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• In general, soils are formed by weathering of rocks.

• The physical properties of soil are dictated primarily by the 

minerals that constitute the soil particles and, hence, the rock from 

which it is derived.

• The physical properties of soil are dictated by the size, shape, 

and chemical composition of the grains.

• On the basis of their mode of origin, rocks can be divided into 

three basic types: igneous, sedimentary, and metamorphic. This is 

called the rock cycle.
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Rock cycle
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• As discussed earlier, the weathering leads to formation of 

particles of various sizes.

• Soils generally are classified as gravel, sand, silt, and clay, 

depending on the predominant size of particles within the soil.

• Further, Gravels and sands fall under coarse grained and Silt and 

clays in fine grained.
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• Clay minerals are complex aluminum silicates composed of two basic units: (1) silica 

tetrahedron and (2) alumina octahedron.

 Silica tetrahedron   alumina octahedron

• There are 3 predominant clay minerals i) Illite ii) Kaolinite iii) Montmorillonite

• The clay mineralogy decides the clay structure and thereby their behaviour.

After Grim, 1959.

(a) kaolinite;  (b) illite        (c) montmorillonite

Scanning electron micrograph showing the 

fabric of montmorillonite (White D J, 1988)

Attraction of dipolar molecules in 

diffuse double layer
Dr K V Uday, IIT Mandi
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• When clay minerals are present in fine-grained soil, the soil can be 
remolded in the presence of some moisture without crumbling.

• In the early 1900s, a Swedish scientist named Atterberg developed a 
method to describe the consistency of fine-grained soils with varying 
moisture contents.

• At a very low moisture content, soil behaves more like a solid.

• When the moisture content is very high, the soil and water may flow 
like a liquid.

• On an arbitrary basis, depending on the moisture content, the 
behavior of soil can be divided into four basic states—solid, 
semisolid, plastic, and liquid.

• The moisture content, in percent, at which the transition from solid to 
semisolid state takes place is defined as the shrinkage limit. 

• The moisture content at the point of transition from semisolid to plastic 
state is the plastic limit, and from plastic to liquid state is the liquid 
limit. Dr K V Uday, IIT Mandi

Cohesion less Soils

• The structures generally encountered in cohesionless soils can be 
divided into two major categories: single grained and honeycombed.

• The volume models of the single grained structure reveal max and 
min void ratio to be 0.91 and 0.35 respectively with variations due 
to shape

• In the honeycombed structure, relatively fine sand and silt form 
small arches with chains of particles.

single grained honeycombed
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Das B.M. (2014)
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• Clay particles are negatively charged therefore, When two clay 

particles in suspension come close to each other, the tendency for 

interpenetration of the diffuse double layers results in repulsion 

between the particles.

• At the same time, an attractive force exists between the clay 

particles that is caused by van der Waals forces.

• Flocculated structure has maximum voids and weak structure.

• Compacting soil changes the structure from flocculated to 

dispersed.

(a) dispersion; (b) non-salt flocculation   (c) salt flocculation
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• Permeability is the ease of flow of water.

• The type of soil and structure of soil decide on the permeability 

of soil

• Generally the decreasing order of permeability is Gravel, Sand, 

Silt and Clay.

• Compacted structure decreases permeability.

• As the particles do not exist in separate forms, D50 and D10 of 

the soil is considered to be important parameters in deciding the 

permeability of the soil.

• D50 is the size of particle corresponding to 50% finer

• Permeability is an indication of seepage in soils.

Dr K V Uday, IIT Mandi
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• Three phase system

V = Vs + Vv = Vs + Vw + Va

Vs volume of soil solids

Vv  volume of voids

Vw  volume of water in the voids

Va volume of air in the voids

W = Ws + Ww

Ws = weight of soil solids

Ww = weight of water
Das B.M. (2014)
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• Void Ratio (e) is defined as the ratio of the volume of voids to the 

volume of solids.

𝑒 =
𝑉𝑣
𝑉𝑠

• Porosity (n) is defined as the ratio of the volume of voids to the 

total volume

𝑛 =
𝑉𝑣
𝑉

• The degree of saturation (S) is defined as the ratio of the volume of 

water to the volume of voids

𝑆 =
𝑉𝑤

𝑉𝑣

Dr K V Uday, IIT Mandi

• Moisture content (w) is also referred to as water content and is 

defined as the ratio of the weight of water to the weight of 

solids in a given volume of soil.

𝑤 =
𝑊𝑤
𝑊𝑠

• Unit weight (g) is the weight of soil per unit volume.

g =
𝑊

𝑉
• Dry Unit weight, Saturated Unit weight, Bulk/moist Unit weight, 

Submerged Unit weight

Dr K V Uday, IIT Mandi
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• Total stress (s)

The forces exerted by all the medium (soil, 
water, air) on the given area can be termed 
as total stress, sa = gsat . (HA-H)+ gw . H

• Pore water pressure (u)

The hydrostatic force exerted on the given 
contact area is termed as pore water 
pressure/nuetral stress, u = gw . HA

• Effective stress (s`)

The sum of the vertical components of the
forces developed at the points of contact of
the solid particles per unit cross-sectional
area of the soil mass is called the effective
stress, s` = s – u, = gsub . HA

Dr K V Uday, IIT Mandi

Das B.M. (2014)
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Lets Think!!!

The soil has a unit saturated density of 20 kN/m3 in  the figure shown below. The artesian 

pressure has been found to be 120 kPa. Compute the stress at pt A, given the pt A is at a 

depth of 10m and excavated depth, H is 5m

Dr K V Uday, IIT Mandi
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• Mohr (1900) presented a theory for rupture in materials that 

contended that a material fails because of a critical combination 

of normal stress and shearing stress and not from either maximum 

normal or shear stress alone.

• Thus, the functional relationship between normal stress and shear 

stress on a failure plane can be expressed as 

tf = c + s Tan f

where, tf = shear strength, c = cohesion, s = normal stress on the 

failure plane, f = angle of internal friction

Dr K V Uday, IIT Mandi
Mohr Coloumb Failure envelop (Das B M, 2014)
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Spring Analogy (Das B M, 2014)

The major difference in 

drained and undrained 

condition is time

• They are classified into 3 types based on soil movement

• At rest: For plane strain conditions, the horizontal effective stress 

will be computed as s`h = ko` sv` where ko` = 1- sin f`.

• Active: The soil deforms and moves towards wall. It can be 

computed as s`h = ka` sv` where ka` = (1- sin f`)/(1+ sin f`).

• Passive: The wall deforms and moves towards soil. It can be 

computed as s`h = kp` sv` where kp` = (1+ sin f`)/(1- sin f`).

• For all theoretical purposes, ka . kp = 1

Dr K V Uday, IIT Mandi
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t

|
material (c, f)

F = factor of safety: tf = available shear strength; t = equilibrium shear stress

F = tf/t                              t = tf/ F

F is  calculated using the equation of static equilibrium
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t

|
material (c, f)

F = factor of safety: tf = available shear strength; t = equilibrium shear stress

t = tf/ F

In this context F represents a factor by which Tf must be reduced so that the reduced shear 
strength is just in equilibrium with the shear stress.
In other words, the slope is in a state of just-stable limiting equilibrium.

Slope stability analysis

1. Hand calculation

2. Using stability charts  (Direct Method)

3. Computer programs
Computer programs provide a means for efficient and rapid 

detailed analysis of a wide variety of slope geometry and 

loading conditions.

- Limit equilibrium 

- FEM

4. Probabilistic analysis
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• Static equilibrium

• Forces in the horizontal direction

• Forces in the vertical direction

• Moment about any point

• Two approaches

• A single free body 

• Method of slices

• The problem of computing a factor of safety is statitically 

indeterminate……
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• Fellenius (1936) introduced the first method, referred to as the Ordinary or the Swedish method for a
circular slip surface.

• Bishop (1955) advanced the first method introducing a new relationship for the base normal force.
The equation for the FOS hence became non‐linear.

• At the same time, Janbu (1954a) developed a simplified method for non‐circular failure surfaces,
dividing a potential sliding mass into several vertical slices.

• The generalised procedure of slices (GPS) was developed at the same time as a further development
of the simplified method (Janbu 1973).

• Morgenstern‐Price (1965), Spencer (1967), Sarma (1973)
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• Swedish circle methods

• Enitire soil body

• Ordinary method of slices / Fellenius

• Neglects forces inbetween slices

• Simplified bishop method

• Circular slip surface, consider horizontal forces

• Janbu’s simplified method

• Force equilibrium 

• Non-circular

• Spencer’s method, Morgenstern and Prince method Janbu’s Generalised procedure of 

slices

• Complete equilibrium 

• Suitable for all types of slip surface and slope geometry
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