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Effect of Tyre Pressure on Braking Distance of Tubeless Tyres on Asphalt Road


Abstract

	Aim: To investigate the influence of tyre pressure on the braking distance of tubeless tyres on smooth asphalt roads in Ghana. 
Methodology: An experiment was conducted involving a Toyota pickup car, model year 2016 HILUX/DLX, on an asphalt road, at Akenten Appiah-Mensah University of Skills Training and Entrepreneurial Development-Kumas, Ghana. The data were analysed with Microsoft Excel [Version 21] and presented in tabular and graphical forms, and interpreted to satisfy the research objective. 
Results: The study observed that at the standard tyre pressure of 40psi, the average stopping distance was lower than that experienced at under-inflated and over-inflated tyre pressures at a test vehicle speed of 60km/h. Besides, the study found that as the tyre pressure increases, the braking distance increases correspondingly at 60km/h of the test vehicle. The study indicated that the lower the tyre pressure, the longer the braking distance at a test vehicle speed of 60km/h. 
Conclusion: The study concluded that the tyre pressure plays a vital role in contributing to addressing road traffic accidents as it influences the distance taken to stop a motor vehicle. The study findings can be used to guide stakeholders in formulating recommendations for tyre pressures for road operations in Ghana and elsewhere.
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1 Introduction
 
      Motor vehicle accidents are a menace on the road. This phenomenon is not only occurring locally, regionally, but globally too. For instance, Ahmed et al. (2023) cited that at the global front, over 1.35 million people die on the roads due to road traffic accidents annually. At the regional level, Africa is the continent at the forefront in terms of the rate of road traffic fatalities globally, while being the least motorized in comparison to the other five continents (Adedeji et al., 2021). Similarly, at the local level, statistics of road traffic accidents on the Ghanaian roads from January to March 2025 stood at 3,674 road traffic crashes. These crashes represent 6,143 vehicles across all classes (e.g., private, commercial, motor bikes /cycles). This led to 5,039 casualties, including 752 fatalities and 4,287 injuries as reported by the National Road Safety Authority of Ghana (NRSAG) (Accessed on January 12, 2025, Website: https://www.nrsa. gov.gh). Adedeji et al. (2021) noted that the rate of traffic fatalities in Ghana is increasing, notwithstanding the efforts to minimize it. Amid these worrisome figures, it is projected that road traffic injuries will be the seventh leading cause of death worldwide by 2030(Ahmed et al., 2023).
      This phenomenon is accounted for by a multitude of factors. Although some of these factors may be country-specific, they cut across geographical settings. For instance, In Ghana, Agebure et al. (2023)found that factors such as human error (e.g., low driving skills, excessive speeding, and poor vision of the driver), road conditions (e.g., bad road networks, no lane markings, and no speed limit signs were found as causal factors of road traffic accidents), faulty vehicles (e.g., defective tyres, brakes, and lights), and environmental conditions (e.g., bad weather conditions and stray animals) are responsible for road traffic accidents. Also, another study conducted in Iraq revealed that motor vehicle collision is the most common cause of Road Traffic Accidents (RTAs), responsible for 64.6% of the total RTAs among pickup, taxi, and motorcycle, as compared to private cars. It is further found that drivers' faults accounted for 81.4% of RTAs. This is followed by road issues, mechanical car faults, and environmental factors, accounting for 15%, 2.4%, and 1.2%, respectively. In addition, it indicated that speeding, low level of education, gender, young age, and alcohol intake are driver-related factors responsible for RTAs(Abdulla et al., 2023). Yuan et al. (2023) stated that the main factors responsible for Road Traffic injuries in China are in four dimensions, namely, human behaviours, road conditions, vehicles and the environment. Likewise, a study done in Sri Lanka on road traffic crashes, injury, and fatality showed poor road infrastructure, the use of different tyres on the same vehicle, a low commitment to implementing road safety policies, and inadequate enforcement of traffic laws are accountable for road traffic accidents(Dharmaratne et al., 2015). 
     Diverse efforts are being made to address this menace. Stakeholders such as governments and their agencies, corporate institutions, and academic researchers are implementing diverse strategies to curb road traffic accidents. From the perspective of academic researchers, many studies are done to inform policy decisions on road traffic. Notably among them include Bradley and Eng (2009) study on tyre Pressure Control Systems (TPCS) and their effect on braking efficiency, Jánošík et al. (2021) work on brake types and their effect on firefighting truck braking distances, and Veas' (2023) study on tyres' influence on braking distance globally. In Ghana, such works are done too (e.g.  Adedeji et al., 2021;  Agebure et al., 2023). However, little is known about the influence of tyre pressure on the braking distance of tubeless tyres on smooth asphalt roads in Ghana.  
     A thorough understanding of how tubeless tyres react to braking distance under different tyre pressures will greatly help in reducing road traffic accidents. This knowledge will assist drivers, tyre maintenance technicians, and road traffic law enforcement agencies in determining the correct tyre pressure for vehicle operation on an asphalt road surface. It will also highlight whether there is a need to move away from the traditional practice of using a single recommended tyre pressure for all surfaces. Additionally, it will inform drivers about the appropriate braking distance with specific tyres and tyre pressures on certain road types under a given speed. Ultimately, this can contribute to lowering the number of accidents and safeguard vehicles and their occupants, including the driver, passengers, and cargo. 
[bookmark: _Hlk202538410]     The focus of this study is to investigate the effect of tyre pressure on the braking distance of tubeless tyres on smooth asphalt roads in Ghana. To attain this objective, an experimental study was conducted involving a Toyota pickup of model year 2016 Hilux/DLX fitted with tubeless tyres of a tread height of 5 mm on a smooth asphalt road. This was done at Akenten Appiah-Mensah University of Skills Training and Entrepreneurial Development from the 6th to the 7th of February 2025. The 2016 year's model of Toyota was selected for study due to its high population in Ghana. 
2 Materials and Methods
2.1 Experiment Design
      The study is an experimental design. An experiment is a type of research in which independent variables are manipulated and their effects upon the dependent variables are observed. This design was chosen because it allowed the researcher to manipulate tyre pressure and assess its impact on braking distance on a given road surface. However, the drawbacks of this type of study are the influence of the confounded variables on the experiment over which the researcher has no control. To mitigate such effects, such as factors like wind speed and ambient temperature, the experiment was done at a wind speed of zero meters per second (0m/s) and an ambient temperature of 200C. This was necessary to ensure that wind speed does not influence braking distance. Furthermore, it is also necessary to ensure that there is no heat exchange between the tyres and the surrounding air since the cold operating temperature of a tyre is 20°C.
 2.2 Test Vehicle Specifications
[bookmark: _Hlk148384043]       The Motor Vehicle used for the experiment was a Toyota pickup car, model year 2016 HILUX/DLX. The car was fitted with tubeless tyres for the test.  The specifications of the test vehicle are illustrated in Table 1, while the test vehicle is shown in Fig.1 of Appendix A.
[bookmark: _Toc166547800][bookmark: _Hlk166056186]Table 1: Specifications of the Toyota pickup car model year 2016 HILUX/DLX.   
	Characteristics
	Parameters

	Engine
	2.4-litre diesel

	Engine code
	2GD-FTV

	Type
	4-cylinder in-line

	Valve mechanism
	16-valve DOHC

	Displacement (cc)
	2,393

	Bore x stroke (mm)
	92.0x90.0

	Compression ratio
	15.6:1

	Max. power (bhp/DIN hp/kW @rpm)
	148/150/110@3,400

	Max. torque (Nm @ rpm)
	[bookmark: _GoBack]400@1,600-2,000

	TRANSMISSION
	6MT
	6AT

	Gear ratios
	1st
	4.784
	3.600

	
	2nd
	2.423
	2.090

	
	3rd
	1.443
	1.488

	
	4th
	1.000
	1.000

	
	5th
	0.777
	0.687

	
	6th
	0.643
	0.580

	
	Reverse
	4.066
	3.732

	Deferential gear ratio (final drive)
	3.583
	4.100



[bookmark: _Toc166547802]2.3 Measurement and data collection procedures
2.3.1 Tyre Pressure Adjustment 
1. Calibration of the tyre pressure gauge
        The tyre pressure gauge was first tested for accuracy before data collection. To check the accuracy of the tyre pressure gauge, two tyre pressure gauges were used to measure the tyre pressure of the same tyre of the test motor vehicle. If the pressures were within a tolerance of one psi (21 KPa), the pressure gauges were considered accurate. However, if the readings of the tyre pressure gauges fell outside a one-psi tolerance, the gauges were immediately replaced. 
2. Measurement procedure for tyre pressure
      The actual tyre pressure of each tyre was measured when the tyre was cold by doing the following:
1. Measure the temperature of each tyre with an infra-red pyrometer when the tyre is at rest for not less than two hours
2. Unscrew the valve dust cap of the tyre
3. Press firmly the air chuck of the tyre pressure gauge onto the tyre valve
4. Take the pressure reading from the gauge dial as shown in Fig.2 of Appendix A
5. Leave tyre pressure unadjusted when the measured air pressure of the tyre is within the desired pressure 
6. Adjust tyre pressure to the right treatment level by increasing the tyre pressure using an air compressor or deflating the tyre pressure using the pressure gauge.
7. Recheck with the tyre pressure gauge to ensure that the right treatment level was attained 
8. Screw back the tyre valve dust cap 	
9. Record tyre pressure in the datasheet in the appropriate column 
[bookmark: _Toc166547803]2.3.2 Tyre Pressure
1. The tyre pressures of all four tyres of the test vehicle were adjusted to the following levels of tyre pressures for the test runs to determine the braking distance on the dry asphalt road surface. Three experimental groupings were done using the following tyre pressures: 
a. The manufacturers’ recommended tyre pressure, i.e., 40 PSI 
b. Under-inflated tyre pressures, i.e., 38 PSI, 36 PSI, 34 PSI, and 32PSI.
c. Over-inflated tyre pressures i.e., 48PSI, 46 PSI; 44 PSI, and 42 PSI 
2. Each tyre pressure, except the recommended tyre pressure, was treated to a decreasing incremental tyre pressure of 2 psi with a Dial Tyre Pressure Gauge [Model No. TST/PG97], with each tyre pressure measured at a tyre temperature of 20°c which was made known by an Infrared Thermometer (model: THTK-803). 
[bookmark: _Toc166547804] 2.3.3 Test Run and Measurement Procedures for Braking Distance
          The study was conducted to investigate the effect of tyre pressure on braking distance. All trials (experiments) were conducted between the 6th to the 7th February, 2025. Precautionary steps were taken to block the chosen road from by-users such as motorists and pedestrians. This was necessary to avoid any accident because clearance was not obtained from the ethical committee since it was not constituted at the time of the study by the University. 
       During the test, the motor vehicle user (test driver) accelerated the test vehicle from a start point to a speed of 60km/h, then switched on the headlamps to indicate the attainment of the speed of 60km/h. This point was marked with a signpost. At the same time, the driver carefully shifted the gear lever to neutral while engaging the brake pedal to bring the motor vehicle to a complete stop on the asphalt road. The braking distance was measured from the start of application of the brakes marked with a signpost to the point where the vehicle stopped with an AGORA Field tape (model: DS-FTMAMZ1020) and a calibrated Bowmonk 2000 Decelerometer machine, as shown in Fig.3(a) and (b) of APPENDIX A. Three (3) test runs at the speed of 60 km/h were performed for each increment of tyre pressure, and braking distances were measured as aforementioned. The results were recorded in a data collection sheet and braking distances averaged. This was done to nullify human error. 
2.4 Data Analysis
      The gathered data were first subjected to the test of statistical assumptions of regression analysis. The data were found to have satisfied the following assumptions:
1. The variables of analysis should be interval or ratio variables. 
2. There must be a linear relationship between the two variables,
3. There should be no significant outliers. 
4. The residuals (errors) of the regression line should be approximately normally distributed. 
       Secondly, the data were subjected to a simple regression analysis. This was done with Microsoft Excel (Version 21) on an HP Desktop computer with the following specifications: (64-bit operating system, x64-based processor [12th gen intel(r) core(tm) i3-12100 3.30 ghz], Ram 12.0 Gb [11.7 Gb]).
3 Results and Discussions
       This section contains the data analysis, results, and the discussion of the results. The summaries of data analysis are presented in tabular and graphical forms and interpreted to satisfy the research objectives.
[bookmark: _Toc166547810]3.1.1 The Effect of Over-Inflated Tyre Pressure on the Braking Distance of a Tubeless  
[bookmark: _Toc166547811]      Tyre on Smooth (Asphalt) Road Surface
      To determine the effect of overinflated tyre pressure on the braking distance of a tubeless tyre on smooth (asphalt) road surfaces, the experimental data gathered on overinflated tyre pressure and braking distance were subjected to regression analysis using Microsoft Excel (Version 21) and the outputs presented in Tables 2, 3, 4, 5, and Fig.4.
Table 2: Summary Output
                                              Regression Statistics	
Multiple R	                                                                                 0.996545758
[bookmark: _Hlk181216944]R Square	                                                                                 0.993103448
Adjusted R Square	                                                                      0.989655172
Standard Error	                                                                                  0.09486833
Observations	                                                                                   4 
Source: Author’s Field Data, June 2024
Table 3.: ANOVA	
	          df	   SS	           MS	        F	           Significance F
Regression	1	 2.592  	2.592	      288	0.003454242
Residual	2	 0.018	            0.009		
Total	            3	  2.61			
Source: Author’s Field Data, June 2024
Table 4: Coefficient 
				
                   Coefficients Standard Error   t Stat	 P-value    Lower 95% Upper 95%
 Intercept               -5.45   0.955771939 -5.70219712 0.0294052 -9.562355 -1.33764526
Tyre pressure (psi)0.36 0.021213203 16.97056275 0.003454242 0.2687270 0.451273048
Source: Author’s Field Data, June 2024
Table 5: Effect of Over-Inflated Tyre Pressure on the Braking Distance   
Level of Tyre Pressure   Observed Braking    Predicted Braking          Residuals(m)
        (psi)                        Distance(m)                 Distance (m) 
          42	                      9.7                              9.67	                     0.03
          44                                10.3                           10.39	                    -0.09
          46                                11.2                           11.11	                     0.09
          48                                11.8                           11.83	                     -0.03
Source: Author’s Field Data, June 2024

[bookmark: _Toc166547812]Figure 4: Effect of Over-Inflated Tyre Pressure on Braking Distance of a Tubeless Tyre 
Source: Author’s Field Data, June 2024
      Table 2 indicates a strong correlation between the level of tyre pressure and braking distance (R=0.99). Also, ninety-nine per cent (99%) of the variation in braking distance is accounted for by differences in the tyre pressure (R2= 0.993). Table 3 further explains that the level of over-inflation significantly accounts for the changes in braking distance (F= (1,2) =288, P=0.003454242, R2= 0.993; C.I =0.2687270, 0.451273048). The regression coefficient (B = 0.36) (Table 4) shows that an increase in one unit of over-inflated tyre pressure corresponds to an increase in braking distance by 0.36m. This implies that during over-inflation, tyre pressure increases linearly with braking distance. This is corroborated by Table 5. The linear regression model predicts that an over-inflation of 42PSI leads to a braking distance of 9.67m with a residual error of 0.03m, while a further increase in tyre pressure to 48PSI results in a braking distance of 11.83m with an error margin of -0.03m. This is shown by the steady inclination of the line of best fit in Fig.4. 
       It can therefore be concluded that any rise in tyre pressure above the recommended level results in a proportional increase in braking distance. This result is supported by Stoklosa and Bartnik (2022) and others. Stoklosa and Bartnik (2022) conducted a similar study that compared the performance of summer and winter Goodyear DuraGrip 195/65 R15 summer tyres on wet, dry, and rough road surfaces. They found that on dry asphalt roads, when the standard tyre pressure of 0.20MPa rose to 0.25 MPa and 0.30 MPa, the average stopping distance increased from 11.27 m to 11.25 m and 11.57m with a vehicle speed of 50km/h. The slight difference in increment of braking distance found by Stoklosa and Bartnik (2022) might have been a result of the rough nature of the road surface and test vehicle speed which might have increased tyre-road surface friction enhancing braking retardation. Jaco (2023) braced this; he noted that overinflated tyres lead to an increased braking distance, potentially putting the driver and passengers at risk during abrupt stops.
[bookmark: _Toc166547813]3.1.2 The Effect of Recommended Tyre Pressure on the Braking Distance of a Tubeless on Smooth (Asphalt) Road Surface
     The data from tyre pressures and matching average braking distance were presented in Table 6 using Microsoft Excel. This is because simple linear regression analysis could not be performed. After all, the recommended tyre pressure was held constant during the test.
[bookmark: _Toc166547814]Table 6: Effect of Recommended Tyre Pressure on the Braking Distance of a 
[bookmark: _Toc166547815]     Tubeless Tyre on Smooth (Asphalt) Road Surface
	Test 
Number
	Vehicle Weight
KG
	     Test speed
[km/h]
	
	Mean Braking Distance[m]

	
	UNDER-INFLATED PRESSURE

	1

	2600
                            
	60

	

	         16.5

	
	
	RECOMMENDED TYRE PRESSURE
	
	

	2 
	        2600
	60
	
	           9.6

	
	                          
                           OVER-INFLATED TYRE PRESSURE

	
3 
	
        2600
	
60
	
	
10.75

	                       
		                                    

	
	
	
	
	

	
	
	
	
	

	

	
	
	
	


Source: Author’s fieldwork 2024

[bookmark: _Hlk166052090]        From Table 7, it is observed that at a standard tyre pressure of 40PSI, the average stopping distance of the test vehicle was 9.6m, which was less than that of the distances experienced by under-inflated and over-inflated tyre pressures at an equivalent vehicle speed of 60km/h. This is confirmed by Stoklosa and Bartnik (2022). In their study which compared the performance of summer and winter tyres on wet, dry, and rough road surfaces, Stoklosa and Bartnik (2022) observed that at a vehicle speed of 50km/h, it took an average distance of 11.27m for the test vehicle to come to a halt with Goodyear DuraGrip 195/65 R15 summer tyre on dry asphalt. Moreover, Kadikyanov et al. (2014) re-echoed the same observation when they concluded that it takes the shortest distance for the Ford vehicle to stop with recommended tyre pressure due to its highest average deceleration. This implies that drivers of motor vehicles should adhere to the recommended tyre pressure to gain greater control over the stopping distance.
[bookmark: _Toc166547816][bookmark: _Hlk166052957]4.2.3 The Effect of Under-Inflated Tyre Pressure on the Braking Distance of a Tubeless Tyre on a Smooth (Asphalt) Road Surface 
        The data collected on the under-inflated tyre pressure and braking distance of a tubeless tyre on the three test trials to ascertain the effect of under-inflated tyre pressure on the braking distance of a tubeless tyre on a smooth(asphalt) road Surface were subjected to regression analysis using Microsoft Excel (version 21) and the outputs presented as Tables 7, 8; 9, 10, and Figure 5.
Table 7: Summary Output
                               Regression Statistics
Multiple R                                                                                                     0.9690874
R Square                                                                                                        0.9391304
Adjusted R Square                                                                                         0.9086957
Standard Error                                                                                                0.2898275
Observations                                                                                                   4
Source: Author’s Field Data, June 2024
Table 8: ANOVA
                               df                   SS          MS              F                   Significance F
Regression               1                2.592      2.592        30.85714          0.030912576
Residual                   2               0.168       0.084
Total                         3                2.76

Source: Author’s Field Data, June 2024
Table 9: Coefficients
                      Coefficients   Standard Error  t Stat    P-value    Lower 95%     Upper 95%
Intercept                   29.1   2.272883631  12.80312  0.006045 19.32057104   38.87942896
Tyre Pressure (PSI) -0.36  0.064807407   -5.55492   0.030913 -0.638843767  -0.081156233
Source: Author’s Field Data, June 2024 

Table 10: Effect of Under-Inflated Tyre Pressure on the Braking Distance 
Level of Tyre Pressure (PSI) Observed Braking    Predicted Braking      Residuals (m)
                                                        Distance (m)	 Distance (m)
[bookmark: _Hlk181222336]          32                                                 17.4                     17.58                        -0.18
          34                                                 17.2                     16.86                         0.34 
          36                                                 16.0                     16.14                        -0.14
          38                                                 15.4                     15.42                        -0.02
Source: Author’s Field Data, June 2024 



[bookmark: _Toc166547817][bookmark: _Hlk168823593]Figure 5: Effect of Under-Inflated Tyre Pressure on the Braking Distance of a Tubeless Tyre
Source: Author’s Field Data, June 2024 

Table 7 demonstrates a strong correlation between under-inflated tyre pressure and braking distance (R=0.96). Also, ninety-three per cent (93%) of the variation in braking distance can be explained by the differences in the tyre pressure (R2= 0.93) below the recommended level. Table 8 further explains that the level of under-inflation significantly accounts for the changes in braking distance (F= (1,2) = 30.85714, P=0.030912576, R2= 0.93, C. I= -0.638843767, -0.081156233). The regression coefficient (B = -0.36) (Table 9) shows that an increase in one unit of under-inflated tyre pressure corresponds to a decrease in braking distance by 0.36m. The implication is that during under-inflation, braking distance increases inversely proportional to tyre pressure. This is validated by Table 10. The linear regression model predicts that an under-inflation of 32PSI leads to a braking distance of 17.58m with a residual [error] of -0.18m, while a further increase in tyre pressure at 38PSI towards the recommended level results in a decrease in braking distance to 15.42m with a residual error of -0.02m. This is shown by the stable decline of the line of best fit towards the right in Fig.5. 
        Thus, it is concluded that as tyre pressure decreases below the recommended level, braking distance increases and vice versa. This observation is corroborated by Stoklosa and Bartnik (2022). Their research, which compared the performance of summer and winter Goodyear DuraGrip 195/65 R15 tyres on wet, dry, and rough road surfaces, found that an under-inflated tyre pressure of 0.10 MPa resulted in a braking distance of 11.46 meters. In support, Rievaj, Vrábel, and Hudák (2013) and Tang et al. (2017) corroborated that a lower inflated tyre leads to a longer braking distance, especially at a velocity of 50km/hr. at varying tyre pressures.  In his study, Parczewski (2013) revealed that lowering the inflation pressure in one or all tyres indicated a significant vehicle control and increased stopping distances.  On the contrary, Radu et al (2018) found that by decreasing the tyre pressure from 2.4 bars to 1.5 bars, the braking distance was improved by approximately 20% on both snow and asphalt roads. Likewise, Savitski et al. (2015) observed that as the tyre pressure decreased from 3.5 bar to 1.5 bar, the braking distance decreased from 70.9 metres to 60.3 metres, coupled with average deceleration increasing from 1.56m/s2 to 1.81m/s2 respectively. Such contrasting results might have been due to the test road coefficient of friction and therefore need further investigation. The practical implication is that under-inflated pressure prolongs braking distance and should be avoided by drivers at all costs unless done for a purpose.
4 CONCLUSION
[bookmark: _Hlk202563109]The study aims to investigate the effect of tyre pressure on the braking distance of tubeless tyres on smooth asphalt roads in Ghana. The study observed that at the standard tyre pressure of 40psi, the average stopping distance was lower than that experienced at under-inflated and over-inflated tyre pressures at a test vehicle speed of 60km/h. Besides, the study found that as the tyre pressure increases, the braking distance increases correspondingly at 60km/h of the test vehicle. The study indicated that the lower the tyre pressure, the longer the braking distance at a test vehicle speed of 60km/h. These results are supported by those found by Stoklosa and Bartnik (2022) Jaco (2023), and Kadikyanov et al. (2014). However, the results of Radu et al (2018) showed contrary evidence. 
 Limitations of the study
The driver’s reaction time was not considered in assessing the stopping distance, as this may influence the distance between the position of the motor vehicle and the accident object. Also, the findings may not apply to all road surfaces, but they have provided insight into vehicular behaviour on the asphalted road during braking at moderately high speeds under varying tyre pressures.
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APPENDIX A
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Fig.2.: Pressure Reading with Pressure Dial Gauge
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Fig.3(a): AGORA Field Tape  
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Fig. 3(b):  Bowmonk 2000 Decelerometer 
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