
Chapter 3: Soil Compaction Techniques

Introduction
Soil compaction is a fundamental process in highway and pavement construction
that enhances the engineering properties of soil. It involves the densification
of soil by reducing the volume of air within its voids, which leads to increased
shear strength, reduced compressibility, and improved load-bearing capacity.
Compaction ensures the long-term performance of pavements and embankments
by minimizing settlements and preventing water infiltration.

In transportation engineering, understanding the principles, methods, equipment,
and control of soil compaction is crucial for designing stable subgrades, subbases,
and bases. This chapter explores the science and practice of soil compaction
techniques employed in the field.

3.1 Objectives of Soil Compaction
• Increase soil density by expelling air voids.
• Improve shear strength and bearing capacity.
• Minimize settlement of soil under load.
• Reduce permeability and water infiltration.
• Prevent frost heaving and soil expansion.
• Ensure long-term durability of pavement structures.

3.2 Factors Affecting Soil Compaction
3.2.1 Soil Type

• Granular soils (sands and gravels) compact easily with vibratory equip-
ment.

• Cohesive soils (clays and silts) require kneading or pressure compaction.
• Well-graded soils compact better than uniformly graded soils.

3.2.2 Moisture Content

• Each soil type has an Optimum Moisture Content (OMC) at which
the maximum dry density is achieved.

• Too little or too much water reduces compaction efficiency.

3.2.3 Compactive Effort

• The amount of mechanical energy applied affects the density.
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• Heavier and more frequent rolling yields better compaction.

3.2.4 Layer Thickness

• Thin layers are compacted more effectively.
• Layer thickness depends on equipment type and soil nature.

3.3 Laboratory Compaction Tests
3.3.1 Standard Proctor Test (IS: 2720 Part 7)

• Determines the OMC and Maximum Dry Density (MDD).
• Soil is compacted in a 1-liter mould in three layers using a 2.6 kg rammer

with 25 blows per layer.

3.3.2 Modified Proctor Test (IS: 2720 Part 8)

• Used for heavier compactive efforts, common in highways and airfields.
• Uses a 4.89 kg rammer and higher drop height (450 mm).
• Suitable for designing subgrade compaction.

3.3.3 Results Interpretation

• Compaction curve (Dry Density vs Moisture Content) is plotted.
• Peak of the curve gives OMC and MDD.

3.4 Field Compaction Methods
3.4.1 Static Compaction

• Application of dead weight to compress soil.
• Suitable for cohesive soils and small areas.
• Examples: smooth-wheeled rollers, steel drum rollers.

3.4.2 Dynamic Compaction

• Impact of heavy weight dropped from height.
• Effective for deep densification of granular soils.
• Commonly used in ground improvement before pavement construction.

3.4.3 Kneading Compaction

• Shearing force is applied to rearrange soil particles.
• Effective for cohesive soils.
• Equipment: sheepsfoot rollers, pneumatic rollers.
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3.4.4 Vibratory Compaction

• Vibration induces particle rearrangement in granular soils.
• Equipment: vibratory rollers, vibratory plates.
• Most effective for sands and gravels.

3.5 Types of Compaction Equipment
3.5.1 Smooth-Wheeled Rollers

• Provide static compaction.
• Suitable for granular and semi-cohesive soils.
• Not effective for thick clay layers.

3.5.2 Sheepsfoot Rollers

• Have projecting lugs for kneading action.
• Ideal for compacting fine-grained cohesive soils.
• High pressure per unit area helps deep compaction.

3.5.3 Pneumatic Tyred Rollers

• Consist of multiple rubber tyres that exert pressure.
• Suitable for both granular and cohesive soils.
• Effective in achieving uniform compaction.

3.5.4 Vibratory Rollers

• Use vibration to compact granular soils.
• Drum vibration frequencies can be adjusted.
• Dual action: static weight + dynamic vibration.

3.5.5 Plate Compactors and Rammers

• Used in confined spaces or trenches.
• Suitable for backfills and small pavement repairs.

3.6 Field Compaction Control
3.6.1 Sand Cone Method (IS: 2720 Part 28)

• Measures in-situ dry density using a sand pouring cone apparatus.
• Used for comparison with laboratory MDD.

3



3.6.2 Core Cutter Method (IS: 2720 Part 29)

• For cohesive soils.
• A cylindrical core of soil is extracted and weighed.

3.6.3 Nuclear Density Gauge

• Uses radioactive isotopes to measure moisture and density.
• Provides quick and continuous readings.
• Requires special training and safety compliance.

3.6.4 Acceptance Criteria

• In the field, required compaction is expressed as a percentage of MDD.
• For subgrade: 90–95% of Modified Proctor MDD.
• For subbase/base: 95–100% of MDD.

3.7 Compaction of Different Soil Types
3.7.1 Granular Soils (Sands, Gravels)

• Best compacted using vibratory rollers.
• Water content slightly below OMC preferred.

3.7.2 Cohesive Soils (Clays, Silts)

• Need sheepsfoot rollers or kneading compaction.
• Compacted near or slightly above OMC.

3.7.3 Expansive Soils

• Require stabilization (lime or cement) before compaction.
• Compaction alone may not yield stable base.

3.8 Compaction in Layered Pavement System
3.8.1 Subgrade Compaction

• Forms the foundation of the pavement.
• Compacted to minimum 90–95% of MDD.

3.8.2 Subbase and Base Course

• Receive higher compactive efforts.
• Ensures load distribution and surface support.
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3.8.3 Compaction of Asphalt Layers

• Asphalt is compacted using tandem rollers and pneumatic rollers.
• Achieved within specific temperature ranges (approx. 120–150°C).

3.9 Compaction Problems and Remedies

Problem Cause Remedy
Inadequate Density Insufficient compactive

effort
Increase number of
passes/equipment

Over-compaction Excessive rolling beyond
MDD

Use optimum number of
roller passes

Soil Cracking Low moisture in
cohesive soils

Adjust moisture content
before rolling

Pumping and Rutting Water table too close Improve drainage or soil
stabilization

Uneven Compaction Thick or inconsistent
layers

Maintain uniform layer
thickness

3.10 Recent Advances in Soil Compaction
3.10.1 Intelligent Compaction (IC)

• Uses GPS and sensors to monitor real-time density and stiffness.
• Allows feedback-controlled compaction.
• Reduces need for repeated field testing.

3.10.2 Roller Integrated Compaction Monitoring (RICM)

• Sensors embedded in rollers.
• Data analytics to assess compaction quality during operation.

3.10.3 Use of Drones and Imaging

• Visual mapping of compaction coverage.
• Assessment of uniformity across the site.
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