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Abstract 6 

 The high brittle nature of pavement structures have been  carefully examined based on compressive, tensile 7 

strain and the harsh effects of fatigue cycle with reference to the base layer thicknesses and elastic strains 8 

during and after construction were examined. Subjection of asphalt and concrete-cement pavements to traffic 9 

loading and tyre pressure also influences the vertical stress and strain values for the asphalt and concrete 10 

materials under the same axial loading conditions. Using various fundamental equations under linear elastic 11 

conditions for the analysis of Asphalt and Concrete Cement structure revealed that both materials do respond 12 

differently to compressive and tensile stresses under similar mechanical conditions. Effect of compressive 13 

stresses and strains on concrete pavement is larger compare to asphalt pavement due to large thickness sub-14 

base layer of its pavement structure. Both pavement layer thicknesses are independent of fatigue cycle under 15 

harsh traffic loading. Thus, concrete pavement has shown better fatigue resistance and less tensile strain values 16 

than asphalt pavements due to high pavement layer thickness regardless of the load distribution.   17 

 18 
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 20 

1.0     INTRODUCTION 21 

Defect free, access roads are very important, as they contribute a vital role to the economic development, growth 22 

of a country and have important social benefits to humans [13]. A road defects may be defined as the visible 23 

evidence of an undesirable condition in the pavement affecting serviceability, structural condition or appearance 24 

[3]. Most of the roads in developing countries of Africa are in deplorable conditions and Nigeria is not an 25 

exception. Several factors account for this, which include road design, poor maintenance, low quality of 26 

materials, inadequate funding, corruption, poor workmanship and supervision, heavy traffic, etc. [16]. The 27 

subject of road design is considered part of highway engineering as structural road design remains the science of 28 

designing a road for its environment in order to extend its longevity and reduce maintenance. Thus, the effect of 29 

compressive forces due to traffic load on the road especially at the bend area of the road cannot be over 30 

emphases. It has been discovered that the damages of the roads start from the bends of the road. It is noted that 31 

the advancement and technical development of truck production technology most likely causes more distress to 32 

road pavements [10, 11]. The response of a pavement structure to traffic loading is calculated by computing 33 

stresses and strains within its layers. Excessive compressive stresses or forces which likely to be the result when 34 

vehicle turn through a bend cause pavement fatigue cracking and/or surface rutting. This may result in both 35 

structural and functional failure of the road [1]. 36 

True tyre contact pressure is composed of vertical, transverse and longitudinal contact pressures. The largest 37 

component of stress is the vertical contact pressure, the next largest is the transverse contact pressure and the 38 

smallest is the longitudinal contact pressure. The transverse and longitudinal contact pressures are similar in 39 

magnitude with the vertical component being much larger [3]. There are three types of pavement which includes 40 

flexible pavement, rigid pavement and composite pavement. 41 

1.1 Flexible Pavement 42 

A pavement structure that maintains intimate contact with and distributes loads to the subgrade depends on the 43 

aggregate interlock, particle friction, and cohesion for stability. Cementing agents used, are generally 44 

bituminous materials, as contrasted to Portland cement in the case of rigid pavements structures. This is also 45 

known as Bituminous pavement consists of the combination of mineral aggregates with bituminous binders 46 

(Bitumen of various grades and tar).  Asphalt is usually flexible which are laid with no reinforcement or with a 47 

specialized fabric reinforcement that permits limited flow or repositioning of the road bed underground changes. 48 

The design of flexible pavement is based on load distributing characteristics of the component layers. The black 49 

top pavement including water and gravel bound Macadam fail in this category flexible pavements usually have a 50 

design life of between 5 to 20 years. 51 

1.2   Rigid Pavement 52 

This is also known as Portland cement concrete pavement consists of a relatively rich mixture of Portland 53 

cement, mineral aggregate (coarse and fine aggregates) and water laid as a single course over the subgrade. 54 
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Pavements that will provide high bend resistance and distribute loads to the foundation over a comparatively 55 

large area [15]. The rigid pavement characteristics are associated with rigidity or flexural strength or slab action 56 

so the load is distributed over a wide area of subgrade soil. Rigid pavement is laid in slab with steel 57 

reinforcement [6, 15]. They have a design life of about 40 years and relatively needs little maintenance. They 58 

are used on heavily travelled roads and in water logged area which is economically justified. The principal 59 

disadvantage associated with this pavement is that it has a relatively high initial cost for construction when 60 

compared with flexible pavements [7]. 61 

 62 

 63 

Fig. 1: The Asphaltic Roads being built by Ikpeazu in Aba  (4:42pm on 9th October, 2015) 64 

 65 

66 

 67 

1.3   Composite Pavement 68 

This consists of reinforced Portland cement concrete over laid with bituminous concrete. It is mostly 69 

recommended where subgrades are of doubtful quality in areas that are extensively disturbed by excavations or 70 

where there are shallow service trenches. This pavement occurs where a flexible layer has been added on top of 71 

the surface of a rigid road or where a concrete layer exists below a bitumen top surface. This form of 72 

construction minimizes the risk of uneven settlement in areas formerly occupied by buildings. Sometimes old 73 

cement concrete pavement could be overlaid with bituminous surfacing in city streets. Because of its initial high 74 

cost of construction, this form of construction is not recommended if the road will not carry over 2.5million 75 

standard axles during its design life. 76 

The definition of road defect includes any part of a road, highway or construction site that does not meet the 77 

regulation for a safe road. According to [12], Nigeria is ranked one of the worst among all the neighbouring 78 

countries in terms of the road network. In a country with scarcely any rail way, a risky air service and now no 79 

roads, the citizens of Nigeria feel trapped with no alternative route to turn.  80 

The wide use of thin asphalt surfacing in Nigeria which are considered economical, required more studies into 81 

understanding the traffic load response of these layers. The lack of maintenance of roads in Nigeria has become 82 

a public issue because it has led to a reduction in travel and luxury buses are having difficulty filling their seats 83 

[9].  84 

Excessive stresses may cause pavement fatigue cracking and surface crumbling which may result in both 85 

structural and functional failure, consequently causing safety hazards to motorists and vehicles. These 86 

devastation and sufferings are reduced by the use of effective balanced pavement designs. With the ever 87 

increasing truck tyres loading and inflation pressures, a better understanding of the pavement stress-strain 88 

behaviour is an enhancement in the development of more constitutive design models centred on pavement-89 

traffic load response and distress minimization.  90 

Furthermore, [8] stated that Nigerian roads are death traps. In the developing world which includes Nigeria, road 91 

network is the most developed transport mode and the vastest in usage. The Nigerian government over the years 92 

has tried to construct and rehabilitated the roads. Considerable interest has been shown by the government on 93 

road investment. The issue has been addressed to an extent that its interests have been driven to achieve the 94 

desired result. 95 

According to [12], roads represent the major areas of investment in transportation and are the most dominant 96 

travel mode accounting for over 90% of passengers and goods transport in Nigeria. One of the main problems of 97 

road work in Nigeria is the lack adequate information data on the Nigerian roads. Some studies have been done 98 

on the state of Nigerian roads. [10] stated that there was a road network study that was commissioned in 99 

1998/99. This study covered all inters- urban roads which had a traffic of more than 30 vehicles/day and a total 100 

length of around 53,000km. Urban roads were not included in this study. The outcome of the study is shown in 101 
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table 1 below. The problems of the Nigerian roads are looked into in this paper and their causes analyzed with 102 

the proffering of solutions to these problems. The Nigerian president once said on 11th September 2011 that all 103 

contractors that could not live up to expectation in their project would be sanctioned. If this threat is well carried 104 

out it will go a long way in accelerating job completion in Nigeria [13]. The stress-strain distributions and the 105 

three-dimensional stress state in relation to the asphalt surfacing layer thickness are also presented. Stresses in 106 

two layer pavement systems were extensively studied by [9, 19].The analysis was based on a mechanistic design 107 

approach, and a linear elastic two-layer pavement system was adopted. All the layers under the asphalt surfacing 108 

(top-layer) were theoretically characterized by one composite elastic modulus (E2). Consequently, the following 109 

design criteria have been discussed; 110 

111 

112 

 113 

Fig. 2: Cement Roads being built by Ikpeazu in Aba (4:42pm on 9th October, 2015) 114 

 115 

The response to load of Asphalt Concrete (AC) is best captured with a thermo-sensitive anisotropic non-linear 116 

viscoelasto-plastic constitutive theory. For pavement design purposes, AC modeling is currently limited to 117 

small-strains and taken as a thermo-rheological simple linear isotropic viscoelastic solid. Such parsimonious 118 

description, which is inconsistent with observed behavior, is driven by practicality:  119 

(i) it involves a relatively small set of material parameters and hence easy to comprehend;  120 

(ii) It is simple to calibrate and therefore allows substantial reduction in laboratory workload for 121 

characterization; and 122 

(iii) It greatly accelerates subsequent pavement modeling computations, mainly due to the legitimacy 123 

of applying superposition. When such a limited-complexity model is imposed on calibration test 124 

data, systematic errors are included in the inferred material parameters. 125 

According to [13] Nigeria is ranked one of the worst among all the neighboring countries in terms of the road 126 

network. The lack of maintenance of roads in Nigeria has become a public issue because it has led to a reduction 127 

in travel and luxury buses are having difficulty filling their seats. In a country with hardly any rail way, a risky 128 

air service and now no roads the citizen of Nigeria feel trapped with nowhere to turn.  129 

According to [18], a new or leans based writer, he stated that the African county of Nigeria has a 120,546 mile 130 

network of roads the quality of which is very poor Nigeria annual traffic fatality rate was reported as 5000 in 131 

2009. A major contributor to this statistics is the poor conditions of the roads. Potholes are numerous leading 132 

drivers to swerve around them sometimes putting themselves and those in other vehicle at risk. Nigeria has 133 

among the highest number of road accidents in the world according to people’s dailyonline.com. [13] stated that 134 

Nigeria roads were death traps. In the developing world which includes Nigeria, road network is the most 135 

developed transport mode and the vastest in usage. The Nigerian government over the year has tried to construct 136 

and rehabilitate the roads considerable interest has been shown by the government to road investment .The issue 137 

has been the extent these interest has been driven to achieve the desirable result.  138 

Researchers used models that existed for low to normal strength concrete to compare experimental data and 139 

model the stress strain curve for permeable concrete. This method of comparison as well as the information 140 

obtained in the research done by [5] will be used in this investigation by considering the stress-strain 141 

relationship of cement concrete to develop relationships of the stress strain behaviour of asphalt concrete. [2] 142 

asserted in its research that the corresponding strain at peak stress  greatly affects the ascending and descending 143 

branches of the stress-strain curves of concrete and results obtained showed a linear relationship between 144 

compressive strength and the corresponding strain under uniaxial compression. A similar relationship will was 145 

explored for AC by using the uniaxial compression test method. [9] also developed a new tri-axial method to 146 

study the failure criteria of asphalt mixtures. An increase in confining pressure (giving smaller compressive 147 

strength) showed mainly shear failure and a further increase in confining pressure resulted in rheological failure. 148 
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In comparison to the uniaxial test, the failure from the tri-axial test would allow for more failure modes to be 149 

analyzed. The stress-strain relationship of the specimen tested in [4 and 5]  research showed that larger values of 150 

horizontal stress having a curve with an initially ascending limb that levels off after failure of the specimen (or 151 

after the elastic state is surpassed). 152 

Most of the theoretical models for mechanical behavior of asphalt concrete are based on the theory of linear 153 

viscoelasticity. In these models the linear viscoelastic behavior of asphalt concrete is assumed and the 154 

viscoelastic material properties in terms of creep compliance, relaxation modulus, and complex modulus were 155 

obtained. Mechanical models such as Maxwell, Kelvin and Burgers models were employed. These models were 156 

used to describe the time and temperature dependence of the response of asphalt concrete.  A low-temperature 157 

cracking model was developed for asphalt concrete by using linear viscoelasticity. [19] also developed a 158 

viscoelastic constitutive model, which incorporated damage growth under cyclic loading linear viscoelastic 159 

models could be appropriate to model the low- temperature properties of asphalt concrete. But, at higher 160 

temperatures, the deformation of asphalt concrete is non-linear and contains both time dependent and time 161 

independent plastic components.  162 

Few attempts have been made to model asphalt concrete as an elasto-viscoplastic material. Prominent among 163 

these efforts is the strain decomposition approach. This approach involves decomposing the total strain into 164 

elastic, viscoelastic, plastic, and visco-plastic components and modeling the components separately. This model 165 

is theoretically sound and it is reported to have been successfully applied to model damage development in 166 

asphalt concrete under falling weight deflectometer. [2] also reported a model for rutting and cracking of asphalt 167 

concrete using the elasto-viscoplastic approach. Generally, elasto-viscoplastic models are highly sophisticated, 168 

contain large numbers of material parameters and thus require substantial effort in material testing and 169 

computations. 170 

In this study, the elasto-viscoplastic model reported by [6, 7]  based on strain decomposition approach is used to 171 

analyze results of tri-axial creep and recovery test on asphalt-cement and concrete-cement specimens based on 172 

traffic load  data extract from Nigeria Highways as used in [13] and [1] using MS word Excel 2010 version. 173 

Also in the following sections, the material used, specimen preparation and testing procedures are described 174 

followed by details of the analysis. 175 

 176 

2.0   METHODOLOGY 177 

The theoretical calculations by multilayer or finite element computer programs are relatively cheap and easy but 178 

because the basic assumptions of the behaviour of the tyres and the pavements must be simplified, the results 179 

may be unreliable and would be verified. Nevertheless, the scope of the results received by other means can be 180 

extrapolated with theoretical calculations. 181 

It is worthy to note that the elasto-viscoplastic model based on strain decomposition approach is used to analyze 182 

results bases on numerical testing procedure as employed in this work as carried out on some major roads in 183 

Ibadan metropolis. The peak stress, peak stain, compressive stress and strains, modulus of elasticity at each 184 

stages of deformation were all investigated for proper caption of deformation parameters on asphalts and 185 

concrete pavements. Data uses were extracted from existing articles with proven data on compressive and 186 

tensile stress as imposed on each material. 187 

 188 

2.1   Calculation of Strain Components 189 

The elastic strain component is obtained from recovery curve and is equal to the instantaneous decrease in the 190 

total strain, which occurs at the moment the load is removed. The plastic strain component is then obtained by 191 

subtracting the elastic component from the instantaneous increase in the total strain at the beginning of loading.    192 

Accurate prediction of stress–strain relationship of concrete was conducted to accurately predict the overall 193 

structural behavior of reinforced concrete members for the prediction of its behavioral characteristics to axial 194 

loading. Since existing literature already shows that existing stress–strain models for unconfined and confined 195 

concretes are limited in their application domains, defined by the parametric range of the experimental results 196 

considered in their development.   197 

 198 

2.2     Other Parameters 199 

This paper presented a simplified linear elastic analysis of the stress-strain behaviour of asphalt surfacing layer 200 

and concrete pavement under static traffic loading. According to [1], as presented in his paper that the top of 201 

both asphalt and concrete layers could be modelled by investigating the effects of the variation of the following 202 

parameters: 203 

(i) The asphalt surfacing layer and concrete pavement layer thickness (h) 204 

(ii) The material elastic modulus (E1 and  E2)  for asphalt and cement  205 

(iv) The traffic loading (the axle load (Q) and tyre contact pressure (p) 206 
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These parameters could be subsequently correlated to the pavement service life in terms of the number of load 207 

repetitions to initiation of fatigue cracking (relative fatigue life).  208 

The stress-strain distribution and the three-dimensional stress state in relation to the asphalt and cement 209 

surfacing layer thickness and concrete layer are also presented. Stressed in two layer pavements were also 210 

investigated in [14, 15] as shown in Fig. 4 below. 211 

 212 

 213 

Fig. 3: Simplified Two-Layer Pavement System [1]214 

2.2.1 Pavement Cracking due to Fatigue 215 

 Fatigue can simply occurs on a material when subjected to continue loading over a period of time [14].  It can 216 

also be defined as the form of failure that occurs in structures subjected to dynamic and fluctuating stresses. It is 217 

the progressive cracking of the surfacing or stabilized base layers due to cumulative repeated traffic loading 218 

[15]. This occurs as a result of tensile stresses and strains in the bottom zone and propagates upward to the top. 219 

On the pavement surface, it finally manifests different forms of cracks along the wheel tracks as shown in Fig. 220 

4(a) and (b) below. 221 

 222 

                                             Fig. 4: Fatigue Cracks in Pavement Layer [1]223 

 224 

2.2.2   Fatigue Life Cycle: Compressive NC and Tensile N T 225 

It is an established fact that Fatigue cracking in pavement layers is considered a major structural distress as it is 226 

predominantly caused by traffic loading. In addition, ingress of rainwater through the cracks can lead to serious 227 

structural failure of the underlying layers particularly granular and unbound materials including the subgrade 228 

where the cracks are measured in square meters of the surface area. The general fatigue life prediction equations 229 

used to relate tensile stresses or strains to the number of load repetitions to fatigue cracking are sourced from [6] 230 

are shown below: 231 

The number of cycles to fatigue due to tensile ( �� and compressive stress (Nc) at the top of the surface due to 232 

axial loading as well as back pressure effect due to tensile stress at bottom of asphalt and cement pavement were 233 

also investigated. 234 

�� = � �(1
Ɛ�

� )y                                                                                                                                  (1) 235 

The strain ratio  � =  
� 
��
�  and Stress ratio  � = ��

���
�  are constants. Similarly, rewriting the relation above, 236 

the axial strain becomes the peak compressive stain which in turn results into fatigue cracking due to tensile 237 

stress given rise to horizontal crack propagation beneath the surface. 238 
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�� = ��(1
Ɛ��

� )y                                                                                                                                 (2) 239 

Where NC represents the number of cycles to fatigue due to compressive stress, NT   is the number of cycles to 240 

fatigue due to tensile strength.  241 

 242 

2.2.3    Axle Load and Tyre Pressure 243 

Effect of traffic loading conditions is determined by the isotropic linear elastic nature of the material used in 244 

road constructions. As depicted in Fig. 2 above, Q is the tyre load in KN, P or σ is the vertical Tyre pressure 245 

KPa while h is the corresponding asphalt and cement surfacing pavement thickness in mm. while E1 and E2 are 246 

the elastic moduli due to axial compressive strength for both asphalt and concrete layers in MPa. 247 

The analytical model used in this work to measure the response traffic and axle loading is given as: 248 

 249 

σ = 10� �

�
= �� = 4 ∗ 10� �

���                                                                                     (3) 250 

Where: A is the load-surface contact area in mm2, and r is the tyre-pavement surface contact radius in mm. 251 

 252 

2.3   Pavement Stresses and Strains 253 

Strain (Ɛ) is defined as the relative deformation (tensile or compressive) of a material in response to stress 254 

normally expressed as dimensionless. The following definitions relates strains to stresses for asphalt and cement 255 

materials depending on deformation parameters under consideration.  256 

2.3.1.  Axial Strain Ɛ�: The can be defined as the strain developed on the pavement layer as a result of direct 257 

impact of the vertical tyre pressure on the road surface over a long period of time. 258 

2.3.2. Axial Stress��: This can be defined as the applied axle pressure at the top surface of pavement due to 259 

traffic loading. It can also be referred to as the vertical compressive stress from the truck axle as imposed by the 260 

tyres. 261 

2.3.3. Axial Compressive Strain  Ɛ��: This is defined as the compressive strain  obtained at axial compressive 262 

stress as a result of traffic loading which is enough to cause plastic deformation at pavement bottom due to 263 

cumulative shear tensile stress as imposed by the vehicle tyres on roads over a period of time. 264 

2.4.4. Axial Compressive Stress ���: This can be defined as the maximum allowable compressive stress 265 

imposed by the tyres on the road which is sufficient to cause horizontal crack propagation beneath the surface of 266 

the road pavement.  267 

Ɛ�� = � !
"..��$%&

'(((
                                                                                                                                       (4) 268 

)* = (2400/-)(./0                                                                                                                             (5) 269 

 )1 = (2�

3
)1.3                                                                                                                                        (6) 270 

Where ��� is in MPa, and ρ is the constant material density in kg/m3, and D and H are in mm. where Ka, Kd and 271 

Ks are taking as unity respectively. These are the coefficients to allow for specimens size and specimen aspect 272 

ratio for asphalt or concrete materials. 273 

Based on the geometric dimensions of the specimens used in the development of the model expressions, it is 274 

recommended that in Equations (5) and (6), the range of aspect ratios (H/D) be limited to constant tyre 275 

diameters (D) to 152 mm, and heights (H) to 100-305 mm concrete material and 50-200mm for asphalt material. 276 

 277 

2.4        Peak Stresses and Strains  278 

2.4.1.    Elastic Moduli E1 and E2 279 

Based on the observed difference in asphalt and concrete compressive behavior, Cement concretes with a 280 

density of 2400 kg/m3 were categorized as Normal Weight Concrete NMC, whereas asphalt- concretes with a 281 

density below the limit (2400 kg/m3) were categorized as Light Weight Asphalt material [10]. 282 

The moduli of elasticity analysis for cement and asphalt layers are calculated using equation 6 below: 283 

 45 = 44006���( 7

2/((
) 1.4                                                                                                                   (6) 284 

where Em and ρ  are in MPa and  is in kg/m3. 285 

2.4.2. Peak Compressive Stress ���: This can be defined as maximum attainable axle stress as a result of 286 

continuous loading of road pavement which is enough to cause horizontal fatigue due to the vertical axle stress. 287 

 ��� =  ��� + ���
(.9'(��

���
� ) a                                                                                                                (7) 288 

Where  : = ���
;(.(< 289 

2.4.3.  =>?@ ABCDE>FFGH> IJE?GK Ɛ��: This can be defined as maximum attainable axle strain as a result of 290 

continuous loading of pavement which is enough to cause horizontal fatigue due to the vertical axle stress. 291 
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���

� )1.15                                                                                                            (8) 292 

This work also shows the effect of water which can result into loss of asphalt stiffness due to degradation and 293 

stripping. Besides, pavement structural damage, surface rutting poses a serious safety threat to motorists. Water 294 

infiltration through pores generally weakens the pavement structure, and therefore, water-loggings on the 295 

pavement surface are undesirable. 296 

Therefore, this present conveniently caters the effect of compressive stresses and other mechanical properties on 297 

existing road pavements through comparative analysis of structural deformed asphalt and concrete road 298 

pavements. 299 

Table 1:  The Overview of input parameters as used in Excel 2010 Version as stated in Table 1 below: 300 

Axle Load (KN) Tyre Pressure 

(KPa) 

Asphalt Layer 

Thickness (mm) 

Concrete –Layer 

Thickness(mm) 

80 500 20 100 

90 520 30 134 

100 550 50 157 

110 600 60 186 

120 690 70 205 

130 700 75 223 

140 750 100 245 

150 800 120 265 

160 900 150 294 

200 1000 200 305 

 301 

Table 2: Overview of Material Properties of Asphalt-Concrete Material as inputted in Excel 2010 Version 302 

Tyre Diameter(mm) Asphalt Density(kgm
-3

) Concrete Density(kgm
-3

) 

152                 2320 2400 

 303 

3.0   RESULT AND DISCUSSIONS 304 

The results of the calculations using Microsoft Excel 2010 Version is based on the linear-elastic theory as 305 

presented below. The E values are also calculated to show the worst case scenario. In this analysis as depicted in 306 

Fig. 5 to Fig. 14, the number of cycles to fatigue due to compressive and tensile loading respectively for each 307 

cases of material thickness or height for asphalt and concrete pavements at their respective axle loads and tyre 308 

pressures were also investigated. 309 

 310 

3.1 Effect Stress-Strain Distribution 311 

The stress-strain behavior within the asphalt and concrete surfacing layers for selected thicknesses 20mm-312 

200mm and 100mm-305mm respectively under same traffic loading conditions while material properties 313 

remains isotropic.  In both surfacing, at all instances the axle pressure due reveals a high concentration 314 

compressive stresses which progresses vertically downwards from the immediate top zone (Fig. 5(a) and 5(b)). 315 

Also, the graph of surface thickness against Peak compressive Stress, Axle Pressure and Tyre pressure for 316 

asphalt and concrete pavements are shown in Fig. 5(a) and (5b) below. It is also evident from the figure 5 above 317 

that for both materials the peak compressive stress and vehicle axle pressure increases steadily with pavements 318 

layer thickness while the tyre pressure remain almost steady regardless of the layer thick. This may be due to the 319 

fact that the weight/load imposed by automobile tyre on asphalt or concrete is quite insignificant compared to 320 

the overall weight of the automobile itself. Because tyre weight even for truck are already suspended 321 

considering the newton’s second law of motion after inflating the tyre. The fig above also shows the linearly 322 

elastic nature of road pavements for both materials but there is high tendency for the concrete material to last 323 

longer due to its higher pavement thickness and high particle compactness and homogeneity. Also, asphalt 324 

materials possess lesser particle compactness and homogeneity with less layer thickness during construction, 325 

thereby exposing the asphalt layer to severe cracking in little or no time. 326 

As shown in Table 3 below, the axial vertical stress from the axle and the tyre is due to compressive stresses 327 

which proceed in similar direction as a result of direct axial loading from the wheels, while the peak 328 

compressive axial stress proceeds in similar way. This may likely occur due to continuous traffic loading on the 329 

asphalt or concrete material thereby giving rise to horizontal tensile stress as shown in Fig. 5(a) and 5(b) above. 330 

The top surface 20mm for asphalt and 100mm for concrete are both subjected to axial loading and tyre pressure, 331 
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it is evident that the peak compressive stress for both materials were the same (6.7MPa) and there are tensile 332 

stresses. As the peak compressive stresses for asphalt surface and concre333 

of surface layer thickness. This implies that peak stresses along pavements are almost the same regardless of the 334 

depth of the type material used, as derived equation 7 above.335 

The intermediate surfacing at 20mm, 70mm336 

205mm and 294mm exhibited the highest peak compressive strains respectively compared to the axial strains at 337 

the same layer thickness. The axial strains significantly decrease with layer depth338 

as surface layer thickness increases for both materials. This is due to the fact that much traffic load is absorbed 339 

with intermediate region of the layer depth compared depth. It is also worthy of note the concrete layers has 340 

tendency for high load absorbed compared to other road construction materials (e.g. asphalt).341 

342 

343 

Fig. 5: Graph of layer thickness against Peak 344 

Pavement (b) Concrete Pavement 345 

As depicted in Fig. 6 below, the axial (compressive) strain generally increases with layer thickness as the 346 

intermediate layer exhibits more sensitivity in terms of strain magnitude. It must also be known that, from the 347 

vertical strain profile above the pavement response to traffic loading for asphalt and concrete materials are 348 

largely dependent on factors such as material property i349 

sustain the traffic load.                          350 

Therefore, it appears from the above analysis, that thicker asphalt layer would be required if the material is to 351 

perform a similarly traffic load absorption as obtained in concrete pavement for better contribution to the 352 

structural integrity of its structural members. Also, thin concrete surfacing layers appears to have essentially less 353 

load transfer component ability with high susceptible to fatigu354 

support layer for traffic load sustainability compared to asphalt surfacing layer with similar thickness.355 

356 

 357 

Fig. 6: Graph of layer thickness against Peak compressive strain, Axial strain and Compressive strain: 358 

Asphalt Pavement  (b) Concrete Pavement359 

 360 

3.2   Variation of Composites Surfacing Layer Thicknesses with Elastic Moduli361 

Considering equation 6 above as used to compute the different elastic moduli at various layer 362 

base of the layer was later revealed that tensile stresses are highly de363 

it is evident that the peak compressive stress for both materials were the same (6.7MPa) and there are tensile 
stresses. As the peak compressive stresses for asphalt surface and concrete layer are also the same irrespective 
of surface layer thickness. This implies that peak stresses along pavements are almost the same regardless of the 
depth of the type material used, as derived equation 7 above. 
The intermediate surfacing at 20mm, 70mm and 150mm for asphalt layer while for concrete layer at 100mm, 
205mm and 294mm exhibited the highest peak compressive strains respectively compared to the axial strains at 
the same layer thickness. The axial strains significantly decrease with layer depth and increases intermediately 
as surface layer thickness increases for both materials. This is due to the fact that much traffic load is absorbed 
with intermediate region of the layer depth compared depth. It is also worthy of note the concrete layers has 
tendency for high load absorbed compared to other road construction materials (e.g. asphalt). 

                              
layer thickness against Peak compressive stress, Axle pressure and Tyre pressure: (a) Asphal

As depicted in Fig. 6 below, the axial (compressive) strain generally increases with layer thickness as the 
ibits more sensitivity in terms of strain magnitude. It must also be known that, from the 

vertical strain profile above the pavement response to traffic loading for asphalt and concrete materials are 
largely dependent on factors such as material property in terms of homogeneity and high strength support to 

 
Therefore, it appears from the above analysis, that thicker asphalt layer would be required if the material is to 

absorption as obtained in concrete pavement for better contribution to the 
structural integrity of its structural members. Also, thin concrete surfacing layers appears to have essentially less 
load transfer component ability with high susceptible to fatigue damage which may require high strength 
support layer for traffic load sustainability compared to asphalt surfacing layer with similar thickness.

                                

Graph of layer thickness against Peak compressive strain, Axial strain and Compressive strain: 

Concrete Pavement 

of Composites Surfacing Layer Thicknesses with Elastic Moduli 
Considering equation 6 above as used to compute the different elastic moduli at various layer thicknesses
base of the layer was later revealed that tensile stresses are highly dependent on the composite stiffness

(a)  

it is evident that the peak compressive stress for both materials were the same (6.7MPa) and there are tensile 
te layer are also the same irrespective 

of surface layer thickness. This implies that peak stresses along pavements are almost the same regardless of the 

and 150mm for asphalt layer while for concrete layer at 100mm, 
205mm and 294mm exhibited the highest peak compressive strains respectively compared to the axial strains at 

and increases intermediately 
as surface layer thickness increases for both materials. This is due to the fact that much traffic load is absorbed 
with intermediate region of the layer depth compared depth. It is also worthy of note the concrete layers has 

 
compressive stress, Axle pressure and Tyre pressure: (a) Asphalt 

As depicted in Fig. 6 below, the axial (compressive) strain generally increases with layer thickness as the 
ibits more sensitivity in terms of strain magnitude. It must also be known that, from the 

vertical strain profile above the pavement response to traffic loading for asphalt and concrete materials are 
n terms of homogeneity and high strength support to 

Therefore, it appears from the above analysis, that thicker asphalt layer would be required if the material is to 
absorption as obtained in concrete pavement for better contribution to the 

structural integrity of its structural members. Also, thin concrete surfacing layers appears to have essentially less 
e damage which may require high strength 

support layer for traffic load sustainability compared to asphalt surfacing layer with similar thickness. 

 

Graph of layer thickness against Peak compressive strain, Axial strain and Compressive strain: (a) 

thicknesses. The 
stiffness for both 

(b)  
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materials. Stresses for both moduli were of the same magnitude for the respective h364 

composite modulus of the underlying layers on the asphalt and concrete response as discussed subsequently.365 

Elastic moduli (98MPa) at the intermediate position (at 50mm)366 

100mm) are almost the same. This implies that for concrete structure twice the thickness for asphalt would be 367 

require constructing pavement with almost the same material stiffn368 

likely to increases with pavement layer thickness which is less achievable for asphalt material369 

construction of road pavements with concrete requires larger surface layer thickness compare370 

pavements. Depicted in Fig. 7 below is the371 

the load is absorbed over a greater depth of influence with highest elastic moduli372 

respectively).Such large stiffness may likely have occur as the axle pressure graduate to peak axial stress which 373 

in-turn results in tensile stain occurrence374 

loadings.  375 

 376 

377 

 378 

Fig. 7: Graph of layer thickness against Elastic Modulus: 379 

380 

 381 

Fig. 8: Graph of layer thickness against axial stress and Peak Stress ratio (a) Asphalt Pavement (b) Concrete 382 

Pavement383 

                                                   384 

Fig. 7 above shows the effect of the composite moduli of the immediate underlying layers on the stress385 

response of the asphalt and concrete layers for the selected thickness 20mm and 100mm respectiv386 

same traffic loading of 80kN-4000kPa. As can be seen in Fig. 7 (a), stresses in the asphalt layer are independent 387 

of the stiffness of the underlying layers. But it is obviously revealed effect on the top surface layer. Variation of 388 

the composite modulus 4� and 4�   389 

compressive stresses. For all the surface thickness, the axial stress ratio 390 

proceeds steadily as shown in Fig. 8, bu391 

9 above with respect to both materials been considered. 392 

From this, it is apparent that the stress ratio has a little significant effect on the stress393 

asphalt and concrete layers. However, horizontal tensile strains showed an inverse relationship, and increased as 394 
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materials. Stresses for both moduli were of the same magnitude for the respective h-values. The effect of the 
composite modulus of the underlying layers on the asphalt and concrete response as discussed subsequently.

intermediate position (at 50mm) for asphalt pavement and concrete pavement (at 
100mm) are almost the same. This implies that for concrete structure twice the thickness for asphalt would be 
require constructing pavement with almost the same material stiffness. Elastic modulus of concrete material is 
likely to increases with pavement layer thickness which is less achievable for asphalt material
construction of road pavements with concrete requires larger surface layer thickness compared t

7 below is the thickness range for both materials (i.e. 20-200mm and 100
the load is absorbed over a greater depth of influence with highest elastic moduli (i.e 132.7Mpa

Such large stiffness may likely have occur as the axle pressure graduate to peak axial stress which 
tensile stain occurrences at the layer base on continuous application of axial compressive 

                                            

Graph of layer thickness against Elastic Modulus: (a) Asphalt Pavement (b) Concrete Pavement

                                           

Graph of layer thickness against axial stress and Peak Stress ratio (a) Asphalt Pavement (b) Concrete 

Fig. 7 above shows the effect of the composite moduli of the immediate underlying layers on the stress

response of the asphalt and concrete layers for the selected thickness 20mm and 100mm respectiv

4000kPa. As can be seen in Fig. 7 (a), stresses in the asphalt layer are independent 

of the stiffness of the underlying layers. But it is obviously revealed effect on the top surface layer. Variation of 

  had no effect on the magnitude of both the axle pressure and axial 

compressive stresses. For all the surface thickness, the axial stress ratio 
��

���
�  and peak stress ratio

proceeds steadily as shown in Fig. 8, but varied linearly elasto-plastically with the axial compressive strain Fig. 

9 above with respect to both materials been considered.  

From this, it is apparent that the stress ratio has a little significant effect on the stress-strain response of both 

asphalt and concrete layers. However, horizontal tensile strains showed an inverse relationship, and increased as 
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values. The effect of the 
composite modulus of the underlying layers on the asphalt and concrete response as discussed subsequently. 

pavement and concrete pavement (at 
100mm) are almost the same. This implies that for concrete structure twice the thickness for asphalt would be 

ess. Elastic modulus of concrete material is 
likely to increases with pavement layer thickness which is less achievable for asphalt material because 

d to that of asphalt 
200mm and 100-300mm) 

Mpa and 139.1MPa 
Such large stiffness may likely have occur as the axle pressure graduate to peak axial stress which 

base on continuous application of axial compressive 

 

Concrete Pavement

Graph of layer thickness against axial stress and Peak Stress ratio (a) Asphalt Pavement (b) Concrete 

Fig. 7 above shows the effect of the composite moduli of the immediate underlying layers on the stress-strain 

response of the asphalt and concrete layers for the selected thickness 20mm and 100mm respectively, for the 

4000kPa. As can be seen in Fig. 7 (a), stresses in the asphalt layer are independent 

of the stiffness of the underlying layers. But it is obviously revealed effect on the top surface layer. Variation of 

had no effect on the magnitude of both the axle pressure and axial 

and peak stress ratio ���
���

�   

plastically with the axial compressive strain Fig. 

strain response of both 

asphalt and concrete layers. However, horizontal tensile strains showed an inverse relationship, and increased as 

Layer thickness (m) 
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the axial compressive strain transcends to the peak compressive strain beneath the layer. In both the surfacing 395 

layers, the highest strain values are shown for E396 

loading pattern, surfacing resting on low strength support layers (base, sub397 

potentially susceptible to traffic damage.398 

 399 

400 

401 

402 

Fig. 9: Graph of Compressive strain against 403 

Concrete Pavement 404 

the axial compressive strain transcends to the peak compressive strain beneath the layer. In both the surfacing 

ues are shown for EA=132.7MPa and for EC =139.1MPa. Thus, based on traffic 

loading pattern, surfacing resting on low strength support layers (base, sub-base, and subgrade) may be 

potentially susceptible to traffic damage. 

      
 

 
strain against Axial stress and Peak stress ratios: (a) Asphalt Pavement (b) 

the axial compressive strain transcends to the peak compressive strain beneath the layer. In both the surfacing 

=139.1MPa. Thus, based on traffic 

base, and subgrade) may be 

: (a) Asphalt Pavement (b) 
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405 

406 

Fig. 10: Graph of Axial strain against Peak compressive stress, Tyre pressure and compressive stresses: 407 

(a) Asphalt Pavement (b) Concrete Pavement408 

This is further evident when comparing the load distribution based on the relative fatigue li409 

asphalt and 100mm for concrete in Fig. 10 and Fig. 11 below at 80kN410 

the graphs of peak compressive stress, axle pressure and axial pressure against axial strain and compressive 411 

strains respectively. 412 

In Fig. 10 above and 11 below, both material413 

loading conditions for both compressive stains and axial stain effect regardless of structures sub414 

Also observed in Fig. 6 above, thin asphalt surface layers have better t415 

compressive stress ratio than concrete surface layers. Thicker concrete layer shows better mechanical advantage 416 

over asphalt layer as load impact are readily absorbed at the top surface of concrete layer of the pavement417 

lesser load are eventually transmitted to the sub418 

traffic loading are readily transmitted to the sub419 

420 

Fig. 11: Graph of Compressive strain against Compressive stress, Tyre pressure and Peak compressive stress:421 

(a) Asphalt Pavement (b) Concrete Pavement422 

                             

 
Graph of Axial strain against Peak compressive stress, Tyre pressure and compressive stresses: 

Pavement 

This is further evident when comparing the load distribution based on the relative fatigue life of h=20mm for 

asphalt and 100mm for concrete in Fig. 10 and Fig. 11 below at 80kN-500kPa traffic loading. Shown below are 

the graphs of peak compressive stress, axle pressure and axial pressure against axial strain and compressive 

and 11 below, both material shows similar linear elastic mechanistic response to all available 

loading conditions for both compressive stains and axial stain effect regardless of structures sub-

Also observed in Fig. 6 above, thin asphalt surface layers have better tensile stress-strain behavior at low 

compressive stress ratio than concrete surface layers. Thicker concrete layer shows better mechanical advantage 

over asphalt layer as load impact are readily absorbed at the top surface of concrete layer of the pavement

lesser load are eventually transmitted to the sub-grade level. But the case is not same for asphalt pavement as 

traffic loading are readily transmitted to the sub-base and sub-grade layer in little or no distant time.

                                
Graph of Compressive strain against Compressive stress, Tyre pressure and Peak compressive stress:

Pavement 

                    

Graph of Axial strain against Peak compressive stress, Tyre pressure and compressive stresses:                          

fe of h=20mm for 

500kPa traffic loading. Shown below are 

the graphs of peak compressive stress, axle pressure and axial pressure against axial strain and compressive 

shows similar linear elastic mechanistic response to all available 

-layer thickness. 

strain behavior at low 

compressive stress ratio than concrete surface layers. Thicker concrete layer shows better mechanical advantage 

over asphalt layer as load impact are readily absorbed at the top surface of concrete layer of the pavement where 

grade level. But the case is not same for asphalt pavement as 

grade layer in little or no distant time. 

 
Graph of Compressive strain against Compressive stress, Tyre pressure and Peak compressive stress:                
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3.3 Relative Fatigue Life under Compressive and Tensile Strains423 

Equation 1 and 2 with crack propagation factor as used for calculating the number of load repetition of the 424 

asphalt and concrete layer based on compressive strain (at top surface layer) and 425 

zone. 426 

 3.3.1   Relation between Fatigue Life (427 

In thick surfacing (h≥100mm), relative fatigue increases with elastic modulus irrespective of the type of material428 

used. For compressive stress condition, the least number of fatigue load cycles 429 

h=150mm for asphalt) and 1.25x1019 (at h=100mm) for concrete. 430 

life is highest for asphalt but lowest for concrete. This is due to the fact that, the mechanical response of 431 

concrete material to repeated traffic load relies more on the material thickness else, failure under repeated load 432 

is inevitable. This also agreed with the tensile stain loading conditions at the sub433 

pressure from traffic loads transcends434 

horizontal strain at the subgrade level for both 435 

436 
 Fig. 12: Graph of layer thickness versus No. of cycle to figure under compression stress at top surface layer:437 

(a) Asphalt Pavement (b) Concrete Pavement438 

439 

Fig. 13: Graph of layer thickness versus No. o440 

Asphalt Pavement (b) Concrete Pavement441 

Fig. 12(a) and Fig. 12(b) above have shown442 

subjected to repeated fatigue load. Due to high moistu443 

more attainable on thick concrete materials as shown in Fig.444 

Fig. 12(a) under repeated traffic load which later 445 

also revealed in Fig. 13(a) and Fig. 13(446 

which results into shear tensile strains447 

load distribution beneath the surface regressively dies down, b448 

distribution ability and the load absorption capacity of the type of material in use.449 

450 

3.3.2   Fatigue Life Cycles (Nc and NT451 

under Compressive and Tensile Strains (Nc and NT) 

with crack propagation factor as used for calculating the number of load repetition of the 

asphalt and concrete layer based on compressive strain (at top surface layer) and tensile strain at the bottom

Relation between Fatigue Life (Nc and NT ) and Layer Thickness (h) 

, relative fatigue increases with elastic modulus irrespective of the type of material

. For compressive stress condition, the least number of fatigue load cycles obtained was 1.03x10

(at h=100mm) for concrete. In thin surfacing, (h≤100mm)

is highest for asphalt but lowest for concrete. This is due to the fact that, the mechanical response of 

terial to repeated traffic load relies more on the material thickness else, failure under repeated load 

is inevitable. This also agreed with the tensile stain loading conditions at the sub-base of the material as Axle 

pressure from traffic loads transcends into peak compressive stress within the layer thereby causing shear 

horizontal strain at the subgrade level for both materials as depicted in Fig. 12 and Fig. 13 below.

                                     
of layer thickness versus No. of cycle to figure under compression stress at top surface layer:

Concrete Pavement 

                                         

Graph of layer thickness versus No. of cycle to figure under shear tensile load at Sub-grade level
Asphalt Pavement (b) Concrete Pavement 

12(b) above have shown that concrete material do have better mechanical response when 

fatigue load. Due to high moisture content retention capacity. Uniform load distribution is 

ete materials as shown in Fig. 12(b) above than thin asphalt surfacing

12(a) under repeated traffic load which later result into fatigue failure over time. Consequently, this work 

(b) above, the number of fatigue load cycles under peak strain condition 

le strains beneath the surfaces as it propagates regressively as the uniformity of 

he surface regressively dies down, but this maybe largely dependent on the load

absorption capacity of the type of material in use. 

T) versus Tyre Pressure  

with crack propagation factor as used for calculating the number of load repetition of the 

tensile strain at the bottom-

, relative fatigue increases with elastic modulus irrespective of the type of material 

obtained was 1.03x1019 (at 

100mm) relative fatigue 

is highest for asphalt but lowest for concrete. This is due to the fact that, the mechanical response of 

terial to repeated traffic load relies more on the material thickness else, failure under repeated load 

base of the material as Axle 

into peak compressive stress within the layer thereby causing shear 

below. 

 
of layer thickness versus No. of cycle to figure under compression stress at top surface layer:                

 

grade level: (a) 

have better mechanical response when 

Uniform load distribution is 

12(b) above than thin asphalt surfacing as shown in 

Consequently, this work 

ue load cycles under peak strain condition 

the uniformity of 

dependent on the load 
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Effect of variation of axle loading on the relative fatigue life of asphalt and concrete layers respec452 

shown below in Fig. 13(a) and 13(b). The least number 453 

loading, at 150KN, 800KPa for asphalt and 200KN, 1000KPa for concrete layer respectively. The highest 454 

fatigue is noticed at 200KN for concrete while the same is notic455 

overload above 80KN standard axle load. 456 

life of the 100mm surfacing for concrete pavements457 

Thus, whilst in the thicker layers, the relative number of fatigue load cycles to failure decreased with increase in 458 

axle loading. 459 

Furthermore, for similar axle loading and material constants, the relative fatigue life of all the layers decreased460 

with increase in tyre pressure as shown in Fig. 14 below. Also, the highest number of fatigue load cycles is 461 

indicated for 1000kPa for both concrete and asphalt. However, the intermediate surfacing layers (at 134mm, 462 

205mm and 294mm for concrete, and 30mm,463 

fatigue life, whilst the 20mm for asphalt and 100mm for concrete all exhibited the best fatigue performance 464 

followed by the 200mm and 305mm surfacing base.465 

466 

467 

468 

Fig. 14: Graph of layer Tyre Pressure versus No. of cyc469 

layer for:    (a) Asphalt Pavement (b) Concrete Pavement470 

 471 

4.0    CONCLUSION 472 

The use of linear elastic theory to analyse the stress473 

have been carefully investigated using vertical compressive stress, tensile strains as the fatigue criteria. It can be 474 

concluded that: 475 

• The surface deformation of pavement structures in response to axle loading and tyre pressure have 476 

shown that, subjection of asphalt or concrete to the same axle pressure and axial loading shows a 477 

tendency for uniform load distribution over a thick surface for concrete478 

layer with approximately half layer thickness  will exhibit the same ability. Due to the fact that most 479 

traffic loadings are transferred to the sub480 

strength for the top thin asphalt layer support.481 

Effect of variation of axle loading on the relative fatigue life of asphalt and concrete layers respec

13(a) and 13(b). The least number of fatigue load cycles was obtained under high traffic 

loading, at 150KN, 800KPa for asphalt and 200KN, 1000KPa for concrete layer respectively. The highest 

fatigue is noticed at 200KN for concrete while the same is noticed for asphalt at 150KN which is about 150% 

above 80KN standard axle load. The axle loading appears to have little effect on the 

life of the 100mm surfacing for concrete pavements but has quite has quite large affected on asphalt 

whilst in the thicker layers, the relative number of fatigue load cycles to failure decreased with increase in 

Furthermore, for similar axle loading and material constants, the relative fatigue life of all the layers decreased

with increase in tyre pressure as shown in Fig. 14 below. Also, the highest number of fatigue load cycles is 

indicated for 1000kPa for both concrete and asphalt. However, the intermediate surfacing layers (at 134mm, 

205mm and 294mm for concrete, and 30mm, 70mm and 150mm for asphalt surfaces) have the least relative 

fatigue life, whilst the 20mm for asphalt and 100mm for concrete all exhibited the best fatigue performance 

followed by the 200mm and 305mm surfacing base. 

     
 

 
Graph of layer Tyre Pressure versus No. of cycle to Fatigue under compressive stress at top surface 

Concrete Pavement 

of linear elastic theory to analyse the stress-strain analyses of asphalt and concrete pavements structures 

have been carefully investigated using vertical compressive stress, tensile strains as the fatigue criteria. It can be 

deformation of pavement structures in response to axle loading and tyre pressure have 

shown that, subjection of asphalt or concrete to the same axle pressure and axial loading shows a 

tendency for uniform load distribution over a thick surface for concrete while a thin surface 

layer with approximately half layer thickness  will exhibit the same ability. Due to the fact that most 

traffic loadings are transferred to the sub-base layers as the layer depth must be of high quality and 

top thin asphalt layer support. 

Effect of variation of axle loading on the relative fatigue life of asphalt and concrete layers respectively are 

of fatigue load cycles was obtained under high traffic 

loading, at 150KN, 800KPa for asphalt and 200KN, 1000KPa for concrete layer respectively. The highest 

ed for asphalt at 150KN which is about 150% 

axle loading appears to have little effect on the relative fatigue 

affected on asphalt pavement. 

whilst in the thicker layers, the relative number of fatigue load cycles to failure decreased with increase in 

Furthermore, for similar axle loading and material constants, the relative fatigue life of all the layers decreased 

with increase in tyre pressure as shown in Fig. 14 below. Also, the highest number of fatigue load cycles is 

indicated for 1000kPa for both concrete and asphalt. However, the intermediate surfacing layers (at 134mm, 

70mm and 150mm for asphalt surfaces) have the least relative 

fatigue life, whilst the 20mm for asphalt and 100mm for concrete all exhibited the best fatigue performance 

stress at top surface 

strain analyses of asphalt and concrete pavements structures 

have been carefully investigated using vertical compressive stress, tensile strains as the fatigue criteria. It can be 

deformation of pavement structures in response to axle loading and tyre pressure have 

shown that, subjection of asphalt or concrete to the same axle pressure and axial loading shows a 

while a thin surface of asphalt 

layer with approximately half layer thickness  will exhibit the same ability. Due to the fact that most 

base layers as the layer depth must be of high quality and 
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• Vertical Stresses as a result of axial loading of pavement, immensely contributes to the tensile stress 482 

(horizontal) which propagate when the pavement structure is overloaded. Axial stress do graduates into 483 

peak compressive stress along the layer sub-base sub-grade level for both materials thereby generating 484 

a horizontal shear stress under tension. 485 

• Effect of high traffic loading and its possible potential damage on pavement structures regardless of the 486 

type of material used in its construction is inevitable, if the actual pavement contact pressure for heavy-487 

duty trucks is not checked for standard specifications (i.e. not more than 700KPa). Also, overloaded 488 

trucks should be bound from plying our highways as traffic law and regulations must be enforced on 489 

our roads. Proper monitor of the axle loading and tyre pressures must be employed as standard designs 490 

must be improvised to cater for the current high traffic challenges. 491 

• Materials made from asphalt or concrete are highly brittle in nature. It is also worthy of note that traffic 492 

overload of structures made of such material must be checked. This is due to the fact that fatigue cycle 493 

parameters are largely dependent on the mechanistic response of such structure to vertical compressive 494 

forces. Moreover, concrete pavements shows a high resistant to fatigue due to its capacity for uniform 495 

load distribution over larger sub-base level than the asphalt pavement. This can also occur because of 496 

its high particle compactness and homogeneity.  497 

• Larger layer thickness(h>100mm) exhibits lower tensile strain at the sub-grade level for concrete 498 

structures while lesser layer thickness may be required for asphalt materials for less tensile strain 499 

beneath its layer base. 500 

• The intermediate layer thickness (20<h<200mm for asphalt) and (100<h<305mm) for concrete cement 501 

structure have revealed high horizontal tensile strain value with appreciable modulus of elasticity and 502 

high sensitivity to fatigue. This is because of the considerable amount of high tensile stress as 503 

contributed by the vertical compressive stresses as a result of immense traffic loads. Also, concrete 504 

pavement at intermediate positions  do possess large fatigue resistance because of its high particle 505 

compactness and structural homogeneity strong enough to withstand harsh effect of vertical 506 

compressive stress due to traffic loading. 507 

• From the aforementioned analyses, it can be inferred that, thick concrete-cement structures can be more 508 

durable than the thin asphalt-cement structures for road pavements constructions due to its ability for 509 

uniform load distribution over larger surface, low tensile strain and particle compactness. 510 

 511 
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