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Abstract

This research examines the suitability of soil-stabilized roadways for light vehicular movement, offering
an economical and practical alternative for areas with limited infrastructure development. Stabilizing
soil involves improving its engineering properties by incorporating additives such as cement, lime, or
other binding materials. Through stabilization, the treated soil can achieve a compressive strength of
approximately 5 N/mm?, or 500 t/m? which is sufficient to support loads imposed by light vehicles. In
road construction, it is crucial to account not only for the compressive strength but also for the ability
of the material to resist bending or flexing under traffic loads. Since soil naturally tends to deform
under pressure, flexural strength becomes a key factor in ensuring long-term performance. For this
purpose, design calculations incorporate the load applied by vehicles, typically expressed in tonnes,
and compare it with the soil’s load-bearing capacity, measured in t/m° By evaluating both compressive
and flexural strengths, the road design ensures stability and durability under expected service
conditions. This method makes it possible to construct low-cost roads that remain functional and safe
for daily use, particularly in rural and semi-urban settings where traffic consists primarily of lighter
vehicles. Additionally, the use of locally available materials and simplified construction techniques
reduces environmental impact and promotes sustainability. The findings support the broader
implementation of soil stabilization as a viable method for improving transportation infrastructure in
resource-constrained regions.
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INTRODUCTION
In various types of civil engineering structures, the action of upward soil pressure plays a crucial role
in the design and stability of the overall system. This principle is particularly relevant in applications
such as road pavements, foundation bases (e.g., reinforced concrete slabs), industrial floors, railway
embankments, and airfield runways. In each of these scenarios, the underlying soil exerts an upward
reaction force in response to the loads imposed on it from above. Due to this upward pressure from the
soil, the structural element in contact with the ground must be designed to resist flexural stresses. These
stresses arise as the structure bends under the load, making flexural strength a critical design parameter.
In practice, concentrated loads, typically expressed in tons, are considered during design calculations
to simulate the effect of heavy vehicles or equipment acting over a relatively small contact area. When
analyzing soil-stabilized roads, it is essential to
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design remains safe, effective, and within acceptable performance limits under real-world traffic
conditions [1-8].

METHODOLOGY
Load Analysis

This study begins by identifying the loads imposed on soil-stabilized roads, focusing particularly on
vehicle weights. A representative Class AA vehicle load of 70 t is assumed to act over a contact area
measuring 3.5 mx1.2 m. In addition, the total footprint of the vehicle, with dimensions of 7 m in length
and 4 m in width, is considered to evaluate the overall pressure distribution on the subgrade [9-12].

Evaluation of Soil Bearing Capacity

To ensure safety and durability, the subgrade soil’s bearing capacity is assessed to confirm that it can
withstand the applied loads without excessive deformation. A minimum bearing capacity value of
20 t/m? is chosen, providing a buffer above expected pressures. Soil stabilization methods are
considered to enhance soil strength, raising it to approximately 5 N/mm? (or 500 t/m?), based on
laboratory test data [14—17].

Concentrated Wheel Load Assessment

For localized load evaluation, the load from an individual wheel weighing 8 t is analyzed. This load
is assumed to act over a 0.5 mx0.5 m contact patch, resulting in an increased load intensity. This
localized pressure is checked against the soil’s enhanced bearing capacity to ensure it remains within
safe limits [18, 19].

Flexural and Bending Stress Calculation

Due to the comparable dimensions of the wheel contact area, the loading is treated as lateral, causing
bending in the soil-stabilized layer. Bending stress is calculated over the shorter span of 0.5 m using
established flexural formulas. The calculated bending stress is then compared with the flexural strength
of the stabilized layer, which is about 5 N/mm?, to verify structural adequacy.

Determining Soil-Stabilized Layer Thickness

Based on the flexural and tensile stress requirements, the thickness of the stabilized soil layer is
determined to prevent structural failure due to bending or tensile stresses from upward soil pressure. A
thickness of 150 mm is adopted, ensuring the layer’s strength and longevity.

Application to Related Structures

The design principles and calculations outlined are applicable to other structures subjected to upward
soil reaction forces, including reinforced concrete foundations, floors, railway embankments, and
airport runways. Ensuring sufficient bearing capacity and flexural strength in these cases is essential for
maintaining structural stability and performance.

RESULTS AND DISCUSSION

e In pavement and foundation engineering, ensuring that the soil beneath a structure can safely
carry imposed loads is a fundamental design requirement. For a soil-stabilized road to perform
effectively under vehicular traffic, it must possess adequate bearing capacity and flexural strength
to resist vertical and lateral stresses caused by wheel loads.

e A typical Class AA vehicle load is approximately 70 t, which is assumed to be distributed over
a contact area of 3.5 m by 1.2 m, giving an average pressure of around 16.67 t/m?. To avoid
settlement or structural failure, the soil’s bearing capacity must exceed this value. In this analysis,
the required soil bearing capacity is taken as 20 t/m?, providing a safety margin against potential
deformation.

e For a full vehicle footprint, assumed as 7 m long and 4 m wide, the total loaded area becomes
28 m?. The total vehicle weight of 467 t distributed over this area results in a pressure of
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approximately 16.7 t/m?, which is well within the strength of stabilized soil, typically rated at
5 N/mm? or 500 t/m?. This confirms the soil is adequately strong under compressive loads.

To evaluate localized effects, a single wheel load of 8t is considered over a contact patch of
0.5 mx0.5 m, giving a load intensity of 32 t/m?. As this is still far below the soil’s capacity of
500 t/m?, the design is confirmed as safe.

Given the similarity in length and width of the load area, this scenario is treated as a lateral load
condition, where bending becomes critical. The wheel load induces bending along the shorter
span of 0.5 m, and calculations show the resulting stress to be around 3 N/mm?, which is less
than the available 5 N/mm? flexural strength of the stabilized layer.

To ensure structural performance under such conditions, the thickness of the stabilized layer is
taken as 150 mm. This dimension is determined based on bending and tensile stress analysis,
ensuring that the layer can distribute upward soil pressure effectively without cracking or failure.
The same method of checking flexural and compressive performance is applicable to structural
foundations, floors, and similar surfaces where upward soil pressure is a critical design factor.

3.5mx1.2 m=70t (class AA loading)

= 2=17t/m2
4.2

1 m?
Hence bearing capacity of soil should be 20 t/m?.

Always, bearing capacity of soil should be more than the load so that settlement should not occur
(hence tension is avoided to avoid failure of the structure).

70
1 m? = _
42
for 7 m (Length of vehicle) x4 m (width of vehicle) = % = 467 tonne.

Since strength of soil stabilized road =5 N/mm? (500 t/m?) greater than 467 t.

Hence OK.

Since load of one wheel load i.e. 8 t taken and bearing capacity of soil =20 t/m*>8t. Hence, OK.
This wheel load is acting on some contact area of wheel (0.5 mx0.5 m taken).
Since dimensions are comparable to each other hence it is the case of lateral load hence load

taken.

intensity w =
Area

8 8
w =
0.5x0.5 0.25
Bending takes place along 0.5 m

=32¢/m?

2

Hence bending moment M = M =1¢t-
Using bending equation:

M

- =/

I 10000000 7 = 3 N/mm?<5 N/mm?
— x1000 x (150)° x ——

12 150

Hence OK.

Where, b=1000 mm taken since it is the case of lateral load.
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150 mm= thickness of soil stabilized road found by tensile strength of soil stabilized. (Since

upward soil reaction is acting).
Load

SurfaceArea

467 x1000 x 10 _

7000 x ¢
\

= Tensile strength of soil stabilized road.

Length of one vehicle

35000 t=4670000
t = thickness of soil stabilized road

. 4670000 _ 133 mm
35000

Hence thickness of soil stabilized road =150 mm taken.
In this way flexural strength check is made for foundation base, floor etc. also where upward soil
pressure is acting.

CONCLUSION

The evaluation of soil-stabilized road structures under light vehicle loads has shown that this method
is both technically sound and practical. A key factor in the structural behavior of such roads is their
ability to resist bending, especially under concentrated wheel loads. In this context, the flexural strength
of the stabilized soil was calculated to be around 3 N/mm?, and for design purposes, a conservative
value of 5 N/mm? was considered. This provides sufficient safety against bending and cracking during
service.

The bearing capacity of the stabilized soil was estimated at 20 t/m?, which comfortably supports
the applied vehicle loads, including a single wheel load of 8 t and a total Class AA vehicle load
of 70 t over a typical contact area. These values indicate that the soil has adequate strength to
resist settlement and maintain structural stability.

When considering localized pressure from individual wheels, which act on smaller areas such as
0.5 mx0.5 m, the resulting stress was found to be within safe limits. The calculated bending stress
did not exceed the design strength, confirming the ability of the pavement to handle flexural
demands.

A layer thickness of 150 mm was selected for the stabilized soil base, based on both compressive
and flexural strength considerations. This thickness ensures that the pavement can adequately
spread loads and resist deformation under repetitive loading conditions.

In summary, soil stabilization is a viable solution for constructing light-duty roads, offering
strength, durability, and cost efficiency. The principles applied in this study can also be extended
to other applications like floor slabs, foundations, and similar surfaces, where upward soil
pressure and bending must be carefully accounted for in design.

Flexural strength of soil stabilized road =3 N/mm?~5 N/mm? taken.
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