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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. 

• This cohesive nature is caused by the 

adsorbed water surrounding the clay particles.

• In the early 1900s, a Swedish scientist 

“Atterberg” developed a method to describe 

the consistency of fine grained soils with 

varying degree of moisture content.

• 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.

Introduction
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• Depending on the moisture content, the behavior 

of soil can be divided into four basic states: solid, 

semisolid, plastic and liquid, as shown in Figure.

Introduction
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• The moisture content at the point of 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.

• The moisture content at the point of transition

from plastic to liquid state is the liquid limit.

• These parameters are also known as

Atterberg limits or consistency limits.

Introduction
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Soil Consistence
Loose*

Extremely FirmFirm

Friable

* Soils with “single grained” structure 
always have loose consistence.
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Liquid limit device consists of: 

•Brass cup 

•Hard rubber base         (ASTM designation D-4318) 
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The slope of line is 

defined as Flow Index
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Liquid Limit (LL) Determination 
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Another method of determining liquid limit that is

popular in Europe and Asia.

Fall cone  method (B.S1377) 



17



18



11/29/2020 19

The plastic limit is the water content at which a soil-
water paste changes from a semisolid to a plastic 
consistency
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11/29/2020 30where w  in situ moisture content of soil.



11/29/2020 31



11/29/2020 32



11/29/2020 33



34

Soil Structure 

Soil structure is defined as the geometric 

arrangement of soil particles with respect to one 

another. 

Many factors affect the structure:

• Shape

• Size

• Mineralogical composition of soil particles

• The nature and composition of soil water 

In general, soils can be placed into two groups:

1. Cohesionless

2. Cohesive
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Cohesionless Soils 

A- Single grained Structure 

In single-grained structures, soil particles are in

stable positions, with each particle in contact with

the surrounding ones.

The shape and size distribution of the soil

particles and their relative positions influence the

denseness of packing (Figure 4.18); thus, a wide

range of void ratios is possible.
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Cohesionless Soils 

Single grained structure: 

• Loose (high void ratio) 

• Dense (low void ratio) 
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B- Honeycombed Structure 

• In the honeycombed structure, relatively fine 

sand and silt form small arches with chains of 

particles. 

• Soils that exhibit a honeycombed structure have 

large void ratios, and they can carry an ordinary 

static load. 

• However, under a heavy load or when subjected 

to shock loading, the structure breaks down, 

which results in a large amount of settlement.
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Cohesive Soils 
• To understand the basic structures in cohesive soils, 

we need to know the types of forces that act between 

clay particles suspended in water. Single grained 

structure. 

• 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 and is independent of the characteristics of 

water. 

• Both repulsive and attractive forces increase with 

decreasing distance between the particles, but at 

different rates.
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Sand + Silt + Clay 

= 100%

Texture = Clay

20 % Sand

30 % Silt

50 % Clay



USDA Texture Triangle

Example:

 60% silt

 10% sand

 30% clay

= silty clay loam

60

% 

silt

30

% 

clay

10

%sa

nd

What is a soil that is:

 30% silt

 0% sand

 70% clay
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