After 

manufacturing of the samples, the surfaces of each sample were 
subsequently treated. The untreated surface, the surface treated with 

sandpaper and the surface with notches were chosen for 

comparison. 

Stainless steel samples 

Cold rolled stainless steel sheet according to STN EN ISO 
9446-2 was chosen for the production of the stainless-steel samples 

and is made of steel grade 1,4301+2R according to STN EN 10088-
2. The thickness of the material is 1,6 mm. 

Aluminium samples 

The other samples were of cold rolled aluminium sheet with the 
designation EN AW 1050A. From this semi-finished material we 

produced samples with dimensions 100x25 mm as prescribed by 
STN EN 1465. 

Galvanised sheet 

Galvanised sheet is another material that was used to produce 

the samples. We used a 1250x2500mm sheet metal plate to produce 
the samples. This type of material is most commonly used for the 

exterior parts of car bodies, due to the fact that only corrosion of the 

zinc layer occurs. 

 

Structural steel 

The last type of material used is steel. Its use is common for 
structural frames and fixed parts of the car.  

Composite steel 

The composite material chosen for the experimental tests was 

designated CFRP, which means it is a composite with an epoxy 

matrix and carbon fibre. Composite samples were produced in the 
laboratory of the Department of Automotive Production, Faculty of 

Mechanical Engineering, Technical University in Košice. In this 
laboratory suitable conditions for the production of samples are 

provided, as well as ambient temperature and air humidity.  

The procedure for the preparation of individual specimens 
consisted in cutting the carbon fibre into sheets with dimensions 

600x350 mm so that the necessary number of specimens could be 
produced from a given sheet - for the production of 12 pieces of 

composite specimens with a number of reinforcements of 6, in order 

to achieve a total thickness of the specimen of 1.6 mm, which is 
prescribed by the standard STN EN 1465. The matrix was a 100:20 

mixture of Epoxy Resin 285 (MGS) and Hardener 287 (MGS). The 
test samples were produced by hand lamination technology with 

subsequent air extraction from the mould. The curing time of the 
hand laminated sample was 24 hours. After the selected curing time, 

the product was removed from the mould and then the composite 

plate was placed in a milling machine, which was used to mill the 
required 100x25 mm samples 

Epoxy resin was used as the adhesive, which was applied using 

a composite rod. The necessary thickness of the adhesive was 
ensured by means of demarcation wires. The thickness of the 

applied adhesive layer was set at 1 mm. Subsequently, all samples 
were labelled according to Table 1. 

 

Fig.5: Samples prepared for bonding 

After the application of the adhesive, the joint was fixed at the 
overwritten overlap distance. A time limit of 48 hours was set for 

the adhesive to dry. 

Table 1: Marking of sample composition 

Sample 
designation 

Sample composition 

H1 Composite + aluminum untreated sample 

H2 Composite + brushed aluminum sample 

H3 Composite + grooved aluminum sample 

O1 Composite + untreated structural steel sample  

O2 Composite + brushed structural steel sample  

O3 Composite + grooved structural steel sample  

N1 Composite + untreated stainless steel sample 

N2 Composite + brushed stainless steel sample 

N3 Composite + grooved stainless steel sample 

P1 Composite +  untreated galvanized sheet metal sample 

P2 Composite + brushed galvanized sheet metal sample 

P3 Composite + grooved galvanized sheet metal sample 

 

Course and evaluation of the experiment 

A TIRA test machine TIRA test 2300 was used to perform the 
shear strength test. All shear tests of bonded joints were carried out 

on this machine by axial static tension. The specimens were 
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clamped in the jaws of the testing machine at the locations 
previously marked and prescribed by STN EN 1465.  

During the tensile shear test, the maximum FMAX force 

transmitted through the adhesive surface was observed for each 
specimen. Subsequently, using this force, the maximum contracted 

shear stress τi of the bonded joint was calculated. The basis for all 

calculations and results was STN EN 1465. Table 3 shows the 
results. 

Table 2: The conditions of the experiment 

Temperature in the laboratory at the 
beginning of the measurement 

20,5°C  

Laboratory temperature at the end 
of the measurement 

20,8°C  

Relative humidity in the laboratory 54%  

Test machine jaw feed speed 10mm.min-1 

Maximum loading force 100 kN  

Fig.6: Clamping the sample into the test machine TIRA test 2300 

Sample calculation of the strength of the bonded joint of sample 
N1: 

Given: panel width: b0 = 25 mm  

Overlay length:  l0 = 12.5 mm  

Test result:  FN1 MAX = 1600 N 

Table 3: Measurement results 

Table 3 shows the results of the experimental test. The values of 

the maximum force Fi MAX are obtained by experiment, from which 
the shear stress τi was then calculated using the model calculation. 

Subsequently, these values were entered as input data into the graph 
in Fig.7. In the graph it is possible to compare the individual forces 

that the bonded joint withstood. From the overall results, the 
aluminium composite specimens came out the weakest, as in all 

cases the total force Fi MAX was the lowest. 

Fig.7: Deformation curves 

From the bar graph in Figure 8, it can be seen that the maximum 

force required to deform the bonded joint is highest for those 
specimens that had a machined surface. For the structural steel and 

galvanized sheet specimens, the bonded joint withstood the most 

when the bonded area was grooved. The stainless steel and 
aluminum specimens showed the best bonded joint properties when 

the surface was ground.  

Fig.8: Experimental result 

Another criterion for the quality of the bonded joint is the type 

of fracture remaining after the test (Table 4). The two most common 
types of fracture were observed in the failed specimens, with one 

occurring in all types of specimens. 

Table 4: Resulting adhesive shear strength and fracture type of the bonded 
joint 

Samples τi  [MPa] Type of material failure 

H1 5,120002271 AF (adhesive failure) 

H2 9,552776379 AF (adhesive failure) 

H3 8,613856779 AF (adhesive failure) 

O1 10,7356372 AF (adhesive failure) 

O2 13,28939687 SCF (cohesive failure at the substrate 
boundary) 

O3 14,22704594 90% AF, 10% SCF 

N1 11,23622492 AF (adhesive failure) 

N2 16,07185144 60% AF, 40% SCF 

N3 11,87657063 80% AF, 20% SCF 

P1 11,325161182 AF (adhesive failure) 

P2 15,66909432 40% AF, 60% SCF 

P3 18,69676063 90% AF, 10% SCF 
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4. Results and conclusions 

The use of bonded joints in the automotive industry is 

widespread nowadays. This tendency is growing, so it is necessary 

to consider where in the structure this type of connection can be 
used.  

For the shear strength test, which was carried out on a TIRA test 

2300 test machine, we had 12 samples (4 groups of samples, each 
group of samples containing 3 adherends). These samples were 

tested independently with the same type of bonded joint. The 
machine testing was followed by processing of the individual 

measured values. As a result, the best combinations of bonded joint 

between composite materials and metallic materials were tested and 
found. The analysis showed that the best combination of bonded 

joint in shear is composite material and galvanized sheet metal. This 
combination shows the highest values in the maximum shear stress 

and maximum strain force indices. On the other hand, the lowest 
values of maximum shear stress and maximum force are for the 

combination of bonded joint in shear of composite specimen with 

aluminum specimen. 

For better objectivity and to draw relevant conclusions, it is 
necessary to test more variants of bonded adherends as well as other 

types of adhesives at bonded joints. These joints should be tested 
subsequently for brittleness and impact strength and compared with 

the measured values from the shear strength test in order to obtain a 
more meaningful value. 
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