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Abstract  Current flexible pavements experience 

different types of failure due to insufficient thickness. This 

is a result of the variability of the available design methods 

for flexible pavements along with the limitation of each 

method due to it being suitable for the country in which it 

was developed. As a result, there is a need to conduct a 

comparative study between the various design methods to 

achieve the most suitable design that combines being 

economic and durable during the intended lifetime of the 

pavement. In this study, a comparative study between three 

design methods was conducted: Group Index (GI), 

California Bearing Ratio (CBR), and American 

Association of State Highway Officials (AASHTO) to 

achieve the best design of a roadway. Input data was 

collected manually for each design method. After the 

design, the performance of each pavement was analysed 

using mechanistic empirical methods done by 3D move 

analysis software to predict failures like rutting and 

cracking. This research aims to compare various design 

methods in terms of cost-effectiveness and durability, then 

provide modification of the output designs as per project 

requirements to overcome the limitations of each method. 

Results show that the GI method provided the most 

economical section but experienced more failure, while the 

AASHTO method provided the least economical section 

with the highest durability. Pavement performance analysis 

showed that modification is required to the subgrade layer 

to prevent subgrade rutting. 

Keywords Flexible Pavement, AASHTO, 

Comparative Design, Mechanistic Empirical, Subgrade 

1. Introduction

An important application of civil engineering is highway 

engineering. Since most human activities depend on 

movement and transportation, highway engineering is 

crucial for effectively arranging and planning highways. 

Civil engineers play an important role in creating a proper 

transportation infrastructure that is strong and flexible 

enough to accommodate the pressures of both industrial 

growth and the current population increase [1]. Pavement 

systems are divided into two types, flexible pavements and 

rigid pavements. Flexible pavements are a system of layers 

consisting of granular materials with certain specifications 

and gradations [2]. Each layer can distribute the load 

stresses and transform it safely to the proceeding layer by 

grain-to-grain transfer. Flexible pavements have a lower 

construction cost than rigid pavement. As a result, this type 

is the most common in the design of highways. The surface 

course, the base course, and the sub-base course are the 

three main layers of flexible pavements. The surface course 

is a mixture of aggregate and asphalt and is the layer to 

which all load is transferred, and which also provides 

friction. The quality and the performance of the surface 

course depend on the quality of the used asphalt mix [3]. 

The base course, which lies below the surface course, 
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distributes the load more evenly [4]. The base layer usually 

has more strict requirements than the subbase layer due to 

the proximity of the layer to the applied load. Finally, the 

sub-base layer, which is located between the base and the 

subgrade layer, supports the structure, and reduces fines 

leakage from the subgrade layer. The foundation of flexible 

pavements can be a single or double layer named the 

subgrade layer. The layer's characteristic is that it should be 

this to prevent any damage to the pavement system [5]. 

Flexible pavements are designed to be highly efficient and 

to be used for a long time without being affected by factors 

that affect the pavement's performance. 

Flexible pavement is subjected to several types of 

failures in the asphalt layer, sub-base layer, and sub-grade 

layer. Asphalt is subjected to top-down cracking which is a 

kind of fatigue or tire loading-related cracking that occurs 

inside the wheel path and is characterized by cracks that 

run largely parallel to the pavement centreline. It is 

characterized by cracks that begin on the road surface and 

spread downwards. The second type of asphalt layer is 

bottom-up cracking. It is a type of stress or tire load-

associated cracking that is described as a sequence of 

linked cracks that begin at the bottom of the AC layers. 

They begin as a series of small, transverse, or longitudinal 

fractures in the wheel path that become linked horizontally 

as vehicle loadings increase. For the surface failure, there 

is the rutting failure, In the wheel path, there is a surface 

depression. Pavement lifting (shear stress) may develop 

along the rut's sides. Ruts are most visible after rain 

because of the overflow with water. The Base failure will 

be the same as the rutting failure, but it is caused by the 

failure of the base material, also the same thing will happen 

for the sub-base layer as a type of failure. 

An accepted flexible pavement design provides an 

economic durable section [6]. In which the pavement 

should provide an adequate level of servility and comfort 

to the moving vehicles as well as provide adequate skid 

resistance, the ability to withstand the applied wheel loads, 

and resistance to the surrounding environmental conditions 

[7]. Several empirical design methods exist for flexible 

pavements. Historically, the first empirical method that 

was based on soil classification was the group index 

method (GI). Later, the CBR test, which is the measure of 

the soil’s shear resistance, provided another empirical 

design method that was based on the strength of the 

subgrade layer as well as the strength of the material used 

in the overlaying layers. As a result, the CBR method 

became the most widely used method of design [8]. 

Furthermore, the American Association of State Highway 

Officials (AASHTO) provided a method that represented a 

complete study of the pavement system, taking into 

consideration other variables and factors including, the 

serviceability, reliability, environmental conditions, and 

the permeability of the materials of construction [9].  

One of the characteristics of empirical design methods is 

that it is based on past projects and experiences. In which 

the relationship between the data including the materials’ 

strength, the traffic load and the environmental conditions, 

and the performance of the pavement during its intended 

service life is established through the results of previous 

projects [10]. The empirical methods have provided good 

accuracy. However, since they are locally developed 

methods, they show limitations in terms of the accuracy of 

construction techniques and environmental conditions [11], 

especially in regions where the overall weather conditions 

in the middle east are not like the conditions in the United 

States or the origin country of the empirical method. 

Consequently, pavements in arid regions like sultanate of 

Oman experience a high level of pavement distress and 

failure like cracking and rutting in the layers of the 

pavement [12]. 

Pavement distress is the damage to the pavement 

structure due to excessive loading or tough environmental 

conditions [13]. Main pavement distress shows in the shape 

of cracking and rutting. The mechanistic-empirical method 

is an alternative solution to the design issues of flexible 

pavement. The mechanistic part refers to the application of 

engineering mechanics in the prediction of pavement 

behaviour as a function of traffic loading, material 

characteristics, layers configuration, and climatic 

conditions [14]. The mechanistic-empirical method 

assumes that the pavement behaves as a multilayer elastic 

structure, in which the elastic theory is applied to predict 

the stress in the layers of the pavement over time [15]. 

Unlike the empirical methods, the results of these methods 

do not provide the thickness of the layers of the pavement, 

instead, it provides the response of the pavement in terms 

of the pavement distresses under the identified applied load 

and the service lifetime of the pavement then compares it 

to threshold values and an identified reliability [14, 16]. 

The mechanistic-empirical method provides 

recommendations to the designed pavement structure in 

terms of the materials used and the layers’ thicknesses such 

that the expected failure in the pavement will be minimized 

since the behaviour of the pavement will be assessed in 

conditions that are as close as possible to the real-life 

conditions [17].  

This study compares 3 of the flexible pavement design 

methods; the GI method, the CBR method, and the 

AASHTO method in terms of cost-effectiveness and 

durability. Then, the mechanistic-empirical method is used 

to evaluate the pavement of each resulting section and 

analyse how pavements perform. In which 3D move 

analysis software is used to calculate the pavement 

distresses in terms of the rutting and the cracking using the 

input data of the layers’ configuration, the materials’ 

properties, the climatic and environmental effects, and the 

expected traffic loading on the pavement. 

2. Study Area 

The research was carried out in the Sultanate of Oman, 

in the North Al Batinah Governorate, in the state of Sohar, 
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and especially at Sohar University. Sohar gouvernante has 

a current population of roughly 239,675. Because of the 

existence of Sohar Port, and Sohar International Airport, 

Sohar is considered one of the most active states in North 

Al Batinah in terms of commercial and industrial activity. 

This is what causes the car growth in Sohar's roadways to 

be in a growing state as compared to other cities nearby. In 

addition, Sohar is vulnerable to meteorological conditions 

that affect pavement, such as flash floods. As a result, these 

elements should be addressed during road building to 

minimize future difficulties. 

Sohar has a tropical climate with scorching summers and 

moderate winters. Summer lasts from May to September, 

with average daily temperatures above 33 °C. 

Temperatures drop below 27 °C during the winter season, 

which lasts from December to March. Precipitation is 

minimal, with February receiving more than half of the 

year's total rainfall, and summers being virtually totally dry. 

The annual rainfall is about 0.6 cm, mostly occurring 

because of the tropical cyclones that strike the northern 

coast of Oman [18]. Sohar is considered one of the areas in 

Oman that are frequently subjected to flash floods, for 

instance, the Shaheen cyclone which struck Oman in 

October of 2021 [19]. These flash floods cause 

considerable damage to the infrastructure of the city 

including the main highways [20]. 

The roadway in Sohar university’s campus is designed 

geometrically and the plan is shown in figure 1. The 

roadway has a length of 174 meters, and it is in the parking 

area of Sohar university. The roadway serves 4 gates of the 

university, gate 1, gate 4, gate 5, and gate 6. It includes 2 

horizontal curves that were designed with the consideration 

of sight distance. A soil sample of the subgrade was taken 

from the field and was tested to obtain the soil properties 

of the roadbed soil, a similar procedure was done to the 

material of the upper layers of the pavement. 

Figure 1.  The layout of the designed roadway in Sohar university's campus 
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3. Methodology 

3.1. Data Collection 

Three samples were taken for this study from three 

different places along the studied area before the design 

stage had started. Bulk-distributed sampling, a specialized 

technique, was used for collecting the samples. Each 

randomly chosen sample was subjected to a sieve analysis 

test in order to compare the particle size distributions. The 

samples can be mixed since, according to the data, samples 

collected from three separate areas in the field all had the 

same particle size distribution. For the purpose of 

determining the sample's suitability as a subgrade material, 

it was put through a number of laboratory tests, including 

sieve analysis distribution, Atterberg limits, Los Angeles 

abrasion, impact value testing, and CBR testing. Then the 

sample was modified to be used as subbase/base material. 

Conducting a CBR test shows that the modified material is 

suitable to be used as subbase/base material, where all CBR 

values exceed the limit value. Table 1 represents CBR 

results for subgrade, subbase/base materials. 

Table 1.  Results of the CBR test 

Type Blows CBR% 

Subgrade (unsoaked) 

10 33.004 

30 44 

65 108.7 

Subgrade (soaked) 

10 23.46 

30 17.558 

65 63.723 

Subbase/base (unsoaked) 

10 75.295 

30 125.665 

65 201.687 

Subbase/base (soaked) 

10 11.597 

30 49.195 

65 64.012 

Additionally, in order to produce the optimal design for 

a roadway Methods based on durability and cost-

effectiveness, a comparison of the three methods of design: 

Group Index (GI), California Bearing Ratio (CBR), and 

American Association of State Highway Officials 

(AASHTO) was carried out. The input of the GI method 

includes the traffic load and the quality of roadbed soil. The 

Group Index of Subgrade, which represents the Quality of 

Roadbed, and the Daily Vehicle Number (CVPD) were 

used to calculate the traffic load. The input of CBR method 

includes the traffic load, the Quality of Roadbed soil, as GI 

method. Also, the strength of the construction material is 

expressed in the CBR value. The AASHTO method is 

considered the most accurate method due to the fact that it 

takes into consideration the highest number of factors 

including pavement performance, traffic load, Subgrade 

strength, material of construction, environment, drainage, 

and the reliability. The total volume of traffic was manually 

counted in terms of both the overall number and the 

potential vehicle kinds that might be seen in the study 

region. The average annual growth rate of students is used 

to calculate the growth rate of vehicles. And all the rest of 

the data were collected depending on the region in which 

the study was conducted. 

3.2. Group Index (GI) Method 

Based on physical criteria such as particle size, liquid 

limit, and plastic limit, the soil is assigned a Group Index. 

It has a value between 0 and 20, with lower values 

indicating better subgrade quality and larger values 

indicating lower subgrade quality. The group index 

approach is used to design flexible pavement. It is an 

empirical method that is based on the physical properties of 

the subgrade soil and does not take soil strength into 

account. The essential statistics required for the GI 

technique are the group index and traffic volume. CVPD 

(Commercial Vehicles Per Day) refers to traffic volume. It 

is classified into three categories based on the daily number 

of vehicles: light traffic, medium traffic, and heavy traffic. 

A chart (illustrated) can be used to assess the thickness of 

the pavement. The pavement thickness can be determined 

using a chart according to the given value of GI and traffic 

volume [21]. 

3.3. California Bearing Ratio (CBR) Method 

The California bearing ratio (CBR) value, as measured 

by the CBR test, is one of the primary indications of the 

strength of the soil used in flexible pavement construction. 

CBR, the design technique, like the GI method, is 

considered an empirical method. The wheel load on an 

existing roadway and the soaking CBR value are used in 

this procedure. The California State Highway Department's 

design table serves as the foundation for this technique of 

calculating total pavement thickness utilizing the specified 

values of CBR for subgrade, subbase, and base layers, as 

well as wheel load. The design is carried out using a chart 

with the values of CBR as input [22]. 

3.4. American Association of State Highway Officials 

(AASHTO) Method 

This approach is regarded as the most accurate since it 

considers most aspects, including pavement performance, 

traffic load, Subgrade strength, building material, 

environment, drainage, and dependability. To begin with, 

two indices are employed to assess pavement performance: 

the initial serviceability index (Pi) and the terminal 

serviceability index (Pt). Second, consider the traffic 

volume. The equivalent single axle load (ESAL) is derived 
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in terms of the number of 18000 Ib single axle loads applied 

to the pavement. Other parameters covered in this method 

are the design lane factor (fd), the growth factor and growth 

rate (Grn), the annual average daily traffic (AADT), each 

vehicle's axle count (Ni), as well as the axle load 

equivalency factor (FEi). The CBR or resilient modulus (Mr) 

of the roadbed soil and the building material should be 

known. Whereas the environmental factor is incorporated 

into the design as a modification known as the relative 

damage factor (uf) for the resilient modulus of the roadbed 

soil depending on temperature and precipitation. The 

drainage qualities of the soil are also considered in the 

design as elements indicating the material's overall 

drainage quality. Lastly, the AASHTO design technique 

considers design uncertainty to be reliable. Overall, 

utilizing all of this input data, the thicknesses of each 

pavement layer are calculated based on the predicted 

pavement structural number (SN) from the AASHTO 

design method chart, and the final SN is compared to the 

SN utilized in the design [3]. If there is a considerable 

discrepancy, the design should be repeated until the values 

match. 

3.5. Cost Analysis 

The comparison of the three design methods is made 

based on cost estimation and the pavement performance 

analysis. In the cost analysis, the earthwork cost is 

estimated prior to the design and is considered constant for 

the three design methods since all layers will be constructed 

on the same formation level. However, the cost of each 

layer will vary from one design method to another based on 

the estimated thickness. A material that has been modified 

with a percentage of fine steel slag is used in Subbase/base 

material. The specific gravity test was performed on the 

Base/Subbase material and the steel slag in order to obtain 

the unit weight of the material to be used in the estimation 

of volume and to subtract the volume of steel slag from the 

total volume of the material. The unit cost of the material 

was obtained from local sources and used for the cost 

estimation of each layer in each design method. 

3.6. Pavement Performance Analysis 

The mechanistic-empirical method of design is implied 

to conduct the pavement performance analysis and find the 

most accurate representation of how the pavement structure 

will behave under the conditions of the study area to 

achieve the most durable design [23]. The mechanistic-

empirical method required input data regarding design 

parameters of the layers’ configuration, materials’ 

properties, traffic load, and the climatic and environmental 

conditions in the study area. Using this method, a 

recommendation is developed for the analysed design in 

terms of the selected materials and the thickness of the 

layers, as well as some recommendations on some 

enhancement strategies. A selected reliability is selected 

for each roadway depending on its type, if the behaviour of 

the pavement does not meet the selected reliability, the 

design must be revised to consider a design that satisfies 

the safety and serviceability conditions [15]. 

Table 2.  The threshold values used and their reliability 

Distress Type Reference value Reliability 

Asphalt top-down cracking (m/km) 

(Longitudinal Cracking) 
100 m/km [14] 80% 

Asphalt bottom-up cracking (%) 

(alligator Cracking) 
25% [12] 80% 

Asphalt Rutting (mm) 

20 mm [23] 80% 
Base Rutting (mm) 

Subbase Rutting (mm) 

Subgrade Rutting (mm) 

The 3D moves analysis software, which was developed 

by the University of Nevada Reno (UNR) [24], is used for 

the mechanistic-empirical method. Three runs are 

conducted in which the software was run once for each 

pavement section. Certain threshold values are used to 

check the pavement performance and assess the failure of 

the pavement, and these values are shown in table 2. The 

software predicts the pavement distresses represented in 

the stress and the strain in each layer of the pavement and 

calculates the rutting in all layers, the alligator cracking, 

and the top-down cracking [25]. According to the results, 

modifications and recommendations are made to the design 

to achieve the most economic design. The flowchart of the 

study is shown in figure 2. 
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Figure 2.  The flowchart of the methodology of the study 

4. Results 

4.1. Traffic and Soil Data Results 

The traffic volume was counted manually regarding the 

total number of parking spots in the area, as well as 

observing the possible types of vehicles that are seen in the 

study area. For both directions of the roadway, the annual 

average daily traffic of 150 veh/day was taken. The Growth 

rate of the vehicles is obtained from the average rate of the 

increasing number of students each year, in which the value 

of 10% was used for this study. 

Three soil samples were collected and were found to 

have similar grain size distribution; hence they were mixed. 

The sample resulting from mixing the three samples from 

3 different locations underwent many laboratories tests 

including sieve analysis distribution, Atterberg limits test, 

Los Angeles abrasion test, and impact value test. CBR test 

was conducted for both the subgrade and subbase/base 

material, and results of the soil properties are shown in 

table 3. 
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Table 3.  Results of Lab tests of the subgrade material 

Material Property Result Standard limit 

Subgrade material 

Liquid limit (LL) 19.8% - 

Plastic limit (PL) 9.13% - 

Plastic index (PI) 10.67% - 

AASHTO soil classification A-2-4 (0) Silty or clayey gravel and sand 

GI of subgrade 0 Excellent 

Abrasion value 17.2% ≤ 30% 

Impact value 13.895% ≤ 30% 

CBR (Soaked) 21.756% ≤ 10% 

Subbase material CBR (Soaked) 77.8% ≤ 30% 

Base material CBR (Soaked) 116.9% ≤ 80% 

 

4.2. Flexible Pavement Design 

4.2.1. GI Method 

The input of this empirical method includes the traffic 

load and the Quality of Roadbed soil. The input data is 

shown in table 4, while the resulting section is shown in 

figure 3. 

4.2.2. CBR Method 

The input of this empirical method increases from 2 to 3, 

in which it includes the traffic load, the Quality of Roadbed 

soil, and the strength of the construction material expressed 

in the CBR value. As a result, the CBR method is 

considered more accurate than the GI method. The input 

data is shown in table 5, while the resulting section is 

shown in figure 4. 

4.2.3. AASHTO Method 

This method is considered the most accurate since it 

takes into consideration a higher number of inputs, as 

shown in table 6. The resulting section is shown in figure 

5. 

Table 4.  The input of the GI design method 

Factor Design data Value 

Traffic load Traffic load Medium traffic 

Roadbed soil (subgrade) GI of subgrade 0 

 

 

Figure 3.  Resulting section according to GI method 

Table 5.  The input of the CBR design method 

Factor Design data Value 

Traffic load Wheel load 36000 Ib 

Roadbed soil (subgrade) CBR of subgrade 21.756% 

Materials of construction 
CBR subbase 77.8% 

CBR base 116.9% 
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Figure 4.  Resulting section according to CBR method 

Table 6.  The input of the AASHTO design method 

Factor Design data Value 

Pavement performance 
Initial serviceability index (Pi) 4.5 

terminal serviceability index (Pt) 2.5 

Traffic load 

the design lane factor (fd) 0.5 

Growth rate (r) 10% 

Annual average daily traffic (AADT) For both directions =150 veh/day 

the number of axles on each vehicle (Ni) 2 

Structural number (SN) 6 

Vehicle mix and axle loads 
2- axle single-unit trucks (18000 lb/axle) = 90%. 

2-axle single-unit trucks (36000 Ib/axle)=10% 

Design period (n) 15 years 

Roadbed soil (subgrade) CBR of subgrade 21.756% 

Materials of construction 

CBR subbase 77.8% 

CBR base 116.9% 

Asphalt concrete Mr 200000 𝐼𝑏/𝑖𝑛2 

Drainage 

The time it takes water to be drained from the subbase 

layer 
1 week 

The time it takes water to be drained from the base 

layer 

percentage of the time pavement structure is exposed 

to moisture levels approaching saturation 
10% 

Reliability 
functional classification of the road Urban Local 

Standard deviation 0.49 
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Figure 5.  Resulting section according to AASHTO method 

5. Discussion 

5.1. Cost Analysis 

Table 7 represents a comparison of the thicknesses of the 

layers resulting from each design method. Results show 

that the GI method gave a thinner pavement thickness of 10 

cm for the total surface layer and 20 cm for the subbase 

layer, followed by the CBR method with 22.5 cm for the 

total surface layer and 15 cm for the subbase. AASHTO 

design method gave the thickest pavement with 20 cm for 

the surface, 15 cm for the base layer, and 15 cm for the 

subbase layer. It is noted that both GI and CBR methods do 

not include a base layer and that might be due to the 

subgrade layer having sufficient strength and the pavement 

not requiring an extra layer. Thinner pavement thickness in 

the GI section will lead to the least structural strength and 

the pavement being more prone to damage and failure, 

while the section of the AASHTO method will provide 

more resistance to pavement distress. 

Figure 6 confirms that the AASHTO design method 

provides the most structurally stable design, while the GI 

method is the first consideration from an economic point of 

view. CBR method falls somewhere in the middle between 

the two methods which is why some researchers have 

considered it the most rational method of design. 

The cost was calculated for each layer alone in which the 

unit cost of the material was obtained from a local company. 

The resulting costs are shown in table 8 and figure 7. 

Results show that the GI method produces the most 

economic section due to the low accuracy resulting from 

the low number of factors considered in the design. Both 

CBR and AASHTO design methods have similar costs that 

are more than double the GI cost. 

Table 7.  The thicknesses of the layers of the pavement for each design 
method 

Method GI CBR AASHTO 

Wearing layer (cm) 5.0  7.5 5.0 

Asphalt surface layer (cm) 5.0 15.0 15.0 

Base layer (cm) 0.0 0.0 15.0 

Subbase layer (cm) 20.0 15.0 15.0 

Total (cm) 30.0 37.5 50.0 
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Figure 6.  Graphical representation of the pavement layer thicknesses for each design method 

Table 8.  The cost of each layer of the pavement for the 3 methods 

Design 

methods 

Pavement 

Layers 
t (m) 

Area 

(m2) 

Volume 

(m3) 

soil W 

(kg) 

steel slag 

W (kg) 

steel 

slag V 

(m3) 

V 

final 

Unit cost 

(OMR/m3) 

Total 

cost 

(OMR) 

/Method 

(OMR) 

GI 

Subbase 0.20 2.00 347.8 595433.6 96400.7 63.0 284.8 2.2 626.6 

5673.3 
Base 0.00 0.00 0.0 0.0 0.0 0.0 0.0 5.5 0.0 

Surface 0.05 0.44 76.5 130995.4 0.0 0.0 76.5 38.0 2907.7 

Wearing 0.05 0.41 71.3 122063.9 0.0 0.0 71.3 30.0 2139.0 

CBR 

Subbase 0.15 1.33 231.3 395963.3 64106.5 41.9 189.4 2.2 416.7 

10743.0 
Base 0.00 0.00 0.0 0.0 0.0 0.0 0.0 5.5 0.0 

Surface 0.15 1.16 201.7 345351.5 0.0 0.0 201.7 38.0 7665.6 

Wearing 0.08 0.51 88.7 151835.6 0.0 0.0 88.7 30.0 2660.7 

AASHTO 

Subbase 0.15 1.36 236.5 404894.8 65552.5 42.8 193.7 2.2 426.1 

10306.3 
Base 0.15 1.22 212.2 363214.5 58804.4 38.4 173.7 5.5 955.5 

Surface 0.15 1.09 189.6 324511.3 0.0 0.0 189.6 38.0 7203.0 

Wearing 0.05 0.33 57.4 98246.5 0.0 0.0 57.4 30.0 1721.7 
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Figure 7.  The cost of each layer of the pavement for the 3 methods 

5.2. Pavement Performance Analysis 

Pavement distress in terms of pavement failure is the 

most important parameter to evaluate the performance of 

the pavement sections. Three types of input data are 

required in the 3D move analysis software to analyse the 

pavement performance, wheel load input data, traffic input 

data, and layers and materials input data, all shown in tables 

9, 10, and 11, respectively. 

The results of the analysis of the three pavement sections 

resulting from each design method are shown in figures 8, 

9 and 10 showing results of the GI method, CBR method, 

and AASHTO method, respectively. Results of the analysis 

show that the GI section would be faced with failure in 

terms of AC top-down cracking and subgrade rutting. The 

CBR method section would be faced with subgrade rutting 

with a value of 45.59, and the AASHTO methods section 

would be also faced with subgrade rutting with a value of 

25.61 only. CBR and AASHTO methods produce thicker 

pavement sections, resulting in less failure and making the 

pavement less prone to cracks and rutting in all layers. 

Consequently, this contributes to the serviceability of the 

pavement and the reduction in the maintenance cost of the 

pavement. The maximum acceptable value of subgrade 

rutting is 20, and AASHTO section showed failure with a 

value of 25.61, which is slightly above the maximum value. 

As a result, this provides the recommendation that though 

the AASHTO section is the most durable section, the 

Subgrade strength must be enhanced, and the quality must 

be increased. 

Table 9.  Wheel load input data to 3D move analysis software 

Input Value 

Tire type Good Year 10*20 Bias Ply Tire 

Tire pressure 220 kPa 

Average speed 1.1 km/h 

Tire load Twenty-six kN 

Table 10.  Traffic input data to 3D move analysis software 

Input Value 

AADT 150 veh/day 

Percentage of design axles in the 

design lane 
50% 

Growth rate 10% 

Design life 15 years 

Table 11.  Layers and materials input data to 3D move analysis software 

Input data 
Design methods 

GI CBR AASHTO 

Subgrade thickness (m) 0.2 0.2 0.2 

Subbase thickness (m) 0.2 0.15 0.15 

Base thickness (m) 0 0 0.15 

Asphalt surface thickness (m) 0.05 0.15 0.15 

The temperature of the surface 

layer (°C) 
35 

Poisson’s ratio 0.3 

CBR of Base material 116.9 

CBR of subbase material 77.8 

Subgrade material type A-2-4 
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Figure 8.  Results of pavement performance analysis for GI method 

 

Figure 9.  Results of pavement performance analysis for CBR method 

 

Figure 10.  Results of pavement performance analysis for AASHTO method 

 

Figure 11.  Final approved design section of the roadway 
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5.3. Optimum Pavement Design 

The final section of the pavement design of the roadway 

in Sohar university is shown in figure 11. The use of the 

mechanistic-empirical method has provided a way to assess 

the behaviour of the pavements sections and helped 

overcome the drawbacks of the empirical methods in which 

the conditions of the actual study area were taken into 

consideration rather than the conditions of the location that 

the method was developed in. 

The design of flexible pavements requires considering 

the main factors including the traffic load, the soil 

properties, and the material characteristics. Generally, 

there are four main flexible pavement approaches: 

empirical design, mechanistic-empirical (M-E) design, 

AASHTO 1993 design, and the Mechanistic-Empirical 

Pavement Design Guide (MEPDG). Empirical methods 

include two of the methods utilized in this study which are 

the group index method, and the CBR method. Although 

this approach is the simplest and most straightforward 

method, it lacks the ability to consider specific site 

conditions including the climatic conditions in the study 

area as proved by this study. Empirical methods mainly 

depend on historical performance data and empirical 

relationships between pavement thickness and traffic loads 

and the CBR of the materials of the pavement. The 

AASHTO design method is considered to be semi 

empirical that takes into consideration the traffic load, the 

material characteristics, the soil properties, and the climatic 

conditions to determine the thickness of each layer of the 

pavement. According to the conducted comparison, the 

AASHTO method is considered to perform better than the 

empirical methods. However, it still showed limitations in 

the accuracy when tested using the 3D move analysis 

software. 

The mechanistic empirical method that is performed 

using the 3D move analysis software works by analysing 

the structural behaviour of the pavement layers. It takes 

into consideration the material properties and the 

environmental conditions. This approach uses the layered 

elastic theory to predict the performance of the designed 

pavement structure under the assessed loading conditions 

and the environmental conditions. This study showed that 

the use of AASHTO method followed by checking the 

design using the mechanistic empirical method provided 

better accuracy and helped overcome the limitations of the 

AASHTO method. The main difference between the 

mechanistic empirical method and the Mechanistic-

Empirical Pavement Design Guide is that the Mechanistic-

Empirical Pavement Design Guide employs sophisticated 

models to simulate various distresses, such as rutting, 

fatigue cracking, and thermal cracking. It provides better 

and more precise predictions of the pavement performance. 

However, the Mechanistic-Empirical Pavement Design 

Guide requires high computational resources and advanced 

analysis tools. 

6. Conclusions and Recommendation 

6.1. Conclusions 

Three different design approaches, GI, CBR, and 

AASHTO, were employed to determine the best design 

method in terms of durability and cost-effectiveness. The 

overall thickness of the pavement created by the GI, CBR, 

and AASHTO design methods are 300mm, 375mm, and 

500mm, respectively. The GI method produces the thinnest 

pavement, while the AASHTO method produces the 

thickest section. Considering the cost analysis, findings 

indicate that the GI method provides the most economical 

section due to the low accuracy brought on by the few 

factors that were taken into account during design. While 

both CBR and AASHTO design methods have almost 

similar costs that are more than double the GI cost. These 

empirical approaches were analysed by the program 3D 

move analysis, which determined the pavement's 

performance in terms of the projected failure in each layer 

using the mechanistic-empirical method. Based on the 

software analysis and the cost comparison of the three 

design techniques revealed that the GI method provides the 

most economical design, but the least durable section. The 

AASHTO method was found to be the most durable in a 

pavement performance analysis utilizing 3D move analysis 

software, with the advice of improving the subgrade's 

strength. 

6.2. Recommendation 

One of the main advantages of using the mechanistic-

empirical design method of the flexible pavement is to 

consider the actual climatic conditions of the study area, in 

which the average temperature of the surface layer was 

taken into consideration as input data to the 3D move 

analysis software. The mechanistic-empirical should be 

used as an evaluation method for the sections resulting 

from the empirical methods since the mechanistic-

empirical method calculates the response of the pavement 

in terms of the stress and strain of the pavement. Results 

show that the AASHTO section is the most stable section 

with the highest durability, except for the subgrade rutting 

value which was slightly above the recommended limit. 

Further studies are recommended to increase the quality of 

the subgrade, including studies of the most effective 

compaction methods, the studies of the optimum rolling 

temperature of the mixture and the optimum equipment for 

rolling, as well as the investigation of the use of stabilizers 

obtained from waste materials as a form of environmental 

stability. Further studies should also include life cycle costs 

and the comparison of more design methods as well as 

calibration of the studied empirical methods. 
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In this project, there are many suggestions, which is that 

the empirical design method be combined with the 

mechanistic empirical design method of the flexible 

pavement, also to create a program that can modify the 

empirical method which can help to get more accurate data. 

Also in this study, in the program the input data is entered 

for the place of construction, where the conditions of the 

studied area are taken into consideration. This program is 

not limited to a specific area such as Sohar. 
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