
    

PDH-Pro.com 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

396 Washington Street, Suite 159, Wellesley, MA 02481 
Telephone – (508) 298-4787          www.PDH-Pro.com 

 

Structural Design of Pavements 
 

Course Number: ST-02-403 
 

PDH: 8 
 

Approved for: AK, AL, AR, DE, FL, GA, IA, ID, IL, IN, KS, 
KY, LA, MD, ME, MI, MN, MO, MS, MT, NC, ND, NE, NH, NJ, 
NM, NV, NY, OH, OK, OR, PA, SC, SD, TN, TX, UT, VA, VT, 
WI, WV, and WY 
 
State Board Approvals 

Florida Provider # 0009553 License #868 
Indiana Continuing Education Provider #CE21800088 
Maryland Approved Provider of Continuing Professional Competency 
New Jersey Professional Competency Approval #24GP00025600 
North Carolina Approved Sponsor #S-0695 
NYSED Sponsor #274 
   
 

How Our Written Courses Work 
This document is the course text. You may review this material at your leisure 
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After the course has been purchased, review the technical material and then 
complete the quiz at your convenience.  
A Certificate of Completion is available once you pass the exam (70% or greater). 
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necessary until a passing grade is obtained). 
If you have any questions or technical difficulties, please call (508) 298-4787 or 
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Module 1: Introduction 

Learning Objectives 
By the end of this section, you will be able to: 

• Identify the primary economic and technical drivers behind the increasing global adoption of 

concrete pavement structures. 

• Distinguish between the two most widely applied types of concrete pavement designs covered 

in this course. 

• Outline the structural design workflow, from material selection to advanced analytical 

modeling. 

Executive Summary: Concrete pavements are increasingly selected over asphalt due to competitive 

investment costs, lower maintenance requirements, and enhanced long-term performance realized 

through modern design and construction techniques. This module establishes the fundamental 

framework for the structural design of plain and continuously reinforced concrete pavements, 

culminating in the application of the Dutch VENCON2.0 analytical method. 

Design Fundamentals 
The global shift toward concrete pavement structures is driven by a combination of economic factors 

and improved engineering confidence. Professional Engineers must recognize these key advantages: 

• Competitive Investment Costs: Initial capital expenditures for concrete are increasingly 

comparable to alternative pavement types. 

• Reduced Maintenance: Concrete typically requires lower lifecycle maintenance costs compared 

to asphalt pavements. 

• Long-term Reliability: Advanced design methodologies and superior construction techniques 

have led to predictable, high-performance pavement behavior over extended service lives. 

Scope of Structural Design 
This course focuses on the structural principles of the two industry-standard pavement types: 

1. Plain (Unreinforced) Concrete Pavements: Relying on aggregate interlock and/or dowel bars for 

load transfer. 

2. Continuously Reinforced Concrete Pavements (CRCP): Utilizing longitudinal reinforcement to 

manage tight crack spacing and maintain structural continuity. 
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Course Curriculum Overview 
The subsequent sections of this manual provide a deep dive into the technical requirements for robust 

pavement design: 

• Material Characterization: General descriptions and indicative values for material properties 

across various pavement layers. 

• Stress Calculation Theories: Analysis of flexural tensile stresses and vertical displacements 

caused by external loadings, including traffic, temperature gradients, and unequal subgrade 

settlements. 

• Fatigue Analysis: Evaluating the cumulative damage effects of repeated traffic and thermal 

loading. 

• Advanced Modeling: A review of the Finite Element Method (FEM) and its application in 

modern structural design. 

• Design Methodologies: A critical review of both empirical and analytical design flowcharts. 

      Design Tip: While empirical methods are based on historical performance data, analytical methods 

allow for greater flexibility when dealing with non-standard loading or unique material properties. 

The Dutch Analytical Method 
A significant portion of this training focuses on the evolution of Dutch design standards: 

• Historical Context: Review of the original 1980s method and the revised 1990s version for plain 

concrete. 

• Modern Application: Implementation of VENCON2.0 (released in 2005), a comprehensive 

software-based approach that integrates both plain and reinforced concrete pavement design. 

 

 

 

 

 

 

 



 
Structural Design of Pavements 

Copyright 2026  Page 3 

Checkpoint Quiz 

1. Which factor is cited as a primary reason for the increasing popularity of concrete pavements 

compared to asphalt?  

a) Higher maintenance costs but faster construction.  

b) Lower initial investment costs only.  

c) Competitive investment costs and lower maintenance requirements.  

d) Lack of reliable design methods for asphalt. 

Answer: (c). Concrete offers a competitive balance of initial cost and long-term maintenance savings.  

2. This course focuses on the structural design of which two specific pavement types?  

a) Prestressed concrete and asphalt-concrete composites.  

b) Plain concrete and continuously reinforced concrete.  

c) Fiber-reinforced concrete and roller-compacted concrete.  

d) Jointed reinforced concrete and precast slabs. 

Answer: (b). The scope is strictly limited to plain (unreinforced) and continuously reinforced designs.  

3. What is the primary software tool discussed for modern Dutch analytical design?  

a) AASHTO-93.  

b) ILLI-SLAB.  

c) KOLA.  

d) VENCON2.0.  

Answer: (d). VENCON2.0 is the 2005 software release covering both major concrete pavement types. 
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Module 2: Concrete Pavement Structure 

Learning Objectives 
By the end of this section, you will be able to: 

• Evaluate the functional roles of the concrete top layer, base, sub-base, and subgrade in a 

pavement system. 

• Contrast the crack-control mechanisms used in plain, continuously reinforced, and prestressed 

concrete pavements. 

• Calculate indicative design values for concrete strength, stiffness, and joint components based 

on Dutch engineering standards. 

Executive Summary: The structural integrity of a concrete pavement relies on the high Young’s modulus 

of the top layer to distribute loads, supported by an erosion-resistant base and a stable subgrade. While 

plain pavements use joints (3–6 m) and reinforced pavements use steel (0.6–0.75%) to manage cracking, 

the design must account for traffic, thermal gradients, and subgrade reaction to ensure long-term 

performance. 

General 
The concrete top layer exhibits elastic behavior until failure (cracking). Due to its high Young’s modulus 

of elasticity, it effectively spreads loads, resulting in low stresses on the underlying substructure. 

To prevent uncontrolled cracking from shrinkage and temperature drops, three primary methods are 

utilized: 

• Plain (Unreinforced) Pavements: Transverse joints are placed every 3 to 6 m to divide the 

pavement into slabs. 

• Reinforced Concrete Pavements: Longitudinal reinforcement (0.6 to 0.75%) is applied to induce 

a pattern of very narrow cracks every 1.5 to 3 m. 

• Prestressed Concrete Pavements: Compressive stresses are introduced to counteract tensile 

loads. These are typically reserved for high-maintenance priority areas like airport platforms 

(e.g., Schiphol Airport). 

• Top Layer Dimensions: Usually 150 to 450 mm thick, depending on loading, climate, and 

subgrade properties. 

      Design Tip: Although the concrete layer provides the primary strength, a base is almost always 

applied to prevent loss of support due to erosion, which leads to early cracking. 
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Subgrade 
The subgrade is simplified in design as a Winkler-foundation, modeled as a system of independent 
vertical linear-elastic springs. 

       Calculation Note: The subgrade bearing capacity is represented by the modulus of subgrade 
reaction (ko). While it has a small effect on concrete stresses, it significantly impacts vertical 
deflections. 

• Design Reliability: Use a modulus value with a 95% probability of exceeding to account for 
failure risks. 

• Settlement: Equal settlements are generally non-problematic; however, unequal settlements 
introduce extra flexural stresses based on settlement wavelength, amplitude, and velocity. 

Sub-base 
A sub-base is required to create a stable construction platform, prevent frost damage, or provide 
embankment. 

• Material: Generally unbound granular materials (gravel, crusher run, sand). 

• Function: Increases the effective ko value for the design. 

• Frost Protection: In cold climates, the material must be non-frost-susceptible if it sits within the 
frost penetration depth. 

Base 

General 

The base provides an erosion-resistant surface and reduces pavement deflection. 

• Width: Must be at least 0.5 m wider than the concrete layer on each side to support the 
slipform paver. 

• Evenness: Maximum deviation of 15 mm over 3 meters. 

Unbound Base 

Used mainly for lightly loaded structures. Requirements include high permeability, resistance to 
crushing, and resistance to permanent deformation. Typical thickness: 200 to 300 mm. 

Cement-bound Base 

Used for heavily loaded pavements (motorways, airports). 

• Reflection Cracking: Cracks in the base can reflect into the top layer. 

• Mitigation: In the Netherlands, an asphalt layer (50–60 mm) is often placed between the 
cement-bound base and reinforced concrete to provide uniform friction and prevent reflection 
cracking. 



Purchase this course to 
see the remainder of 

the technical materials. 
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