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Abstract— Some of the critical aspect of the rigid pavement such as the effect of the slab –base shear transfer on pavement 
response and effect of dowel misalignment on pavement response cannot be captured with conventional analytical method. 
In this study rigid pavement is modelled in Finite element analysis tool EverFE2.24. This FEM programme was developed 
by Bill David, University of Maine, USA. 
In this study rigid pavement is modelled as three slab system of dimension 4.5X3.5 each jointed with dowel bar resting on 
DLC base. Subgrade is considered as tensionless dense liquid foundation. 
To study the effect of slab-base shear transfer on pavement response degree of slab –base interaction is varied considering 
different thermal variation type across the slab thickness along with self weight of the slab. 
In this study we find that slab-base shear interaction have significant effect on pavement response and nature of variation in 
stresses with different degree of slab-base interaction is very complex. For most of the thermal variation type, stresses in slab 
is less for low value of slab-base interaction, it means thin polythene sheet between slab and base is desirable. 
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I. INTRODUCTION 
 
The use of 3-D finite element programme for 
analysing critical aspect of rigid pavement have 
grown significantly during recent times. Here, to 
study the effect of slab –base shear transfer on 
pavement response we uses the 3-D finite element 
tool EverFE2.24. It enables us to model the slab-base 
interaction which is crucial for accurately predicting 
the pavement response to axle loads near joints and 
thermal or shrinkage gradient.EverFE2.24 allows the 
specification of either perfect bond between slab and 
base or free separation of slab & base under tension. 
In both cases, slab and base do not share nodes and 
constraints are used to satisfy the required contact 
condition (fig1). The solution algorithm relies on the 
Lagrangian formulation and a constraint updating 
scheme based on the current normal stress between 
the slab and base. 
EverFE2.24 employs a 16-noded, zero thickness 
quadratic interface element that is meshed between 
slab and base(fig1) to capture the slab-base shear 
transfer. The element constitutive relationship is 
based on that given by Rasmussen and Rozycki and 
Zhang & Li.The bilinear constitutive relationship is 
shown in fig1 and is characterized by an initial 
distributed stiffness ksb(Mpa/mm) and slip 
displacement δ0.(we note that ksbhas same unit as well 
known modulus of subgrade reaction but here it is 

distributed stiffness in the horizontal direction and 
shear stress developed at the slab-base interface 
depend on the relative horizontal displacements 
between the slab and base layer). This constitutive 
relationship is assumed to apply independently in 
both the x & y directions if the slab and base remain 
in contact, which implies a compressive normal stress 
exist at the slab-base interface. The fact that there will 
be little or no shear transfer when slab-base 
separation occurs is accommodated by setting the 
interface stiffness and shear stress to zero whenever 
δz> 0. Modeling this loss of shear transfer with loss of 
slab-base contact is important, especially when 
temperature gradient is simulated. The interface 
element stiffness matrix and nodal force vector are 
computed numerically via 3X3 Gauss point 
integration. 
For very small values of ksbthis model is equivalent to 
a frictionless interface and for very large values of ksb 

,it approaches  coulomb friction with a very large 
friction coefficient. An advantage of this type of 
modelling scheme is that the symmetry of system 
stiffness equation is maintained, which allows the use 
of the existing highly efficient preconditioned 
conjugate gradient solver. Idealizing slab- base 
interaction with conventional Coulomb friction would 
abolish this symmetry, requiring the use of more 
complex solution technique. 

 
Fig1: Slab base interaction and interface shear transfer. 
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FEM 
The finite element method is a numerical technique 
for solving models in differential form. For a given 
design, the FEM requires the entire geometry, 
including the surrounding region, to be modelled with 
finite elements. A system of linear equation is 
generated to calculate the potential (scalar or vector ) 
at the nodes of each element. 
In Mathematics, finite element method (FEM) is a 
numerical technique for finding approximate solution 
to boundary value problem for partial differential 
equation. It uses subdivision of a whole problem 
domain into simpler parts, called finite elements, and 
variational methods from the calculus of variation to 
solve the problem by minimizing an associated error 
function. Analogous to the idea that connecting many 
tiny straight lines can approximate a larger circle, 
FEM encompasses methods for connecting many 
simple element equations over many small sub 
domains, named finite elements, to approximate a 
more complex equation over a larger domain. 
 
EverFE2.24 
EverFE2.24 is 3D finite element analysis programme 
for JPCC pavement. It was developed by Bill David, 
University of Maine,USA. It employs several element 
types to discretize rigid pavement system having 
from one to nine slab units. In this up to three elastic 
base layer below the slab can be specified and 
subgrade can be modelled as dense liquid foundation 

with tension less or tension supporting. Twenty-node 
quadratic hexahedral elements are used to discretize 
the slabs and elastic base layers and the dense liquid 
foundation is incorporated via numericallyintegrated, 
8-noded quadratic elements that are meshed with the 
bottom-most layer of solidelements. Linear or 
nonlinear aggregate interlock joint load transfer as 
well as dowel load transfercan be modelled at 
transverse joints. Load transfer across longitudinal 
joints via transverse tie barscan also be modelled. 
 
II. DETAILS OF THE MODEL USED IN THE 
STUDY 
 
A rigid pavement is modelled in EverFE2.24, details 
of which are mentioned below. 
 

1. A three slab system of dimension 4.5X3.5 each 
jointed with dowel bar was taken. 

2. Thickness of Slab=250mm. 
3. Modulus of elasticity, E=30000 Mpa, 

poisson’s ratio, µ=0.15  density, γ=2400kg/m3 
4. Coefficient of thermal expansion=10X10-6/0C 
5. Base is 150mm DLC with E=13600Mpa, 

µ=0.20, density, γ=2400kg/m3 
6. To study the effect of slab – base shear transfer 

on thermal stresses five types of thermal 
variation is applied with self weight of slab. 
The details of thermal variation is mentioned 
in table1. 

 
Table1: The type of temperature gradient used in the study. 
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7. Interface shear stiffness, ksb =0.0001Mpa/mm 
(this value may be taken when de-bonding 
layer of polythene sheet is used between slab 
and base). To study the effect of this important 
parameter other two higher value, 
ksb=0.035Mpa/mm with δ0=0.60mm 
andksb=0.416Mpa/mm with δ0=0.25mm is 
taken. 

8. Subgrade is considered as tensionless dense 
liquid with Modulus of subgrade reaction, 
k=0.042Mpa/mm. 

9. 9 Each transverse joint had eleven 32 mm 
diameter, 450 mm long dowels spaced at 
290mm on centre. 

10. Dowel – slab support modulus=10000Mpa 
 
III. DETAILS OF RESULTS 
 
The model is analysed using EverFE2.24. The 
maximum principal stresses in middle slab for 
various thermal variation type taking dowel- slab 
restraint modulus as zero is calculated, the details of 
result is mentioned in table2. To study the effect of 
dowel-slab restraint modulus on slab stresses, dowel-
slab restraint modulus is also varied for interface 
shear stiffness ksb=0.035 Mpa/mm and ksb=0.416 
Mpa/mm, the details of the result is mentioned in 
table3. 

 
Table2:Maximum principal stresses in middle slab 

with dowel- slab restraint modulus=0 

 
 
Note: All the stresses in Mpa, B= bottom, T=top. 
 

Table3: Max principal Stresses in middle slab at 
varying dowel slab restraint modulus. 

 
 

IV. PRESENTATION OF RESULTS 
 
The variation in slab stresses with varying degree of 
interface shear stiffness(ksb) for various type of 
thermal variation is shown in fig2. From this fig we 
can see that the variation in stresses is very complex, 

but for most of the thermal variation type stress in 
slab is less for low value of   interface shear stiffness. 
 

 
Fig 2: Variation of stresses in slab with varying ksb. 

 
The dowel-slab restraint modulus is an important 
parameter affecting the slab stresses, the variation in 
slab stresses with varying dowel-slab restraint 
modulus is shown in fig3. 
 

 
Fig3: Variation in slab stresses with dowel-slab restraint 

modulus. 
 
DISCUSSION & CONCLUSION 
 

1. From the above results we see that slab-base 
shear interaction have significant effect on 
the pavement stresses and nature of variation 
in stresses is very complex. 

2. For thermal variation type 2 i.e. uniform rise 
in temperature, the stresses are less for low 
degree of slab-base interaction. 

3. For most of the loading type stresses in slab 
is less for low value of slab-base 
interaction,it means thin polythene sheet 
between slab base is desirable. 

4. There is negligible variation in pavement 
stresses with increasing restraint of dowel 
for medium type of slab base interaction i.e. 
for ksb=0.035 but for high slab base 
interaction variation is complex. 
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