
ENGINEERING GEOLOGY
10.03.2014

Syllabus of Engineering Geology INS1122, Spring Semester, 2014 

Lecturer: Assistant Prof. Dr. Ömer Ündül – İstanbul University (İ.Ü.) Geological Engineering Dept.
Lecture: Monday, 13:00 – 15:50 
e-mail: oundul@istanbul.edu.tr, 

http://aves.istanbul.edu.tr/SorguDokumanlarim.aspx?Sorgu=3217
Textbook: Geology for Civil Engineers by Marcus Matthews, Noel Simons and Bruce Menzies. A publ. 
of Thomson Telford.
Engineering Geology, Bell F.G, Second edition 2007, Butterworth-Heinemann, Elsevier

1) Introduction, the role of geology and engineering geology in civil engineering
2) The structure of the Earth’s crust
3) Minerals and Rocks, classifications
4) Engineering properties of rocks 
5) Topographic maps, geological maps and cross sections
6) Engineering geological maps
7) Earthquakes
8) Mass movements
9) Stability of rock slopes
10) Engineering geology in dams
11) Tunnelling
12) Groundwater 
13) Natural and dimension stones
14) Environmental geology
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Simplified rock cycle

Weathering
In-situ or transported 

(by water, air etc.)

Weathering
In-situ or transported 

(by water, air etc.)
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WEATHERING

Weathering is the process of alteration and breakdown of rock
and soil materials at and near the Earth’s surface by physical,
chemical and biological processes to form clay, iron oxides, and
other weathering products.

Weathering is the process of physical disintegration 
and chemical decomposition of the rock



WEATHERING - TYPES

BIOLOGICAL

Disintegration of rocks and minerals by a physical or mechanical process 

MECHANICAL / PHYSICAL

CHEMICAL

Roots, animal activity etc

Chemical alteration or decomposition of rocks and minerals



WEATHERING - MECHANICAL / PHYSICAL

1) Development of Joints: 

Stress relief_exfoliation*, tectonics

2) Crystal Growth

3) Frost Action: 

Freeze-thaw, frost wedging etc.

4) Changes in temperature: 

Wet-dry cycles, slope aspect

5) Plant roots

6) Abrasion

7) Exfoliation **



WEATHERING - CHEMICAL

1) Hydrolisis

2) Oxidation

3) Dissolution

4) Hydration - Dehydration



WEATHERING - BIOLOGICAL

1) Plant Roots

2) Organic Activities: algea, lichens, bacteria, movement of animals within rock  (especially 

after completely weathered stage)

Modified from
http://toms-randomthoughts.blogspot.com/2010/12/rocks.html

www.shutterstock.com



WEATHERING - LANDSCAPES

1) Aydın - Turkey 2) Kapadokya - Turkey

3) Antequera - Spain_The World Geography 4) Grand Canyon - USA_National Geographic



WEATHERING - INFLUENCING FACTORS

1) Rock Type: Bowen reaction series, Mineral composition, Structure-Microstructure (joints, 
cracks, pores etc), solubility 

2) Particle Size: Surface area

3) Climate: temperature and humidity, secondarily controls the vegetation. Physical 
weathering in polar regions and deserts, chemical weathering in tropical environments.

4) Time & Exposure

5) Topography: Slope and aspect 

6) Vegetation & Animal activities



WEATHERING

1) Soil Development

2) Slope Stability

3) Tunnelling

4) Geological Materials

5) Agriculture etc.

- IMPACTS

WHY ARE WE INTERESTED IN WEATHERING?



WEATHERING CLASSIFICATION

VI

Residual soil
Soil derived by in situ weathering but having lost original texture and 
fabric 

V
Completely weathered 
Considerably weakened . Slakes in water. Original texture apparent

IV

Highly weathered 
Large pieces can be broken by hand. Does not readily disaggregate (slake) 
when dry sample immersed in water.

III

Moderately weathered 
Considerably weakened, penetrative discoloration. Large pieces cannot be 
broken by hand

II
Slightly weathered 
Slight discoloration slight weakening

I
Fresh 
Unchanged from original state

Simplified from ANON, 1995

Weathering 
grades



WEATHERING - PROFILES_Rock Based



WEATHERING of ULTRAMAFIC ROCKS



WEATHERING PROFILE of ULTRAMAFIC ROCKS



WEATHERING of ULTRAMAFIC ROCKS 



WEATHERING of ULTRAMAFIC ROCKS 



WEATHERING



WEATHERING of ULTRAMAFIC ROCKS



* Change ratio according to the fresh state

** Change ratio according to the preceding weathering grade
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* Change ratio according to the fresh state

** Change ratio according to the preceding weathering grade
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Due to weathering

Colours of the rock changes

Porosity increases

Grains get weaker

The bonds between grains weakens

Increase of micro-cracks

Consequently, 

Rock loses the strength

Permeability may subject to change

Shear strength values decreases along discountinuities

Specific gravity decreases
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The depth of weathered zone

and

weathering grades should be determined
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ENGINEERING PROPERTIES of  ROCKS

Rocks can be used as
1) Construction material

a) Fill materail (highways, dams etc.)
b) Industrial use as dimensional stones or aggregates

2) Foundation material
a) Building, viaduct, dam etc.
b) Tunnel, dam, slopes etc.
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ENGINEERING PROPERTIES of  ROCKS
Construction material
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ENGINEERING PROPERTIES of  ROCKS
Natural stone, dimension stone, aggregate for varying purposes 
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS

1. Density, specific gravity, porosity, and void ratio

2. Rock strength

• Definition of stress, normal and shear stress

• Rock strength: tensile, shear, and compressive

• Failure criteria: tensile, compressive

• Failure criterion: shear failure

3) Discontinuity properties of rocks
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ENGINEERING PROPERTIES of  ROCKS

Rock are significant for two major reasons in engineering
1) Building materials for constructions
2) Foundations on/in which the constructions are build

The consideration of rocks as construction material the engineers concern about
a) Density (to some extent)
b) Strength
c) Durability (the ability of a material to resist degradation by 

mechanical or chemical agents)

For the consideration of rocks as the construction foundation the engineers 
concern about

a) Density
b) Strength
c) Deformation
d) Discontinuity properties
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ENGINEERING PROPERTIES of  ROCKS

1. Density, specific gravity, porosity, and void ratio

Specific gravity

Specific Gravity is determined in crushed (powdered)
specimen and specific gravities of most rock-forming
minerals range from 2.5 to 2.8, although some
heavier minerals are from 3 to 5 and/or higher
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ENGINEERING PROPERTIES of  ROCKS

Density, specific gravity, porosity, and void ratio

Density is obtained from
representative piece of the rock itself.

Density
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ENGINEERING PROPERTIES of  ROCKS

Porosity

Void ratio

Density, specific gravity, porosity, and void ratio

Schematic representation of porous medium 

indicating relationship between air (A), solid 

(B) and water (C).
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ENGINEERING PROPERTIES of  ROCKS

Porosity Void ratio

Porosity depends largely on rock origin. Slowly cooling igneous
magma results in relatively nonporous rock, whereas rapid cooling
associated with escaping gases yields a porous mass.

Sedimentary rocks depend on amount of cementing materials present
and on size, grading, and packing of particles.

Density, specific gravity, porosity, and void ratio

solid
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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solid

The limits of the value of porosity

The limits of the value of void ratio

solid

ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
2. Rock strength,

is the peak stress to break down the rock sample in a uniaxial or triaxial

compression process (modified from Farmer, 1982)



İstanbul University – Yıldız Technical University Engineering Geology for Civil Engineers

ENGINEERING PROPERTIES of  ROCKS

Rock strength, is the peak stress to break down the rock sample in a

uniaxial or triaxial compression process (modified from Farmer, 1982)
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ENGINEERING PROPERTIES of  ROCKS

What is stress? 
Stress is the force per area applied on the object 

σn = normal stress 

σs = shear stress 
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ENGINEERING PROPERTIES of  ROCKS
Strain types under 

varying 

Stress directions

Strain: deformation 

in a unit length, 

area or volume



İstanbul University – Yıldız Technical University Engineering Geology for Civil Engineers

ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS

As the stress can be divided into normal stress
(compressive and tensile) and shear stress. Similiarly the
rock should also have;

compressive strength (CS)

shear strength (τ0)

tensile strength (T)

For the same kind of rock usually 

CS> τ 0 > T

Rock strength
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ENGINEERING PROPERTIES of  ROCKS

Rock strength and failure criteria

ττττ0
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ENGINEERING PROPERTIES of  ROCKS

ττττ0

ττττ0

ττττ0
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ENGINEERING PROPERTIES of  ROCKS

Rock strength and failure criteria

Tensile failure occur

Compressive failure occur

Shear failure occur (Coulomb criterion)

S

ττττ0
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ENGINEERING PROPERTIES of  ROCKS

Strain



İstanbul University – Yıldız Technical University Engineering Geology for Civil Engineers

ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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BRITTLE DEFORMATION

The failure of a specimen without any 

visible plastic deformation

ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS

In a triaxial compression test,
the direction of the load is
called the maximum principal
direction and the direction of
the confining pressure applied
is the minimum principal
direction.
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
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ENGINEERING PROPERTIES of  ROCKS
3) Discontinuity properties of rocks
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ENGINEERING PROPERTIES of  ROCKS
3) Discontinuity properties of rocks
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ENGINEERING PROPERTIES of  ROCKS

Discontinuity properties of rocks

1111.... OrientationOrientationOrientationOrientation:::: The attitude of a discontinuity in space. It is described by the dip direction
(azimuth) and dip of the line of steepest declination in the plane of the discontinuity.
2222.... SpacingSpacingSpacingSpacing:::: The perpendicular distance between adjacent discontinuities. It normally refers
to the mean or modal spacing of a set of discontinuities.
3333.... PersistencePersistencePersistencePersistence: The discontinuity trace length as observed in an exposure. It may give a
crude measure of the areal extent or penetration length of a discontinuity. Termination in
solid rock or against other discontinuities reduces the persistence.
4444.... RoughnessRoughnessRoughnessRoughness:::: The inherent surface roughness and waviness relative to the mean plane of a
discontinuity. Both roughness and waviness contribute to the shear strength. Large scale
waviness may also alter the dip locally.
5555.... WallWallWallWall strengthstrengthstrengthstrength:::: The equivalent compressive strength of the adjacent rock walls of a
discontinuity. It may be lower than rock block strength due to weathering or alteration of
the walls. It is an important component of shear strength if rock walls are in contact.
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ENGINEERING PROPERTIES of  ROCKS
Discontinuity properties of rocks

6666.... ApertureApertureApertureAperture: The perpendicular distance between adjacent rock walls of a discontinuity, in
which the intervening space is air or water filled.
7777.... FillingFillingFillingFilling:::: The material that separates the adjacent rock walls of a discontinuity and that is
usually weaker than the parent rock. Typical filling materials are sand, silt, clay, breccia,
gouge, mylonite. It also includes thin mineral coatings and healed discontinuities such as
quartz and calcite veins.
8888.... SeepageSeepageSeepageSeepage:::: The water flow and free moisture visible in individual discontinuities or in the
rock mass as a whole.
9999.... NumberNumberNumberNumber ofofofof SetsSetsSetsSets:::: The number of discontinuity sets comprising the intersecting
discontinuity system. The rock mass may be further divided by individual discontinuities.
10101010....BlockBlockBlockBlock SizeSizeSizeSize:::: The rock block dimensions resulting from the mutual orientation of
intersecting discontinuity sets, and resulting from the spacing of the individual sets.
Individual discontinuities may further influence the block size and shape.
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ENGINEERING PROPERTIES of  ROCKS

Discontinuity properties of rocks
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ENGINEERING PROPERTIES of  ROCKS
Discontinuity properties of rocks

The properties of discontinuities and rock mass The properties of discontinuities and rock mass The properties of discontinuities and rock mass The properties of discontinuities and rock mass 
classifications will be discussed in detail in classifications will be discussed in detail in classifications will be discussed in detail in classifications will be discussed in detail in 

following weeks (e.g. 5, 6, 8,9 and 11)following weeks (e.g. 5, 6, 8,9 and 11)following weeks (e.g. 5, 6, 8,9 and 11)following weeks (e.g. 5, 6, 8,9 and 11)
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SEE YOU NEXT WEEK


