
Soil StructureSoil Structure

Soil structure is defined as the geometric arrangement of soil particles with respect to one 
another. 

Among the many factors that affect the structure of the shape, size, and mineralogical 
composition of soil particles, and the nature and composition of soil water.

Soils can be placed into two groups; cohesionless and cohesive.
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Text: Das, 2010. Principles of Geotechnical 
Engineering Ch 4.8

Soil nailing to increase the stability 

of a cohesive soil

Wetting can increase the stability 

of a cohesionless soil

http://blog.sewserendipity.com/2011_05_01_archive.html

http://www.sulit.com.ph/index.php/view+classifieds/id/19143980/

Gravel+and+Sand,+Coco+Lumber



Structures in Cohesionless SoilStructures in Cohesionless Soil
Single-grained and Honeycombed:
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The structures generally encountered in cohesionless soils can be divided into 
two major categories: single-grained and honeycombed.

In single-grained structures, soil particles are in stable positions, with each 
particle in contact with the surrounding ones. A wide range of porosities from 

low to high are possible.

In honeycombed structures (rare), fine sand and silt cement arches of larger 
particles. These soils have large porosities and are generally low in shear 
strength with a risk of collapse and excess settlement under load.
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Cohesionless Honeycomb

There are far more types of 

cohesive than cohesionless soils

http://www.excessnyc.org/2013/09/looking-at-soil-under-the-microscope/

http://www.freerepublic.com/focus/chat/2853547/posts

http://www.amazon.com/Generic-Keyboard-Silicone-Aluminum-

Unibody/dp/B0052CGEOM



Structures in Cohesionless SoilStructures in Cohesionless Soil
Grain Angularity, Sphericity and Grading
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The interlocking of cohesionless soil grains into stable and strong structures depends 

on their shape, and the grading of particle sizes. 

Grains with rough edges (high angularity) tend to interlock more effectively.

Grains with a round shape (high sphericity) can fit together with more efficient 

packing ratios, giving higher density and lower porosity.

Well-graded soils with a wide mixture of grain sizes are both more efficiently packed 
and more effectively interlocked, as every particle is supported by neighbouring 

particles within a matrix of smaller particles that fill the pore space. 
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http://www.studiopotter.org/articles/art0019.htm http://soilquality.org.au/factsheets/bulk-density-measurement



Structures in Cohesive SoilStructures in Cohesive Soil
Dispersion and Flocculation (saline and non-saline)
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To understand the basic structures in cohesive soils we need to know the types of forces that act 
between clay particles suspended in water.

When two clay particles in suspension come close to each other, the tendency for interpenetration of 
the diffuse double layers results in combinations of repulsion and attraction between the particles. 

The edges of clay particles are positively charged, while the faces are negatively charged. This gives 
a tendency for honeycombed structures of all kinds as edges attach to faces.

When the spacing between particle faces is very small, the force of attraction is greater than the force 
of repulsion so that the plate-like crystals can aggregate into domains.
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http://pt.wikipedia.org/wiki/Artilharia http://ccm.geoscienceworld.org/content/52/6/749.abstract



Structures in Cohesive SoilStructures in Cohesive Soil
Dispersion and Flocculation (saline and non-saline)
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The formation of clay structures depends on the chemical composition and 
in particular the salinity of the soil water.

In saline water, the double layer is partly suppressed, reducing interparticle 
repulsion so that faces are more likely to bind: more and larger domains 
develop and the particles settle more quickly out of suspension.
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http://echo2.epfl.ch/VICAIRE/mod_3/chapt_1/main.htm

http://echo2.epfl.ch/VICAIRE/mod_3/chapt_1/main.htm



Structures in Native and Engineered SoilsStructures in Native and Engineered Soils
Pore-particle distributions and Peds
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The clay structures in a natural setting are extremely complex at all scales 
from the microscopic to the landscape. A wide range of aggregate structures, 
forming structural units known as peds, can be identified.

To a limited extent the purpose-reliability of a soil can be improved by 
importing specifically engineered cohesionless or cohesive soils.
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http://quizlet.com/5451986/soil-structure-flash-cards/

http://fhrfarms1.com/blog/bio-farming-

bulletin-august-september-2013/

http://www.forestbulgaria.com/?



Structure of the Soil MatrixStructure of the Soil Matrix
Pore-particle distributions and Peds
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The fundamental distribution of particles within pores is of a discontinuous array of 

particles within a continuous capillary structure of pores.

Pores can be subdivided into two overall scales:

• Macropores, which surround the aggregate ped structures and provide high 
drainage, aeration or infiltration rates, and

• Micropores which surround the smaller aggregates, grains and particles.

7http://croptechnology.unl.edu/pages/informationmodule.php?idinformati

onmodule=1130447123&topicorder=3&maxto=13&minto=1

http://www.geocaching.com/geocache/GC4HNCM_dla2013-fizzy-3-5-2-5-fen-or-

bog?guid=e827e357-3fce-4f9a-a89f-497d9de75a20

http://soilandwater.bee.cornell.edu/Research/

pfweb/educators/intro/macroflow.htm



Capillary Model of Porosity

/25

Pore space is an effectively continuous volume of capillary macropores and 
micropores at all scales down to the smallest particles (<2 µm)

This connected structure resembles a dendritic drainage network leading 
from the gravity-draining macropores to clay crystal sized micropores where 
the drying process is governed by intermolecular forces.
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Structure of the Soil MatrixStructure of the Soil Matrix



Capillary Model of Drying ShrinkageCapillary Model of Drying Shrinkage
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Capillary Model of Drying ShrinkageCapillary Model of Drying Shrinkage
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The capillary model tends to agree with the constant air volume model of 
shrinkage (Dexter, 1988)



Soil ClassificationSoil Classification
We are now in a position to combine various types of soil 
descriptions to classify soils for engineering purposes.  
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Most of the soil classification systems that have been developed for engineering 

purposes are based on simple index properties such as particle size distribution 
and plasticity.

Although several classification systems exist, none is totally definitive of any soil 

for all possible applications because of the wide diversity of soil properties.
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http://ecode360.com/12583121 http://www.scielo.org.co/scielo.php?pid=S0120-02832008000200003&script=sci_arttext



Textural ClassificationTextural Classification
A number of textural classification systems were developed by 
different organisations and several of those are in use today. 
eg The USDA system: 
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Sand 2.0 - 0.05 mm

Silt 0.05 - 0.002 mm

Clay < 0.002 mm

For example, an analysis showing 
30% sand, 40% silt and 30% clay 
would be classified as a clay loam in 
this system.

12http://ecode360.com/12583121



Engineering ClassificationEngineering Classification
or Behavioral Classification
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Because textural classification systems do not take plasticity into account and are not totally 

indicative of many important soil properties they are inadequate for most engineering purposes.

Currently two more elaborate classification systems are commonly used by soils engineers. Both 
systems take into consideration the particle size distribution and Atterberg limits of consistency.

•AASHTO System (1929)

•Unified Soil Classification System USCS (originally Casagrande 1942, developed to 1952)

The USCS has been adopted by the Australian  Institution of Engineers. ENGT350 will focus on 
this system.
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Unified Soil Classification SystemUnified Soil Classification System
USCS: Two Main Categories
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• Coarse-grained soils that are gravelly (G) and/or sandy (S), with less than 50% passing 

through the 75 µm sieve.

• Fine-grained soils of silt (M) or clay (C) with 50% or more passing through the 75 µm 

sieve.

Other symbols used in the classification are:

• W - Well-graded

• P - Poorly graded

• L - Low plasticity

• H - High plasticity

For example a well-graded, predominantly clay soil of low plasticity, would be classified as 

WCL. A poorly-graded gravel with no significant fines would be GP, the L or H suffix not 

applying to the cohesionless soil.  
14



Unified Soil Classification SystemUnified Soil Classification System

Laboratory Method
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Unified Soil Classification SystemUnified Soil Classification System

Laboratory Method
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Unified Soil Classification SystemUnified Soil Classification System

Laboratory Method
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Unified Soil Classification SystemUnified Soil Classification System

Laboratory Method
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Unified Soil Classification SystemUnified Soil Classification System

Laboratory Method
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Unified Soil Classification SystemUnified Soil Classification System

Laboratory Method
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Example: Cu = 13.3 , Cc = 0.83: Well Graded to 
Intermediate SW with some fines



Unified Soil Classification SystemUnified Soil Classification System

Laboratory Method
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Unified Soil Classification SystemUnified Soil Classification System

Laboratory Method
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Unified Soil Classification SystemUnified Soil Classification System

Field Method
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Unified Soil Classification SystemUnified Soil Classification System

Field Method
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ReadingsReadings
Chapter 4.8 - 5.5 Das

Glencross-Grant, 2008. Topic 4.4 - Soil Grading and 

Classification Reading 2.

Internet keywords: Soil structure, pedology, soil 
classification, USCS.

/2525http://www.ebay.com/ctg/Problem-Solving-Soil-Mechanics-A-

Aysen-2004-Paperback-/52853454

http://www.bookdepository.com/Solving-Problems-Soil-

Mechanics-BHC-Sutton/9780582089716

http://www.tower.com/foundation-design-principles-

practices-donald-p-coduto-hardcover/wapi/100501083


