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Unit - II Physical and Index Properties of Soil 

 

2.1 Physical Properties of Soil 

Soil as a Three-Phase System 

Definition & Explanation 

In geotechnical engineering, we consider a soil mass to consist of three inter-related 

phases: 

1. Solid Phase (Vₛ, Wₛ): The volume and weight of the mineral particles and 

possible organic matter. 

2. Liquid Phase (Water) (Vₙ, Wₙ or Vₚ, Wₚ — depending on notation): The 

volume and weight of the water present in the void spaces. 

3. Gas Phase (Air) (Vₐ, Wₐ): The volume and weight of air (or other gases) in the 

voids. 

So the total volume: 

[ 

V = V_s + V_w + V_a 

] 

And total weight (neglecting any weight of air if negligible): 

[ 

W = W_s + W_w 

] 

This model is foundational because many physical soil parameters derive 

from the relationships among these phases. (civil.aitmbgm.ac.in) 

Types / Conditions of Soil in Terms of Phase Content 

• Dry Soil: Void water volume (V_w = 0), so only solids + air. 

• Saturated Soil: Void air volume (V_a = 0), so only solids + water. 

• Partially Saturated Soil: Both water and air present in voids (i.e., all three 

phases). 

https://diplomawallah.in/
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Significance 

• Understanding this three-phase model allows us to derive key parameters: 

void ratio, porosity, degree of saturation, unit weights, etc. 

• The behaviour of soils (strength, compressibility, permeability) is strongly 

influenced by the amounts of each phase and their arrangement. For example, 

a soil with high water volume (and high degree of saturation) may behave 

differently under load than one that is unsaturated. (Soil Management India) 

• In exam answers you can often get credit by first stating this three-phase 

approach before deriving formulae or solving problems. 

 

Important Physical Parameters 

Water Content (w) 

Definition: 

Water content (also called moisture content) is the ratio of the mass of water in a 

given soil sample to the mass of the dry soil solids, commonly expressed as a 

percentage: 

[ 

w = \frac{m_w}{m_s} \times 100% 

] 

Where: 

• (m_w) = mass (weight) of water in the sample 

• (m_s) = mass (weight) of dry solids in the sample (Your Article Library) 

Types & Notes: 

• Gravimetric water content (most common) = above definition. 

• Volumetric water content (less common in many geotechnical courses) = 

volume of water divided by total volume of soil.  

• The water present may be in various forms: free water, capillary water, 

adsorbed water, structural water (especially in fine‐grained soils) – although 

for many engineering purposes we consider total water content. (Your Article 

Library) 

Significance: 

• Water content is critical for soil strength and compressibility: soils with more 

water typically have lower shear strength (especially fine‐grained soils) and 

higher compressibility. 

https://diplomawallah.in/
https://www.soilmanagementindia.com/soil-properties/physical-properties-of-soil/physical-properties-of-soil/13303?utm_source=chatgpt.com
https://www.yourarticlelibrary.com/soil/physical-properties-of-soils-with-diagram/45338?utm_source=chatgpt.com
https://www.yourarticlelibrary.com/soil/physical-properties-of-soils-with-diagram/45338?utm_source=chatgpt.com
https://www.yourarticlelibrary.com/soil/physical-properties-of-soils-with-diagram/45338?utm_source=chatgpt.com
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• It is a key input in compaction control: maximum dry density & optimum 

moisture content relationships depend on it. 

• Many classification tests (e.g., Atterberg limits) depend on water content. 

 

Void Ratio (e) 

Definition: 

Void ratio is the ratio of the volume of voids (air + water) in a soil mass to the 

volume of the solids: 

[ 

e = \frac{V_v}{V_s} 

] 

Where: 

• (V_v = V_w + V_a) = volume of voids 

• (V_s) = volume of solids (Soil Management India) 

Properties / Typical Ranges: 

• Void ratio is dimensionless (ratio) and can vary widely depending on soil 

type and compaction. 

• For coarse‐grained soils (sands, gravels) typical e might be around 0.3-1.0; for 

loose sands might be higher; for fine‐grained clays the e may exceed 1.0 in 

some cases. (asutoshcollege.in) 

• There is no strict upper limit theoretically, though practical soils will have 

limits based on packing. 

Significance: 

• Void ratio is directly related to soil compressibility: a high void ratio usually 

means more void space to compress under load → more settlement. 

• It is used in consolidation calculations and also helps derive other parameters 

(unit weight, porosity etc.). 

• In exam answers when asked “derive the relationship between e and 

porosity”, you’ll use the formulae below. 

 

Porosity (n) 

Definition: 

Porosity is the ratio of the volume of voids to the total volume of the soil mass: 

[ 

n = \frac{V_v}{V} \quad\text{(often expressed as fraction or %)} 

https://diplomawallah.in/
https://www.soilmanagementindia.com/soil-properties/physical-properties-of-soil/physical-properties-of-soil/13303?utm_source=chatgpt.com
https://asutoshcollege.in/new-web/Study_Material/6_VK_Phogat_by_debabrata_chanda_05042020.pdf?utm_source=chatgpt.com
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] 

Where (V = V_s + V_v). (EDUREV.IN) 

Relation with void ratio: 

[ 

n = \frac{e}{1 + e}, \quad e = \frac{n}{1 - n} 

] (The Constructor) 

Properties / Typical Values: 

• Porosity is always less than or equal to 1 (or 100%) because void volume 

cannot exceed total volume. 

• Coarse sands may have porosity ~30-40%; fine‐grained clays or organic soils 

may have porosity ~50-70% or more in loosely compacted state. 

(nrcca.cals.cornell.edu) 

Significance: 

• Porosity provides insight into void space available for air or water, affecting 

permeability, drainage, compaction. 

• In many engineering problems, the void ratio is preferred over porosity, 

because it is more directly useful for load-settlement relationships (since it 

uses volume of solids, which remains largely constant). (Soil Management 

India) 

 

Degree of Saturation (S) 

Definition: 

Degree of saturation is the ratio of the volume of water in the voids to the volume of 

voids: 

[ 

S = \frac{V_w}{V_v} \times 100%, 

] 

Where (0 % ≤ S ≤ 100 %). (Soil Management India) 

Condition Examples: 

• If (S = 0%): soil is effectively dry (voids filled with air only) 

• If (S = 100%): soil is fully saturated (voids filled with water only) 

• Intermediate values: partially saturated. 

Significance: 

https://diplomawallah.in/
https://edurev.in/t/124965/Definitions-Phase-Diagram--Soil-Mechanics?utm_source=chatgpt.com
https://theconstructor.org/geotechnical/definitions-geotechnical-soil-engineering/1234/?utm_source=chatgpt.com
https://nrcca.cals.cornell.edu/soil/CA2/CA0211.5.php?utm_source=chatgpt.com
https://www.soilmanagementindia.com/soil-properties/physical-properties-of-soil/physical-properties-of-soil/13303?utm_source=chatgpt.com
https://www.soilmanagementindia.com/soil-properties/physical-properties-of-soil/physical-properties-of-soil/13303?utm_source=chatgpt.com
https://www.soilmanagementindia.com/soil-properties/physical-properties-of-soil/physical-properties-of-soil/13303?utm_source=chatgpt.com
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• Soil behaviour (strength, consolidation, permeability) changes significantly 

when saturation changes. For example, full saturation may bring pore-water 

pressures → reducing effective stress → lowering shear strength. 

• In many design calculations (for foundations, slopes, dams) we must know 

whether soil is saturated or unsaturated → so S is a crucial parameter to 

mention in exam answers. 

 

Unit Weights and Specific Gravity 

Definitions: 

• Bulk unit weight (γ or sometimes γₘ): weight of total soil mass (solids + 

water + air) per unit volume. 

• Dry unit weight (γ₍d₎): weight of solids + air per unit volume (water 

removed). 

• Saturated unit weight (γ₍sat₎): unit weight when voids are fully water-filled 

(i.e., saturated). 

• Submerged (or buoyant) unit weight (γ′): effective unit weight when soil is 

saturated and submerged, accounting for buoyancy: 

[ 

γ′ = γ_{sat} - γ_{w} 

] 

• Specific gravity of solids (Gₛ): ratio of the density (or unit weight) of the soil 

solids to that of water under defined conditions. Typically ~2.60-2.80 for 

mineral soils. (About Civil) 

Formulas & Relationships: 

An important relationship involving void ratio, water content, specific gravity, and 

unit weight: 

[ 

γ_d = \frac{G_s ; γ_w}{1 + e} 

] 

And another commonly used: 

[ 

w , G_s = S , e 

] 

(assuming (w) is expressed in decimal form, not percentage) (CivEng Portal) 

Significance: 

• Unit weights are used in stress calculations (overburden pressure = unit 

weight × depth) in foundations and earth structures. 

https://diplomawallah.in/
https://www.aboutcivil.org/new/soil-constituents-and-properties.html?utm_source=chatgpt.com
https://www.engineeringcivil.com/physical-properties-of-soils.html?utm_source=chatgpt.com
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• Specific gravity is needed to convert between mass/fraction/volume 

relationships and to estimate weight of solids in given volume. 

• In exams you should be prepared to derive or use these formulae, and state 

clearly the conditions (dry, saturated, submerged) under which certain unit 

weights apply. 

 

Summary for Exam Use 

When writing an exam answer: 

• Begin by clearly defining each term (use standard definitions). 

• Provide the mathematical formula associated with the property. 

• Mention any conditions, typical values/ranges, and why the property 

matters to engineering (e.g., bearing capacity, settlement, drainage). 

• Show relationships among properties (for example: void ratio ↔ porosity, 

water content ↔ degree of saturation). 

• If required, give a short equation derivation (for instance derive porosity 

from void ratio). 

• Optionally provide a small example or mention typical soil types to give 

context. 

 

2.2 Determination of Index Properties of Soil 

2.2.1 Water Content by Oven-Drying Method (as per IS code) 

 

https://diplomawallah.in/
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• Definition: Water content (w) (also called moisture content) is defined as the 

ratio of the mass of water in the soil to the mass of dry soil solids, typically 

expressed as a percentage. 

• Formula: 

[ 

w = \frac{m_{\text{water}}}{m_{\text{dry,solids}}} \times 100% 

] 

Where (m_{\text{water}} = m_{\text{wet sample}} - m_{\text{dry sample}}). 

• Procedure: 

1. Weigh empty container + lid: mass = (m_1). 

2. Add moist soil sample, weigh: (m_2). 

https://diplomawallah.in/
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3. Dry the soil in oven at ~105-110 °C until constant mass, weigh 

container + dry soil: (m_3). 

4. Calculate (m_{\text{water}} = m_2 - m_3); (m_{\text{dry solids}} = m_3 

- m_1). 

5. Apply formula to compute (w). 

• Standards: As per IS codes (for example, IS 2720-Part 2) the oven-drying 

method is standard. (RHD) 

• Importance: Water content is fundamental because many soil behaviours 

(compressibility, strength, volume change) depend on how much water the 

soil contains. It also is used to convert wet density to dry density and used in 

classification tests. 

• Key Notes for Exams: 

o Mention standard temperature (105 ± 5 °C) and time until constant 

mass. (RHD) 

o Provide formula and a simple example (if asked). 

o State that careful sample preparation (representative, free of 

extraneous materials) is essential. 

o Emphasise that result is gravimetric water content (mass basis). 

 

2.2.2 Bulk Unit Weight & Dry Unit Weight: Core Cutter Method and Sand 

Replacement Method 

Core Cutter Method 

 

https://diplomawallah.in/
https://www.rhd.gov.bd/Documents/ContractDocuments/StandardTestProcedures/Determination%20of%20Moisture%20Content.pdf?utm_source=chatgpt.com
https://www.rhd.gov.bd/Documents/ContractDocuments/StandardTestProcedures/Determination%20of%20Moisture%20Content.pdf?utm_source=chatgpt.com
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• Definition: 

o Bulk unit weight ((γ)) is the weight of the total soil mass (solids + water 

+ air) per unit volume. 

o Dry unit weight ((γ_d)) is the weight of solids + air (i.e., water removed) 

per unit volume. 

• Procedure for Core Cutter (suitable for cohesive/fine-grained soils) 

1. Clean and level the surface of the soil layer. (iricen.gov.in) 

2. Measure internal dimensions of the core cutter to compute its volume (V_c). 

(iricen.gov.in) 

3. Weigh empty cutter: (W_c). 

4. Drive cutter into soil (with dolly/rammer) so that soil fills it; remove 

carefully. 

5. Trim excess soil flush with cutter top; weigh cutter + wet soil: (W_{cs}). 

https://diplomawallah.in/
https://www.iricen.gov.in/LAB/res/html/Test-41.html?utm_source=chatgpt.com
https://www.iricen.gov.in/LAB/res/html/Test-41.html?utm_source=chatgpt.com
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6. Extract a representative sample from inside for moisture content (w) (by 

oven-drying). 

7. Compute bulk unit weight: 

[ 

γ = \frac{W_{cs} - W_c}{V_c} 

] 

8. Then dry unit weight: 

[ 

γ_d = \frac{γ}{1 + w} 

] (if (w) expressed in decimal form) 

• Advantages & Limitations: 

o Good for undisturbed fine soils, useful for earthwork control. 

(www.slideshare.net) 

o Not suitable for coarse soils with large aggregates, or heavily stony 

ground. (RHD) 

• Key Notes for Exams: 

o State IS standard (for example IS 2720 Part 29 for in-situ density by 

core cutter). (Internet Archive) 

o Provide formulae for volume of cutter (cylinder): (V = \pi D^2 H /4). 

(civilwithkarthik.com) 

o Give example calculation of bulk & dry unit weight. 

o Mention the need for moisture content test of sample to convert wet to 

dry density. 

Sand Replacement Method 

 

https://diplomawallah.in/
https://www.slideshare.net/slideshow/core-cutter-method/121776156?utm_source=chatgpt.com
https://www.rhd.gov.bd/Documents/ContractDocuments/StandardTestProcedures/Core%20Cutter%20Method.pdf?utm_source=chatgpt.com
https://archive.org/download/gov.in.is.2720.29.1975/is.2720.29.1975.pdf?utm_source=chatgpt.com
https://www.civilwithkarthik.com/labtests/corecutterprocedure?utm_source=chatgpt.com
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• Definition & Purpose: This method determines in-situ density of non-

cohesive soils by excavating a hole, weighing excavated soil, refilling hole 

with calibrated sand (of known density) to ascertain the volume of hole, then 

computing unit weights. 

• Procedure (brief): 

1. Dig hole of known dimensions or fill hole with calibrated sand to 

determine volume (V_h). 

2. Weigh excavated soil mass (M). Determine its moisture content (w). 

3. Compute bulk unit weight: (γ = M / V_h). 

4. Compute dry unit weight: (γ_d = γ / (1 + w)). 

• Use Cases: Used for coarse granular soils, where core cutter is not suitable. 

(uta.pressbooks.pub) 

• Exam Tip: Mention key steps, mention calibration of sand, and formula for 

compaction percentage: 

[ 

\text{Compaction %} = \frac{γ_d,(\text{in situ})}{\text{MDD (from Proctor)}} 

\times 100% 

] 

 

2.2.3 Specific Gravity of Soil Solids by Pycnometer Method 

https://diplomawallah.in/
https://uta.pressbooks.pub/soilmechanics/chapter/in-situ-density/?utm_source=chatgpt.com


DIPLOMA WALLAH  5th Semester 

15 
 

 

 

https://diplomawallah.in/


DIPLOMA WALLAH  5th Semester 

16 
 

 

 

• Definition: Specific gravity of soil solids (G_s) is the ratio of the density (or 

unit weight) of the soil solids to the density (or unit weight) of water (at 

specified conditions). 

[ 

G_s = \frac{\rho_{\text{solids}}}{\rho_w} 

] 

https://diplomawallah.in/
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• Typical Values: For most mineral soils, (G_s) ≈ 2.60 to 2.80. Organic soils may 

have lower values. 

• Procedure (Pycnometer Method): 

1. Dry the soil solids, remove fine organics. 

2. Weigh empty pycnometer + cap: (W_1). 

3. Add a known mass of dried soil solids, fill with water up to calibration 

mark, weigh: (W_2). 

4. Remove soil, fill pycnometer only with water up to same mark: weigh: 

(W_3). 

5. Compute (G_s) from formula (varies with notation) but fundamentally: 

[ 

G_s = \frac{W_2 - W_1}{(W_3 - W_1) - (W_2 - W_1)} 

] 

(depending on units and temperature corrections) 

• Significance: 

o (G_s) is used in converting mass/volume relationships, linking void 

ratio, water content and unit weights. 

o Example relation: (w,G_s = S,e) (when terms expressed in decimals). 

• Exam Tip: Provide definition, range, outline procedure, and mention typical 

uses. 

 

Summary of Section 2.2 for Exam 

• Be sure to define each index property clearly (water content, bulk & dry unit 

weights, specific gravity). 

• Provide formulae explicitly and indicate units. 

• Outline test procedures with key steps and apparatus for each method (oven-

drying, core cutter, sand replacement, pycnometer). 

• Explain significance of each property: why it's measured, how it affects soil 

behaviour (compaction, settlement, strength). 

• Use diagrams (as above) to illustrate methods — drawn or included in your 

notes helps in exams. 

• Mention standards (IS 2720 series, etc) wherever possible to show precision. 

• Consider including a brief example calculation for each method to 

demonstrate application. 

https://diplomawallah.in/
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2.3 Particle Size Distribution, Mechanical Sieve Analysis, PSD Curve, Effective 

Diameter, Uniformity Coefficient & Coefficient of Curvature, Well-graded & 

Uniformly Graded Soils, Particle Size Classification of Soils, IS Classification of 

Soil 

Introduction 

Particle size distribution (PSD) describes how the sizes of the particles in a soil 

sample are distributed—specifically, the proportion by weight of particles in 

different size ranges. In geotechnical engineering, this distribution has a strong 

influence on soil behaviour (permeability, compaction, strength, settlement) and is 

key for classification of soils. (tensarinternational.com) 

Definitions & Methods 

Mechanical Sieve Analysis: 

• For coarse-grained soils (particles typically > 0.075 mm diameter) one 

common method is sieve analysis: a stack of sieves of decreasing mesh size is 

used; the soil is passed through, and the mass retained on each sieve is 

measured. (uta.pressbooks.pub) 

• According to one source: “Sieve analysis is a method that is used to determine 

the grain size distribution of soils that are greater than 0.075 mm in diameter.” 

(uta.pressbooks.pub) 

• In cases where particles are finer than about 0.075 mm (silt/clay range) other 

methods like hydrometer or sedimentation analysis are used. (Memphis 

Engineering) 

Particle Size Distribution Curve (PSD Curve or Grading Curve): 

https://diplomawallah.in/
https://www.tensarinternational.com/resources/articles/what-is-particle-size-distribution-in-soils?utm_source=chatgpt.com
https://uta.pressbooks.pub/soilmechanics/chapter/sieve-analysis/?utm_source=chatgpt.com
https://uta.pressbooks.pub/soilmechanics/chapter/sieve-analysis/?utm_source=chatgpt.com
https://www.ce.memphis.edu/1101/notes/filtration/filtration-2.html?utm_source=chatgpt.com
https://www.ce.memphis.edu/1101/notes/filtration/filtration-2.html?utm_source=chatgpt.com
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• From the results of sieve (and/or hydrometer) analysis, we plot cumulative 

percent finer (by weight) on the vertical axis against particle size (in mm) on 

the horizontal axis (usually on a logarithmic scale). (tensarinternational.com) 

• Interpretation: A steep curve indicates a narrow range of particle sizes 

(uniformly graded); a more gently sloped or S-shaped curve indicates a wide 

range of particle sizes (well graded). (tensarinternational.com) 

Key Parameters Derived from the PSD Curve 

• Effective diameter (D₁₀): the particle size (diameter) corresponding to 10 % 

finer. 

• D₆₀: size corresponding to 60 % finer. 

• Uniformity coefficient (Cᵤ): 

[ 

C_u = \frac{D_{60}}{D_{10}} 

] 

• Coefficient of curvature (C_c): 

[ 

C_c = \frac{(D_{30})^2}{D_{10} \cdot D_{60}} 

] 

These coefficients help evaluate how well-graded a soil is (how broad or 

narrow the size distribution is) and play a role in classification and 

engineering judgement of the soil’s mechanical behaviour. 

Well-Graded vs Uniformly Graded Soils 

• Well-graded soil: contains a wide range of particle sizes such that the smaller 

particles fill the voids between larger particles, resulting in dense packing, 

high dry density potential, good compaction and relatively good engineering 

behaviour. 

• Uniformly graded (or poorly graded) soil: most particles are of about the 

same size; void spaces may be larger; compaction and strength may be less 

favourable. 

From the particle size distribution curve perspective, a uniformly graded soil 

has a steep, almost vertical curve; a well-graded soil has a more gradual slope 

spanning many particle sizes. (tensarinternational.com) 

Particle Size Classification of Soils 

• Based purely on particle size, soils can be divided into gravel, sand, silt, clay 

etc. For example in one reference: 

o Gravel: > 2 mm to 63 mm 

o Sand: 0.063 mm to 2 mm 

https://diplomawallah.in/
https://www.tensarinternational.com/resources/articles/what-is-particle-size-distribution-in-soils?utm_source=chatgpt.com
https://www.tensarinternational.com/resources/articles/what-is-particle-size-distribution-in-soils?utm_source=chatgpt.com
https://www.tensarinternational.com/resources/articles/what-is-particle-size-distribution-in-soils?utm_source=chatgpt.com


DIPLOMA WALLAH  5th Semester 

21 
 

o Silt: 0.002 mm to 0.063 mm 

o Clay: < 0.002 mm (tensarinternational.com) 

• However, for engineering classification we combine particle size distribution 

with other properties (plasticity, fines content) to classify soils, e.g., via the IS 

(Indian Standard) classification or the USCS (Unified Soil Classification 

System). (Wikipedia) 

IS (Indian Standard) Classification of Soil 

• The IS classification system (for example IS 1498) classifies soils into coarse-

grained versus fine-grained, based on size and also properties like plasticity. 

• In coarse-grained soils, the gradation parameters (Cᵤ, C_c) derived from PSD 

are used to further sub-classify (well‐graded, poorly graded, gap graded) 

soils. 

• The classification is important because soils of the same size range may still 

behave differently—depending on plasticity, grading, fines content, etc. 

Engineering Significance 

• A wide/distributed particle size (well-graded) often leads to higher dry 

density, lower void ratio, better compaction, higher strength and lower 

permeability—therefore more favourable for many engineering uses 

(pavements, embankments). 

• A narrow/poor gradation (uniformly graded) may behave less favourably 

(higher voids, lower density, higher permeability) and may require special 

consideration or improvement. 

• PSD data and classification help in selecting soils for specific uses (e.g., fill 

material, pavement sub‐base, drainage layer) and in evaluating their 

behaviour. (legacyengineering.com) 

Example Exam-Style Answer Outline 

When answering an exam question on this topic, you could structure it like this: 

1. Define particle size distribution (PSD) and explain why it is important. 

2. Describe the mechanical sieve analysis method (for coarser particles) and note 

when sedimentation/hydrometer methods are used (for finer). 

3. Define and explain the PSD curve (how it is plotted, what axis, etc). 

4. Explain D₁₀, D₆₀, Cᵤ, C_c, and how to interpret them. 

5. Define well-graded vs uniformly graded soils and show how grading affects 

engineering behaviour. 

https://diplomawallah.in/
https://www.tensarinternational.com/resources/articles/what-is-particle-size-distribution-in-soils?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/Unified_Soil_Classification_System?utm_source=chatgpt.com
https://legacyengineering.com/blog/what-is-the-importance-of-sieve-analysis?utm_source=chatgpt.com
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6. Provide particle size classification (gravels, sands, silts, clays) with ranges. 

7. Describe IS classification (or mention other classification) linking grading to 

classification. 

8. Conclude with engineering significance (what the gradation tells an engineer 

about suitability, compaction, strength). 

Important Notes for Your Notes or Webpage 

• Use diagrams of a grading curve and show how to read D₁₀, D₆₀, mark Cᵤ, 

C_c on the curve. 

• Provide a table of typical size ranges (for gravels, sand, silt, clay) as per 

IS/other standard. 

• Emphasise that gradation is one of the most basic determinants of soil 

behaviour under load—so even before strength tests you should consider 

PSD. 

• Mention standard references (e.g., IS code, ASTM methods) to give credibility. 

• Include a small example or dataset converting sieve data into a PSD curve 

and computing Cᵤ and C_c—for illustration. 

 

2.4 Consistency of Soil: Stages of Consistency, Atterberg limits (Liquid Limit, 

Plastic Limit, Shrinkage Limit), Plasticity Index 

 

https://diplomawallah.in/
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Here is an in-depth, exam-ready explanation of the topic 2.4: covering soil 

consistency, Atterberg limits, types, significance, test methods and formulas. 

 

2.4.1 Stages of Consistency of Fine-Grained Soils 

Definition & Explanation 

Fine-grained soils (silts, clays) exhibit different mechanical behaviour depending on 

their moisture content. As water content changes, soil goes through distinct 

consistency states: 

• Solid state: Soil is rigid; no plastic deformation possible. At very low water 

content, soil behaves almost as a solid block. 

• Semi-solid state: Soil loses some rigidity; it may begin to crumble when 

disturbed, but cannot be moulded. 

• Plastic state: The soil can be deformed or moulded without cracking or 

breaking; it behaves plastically. 

• Liquid state: Soil begins to flow under its own weight or a slight external 

stress; behaves like a viscous fluid. 

This classification of states originates from the work of Swedish scientist 

Albert Atterberg and is fundamental to understanding how fine soils behave. 

(Wikipedia) 

Why this matters 

• The transitions between these states correspond to changes in strength, 

deformation behaviour, and volume change potential of the soil. 
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• For example: At high water content (liquid state) the soil has very low shear 

strength and high deformability; at low water content (solid state) it is stiffer 

but may be brittle. 

• In engineering design (foundations, embankments, pavement subgrades) 

knowing these states helps predict settlement, shrink–swell behaviour, and 

stability under moisture change. 

• The boundaries between these states are defined by the Atterberg limits, 

which provide quantifiable values for these transitions. 

 

2.4.2 Atterberg Limits: Liquid Limit (LL), Plastic Limit (PL), Shrinkage Limit (SL) 

Definition of the Atterberg Limits 

The term Atterberg limits refers to key moisture contents at which soil changes 

consistency state: 

• Shrinkage Limit (SL): The water content below which further loss of 

moisture does not cause further volume reduction of the soil mass. Essentially 

the limit between the semi-solid and solid state. (Geoengineer) 

• Plastic Limit (PL): The lowest water content at which the soil can still be 

deformed plastically (i.e., rolled into threads without crumbling). It marks the 

transition from semi-solid to plastic state. (Geoengineer) 

• Liquid Limit (LL): The water content at which soil changes from plastic state 

to liquid state—i.e., the minimum moisture content at which the soil begins to 

flow under its own weight or a prescribed shear stress. (Geoengineer) 

Properties and Relationships 

• The difference between LL and PL is called the Plasticity Index (PI): 

[ 

\text{PI} = LL - PL 

] 

• Soil’s consistency range (plastic behaviour) lies between PL and LL. 

• Higher LL and PI usually indicate more clay content, higher plasticity, higher 

compressibility and more significant volume change potential. 

(civiltoday.com) 

• The shrinkage limit is less commonly used compared to LL and PL, but still 

important for soils prone to drying and volume reduction. 

How they are determined (briefly) 

https://diplomawallah.in/
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• Liquid Limit Test: Using e.g., the Casagrande cup method—soil paste placed 

in cup, groove cut, cup dropped repeatedly until groove closes by a specified 

amount; water content corresponding to 25 blows is LL. (Geoengineer) 

• Plastic Limit Test: Soil is rolled into threads on a clean glass plate; the water 

content at which thread crumbles at about 3 mm diameter is PL. 

(Geoengineer) 

• Shrinkage Limit Test: Soil sample dried and volume reduction measured 

until no further volume change occurs when further drying – the water 

content at this transition is SL. (civiltoday.com) 

 

2.4.3 Plasticity Index (PI) and Other Indices 

Plasticity Index (PI) 

• Definition: (\text{PI} = LL - PL). It quantifies the range of moisture over 

which soil remains in the plastic state. 

• Interpretation: 

o PI = 0 → non-plastic soil (e.g., clean sand or silt) 

o Higher PI → more plastic soil (clay) with potentially larger volume 

change, higher compressibility, slower drainage. (Wikipedia) 

• In exams, you may also be asked to define or use: Liquidity Index (LI) or 

Consistency Index (CI): e.g., 

[ 

LI = \frac{w - PL}{LL - PL}, \quad CI = \frac{LL - w}{LL - PL} 

] 

where (w) = natural moisture content. These indices help describe how “wet” 

or “firm” the soil is relative to its limits. (Soil Connect) 

Other Relevant Terms 

• Flow Index (I_f): Slope of the flow curve (moisture content vs log number of 

blows) in the liquid limit test. A steeper slope means more rapid loss of 

strength with moisture increase. 

• Toughness Index (I_t): Ratio of PI to flow index; indicates soil toughness at 

plastic limit. 

• Activity (A): Ratio of PI to percentage of clay-sized particles (< 0.002 mm); 

helps infer type of clay mineral. 

These may appear in more advanced questions; a well-rounded answer mentions 

them. 

https://diplomawallah.in/
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2.4.4 Engineering Significance of Atterberg Limits and Consistency 

Why they are important 

• The limits provide insight into expected behaviour of fine‐grained soils 

under changing moisture conditions: strength reduction, settlement, shrink–

swell. (legacyengineering.com) 

• They are used in soil classification systems (e.g., the Unified Soil 

Classification System or IS classification) to distinguish between low plasticity 

clay (CL), high plasticity clay (CH), silts etc. (Wikipedia) 

• High LL or high PI soils are more likely to be: 

o Highly compressible 

o Susceptible to large volume changes (shrinkage/swelling) 

o Low shear strength under saturated/or wet conditions 

o Poor choice for foundation soils unless treated/improved 

• For earthworks, embankments, and pavement subgrades: Knowing PL, LL 

and PI helps assess suitability of a soil as fill, sub-base or source material. 

• In the design of retaining walls, slope stability, earthen dams: Fine‐grained 

soils with high plasticity may pose issues with drainage, stability, 

swelling/shrinkage cycles. 

Exam approach 

• When asked, define each limit (LL, PL, SL) in words and give formula for PI. 

• Provide method outline (e.g., Casagrande cup or rolling thread) for LL and 

PL. 

• Link the limits to soil behaviour: “if LL is high, the soil remains plastic at 

higher water contents, implying more volume change, weaker strength when 

wet”. 

• Use a plasticity chart (plot of PI vs LL) to show classification of fine soils; 

mention that soils above the A-line are high plasticity clays etc. 

• Give typical ranges: e.g., LL < 35% indicates low plasticity; PI > 20% indicates 

high plasticity. 

• Mention that SL is less commonly used but its definition is the water content 

below which no further shrinkage occurs. 

• Conclude with significance for design (foundation, embankments, subgrades, 

etc). 
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Sample Exam-Style Answer (condensed) 

Define liquid limit, plastic limit and plasticity index. 

The liquid limit (LL) is the water content at which a fine-grained soil passes from 

the plastic state to the liquid state — i.e., the moisture content where the soil begins 

to flow under its own weight. 

The plastic limit (PL) is the water content at which the soil passes from the semi-

solid state to the plastic state — i.e., the lowest water content at which the soil can be 

deformed plastically (rolled into a 3 mm thread without crumbling). 

The plasticity index (PI) is given by PI = LL − PL and represents the range of water 

content over which the soil remains plastic. A higher PI indicates greater plastic 

behaviour and typically more clay content. 

These limits are determined by standard laboratory tests (e.g., Casagrande cup for 

LL, rolling thread for PL) and are used for soil classification and to infer engineering 

properties such as compressibility, settlement and shrink–swell potential. 
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