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Abstract  

The paper deals with a testing of a low-cyclic fatigue of single-lap bonds reinforced with a textile waste from  

a process of tyres recycling. The aim of the experiment is to clarify a fatigue behaviour (low-cyclic fatigue tests) 

of joints adhesive bonded with a two-component structural adhesive filled with the textile waste from the process 

of tyres recycling applied on the structural carbon steel S235J0. The aim of the research was to evaluate a service 

life of the adhesive bond in terms of its fatigue stressing at a low-cyclic shear test (30 % and 60 % from a refer-

ence value of a maximum force). The number of cycles was 200, 500 and 1000. Adding of the filler in the form 

of the Polyamide PA microfibers from the textile waste showed in a positive way. The adhesive bond strength 

was increased of 6 % to 11 %. 
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INTRODUCTION 

A production process differs in various industrial 

branches, however, it has usually one common ele-

ment – a creation of the bond. The adhesive bonding 

technology is a prospective method of connecting 

different materials (MÜLLER, VALÁŠEK 2013A; 

MÜLLER 2011). 

A research on factors influencing mechanical proper-

ties of the adhesive bond is important for a successful 

application of adhesive bonds. The adhesive bond 

fatigue is a significant factor in terms of the practical 

application (MÜLLER, 2015A; MÜLLER ET AL., 2013; 

MÜLLER, VALÁŠEK, 2013B; MESSLER 2004). 

Adhesive bonds are expected to retain a significant 

proportion of their load bearing capacity for the entire 

duration of the service life of the bonded structure. 

Service conditions can often involve an exposure to 

the cyclic fatigue, which is possibly the most destruc-

tive form of a mechanical loading. The fatigue damage 

is an irreversible process that can occur at relatively 

low stress levels due to the presence of high peel and 

shear stresses at the overlap edges. These stresses 

reduce both the static strength and fatigue life of 

bonded structures (BROUGHTON ET AL., 1999). 

A particular issue with the integrity of adhesive bonds 

is the presence of cracks and flaws in the manufac-

tured adhesive bond. The presence of these defects, at 

least at some scale, appears inevitably and the propa-

gation of such cracks/flaws has the potential to affect 

the service life of the adhesive bonds and even to 

cause a catastrophic failure of bonded structures in the 

service (HAFIZ ET AL., 2010). Hence, a better under-

standing of the crack propagation behaviour under 

realistic types of combined service loading is an im-

portant aspect of evaluating the potential performance 

of adhesive bonds (KELLY, 2006; HAFIZ ET AL., 2010). 

Adding the suitable filler into an adhesive (a matrix) 

decreases a price, or it improves mechanical properties 

of the adhesive bond (VALÁŠEK, MÜLLER, 2015). The 

filler is based on both a primary raw-material, as well 

as the waste. In recent years, ways for efficient use of 

the waste from the tyres recycling have been searching 

(MÜLLER, 2015B; FANG ET AL., 2000; FERREIRA 

ET AL.; 2013). A rubber granulate, a metal waste and a 

textile waste come into being from the mechanical 

process of the waste tyres recycling (KNAPČÍKOVÁ ET 

AL., 2014; ACEVEDO ET AL., 2015; MÜLLER, NOVÁK, 

2015). The rubber granulate is used in the area of the 

tyres recycling at the present. The rubber granulate is 

effectively used in various products. However, we 

cannot forget other parts of the tyre, e.g. the textile 

fibres (TARANU ET AL., 2013; MÜLLER, 2015B; 

FANG ET AL., 2000; FERREIRA ET AL., 2013). Fibres are 

used for a large variety of applications. Textiles, non-

wovens as well as fibre reinforced composite materials 

are commonly used in daily life and in technical appli-

cations (BARTL ET AL., 2015). 

Results of a thermal analysis of the waste fibres show 

that the fibres are of polyamide. After the process of 

tyres shredding two main types of fibres can be identi-

fied: a fibre and a microfibre. In the first case, the 

fibres maintain their original form (cord), while the 

microfibers are a consequence of different stages in 

the shredding process (PARRES ET AL., 2009). 

The aim of the research was to set a possible utiliza-

tion of the cleaned textile waste from the process of 

the tyres recycling in an area of the polymeric com-
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posite systems determined as a filled adhesive. The 

microfibres from the shredding process of the tyres 

were used within the research. The aim of experiments 

is to clarify the fatigue behaviour (low-cyclic fatigue 

tests) of the bond adhesive bonded with the two-

component structural adhesive filled with the textile 

waste from the process of tyres recycling applied on 

the structural carbon steel S235J0. The aim of the 

research was to evaluate the service life of the adhe-

sive bond in terms of its fatigue stressing at the low-

cyclic shear test. 

 

MATERIALS AND METHODS 

A great proportion of impurities in a form of the rub-

ber granulate was removed from the textile waste used 

for experiments. This material was used as the filler 

for a production of the polymeric composite material. 

The cleaning of the textile microfibres from the rubber 

particles was performed by a fluid cleaning in a firm 

which provided the tested filler. 

The subject of performed experiments was the poly-

meric composite, whose continuous phase was in  

a form of a two-component epoxy adhesive (CHS 

Epoxy 1200) and a discontinuous phase (reinforcing 

particles) in a form of Polyamide PA microfibres (the 

textile waste from the process of tyres recycling). 

The concentration of the filler in the matrix is indi-

cated by the wt. fraction of the filler. The determina-

tion of the concentration of the sub-components was 

expressed using a weight relative to 100 g of the ma-

trix (the two-component adhesive). The filler was 

added into the matrix CHS Epoxy 1200 (two-

component reactoplastics resin) in the ratio of 2 g and 

4 g to 100 g of matrix. Weight ratios were chosen with 

a respect to a practical application when the filler is 

mixed mainly on the basis of weight ratios. 

The basis of adhesive bonds laboratory testing was the 

determination of the tensile lap-shear strength of rigid-

to-rigid bonded assemblies according to the standard 

ČSN EN 1465 (Equivalent is BS 1465). 

Laboratory tests were performed using the standard-

ized test specimens made according to the standard 

ČSN EN 1465 (dimensions 100 ± 0.25 x 25 ± 0.25 x 

1.5 ± 0.1 mm and lapped length of 12.5 ± 0.25 mm) 

from the carbon steel S235J0. 

The surface treatment is essential not only in the area 

of the adhesive bonding technology (MÜLLER, 2014; 

NOVÁK, 2012; HOLEŠOVSKÝ ET AL., 2012; 

DOBRÁNSKÝ ET AL., 2015; DOBRÁNSKÝ ET AL., 2014). 

The surface determined for the bonding was mechani-

cally and chemically treated. The mechanical treat-

ment consisted in a grit blasting of the bonded area by 

the Garnet MESH 80. The chemical cleaning con-

sisted in removing impurities in a bath of Acetone.  

Subsequently, the mixture of the adhesive was pre-

pared by mixing of a part A (a resin) and a part B  

(a hardener) in a given ratio. The filler was added in 

the required ratio after mixing parts A and B. 

Then, the adhesive was evenly applied on one bonded 

surface. The adhesive bonds were fixed with a weight 

of 750 g after applying second bonded part. The adhe-

sive bonds were left for 7 days in the laboratory before 

the destructive testing. The reason was reaching the 

full strength of the adhesive bond and a minimization 

of the influence of the secondary hardening. Adhesive 

bonds hardened at the laboratory temperature 

22 °C ± 2 °C. 

Shims of the same thickness as the bonded material 

were adhesive bonded to the edges of the adhesive 

bonds after ending the hardening process. The reason 

was an elimination of the bending moment at the de-

structive testing of the adhesive bonds. 

Laboratory tests were performed using the universal 

tensile strength testing machine LABTest 5.50ST  

(a sensing unit AST type KAF 50 kN, an evaluating 

software Test&Motion). The failure type according to 

ISO 10365 was determined at the adhesive bonds. 

Five test specimens were tested in each series. The 

reference value of the adhesive bond strength was 

determined for each tested adhesive according to the 

standard ČSN EN 1465. The upper and lower limits 

for low-cyclic tests were calculated from the average 

value. 

The test specimens were cyclically loaded in a such 

way the loading tension pulsated between the mini-

mum value determined from the reference strength of 

the adhesive bond (i.e. 5 %) and chosen percentage 

value 30 % or 60 % from the reference strength of the 

adhesive bond with 0 g filler.  

The loading speed at the static test of the adhesive 

bond strength was always set as 1 mm·min
-1

. The 

loading speed at the cyclic testing was always set as 

30 mm·min
-1

. In the case that the adhesive bond was 

not destructive damaged after 200, 500 and 1000 cy-

cles, the adhesive bond was subsequently broken, i.e. 

the testing machine developed force by the speed 

1 mm·min
-1

 as long as the test specimens were broken.  

Fracture surfaces and an adhesive bond cut was exam-

ined with SEM (scanning electron microscopy) using 

a microscope MIRA 3 TESCAN (the fracture surfaces 
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were dusted with gold) and Stereoscopic microscope 

Arsenal. 

The results of measuring were statistically analysed. 

Statistical hypotheses were also tested at measured 

sets of data by means of the program STATISTICA.  

A validity of the zero hypothesis (H0) shows that there 

is no statistically significant difference (p > 0.05) 

among tested sets of data. On the contrary, the hy-

pothesis H1 denies the zero hypotheses and it says that 

there is a statistically significant difference among 

tested sets of data or dependence among variables 

(p < 0.05). 

 

RESULTS AND DISCUSSION 

A width of the microfiber was 24.38 ± 6.02 μm.  

A similar mean of the microfibers 29.67 ± 2.3 μm was 

ascertained also by PARRES ET AL. (2009). The length 

of the microfibre was very variable – 

2424.63 ± 1805.86 μm. PARRES ET AL. (2009) also 

state very variable length. 

A good wettability between the adhesive and the ad-

hesive bonded material (Fig. 1) was proved using the 

electron microscopy within the experimental research. 

 

 
Fig. 1. – SEM images of adhesive bond cut: A - ad-

herent S235J0, B – matrix CHS Lepox 1200 (two-

component epoxy), C - microfibres of Polyamide PA 

from textile waste from process of tyres recycling 

 

The surface roughness of the adhesive bonded mate-

rial S235J0 after the mechanical treatment by a grit 

blasting was in the direction parallel to the loading 

force at the destructive testing of the adhesive bonds 

Ra 1.96 ± 0.17 μm, Rz 12.23 ± 1.31 μm. 

The strength of the adhesive bond without the filler 

was 10.5 ± 1.4 MPa. Adding 2 g (11.1 ± 0.5 MPa) and 

4 g (11.6 ± 1.0 MPa) of the filler increased the adhe-

sive bond strength ca. of 6 % to 11 %. Adding the 

filler in the form of Polyamide PA microfibres from 

the textile waste from the process of tyres recycling 

showed in a positive way. 

A type of a fracture surface changed after adding of 

the filler. The fracture surface of the matrix (the adhe-

sive) was of the adhesive type. At the adhesive bonds 

(adhesive bonded with the composite system) the 

fracture surface was of the adhesive type. Results of 

the adhesive bond strength are visible from Fig. 2, 3 

and 4. 

It is possible to say in terms of the statistical testing of 

the influence of different filler concentrations that the 

concentrations are statistically homogeneous groups. 

The hypothesis H0 was certified, i.e. there is no differ-

ence in the adhesive bond strength in the significance 

level 0.05 among single concentrations 0 g, 2 g and 

4 g of the filler in the form of the Polyamide PA mi-

crofibres from the textile waste from the process of 

tyres recycling. The statistical comparison (T-test,  

α = 0.05) of the influence of increasing filler concen-

tration on the adhesive bond strength is presented in 

Tab. 1. It is evident from the statistical comparison of 

the values that increasing concentration of the filler 

did not statistically influence the adhesive bond 

strength. 

It is possible to say in terms of the statistical testing of 

the influence of various numbers of cycles on the 

adhesive bond strength that the cycles are statistically 

homogeneous groups. The hypothesis H0 was certi-

fied, i.e. there is no difference in the adhesive bond 

strength in the significance level 0.05 among single 

number of cycles (0, 200, 500 and 1000). 

The statistical comparison (T-test, α = 0.05) of the 

influence of the number of cycles on the adhesive 

bond strength is presented in Tab. 2. It is evident from 

the statistical comparison of the values presented in 

Fig. 2, 3 and 4 that the number of cycles does not 

statistically influence the adhesive bond strength. 

Also a minimum difference between 30 % and 60 % 

of the loading from the reference value of the adhesive 

bond strength is obvious from the results. The average 

difference in the adhesive bond strength did not ex-

ceed 13 %. 
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Tab. 1. – Statistical comparison of influence of filler concentration on adhesive bond strength (T-test) 

Loading from reference value of 

adhesive bond strength (%) 

Number of cycles (-) H0: (p>0.05) 

100 0 0.3259 

60 200 0.2790 

60 500 0.4609 

60 1000 0.2973 

30 200 0.3230 

30 500 0.4396 

30 1000 0.2922 

Symbol O and C mean the outer part of root and the central part of root, respectively 

 

Tab. 2. – Statistical comparison of influence of filler concentration and number of cycles on adhesive bond 

strength (T-test) 

Loading from reference value 

of adhesive bond strength (%) 

Filler concentration (g) H0: (p>0.05) 

30 0 0.1553 

30 2 0.3773 

30 4 0.7025 

60 0 0.2291 

60 2 0.8335 

60 4 0.1663 

 

 
Fig. 2. – Influence of low-cyclic fatigue on adhesive bond strength (adhesive bonds with 0 g of filler) 
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Fig. 3. – Influence of low-cyclic fatigue on adhesive bond strength (adhesive bonds with 2 g of filler) 

 

 
Fig. 4. – Influence of low-cyclic fatigue on adhesive bond strength (adhesive bonds with 4 g of filler) 

 

 
Fig. 5. – Fracture surface of sample (filler: microfibres of Polyamide PA from the textile waste from the process of 

tyres recycling 2 g: 100 g matrix, good wetting of filler with resin, uneven distribution of filler, secondary electrons) 
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A strong interaction between the adhesive and parti-

cles is evident (Fig. 1). When applying the filler into 

the resin, the wetting of the filler with the matrix is 

very important (JÄCKEL, SCHEIBNER, 1991). Results of 

the experiment also show the irregular stratification of 

filler microparticles in the matrix (Fig. 5). 

CHANG AND YEIH (2001) proved in their experiments 

that the irregular shape of the filler ensured good in-

teraction between the matrix and the filler. Microfi-

bres of a regular cross-section were used as the filler 

within the experiment (Fig. 1). The assumption about 

a negative influence of the filler on the adhesive bond 

tensile strength was not confirmed (CHO ET AL., 2006). 

The course of the testing is visible from a diagram of 

the low-cyclic test. Fig. 6 presents the low-cyclic test 

at 60 %, which is finished after reaching 200 cycles by 

the destruction of the adhesive bond. 

 

 
Fig. 6. – Low-cyclic test (60 %, 200 cycles, filler 4 g) 

 

Fig. 7 presents the low-cyclic test at 60 %, which is 

finished after reaching 500 cycles by the destruction 

of the adhesive bond. A so called cyclic reinforcement 

occurred at some bonds after finishing the cycling. 

This entails an increase of the loading force after the 

end of the cycling. 

 

 
Fig. 7. – Low-cyclic test (60 %, 500 cycles, filler 0 g) 
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The experiment results did not confirm the assumption 

that the repeated cyclic loading with high value (i.e. 

e.g. 60 % (BROUGHTON ET AL., 1999; ŠLEGER, 

MÜLLER, 2015) of the reference strength of the adhe-

sive bond) can lead to the premature failure of the 

adhesive bond in a relative short number of cycles.  

A cause can be a cumulative effect of the cyclic shear 

loading (ŠLEGER, MÜLLER, 2015). 

 

CONCLUSIONS 

Following conclusions can be deduced from per-

formed experiments: 

 The influence of the low-cyclic tests on the change 

of the fracture surface was not proved. 

 The microfibres of Polyamide PA from the textile 

waste from the process of tyres recycling are of 

good wettability with the matrix.  

 Adding the filler in the form of Polyamide PA 

from the textile waste from the process of tyres re-

cycling showed in a positive way. It came to the 

increase of 6 % to 11 % of the adhesive bond 

strength.   

It is possible to say in terms of the statistical testing of 

the influence of various filler concentrations and num-

ber of cycles that they both are statistically homoge-

neous groups, i.e. they do not influence the adhesive 

bond strength. 
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