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ABSTRACT: 

The static friction force increases for an increase in the tangential displacement up to the value that is necessary to 

initiate gross-sliding of the bodies in contact. The static friction coefficients of tyre tread of different strength properties 

under varying contact conditions are investigated. Smooth surfaces were considered to evaluate the effects of roughness 

on adhesion of tyre treads. In this investigation different types of road surfaces were tested. The results show that larger 

tread contact resulted in higher coefficients of static friction. The static friction coefficient decreased for an increase in 

the tyre tread stiffness. The static friction coefficient decreased for an increase in the surface roughness, then passes 

through a minimum and finally increased for higher roughness of the counter face. The effect of contaminants such as 

water, fuel and lubricant between head and counter face were also investigated. 
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1. Introduction 

During macroscopic rest state of bodies, a micro-slip 

occurs at the interface between bodies and then 

processed to macro-sliding situation. This micro-slip can 

reach relatively large values when one of the surfaces in 

contact has a low tangential stiffness compared to the 

other surface. The main parameters of the static friction 

regime are the maximum static friction force at which 

macro-sliding initiates and the corresponding micro-

displacement. Once the bodies are set in motion, certain 

force is required to sustain it in the dynamic friction 

regime [1]. Few mechanisms have been found 

responsible for static friction. These mechanisms might 

involve elastic or plastic deformation of the softer 

material in contact and asperity creep [1, 2].They will be 

presented for the contact between metals as well as for 

the contact between rubber and metal.  

In the experimental investigation carried out by 

Deladi [1], the influence of normal load, geometry and 

rubber–like material stiffness on the Static Friction 

Coefficient (SFC) have been undertaken. The results 

showed that larger radii of the ball resulted in higher 

coefficients of static friction and related this behaviour 

was related to an increase in the contact area. The results 

also showed that the SFC decreased for stiffer materials 

and this behaviour was related to the decrease in contact 

area of the stiffer materials. The third observation was 

that the SFC decreased with normal load and at lower 

loads this decrease was more significant than at higher 

loads. This was alone confirmed by Maziar et al. [3]. 

Abdel-Halim [4] showed that under the condition of 

constant contact load the friction coefficient displayed 

by rubber decreased for an increase in the contact area. 

For hard rubber, the friction coefficient increased for an 

increase in the contact area. The first was related to the 

deformation component of friction. The second was 

related to the adhesion component of friction. Besides 

the two previously mentioned factors Gabriel et al. [5] 

confirmed an additional third geometric factor through 

the experimental work validated by finite element 

analysis. This contribution is dependent on the 

penetration depth of the rigid surface into the 

elastomeric. This geometric contribution considerably 

increases the actual coefficient of friction. This was 

previously observed by Laing et al. [6], but was not fully 

investigated. 

Experiments were carried out by Barquins for 

rubber/glass contact [7, 8]. The preliminary stage of 

friction was studied experimentally. The evaluation of 

the contact area was carried out using a central adhesive 

zone that is surrounded by an annulus of slip. Adachi [9] 

carried out experiments on rubber balls in contact with 

glass plates and revealed that the process of partial slip 

and its propagation with increasing tangential load. The 

static friction force was investigated by Roberts and 

Thomas [10] for smooth rubber hemispheres in contact 

with glass plates. Their experiments suggested that the 

magnitude of the static friction force is related to the 

elastic deformation of rubber. Persson [11] found that 

the molecular group of rubber chemically attached to the 

top solid was responsible for the static friction in rubber. 
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According to the theoretical models [12-14], the 

contact area between two spheres under combined 

normal and tangential loading consists of a central stick 

region surrounded by an annular slip zone. As the 

tangential load increases, the central stick region 

gradually diminishes and finally disappears. At this 

moment gross sliding begins which satisfies the 

Coulomb friction law. Barquins and Roberts [15] 

showed that the SFC decreases if the normal load 

increases. The dependence of the micro-displacement on 

the SFC was studied by Bogdanovich and Baidak [16]. 

They showed that the limiting displacement increases 

linearly with the SFC and this relationship becomes non-

linear at higher pressures. Bogdanovich and Baidak [16] 

investigated the effect of surface roughness on the SFC 

between a polymer plate and a steel cylinder. They found 

that the limiting displacement decreases with increasing 

average roughness (Ra) of the steel counter body, then 

passes through a minimum and finally increases for 

higher Ra. This phenomenon causes different problems 

such as noise, squeal and wear. 

The friction between tyre and road is based on 

adhesion and deformation [17-20, 31]. The adhesion 

component of elastomeric friction has been found to be 

inversely proportional to the hardness and contact 

pressure and might be considered as a viscoelastic 

dependent. The mechanism of deformation can be 

described as a bulk phenomenon which has its ultimate 

effect at the sliding interface and depends chiefly on the 

nature of the macro-roughness or the micro-roughness of 

the counter face and in addition proportional to contact 

pressure [19]. The maximum value of the coefficient of 

sliding friction depends on the type and state of the road, 

rubber hardness, and viscoelastic properties, tread 

design, degree of tread wear, tyre inflation pressure, the 

normal load taken by the wheel and its camber [21, 22]. 

Furthermore, the vertical load and air pressure were 

found to influence the grip coefficient significantly in 

longitudinal and lateral directions at different 

constructions of tyre tread. The wheel camber was found 

to have significant influences on tyre grip coefficient 

especially for the wider tyre due to the effective change 

between tyre and road surface. The influence of air 

pressure and the vertical load on tyre grip coefficient 

was investigated in [23-30]. In this paper the SFCs in 

longitudinal and lateral directions of tyre tread over 

epoxy, cement and asphalt counter faces are investigated 

using laboratory tests. The effect of contact pressure, 

tread stiffness and counter face contaminants are also 

assessed. 

2. Experimental work 

Tests were carried out using a test rig designed to 

measure the tangential static friction force and the 

applied normal load. Their values were displayed 

directly on digital screens; one of the screens was 

connected to a load cell positioned vertically to measure 

the static friction force, whilst the second was positioned 

horizontally to measure the normal load as shown in 

Figs. 1 and 2. One side of the loading pan was prepared 

to carry the loads and the other side to fix the tyre treads. 

 
1. Steel frame 

2. Friction load cell 

3. Normal load cell 

4. Counter face 

5. Steel base 

6. Loading pan 

7. Test specimen 

8. Tension load 

Fig. 1: Schematic layout of the test rig 

 

Fig. 2: Layout of the test rig 

The vehicle tyre tread is shown in Fig. 3. The 

tangential friction force was applied directly through a 

rope, one end of which was connected to the loading pan 

by means of a hook and the other to a lever arm with a 

1:3 ratio. Road surface materials were seated over the 

base of the test rig. The base was connected firmly to the 

friction load and normal force load cells. The load cells 

together with the connected digital screens form two 

complete strain calibrated bridges. Smooth and rough 

road surfaces were examined. The smooth surfaces were 

of ceramic and epoxy flooring to study the effect of 

roughness on the adhesion of tyre treads. Road test 

specimens were of asphalt and cement tyre treads of 

different hardness were used to study the effect of tyre 

hardness on SFC. Road test specimens contaminated 

with water, fuel and lubricant oil were examined.  
 

 

Fig. 3: Vehicle tyre treads 

3. Results and discussions 
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Fig. 4 shows the relationship between the SFC and 

contact pressure for tyre tread with 77 shore A hardness, 

at dry condition in the longitudinal direction. The 

examined surfaces were epoxy surface of Ra = 0.26 μm 

and .47 μm and ceramic surface of Ra = 5.47 μm. The 

results show that the SFC decreases slightly with 

increasing contact pressure. As the Ra increases from 

0.26 μm to 0.47μm, the SFC increases. The reason is 

explained by the increase of the deformation component 

of friction due to energy dissipation of rubber after 

deformation by the ruggedness of the counter face. Fig. 5 

shows the relation between SFC and contact pressure for 

tyre tread with 66 shore A hardness, at dry condition and 

in the longitudinal direction. The examined surfaces 

were epoxy surface of Ra = 0.36 μm and 0.92 μm and 

ceramic surface of Ra = 7.93 μm. The results show that 

friction coefficient decreases with increasing contact 

pressure. Furthermore, the SFC has been observed to 

increase with increasing Ra due to the effect of the 

deformation component of friction. This has been 

observed up to the contact pressure of 2.46 bar. 

However, as the contact pressure increases no further 

substantial difference in the results is recorded. 
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Fig. 4: Effect of surface roughness, Ra, on SFC, hard tread over 

epoxy surface 

 

Fig. 5: Effect of surface roughness, Ra, on SFC, soft tread over 

epoxy surface 

Fig. 6 illustrates the effect of the contact pressure on 

the SFC for different tread hardness in the longitudinal 

direction. The counter face was hard epoxy surface with 

Ra = 0.31μm. Tests were carried out under dry operating 

conditions. For 77 shore A hardness, the tread became 

stiffer and decreased the contact area. This has reduced 

the supported tangential load and hence the static friction 

force and friction coefficient. The test results supported 

this rationale and showed that the SFC for softer tread is 

larger. Fig. 7 shows the effect of Ra on SFC at different 

contact pressure in the longitudinal direction and under 

dry condition. Initially, the SFC increases for an increase 

in Ra up to 0.92 μm. After this, the SFC decreases with 

increasing Ra of the counter face then passes through a 

minimum and finally increases for higher Ra. Adhesion 

effects decreases when Ra increases due to reduction of 

the number and size of the treads in contact, leading to a 

drop in friction level. At higher Ra, the ploughing 

component of friction increases with Ra, as a result, the 

SFC also increased. 
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Fig. 6: Effect of tyre tread stiffness on SFC, hard epoxy surface 

 

Fig. 7: Effect of surface roughness, Ra, on SFC under dry 

conditions 

Fig. 8 shows the relationship between the SFC and 

contact pressure for tyre treads specimens of 66 shore A 

and 77 shore A hardness. For cement counter face tests 

were carried out in the longitudinal direction and under 

dry condition. The soft tyre tread of 66 shore A hardness 

displayed higher SFC than hard tread. However, for 



Ezzat et al. 2014. Int. J. Vehicle Structures & Systems, 6(1-2), 1-7 

4 

contact pressures higher than 2.6 bar the soft and hard 

treads displayed no variation in friction coefficients. This 

is due to a gradual increase in the stiffness of the soft 

tread with increasing contact pressure. This behaviour is 

accompanied by decrease in the tangential force 

supported by the contact area. Fig. 9 shows the effect of 

the interface contact area of the 77 shore A tyre tread on 

the SFC in the longitudinal direction for the counter face 

dry cement surface. Larger contact area displayed higher 

SFC than the smaller area. The SFC decreased with 

increase in the contact pressure which attributed to the 

decrease of the adhesion component of friction. 
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Fig. 8: Effect of tread stiffness on SFC over cement surface 
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Fig. 9: Effect of tread interface area on SFC, cement surface 

Figs. 10 and 11 show a comparison of SFC in lateral 

and longitudinal directions over cement surface for 66 

and 77 shore A treads under dry conditions. The SFCs 

displayed higher values in lateral direction than in 

longitudinal direction. The friction coefficient decreased 

with increasing the contact pressure. The soft tread of 66 

shore A showed higher SFC compared with hard tread of 

77 shore A hardness.  

Fig. 12 shows the effect of tyre tread stiffness on 

SFC of asphalt counter face under dry condition in 

longitudinal direction for 66 and 77 shore A treads. Soft 

tread displayed a modest increase in friction coefficient 

than hard tread. The soft and hard treads displayed a 

decrease in friction coefficient with increasing contact 

pressure. Furthermore, asphalt counter face showed 

higher friction coefficients than cement counter face. 

Fig. 13 shows the relation between the SFC in 

longitudinal and lateral directions for 66 shore A tread. 

The contact surface was asphalt and the tests were 

carried out under dry conditions. The SFCs displayed 

higher values in lateral direction than in longitudinal 

direction. The friction coefficient decreased with 

increasing the contact pressure. The difference between 

the SFCs in lateral and longitudinal directions for soft 

and hard treads is nearly the same. 
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Fig. 10: Comparison between SFC in longitudinal and lateral 

directions over cement surface for 66 Shore A tread 
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Fig. 11: Comparison between SFC in longitudinal and lateral 

directions over cement surface 77 shore A tread 
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Fig. 12: Effect of tread stiffness on SFC, asphalt surface 
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Fig. 13: Comparison between SFC in long. and lateral direction 

over asphalt surface for 66 shore A tread 

Fig. 14 shows the relation between the SFC and the 

contact pressure up to 4 bars for tread with 66 shore A 

hardness in the longitudinal direction. The counter face 

was ceramic with Ra= 7.5 μm. The results showed that 

the SFC decreased with increasing the lubrication of the 

contaminant. The contaminants form layers of low shear 

strength properties and the tangential force required to 

rupture these layers would be small. The SFC was 

observed to decrease with increasing contact pressure. 
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Fig. 14: Effect of contaminants on SFC, soft tread over hard 

ceramic surface 

Figs. 15 and 16 show the relation between the SFC 

at different contaminated conditions for 66 and 77 shore 

A tyre treads. The counter face was cement and the 

friction coefficient was measured in the longitudinal 

direction. Wet, fuel and oil contaminants were 

investigated. For soft tyre tread, the maximum SFCs 

were displayed under dry contact conditions, whilst the 

oil lubricated interface showed the lowest values of 

SFCs. At contact pressures higher than 2.5 bar, the soft 

tread displayed an equal value of friction coefficients. 

This behaviour is accompanied by decreasing the 

tangential force supported by the contact area. The SFCs 

decreased with increasing contact pressure. The lower 

SFCs displayed with oil lubricating condition are due to 

low shear strength of the oil layer. The hard tyre tread 

test results displayed low SFCs compared with soft tyre 

tread due to decrease in contact area of the hard tread 

.The interface contaminated with water displayed a slight 

decrease in SFCs than the dry contact for hard tread. The 

interface contaminated with oil film displayed a 

considerable decrease in SFC due to the appreciable 

lubrication of oil. 
 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.5 1 1.5 2 2.5 3 3.5

St
at

ic
 f

ri
ct

io
n

 c
o

e
ff

.
Contact pressure, bar

Dry Water
Fuel Oil

 

Fig. 15: Effect of different contaminants on SFC, soft tread over 

cement surface 
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Fig. 16: Effect of different contaminants on SFC, hard tread over 

cement surface 

 

Fig. 17: Effect of different contaminants on SFC, soft tread over 

asphalt surface 

Figs. 17 and 18 show the relation between the SFC 

at different contaminated conditions for 66 and 77 shore 
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A tyre treads. The counter face was asphalt and the 

friction coefficient was measured in the longitudinal 

direction. For 66 shore A soft tread, the maximum SFCs 

were displayed under dry contact conditions, whilst the 

oil lubricated interface showed the lowest values of 

SFCs. The interface contaminated with oil displayed a 

substantial decrease in SFC due to the low shear strength 

of the oil layer. For hard tyre tread specimen of 77 shore 

A, the test results displayed low SFCs compared with 

soft tyre tread. The interface contaminated with water 

displayed a slight decrease in SFCs. The interface 

contaminated with oil film displayed a substantial 

decrease in SFC due to the appreciable lubrication of oil. 
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Fig. 18: Effect of different contaminants on SFC, hard tread over 

asphalt surface 

4. Conclusions 

The SFC was found to decrease with increasing Ra, then 

passes through a minimum and finally increased for 

higher Ra of the counter face friction. The SFCs 

displayed higher values in lateral direction than in 

longitudinal direction. This may depend on the form of 

the contact patch and grooves of the tread. The SFC 

decreased with increasing the lubrication of the 

contaminants. With higher shore A hardness, the contact 

area decreased determining a reduction of the supported 

tangential load, hence the static friction force and 

friction coefficient also decreases.  
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