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Lecture # 01: References & Syllabus
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Syllabus:
Chapter 1: Basic Concepts

1.1 Essential Definitions

1.2 The science of Geology

1.3 Development of Engineering Geology

1.4 Aims of Engineering Geology

1.5 Relevance of Geology to Civil Engineering

Chapter 2: Earth Structure

2.1 Earth Envelops

2.2 Solid Earth Envelops

2.3 Variation of Physical Conditions with Depth
2.4 The Rock Cycle

2.5 Earth Internal Structure

Chapter 3: Rock Cycle

3.1 The Nature of the Rocks

3.2 Igneous Rocks

3.3 Sedimentary Rocks

3.4 Metamorphic Rocks

3.5 Engineering Properties of Rocks
3.6 Introduction to Minerals

3.7 Formation of Minerals

3.8 Classification of Minerals

3.9 Crystal Form of Minerals

3.10 Identification of Minerals

3.11 Physical Properties of Minerals

Chapter 4: Structural Geology

4.1 Introduction

4.2 Types of Strata

4.3 Stratum (Bed) and Bedding Planes
4.4 Outcrop of the Bed (Layer)

4.5 Strike of the Bed (Layer)

4.6 Dip of the Bed

4.7 Folds

4.8 Faults

4.9 Joints and Discontinuities
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Chapter 5: Soils and Weathering

5.1 Soil Formation

5.2 Soil Profile

5.3 Soil Classification

5.4 Soil Erosion

5.5 Mechanical and Physical Properties of Soils
5.6 Mechanical Weathering

5.7 Chemical Weathering

5.8 Rates of Weathering

Chapter 6: Ground Water Conditions and Supply

6.1 Sources of Ground Water

6.2 Classification of Rocks with Respect to Ground Water Studies
6.3 Porosity, Hydraulic Conductivity and permeability of Rocks
6.4 Ground Water, Water table and Vertical Classification of Ground Water
6.5 Characteristics of Ground Water

6.6 Types of Aquifers

6.7 Aquifer and Porosity

6.8 Darcy’s Law

6.9 Effect of Type and Nature of Rocks on Ground Water

6.10 Types of Ground Water Movements

6.11 Effects of Geological Structures on Ground Water

6.12 Springs and wells

6.13 Quality of Ground Water

6.14 Hydro-geological Subdivision of Iraq

6.15 Ground Water Investigation

6.16 Ground Water and Engineering

6.17 Environmental Problems Associated with Ground Water

Chapter 7: Subsurface Exploration and Geophysical Techniques

7.1 Subsurface Exploration

7.2 Applied Geophysical Techniques

7.3 Geological Materials: Properties and Measurements
7.4 Density and Unit Weight

7.5 Porosity and Permeability

7.6 Strength

7.7 Deformation

7.8 Abrasiveness

7.9 Environmental Reactivity

7.10 Index Test

7.11 Range of Values for Material Properties
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Chapter 8: Geological Processes

8.1 Weathering

8.2 The Role of Water

8.3 Movements of Slopes

8.4 Wind Action and Desert Landscapes

8.5 Coasts and Shorelines

8.6 Storm Surges and Tsunamis

8.7 Karst Topography and Underground Drainage
8.8 Glaciations

Chapter 9: Earthquakes and Earth Interior

9.1 Introduction

9.2 Earthquakes and Faults

9.3 Earthquakes Waves

9.4 Source and Location of An earthquake
9.5 Size of An earthquake Measurements
9.6 Earthquake Belts and Plates

9.7 Boundaries

9.8 Earthquake Destruction and Damage
9.9 Earth’s Interior

Chapter 10: Application to Civil Engineering

10.1 Earth Movements

10.2 Principal Geological Factors Affecting Engineering Projects
10.3 Volcanoes

10.4 Earthquakes

Chapter 11: Topographic and Geologic Maps

11.1 Topographic Maps (Contours)

11.2 Geological Maps

11.3 Principal of Uniformitarianism and Superposition
11.4 Determination of Strike and Dip of any Bed

11.5 Calculating Dip

11.6 True and Apparent Thickness of Layers
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The word Geology is derived from the Greek "Geo" the earth “the science,
thus it is "Earth Science". Geology is the science study of the solid earth that
examines the earth, its form and composition and the changes which it has
undergone and is going. Geology deals with many practical questions about our
physical environment, what forces produce different geological structures,
understanding many processes that operate beneath and upon its surface. Thus
geology might be called a derived science (or applied science) as its objective is
the explanation of the phenomena, structures in the globe in terms of the general
laws recognized by the chemists, physicists, biologists and mathematicians. So it is
closely related to pure sciences (Chemistry, physics, biology and mathematics).
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1.3 Aims of Engineering Geology|

The philosophy of engineering geology is based on three simple premises.
These are:

1. All engineering works are built in or on the ground.

2. The ground will always, in some manner, react to the construction of the
engineering work.

3. The reaction of the ground (its “engineering behavior”) to the particular
engineering work must be accommodated by that work.
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The 2" point that the ground will always react to the construction of the
engineering work seems to be self-evident. The problem is to assess the magnitude
and nature of the reaction of the ground to both the construction and the operation
of the project. This ground reaction, the engineering behavior of the ground, could
be small and insignificant, or massive and perhaps disastrous, depending on the
nature of site geology and the engineering work. It must, however, be known in
order to fulfill the third point, namely that the engineering work be designed so that
it can be constructed and will operate within the bounds of the site geological
conditions without sustaining significant damage as the result of the reaction of the
ground.
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To determine the engineering behavior of the ground, the engineering
properties of the ground mass and the proposed design of the engineering work
must be known. These two streams of data must be brought together and processed
in order to determine, by calculation, the engineering behavior of the ground.

\1.4 Relevance of Geology to civil Engineering\
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The application of geological principles in engineering investigations has
great benefits for engineering sciences and vice versa for geological sciences in
case of well drilling. So, both are closely related and important in site
investigation. The cooperation between geologists and civil engineers resulted in
introduction of “Soil Mechanics” science. Soil mechanics is the branch of science
that deals with the study of the physical properties of soil and the behavior of soil
masses subjected to various types of forces.

Soils engineering is the application of the principles of soil mechanics to
practical problems.

el JSLEAD e il 1lS0n gobia aalal o Al dia

Geotechnical engineering is the subdivision of civil engineering related to
site investigation that involves natural materials found close to the surface of the
earth. It includes the application of the principles of soil mechanics and rock
mechanics to the design of foundation, retaining structures and earth structures.
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In a major engineering project, geological proposals might be carried out
and reported on by a consultant specializing in geology, geophysics or engineering
(with a detailed knowledge of soil or rock mechanics). However, even where the
services of a specialist consultant are employed, an engineer will have overall
supervision and responsibility for the project. Therefore, the civil engineers must
therefore have enough understanding of geology for the following reasons:
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1. To know how and when to use the expert knowledge of consultant, and to be
able to read their reports intelligently, judge their reliability, and appreciate
how the conditions described might affect the project.

2. In some cases, the engineer can recognize common rock types and simple
geological structures, and knows where he can obtain geological information
for his preliminary investigation.

3. When reading reports, or studying geological maps, he must have a complete
understanding of the meaning of geological terms and be able to grasp
geological concepts and arguments.

4. Most civil engineering projects involve some excavation of soils and rocks,
or involve loading the earth by building on it.

5. In some cases, the excavated rocks may be used as constructional material,
and in others, rocks may dorm a major part of the finished products, such as
a motorway cutting or the site for a reservoir.

6. The feasibility, the planning and design, the construction and costing, and
the safety of a project may depend critically on the geological conditions
where the construction will take place.

7. In modest projects or in those involving the redevelopments of a limited site,
the demand on the geological knowledge of the engineer or the need for
geological advice will be less, but are never negligible. Site investigation by
boring and by testing samples may be an adequate preliminary to
construction in such cases.

8. Besides, the knowledge about geological works of rivers and the occurrences
of underground water are required.

The exploration of a site to assess the feasibility of a project, to plan and design
appropriate foundation, and to draw up bills of quantities for excavation.
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Much of this exploration, particularly the making of geological maps, is
normally carried out in arge projects by a professional engineering geologist. In
limited sites, the engineer may have to collect his own geologcal data, and make
elementary, but crucial, geological decisions on, for example, whether or not
boring has reached bedrock or has struck a boulder in the overlying till.
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Earth Structure g ¥/ cilis<a

2.1 Earth Envelops

The earth physical environment is traditionally divided into five major

envelops; these are:

1. Atmosphere: The outer gaseous envelope (Air envelope) s sl <l

2. Hydrosphere: The aqueous envelope (Water envelope). sl «slal)

3. Lithosphere: The outer solid earth envelope up to 100 km (mainly earth crust
and uppermost of mantle). s sl

4. Biosphere: The livings envelope.cs sl sl

5. Interior of the Earth: Extending from lithosphere to center of the earth

(mainly earth mantel and core).c=_¥! kb

2.2 Solid Earth Envelopsju<_ ¥/ bl <l s<

The principal divisions of solid earth are shown in Fig.1 and include:

1- Earth Crust: consists of continental and oceanic crust separated by Conrad

Discontinuity.slyssSs,43 lgw Juass ddameg &) 8,43 (ye 05555 1 (o) 8,48
2_

3- Earth Core: Subdivided into outer core (liquid state) and inner core (solid

state). Earth core is separated from earth mantle by Gutenberg Discontinuity.
A dslen o 02018155 Jod eia (Aol ANE) (gl Gl (Aleslon! D) o Sl QI | o iy

102) Al)lg powka
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Hydrosphere
(liquid)

Layering by Layering by
Physical Properties Chemical Composition

Crust
(low density rock
Tiikositia 7-70 km thick)
osphere
(solid and riglid
100 km thick)

Lithosphere

Mantle \
(high density rock)

Outer core <
(liquid) Qi— Core
K Innr%r (iron + nickel)

e (gglid)\
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%
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Fig. 1: Layers of the earth and its major discontinuities.
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The internal structure of the earth is subdivided according to
seismological 4431 <l gledll information. When an earthquake occurred, two

main waves will be generated as follows:

1. Primary waves (P-waves) which are transported in both liquid and solid
medium.ball § Jilu) Jiaall 8 Jais

2. Shear waves (S-wave) which is transported in solid medium only. & Js
Jais Clall Jau )
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2.2.1 Earth Crust:

The crust extends from earth surface to the mantle (Moho or M-discontinuity).

The crust is subdivided into two parts as shown in Fig.2:

(a) Outer: known as Sial (silica-Alumina) or Granitic Layer.

(b) Inner: Known as Sima (Silica-Magnesia) or Basaltic layer.

Continental Crust ) -
1. EarthCrust = = = = = = = = Conard Discontinuity

Oceanic Crust

Moho Discontinuity

Upper Mantle
2. EarthMantle = = = = = = = -

Lower Mantle

Gutenberg Discontinuity

Outer Core (Liquid)
3. EarthCore = = = = === =

Inner Core (Solid)

Fig. 2: Earth structure and its discontinuities.

Sial or Granitic layer: is composed of less dense materials. It is rich in silica (SiO,)

and alumina (Al,O3) and has got similarity in composition of rock granite (L.s><l)

with an average density of 2.7 gm/cm? and average thickness of 25 km.

Sima or Basaltic layer: is made up of dense, dark colored materials which is rich

in magnesia (MgO) plus silica and it is similar to those which comes out of the
volcanoes with an average density of 2.9 gm/m? and average thickness of 20 km
as shown in Fig.3.
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le——— Oceanic Crust — .« Continental Crust —

Earth Ground
Sea Level —@
Sial or Granitic Layer

25km

1-2km Lava Flow&Deposits
Mantle

Moho Discontinuify

Fig. 3: Earth crust subdivision.

The depth of the crust which includes basaltic as well as granitic layer is

Engineers devide the crust into rocks _s>= and soils 43, whereas geologist
often call “rock” to all constituents of the earth crust. The mass of the crust is about
0.7% of the earth mass with an average density of 2.8 gm/cm?3 with composition
(up to 15 km) of 95% igneous rocks, 4% shales, 0.75% sandstone and 0.25%

limestone neglecting metamorphic rocks.

The mineralogical composition of the crust consists of more than 2000
minerals, but 99.9% of the crust consists mainly of 20 minerals maily feldspar,
silica, oxides, carbonate, phosphates, sulphides and chlorides. The percentages of
thses minerals as follows: 60% feldspar, 12% quartz, 4.1% iron oxides and

titanium, 3.8% mica, 2.6% pyroxene, 1.4% muscovite and 3,5% other minarals.
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2.2.2 Earth Mantle:

It extends from Moho discontinuity to about 2900 km which is the boundary of
mantle-core that is identified by P-wave observations. The materials in mantle are
about two or three times as dense as those of earth surface. It is believed that its
composition is similar to peridotite rock with high density. The average density is
about 4.5 gm/cm3. From seismic observations, it has been found that a major
change or discontinuity occurs at the boundary between mantle and outer core

named Gutenberg discontinuity.

2.2.3 Earth Core:

It is located below Gutenberg discontinuity from depth of about 2900 km to earth

center. It is subdivided into two parts:

(a) Outer Core: It surrounds the inner core which is liquid, its composition is
similar to that of the inner core, mainly iron and nickel. It is of about 2100

km in thickness to that average density of 10-15 gm/cm?,.
JSl 5 sl ol (S ¢ aall alll oy oS0 Al Leiy oS5 ¢ Al (5S35 ) ALl 3 gally oy

(b) Inner Core: It is estimated to be of about 850 km in thickness. It is solid
with the same composition and contains very high density materials with an

average density 17 gm/cm?,
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‘2.3 Variation of Physical Conditions with Depthl

The earth materials are believed to be formed from the transformation of the
original liquid materials to solid state as the lower density rocks are in the upper
part of the earth such as acidic rock “Granite” while rocks with higher densities are
in the lower part as the basic rock “Basalf’. Thus, the iron and heavy minerals
proportion (such as nickel) increases with depth down to the earth core which gives
an explanation for the gradual increase in rock densities downward the earth
center.
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temperature (Fig. 1-II) increases quickly with depth in the upper part (crust rocks)

but with gradual increase downward to the earth core reaching 5000°C in core
rocks. -

ds\co Lmﬂ}: ) 50 con

'L:“.o\u.. \‘_Dg?')For density (Fig. 1-III), it increases gradually with depth (with about 1
gm/cm® per 1000 km depth), but with abrupt 4l ss. 5 increase abruptly at the core
boundary due to the presence of iron and nickle which are the main components of
the core. Concerning seismic wave velocities (Fig. 1-IV), it is observed the
increase in P and S-wave velocities due to its transport from the contenental
(granitic) layer to the oceanic (basaltic) layer. In the mantle, the increase becomes
sharply reaching more than 8 km/sec. for P-wave and more than 5 km/sec. for S-
wave.



1st Class Engineering Geology

In the core, P-wave velocity decreases in the outer core, with the absence of
S-wave that confirms the liquidity state of the outer core. In the inner core, P and
S-waves are present and increase with depth reaching more than 11.5 km/se. for P-

wave velocity and about 3 km/se. for S-wave velocity.
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Seismic velocity (km/s)

15 P-wave
10 fave
Soyyas:
5 /)—»‘_— S-wave
—
1V

Fig.1: Variation of some physical conditions.

‘2.4 The Rock Cyclel

Rocks are classified according to their origin into
- Igneous 4
- sedimentary and s sw
- metamorphic rocks. 4l s=ie

The first rock type, igneous rock, originates when molten material called

Magma cools and solidifies. This process called crystallization and may occur

shortly after forming, the earth’s outer is believed to have been molten. As
this molten material gradually cooled and crystallized, it generated a primitive

crust that consisted entirely of igneous rocks.
Blgaall s 5 ygaia sl calialip oy Laxie Wiy ¢ 401 Heauall ¢ )l ge IV g sl
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If igneous rocks are exposed at the surface of the earth will undergo
weathering in which effects of atmosphere disintegrate and decompose slowly
rock. The materials that result will be picked up, transported, and deposited by any
of a number of erosional agents, gravity, running water, glaciers, wind or waves.
Once these particles and dissolved substances called “sediment” are deposed
usually as horizontal beds in the ocean, they will undergo lithification, a term
meaning conversion into rock.
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The full cycle does not always take place, for example, igneous rock rather than
being exposed to weathering and erosion at the earth surface, may be eubjected to
the heat and pressure found far below and change to metamorphic rock. On the
other hand, metamorphic rock and sedimentary rocks, as well as sediment, may be
exposed at the surface and turn in to new raw materials for sedimentary rock.
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ROCK CYCLE

When magma or lava
cools and solidifies,
igneous rock forms.

Weathering breaks
down rock that is
transported and
deposited as
Magma forms when sediment.
rock melts deep
beneath Earth’s

surface.

Metamorphic
Rock
T -

When sedimentary
rock is buried deep
in the crust, heat and

Eressure (stress) cause it
to become metamorphic rock.

’ Sediment is
compacted and cemented
to form sedimentary rock.

edimentary
Rock

elting

Fig.2: Rock cycle (or Geologic cycle).
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2.5 Earth Internal Structure

The segregation Jé of material that began early in Earth’s history resulted

in the formation of three layers defined by their chemical composition:

® crust,

e mantle,

e core.
In addition to these compositionally distinct layers, Earth can be divided into layers
based on physical properties. The physical properties used to define such zones
include whether the layer is solid or liquid and how weak or strong it is.
Knowledge of both types of layered structures is essential to our understanding of
basic geologic processes, such as volcanism, earthquakes, and mountain building.

2.5.1 Earth’s Crust
The crust, Earth’s relatively thin, rocky outer skin, is of two different types:

continental crust and oceanic crust. Both share the word “crust,” but the similarity
ends there. The oceanic crust is roughly 7 km thick and composed of the dark
igneous rock basalt. By contrast, the continental crust averages about 35 km thick
but may exceed 70 km in some mountainous regions such as the Rockies and
Himalayas.
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Unlike the oceanic crust, which has a relatively homogeneous chemical
composition, the continental crust consists of many rock types. Although the upper
crust has an average composition of a granitic rock called granodiorite, it varies
considerably from place to place.
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Continental rocks have an average density of about 2.7 gm/cm®, and some
have been discovered that are 4 billion years old. The rocks of the oceanic crust are
younger (180 million years or less) and denser (about 3.0 gm/cm?) than continental
rocks.

2.5.2 Earth’s Mantle
More than 82 % of Earth’s volume is contained in the mantle, a solid, rocky

shell that extends to a depth of nearly 2900 km. The boundary between the crust

and mantle represents a significant change in chemical composition. The dominant
rock type in the uppermost mantle is peridotite, which is richer in the metals
magnesium and iron than the minerals found in either the continental or oceanic
crust.
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2.5.2 Earth’s Core: The composition of the core is thought to be an iron-nickel

alloy with minor amounts of oxygen, silicon, and sulfur elements that readily form
compounds with iron. At the extreme pressure found in the core, this iron-rich
material has an average density of nearly 11 gm/cm® and approaches 14 times the
density of water at Earth’s center. The core is divided into two regions that exhibit
very different mechanical strengths. The outer core is a liquid layer 2270 km thick.
It is the movement of metallic iron within this zone that generates Earth’s magnetic
field. The inner core is a sphere having a radius of 1216 km. Despite its higher
temperature, the iron in the inner core is solid due to the immense pressures that
exist in the center of the planet.
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