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Abstract 

 

The choice of the right design method for the road is essential to ensure its durability, safety and cost-efficiency 

throughout its service life as the right method will ensure that the road can cope with the increasing traffic load 

and environmental conditions with minimal failure by avoiding premature repair and excessive initial costs. In 

Bangladesh, agencies generally employ disparate methods due to the lack of a unified national standards of 

pavement practices that leads to unwanted pavement failures. In this study the gap is addressed by offering a 

comparative guide for designing both rigid and flexible pavements by employing globally recognized method for 

the context of Bangladesh. We have disclosed the comparison and discussed the suitability of commonly practiced 

design methods that can be adopted in the context of Bangladesh. For the rigid pavement method, we have 

discussed the Portland Cement Association (PCA) and the Road Note 29 methods and for the flexible pavement 

practices we have considered the Indian Roads Congress (IRC) CBR method and IRC Standard Axles method. To 

ensure relevance to local conditions, necessary parameters are acquired from both the Road Research Laboratory 

and the Local Government Engineering Department (LGED). The findings indicate that both the Road Note 29 

and Portland cement Association (PCA) design methods recommend a slab thickness of 180 mm, while the flexible 

pavement designs draw the total thicknesses of 60 cm for IRC CBR method and 72.8 cm for IRC Standard Axles 

method. Among the flexible design methods, minimum thickness was obtained by the IRC CBR method. For the 

rigid pavements, the Road Note 29 methods appear to be better suited to Bangladesh considering the characteristics 

of local subgrade, sub-base, and base layers. Considering the IRC guidelines a case study on a 4' × 7' cement 

concrete pavement section is conducted to gain hands-on experience. This case study compares various pavement 

design approaches by evaluating their performances in terms of cost, durability, and suitability for local conditions 

and it provides practical insights to improve pavement design in Bangladesh and other developing countries 

considering the scarce resources and tough weather challenges. Future infrastructure project leaders will be able 

to make a smarter and well-informed decisions by the highlighted differences between these discussed methods. 
 

Keywords: Rigid pavement; Flexible pavement; Road Note 29; IRC CBR method; IRC Standard Axles Method  

 

1 Introduction 

 

Pavement infrastructure is important to modern transportation systems as it contributes significantly to economic 

development, enhances social interactions, and facilitates urbanization. For the national or local infrastructure 

projects the demand of design and construction of durable and cost-effective pavements has become increasingly 

critical due to the accelerated global urbanization and bulk traffic volumes. In recent days, better durability and 

lower maintenance requirements in high-traffic areas are leading to think about the sustainable pavement design 

that ensures the use of cost-effectiveness material with reliable performance (Wang et al., 2012). Considering the 

factors like traffic, climate, and soil conditions, generally the road pavements are classified into two main types- 

flexible or asphalt pavement and rigid or concrete pavement. Flexible pavements are made up of multiple layers, 

including subgrade, subbase and base, binder and wearing courses. (Vásquez-Varela & Garcia-Orozco, 2020). 

Concrete pavements or rigid pavements is typically made up of Portland Cement Concrete (PCC) and may include 

the base course considering the subgrade condition or may not have a base course between the pavement and 

subgrade. Due to their rigidity, Concrete pavements distribute loads over a larger area, reducing localized stress 

on the subgrade (Suman & Kumari, 2017). 

Various pavement design methods are employed globally, tailored to traffic, subgrade conditions, and climate 

features. For flexible pavements, common methods include the California Bearing Ratio (CBR) Method, Group-

Index method, American Association of State Highway and Transportation Officials (AASHTO) design Method, 

Wyoming Method, Indian Road Congress (IRC) method, and IRC Standard Axles method. For rigid pavements, 

Road Note 29, the Portland Cement Association (PCA), and Road Note 31 methods are widely applied. In 

Bangladesh, standards and specifications for the roads and highways remains unfinished. Without a unified 

method, the Roads and Highways Department (R&H) and local contractors of road-building agencies adopt 
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international standards in a modified form, leading to the roads constructed in varying standards and specifications. 

As a result, it is found that the roads built by R & H Dept. and local bodies have different standards, specifications, 

and construction practices. This inconsistency poses challenges, including premature deterioration due to poor 

material quality, climatic factors like monsoons, and overloaded traffic. 

  

This study bridges that gap by systematically comparing the designs of flexible and rigid pavements, focusing, 

how different international methods are applied in real-world projects. This research compares the designs of 

flexible and rigid pavements, concentrating on different technologies used in real-world pavement construction 

methods particularly by concerning the Portland Cement Association (PCA) and Road Note 29 methods for 

designing rigid pavements, as well as the IRC CBR approach and the IRC Standard Axles method for flexible 

pavements through a case study. 

 

2 Objectives 
 

The objectives of this study are as follows: 

• To design a flexible & rigid pavement using different methods. 

• To compare for design and construction guidelines for different design methods. 

• To emphasize the importance of this comparison for engineering practice in Bangladesh, addressing the lack 

of unified standards 

 

 

2 Methodology  

 

This study employs a parallel approach to pavement design, evaluating widely adopted international and national 

methods for both flexible and rigid pavements. The methodology includes data collection, selection of design 

procedures, calculation of pavement thicknesses, and validation through a small-scale field implementation.  

 

2.1 Flexible pavement design 

 

Among various methods practiced, IRC California Bearing Ratio Method and IRC Standard Axle Method are used 

in this study. According to the recommendation of the Local Government Engineering Department (2020) we have 

considered the following design parameters listed in Table 1 for the flexible pavement design. 

 

Table 1. Pavement Design Parameters (LGED, 2020) 

 
Parameters Value 

Road Type Two-lane, Two-way 

Total Road Width 7 m 

Commercial Vehicles per Day (P) 200 (both directions) 

Design Life 10 years 

Traffic Growth Rate (r) 6.5% 

Construction Period 2 years 

% Passing 0.075 mm Sieve 50% 

Plasticity Index (PI) 20% (LL - PL) 

Liquid Limit (LL) 40% 

Plastic Limit (PL) 20% 

CBR of Subgrade Soil 2% 

CBR of Improved Subgrade 8% 

CBR of Subbase Soil 30% 

CBR of Base Soil 70% 

Damage Equivalent Factor 100 commercial vehicles is equivalent to fifty 

standard (8200kg) axles. 

Terrain Plain 

Pavement Type Thick Bituminous Surfacing 

Water Table Depth 0.6 m below road level 

Subgrade Soil Compaction 95% BS 
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2.2 Rigid pavement design 

 

For the rigid pavements, in this study Road Note 29 and Portland cement Association (PCA) methods are used. 

Road Note 29 and the PCA method offer two practical approaches to design the rigid pavements. Road Note 29 

emphasizes long-term traffic predictions based on cumulative axle loads, allowing for more adaptable and cost-

effective designs. In contrast, the PCA method uses stress analysis to determine slab thickness, factoring in load 

repetition, concrete strength, and subgrade conditions ensuring durability by checking that stress levels stay within 

safe limits. Design parameters are shown in Table 2. 

 

Table 2. Rigid Pavement Design Parameters (LGED, 2020) 

 

Parameters Value 

Average Daily Traffic (ADT) 350 commercial vehicles (both directions) 

Percentage of Trucks 20% of ADT 

Traffic Growth Rate (r) 3% 

Design Life (N) 20 years 

Load Factor Safety (L.F.S.) 1.2 

Wheel Load (P) 4100 kg 

Tire Pressure (p) 6 kg/cm² 

Modulus of Rupture (MR) 40 kg/cm² (570 psi) 

Allowable Flexural Stress 55% of MR 

Poisson’s Ratio (µ) 0.15 

Subgrade Soil Type Sandy-clay 

Liquid Limit (LL) 35% 

Plastic Limit (PL) 20% 

Plasticity Index (PI) 15% (LL - PL) 

Modulus of Subgrade Reaction (K) 5.5 kg/cm³ (200 pci) 

Water Table Depth 100 cm below formation level 

Modulus of Elasticity of Concrete (E) 3 × 10⁵ kg/cm² 

Thermal Coefficient of Concrete (e) 8 × 10⁻⁶ /°C 

Lane Width Two-lane (7 m) 

Temperature Differential (t) 0.6 °C per cm slab thickness 

Contraction Joint Spacing (Unreinforced Slab) 4.5 m 

Contraction Joint Spacing (Reinforced Slab) 14 m 

Axle Load Data As per LGED 

 

 

3 Result and Discussion 
 

The subgrade thickness was assumed infinite in all the design methods. According the Road Note-31 (fourth 

edition), the minimum thickness of improved subgrade is recommended when the subgrade CBR value is 3 & 4. 

When the subgrade CBR value is 2, 300 mm improved subgrade is suggested, even for very low volume traffic. 

Designed thickness of various layer are presented in Table 3 for flexible pavement and Table 4 for rigid pavement. 

 

Table 3. Design Thickness for flexible pavement 

 

Method 
Thickness 

Sub Base 

course 

Base 

course 

Surface 

Course 
Carpeting Total 

I.R.C. California Bearing Ratio 

Method 
47 6 5 2 60 

Standard Axle Method 40.8 25 7 - 72.8 
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Figure 1. Pavement Layer Thickness (for IRC CBR Method) 

 

                   
 

Figure 2. Pavement Layer Thickness (for IRC Standard Axle Method) 

 

Table 4. Design thickness for rigid pavement 

 

Method Slab thickness(mm) 

Road Note 29 180 

Portland Cement Association (PCA) 180 

 

                  
 

Figure 3. Thickness of rigid pavement layer (for both methods) 

 

The outcomes of this research highlight significant variations between the adopted flexible pavement design 

methods. From the calculations, the IRC CBR method generated an overall pavement thickness of 60 cm, while 

the IRC Standard Axles method yielded a thicker design of 72.8 cm. CBR (California Bearing Ratio) is a standard 

test used to evaluate the strength of subgrade soil, base or sub-base materials for pavement design. It measures the 
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resistance of penetration of a soil sample under controlled conditions and is expressed as a percentage relative to 

a standard crushed rock material. The higher the CBR value the stronger the soil is and requires less pavement 

thickness. It assumes the loads are evenly distributed through the pavement layers and uses simple design charts 

for computation. Relying mostly on the soil testing scenarios, this method is quite straightforward as well as cost-

effective. However, due to frequent overloading of trucks, heavy or unregulated traffic, it may undergo long-term 

damage.  

 

In contrast, being more conservative and detailed approach, IRC Standard Axles method calculates pavement 

thickness based on the total number of standard axle loads (8,200 kg) expected over the design life of the road. 

This method considers the traffic growth and axle load variations more explicitly and uses mechanistic-empirical 

principles as outlined in updated versions of IRC 37 and also predicts pavement deterioration like rutting and 

cracking more accurately under repeated traffic loads. Despite the thicker layers, it offers better & long-term 

performance, especially in areas prone to water damage or soft soils. Places where soft clay layer and high rainfall 

are common, the thicker base layer helps prevent erosion and water-related damage. However, this accounts a 20% 

to 30% higher initial construction cost, although this is balanced by lower maintenance requirements over a 10- 

year period. 

 

In rigid pavements, under the same design conditions both Road Note 29 and the PCA method recommended 180 

mm slab thickness. Road Note 29 was developed by the UK’s Transport Research Laboratory, is an empirical 

method that designs pavements based on cumulative axle loads and subgrade classification using CBR values. 

Considering the key factors such as frost, drainage, and subgrade stability, Road Note 29 is forthright and suitable 

for low-resource contexts like Bangladesh which requires minimal data and offering clear design charts for roads 

expected to last up to 40 years.  

 

In contrast, as it uses stress and deflection analysis to evaluate the potential for pavement fatigue and erosion, the 

application of Miner's damage hypothesis and safety factors takes a more detailed mechanistic-empirical approach 

for the Portland Cement Association (PCA) method. PCA can lead to more efficient and possibly thinner slab 

designs when conditions are carefully managed. However, it requires more detailed input data, such as different 

types of axle load, which might not be readily available in Bangladesh. It is also more conservative because it 

doesn’t consider positive effects of slab curling which adds an extra margin of safety.  

 

This paper suggests that flexible pavements would be more practical for low-traffic rural roads given their lower 

initial cost and ease of repair. Despite being 20% to 50% more expensive upfront, on the other hand rigid 

pavements are better suited for urban and high-traffic areas as it offers greater durability that lasts 30 to 40 years 

whereas for flexible pavement it is about 10 to 20 years with lower maintenance costs. Due to its simplicity and 

reliance on basic inputs, Road Note 29 demonstrates to be well-matched to local needs for rigid pavement design. 

Simultaneously for the flexible pavements, a blended approach using both the CBR and Standard Axles methods 

may offer the best balance of cost and performance as combining his could help reduce the 80% of country’s 

estimated road maintenance by promoting more durable, context-appropriate pavement solutions. 

 

 

4 Conclusion  

 

On the basis of the design value of the study, the following conclusions are drawn 

o The designed thickness of flexible pavement by the CBR method and the Standard Axle method is 60 cm 

and 72.8 cm respectively. However, the Standard Axle method is more conservative due to its emphasis 

on traffic damage accumulation. 

o The designed rigid pavement thickness by Road note 29 and Portland Cement Association both are 180 

mm which shows methodological alignment under local conditions. 

o The IRC Standard Axle method is more conservative than the Portland Cement Association method which 

prioritize the longevity at higher costs. However, for practical implementation, Road Note 29 is more 

suitable than PCA considering the subgrade properties Bangladesh. 

 

Due to lack of unified national pavement design standard in Bangladesh which leads to inconsistent pavement 

designs, this comparison is highly important as it can assist construction agencies such as the Roads and Highways 

Department (RHD) and Local Government Engineering Department (LGED) who often follows different 

approaches. Previous reviews including the ReCAP project (2020), have highlighted the incomplete manuals, poor 

quality data, and inconsistent maintenance practices as the reason of early pavement failures such as cracking or 

surface erosion. With the use of international methods with 2 to 5% CBR values and frequent overloading to local 

conditions, this study offers a framework for more consistent and effective pavement design in Bangladesh. 
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5 Recommendation 

 

This guide has been developed using Research Laboratory data and LGED practices, aimed to make the text simple 

and easily comprehensible to local user. With this guide, user will fill confident to follow a sound, flexible 

pavement design practice according to their local need. While choosing the road-building techniques in 

Bangladesh, where there are frequently no unified construction standards, this comparison will help stakeholders 

make better decisions as it considers challenges such as limited material availability, heavy monsoon seasons, and 

frequent overloading of vehicles. We have considered traffic load, subgrade support, slab thickness, joint design, 

load transfer, material properties, environmental factor, reinforcement etc. in designing the rigid pavement. 

However, considerable changes in those factors may affect the result. As new research and field data emerges, 

amendments and improvement to this guide will become necessary to improve accuracy and applicability. 
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