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ABSTRACT  

This research project involves the analysis of the interlocking 

pavement along COMSIT Road, University of Ilorin, using a 

FEA program (MIDAS) for the modeling and analysis of the 

pavement and the Mechanistic-Empirical method as the 

analytical tool for result comparison. The methodology 

involved the use of 1.2m by 0.6m area of the road pavement 

using a Hyper-4 Node181 shell element in GTS NX. The top 

layer of the pavement have a Poisson’s ratio of 0.4 with a 

young modulus of 65MPa, the base have a  Poisson’s ratio of 

0.35 with a young modulus of 3.6MPa and the sub-grade have 

a Poisson’s ratio of 0.35 with a young modulus of 2MPa. The 

vehicular load was modeled using a pressure of 520kPa on 

the pavement. The results showed that the maximum stress 

and strain in the interlocking pavement are 416kPa and 

0.0572 using manual calculation while the stress and strain in 

the pavement using MIDAS are 476kPa and 0.052. Base on 

the manual analysis, the damage factor for the interlocking 

pavement is 0.02.From GTS NX, that the maximum stress 

occurs at the center of top-most layer of the pavement. The 

maximum displacement is also located at the point of 

maximum stress while the maximum strain is at the center of 

the last layer of the pavement. The stress in the pavement 

reduces from 476kPa at the center of the pavement to 1.4kPa 

at the edge of the pavement. 

 

Keywords— Interlocking Pavement, Clay paver, Finite 

Element Method, Mechanistic method of analysis. 

 

1.   Introduct ion  

Interlocking pavements are generally composed of a 

surface consisting of precast modular concrete units of varying 

shapes, colors and texture. The surface is placed over a graded 

sand base and interlocked with bedding and joint sand, which 

can be constructed over a variety of sub bases, this is a form of 

flexible pavement (Hengestone, 2006). The top layer of 

interlocking pavements consists of small precast elements that 

can be lifted and re-installed rather easily. The very flexible 

small element pavement allows easy access to the substructure 

and underground infrastructure, in contrast to the continuous 

asphalt and concrete pavements (Houben, 2003). 

The response of pavement systems to wheel loading 

has been of interest since 1926 when Westergaard used elastic 

layered theory to predict the response of rigid pavements. It is 

generally accepted that pavements are best modeled as a 

layered system, consisting of layers of various materials resting 

on the natural subgrade. The behavior of such a system can be 

analyzed using the Mechanistic method of analysis (Emmanuel 

and Dennis, 2009). The mechanistic approach is based on the 

layered elastic or visco-elastic representation of the pavement 

structure. Analysis in pavements has been greatly developed 

since the initial studies carried out by Boussinesq in which 

soils were modeled as a linear-elastic material. Boussinesq 

theory was then extended to a multilayer elastic model due to 

the work of Burmister (Lacey, 2008). 

  Road design, analysis and engineering has come a 

long way in the past century and today it is a sophisticated 

process that involves some of the most creative engineering 

minds in the world and some serious technology. The design 

and construction of roads and highways today involves 

lengthy processes where factors such as efficiency, safety and 

impact are given due care and attention before any 

construction work begins. In this research work, analysis and 

modeling of interlock pavement road beside Agricultural and 

Bio-system Engineering in University of Ilorin is done in a 

manner similar to all Civil Engineering works with adequate 

consideration for safety, aesthetics and economy. 

Pavement is the actual travel surface especially made 

durable and serviceable to withstand the traffic load of 

vehicles commuting upon it thus providing comfort to the 

driver and also transfers the traffic load from the upper 

surface to the natural soil. Pavement is majorly classified into 

Flexible and Rigid pavements. Flexible pavements are those 

pavements which reflect the deformation of subgrade and the 

subsequent layers to the surface. Flexible pavement is laid 

with no reinforcement or specialized fabric reinforcement that 

permits limited flow or repositioning of the roadbed 

underground. These pavement structures are generally 

composed of several layers of materials which can 

accommodate the flexing. The layers include the sub-grade, 

sub-base, base and surface courses. A true flexible pavement 

yields “elastically” to traffic loading. It is usually constructed 

with a bituminous-treated surface or a relatively thin surface 

of hot-mix asphalt (HMA) over one or more unbound base 

courses resting on a sub-grade. Its strength is derived from the 

load-distributing characteristics of a layered system designed 

to ultimately protect each underlying layer including the sub-

grade from compressive shear failure. 

 In rigid pavement structure, both the base and sub-base 

comprised of unbound aggregate. Edge restraints are required 

along the edges of the pavement to prevent the outward 

migration of pavers from the force of traffic, which would 

result in the opening of joints and loss of interlock between 

the units. Regardless of the pattern used in laying, interlock 

are first placed, mechanically or manually, on a bedding sand 

layer and vibrated with a high frequency plate vibrator. Sand 
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is then spread and swept into the joints and the pavers are again 

vibrated until the joints are full of sand so that the interlocking 

of units (full shear transfer), critical to the performance of 

interlocking pavements, is obtained. After the pavement has 

been in service for a short time, the joints between the pavers 

become sealed. Therefore, surface drainage must be provided in 

the normal way. If water gets trapped between the pavers and a 

stabilized layer, this water can be drained through the sand 

layer under the units at an appropriate drainage outlet such as a 

catch basin or manhole. Care must be exercised, however, to 

ensure that the sand does not wash away nor float up through 

the paver joints (Gonzalo et al, 1991). 

 

2. Description of Study Area 

The study area is the burnt clay interlocking pavement 

beside the Department of Agriculture and Bio-system 

Engineering in the University of Ilorin. The road is 124m long 

and 7.14m wide as shown in Figure 1. It is located at latitude 

8
0
29’ and longitude 4

0
40’ with an elevation of 391m as shown 

in Figure 2. 

 
 

Figure 1: View of the interlock pavement road. 

 

 
Figure 2: View of COMSIT road using Google Map. 

 

 

 

3. Aims and Objectives 

The aim of this research is to study the effect of 

vehicular load on the interlock pavement. The objectives of 

this project are; 

 

 To determine the response of the interlocking 

pavement to wheel loading 

 To determine the deformation in the interlocking 

pavement. 

 Modeling of the pavement using MIDAS GTS 

software. 

 To carry out the above analysis using MIDAS GTS 

 To determine if the pavement will fail before its 

initial design life. 

 

 4. Scope of the Work  

The scope of the project includes; 

 Determination of the pavement response to wheel 

loading manually. 

 Determination of failure in form of depression 

(fatigue and rutting). 

 Analysis and Modeling of the pavement using 

MIDAS GTS software. 

 

5. Material and Methodology 

5.1 Materials 

The manual analysis was based on the mechanistic 

approach. 

The analysis was done using the following standard: 

 BS 7533 - 2 (Clay paver design for light traffic) 

 ASTM D448 (Base and sub base properties) 

The computer analysis was carried out using MIDAS 

(FEM) Software 

 

5.2 Methodology 
The methodologies involved in executing the project 

are: 

 Mapping and Geo-information. 

 Data collection. 

 Manual Pavement analysis. 

 Pavement modeling and analysis using MIDAS 

GTS. 

5.2.1 Mapping and Geo-information 

Google Earth software will be used to show location of 

the project area by aerial photographs and to also get the 

elevation of the case study area. 

5.2.2 Data Collection 

The field work basically involved counting the vehicles 

using the daily traffic studies. To get more accurate result, the 

survey was carried out three times a week for a period of one 

month and the data used for this work was collected from the 
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work of Jimoh(1990) on Design of burnt clay Interlocking 

pavement. 

 

Table 1: Parameters for the Pavement 

PARAMETER 
VALUES 

USED 
SOURCE 

Tire Pressure 520kPa Y.A Jimoh, 1990 

Wheel Load 40kN Y.A Jimoh, 1990 

Load Repetition 1 X 106 Y.A Jimoh, 1990 

Young Modulus Of Clay Paver (E1) 65MPa BS 7533 – 2, 2001 

Young Modulus Of Base Layer (E2) 3.6MPa Y.A Jimoh, 1990 

Young Modulus Of Sub Grade (E3) 2MPa Y.A Jimoh, 1990 

Poisson Ratio Of Clay Paver (µ1) 0.4 BS 7533 – 2, 2001 

Poisson Ratio Of Base Layer (µ2) 0.35 Y.A Jimoh, 1990 

Poisson Ratio Of Sub Grade Layer 

(µ3) 
0.35 Y.A Jimoh, 1990 

Height Of Clay Paver (H1) 57.2mm ON SITE 

Height Of Base Layer (H2) 112mm ASTM D448, 2001 

 

5.3 Data Analysis 

The method of analysis used for the research work is 

basically the mechanistic method of analysis for manual 

analysis and MIDAS software for the computer aided analysis. 

 

5.3.1 Mechanistic–Empirical Analysis 

In multilayered pavement system, the locations of the 

various stresses in a three layered pavement system, the 

horizontal tensile strain at the bottom of the asphalt concrete 

layer and vertical compressive strain at the top of the subgrade 

are derive using various equation (Jimoh and Akinyemi, 1990). 

These equations are; 

 

     ..3.1 

    ..3.2 

 

   ..3.3 

 

where; 

P = Wheel load. 

h = Depth. 

a= Radius of contact area. 

 Vertical stress at depth (h). 

 Horizontal stress at the bottom of the top layer and at 

the top layer base-interface. 

E =   Young modulus of the pavement surface. 

Horizontal tensile strain at the bottom of the top layer. 

Vertical compressive strain at the top of the sub grade. 

 Poisson ratio of pavement surface. 

 Poisson ratio of the base 

 

5.3.2 Method of Software Analysis 

 

The basic steps in finite element analysis are: 

Evaluating the structure, creating structural model, 

discretizing model into finite elements, assembling elements 

and constructing stiffness matrix, applying boundary 

conditions, solving finite element model, interpreting finite 

element analysis results and giving physical significance of 

the results. 

The procedure of the computer aided analysis using 

MIDAS software consists of the following steps as shown in 

figures below. 

Modelling of Interlocking Pavement as shown in Figure 3. 

 
 

Figure 3   Modelling of interlocking pavement  

Applying Boundary Conditions as shown in Figure 4. 

 
 

Figure 4  Meshing Of The Pavement Model 
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Meshing of the pavement model as shown in Figure 5. 

 

 
 

Figure 5: Meshing of the pavement model  

 

The Midas GTS software was run with the data as shown in 

Figure 6. 

 
 

Figure 6: Running Analysis  

 

The results from the analysis were displayed and stored in files  

as shown in Figure 7. 

 

 
Figure 7: Display of Results 

 

6. Results  

 The results from the manual analysis carried out on 

the interlocking pavement is presented in Table 4.1 and 4.2. 

 

 

 

 

 

 

Table 4.1. Showing the clay interlocking pavement 

analysis results 

 
Stresses across the pavement 

layers 

Pavement Strains 

(KPa)  

(KPa) 

 

(KP

a) 

  
ЄAC 

416 260 208 -0.000637 0.0572 0.00062 

 

Load repetition on pavement 

Ni Nf(fatigue) Nf(rutting) 

1 x 106 1x106.6 1x105.8 

 

From the Midas GTS NX analysis, the maximum stress in the 

interlocking pavement is 476kPa, the maximum strain is 

0.052. 

 

Table4.2  Result of Manual and Midas GTS application 

analysis of Stress and Strain in the interlocking pavement 

 

Variables Manual 

Calculation 

Computer 

Software 

 

Maximum Strain 0.0572 0.052  

Maximum Stress 

(kPa) 

416 476  

 

7. Discussion of Results 

The results showed that the maximum stress and 

strain in the interlocking pavement are 416kPa and 0.0572 

using manual calculation while the stress and strain in the 

pavement using MIDAS are 476kPa and 0.052. 

The maximum stress of 476kPa occurs at the center of the 

pavement top most layer, the maximum displacement of 

0.018 is also located at the point of maximum stress while 

the maximum strain of 0.052 is at the center of the last layer 

of the pavement. From MIDAS GTS, the stress in the 

pavement reduces from 476kPa at the center of the pavement 

to 1.6kPa at the edge of the pavement. 

 

8. Conclusion 

From the results, it can be seen that the stress in the 

interlocking pavement is lower than that of the asphalt 

pavement. This is due to the fact that interlocking pavement 

act as a structural layer when fully bond instead of just being 

a wearing surface. The stress in the pavement varies with 

distance from the point the load is applied. Based on the 

damage factor result, the interlocking road will exceed its 

design life without failure. 
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