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01. Introduction 
Geotehcnical engineering definition, scope of study, mining industry characteristics 



Geotechnica

l 

Engineering 

Scope of Study 

(Relating to rocks and soils)  

Concerns the application of civil  engineering 
technology to earthen materials (soil and rock) 
(Holtz & Kovacs, 1981) 

Å Strengths of rocks and/or  soil 
Å Weaknesses of rocks and/or  soil 
Å Rock mass 

 
supported by other sciences, such as soil mechanics 
and rock mechanics. 

Å The mining  industry  is a complex  type  of business that requires measurable risk analysis.  
Å Mining  projects  will  also be affected  by various  uncertainties  (commodity prices; level; 

properties of soil, rock and rock mass; and geological structures) 
Å Consequently, geotechnical  science has become a necessity to  answer  these uncertainties , 

especially those related to rock properties. 



02. Development on Geotechnics 
Before the 18th century; and development on rock mechanics 
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Å Flood control (embankment) 
Å Irrigation  
Å Cemetery 
Å Foundation building 
Å Materials for building construction 
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There were traces of dikes, dams and 
canals in 2000 BC for irrigation  and flood 
control activities in ancient Egypt, ancient 
Mesopotamia, and around the early 
settlements of Mohenjo Daro & Harappa in 
the Indus valley (Kerisel, 1985) 

The discovery of the five most important  
pyramids in Egypt in less than a century in 
the period 2750 BC and the construction 
of thousands of pagodas. 

Introduction 



Development of Geotechnical Engineering before the 18th 

century (Skempton, 1985) 

Pre Classical (1700 - 1776) 
The study focused on natural 

slopes and unit weight of various 

types of soil 

Classical Soil Mechanism ï 

Phase I (1776 ï 1856) 
Until this period, scientists and 

engineers from France still 

dominated 

Classical Soil Mechanism ï 

Phase II (1856 ï 1910) 
The use of sand samples 

Modern Soil Mechanism 

(1910 ï 1927) 
The use of clay as samples 



1. Henry Gautier (1660 ï 1773) 

Studied natural slope problems that led to a soil 

mound to form a retaining wall procedure 

 

2. Benard Forest de Belidor (1671 ï 1761) 

Proposed a theory about lateral soil pressure on 

the retaining wall 

 

3. Franscois Gadroy (1705 ï 1759) 

Published the first laboratory model that used 

sand collections to produce retaining walls in 

1746 

Pre ï Classical  

(1700-1776) 
1. Charles Augustin Coulomb (1736 ï 1806) 

In 1776, examined friction and cohesion to determine the 

plane of slip behind a retaining wall ("Coulomb Theory"). 

Then it developed into the Mohr-Coulomb Theory 

(combined with 2D stress conditions Christian Otto Mohr) 

 

2. Jean Victor Poncelet (1788 ï 1867) 

Developed Coulomb's theory in 1840 by using the graph 

method to determine the amount of lateral soil pressure 

on vertical and horizontal retaining walls with various 

forms of soil surface. Also first discovered soil shear 

angles and ultimate carrying capacity on shallow 

foundations. 

 

3. William John Macquorn Rankine (1820 ï 1872) 

In 1857, issued a publication on soil pressure and the 

balance of soil mass. This theory is a simplification of 

Coulomb's theory. 

Classical Soil Mechanism ï  

Fase I (1776-1856) 



1. Albert Mauritz Atterberg (1846 ï 1916) 

Published about the consistency of clay particles by defining 

liquid, plastic, and shrinkage limits and plastic indexes 

 

2. Arthur Langley Bell  

Developed a relationship between lateral pressure and 

resistance on clay, shallow bearing capacity in clay soils, 

and shearbox to measure uninterrupted clay shear strength 

in wet conditions 

 

3. Wolmar Fellenius (1876 ï 1957) 

      Developed a stability analysis on the slopes of water-

saturated clay (where, ◖ = 0) assuming a critical shear field 

in the form of a circular arc. 

 

4.   Karl Terzaghi (1883 ï 1963) 

      In 1925, developed a theory of consolidation for clay which is 

still widely used until today, known as ñErdbaumechanik auf 

Bdenphysikalisher Grundlageò. 

Modern Soil Mechanism (1910-1927) 

1. Henry Philibert Gaspard (1803 ï 1856) 

In 1856, studied the permeability of sand 

material, which resulted into permeability 

coefficient, a very useful parameter in 

geotechnical engineering nowadays 

 

2. Sir George Howard Darwin (1845 ï 1912) 

Conducted a study to determine the rolling 

moment on a high sand retaining wall in the 

consistency of loose and solid sand. 

 

3. Joseph Valentin Boussines (1842 ï 1929) 

developed the theory of stress distribution in 

homogeneous, semi-infinite, elastic, and 

isotropic media loads  

 

4.   Osborne Reynold (1842 ï 1912) 

Demonstrated the dilatancy effect in sand. 

Classical Soil Mechanism ï 

Fase II (1856 ï 1910) 



Development on Rock Mechanics  

ÅRock mechanics is both engineering and science whose purpose is to study the behavior of rocks in 

their place of origin in order to control the work made on these rocks such as underground digging and 

others (Talobre, 1957). 

ÅIn the past, many people considered stone as a very strong foundation and that it was 

impossible for problems to arise. 

ÅUntil an area was found where rock was not as strong as it seemed, such as the very deep 

mine in Kolar Golds Field, India, and a deep-level gold mine in South Africa (Hoek, 2014). 

ÅRock mechanics has developed since 4000 BC, where the basic principle began to be 

applied at the underground Hematite Mine in Greece. 



1773 
Rock tests from 

Bordeaux by 

Coulomb 

1776 
Shear strength 

criteria test was 

conducted 

1826 
Construction of the 

Liverpool and 

Manchester Subway 

1884 - 1908 
Construction of 

the Panama 

Canal 

1920 
Josef Stini began teaching Engineering 

Geology. Throughout his life, he published 

333 papers and books and founded the 

journal Geologie und Bauwesen 

1921 
Griffith began to put 

forward a theory 

about brittle 

material collapse 

1931 
Bucky used the 

centrifugal test to 

study the slope 

instability model 

1945 
Terzaghi 

collapse criteria 

was developed 

1959 
The failure of 

Malpasset Dam 

of France 

1963 
Vajont Dam of 

Italy collapsed 

1973 
Bienawski 

developed the Rock 

Mass Rating (RMR) 

1980 
Hoek Brown 

developed the 

empirical failure 

criterion 

1994 
Hoek developed 

the Geological 

Strength Index 

(GSI) 
The 1960s was an 

important decade for rock 

mechanics in mining and 

civil environment because 

of the numerous failures 

and disasters 




