
Chapter 1: Soil Classification for Pavement Engi-
neering

1.1 Introduction
In pavement engineering, soil serves as the foundation for all road infrastructure.
The performance, stability, and longevity of a pavement system depend signif-
icantly on the nature and behavior of the underlying soil. Understanding soil
classification is essential because it helps in determining the suitability of soil for
subgrade support, selection of construction materials, and appropriate design
interventions. This chapter explores the methods used for soil classification in the
context of pavement engineering, with a detailed discussion on various systems
such as the AASHTO classification system and the Unified Soil Classification
System (USCS).

1.2 Importance of Soil Classification in Pavement Design
• Assessment of Load-Bearing Capacity: Classification helps in identi-

fying soil strength and suitability for subgrade and sub-base layers.
• Predicting Behavior Under Load: Different soil types exhibit different

behaviors under repeated traffic loads.
• Material Selection: Proper classification aids in selecting appropriate

stabilizers or replacement materials if required.
• Drainage Considerations: Soils are classified based on permeability,

affecting drainage design.
• Construction Feasibility: Some soils may require significant treatment

or are completely unsuitable for construction.

1.3 Basic Soil Properties Relevant to Pavement Engineering
Before diving into classification systems, it is necessary to understand the basic
properties of soil:

• Grain Size Distribution
• Plasticity Index
• Liquid Limit and Plastic Limit (Atterberg Limits)
• Compaction Characteristics
• Moisture Content
• Specific Gravity
• Permeability
• Shear Strength
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1.4 Soil Classification Systems
1.4.1 AASHTO Soil Classification System

Developed by the American Association of State Highway and Transportation
Officials, the AASHTO system is widely used in highway and pavement design
in India and abroad.

AASHTO Classification Groups

• Soils are classified into seven groups: A-1 to A-7.

• Further subgroups: A-1-a, A-1-b, A-2-4, A-2-5, A-2-6, A-2-7.

• Based on:

– Grain size distribution: % passing No. 10, No. 40, and No. 200
sieves.

– Atterberg limits: Liquid Limit (LL) and Plasticity Index (PI).
– Group Index (GI): Empirical value representing subgrade quality.

Group Index Formula

GI = (F − 35)[0.2 + 0.005(LL − 40)] + 0.01(F − 15)(PI − 10)

Where:

• F = % passing No. 200 sieve
• LL = Liquid Limit
• PI = Plasticity Index

Lower GI values indicate better subgrade quality.

Group Descriptions

• A-1: Best for subgrade (well-graded gravels and sands with low fines).
• A-2: Silty or clayey gravel/sands.
• A-3: Fine sand with low plasticity.
• A-4 to A-7: Increasingly clayey and silty soils with poor load-bearing

capacity.

1.4.2 Unified Soil Classification System (USCS)

Widely used in geotechnical engineering, the USCS system classifies soils based
on grain size distribution and plasticity characteristics.
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Major Divisions

• Coarse-Grained Soils (more than 50% retained on No. 200 sieve)

– Gravels (G): GW, GP, GM, GC
– Sands (S): SW, SP, SM, SC

• Fine-Grained Soils (more than 50% passing No. 200 sieve)

– Silts and Clays:

∗ Low plasticity (ML, CL)
∗ High plasticity (MH, CH)

• Highly Organic Soils: Peat (Pt)

Soil Symbols

• W: Well-graded
• P: Poorly graded
• M: Silt
• C: Clay
• L: Low plasticity
• H: High plasticity

Plasticity Chart (Casagrande Chart) Used to differentiate between silts
and clays:

• A-line separates clay (above the line) from silt (below the line).

1.5 Field Identification of Soils
Visual and Manual Methods

• Color: Indicates organic content or iron presence.
• Texture: Sandy (gritty), silty (floury), clayey (sticky).
• Dry Strength Test: Indicates cohesiveness.
• Dilantancy Test: Indicates silt content.
• Toughness Test: Differentiates between plastic and brittle behavior.

These are quick field tests that support lab-based classification methods.

1.6 Comparison Between AASHTO and USCS
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Parameter AASHTO USCS
Basis of Classification Particle size &

Atterberg limits
Particle size & plasticity
chart

Usage Pavement and highways Geotechnical
investigations

Grouping A-1 to A-7 GW to CH, Pt
Practicality Better for subgrade

design
Better for soil behavior
analysis

1.7 Relevance of Soil Classification to Pavement Layers
• Subgrade: Requires firm, non-expansive soil (e.g., A-1, A-2, GW, SW).
• Sub-base/Base Course: Often designed considering drainage and stiff-

ness.
• Pavement Performance: Soil classification informs likely deformation,

swelling, and drainage properties, all of which impact pavement life-cycle.

1.8 Challenges in Soil Classification for Pavement Design
• Heterogeneous Nature of Soil: Soil may not be uniform over a project

stretch.
• Seasonal Variability: Soil strength varies with moisture and temperature.
• Expansive Soils: Black cotton soil poses problems like heave and shrink-

age.
• Organic Content: Organic soils are unsuitable and difficult to stabilize.
• Frost Susceptibility: Certain soils (e.g., silts) expand during freezing

conditions.

1.9 Stabilization Requirements Based on Soil Classification
Soil classification helps identify whether stabilization is necessary:

• Mechanical Stabilization: Blending of soils for gradation improvement.
• Chemical Stabilization: Use of lime, cement, fly ash to reduce plasticity.
• Bituminous Stabilization: Enhances water resistance and cohesion.
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