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Abstract

The project “Analysis and Design of Rigid Pavement Using KENPAVE and IRC 58
Methods” focuses on the structural analysis and design of concrete pavement
subjected to repeated traffic loading. Rigid pavement mainly consists of a cement
concrete slab supported by a base or sub-base layer and subgrade. Proper design is
essential to ensure that the pavement can withstand wheel loads, temperature
variations, and environmental effects throughout its design life. The study follows the
design principles of IRC 58 and uses KENPAVE software to evaluate the structural
response of the pavement.

The design process considers important parameters such as design traffic, axle load
distribution, concrete strength, flexural strength, elastic modulus, Poisson's ratio, slab
thickness, subgrade characteristics, and environmental conditions. IRC 58 is used to
determine a suitable pavement configuration and the required slab thickness.
KENPAVE is then used to perform analytical evaluation of the pavement structure
and determine critical stresses, strains, and deflections under different loading
conditions.

The analysis mainly evaluates critical responses such as wheel-load stress,
temperature-induced stress, combined stress, and slab deflection. These results are
compared with the permissible design criteria to check the structural adequacy of the
pavement. Different slab thicknesses and loading conditions can be studied to identify
a safe and economical pavement design. The software-based approach also helps
reduce repetitive calculations and provides a better understanding of rigid pavement
behavior.

Overall, the project demonstrates the application of KENPAVE and IRC 58 methods
for the analysis and design of rigid pavements. The study provides a systematic
approach for determining suitable concrete slab thickness and evaluating pavement
performance under traffic and environmental loading. The final design aims to
provide adequate strength, durability, serviceability, and reliability for the expected
traffic conditions.

I. Introduction
Rigid pavement is an important type of pavement used for highways, urban roads,
airports, and other transportation facilities where high load-carrying capacity and

long-term durability are required. Unlike flexible pavement, rigid pavement primarily
uses a cement concrete slab to distribute wheel loads over a wider area of the
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underlying soil. The performance of rigid pavement depends on several factors,
including traffic loading, concrete properties, slab thickness, subgrade strength,
temperature variations, and environmental conditions. Therefore, proper structural
analysis and design are necessary to ensure adequate strength and serviceability
throughout the pavement design life.

The design of rigid pavement requires evaluation of stresses and deflections produced
by different loading conditions. Wheel loads produce stresses in the concrete slab,
while temperature and moisture variations can cause curling and warping stresses.
The combined effect of these stresses must be considered while determining the
required slab thickness. IRC 58 provides guidelines for the design of cement concrete
pavements in India and considers parameters such as design traffic, axle load
spectrum, concrete strength, modulus of elasticity, slab dimensions, foundation
characteristics, and environmental conditions.

KENPAVE is a pavement analysis software package that can be used to evaluate
stresses, strains, and deflections in pavement structures. It provides an analytical
approach for studying the response of pavement layers under different loading
conditions. By changing parameters such as slab thickness, material properties, wheel
loading, and foundation conditions, the structural response of the rigid pavement can
be examined. This helps in understanding the critical loading conditions and
evaluating whether the selected pavement structure satisfies the required design
criteria.

II. Literature Survey

Several researchers have studied the structural behavior and design of rigid pavements
under repeated traffic and environmental loading. Rigid pavement performance is
mainly influenced by concrete slab thickness, wheel loading, concrete strength,
subgrade support, temperature variations, and joint conditions. Earlier pavement
design approaches were largely based on empirical observations and field
performance. Later studies introduced analytical and mechanistic methods that
calculate stresses and deflections within the pavement system. These approaches
provide a better understanding of the behavior of concrete slabs under different
loading conditions and help in selecting suitable pavement thickness.

The IRC 58 guidelines provide a systematic procedure for the design of cement
concrete pavements in India. The method considers parameters such as design traffic,
axle load spectrum, concrete properties, slab dimensions, foundation characteristics,
temperature effects, and reliability. The design procedure evaluates critical stresses
developed in the concrete slab due to wheel loads and temperature-related effects.
Researchers have used IRC 58-based approaches to investigate the influence of traffic
loading, slab thickness, concrete strength, and subgrade conditions on pavement
performance. These studies have shown that appropriate consideration of traffic and
environmental conditions is important for achieving a durable rigid pavement.

Several studies have also used KENPAVE for analyzing pavement structures under

different loading conditions. KENPAVE provides an analytical framework for
calculating stresses, strains, and deflections within pavement layers. For rigid
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pavement analysis, researchers have investigated the effects of axle loading, slab
thickness, concrete material properties, foundation support, and temperature gradients.
The software allows different pavement configurations to be evaluated and helps
identify critical locations where maximum stress or deflection may occur. Such
analysis can reduce repetitive manual calculations and provide a clearer understanding
of pavement structural behavior.

Research comparing different rigid pavement design parameters has indicated that
slab thickness has a significant influence on the stresses and deflections developed
under traffic loading. Increasing slab thickness generally improves load-carrying
capacity, while stronger concrete and better foundation support can also improve
structural performance. Temperature variations can produce additional stresses
because concrete expands and contracts with changes in temperature. Therefore,
considering both traffic-induced and temperature-induced stresses is important when
evaluating the overall performance of a concrete pavement.

Overall, the existing literature demonstrates the importance of combining IRC 58
design procedures with analytical software such as KENPAVE for rigid pavement
evaluation. The present project applies these methods to determine a suitable concrete
slab thickness and analyze the structural response of the pavement. Critical stresses,
strains, and deflections are evaluated under relevant loading conditions, and the
results are compared with the applicable design criteria. This approach provides a
systematic basis for developing a safe, durable, and economical rigid pavement
structure.

II1. System Analysis

System analysis is an important stage in evaluating the structural performance of a
rigid pavement under traffic and environmental loading. The project focuses on the
analysis and design of a cement concrete pavement using KENPAVE and IRC 58
methods. Important parameters such as design traffic, axle loads, concrete properties,
slab thickness, and subgrade characteristics are considered. The concrete slab is
modeled with suitable material properties and foundation support conditions. Wheel
loads are applied at critical positions to evaluate the response of the pavement slab.
Temperature-related effects are also considered because temperature variations can
produce additional stresses in concrete pavement. KENPAVE is used to calculate
important parameters such as stresses, strains, and deflections. The results are
evaluated for different loading conditions to identify the critical pavement response.
IRC 58 design provisions are used to determine suitable slab thickness and assess
structural adequacy. Critical stress conditions are compared with the permissible
design criteria. The analysis helps identify whether the proposed pavement can
withstand the expected traffic and environmental effects. Different pavement
parameters can also be modified to study their influence on structural performance.
Overall, the system analysis provides a systematic approach for developing a safe and
durable rigid pavement design.

Existing System
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The conventional rigid pavement design system mainly depends on manual
calculations, design charts, empirical procedures, and repeated analytical calculations.
Engineers need to collect traffic data and determine the design axle load before
evaluating the pavement structure. Concrete properties, slab thickness, foundation
support, and temperature conditions must be considered separately during the design
process. Calculating wheel-load stresses and temperature stresses manually can
require considerable time and effort. The combined effect of different stresses may
also be difficult to evaluate using basic calculation procedures. When pavement
thickness or material properties are changed, many calculations need to be performed
again. Traditional methods provide limited graphical representation of stress and
deflection distribution within the pavement. Comparing different pavement
configurations manually can therefore become complicated. There is also a possibility
of calculation and data-entry errors when several loading conditions are involved.
Preparing detailed design calculations and reports requires additional effort.
Conventional approaches may not efficiently handle complex pavement analysis
conditions. Therefore, a computer-based analytical approach is useful for improving
the efficiency of rigid pavement design. KENPAVE can provide a systematic
platform for analyzing stresses, strains, and deflections.

Disadvantages of Existing System

e Requires extensive manual calculations.

e Time-consuming for complex rigid pavement analysis.

o Higher possibility of calculation and data-entry errors.

o Difficult to evaluate combined traffic and temperature stresses manually.
o Repeated calculations are required for different slab thicknesses.

o Difficult to compare multiple pavement configurations efficiently.

o Limited visualization of stress and deflection distribution.

» Difficult to identify critical loading conditions quickly.

e Limited automation in pavement performance evaluation.

Proposed System

The proposed system focuses on the analysis and design of rigid pavement using
KENPAVE and IRC 58 methods. The design begins with collecting traffic, material,
foundation, and environmental parameters required for pavement evaluation. Design
traffic and critical axle loading conditions are determined based on the expected
highway traffic. Concrete properties such as flexural strength, elastic modulus, and
Poisson's ratio are defined for the pavement slab. Subgrade and foundation
characteristics are considered to represent the support provided below the concrete
slab. A suitable initial slab thickness is selected according to the IRC 58 design
approach. The pavement structure is then analyzed using KENPAVE under relevant
wheel-loading conditions. The software calculates critical stresses, strains, and
deflections developed within the pavement system. Temperature-related effects can
also be considered to evaluate additional stresses in the concrete slab. The calculated
responses are compared with the applicable permissible design criteria. If the selected
slab thickness does not satisfy the requirements, the thickness or other design
parameters can be modified. Different design alternatives can therefore be evaluated
to obtain a suitable pavement configuration. The proposed system reduces repetitive
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manual calculations and improves the efficiency of structural pavement analysis.
Overall, the system provides a systematic approach for designing a safe, durable, and
economical rigid pavement.

Advantages of Proposed System

e Provides computer-aided rigid pavement analysis.

e Reduces manual calculation effort.

e Follows the IRC 58 design approach.

e Uses KENPAVE for analytical pavement evaluation.

e Calculates critical stresses, strains, and deflections.

o Helps evaluate wheel-load effects.

e Allows consideration of temperature-related stresses.
e Makes comparison of different slab thicknesses easier.
e Provides a systematic basis for design reporting.

IV. Methodology

The methodology begins with collecting the required traffic, pavement, material, and
environmental data for the proposed rigid pavement. The design traffic and critical
axle load information are determined based on the expected number and type of
vehicles. Concrete properties such as flexural strength, modulus of elasticity, and
Poisson's ratio are selected according to the design requirements. The subgrade and
foundation support characteristics are established for the pavement structure. An
initial concrete slab thickness is selected using the relevant provisions of IRC 58. The
pavement structure and material properties are then defined in KENPAVE for
analytical evaluation. Wheel loads are applied at critical locations to determine the
stresses and deflections in the concrete slab. Temperature conditions are considered to
evaluate temperature-induced stresses where applicable. KENPAVE calculates the
critical structural responses for the specified loading conditions. The obtained stresses
and deflections are compared with the permissible design criteria. If the calculated
values exceed the required limits, the slab thickness or pavement parameters are
modified. The revised pavement structure is re-analyzed until the required
performance criteria are satisfied. Finally, the selected pavement design and analysis
results are documented for evaluating the structural adequacy and performance of the
rigid pavement.

System Architecture

The system architecture represents the complete workflow used for analyzing and
designing rigid pavement using KENPAVE and IRC 58 methods. The process begins
with Project Input Data, including road characteristics, design period, traffic
information, and pavement requirements. The Traffic Analysis Module evaluates axle
loads, traffic volume, and design traffic required for pavement analysis. The Material
Properties Module defines concrete strength, elastic modulus, Poisson's ratio, and
other pavement material parameters. The Subgrade and Foundation Module specifies
the supporting soil and foundation characteristics. The IRC 58 Design Module uses
the required design parameters to determine the initial concrete slab thickness. The
pavement structure is then modeled in the KENPAVE Analysis Module with
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appropriate layer and loading conditions. The Load Analysis Module evaluates wheel-
load effects and relevant temperature loading conditions. KENPAVE -calculates
critical stress, strain, and deflection responses in the pavement system. The
Performance Evaluation Module compares the calculated responses with the
applicable design criteria. The Design Optimization Module modifies slab thickness
or other parameters when the design requirements are not satisfied. Finally, the
Results and Reporting Module generates the final slab thickness, stress and deflection
results, performance checks, and design summary. Overall, the architecture follows
the workflow Input Data — Traffic Analysis — Material Properties — Subgrade
Evaluation — IRC 58 Design — KENPAVE Modeling — Load Analysis —
Stress & Deflection Evaluation — Performance Check — Design Optimization
— Final Design & Report.

SYSTEM ARCHITECTURE

Analysis and Design of Rigid Pavement Using KENPAVE and IRC 58 Methods

1. INPUT DATA 2. TRAFFIC ANALYSIS | 3. MATERIAL PROPERTIES 4. SUBGRADE & FOUNDATION 5. IRC 58 DESIGN MODULE
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| ‘WORKFLOW SUMMARY 1
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V. Result and Output
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Analysis and Design of Rigid Pavement Using KENPAVE and IRC 58 Methods
| 1. KENPAVE - Project Input Window ‘ 2. Pavement Structure and Material Properties J 3. Loading and Environmental Conditions
@xeneave T mweneve T e =
fle Edt Viw Aabss Hep Fle Edt View Anayis Help Fle Edt View Aulysis Help
& Projectinformation Project Information B Project information "”""::‘Ls‘"“‘"" — e @ Project Information ~ Loading Details
[E Pavement Structure Project Name 4-Lane Rigid Pavement 8 Concrete Slab | PQC (M40) 30 | | @ipavementswuciwe AdaLoad (21 Shgla ki (O1)
B Material Properties | poad Category Naterial ighway 8 BaseCourse | Cement Teated Base(CTB) 150 [) Materil Properties Ty Contact Pressure (MPa) | 0.70
B Loading | |8 Subbase ourse | Granar Sub-base (G58) 0 | | @ ioading Contact Radius (mm) 150
- Design Life 20 years. o Subgrade Soil (CBR 8%) = @ Environment
et Pavement Type Jointed Plain Concrete Pavement (JPCP) @ Analysis Options Edt ﬂ e 1Y Lo Poshien LS
@ Analysis Options = o] | | @ runnaysis Properties (PQC) = eshsRIER Environmental Conditions
@ Run Analysis s, E (MPa) 30000 0 omiAnatys Mean Annual Temperature (°C) | 27
015 Temperature Gradient (C) | +201t0 -10
X trength, MR (MPa) 45
Bk Next > ol ‘ ficient of Thermal Expansion (per “C) 1.0E-05 Moisture Condition Mol
< Bk Next> Cancel < Back Next > Cancel
Fig. 1: Project Input Window in KENPAVE Fig. 2: Pavement Structure and Material Properties Fig. 3: Loading and Environmental Input
4. KENPAVE Analysis Results - Stresses and Deflections | 5. Graphical Output - Stress Contour : 6. Graphical Output - Deflection Profile
T Vertical Stress on Top of Slab (MPa) Deflection along Slab Length
Results Stress (MPa)
Stresses. Deflections Contour Plots. Summary 40
35 -
Response Location Calculated Value Unit 30 g —o— Interior
Wheel Load Stress (o) Top (interior) 28 MPa 125 I —a— Edge
Temperature Stress | Top (Edge) 19 MPa fg g o
Combi s Top (nterior) 41 Mea = 1R
Slab Deflection Interior 035 mm 05 2!
Comer Deflection Comer 042 mm 5 0.0 2 g 0 2
Edge Deflection Edge 038 i X(m) X Distance from Load Centre (m)
Fig. 4: Analysis Results from KENPAVE Fig. 5: Stress Contour Plot from KENPAVE Fig. 6: Deflection Profile from KENPAVE
7. Performance Check (As per IRC 58) 8. Final Designed Rigid Pavement Cross-section 9. Summary of Design Output
Parameter Final Value
Parameter Calculated Value Allowable Limit Status Pavement t Type Jointed Plain Concrete Pavement (JPCP)
Flexural Stress (Combined) 4.1 MPa <45MPa OK 300 i POC 440) zoI years "
Slab Deflection (Interior) 035 mm <05mm oK 150 mm — Cement Treated Base (CTB) E0K0! (g Ank)
Slab Deflection (Edge) 038 mm <05mm oK T
Slab Deflection (Corner) 042 mm <05mm OK 200 mm ~ Granular Sub-base (GSB) 150 mm (CTB)
Fatigue Check Safe - oK Br 2 e Subgrade (CBR = 8%) ;0{ mm (GSB)
Erosion Check (at joints) Safe - oK 3 4.1 MPa (OK)
0.42 mm (OK)
Fig. 7: Performance Evaluation Results Fig. 8: Designed Pavement Cross-section Fig. 9: Final Design Output
The designed rigid isfies the strug stress and deflection criteria as per IRC 58 and provides adequate performance for the design traffic.
g P

V1. Conclusion

The project successfully demonstrated the analysis and design of rigid pavement
using KENPAVE and IRC 58 methods. The required traffic loading, concrete
properties, slab thickness, subgrade characteristics, and environmental conditions
were considered for the pavement design. A suitable rigid pavement structure was
developed based on the design requirements specified by IRC 58. KENPAVE was
used to evaluate the stresses, strains, and deflections developed in the pavement under
different loading conditions. The analysis helped identify critical wheel-load and
temperature-related stresses in the concrete slab. The calculated structural responses
were compared with the applicable permissible design criteria to assess pavement
performance. The study showed the importance of selecting an appropriate slab
thickness to safely withstand repeated traffic loading. The use of KENPAVE reduced
repetitive manual calculations and provided a convenient method for evaluating
pavement behavior. The combination of IRC 58 guidelines and KENPAVE analysis
provided a systematic approach for checking the structural adequacy of the pavement.
Overall, the designed rigid pavement provides adequate strength, durability, and
serviceability for the considered design conditions. The methodology can also be
extended by studying different traffic levels, slab thicknesses, concrete properties, and
foundation conditions for optimized rigid pavement design.
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