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The load transfer ability of rigid pavement degrades over time due to repeated vehicular
loads and environmental factors, such as temperature. The temperature disparity between a
slab's upper and lower layers has more impact on the development of stresses on a rigid
pavement. Failing of it occurs when the developed stresses exceed the critical stress. This
work examines fluctuating surface temperatures' impact on the maximum tensile stress
within a single slab system. The pavement was modeled and analyzed using the finite
element software EverFE2.26. It was observed that varying surface temperature affects the
maximum tensile stress. A regression model was developed to estimate the maximum
tensile stress for any surface temperature (0°C-50°C), temperature differential, and other
slab and axle parameters. The R? value of the regression model was obtained as 0.888. The
regression model was validated with another set of maximum tensile stress data obtained
from EverFE2.26. The model resulted in less than 10% difference. This model allows for
directly estimating the maximum tensile stress in the rigid pavement, accommodating
parameter changes. However, further model refinement may be carried out for multiple

slabs.
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1. Introduction

Rigid pavements endure stresses due to the continuous action
of vehicular loads and environmental factors. One of the
ecological factors, i.e., the temperature in contact with the
pavement, affects the performance of the pavement. Studies
have shown that the load transfer stiffness of rigid pavement
can degrade over time due to several factors, such as vehicular
loads, aging of materials, and environmental conditions [1].
Climate change is expected to pose many challenges to the
region's road planning, construction, and maintenance [2].
Frictional and warping stress are two different types of stress
produced due to temperature variation. Warping stress occurs
when there is a temperature disparity between a slab's upper and
lower layers, and this temperature difference is denoted as
temperature differential (AT). Frictional stress is generated by
the resistance between the slab's underside and the soil beneath
it. AT has more impact than any other slab parameters on
stresses in the rigid pavement [3]. The temperature significantly
affects the analysis and design of rigid pavement [4]. Linear AT
cannot accurately predict the stresses. Nonlinear AT also causes
displacement to the rigid pavement in the transverse direction.
The AT and axle loads (P) combined cause critical stresses in
the rigid pavement. Failure of rigid pavement is mainly when
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the developed stress exceeds the necessary stress. Estimating
these stresses for a given location is essential to prevent the
rigid pavement from failing and make it more economical.

Many methods have been developed to estimate the stresses on
rigid pavement. According to Westergaard, the maximum
tensile stress (MTS) occurs in the pavement's edge location [5].
Westergaard developed the equations for rigid pavement stress
analysis based on the plate theory. In this theory, a Winkler
foundation was considered; a concrete slab was regarded as a
thin elastic plate. The finite element approach was used to
modify Westergaard's equation’s limitation to achieve the MTS
on the pavement’s edge region [6]. A regression equation was
developed to calculate the critical stresses on rigid pavement for
different pavement parameters, P, and positive AT values [7]. A
modified Bradbury’s temperature stress coefficient was also
suggested for calculating the curling stress on rigid pavement.
Rigid pavements undergo analysis through plate theory instead
of layer theory [8]. Plate theory simplifies layer theory by
modeling the concrete slab as a medium-thick plate. This
assumption posits that the plate is initially flat before loading
and retains this flat configuration after loading.
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In India, rigid pavements are developed according to the Indian
Roads Congress (IRC) norms. IITRIGID software was used by
IRC: 58-2002 to generate design charts using the concept
proposed by Westergaard [9]. Design charts are generated from
IITSLAB—II software using the concept of finite element
analysis (FEA) in IRC: 58-2011 and IRC: 58-2015 [9].

Various numerical methods are available to analyze the
problems based on engineering applications. Bezier multi-step
method [10], finite difference method [11], and finite element
method (FEM) [12],[13] are some examples. FEM is flexible in
use and widely acceptable. It is widely seen that FEA is used to
estimate stresses. Therefore, a detailed review in this context is
carried out in the following sub-section.

In the last few years, the FEA concept has been used to solve
various pavement problems [12],[13]. It is a method of
decomposing a very complex problem into smaller, interrelated,
and solvable parts. First, finite element programs in two
dimensions (2-D) were created. Subsequently, three-
dimensional (3-D) finite element programs were developed to
overcome the constraints of the existing system. Some authors
have analyzed rigid pavement using FEA-based software, such
as ABAQUS [7], [14]-[17] ILLISLAB [18], KENSLAB [19],
and EverFE [12], [20]-[25]. General-purpose finite element
analysis (FEA) tools like ABAQUS and ANSYS excel at
handling complex problems. However, effective use of these
tools can be difficult, model creation can be time-consuming,
3-D simulations may require significant computation time, and
extracting relevant results can be challenging [26]. Though
these tools have several challenges, they can account for
varying surface temperatures for calculating tensile stresses in
rigid pavements. KENSLAB and ILLISLAB are finite element
programs developed based on thin plate theory, i.e., the 2-D
FEA program. Although ILLISLAB is widely used for
modeling rigid pavements, it does not account for nonlinear
thermal gradients within the pavement system [27]. Regarding
simulating thermal loads, KENSLAB only supports a linear
temperature distribution through the thickness of the material
[26]. The range of applicability of 2-D FEMs is limited and is
not capable of capturing detailed local responses, such as stress
distributions near joints [12]. Three-dimensional (3-D) FEA
programs were developed for rigid pavement to overcome
limitations. EverFE is one of such 3-D finite element models.

EverFE provides greater flexibility by accommodating both
linear and nonlinear temperature distributions. It allows up to
four temperature change points along the thickness, resulting in
linear, bilinear, or trilinear temperature profiles. Furthermore,
in EverFE, the temperatures at these control points are specified
as absolute values rather than relative differences. Different
types of commonly used axle configurations have been
included in EverFE, such as single-axle single-wheel, single-
axle dual-wheel, tandem-axle single-wheel, and tandem-axle
dual-wheel, which makes the model flexible to use.

EverFE was selected for this work to model the behavior of
rigid pavements under wheel loads due to its specific
advantages compared to other software. It is among the limited
3-D finite element tools designed explicitly for analyzing
jointed concrete pavements. Work has shown that EverFE’s

numerical results align well with field data, indicating its
effectiveness in this type of analysis [27].

EverFE was chosen for this work to simulate rigid pavement
performance. Numerous studies have demonstrated a high
degree of agreement between EverFE numerical output and
field data analytical results. EverFE, a 3-D FEA tool, was
created by Professor William Davids to analyze deflection and
stress in rigid pavement. The effect of various factors’ response
on the rigid pavement was analyzed using EverFE [12]. A
realistic model was prepared in EverFE, which analyzed the
model in three steps: pre-processing, processing, and post-
processing. The program gave the stresses and deflection for a
certain location within a limited time. Dowel bars and Tie bars
come into effect for the pavement with multiple slabs. EverFE
was used to analyze the impact of dowel misalignment, dowel
locking, and looseness on the concrete pavement [20]. The
effects of the transfer of loads at dowelled joints in the rigid
pavement were also studied using EverFE [21]. The results
showed that the pavements on soft soil experienced dowel
looseness compared to those with stiff bases. No increase in
damage was observed for an increase in dowel shears and dowel
bearing stress.

In EverFE2.26 software, temperatures on the top and bottom of
the slab can be incorporated to evaluate its effect on stresses.
However, the same is not available in the IRC software. IRC:
58-2015 [9] does not consider the slab's actual surface
temperature. It exclusively considers the temperature variations
in the upper and lower layers of the slab. But EverFE considers
the slab's real upper and bottom layer temperatures. The critical
stresses differed in EverFE2.24 and IRC: 58-2015 [22]. The
MTS obtained from IRC: 58-2015 was up to 42% less than
those of IRC:58-2002, and the stresses obtained from
EverFE2.26 were almost the same as IRC: 58-2002.

A similar comparison of stresses obtained from EverFE and
Austroads was carried out [23]-[24]. EverFE overcomes some
of Austroads' limitations. Hence, it was suggested that EverFE
be used to analyze rigid pavements. The stresses due to future
loadings in EverFE were analyzed, which were unattainable
from Austroads [24]. A comparative study was conducted
between the stresses obtained from EverFE2.26, ISLAB-2005,
KENSLAB, IITRIGID, and Westergaard’s equation [25]. The
stresses resulting from the above software differed a lot from
Westergaard’s equation. Structural analysis of concrete
pavement was carried out to evaluate the performance of
KENSLAB and EverFE [26]. The key factors of modeling used
in this work were element type, meshing, traffic load,
temperature, boundary conditions, and contact conditions.
EverFE software evaluated the critical stress on rigid pavement
due to water in the expansive soil subgrade [28]. The edge stress
of concrete pavement computed using ABAQUS was validated
according to the solution of EverFE2.24 [14]. Hence, this work
seeks to explore how surface temperature (ST) variations affect
the MTS using FEA-based software EverFE2.26.

261



Journal of Engineering and Sustainable Development, VVol. 29. No. 02, March 2025

ISSN 2520-0917

2. Materials and Methods

This work uses the FEA-based program EverFE2.26 to analyze
the impact of variation in ST on MTS at the bottom surface of
the rigid pavement for the single slab, tandem axle, and dual
wheel conditions. The MTS is determined at the pavement's
edge, which is the critical location. The next sub-section uses
the finite element modeling concept to describe the model
development in EverFE2.26.

This work considers three temperature zones: cold, moderate,
and hot weather climatic conditions. The effect on MTS is
computed due to variation in ST for different k, h, P, and AT
(13°C, 17°C, and 21°C). Different slab parameters, such as size,
h, P, k, etc., considered in this work align with the IRC: 58-
2015, as shown in Table 1.

Table 1. Slab parameters, axle parameters, and temperature

Parameters Value
Slab Dimension 45mx35m
Slab thickness (h) 200 mm, 250 mm, 300 mm and
350 mm

Axle load (P) 160 kN, 200 kN, 240 kN, 320 kN,

400 kN and 480 kN

40 MPa/m, 80 MPa/m, 150
MPa/m and 300 MPa/m

13°C, 17°C, 21°C

Modulus of Subgrade
Reaction (k)

Temperature differential
(AT)

Axle and Wheel
configuration

Tandem axle dual wheel

Modulus of elasticity of 30,000 MPa
slab (E)
Poisson’s ratio (W) 0.15
Coefficient of thermal 10x10¢/°C
expansion (a)
Density of concrete 2400 kg/m?®

In this work, the sensitivity of E and « on the MTS for varying
ST were checked. It was found that there was a negligible effect
of E and « values at higher slab thickness. A minor variation
was observed at a lower h (=200 mm) value. The E and p vary
depending on the cement concrete materials and their strength
[9]. Itis desirable to experimentally obtain these two parameters
for the concrete mix and the materials used for construction.
However, the same may not always be available at the design
stage. Slight variation in E and p values marginally affect the
MTS in the pavement concrete [9]. Hence, an E value of 30,000
MPa and a corresponding p value of 0.15 are used in this work.
These values closely match the properties of the M40 grade
concrete mix, which is standard for pavement applications.
Standardizing these values, design codes, and guidelines
ensures that pavement designs are safe and cost-effective,
making E value 30,000 MPa a practical choice for most typical
concrete pavements [9]. This value provides a representative

estimate that simplifies the design process, allowing
consistency and ease of communication across various projects.
The coefficient of thermal expansion (a) varies depending on
the type of aggregate used in concrete. IRC:58-2015 [9]
recommended a weighted value of 10x10%/°C for practical
design purposes. Hence, the same was used in this work.

The following were the steps involved in the model's
development:

(i) Input slab properties, material properties, loading
properties, ST = 0°C, modulus of subgrade reaction (k) =
40 MPa/m, slab thickness (h) = 200 mm, P = 160 kN, and
AT = 13°C.

(i) Keeping all the parameters the same, ST increases from
0°C to 50°C with an interval of 10°C.

(iii) For k = 80 MPa/m, 150 MPa/m, and 300 MPa/m, steps
(i)-(ii) are repeated.

(iv) Similarly, for h = 250 mm, 300 mm, and 350 mm, steps
(i)-(iii) are repeated.

(v) Further, for P = 200 kN, 240 kN, 320 kN, 400 kN, and
480 kN, steps (i)-(iv) are repeated.

(vi) Finally, for AT = 17°C, and 21°C steps (i)-(v) are
repeated.

A non-linearity can be attributed to material properties (use of
tensionless dense liquid foundation, loosening of dowels,
nonlinear aggregate interlocking models, or non-zero slab base
transfer of shear) or slab base interface due to contact conditions
[29]. None of these conditions were considered in this work,
which makes the model linear.

The efficacy of the developed model was checked by
comparing the MTS obtained from EverFE2.26 with the MTS
obtained from the regression equation as recommended by IRC:
58-2015 [9]. The regression equations for different k values are
available on page no. 74, Appendix V of IRC: 58-2015 [9].
Keeping all other parameters the same, the value of MTS for
different h and k were obtained using the regression equations
of IRC: 58-2015. At the same time, MTS for the same
parameters were obtained from EverFE2.26.

A comparison of MTS for a single slab system (tandem axle
dual wheel condition) and P = 200 kN obtained from
EverFE2.26 and the regression equation given in IRC: 58-2015
is shown in Fig. 1. The legend k(E) and k(1) indicate the stress
value obtained from EverFE2.26 and IRC: 58-2015 for that
particular value of k, respectively. It is seen from Fig. 1 that
IRC: 58-2015 underestimates the MTS, i.e., the MTS obtained
from IRC equations is lower than the MTS obtained from
EverFE2.26. However, the nature of the effect on MTS is the
same due to the variation of h and k at constant AT and constant
ST.
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Figure 1. Comparison of MTS obtained from EverFE2.26 and
IRC: 58-2015 [9]
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Figure 2. The flow of analysis of MTS with varying ST

Fig. 2 shows a flow chart of the analysis used to compute the
MTS at the edge on the bottom surface of the pavement layer.
The results and analysis of the computed MTS are illustrated in
the following section. The MTS computed at 0°C ST is
considered the base value. The change in stress in terms of
percentage for increasing ST at an interval of 10°C up to 50°C
is computed to check the effect of ST on MTS for different
conditions.

3. Results and Discussion
3.1 Analysis of MTS

The following sub-sections analyze MTS to check its variation
due to changes in different parameters such as k, h, P, and AT
for varying ST.

3.1.1 Impact of 'k’ on MTS

The variation of MTS for the change in ST and k is shown in
Fig. 3. It is observed in Fig. 3(a) that for constant P = 160 kN,
h =200 mm, and AT = 13°C the MTS increases on the increase
in ST for all k. A similar nature can be seen in the case of P =
320 kN and 480 kN (Figs. 3(e) and 3(i)). However, at higher
ST, the effect of k is more prominent. With h = 250 mm, k still
affects MTS, but the MTS decreases at a low rate of decrement
above an ST of 30°C (Fig. 3(b)). However, for P = 320 kN and
480 kN, MTS is almost flat to minimum positive above an ST
of 30°C (Figs. 3(f) and 3(j)) for all k. With further increase in h
(to 300 mm), for P = 160 kN, and k = 300 MPa/m, no effect of
ST on MTS is observed above 10°C ST. MTS value between k
= 40 MPa/m and 150 MPa/m decreases at a higher decrement
rate after 20°C ST, as shown in Fig. 3(c). A similar trend is
observed for all k values in the case of P = 320 kN and 480 kN
above an ST of 30°C (Figs. 3(g) and 3(k)). For h = 350 mm,
increasing ST has a minor or negligible effect on MTS for any
k less than 300 MPa/m (Fig. 3(d)). For P =320 kN, negligible
impact of ST is observed up to an ST of 20°C. A slight
increment in MTS is observed between 20°C and 30°C ST.
Beyond an ST of 30°C, MTS slightly decreases for all k values
(Fig. 3(h)). A similar trend is observed for P =480 kN. A slight
increment in MTS from 20°C to 40°C ST is observed, and
beyond an ST of 40°C, MTS slightly decreases for all k values
(Fig. 3(l)). Further analysis showed that for P > 320 kN, h =
200mm, and k < 300 MPa/m, the MTS is also affected due to
the increasing ST. However, the stress increment rate above
30°C ST was slower than that below 30°C ST. No further
increase in MTS was observed for h > 250 mm and k < 300
MPa/m for an ST above 30°C. A similar trend was observed for
h = 300 mm and 350 mm, and k < 300 MPa/m. A similar
analysis was performed for AT = 17°C and 21°C. It was
observed that the ST affects MTS for all values of k at higher
P. A negligible effect of the k value was seen on MTS for h =
350 mm.

3.1.2 Impact of ‘h’ on MTS

MTS obtained for h = 200 mm, 250 mm, 300 mm, and 350mm
are analyzed in this section to check the effect of slab thickness
for varying ST. Fig. 4(a) shows the effect of ST on MTS for k
= 40 MPa/m, P = 160 kN, AT = 13°C, and varying h. MTS
increases with h up to 300 mm. However, for h = 350 mm,
increasing ST does not affect the MTS. For h = 200 mm and
250 mm, negligible change in MTS may be seen beyond ST of
20°C. For h=300 mm, the change in MTS increases to an ST of
20°C, whereas the same decreases beyond ST 20°C. Therefore,
it can be said that for higher slab thickness (above 300 mm),
increasing surface temperature may not increase the MTS.
Parameters in Figs. 4(b & c) are the same as in Fig. 4(a), except
k = 80 MPa/m and 150 MPa/m. Fig. 4(b & c) also shows a
similar trend but with a slower rate of change of MTS.
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Figure 3. Effect of varying ST on MTS for different modulus of subgrade reaction (k)
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Figure 4. Effect of varying ST on MTS for different slab thickness (h)

MTS remains unaffected due to an increase in ST for h > 300 kN, k =300 MPa/m, respectively. It can be seen that similar to
mm and k >300 MPa/m (Fig. 4(d)). Fig. 4(d) also shows thath  Figs. 4(a—d), in this case, h > 300 mm doesn't affect MTS (Fig.
<250 mm has minimal effect on the MTS as compared to lesser  4(e)). However, a negligible effect on MTS can be seen in the
k values (k < 300 MPa/m). The impact of ST on MTS is shown  case of k =300 MPa/m up to an ST of 20°C (Fig. 4(f)). It is seen
in Figs. 4(e & f) for P = 200 kN, k = 40 MPa/m, and P =200  from other cases, such as P = 240 kN, 320 kN, 400 kN, and 480
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kN, that on increasing P, the effect on MTS is visible for higher
h values. For example, in the case of Fig. 4(d), h =300
mm has no effect, but Fig. 4(f) has shown an effect on MTS due
to an increase in P.

Further analysis for AT = 17°C and 21°C revealed that beyond
30°C ST, all values of h had an effect on the MTS for P > 320
kN and P > 400 kN, respectively. A slab thickness greater than
350 mm was observed to have a minor effect on MTS in all
conditions.
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Figure 5. Effect of varying ST on MTS for different axle loads (P)

3.1.3 Impact of ‘P’ on MTS

This sub-section analyzes the effect of change in P on MTS for
varying ST. Fig. 5(a) shows the effect of ST on MTS for k = 40
MPa/m, AT = 13°C, h =200 mm, and varying P. Fig. 5(a) shows
that all P > 160 kN affects the MTS. It can be seen in Fig. 5(a)
that at lower ST, the effect on MTS due to higher P is less.
However, beyond an ST of 30°C, the effect of higher P is more
on MTS. It can be seen in Fig. 5(b) that in the case of h = 250
mm and same k (= 40 MPa/m), up to an ST of 30°C, MTS
increased linearly on increasing ST. However, beyond an ST of
30°C, MTS is almost constant for higher P. As seen in Fig. 5(c),
with the increase of h to 300 mm, the MTS increases to an ST
of 20°C. Beyond an ST of 20°C, MTS starts declining at a lower
decrement rate. For h = 350 mm, no effect is seen on the MTS
up to 20°C of ST; beyond 20°C, minor effects can be seen (Fig.
5(d)). Fig. 5(e) shows MTS for k = 300 MPa/m and h = 250
mm. A similar trend as that of Fig. 5(b) is observed in Fig. 5(¢e).
Fig. 5(f) shows MTS for k = 300 MPa/m and h = 300 mm. A
similar trend is observed in Fig. 5(c), except that in the case of
Fig. 5(f), MTS linearly increases up to an ST of 20°C. In the
case of k = 300 MPa/m, h = 300 mm, P = 160 kN, increasing
ST does not affect MTS. A similar analysis was performed for
different P values. For higher P, all AT affects MTS for varying
ST up to h <300 mm. A minor effect of AT was seen for h =

265

350 mm for any P values. From the work, it was observed that
for AT =17°C and 21°C, at h =200 mm all P affected the MTS.
But with the increase in h, the effect of the P on MTS starts
decreasing on higher ST. With an increase in k and h, the effect
of P on MTS was less. Therefore, it was concluded from this
sub-section that the effect on MTS due to an increase in ST was
more prominent in the case of higher P and higher ST for h up
to 250 mm. Beyond h = 250 mm, an increase in ST had little
effect in the case of lower P.

3.1.4 Impact of ‘AT’ on MTS

This sub-section analyzes the effect of ST on MTS for variation
in AT. It can be seen in Fig. 6(a) that for P = 160 kN, h = 200
mm, and k = 40 MPa/m, AT affects the MTS for an ST up to
50°C. Similar trends can be seen in Figs. 6(b) and 6(c) for k =
80MPa/m and 150 MPa/m, respectively. Figs. 6(a-d) also
depicts that lower AT has a higher effect on MTS due to
increased ST. The AT > 21°C has a minor or negligible effect
on MTS due to varying ST for k = 300MPa/m, as depicted in
Fig. 6(d). Figs. 6(e & f) demonstrates that in the case of h=350
mm and k > 300 MPa/m, AT has a negligible impact on MTS.

A similar analysis was performed for different P values. It was
found that for higher P values, all AT values affect MTS for
varying ST up to h <300 mm. Minor or negligible effect of AT
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was seen for h = 350 mm for any P values. The maximum MTS
values were obtained at 50°C ST for h = 200 mm and 250 mm
for all k values. For h = 350 mm and k = 300 MPa/m, the effect

—§— AT=13°C

-9 AT=17°C

of any AT on MTS was quite negligible compared to the other
conditions.

—&k— AT=21"C

(b)

0.08

0.06+ 0.06~ 0.064
0.04+ 0.04+ 0.04-
2 0.02+ 0.024 0.02
E 1 =200 mm, p= 160 kN; hkiZB%OMnggﬁi.r:: 160 kN; hkizlﬂs%Tagwa,/?n: 160 kN;
;.)EO.OO- T T T k_|40NIPan: T 0'00- T T T 7| T T OlOO- T T T 7| T T
§008' 0.02- 0.02 A (f)
5 0.061 0.00+ 0.00-
= 0.04- —0.02+
_ 4 —0.02 A
0.02+ 0.04
—-0.061
OOO 7 h =200 mm, p= 160 kN; h =350 mm, p= 160 kN; _004 il h =350 mm, p= 160 kN;
k = 300 MPa/m —-0.08- k = 150 MPa/m k'= 300 MPa/m
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

Surface Temperature (°C)

Figure 6. Effect of varying ST on MTS for different temperature differential (AT)

3.2 Regression Analysis

A regression analysis was performed on the results, i.e., MTS
obtained for P = 160 kN, 200 kN, 240 kN, and 320 kN from
EverFE2.26. A regression model for a single slab, tandem axle,
and dual wheel condition was developed to consider the effects
of ST on MTS. The equation functions developed were slab
parameters (h, k, a, p, E, 1), P, AT, and T;. The empirical
equation obtained for calculating the MTS from regression
analysis is shown in “(1)”. Table 2 shows the variables that are
parameters of the regression model “(1)”.

2 2
o = 057 X =+ 18.22 X (@) — 091 x (%) +0.52
@)

where,

op = Maximum tensile stress due to the combined effect of
wheel load and temperature differential (MPa)

P = Axle load (N)

h = Slab thickness of the concrete layer (mm)

k = Modulus of subgrade reaction (MPa/mm)

a = Coefficient of thermal expansion of concrete (/°C)
[ = Radius of relative stiffness (mm)

_ 4 Eh3
T 12k(1-p?)

T, = Surface temperature of the concrete slab (°C)

The regression statistics of the developed regression model
“(1)” are shown in Table 2.

Table 2. Parameters of the regression model “(1)”

Variable Coefficients Standard Error t Stat p Value  Regression Statistics Model Test
Constant 0.52 0.037 14.07  1.56x10*  Observations: 1152, F statistic vs.
p RMSE: 0.354, zero model:
v 0.57 0.006 93.76 0.00 RZ: 0.888, 1166.21
akl?>AT ) SSE: 146.96 p-value: 0
W 18.22 0.531 34300 4.5x1017%®
akl?T,
N -0.91 0.187 4.856 1.36x10°%
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The MTS for different pavement parameters, P, AT, and ST of
the concrete slab, can be estimated using “(1)”. A comparison
between the MTS obtained from the “(1)” and EverFE2.26 for
slab parameters h = 200 mm, k = 40 MPa/m, E = 30,000 MPa,
pw=0.1, and a = 10x10°%/°C are given in Table 3.

Table 3. Comparison of MTS in the concrete slab

p MTS(MPa)using pifferenc

Temperature (kN) «ly® EverFE226 ©S (%)
ST=0°C,AT=13°C 400 6.5588 6.1638 6.41
ST =50°C, AT =13°C 400 6.4937 6.1689 5.27
ST=0°C,AT=13°C 480 7.6988 7.1231 8.08
ST =50°C,AT=13°C 480 7.6337 7.1291 7.08
ST=0°C,AT=17°C 400 6.6631 6.5847 1.19
ST =50°C,AT=17°C 400 6.5980 6.5894 0.13
ST=0°C,AT=17°C 480 7.8031 7.5440 3.43
ST =50°C,AT=17°C 480 7.7380 7.5495 2.50
ST=0°C,AT=21°C 400 6.7673 7.0054 3.40
ST =50°C,AT=21°C 400 6.7022  7.0098 4.39
ST=0°C,AT=21°C 480 7.9073 7.9648 0.72
ST =50°C,AT=21°C 480 7.8422 7.9699 1.60

The stress resulting from the proposed regression model closely
aligns with the stress produced by EverFE2.26, exhibiting less
than 10% disparity, as depicted in Table 3. The developed
regression model for a single slab system with a tandem axle
dual wheel on either side may be used to obtain the MTS
without performing the rigorous finite element analysis.

4. Summary

This work uses FEA-based software EverFE2.26 to analyze and
check the effect of ST on MTS for a single slab system of rigid
pavement with tandem axle dual wheel conditions. Various
values of k, h, P, and AT were considered in this work. The
present work is summarized below:

(i) Rigid pavement with various configurations was
modeled using the FEA-based software EverFE2.26.

(if) Table 1 shows various parameters considered in this
work. All these values were in line with IRC: 58-2015
[9]. ST between 0°C and 50°C was considered with an
interval of 10°C.

(iii) The efficacy of the developed rigid pavement model was
examined by comparing the MTS obtained from
EverFE2.26 and the regression equation of IRC: 58-2015
(Fig. 1). The nature of the effect in both cases was quite
similar. However, IRC: 58-2015 underestimates the
MTS.

(iv) The effect of varying ST on MTS was observed for
different k, h, P, and AT values. Based on the analysis
performed using EverFE2.26, a flow chart was prepared.

(v) The following were observed from the analysis of
varying k to determine the MTS with variation in ST:

e All kvalues impacted MTS from P = 200 kN onwards
for AT = 13°C, from P = 240 kN onwards for AT =
17°C, and from P = 320 kN onwards for AT = 21°C.

e A minor effect of k was seen on MTS in the case of h
=350 mm.

e  The effect of k was prominent on MTS for higher ST.

(vi) The effect of ST on MTS for variation of h (200 mm —
350 mm) for various conditions is summarized below:

e A negligible/minor h = 350 mm effect was seen on
MTS for varying ST.

e Minor impact on MTS for varying ST for h =300 mm
and 350 mm was seen in the case of k = 300 MPa/m.

(vii) The impact of P on MTS for varying ST is summarized
below:

e  All P values in this work impacted MTS for varying
ST in the case of k = 40 MPa/m and 80 MPa/m.

e A minor effect of P was observed on MTS for varying
ST for all cases when h = 350 mm.

e  The impact of P on MTS for varying ST was reduced
with an increase in AT values.

(viii) The impact on MTS for different AT values is given
below:

o AIl AT showed little effect on MTS for varying ST for
h =350 mm and P <240 kN.

e  For P > 320 kN, all AT affects the MTS for varying
ST.

e Change in MTS for varying ST was less with an
increase in AT.

(ix) A regression model was developed to estimate MTS for
varying ST and other parameters. The same can be seen
in “(1)”.

(x) The developed model's regression statistics were RMSE:
0.354, R?: 0.888, and SSE: 146.96 (Table 2).

(xi) The MTS obtained from the developed regression model,
and EverFE2.26 were compared (Table 3). The
difference between them was less than 10%, which
makes the developed regression model more feasible than
performing rigorous FEA to obtain MTS.

5. Conclusions

This work investigated the MTS in rigid pavements under
single slab, tandem axle, and dual wheel conditions,
considering various slab parameters (h, k), P, AT, and ST. The
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results showed that increasing ST significantly influenced
MTS, especially for higher P and lower k values (40 MPa/m
and 80 MPa/m). For thicker slabs (350 mm), the impact of
varying ST on MTS was less. As AT increased, the effect of
lower P values on MTS became negligible, with the most
significant impact observed at higher P levels. The work also
revealed that varying ST (0°C-50°C) affected MTS in non-
reinforced rigid pavements. A regression model, incorporating
ST and other variables, was developed to predict MTS. The R?
of the regression model was achieved as 0.888. A comparison
of MTS obtained from the developed regression model and
EverFE2.26 was carried out. The difference between the MTS
for both cases was less than 10%, suggesting the model's
feasibility over more complex FEA methods. However, further
validation and refinement using additional data for other
conditions, multiple slabs, and axle configurations are
recommended.
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