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ABSTRACT 

The operational safety standard of tyres has an inestimable impact on any type of vehicle. It plays a 

significant role in safe road trip enhancement if properly adjudged and may otherwise lead to road 

accident causation. This study assessed tyre safety in compliance with the standard aspect of 

roadworthiness of vehicles on roads in a town in Nigeria. An objective research technique was used 

for data collection. This involved measurement and recording of tyre tread depth and tyre pressure 

using hand-held electronic digital depth and tyre pressure gauges respectively. The dates of 

manufacture vehicle tyres and their sizes were also noted. The study took place in Abeokuta 

metropolis with a total number of 113 privately owned and operated passenger vehicles from March 

31 to December 31, 2016. Data obtained were analysed to determine tyre pressures, the tread wears, 

appropriate tyre sizes and ages of tyres of the assessed vehicles. The result obtained showed that only 

5.3% of the vehicles assessed were of correct tyre inflation pressures. 75.2% and 48.7% of the 

vehicles assessed on legal minimum tread depth of 1.6 mm and 3.0 mm for dry and wet road 

conditions respectively were of appropriate tyre tread; whereas 55.8% of the assessed vehicles were 

unsafe/un-roadworthy vehicles due to over-aged tyres. As well, 92.9% of the assessed vehicles were 

of appropriate sizes. This study observed partial compliance to the safety standard capacity aspect of 

roadworthiness of vehicles. Inadequate adherence to the road tyre safety standard is an unsafe act that 

can annul the allegedly observed tyre safety.  
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1.0 INTRODUCTION  

Among the four modes of transportation available in Nigeria, road transportation is the most 

accessed means for the conveyance of people and goods (Badmus et al., 2012; Onokala, 

2015; Onatere-Ubrurhe, 2016). Over 90 per cent of goods and services conveyance needs in 

the nation are satisfied through road transportation mode at the expense of the potential 

contribution of the other modes (Obih, 2001). The impeding characteristics associated with 

other transportation modes in Nigeria that stimulates the pressures exertion on the road 

include the restrictive nature of the waterways, the operational threshold of the rail system, 

and the high cost associated with air travel (Bataiya, 2018). Road travel unlike rail, water and 

air transportation depends on the pattern of human settlements thereby accounting for more 

than 90 per cent of the sub-sector's contribution to the Gross Domestic Product (GDP) 

(Badmus et al., 2012). Among all the transport sub-sectors, road transport has comparatively 

recorded drastic progress in terms of motor vehicles in operation compared to the size of the 

road network. This is supposedly supported by the nation’s major focus on road transport 

development at the expense of other modes of transportation. Based on the above, it can 

perhaps be said that Nigeria operates a mono-modal transport system (road sector) other than 

intermodal operation obtainable in other developed nations' economies. Although, the advent 

of the transportation system has granted man freedom of mobility, his relative 

disproportionate and increasing reliance on vehicular movement though convenient has 

introduced varying dimensions of road traffic accidents issues (Dinye, 2013). Sumaila (2013) 

stated that the greatest culprit of all the modes of transport is the road of which traffic 

accident is the most disturbing repercussion of its use as negative consequences of 

automobile technology since its advent arises from its misuse. 

 

Nigeria which recorded her first road traffic accident in 1906 in Lagos has grown an 

unenviable record of road traffic accidents as a developing country (Gbadamosi, 2015). The 

over reliance on the road system in the country constitutes the creation of unnecessary 

pressure on the highways which mostly resulted in regular accidents. This situation has 

worsened by the deteriorating condition of these roads (Gbadamosi, 2005). According to 

Ukoji (2014) over-dependence on road transportation worsens the condition of roads, 

involves huge pressure on motorists, and causes many fatal road accidents. Considering the 

magnitude of road traffic accident problems in Nigeria, reasonable and adequate attention has 

not been set in place to curb this issue (Bun, 2013). According to Atubi (2015), there are no 

adequate road traffic safety mechanisms in place to control the growing number of 

automobiles on Nigeria roads, road traffic crashes and advancing injuries rate.  

The impact of road crashes and injuries on the system of production and management of 

material wealth at all levels is enormous (Khare et al., 2012). Road accidents are major world 

economic and social problems resulting in loss of lives and properties around the world 

(Ratanavaraha and Suangka, 2014). Worldwide, road traffic accidents significantly contribute 

to death and disability as well as financial costs to both society and the individuals involved. 

Estimate on road traffic injury in low-, middle- and high-income countries were suggested to 

be respectively 1%, 1.5% and 2% of their Gross National Product (GNP). Road traffic 

crashes of low- and middle-income countries account for sixty-five billion US dollars 

($65billion) which is more than the developing assistance they receive (Peden, 2005). The 
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estimate of the global economic cost of road traffic accidents gave a rate of $518billion per 

year in 2003, with $100 billion of this rate in poor developing countries (WHO, 2009). The 

case of Nigeria, according to Atubi and Gbadamosi (2015), is about 80 billion naira loss to 

road accidents annually. The road traffic accidents in the nation showed that 29.1 per cent 

suffer one form of disability or the other, whereas 13.5 per cent were unable to return to work 

(Labinjo et al., 2010; Atubi 2012). 

 

Adherence to the tyre operational standards can be expressed as safety and ride comfort. The 

function of the tyre in road accident incidents is sometimes not distinctively spelt out due to 

the links they have with other automotive transmission systems (Newton et al., 1996; Hou et 

al., 2018). Defective tyres, faulty braking systems, and dysfunctional steering systems are 

among the qualities that represent road vehicles in traffic accidents. These systems are 

connected to the functions tyres offer in an on-road vehicle which includes acceleration, 

cornering, braking, and steerability, directly or indirectly. However, the faulty operation of 

any of these systems or components from poor vehicle maintenance affects ride comfort and 

safety (Azodo, 2017). Safe vehicle actions and activities are crucial in reducing road traffic 

crash morbidity and mortality. Vehicle maintenance for safety and ride comfort necessitates 

meticulous attention to every component or system involved in vehicle control and movement 

by adhering to the details of the fitted tyre pressure monitoring system for vehicle tyre air 

pressure, driving at different speeds on different road surfaces, wet or dry, and using the 

electronic stability control system (Azodo, 2017). 

 

It has been established that accidents are caused. According to Azodo and Adejuyigbe (2013), 

accidents are sudden events or incidents that naturally give rise to death, injury, or property 

damage but when they happen, they cannot be ascribed as unanticipated. For a vehicle to 

serve its intended purpose which is to convey materials, goods and people safely to their 

intended destinations, precautionary action must be judiciously observed and implemented. 

Deliberate oversight and neglect of safety precautionary measures may result in an accident 

and eventually be classified as an unforeseen event. The safety aspect of road transportation 

and its operation is very important as it is closely related to human lives. One of the dominant 

factors in determining the stability and safety of vehicles on the road is the tyres. Tyres at the 

production are ideally of high quality, undoubtedly referred to as expertly-engineered chassis 

components specially tailored to match a variety of different suspension systems and respond 

accurately and smoothly to driving and maneuvering styles and still retain their durability 

potential (Azodo, 2017). Tyres being the only contact the vehicles have with the road surfaces 

that affect traction, acceleration or cornering commands, steering or braking abilities, ride 

comfort, vehicle appearance and fuel consumption rate makes tyres essential factor in 

accident prevention (Hamed et al., 2014; Kubba and Jiang, 2014; Guvenc. 2008; Mock and 

Vollm, 1997; Newton et al., 1996; Hou et al., 2018; Azodo et al., 2018; Azodo, 2017). Once 

tyre(s) is/are placed in service, it becomes a necessity that they should be properly maintained 

to perform as intended (Azodo, 2017). 

 

The nature of road accidents is a complicated and remarkable development due to their 

diverse resultant effects on lives and property. That notwithstanding, road traffic crashes are 
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predictable and can be prevented (Atubi and Gbadamosi, 2015). There is, therefore, the need 

to look into the road traffic accident causation factors, as an issue that needs urgent attention 

for adoption and implementation of effective preventive measures. Among the mechanical 

sources of failure known to cause an accident in vehicles is tyre defect. This study assessed 

tyre safety compliance to the standard capacity aspect of roadworthiness of vehicles among 

Nigerian vehicle owners. 

 

2.0 MATERIALS AND METHOD  

An objective method of research was used for obtaining the data necessary for determining 

the roadworthiness of the assessed vehicle. This involves measuring and recording the tyre 

tread depth and pressure using hand-held electronic digital depth and tyre pressure gauges 

respectively. The tyre tread depth measurement was taken at three different strategic spots on 

the tyre rolling surfaces: inner-edge, outer-edge and at the centre. The manufacture date and 

tyre size were visibly checked on the tyre. Tyre inflation pressure safety standard was carried 

out on each of the four tyres of the 113 vehicles and analysed using the inflation pressure 

level guide from each of the vehicles manufacturer's specifications obtained from either of 

the following four major sources; driver's door ledge, the fuel tank cover, the manufacturer's 

car manual or online search using the model of the vehicle for specified standard inflation 

pressure.  

Three factors were used to consider tyre inflation pressure for under inflation and over 

inflation. They are; if the vehicle tyre inflated pressures are respectively either 25% below 

and above the manufacturer's recommended inflation pressure, 7.25 psi deviation from the 

recommended pressure and 2.90-7.11 psi variation from the recommended pressure (US 

Federal Motor Vehicle Safety Standard (FMVSS); Dorgan, 2007; Abolghassemi, 2016). 

Otherwise, it was regarded as appropriately inflated. The measurement was taken in the early 

hours of the morning between the hours of 6.00 am and 10.00 am when the vehicles had not 

been driven. The owners of the vehicles were contacted on an individual basis for permission 

after communication of the study purpose. Those who, for any reason, turned down 

participation in this study were excluded. No incentive was offered as participation was 

voluntary. Only privately owned and used passenger vehicles were assessed. The research 

was carried out in Abeokuta metropolis, the Ogun State of Nigeria from, March 31 to 

December 31, 2016. Two people were recruited to aid in taking the measurement and 

recording of the data to avoid a mix up of the data. Statistical analysis was carried out on the 

data obtained using Statistical Package for Social Science version 16.0. Analysis carried out 

were frequency distribution and percentage ratio for each of the variables obtained. The 

results obtained from data analysis were presented in charts and tables.  

 

3.0 RESULTS AND DISCUSSIONS  

The data analysed in this study was obtained from a total number of 113 passenger vehicles 

(cars and buses) privately owned and operated by Abeokuta residents. Among the sources of 

tyre failures assessed in this study that was used to determine the roadworthiness of vehicles, 

as well as their safe operation status, was age. The shelf life of the tyre from the date of 

manufacture is four years (Sangofadeji, 2013) whether used or not. Tyre shelf life is 

influenced by environmental factors such as climate together with the operating weather 
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condition. The environmental effects on the tyres range from the rubber composition of the 

tyre becoming brittle caused by the sulphur component effect on other tyre material 

composition, reversion which makes the tyre more stiffened and more brittle due to oxidation 

involving oxygen and ozone from the air. The oxidation process results in a reduction of the 

desired strength and elasticity of the tyre. These significantly contribute to the tendency or 

likelihood of aged tyres to fail. The result obtained for the age of the tyres showed that for 

each of the 452 tyres from the 113 vehicles assessed 61.1%, 59.3%, 56.6% and 53.1%, for 

front right, front left, back right and back left positioned tyres respectively were within safe 

operational ages (Table 1).  

 

Table 1. Operation age status of the each vehicle tyres   

Characteristics/variables Front right 

tyre position 

(%) 

Front left 

tyre position 

(%) 

Back right 

tyre position 

(%) 

Back left 

tyre position 

(%) 

Safe operational age 61.1 59.3 56.6 53.1 

Unsafe operational age 38.9 40.7 43.4 46.9 

Total 100 100 100 100 

 

Consequently, ages of the tyres used to analyse the safety and roadworthiness of vehicles (as 

a unit) carried out were classified as; safe/roadworthy if the ages of the four tyres were within 

the valid operation age (less than or equal to 4 years) and unsafe/un-roadworthy for any 

vehicle with any of its tyres over-age (greater than 4 years). The result obtained showed that 

44.2% of the assessed vehicles were safe/roadworthy vehicles whereas 55.8% of the assessed 

vehicles were unsafe/un-roadworthy vehicles due to over-aged tyres (Figure 1). This showed 

that the proportion of vehicles with over-aged tyres in this study that are used on Nigerian 

roads was high. Using tyres that have outlived their usefulness and safety standard, makes the 

tyre failure-prone as the cushioning effect, flexing action, potential hydroplaning and 

vibration-reduction tendency roles of tyres on the road vehicle are lost as a result of the age 

factor. The ages of the vehicle tyres are necessary safety factors for vehicles, the neatness and 

depth of tread design notwithstanding.  

 

Figure 1. Roadworthiness of vehicle according to tyres age 
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A vehicle tyre can be within its shelf life and be unsafe/un-roadworthy. As tyres are engaged 

in vehicle locomotion, the rolling motion experiences opposing resistance force in the 

direction of the tyre motion. These resistance forces are exerted on tyres especially during 

braking, accelerating or cornering. Consideration of tyre safety standard capacity aspect of 

roadworthiness of vehicle used on Nigeria roads was also assessed based on nature and 

causes of defects in tyres within its shelf life. Osueke and Uguru-Okorie (2012) classified the 

causes of tyre defects in vehicles as structural damage and road performance. The study 

(Osueke and Uguru-Okorie, 2012) added that structural damage such as under-inflation, over-

inflation, maximum load of vehicle and age of tyre or tyre ageing behaviour can be 

determined and prevented before setting out on a journey. Structural damage scope covered in 

this study includes tyre inflation pressure (used for under-inflation, over-inflation and 

appropriate inflation determination) and tyre wear. The measurement process is shown in 

Plate 1. For each of the tyre positions assessed, front right, front left, back right and back left, 

the result showed that the tyres are grossly under-inflated (Table 2).  

 

 

Plate 1. Assessment of vehicle tyre pressure using the handheld digital tyre pressure gauge 

 

Table 2. Tyre inflation pressure for assessed vehicles 

Characteristics/variables Front right  

tyre inflation 

(%) 

Front right 

tyre inflation 

(%) 

Back right 

tyre inflation 

(%) 

Back left 

tyre inflation 

(%) 

Overinflated 17.7 17.7 15.0 14.2 

Underinflated 59.3 59.3 62.8 70.8 

Appropriate inflation 23.0 23.0 22.1 15.0 

Total 100 100 100 100 

 

When a tyre is under-inflated by more than 25%, it greatly increases the risk of the tyre 

overheating which can lead to tread separation and failure. Wearing off of tyre on the outer 

edges indicates possible under-inflation which causes the sidewalls to be compressed by the 

vehicle's weight resulting in the tyre flexing over their regular limits. This kind of abnormal 

flexing can cause a buildup of heat in the tyre. When the heat inside a tyre gets significantly 



Azodo, A.P.; Ismaila, S.O.; Jibatswen, T.Y. and Owoeye, F.T. Journal of Engineering for Development, Vol. 

14(2), June (2022) pp.1-13 

 

7 

 

raised, the tyre becomes apparently bigger resulting in insufficient air in the tyre to hold the 

vehicle weight. This increases the chances of the tyre blow out or explosion and subsequent 

summersault of the vehicle. Tyre bursts according to Okwera (2006) are the most dangerous 

accidents causation reports revealed at the root; the same is becoming the major cause of 

accidents. An aspect of tyre uniformity with due cognizance to wheel and tyre rotation as they 

exert a centrifugal force on the axle which depends on the location of their centre of mass and 

the orientation of their moment of inertia was also considered. Variation in air pressure affects 

the location of their centre of mass and the orientation of their moment of inertia as such 

affect the performance of the vehicle's tyres. A combination of under, over and appropriate 

inflated tyres in a vehicle affects the handling seriously and in most cases, the vehicle 

becomes unstable. It was observed that out of 113 vehicles assessed only 6 vehicles have all 

the four tyres on the vehicle of appropriate inflation pressure (Figure 3). Also, only 19 

vehicles representing 16.8% of the assessed vehicles had the pressure in all the four tyres on 

the vehicle approximately of equal value (Figure 4).  

 

Figure 3. Uniform tyre inflation pressure for the four vehicle tyres  

 

The approximate uniform values for all the tyre pressure in a vehicle notwithstanding, low 

tyre pressure can cause other problems as well. The quantity of air pressure in each of the 

four tyres in a vehicle affect the weight distribution between the wheels. An under-inflated 

tyre does not carry its full share of the vehicle load as such imposing some consequential 

effect on chassis loading, alignment, traction, and noticeable steering pull when driving or 

braking (Bullas, 2004). The combination of overinflated tyres and underinflated tyres in a 

vehicle as revealed by Agbonkhese et al. (2013) is one of the tyre-related road accidents 

causation factors. 

 

 

16.8%

83.2%

Yes

No
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Figure 4. Vehicle tyre pressure of the appropriate pressure inflation 

 

Among the most common mechanical fault in automobiles that contributes immensely to 

traffic accidents is tyre wear. Tyres are meant to provide the proper traction for cornering and 

to keep the car on the road. When tread gets worn down, or tyres lack adequate inflation, they 

lose their ability to hold the road properly; especially when roads conditions are questionable. 

Type of wear that a tyre undergoes shows if the tyre is normally inflated to the recommended 

inflation pressure or not. Abnormal tyre wear can be caused by over-inflation (seen when the 

tyre wears at the middle of the tread), under-inflation (causing the tyre to wear prematurely at 

the edges of the tread), poor wheel alignment (showing excessive wear of the innermost or 

outmost ribs), incorrect toe-in setting (which is feathering of tyre noticed when each tread rib 

develops a slightly rounded edge on a side and the other a sharp edge) (Osueke and Uguru-

Okorie, 2012). Wear on the vehicle tyres assessed in this study was categorized into two 

broad categories as even and uneven wear. The measurement process is shown in Plate 2.  

 

 

Plate 2. Tyre tread wear assessment using handheld digital tread gauge  

 

Wears caused by over-inflation, under-inflation, poor wheel alignment, incorrect toe-in 

setting shown on the tread as tread-centre wear, inner- and outer-edge wear, one-sided wear 

and irregular bald spotting were classified as uneven, however, uniform detected by the tread 

depth measurement was classified as even wear. The analysis for each of the four tyres, front 

right, front left, back right and back left tyres, showed that was a high proportion of uneven 

wear (Table 3).  

5.30%

94.70%

All four appropriate

tyre inflation

inappropriate tyre

inflation
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Table 3. Vehicle tyre wear pattern  

Characteristics/variables Front right 

tyre wear 

(%) 

Front left 

tyre wear 

(%) 

Back right 

tyre wear 

(%) 

Back left 

tyre wear 

(%) 

Even wear 27.4 29.2 25.7 20.4 

Uneven wear  72.6 70.8 74.3 79.6 

Total 100 100 100 100 

 

This implies that the wear pattern of vehicles owned and operated in the Abeokuta metropolis 

experiences abnormal tyre wear. Wear, be it even or uneven has a limit that makes the vehicle 

unsafe on the road. Excessive tyre wear according to Reithmaier and Salzinger (2003) 

contributes significantly to a road traffic accident as tyres tread touch surface affects the 

rolling resistance and friction between the road and tyre. The rolling resistance of tyres 

mainly depends on how the tyres tread touch the road surface. The tread is responsible for 2/3 

of total tyre rolling resistance but a sidewall for 1/3 only. The depth of tread design affects 

tyre rolling resistance, as it decreases, the rolling resistance of a tyre decreases as well the 

deeper the tyre tread the more grip it offers. At the same time, depth of tread is required to 

maintain the forward movement of the loaded tyre in a straight line at a constant speed. For 

replacement of tyres for safety driving on wears basis, it is recommended that it be done at 

the tread depth of 1.6 mm (Sangofadeji, 2013). Worn tyres significantly increase the chances 

of having an accident on wet roads by increasing the stopping distance (ROSPA, 2015). 

Significant increases in stopping distance begin when the tyre is worn down to 3mm 

(ROSPA, 2015). Although the legal minimum tread depth is only 1.6 mm, Hardy & Fenner 

(2015) stated that tyres with 3 mm tread had a 25% better performance than those at 1.6mm. 

In this study, the roadworthiness of road vehicle tyres (total compliance of the four tyres) was 

analysed based on legal minimum tread depth of 1.6 mm and 3.0 mm for dry and wet road 

conditions, respectively (across 75% of the tyre). The result showed that the tread depth of 

1.6 mm was considered safe for the dry road, 85 vehicles representing 75.2% of assessed 

vehicles, had appropriate tread depth. On a wet road, a tread depth of 3.00 mm was 

considered safe, and the number of vehicles with the appropriate tyre tread dropped to 

55(48.7%) (Table 4).  

 

Table 4. Legal minimum tread depth of 1.6 mm and 3.0 mm for dry and wet road conditions 

Characteristics/variables Safe tread by 1.6 mm depth n 

(%) for dry road 

Unsafe tread by 3.0 mm depth 

n (%) for wet road  

Appropriate tyre tread 85 (75.2%) 55 (48.7%) 

Inappropriate tyre tread 28 (24.8%) 58 (51.3%) 

 

When the tread on a tyre is worn down to 1.6 mm which means that the tread left is not 

enough, this reduces its safe wet traction ability with tyre blowout as the consequential effect. 

When the tyre drives past a small pond or water accumulated on the road surface, the groove 

depth left would not be enough to handle the water. The water forms a wedge under the tread 

and plainly lifts the tread off the pavement. This is potentially dangerous because the tyre-

road contact is negatively affected by the skimming effect over the water with no directional 
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stability or traction. This contributes to road accidents caused by the damaged tyre. Accidents 

caused by tyre damage are the most frequent aspect of technical failure with an accident 

causation proportion of 36.8% (Reithmaier and Salzinger, 2003). This according to 

Reithmaier and Salzinger (2003) depicts that the probability of an accident being caused by a 

defective tyre is relatively high when compared to other defects apart from brake defects 

which show similarly high rates. 

 

Tyres, the only part of the vehicle that is in contact with the ground can only maintain their 

shape and perform a very important function of load carrying and stability with due 

consideration to specified serial tyre size by the manufacturer. This necessitates that tyres 

replacement should always be following the same size designation recommended by the 

tyre/vehicle manufacturer. All four tyres should be of appropriate sizes, speed rating and 

construction (radial or cross-ply). Results obtained from this study showed that only 7.1% of 

the assessed vehicles do not conform to this standard tyre safety rule (Figure 5). A similar 

observation was made (Reithmaier and Salzinger, 2003). 

 

 

Figure 5 Tyre sizes compliance in the assessed vehicles 

4.0 CONCLUSION  

The safety aspect of road transportation and its operation is very important as it is closely 

related to human lives. Accidents that do occur on the road transportation mode do not just 

happen but are caused. An aspect of road safety in this study was standard compliance with 

tyres specification. The four major safety aspects assessed using standard measures in this 

study were, ages of tyres, inflation pressure, tread wear and tyre sizes. The study showed that 

many of the assessed tyres were grossly under-inflated and had uneven wear. Higher numbers 

of vehicle tyres assessed were above their safe operational valid ages. Maintaining safe travel 

necessitate road safety standard compliance operation for example tyre required 

specifications for improved safety levels of driving regular inspection of vehicle condition 

before usage.  
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