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1- Introduction 
 
1.1 The Science of Geology 
 
     The word Geology is derived from the Greek "Gea" the earth and "logoss" 
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). 
 
1.2 Branches of Earth Sciences 
     For the great developments that occurred in geology so it is subdivided into 
many branches: 

1- Petrology: The investigation of the rocks forming the earth. 
2- Mineralogy and Crystallography: It is the mineral constituents of rocks. 
3- Structural Geology: How rocks are distributed and deformed. 
4- Geochemistry: It is a study of the chemistry of rocks and the distribution 

of major and trace elements in rocks and minerals. This can lead to an 
understanding of how a particular rock has originated, this will lead, in 
the broadest sense, to a knowledge of the chemistry of the upper layers of 
the earth. 

5- Geological Mapping: The distribution of rocks at the earth’s surface is 
found by making a geological survey (that is, by geological mapping) and 
is recorded on geological maps. This information about rocks is 
superimposed on a topographic base map.  

6- Geophysics : Knowledge of the nature and physical conditions of the 
deeper levels of the planet can be gained only by the special methods of 
geophysics, the twin science of geology; the term "Earth sciences" 
embraces both. From the theory and methods of geophysics, a set of 
techniques (applied geophysics) has been evolved for exploring the 
distribution of rocks of shallower levels where the interests of geologists 
and geophysicists are most intertwined. 

7- Stratigraphy: The interpretation of rock layers as earth history and the 
knowledge of the earth at the present time raises questions about the 
processes that have formed it in the past: that is, about its history.  

     8- Sedimentology :  A study of  the  processes  leading  to  the  formation  of  
    sedimentary rocks.  
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8- Palaeontology: It is the study of fossils and closely linked to earth 
history, and from both has come the understanding of the development of 
life on our planet. The insight thus gained, into expanses of time 
stretching back over thousands of millions of years, into the origins of 
life and into the evolution of man, is geology’s main contribution to 
scientific philosophy and to the ideas of educated men and women. 

9-  Physical Geology:  It is   the  study   of  different     geological   processes    
     (weathering, erosion and deposition). 
10- Hydrology, Hydrogeology & Geohydrology: Hydrology is the study of 

water which addresses the occurrences, distribution, movement, quality 
and quantity of all waters of the earth. Hydrogeology encompasses the 
interrelationships of geologic materials and processes with water. A 
similar term, Geohydrology, is sometimes used as a synonym of 
hydrogeology, althought it more properly describes an engineering field 
dealing with subsurface hydrology.     

11- Mining  &  Petroleum  Geology: It is  the investigation  for  economical  
      mineral ores, natural gases and petroleum and their structures. 
12- Engineering  Geology : The science that links between geology and civil 
      engineering. 
13- Environmental  Geology:  It deals with environmental  problems caused    
      by geological    phenomena such as ; earthquakes, volcanoes , landslides ,  
      and surface and underground water contamination. 
14- Marine  Geology: It deals  with  marine  sediments  and their  associated   
      phenomena, petroleum resources using marine geophysical methods. 
15- Remote Sensing: It deals with investigation and  identification  of  natural 
      earth resources by means of satellites and airborne surveys.    
16- Volcanology: It deals with the study of volcanoes, their formation , types  
      and distributions.  
17- Glaciology:  It deals   with   the   study   of   glaciers ,   their    types  and  
      distributions. 
18- Geochronology  :   It   is   the   science    of    estimating    ages      using   
      radioactive elements.        

 
1.3 Relevance of Geology to Civil Engineering 
 
     The application of geological principles in engineering investigations has a 
great benefits for engineering sciences and vice versa for geological sciences in 
case of well drilling. So both are closely related and are important in site 
investigations. 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. 
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Geotechnical engineering is the subdiscipline 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 foundations, retaining structures, and earth 
structures. 
      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: 

1- To know how and when to use the expert knowledge of consultants, 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 form a major part of the finished product, 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 redevelopment of a limited 
site, the demands 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 the geological works of rivers and the 
occurrences of underground water are required . 

   9- The exploration of a site to assess the   feasibility  of  a project ,  to plan and   
        design   appropriate   foundations,   and   to  draw  up  bills  of  quantity  for  
        excavation  normally  requires  that  most  of the  following  information be  
        obtained: 
    a- what  rocks  and  soils are present,  including  the  sequence of strata ,  the    
         nature and  thicknesses of superficial deposits  and the presence of igneous      
         intrusions; 
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   b- how  these rocks are distributed over , and under ,  the site  ( that  is ,  their    
        structure); 
   c- the frequency  and  orientation of joints in the different  bodies of  rock  and  
       the location of any faults; 
   d- the presence and extent of any weathering of the rocks,  and  particularly  of  
       any soluble rocks such as limestone; 
   e- the groundwater conditions,  including the  position  of the water table ,  and    
       whether  the groundwater  contains  noxious  material  in solution ,  such  as  
       sulphates, which may affect cement with which it comes in contact; 
   f- the  presence  of  economic  deposits  which  may  have  been  extracted  by  
       mining or quarrying, to leave concealed voids or disturbed ground; and 
   g- the suitability  of local  rocks and soils, especially those to be excavated,  as 
       construction  materials .  Special  information  such as  the seismicity of  the  
       region  or the  pattern of  sediment  movement  in  an  estuary  may  also  be  
       required. 
      Much of this exploration, particularly the making of geological maps, is 
normally carried out in large projects by a professional engineering geologist. In 
limited sites the engineer may have to collect his own geological data, and make 
elementary, but crucial, geological decisions on, for example, whether or not a 
boring has reached bedrock, or has struck a boulder in the overlying till.  
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REVIEW QUESTIONS   

 
 

1.1 Define the term "geology". Is it a pure or an applied science and why? 
 

1.2 Show the relation of geology with the following sciences: 
    a- Biology 
    b- Chemistry 
    c- Civil engineering 
    d- Hydrology 
    e- Physics 

 
1.3 What are the main applications of geology in engineering investigations? 

 
1.4 List some geological branches that are closely related to civil engineering. 

 
1.5 What are the main information required for exploration of a site to assess the 
      feasibility of a project? 

 
1.6 What   are   the   main   reasons   lead   the   civil   engineers  to  get   enough  
      understanding of geology ? 

 
1.7 Contrast between the following items:  
     a- Hydrogeology and geohydrology. 
     b- Geophysics and physical geology. 
     c- Geophysics and remote sensing. 
     d- Soil mechanics and rock mechanics. 
     e- Geotechnical engineering and soil mechanics. 
     f- Mining and quarrying.  
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2. Earth Structure 
 

2.1 Earth Envelopes  
   
      The  earth  physical  environment  is  traditionally  divided   into  five major 
envelopes, these are: 
1- Atmosphere: The outer gaseous envelope (Air envelope). 
2- Hydrosphere: The aqueous envelope (Water envelope). 
3- Lithosphere: The outer solid earth envelope up to 100 km (mainly earth crust 
    and uppermost of mantle). 
4- Biosphere: The livings envelope. 
5- Interior  of  the  Earth :  Extending  from  lithosphere  to center of  the earth  
    (mainly earth mantle and core). 

 
2.2 Solid Earth Envelopes   

 
      The principal divisions of solid earth include (Fig. 2.1): 
1- Earth   Crust    :   consists  of  continental  and oceanic  crust   separated   by 
    Conrad discontinuity.  
2- Earth  Mantle :  subdivided   into  ;   upper  mantle  ,  transition  and  lower    

mantle . Earth mantle is separated from earth crust  by Moho  Discontinuity .     
3- Earth Core  : subdivided into outer core ( liquid state ) and inner core ( solid  
    state). Earth core is separated from earth mantle by Gutenberg Discontinuity. 
    
     The internal structure of the earth is subdivided according to seismological 
information. When an earthquake occurred, two main waves will be generated 
namely primary waves (P-wave) which transfer in both liquid and solid media 
and shear waves (S-wave) which transfer in solid medium only. P and S wave 
velocities will be varied with respect to change in density and elastic properties 
that are resulted from temperature and pressure changes leading to chemical and 
mineralogical variations. So, according to these facts the interior of the earth has 
been divided to the above mentioned envelopes. The boundary between  these 
envelopes which indicates to changes in properties is called discontinuity.           
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   Fig. (2.1). Layers of the earth and its major discontinuities.                    
 
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 (Table 2.1):                        

     a- Outer – known as Sial (Silica-Alumina) or granitic layer.  
     b- Inner – known as Sima (Silica-Magnesia) or basaltic layer.   

 
Table (2.1). Earth structure and its discontinuities.  

 
                                      Continental Crust  

   Conrad Discontinuity        1- Earth Crust 
Moho   Discontinuity                           Oceanic Crust  

                                      Upper Mantle 
   2- Earth Mantle          Transition  

                                                             Lower Mantle 
      Gutenberg Discontinuity                                          

 Outer Core ( liquid )               
    3- Earth Core 
 Inner Core ( solid )      

 
    

     Sial or granitic layer is composed of less dense materials. It is rich in silica   
(SiO2) and alumina (Al2O3)and has got similarity in composition of rock granite 
with an average density 2.7 gm/cm3 and average thickness 25 km. Whereas, 
Sima or basaltic layer is made up of dense, dark colored materials which is rich 
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in magnesia (MgO) plus silica and it is similar to those which comes out of the 
volcanoes with an average density 2.9 gm/cm3 average thickness 20 km (Fig. 
2.2).                                                                                                                          

      The depth of the crust which includes basaltic as well as granitic layer is 
about 40 - 50 km in the continental areas, whereas the depth of basaltic, which 
forms the floor of ocean under oceanic areas, about 5 km due to the absence of 
the continental crust. The boundary between upper and lower crust is called 

Conrad discontinuity.                                                                                        
      Engineers divide the crust into rocks and soils, whereas geologists often call 

"rock" to all constituents of the earth crust.                                                          
      The mass of the crust is about 0.7% of earth  mass with an average density 
2.8 gm/cm 3 with composition (up to 15 km) of  95%  igneous rocks, 4 %  
shales, 0.75% sandstones and 0.25 %  limestones neglecting metamorphic rocks. 
     The mineralogical composition of the crust consists of more than 2000 
minerals, but 99.9% of the crust consists mainly 20 minerals, mainly feldspar, 
silica, oxides, carbonate, phosphates, sulphides, chlorides. The percentage of 
these minerals as follows: 60% feldspar, 12% quartz, 4.1% iron oxides and 
titanium, 3.8% mica, 2.6% olivine, 2.6% pyroxene, 1.4% muscovite and 3.5% 

other minerals.                                                                                                        
  

Continental Crust                 Oceanic Crust           
 
  
 Earth Ground             
 Sea Level         

     Sial or Granitic Layer 
25km               5km  

Conrad Discontinuity         
 Deposits&Lava Flow -2km1       

Sima or Basaltic Layer    Mantle      
20km   

     
Moho Discontinuity    

      
 
 

             Fig. (2.2). Earth crust subdivisions.                                                        
                    

                                                    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 
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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 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 2100 km in 

thickness and average density 10-15 gm/cm3.                                                       
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/cm3.                                                                                                  

                                                                                                
2.3 Variations of Physical Conditions with Depth  

 
     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 "basalt". 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.                                                                                                         
      The variations of some physical  conditions (pressure, temperature, density 
and seismic velocities) with depth from earth surface are shown in Figure 2.3. It 
is observed that the pressure (Fig. 2.3-I) increases gradually with increasing 
depth due to increasing rock column. While the temperature  (Fig. 2.3-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. For density 
(Fig. 2.3-III), it increases gradually with depth (with about 1gm/cm3 per 1000km 
depth), but with abrupt increase abruptly at the core boundary due to the 
presence of iron and nickel which are the main components of the core. 
Concerning seismic wave velocities (Fig. 2.3-IV), it is observed the increase in 
P and S-wave velocities due to its transport from the continental (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 5km/sec for S-wave). 
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 
wave are present and increase with depth reaching more than 11.5 km/sec for P-

wave velocity and about 3 km/sec for S-wave velocity. 
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     Earth section    
 
 
 

Mantle     Outer Core                                                             
Inner Core                                                                                                                 

                         0   1000     2000         4000              6370km   depths from earth surface                                               
                                                                                           

    Pressure ( Million atmospheric pressure)                                                                                                                 
   4                                                  

                                                                       
      3 

                                                                                  
                                                                                          2 

                                                                                                           
                                                                                                                                              1      

                                                     I                                                                           
                                                                                                               0                          

                                                                                                                                                       
                                                                                                               Temperature (◦K)    

 Melting point   4000   

    3000 

     2000 

    Solid   Liquid  Solid 1000 

          II          
  

                                               )Density (gm /cm3 
                                           15    

 
           10   

          5    

  III 
         
          Seismic velocity (km/s)  
  
 P-wave          15 
   P-wave   
 P-wave       10 

                             S-wave 
 S-wave  5 
 

 IV 
Fig.(2.3). Variations of some physical  conditions.                                                     
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2.4 The Rock Cycle 

 
     By studying the rock cycle  (Fig. 2.4) we may ascertain the origin of the three 
basic rock types and get some information about the role of various geologic 
processes in transforming one rock type into another. The concept of the rock 
cycle, which may be considered as a basic outline of physical geology, was 
initially proposed by "James Hutton". Rocks are classified according to their 
origin into igneous, sedimentary and metamorphic rocks.                                      
    The first rock type, igneous rock, originates when molten material called 
magma cools and solidifies. This process called crystallization may occur either 
beneath the earth s surface or following eruption at the surface. Initially, or 
shortly after forming, the earth’s outer shell 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.                                                         
     If igneous rocks are exposed at the surface of the earth will undergo 
weathering in which effects of atmosphere disintegrate and decompose slowly 
rocks. 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 
deposited usually as horizontal beds in the ocean, they will undergo lithification 
, a term meaning conversion into rock. Sediment is lithified when compacted by 
weight of overlying layers or when cemented as percolating water fills the pores 
with mineral matter. If the resulting sedimentary rock is buried deep within the 
earth or involved in the dynamics of mountain building, it will be subjected to 
great pressure and heat. The sedimentary rock will react to the changing 
environment and turn into the third type metamorphic rock. When metamorphic 
rock is subjected to still greater heat and pressure, it will melt, creating magma, 
which will eventually solidify as igneous rock.                                                      

      The full cycle does not always take place, for example, igneous rock rather 
than being exposed to weathering and erosion at the earth s surface, may be 
subjected 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 turned into new raw materials for 
sedimentary rock.                                                                                                     
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Cooling &                      
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 Magma                
 
 
 
 
                                             

Temperature& Pressure& Solutions                                                                    
            

Metamorphic Rocks                                                                           Igneous Rocks                         
                                        

                                                                                                                                      Weathering&           
Transportation& Temperature& 
Deposition                   Pressure& 

s                                                          Weathering&                                                                                    Solution  
 & Transportation 
  Deposition                                                                  
           

Weathering& Transportation& Deposition                                                           
                                                                                                                                                                       

          Sediments                     Sedimentary Rocks 
 
  
             Cementation & Compaction 
 

                                 
Fig. (2.4). Rocks cycle (or Geologic cycle). 
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REVIEW QUESTIONS   

 
 

2.1 List the main discontinuities within earth envelopes with their depths. 
 

2.2 What evidence do we have that the earth’s outer core is molten? 
 

2.3 Contrast between: 
      a- Sial and Sima 
      b- Inner and outer core  
   
2.4 Describe the chemical (mineral) makeup of the following: 
      a- Continental crust 
      b- Oceanic crust    

  c- Mantle        
      d- Core 

 
2.5 Show the variations of the below physical conditions with depth from earth   
      surface: 
      a- Pressure,  
      b-Temperature,   

c- Density, and        
      d- Seismic velocities     

 
2.6 Explain the concept of the rock cycle. 

 
2.7 Explain the main constituents of solid earth envelopes. 

 
2.8 What are the main minerals forming earth crust showing their percentages?  

 
2.9 Does the full geologic cycle always take place ? Why ? 
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3. Minerals 
  
3.1 Introduction 
      A mineral is a naturally occurring inorganic substance which has a definite 
physical, chemical composition, and definite crystalline structure (crystal form) 
normally uniform throughout its volume. In contrast, rocks are collections of 
one or more minerals. In order to understand how rocks vary in composition and 
properties, it is necessary to know the variety of minerals that commonly occur 
in them, and to identify a rock it is necessary to know which minerals are 
present in it. A mineral is considered to be the unit of rock composition  for 
example quartz, calcite, diamond (C) sulphur (S).  
 
3.2 Formation of Minerals  
           The minerals are formed by different methods: 
1- Crystallization from magma: Crystallization is the transformation from 

liquid state to solid state due to cooling process and forming crystal.   
2- Precipitation from chemical solutions by means of chemical reactions or 

microfauna.  
3- Minerals may be formed directly from gases by densification.  
4- New minerals may be formed by the effect of pressure and temperature as 

minerals forming metamorphic rocks.  
 
3.3 Classification of Minerals 
      The best classification of minerals is that depending on chemical 
composition which classifies minerals into two main categories: silicate 
minerals, non silicate minerals, but others classify them in three groups in 
which clay minerals represent the third one for its importance. 
1- Silicate Minerals: 

    These are the main category representing rock forming minerals and 
subdivided into many groups according to their chemical composition (ratio 
Si/O) as listed in the below table (Table 3.1). 
 
Table (3.1). Silicate minerals groups. 
 
Group Si O Example 
a- Quartz 1 2 Quartz 
b- Feldspar 3 8 Orthoclase & Plagioclase  
c- Amphibole 4 11 Hornblende  
d- Pyroxene 1 3 Augite 
e- Olivine 1 4 Olivine 
f- Mica 2 5 Biotite &  Muscovite   
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2- Non silicate Minerals  
         They are often called ore - forming minerals and they are subdivided into   
     the following groups: 

1- Native Elements: Sulphur (S), diamond (C) . 
2- Oxides: Hematite (Fe2O3), magnetite (Fe3O4). 
3- Carbonates: Cacite (CaCO3), dolomite [Ca,Mg (CO3) 2]. 
4- Sulphates: Anhydrite (CaSO4), gypsum (CaSO4 .2H2O) . 
5- Sulphides: Galena (PbS), pyrite (FeS2) . 
6- Phosphates: Apatite  [Ca,F(PO4) 3] .  
7- Florides: Fluorite (CaF2). 
8- Chlorides: Halite (NaCl). 
 

3- Clay Minerals  
    They are hydrous alumina silicates originate as products of the chemical 
weathering of the other silicate minerals. Clay minerals are also important 
rock forming minerals since they constitute shales and  make up a large 
percentage of the soil. Because of the importance of soil in agriculture and as 
a supporting material for buildings, clay minerals are extremely important to 
for geologists and civil engineers.  

 
3.4 Crystal Forms of Minerals  
 
     A mineral specimen can be an object of beauty in those occasional 
circumstances where it forms a single crystal or cluster of crystals. In such an 
environment, it develops a regular pattern of faces and angles between the faces, 
which is characteristic of a particular mineral. The study of this regularity of 
form, and of the internal structure of the mineral to which it is related, is called 
crystallography. A crystal is defined as a polyhedral form bounded by plane 
surfaces (faces) that reflects the orderly internal arrangement of atoms with a 
specific crystal form and constant angles and ordered in special systems. 
Crystals are classified into seven systems according to their degree of symmetry 
and to the geometrical relationships of their crystallographic axes (their relative 
lengths and the angles between them). 
  
1- Cubic (or Isometric) System: It consists three mutually perpendicular axes, 
all of the same length (a1=a2=a3). Four fold axis of symmetry around a1, a2, and 
a3. Mineral examples, galena (PbS), fluorite, magnetite and halite (Fig.3.1). 
                 c  
                                      
              a        b         a = b = c  ;  a ┴ b ┴ c 

 
 
         Fig. (3.1). A cubic system. 
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2- Tetragonal System: It consists three mutually perpendicular axes, two of the 
same length (a1=a2) and a third (c) of a length not equal to the other two. Four 
fold axis of symmetry around (c). Mineral examples, zircon and casseterite 
(Fig.3.2).  
              c  
                                    
                      b         a = b ≠ c  ;  a ┴ b ┴ c 

a 
 
    Fig. (3.2). A tetragonal system. 
 
3- Hexagonal System: It consists four axes, three horizontal axes of the same 
length (a1=a2=a3) and intersecting at 120◦. The fourth axis (c) is perpendicular to 
the other three. Six fold axis of symmetry around c. Mineral examples, apatite 
(Fig.3.3). 
                           c  
                                                                              
                      a3                                                   
                                     a2    a1= a2 = a3 ≠ c  ;  a1, a2 , a3 ┴ c 
                    a1   
  
     Fig. (3.3). A hexagonal system. 
 
4- Trigonal System: It consists four axes, three horizontal axes of the same 
length (a1=a2=a3) and intersecting at 120◦. The fourth axis (c) is perpendicular to 
the other three. Three fold axis of symmetry around c. Mineral examples, 
calcite, quartz, and corundum (Fig.3.4). 
 
                   c                 
                 a3 
                                a2 
             a1 
                                 a1= a2 = a3 ≠ c  ;  a1, a2 , a3 ┴ c 
 
    Fig. (3.4). A trigonal system. 
   
5- Orthorhombic System: It consists three mutually perpendicular axes of 
different lengths (a ≠ b ≠ c ). Two fold axis of symmetry around a, b and c. 
Mineral examples, olivine and topaz (Fig. 3.5). 
                    
                    c   
               a         b            a ≠ b ≠ c   ;   a ┴ b ┴ c 
                        
     Fig. (3.5). An orthorhombic system. 
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6- Monoclinic System: It consists three unequal axes, two mutually 
perpendicular axes (b and c) of any length. A third axis (a) at an oblique angle 
(ß) to the plane of the other two. Two fold axis of symmetry around b. Mineral 
examples, orthoclase, gypsum and hornblende (Fig. 3.6).                         
                                      
  c  
 ß b 
                          a                          a ≠ b ≠ c   ;     c ┴ b          
 
   
      Fig. (3.6). A monoclinic system. 
 
7- Triclinic System: It consists three axes at oblique angles (α, ß, and γ), all of 
unequal length. No rotational symmetry. Mineral examples, plagioclase 
(microcline and albite) (Fig. 3.7).  
                          
                        c       
                      ß α  
                    a     γ b                   a ≠ b ≠ c                  
                           
 
       Fig. (3.7). A triclinic system. 
 
3.5 Identification of Minerals 
  
    For a civil engineer, a study of rock–forming minerals is important to enable 
him to distinguish the various rock types. So minerals may be distinguished 
from one another by their distinctive physical properties. There are two 
fundamental characteristics of a mineral  that together distinguish it from all 
other minerals are its chemical composition and its crystal structure. No two 
minerals are identical in both respects, though they may be the same in one. For 
example, diamond and graphite (the "lead" in a lead pencil) are chemically the 
same-both are made up of pure carbon. Their physical properties, however, are 
vastly different because of the differences in their internal crystalline structure. 
Both mineral’s composition and crystal structure can usually be determined only 
by using sophisticated laboratory equipment. There are other important 
properties that are used to identify minerals in hand specimens without special 
equipments those are as follows:  
1- Color  
     The color of a mineral is that seen on its surface by the naked eye. It may 
depend on the impurities present in light-colored minerals, and one mineral 
specimen may even show gradation of color or different colors. For these 
reasons, color is usually a general rather than specific guide to which mineral is 
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present. Iridescence is a play of colors characteristic of certain minerals. The 
very common mineral quartz, for instance, is colorless in its pure form. 
However, quartz also occurs in other colors, among them pink, golden yellow, 
smoky brown, purple and milky white. Clearly, quartz cannot always recognized 
by its color, or lack of it.       
 
2- Streak  
     The streak is the color of the powdered mineral. This is most readily seen by 
scraping the mineral across a plate of unglazed hard porcelain and observing the 
color of any mark left. It is a diagnostic property of many ore minerals. or 
example, the lead ore, galena, has a metallic grey color but a black streak. 
 
3- Lustre 
      Light is reflected from the surface of a mineral, the amount of light 
depending on physical qualities of the surface (such as its smoothness and 
transparency). This property is called the lustre of the mineral, and is described 
according to the degree of brightness from "splendent" to "dull". The terms to 
describe lustre are given in Table 3.2. 
 
Table (3.2 ). Descriptive terms for the lustre of minerals. 
 
1- Metallic               like polished metal  (galena, magnetite) 
 
2- Submetallic         less brilliant (Cinnabar) 
 
3- Nonmetallic   
    Adamantine         like diamond lustre  
    Vitreous               like broken glass 
    Resinous              oily sheen 
    Silky                     like strands of fibre parallel to surface 
    Pearly                   like mica and talc lustres 
    Greasy & Waxy 
    Dull & Earthy     like kaolin lustre 
 

 
4- Cleavage  
     Cleavage is the way the crystals break up when struck. Most minerals can be 
cleaved along certain specific crystallographic directions which are related to 
planes of weakness in the atomic structure of the mineral . These cleavage 
directions are usually, but not always, parallel to one of the crystal faces. Some 
minerals, such as quartz and garnet, possess no cleavages, whereas others may 
have one (micas), two (pyroxenes and amphiboles), three (galena) or four 
(fluorite). When a cleavage is poorly developed it is called a parting. 
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      A surface formed by breaking the mineral along a direction which is not a 
cleavage is called a fracture and is usually more irregular than a cleavage plane. 
A fracture may also occur, for example, in a specimen which is either an 
aggregate of tiny crystals or glassy (that is, non-crystalline). A curved, rippled 
fracture is termed conchoidal (shell-like). 
 
5- Hardness 
     Hardness, the ability to resist scratching, is another easily measured physical 
property that can help to identify a mineral, although it usually does not 
uniquely identify the mineral. The relative hardness (H) of two minerals is 
defined by scratching each with the other and seeing which one is gouged. It is 
defined by an arbitrary scale of ten standard minerals, arranged in Mohs’  scale 
of hardness, and numbered in degrees of increasing hardness from 1 to 10 
(Table 3.3). The hardnesses of items commonly available are also shown, and 
these may be used to assess hardness within the lower part of the range. The 
only common mineral that has a hardness greater than 7 is garnet. Most others 
are semiprecious or precious stones. 
 

Table (3.3). Mohs’ scale of hardness. 
 
1   Talc              Hydrated magnesium silicate 
 
2   Gypsum       Hydrated calcium sulphate 

3   Calcite         Calcium carbonate 
 
4   Fluorspar    Fluoride 
 
5   Apatite        Calcium phosphate 
 
6   Feldspar      Alkali silicate scratched by a file  
 
7   Quartz         Silica scratches glass 
 
8   Topaz          Aluminum silicate 
 
9   Corundum  Alumina 
 
10 Diamond     Carbon 
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6- Transparency 
    Transparency is a measure of how clearly an object can be seen through a 
crystal. The different degrees of transparency are given in Table 3.4. 
 
Table (3.4). Degrees of transparency. 
 
1- Transparent: An object  is seen  clearly  through  the  crystal,  like  window    
     glass. 
2- Subtransparent: An object is seen with difficulty. 
3- Translucent: An object  cannot be seen,  but light is transmitted through the       
     crystal. 
4- Subtranslucent: Light is transmitted only by the edges of a crystal.   
5- Opaque: No light is transmitted; this includes all metallic. 
 

 
 
7- Specific Gravity 
  
      The specific gravity or density of a mineral can be measured easily in a 
laboratory, provided the crystal is not too small. The specific gravity (sp. gr.) is 
given by the relation: 
Specific gravity = W1  / ( W1 - W2 ) 
where W1 is the weight of the mineral grain in air, and W2 is the weight in water. 
A steelyard apparatus such as the Walker Balance is commonly used. In the field 
such a means of precision is not available, and the specific gravity of a mineral 
is estimated as low, medium or high by the examiner. It is important to know 
which minerals have comparable specific gravities: 
(a) Low Specific Gravity Minerals: include silicates, carbonates, sulphates and 
halides, with specific gravities ranging between 2.2 and 4.0. 
(b) Medium Specific Gravity Minerals: include metallic ores such as 
sulphides and oxides, with specific gravities between 4.5 and 7.5. 
(c) High Specific Gravity Minerals: include native metallic elements such as 
pure copper, gold and silver; but these are rare minerals and are very unlikely to 
be encountered. 
 
8- Other Properties 
  
      Taste, feel, optical properties and magnetic properties are diagnostic of a 
few minerals. Reaction with acids, when a drop of cold 10% dilute hydrochloric 
acid is put on certain minerals, a reaction takes place. In calcite (CaCO3), 
bubbles of carbon dioxide make the acid froth, and in some sulphide ores, 
hydrogen sulphide is produced. Tenacity is a measure of how the mineral 
deforms when it is crushed or bent as shown in Table 3.5.       
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Table (3.5). Descriptive terms for the tenacity of minerals. 
 
Brittle 
Flexible 
 
Elastic 
 
Malleable 
Sectile 
Ductile 

Shatters easily. 
Can  be  bent ,   but  will  not  return  to  original  position  after      
pressure is released. 
Can  be  bent ,  and  returns to original position after pressure is  
released. 
Can be hammered into thin sheets. 
Can be cut by a knife e ductile can be drawn into thin wires. 
Can be drawn into thin wires. 

 
      Some minerals often occur together whereas others are never found together 
because they are unstable  as a chemical  mixture  and  would  react  to   produce 
another mineral. Nearly all identification of minerals in hand specimens in the 
field is made with the proviso that the specimen being examined is not a rare 
mineral but is one of a dozen or so common, rock-forming minerals, or one of a 
couple of dozen minerals commonly found in the sheet-like veins that cut rocks.        
     The difference between common quartz and one particular rare mineral in a 
hand specimen is insignificant and easily missed, but mistakes of identification 
are presumably as rare as the mineral. The same limits of resolution. Using such 
simple techniques mean also that only in favorable circumstances is it possible 
to identify, for example,   which variety of feldspar is   present in a fine - grained  
rock as distinct from identifying feldspar. 
      Three or four properties are usually sufficient for a positive identification of 
a particular mineral and there is little point in determining the others. For 
example, a mineral with a metallic lustre, three cleavages all at right angles, a 
grey color and a black streak is almost certainly the common lead ore, galena. 
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REVIW QUESTIONS 

 
3.1  Although    all   minerals  have  an  orderly  internal   arrangement of atoms    
       ( crystalline form ) ,  most mineral samples do not demonstrate their crystal  
       form. Why? 
 
3.2  Distinguish between calcite and dolomite?  
 
3.3  Explain the difference between the terms silicon and silicates. 
 
3.4  Why might it be difficult to identify a mineral by its color? 
 
3.5  What two properties uniquely define a particular mineral? 
 
3.6  If you found a glassy - appearing mineral while rock  hunting and had hopes   
       that   it  was  a diamond   ,     what  simple   test   might   help   you  make  a  
       determination? 
 
3.7  Gold  has  a specific  gravity of almost 20 .  If a 25 liter pail of water weighs    
       about 25 kgm, how much would a 25 liter pail of gold weigh? 
 
3.8  What   do   ferromagnesian   minerals   have in common ?   List examples of   
       ferromagnesian minerals. 
 
3.9  What do muscovite and biotite have in common? How do they differ? 
 
3.10 Distinguish between orthoclase feldspar and plagioclase feldspar? 
 
3.11 Each   of   the following   statements  describes a silicate mineral or mineral  
        group. In each case, provide the appropriate name. 
        a- The most common member of the amphibole group. 
        b- The most common non ferromagnesian member of the mica family.  
        c- The only silicate mineral made entirely of silicon and oxygen. 
        d- A high-temperature silicate with a name that is based on its color. 
        e- Characterized by striations. 
        f- Originates as a product of chemical weathering . 
  
3.12 Define   a crystal.   What  is  its  main   components ?    According  to  what  
        properties , crystals have been classified? 
 
3.13 What is the main unit of rock composition?  
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4. Rocks 
 
4.1 The Nature of Rocks 
 
     Rocks are aggregates of one or more mineral. The nature and properties of a 
rock are determined by the minerals in it (particularly those essential minerals 
which individually make up more than 95% of its volume) and by the manner in 
which the minerals are arranged relative to each other (that is, the texture of the 
rock). Weathering, of course, will affect the engineering properties of a rock, 
and this is dealt with in detail in Chapter 5. An individual rock type or specimen 
is always described in terms of its mineral composition and its texture, and both 
are used in the classification of rocks. According to their manner of formation, 
or genetic classification, rocks are of three main types: 
 
1- Igneous rocks are formed from magma, which has originated well below the 
surface, has ascended towards the surface, and has crystallized as solid rock 
either on the surface or deep within the earth’s crust as its temperature fell. 
2- Sedimentary rocks are formed by the accumulation and compaction of; 
(a) fragments from pre-existing rocks which have been disintegrated by erosion ; 
(b) organic debris such as shell fragments or dead plants; or (c) material 
dissolved in surface waters (rivers, oceans, etc.) or ground water, which is 
precipitated in conditions of oversaturation. 
3- Metamorphic rocks are formed from pre-existing rocks of any type, which 
have been subjected to increases of temperature (T) or pressure (P) or both, such 
that the rocks undergo change. This change results in the metamorphic rock 
being different from the original parental material in appearance, texture and 
mineral composition. 
 
4.2 Igneous Rocks 
      Igneous rocks represent about 25% of earth surface rocks but 95% of earth 
crust rocks. Those rocks formed by cooling and solidification of hot molten 
mineral matter, known Magma below the surface of the earth. If this material 
comes to the earth surface, it is termed as lava which is similar to magma except 
that most of the gaseous component has escaped. The process by which crystals 
are formed after cooling is called crystallization. The rocks which result when 
lava solidifies are classified as extrusive, or volcanic. The magma is not able to 
reach the surface eventually crystallizes at depth and producing intrusive, or 
plutonic rocks.    
 
4.2.1 Formation of Igneous Rocks  
Extrusive Igneous Rocks  
      The rocks which result when lava solidifies by rapid cooling at the surface 
are classified as extrusive (volcanic) igneous rocks. When cooling occurs quite 
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rapidly, the outcome is the formation of a solid mass formed of very small 
crystals. The resulting rocks fine grained (aphanitic texture), such as basalt, 
andesite, rhyolite and dacite rocks. Conversely, most, but not all, fine-grained 
igneous rocks are extrusive. When crystals have no enough time to grow a 
microcrystalline texture is produced. Sometimes the magma has chilled so 
quickly that crystals have failed to form. The rock is then a natural glass, and is 
described as having a glassy texture such as obsidian and pumice rocks, this 
texture occurs most commonly in acid extrusive rocks. Vesicular texture is 
characterized by the presence of vesicles-tabular, or spherical cavities in the 
rock and occurs most commonly in extrusive rocks  in which the gases dissolved 
in magma under the high pressures. 
  
Plutonic Igneous Rocks  
    When a magma cools very slowly, it results in the formation of rather large 
crystals ,  so  igneous  rocks  produced  in  this  manner  are   termed   intrusive 
 (plutonic) igneous rocks, typically at depths of a few kilometres within the 
earth. When large masses of magma solidify far below the surface, they form 
igneous rocks that exhibit a coarse–grained texture described as phaneritic. 
These coarse–grained rocks are roughly equal in size and large enough so that 
the individual minerals can be identified with the unaided eye, which is 
sometimes called grangular texture such as granite, granodiorite, diorite, 
peridotite and gabbro.  
       When the resulting rock has large crystals embedded in a matrix of smaller 
crystals, is said to have a porphyritic texture exists where larger and smaller 
crystals are both present in the same rock (Figs. 4.1 and 4.2). The larger crystals 
in such a rock are referred to as phenocrysts, while the matrix of smaller crystals 
is called groundmass. A rock which has such a texture is called porphyry which 
is found most commonly in extrusive rocks, but is also sufficiently common in 
some intrusive rocks (hypabyssal rocks). For example, in quartz porphyry the 
most common phenocryst is quartz. The texture is frequently produced when a 
rock has cooled in two or more stages, and crystals from the first stage gain a 
head start in growth over the later-stage crystals of the matrix. 
 

 
 
                                    Fig. (4.1). Porphyritic rocks. 
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                       Fig. (4.2). Porphyritic texture in fine-grained basalt. 
 
 
4.2.2 Igneous Structures and Forms 
 
Extrusive Rocks 
     Extrusive rocks are formed when molten rock (magma) reaches the surface, 
along either wide vertical fissures or pipe-like openings in the earth’s crust. 
Fissure openings may vary from a fraction of a kilometer to several kilometers 
in length. Huge outpourings of magma can be emitted from such fissures. 
Depending on their composition, lavas may have a rough broken surface            
(scoriaceous lava) or a smooth wrinkled surface (ropy lava) when extruded. 
Other forms are blocky (irregular form), columnar joints resulted from 
contraction due to cooling, and pillows when lava flows under water. 
 
Intrusive (Plutonic) Rocks  
    Intrusive Igneous structures and forms are classified into two main categories 
with respect to depth: 
a- Hyabyssal Rocks: Rocks that are formed at an intermediate depths between 
volcanic and plutonic of fine-, medium-grained size which include. The 
common hypabyssal intrusions (Fig. 4.3) are sheet-like in form, with widths 
usually between 1 and 70 m. They are labelled according to whether or not they 
conform to the structure of the strata in which they are emplaced: 
1- Sills: A concordant hypabyssal intrusion injected along the layering in the 
country rocks is called a sill. Most sills are subhorizontal, so the terms are often 
used loosely with this relative orientation in mind. 
2- Dykes: A discordant hypabyssal intrusion cutting steeply across the 
layering is called a dyke and most dykes are near-vertical. 
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      Fig.(4.3). The common types of hypabyssal intrusion: a volcanic plug, a 
                       sill and a dyke are shown in sections and on the surface.   
 
 
b- Structures  and  Forms of  Intrusive ( Plutonic ) Rocks at greater depths:  
These structures and forms are formed at greater depths under high temperature 
and pressure resulted in coarse-grained rocks, some of these structures are: 

1- Laccolith: The smallest intrusions are often mushroom-shaped with a flat 
base and an upwards bulging roof, similar to sills but with restricted 
movement of magma because the that generates laccolith magma is 
believed to be quite viscous.   

2- Phacolith: Other forms of structures those are undulated parallel to fold 
layers with lens-shaped mass.  

     3-  Lopolith   :   Sheets of this   type are  a few kilometers thick, often down- 
          warping  the  underlying  original  rocks because of the weight of   magma 
          involved. 

4-  Batholith  :  The major plutonic intrusion which is a great body  ,  always  
     formed from acid magma, and it is characteristic of late igneous activity in  
     mobile belts. For its largeness, different believes have been introduced for 
     its origin (Fig. 4.4). 
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Fig. (4.4). The granite of the batholith has been emplaced in country rocks. 
 
 
 
4.2.3 Classification of Igneous Rocks  
 
       Igneous rocks are classified according to the mode of formation, texture and 
composition. 
  
1- Mode of Formation: 
     a- Volcanic: fine-grained, aphanitic, e.g basalt, dacite, andesite,      
         rhyolite.  
     b- Plutonic: coarse-grained, phaneritic, e.g.diorite,granite, gabbro.  
     c- Porphyritic: e.g. porphyritic andesite. 
     d- Glassy: e.g. obsidian. 
  
2- Textural Subdivision: 
     A variety of textures may occur in igneous rocks. Each reflects the physical 
conditions under which the rock formed. With few exceptions, igneous rocks are 
composed of interlocking crystals (only a few of which display a perfect crystal 
form), and are said to have a crystalline texture. The next most important 
textural feature is the size of the individual crystals, and this is used as a 
criterion, together with mineral composition, in the most common and simplest 
classification of igneous rocks. Generally speaking, crystal size is usually related 
to how long it has taken the magma-to solidify completely, and thus how much 
time individual crystals have had to grow. In fine-grained rocks, crystals are on 
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average less than 1 mm across, in medium-grained rocks they are between 1 
and 5 mm across, and in coarse-grained rocks they are over 5 mm across. 
Tables 4.1 and 4.2 shows the main textures and the relation of grain size and 
cooling rate of igneous rocks respectively.  
 
Table (4.1). The main textures of igneous rocks . 
    

 a- Fine-grained  
 b- Medium-grained 
 c- Coarse-grained 
 d- Porphyritic  
 e- Vesicular 
 f- Glassy  

Aphanitic, also known volcanic.  
also known hyabyssal .  
Phaneritic, also known plutonic. 

 
 

       
          
Table (4.2). The relation of grain size and cooling rate of igneous rocks . 
 

Grain Size Dimension Cooling Rate 
Very coarse-grained > 30 mm Very slow 
Coarse-grained > 5 mm Slow 
Medium 1-5 mm Medium 
Fine < 1 mm Rapid 
Very fine Not seen with eyes Very rapid 
Glassy Noncrystalline Intensively very rapid 
Vesicular Noncrystalline Vesicles 

 
 
3- Mineral Composition  
 
        Igneous rocks   are   subdivided according to their mineral composition into  
(Fig. 4.5 and Table 4.3): 
     a- Acidic: Sialic-silica and aluminan, light color, its mineral composition is 
mainly feldspar (orthoclase, plagioclase) and quartz, e.g. granite rock.   
     b- Intermediate: It lies between acidic and basic, intermediate in color , its 
composition is mainly feldspar and little quartz, e.g. andesite rock. 
     c- Basic: Simatic-silica and magnesia, dark color, its mineral composition is 
mainly biotite, pyroxene, amphiboles, e.g. gabbro rock. 
     d- Ultra-Basic: Ferromagnesian minerals are predominant without quartz, 
e.g. olivinite rock. 
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      Fig. (4.5). Igneous rock composition, based on the proportion of each    
                       mineral present. 
 
 
 
 
     Table (4.3). Composition of some igneous rocks. 
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4.3 Sedimentary Rocks 
 
    Sedimentary rocks are formed from the solid debris and the dissolved mineral 
matter produced by the mechanical and chemical breakdown of pre-existing 
rocks, or in some cases from the skeletal material of dead plants and animals. 
The processes involved in the disintegration of rocks by weathering and erosion, 
and the transport of these products to the place where they are deposited. 
     Sediments and sedimentary rocks are of great importance for engineers since 
the deposits ("soils" to an engineer) which have recently formed, or are forming, 
blanket most of the solid rocks of the earth, and are the natural material 
encountered and dealt with in nearly every shallow excavation. These modern 
deposits are also relevant in discussing the solid sedimentary rocks, which have 
been produced from similar accumulations in the geological past. The sediment 
has been transformed into solid rock by compaction as it was buried and 
compressed by subsequent deposits. Sedimentary  rocks form about 75% of  the 
earth surface (upper part of earth crust down to about 8 km.).  
 
4.3.1 Major Processes for Sedimentary Rocks Formation  
 
         The main processes are:  

1- Weathering and Erosion: Weathering is the disintegration and 
decomposition of rock at or near the surface of the earth. Whereas erosion 
is the  incorporation and transportation of material by mobile agent, 
usually water, wind or ice. 

2- Transportation: It includes the mobile agents mentioned above . 
3- Deposition: It is the site of deposition of the materials in a sedimentary 

basin. By compaction and cementation, these sediments will transform to 
solid rocks. 

  
 Briefly, the primary requirements for the formation of sedimentary rocks 

are: source of sediments and site of deposition (Fig. 4.6).  
 Since these are deposits, they possess bedding characteristics (layers). Rocks 

with different composition, grain size, color, etc are  called strata, while the 
boundary separating two different strata is called stratification. The process by 
which the sediments transforms to sedimentary rocks is called lithification. 
Each group of sedimentary rocks deposited in the same geologic time is called 
formation.  

 
 
 
 
 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

31 
 

 
             ……………………………   Densification  …………………………….. 
             . . . . . ……………………. Process  …………………………….. 
             ……………………………       …………………………..  
             ……………………………     …………………………….   
             …………………………….  Bedding Plane ……………………………. 
             ……………………………       ……………………………. 
 
                  a- Sediments                            b- Sedimentary rocks 
            Fig. (4.6) . Formation of sedimentary rocks. 

 
 

4.3.2 General Properties of Sedimentary Rocks  
 

1- They possess bedding planes or stratification which indicate non 
deposition period.  

2- They contain fossils (plant or animal remains). 
3- They are often porous which is important for the presence of oil, gas and 

underground water.  
4- The surface of the grains are smooth due to weathering and erosion 

processes. 
5- They often contain fractures, cavities, channels and faults which affect 

engineering projects.   
 

4.3.3 Factors Affecting Variety of Sedimentary Rocks 
 
    Three main factors are affecting the variety of sedimentary rocks, these are: 
 

1- Type of the original rock material: Where chemical weathering of 
calcareous rocks produces calcareous rocks too, and physical weathering 
of sandstone produces sandstone too. Whereas, chemical and physical 
weathering of igneous and metamorphic rocks produce different rocks . 

2- Type of transportation: Different deposits formed with different agent of 
transportation (wind, water and glaciers). 

3-  Environment of deposition: Different environments cause different  
sedimentations. Thus it may be described according to the type of 
environment in which it accumulated:                   
a- Continental deposits: If it were laid down on land or in a lake by rivers, 
ice or wind.. If the agents are rivers ( fluviatile deposits ), wind (Aeolian 
deposits) and glaciers (glacial deposits). 
b- Transitional (Intermediate) deposits: If it were laid down in an estuary 
or delta deposits formed in delta (deltaic), and deposits formed in 
estuaries of rivers (estuarine). 
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c- Marine deposits: These deposits formed along coastlines, shores, 
continental shelves and deposits formed in the abyssal areas of the deep 
oceans (under greater depth of water) are abyssal deposits (Fig. 4.7).  

 
   Sea Level  

 Flood Level      
    Continental   Littoral   Ebb Level 
    Environment  Zone  Around 200 m 
                                             Continental Shelf                   
 Continental Slope Sediments  
                                              Continental Slope    ( between depths 200-2000m) 
 
 Marine Sediments 
 
  Transitional Environment  Marine Environment 
 
 
 Fig. (4.7). Depositional Environments of sedimentary rocks.  
 
 
 
4.3.4 Textures and Kinds of Deposition of Sedimentary Rocks 
  
     The material from which sedimentary deposits are formed derived in the 
following ways:  
             

1- Mechanical Deposits: Formed from the accumulation of pebbles, sand, 
clay and fragments of other rocks such as sandstones, shales and 
conglomerates. The texture of these deposits is called clastic (detrital) 
texture.  

2- Chemical  and Organic Deposits: Formed from minerals were once 
dissolved in water and then precipitated out, such as limestones, salt, 
gypsum and anhydrites. The texture is called crystalline. Whereas, 
organic deposits are formed from plant and animal remains, such as 
certain limestones and coal. 

  
      The main elements of texture of sedimentary rocks are: grains, matrix and 
cementing material between grains and matrix.  
 
4.3.5 Sedimentary Rock Structures  
 
       The occurrence of sedimentary structures indicates some variation in 
composition or texture of sedimentary rock layers in response to changes in the 
environmental conditions in which the particular sediment was laid down. The 
most common sedimentary structures are: 
      1- Stratification  or   Bedding  Planes:   The sedimentary  layers are called    
          strata   or  beds   which   are  the  single  most  characteristic   feature    of  
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          sedimentary rocks.   The thickness of layers ranges from   microscopically    
          thin to tens of meters thick  .   Separating   the strata  are   bedding   planes  
          which are flat   surfaces  along  which rocks tend to separate .  Changes  in  
          the  grain  size or in  the   composition  of  the  sediment   being  deposited      
          can create bedding planes. Pauses in deposition can also lead to layering. 

 2- Mud Cracks: They  indicate that the  sediment in which they formed was   
     alternately wet  and dry.   When exposed to air  ,  wet  mud  dries  out  and  
     shrinks, producing cracks. 
3- Ripple Marks: They are characteristic of sediments deposited where was 

a forward and backward movement of water, such as one might find in a 
standing body of water affected by wave action. Current ripple marks 
indicate that the sediment was deposited by running water or by wind. 
Such feature give clues to past environments. It may produced by streams 
or tidal currents flowing across a sandy bottom or by wind blowing over a 
sand dune. Some ripple marks can be used to determine the direction of 
movement of ancient currents and winds(Fig. 4.8). 

 
 Symmetric ripple marks  

 
   
 Water or wind direction 

 
 Asymmetric ripple marks 
   

 
 

 
 
                        Fig. (4.8) . Ripple marks. 
 
 

4- Cross Bedding (Current Bedding):  It is characteristically laid down at 
an angle to the horizontal, such as on the lee side of a sand dune, and 
while the major bedding is horizontal, there is a subset that is at an angle. 
Sometimes when a bed of sedimentary rock is examined, we can see 
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layers inclined at a steep angle to the horizontal. Such layering is termed 
cross bedding and is most characteristic of river deltas and sand dunes. It 
has been laid down in shallow water or deposited as dunes by the action 
of wind. Successive minor layers are formed as sand grains settle in the 
very slow moving, deeper water at the downstream end of a sandbank or 
delta, and the sandbank grows in that direction. Each layer slopes down 
stream and is initially S-shaped; however, erosion of the top of the sand 
bank by the stream leaves the minor layering still curving tangentially 
towards the major bedding plane at its base, but truncated sharply at its 
junction with the upper bedding plane (Fig. 4.9). Because of its mode of 
origin, it is sometimes referred to as current bedding. 

 
 

 
 
 
                        Fig. (4.9). Formation of current bedding. 
 
 
5- Graded bedding: In graded bedding, a sediment containing a wide range 

of grain sizes is sorted vertically such that there is a continuous gradation 
from coarse particles at the bottom of the sedimentary layer to fine grains 
at the top (Fig. 4.10). Certain thick sedimentary sequences are 
characterized by a rhythmic alternation of thin sandstones and shales. The 
sandstones (or greywackes) show graded bedding. These are believed to 
have been deposited by turbidity currents, probably flowing off ocean 
shelf areas into deep water carrying a slurry of sand-laden muddy water, 
which forms turbidites.  
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                   Fig. (4.10). Sequence of graded beds. 
 
 
4.3.6 Classification of Sedimentary Rocks 
 
      The major groups of sedimentary rocks are: 
 
a- Clastic  Sedimentary  Rocks    ( sometimes  referred  to  as  Mechanical  or   
     Detrital or Terrigenous rocks) 
       They are formed from minerals or rock fragments derived from   the   break-   
down of pre-existing rocks. The deposits of gravel, sand, silt, and clay formed by 
weathering may become compacted by overburden pressure and cemented by 
agents like iron oxide, calcite, dolomite, and quartz. Cementing agents are 
generally carried in solution by groundwater. They fill the spaces between 
particles and form sedimentary rock. Conglomerate, breccia, sandstone, 
mudstone, and shale are some rocks example of the detrital type. For civil 
engineer, clastic sedimentary rocks are classified, with respect to their grain size, 
according to Atterberg’s scale as shown in table (4.4).  
 
     Table (4.4). Clastic sedimentary rocks classification according to Atterberg's scale. 
 

Sediment  Grain Size 
Gravel > 2 mm 
Sand      Coarse 
               Medium 
               Fine 

2 – 0.6 mm 
0.6 – 0.2 mm 
0.2 – 0.06 mm 

Silt         Coarse 
               Medium 
               Fine 

0.06 – 0.02 mm 
0.02 – 0.006 mm 
0.006 – 0.002 mm 

Clay < 0.002 mm 
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b- Chemical Sedimentary Rocks 
  
      They are formed by chemical processes from the precipitation of salts 
dissolved in water. Limestones and dolomites, which are chemical  sedimentary 
rocks consisting of more than 50% carbonate, and can include chemical, clastic 
and biological material. Limestone (CaCO3) is formed mostly of calcium 
carbonate that originates from calcite deposited either by organisms or by an 
inorganic process. Dolomite is calcium magnesium carbonate [CaMg(CO3) 2] 
that is formed either by the chemical deposition of mixed carbonates or by the 
reaction of magnesium in water with limestone originates from calcite. Other 
examples of this type are: evaporites (gypsum and anhydrite) result from the 
precipitation of soluble CaSO4 because of evaporation of ocean water, while 
rock salt (NaCl) is another example of an evaporite that originates from the salt 
deposits of seawater; siliceous deposits (chert and flint).  
 
c- Organic Sedimentary Rocks 
 
      They are formed from the skeletal remains of plants and animals and include 
coal and oil. Some examples for this type are; calcareous (corals, shells), 
siliceous (diatoms), carbonaceous (forest trees), and phosphatic (animal bones). 
Besides, limestone may be originated from calcite deposited by organisms .   
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4.4 Metamorphic Rocks   
 
     If a rock is subjected to increased temperature or pressure, or both, to such a 
degree that it is altered by recrystallization, then a new rock with a new texture 
and possibly a new mineral composition is produced. Rocks formed in this way 
belong to the third major category of rocks, the metamorphic rocks.. The 
process of change of the original rock  in the composition and texture of rocks, 
without melting, by heat and pressure is referred to as metamorphism. 
   The effects of metamorphism include: 

1- Deformation and reorientation of mineral grains. 
2- Recrystallization of minerals into larger grains. 
3- Chemical recombination and growth of new minerals.   

 
4.4.1 Agents of Metamorphism 
 
    The agents of metamorphism include heat, pressure and chemically active 
fluids.  

1- Heat as a Metamorphism Agent  
     Perhaps the most important agent of metamorphism. In the upper crust, 
the increase in temperature averages about 30ºC per kilometer. Rocks may be 
subjected to extreme temperatures if they are buried deep within the earth or 
being in contact with molten materials .Consequently these rocks become 
unstable and gradually changes at temperature about 200–750ºC or more near 
molten materials.  
 
2- Pressure as a Metamorphism Agent   

Pressure, like temperature, also increases with depth. Two types of 
pressure are: 

a- Stress or Directional Pressure: In which rocks are subjected to 
stress during the process of mountain building. Here the applied 
force is directional.  

b- Confining or Hydrostatic Pressure: In which the force is applied 
equally in all directions. Buried rocks are subjected to the force 
exerted by the load above. 

 
 

3- Chemical Active Fluids as a Metamorphism Agent   
 Chemically active fluids, most commonly water containing ions in 

solution, also enhance the metamorphism process. In some instances, the 
minerals recrystallize to form more stable state. In other cases ion exchange 
among minerals results in the formation of completely new minerals .   
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4.4.2 Types of Metamorphism  
 
Metamorphism most often occurs in three settings: 
 

1- Thermal  (or Contact) Metamorphism 
           In thermal metamorphism, increased temperature is  the  dominant  agent   
      producing  change,  and the degree of   recrystallization  of the original rocks   
      bears a simple relation to it.   It is characteristic of  the  country rocks that lie     
      at the margins of any  large  igneous  intrusions  and  have  been  baked  and  
      altered by the hot magma.   Some  examples  limestone is metamorphosed to  
      marble and sandstone is metamorphosed to quartzite.  
 

2- Regional  Metamorphism 
            Temperature,  load and directed pressure are important agents of regional     
     metamorphism,  which invariably affects wide areas rather than being related     
     to an  individual  igneous mass or one  zone of movement.  During  mountain  
     building,    rocks  are  subjected   to the   intense   stresses   and  temperatures  
    associated with large - scale deformation.   The  end  result may  be  extensive    
    areas of metamorphic rocks.  

   
3- Dynamic Metamorphism 

           In dynamic metamorphism, increased stress is the dominant agent,   extra  
     heat being relatively  unimportant.   It is   characteristic  of  narrow  belts   of  
     movement,   where the rocks on one side are being displaced relative to those   
     on the other. Whether the rocks are simply crushed, or  whether there is some  
     growth of new crystals,   depends  largely   on the   temperature  in  the  mass  
     affected by dynamic metamorphism. 

 
4.4.3 The Bases of Classification of Metamorphic Rocks  
 
           The classification of metamorphic rocks depends on three main bases: 

1- Texture: The degree of metamorphism is reflected in the texture and 
mineralogy of metamorphic rocks due to deformation and 
recrystallization. 

 
2- Chemical Composition: Since metamorphic rocks may be formed from 

any type of existing rock, their mineral composition ranges more widely 
than that of all other types of rock combined. Metamorphic rocks may 
contain most of the common minerals found in igneous and sedimentary 
rocks. Some minerals occur only or dominantly in metamorphic rocks. 

        
3- Foliation: In which minerals take a preferred orientation which will be 

perpendicular to the direction of the compressional force. Metamorphic 
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rocks are subdivided into two main types; foliated  texture (oriented and 
banded) and non- foliated texture (crystalline and granular). 

 
 
4.4.4 Classification of Metamorphic Rocks 
 

1- Foliated Metamorphic Rocks 
        Those rocks which possesses a definite banded structure. These rocks have 
texture which may cause them to break along parallel surfaces. Foliation is the 
result of rearrangement of mineral grains by rotation and recrystallization under 
pressure. They may be subdivided according to type of foliation. 
        The degree of metamorphism is related to the conditions of temperature 
and pressure under which the new metamorphic rock has formed, and may be 
assessed by the appearance of certain new minerals. Textural changes also occur 
as metamorphic grade increases. As the metamorphism grade increases, the 
grain size increases. At low-grade metamorphism, rocks are transformed to slate 
and phyllite  for example, shales and mudstones are transformed into slates and 
phyllites by low-grade metamorphism. At medium-grade metamorphism, rocks 
are transformed to schists. And at high-grade metamorphism, all rocks are 
transformed to gneiss as shown in Figure 4.11. 
 
                                                  Grade of Metamorphism 
                                                    
  
                                     Low                     Medium                   High 
 
 
Original rock 
 
 
  Shale                          Slate 
                                     
                                   Phyllite  
 
 Rhyolite                                                   Schist     
 
 Granite                                                                                    Gneiss         
 
 
  Basalt 
 

 
Fig.(4.11). The effect of grade of metamorphism on original rocks. 
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2- Non-Foliated Metamorphic Rocks  
 
      They are massive and structureless, lack parallelism and their mineral 
components are either coarse or microscopic. Marble is a metamorphic rock 
formed from limestone and dolomite by recrystallization. Quartzite is a 
metamorphic rock formed from quartz-rich sandstones (Fig. 4.12).  
 
 
                                                Grade of Metamorphism 
 
                                                     
                                     Low                       Medium                 High 
 
 
 
 Original rock 
 
 Sandstone                                               Quartzite  
 
 Limestone                                               Marble 
  
 
   Shale              Hornfels 
 
 
Fig.(4.12). The effect of grade of metamorphism on original rocks. 
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REVIEW QUESTIONS 

 
4.1  Define the term "rock". 
  
4.2  How does lava differ from magma? 
 
4.3  In    addition   to   the   rate   of   cooling ,    what    other  factors   influence    
       crystallization? 
 
4.4  The classification of igneous rocks is based largely upon two criteria. Name  
       these criteria.  
 
4.5  The statements that follow relate to terms describing igneous rock textures.     
       For each statement, identify the appropriate term. 
       a- Openings produced by escaping gases. 
       b- Obsidian exhibits this texture. 
       c- A matrix of fine crystals surrounding phenocrysts.  
       d- A texture characterized by two distinctively different crystal sizes. 
       e- Coarse-grained, with crystals of roughly equal size. 
 
4.6  What does a porphyritic texture indicate about an igneous rock? 
 
4.7  How are granite and rhyolite different? In what way are they similar? 
 
4.8  Compare and contrast each of the following pairs of rocks: 
       a- Granite and diorite. 
       b- Basalt and gabbro.  
       c- Andesite and rhyolite. 
 
4.9  How   do  tuff  and  volcanic breccia differ from other igneous rocks such as  
       granite and basalt? 
 
4.10 What  is  igneous rocks  ?   How do volcanic and   plutonic  rocks  differ  in  
        texture? Why? 
 
4.11 Why  might   a laccolith  be   detected  at  the  earth’s   surface before being    
        exposed by erosion?  
 
4.12 What is the largest of all intrusive igneous bodies?  Is it tabular or massive?  
        Concordant or discordant? 
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4.13 Granite and basalt are exposed at the surface in a hot, wet region.  
        a- Which type of weathering will predominate? 
        b- Which of the rocks will weather most rapidly? Why? 
 
4.14 How does the   volume of   sedimentary   rocks in the earth’s crust compare   
        with  the  volume of   igneous rocks  in  the crust ?  Are  sedimentary  rocks   
        evenly distributed throughout the crust? 
 
4.15 What minerals   are most common  in  detrital sedimentary rocks?  Why are  
        these minerals so abundant? 
 
4.16 What  is   the  primary   basis for   distinguishing   among   various   detrital  
        sedimentary rocks? 
 
4.17 The  term  "clay" can  be  used  in  two  different ways.   Describe   the  two    
        meanings of this term? 
 
4.18 Distinguish between conglomerate and breccia. 
 
4.19 Distinguish between the two categories of chemical sedimentary rocks. 
 
4.20 What are evaporate deposits? Name a rock that is an evaporate. 
 
4.21 Compaction is an important lithification process with which sediment size? 
 
4.22 List   three   common  cements  for sedimentary rocks.   How might each be  
        identified? 
 
4.23 What is  the   primary basis for   distinguishing   among   different chemical  
        sedimentary rocks? 
 
4.24 Distinguish between clastic and nonclastic textures. What type of texture is   
        common to all detrital sedimentary rocks? 
 
4.25 What is the single most characteristic feature of sedimentary rocks? 
 
4.26 What is metamorphism? What are the agents of change? 
 
4.27 What is foliation? 
 
4.28 List   some   changes that might occur to a rock in response to metamorphic  
        processes. 
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4.29 Slate   and   phyllite  resemble  each other.   How might you distinguish one   
       from the other? 
 
4.30 Each of the following  statements describes one or more characteristics of a  
        particular metamorphic rock.   For each statement,   name the  metamorphic  
        rock that is being described. 
       a- Calcite-rich and nonfoliated. 
       b- Foliated and composed mainly of granular materials. 
       c- Represents a grade of metamorphism between slate and schist. 
       d- Very fine- grained and foliated; excellent rock cleavage.  
       e- Foliated and composed of more than 50 percent platy minerals. 
       f- Often composed of alternating bands of light and dark silicate minerals. 
       g- Hard, nonfoliated rock resulting from contact metamorphism. 
 
4.31 Distinguish   between   contact metamorphism and regional metamorphism. 
       Which creates the greatest quantity of metamorphic rock? 
 
4.32 What   feature would  make  schist  and  gneiss easily distinguishable  from  
        quartzite and marble? 
 
4.33 Briefly   describe the textural  and  mineralogical   differences  among slate,  
        mica schist, and gneiss.   Which one of these rocks represents   the   highest  
       degree of metamorphism? 
   
4.34 Are gneisses associated with high-grade or low-grade metamorphism?       
     
4.35 Which type of rocks is important for civil engineer? Why ? 
 
4.36 What  we  call  each  group  of  sedimentary  rocks  deposited  in  the  same    
        geologic time? 
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5. Weathering, Erosion and Soil Formation 
 
5.1 Introduction 
      Rock decay with little or no transport of the products is termed weathering; 
and when the rock or its products is simultaneously removed, this is termed 
erosion. Soil erosion is caused by the action of water and wind. Surface runoff 
and wind together carry away loosened soil. Soil is produced by weathering, a 
term including variety of chemical, physical, and biological processes acting to 
break down rocks. It may be formed directly from bedrock, or from further 
breakdown of transported sediment such as glacial till. The relative importance 
of the different kinds of weathering processes is largely determined by climate. 
Climate, topography the composition of the material from which the soil is 
formed, the activity of organisms, the time govern a soil’s final composition. 
Weathering and erosion of rocks give rise a serious problems especially in areas 
subject to construction or strip mining and hence rock properties influence the 
stability of construction projects. 
 
5.2 Weathering 
      Three processes of weathering and erosion at, and near, the surface 
transform solid rock into unconsolidated rock waste. These are as follows: 
a- The physical or mechanical disintegration of a rock mass at the surface as 
water, wind, ice and the rock fragments carried by them buffet or press against 
it, or force it apart; 
b- Chemical reactions between the original minerals of the rock, the near-surface 
water and the oxygen of the atmosphere to produce new minerals which are 
stable under the conditions at the earth’s surface and remove other more soluble 
constituents; 
c- Biological activity, which produces organic acids, thus adding to the chemical 
reactions, and which may also be an agent assisting mechanical disintegration. 
 
5.2.1 Types of Weathering 
 
I- Physical (Mechanical) Weathering 
     Mechanical weathering leads to a physical disaggregation of the original 
rock mass into smaller particles. This can be caused by any one of several 
natural agents. Some of these agents of mechanical weathering are discussed 
later.   
a- Freezing of water within a crack produces an expanded wedge of ice which 
forces the walls of the crack apart. If the process is repeated by alternate thawing 
and freezing, fragments from the outer surface of the rock eventually break off 
to form loose scree. 
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b- The same mechanical effect may be produced locally in the rock by chemical 
reactions between certain minerals and water that has penetrated along cracks. 
The hydration of these minerals produces a local increase in volume, and local 
pressure causes disintegration of the rock. Similarly, entry of water into the 
minute void spaces in rocks may allow salts to crystallize there and press against 
the walls of the void, thus weakening the rock.  
c- Other processes involving the action of water in its various forms include 
erosion by ice, wave action at coasts, river erosion, and slopes being made 
unstable by the presence of water in the ground.  
d- Expansion and contraction of the outer skin of a rock mass as it was heated 
by the sun and cooled at night were formerly thought to be an important agent of 
weathering, but careful modern studies show that this process (called 
exfoliation) requires water to be present for it to work. 
e- Crystal growth and salts. 
f- Granular disintegration. 
g- Near-surface rock removal. 
 
II- Chemical Weathering 
      Chemical weathering is the reaction of the original minerals of the rock with 
water, oxygen and organic acids at the Earth’s surface so that they are broken 
down chemically with the production and release of new products, some of 
which are soluble. water is by far the most important agent of chemical 
weathering. Chemical weathering involves the complex processes that alter the 
internal structures of minerals by  removing and/or adding elements. Chemical 
weathering of common rock-forming minerals produces clay minerals. The 
process of chemical weathering involves the simultaneous operation within one 
rock which includes the main group: 
1- Hydrolysis: The chemical union of water and a mineral is known as 
hydrolysis. In hydrolysis, ions derived from one mineral react with the H or OH 
ions of the water to produce a different mineral. A good example of hydrolysis 
is the chemical weathering of K-feldspar (KAlSi3O8). Two substances are 
important, carbon dioxide (CO2) and water ( H2O). The atmosphere and soil 
contain CO2, which units with rainwater to form carbonic acid (H2CO3). If K-
feldspar comes in contact with H2CO3, a mineral will form as follows:  
2KAlSi3O8 + H2CO3 +  H2O Al2Si2O5(OH)4+K2CO3 + 4SiO2 
K-feldspar   Carbonic   Water          Clay mineral       Potassium  Silica 
                     Acid                                                        Carbonate 
Thus hydrolysis is an extremely important weathering process because it acts on 
feldspars and ferromagnesian minerals. 
2- Solutions: The primary erosional work carried out by surface and 
groundwater is that of dissolving rocks. Since soluble rocks (rock salt, gypsum 
and limestone),especially limestone, underlie millions of square kilometers of 
the earth s surface, it is here that groundwater carries on its rather unique and 
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important role as an erosional agent. Therefore , when groundwater comes in 
contact with limestone , the carbonic acid reacts with calcite in the rocks to form 
calcium bicarbonate, a solouble material that is then carried away in solution. By 
this way stalactites and stalagmites are formed. Stalactites found in caverns 
hang from the ceiling of the cavern and form where water seeps through cracks 
above . Features that form on the floor of a cavern and reach upward toward the 
ceiling called stalagmites. 
3- Hydration: It is a reaction in which water combines with a rock constituent 
producing a mineral that has hydroxyl groups (OH) in its structure, the hydroxyl 
group coming from the water. An example is the transformation of anhydrite to 
gypsum. 
CaSO4  +  H2O                    CaSO4 . 2H2O 
Anhydrite  Gypsum 
 
4- Carbonation: It is a reaction involving carbonic acid and limestone. 
Carbonic acid is formed when carbon dioxide from the atmosphere dissolves in 
water. It can then react with limestone (calcite) to produce soluble calcium or 
sodium bicarbonate. 
5- Oxidation:  In this process, atmospheric oxygen combines with a mineral to 
produce an oxide. The process is important in the weathering of minerals with 
high iron content, such as olivine, pyroxene and amphiboles. The iron in silicate 
mineral units oxygen to form hematite ( Fe2O3) or limonite ( Fe2O3 .3H2O) rock 
constituent, and in two typical reactions produces new iron-bearing minerals. 
6- Reduction: takes place in environments deficient in oxygen, and the products 
of such a reaction contain relatively little oxygen. For example, in oxidizing 
conditions organic matter is converted to carbon dioxide (CO2), but in reducing 
conditions methane (CH4) is often formed. 
7- Dissolution: Water is one of the most effective solvents. Some rock types can 
be completely dissolved and leached away by water. Rock salt (NaCl) is the best 
known example. Gypsum (CaSO4.H2O) is less soluble than rock salt but also 
easily dissolved by surface water. Sulphates, nitrates, chlorides and carbonates 
are highly soluble, though the calcium-magnesium carbonate (dolomite) is much 
less soluble than calcite. Most oxides are unstable and react with water to 
produce hydrated minerals, but titanium oxides are stable and occur in soils in 
very small amounts. Sulphides are unstable and may give rise to small quantities 
of sulphuric acid. 
   
III- Biological Weathering  
     Weathering is also accomplished by the activities of organisms, including 
plants, burrowing animals and humas. Plant root widens cracks and contributes 
to the rock breakdown. Burrowing  animals further breakdown rock by moving 
fresh material to the surface, where physical and chemical processes can more 
effectively attack it. 
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5.2.2 Rate of Weathering 
    The rate of weathering depends on many factors. The particle size influences 
the rate of weathering. The mineral make-up of a rock is also a very important 
factor. Climatic factors, temperature and moisture, are of primary significance to 
the rate of weathering. The sum of these factors determine the type and rate of 
rock weathering for a given region. Thus silicate minerals are highly resistant to 
both physical and chemical weathering. Feldspar minerals are less, whereas the 
ferromagnesian minerals are the least resistant to weathering.   
 
5.2.3 Depth of Weathering  
 
      The depth of weathering depends very much on local climatic effects (such 
as ground temperature), soil/rock type and time. Freezing slows down some 
processes of soil formation; thus arctic soils are poorly developed. In contrast, 
the process of soil formation may penetrate to great depths in the tropics. The 
mean temperature at the surface over periods of years rather than the daily or 
even annual variations is the factor that controls ground temperature below the 
top few meters. Rocks and soils are very poor conductors of heat, and annual 
fluctuations cancel out at depths of about 3 m. Daily variations have no effect 
below the top 1 m. The relative importance of reactions involving water depends 
both on rainfall and on the temperature of the water. 
        In tropical rainforests have heavy rainfall, which in turn yields a profusion of 
vegetable matter and saturation of all cracks and other voids in the rocks and 
soils to within a short distance of the surface. In limestone country, closed 
depressions are sometimes seen. These form as a result of the solution of 
limestone by meteoric waters that carve out underground caverns, the roofs of 
which collapse. This landscape feature is known as karst topography. 
 
5.3 Soil and Soil Formation 
 
      Geologists and engineers give different meanings to the word "soil". 
Geologists use the term to refer to any rock waste, produced by the 
disintegration of rocks at the surf ace by weathering processes, which has 
formed in situ, include all unconsolidated material overlying bedrock. These 
untransported surface deposits are called sedentry or residual deposits. In 
contrast, engineers use the term "soil" more widely and more loosely, to 
describe any superficial or surficial deposit which can be excavated without 
blasting. This definition covers transported sediments as well as residual 
deposits. Thus, engineers would regard "soil" as including water-transported 
sediments (alluvium), wind transported material (dunes and loess), sediment 
transported by glaciers or their meltwaters (till or glacial drift) and material 
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moved downhill by gravity (colluvium). Some rocks (such as London Clay) may 
even be thought of as "soil" by the engineer, since these can be easily excavated. 
 
5.3.1 Types of Soils  
 
5.3.1.1 Residual Soils  
 
    These are untransported soils produced by the disintegration of rocks at the 
surface by weathering processes, which has formed in situ. These soils are more 
common than transported soils. Their Thickness depends upon climate, original 
rock type and time. The main characteristics of this soil are: 

 
1- The mineralogical composition is closely related to the original bed rock 

beneath soil.  
2- The soil grains are irregular, sharp and lack roundness. 
3- The soil contains fragments of the original rock. 
4- The soil thickness depends upon the depth of weathering, climatic 

conditions, nature of rocks, topography and time.  
5- The presence of complete soil profile reflecting the gradual change from 

original rock at the bottom to topsoil at the surface (Fig. 5.1). Since soil-
forming processes operate from the surface downward, variation in 
composition, texture, structure and color gradually evolve at varying 
depths . These vertical differences, which usually become more 
pronounced as time passes , divide the soil into zones or layers known as 
horizons. Such a vertical section through all of the soil horizons 
constitutes the soil profile. Four basic horizons are identified and from top 
to bottom are designated as O, A, B and C. The boundaries between soil 
horizons may be very sharp, or the horizons may blend gradually from 
one to another.  The three upper layers may be further subdivided. 
O-horizon: It consists largely of organic material, and the upper portion 
is primarily loose leaves and other organic material. While its lower 
portion is made up of partly decomposed organic matter (humus) .  
A-horizon: It consists mainly of mineral matter, yet biological activity is 
high and humus is generally present up to 30% in some instances. 
B-horizon: Immediately below the A-horizon is the B-horizon or subsoil. 
Much of the fine clay material removed from the A-horizon by water 
percolation downward is deposited in the B-horizon which is often 
referred to as the zone of accumulation since the B-horizon has an 
intermediate position in the soil profile.  

          C-horizon:   A  layer  characterized  by  partially altered  parent   material  
          and little if any organic matter. It may be considered a transitional zone.       
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 ………………….. 
          Horizon A           …………………… 
 
          Horizon B  
           
 
          Horizon C  
     Bedrock Bedrock 
 
         Fig. (5.1). Typical residual deposits overlying bedrock . 
 
Classification of residual soils 
     Most modern soils develop profiles related to the climatic and vegetational 
zones in which they occur, and for this reason they are referred to as zonal soils. 
Of these soils are :  

1- Laterites: Red soils rich in iron oxides and alumina abundant in the hot 
wet climates of the tropics (i.e. high temperatures and heavy rainfall). 

2- Brown Soils: A mixture of clay and sand rich in iron oxides and organic 
matter ( humus ). 

3- Black Soils: Dark colored soils rich in organic matter.  
 

 
5.3.1.2 Transported Soils 
 
      Transported soils are those developed on unconsolidated sediment that are 
formed of rock debris which has been carried by some natural agent from where 
it was formed by weathering and erosion to where it now occurs. These soils are 
characterized by the absence of  the C-horizon, also A and B-horizons  are not 
well pronounced particularly when the soil is recent. But they usually become 
more pronounced with time as the accumulation of fine clay particles derived 
from the A-horizon to the B-horizon (Fig. 5.2) . 
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 …………………………… 
                                        . . . . . ……………………. 
                 Soil  …………………………… 
 …………………………… 
 ……………………………. 
 …………………………… 
 
              Bedrock                       Bedrock 
 
 
                         Fig. (5.2) . Soil profile for transported soils. 
 
 
Classification of Transported Soils 
 
     Transported soils are described and classified most simply by reference to the 
agent that moved them and the local conditions that controlled their deposition. 
Four important agents of erosion and transport (wind, rivers, the sea at coasts, 
and glaciers) and the deposits associated with them are described in the 
following sections. 
1-  Aeolian (Windborne) Deposits (Soils): A strong wind blowing across rock 
debris or soil can lift and carry fine material as dust, and can move the larger 
sand grains by rolling them and making them bounce across the surface. This 
windborne movement of material occurs in areas with little or no vegetation and 
is typical of hot desert regions. Wind both transports and sorts the material. 

a- Loess: The finer, yellow-colored, silt-sized fraction (0.002-0.006 
mm) is carried in suspension by the wind, and may travel great 
distances before it is eventually deposited as loess. They are 
composed mainly of quartz, feldspar, calcite and mica with a 
smaller fraction of other stable minerals such as iron oxides. Clay 
minerals are virtually absent. 

           
b- Sand dunes: The coarser rounded material that remains forms sand 

dunes, composed mainly quartz with little feldspar. They are found 
in desert regions, although the process also operates in some coastal 
areas. 

2- Glacial (Iceborne) Deposits (Soils):  Erosion by ice, and deposition of 
superficial deposits from it, are processes limited geographically at the present 
day to arctic regions and to very high mountains. Wide areas of the present 
temperate zones, including most of Britain, were affected by glaciation and 
many of their superficial deposits were laid down directly from ice, or from melt 
waters flowing from the glaciers. 
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3-  Aqueous Deposits (Soils): The soils that are deposited by running or slack 
water which are considered the most important soils in Iraq. 
   a- Continental Deposits : They include fresh water deposits :  
      I- Alluvial (Riverborne) Deposits (Soils):   They   include river, flood plain      
         and deltaic soils .  Lateral  erosion  by a river   into   its   banks   eventually  
         produces  a valley  which  is  much  wider  than its course.  Erosion  at one  
         point is matched by  deposition  at  another and a wide valley is  eventually  
         filled  with  alluvial deposits .  These  include   cross - bedded  and  evenly  
         bedded sands, silts and gravels, plus spreads of fine silt and clay across the  
         flat flood plain at the sides of a river.  
     II- Lacustrine Soils: They composed  mainly of silts deposited in  lakes  and   
         reservoirs . 
   b- Marine Deposits: They include all sediments of the marine and  
transitional environments.     
 
 
5.3.2 Mineral Composition of Soils  
     Of the hundred or so elements known, only eight are abundant at the earth’s 
surface. These, in decreasing order of abundance, are oxygen (O), silicon (Si), 
aluminum (Al), iron (Fe), calcium (Ca), sodium (Na), potassium (K) and 
magnesium (Mg). The common rock-forming minerals are formed mainly of 
combinations of these important elements, and most of them are silicates. 
 
Clay Minerals and their Groups 
     Clay is a term used to describe a variety of complex minerals which, like the 
micas, have a sheet structure. The clay minerals are generally very fine grained 
and can only be studied microscopically. Clay minerals form mainly by the 
alteration of other silicate minerals, by the action of weathering. The specific 
type of clay formed depends upon the composition of the original mineral 
undergoing alteration and the surface conditions where weathering is taking 
place. The change is not usually a direct or simple one. Other alteration products 
which are not strictly clays may be formed as intermediate stages of the 
weathering process, and one clay mineral may be transformed into another more 
stable one as conditions change. For example, secondary chlorite, formed by 
hydrothermal alteration of primary ferromagnesian minerals, will itself alter 
readily to clay during the weathering process. Thus, clay minerals make up a 
large percentage of the surface soil. Because of the importance of soil in 
agriculture, and because of its role as a supporting material for buildings, clay 
minerals are extremely important to humans. 
      It needs to be well recognized that the presence of clay minerals in a soil 
aggregate has a great influence on the engineering properties of the soil as a 
whole. When moisture is present, the engineering behavior of a soil will change 
greatly as the percentage of clay mineral content increases. For all practical 
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purposes, when the clay content is about 50% or more, the sand and silt particles 
float in a clay matrix, and the clay minerals primarily dictate the engineering 
properties of the soil. Thus, soil forming minerals play an important role in its 
engineering properties. Sandy soils appear less problems compared with clayey 
soils as the former contains mainly quartz mineral which is more resistant to 
both physical and chemical weathering. Structurally, clayey soils are more 
complex than sandy soils as the anomalous properties of clays mainly belong to 
their mineralogical  composition which are mainly formed by chemical 
weathering of the original minerals forming hydrous aluminum silicates or clay 
minerals.    
      Structurally, clay minerals are complex hydrous aluminum silicates 
composed of two basic units: 
( l) silica tetrahedron and; (2) alumina octahedron unit (gibbsite Al(OH)3). 
Each tetrahedron unit consists of four oxygen atoms surrounding a silicon atom. 
The combination of tetrahedral silica units gives a silica sheet. The octahedral 
units consist of six hydroxyls surrounding an aluminum atom, and the 
combination of the octahedral aluminum hydroxyl units gives an octahedral 
sheet. This is also called a gibbsite sheet.  
a- Kaolinite Group: Al2Si2O5(OH)4  
     Of the three important clay minerals, kaolinite  consists of repeating layers of 
elemental silica-gibbsite sheets in a 1: 1 lattice since one silica layer is coupled 
with one gibbsite layer (G) as shown in Figure 5.3a. Two units are held together 
by attraction (van der Waals’ forces). The layers are held together by hydrogen 
bonding. It is less soluble in water. The weak forms contain a layer of water 
between silica-gibbsite sheets. Thus, from engineering point of view, it is 
considered to have the lowest swelling, tenacity and permeability. 
 

  
 

                                 
    
 Fig. (5.3). Diagram of the structures of (a) kaolinite ; (b) illite ; and 
                  (c) montmorillonite . 
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b- Illite Group: KAl2(AlSi3)O10(OH)2 
    Illite consists of a gibbsite sheet bonded to two silica sheets- one at the top 
and another at the bottom (Fig. 5.3b). Illite, like the micas, is termed a 2:1 sheet 
silicate since one sandwich unit consists of two silica layers with one gibbsite 
layer between. The units are joined or bonded by potassium ions (K+ ions). It is 
sometimes called clay mica. The negative charge to balance the potassium ions 
comes from the substitution of aluminum for some silicon in the tetrahedral 
sheets. Substitution of one element for another with no change in the crystalline 
form is known as isomorphous substitution. Its engineering properties of 
sweeling, tenacity and sweeling are intermediate between that of kaolinite and 
montmorillonite.  
                             
C- Montmorillonite: [2Al2(AlSi3)O10(OH)2]2- 
     Montnnrillonite has a structure similar to that of illite - that is,  one gibbsite 
sheets and sandwiched between two silica sheets (Fig. 5.3c).  In montmorillonite 
the units are held together by H+ ions and occasional Na+ ions. In the gibbsite 
layer Al can be replaced by Mg. Montmorillonite is a member of the smectite 
clays and is also a 2:1 sheet silicate similar to illite. The structure of 
montmorillonite is similar to that of vermiculite. In the latter the main octahedral 
layers are brucite (with some Al replacing Mg). Chlorite is also a sheet silicate, 
but is termed a 2:2 sheet silicate since two silica layers are joined to two brucite 
or gibbsite ones.  ln montmorillonite there is isomorphous substitution of 
magnesium and iron for aluminum in the octahedral sheets-potassium ions are 
not present as in illite, and a large amount of water is attracted into the space 
between the layers. Commercially, It is called bentonite. From engineering point 
of view, it is considered to have the highest swelling, tenacity and permeability 
among the others. 
 
     Besides kaolinite,  illite,  and  montmorillonite, other common  clay  minerals  
generally found are chlorite, halloysite, vermiculite, and attapulgite. 
 
 
5.3.3 Classification of Soils with respect to Salts 
 
   Soils are classified according to the salt contents into: 
a- Saline Soils: Those soils contain sodium salts (sodium chloride and 
sulphates), and are presented in arid regions with shallow groundwater table. 
With the evaporation of soil moisture, the dissolved salts are precipitated 
forming soils rich in these salts.  
 
b- Alkaline Soils: Those soils contain sodium carbonates and are characterized 
by the presence of shrinkage cracks resulting from drought.     
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5.3.4 Soil Improvement 
 
    Soil degradation is a concern worldwide. We have noted that salts arise to the 
near-surface soil by evaporation and capillary action processes besides, 
desertification, erosion, and other chemical modification by human activity all 
contribute to reduce soil quality, fertility, and productivity. The problems are 
widespread; the contributing causes vary regionally. Different methods have 
been applied to improve the soil chemistry: 
1- Application of fertilizers, herbicides, and pesticides is another way that soil 
composition is changed, in this case by the addition of a variety of compounds 
through human activities.   
2- In dry climates, for example, irrigation water may dissolve salts in soils; as 
the water evaporates near the surface, it can redeposit those salts in near-surface 
soil from which they had previously been leached away. As the process 
continues, enough salt may be deposited that plant growth suffers.  
3- It is preferable to cover soil surface with clean alluvial sand. 
4- Adding predetermined amount of gypsum which acts as a diluter and purifier 
but it is uneconomic. 
4- Base exchange by adding calcium bicarbonates [Ca(HCO3)2]  to the soil.  
5- The most preferred method is lowering groundwater table by drainage system 
to carry excess runoff from the extensively irrigated land.   
 
5.3.5 Soil of Iraq 
 
   Soil of Iraq is varied from place to place due to the variation in the original 
material from which it forms, climatic and vegetation changes. Thus soil of Iraq 
is subdivided into: 
1- Mountainous Soil: It is a residual type of soil resulted from chemical 
weathering and characterized by the presence of all horizons of the soil profile. 
This soil is poor in salts and thick especially in the valleys. Moreover, it is  
characterized by swelling and cracking due to the presence of montmorillonite 
clay mineral. In the upper part of Al-Jazira area, the soil is mainly formed from 
gypsum, sandstone, and limestone. While the soil adjacent to mountain belts, it 
contains higher amounts of calcareous material than the gypseous one due to  
erosion of calcareous rocks.  
2- Mesopotamian Soil: It is thick soil contains recent silt deposits and 
characterized by its layering and its richness in salts (such as calcium carbonates 
and sulphates). The groundwater table in this area is shallow and the main clay 
minerals are montmorillonite and illite. This type of soil is used in the 
manufacture of bricks and cement. 
3- Desert Soil: This type of soil is formed by mechanical weathering by wind. It 
consists mainly sand covering gypseous deposits at shallower depths. Thus, it 
consists of gypsum with high amount of salts.  
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REVIEW QUESTIONS 

 
5.1  If  two identical  rocks  were  weathered,  one  mechanically  and  the  other     
       chemically, how would the products of weathering for the two rocks differ? 
 
5.2  Briefly explain how the rate of chemical weathering is related to: 
       a- the amount of precipitation. 
       b- the temperature, and 
       c- the amount of mechanical weathering.  
 
5.3  How  does  mechanical  weathering  add  to  the  effectiveness  of   chemical  
       weathering? 
 
5.4  Granite and basalt are exposed at the surface in a hot, wet region. 
       a- Which type of weathering will predominate? 
       b- Which of the rocks will weather most rapidly? Why? 
 
5.5  Heat  speeds  up  a chemical  reaction.   Why then does chemical weathering  
       proceed slowly in a hot desert? 
 
5.6 How is carbonic acid (H2CO3) formed in nature? What results when this acid  
      reacts with potassium feldspar? 
 
5.7  What  factors  might  cause  different soils  to  develop from the same parent  
       material, or similar soils to form from different parent materials? 
 
5.8 Which of the controls of soil formation is most important? Explain. 
  
5.9  List  the  characteristics  associated  with  each  of  the  horizons  in  a  well- 
       developed  soil profile. Under what circumstances do soils lack horizons? 
 
5.10 How can slope affect soil development? 
  
5.11 Soils formed in the humid tropics and the Arctic both  contain little organic  
        matter. Do both lack humus for the same reasons? 
    
5.12 Sketch a generalized soil profile and indicate the A-horizon , B-horizon, C- 
        horizon, and zone of bedrock. Is such a profile always occur and why? 
 
5.13 Define the term "bedrock". 
 
5.14 Contrast between stalactites and stalagmites. 
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6. Structural Geology  
 
6.1 Introduction 
 
     Structural Geology is the science dealt with studying the deformations that 
happened in the rocks of earth crust and their causes, phenomena and resulting 
rock forms. 
      Earth movements are subdivided into two main categories: 
1- Epirogenic: Vertical slow continuous movement causes uplift and 
subsidence and such deformation is regular. 
2- Orogenic Movements (Orogenesis): Horizontal violent periodic movements 
produce a mountain system, such deformation is irregular. Mountain systems 
show evidence of enormous forces which have folded, faulted, and generally 
deformed large sections of the earth’s crust. 
  
6.2 Types of Strata 
     When rocks are subjected to stresses greater than their own strength, they 
begin to deform, usually by folding or fracturing. It is easy to visualize how 
individual rocks break, but how are large rock units bent into intricate folds 
without being appreciably broken during the process? 
Due to the above mentioned movements, rocks are subjected to deformation, 
tension folding and faulting, thus sedimentary layers will be under three main 
cases:  
 
1- Conformable Strata: Layers of rock are said to be conformable when they 
are found to have been deposited without interruption that is the older layers in 
the bottom and the younger ones in the top (Fig.6.1).  However, there is no place 
on earth contains a complete set of conformable strata.  
 
 
  4    4 
  3 3 
 2 2 
  1 1 
 
                                Fig. (6.1). Conformable strata .  
 
2- Unconformable Strata: For a particular span of time, when rock layers do 
not have a complete sequence of rocks representing the entire period, such 
breaks in the rocks record are termed unconformities. There are two main types 
of unconformities:  
a- Angular Unconformity: It consists of tilted or folded sedimentary rocks that 
are overlain by other, more flat-lying strata (Fig.6.2-a). These are called angular  
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unconformities and perhaps indicate the most easily recognized type of 
unconformities. 
 
b- Disconformity: This type of unconformity records a period of erosion of  
older horizontal rocks followed by deposition of younger, flat-lying sedimentary 
rocks. It is more difficult to recognize because the strata on either side of these 
unconformities are essentially parallel (Fig.6.2-b). Disconformities may 
represent either a period of non-deposition or a period of erosion.      
 
 
a Angular unconformity 
 
 Sea level 5 
     4 
             3 3 3 
            3           2 
            2   2 2  
            1     1                                           1                                                  1 
          1. Deposition                  2. Uplift and erosion    3. Subsidence                    4. Renewed deposition  
                                                                                                                                   
                                 Sea level            3                                                                              Angular unconformity   
           5  
           2          3                        4  
                 3                     2        3     

2 1    2 
1    1     1 

      
          1. Deposition           2. Folding and uplifting        3. Erosion        4.Subsidence and renewed deposition 
                                   3 Disconformity 

b                       Sea level          2   5   
                    1                                                       4 
                3                                                                                      3                                            3                        

2                    2        2 
1         1                                           1 
                     

           1. Deposition            2. Uplift and erosion     3. Subsidence              4. Renewed deposition 
           
 
 
                                                                                 
Fig. (6.2) . Development of unconformities : a- Two examples of angular   
                  unconformities : b- Erosion resulting in a disconformity.  
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3- False Bedding: These features of layered sediments occur in specific regions 
and cases due to change in direction of water currents or wind. They occur in 
large scale in aeolian deposits, such as sand dunes and in a very small scale in 
sediments deposited from moving water currents and are found mostly in sands 
and the rocks  formed from them.   These  thin  layers  are  dipping  in   different  
directions, with respect the original ones, due to change in wind or water current 
( Fig. 6.3). 
 
 
 
 
 
 
 
 
 
 
 Fig. (6.3). False bedding. 
 
 
6.3 Stratum ( Bed ) and Bedding Planes 
  
      Original layering in sediments is called stratification or bedding (different 
terms are used for the layering produced by other igneous and metamorphic 
processes). Each layer is referred to as a stratum (plural, strata) or bed, though 
the latter term is normally applied only to sedimentary rocks and volcanic ash 
layers. It is never applied to the layer formed by a basaltic or rhyolitic lava flow. 
The interfaces between beds are called bedding planes. The outcrops of major 
bedding planes that separate thick beds of different rock type are depicted on 
geological maps. Bedding planes may also occur within a thick layer of 
sandstone, where minor changes of composition or texture, or even a break in 
deposition, are present. These are planes of weakness, or potential planes of 
failure, and their presence produces a change of mechanical properties of the 
rock with the direction in which they are measured (that is, the bulk properties 
of the rock are anisotropic). Minor bedding planes are abundant in micaceous 
shale. 
 
6.4 Outcrop of the Bed (Layer) 
      The outcrop of a body of rock (such as a layer of shale) is the area that 
emerges at the surface where the rock is present, or lies immediately below a 
cover of vegetation, soil, or other superficial deposit. Those parts of the outcrop 
where rock is visible at the surface,   and where  observations may be made,   are  
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called outcrops exposures. The exposed portion of the rock layers on the earth 
surface could be horizontal, inclined and vertical  strata. When the layers are 
horizontal so they will mask  all the underling layers and hence their geologic 
boundaries will be parallel to the contour lines. But, when the strata are inclined 
,which are common, some parts of these strata exposed on the earth surface and 
their geologic boundaries intersect contour lines. The general distribution of 
rocks in the subsurface may be inferred by studying the outcrops, and by relating 
a particular pattern to the structural model that would produce a similar one. 
Exposures are usually found in the banks of streams, in road cuttings, on cliff or 
scarp faces, and in quarries.  
 
6.5 Strike of the Bed ( Layer )   
      The strike of a bed is the direction of its continuity on the surface. It is also 
expressed as the direction of a line of intersection which the layer makes with 
the horizontal plane. The strike direction is normally expressed with reference to 
north on a 360◦ scale. Figure 6.4 shows an example for dipping sandstone bed 
where the strike of the bed is E-W and the north is the direction of maximum or 
true dip. A line drawn in this direction on the bed is horizontal, and since it is 
thus a line joining points at the same height on the bed, it is a stratum contour 
or strike line. 
 
 
6.6 Dip of the Bed  
 
      The dip of a bed is the angle which the bed makes with the horizontal plane. 
It is measured in the direction at right angles to the strike. Dip is a vector 
quantity and both the amount (θ) in degrees and direction of the slope are 
always specified. 
      In the example shown below (Fig. 6.4), the sandstone bed strike is E-W 
direction with the dip toward the north. If the dip angle (θ) is measured exactly 
at right angle to the strike, it is known as the true dip which is the maximum 
angle. In any other direction between true dip and strike, the angle of dip 
observed between bedding plane and horizontal depends on the true dip and the 
angle B in the figure (or θ). A value of this type is referred to as an apparent 
dip. There will be one true dip, but more than one apparent dip. 
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                                                                                                                                                            Strike 600 
 
 Strike 500 
 
                                                                                                                                           
                                                                                                                                           True dip   Apparent dip  
 
Fig.(6.4). The layer of sandstone is tilted to the north at an angle of 45° to the horizontal.     
                The dip observed is 45°. When an angle of dip is read in any other direction on 
                the bedding plane (that is, at some angle B with the direction of maximum dip),    
                the apparent dip observed is less  than 45°.    In the limiting case where B=90°,     
                the apparent dip is zero. This direction is called the strike of the dipping layer. 
 
 
 
6.7 Folds 
  
6.7.1 Components of Folds   
   
       If subjected to stresses beyond those that their strength can resist, strata are 
permanently deformed by either buckling or fracturing. The type of deformation 
depends on the mechanical properties of the rocks and the nature of the stresses. 
In general, stresses which are applied slowly, either deep within the Earth where 
the confining pressure produced by overburden is high, or to rocks that are not 
brittle, tend to produce folds by buckling or plastic flow. A fold where the limbs 
diverge downwards (that is, where the dips of the limb are away from the hinge) 
is an anticline; a fold where dips are towards the hinge is a syncline. 
      The essential characteristic of a fold is a change of dip. This occurs at the 
hinge of the fold. On either side of the hinge is a limb, where the dip is 
comparatively steady. In real folds the change of dip is seldom restricted to a 
line, but is concentrated in a liner zone. The plane of symmetry that bisects the 
angle between the limbs is the axial plane. The intersection of the axial plane 
with each bedding plane is an axis of the fold. If the axis is not horizontal, the 
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fold is said to plunge, with the amount of plunge being the angle between the 
axis and the horizontal line vertically above it. The highest points of the fold are 
called fold crest, while the lowest points are called the fold trough.  
 
      The symmetry of a fold about its axial plane is reflected in its outcrop 
pattern (Fig. 6.5). The sequence of beds cropping out on one side of the trace of 
the axial plane on the ground surface is repeated, but in reverse order, on the 
other side. Thus for each fold, there is one strike direction but with two dip 
directions. The oldest strata that crop out are present near the axis of an 
anticline, and the youngest strata at the axis of a syncline. These patterns, plus 
the dips, may be used to recognize folds on a map or in the field, where a fold is 
too large to be visible in one exposure. 
 

 
 
Fig. (6.5). A block model showing the distribution of folded  strata on a map ( the upper   
                Surface ) and on two vertical  sections.  The axial  planes  of an  anticline  and  
                syncline are shown by broken lines. The outcrops on the map are symmetrical     
                about the traces of the axial planes. 
 
 
 
     If the axis is not horizontal, the fold is said to plunge, with the amount of 
plunge being the angle between the axis and the horizontal line vertically above 
it. The U-shaped outcrop of a plunging fold is shown in Figure 6.6. As a result 
of the plunge, the map is an oblique section across the fold hinge and reveals its 
shape, including the nature and width of the hinge zone. If the plunge were 90° 
and the area of the map were flat and level, the map would show the true 
thicknesses of the beds. As the plunge decreases from this maximum value, the 
U-shaped outcrop is progressively elongated in the axial direction. 
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          Fig. (6.6). A block model  showing the outcrop of an anticline plunging at  angle θ.     
                            The axial plane, an axis, and the former continuation of a bedding plane   
                            above the map are represented. 
 
 
 
     Depending upon their orientation , anticlines and synclines are said to be 
symmetrical, asymmetrical or overturned if one limb has been tilted beyond the 
vertical. Some of folds are said to be plunging, since the axis of the fold is 
plunging into the ground. Although, most folds are caused by compressional 
stresses that squeeze and crumble strata, some folds are a consequence of 
vertical displacement. When upwarping produces a circular or somewhat 
elongated structure, the feature is called dome. Downwarped structure having  a 
similar shape are termed basins.  
 
 
6.7.2 Classification of Folds  
 
     Folds are described and classified by certain features of their geometry which 
are diagnostic of how they were formed. The criteria and the terms used to 
define folds are illustrated in Figure 6.7; they are as follows: 
 
(a) The dip of the axial plane: Where it is vertical the dip of each limb is the 
same in magnitude, but opposite in direction, and the width of outcrop of any 
bed is the same on both sides of the axis. In inclined folds, one limb is steeper 
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and its outcrop is correspondingly narrower than that of the other. Overfolding 
occurs where one limb is overturned, such that both limbs dip the same way. 
The rotation of the axial plane, seen from left to right in the diagram, is probably 
produced by transport of the fold with relative drag at its base. 
 
(b) The size of the angle between the limbs: This reflects the intensity of 
compression of the fold. 
 
(c) The relative lengths of both limbs. 
 
(d) The style of folding: That is, the manners in which different types of rock 
have behaved mechanically, particularly whether they are competent (that is, 
comparatively strong) or incompetent. Under the stresses of folding, an 
incompetent layer tends to flow and change thickness, sometimes to a stage 
where it is discontinuous. Arenaceous rocks are usually competent and clay 
rocks are incompetent. 
 
 
6.7.3 Types of Folds 
 
    According to the dip of the axial plane, folds are subdivided into (Fig. 6.7): 
 
 1- Symmetrical fold: In which the dip of the strata is equal and opposite in 
direction.  
2- Asymmetrical fold: In which the dip of the strata is unequal and in both 
directions. 
3- Overturned ( or Overfolded) fold: They occur when one limb is overturned 
such that both limbs dip in the same direction but with unequal magnitudes. 
4- Recumbent fold: Folds in which the axial plane is horizontal. 
5- Isoclinal fold: Folds with equal dip (in direction and magnitude)  in both 
sides of the axis.   
6- Plunging Fold: If the axis is not horizontal dipping in a third direction 
differed from the other two directions. 
7- Dome and Basin: They are folds with approximately homogeneous and equal 
dip in all directions. 
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                                      (e) 
 
                                             Basin or Dome                                           Plunging Fold 
 
 
 
  
 
   
 
 
 
             .Fig. (6.7).  Classification and nomenclature of folds according to 
                            (a)  dip of the axial plane (AP),  
                            (b) size of angle between limbs,  
                            (c) relative lengths of both limbs, and  
                            (d) style of folding. 
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6.8 Faults 
6.8.1 Components of Faults 
     Brittle rocks deform by fracturing, especially if stress is applied rapidly. 
Whether or not a given rock is brittle depends not only on its texture and 
composition but also on its temperature, on the confining pressure around it, and 
on any fluids present within it. In general, fracturing takes place at shallower 
levels in the earth than folding, though both may occur in the same place at the 
same time. Larger shear fractures, where there are significant displacements of 
rock bodies across the plane, are called faults (see Fig. 6.8). 
       As with all structural surfaces, the orientation of a fault is expressed by its 
strike and dip. The displacement across a fault is called its slip, and the terms 
used to describe the components of slip (strike slip, dip slip, throw and heave ) 
are illustrated in Figure 6.8. Only very small faults have a simple, clean-cut 
plane of movement. The majority are zones of shearing, usually a few meters 
across, but major faults may be more than 1 km wide. The rock above the fault 
plane is called the hanging wall, while the rock below the fault plane is called 
the foot wall. 
 

  F.W. 
     (a)      Block diagram                                                                                         
                                                                                                 Slip    F.P.     Throw 
 
 H.W. Heave 
                                                                           
     
                                                                          (b) Section (for dip slip) 
 
         Fig. (6.8). Before fault movement A and A’ and B and B’ were adjacent to  each 
                          other. The total displacement A–A’   measured  along the  fault  plane 
                          is called the slip of the fault.    It may be resolved  into strike slip  and  
                          dip slip, which are respectively horizontal and vertical components,  in 
                          the plane of the fault.   Dip slip may also be resolved into a  horizontal           
                          component (the heave) and into a vertical component (the throw of the 
                          fault). 
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6.8.2 Types of Faults                      
 
      There  are  two main types of  faults  classified  with respect  to  genesis  that 
reflects the nature of the stresses which created them:  
1- Normal fault (or Dip-slip fault):  Where  relative  movement is up and down     
    and strike slip is almost  zero,  a fault is  described  as  dip  slip.  If  its  dip is   
    towards  the lowered side  (that is, the  downthrown side),  the fault is normal  
    (Fig. 6.9).  The   most common one  resulted from tensional  stresses in which  
    the  hanging  wall   moves  down  relative  to   the  foot wall,  where the dip of   
    the fault plane is > 45º (about 60º). 
 
 
 F.W.   
  
                                                                                             F.P. 
                                                                                                                           
                        F.P. 
          F. W. H.W.                                                                        H.W.   
                                                                           
     
        (a) Block diagram.                                                       (b) Section (for dip slip). 
 
 
     Fig. (6.9).  Normal fault. 
 
 
2- Reverse  fault :  They  are  resulted  from  the  compressional   stresses   and             
    created  when  the  hanging  wall  moves up relative to the foot wall. If   the dip                 
    is  towards  the  upthrown side,  the  fault  is  reverse  ( Figs. 6.10 and  6.11 ).       
    When  reverse  faults  having  a very  low angle ( about 30º ) to the  horizontal       
    are also referred to as thrust fault. 
 
 
 
 H.W. 
     
                                                                                         F.P. 
                        F.P.                 H.W. 
       F.W. F.W. 
 
 
(a) Block diagram.  (b) Section.  
 
 Fig. (6.10). Reverse fault.  
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Fig. (6.11). The section shows a reverse  fault cutting a sequence  of  strata, sandstone-    
      limestone-shale.   Shearing within the fault zone has produced clay  gouge  from the    
      shale,  and   fault  breccia  from the  sandstone. The  softer  gouge  in  the  fault has  
      weathered out as an  erosion  hollow. The  limestone  is displaced  in  steps  (that is,  
      distributive slicing)  by minor shears within the fault zone.  The zone  of  shearing  is  
      bounded  by the walls of the major fault, but some deformation (terminal drag in the  
      directions of movement) is seen just beyond them. 
 
 
Other types of faults are:  
 
3- Horizontal (or Tear)  fault  : Faults in which the  dominant  displacement  is            

along the strike of the fault and are called strike-slip fault (Fig. 6.12). 
 
 
 
 
 F.P. 
 
 
 
 
 
 
 
      (a) Block diagram.  (b) Section.  
 
 
 Fig. (6.12). A horizontal ( Tear ) fault. 

 
4- Vertical  faults  :  Faults  in  which  the   dominant   displacement   is vertical     

(about 90º) with the absence of both hanging and foot walls (Fig. 6.13). 
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                         Fig. (6.13). A vertical fault.  
 
5- Step faults:  

a- Graben: A central block is bounded  by  normal faults and produce  an 
elongated valley bounded by upfaulted structures called horsts (Fig. 6.14).  
 
 
 
 
 
 
 
 
 
                     Fig. (6.14). A graben   

 
          b- Horsts:  A central block is  bounded  by  normal  faults and produce an        
          upfaulted structures bounded by downfaulted block (graben) (Fig. 6.15). 
 
 
 
 
 
 
 
 
 
                                             Fig. (6.15). A horst . 
     
 6- Rotational faults:  These  faults  occur  when  part of  the rock mass moved  
     downward  and  the   other   part    moves   upward    while  the   axis  of  this  
      movements remains vertical with the fault plane (Fig. 6.16). 
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                             Fig. (6.16). A rotational fault. 

 
6.8.3 Importance of Faults and their Recognition 
      Faults may be active along which movement has occurred during historical 
time or inactive in which no movement has occurred during historical time. The  
presence of faults is important to nearly all fields of economic geology. Faults, if 
frequent, have a considerable effect on the bulk properties of a rock mass such 
as mechanical properties. Faults affect the strength and stability of the rock 
mass.  Faults affect rocks because they are concentrated zones of weakness and 
of percolation, which may receive local remedial treatment in engineering 
works. Analysis of the geometry of faults is advisable in most construction 
projects, for example: where excavation can take advantage of planes of 
weakness; where rock bolts or other strengthening devices can be placed and 
orientated to be most effective; where design of major structures, such as dams, 
should be modified to avoid placing the maximum stress parallel to a plane of 
weakness; or where grouting has to be done to seal fractures against leakage. 
This latter is best achieved by drilling holes perpendicular to the faults. 
 
6.8.4 Field Recognition of Faults 

Faults can be recognized from their effects on the pattern of outcrops. 
1- Strike faults (Fig.6.17a) produce a repetition of the succession of strata 

(but unlike a fold, repetition is in the same order) if them downthrow 
across the fault is in the opposite direction from the dip of the strata. 

2- Dip faults and  oblique faults truncate and displace   the   outcrops   (Fig.       
    6.17b). 
3- They  produce  an  omission  of part of the  normal  succession  of  strata   
    ( which do not crop out  because of the fault )  if  the  downthrow is in  
     the same direction as the dip. 
4- The association of the phenomena of mineral filling (quartz). 
5- The   presence  of  crushed  materials  called mylonites  and  striations on  
    fault planes called slickensides.  
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       6- Within  the  fault  zone  there  may be a number of  planes of   movement   
           displacing   the  strata  by  distributive    slicing ,  or  the  rock  may   be  
           completely fragmented to form a fault breccia where competent rocks are   
           affected, or clay  gouge where incompetent rocks have been smeared out  
           by shearing. ( Gouge often  acts as a seal to  make the  fault  zone  locally  
           impervious to groundwater circulation).  At the  walls ( Fig. 6.11 ) of  the  
           fault  the  strata  may  show  terminal   drag  in  the  direction  of  relative  
           movement. 

 
Fig. (6.17). The patterns of outcrops related to faults.  

(a) Two normal strike faults, A and B, cut a sequence of strata, 1 to 8. The downthrown side of each 
fault is indicated on the map by arrows. Fault A throws down beds in the direction of dip, and as a 
result layer 5 does not crop out at the surface. There is omission of part of the sequence of strata as 
the fault is crossed. Fault B throws down beds in the opposite direction and produces repetition of the 
outcrops of layers 6, 7 and 8. Note that a borehole through the fault plane does not necessarily pass 
through a complete sequence of beds—layer 5 and parts of 4 and 6 are missed. 
(b) An oblique fault throws down the strata on the far side of the block and produces an offset of the 
outcrops, each of which is truncated by the fault. The amount of throw is equal to the thickness of the 
limestone layer; and top and bottom of that layer are aligned both in vertical section and on the map. 
The amount of throw of a fault can be read directly from the map, if the sequence and thicknesses are 
known, by seeing which beds are brought in contact and using this relationship. 
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6.9 Joints  
 
6.9.1 Definitions 
 
    A joint is a fracture in rock along which there has been no movement . Joints 
may be non-systematic, but often occur as a set of parallel planes. If two or more 
sets are present, they form a system of joints. Prominent joints which are 
continuous as a single plane surface for hundreds of meters are called master 
joints. Major joints cross only a few beds before dying out. Minor joints are 
confined to one layer.  In folded strata, joints are described as longitudinal if 
their strike is parallel to the fold axes, and otherwise as cross or diagonal joints.  
 
6.9.2 Classification of Joints  
 
Joints are classified according to their mode of formation to: 
 

1- Cooling Joints: In igneous rocks, a simple system of cooling or 
contraction joints is usually formed in lava flows, sills, dykes and other 
minor intrusions shortly after they are emplaced. 

2- Shrinkage Joints: These joints occur mainly in sedimentary rocks 
especially in mudstones after losing their water by evaporation. Also they 
occur in limestones due to dissolution. 

3- Tectonic Joints: In addition to any regional joint system, there are likely 
to be local concentrations of radiating tensional cracks caused by 
stretching at the hinges of folds, and formed close to fault zones as minor 
shears associated with the fault movements (Fig. 6.18). In sedimentary 
strata, a joint system may be present over a wide region and be related in 
whole, or in part, to the same stresses that produced folds and faults in the 
same rocks. These joints result from compressional and tensional stresses 
accompanied with the formation of folds and faults. They are either 
tension joints or shear joints. (The distinction between a "shear joint " 
and a "small fault" is arbitrary, depending on circumstances and 
significance, but the former term usually suggests a displacement of a few 
centimeters). 

    4-   Stress-Relief Joints:   The  relief  of  pressure   produced  as the  load of  
          overburden is stripped away by erosion.  Tensional  joints  resulted    from      
          rock layers load removal by erosion process . 

5- Columnar Joints: Where columnar joints growing from opposite margins     
    meet near the  middle of a dyke or sill, a median joint  should develop, but  
    is not always present. 

 
      Other mechanisms which can create regional joint sets are the very minor, but 
daily, distortion of the solid earth by tidal stresses, and the frequency of joints in 
a layer is related to the rock type and the thickness. In general, the space 
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between joints is less in brittle rocks with good elastic properties, and increases 
in proportion to the thickness.   A thin layer of crystalline   limestone   is usually 
well jointed. Joint frequency appears also to be increased by weathering, so that 
joints are more pronounced at the surface than underground. 
     The economic advantages of joints is representing in assessing the movement 
and accumulation of groundwater, hydrocarbons and other economic minerals. 
Joints may be tensional fractures or small shears. Their mode of formation may 
be shown by the correlation of disrupted structures across the joint, by 
slickensides or by crenulations on the joint surface. Different geological 
conditions produce different patterns of joints. It is not possible to predict from 
general theory the position of individual joints, or the precise degree of 
development of any set in an unexplored site, but models of joint patterns and 
generalities about their probable development are of use in guiding further 
exploration . 
 
 

 
 
  Fig. (6.18). The  increased curvature of the competent    limestone  and   sandstone 
                      layers at the axial planes of the folds (A and S) produces the  radiating 
                      joints  shown.   Minor shears,    some parallel to the   fault and   others 
                      belonging to the complementary set of shears, are present as joints near 
                      to the fault zone. 
 
 
 
 
6.9.3 Importance of Structural Geology in Civil Engineering 
  
      The geological structures affect the safety of the engineering in different 
ways: 

1- The presence and orientation of folds, faults and joints have significant 
effects on the bulk properties of rocks, and their description is an 
important stage in most site investigations. From the engineering point of 
view, their presence decrease the strength of rocks on which the 
engineering  structures are constructed such as dams and tunnels.  

2- Active faults, (those in which movements have occurred and further 
movements can be expected at any time) may destroy any overlying 
structure.  
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3- Chemical and mineralogical transformations along joints and fault planes 
reduce bearing capacity of rocks. 

4- Analysis of the geometry of fractures (joints and faults) is advisable in 
most construction projects, for example: where excavation can take 
advantage of planes of weakness; where rock bolts or other strengthening 
devices can be placed and orientated to be most effective. 

5- The geological structures have a great effect on the movement and 
accumulation of groundwater, hydrocarbons and other economic minerals. 
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REVIEW QUESTIONS 

 
6.1  Contrast between: 
       a-  Apparent and true dip. 
       b- Apparent and true thickness 

 
6.2  Differentiate between: 
       a- Orogeny and epirogeny  
       b- Conformable and unconformable beds    
       c- Regular and angular unconformity 
       d- Joints and faults  

 
6.3  Define the term unconformity. What conditions favor for its formation?  

 
6.4  What conditions favor rock deformation by folding? By faulting? 

 
6.5  Compare  the  movement  of normal and reverse faults.  What  type  of  

force  produces each?        
 

6.6  Contrast between the following: 
       a- Stratification and bedding. 
       b- Active and inactive faults. 
       c- Repetition and omission.  

 
6.7  How can we identify faults in the fields? 

 
6.8  What are the main components of a fold and a fault? 

 
6.9  Compare and contrast between the following:   
       a- Anticlines and synclines. 

b- Symmetric and asymmetric folds.        
        c- Domes and basins.   

       d- Anticlines and domes. 
 

6.10 Differentiate between transform faults and other faults. 
 

6.11 Describe how a horst and a graben are formed? 
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7. Topographic and Geologic Maps 
  
      The knowledge and understanding the topographic and geologic maps assess 
in putting the suitable design for engineering projects.    
 
7.1 Topographic (Contour) Maps 
     A topographic map is a two dimensional diagram representing the horizontal 
projection of different elevations of an area with a specific scale, besides tying 
together cultural features and accurate elevations and configurations of the earth 
surface. In addition, it forms the base on which geological formations are 
indicated. 
  
7.1.1 Importance of Topographic Maps 
          The importance of topographic maps in civil engineering are: 

1- For proper evaluation of an area as regards its suitability for any 
construction project in civil engineering practice, it is essential to prepare 
a detailed  topographic map. 

2- For such  map, a cross-sections are drawn at chosen sites to understand 
the subsurface geological status as to how the various formations continue 
with depth in order to estimate cut and fill and avoiding highly-cost earth 
works sites. 

3- They are important for finding the most suitable sites for large 
engineering structures such as dams, reservoirs, highways, railways, pipe 
lines and water canals. 

4- They are used for calculating the amount of water in lakes and reservoirs. 
5- Also, they are very essential for military purposes.  

 
7.1.2 Components of Topographic Maps 
1- Contour line: It is a line connecting points of equal elevation above  sea level     
     (a.s.l.).  
2- Contour Interval  (C.I):  It  is  the  vertical  difference  in elevation  between 
     any two adjacent contour lines in the topographic map.  
3- Topographic Profile:  It  represents  a  vertical  view   of  landscape  as  seen   
     directly from above and give an excellent perspective for regional relations. 
4- Relief: It is the difference in elevation between higher and lower points in the   
    area represented by the topographic map.  
5- Legend:  It is  the  key of the map  explains the symbols which are used as an   
    abbreviations to indicate both natural and cultural features.  
6- Scale of the map: It is the distance on the map to that on the ground which is: 
     a- Simple fraction scale:  It is a fixed  ratio between linear measurements on  
         the map and corresponding distances on the ground. \it is sometimes called  
         the representative fraction or R.F, such as  1 / 100 000. 
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     b- Proportion scale: such as 1: 100 000.  
         For  both  simple  and  proportion  this means  that 1unit of distance on the    
         map represents 100 000 of the same unit on the ground. 
     c- Absolute scale: such as 1cm = 1000 m. 
     d- Bar  or  graphic  scale :  It consists  of  a  line   divided  into  number  of 
         segments, for example              0            50        100m     
           
7- Coordinates (latitudes and longitudes). 
8- North direction :    N 
 
7.1.3 Contour Lines and their Characteristics 
      Topographic maps are essential tools in geologic studies because they show 
the configuration of the earth surface in remarkable details. This is accomplished 
by means of carefully surveyed contour lines. The contour line is a line 
connecting points of equal elevation above sea level (a.s.l.). Natural expression 
of contour lines are illustrated by old lake levels, raised shore lines along the 
coast .  
     The concept of contours may be clarified by considering an island in a lake 
and the patterns made by receding water levels. The shore line represents the 
same elevation all around the island and thus a contour line. Suppose that the 
water level of the lake should drop (3 m) and the position of the former shore 
line is marked by a gravel beach. Two contour lines (the lake level and the old 
beach ) would now be indicated and each would accurately reflect the shape of 
the island at these two elevations. If the water level should continue to drop in 
increments of (3 m) additional contours would be formed. Each accurately 
expressing the island's configuration at different elevations. If dropped on a map 
the contours thus formed would indicate the shape of the island. 
     A careful study of topographic  map reveals  the  following  characteristics of 
contour lines:        
1- All points located on the same contour line have the same elevation. 
2- Contour lines do not cross or divide. 
3- All contour intervals in the middle of  the map  must  be  closed  except  those      
    located in the edges of the map.  
4- A contour line with a specific  value must not lie  between two other   contour       
    lines with higher or lower value.  
5- Closely spaced contour lines  represent steep slopes ,  while contours  spaced  
    far a part represent gentle slopes. 
6- Equal distances between contours indicate regularity of the earth surface.  
7- Contour  lines trend  upvalley, cross the stream and return down the valley on  
    the opposite side. Thus, contours form a V-shape which point upstream. 
8- Mountain   and   depression  areas  represented  by  closed  contours   where     
    highest value in the   interior for   mountains  while the   lowest   value in   the  
    interior for depressions.   
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7.1.4 Determining Elevations 
  
    Elevation refers to the height above sea level (a.s.l.) and is synonymous with 
altitude. Specific elevations are shown on topographic maps in different ways, 
e.g., bench mark. Elevations may be shown by color patterns and different 
methods are used to give the optical illusion of hills and valleys. Elevations 
between contour lines can be approximated by interpolation. For example, a 
point mid-way between the contours 40m and 60m would most likely be 50m 
and a point located adjacent to the 60m contour line would be probably close to 
59m. Such approximations are based on the assumption that the slopes have a 
constant gradient and the elevation is proportional to the horizontal distance. 
This, of course, is not always true but a careful study of slope trends permits one 
to estimate elevation between contours. The local relief of an area may easily be 
determined by finding the highest and lowest elevations and subtracting the 
differences. Height and depth are measurements made relative to some other 
features, for example, a monument is 175m above the ground but the elevation 
of the top of the monument is 1175m because the area upon which it is located is 
1000m above sea level.           
   
7.1.5 Topographic Profile  
 
    Topographic maps represent a view of landscape as seen directly from above 
and give an excellent perspective for regional relations. This view, however, is 
unnatural for we are accustomed to seeing hills and valleys from the side. In 
detailed studies of land forms it is desirable to construct a profile or cross-
section through certain critical areas so that the various features may give a 
more natural view.  An accurate profile may be constructed quickly across any 
straight line on a map by following the procedure outlined below:   
1- Lay a strip of paper along the line across which the profile is to be 
constructed.  
2- Mark on the paper the exact place where each contour cut the strip. 
3- Label each mark to correspond with the elevation of the contour it represents. 
If contour lines are closely spaced ,it is sufficient to label only the index 
contours.  
4- Prepare a vertical scale on profile paper by labeling horizontal lines 
corresponding to the elevation of each contour line. 
5- Place the paper with the labeled contour lines at the bottom of the profile 
paper, and project each contour to the horizontal line of the same elevation.  
6- Connect all points with a smooth line . 
 
     Obviously the appearance of the profile will vary depending on the spacing 
of the horizontal lines on the graph paper. If the vertical scale is the same as the 
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horizontal map scale, the profile will be nearly flat except on very small scale 
maps or in areas of extremely rugged topography. Therefore, one generally 
exaggerates the vertical scale to show local relief. When this is done always 
state the vertical exaggeration used. To determine the vertical exaggeration, 
divide the horizontal map scale by vertical scale. For example, if the vertical 
scale is such as that 1cm = 500 m, the proportion would be 1: 50 000 since there 
are  50 000cm in 500 m. If the map scale is 1: 150 000, the vertical exaggeration 
would be 150 000/50 000 or 3X. 
 
7.1.6 Gradients  
  
      The gradient of a stream may easily be determined by measuring a 
representative section of the stream and dividing this distance (in kilometers) 
into the vertical difference (in meters) between the starting point and ending 
point. The result is an expression of decrease of elevation in meter per kilometer 
(m/km). Rivers with higher gradients and higher discharge are more potent in 
eroding their beds than rivers with lower gradients and lower discharge.   
 
EXAMPLE 7.1: On a certain map, 2.8 cm is equal to 1 km on the ground. 
Express this absolute scale as an R.F. 
 
R.F.= distance on map / distance on ground  
R.F.= 2.8 cm on the map / 1km on the ground  
It is necessary to change the denominator of the equation to centimeters, because 
both terms in R.F. must be expressed in the same units, so  
1km * 100 000 = 100 000 cm 
Now the relation is  
R.F.= 2.8cm / 100 000 
Then , we need to express the numerator as unity , and so the numerator must be 
divided by itself. In order not to change the value of the fraction, we must also 
divide the dominator by the same number, 2.8. So the problem resolves itself 
into 
R.F.= (2.8 / 2.8) / (100 000 / 2.8) = 1 /  35714 
or rounded off to  1 / 36000 
 
 
EXAMPLE 7.2: Figure below (7.1) shows a map of an area with heights values 
area, it is required to draw a topographic map with contour interval 10 m. and 
draw its topographic profile along the line A-B using vertical scale 1cm = 10 m.  
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 ●60 ●40 
       ●10                 ●70  ●90 80● 
            A                         ●40  ●70 ●90         ●80●70   ●40  B 
   ●30            ●60 
      ●50   ●30  
  ●10 ●20●30  ●40             ●30     ●20 
                                                                      ●30●20      ●10    
 
            0 1km 
                   
             Fig. (7.1). Map for an area showing elevation points.  
   
    Answer 
 
                                                       40        50          30 20  10     N 
 
 
            A                                                                        40  B 
 
 
 
                            10           20 30                         30   20     10 
           (a) Map 0 1km 
                  
 C. I. = 10 m 
 
 
Elevation (m)  
           90 
           80 
           70 
           60 
           50 
           40      
           30 
     20 
           10 
                                                                   Horizontal distance  
           (b) Section              Vertical Scale= 25* horizontal scale  
 
      Fig. (7.2). Construction of topographic section from topographic map.   
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7.2 Geological Maps 
  
       A geological map (Fig.7.3) gives the details of the occurrences of 
geological formations , where the boundaries of the various formations and their 
attitude (strike and dip) are represented. Also it shows the geologic structures for 
strata as symbols. A geological map is, generally speaking, such a section, and 
the distribution of rocks in this case is the pattern of outcrops. The principal 
factor that may make a map more complicated than a vertical section is that the 
latter is a planar surface, whereas the ground surface is likely to be irregular. In 
order to avoid complication and to show geometric relationships clearly, both 
the stratigraphy and topography are kept simple. The rocks are layers of constant 
thickness and are without any lateral change of rock type. The ground surface 
approximates to a level plain except where it is dissected by river valleys. The 
direction of dip, the nature of folding of the strata and the amount of 
displacement across faults may be recognized quickly by inspection of a 
geological map of the area and used as a first step in analyzing the geology. 
     The structure of strata is usually shown on a map by symbols, such as dip 
arrows. A more convenient way for some purposes, where the structure is 
simple, is to draw contours relative to a datum and so represent the ups and 
downs of a particular geological interface (just as topographic contours depict 
the shape of the ground surface). The interface is usually a bedding plane 
separating two different layers. A common use of contours to depict geological 
structure in engineering geology is a contour map of rock head, which shows 
the depth to solid rock and the shape of the bedrock surface. To distinguish them 
from topographic contours they are referred to as stratum contours or, when 
they are used in certain interpretative constructions, as strike lines (see next 
section for a full explanation). When irregularities of the ground surface are 
represented on a geological map by topographic contours, and when the 
structure of a geological interface is represented by stratum contours drawn at 
the same vertical interval (for example, at elevation difference of 25 m), then it 
is possible to construct the outcrop of the interface of the map. 
 
7.2.1 Importance of Geologic Maps in Civil Engineering 
  
1- Giving a complete understanding of the characteristic features  of a site.    The    
    direction  of  dip ,   the  nature  of  folding  of  the strata  and  the   amount  of  
    displacement  across  faults  may  be  recognized  quickly  by  inspection  of a  
    geological map of the area and used as a first step in analyzing the geology. 
2- It is essential prior to embarking on a civil engineering construction project. 
3- Knowing the features including topography, nature and distribution of  rocks,   
    geologic formations, on the surface and at various depths. 
4- Using  such  map in  searching for rocks  for building and  industrial purposes   
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    (bricks and cement manufactures).  
5- Indicating    the    occurrences  of   weak   zones  ,   nature  and  thickness  of       
    weathered zones and soil cover. 
6- Identifying     the   drainage   pattern   in   the   area   and   the situation of  the      
    groundwater table.  
7- Reducing investigation processes to its minimum. 
8- Choosing     the    best   site   for   a suggested   project   or  refusing  it  prior      
    construction. 
  
     
 
        A   B                 C                            D              N  
 
 
 
 
 
                                                                                                    D    Youngest 
                                                                                                    C 
                                                                                                    B 
          900     800         700  600      500       400   300  200        A    Oldest 
 
Fig.(7.3). A simple geologic map showing four inclined layers A, B, C and D. 
 
 
7.2.2 Components of the Geologic Maps  
 
      The outcrop of a body of rock, such as a layer of shale, is the area that 
emerges at the surface where the rock is present, or lies immediately below a 
cover of vegetation, soil, or other superficial deposit. Those parts of the outcrop 
where rock is visible at the surface, and where observations may be made, are 
called exposures. Exposures are usually found in the banks of streams, in road 
cuttings, on cliff or scarp faces, and in quarries. A geological map is an 
Ordnance Survey map, showing locations and topography, on which is 
superimposed geological information. This includes exposures, inferred 
outcrops  and the nature of the boundaries between them, any deformation of the 
rocks such as fracturing or other observations, and a geological legend at the 
side of the map, explaining the symbols and colors used. Large geological 
departments in commercial companies and government scientific bodies, such as 
the British Geological Survey (BGS), have a prescribed set of geological 
symbols for use in their reports and maps. Each is known as the standard legend 
of the particular organization. Maps in this book conform to the standard legend 
of the BGS. An arrow is used to indicate the precise location of an exposure and 
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the inclination (dip) of any original layering (stratification). The arrow points in 
the direction of dip, and the amount of dip, measured from the horizontal in 
degrees, is given as a figure close to the tip of the arrow, which marks the 
precise location of the exposure; the observations refer only to what is seen there 
and not to the entire area straddled by the arrow. For horizontal and vertical 
layers, the position of the exposure is where the two bars of the symbol cross. 
The geologic maps characterize by presence the following components: 
1- Contour lines which usually appear as dashed lines. 
2- Geologic boundaries which are represented as solid lines intersect the    
contours for inclined beds but are parallel for horizontal beds. 
3- Each geologic bed is expressed by a symbol indicating its type. For     
examples see  the below Figure (7.4).  
                          
-----------                                       -.-.-.-.    
-----------   Clay or Claystone      -.-.-.-.-.    Silt or Siltstone 
           
 ………             
 ………    Sand or Sandstone   ◦◦◦◦◦◦◦◦◦◦   Gravel 
 
      
~~~~~~~  Marl                           vvvvvvv   Gypsum  
                              
      
  ∆∆∆∆                                 
∆∆∆∆∆∆  Anhydrite                Limestone 
 
 xxxxxxx 
 xxxxxxx  Igneous Rocks  
 
Fig. (7.4). Examples of some symbols used for geologic layers.  
  
4- Legend: It is the key of the map explain the symbols .  
5- Scale of the map: which is 
      Simple fraction scale: such as, 1 / 100 000 . 
      Proportion scale: such as 1 : 100 000 .  
     Absolute scale :(1cm = 1000 m). 
     Bar scale: for example                 0            50        100m     
         
6- Coordinates (latitudes and longitudes). 
7- North direction:     N  
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       An outcrop of younger strata completely surrounded by older strata (the 
older beds being those occurring below the younger in the vertical succession of 
strata) is called an outlier. An outcrop of older strata surrounded by younger is 
called an inlier.  
      The distribution of rocks on a vertical plane (comparable to an ‘elevation’ in 
engineering drawing) below a particular line at the surface is called a vertical 
geological section, or more simply a section. A geological model of an area 
ABCD showing outcrops, and the section AB across it, are presented in Figure 
7.5. This figure shows a block model showing the relationship between the 
outcrops and topography on the upper surface ABCD and the section AB. 
Contours at +100 and +200 m are drawn on the map. An exposure of the 
sandstone layer near the river is indicated by the dip arrow, and the figure 21 
beside it gives the angle of dip in degrees. The figure also shows, within a scaled 
frame of a datum plus vertical and horizontal scales, what would be seen if a 
vertical cut were made through the earth along the line AB to reveal the side 
facing the viewer. The topographic profile of the ground surface shows the rises 
and falls along the same line. Sections are a conventional way of presenting 
information about the distribution of rocks below the surface. It is common 
practice to assist comprehension of a geological map by drawing one or more 
representative sections below it, and to present geological information needed 
for planning and costing excavations, such as tunnels, by drawing a section 
along the proposed line.  
     The relationships between the shape of the ground surface (that is, the 
topography), the outcrops, and the structure in idealized models in which layers 
are constant in rock type and in thickness over the area of the map, are discussed 
in this chapter. The relationship between surface geology and a section is also 
illustrated, and the way in which the section may be drawn is discussed. The 
construction of more elaborate sections, which combine structural deformation 
with stratigraphic change laterally and are based on real geological maps and 
reports, is also discussed. 
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Fig. (7.5). A block model showing the relationship between the outcrops and  topography  
     on the upper surface ABCD and the section AB. Contours at +100 and +200 m are    
     drawn on the map.  An exposure of the sandstone layer near the river is  indicated 
     by the dip arrow, and the figure 21 beside it gives the angle of dip in degrees. 
 
7.3 The Principles of Uniformitarianism and Superposition  
  
        A guiding principle of geology is that "the present is the key to the past". 
This concept is expressed more formally, and more fully, as the Principle of 
Uniformitarianism, which states that the processes that created and moulded the 
rocks of the earth in its past are by and large the same as those active today. 
Volcanic activity, which produces igneous rocks, and the deposition of eroded 
fragments to form sedimentary layers, proceeded in similar ways, if at different 
rates, in the past as they do at the present time. The earth’s surface had 
environments—shallow seas, river deltas, deserts—similar to those found now, 
though not necessarily in the same places. The geography of our planet has 
changed continually, but the general physical conditions that may be found have 
remained qualitatively more or less the same for thousands of millions of years. 
The relative areas of seas, mountains, deserts and ice sheets have varied 
considerably, however, as time passed. The principle of Uniformitarianism is a 
particular version of one of the foundation stones of scientific thought; that is, 
the premise that the same laws can be applied to understanding the distant parts 
of our Universe, the frontiers of both space and time, as those derived from 
observations on earth at the present time. There is the  qualification  that  human  
experience of  limited  space  and  time  must   be inadequate as a basis on which 
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to conceive an infinite Universe, just as the terms of everyday experience are an 
inadequate language in which to express some modern cosmologies. 
      The processes that have produced rocks in the earth’s past may be 
understood by studying how many rock types are being formed at the present. 
The cooling and solidification of a modern lava flow can be seen to create a 
layer of fine-grained igneous rock, such as basalt. It may be inferred that similar, 
but older, layers of basalt are ancient lava flows, and are a record of volcanic 
activity in the past. Each is an event in the geological history of the area. 
     Each different rock layer is a record of a past event, and the sequence of 
events (that is, the geological history of the locality where they are observed) 
may be inferred using the Principle of Superposition. This states that if one 
layer B lies above another A, then B was formed after A and is younger than 
it—unless it can be shown that the layers have been inverted from their original 
position by later earth movements. It may be possible to identify the original top 
and bottom of a layer by a way-up criterion such as graded or cross bedding (see 
Fig. 7.6). 
      The relative ages of rocks and of the structures that deform them may also be 
inferred from other observations. For example, the presence of pebbles of 
granite in a conglomerate shows that the granite is older. Other examples are 
given in Figure 7.6. 
 

 
 
Fig. ( 7.6 ). The relative  ages  of  rocks  and  geological   events  may  be  inferred    from    
     geometrical    relationships  and  from the nature of some rocks.   An  example of  the      
     former is shown in the figure,  where the superposition  of the lavas on all  other  beds     
     can be seen:   the fault demonstrates that the lavas are the  youngest strata   present  ;  
     also, the emplacement of the dyke in the marl shows that the dyke is younger than the    
     marl, and the  displacement  of the dyke by the fault  shows that the  fault is  younger.   
     Pebbles  of the  granite in the  conglomerate confirm that the granite is older, and  the   
     thermal  aureole in the  schist  shows  that the  granite is younger  than  the   schist. 
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EXAMPLE 7.3:  For the below Figure (7.7), it is required to: 
1- Arrange the geologic layers and events with respect to their geologic history 
from the oldest to the youngest . 
2- What are the composition of each layer.  
3- List the number of geologic layers and events . 
 
                      _ .- _ . _ . _.  _ .  _.    _ .   _ .    _ .  _.                     
                      .◦  . ◦    .   ◦ .    .  ◦  .   .  ◦  .    .  ◦  . ◦ .       
 ◦ ◦ ◦  ◦  ◦ ◦   ◦   ◦  ◦     ◦ 
        … ◦ ◦    ◦  ◦    ◦       . .          …   
         ….. ◦   ◦    ◦     ….          - - - -   ….. 
  - - - - ……….  - -   -   ~ ~ ~  ~   - - - - 
                      ~ ~ ~  - -        - -  ~  ~ ~  ~ ~ ~ ~ ~  ~  
                      x x  ~ ~              ~ ~ x x x x x x    ~ ~                         
                       x  x  x  x  x   x  x  x x  x x x x x x x x 
                      Fig. (7.7). Example 7.3 
Answer          
(1 & 2)  
-.-.-.-.-.-.-                 Youngest 
-.-.-.-.-.-.- Silty soil 
 ◦.◦.◦.◦.◦.          
◦ ◦ ◦ ◦ ◦ ◦  Conglomeritic sandstone              
 
                Unconformity                                   
                      
           Faulting 
                                          
                 Folding 
 
◦◦◦◦◦◦◦◦◦◦  Conglomerate                  
◦◦◦◦◦◦◦◦◦◦                                                             
………..                               
………..   Sandstone  
_ _ _ _ _   
_ _ _ _ _  Shale 
  
~~~~~~~  Marl 
 
 xxxxxxx 
 xxxxxxx  Igneous Rocks                  Oldest 
 
3- The number of geologic events are three: folding; faulting; and unconformity.        
    The number of geologic layers are six. 
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7.4 A Procedure for the Determination of Strike and Dip of any Bed  
 
      Each bed has two surfaces of contact , the upper surface and the lower 
surface. For the determination of dip, we can choose any contact surface 
(boundary). Since the dip is the angle of inclination of the surface with the 
horizontal plane, we can estimate the inclination if we have two horizontal lines 
on this surface, each situated at a particular height. The slope can be found out if 
the distance between these two lines and the difference in their altitudes are 
known (Fig.7.8). In a geological map, we can draw two strike lines for any 
contact surface. A strike line is a horizontal line on the plane along which all 
points are at equal height. Hence, for drawing the strike lines , points are chosen 
where a contour line cuts the particular contact surface. Two such strike lines at 
900 m and 800 m are drawn for the contact surface between layers A and B 
(Fig.7.9). If we take the shortest distance between these two strike lines we can 
construct the slope with the help of the height difference between them as shown 
in the figure . Point X is 100 m higher than point Y. Therefore, the contact 
surface can be drawn as in Fig. 7.9 and the angle (θ) it makes with the horizontal 
is the dip. Layer A is dipping in the direction of Y (Fig. 7.9). If we take the 
distance between these two strike lines in any other direction than the shortest 
distance, we get the apparent dip.  
 
 
 
 
Difference in  
Altitude                                                                              Datum Plane 
 
      Fig. (7.8). Strike lines on an inclined plane.  
 
 
                                    
                                                  x      A                                           
                       900            
                      y 
 
                             800    B 
   C 
 

                   Formation Surface 
 100m θ 
                                             x         y 
   Fig. (7.9). A procedure for drawing strike lines and construction of dip  
                    for a formation surface.   
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     Since all contours are parallel, the strike lines for any surface will be 
naturally parallel. If we get only one intersection point of the contact for a 
contact surface, we can draw a strike line for that surface parallel to the other 
strike lines.    
     The altitude of the bedding plane along its outcrop may be read directly from 
the map using the topographic contours that cross the outcrop. For example, in 
Figure 7.10 the bedding plane separating the sandstone and marl is at an altitude 
of 400 m at A and C, and at 350 m at B. Strike lines are drawn by joining points 
of equal altitude, for example A and C. A straight line is drawn as the simplest 
geometry of the bedding plane consistent with the observations. In practice, 
there is a partial check on the assumption that no fold (that is, change of dip and 
strike) is present between A and C. The apparent dips seen on the sides of the 
valley (that is, along AB and CD) are constant, and barring the presence of a 
very local, very complex and very unlikely structural peculiarity restricted 
within the area ACD, the assumption that the true dip does not change is valid. 
Nevertheless, the strike lines, and hence the structure, are inferred and not 
deduced. 
    If strata are horizontal, then the entire surface of each bedding plane lies at the 
same altitude, and outcrops are parallel to topographic contours (Fig. 7.11). In 
this case the position of the outcrop of any bed is dependent entirely on the 
topography. Conversely, the presence of horizontal beds on a map may be 
recognized by inspection, from the control that topography has on their 
outcrops. 

 
 
Fig. (7.10). A block model showing a layer of marl  overlying sandstone  :  the  
                  outcrops of the bedding  plane between marl and sandstone on  the 
                  valley sides are shown, together with strike lines at +400 m from A 
                  to C, and at +350 m from B to D. 
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Fig. (7.11).   A block  model  showing  a sequence  of horizontal   strata cut by a  vertical     
       dyke, and their relationship to the irregular upper surface of the block. The hill and  
       valley are shown in profile, and are also defined by topographic contours drawn  on  
       a 100 m interval. The distribution of outcrops on a map is similar to that  portrayed  
       on the upper surface .  The horizontal  layers are  parallel  to the contours  ,  but the  
       outcrop of the vertical dyke is a straight  line and is  completely  independent  of the  
       contours. 
 
 
EXAMPLE 7.4: Showing the Procedure for Drawing a Geological Map. 
 
 Strike   Strike   Strike 
   900       800      700 
      
        A   B                 C                                 D   N 
 
 
                                                                                              Y      
 
 
X                                                                                                      D     Youngest 
                                                                                                   C 
                                                                                                   B 
           900     800         700  600   500       400   300       200    A     Oldest 
                                                      
                                                    Vertical Scale : 1cm = 200 m. 
Fig. (7.12). A geologic map for Example 7.4. 
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     In our example 7.4, after drawing strike lines and finding its direction taken 
with north direction which is (N 8˚ W) and with south direction is (S 8˚ E). 
While the dip direction is perpendicular to strike lines toward decreasing 
altitudes and found (82̊  NE). To find dip value, two methods are introduced , 
mathematical and graphical methods.  
 
7.5 Calculating Dip 
7.5.1 Mathematical Method for Calculating Dip 
     It is worth to mention that the strike interval is defined as the vertical 
distance between two adjacent strike lines which is measured with a ruler. In our 
previous example, it is found to be with an average 1.1 cm. Besides, the contour 
interval is 100 m, then the expression (7.1) for finding the dip angle is :  
  
 tan θ =    UContour Interval ( C.I) U   *   Scale                                            (7.1)  
 Strike Interval ( S.I ) 
  tan θ =  U100 mU  *  U1 cm   U  =   U 1 U             
              1.1 cm     200 m       2.2 
   θ  =  24.4˚ 
This dip value  will be used after drawing the topographic profile as explained 
later.  
       To draw the geologic cross-section ,as an illustration, consider the map 
given in Figure 7.12, it is required to draw a geologic cross-section along the 
line X-Y. The procedure is as follows: 
1- Draw line XY to scale on a sheet of paper. Mark the points of intersections of 
the contour lines on the line.  
2- Raise the points to their respective altitudes. 
3- Join the raised points by a smooth profile which now represents the ground 
surface (Fig. 7.13). 
 
  Elevation (m.) 
                                Geologic formation boundaries            
1000   
                                          
800 
 
600 
 
400 
 
200 
 
        X      900                 700               500            300                 Y 
Fig. (7.13). Topographic profile along the line X-Y shown in Figure 7.12. 
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4- Transfer the points of intersection of contact surfaces for the geological layers 
along X-Y. 
5- Raise the points vertically on to the ground surface already obtained in the 
profile. 
6- By choosing strike lines, construct the dips for the layers and draw them in 
the profile at their respective positions. For convenience in drawing, the normal 
procedure is to draw a horizontal line parallel to the base line of the section and 
construct the dip as shown in Figure 7.12 . Then draw the planes on the section 
parallel to this surface (already drawn in the figure ). Instead of using the strike 
values, we can use the calculated dip value by the mathematical method and 
draw a line from the raised layer boundaries dipping at an angle 24.4̊ with the 
horizontal toward point Y in NE direction. 
 
 
Elevation (m.) 
                                Geologic formation boundaries            
1000   
                                          
800 
 
600      Youngest 
  
400         D 
 A                                         B    C C 
200 B 
  D  A     Oldest 
        X      900               700             500           300                     Y 
          
Fig. (7.14). Geological section along X-Y (in Fig. 7.12). 
 
 
7.5.2 Graphical method for Calculating Dip 
 
     The amount of dip may be calculated graphically by taking any two adjacent 
strike lines intersecting the same layer boundary (i.e. either the upper or the 
lower boundary). In our above example, let the two strike lines 800 and 900 that 
intersect the upper boundary of the rock layer A (between layers A and B). Then 
raise these two strike points to their respective heights as they are elevation 
points. After that join the raised two points with the layer boundary (in our case 
upper boundary of layer A) by a straight line, so by this way the upper boundary 
of layer A (or the lower boundary of layer B) will be delineated. Then from the 
previously delineated positions of the other layer boundaries, construct parallel 
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lines to that of layer A. Thus, we get a geological section along X-Y. The 
amount of dip can be calculated by using the protractor measured with respect to 
the horizontal. 
  Elevation (m.) 
                                Geologic formation boundaries            
1000   
                    .                           
800                    
            Str.900 
600                    Str.800     Youngest 
  
400          D 
 A                                            B    C C 
200 B 
  D  A     Oldest 
        X      900                 700               500            300                      Y 
          
         Fig. (7.15). Geological section along X-Y ( in Fig. 7.12). 
 
Thus the final results of the above example (Example 7.4) using both methods 
are as follows: 
Strike direction       : N 8˚ E 
Dip direction           : 82˚ NE   
The amount of dip  : ≈ 25˚ 
 
7.6 Finding True and Apparent Thicknesses for Layers  
 
    As most of the geologic layers are inclined, so the thickness of a layer is 
measured from the ground surface will not give the true thickness of such layer 
but it is really the apparent thickness(or the vertical thickness). To find its true 
thickness, the following expression (7.2) is used (Fig.7.16): 
 
  cos θ  = True Thickness /Apparent (Vertical) Thickness = D / Z               (7.2) 
 
                                                                       Apparent (Vertical) thickness 
 
 
                                                                         Z 
                         θ 
                                                                   D 
                              θ 
 
 True thickness 
                                   Fig.(7.16) Calculation of true and apparent thicknesses. 
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       When the dip angle is not exceeding 5˚ then the true thickness is 
approximately equals the apparent thickness. Besides in our example, we could 
not find the thicknesses for both the 1st as it is subjected to erosion and the 2nd 
layers as it is unknown extension. 
 
Final Results of the above Example (7.4) 
 
The final results are as follows: 
Strike direction: N 8˚ W 
Dip direction:  82˚ NE 
Dip Value: 24.4˚ ~ 25  ̊
Layer-A is the oldest; and Layer-B is the youngest . 
Layer thicknesses: We could not find the thicknesses for both the 1st as it is 
subjected to erosion and the 2nd layers as it is unknown extension. 
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REVIEW QUESTIONS AND PROBLEMS 

 
7.1 Define and give short notes oh the following terms :  
     Gradient  
     Contour interval  
     Relief 
     Topographic profile  
     Principle of superposition  
     Map Legend  
 
7.2 What are the general characteristics of contour lines? 
 
7.3 What are the main features of topographic maps?  
 
7.4 Give examples for some geologic symbols used in geologic maps? 
 
7.5 Show what of the following statements indicate: 
      a- The closely spaced contour lines. 
      b- The widely spaced contour lines. 
      c-  The V shape contour lines. 
      d- Circular   contour  lines with increasing values  toward  the center of  the     
           closure.  
      e- Circular  contour   lines with  decreasing values  toward the center of the     
          closure.  
 
7.6 Convert the following representative   fractions to ground distances equal to  
      one centimeter on a map:   
      a-  1 : 1000 000 
      b-  1 : 48 000 
      c-  1 : 250 000 
 
7.7 Convert an R.F. of  1 / 25 000 to an   absolute scale in   terms of centimeters    
      per kilometer,  how many   kilometers on   the  ground  are   represented  by  
     1centimeter on the map? 
                             (Ans. 1 cm on the map =125 000 cm on  the ground ; 1.25km)   
 
7.8 A map has an R.F. of 1 / 500 000.   How many   kilometers  on  the   ground   
     are represented by 10 centimeters on the map? 
 
7.9 A map of unknown scale  shows two TV  transmitting  towers . On the map ,  
    The  towers  are  1.2 cm apart and the actual ground distance between them is 
    is 1000m. What is the R.F. of the map?  
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7.10 For the below map (Fig. 7.17):  
 
           ●450 ●400 
                      ●370 ● 500                ● 550 N 
                                   ●450 
 
     ●X ●600 

               ●700 ●500 
   ●400 
●500 ●500 

 
 ●650 ●Y 
 ●550 ●750  
 ●450 ●500  
 
 ●550 

●550 
 ●500 ●600       ●400 
 
 ●550 
 ●750 ●600 A 
 
 ●800 
 
 ●800 ●650 ●400 
  ●700 

●800 ●Z  
 ●820 
  
 ●600 ●700 ●500 
  750 
 ●650 ●600                    ● 600  
                                                                                      
 B     Scale 1 cm. = 100m. 
  Fig. (7.17). Problem 7.10. 
 
 It is required to find : 

1- Draw a topographic map with contour interval of 100m. 
2- Draw a cross-section from point B at an angle N20◦ E. 
3- Draw a cross-section from point B at an angle N85◦ W. 
4- Describe the topography of the area along the above cross-sections. 
5- Find the elevations in meter (a.s.l.) for the points; X,Y and Z. 
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7.11 For the below geologic Map (Fig. 7.18):  
   
 
                             500      F N 
 
 
 
 700 600  500 
 E 
 
 
 700 
 
   600 
 
     500 
 D 
 400 
 
                                          300     
 C 
 
                                         200 
 
 
 
 
 A 
 B 
 
     0     500    1000m. 
                                                                                                   
Fig. (7.18). Problem 7.11. 
 
The solid lines represents the geologic boundaries separating the exposures of 
the inclined layers A, B, C, D, E, and F. It is required to: 

1- Draw the strike lines for each layer. 
2- Find the direction of the layers strike line. 
3- Find the direction and amount of dip of the layers assuming the dip is 

regular.  
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7.12 For the below geologic map (Fig. 7.19):    
   B ~ ~ 
 ~ ~         ~          ~      800            ~        ~ ~ ~~  
 600      700                       ~                   600                     N         
         
 ~    ~500  ……….    ~  ~ ~    
 ~               ……………………….     
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                      …………………………. ~ 
 ~                                                                                          …….  800  
                     ………………………..                        700     
                                                                    ~      …………… 

~~          500             ….. ………..  500 
  ~ ~ …………  
 ~ ~          500          …. …… 
 ~   ~ ~  …….  
 ~ ~ ……     
 …… . .  600     _ _ _ _ 

 
      ~             ….   …. … …. …. …. … .. … …. …. … … … … . _ _ _ _ _  

 
 ………………. _ _ _  _                ……..     400       ……. _ _ _ _ 

   
    ……………     _ _ _ _ _  700_ __ _ _   _ _ _ _ 
 _ _ _ _ _ _ _  -_ _ _ _ _ _ _ _ _ _ _ _ _  ..........    _ _ _ _ _                                                                                                 
    …………. 
 _ _ _ _ _ _ 600_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _    _ _ _ _ _ 
  
                                500 
        _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _                                             
   
 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
  
       A   
                               Fig. (7.19). Problem 7.12.                         Scale 1: 5000     
   It is required to:                                 1- Describe the topography of the area. 
  2- Find the direction of the layers strike lines and the direction and amount of    
      dip of the layers.      
  3- Draw a geologic section along the line A-B to explain the layers structure. 
  4- Find the true and apparent thicknesses of each layer.  
  5- Fill the empty rectangles by the suitable layer symbols showing the oldest    
      and youngest layers.  
  6- Show the priority of the events in the area.  



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

98 
 

7.13 For the below geologic map (Fig. 7.20):   
  +   ◦    ◦    ◦      M      ◦  
.  . _       _      _ + + + ◦ 
 .  . 900  ◦ N 
 _      _       _ + +       +          +        + ◦ ◦ 
 .  .    +     ◦  ◦ 
      . + + ◦ 
 .   .  _      _  +     ◦  + ◦ 
.   .  . .    1000   + 
 _ +      +       +       +  900 
 . _ ◦ + 
 . _ +       +       +     +      + + ◦ 
 .900  _   +  +  + ◦ 
 .   .   .   . _ 1100 + ◦ 
    . . _ + ◦ ◦ + + ◦ 
 .   .    .   . _ ◦ + 1000 
  _   ◦  ◦   + 
 .   .      . .   . _ + ◦1200  + ◦ 
 . _ + + _  
  .   .    . .         .    . + + + ◦ 
 _ _ _ _ _ ◦ 
        .       .  .       .  _ __ _ _ + 
 .   .      .    .  .         _ 1100 _ 1000 
  …       .    .    .   . _ _900 _   1100 ◦ 
 1000 _ ◦ 
      .     . .    .   .    .   .   .   .    . +  
         
      …    …       .      .          _                          ◦ 
 _ + 
 900       .   .    ..   .   .   .   .  . _ 
 + + 
       800   .      . . _ 
           + + 
                      N  
 Fig. (7.20). Problem 7.13.                       Scale 1 cm =100 m.                        
It is required to:                                    1- Describe the topography of the area. 
2- Find the direction of the layers strike lines and the direction and amount of   
    dip of the layers.      
3- Draw a geologic section along the line M-N to explain the layers structure. 
4- Find the true and apparent thicknesses of each layer.  
5- Fill the empty rectangles by the suitable layer symbols showing the oldest    
    and youngest layers.  
6- Show the priority of the events in the area.  
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7.14 For the below Figure (7.21); It is required to: 
   a- Arrange the geologic layers and events with respect to their geologic history    
       from the oldest to the youngest. 
   b- What are the composition of layers L, A1 and A2.  
   c- List the number of geologic layers and events. 

 Youngest                         
 _ _ _ _        

   L_  ◦ ◦◦ ◦A1 
    ◦  ◦O .. .A2    
 G ◦   ◦     A1 ◦ …… 
 ◦  ◦ ◦   ◦.. B                      

 ◦  ◦ ◦ ◦ … T 
 O .. .A2 

 ……… K   
 K             
     N       P 
 N            P                

              Y 
 Y H 

                                                                                      Oldest      
Fault                   

Fig. (7.21). Problem 7.12             
             

7.15 For the below Figure  (7.22), it is required to: 
        a- How  many sedimentary layers are appeared in the diagram.  
        b- What are the igneous structures in the diagram.  
        c- What are  the metamorphic  rocks  that are  formed on both sides of the    
            volcano.  

 
 

  
     +                            
        . �+  ++  …….                                     
    ----  +   _ _ _ _ _  ....�.…..…… 
 _ _ _ _ _ _ + ++ _ _ _ _ _ _ _ _ _  
 ++ 
 +  
 ~ ~ ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~               
 ++++~ ~ ~++   ++
 +  +++ 
 + +  +
            
      Fig. (7.22). Problem 7.15 
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7.16 What are the main characteristics of  
        a- Topographic maps 
        b- Geologic maps  

 
7.17 Discuss the  statement   "the present is the key to the past "  with respect to 

  the principle of superposition.          
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8. Physical and Engineering Properties of Rocks 

 
 

8.1 Introduction 
 

     The performance of soil and rock under the action of load, water, temperature 
and tectonics of earth crust depends upon physical and mechanical strength 
properties of those materials. There are several classifications for rocks 
properties , of these the physical properties ( Index properties) and the 
mechanical (or engineering ) properties or the strength properties.                         

 
8.2 Physical Properties  

 
         The physical properties of rocks affecting design and construction in rocks 

are: 
1-Bulk density  
2- Unit weight  
3- Specific gravity            

  4- Porosity and void ratio 
5- Dry and saturated unit weight 
6- Moisture content 
7- Degree of saturation  

 
 

8.2.1 Bulk Density ( ρ ) 
     It is the ratio between rock mass  (M) and its volume (V) which is the 
average density and also known as the bulk density. Its units are  gm/cm 3 or 
1000 kg/m3. For most rocks near earth surface have average densities between  
(1.5 – 3 )gm/cm 3. 
          M 
ρ =                                                                                                          (8.1) 
 

V 
8.2.2 Unit Weight (γ) 
        It is also known as weight density  (γ), it is the ratio of rock weight to its 
volume and its unit is N / m3. 
          W     N 
  γ =    =                                                                                            (8.2) 

V      m3 

            
 

Where W = M . g   ; so                                                                                    (8.3)  
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        M . g     M 
γ =    =  (    ). g    = ρ . g        ;                         γ = ρ . g                       (8.4) 

V       V 

where g is the acceleration = 9.8 m / s2 

The unit weight of water is:  
γw  = ρ w . g = (1000kg/ m3 )( 9.8 m / s2)=9.8 kN/m3  
 
8.2.3 Specific Gravity (G)        
     It is an essential property in engineering projects, represents the ratio of rock 
density (or its unit weight) to water density (or its unit weight), so that G has no 

      units.                                                                                                
          ρ                                                         
G =    ;                                                                                                     (8.5) 

ρ w                         
  
           ρ . g       γ                                    
G =            ;                    G =                                                           (8.6) 

ρ w . g                                                       γw
   

 
EXAMPLE 8.1:  Calculate the density in gm/cm 3 of a rock with unit weight 
27.6 kN/m3. 

              γ = ρ . g          
27.6 * 103 N/m3 = ρ . ( 9.8 m / S2 )    
ρ = 2.82  gm/cm 3 

 
EXAMPLE 8.2: A block of rock with edge length 85.5cm, 79.0cm, 43.8cm has 
a mass of  953 kg. Find the specific gravity of the rock? 
V = (0.855m) (0.79m) (0.438m) = 0.2958 m3 
          M      953kg  
ρ =    =  = 3222  kg / m3 

V             0.2958 m3 
 
          ρ  3222 kg / m3                
G=    =     = 3.22 

ρ w              1000 kg / m3          
 

8.2.4 Porosity (n) 
           It  is  the   percentage   ratio of the  volume of  voids to the  total  volume, 

expressed either as percentage or as a fraction.                                                       
                 
          Vv 
n =    * 100                                                                                               (8.7) 

V 
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V = Vv+Vs                                                                                                  (8.8)                                                   
where Vv = volume of voids; Vs = volume of grain (mineral)    

 
The density ρg of the grains is given by the following:   

 
          Mgrain Mg  Ms 
ρg =    =   =                = ρs                                                         (8.9) 

Vgrain Vg Vs 
           

                          Vg = V- nV       Vg = V - Vv      ;   Vv = nV 
 

Vg = (1- n)V                                                                                                   (8.10) 
 

As    Vg= Mg / ρg       ; substituting in the later equation: 
 

Mg / ρg  = (1-n)V       ;    ρg =  M / ( 1-n) V 
 

ρg = ρ / 1-n                ;   and                                                                           (8.11) 
 

γg = γ / 1-n                                                                                                      (8.12) 
 

The same conclusion can be reached using the following relations: 
ρg=Mg / Vg     and      Vg=V-Vv           so       ρg=Mg / V-Vv      and        Vv =nV 

 
ρg=Mg /  V-nV      and     Mg=M     so      ρg=M / V(1-n)             ρg = ρ / 1-n   

 
  
Void Ratio (e)  
     It is the ratio of volume of voids to the volume of solid, expressed by the 
following relation: 

 
e = Vv / Vs                ;                                                                                         (8.13) 

 V=Vv+Vs          so        Vs= V - Vv  
e= Vv / V-Vv           ; and         n= Vv/V         so         Vv =nV 
e= nV/ V-nV = nV/ V(1-n)                       so          e= n / 1-n                        (8.14) 

 
 

EXAMPLE 8.3: A 0.885 m3 block of sandstone has a mass of 1752 kg. When 
the bock is crushed just sufficiently to close all the pores , which are empty, the 
volume of the rock becomes 0.584 m3. Find: (a) the porosity of the sandstone 
and (b) the density of the grains. (Assume that the density of the grains is not 

changed in the crushing process).                                                                       
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(a) The original block has a volume V= 0.885 m3. The volume of the crushed 
rock must equal the volume of all the grains in the original block, since the 
crushed rock has zero pore volume. That is , in the original block, Vgrains = 0.584 
m3. Therefore, the volume of the pores in the original block is:                              

   V=Vpores + Vgrains 
0.885 m3= Vpores + 0.885 m3           Vpores=0.301 m3 

 
Now calculate the porosity : 
n= Vv / V              n= (0.301 m3 ) / (0.885 m3 )  ; n= 0.340 (34%) 

 
(b) Since the pores are empty, the mass of the crushed rock is the same as that of 
the original block, 1752 kg. The volume of the crushed rock is 0.584 m3. But the 
crushed rock is entirely grains, and therefore: 
ρg=Mgrain / Vgrain   ;        ρg = (1752 kg) / (0.885 m3)= 3000kg / m3 = 3.00 gm/cm3 

 
 
8.2.5 Dry and Saturated Unit Weights  
     The pores of in situ rock (rock as found in the earth, undisturbed by human 
activity) may be filled with gas or liquid. The densities of gases found in rocks 
are much less than the densities of the grains of the rocks. This means that, it is 
safe to ignore the gas trapped in the pores to the total weight of a rock sample.  
     A similar statement cannot be made for liquids. The densities of liquids 
commonly found in the pores, although less than the densities of the grains, are 
not very much less. If the porosity of the rock is large enough, and a significant 
fraction of the pores contain liquid , then the weight (or mass) of the liquid is 
likely to be an appreciable part of the total weight (or mass) of the rock.  
      If all the pores in a rock sample are completely filled with liquid , then the 
rock is said saturated. If all the pores are empty, then the rock is said to be dry. 
Saturated rock  can be rendered by heating the rock in an oven, at sufficiently 
high temperature the liquid vaporizes and the vapor is driven out of the rock. 
      An important relation is that between the unit weight of a saturated rock 
sample γsat , the unit weight of the same sample when dry γdry , and the unit 
weight of the liquid occupying the pores of the saturated sample γL . 
       It may be tempting to write   γsat = γdry + γL , but this is not correct because 
of the different volumes involved . 
       To obtain the actual relation, note that the weight Wsat of the saturated rock 
sample  is just the sum of the dry weight Wdry and the weight WL of the liquid in 
the saturated rock:  
 
Wsat = Wdry + WL                                                                                           
     The volume V of the rock sample is the same whether it is dry or saturated. 
Dividing the preceding equation by V gives: 
Wsat / V = Wdry / V + WL / V       ; 
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γsat = γdry + WL / V   ;                                                                                     (8.15)   
                 
and   γL = WL / VL      ;                                                                                (8.16)                                                        
where VL is the volume of liquid  with weight WL .  But, since the liquid fills all 
the pores; 
VL = Vpores                                                                                                (8.17) 
VL = nV                                                                                                         (8.18) 
Solve this last equation for V and substitute into Eq.(8.15). Then use the 
definition of γL given above to obtain:    
 γsat = γdry + n ( WL / VL )  ;     
 γsat = γdry + n . γL              ;   or     γsat = γdry + n . γw                                       (8.19) 
 A similar relation holds between the mass densities :    
 ρsat = ρdry + n . ρL             ;   or    ρsat = ρdry + n . ρw                                       (8.20) 
  
EXAMPLE 8.4 : A test cylinder of rock has a diameter of 12.6 cm and a length 
of 14.0 cm. When dry its weight is 50.3 N. When saturated with mercury, the 
weight of the sample is 62.8 N. The specific gravity of mercury is 13.6. Find the 
porosity of the rock?  
 
The volume of the rock sample is: 
V= πD2L/4 = π(0.126m)2 (0.140)2 = 1.746*10-3 m3 

Therfore, the dry and saturated unit weights are  
γdry  = Wdry / V = (50.3 N) / (1.746* 10-3 m3) = 28.81 kN / m3 
γsat =  Wsat / V =  (62.8 N) / (1.746* 10-3 m3) = 35.97 kN / m3     
The unit weight of the liquid mercury γL follows from equation: 
 γL = GL γw = (13.6) (9.8 kN / m3) = 133.3 kN / m3 
Note that the unit weight of the mercury is grater than the unit weight of the 
rock, whether dry or saturated. Now solve for the porosity n.  
γsat = γdry + n . γL 
35.97 kN / m3 = 28.81 kN / m3 + n (133.3 kN / m3) 
n = 0.0537 (5.37%) 
 
8.2.6 Multimineral Rocks  
 
      Suppose that the porosity of a particular rock specimen is to be found by 
measuring the bulk density ρ, the grain density ρg and then applying Eq.(8.11):  
ρg = ρ / 1-n 
      The bulk density is easy to measure. What about grain density ? If all of the 
grains in the rock are of the same mineral, and the density of the mineral as it 
occurs in nature is known (many have been measured in the laboratory), then the 
grain density simply equals the density of that mineral.                                                      
      For a rock that contains several minerals, the value of ρg to use in above 
equation is the average of the densities of the individual minerals present. As an 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

106 
 

example, consider a rock made up of three minerals , the densities of the 
minerals grains being denoted by ρ1,  ρ2  and ρ3. The bulk grain density ρg will 
not, in general, be simply 1/3 (ρ1 + ρ2 + ρ3 ), because the minerals may be 
present in different amounts. A weighted average must be used, the precise 

nature of which must now be deduced.                                                                 
       Let the total mass of all the grains in the rock sample be Mg and the total 

volume of all the grains Vg , so                                                                             
Mg = ρg Vg 
If M1 be the total mass and V1 total volume of mineral 1 in the rock, with similar 
notation for the other two minerals present (assuming that the rock contains 

three minerals), then since                                                                                    
Mg = M1 + M2 + M3              it follows that: 
ρg Vg = ρ1 V1 + ρ2 V2 + ρ3 V3    ; 
ρg = ρ1 (V1 / Vg) + ρ2  (V2/ Vg) + ρ3  (V3/ Vg)      ;  
and if   :   c1 = V1/ Vg , c2 = V2 / Vg  and c3 = V3 / Vg      so that :                    (8.21)  
c1 + c2 + c3 = 1                                                                                                (8.22) 

(8.23)       ρg = c1 ρ1 + c2 ρ2 + c3 ρ3 
 

In similar way, for the specific gravity: 
G =  c1 G1 + c2 G2 + c3 G3        ;          G = Σi ci Gi                                        (8.24) 

 
EXAMPLE 8.5 : A shale consists of 34.1% chlorite and 65.9% pyrite, and has a 
porosity of 38.8% knowing that the density of the chlorite is 2.8 gm/cm3 and for 
pyrite is 5.05 gm/cm3. Find the bulk density of the shale?                                      
First, find the bulk grain density:    
ρg = c1 ρ1 + c2 ρ2  =(0.341)(2.80 gm/cm3) + (0.659)(5.05 gm/cm3)=4.283 gm/cm3 
ρg = ρ / 1-n = (4.283 gm/cm3)(1- 0.385) = 2.62  gm/cm3 

 

8.2.7 Water Content (W or Wc) 
     It is defined as the ratio of the weight of water Ww to the weight of solids Ws 
and it is dimensionless, expressed either as percentage or as a fraction: 

                   (8.25) Wc = Ww / Ws = (W - Ws) / Ws   
Where W is the total weight of the rock sample and Ws is the weight of the 
solids. Note, some texts refers to the total weight instead of the weight of the 

solids.                                                                                                                
 

8.2.8 Degree of Saturation (S) 
     It expresses the degree to which the voids are filled with water, so it is the 
ratio of the total volume of all water, which is found in the voids, in the soil 
sample (Vw) to the total volume of voids (Vv), and has no units, expressed either 
as percentage or as a fraction. Rocks with high porosity have higher degree of 
saturation which are found beneath groundwater table.                                          
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S = Vw / Vv                                                                                                      (8.26) 
  
8.2.9 Other Relations among Different Physical Properties  
      There are many Mathematical relations related physical properties with each 
other, of these re the following:  

 
e= n / 1-n              ;     
n= e / (1+e)                                                                                                    (8.27) 
n = W . G / (1+ W.G)                                                                                     (8.28) 
γdry =  γwet / (1 + W )   ;                                                                                   (8.29) 

(8.30)  γdry =  G  γw / (1 + e )        ;   
     (8.31) γdry = G γw (1 - n) 

 (8.32) γsat =  (G +e) γw  / (1 + e ) 
 
EXAMPLE 8.6 : A sandstone core composed of quartz and feldspar grains with 
calcite cement is 82 mm in diameter and 169 mm long. On saturation in water, 
its weight is 21.42 N; after oven drying, its weight is 20.31 N. Calculate:             
(a)its porosity (b) its dry unit weight (c) its wet unit weight?                                 

                         
 W =  (Wsat – Wdry) / Wsat = (21.42 N – 20.31 N) / 21.42 N= 0.0518 (5.18%) 
 n = W . G / (1+ W .G)  = 0.0518* 2.63 / (1+ 0.0518* 2.63) = 0.12 (12%) 
 γdry = G γw (1 - n) = 2.63*(1000 kg / m3 * 9.8 ) N / m3 (1- 0.12) 
 γdry = 22.68 k N / m3 
 γdry =  γwet / (1 + W ) 
 22.68 kN / m3 = γwet / (1 + 0.0518 )  
 γwet = 23.85 kN / m3 

 
8.3 Rock Deformation and Mechanical Properties 
  
     Rocks in their natural state are fractured, inhomogeneous, anisotropic and 
discontinuous. The construction design in rocks requires the knowledge of the 
resulted deformations which can be achieved by knowing their mechanical 
properties (strengths) in order to perform the suitable design.                                

 
8.3.1 Rock Deformation 
      Deformation in rocks means the change in size and shape of the rock sample 
induced by the applied force even though the rock sample does not break.            
      Let us start with the unconfined compression and tensile test. The 
arrangement of the applied forces for the two tests is called a uniaxial load 
because the forces are parallel to the axis of the cylinder. Figure 8.1  shows two 
loadings, together with the rock cylinder when no load ( F=0) . Figure (8.1a) is 
of a test cylinder of rock at rest under no load, that is, there are no forces being 
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applied to the cylinder. In this situation, the length of the cylinder is given the 
symbol L0 , the diameter D0 and the cross-sectional area A0 .                                

      In Fig.  (8.1b) a uniaxial tensile load is applied. This means that equal and 
oppositely directed forces F are simultaneously applied perpendicularly to the 
ends of the cylinder, the forces being directed as to tend to pull the cylinder 
apart. This load is unconfined since no forces are applied to the sides of the 
cylinder. Thus the cylinder becomes longer and thinner than the no-load 
cylinder. It is assumed that the forces are not so large as to bring the cylinder 

close to rupture.                                                                                                   
     In Fig. (8.1c) the forces are reversed in direction relative to above Fig. (8.1  
b). In this case, the forces tend to compress the cylinder and therefore this 
situation is described as a uniaxial compressive load. Under such load, the 
cylinder of rock becomes shorter and thicker than the no-load cylinder.               
      For both the tensile and compressive load, the length of the cylinder under 
the load is given the symbol L, the diameter, D and the cross-sectional area, A.   
     The force divided by area equals stress. When the forces are first applied, the 
cross-sectional area of the cylinder is A0. But the cylinder eventually assumes a 
different  cross-sectional area A ( it takes time for the cylinder to deform ). 
Which area should be used to define the stress? Either the initial are A0 or the 
final area A can be used, but the same choice must be maintained throughout a 
calculation. If the no-load area A0 is selected , then the stress so calculated is      

                   
L0       

  
                                       A0  

a- No Load                                                                                                    
   

 D0   
       

               
      A     L      b-Tensile Load   

                                                            
F                                                        F                             

    D       
 

         c- Compressive Load 
 A   L 

                                           
F                                          F                                           

                                  
D                                                          

                                                            
Fig. (8.1). Rock cylinder subjected to tensile and compressive loads.        
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called the engineering stress; if the area A under the load is used , then the 
stress calculated is called the true stress. That is,  the stress σ is defined as:         

                                                                                                              
For engineering stress σeng = F / A0     ;                                                         (8.33) 

(8.34)  For true stress  σT = F / A 
 

     As a measure of the rock deformation, the axial strain єLis defined by: 
     (8.35) єL = ( L - L0 ) /  L0 = ΔL / L0 

          Note that the true strain to be used with  true stress F / A is not ΔL / L but 
 ln (ΔL / L). (In this text, we will work only with engineering stress and strain).  
  
8.3.1.1 Hooke’s Law 

 
        It is found by actual experiments that , as long as the stress is neither too 
large nor too small, the stress is directly proportional to the strain, that is 

Hooke’s Law:                                                                                                    
(8.36) σ = E є  

where E is known both as Young’s modulus and as the modulus of elasticity. 
Since σ has units of  Pa and є has no units, and also E has units of  Pa.               

       The axial strain is negative for a compressive load with L < L0 or positive 
with L > L0. Therefore, for the stress:                                                                  

(8.37)  σ = ± F / A0 
the plus (+) sign is used for a tensile load , and the minus (-) sign for a 

compressive load.                                                                                                
      As above Fig. (8.1) suggest a cylinder of rock gets thinner under an axial 
tensile load and thicker under an axial compressive load. This lateral, or 
transverse, deformation is expressed by the transverse strain єT , which is 
defined in strict analogy with the axial strain єL . In the below equation then, D0 
is the no-load diameter and D is the diameter under the load, so that:                    

(8.38) єT = ( D - D0 ) /  D0 
Like the axial strain, the transverse strain is dimensionless.  
     It turns out that, in the elastic region, the range of values of applied stress in 
which the relation (σ = E є) is valid, defined by Poisson’s ratio:                            

  (8.39) μ = - єT / єL 
As both of the strains єT and єL are dimensionless, the quantity μ is 

dimensionless too.                                                                                                
     Why the minus sign in the above equation (8.39)? Under an axial  tensile  
load  єL > 0 since L > L0 , but єT < 0  since D < D0  (the cylinder gets longer but   
thinner). With the minus sign , the above equation yields μ > 0. With an axial 
compressive load, єL < 0 since L < L0 and єT > 0 since D > D0 . But again the 
above equation gives μ > 0. In short, the minus sign in the above equation 
ensures that Poisson's ratio is a positive quantity ranges between 0.0 and 0.5       
(0.0 < μ < 0.5). Its values for rocks are ranging between 0.2 and 0.3.                    
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8.3.1.2 Volumetric Strain 

 
    Since the diameter and length of the test cylinder of rock both change under 
an axial load, it is likely that the volume of the cylinder changes also under the 
load. For a circular cylinder, the no-load volume V0  is:                                         

(8.40)  V0 = (1/4) π D0
2 L0 

The volume V of the cylinder under the applied load is: 
(8.41) V = (1/4) π D2 L 

The later equation assumes that the cylinder of rock remains a cylinder under the 
load; this is observed to be the case as long as the applied stress does not 
approach the strength of the rock. To express V in terms of V0, and therefore be 
able to compare the volumes under no-load and under  a load, write L in terms 
of  L0 through the axial strain, and D in terms of D0 through the transverse 

strain.                                                                                                                  
And as equations (8.35) and (8.38) can be written as:                                            
L = L0 ( 1+ єL )     ;      D = D0 ( 1+ єT ) 
Substituting these two equations into Eq.(8.41) and invoking Eq.(8.40); yields 

(8.42)  V - V0 / V0 = Δ V / V0 =  єL + 2єT  
Using Eq.(8.39)         μ = - єT / єL 

   (8.43) So     Δ V / V0 = єL ( 1 - 2μ )  
 

The quantity on the left of the later equation looks like a volume strain; this 
fractional change in volume is called the volumetric strain, or the dilatation.       
Now suppose that a rock is incompressible. The volume of a test cylinder of an 
incompressible rock does not change under a load, so that V = V0. This does not 
mean that the length and diameter do not change. However, since the volumetric 

change is zero, so the above equation reduces to:                                                 
0 = єL ( 1 - 2μ ) 
Since  єL ≠ 0         then   0 = ( 1 - 2μ )   so that   μ = 1 / 2   
      However , no material is truly incompressible, so μ < 1 / 2. Also lateral 
strains are not zero in unconfined uniaxial loading, so μ = 0 does not occur. The 
range of values of Poisson' s ratio for ordinary rocks is ( 0.0 < μ < 1 / 2 ) where 
low values for very solid rocks and higher values for over saturated rocks.            

 
8.3.1.3 Elastic Moduli 
    Several  moduli are available, each one expresses a deformation in rocks 
under a specific mode of loading. Of these moduli we mention the following:     

  
1- Young’s Modulus or Modulus of Elasticity (E): It is stress to strain ratio 
under simple tension or compression and its unit is Pascal, Pa (=N/m2).               

                 
E = σ / є = ( F/A) / є                                                                                      (8.44) 
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2- Poisson’s ratio (μ): It is a measure of geometric change of shape and it is 
unitless.                                                                                                              

μ = (ΔD/D) / (ΔL /L)                                                                                      (8.45) 
 

3- Shear Modulus or Modulus of Rigidity (G): It is stress to strain measure of 
simple shear, simply called rigidity and its unit is Pascal, Pa ( N/m2 ). 
G=shear stress / shear strain =  ( F/A) / tan Ф                                           (8.46) 

 
4- Bulk Modulus  or incompressibility (k): It is a measure of stress to strain 
under simple hydrostatic pressure and its unit is Pascal, Pa (=N/m2). It is the 

reverse of compressibility (K).                                                                            
k = volume stress / volume strain = P (pressure)/ (ΔV / V)                       (8.47) 
σ = k (ΔV /V)   ;                                                                                             (8.48) 
ΔV = V- V0  
K = 1 / k                                                                                                         (8.49)  
Other relations between the above mentioned moduli are: 
G = E / 2( 1 + μ )             ;                                                                             (8.50)  
k = E / 3 (1 – 2 μ )                                                                                         (8.51) 

 
EXAMPLE 8.7: An axial compressive load of 37.6 kN is applied to A cylinder 
of rock with no-load length of 12.6 cm and a no-load diameter of 4.83 cm. For 
the cylinder of rock, load Young's Modulus equals 35.0 GPa. Find the change in 

length of the cylinder under the load?                                                                   
σ = F / ( π D0

2 / 4 ) 
σ =37.6*10 3 N / ( π* 0.04832 m2 / 4 ) = -2.052*107 Pa. 
Now find the axial strain  
σ = E є 
-2.052*107 Pa = ( 35.0 *107 Pa ) є 
є = -5.863*10-4 

Finally calculate the change in length  
ΔL = єL L0  
ΔL = (-5.863*10-4

 ) (12.6 cm)= -7.39*10-3 cm. 
The negative sign indicates that the cylinder is shorter under the load. The 
change in length could have been found from ΔL=L - L0 by first finding the 
length L under the load and then subtracting the given value of L0 .                       

 
EXAMPLE 8.8: A cylinder of rock with a Poisson' s ratio of 0.422 has a no-
load length equal to 17.6 cm and no-load diameter of 6.20 cm. Under an axial 
compressive load, the axial strain is found to be -3.44 mm/mm. Find the change 

in diameter under the load?                                                                                  
    The transverse strain can be found from the axial strain and Poisson' s ratio. 
However, first the axial strain must be put into dimensionless form as follows:    
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є = -3.44 mm / mm 

є = -3.44 *10-3  m / m = -3.44*10-3 

єT = -  μ єL 
єT = - ( 0.422) ( - 3.44*10-3)  =  1.452*10-3 
 Now find the change in diameter : 
ΔD = єT D0   
ΔD = ( 1.452*10-3 )( 6.20 cm) = 9.00*10-3 cm = 90.0 μ m  
Note that 1 μm (micron ) = 1*10-6 m. 

 
EXAMPLE 8.9: A limestone rock with Poisson’s ratio of 0.276 and modulus of 
elasticity of 63.0 GPa. Find the values for other elastic moduli?                             

                            
Shear Modulus or Modulus of Rigidity (G) 
G= E / 2( 1 + μ ) = 63.0 GPa / 2(1+ 0.276)    ;      G = 24.7GPa 
Bulk Modulus  or incompressibility (k) 
k = E / 3 (1 – 2 μ ) = 63.0GPa / 3(1 - 0.276)  ;       k = 46.9GPa 
Compressibility (K) 
K = 1 / k = 1 / 46.9GPa                                  ;       K = 0.0213 GPa-1 

 
8.3.2 Mechanical Properties of Rocks 
     Mechanical properties are also big described as engineering properties. These 
are the properties of rocks which help an engineer to fix the design parameters 
for a construction. Therefore, the most important property is the strength, which 
is the ability of a rock to resist an externally applied load. When a load is 
applied to the rock, the deformation should be within a limit and for this, 
deformability of the rock is also known. A knowledge of mechanical properties 
helps in analyzing the performance of the structure after the imposition of the 
load. Depending upon the type of loading and the stresses, the strength may be 

classified as:                                                                                                           
1- Compressive strength      2- Tensile strength      3- Shear strength  

 
1- Compressive strength  
         It is the stresses that are resulted from compressive forces causing 

contraction in the volume of rocks. There are two types:                                      
a- Unconfined (Uniaxial) Compressive Strength: It is the most frequently used 
strength test for rocks in which a load on the rock acts in one direction only. 
There is no loading along an axis perpendicular to the loading axis. Rocks under 
compressive stresses fail in tension or shear depending on several factors such as 
moisture content and the associated swelling and many other factors. The 
compressive strength qu is expressed as the ratio of  peak load F, causing failure, 

to initial cross-sectional area A:                                                                             
σ = qu = F / A =N / m2 
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b- Confined  (Triaxial) Compressive Strength 
      Rocks in nature are seldom subjected to stresses in one direction , but 
subjected to stresses from three directions. Any point of rock mass under the 
earth surface is subjected to vertical stresses due to its overlying column load 
(σ1=γ .Z) in addition to the horizontal stresses. When a rock mass is subjected to 
an all-round pressure and if further subjected to additional vertical pressure, then 
strength exhibited by the rock mass is known as triaxial compressive strength. 
The lateral pressure acting on the rock is also known as hydrostatic (or                

lithostatic) pressure.                                                                                                
       The usual procedure for conducting a triaxial compression test is applying  
vertical (σ1) and horizontal stresses σ3. At first, the specimen is subjected to 
confining pressure  (horizontal stress ) all round the rock cylinder (i.e. σ3  = σ2)  
which must be fixed, then applying the axial load (vertical stress) σ1, until 
failure occurred, as the lateral pressure is held constant. In this test, at least, 3 
cylindrical specimens of the same rock material are examined. This test also 
helps in the determination of shear strength by drawing Mohr’s circles for the 
obtained values of  σ1  and  σ3 for each specimen. Mohr envelope gives the value 
of cohesion (C) and the angle of internal friction (Ф). The failure is occurred by 
the shear effect expressed by shear strength of rock mass using C and Ф 

parameters:                                                                                                         
τ =  σn tan Ф + C                                                                                           (8.52)  
Where τ is the shear strength and σn is the normal stress.  

 
2- Tensile strength                                                                                           

      It is the maximum tensile stress which a material is capable of developing. In 
nature, rock mass is rarely subjected to direct tension but it is subjected to 
tensile stresses. In the roofs and domes of underground openings, tension 
develops in the tensile zone of the rock mass. Tensile stresses also develops on 
the underside of a rock slab or a beam subjected to bending. Hence the 
knowledge of a tensile strength of the rock mass also necessary. Rocks are weak 
in tension. It has been found that rocks possess tensile strength which is about 
10 % of its compressive strength. Since it is difficult to prepare rock samples for 
direct tensile tests, so tensile strength of rock samples are determined indirectly 
by other methods (Brazilian and  bending tests). In general , the sedimentary 
rocks (such as limestones) are weak under tension stresses, so any constructed 

structure in or on these rocks must be reinforce by concrete.                                
 

3- Shear strength                                                                                              
       It is the capacity of a rock mass to take a shear stress, or the maximum 
resistance to deformation due to shear displacement caused by a shear stress.      
Shear strength in a rock mass is derived from the surface frictional resistance 
along the sliding plane, interlocking between the individual rock grains and 
cohesion in the sliding surface of the rock. The pattern of joints, shear zones and 
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faults in a rock mass reduces the effective shear strength of a rock mass. Hence, 
specially when the rock mass is supporting a concrete dam foundation, which is 
likely to experience a sliding force at the face due to an excessive water 
pressure, it is necessary to check the sliding resistance and shear resistance of 
the rock mass along the direction in which the maximum stress is expected to 
develop. The important problems in rock mechanics where a knowledge of shear 
strength of rock mass is needed, are the stability of rock slopes, stability of 
structures against sliding and stability problems of underground openings. Its 
test is similar to that of triaxial compressive strength which is indirect method 
for determining shear strength parameters C and Ф from Eq.(8.52):                      
τ =  σn tan Ф + C 
     This equation is true for clays, but for unconsolidated (loose) sediments such 
as sands , where C = 0 , it becomes: 
 τ =  σn tan Ф                                                                                                 (8.53)  
     The presence of water will reduce the normal stress due to pore water 

pressure, so the above equation becomes:                                                           
(8.54)    τ = ( σn – Pw ) tan Ф + C 

where Pw is the pore water pressure and (σn – Pw) is then called the effective 
normal stress σeff .                                                                                              

   Other methods for shear tests are the direct shear tests which include shear box 
and cube shear tests.                                                                                           

    
EXAMPLE 8.10 : In a certain region and at a specific depth inside limestone 
rock, the results of triaxial compressive test are as follows:                                   

Normal stress =13.49 MPa ; shear strength = 9.75 MPa ; cohesion = 1.17 MPa 
and internal friction angle = 40°. If a reservoir is suggested to construct at this 
site, what would be the pore water pressure and the effective normal stress?         
τ = ( σn – Pw ) tan Ф + C 
9.75 MPa = ( 13.49 MPa – Pw ) tan 40° + 1.17 MPa  
9.75 MPa = ( 13.49 MPa – Pw ) * 0.839 + 1.17 MPa  
Pw = 3.26 MPa 
σeff = σn – Pw 
σeff = 13.49 MPa - 3.26 MPa  
σeff = 10.23 MPa 

 
8.3.3 Earth Stresses 
     Rocks under stress stores energy. This energy is the work done in deforming 
the rock. Any engineering project involving the removal or excavation of rock 
can result in the release of energy (rock bursts) should be avoided. Therefore, 
before undertaking construction projects requiring the disturbances of significant 
quantities of rock, the state of stress in the rock before work begins are called 
the initial stresses or the in-situ stresses which should be determined. These 
principal stresses are vertical and horizontal stresses. In shallow depths from 
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earth surface, the horizontal stresses are greater than the vertical stresses. But at 
greater depths , the vertical and horizontal stresses are approximately equal from 
all direction and the rock mass will be under hydrostatic (lithostatic) pressure as 

shown in the below Figure  (8.2).                                                                         
Ground surface                                                                  

        Although many factors bear on the 
  state of stress at any point in     a  rock                                  σv 

 σh  σh >  σv     formation,       the  weight      of      the 
overlying  materials ( the overburden ) 
is usually the most important one. The           

                              σv         from                  vertical stress can  be  calculated  
the following relation:                                   σh = σv                        σh                      
                                                                                 

Fig. (8.2) . Vertical and horizontal stresses              
 beneath earth surface.                                              

(8.55) σv = ρ g z 
and in terms of the rock s unit weight γ: 
σv  = γ z 
       The horizontal stresses can be calculated from the lateral earth pressure (k) 
which represents the ratio of horizontal stresses to the vertical stresses.  

(8.56) k = σh /  σv   
and as    k = μ / (1 – μ)                                                                                   (8.57) 

(8.58) so         μ /(1 – μ) =  σh /  σv 
(8.59) σh =  μ σv  /(1 – μ) =  γΔZ μ / (1 – μ) 

 
Assuming Poisson's ratio μ for most rocks is between 0.2 – 0.3, thus the 
horizontal stresses would be in the range 1/3 – 1/4 of the vertical stresses.            
      Now suppose that beneath the earth surface, the rocks are arranged in several 
horizontal of different thicknesses and densities and that the stress is needed to 
be known at a depth beyond at least that of the first interface between two 
different layers. For example, suppose that the stress must be calculated at point 
P in Figure 8.3 below which will be as follows:                                                     

       (8.60) 3ρ3 g z + 2ρ2 g z ρ1g z1+  =σ     
where 

 Ground surface z3 = z – ( z1 + z2 )                                       
 

     z1                 z  1ρ 
 Note that z3 is not the total thickness  

       2z 2ρ of layer 3. Thus the stress at any point  
 above  is equal to the sum of stresses 

z3                        3ρ this point: 
 P ●          i γi z Σ ρig zi= Σ  =σ  

Fig.(8.3). Multilayered subsurface rock. 
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EXAMPLE 8.11: Find the vertical and horizontal stresses at depth 500 m from 
earth surface in sedimentary rocks with a density 2.75 gm/cm3 and  lateral earth 

pressure of 0.5.                                                                                                   
σv  = γ z = 2.75 gm / cm3 * 500 m   
σv =  (2.75/1000kg*9.8) N*500 / 10-6 m3 

σv =13475 Pa =13.475 MPa 
k = σh /  σv 
0.5 = σh /  13.5 
σh= 6.75 MPa 

 
EXAMPLE 8.12: Figure (8.4) shows a cross-section of rocks beneath the 
ground in a certain region. Three horizontal layers of rock (A, B and C) are 
shown together with their dry unit weights and depths from earth surface and 
also the depth of point P which lies in rock type C. It is required to find stress at 

point P?                                                                                                              
                      

     Ground surface  ρC g zC B + ρB g z ρAg zA+= pσ     
26.3 kPa/m                      A     

           γC zC B + γB z γA zA+= pσ     
144m                

zA =144m                     B             24.3 kPa /m          
                                                                                                                                             384m 
zB =384 m – 144 m = 240 m 25 .8 kPa /m                      

              C  ●   P              445m 
 

zC =445 m – 384 m = 61 m  Fig. (8.4). Example 8.12. 
         
σp = (26.3 kPa/m)(144m) + (24.3kPa/m)(240m) + (25.8kPa/m)(61m) 
σp = 1.119 * 107 Pa 
σp = 11.2 MPa 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

117 
 

 
REVIEW QUESTIONS AND PROBLEMS  

 
8.1  Where do you make use of compressive strength  values for  rocks  in  civil  
      engineering practice? 
 
8.2 Is there any  relation  between the  ultimate  strength  and  the density of the  
      rock? 
 
8.3 If the compressive and tensile strengths of a rock are known, can you  arrive   
      at an estimation of the unconfined shear strength?  
 
8.4 What is the range values of  Poisson’s ratio for rocks? 
 
8.5 What is the effect  of the  degree of  moisture  saturation in the  specimen on  
      rock strength? 
 
8.6 What is the relation between shear strength and θ? 
 
8.7 What is the effect of of the size and shape of the  aggregate  particles on  the  
      bulk density and voids? 
 
8.8 How do particles  with  different  hardness  values  affect  the  strength of an  
      aggregate? 
 
8.9  A cylindrical sample of rock has a length of 37.7 cm and a diameter of 7.50  
       cm . The mass of the sample is 4747gm. Find the unit weight of the rock in  
       kN/m3.                                                                               ( Ans. 27.9 kN/m3) 
 
8.10 Find the unit weight of rock with a specific gravity of 3.08 . 
  

8.11 Calculate the volume of a rock slab with unit weight 29.5 kN/ m3 and mass  
        4570 kg.                                                                                   (Ans. 1.52 m3)                                                                          
 

8.12 A block  of  granite  has edge  lengths 1.24 m, 0.820 m, 0.933 m.  It weighs     
        24.7 kN. 
    (a) Find the unit weight of the granite. (b) Find its specific gravity .         
 
8.13 A  block    of   rock   has   edge   lengths  45.0 cm ,  37.2 cm ,  12.8 cm.   Its     
        porosity 38.4%. Find the total volume of the pores in the block.  
                                                                                                     (Ans. 8230 cm3) 
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8.14 The specific gravity of a rock is 2.94  with  a porosity of   0.344.   Calculate   
        the specific gravity of the grains. 
 
8.15 A 12.74 m3 block of rock has a porosity of 26.40%.  What is the volume of  
        this rock after the block is crushed just sufficiently to close all the pores? 
                                                                                                        (Ans. 9.38 m3) 
 
8.16 A block of  rock  has  edge lengths  1.22 m,  2.40 m,  1.81 m.  When dry its   
        mass is 14.7 mg;  when  saturated  with water its mass is 16.6 mg.  Find the  
        porosity of the rock . 
 
8.17 A slab of  rock  has a volume  of  5.56 m3  and  a porosity  of  0.417 .  It  is  
        saturated with oil of density 0.620 gm/cm3. Find the weight of the oil in the  
        slab. 
                                                                                                         (Ans. 14.1 kN) 
    
8.18 A rock  saturated  with oil has a unit weight of 29.3 kN/m3.  When  dry  the  
        rock  has a unit  weight  of  26.4 kN/m3.  The porosity of the rock is  0.370.  
        Determine the density of the oil.  
 
8.19 A cube of chalk  with  porosity  38.4% has an edge  length of  1.40 m.  The  
        chalk is crushed, closing all the pores, and then reshaped into a cube. What  
        is the edge length of the new cube?                                          (Ans. 1.19 m) 
 
8.20 Calculate the porosity of a rock that is  50% quartz ,  50% muscovite,   and  
        that has a bulk density of 2.0 gm/cm3.                                       (Ans. 0.273) 
 
8.21 Calculate  the porosity  of  a rock that is  50% quartz, 50% muscovite , and  
        that has a bulk density of 2.0 gm/cm3 when saturated with water.  
 
8.22 A cylindrical sample of rock has a diameter of 8.48 cm and a length of 14.6  
        cm. When dry it weighs 22.8 N.  
       (a)  Find the porosity of the rock.  
       (b) What is the volume of the water in the sample when saturated with  
             water?                                                       (Ans. a- 64.4%  ;  b- 531 cm3) 
 
8.23 A block of oil shale with a volume 0.774 m3   is  saturated  with 0.311m3   of   
        oil. The unit weight of the saturated oil shale is 27.8 kN/m3. After all of the  
        oil has been  driven out of the rock,  the  unit  weight  of  the  rock is  25.20  
        kN/m3. Find the specific gravity of the oil.                                (Ans. 0.660) 
 
8.24 A force of 17.200 N  is exerted  perpendicularly  against  a surface of   area  
        0.136  m2. Find the stress.                                                      (Ans. 126 kPa) 
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8.25 A cylinder  of  rock has  a length  of  5.82 cm  and  a diameter  of  2.14 cm.  
        Oppositely-directed axial forces of 14.8 kN  each are  exerted  against   the  
        ends. Find the stress.                                                            (Ans. 41.1 MPa) 
 
8.26 In a certain  region  where subsurface  rocks  have  density  3.08 gm/ cm3 ,  
       what is the lithostatic stress at a depth of 4.75 km.                            
                                                                                                      (Ans. 143 MPa) 
 
8.27 By how  much  does  the vertical stress at a depth of  1.22 km   exceed  the  
        stress  at  a depth of 840 m  if  the  underground  rocks  have  density  2420  
        kg/ m3?                                                                                 (Ans. 9.01 MPa) 
                                                                                                      
8.28 At what  depth  below  the  ground  surface in  Fig. (8.5) is the value of the  
        vertical stress equal to 6.08 MPa?                                             (Ans. 235 m) 
 depth    
 0.0 
 ' ' 24.2 kPa/m ' ' ' ' ' ' 
 '  ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '    
 '  ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '   177 m 
                                                                   . . . . . . . . . . . . . . . . .  
 . . . 31.0 kPa/m. . . . . 
.                                       . . . . . . . . . . . . . . . . .   

 
                                    Fig . (8.5). Problem 8.28 . 

  
8.29 Figure (8.6) shows three subsurface layers of rock ;  the thicknesses of  the   
        layers are given, together with the densities of the two upper layers.   If the  
        stress at a depth of 1.2 km is 34.4 MPa.  
        (a) Find the stress at a depth of 350 m.  
        (b) Find the stress at a depth of 600 m.  
                                                                        (Ans.  a- 8.23 MPa ; b- 14.8 MPa)  
 
 
                                                       _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- 
                                                      _ _ _ _ _ _2.4 gm/ cm3 _ _ _ _   450 m 
                                                      . . .. . . . . . . . . . . . . . . . . . . . . . .                                                          
 . . . . . . . . 2.88 gm/ cm3. . . . . . .260 m 
 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
                                                      ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '  ' 1.32 km 
 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
 
                                                      Fig. (8.6) . Problem 8.29. 
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9. Surface Water and Rivers Geologic Work 
 
9.1 Introduction 
 
     The water is found mainly in the oceans, occurring 70.8 % of the earth 
surface  which are the main source of water cycle in nature. Water that falls as 
precipitation entered the atmosphere by evaporation mainly from the oceans. 
When the precipitation is over an ocean area, the water returns directly to its 
source. Sometimes, water can be evaporating back into the atmosphere . The 
water that does not evaporate either infiltrates into the ground (infiltration) or 
forms surface water runoff (Fig. 9.1). The water that does not infiltrate into the 
ground , the ground water runoff, may be absorbed by the roots of plants which 
vapor back into atmosphere , this process is called transpiration. Both processes 
are called together evapotranspiration .  
Thus: 
Amount of falling water=Evaporated water+Infiltrated Water+Runoff Water                                                                                
or                                                                                                                      (9.1) 
Total precipition = Evaporation + Groundwater increment (by infiltration)        
                              + Direct runoff 

 
 
 

 
 

Fig. ( 9.1). A globule of water precipitated as rain is dispersed by evaporation, by direct     
                  runoff and by infiltration into the ground.    The division between runoff and  
                  infiltration is determined by the relative resistance to  flow along either path.  
                 Vegetation   and  steepness  of slope influence the flow into  streams,   and the  
                  near-surface permeability controls infiltration. 
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9.2 Water Movement in Rivers 
   Water usually moves toward the gradient. There are several factors affect this 
movements, of these are: velocity (V), gradient (S) and channel (river) 
dimensions. Besides, there are other factors reduce water velocity such as the 
friction between water and the bottom (bed) of the river and the friction among 
water particles themselves and with the suspended materials.                                 
     The driving force of a river equals water mass (M) times the gradient (S) 
,where the water mass M is the product of the multiplication of the river cross-
sectional area (A) , length of the river (L) and water density (ρ). Thus :                
M = ALρ                                                                                                    (9.2) 
The driving force = ALρS                                                                              (9.3) 

     The other force which acts as the opposite force to the driving force is the 
total friction force which is equal to the friction per unit area (FA) times the area 
of the river bottom. The later is equal wetted perimeter (P) times the length of 
the river (Fig. 9.2), FA PL. The two forces become equal when the flow is at a 

constant velocity then:                                                                                          
ALρS = FA PL                                                                                                 (9.4)  
Thus the friction per unit area is: 
FA =  ρS ( A/ P )                                                                                              (9.5)  

   
L                                                       

 
A                 R=A/P                             

 
P                                                       

Fig. (9.2). A cross-section for a river. 
                        

       The main variations causing variations in river velocity are gradient (S), 
shape of the river cross-section (A /P), and degree of roughness of the surface on 
which water flows which is expressed by roughness coefficient (n). Thus the 

general relation is:                                                                                                
                   S       A 

(9.6)                   V2   
 P                    n                                                                   

Where the hydraulic radius R = A / P. 
       It is noticed from  the above  relation  that 
the   geometric   shape   of   the  river  ( A / P )        
affects  the  velocity,  as the  wetted  perimeter                                         
decreases the velocity increases for decreasing Max. arc                  Min. arc          

Max. friction              Min. friction   friction.  Besides,  as roughness of the surface         
decreases the velocity  increases too as  shown           Max. velocity                    Max. velocity        
in Figure (9.3).                                                                                             
                                                                Fig. (9.3). Influence of channel shape.    
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                                                    9.3 Discharge 
     It is the amount of water flowing past a certain point in a given unit of time. 
This is usually measured in cubic meter per second by multiplying cross-
sectional area (A) by its velocity  (V).                                                                  
Q = A.V= (wd).V                                                                                             (9.7) 
Where Q is the discharge of the river; w is the average width of the river and; d 

the average depth of the river.                                                                              
    Two types of discharges are presented in rivers, these are: 
1- Laminar flow: It characterizes by its sheet flow without turbulence which 
occurred in smooth and straight channels and it is very slow.                                

2- Turbulent flow: It is usually occurred in rivers and characterizes by its 
circular movement. 
  
9.3.1 Relation between River Discharge and other Hydraulic Parameters 
 
     Rivers, after a specific time of their formation, are being in a graded system. 
A graded river has the correct slope and channel characteristics necessary to 
maintain just the velocity required to transport the material supplied to it. On the 
average, graded system is not eroding or depositing material but is simply 
transporting it. Once a river has reached this state of equilibrium, it becomes a 
self-regulating system in which a change in one characteristic causes an 
adjustment in the others to counteract the effect. The graded river characteristic 
is that any change in any of the controlling factors will cause a displacement of 
the equilibrium in a direction that will tend to absorb the effect of the change. 
      The civil engineer, however, is under compulsion to produce quantitative 
answers in numerical terms. If this compulsion makes it necessary to simplify 
the problem, it is important that the engineer’s judgment be guided by the best 
possible comprehensive of even the physical factors which are not fully 
expressed in his computations. The first simplification which the engineer 
hastens to adopt is an assumption that the erodible banks and bed of the river 
have been transformed into a rigid conduit. According to this assumption, all the 
hydraulic parameters become immediately available for establishing desirable 
values of velocity, depth, or width. Only discharge remains an independent 
variable. Discharge is equal to the sum of the runoff from the watershed plus the 
contributions from groundwater flow. Besides, water flows over soil much more 
rapidly than it flows through soil. Consequently, flood flow is primarily the 
result of runoff, while the discharge of a river is maintained by seepage from 
underground reservoirs.     
       Thus the discharge of a river at any fixed location is usually not constant 
with time. The discharge can vary significantly, sometimes over a time of only a 
few hours. For example, if there has been heavy precipitation, or melting of 
snow, upstream, it is to be expected that much of the runoff generated will, after 
some delay, show up as increased discharge of the river, it can be quite 
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important to know the river will respond, through changes in the values of 
depth, width, and current velocity. Thus, these changes cannot be predicted on 
the basis of the above mentioned simple equation alone, for one equation cannot 
generally be solved for three unknowns, so more equations are needed. 
 
9.3.2 Determination of Discharge  
        As mentioned above, the discharge represents the relation between river 
cross-sectional area and the velocity:  
Q = A.V = ( wd).V  
      As mentioned above w and d should be the average width and depth of the 
river as rivers seldom run in straight line paths, but meander, and thus the 
velocity V of the water has different values within a cross section. It is also 
assumed that the river flow is not turbulent.    
Of the first relations related between river velocity and its gradient and hydraulic 
gradient is Chezy formula: 
V = C ( R.S )1/2         ;                                                                                  (9.10) 
Q = C ( R.S )1/2 A                                                                                     (9.11) 
Where V is the mean velocity ; R is hydraulic mean radius ; C is the roughness 
coefficient which varies with the characteristics of the channel , and S is the 
slope (gradient) of the channel.  
     There are many methods for determining the factor C, of which is Manning’s 
formula which is an exponential relation between R and C and has a wide 
applications: 
 C =  (1 /n ) R1/6               in Metric system                                                    (9.12) 
C =  (1.49 /n ) R1/6          in English  system                                               (9.13) 
Where n is the roughness or the channel surface representing the dissipating 
energy of the river.   
Combining Chezy and Manning equations, we get the following equations: 
 
Q = (1/ n ) A R2/3 S1/2 Metric   Q = ( 1.49/ n) A R2/3 S1/2     English     (9.14) 
V = (1/ n ) R2/3 S1/2         System  V = ( 1.49/ n ) R2/3 S1/2        System      (9.15) 
S = ( n2. V2 ) / R4/3                       S = ( n2. V2 ) / 2.22 R4/3       (9.16)  
 
EXAMPLE 9.1: A stream starts out 2000m a.s.l. and travels 250 km to the sea. 
What is its average gradient in m / km? Suppose that the stream developed 
extensive meanders so that its course lengthened by further 250 km. Calculate 
its new gradient. How does meandering affect gradient?                                       
H1  = h / S = 2000 m / 250 km = 8 m / km  
S = S1 +  S2  = 250 km + 250 km = 500 km 
H 2 = h / S = 2000 m / 500 km = 4 m / km   
It is obvious that river meandering reduces river gradient and also its velocity, in 
our example the gradient reduces to a half. 
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EXAMPLE 9.2: Three water channels with different shapes, the first is 
semicircular cross-sectional area with a radius of 11.25 m, the second is shallow 
rectangular with a depth of 2 m and width 100 m while the third which is deep 
rectangular with depth 5 m and width 40 m. Find: 

1- Wetted Perimeter in each channel.  
2- Hydraulic radius for each channel.  
3- Discuss your results .  

A1 = π r2 = π * ( 11.25 m )2 = 397.4 m2 

Semi circle = A1 / 2 = 397.4 m2 /2 = 198.7 m2 = 200 m2 

P1 = 2π r / 2  =2* 3.13 * 11.25 m / 2 = 35.32 m  
R1 = A1 / P1 = 397.4 m2 /35.32 m =11.25 m 
A2 = W2 * d2 = 100 m * 2 m = 200 m2 
P2 = 100 m + 2 m +2 m = 104 m 
R2 = A2 / P2 = 200 m2 / 104 m = 1.923 m 
A3 = W3 * d3 = 40 m * 5 m = 200 m2 
P3 = 40 m + 5 m +5 m = 50 m 
R3 = A3 / P3 = 200 m2 / 50 m = 4.0 m 
 
Discussion: The cross-sectional shape of a channel determines the amount of 
water in contact with the channel and hence affects the frictional drag. The most 
efficient channel is one with the least perimeter for its cross-sectional area. From 
above results, the three types of channels have equal cross-sectional area. But 
the first channel (with a semicircular shape) has less wetted perimeter and higher 
hydraulic radius and hence less frictional drag, as a result the water will flow 
with higher velocity and discharge. While, the second channel (shallow 
rectangular shape) has longer perimeter, lower hydraulic radius and hence more 
frictional drag , as a result the water will flow with lower velocity and discharge. 
Whereas, the third channel (deep rectangular shape) will be between the first 
and second channels.    
 
EXAMPLE 9.3: Circle river flows in a channel with a semicircular cross-
section of width 34.2 m . After a storm upstream , the river is found to be just 
within its bank and flowing at 13.5 m / s: see Fig (9.4). 
a- calculate the discharge. 
b- Find the volume of water that flows through a cross-section in 2.0 hrs.  
Answer 34.2m 
a- With the cross-section being a semicircle, we  
     must use one- half the area of a circle. Since the 
     width of the river is the diameter D of the semicircle. 
    So the discharge of the river: 
     Q = 1 /2 [ ( 1 / 4) π D2 ) ] V 
     Q = (1 / 8) π ( 34.2 m )2 (( 13.5 m / s  )                     Fig. (9.4). Example 9.3     
      Q = 6200 m3 / s  
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b- With Q evaluated,  the volume  of water that passes can be found, but  Q  is in    
     m3/s and T =2.0 hrs, so the time units must be reconciled. Since 1hr=3600s: 
    V = Q T 
    V = (6200 m3 / s) [(2)(3600s)] 
    V = 4.46 * 107 m3 

 
EXAMPLE 9.4: A river with a width 120 m, depth 7 m, discharge 9065 m3 / s, 
gradient 0.002 and roughness coefficient 0.018. How long is the wetted 
perimeter, hydraulic radius and the river velocity?                                                 

Q =  (1/ n ) A R2/3 S1/2                ;  Where R2/3 = A2/3 / P2/3  
105 m3 / s = (1/ 0.00185) * 840 m2 *[ (120m * 7m )2/3 / P2/3 ]* (0.002)1/2 
9065 = (1/ 0.00185) * 840* (89.02 / P2/3) *0.044  
P2/3 = 3290.18 / 163.17 = 20.164 
P= 90.545 m 
R =A / P = (120m * 7m) / 90.545 = 9.277 m 
Q= V . A  
9065 m3 / s =V * 840 m2 
V= 10.79 m / s  

 
EXAMPLE 9.5: A stream with rectangular cross-sectional area, its gradient 
0.0036. Find its velocity at the cross-section where the width 28.4 m and the 
depth 9.3 m, knowing that Chezy coefficient (roughness coefficient) is                

 33 √m /s .                                                                                                            
First find the hydraulic radius (R) and as the cross-section shape is rectangle, so 
the wetted perimeter is (twice depth + width) :                                                       

R= A / P = ( 28.4 m )( 9.3 m ) / 2 (9.3m) + 28.4 m 
R = 5.62 m  
Using Chezy Formula to find water velocity; 
V = C ( R.S ) 1/2          
V = (33 √m /s) [( 5.62m)( 0.0036) ]1/2 
V = 4.7 m /s  

 
9.4 Mechanism of Rivers Geologic Work                                                        

                                                             
     The work of a river includes three main processes, erosion, transportation and 
deposition. These activities go on simultaneously in all river channels, even 
though they are presented individually here.                                                          

                                                            
1- Erosion                                                                                                           

       Rivers and streams are eroding rocks and sediments in their own channels 
(from both bottom and sides). If a channel is composed of bedrock , most of the 
erosion is accomplished by abrasion action of water with sediments which is the 
main process. While, in channels consisting of unconsolidated materials, 
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considerable lifting can be accomplished by the impact of water alone. Other 
processes of erosion are solution, corrosion and slope wash.                               

   It is found that the coarse-grained fragments such as gravels are moved by 
direct impact. The maximum diameter (Dmax) of such grains could be moved is 
directly proportional with the velocity square (V2) by the relation:                        
Dmax = K V2                                                                                                                                                   (9.17)        

                
Where K is the constant of proportionality.                                                          

      It is obvious that the river velocity is affected by the main factors gradient; 
shape, size, and roughness of the channel; and discharge.                                      

                                     
2- Transportation                                                                                              

      The ability of a river to carry its load is established using two main criteria. 
First, river capacity which is the maximum load a river can carry. The greater 
the amount of water flowing in the stream, the greater the river capacity for 
hauling sediments. Second, river competence which is a measure of the 
maximum size of particles it is capable of transporting. The river velocity 
determines its competence. If the velocity of a river doubles, the impact force of 
water increases four times: if the velocity triples, the force increases nine times; 
and so forth. Hence, the huge boulders which are visible during low-water stage 
and seem immovable can, in fact, be transported during flood stage because the 
river increased velocity. Every river has a specific energy which mainly depend 
upon its velocity and size . and as the size of the river is constant compared with 
its velocity which is varied from season to another, in addition to other factors 
such as gradient and roughness of the channel. Figure (9.5)  shows the  general  
change in river  characteristics  from  head  to mouth.                                             
      Rivers and streams transport their load of sediments in three ways:                
a- in solution (dissolved load) ; b- in suspension (suspended load) and c- along 

the bottom (bed load).                                                                                         
a- Dissolved load 
   The dissolved load is brought to the rivers by groundwater and to lesser degree 
is acquired directly from soluble rock along the river course. The quantity of 
material carried in solution is highly variable and depends upon such factors as 
climate and geologic setting. The most important soluble materials are calcium 
(or sodium and magnesium) carbonates, chlorides and sulphates.                          
b- Suspended load 
      Most rivers, but not all , carry the bulk of their load as suspended load. 
Usually only fine sand-, silt-, and clay-sized particles can be carried this way, 
but during flood stage larger particles are carried as well. Also during flood 
stage, the quantity of material carried in suspension increases dramatically.         

 c- Bed load                                                                                                        
      A portion of a river load of solid material consists of sediments that is too 
large to be carried in suspension. These coarser particles move along the bottom 
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of the river and constitute the bed load. The particles composing the bed load 
move along the bottom by rolling, sliding and saltaion. Sediment moving by 
saltation appears to jump or slip along the river bed. This occurs as particles are 
propelled upward by collisions or sucked upward by the current and then carried 
downstream a short distance until gravity pulls them back to the bed of the river. 
Particles that are too large or heavy to move by saltation either roll or slide 

along the bottom, depending upon their shape.                                                      
                                                                                                                 

             

Discharge                             

      
 

 

           
 

Capacity                            

 

 

 

 

  Competence                   
 

 

 

 

 

Slope                             
 

Mouth                                                                                                                                                                       Head  

                                                                                   Distance 

Fig.(9.5). The general change in river characteristic from head to mouth.  
    

3- Deposition                                                                                                     
      Whenever a river velocity is reduced , its competence is also lowered. 
Consequently , some of the suspended particles begin to settle out. Sediment 
deposited in this manner is called alluvium (or alluvial deposits). In some cases, 
when the river velocity is reduced there will be a sorting of the sediments 
deposited. With the reduction in the river velocity, the coarse particles such as 
gravels will be deposited and the river will transport the finer sizes such as 
sands, silts and clays. Finer sizes remain in suspension and are carried along by 
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the current. With further reduction of velocity will result in further deposition of 
the coarsest particles remaining , and so on. Thus, the river will deposit its 
coarsest sediments first, and carry the finer ones along to be dropped , in 
succession, as the velocity decreases in the lake or sea. We find, as a result, that 
the sediments are sorted according to size, the coarsest may be deposited very 
far from the finest. Then, the marine sediments will consist of sands, silts and 
clays with the absence of gravels except rare cases. But the river sediments will 

consists of gravels, sands, silts and clays.                                                             
    The main types of river deposits are: 
1- Alluvial fans: When mountain rivers reach a plain, their gradient is abruptly  
lowered and they immediately dump much of their load. Usually the coarse 
material is dropped near the base of the slope, while the finer material is carried 

farther out on the plain.                                                                                        
2- River levees: Rivers that occupy valleys with broad, flat valley floors on 
occasion build a landform called a natural river levee that parallels its channel. 
Natural levees are built by successive floods over a period of many years. These 

levees consist of mainly fine sand, silts and some clays.                                       
3- Flood plains: The plains that are found near the estuaries and along side the 
river valley resulted from river deposits during successive floods. They consist 

mainly fine sand, silts and clays.                                                                          
4- Channel deposits: The deposits that are formed in the channel of the river  
are called river islands or sand bars. Their formations are due to the reduction 
in the river velocity and its gradients or to the presence of some natural 
obstructions in the river channel. Thus, they are found as a straight lines 
between river meanders. Other cause of their formation is the succession 
between the continuous cut and fill processes. These landforms consist of varied 

grain-sized particles.                                                                                            
5- Meander deposits: It is the main characteristics of the flood pains which are 
well known in the central and southern parts of Tigris and Euphrates rivers in 
Iraq, especially at Al-Ziwiya and Al-Jadiriya regions in Baghdad. Rivers that 
flow upon floodplains and move in sweeping beds are called meanders. Their 
causes are related to nature and characteristics of the river. Meanders have 
sinuous shape similar to the mathematical sinuous curve. Meanders continually 
change position by eroding sideway and slightly downstream. The sideways 
movement occurs because the maximum velocity of the river shifts toward the 
outside of the bend, causing erosion of the outer bank (Fig.9.6). At the same 
time, the reduced current at the inside of the meander results in the deposition of 
coarse sediments, especially sands. Thus by eroding its outer bank and 
depositing materials along its inner bank, a river moves sideways without 
changing its channel size. Due to the slope of the channel, erosion is more 
effective on the downstream side of a meander. Therefore, in addition to 
growing laterally, the bends also gradually migrate down the valley.                    
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                                   Fig. (9.6). River meanders. 
Sometimes the downstream migration of a meander is slowed when it reaches a 
more resistant portion of the floodplain. This allows the meander upstream  to 
"catch up". Gradually the neck of land between the meanders is narrowed. 
When they get close enough, the river may erode through the narrow neck of 
land to the next loop. The new, shorter channel segment is called a cutoff and, 
because of its shape , the abandoned bend is called an oxbow lake (Fig.9.7). 
When  the water of the oxbow is dried the a meander scar occurred.                     

 
 
 

     Neck  
                                                  

                                  
                                         Oxbow lake       Neck       

                 
 

 Neck     
 
 
 
 

  (d)     (c) (b) (a)         
          
        Fig. (9.7). Formation of a cutoff and oxbow lake. 
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6- Delta Deposits: When a river enters the relatively still waters of an ocean or 
lake , its forward motion is quickly lost, and the resulting deposits form a delta 
which grows into the idealized triangular shape of the Greek letter (Δ), for 
which it was named. The finer silts and clays will settle out some distance from 
the mouth into nearly horizontal layers called bottomset beds. Prior to the 
accumulation of bottomset beds,  forest beds begin to form. These beds are 
composed of coarse sediments, which is dropped almost immediately upon 
entering a lake or ocean, forming sloping layers. The forest beds are usually 
covered by thin, horizontal topset beds deposited during flood stage. As the delta 
grows outward , the gradient of the river is continually lowering. Some 
conditions must be presented to form the delta ; the river must transport large 
loads of sediments, high currents must be absent in the sea or lake (i.e. still 
water) and low gradient of the shore line (Fig. 9.8).                                               

7- River Terraces: They are elevated flat surfaces occurred along one side of 
some river valleys. A new flood plain may be built with lower elevation with 
respect to the first one. This process is repeated many times and the result is a 
number of river terraces where the older terrace is the higher. This landform is 
common in northern Iraq and along the valleys of the Upper and Lower Zab , 
Adhim and Tigris rivers which could be a result of the earth movement that 
causes the continuous uplift (Fig. 9.8). 

 
               Fig. (9.8). The mountain stream has deposited  the coarser part of its load  as an                        
                             alluvial  fan  where the   gradient  changes   suddenly  at   the   plain .    
                             Deposition  of finer  sediment  has  taken place at the  coast to  form a  
                             delta. As the river winds towards the coast, it cuts a broad floodplain.    
                             The river terrace is an older   floodplain, which is now well above  the   
                              river bed.  
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9.5 Stages of River Development  
 
A- Youth Stage: This stage is usually near the river head and characterizes by 
its high water velocity and carrying all the eroded materials during its course. 
The destruction activities are larger than construction ones. The main 
characteristics of this stage are: 
 1- narrow V-shaped valleys  ; 2- the primary work of the river is downcutting 
rather than from its sides ; 3- the presence of rapids and waterfalls ; 4- the 
absence of food plains  ; 5- the absence of large meanders . 
 
B- Maturity Stage: In this stage, the river widen its valley due to the 
continuous erosion with lower gradient due to this wideness. There is an 
equilibrium between erosion and deposition. It characterizes by the followings:  
1- wide V-shaped valleys with flat floors ; 2- they have been widened by lateral 
(side- to- side) erosion ; 3- the absence of rapids and waterfalls ; 4- they are 
ready for formation of flood plain ; 5- formation of meanders and oxbow lakes.  
 
C- Old Stage: This stage is usually occurred near estuaries with decreasing  
erosion and increasing deposition. The river valley is wide with low gradient 
and the main channel dividing into several smaller ones. This stage is 
characterized by the followings: 
 1- very wide valleys with flat floors ; 2- the presence of food plains and river 
deposits ; 3- the complete absence of rapids and waterfalls ; 4- decrease in 
gradients and erosion with an increase in deposition ; 5- the appearance of 
several smaller branches (distributaries) and formation of delta.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

132 
 

 
REVIEW QUESTIONS AND PROBLEMS 

 
 
9.1 Describe the movement of water through the hydrologic cycle . Is there more  
      than one path which precipitation may take after it has fallen? 
 
9.2 Why  does the downstream  portion  of a river  have a gentle  gradient  when  
      compared to the headwater region? 
 
9.3 Define  stream  load and What factors control it?  In what way does a stream   
      transport its load?  
 
9.4 Differentiate between competency and capacity? 
 
9.5 In  what  way  is a delta  similar to an  alluvial  fan?   In what  way  are  they  
      different? 
 
9.6 Why must the height of many artificial levees be increased periodically? 
 
9.7 What is the purpose of artificial cutoffs? 
 
9.8 Why is it possible for a youthful valley to be older   (in years)  than a mature  
      valley? 
 
9.9 Do  streams  flowing  in  mature  and old - age valleys  make  good  political  
      boundaries? Explain.  
  
9.10 A stream starts out 2000 meters above sea level and  travels 250  kilometers  
        to the ocean. What is its average gradient in meters per kilometer? 
 
9.11 Suppose that the stream mentioned in Question  (9.10) developed extensive   
        meanders so that its course was lengthened to 500 kilometers.  Calculate its  
        new gradient . How does meandering affect gradient?  
 
9.12 When  the  discharge  of  a stream  increases ,  what  happens  to the stream  
        velocity? 
 
9.13 A stream has a width of 5.20 m, depth 3.70 m, and current speed 63 cm/s. 
        a- Calculate the discharge.  
        b- How  much  water  flows  through  a cross  section in 1.0 hr. ?   Give  the  
            volume and weight of the water.   
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9.14 Water  is flowing  in a rectangular  channel of  39.4 m  wide and inclined at   
       0.180◦ .  The Chezy  coefficient  equals 51.2 √m /s.  The water  is flowing at  
       6.27 m/s. Find the depth of the water in the channel.                 
                                                                                                           (Ans. 6.30m) 
 
9.15  A river has a cross section closely resembling  a trapezoid.   The bed width    
         is 17.7 m,  and the two sides slope upwards and  outwards   from the  bed ,  
         each at an angle of 32.0◦ to the horizontal.  The Chezy   coefficient  equals    
         35.0√m /s and the river’s inclination is 0.650◦.  Find water’s   speed  when  
         the depth of the water in the middle of the stream is 5.22 m.                          

(Ans. 7.11 m) 
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10. Subsurface (Ground) Water  
 
10.1 Sources of Groundwater 
 
1- Meteoric water: Most of this water is and has its source in precipitation of 
rain, snow and dew. The last of these is important to many desert areas where 
survival of an animal, or of a human community, may depend on the ability to 
trap and use dew. 
2- Magmatic (Juvenile) water: It may be a product of recent volcanic activity 
and have separated from magma . This juvenile water is often heavily 
contaminated with dissolved minerals and gases. 
3- connate water: It may have been isolated from the cycle for millions of years 
as connate water, sealed in porous sediment by surrounding impermeable rocks, 
or lying near-stagnant deep within a groundwater basin. 
 
      Juvenile and connate waters form only a minor part of the water present in 
the uppermost kilometer of the solid earth. 
 
10.2 Classification of Rocks with Respect to Groundwater Studies  
 
      The behavior of groundwater as it circulates through layers of different 
permeability underground and is eventually discharged on the surface or at the 
coast produces a range of phenomena. For simplicity in describing these, rocks 
are grouped into three categories. 
1- Porous and permeable rocks: Those that have relatively high permeabilities 
because the pores of the rock are large. A body of pervious (and permeable) 
rocks capable of yielding groundwater is called an aquifer, such as sands. 
2- Non Porous and pervious: Those that have relatively high permeabilities 
because well jointed, are referred to for brevity as pervious, such as limestones. 
(This term is conventionally used to describe high fluid conductivity of a rock in 
which the voids are mainly secondary, that is, where there is appreciable flow 
along joints, fissures and bedding planes, in contrast to "permeable", which is 
then restricted to a description of primary pore permeability ). 
3- Porous and Impermeable rocks:  Rocks with porous and  low permeability 
and no fissures are referred to in the following account as impervious, they form 
aquicludes, such as clays. 
4- Non porous and non- pervious: Such as quartzites and porcellanceous 
limestones.  
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10.3 Porosity , Hydraulic Conductivity and Permeability of Rocks 
 
      The relative ease of flow of water through a soil or rock is hydraulic 
conductivity (K) (referred to as the coefficient of permeability in some older 
texts). When water, oil or gas is flowing through the voids in a rock, its 
hydraulic conductivity is dependent on its viscosity and on other factors as well 
as on the properties of the rock. The properties of the rock alone that affect ease 
of flow are defined by its intrinsic permeability (k), (usually shortened to 
permeability). This index property is used for definition in the petroleum 
industry, where more than one fluid is of interest, but is seldom used in 
hydrogeology. Rocks must have voids (that is, they must be porous), in order to 
have permeability and hydraulic conductivity, but the relationship between 
porosity and permeability depends mainly on the size of the voids rather than on 
their frequency. Clay has high porosity combined with low permeability. In an 
idealised terrigenous rock or soil in which the grains were spherical, of one size, 
and uncemented, the permeability would increase with the (diameter)2 of the 
grain size. In real terrigenous soils there is a corresponding exponential increase 
in permeability as grain and void size increase linearly.   
 
10.3.1 Porosity  
 
     The two properties of a rock or soil which are most important in controlling 
the behavior of subsurface water are: 
(a) how much water the rock or soil can hold in empty spaces within it, and  
(b) how easily and rapidly the water can flow through and out of it.  
      
     The first is defined in hydrogeology by the porosity of the rock or soil. This 
expresses the ratio of voids in it to its total volume. (In soil mechanics, void 
ratio, the ratio of the volume of void space to that of the solid component, is 
more commonly used.) The relationship between porosity and rock and soil 
textures will be discussed later. In general, crystalline igneous and metamorphic 
rocks have low porosities unless secondary voids such as joints are produced by 
fracturing, for example in a fault zone or at a fold axis, or are produced by 
chemical erosion to give solution cavities. Porosities of terrigenous sedimentary 
rocks and soils may also be affected locally by fracturing, but these rocks also 
have primary voids called pores. These are spaces left between the solid grains, 
and they are distributed fairly evenly throughout the body of the rock or soil 
when it is first formed. This intrinsic primary porosity tends to be greatest in 
young, poorly compacted sediments which have not been deeply buried and 
compressed at any stage of their geological history, and tends to be least in old, 
well compacted rocks buried under a thick overburden. 
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     The rock porosity is not the only parameter which should be known, but the 
knowledge of other rock parameters , which have been defined in the previous 
chapter, is also important which could be illustrated through the relation among 
rock constituents (Fig. 10.1). 
 
 
                      Weights                                                       Volumes 
 
 
                               Wa                 Air                                   Va VV 
                           
                         Wv                                                Voids 
                               Ww               Water                                Vw 
                   W                                                                                 V 
 
 
                        Ws Ws                            Solid                       Vs  Vs 
 
 
 
 
                     W=Wa+Ww +Ws                                            V=Va+Vw +Vs                   
          
                      Fig. (10.1). The relation between rock constituents.  
 
10.3.2 Factors Affecting Porosity of Rocks 
 
      The factors that control the porosity of sedimentary rocks and soils are as 
follows: 
(a) The grain size variation: Since small grains can fill the voids among larger 
grains. A sediment with a large variation in grain size (a well graded sediment) 
has a lower porosity than a poorly graded sediment. 
(b) The shape of the grains: Since angular laths such as occur in clay minerals 
often form bridges between other grains, hold them apart and increase porosity. 
Since porosity is dimensionless, the size of grains and voids does not affect the 
ratio of their volumes, and in a sediment formed of perfect uniform spheres the 
porosity would be independent of the size of the spheres. In practice, the 
different characteristics of clay minerals compared with quartz grains lead to an 
increase in porosity with reduction of grain size. This is because all clays adsorb 
water on to their outer surfaces. By this means, every clay micelle (tiny crystal) 
is surrounded by a thin film of water, which situation effectively increases the 
porosity of clay rocks. In crystalline limestones, the void space is mainly 
secondary and is controlled by the presence of fossils and bedding planes, by 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

137 
 

leaching of carbonate and redeposition by acidic ground water, and by 
fracturing, on both a large and small scale. Because of progressive leaching, the 
void space in limestone usually increases with time, and caverns may develop. 
(c) The packing (or grading) of the grains: If the grains are spherical, can give 
a range of porosities from 26 to 47%. The looser packing is a less stable 
arrangement of grains (Fig. 10.2a), and a change from this to a more stable 
arrangement (Fig. 10.2b) will reduce porosity and may lead to the expulsion of 
water from a sediment. 
(d) The degree of cementation: That is, to what extent pore space is replaced 
by cement and the extent of recrystallization at points where grains touch. Both 
are influenced by the age and history of burial of the rock . 
  

 
 
             Fig. (10.2). Packing arrangements of grain in sediments: (a) unstable, (b) stable. 
 
 
 
10.4 Groundwater, Water Table, and Vertical Classification of     
        Groundwater 
 
      Groundwater  may be divided vertically to different zones (see Fig. 10.3): 
1- Zone of aeration (unsaturated zone ): It is subdivided into: 
    a- Soil water zone (pellicular water): The first rain to infiltrate below the 
ground surface wets the grains of soil and adheres to them as pellicular water. 
The forces holding the water to the grain boundaries are so strong that it is not 
moved further and can be detached only by evaporation or plant roots.      
    b- Gravitational water: Percolation to greater depths as rain continues to fall 
proceeds only after the soil reaches its field capacity, at which it cannot hold any 
more water against the downward pull of gravity. Then, the next water to 
infiltrate moves over these first films of water, but does not fill the voids in the 
rock completely. There is still air present in the centers of the larger voids.  
     The pellicular and gravity water in this unsaturated zone (or zone of 
aeration) is called vadose water.  
    c- Intermediate zone: This zone may be present or absent depending on the 
type of ground water i.e. it is absent in areas of raising water table and its 
groundwater of gravitational type. 
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   d- Capillary zone: This zone separates the aeration zone from the saturation 
zone. The water table lies below the top of the saturated zone in the rocks 
surrounding the well,    separated from it by  the   capillary   fringe (  sometimes  
referred to as the capillary zone). This is usually between a few centimeters and 
a few meters in thickness, but may be over 10 m thick in very fine-grained rocks 
in which capillary pressures are high. The smaller the voids in the rock, the 
higher the fringe. In the open well, the water surface is at atmospheric pressure; 
and at the top of the saturated zone in the rocks, water is at atmospheric minus 
capillary pressure. Only close to the water table are all the voids in the soil 
completely filled with water and, for this reason, most of the capillary fringe 
often lies  within  the zone of  aeration rather  than  forming  part of the  zone  of 
saturation in the strict sense. 
2- Zone of saturation : Eventually the gravity water percolates to a zone of 
saturation, where all the effective void space in the rock is filled with water. 
The journey from the surface may take up to a few weeks. The water in this 
saturated zone is referred to as groundwater, and its upper surface is often 
referred to (not in strict usage of the term) as the water table (Fig. 10.3).The 
saturated zone persists downwards until the compaction of the rock under the 
pressure of overburden reduces porosity to zero. This depth varies with local 
geological conditions, and may be as much as 10 km in regions of thick 
sediments. 

 
 
                   Figure  (10.3). The distribution and behavior of water in rocks                                   
                                      and soils in the subsurface. 
 
 
10.5 Characteristics of Water Table 
 
1-  It is the upper surface of groundwater is often referred to (not in strict usage 
of the term) as the water table (Fig.10.4). The saturated zone persists 
downwards until the compaction of the rock under the pressure of overburden 
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reduces porosity to zero. This depth varies with local geological conditions and 
seasonal changes.       
2-The water table is shaped like a subdued replica of the topography above it. 
3- It is not static, as groundwater in a permeable rock is continually in motion. 
Highs in the water become flatter, and gradients are reduced, at a rate controlled 
mainly by the permeability of the rock. The gradients are usually less than 1 in 
100, but may be as much as 1 in 10 in hilly country. If an uncased well were 
drilled into the saturated zone, water would flow into it and, given time, fill it to 
a level which is a point on the water table, as precisely defined. 
4- Definition of the water table and of its variation seasonally and over longer 
periods is important for groundwater supply and other practical purposes. It can 
be located and monitored by wells, and less accurately by geophysical surveys 
(such as electrical resistivity and seismic refraction techniques). In large 
investigations both would be used.  
5- Natural discharge of groundwater takes place where the ground surface 
intersects the water table. If the flow from the hydrologic unit is spread diffusely 
over an area of marshy ground, it is usually referred to as a seepage. If it is 
concentrated, say by a fissure acting as a channel, it is called a spring. 
 
 
 
                             Ground surface 
           Dry or Unsaturated zone     water table      Lake 
 . . . . . .  . . . . . . . . . . . . . . . . . . . 
 Saturated zone . . . . . . . . . . . . . . . . . . . . .  
                                                                                        . . . . . . . . . 
 
 
 
                  Fig. (10.4). Groundwater table and its relation to topography.   
 
 
10.6 Types of Aquifers  
 
     Circulation of groundwater in the saturated zone takes place within aquifers, 
but the zone of movement is effectively limited by any aquicludes bordering the 
aquifer. Consequently, the subsurface is divided by geological structure into 
more or less self-contained hydrological units, or groundwater basins. Within 
each of these there is an approximate balance of supply and discharge, and flow 
is independent of other units. The units vary considerably in structure and in 
size. A hydrological unit may be a thick layer of sandstone several hundred 
kilometers square in area, a body of gravel in a buried channel, or an alluvial fan 
(Fig. 10.5) only 100 m across. 
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            Fig. (10.5). The  diagram shows  three examples of a hydrological unit ,  
                               (a) an alluvial fan with a gravel aquifer and discharge at W,  
                               (b) a thick sandstone layer, and 
                               (c) the gravel infill of a buried channel. 
 
 
     The common aquifers include: (a) sand and gravel deposits, occurring as drift 
in glaciated areas, or as alluvial cones (especially in semi-arid hilly regions); (b) 
sandstones; (c) certain permeable limestones such as chalk; and (d) fissured or 
deeply weathered igneous rocks, especially in tropical areas. 
 
 
10.6.1 Unconfined Aquifers  
 
       An aquifer bounded only from below by an aquiclude is termed an 
unconfined aquifer (Fig. 10.6). Flow to the surface may also come from 
unconfined aquifers, where a well is sited near the bottom of a steep valley. The 
level of the water may fluctuate considerably during the course of a year, 
dropping during dry seasons and rising following periods of rain. Therefore, to 
ensure a continuous supply of water, a well should penetrate many meters below 
the water table. When water is pumped from a well, the rate at which water 
flows in from surrounding rock to replace that which is extracted is generally 
slower than the rate at which water is taken out. Thus, in an unconfined aquifer, 
it produces a conical depression in the water table around the well that is known 
as a cone of depression. If a well is drilled into an unconfined aquifer, the water 
will rise in the well to the same height as the water table in the aquifer. The 
water must be actively pumped to the ground surface.            
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 Recharge aerea 
 Piezometric (pressure) surface  

 
 Artesian well 
 _ _ 
               _       
  _                             Ground surface 
           _ _ _                  _ _ _                                          Cone of depression            Normal Water table 

 
      _ _ _ _ _                                                               Unconfined Aquifer 

                  Aquiclude  _ _ _ _   
 _ _ _ _ _     
 _ _ _ _ _    Confined Aquifer  
 _ _ _ _ _ _ _ _ _ _ _ _  
       _  _ _ _Aquiclude _ _ _ _ _ _ _ _ _  
  _ _ _ _ _ _ _ _ _ _  

 
 
 

 Fig. (10.6). Unconfined and confined aquifers. 
 

 
 
    The main characteristics of unconfined aquifers: 
1- The unconfined aquifers are in direct contact with the atmosphere. 
2- The water presented inside rocks are under the effect of atmospheric pressure 
alone, so these are called  free aquifers. 
3- The level of the water in these aquifers are affected by several factors such as 
topography of the area, amount of falling water in the region and the exhausted 
water from the wells.    
 
 
10.6.2 Confined (Artesian) Aquifers 
  
     When an aquifer bounded both from below and above by an aquiclude, 
retarding or effectively stopping any flow of water to the surface, the aquifer is 
said to contain confined water. Water in a confined aquifer may be under 
considerable pressure from the adjacent rocks, or as a consequence of lateral 
differences in elevation within the aquifer. Figure 10.7 shows an aquifer which 
crops out on high ground and dips under an aquiclude. The outcrop serves as an 
intake area for percolation, which recharges the confined water elsewhere in the 
induced artificially by flow to the surface through wells. The inclination of the 
piezometric surface is controlled by the rate of flow through, and the 
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permeability of the aquifer, as described by Darcy’s Law, and as demonstrated 
by the experiment illustrating it. The piezometric surface is the surface where 
the hydrostatic pressure inside the aquifer is equal to the atmospheric pressure 
(pressure surface). If the piezometric surface is higher than the water table in a 
porous aquiclude, then groundwater conditions are artesian rather than normal 
or subnormal. If the piezometric surface lies above ground level within this area 
of artesian flow, then water will rise in an open tube to give a flowing artesian 
well. 

 
 

 
        
         Fig. (10.7). The ground water in the aquifer is confined by the   aquiclude above it ,  
                           except at the intake area where it crops out,  and can be  recharged  by  
                           infiltration. The free water table within the intake area, and the spring    
                           line (W) at the contact of aquifer and aquiclude, are shown. 
 
 
       Depending on the permeability of the aquifer and the amount of groundwater 
flow, the piezometric surface slopes at some angle i from the intake area. If the 
surface lies above ground level at the well, as shown, there is artesian pressure 
enough to make water flow from the well. 
      The basic geological conditions for artesian pressure, apart from rare cases 
where there is a major source of supply to the aquifer other than at the outcrop, 
are that groundwater be confined and that strata be inclined. These are not 
uncommon, and neither are artesian conditions. They may occur very locally in 
drift where sand or gravel lenses are covered by clays, or they may affect 
hundreds of square kilometers underlain by a permeable rock group. 
      When a well is located where the pressure surface is below the ground 
surface so the well is called a non artesian well. When the pressure surface is 
above the ground and a well is drilled into the aquifer, a flowing artesian well is 
created.  
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 The main characteristics of the confined aquifers are:  
1- These aquifers are subjected to pressure higher than the atmospheric pressure 
as they are bounded by impermeable layers, both above and below the aquifer, 
must be present to prevent the water from escaping.  
2- Water must be confined to an aquifer that is inclined so that one end is 
exposed at the surface where it can receive water, that is called the recharge 
area.  
3- When such aquifers are penetrated by  wells, the rise and lowering of water 
inside these aquifers depend upon the variations resulted from pressure, amount 
of stored water which are different from that in the unconfined aquifers.  
  
10.7 Aquifer and Porosity 
     In order that water (or any other liquid, such as oil) can flow through rock, it 
is necessary that the rock not only be porous, but not permeable. That is, the 
pores (or at least some of them) must form, in effect, a connected network of 
tiny pipes through which water can move. Figure (10.8a) shows porous but 
impermeable rock and Figure (10.8b) shows permeable rock. 
                                    (a) (b) 
 
 
  
 
 
 
 
 
 
               Fig.(10.8) . Impermeable  (a) and permeable (b) rocks . 
     
       Note that some of the pores in Figure (10.8b) do not form part of the 
connected pore system, but are isolated from it. Any water contained in these 
pores is cut off from the system of connected pores. (Evidently, this water found 
itself trapped in the isolated pores that formed pumped out of the rock. Rather, 
this water is retained by the rock).  
    Let Vretain be the total volume of the isolated pores (and hence of the retained 
water if the pores are filled), and Vyield  the volume of all the connected pores 
(and hence the volume of the water the rock can yield if these pores are filled) in 
a certain block of rock. If the total pore volume Vpores. The volume of the block 
of rock , as given from its external dimension, is V. 
    The total pore volume Vpores is given by: 
Vpores =  Vretain  +  Vyield                                                                               (10.1) 
dividing by V gives : 
Vpores / V =  Vretain / V  +  Vyield / V                                                             (10.2) 
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Now Vpores / V =  n , the porosity of the rock   ; in similar manner, define the 
yield porosity ny by   
ny = Vyield / V                                                                                              (10.3) 
and the retention porosity nr , by  
nr = Vretain / V                                                                                             (10.4) 
Therefore, by : 
n = n r  + n y                                                                                               (10.5) 
The porosity that counts in groundwater flow is the yield porosity ny , 
sometimes called the  effective porosity. The isolated pores, and any water they 
contain , are part of the rock matrix. As stated above, the formation, or layer, of 
permeable rock is called an aquifer, whereas a layer of impermeable rock is an 
aquiclude.   
 
10.8 Darcy’s Law 
      Slow, laminar flow of water through a porous medium within which the 
stream lines are smooth parallel paths, and where there is no turbulence or 
eddies in the wake of grains, is described by an empirical formula, Darcy’s Law. 
This law is valid under most conditions found in nature, where the critical value 
of the Reynold’s Number (at which turbulent flow develops) is seldom 
approached. 
     Consider an aquifer in which the water table is horizontal everywhere. In this 
configuration , the water will just sit in the connected pores, there is no tendency 
for the water to move in any horizontal direction. The reason is that gravity acts 
vertically down and has no horizontal component. Since the water table is 
horizontal, there is no component of gravity parallel to the water table. But if the 
water table is presumed to be inclined at an angle i with the horizontal, and it is 
presumed that i is not too large. (If the angle is too large , the velocity of the 
water may reach values so that turbulence sets in and Darcy’s is not valid under 
such circumstances). As a result of being inclined , the water table drops a 
vertical distance h over a horizontal distance l or s . Darcy’s law states that the 
Darcy’s velocity in its simplest expression  
 
vD = K(h/ l)     ; or                                                                                    (10.6)  
vD = Ki                                                                                                     (10.7) 
   
where vD , the Darcy’s velocity , is the volume of water (Q) discharged through      
a unit area (A) of a porous medium in which the pores are saturated, and inflow 
rate to the medium equals outflow rate, that is: 
vD =Q/A        
Q = A. vD                                                                                                  (10.8) 
 
The actual velocity ν of an aquifer calculated by dividing Darcy’s velocity vD by 
the effective velocity ny : 
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 ν = vD /n y       ;  or                                                                              
 vD = ν n y                                                                                                  (10.9) 
 
The quantity K is called the hydraulic conductivity and sometimes called the 
coefficient of permeability, which is often very small so its unit is in m/d instead 
of m/s. Since the units of h and l in Eq.(10.6) cancel, K is seen to have the same 
units as vD, i.e., m/s in SI units. The numerical value of K depends on the 
properties of the rock and on properties of the liquid. Specifically, for the rock it 
is the degree to which the pores are connected, and their size, that enters into K. 
For the liquid, the viscosity (internal friction) and density affect the value of K. 
This means that for any one given kind of rock, there are different values of K 
for water and for oil, for example. i  is the hydraulic gradient, that is, the rate, 
dh/dl or dh/ds, at which the hydraulic or pressure head of water, h, measured 
from a horizontal datum, changes laterally with horizontal distance, l (or s). 
    Now, the movement of water through rock is usually a very slow process. The 
pores are very small , their geometry complex, and friction ever present. This 
means that the real flow velocity v  is usually very small. For this reason, 
hydraulic engineers often use the day ( abbreviation d ) rather than the seconds 
(s) as a unit of time. That is, values of v , vD and K are generally expressed in 
m/d rather than the base units of m/s. For water, values of K for various rocks 
range between near zero and several hundreds of meters per day.  
      Equation (10.6) can be combined with Eq.(10.8) to yield this equation for 
the discharge: 
 
Q = A. K (h/ l)     ;                                                                                        (10.10)  
Some times this equation, rather than Eq.(10.6), is referred to as Darcy’s law.  
 
      Darcy’s law is sometimes expressed in terms of the angle i of inclination of 
the water table. Since i is small ( for Darcy’s law to be valid ), i ≈ tan i  when i  
is expressed in radians. From Figs. (10.9 and 10.10) notice that tan i = h/ l.  
Hence, for small i , i = h/l . Equation (10.10) can now be written as: 
Q = A. K. i                                                                                                 (10.11) 
Sometimes, this is called Darcy’ s Law.  
 
      The physical condition of the hydraulic gradient , i (=dh/dl) , may be 
illustrated experimentally. The pressure head at a given point within a body of 
rock or soil which is saturated with water is the level to which water would rise 
if an open-ended tube were inserted to tap the hydraulic pressure at that point. A 
tube that serves this physical purpose in a laboratory experiment is called a 
piezometer. In geological conditions where the subsurface water in a permeable 
rock is sealed and confined below an impermeable layer , the level to which 
water rises in a cased well penetrating the permeable rock is usually referred to 
as the  piezometric  level  rather  than the pressure head.  Piezometric  levels  are  
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points on a piezometric surface, the maximum tilt (i) of which from the 
horizontal defines the hydraulic gradient dh/dl in the water saturating the 
confined permeable rock. The physical meaning of these terms and Darcy’s Law 
may be demonstrated by the apparatus shown in Figure 10.9. This consists of a 
reservoir (A) joined to a horizontal conduit (B) through which water can flow 
from A to a tap (C). Six open-ended tubes (manometers) rise vertically from B. 
The pipe B is filled with soil of uniform permeability k1 . The tap is closed and 
the reservoir A is filled until water reaches the level h0, and remains there after 
water has percolated through the soil to C and risen in each of the tubes to the 
static water level, h0. When the tap is opened and the reservoir is replenished 
continuously to maintain the level at h0 within it, a new equilibrium is attained 
eventually for steady flow through the soil, and for steady discharge v at C. 
Under these steady-state conditions the levels in the tubes fall to h1 , h2 , and so 
on. Each tube measures the pressure head at the point where it joins the conduit 
B. There is a progressive regular drop in head (dh) with horizontal distance (dl) 
from A to C, giving a steady inclination i=dh/dl of the piezometric "surface". 
(The experiment is limited to a one-dimensional traverse of a permeable 
medium). If the soil k1  between A and the midpoint (M) of the conduit were 
replaced by a less permeable k2  soil, then, under steady-state conditions of flow 
with the reservoir level at h0, there would be a reduction in the bulk hydraulic 
conductivity of the soils in B, in the rate of flow through them, and in the 
amount of water discharged at C. The section of the piezometric surface 
between A and C would have a deflection point at M, with the inclination i2 of 
one segment corresponding to the hydraulic gradient through k2 , and the lesser 
gradient i1  to k1. The relevance of this experiment to natural phenomena, 
particularly the flow of groundwater and the pressure of pore water, is discussed 
as they are described. 
 

 
 
Fig. (10.9). An experiment to illustrate the relationships between permeability, change of     
        head with distance and inclination (i) of the piezometric surface.  A description  and    
        explanation are given in the text. 
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10.8.1 Unconfined Aquifer Case 
  
     Figure (10.10) shows an idealized setting of a typical unconfined aquifer. The 
uphill source of the groundwater, perpendicular over a certain land area, is not 
shown. The ground surface slopes gently, i.e. at a small angle i, from left to 
right. Usually, the water table is roughly parallel to the ground surface, falling a 
vertical distance h over a horizontal distance l. Here, the additional assumption 
is made that the layer of impermeable rock beneath the aquifer also slopes down 
at an angle i. This means the vertical thickness h of the water-bearing part of the 
aquifer has everywhere the same value. Two wells have been driven into the 
aquifer, piercing the water table at points A and B (Fig. 10.10). The time t 
needed for the groundwater to move from A to B . The time t needed for the 
groundwater to move from A to B can be measured by dumping marked water 
into the well at A and noting when it shows up at well B. Strictly speaking the 
travel time from A to B is given by:  
t = AB / v    
Now  
AB =(l2  + h2 )1/2  

Since i is small, h2 << l2 , so that AB ≈ l. This approximation is appropriate not 
only because the hydraulic gradient is small, but because the values of the 
hydraulic conductivity and effective porosity are not likely to be known with 
great precision throughout the aquifer. Therefore, it is sufficiently accurate to 
use: 
t = l / v                                                                                                       (10.12) 
 l 
 
 …………. …… 
           …………. ………………..    ………… W 
          ………….. ………………..    …………          …………  
         …………… i ….      h…….           …………  
        ……………A.    ……………….     ….   …            ………….    
                       …….………………………………          …………. 
          '''' '''' ''' ''              …………... B………..  H   ………..... 
           '''' '''' '''' '''' '''' ''''' ''''                      ……. ………… 
           ''''' ''' '''' '''' '''' '''' ''''' ''''' ''''' '''''' '''' ''''           ''' ''' '''''' 
     '''' '''' ''''' 
         Fig. (10.10). Setting of an unconfined aquifer .   
 
EXAMPLE 10.1: An aquifer with cross-section , 265 m as a horizontal width 
and 42 m as a vertical thickness under water table lying at depth 36m from earth 
surface. The discharge at this section is 3340 m3/d and the yield porosity 27.1%. 
It is required to find: 
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(a) Darcy’s velocity.            (b) Actual velocity of aquifer water. 
(a) Calculate aquifer cross-sectional area  
A = W. h = (265m ) ( 42m) = 1.113*104 m2 
Q = A vD  
0.03866  m3 /s = (1.113*104 m2) vD  
 vD = 3.47 * 10-6 m/s 
 (b) Calculate the actual velocity: Darcy’s velocity vD is converted to actual 
velocity by means of yield porosity ( substituting with fraction ) 
vD  =  ny . v 
3.47 * 10-6 m/s = o.271 v 
v = 1.28* 10-5 m/s  
v = 0.0128 mm/s 
 
EXAMPLE 10.2: The longitudinal and transverse cross-sections of an 
unconfined aquifer are shown in Fig, (10.11). Water takes 1.91 y to move from 
well A to well B. The hydraulic conductivity of the aquifer rock is 135 m/d. (a) 
Find the yield porosity of the aquifer rock. (b) It is found that 8.42 * 105 m 3 of 
water passes through any cross-section of the aquifer in 2.00 weeks. Find the 
width W of the aquifer.  
 
 3.94km 
  
 ………. ….                       33m       
                     ……….. ……….….. ….. W 
 ….       … …… ……. ……… 78m …. …….. 
 …….. A ……….. ……  …..……. 
 ………. ………….. B …. …… ………… 
 ''''          …….. …………… 56m…………. 
 '''''''' '''''  ''' ''' ''' ''' ''' '' '' 
 ''' '' ''' ''' ''' ''' '' '' '' '' '' '' '' '' '' ''' ''' ''' ''' ''' '''          ''' ''' ''' ''' ''' ''  
 ''''  '''' '''' ''''' ''''' '''' ''''' '''' ''' ''' ''' '''' ''' '''  ''' '         '''' '''' ''' ''' '''' 
 
                    Fig. (10.11) . Example 10.2. 
 
(a) Reading distances from Fig. (10.11), the data are: l = 3940 m, h=33 m, (not 
78 m: the water table is parallel to the ground surface, and therefore drops by the 
same distance as does the ground surface); H=56 m (thickness of aquifer below 
the water table). Also t = (1.91 y ) ( 365025 d / y ), t = 697.6 d  ; K = 135 m / d . 
By Eq. (10.6), Darcy’s velocity vD is: 
 vD = K(h/ l)        
vD = ( 135 m / d ) ( 33m / 3940 m )  
vD = 1.131 m / d  
The actual velocity of the water follows from Eq.(10.12)  :  
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v = l / t  
v  = 3940 m / 697.6 d  
v = 5.648 m / d  
By using Eq. (10.9)  : 
vD  =  ny . v 
1.131 m / d = ny (5.648 m / d ) 
ny = 0.200 ( 20.0 % )  
(b) Evidently , the discharge is : 
Q = v  / t  
Q = ( 8.42 * 105 m3 / 14.0 d ) 
Q = 6.014* 104  m3 / d 
Note that the symbol t for time in this part is not the time for the water to move 
from A to B. It would be tedious to use two different, or subscripted, symbols 
for various time intervals. As usual in such situations, the context of the 
discussion reveals the appropriate identification for t.  Now apply Eq. (10.8) 
with A = w.h , so that: 
Q = w.h vD 
6.014* 104  m3 / d = w ( 56 m ) ( 1.131 m / d )  
 w  = 950 m  
 
EXAMPLE 10.3: The aquifer shown in Fig. (10.12) has a width of 7.10 km. 
Industrial waste BXC is illegally dumped into well A, near the factory. The 
material moves with the ground water , and appears at well B after 6.40 y. The 
effective porosity of the aquifer rock is 0.350. Calculate: (a) the hydraulic 
conductivity of the aquifer rock  and; (b) the aquifer discharge.  
 
   5.6 km  
  A  
              B         ….... ……….               
                      ……….….. ……….  
 42m…  … ……… ……. ……….                             
   …  ..……..   93.0m………………… 
 ……     ..……………………              
 …………………..             ''  ''''' '''''' ''     
              ……..                '''''  ''' ''' ''' ''' ''' '' '''''' '''' ''' ''' '''' '' 
 '''' '' ''' ''' ''' ''' '' '' '' '' '' '' '' '' '' ''' ''' ''' ''' ''' '''''' ''''         
                    ''''' '''' '''' '''' '''' '''' ''' ''' '''' '''' '''' '''' '''' '''' '''' '''' '''' 
                    
               Fig. (10.12) . Example 10.3. 
v  = l / t     
v  = (5.6 km) / 6.4 y ) 
v  =  (5600 m) / (2337.6 d ) 
v  = 2.3956 m / d  
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vD  =  ny . v 
vD  = ( 0.35 ) (2.3956 m / d ) 
vD  = 0.83846 m / d  
vD = K ( h / l ) 
0.83846 m / d = K ( 42m / 5600 m ) 
K = 112 m / d 
Q = ( w.h ) vD  
Q = (93 m )( 7100 m ) ( 0.83846 m / d ) 
Q = 5.54* 105 m3 / d 
 
10.9 Effect of Type and Nature of Rocks on Groundwater 
 
     Groundwater are stored in the openings occurred in rocks. Briefly they are 
presented in three main types: 
1- Groundwater are found in the pores between and around grain particles of 
rocks and in the surface crust of the earth.  
2- Groundwater are found in fissures, joints and fractures in the rock masses.     
3- Groundwater are found in small-large cavities and caves and places of 
volcanic eruption.  
      As mentioned above, the main characteristics of rocks that affect the 
groundwater flow are porosity and permeability. Moreover, several factors 
affect the two properties. We will discuss the effect of the presented regular 
openings (i.e. pores) in the sediments and sedimentary rocks (Fig. 10.13).  
 
   a b c 
 
 
 
 
 
 d e 
                                       / ////////////////////////                     
    //   //// ////////////// 
   //////////////// ///// 

                                      ////////////////////////                           
                                                                      /////////////////////////    
   Fig. (10.13). The relation between porosity, compaction and sorting.  
 
    From the above Figure (10.13a and b), it is noticed that both sections consist 
of large and small balls compacted in the same way and hence both have similar 
porosity. This is due to constant compaction and consequently the porosity 
remains constant too. But the permeability is higher in the larger balls case than 
in the smaller one , and this is due to larger openings in the first case allowing 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

151 
 

liquids to pass easily and quickly .Both sections are well sorted. Considering 
Figure (10.13c and d), it seems that the distance between balls becomes closer 
than that in sections a and b and with the same sorting but with less porosity. If 
any cemented solid materials are presented among  particles, and also if any 
smaller particles are presented between the larger ones (Fig.10.13e), the porosity 
decreases.  
       In case of clays that have high porosity but with very low permeability, it 
seems that the above discussion is not agreed, this is due to very small spacing 
between particles not allowing liquids to pass through them. Thus, the saturated 
clays are not considered as aquifers but they are aquicludes. Moreover, the 
unsaturated rock layers with high porosity and permeability are also not 
considered as aquifers. Consequently, good aquifers are those consisting of 
clean, large gravels or coarse, well sorted sands or mixture of alluvial deposits 
consist mainly silts. Good rock aquifers are mainly sandstones, fractured 
limestones contained dissolution channels and fragmented volcanic rocks. 
 
10.10 Types of Groundwater Movements 
 
     We know that the flow of fluids is in two ways: 
1- Laminar (Lamellar) Flow: The flow moves as if it were composed of 
lamellae, or sheets, each moving smoothly past the other with no interchange of 
fluid between them. This flow is occurred when the water movement is very 
low. as in groundwater and this is called seepage. The rate of seepage is directly 
proportional with hydraulic gradient and inversely proportional with 
permeability.   
2- Turbulent Flow: When the fluids moves with an extremely complex and 
irregular twisting, or eddying motion, and upwelling currents. 
     Whether flow is laminar or turbulent, the groundwater movement depends 
primarily upon the permeability of rock layers and hydraulic gradient which is 
controlled by Darcy’s Law. 
 
10.11 Effect of Geological Structures on Groundwater  
 
    The geological structures have a great effect on groundwater ant its water 
table level, of there structures are: 
1- The presence of permeable layer overlying horizontal impermeable layer: In 
this case, the groundwater is blocked over the impermeable layer. The water 
table follows the topography of the area and its levels varied with seasonal 
changes (Fig.10.14). 
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                                     Fig. (10.14). The presence of permeable layer                   
                                                          overlying impermeable layer.       
    
2- The presence of permeable layer interbedded with impermeable layers: In this 
case, for  each  impermeable  layer  its  own  isolated  water level  with  different 
depths (Fig. 10.15). 
 Ground surface 
     Imperm. 
                                                                  Water level 1   layer 
  
                                                                                               Water level 2 
 
 
 
                            Fig. (10.15). The presence of permeable layer interbedded  
                                                  with impermeable layers. 
   
3- The presence of impermeable inclined rock layer between two permeable 
layers: In this case, the impermeable inclined layer separate water on both sides 
and for each side its own water table with different depth.  
 
4- The presence of basinal structure: In this case, the water tables formed on 
both sides of the impermeable layers (Fig.10.16 and 10.17). The isolated water 
levels are not linked with the general water table in the region, These water 
levels are affected by climatic changes. 
 
 
   Ground Surface  
 ........... _ W. T.  ..W.T..... W. T.  ........ 
 W. T.  .................. .......... ...........  _ W. T. 
 .................. _   ............... Imperm. Layer..................     _    ........                            
                                          ..........................              ............................................                           ...........                                           
               ...........           Imperm.          Permeable Layer     ......      _  
                                                                            Layer    _                   .......                         ..................                                                                                                                                                          
                                   ........................................................................Permeable Layer  

          
                               Fig. (10.16). The presence of basinal structure.  
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Fig. (10.17).  A simplified  geological  section across  the  London Basin, which   
                           shows the chalk aquifer confined by the impermeable London Clay.         

 
10.12 Springs 
      
      Natural discharge of groundwater takes place where the ground surface 
intersects the water table. If the flow from the hydrologic unit is spread diffusely 
over an area of marshy ground, it is usually referred to as a seepage. If it is 
concentrated, say by a fissure acting as a channel, it is called a spring. Bryan 
subdivided springs into: 
a- Non-gravitational Springs: They include volcanic springs (Geysers )and 
those resulted from joints, fissures and fractures located at a great depths in the 
earth  crust.  In  limestone areas,  groundwater  usually  follows   channels  along  
bedding planes or fissures, which are progressively widened by solution, and 
discharge from limestone is often from solution channel springs. The major 
discharge of fresh groundwater takes place at the sea coast.  Most of this type 
are  with  high  temperature  and sometimes highly mineralized containing sulfur 
( sulfur-rich springs ), such as Ain- Kibrit in Mosul City and Hamam Al-Alil in 
Ninawa Governorate in Iraq.  
 
b- Gravitational Springs: In this type, the water flows due to the effect of 
hydrostatic pressure and subdivided into:  
1- A valley spring:(Fig. 10.18a) occurs where the water table intersects the 
bottom of a valley that is cut into pervious rocks. If the water table rises and 
falls seasonally, flow is intermittent, and the spring is called a bourne. These are 
particularly common in the chalk lands of southern England. 
2- Contact spring: If the intersection of surface and water table is controlled by 
geological structure, and discharge takes place where impervious rock bounds 
the hydrologic unit (Fig. 10.18b), the overflow is called a contact spring, or 
sometimes a stratum spring if the rock is layered.  
3- Spring line: The impervious barrier may be a layer of clay or shale, or an 
igneous intrusion. By converse argument, a spring line known to be related to a 
particular geological contact may be used to trace its outcrop laterally when 
mapping. 
4- Fault spring: Fault springs occur where pervious rocks are faulted against 
impervious rocks (Fig. 10.18c), and may be thought of as a type of contact 
spring. If the rock in the fault zone is a pervious breccia, a natural artesian flow 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

154 
 

may bring confined water to the surface from a concealed aquifer. In desert 
areas this flow may produce an oasis. 
5-Artisian Springs: As mentioned above, they are resulted from groundwater 
rises in a well above the level where it was initially encountered.  
 
  

 
 
 
 
Fig. (10.18).  Springs and seepages. 
       (a) The valley is cut into uniformly permeable rock (for example, chalk) and  valley      
             springs occur where the water table intersects the ground surface.  A  fall in the  
             water table after  drought lowers and  flattens it,  and may result in the  springs     
             drying up.  
       (b) A stratum spring sited at the contact of an aquifer and an aquiclude.  
       (c) Flow from a confined aquifer  is  taking place  through  the  breccia in the  fault               
             zone, and produces a fault spring. 
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10.13 Quality of Groundwater 
  
      Groundwater may be subdivided according to the dissolved salts: 
1- Fresh Water: Waters in which the total dissolved solids are less than 1 gm/l . 
These waters are used for drinking ,irrigation and for industrial purposes, such 
as water founded in Bukhtiari rocks . 
2- Brackish Water: The amount of dissolved salts is between 1-10 gm/l. It is 
used mainly for irrigation, such as water in the Eocene and Pliocene limestone in 
western desert of Iraq.  
3- Saline Water: The amount of dissolved salts is between 10-50 gm / l, such as 
water founded in Al-Fatha formation of the Miocene age. 
4- Brine Water: The amount of dissolved salts is greater than 50 gm / l, such as 
water founded in the Quaternary rocks in Iraq. 
 
10.14 Hydrogeological Subdivisions of Iraq 
 
   From the hydrogeological point of view, Iraq may be subdivided into three 
main regions: 
1- Northern and North Eastern Region: The water within this region is of 
high quality and high yield with salinity between 100- 1000 ppm, such as Erbil, 
Makhmor, Badra and Jassan, Alton Kopri, and Tuz basins.  
2- Middle Region: It includes all areas between Tigris and Euphrates rivers. 
Water in the upper part of this region (such as, Sinjar area) is of medium quality 
with salinity 500-4000 ppm, with intermediate quantity which is founded mainly 
in Injana (U. Fars) formation. While, water in Fatha (L. Fars)  formation is with 
bad quality and less quantity. In northern Baghdad, it is found also with bad 
quality and less quantity.  
3- South Western Region: It includes western desert in Iraq and subdivided 
into the following basins: 
    a- Al-Hammar and N. Qa ,ara Basins: Their water is with  a salinity of 500-     
        3000  ppm   with  medium  yield  and  mainly  used  for   drinking   water  ,  
        irrigation and industrial purposes.  
    b- Bahr Al- Najaf Basin:  It  is with  high  salinity  between  2000-3000 ppm  
        with limited yield and not used for most purposes.  
    c- Al-Zubair Basin:   It consists  of  two different   water bearing layers , one  
        of them ( the upper )  is of  fresh  water  which is lying over a  saline  water  
        layer ( the lower ).  The main  discharge of  the upper  layer  is from raining  
        water,  so  they  are  with   limited   quantity  and   very   brine  water   with        
        a  salinity exceeding 8000 ppm.  
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10.15 Investigation of Groundwater 
  
    Groundwater may be investigated by the followings: 
a- Geophysical methods: This is mainly done: 
     1- Seismic refraction and; 
     2- Electrical resistivity methods. 
b- Geological methods: It include the study of porosity, permeability of rock 
layers and the geological structures that affect aquifers and superperposition of 
the layers, in addition to detect layers with high probability to be aquifers.  
c- Subsurface methods: They include: 
    1- Tested wells for monitoring. 
    2- Logging: It includes electrical, self potential, thermal acoustic and  
        radioactive logging.  
 
10.16 Groundwater and Engineering 
 
      The presence of water in rocks and its movement through them are of great 
importance to many human activities such as farming. However, this brief 
account is limited to some of the more important geological aspects of 
groundwater which are linked to engineering. These are: (a) water supply from 
subsurface sources, (b) drainage of marshes, and (c) disposal of toxic waste 
underground. The other aspects of equal or greater importance to most 
engineers, which are normally covered in a separate course of soil mechanics, 
are omitted or have been referred to briefly. They include pore fluid pressure in 
soils, the effect that the presence of water has on the strengths and other 
mechanical properties of soils, and the relationship between settlement of 
buildings and the loss of pore water from clay. 
 
10.16.1 Groundwater Inventory 
 
       In arid regions, groundwater may be the only dependable source of water 
supply for much of the year, unless water is piped over long distances. It has the 
bonus quality of being filtered naturally. There are advantages also, which may 
outweigh any extra cost per liter, in having some supply from wells in areas like 
England that depend mainly on surface reservoirs. Problems such as creating a 
watertight reservoir in chalk lands, or acquiring its site, are avoided. The water 
is often more palatable than alternative surface water. Underground reservoirs 
are seldom drained entirely during droughts, and deep wells can draw on 
reserves temporarily, on the understanding that replenishment will be allowed to 
take place during the next winter. An important consideration in many schemes 
of supply is that   groundwater  resources can be  developed  more rapidly than a 
surface reservoir can be built. The lead time between the conception of a 
reservoir and its completion is conditioned not only by construction times and 
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technical delays, but also by the statutory procedures of acquiring approval, 
permissions and land, and allowing appeals by those affected. Where a relatively 
quick solution must be found to a supply of water or to insure against drought, a 
groundwater scheme should be considered. 
       In assessing the feasibility of any scheme of groundwater supply and in 
planning it, geological and hydrological information is essential. A first step is 
to evaluate the permeabilities of the rocks and soils present in the area, and to 
determine their structure. This identifies aquifers and aquicludes and outlines the 
hydrologic units present. The common aquifers include: 
(a) sand and gravel deposits, occurring as drift in glaciated areas, or as alluvial 
cones (especially in semi-arid hilly regions); 
(b) sandstones; 
(c) certain permeable limestones such as chalk; and  
(d) fissured or deeply weathered igneous rocks, especially in tropical areas. 
 
      A small local supply may be obtained from a single well in an alluvial cone, 
but a large scheme usually draws on the groundwater in an extensive, thick, 
permeable layer. 
 
       For the above reason, the prime geological factor in choosing the precise 
site for a boring is the probability that the permeability of the aquifer is higher at 
that locality, or that flow is assisted by fracturing. In soils, a lens of gravel may 
expedite flow from a larger body of sand; in solid rock the yield from a well 
sited on a fold axis, where jointing is well developed, may be several times that 
from massive chalk less than 100 m away. Since rocks weakened by fracturing 
are often eroded preferentially into hollows, the water table is likely to be at 
shallower depth also. Electrical methods of geophysical surveying are used to 
locate such water-filled fractures. In water table wells, water is pumped from an 
unconfined aquifer, whereas in confined water wells, the whole aquifer 
penetrated by the well is saturated and there is usually artesian pressure. 
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REVIEW QUESTIONS AND PROBLEMS  

 
10.1 Define groundwater and relate it to the water table. 
 
10.2 How can we recognize a confined aquifer from unconfined one? 
 
10.3 Under what circumstances, Darcy’s law is applied? 
 
10.4 What   are   the    rock   types  that   contribute   to   salt   concentrations   in    
         groundwater? 
 
10.5 Show the relation between aquifers and porosity? 
 
10.6 Classify rocks according to their porosity and permeability? 
 
10.7 What are the main factors affecting rocks porosity? 
 
10.8  How do porosity and permeability differ? 
 
10.9 Under what  circumstances  can a material have a high porosity but not be a  
        good aquifer? 
 
10.10 Distinguish between an aquiclude and an aquifer? 
 
10.11 What is meant by the term artesian? Under what circumstances do artesian  
          wells form? 
 
10.12 Describe two ways in which sinkholes are created. 
 
10.13 Areas whose landscapes are  largely a reflection of the  erosional  work of  
          groundwater are said to exhibit what kind of topography? 
 
10.14 When an aquiclude  is situated  above  the  main  water table,   a  localized  
          saturated zone may be created. What term is applied to such a situation?  
 
10.15 Show the effect of geological structures on groundwater? Give examples.   
      
10.16 Distinguish    between     hydraulic    conductivity    and    coefficient     of   
          permeability? 
 
10.17 Give the vertical distribution of groundwater? 
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10.18  Show the relation between groundwater level and topography? 
 
10.19 What are the main types of porosity?  
 
10.20 What are the main characteristics of confined and unconfined aquifers? 
 
10.21 Comment on the water quality for drinking purposes. 
 
10.22 Give a classification for Iraq from the hydrogeological point of view. 
 
10.23 Give an estimation of groundwater quality. 
 
10.24 What is the   source of  heat for  most  hot  springs and geysers  ?  How  is   
          this reflected in the distribution of these features? 
 
10.25 What are the main types of springs? 
 
10.26 What are the main methods used for groundwater investigation? 
 
10.27 Show the relation between groundwater and civil engineering.  
 
10.28 A rock has a porosity of  43.6%. About 35%  of the  pores  are  isolated .  
           Calculate the yield porosity of the rock.                                (Ans. 28.3%) 
 
10.29 The aquifer of Figure  (10.19)   has  a yield  porosity of  34% ,  a retention   
          porosity of 19.2% and a hydraulic conductivity of 160 m/d.  
          a- How long time does it take to move from well A to well B? 
          b- What volume of water passes any cross section in 10.0 days? 
          c- Assuming that all pores below the water table are  filled,  find the total  
              volume of water trapped in the rock between the wells.       
                                                 (Ans. a-  812 d ; b-  3.16*105m3; c- 1.45 *107m3)  
 3.27km 
  
 ………. ….                             
                     ……….. ……….….. ….. 660m 
 ….       … …… ……. ……… 47m …. …….. 
 …….. A ……….. 28m …… …..……. 
 ………. ………….. B …. …… ………… 
 ''''             …………… 35m…………. 
 '''''''' '''''  ''' ''' ''' ''' ''' '' '' 
 ''' '' ''' ''' ''' ''' '' '' '' '' '' '' '' '' '' ''' ''' ''' ''' ''' '''          ''' ''' ''' ''' ''' ''  
 ''''  '''' '''' ''''' ''''' '''' ''''' '''' ''' ''' ''' '''' ''' '''  ''' '         '''' '''' ''' ''' '''' 
                    Fig. (10.19) . Problem 10.29. 
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10.30 Calculate the Darcy speed through an unconfined aquifer 870 m wide  and  
          106 m thick  when  the discharge  equals 2.19 m3/s  and the water  table  is  
          18.0 m beneath the ground. 
  
10.31 An aquifer in a certain region consists of coarse sand with a yield porosity  
          of  39.0%  and a  hydraulic   conductivity  of  45.0 m/d.   The  width of the  
          aquifer is 2.90 km  and its  vertical thickness below the water table is  73.0  
          m. The aquifer discharge equals 8380 m3/d.   Calculate the vertical drop of  
          the water table over a horizontal distance of 6.60 km. 
 
10.32 Over  a horizontal  distance of  2.87 km,  the water  table falls by  41.5 m.  
          Groundwater takes 3.18 years to move the 2.87 km. The effective porosity  
          of the aquifer is 0.640, and the aquifer, s cross - sectional area  is 4500 m2 .  
          Find the hydraulic conductivity of the aquifer rocks .      
                                                                                                        (Ans. 109 m/d)  
 
10.33 The  aquifer  shown  in   Figure  (10.20)  is  1.3 km   wide.  The   effective   
          porosity is 0.290 and the  hydraulic conductivity  equals  83.0 m/d.  Water  
          containing   a dangerous  radioactive  isotope  of   plutonium   is  dumped  
          ( accidentally,  of course )  into  well A.  How long does it   take   for   the  
           plutonium to show up in well B ?  Assume that  the  plutonium  is carried    
           along at the same speed as the groundwater.  
 
                     
   4.6 km  
                               B                             A  
                                   ….. ……….         
                 48m      ……   55m.. ……….  
 72m…  … ……… ……. ……….                             
   …  ..……..      80m………………… 
 ……     ..……………………              
 …………………..             ''  ''''' '''''' ''     
              ……..                '''''  ''' ''' ''' ''' ''' '' '''''' '''' ''' ''' '''' '' 
 '''' '' ''' ''' ''' ''' '' '' '' '' '' '' '' '' '' ''' ''' ''' ''' ''' '''''' ''''         
                    ''''' '''' '''' '''' '''' '''' ''' ''' '''' '''' '''' '''' '''' '''' '''' '''' '''' 
                    
               Fig. (10.20) . Problem 10.33. 
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11. Site Investigations and Geophysical Techniques  
 
11.1 Site Investigations  
 
11.1.1 Introduction  
  
    Site investigations or subsurface explorations are done for obtaining the 
information about subsurface conditions at the site of proposed construction. A 
complete understanding of the characteristic features of a site are essential prior 
to embarking on a civil engineering construction project. The main objectives of 
site investigations are as follows: 
 
1- To assess the suitability of the site for a given engineering structure.  
2- For obtaining information about the surface and subsurface features which is 
essential to select suitable-economic design and for planning construction 
techniques at the proposed site. 
3- Understanding the main difficulties resulted from geological conditions of the 
area which may be faced during or after construction and to plan and design 
appropriate foundations. 
4- To investigate the safety of the existing structures and to suggest the remedial 
measures.  
5- And finally, to draw up bills of quantity for excavation normally requires that 
most of the following information be obtained: 
    a- What rocks  and  soils  are  present,  including the sequence  of  strata,  the    
         nature and thicknesses of superficial deposits and the  presence of  igneous      
         intrusions; 
   b- How these  rocks  are  distributed over ,  and under,  the  site   ( that is, their    
        structure); 
   c- The frequency  and  orientation of  joints in the different bodies of rock  and  
        the location of any faults; 
   d- The presence and extent of any weathering of the rocks,  and  particularly of  
        any soluble rocks such as limestone; 
   e- The groundwater conditions,  including the position of the water table ,  and    
       whether  the groundwater  contains  noxious  material   in  solution,  such as  
       sulphates, which may affect cement with which it comes in contact; 
   f- The  presence  of  economic  deposits  which  may  have been  extracted  by  
        mining or quarrying, to leave concealed voids or disturbed ground; and 
   g- The suitability of local rocks and soils, especially those to be excavated,  as 
        construction materials.  Special  information such as  the  seismicity  of the  
        region  or  the pattern  of sediment  movement  in an  estuary  may  also  be            
        required. 
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11.1.2 Stages of Site Investigations  
 
      Site investigations in one form or the other is generally required for every 
big engineering project . Subsurface exploration are generally carried out in 
three stages: 
1- Site Reconnaissance: It is the first step in subsurface exploration programme. 
It includes the followings: 
     a- Studying the maps and other relevant records ,  published information  and   
         other existing data. 
     b- A reconnaissance visit to the site. 
     c- Preparing an approximate geological maps.  
     d- Collecting samples from drilled testing wells. 
     e- Applying   geophysical  surveys  as   a reconnaissance  of  the   subsurface   
         geology. 
     f- It helps  in deciding  future   programme  of  site   investigations,  scope  of     
         work, methods of exploration to be adopted,  types of samples to be taken     
         and the laboratory testing and in-situ testing. 
  
       In minor projects, or where the site is small and has previously been built 
on, only this stage may be necessary, which is cheap and always worth doing. 
 
2- Preliminary Investigation: The aim of this stage is to establish a complete 
understanding of the  geological structure for the site. Besides, determine the 
depth, thickness, extent and composition of each soil stratum at the site. The 
depth of the bed rock and the groundwater table is also determined. In this stage,  
the following purposes may be done: 
    a- Preparing a detailed geotechnical maps:   These are  geological  maps  with     
        engineering expressions prepared with  respect to the  purpose,  i.e. for dam  
        or tunnel sites.  
    b- The preliminary  explorations  are generally in the form of a few borings or   
         test pits to obtain  information about the   strength  and  compressibility of  
         soils. 
    c- Studying  the results of the  experimental  and in-situ ( field )  testing of the    
        soils.        
    d- Geophysical methods are also used in preliminary explorations for locating  
        the boundaries of different strata.  
 
3- Detailed Investigations: The purpose of the detailed explorations is to 
provide confirmation of the previous results by detailed boring, drilling and 
excavation at critical points on the site, thus any changes in the design may be 
done in this stage. The main objectives of this stage: 
    a- To  ascertain the  geological conditions at the project site  during drilling in  
        order to select the type and depth of foundation for a given structure. 
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    b- Determining the engineering properties of the soils in different strata.  
    c- It  includes an extensive  boring  programme,  sampling  and  testing of  the   
        samples in a laboratory. 
    d- To  establish  the  groundwater  level  and to  determine  the  properties  of    
        water.   
 
    For complex projects involving heavy structures, such as bridges, dams, 
multi-story buildings, it is essential to have detailed explorations. However, for 
small projects , especially at sites where the strata are uniform, detailed 
investigations may not be required. The design of such projects is generally 
based on the data collected during reconnaissance and preliminary explorations. 
 
11.2 Applied Geophysical Techniques  
 
11.2.1 Introduction 
 
       Geophysics is the study of the physical processes active within the earth, 
and of the physical properties of the rocks forming it. From it stemmed applied 
geophysics, a set of exploration methods used to infer the distribution of rocks 
underground from physical measurements made at the surface. Geophysical 
surveys can be useful in the study of most subsurface geologic problems. 
Geophysics also can contribute to many investigation that are concerned 
primarily with surface geology . In some investigations , a contribution of 
drilling and geophysical measurements may provide the optimum costbenefit 
ratio.  
     A wide range of physical properties of rocks are used as the bases of 
particular geophysical methods. The most common in engineering surveys are:  
 
a- elastic properties, used in the seismic methods; 
b- electrical properties, used in the electrical and electromagnetic methods;  
c- density, in the gravity method; and 
d- magnetic properties, used in the magnetic methods. 
     The choice of a method depends, first, on whether an appropriate physical 
contrast occurs across the boundary which is being investigated. Criteria, other 
than geophysical, are the resolution sought, and the relative cost of coverage and 
time taken, by a particular type of survey; and the nature of the site, for example 
whether it is water covered, whether it is permissible to explode small charges 
on it, and so on. 
     There are many surface and borehole geophysical methods available to 
investigate and solve subsurface problems. Among the methods commonly 
employed  to solve a variety of  problems are: 
  
 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

164 
 

• Electrical Resistivity 
• Seismic Refraction and Reflection  
• Ground Penetrating Radar ( GPR ) 
• Electromagnetic Conductivity  
• Gravity Survey  
• Magnetic Survey  

Electrical Resistivity: Electrical resistivity measures the bulk electrical 
resistance of the subsurface by inducing a current between two electrodes 
implanted in the subsurface. Electrical resistivity is used to characterize 
subsurface stratigraphy, water table depth, conductive plumes, and buried 
wastes. With advances in technology, data collection and inversion methods 
have been advanced to the point that electrical resistivity is sometimes referred 
to as Electrical Imaging. 
Seismic Reflection and Refraction: Seismic refraction and reflection methods 
measure the transmission of sound waves through the subsurface generated 
using a hammer blow or explosive energy source. Individual subsurface layer 
depths and thickness can be calculated based on the analysis of sonic wave 
arrival times. Companies use seismic methods to obtain the depth to bedrock 
surfaces and the water table; to characterize rock type and degree of weathering; 
and to locate fractures, faults, and buried channels. 
Ground Penetrating Radar: Ground Penetrating Radar (GPR) is used to 
measure changes in the dielectric properties of subsurface materials. Many 
companies use GPR to delineate subsurface features such as underground 
storage tanks, buried drums, and utilities. GPR is also used to locate karst-
related voids in the subsurface. Other applications include mapping landfilled 
and excavated areas and site stratigraphy.  
Gravity: Gravity measurements detect changes in the earth’s gravitational field 
caused by variations in the density of the soil or rock or engineered structures. 
Companies use gravity surveys to locate and characterize buried bedrock 
channels and bedrock structural features. Other applications are to detect voids, 
caves, and abandoned mines or tunnels. 
Magnetic Survey: Magnetic surveying measures the perturbations in the earth’s 
magnetic field caused by changes in concentrations of natural ferrous minerals 
or by ferrous metals. Companies use magnetic to locate buried ferrous metals 
such as wastes, drums, or utilities. Other applications include characterizing 
geologic structures and mineral exploration.  
 
 

http://www.saic.com/geophysics/methods.html#4#4�
http://www.saic.com/geophysics/methods.html#7#7�
http://www.saic.com/geophysics/methods.html#5#5�
http://www.saic.com/geophysics/methods.html#9#9�
http://www.saic.com/geophysics/methods.html#3#3�
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11.2.2 Electrical Methods 
    
 11.2.2.1 Basic Theory 
 
   Several methods of prospecting for minerals and of investigating geological 
conditions have been developed using the electrical properties of rocks. The 
resistivity method is the one that has been most used in engineering. It depends 
on the property of resistivity, which is the electrical resistance between opposite 
faces of a unit cube of a given rock. 
 
      The SI unit is the ohm meter (ohm . m). The values of resistivity of rocks 
and minerals range from 10-6 to over 1012 ohm m, with no simple relationship of 
the spread of values to a genetic classification of rocks. Some minerals, like 
clays, conduct electricity well, but the predominant factor controlling the 
resistivity of most rocks is the presence or absence of ground water in them, and 
the relative concentration of electrolyte (dissolved salts). A sand saturated with 
brackish water will have a very low resistivity. The same sand, if it lay above 
the water table and had air, not water, in its pores, would have a high resistivity. 
Crystalline rocks normally have high resistivities, except locally where they are 
broken by faults or joints and ground water fills the voids. 
        
     The electrical conductivity (and its reciprocal) depends mainly on the 
following factors such as: 
1- The volume of voids and fractures within rocks.  
2- The continuity and the distribution of the voids ( pores) within rocks.  
3- The type of liquid in the pores.  
4- The degree of porosity and the amount of contained liquids.  
5-  The degree of saturation.  
6- The type of minerals consisting soils and rocks.  
       
      In resistivity method, an electric current is introduced into the ground along 
traverses in the field by means of two non-polarized electrodes (the current 
electrodes C1 and C2 in Figure 11.1) and the potential difference between two 
potential electrodes (P1 and P2) is measured over a distance a. The depth of 
penetration increases with increasing electrode distance (a). Thus the simplest 
method of conducting a resistivity survey is to arrange four electrodes in a 
straight line on the ground surface. Hence the resistivity value is determined 
from dividing the measured potential difference by the applied current times the 
geometric factor (K). The geometric factor is calculated from the appropriate 
distances used between the electrodes . There are mainly two common systems  
of electrodes  configurations, Wenner and Schlumberger configurations.   
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    Fig. (11.1).  The upper  part  of the  diagram  shows  the  layout  of  electrodes on  the 
                   the ground surface using   Wenner Array.   In the   subsurface two  layers of       
                   different   resistivity  ρ1  and   ρ2  (ρ1 >ρ 2)   are  separated   by    a horizontal 
                   interface bc, and the flux is denser in layer ρ2 because of its lower resistivity.  
 
11.2.2.2 Types of Arrangements (Configurations) 
 
Wenner Arrangement 
 
       In the commonly used Wenner arrangement (or configuration), the 
electrodes are spaced at equal distances C1P1=P1P2=P2C2=a as shown in 
Figure 11.1. This arrangement is used for the knowledge either the horizontal or 
the vertical variation depending on the procedure of measure. When the four 
electrodes are used at a constant spacing a in all measuring points where the 
electrodes are moved as a group and different profile lines are run across the 
area. This method is useful for horizontal variations which is called electrical 
profiling in which the electrode spacing is kept constant, and the spread is 
moved laterally in successive steps. But for the knowledge of the vertical 
variations, the test is repeated after changing the spacing for the same point (i.e. 
a1 for the first setting and a2 for the second  setting and so on) and again 
determine the mean resistivity upto the depth equal to the new spacing. This 
system is useful in studying the vertical changes in the strata with increasing 
depth at a point which is called electrical sounding where the centre of the 
electrode arrangement is kept fixed, but the spacing (a) is increased by 
progressive steps to give deeper and deeper penetration by the current. The 
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shape of the current flowing between current electrodes is homogenous curved 
paths if the upper layer is homogenous in its thickness and composition and its 
thickness exceeding the current electrodes spacing. With increasing current 
electrodes spacing , the current may reach the second layer which has different 
resistivity, thus the measured resistivity on the ground surface is called the 
apparent resistivity  (ρa ) which represents the resistivity of both layers. For the 
Wenner arrangement of electrodes, the resistivity ρa of the rock is given by: 
 
ρa = (V / I ) * KW  = R KW                                                                         (11.1) 
where R = V / I   ; KW = 2π a 
ρa = 2π a ( V / I )  
ρa = 2π a R                                                                                               (11.2) 
 
where V is the voltage between the potential electrodes, I is the current flowing 
between the current electrodes, R is the resistance (ohm) and a is the separation 
of the electrodes. 
        Where a layer ρ1 of lower resistivity overlies one of high resistivity ρ2, the 
flow lines are distorted from circular arcs, with flow preferentially concentrated 
in the good conductor ρ1. If resistivity is measured and calculated from the 
above equation, it would have a value intermediate between ρ1 and ρ2. It is 
referred to as a value of apparent resistivity ρa. The percentage of the total 
current flowing through the lower rock layer ρ2 depends on its depth relative to 
a, and on the contrast in resistivity with ρ1. As a is increased, the flow of current 
through layer ρ2 increases and ρa tends towards the value ρ2. That is, for small 
values of a,  ρa approximates to ρ1 , and for values large compared with the 
depth to ρ2 , to ρ2 . 
        Figure (11.1) shows in upper part of the diagram the layout of electrodes on 
the ground surface. In the subsurface two layers of different resistivity ρ1 and ρ2 
(ρ1 >ρ2) are separated by a horizontal interface bc, and the flux is denser in layer 
ρ2 because of its lower resistivity. The graph shows how apparent resistivity ρa 
changes with electrode spacing a in a given two-layer case with the interface at 
depth h, and with a particular contrast between ρ1 and ρ2 . Observed results may 
be interpreted by comparing them with a set of master curves, each of this type 
and corresponding to a particular contrast of resistivities. Master curves are 
usually presented on logarithmic scales, and observations are conventionally 
plotted on log graph paper. If direct current is applied, as shown in this diagram, 
non-polarizable electrodes must be used. This awkward procedure is obviated by 
the use of alternating current in most resistivity apparatus. 
 
2- Schlumberger Arrangement  
        In the commonly used procedure of a Schlumberger arrangement , the 
potential electrodes are kept fixed at the center of line C1 C2, while the current 
electrodes    are   moved   symmetrically   outwards    as   shown in  Figure 11.2. 
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     Fig. (11.2). The  layout  of  electrodes using Schlumberger array.  
 
Since only two electrodes are moved, the field procedure with the Schlumberger 
system is quicker than that with the Wenner system. Also, since the potential 
electrodes P1 P2 are kept fixed, but if at any stage the potential difference 
between these electrodes becomes too small to be measured accurately then the 
electrode spacing should be increased and so on. 
 
     Then, with using Schlumberger arrangement, the apparent resistivity is 
calculated by: 
 
 ρa =  R KS                                                                                               (11.3) 
Where KS  is the geometric factor for Schlumberger arrangement and calculated 
as follows: 
 
KS= π [(AB)2 – (MN) 2]/ 4(MN)  ; or     KS = [ π(AM) * (AN) ] / (MN)      (11.4) 
 
ρa= π R [(AB)2 – (MN) 2]/ 4(MN  ; or   ρa= R [ π(AM) * (AN) ] / (MN)     (11.5) 
 
 
11.2.2.3 Applications of Resistivity Methods  
 
1- Detecting the depth of bed rock which is very important for major 
engineering structures such as dams , reservoir and tunnels.  
2- Detecting the subsurface geologic structures, such as faults orientation and 
seepage directions.  
3- Detecting the locations  position and type of building materials, such as 
gravels, sands and clays. 
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4- Studying the groundwater conditions by identifying their water levels and the 
type of aquifers.  
5- Detecting the lateral and vertical variations in rock layers from the variation  
in the type of sediments. 
 
EXAMPLE 11.1: An electrical survey was carried out using Wenner 
arrangement to detect groundwater table. The used spacing was (a = 2 m), the 
current was (I = 60 mA) , and the potential difference was (V = 240 mV). 
Calculate the apparent resistivity of the surface layer? 
  
R = V / I  = 240 mV / 60 mA = 4.0 mohm 
ρa = 2π a R  
ρa = 2π  * (2 m ) ( 4 mohm )   
ρa = 50.0 mohm.m  
 
EXAMPLE 11.2: An electrical survey was made using Schlumberger 
configuration in a station,   the measurements were tabulated as  follows ;  Find : 
1- the geometric factor (KS  )       ;  2- the apparent resistivity  
 
AB / 2   
(m) 

MN / 2  (m) R   (ohm ) 

1.5 0.5 2.637 
2.0 0.5 1.297 
3.0 0.5 0.4865 
4.0 0.5 0.2188 
5.0 0.5 0.131 
6.0 1.0 0.168 
8.0 1.0 0.085 
10.0 1.0 0.0532 
 
 
 

AB / 2 (m) MN / 2 (m) R   (ohm ) KS ρa (ohm.m) 
1.5 0.5 2.637 6.28 16.56 
2.0 0.5 1.297 11.78 14.69 
3.0 0.5 0.4865 27.49 13.37 
4.0 0.5 0.2188 49.48 10.82 
5.0 0.5 0.131 77.75 10.19 
6.0 1.0 0.168 54.48 9.15 
8.0 1.0 0.085 98.96 8.41 
10.0 1.0 0.0532 155.51 8.27 
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EXAMPLE 11.3:  For the above example ( 11.2 ) ; it is required to find: 
1- the geometric factor (KS) using the formula KS = [ π(AM) * (AN) ] / (MN) 
2- the apparent resistivity. 
3- compare both results .  
  

AB / 2 (m) MN / 2 (m) R   (ohm ) KS ρa (ohm.m) 
1.5 0.5 2.637   
2.0 0.5 1.297   
3.0 0.5 0.4865   
4.0 0.5 0.2188   
5.0 0.5 0.131   
6.0 1.0 0.168   
8.0 1.0 0.085   
10.0 1.0 0.0532   

 
 
11.2.3 Seismic Method  
 
11.2.3.1 Introduction 
          The applied seismic methods are used to determine the distribution of 
elastic properties under a site, as a step to inferring what rocks and structures are 
present. The behavior of wave motions in rocks is dependent on the elastic 
properties of the rocks. Two parameters are required to describe the elasticity of 
an isotropic material. Young’s Modulus and the Poisson’s ratio are the pair most 
familiar to engineers. The two aspects of elasticity, resistance to change of 
volume and resistance to change of shape, are, however, most simply described 
by the coefficient of incompressibility (bulk modulus) k and the coefficient of 
rigidity (shear modulus) μ.  
 
11.2.3.2 Types of Waves  
 
       There are two types of elastic wave 
1- Primary (or Longitudinal )waves  (P-Waves ) : In longitudinal waves, the 
particle motion is parallel to the direction of propagation, and each part of the 
rock is periodically compressed and dilated by the wave motion. Their velocity 
of propagation, VP , is given by: 
 
VP =  [(k + 4/3 G) / ρ ]1/2                                                                          (11.6) 
where k is the bulk modulus, G the shear modulus and ρ is the density of the 
rocks, or 
 
ρ V2

P =  E ( 1 – μ ) / [( 1+ μ ) ( 1 – 2 μ )]                                                 (11.7) 
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where E is Young’s Modulus and μ is the Poisson’s ratio. 
  
2- Secondary ( or Transverse or Shear ) waves ( S-Waves ) : In transverse 
waves, the particle motion is normal to the direction of propagation. Their 
velocity, VS , is 
 
ρV2

S =  E  / [ 2 ( 1+ μ ) ]                                                                          (11.8)         
 
(see above for explanation of symbols). 
From the equations: (a) both velocities are independent of amplitude or period of 
the waves; and (b) VP  is always greater than VS , hence the longitudinal waves 
are the first to arrive at any detector. 
      Seismic waves obey the same relation among frequency f , wavelength λ, 
and wave spread ν as do light waves and sound waves in air, that is:  
f λ = ν                                                                                                      (11.9) 
In SI base units, frequency is expressed in hertz (Hz), wavelength in m, and 
velocity in m/s. Of the obvious parameters appearing in above Eq. (11.9), it is 
the wave velocity that will be of primary concern. By measuring the distance L 
between the rock faces, the velocities VP and VS of the P and S waves can be 
calculated by:  
VP=L / tP        ;        VS = L / tS                                                               (11.10) 
                                                                                               
Where tP is the time required for the P wave to reach the opposite face, and tS is 
the corresponding quantity for the S wave. In fact , for any tock tested, it is 
found that  tP < tS , which means that  VP >  VS . P waves travel faster than S 
waves. In addition, P and S wave velocities depend upon elastic properties of 
the rock  that transmits the waves and its density. Thus, formula of P and S wave 
velocities can be derived in terms of the moduli that describe the elastic 
properties of the rocks. The formulas are: 
 
VP=  [E ( 1 – μ ) / { ρ ( 1+ μ ) ( 1 – 2 μ )} ]1/2                                          (11.11) 
  
VS = ( G / ρ ) 1/2  = [ E  /  {2 ρ ( 1+ μ )} ]1/2                                             (11.12) 
 
Where E  is the Young’s modulus; G shear modulus; μ Poisson’ s ratio; and ρ 
the density of the rock.    
 
11.2.3.3 Moduli from Wave Velocities  
 
  As elastic moduli describe the deformation in rocks under a specific mode of 
loading either static loading or dynamic loading. As civil engineer is interested 
in obtaining such constants, so the knowledge of the wave velocities allows 
calculation of the elastic moduli without subjecting the rock to actual loading 
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and deformation in the laboratory. So the required moduli as given from their 
defining equations with respect to wave velocities are: 
 
1- Young’s modulus (E): Its unit is Pa 
 
    VP= [E ( 1 – μ ) / { ρ ( 1+ μ ) ( 1 – 2 μ )} ]1/2  ; 
 
    E = [ ρ V2

P( 1+ μ ) ( 1 – 2 μ )] / ( 1 – μ )                                                 (11.13) 
 
2- Poisson’s ratio (μ): It is unitless. 
 
    μ  = ( V2

P - 2 V2
S ) / ( 2 V2

P - V2
S )                                                          (11.14) 

 
3- Shear modulus (G): Its unit is Pa 
  
    VS = ( G / ρ ) 1/2    ; 
 
    G  = ρ V2

S                                                                                           (11.15)  
 
4- Bulk modulus (or Incompressibility)(k): Its unit is Pa. 
    VP =  [(k + 4/3 G) / ρ ]1/2 
 
    K = ρ V2

P – ( 4/3 G )                                                                              (11.16) 
 
Its reciprocal is K the incompressibility.  
 
EXAMPLE 11.4: Find the density and bulk modulus of a rock has wave 
velocities 3.95 km/s and 5.82 km/s and shear modulus 37.6 GPa.  
 
As VP >  VS  ;  so VP = 5.82 km / s and  VS = 3.95 km/s  
VS = ( G / ρ ) 1/2 
3950 km / s = ( 37.6 * 109 Pa / ρ ) 1/2 
ρ  = 2410 kg / m3 
VP =  [(k + 4/3 G) / ρ ]1/2 
5820 m / s  =  [{k + 4/3 (37.6 * 109 Pa )} / 2410 km / m3 ]1/2 
k = 3.149 *1010  Pa 
k = 31.5   GPa 
 
EXAMPLE 11.5: Calculate the velocities of  P and S waves in a rock has bulk 
modulus of 11.916 GPa, a shear modulus of 7.932 GPa, and a density equal to 
2.62 gm/cm3. 
  
ρ  = 2.62 gm / cm3 = 2620 kg / m3 
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VP =  [(k + 4/3 G) / ρ ]1/2 
VP =  [{11.916*109  Pa  + 4/3 (7.932 * 109 Pa )} / 2620 kg / m3 ]1/2 
VP =2930 m / s = 2.93 km / s 
VS = ( G / ρ ) 1/2 
VS  = ( 7.932 * 109 Pa / 2620 kg / m3 ) 1/2 
VS  = 1740 m / s = 1.74 km / s  
 
EXAMPLE 11.6: A rock has S wave velocity of 3.4 km/s, a density of 2.7 
gm/cm3 and Poisson’s ratio of 0.36. Calculate: 
a- the velocity of P wave velocity in the rock.  
b- all elastic constants that could be determined.  
  
VS = [ E / {2 ρ ( 1+ μ )} ]1/2 
V2

S = E / [2 ρ ( 1+ μ ) ] 
( 3400 m / s ) 2 = E / [2 (2700kg / m3 ) ( 1+ 0.36 )] 
E = 8.489*109 Pa 
E = 84.9   GPa 
VP= [E( 1 – μ ) / { ρ ( 1+ μ ) ( 1 – 2 μ )}]1/2   
V2

 P = E( 1 – μ ) / [ ρ ( 1+ μ ) ( 1 – 2 μ )]   
V2

 P = 84.9 *109 Pa  ( 1 – 0.36 ) / [2700kg / m3 ( 1+ 0.36 ) ( 1 – 2 * 0.36 )] 
VP = 7269.64 m / s = 7.27 km / s  
VS = ( G / ρ ) 1/2 
G  = ρ V2

S 
G  =( 2700 kg / m3 ) (3400 m / s)2 
G  = 3.12 * 1010 Pa = 31.2 GPa  
VP =  [(k + 4/3 G) / ρ ]1/2 
V2 P = (k + 4/3 G) / ρ  
( 7270 m / s ) 2 * ( 2700 kg / m3 ) = k + [ 4/3 ( 3.12* 109 Pa)] 
k = 1.011 * 1011 Pa = 101 GPa 
 
 
 
11.2.3.4 Seismic Techniques 
   
    Seismic methods can be divided according to their applied type of waves into 
two methods:   
1- Seismic Reflection Method: It depends upon reflected waves and it is used 
almost exclusively in the petroleum exploration and for structural and 
lithological boundaries in great depths.  
2- Seismic Refraction Method: It depends upon refracted waves and it is used 
mainly for finding the thickness of unconsolidated deposits at shallow depths.  
      In the applied seismic methods, waves are generated at a shot point usually 
by firing off a small explosive charge electrically or, in adaptations of the 
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method, by dropping a weight or by hitting a metal plate with a sledgehammer. 
The arrival of the waves at various stations on a line of traverse is detected by 
seismometers  ( geophones ) planted at the surface, or by hydrophones in water-
covered areas. These convert ground or water motions into a varying electrical 
current. This is transmitted along wires linking each detector to a seismograph, 
where the output from each channel is amplified and recorded. On the seismic 
record (seismogram), the ground motion at each detector is represented by a line 
of wiggles on one trace of the record. The time taken by the waves as they 
follow different paths between shot point and detector can be measured as the 
moment of explosion, and time marks (usually at 0.01 s) are recorded also. 
     In the simplest and most commonly used seismic-refraction method (Fig. 
11.3), only the times of the first pulse of energy to arrive at each detector are 
used. For this reason, seismic-refraction apparatus is simpler and cheaper than 
that needed for seismic reflection surveys, in which more complex electronic 
equipment is essential to give a useful record of later, reflected arrivals. The first 
arrivals at detectors close to the shot point travel directly along the ground 
surface. A plot of arrival times (T) against distance (X) of each corresponding 
detector from the shot point gives a straight line. Its gradient is the reciprocal of 
the velocity (V1) of the rock at the surface. 
 
Slope = Time / Distance = 1/ (Time / Distance) = 1 / velocity = 1 / V    (11.17) 
 
Thus, if the waves penetrate two layers, then two straight lines with different 
slopes  (i.e. 1 / V1  and 1 / V2) are formed and intersected at a point which is 
called the cross-over point.   
       In refraction method waves, the waves pass through the upper layer across 
the interface and penetrate into the lower layer. In the lower layer, they travel at 
the velocity of waves in that layer, which is V2 . Hence, their travel times depend 
on V2 as well as V1 . Figure (11.3) shows the refracted waves produced by waves 
reaching the interface from the shot point (S). If the rock layer below layer V1 
has a higher velocity V2  (i.e. V2 > V1), there is a critically refracted ray which 
travels along the top of V2 . If layers V1 and V2 are coupled mechanically, such 
that the top of V2 cannot vibrate without exciting waves at the base of V1 (and 
this is the natural state of subsurface rocks), then waves pass through the 
interface from layer V2 to V1 , and in the process are refracted to continue 
towards the surface at an angle ic to the normal. Paths of this type (where the ray 
first plunges through layer V1 at the critical angle, then the wave travels rapidly 
along the top of refractor V2 , emerging through layer V1 at the critical angle) 
gradually overtake the direct ray. The delay in going down to and up from V2 is 
compensated as X increases by faster travel through the refractor. Critically 
refracted compressional P-waves eventually become the first to arrive at the 
detectors beyond a particular value of X. The gradient of the T-X values of these 
arrivals bears   a simple relation   to the velocity of a horizontal refractor  . If the  
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      Fig.(11.3) . An explosive charge, fired at the shot point S, generates body and surface    
            waves which propagate in all directions from S.   Only the rays  and   wavefronts 
            of the longitudinal   (P)   waves are represented,  since with their higher velocity  
            relative to the other types of  wave they   arrive  first at  the  detectors  laid  out 
            along the spread  (traverse)   being surveyed.   The corresponding time-distance 
            (T-X)   graph is a plot of these   first-arrival times   against  distance  X  from  S.  
            The graph   consists of two  straight-line  segments,  each  of which  is related to 
            one of the   two velocity   layers V1  (soil)  and V2  (bedrock)  distance X from S. 
            The graph consists of two straight-line segments, each of which is related to one 
            of the two   velocity layers V 1  (soil) and  V 2   (bedrock). The  interpretation of 
            the T-X graph is discussed in the text. 
 
 
straight line of the first layer is extended to T = 0, thus time is referred to as time 
intercept (Ti), or T0 in the Figure. While the intersection points of the straight 
lines is called the cross-over point ,where its distance from the shot point is 
called the critical distance (Xc). Thus the depth z1 from surface to interface may 
be obtained from the T-X graph, using the critical distance by equation:  
 
z1 = Xc1 / 2  [ ( V2 – V1 ) / ( V2 + V1 ) ] 1/2                                               (11.18)                                                   
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or by means the intercept time by equation: 
 
z1 = V1 V2 Ti1 / [  2 ( V 2 2 – V 21 ) ] 1/2                                                                                       (11.19)   

       
Ti1 is the intercept on the time axis (X=0) of the projection of the velocity 
segment on the graph which corresponds to V2 arrivals. The velocities V1 and V2 
are obtained from the gradients of the corresponding velocity segments. This 
theory can be extended to derive the depth of each of n horizontal interfaces 
separating velocity layers where the velocity increases with depth and every 
layer is recorded on the T-X graph as a straight-line segment. But we will 
consider only the simple case, two-layers case. In case of dipping interface 
model , it is needed to define the distribution of velocities more precisely, so it is 
preferable to make "shooting both ways" or reverse shooting.  
 
 
Applications of Seismic Refraction Technique in Civil Engineering  
   
1- It is important for site investigation to detect the subsurface rocks (such as 
bedrock) and their different properties, such as for dam site investigations.    
2-Determining the subsurface layers velocities and depths (or thicknesses) and 
their extensions and locating the regions of weakness. 
3- Delineating fracture zones, such as joints, faults and cavities. 
4- It is important for ground studies such as detecting groundwater levels and 
water quality. 
5- Mapping buried channels, gravel and sand deposits. 
6-It is important in soil investigations for estimating some geotechnical 
properties from seismic velocities and to correlate the measures between them 
such as for Standard Penetration Test (SPT). 

 
 

EXAMPLE 11.7: A seismic refraction surveying team takes in a site , the time-
distance curve shows that the first critical distance Xc1 is of  1200 m from the 
source ant the critical time T c1 of  0.4 s, while the second critical distance Xc2 is 
of  3200 m from the source ant the critical time T c2 of  0.6 s. It is required to 
find: 
1- velocity of the first layer ; 2- velocity of the second layer ; and 3- the depth to 
the horizontal interface. 
  
1- As Xc1=1200 m and T c1 = 0.4 s ; so  V1 = Xc1 / T c1=1200 m / 0.4 s=3000 m/ s  
2- As the cross-over point represents the beginning of the first critical distance    
    Xc1 at a distance 1200 m and time 0.4 m, and waves from the second layer at   
    a distance of 3200 m and time 0.6 s and then the velocity of the second layer    
    is: 
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    V1 = ( Xc2  - Xc1) / (T c2  -T c1)=(3200 m – 1200 m) / (0.6 s – 0.4 s)=10000 ms-1   
3- To find the depth  ( = thickness for the first layer ) : 
    z1 = Xc1 / 2  [ ( V2 – V1 ) / ( V2 + V1 ) ] 1/2 
    z1 = 1200 m / 2  [ ( 10000 – 3000 ) ms-1 / ( 10000 + 3000 ) ms-1 ] 1/2 
    z1 = 440 m 
 
EXAMPLE 11.8: A seismic refraction surveying was carried out in a site, the 
results of time-distance curve found two layers with velocities 2000 and 4000 
m/s for the first and second layers respectively. Find the depth to the horizontal 
interface, knowing that the critical distance at 0.13 km from the source.  
 
z1 = Xc / 2  [ ( V2 – V1 ) / ( V2 + V1 ) ] 1/2 
z1 = 130 m / 2  [ ( 6000 – 2000 ) ms-1 / ( 6000 + 2000 ) ms-1 ] 1/2 
z1 = 45.96 m 
 
EXAMPLE 11.9: A seismic refraction survey was made for a hydroelectric 
project. The results of time-distance curve found two layers with velocities 600 
and 1200 m/s for the first and second layers respectively, the critical distance 
was 180 m from the source and the time intercept of the second layer Ti1 was 
150 s. Find the depth to the boundary separating the two layers using: 
1- the critical distance   ;   2- the time intercept  
 
z1 = Xc / 2  [( V2 – V1 ) / ( V2 + V1 )] 1/2 
z1 = 180 m / 2[(1200 – 600) ms-1 / (1200 + 600) ms-1] 1/2 
z1 = 51.96 m 
z1 = V1 V2 Ti1 / [  2 ( V 2 2 – V 21 ) ] 1/2 
z1 = (1200 ms-1 )(600 ms-1 )(0.15 s ) / [2 {( 1200 ms-1 ) 2  – (600 ms-1 )2 }] 1/2 
z1 = 51.96 m  
 

11.2.4 Ground Probing (Penetrating ) Radar  ( GPR ) 

11.2.4.1 Basic Theory 
 
      GPR stands for Ground Probing Radar, is also called Ground  Penetrating 
Radar and as the name suggests, it is a technique for probing the ground. GPR is 
a geophysical method that uses radar pulses to image the subsurface. This non-
destructive method uses electromagnetic radiation in the microwave band 
(UHF/VHF frequencies) of the radio spectrum, and detects the reflected signals 
from subsurface structures. GPR can be used in a variety of media, including 
rock, soil, ice, fresh water, pavements and structures. It can detect objects, 
changes in material, and voids and cracks. Like any other radar, it works by 
sending an electromagnetic wave into the ground and recording the returning 
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signals that reflected from the subsurface horizons. These returning signals 
contain information about the materials, or to be exact about the changes in 
materials or penetrates of the ground at different depths. 
        GPR uses transmitting and receiving antennas or only one containing both 
functions (Fig. 11.4). The transmitting antenna radiates short pulses of the high-
frequency (usually polarized) radio waves into the ground. When the wave hits a 
buried object or a boundary with different dielectric constants, the receiving 
antenna records variations in the reflected return signal. The principles involved 
are similar to reflection seismology, except that electromagnetic energy is used 
instead of acoustic energy, and reflections appear at boundaries with different 
dielectric constants instead of acoustic impedances. 
        It is known that most of soils and rocks have very low conductivity (about 
< 10-2 S/m)  thus the electromagnetic waves propagation is mainly affected by 
electrical dielectric constants of soils and rocks. The applied frequencies used 
are considered low compared with that of Radar frequencies to ascertain their 
penetration inside earth layers.  
    The propagation of the radar signals into earth layers depends upon the 
electromagnetic properties of soils and rocks which are:  
1- Dielectric Permittivity (ε) 
2- Electrical conductivity  (σ)  

      Thus if these properties are changed abruptly at the layer interfaces so part 
of the energy will be reflected as in seismic reflection as shown in Fig.(11.4). 

 T R   R   

                                                                                Direct T-R wave 

  Medium 1                 εr1 σ1 Z1  Interface 1-2(Reflector 1)             

 Medium 2                       εr2  σ2           Z2             

 Medium 3             εr3  σ3  Interface 1-2(Reflector 1) 

                                                                    Z = TV / 2            Time 
                                       
                                      Fig. (11.4). GPR transmitting and receiving signals.
  

      The propagation of electromagnetic (EM) waves at frequencies in the range 
of megahertz (radar pulse) is mainly controlled by the dielectric properties of the 
rock material. The velocities of propagation of radar signal are related to the 
relative dielectric constant relative permittivity (or relative dielectric constant) 
(εr):  

http://en.wikipedia.org/wiki/Dielectric_constant�
http://en.wikipedia.org/wiki/Reflection_(electrical)�
http://en.wikipedia.org/wiki/Reflection_seismology�
http://en.wikipedia.org/wiki/Acoustics�
http://en.wikipedia.org/wiki/Dielectric_constant�
http://en.wikipedia.org/wiki/Acoustic_impedance�


Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

179 
 

 V =c/ (μ r εr  )1/2                                                                                                                                      (11.20) 
 
where εr (= ε /ε0) is the ratio of the dielectric permittivity of the medium to the 
dielectric permittivity of free space  (=8.85*10-12F/m), μ r (=μ/μ0) is the relative 
permeability of the medium which is about unity for most earth soils and rocks, 
and c = 3*108 m/s (=0.3 m/ns) is the velocity of EM waves in free space. Since 
μ r is close to unity for most rock materials (except a few strongly magnetic 
rocks), radar velocity is primarily controlled by  the dielectric constant of the 
medium as μ r ≈ 1: 
 
V =c/ ( ε r  )1/2                                                                                     (11.21) 
    
      In comparison with water for which εr =81, most geological formations have 
much lower values, the lowest values (in the range 3–10) being dry sand / gravel 
and silt, unaltered hard rocks, permafrost soils and ice.   
      GPR uses transmitting and receiving antennas or only one containing both 
functions. The transmitting antenna radiates short pulses of the high-frequency 
(usually polarized) radio waves into the ground. When the wave hits a buried 
object or a boundary with different dielectric constants, the receiving antenna 
records variations in the reflected return signal. The principles involved are 
similar to reflection seismology, except that electromagnetic energy is used 
instead of acoustic energy, and reflections appear at boundaries with different 
dielectric constants instead of acoustic impedances.    
       It is appropriate to use GPR if there are sharp differences in properties of 
the materials being surveyed. If the differences of the materials are small or their 
changes gradual then the returning signal are difficult to interpret in many case 
just impossible. GPR is well suited for geophysical, archeological surveys and 
civil engineering applications to locate hidden objects in the ground.  
      If the properties of the materials are trying to survey are not distinct enough 
then it becomes hard to detect them. We can use the concept of reflection 
coefficient to understand better the idea behind the materials contrast. The 
reflection coefficient (ρ) is the ratio of the difference of the square roots of the 
relative dielectric constant of the two interface materials to the sum of the square 
roots of  the relative dielectric constant of the two materials: 
 
 R = (εr2 1/2 - ε r1 1/2) / (ε r1

1/2  + ε r2 1/2)                                                   (11.22) 
 
where εr1 is the relative dielectric constant of the overlying material; and εr2 is 
the relative dielectric constant of the underlying material. 
      The reflection coefficient (R) can take positive or negative values, but for 
the purpose of the tutorial we are going to be concerned with the absolute value 
if it not the sign. Then, if it is correct to say that the reflection coefficient takes 
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values ranging from 0.0–1.0 .The closer the reflection coefficient gets to one the 
better for ground penetrating radar survey. Thus, the reflection coefficients 
grades are: 
1- Weak reflection coefficient (-0.2 < R < 0.2). 
2- Intermediate reflection coefficient  (0.2 < R < 0.35) or  (- 0.35 < R < - 0.2). 
3- High reflection coefficient  (0.35 < R < 1.0) or  (- 1.0 < R < - 0.35). 
    The energy reflected is directly proportional to the reflection coefficient. As 
the thickness of a layer or object decreases the energy reflected also decreases 
depending on the thickness and signal wavelength in the medium. Thus, the 
resolution power of GPR is controlled by the layer thickness. The resolution 
increases when the distance between any two interfaces becomes, at least, equal 
to quarter of the radar signal.  
      Water plays an important role in the attenuation of the EM waves and it 
affects the GPR survey. The higher the conductivity of the materials we are 
trying to survey the higher the attenuation of the electromagnetic waves 
penetrating the media and therefore the less we can "see" into the ground. 
Highly electrical conductive media are salt water, and some types of clay 
particularly if they are wet. Agricultural soils containing soluble fertilizer like 
nitrogen or potassium can be highly conductive as well. 
How does water affect the GPR survey? 
1- Soils-containing water have high electrical conductivity. 
2- Water particles absorb energy with high frequency (> 1000 MHz). Thus high 
frequencies are used for shallow depth investigations, while low frequencies are 
used for large depth investigations. 
        The depth range of GPR is limited by the electrical conductivity of the 
ground, the transmitted center frequency and the radiated power. As 
conductivity increases, the penetration depth also decreases. This is because the 
electromagnetic energy is more quickly dissipated into heat, causing a loss in 
signal strength at depth. Higher frequencies do not penetrate as far as lower 
frequencies, but give better resolution. Optimal depth penetration is achieved in 
ice where the depth of penetration can achieve several hundreds meters. Good 
penetration is also achieved in dry sandy soils or massive dry materials such as 
granite, limestone, and concrete where the depth of penetration could be up to 
15 m. In moist and/or clay laden soils, saturated concrete and soils with high 
electrical conductivity, penetration is sometimes only a few centimeters. The 
depth of penetration is related with the electrical conductivity by the following 
general formula: 
 
D = 35 / σ                                                                                               (11.23) 
where D is the depth of penetration in (m) and σ is the electrical conductivity 
in (mS/m). 
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11.2.4.2 Applications of GPR in Civil Engineering and Limitations 
  
      GPR has many applications in a number of fields: 
1- In the Earth sciences: It is used to study bedrock, soils, groundwater, and ice. 
2- In Engineering applications include nondestructive testing (NDT) of 
structures and pavements, locating buried structures and utility lines, and 
studying soils and bedrock. 
     a- The advantages of using GPR are many; first of all it is a relatively 
inexpensive way of surveying large areas without destroying or corrupting 
anything. Non-destructive-Ground Penetrating Radar provides a non-Destructive 
means to locate items within materials. 
      b- GPR provides an easy way of estimating depth to layers, ground waters, 
bedrock, caves and many other underground or under surface phenomena 
without the need for digging. 
     c- GPR systems have no problem what so ever to find metallic or non-
metallic pipes, electrical cables hidden underground, concrete conduits 
etc.(Picture on the left showing a hyperbola in the B-Scan, which is typical for 
pipes) . 
      d- GPR can be used to visualize numerous materials, voids, cracks, and leaks 
at slab grade.  
      e- GPR reduces the time needed to meet your deadlines. GPR can locate 
items in real time avoiding film developing times. GPR operates in real time. 
Scans are available within minutes. 
3- In environmental remediation: It is used to define landfills, contaminant 
plumes, and other remediation sites.  
4- In archaeology: It is used for mapping archaeological features and 
cemeteries. It is used in law enforcement for locating clandestine graves and 
buried evidence.  
5- In military: Its uses include detection of mines, unexploded ordnance, and 
tunnels. 

Limitations 
      The most significant performance limitation of GPR is poor performance in 
high-conductivity materials such as clayey soils. Performance is also limited by 
signal scattering in heterogeneous conditions (e.g. rocky soils). 
Other disadvantages of currently available GPR systems include: 

• Interpretation of radargrams is generally non-intuitive.  
• Considerable expertise is necessary to effectively design, conduct, and 

interpret GPR surveys.  
• The cost of GPR equipment and software is relatively high.  
• Relatively high energy consumption can necessitate large cumbersome 

batteries for extensive surveys.  
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11.2.4.3 Examples of Jobs Performed 

     A leaking pipe at slab grade was identified to limit the digging necessary to 
replace the segment of pipe below a residential property. The location of a leak 
in a subsurface pipe is undetectable by any other means. An underground tank 
was located using GPR for replacement. The tank was to be reused for another 
purpose and could not be damaged. GPR was used to locate the tank. The size, 
shape, and depth were located quickly and the tank successfully removed. If 
concrete coring is being done the technician will identify a safe area without 
cutting rebar or Post Tension Cables. Ground Penetrating Radar can aid Law 
Enforcement by locating evidence or burial grounds (Figs. 11.5 and 11.6).  
 

                                                 
 
Fig. (11.5). A ground - penetrating   radargram  collected  on an historic cemetery in    
                  Alabama,USA. Hyperbolic reflections indicate the presence of reflectors 
                  buried beneath the surface, possibly associated with human burials. 

      

                                                                        
  

           Fig. (11.6). Other examples for ground-penetrating radargram. 
 
 
 
EXAMPLE 11.10: If the time for receiving radar signal from a subsurface 
reflector is 2.4 s where the reflector depth is 408 m from earth surface. Find the 
radar wave velocity in the reflector? 
 
Z = ( L 2 – X 2 ) 1 / 2 
For large depths Z ≈ L ; so  
Z = L = V ( T / 2 ) 
V = Z / ( T / 2 ) = 408 m / ( 2.4 s / 2 ) = 340 m /s 
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EXAMPLE 11.11:  A subsurface refractor interface has been detected by 
ultrasonic waves at a specific depth from earth surface, if the wave frequency is 
500 kHz and its wavelength 0.003 m and the knowing that the transmitting 
signal has been received after 4.0 s. Find the depth to the subsurface reflector? 
V = f λ 
V = (500 kHz ) ( 0.003 m ) = 1500 m / s 
Z = V ( T / 2 ) 
Z = (1500 m / s ) * (4.0 s / 2 ) = 3000 m  
 
EXAMPLE 11.12:  A radar signal has been introduced into water with a 
frequency of 1.0 MHz where the average electrical conductivity of water is 4.0 
mS/m and the relative dielectric constant of water is 80.0. Find:  
1- the radar signal velocity in the water ; 2- the depth of penetration.  
V =c / ( εr  )1/2 
V = (3* 10 8  m /s ) / (80 )1/2 
V = 3.35107  m /s = 0.033 m / ns  
D = 35 / σ 
D = 35 / ( 4.0 mS /m )  
D = 8.75 m   
    
EXAMPLE 11.13: A radar signal sent out by a GPR into two different media 
dry sand and wet clay. It is found their relative dielectric constants were 10.0 
and 40.0 respectively and the electrical conductivity of the dry sand was 0.01 
S/m. Find: 
1- the reflection coefficient and its grade  ; 2- the radar wave velocities in the 
two media ; 3- the depth of penetration. 
1-  
R = (εr2 1/2  - εr1 1/2 ) / (εr1

1/2  + εr2 1/2 ) 
R = (40.0 1/2  - 10.0 1/2 ) / (10.0 1/2  + 40.0 1/2 ) 
R = ( 6.3 – 3.2 ) / ( 2.3 +6.3 ) = 0.32  
    By using the grades of the reflection coefficient, with the value of R = 0.32 it 
is of intermediate reflection coefficient.  
2- 
V =c / εr  )1/2 
V 1 =c / ( ε r1 )1/2 = (3* 10 8  m / s ) / ( 10.0 )1/2 = 9.48 * 10 7  m / s    
V 2 =c / ( ε r2 )1/2 = (3* 10 8  m / s ) / ( 40.0 )1/2 = 4.74 * 10 7  m / s    
3- 
D = 35 / σ  
D= 35 / ( 0.01 S / m ) = 35 / 10.0 mS / m = 3.5 m  
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11.2.5 Electromagnetic Methods 
  
11.2.5.1 Basic Theory 
  
         Electromagnetic Methods use an EM field generated by a transmitter coil  
through which an alternating current is passed. This generated a magnetic field 
around the transmitter coil. These methods generally use frequencies in the 
range between 100 and 5000 Hz, but radio waves of higher frequencies are also 
used. When the transmitter coil is held near the earth, the magnetic field induces 
an electrical field in the earth. The electrical field will travel through the ground 
at different strength depending upon the ground conductivity. The field strength 
is measured in a passive receiver coil. Changes in the phase, amplitude, and 
orientation of the primary field can be measured either with time or distance by 
using the receiver. These changes are related to the electrical such as electrical 
resistivity (ρ), magnetic permeability (μ), the  frequency of the EM field and the 
type of the soil and rock cover. There are several different EM methods 
available.   
         
11.2.5.2 Applications of EM Methods in Civil Engineering  
1- They are all have the advantage of being rapid and less expensive. 
2- The techniques are very effective in minerals prospecting such as  conductive 
bodies. 
3- They can be used to detect changes in the earth conductivity related to 
contaminant plumes, buried metallic waste such as plumes or salt-water 
interfaces.  
4- They can be used in groundwater investigations such as mapping 
groundwater levels and subsurface cavities and caves .   
5- The technique has been used effectively in mapping buried channels where 
channel-filling material has a resistivity contrast with the enclosing medium.  
 
 
11.2.6 Gravity Method 
 
11.2.6.1 Basic Theory 
 
      The gravity method depends on the gravitational attraction which is defined 
by Newton’s Law. If the earth is one of the two masses, then its gravitational 
attraction is more generally described in terms of the acceleration g it evokes in 
the other mass. Gravitational acceleration g has traditionally been expressed in 
cgs units of cm s -2, called for this purpose a gal (after Galileo). Its value ranges 
from just under 978 gal at high altitude at the Equator, to over 983 gal at sea 
level at the Poles. A smaller unit, the milligal (equal to 0.001 gal) has 
conventionally been used in exploration surveys. The gravity method depends 
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on the density contrast across the interface being investigated. Since structures 
of interest in site exploration are relatively small, the gravity method is usable 
only if the density contrast is relatively large, and even then only as a 
reconnaissance method because of poor resolution. 
      Comparison of observed values of g corrected for elevation, etc. with the 
theoretical value for the same station normally shows a difference called the 
Bouguer anomaly at the station. Bouguer anomalies exist because the density 
layering   in   the   earth  is  not  simply  concentric .  Folds,  faults  and  igneous 
intrusions bring denser rocks close to the surface in some areas, resulting in 
anomalous masses with respect to a horizontally layered earth ( Fig. 11.7).The 
magnitude of a Bouguer anomaly is related to the size of structure and to the 
density contrast across the interface being investigated. Since structures of 
interest in site exploration are relatively small, the gravity method is usable only 
if the density contrast is relatively large, and even then only as a reconnaissance 
method because of poor resolution. This condition is met in two types of 
problem. 
      Gravity meters, for example the commonly used Worden Meter, can be read 
to a precision of 0.01 mgal, though slight irregularities in instrumental drift 
make the accuracy less. Errors in correcting for elevation, irregular terrain 
around the meter station, and tidal effects normally reduce the accuracy of a 
corrected reading to about 0.03 mgal under favorable circumstances (a small flat 
site), but the error may be closer to 0.1 mgal where topography is irregular. 
Although this is a small fraction of the total earth’s gravity field, it is an 
insensitive measure of changing subsurface conditions, and for this reason the 
gravity method has had limited application to engineering problems. 
      For example, measurements of the pull of gravity at different places 
(stations) along a traverse can be used to predict how rocks of different density 
occur below the traverse. If we consider a simple density model, say the left-
hand side of Figure 11.7, with only two materials of density 2.0 and 2.5 g cm-3 
present and separated by a horizontal interface, then the attractive mass 
distributed under any point at the surface is the same, and the pull of gravity at 
the surface is constant along the model. Using this as a standard, let us 
redistribute the materials. If the deeper, denser layer is stepped up towards the 
surface by a fault (F on Fig. 11.7), part of the 2.0 g cm-3 layer in the standard 
model is now substituted by 2.5 g cm-3 material. The new density model may be 
described as differing from the previous, standard model by the addition of a 
positive anomalous mass of density +0.5 g cm-3, and of cross-sectional area 
abcd. This extra mass increases the pull of gravity relative to the "standard" 
value. There is a gravity anomaly with respect to standard gravity that 
corresponds to the anomalous mass and indicates its presence. 
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      Fig. (11.7).   The ‘pull of gravity’, g,   which results from the simple  horizontal                  
                density layers, is plotted as   ‘standard gravity value’.   The raising of a 
                block  of the  denser   2.5 g cm-3   layer by   upthrow   along the   fault  F 
                increases the value of  g  along the traverse.   The greatest  increase  is 
                on the upthrown side, and the most rapid change of  g along the traverse 
                (that is, the greatest horizontal gradient of g) occurs  immediately above 
                the fault.    The difference   between   the  second  set of  values,   which 
                include the effects of the   anomalous  mass,    and the   ‘standard value’  
                at  any  surface  point is  called  the  ‘gravity  anomaly’  at  that  station. 
                The units used for g are milligals (mgal) . 
 
 

11.2.6.2 Applications of Gravity Method   
1- It is mainly used for regional studies such as that related to earth crust. 
2- Delineation of structural contacts and faults. 
3- Investigations for minerals and petroleum.  
4- Mapping of alluvium- bedrock contact. 
5- Gravity investigations of landfill nature and dimensions. 
 
 
11.2.6.3 Application of Microgravity in Civil Engineering  
 
    The term microgravity denotes an extremely small anomaly occurring in a 
very small areas. Recording of such anomalies requires a high degree of 
precision in gravity instruments. The unit of this instrument is μgal (= 10-6 gal). 
Nowadays, this method is used in engineering and geotechnical applications.  
The main applications of microgravity in civil engineering are: 
1- Detection of subsurface voids and cavities. 
2- Mapping the ancient buried channels. 
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3- Finding solutions for problems associated with man-made openings such as 
abandoned mines and tunnels.  
4- For detailed studies for dam sites and detecting groundwater courses.  
5- It may be used to study the amount of concrete required for grouting. 
6- It is used for archeological studies.  
7- Observing  and monitoring the changes in earth crust for earthquake 
prediction. 
8- It is used for mineral deposits and petroleum reservoirs.  
 
 
 
11.2.7 Magnetic Method 
 
 11.2.7.1 Basic Theory 
 
     The earth’s magnetic field (that is, the geomagnetic field) changes slowly 
with time, and from place to place. The variation with geographical position 
includes a gradual change of magnetic intensity from about 0.3 oersted (Oe) at 
the Equator to 0.7Oe at the Poles. 
    The SI units of magnetic flux density is the tesla (T). The unit commonly used 
in applied magnetic surveys is the gamma (1 gamma =10-5 Oe). Acute local 
differences of intensity from the normal background value of a region are called 
magnetic anomalies, and are caused by the presence of magnetized rocks in the 
ground.       
      Rocks acquired its magnetization from:  
1- Induced Magnetization: Sedimentary rocks, such as red sandstones, may 
acquire weaker permanent magnetization during deposition,  part or all of the 
magnetization of a rock may be induced temporarily by the present field; that is, 
it would disappear if the rock specimen could be screened magnetically from it. 
The degree of magnetization in a given intensity of field is related to the 
magnetic susceptibility of each mineral in the rock and the intensity of magnetic 
field. 
2- Remanent Magnetization: This type of magnetization depends on the 
geologic history of the rocks. Since a magnetized body has positive and negative 
magnetic poles, both positive and negative anomalies are produced by the same 
mass of rock. The shape of the anomaly curve is controlled not only by the 
shape of the magnetized body but also by the direction in which it is magnetized 
by the geomagnetic field. 
 
      A variety of instruments have been designed to measure different parameters 
of the geomagnetic field. The most commonly used in site exploration is the 
proton magnetometer, which gives the value of intensity at a station to within 1 
gamma. A reading can be made in a few seconds and, once the stations are 
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pegged out, a survey can be done rapidly. There is usually no need to level the 
stations or make systematic corrections to the readings if the survey is over a 
small area only and is completed in a day. The contoured results (an isogram 
map) of a survey carried out over an abandoned mineshaft are shown in Figure 
11.8. The position of the shaft’s rectangular outline is approximate as there is no 
confirmatory surface feature. The nature of the capping of the shaft, which 
produces the positive magnetic anomaly, is unknown, but it seems unlikely that 
iron railings are present. Other anomalies in the geomagnetic field are typical of 
a colliery yard.  
 

                
 
 
          Fig. (11.8).   The   position of  a   concealed   mineshaft  is  shown  by 
                   The  rectangle on the map.   The magnetic  anomalies related  to 
                   it and to the colliery yard are derived by contouring the readings 
                   taken   by  a  proton   magnetometer   at   100  gamma    interval 
                   between isogams. 
 
 
11.2.7.2 Applications of Magnetic Method  
 
1- Magnetic surveys are used mainly for mineral exploration.  
2- Magnetic surveys are used to study the structure and composition of the earth. 
3- The more general application of the magnetic method is to locate boundaries 
where igneous rocks lie on one side. It is, for example, the quickest, cheapest 
and most certain way of locating a dyke close to the surface.   
4- It can be useful in indicating the depth to magnetic basement rocks.   
5- Detection of archeological objects.  
6- It can be used to delineate the area of unconsolidated basin fill or buried river 
stream-channel aquifers. 
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REVIEW QUESTIONS AND PROBLEMS 

 
11.1 Why   is resistivity  as  obtained   in  the  field  called  apparent  resistivity? 
 
11.2 Comment on the   utility of the  electrical   resisivity in   civil   engineering. 
  
11.3 Give short notes for the following items: 
        a- Bouguer anomaly 
        b- Reflection coefficient 
        c- Remanent magnetization 
        d- Time intercept 
        e-  EM method 
 
11.4 Contrast between the following: 
        a- Electrical sounding and electrical profiling. 
        b- Remanent and induced magnetization. 
        c- Geophone and hydrophone. 
        d- GPR and seismic reflection. 
        e- Gravity and microgravity methods. 
 
11.5 What are the main geophysical methods that are  used in  civil   engineering     
        projects? List their main applications.   
 
11.6 If the travel  time  curve  is a  smooth or   irregular instead  of  straight line,    
       What is your inference? 
 
11.7 When do you expect the refraction technique to be non-operative? 
 
11.8 What is the effect of the degree of saturation in the specimen on  the wave     
        velocity? 
 
11.9 Compare the velocity  values you  obtained  for  the rock  specimens  with  
        those of the concrete specimens. 
 
11.10 Is it  true  that  P - waves always travel  faster  than  S-waves ?   Can you      
         justify this by equations? 
 
11.11 What is the range values of Poisson’ s ratio for rocks?   In which   ( either  
          Field or laboratory) of determination of Poisson’ s ratio, are the values for  
          rocks higher and why? 
 
11.12 How does water affect the GPR survey? 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

190 
 

11.13 The  readings  given  in  Table  (11.1)  were   obtained   using a resistivity  
         meter. Complete the table by finding the geometric factor and apparent   
         resistivity . 
 
Table (11.1). Problem 11.13. 
 
MN/2  
(m)  

AB/2 
(m) 

Voltage 
(mV) 

Current 
(mA) 

Resistance 
(ohm) 

Factor F 
=(π/MN)[(AB/2)2-MN/2)] 

App. Res. 
ρa(ohm.m) 

0.15 1.5 53.0 26    
0.15 2.1 20.6 23    
0.15 3.0 11.4 28    
0.15 4.5 3.8 22    
0.75 4.5 17.0 20    
0.75 6.0 13.0 28    
0.75 9.0 7.7 32    
0.75 12.0 3.3 25    
0.75 15.0 2.6 28    

 
 
11.14 The  following  readings  (  Table 11.2  )   were   obtained   using  Wenner   
          arrangement during an electrical survey. Complete the table.  
 
Table (11.2). Problem 11.14. 
 

Electrical spacing a 
(m) 

Meter Reading R 
(ohm) 

Factor K Apparent Resistivity  ρa 
(ohm.m) 

2 3.3   
4 1.2   
6 0.469   
8 0.311   
10 0.258   
15 0.179   
20 0.163   
25 0.147   
30 0.137   
35 0.135   

 
11.15 When one face of a slab of rock is struck with a hammer,  a detector at the   
         opposite face 85.0 cm away receives waves 230 μm and 425 μm later. Find  
         the velocity of : 
         a- the S wave and, 
         b- the P waves in this rock                               
   (Ans. a- 2.0 km/s ; b- 3.70 km/s)   
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11.16 Certain rocks have density 2.75   gm/cm3  ,  Young’ s  modulus 47.4 GPa,     
         and Poisson’ s ratio 0.413. Calculate the velocity of S waves in the   rocks.   
              (Ans. 2.48 km/s) 
 
11.17 A seismic refraction  survey  results  in data fitting the  lines shown on the  
         graph of Figure  (11.9).   Find the  depth to   the horizontal interface. 
    Travel time (ms) 
 
 
   150 
 
   100 
 
 
 
 200                380 Distance (m) 
 Fig.(11.9) Problem 11.17. 
 
11.18 A particular  rock  has  a shear  modulus  of 12.6 GPa  and  seismic wave   
         velocities of 2.25 km/s and 3.87 km/s. Find the bulk  modulus of the rock.   
     (Ans. 20.5 GPa.) 
 
11.19  In a refraction  shooting six geophones were  placed along  a straight  line    
         and the seismic record gave the following data (Table.11.3): 
 
     Table (11.3). Problem 11.19. 
  

Geophone Distance from shot point (m) Time of first arrival 
(sec) 

G1 
G2 
G3 
G4 
G5 
G6 

 

100 
200 
300 
400 
500 
600 

0.15 
0.10 
0.15 
0.19 
0.23 
0.28 

 
It is required to: 
a- Draw the time-distance graph and how many layers are there? 
b- Determine the velocities and 
c- Determine thickness of layer(s). 

(Ans. a- 2 layers;  b- V1=1943 m/sec, V2=4000 m/sec; c- Z1= 104.6 m) 
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12. Geological Problems Related to Civil Engineering 
  
12.1 Earth Movements  
 
12.1.1 Types of Earth Movements (Down-slope Movements)  
  
    There are two main types of down-slope movements as illustrated in Figures 
(12.1and 12.2): 
1- Slow Movements 
       It includes:  
Creep: It is common on many sloping surfaces. Creep occurs on steep slopes 
and produces a downhill movement at low rates (less than 10 mm per year) of 
the top few meters of soil. It is facilitated by the effects of frost, and by heavy 
rain washing out fines from the soil. Any excavation on a slope affected by 
creep is likely to increase movement. Creep may be recognizable by 
displacement of fencing or of a cover of turf, or by drag effects of strata under 
the soil. As the rock, including rock fragments, are subjected to continuing 
erosion and decay, the support under the rock fragments may be so altered that 
their mechanical equilibrium is disturbed and they move down-slope under the 
influence of gravity.  
Solifluction: It is a special type of slow mass movement. It is defined as the 
slow flowage down a slope of masses of rock waste saturated with water. It is 
well developed in permanently frozen ground (permafrost). 
  
Indications for Creep and Slide of Soils  
1- Bending of trees roots. 
2- Bending and slump of columns and walls. 
3- Bending and sliding of statues. 
 
Causes of  Creep and Slide of Soils  
 1- The removal and loss of support beneath the rock fragments may be due to 
many causes such as mechanical movement and disruption and decay of the rock 
particles under chemical attack. 
2- Expansion of rock mass due to freezing of contained water, thus the major 
component of motion will be normal to the slope. When melting later occurs the 
released particles will subside again but vertically under the attraction of gravity. 
3- Downhill creep of soil and rock fragments due to freezing and thawing.  
4- Both rupture by frost and chemical decay may remove support from beneath 
rock fragments and permits downward movement on a slope.  
5- Expansion and contraction in rock masses due to temperature changes.  
6- The effect of repeated saturation and drying of water in voids of the 
unconsolidated materials.  
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7- The effect of plant roots in causing rock cracks and factures filled by slided 
soils , the effect of wind, animals  and vehicles. 
 

 
 
   Fig. (12.1) . Types of down-slope movements. 
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                     Fig.(12.2). Slope failure at Sonoma County, California.  
 
 
2- Rapid Movements  
      Rapid mass movement occur as various kinds of slides and flows. The basic 
distinction between them, flows in which every part of the mass moves with 
respect to every other part, while in slides, the whole mass moves as a unit by 
sliding upon a single surface.  
a- Flows: Flow is a rapid movement of waterlogged soil, broken rock and mud 
down hill, usually after prolonged rain. It involves loss of cohesion in a mass of 
debris. Specialists in soil mechanics and engineering works use a classification 
for flows. When large masses of fine material, especially if suddenly saturated,  
may accumulate on hill-slopes and adjacent valley floors specially in semi-arid 
regions and are called lahr. When large blocks as well as fine material are 
involved are called debris avalanches which are characteristic of mountainous 
regions. 
 
b- Slides: They move as distinct blocks and may slide upon curved shear 
surfaces or upon some structural surface such as bedding layers in the rocks. 
Sliding upon a curved  shear surfaces is most common where clays or sands 
stand in steep walls as in sea cliff, or the bank of rivers, and of artificial cuttings. 
The sliding characteristics of banks are of immense importance in engineering. 
Changing the strength of the bank material by removing water (either by 
installing drains or by planting trees with a high transpiration rate), and so 
increasing the internal friction, is a method used to stabilize some banks. 
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Examples of banks that were overloaded by surcharging (through building 
construction) are known from many places, sometimes the results have been 
disastrous, whole housing developments having slide into a valley. 
Rock slides, controlled by the structure of the rock, occur when some potential 
plane of movement slopes toward an open face and is overloaded. The 
movement plane may be a fracture, a bedding surface (plane), or any other 
similar feature.    
       Minor rock falls are produced by weathering acting on unstable rock 
slopes. The susceptibility of a given rock to weathering processes can be 
estimated by determining its saturation moisture content (is) and swelling 
coefficient (Es). Igneous and high-grade metamorphic rocks with their values of  
less than 1% are generally safe from weathering effects. Sedimentary rocks and 
low-grade metamorphic rocks are considered to be safe on slopes if their values 
are less than 3%. If exposed rocks on a slope have high saturation moisture 
contents, then tests should be carried out over a period of time, under both 
freeze-thaw and wet-dry conditions, and their swelling behavior noted. Ice 
action is important if joints are present. If the rock mass has a low block volume, 
that is, less than 0.5 m3, minor rock falls may occur, even if the rock has a low 
saturation moisture content. 
      Major rock falls usually result from collapse caused by undermining of 
rocks above a weak layer. The agent may be weathering, erosion or mining. 
Common weaknesses in a rock mass which can lead to collapse after weathering 
and etching out by erosion are layers of clay rock, chlorite in joints, and 
carbonate rocks, including calcareous sandstones. 
 
Causes of Landslides  
 
      The main causes of landslides are:  
1- The presence of weak rock layers such as shales or unconsolidated materials  
such as sands and gravels.  
2- The presence of thick and solid rock layers over weak rock layers . 
3- The presence of bedding surfaces , joints and steeply dipping faults .  
4- The presence of steep rock cliffs. 
5- The scarce of vegetation due to high temperature .    
 
Factors Causing Initiation of Movements  
 
1-Supports removal by natural processes (such as waters and wind), or by 
human–being activities (such as excavation and mining).   
2- Increasing weights of rocks due to water saturation.  
3- Earthquakes resulted from faulting or volcanoes.  
4- Friction decrease between rock masses in the presence of water.   
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5- Pressures resulted from extension and contraction of water by thawing and 
freezing respectively.  
 
Subsidence  
     It is resulted from the slow vertical movement of earth masses due to 
overloading or weakness of the lower materials. Its causes are:  
1- When the positive areas were uplifted, the adjacent areas were depressed.  
2- Exploiting groundwater.  
3- Destroying the roofs of mines. 
4- Dissolution of chemical rocks such as limestones.  
5- Compaction due to increase in the weight of rock column. 
6- Earthquakes and blasting.  
 
12.1.2 Engineering Aspects of Landslides  
 
Damages and Costs  
     Highways, railways and pipes are the most common features that are affected 
by landslides. Also green lands and  houses may be destroyed by the effect of 
landslides. Rivers and lakes may be subjected to such slides as a result of sliding 
and excavation. For example, as a result of earthquakes, a great damages may be 
occurred and accompanied by landslides causing many towns to be destroyed. 
Thus rockslides or landslides are very numerous and usually small. The majority 
probably involve only a few hundred or a few thousand tonnes of rock and may 
not even achieve local notice. Some are very large or disastrous and achieve 
great fame. The largest slide known in Europe is the prehistoric slide at Films, 
Switzerland, where about 18 cubic kilometers of rock fell off the mountain slide. 
It dammed the valley of the Rhine to a height of 600 meters. Many other slides 
were occurred later; such as that occurred in the Pamir Mountains in 1911 that 
contained 2500 million cubic meters of rock and formed a dam 800 meters high 
in the Murgab River; and the slide that occurred during 1982-1983 in Yeshtil, 
USA, that contained about 4 million cubic meter of claystone, sandstone and 
limestone.  
  
Engineering Solutions  
     Landslides, rockslides and avalanches present immediate hazards to nearby 
life and property. Hence, it is usually a serious concern too see it that a local 
arrangement of earth materials on slopes does not pass from a static to a 
dynamic state. Engineering intervention may be necessary if the risk of sliding is 
significant. Thus different stabilizing techniques are introduced by some 
engineering expedient to avoid slips. 
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Stabilization of Slopes 
       In brief, the different common measures taken to prevent slope failure are as 
follows: 
1- Lowering moisture content of soil forming slopes.  
2- Lowering groundwater table by drilling deep wells to exploit water. 
3- The slope is drained to reduce load and increase strength of frictional forces 
by means of trenches filled with rubble (fragments).  
4- To increase slope stability either the slope is modified by removing material 
from the potentially active part of the slope (load removal) and adding it to the 
‘toe’ of the slope, or addition of some stabilizing material to the toe of the slope  
or both processes.  
5- When such slopes are nearby life and property (such as highways, railways 
and buildings), walls construction is recommended. The slope is supported by a 
retaining wall or by embedded piles which are anchored to the rock mass. The 
soil and rock behind the wall must be drained. 
6- An unstable rock face may be stabilized either by bolting or by using steel 
mesh. Bolting is used to anchor large unstable blocks, and steel mesh to cover 
entire sections of an unstable steep rock face. To prevent sliding, stabilization 
may be done by installation of rock bolts which are solid rods usually of steel 
driven through the block into the slope and  are generally installed at 90˚ to the 
slope. Where such unstable slopes exist, for example in a new road cutting, 
sufficient shoulder width should be allowed to "absorb" debris, and a side ditch 
excavated with or without a rock fence to protect the new road. Another method 
to prevent sliding is stitch the block to the slope. A hole is drilled through the 
block perpendicular to, and into the slope. Some cement is poured into the 
bottom of the hole. Then, instead of a bolt a cable is inserted. One end of the 
cable is secured by the cement, when hardened.  
 
12.1.3 Prediction and Prevention of Landslides  
 
      Most landslides are caused by the gradual deformation of the unconsolidated 
materials except those resulted abruptly due to earthquakes. To prevent 
landslides, the previous techniques may be used in addition to other methods 
suggested by engineers such as electrical osmosis permeability. 
     Regarding the prediction about the landslides, engineers and geologist 
usually study the nature of the loose materials and rocks forming the slopes, 
measure its gradient, nature and distribution of cracks, moisture content of soil 
and rocks. Some sophisticated instruments may be used to measure the fluid 
pore pressures. In case of abrupt landslides, there is no signs indicate the 
possibility of landslide occurrence.  
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12.2 Principal Geological Factors Affecting Engineering Projects 
 
12.2.1 Stability of Slopes and Cuttings 
 
Geological Factors Affecting the Stability of a New Excavation 
 
       The static conditions that control the initial and also the later stability of a 
steep face cut into soil or rock, and which may determine the need for support or 
remedial treatment, are as follows: 
1- The properties in bulk, particularly the shear strength, of the material 
forming the cutting: The stability of a cutting in rock is usually dependent on the 
occurrence of joints and other planes of weakness, and on tmounhe at of 
cohesion and the friction across these planes.  
2- The structure of the rocks and soils, and specifically how any planes of 
weakness are orientated relative to the newly exposed face: for example, 
horizontal bedding planes in poorly jointed sandstone often give near vertical 
faces which are stable, whereas faults or joints striking parallel to the new face, 
and dipping steeply towards it, will probably be planes of movement or potential 
instability.  
3- The groundwater conditions: Saturation significantly lowers the strength of 
most soils compared with their values when dry. Certain soils weaken to a stage 
at which they run like viscous liquids. High pore pressure of ground water in a 
layer, or in a plane of weakness, lowers frictional resistance to movement. (The 
mechanism is the same as that which allows a hovercraft to glide over water, or 
land on a high-pressure cushion of air). A dramatic and tragic example of 
instability triggered by high pore pressure within a body of soils was the 
Aberfan disaster in 1966, when a spoil heap of mine waste slid downwards on to 
a Welsh village enveloping and destroying a large part of the local school.  
4- Stresses produced by natural loads adjacent to the cutting: steep-sided valleys 
or mounds affect the state of stress in the ground near the surf ace, not only 
below themselves but also for some distance around. This lateral change in 
stress conditions may be sufficient to cause instability of weak rocks and soils. 
For example, valley bulges are produced in this way, and they may be 
accompanied by instability of an adjacent slope. An initially stable slope may 
become unstable with the passage of time because of human disturbance. This 
may consist of adding a fresh load such as a spoil heap, removing support by 
excavating, or triggering movement by vibrations from nearby heavy machinery. 
 
The other common geological causing instability of existing slopes are: 
a- Weathering of the soil or rock of the slope so that it becomes weaker: This 
may affect the bulk of the material (for example, boulder clay) or may be 
concentrated along planes in a rock. Chemical alteration of existing minerals is 
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important under certain conditions, as is mechanical break-down in others, 
Periglacial weathering in Pleistocene times also affects the stability of some 
present-day cliffs. 
b- Erosion of the slope by a river or other natural agent, usually at its base but 
possibly along a weaker layer or plane, may cause undermining to take place. 
c- Change in water content of the soil or rock: heavy rain, especially after a 
drought, saturates the material forming the slope, increasing its mass and the 
gravitational pull on a given volume, and also reducing the strength of soils and 
the friction along any discontinuities. 
 
12.2.2 Erosion and Deposition 
    There are different pictures and nomenclature of erosion and deposition 
processes depending upon the type of transporting agent whether it is water, 
wind or ice. Thus, there are:   
1- Erosion and deposition by water.  
2- Erosion and deposition by wind. 
3 Erosion and deposition by ice. 
  
12.2.2.1 Erosion and Deposition by Water 
     Rivers do not ordinarily flow in straight lines very long. Small irregularities 
in the channel cause local fluctuations in velocity, which result in a little erosion 
where the water flows strongly against the slide of the channel and some 
deposition of sediment where it shows down a bit. Bends, or meanders, thus 
begin to form in the river. Once a meander forms, it tends to enlarge and also to 
shift downstream. It is eroded on the outside and downstream side of the 
meander, the cut bank, where the water flows somewhat faster (and the channel, 
too, tends to be a little deeper there as a result); point bars, consisting of 
sediment deposited on the insides of meanders, build out the banks in those parts 
of the channel. The rates of lateral movement of meanders can range up to tens 
or even hundreds of meters per year, although rates below 10 meters/year are 
more common on smaller rivers. 
       Obstacles or irregularities in the channel may slow flow enough to cause 
localized sediment there. Over a period of time, if the sediment load of the river 
is large, these channel islands can build up until they reach the surface, 
effectively dividing the channel in a process called braiding. If the braided river 
may develop a complex pattern of many channels that divide and rejoin, shifting 
across expanse of sediment.  
      Over a period of time, the combined effects of erosion on the cut banks and 
deposition of point bars on the inside banks of meanders, and downstream 
meander migration, together produce a broad, fairly flat expanse of land covered 
with sediment around channel proper. This is river’s floodplain, which in the 
area into which the river spills over during floods. Sediment deposition during 
floods can, be an important additional factor contributing to the formation of this 
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flat area surrounding the channel. The floodplain, then is a normal product of 
river evolution over time. 
       Meanders do not broaden or enlarge indefinitely. Very large meanders 
represent major detours for the flowing river. At times of higher discharge, 
especially during floods, the river may make a shortcut, or cut off a meander, 
abandoning the old, twisted channel for a more direct downstream route. The cut 
off meanders are called oxbows. These abandoned channels may be left dry, or 
they may be filled with standing water, making oxbow lakes. 
       Regarding deposition, variations in river’s velocity along its length are 
reflected in the sediments deposited at different points as illustrated in Figure 
(12.3). The more rapidly a river flows, the larger and denser are the particles 
moved. The sediments found motionless in a river bed at any point are those too 
big or heavy for that river to move at that point. Where the river flows quickly, it 
carries gravel and even boulders along with the finer sediments. As the river 
slows down, it starts dropping the heaviest, largest particles-the boulders and 
gravel-and continues to move the lighter, finer materials along. If river velocity 
continues to decrease, successively smaller particles are dropped: the sand-sized 
particles next, then the clay-sized ones. In a very slowly flowing river, only the 
finest sediments and dissolved materials are still being carried. If a river flows 
into a body of standing water, like a lake or ocean, the river’s flow velocity 
drops to zero, and all the remaining suspended sediment is carried. 
 
   1000                                                                                   Rapid water 
   Velocity (cm/s)                                                                     flow 
 Erosion 
   100 
                            Rate of erosion 
    10 
 Slow water 
                    Transportation Deposition flow 
      1 
                               Rate of deposition 
 
   0.1 

0.001  0.01      0.1         1         10      100       1000 
 clay    silt              sand      gravel  coarse   boulder   Grain size (mm) 
                                                                          gravel 
 
 
Fig.(12.3). The relation between erosion and deposition in running water.  
         
     The relationship between the velocity of water flow and the size of particles 
moved accounts for one characteristic of river-deposited sediments: They are 
well sorted by size or density, with materials deposited at a given point tending 
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to be similar in size or weight. If the river is still carrying a substantial load as it 
reaches its mouth, and it then flows into still waters, a large, fan-shaped pile of 
sediment, a delta, may be built up. A similarly shaped feature, an alluvial fan, is 
formed when a tributary river flows into a more slowly flowing, larger river, or a 
river flows from mountains into a plain. 
      An additional factor controlling the particle size of river sediments is 
physical breakup and/or dissolution of the sediments during transport. That is, 
the farther the sediments travel, the longer they are subjected to collision and 
dissolution, and the finer they tend to become. River-transported sediments may 
thus tend, overall, to become finer downstream, whether or not stream’s velocity 
changes along its length.       
    It is seen that navigable rivers are of great importance to people. We depend 
upon rivers for energy, travel, and irrigation. Civil engineer plays a central role 
in the design, construction and maintenance of navigable inland waterways.  
Many of these activities demand engineering judgment reinforced by an ability 
to use the tools of hydraulics and the theory of model. 
      Any effort to regulate or control the flow of natural streams should begin 
with an understanding of the forces in the river development. The power 
exercised by a river originates in the potential energy of its tributaries. Water 
flowing downstream consumes this energy in its own transportation against the 
resistance of the bed and banks which confine the flow. Soil eroded in this 
process is used by the river as a grinding powder to fasten the rate of 
downstream erosion. The deepening channel becomes a more efficient conduit 
for the growing stream, and the resulting increase in velocity accelerates the 
process of channel cutting.   
 
12.2.2.2 Erosion and Deposition by Wind 
 
     A strong wind blowing across rock debris or soil can lift and carry fine 
material as dust, and can move the larger sand grains by rolling them and 
making them bounce across the surface. This windborne movement of material 
occurs in areas with little or no vegetation and is typical of hot desert regions, 
although the process also operates in cold deserts and some coastal areas. Wind 
both transports and sorts the material. The finer, silt-sized fraction is carried in 
suspension by the wind, and may travel great distances before it is eventually 
deposited as loess.  The coarser  material that  remains forms  sand dunes. Both 
loess and sand dunes are liable to further erosion by wind unless their surface is 
stabilized by vegetation or another binding agent. They are composed mainly of 
quartz with a smaller fraction of other stable minerals such as iron oxides. Near 
coasts calcite in the form of shell debris may occur occasionally. Clay minerals 
are virtually absent. 
     Erosion and transport by wind are most important in desert regions, which 
lack a protective cover of vegetation and a skin of surface water to bind the 
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grains together. Conditions favoring the formation of aeolian deposits were, 
however, more widespread in the present temperate zones during and 
immediately after the Great Ice Age, which ended approximately 10000 years 
ago. For example, lowered sea levels at certain times left broad stretches of 
beach sand exposed to wind action, and assisted the formation of sand dunes 
along many British coasts. In other regions that were free, or freed, of ice and 
temporarily devoid of plants, the deposits left by the retreating ice, together with 
other soils, provided sources of loess. 
 
12.2.2.3 Erosion and Deposition by Ice 
 
     Erosion by ice, and deposition of superficial deposits from it, are processes 
limited geographically at the present day to arctic regions and to very high 
mountains. There are two important ways by which moving ice can erode: 
 
a- It adheres to rock surfaces, and if a block can be detached easily along minor 
fractures in the rock, the moving ice plucks it from the outcrop, especially if the 
outcrop is on the downstream side of a rocky obstruction. The blocks, which are 
incorporated into the base of the glacier, are usually less than 1 m across, but 
there are cases where plucking has detached great slices of bedrock sufficiently 
large to appear to be still in place, until deeper boring showed boulder clay 
below them. Plucking by ice does not always detach blocks, but may simply 
open up minor fractures near the surface. 
 
b- The rock fragments embedded in the base of the glacier become cutting tools 
as it grinds forwards. They make scratches on the solid rock surface called 
glacial striae (or striations)) (Fig. 12.4), and may polish parts of the bedrock 
surface to a high glaze. Any minor projection of solid rock in the ice’s path is 
ground away, and larger obstructions become streamlined in the direction of ice 
flow. In the process, the rock fragments themselves become abraded, and part is 
eventually crushed to fine rock powder, consisting of unweathered minerals. 
Deposition from ice, on high ground, glaciers suffer no appreciable wastage and 
can add to their load of moraine. In these areas of glacial erosion, the cover of 
drift left when the ice melts is thin and consists mainly of glacial sands, gravels 
and layered clays. At lower altitudes, a glacier is burdened increasingly with 
moraine, yet, as the ice wastes, it is less able to transport it. Most till is deposited 
from the bottom of the ice sheet while it is still flowing. The movement 
sometimes moulds the till into streamlined low hills called drumlins. The 
composition of the till is determined by the nature of the rocks cropping out up 
stream from where it was deposited. 
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Fig. (12.4). A glaciated rock surface which has been smoothed and  
                               Moulded  into a  streamlined   form by ice.   The  superficial  
                               scratches on the rock surface are glacial striae.  The deeper,  
                               more prominent,  cracks along which the rock is broken are 
                               small joints.  
 
 
 
 
 
12.2.3 Groundwater 
 
       As mentioned above, There are other problems related to civil engineering 
especially those related to groundwater level which represent a serious problems 
facing a civil engineer during construction large structures such as dams, 
reservoirs, tunnels, and foundations. Besides, the geologic structures affect the 
levels of the groundwater table. 
      For a tunnel driven through syncline, with the presence of groundwater, the 
water seepage will be towards the tunnel, and water may accumulate in the 
tunnel. But, if a tunnel is driven through an anticline, the water seepage will be 
outside the tunnel. Hence for tunnels constructed in water-bearing layers below 
groundwater table, it requires some remedies such as grouting with cements or 
lowering water table by pumping. Using the type of remedy method depends on 
the porosity, permeability, applied pressure and finally the presence of joints and 
their orientations especially in calcareous rocks such as limestone. That is 
because these joints become soluble channels or caves. 
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 Karst Formation 
      
     karst is a unique geomorphic landscape is formed by dissolution of soluble 
rocks. In most areas the development of landforms is a result of mechanical 
erosion and tectonic uplift. In karst areas mechanical erosion plays a much 
smaller role and it is the dissolution of soluble rocks- primarily carbonate rocks 
such as limestone and dolomite but in restricted areas also gypsum, anhydrite, 
and rock salt- that is the most important agent of erosion. Karst develops by 
dissolution of soluble rocks with a resulting land surface characterized by sinks 
or sinkholes, disappearing streams ( with the result that there is little or no 
surface drainage system), underground passageways (caves) and stream systems, 
and residual hills that represent the remnants of soluble rocks in which 
dissolution process is not yet complete. The areas where karst is best developed 
have carbonate rocks and an ample supply of CO2 and water. The result is that in 
arid and semiarid regions karst is uncommon. 
     The formation of caves and caverns in the subsurface is the result of the 
movement of acidic waters through the carbonate bedrock and the dissolution of 
the bedrock. The source of water is either groundwater percolating downward 
into bedrock or surface water carried into the underground drainage systems by 
streams that enter the system, often in the form of disappearing streams. Sulfuric 
acid produced in the subsurface apparently formed caverns and associated caves. 
The acid was produced by the mixing of H2S that had moved into the area with 
the groundwater. The acid dissolved the limestone and the material were carried 
away in solution.    
 
 
Sinkholes Formation 
 
      The progressive downward movement of unconsolidated materials into 
underground limestone opening naturally affect the surface of the land and 
produce funnel-shape sinkholes at the land surface. Thus, the subsidence of part 
of the earth’s surface when sinkhole occurs in an urbanized area, considerable 
property damage results. Human-made structures collapse, sewer lines are 
ruptured, and under ground utility lines (gas, pipelines, electric cables, 
telephones lines, etc.) are left hanging or are severed. Figure (12.5) shows 
geologic cross-sections stages for the formation of a sinkhole. 
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      Ground surface 
                           _  _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _                                       
 Incipient sinkhole walls 
  Water table_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
 Unconsolidated sediments  
 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
 
 Limestone bedrock 
 
 
            
     a- Geologic cross section of sinkhole area before collapse occurred. 
                                                                                            Ground surface 
                          _ _ _ _ _              sinkhole                      _ _ _ _ _ _ _    
              
    Water table  ~ ~   Water surface        ~ _ _ _ _ _ _ _ _  
                          _ _ _ _ _ _ -  ~                           ~ _ _ _ _ _ _ _  
 _ _ _ _ _ _ _  ~ ~ ~             ~ ~ ~   
 ~Collapsed  sediments~ ~ _ _ _ _ _ _ _  
 ~~~~ ~ ~ 
                           Limestone              ~ ~ 
                           bedrock       ~ ~ 
 ~ ~ ~ ~ 
            
    b- Geologic cross section of sinkhole immediately after sinkhole was formed. 
                Ground surface 
                                               
 Incipient sinkhole walls 
 Water table 
 
             
 
 
                           Limestone       
                           bedrock 
 
 
    c- Geologic cross section of sinkhole area immediately before collapse. 
               
     Fig. ( 12.5). Sinkhole formation. 
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12.2.4 Effect of Geological Structures on Engineering Projects 
  
       All rock masses suffer from several defects or discontinuities which could 
be in genesis (origin) or after being deposited. Besides, these defects may be of 
macroscale or microscale. Macroscale due to the forces acting within the earth 
(epirogenic, continental building movements or orogenic, mountain building 
movements). Microscale is the property of the rock substance.  
      Defects in rocks may be grouped as follows: 
1- Fractures, cracks. 
2- Fissures. 
3- Bedding planes, lamination, schistosity, partings. 
4- Stratifications. 
5- Joints. 
6- Fault planes and zones, crushed zones.  
7- Folds. 
8- Voids. 
9- Cavities and karst. 
10- Seams and interbeds of weak and plastically unstable rocks, aquifers, clays   
     and shales. 
11- Ancient slip planes and other possible weakness.  
 
      All the above defects affect the bulk properties of rocks and hence the 
construction of the engineering projects. In the next sections we will discuss the 
effects of joints, faults and folds. Planes and zones of weakness in rocks are 
classified as existing and/or  potential ones. Thus, the main types of fractures are 
joints and faults.  
 
12.2.4.1 Effect of Joints on Engineering Projects 
  
     Where displacement, usually of a few centimeters, of the broken rock has 
taken place at right angles to the plane of fracture (Fig. 12.6), it produces a 
tension fracture. More commonly, at depths where tension is only relative and 
where rocks are brittle or semi-ductile, failure takes place along shear fractures. 
Minor fractures in rocks, both tensional and shear, are called joints. 
     The presence of faults and joints is important to nearly all fields of economic 
geology. Joints, if frequent, have a considerable effect on the bulk properties of 
a rock mass. There is more difference in mechanical properties between a 
massive granite and a well jointed granite than between a massive granite and a 
massive gabbro. Joints affect the strength and stability of the rock mass, and the 
voids associated with their presence allow increased circulation of ground water 
through them. This may be relevant in water supply, in drainage of a deep 
excavation or in leakage through the sides or floor of a reservoir. Faults have 
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similar effects on rocks, but are concentrated zones of weakness and of 
percolation, which may receive local remedial treatment in engineering works. 
Analysis of the geometry of fractures is advisable in most construction projects, 
for example: where excavation can take advantage of planes of weakness; where 
rock bolts or other strengthening devices can be placed and orientated to be most 
effective; where design of major structures, such as dams, should be modified to 
avoid placing the maximum stress parallel to a plane of weakness; or where 
grouting has to be done to seal fractures against leakage. This latter is best 
achieved by drilling holes perpendicular to the fractures. 
 

 
 

Fig. (12.6). Layers of sandstone and conglomerate cut by small faults 
  and joints (some of which are small shears) similar, apart from   
                           magnitude of displacement, to the faults.  
 
    
    Joints system have attracted the attention of builders ever since rock was used     
in engineering structures as a structure-supporting material. In underground 
openings, joints affect the extent to which their sides, walls, and roof must be 
supported. Joints respond to explosions, applied static and dynamic loads and 
seepage of water. Because joints are one of the major causes of excessive 
overbreak of rock excavations and because joints constitute potential rock-slide 
hazards in unlined, undercut rock formations, and create water trouble in rock 
excavations, jointing always deserves careful attention and careful exploration.  
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12.2.4.2 Effect of Faults on Engineering Projects 
 
     Faults are fractures along which there has been some displacement. Faults are 
named and classified according to inclination of the fault plane and by the 
direction and relative movements of the rocks along the fault plane. Faults may 
be: 
1- Active or live faults: Those are along which movement has occurred 
sporadically during historical time. Earthquakes are caused by movement along 
active faults. 
2- Inactive or passive or dead faults: Those are in which no movement has 
occurred during historical time. 
 
     A fault sets in where the continuity of rock (or soil) layers is interrupted by 
failure in shear of the rock due to compressive forces when the rock is strained 
past the breaking point and yield along a crack or series of cracks, so that 
corresponding points on the two sides become distantly offset (Fig.12.7). One 
side of the so-sheared rock mass may rise or sink, or more laterally with respect 
to the other, depending on the nature of disturbance. 
 
 
 Ground surface 
 
 
 
 
     a- Failure in shear           b- Fault across a waterway   c- A utility line across a fault 
 
 W.T. 
                                                                         _ _ _ _ _ 
                                                                          _ _ _ _ 
  G.S. 
 G.S. 
 
 grouting 
 
 
     d- A bridge pier over a fault                                 e- A dam built across a fault  
                
 
                       Fig. (12.7). Structures across faults.  
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    Faults may be vertical, horizontal, or in the direction of dip (dip slip fault), or 
in the direction of strike (strike slip fault).   
    Generally faults may be classified as: 
1- Normal faults:  When  the hanging  wall  (H.W.)  side appear to have  moved   
relatively  downwards  with  respect  to  the  adjoining  foot  wall  ( F. W.)  side . 
Usually the dip of fault plane more than 45◦ (Fig.12.8). 
 
 
                                             . . . . . . . . . . .  
 _ _ _ _ _ _ _ _  . . . . . . . . 
                                              _ _ _ _ _ _ _ _ _  
                                                                          _ _ _ _ _ _ 
 
 
                                        Fig.(12.8). A normal fault. 
 
2- Reverse faults: When the foot wall side appear to have moved relatively 
downwards with respect to the adjoining hanging wall. The H.W. appears to 
have risen and the dip of fault plane is usually less than 45◦ (Fig.12.9). 
 
  
                                                             . . . . . . . . . . . 
  _ _  _ _ _ _ 
                                 . . . . . . . .  . . . . . . . . . . .   _ _ _ _ _ _     
                                 _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ 
                                 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
 
                                    Fig.(12.9). A reverse fault. 
 
     For important engineering structures, careful studies must be done.  
1- If a bridge foundation is put over a fault (Fig.12.10), there is a chance of 
sinking of the bridge pier due to superstructure load. 
 
 
 
 
                                                                                     
 Fault zone           
                                                           
                            Fig. (12.10). A bridge foundation is over a fault. 
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2- Similarly, if a masonry dam is put on a faulted zone (Fig.12.11), there is a 
chance of danger due to structure as sliding might take place due to the resultant 
force (R). In such cases, foundation bed is improved by grouting.   
 
 
  
 
 
 R R 
 
       Fault zone Fault zone 
 
 (a) (b) 
             Fig. (12.11). Masonry dam is built on fault zone.   
 
       From above Figure (12.11), it is obvious that the location of the fault zone is 
dangerous in case (a) as the resultant force is in the same direction of the fault 
zone.  
3- In seismic regions, faults give rise to an additional risks and problems, 
namely when built across faults, and structures such as tunnels, dams, bridges 
and pipelines may experience. Hence, in geotechnical engineering, faults 
constitute an undesirable hazard in working in rocks. 
 
12.2.4.3 Effect of Folds on Engineering Projects 
 
       Folds have a great effect on engineering structures, thus in the construction 
of any project we must have information about the geologic nature of the area 
including the lithological composition, how these rocks are distributed over, and 
under, the site (that is, their structure); the frequency and orientation of joints in 
the different bodies of rock and the location of any faults. Besides, knowing the 
kinds of folds and their rock type, porous or nonporous-pervious or impervious, 
is very important because the presence of such structures and rocks will affect 
the project site (dam, reservoir, and tunnel). 
      In the construction a dam and reservoir on syncline rock layers (Fig.12.12a), 
and one of these layers is sandstone which is porous and permeable rocks, in this 
case a seepage of water may occur through this porous layer and consequently 
the dam may be subjected to subsidence.   
      If the dam and reservoir are constructed on an anticline rock layers 
(Fig.12.12b), in this case, the seepage of water through such layer will not affect 
the dam site as the water seepage will be outside. 
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    Reservoir 

       Dam 
                                    +           . . . . . .                  . . . . 
 Pervious stratum 
                                     + + + + + +                            + + + + +                                            
                                     + + + + + + + + + + + ++ + + + + + + +  
                                       + + + + + + + + + + + + + + + + + + + 
 
                         a- The presence of pervious layer in syncline layers. 
 
 
  
    Reservoir 
   Dam 
                                  + + + + + + + +             + + + + + + + + 
                                  + + + + + +                                 + + + + 
                                  + + +             . . . . . . . . .                   + + 
 . . . .Pervious stratum . . . 
        . . . . . . .                           . . . . . . .  
                              
                      b- The presence of pervious layer in an anticline layers. 
            
   Fig.(12.12). A dam constructed on a syncline and an anticline rock layers.  
 
 
 
 
     If the alignment of a tunnel is traced normal to the strike under an anticline or 
syncline of a folded rock system, there is variation in rock pressure (P) on the 
tunnel from above rock masses. For a tunnel driven through syncline 
(Fig.12.13), large rock pressures are imparted  in the middle part of the tunnel, 
while the minimum pressures at both ends of the tunnel. Thus, the water seepage 
will be towards the tunnel, and water may accumulate in the tunnel. Hence, the 
large pressures in the rock strata transmitted to the tunnel may complicate the 
driving and construction of the tunnel technically as well as economically. Also, 
large quantities of water may accumulate in syncline.  
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                              . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
              Tunnel 
 
 
 
 
                       (a)  A tunnel driven in a syncline layers. 
 
 
 
 Rock layers 
 
 
 
 
 Seepage path 

 
   Tunnel 
                                                                                            Min. Pressure     Max. Pressure      Min. Pressure 
 
 
              (b) A cross section.                                            (c) Pressure distribution in the tunnel. 
 
 
       Fig. (12.13). A tunnel driven in a syncline.  
 
 
 
 
         If a tunnel is driven through an anticline (Fig.12.14), notice the arching 
effect of the convexly curved rock stratification on the magnitude of pressure at 
the ends (basis) of the arch at both ends and at the middle of the tunnel. Hence, 
the maximum pressures are concentrated in the both ends of the tunnel while the 
minimum pressures at the middle of the tunnel. Thus, the water seepage will be 
outside the tunnel.  
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                                                                                  Tunnel 
 
 
 
 
 a- A tunnel driven in an anticline layers. 
 
 
                                                      Rock layers 
 
 
 
 
 
 
  
                                                                                                                                                                    
                  Tunnel        Pmax     Pmin                               Pmax  
 
 
                 b- A cross section.                                                 c- Pressure distribution in the tunnel. 
 
                                   Fig. (12.14). A tunnel driven in an anticline. 
 
    
       Folds result from forces acting tangentially to the earth surface (Fig. 12.15). 
The folds may assume a wide variety of shapes. An upwarped segment of earth 
crust is an anticline. A downwarped segment is a syncline. 
 
 
 
 
 
 
 
 
       (a) Folding of a rock strata                         (b) Buckling of columns 
                                   
                            Fig. (12.15 ). Formation of folds. 
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      In geotechnical engineering, the synclines may cause problems of water 
accumulation. Also, rock folding is usually accompanied by fissures in 
anticlines and synclines. Along the crest of anticlines, tension cracks are usually 
formed where rock strata are under tension. In synclines, the lower rock strata 
are under tension, hence the cracks at the bottom (Fig. 12.16).  
 
       
 
 
 
 
 
 
 
 
 
 
                   (a) Cracks in a syncline                                        (b) Cracks in an anticline  
  
                               
                                       Fig. (12.16) . Cracks in folds. 
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12.3 Volcanoes 
 
12.3.1 Introduction  
        Successive eruptions from a central vent result in a mountainous 
accumulation of material known as a volcano. When fluid lava leaves a conduit, 
it is often stored in the crater until it overflows. However, lava does not always 
issue from a central crater. Sometimes it is easier for the magma or escaping 
gases to push through fissures on the volcanoe’s flanks. The eruptive history of 
each volcano is unique; consequently, all volcanoes are somewhat different in 
form and size. Nevertheless, volcanologists have recognized that volcanoes 
exhibiting somewhat similar eruptive styles can be grouped.  
         Many people assume that lava is the principal hazard presented by a 
volcano. Actually, lava generally is not life-threatening. Most lava flows 
advance at speed of only a few kilometers an hour or less, so one can evade the 
advancing lava readily even on foot. The lava will, of course, destroy or bury 
any property over which it flows. Lavas, like all liquids, flow downhill, so one 
way to protect property is simply not to build close to the slopes of the volcano. 
Throughout history, however, people have built on or near volcanoes, for many 
reasons. They may simply not expect the volcano to erupt again (a common 
mistake even today). Also, soil formed from the weathering of volcanic rock 
may be very fertile.  
      Most volcanic activity is concentrated near plate boundaries. Volcanoes 
differ in eruptive style in the kinds of dangers they present. The theory of plate 
tectonics holds that the outer rigid lithosphere consists of about twenty rigid 
segments called plates. Of these, the largest is the Pacific plate. The lithosphere 
overlies a zone of much weaker and hotter material known as the 
asthenoshpere. One of the main tenets of the plate tectonics theory is that each 
plate moves as a distinct unit in relation to other plates. As the plates move, the 
distance between any two places is continually changing as they are located on 
different plates. Since each plate moves as a distinct unit, all major interactions 
between plates occur along plates boundaries (Fig.12.17). Thus, most of the 
earths seismic activity, volcanism, and mountain building occur along these 
dynamic margins. For some time now, tectonic activity has been known to be 
restricted to narrow zones, such as the so-called Ring of Fire that encircles the 
Pacific. Thus, the first approximations of plate margins relied on the distribution 
of earthquakes and volcanic activity. 
       In terms of their activity, volcanoes are divided into three categories; active; 
dormant, "or sleeping"; and extinct, "or dead". A volcano is generally 
considered active if it has erupted within recent history. When the volcano has 
not erupted recently but is fresh-looking and not too eroded or worn down, it is 
regarded as dormant: inactive for the present but with the potential to become 
active again. Historically, a volcano that has no recent eruptive history and 
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appears very much eroded has been considered extinct, or very unlikely to erupt 
again. 
 

 
 

Fig.(12.17). Location and boundaries of the major lithospheric plates of the 
Earth, showing relative motion by means of arrows. 

 
 
 
12.3.2 Prediction Volcanic Activity 
 
      Volcanologists can detect the early signs that a volcano may erupt in the 
near future, but they cannot predict the exact timing or type of eruption. The first 
step in predicting volcanic eruptions is monitoring, keeping an instrumental eye 
on the volcano. There are an estimated 300 to 500 active volcanoes in the world. 
What do scientists look for when monitoring a volcano? 
1- One common advance warning of volcanic activity is seismic activity 
(earthquakes). 
2- The rising of a volume of magma and gas up through the lithosphere beneath 
a volcano puts stress on the rocks of the lithosphere, and the process may 
produce months of small (and occasionally large) earthquakes. 
3-  Bulging, tilt, or uplift of the volcano’s surface is also a warning sign. It often 
indicates the presence of a rising magma mass, the buildup of gas pressure, or 
both. 
4- Other possible predictors of volcanic eruptions are being evaluated. Changes 
in the mix of gases coming out of a volcano may give clues to impending 
eruptions; SO2 content of the escaping gas shows promise as a precursor, 
perhaps because more SO2 can escape as magma nears the surface.  
5- Surveys of surface temperatures may reveal especially warm areas where 
magma is particularly close to the surface and about to break through.  
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6- Magnetic measurements over the area of volcano, especially as the 
temperature of magma increases above Curie point it losses its magnetism. 
7- As with earthquakes, there have been reports that volcanic eruptions have 
been sensed by animals, which have behaved strangely for some hours or days 
before the event. Perhaps animals are sensitive to some changes in the earth that 
scientists have not thought to measure.          
8- The knowledge of a volcano’s  eruptive history allows anticipation of the 
general nature of eruptions and of the likelihood of renewed activity in the year 
future.   
 
 
12.3.3 Reduction of  Hazards Related to Volcanoes 
 
      Lava flows may be hazardous to property, but in one sense, they are at least 
predictable: like other fluids, they flow downhill. Their possible flow paths can 
be anticipated, and once they flowed into a relatively flat area, they tend to stop.          
Where it is not practical to arrest the lava flow altogether, some efforts may be 
succeeded such as: 
 
1- It may be possible to divert the lava flow from an area in which a great deal 
of damage may be done to an area where less valuable property is at risk. 
2- Sometimes, the motion of a lava is slowed temporarily during an eruption 
because the volcano’s output has lessened or because the flow has encountered a 
natural or artificial barrier.  
3- The magma contained within the solid crust of the flow remains molten for 
days, weeks, or sometimes months. If a hole is then punched in this crust by 
explosives, the remaining fluid magma inside can flow out and away. Careful 
placement of the explosives can divert the flow in a chosen direction.   
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12.4 Earthquakes 
 
12.4.1 Introduction    
    The global distribution patterns of earthquakes and their depths of origin 
were known before ideas on plate tectonics were formulated. Earthquake 
activity patterns were determined by seismology studies, and major earthquake 
zones were identified around the Pacific Ocean, along the Alpine-Himalayan 
belt, on mid-ocean ridges, at trenches and in young fold mountain belts. A 
seismicity map for the Earth in the 1960s is shown in Figure (12.18), which 
demonstrates that seismicity is concentrated along plate boundaries (compare 
with above Fig.12.17).   
 

 
 

Figure (12.18). Distribution of earthquake epicenters on the Earth for the period 
 1961–67. 
      
       An earthquake is the vibration of the earth produced by the rapid release of 
energy in the lithosphere which dramatically demonstrate that the earth is a 
dynamic, changing system.  Earthquakes occur along active faults and 
sometimes, the stress produces new faults or breaks; sometimes, it causes 
slipping along old, existing faults. Seismic waves are generated when there is a 
sudden release of energy because rocks which have been strained elastically 
suddenly fail and move. Seismic waves can be detected by an instrument called 
a seismograph, and the record produced by a seismograph is called a 
seismogram. The centre at which this happens, and from which waves are 
transmitted in all directions, is called the focus. This energy radiates in all 
directions form its source, the focus or hypocenter, in the form of waves 
analogous to those produced when a bell is struck, vibrating the air around it. 
The focus or hypocenter represents the point on the fault at which the first 
movement or break occurs during an earthquake. Most earthquakes are with 
focal depths between 70-700 km. The position on the earth’s surface directly 
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above (vertically) the focus is called the epicenter. Earthquakes are subdivided 
according to its focal depth into two types: 
 
a- Shallow-Focus Earthquakes: These have focal depths below 100 km. They 
are concentrated at ocean ridges and transform faults, and occur at depths of less 
than 30 km.  
b- Deep-Focus Earthquakes: These have focal depths above 100 km. Deep 
earthquakes occur in zones beneath the oceanic trenches, with the foci located at 
varying depths along the subduction zone, which extends downwards to depths 
of more than 250 km. The deepest earthquakes have been recorded from active 
island-arc systems. 
      Also, earthquakes are classified into: 
1- Natural Earthquakes: Those are occurred naturally and subdivided into:  
     a- Earthquakes resulted from volcanic eruptions. 
     b- Earthquakes  resulted   from   movements   in  the  earth   crust,   excluding              
         volcanic  eruptions,  such as crustal  uplifting and subsidence, internal rock   
         slides and faulting. 
2- Artificial Earthquakes: They  are resulted from fluid injection in oil wells 
which might release all the stresses at once resulting in a major damaging 
earthquake. One of the dangerous earthquakes those are resulted from nuclear 
explosions beneath earth surface and at the bottom of the oceans. Besides, the 
microearthquakes resulted from the artificial lakes of dams. Other sources of 
artificial ground vibrations include: 
   a- Machine foundation vibrations. 
   b- Vibrations resulted from traffic (vehicles movement). 
   c- Vibrations resulted from impacts (such as buildings destruction, ram works,    
       compaction, piling, and explosions).  
  
                
12.4.2 What Mechanism Does Produce a Destructive Earthquake? 
 
      Ample evidence exists that the earth is not a static planet.  Numerous ancient 
wave-cut benches can be found many meters above the level of the highest tides, 
which indicates crustal uplifting of comparable magnitude. Other regions 
exhibits evidence of extensive subsidence. In addition to these vertical 
displacements, offsets in fence lines, roads, and other structures indicate that 
horizontal movements are frequently associated with large fractures in the earth 
called faults. Although most of the displacement along the fracture occurred in 
this rather short period , additional movements and adjustments in the rocks 
occurred for several days following the main quake. The adjustments that follow 
a major earthquake often generate smaller earthquakes called  aftershocks. 
Although these aftershocks are usually much weaker than the main earthquake, 
they can sometimes cause significant destruction to already badly weakened 
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structures. In addition, small earthquake called foreshocks often precede a major 
earthquake by days or in some cases by as such as several years. Monitoring of 
these foreshocks has been used as a means of predicting forthcoming major 
earthquakes.  
    
 Magnitude of an Earthquake 
   
     The magnitude (M) of an earthquake is a measure of the size of an 
earthquake, based on the amplitude of elastic waves it generates. Thus, the 
magnitude of an earthquake is a measure of the energy generated at its focus. A 
scale of magnitude is a way of classifying earthquakes according to their 
potential destructive power. The tremendous energy released by atomic 
explosions or by volcanic eruptions can produce an earthquake, but these events 
are usually weak and infrequent. 
     Early attempts to establish the intensity of earthquakes relied heavily on 
subjective descriptions. Many factors , including distance from epicenter, nature 
of surface materials, and building design, cause variations in the amount of 
damage. Consequently, methods were devised to determine the total amount of 
energy released during an earthquake, a measurement referred to as magnitude.  
       Ideally, the magnitude of an earthquake would be determined from the 
amount of material which slides along the fault and the distance is displaced . 
There is more than one specific definition of magnitude, and more than one 
scale of magnitude in international use. The Richter Magnitude Scale is 
commonly used scale to describe earthquake magnitude consists of nine degrees. 
The Richter scale is logarithmic, which means that an earthquake of magnitude 
4 causes ten times as much ground movement as one of magnitude 3, one 
hundred times as much as one of magnitude 2, and so on.  Magnitudes greater 
than 8 are rare and special events, and they would usually be perceptible to 
people more than 600 km away from the epicenter. Earthquakes with 
magnitudes greater than 5.5 on the Richter Scale are large enough to be recorded 
on seismographs over the entire earth. While , magnitude of less than 2.5 are 
usually not felt by humans. The first motion of the ground at such a recording 
station may be either compressional, with the first ground motion away from the 
source, or dilational, with the first ground motion towards the source. Elastic 
waves generated by an earthquake can be a mixture of both types. 
 
Intensity of an Earthquake      
 
   An alternative way of describing the size of an earthquake by the earthquake’s 
intensity which measures its destructiveness. Earthquake intensity is a measure 
of the earthquake’s effect on humans and on surface features. It is not a unique 
characteristic of an earthquake, nor is it defined on a precise quantitative basis. 
The surface effects produced by an earthquake of a given magnitude vary 
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considerably as a result of such factors as local geologic conditions, quality of 
construction, and distance from the epicenter. A single earthquake, then, can 
produce effects of many different intensities in different places, although it will 
have only one magnitude assigned to it. Thus, earthquake intensity is a measure 
of the amplitude of ground vibration at one locality. It is related to the square of 
the distance of the locality from the epicenter and to the amount of damping of 
the seismic waves produced by geological conditions along their path to the 
locality. The most widely applied intensity scale is the Modified Mercalli Scale 
which is divided into 12 degrees of intensity. The commonest sources of shallow 
earthquakes are active faults, and many epicenters are located close to the 
outcrop of a fault. 
      For example, the San Francisco earthquake of 1906 was accompanied by 
visible surface displacement along 430 km of the San Andreas Fault, with a 
maximum strike-slip displacement of 6.5 m. When faulting occurs, a pattern of 
compressional (extension) and dilational (contraction) waves are generated, and 
the pattern can be used to define the movement along the fault plane. A network 
of seismic stations will determine the changing character of waves associated 
with an earthquake. From first motion studies a seismologist can determine the 
orientation of faults and the slip directions of earthquakes anywhere on earth. 
 
12.4.3 Destruction Caused by Seismic Vibration 
 
    Nearly all of the structural damage done by an earthquake is a result of the 
ground shaking associated with the passage of the seismic waves generated by 
the earthquake. As the energy released by an earthquake travels along the earth’s 
surface, it causes the ground to vibrate in a complex manner by moving up and 
down as well as from side to side. The amount of structural damage attributable 
to the vibrations depends on several factors, including: 
1- The intensity and duration of the vibrations (earthquakes).  
2- The predominant period and frequency of the vibrations. 
3- The maximum amplitude and acceleration of motion. 
4- The nature of the material upon which the structure rests.  
5- The design of the structure.  
    Thus, structures are affected by both vertical and horizontal components of 
the ground acceleration. The nature of the ground material on which the 
structures rest can substantially affect the amplitude of the resulting ground 
vibrations. Loose, unconsolidated material tend to amplify the wave 
displacements. If the frequency of the seismic waves is close to the natural 
oscillation frequency of a building, the amplitude of the building’s shaking can 
be increased by resonance. Finally, it is clear that another important parameter 
in determining the amount of structural damage is simply the time-duration of 
the shaking due to the passing waves; this time can vary from only a few 
seconds to three or four minutes in severe earthquakes.  
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       Designing "earthquake-resistant" buildings is a greater challenge and is a 
relatively new idea that has developed mainly in the last few decades. Engineers 
have studied how well different types of building have withstood real 
earthquakes. Scientists can  conduct laboratory experiments on scale models of  
buildings subjecting them-scale shaking designed to simulate the kinds of 
ground movement to be expected during an earthquake. It is also important to 
consider not only how structures are built, but what they are built on. Buildings 
built on solid rock (bedrock) seem to suffer far less damage than those built on 
deep soil. Most smaller and older buildings lacked the deep foundations 
necessary to reach more stable sand layers at depth. Many of these buildings 
collapsed completely. The duration of an earthquake also affects how well a 
building survives it. In reinforced concrete, ground shaking leads to the 
formation of cracks, which then widen and develop further as long as shaking 
continues. A concrete building that can withstand a one- minute main shock 
might collapse in an earthquake in which the main shock lasts three minutes.  
      Thus in-situ seismological recordings include the following: 
1- Studying the in-situ seismological activity. 
2- Studying the vibrating nature of buildings.  
3- Studying the vibrating properties of soil profiles.  
 
12.4.4 Prediction of Earthquakes 
 
      Prediction of seismic risk can be assessed from general theory and from past 
records of an area. It is used for planning and for laying down building codes. 
Prediction of a specific, destructive earthquake is of greatest value only if it 
allows evacuation of a threatened city and deployment of emergency services a 
few days before the event. Prediction approaching this accuracy has been 
achieved in a few cases since 1973, and the Chinese claim to have successfully 
evacuated one of their towns in 1975. As elastic strain builds up within rocks 
close to the focus, over periods as long as decades, minute cracks in the rocks 
(microfractures) open and affect their physical properties. This dilatancy of the 
rocks increases their volume, and results in minor tilting of the ground surface 
from the active fault. Subsidence or uplift of the land and changes in movement 
of a fault zone from a slow creep to a locked position have been found to 
precede moderate earthquakes. It therefore seems reasonable that earthquakes 
may be predicted by continually monitoring ground tilt, fault movement, and 
seismic activity .Some monitoring networks are already operating in the 
earthquake-prone regions. Small quantities of the gas radon ( generated by 
radioactive decay of radium ), trapped in some rocks, are released and can be 
detected by analysis of well water. The velocity of seismic waves changes, and 
VP / VS decreases by about 20%. This change can be monitored by local seismic 
surveys at daily intervals. A day or two before the earthquake, the seismic 
velocities revert to normal as water seeps into the microfractures. The fluid 
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pressure within the voids of the rock (pore pressure) is increased, and by 
reducing  effective  pressures  allows  movement  along  the  fault to  take  place. 
The relationship between pore pressure and earthquakes was first observed when 
disposal of fluid toxic waste down a deep boring which traversed an active  fault 
accidentally triggered off weak shocks. Control of the potentially destructive 
San Andreas Fault in California has been proposed by using this triggering 
mechanism to release as a series of weak, predictable shocks the enormous 
elastic strain energy that is already stored. Each stage of the programme would 
require three boreholes, each about 5 km deep and spaced 0.5 km apart along a 
segment of the fault. Water would be pumped from the outer holes to lock these 
points on the fault, and would then be injected into the middle hole to reduce 
friction across the fault plane to give a controlled tremor. This would be 
repeated along the entire fault. The scheme would cost thousands of millions of 
dollars for  500 boreholes,  plus  a less  predictable  amount  in  subsequent  civil 
damages suits. As in many  imaginative  engineering projects,  there are political 
difficulties as well as economic ones. 
 
12.4.5 Seismic Risk and Problems for the Engineer 
 
      An earthquake may be of very small magnitude and only detectable by 
instruments, but may be powerful enough to cause annoyance or alarm to people 
and to damage buildings. Seismic risk from ground movements must be 
foreseen, understood and dealt with in planning and design. Regions of high 
seismicity are often covered by building laws specified in terms of earthquake 
parameters, and even in countries of low seismicity, such as Britain, the 
probability of an earthquake of given power occurring within so many years 
must be considered in siting potentially dangerous structures like nuclear power 
generating stations. Information about seismicity and seismic risk is obtainable 
by referring to the Global Seismology Unit of the BGS in Edinburgh. A 
catalogue of earthquakes that have been recorded over the previous year is 
produced by the International Seismological Centre, Newbury, Berkshire. Older 
catalogues based on questionnaires to the local public and on historical records 
have been produced by individuals. The historical records have sometimes 
needed interpretation. For example, the area affected by one earthquake in 
Scotland at the beginning of the 17th century can be surmised from the records 
of Aberdeen. The town council decided to enforce a ban on playing golf on the 
Sabbath shortly after the shock! Seismic activity must be considered when 
certain engineering structures, particularly dams, are designed. Dams in 
earthquake zones will be designed with a capacity for resistance to the dynamic 
forces that can be applied during an earthquake. Before construction begins, past 
seismological records of the dam site or nearby areas should be checked and 
major fault lines located. An instrumentation programme should be initiated on 
the actual site as soon as its location has been determined, particularly with 
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regard to long-term seismic monitoring. The type of ground movements likely to 
occur should be predicted, and whether any earthquakes that may occur are 
likely to be of shallow depth, such as by slip along a fault plane, or of deep 
focus. Structural damage is likely to result from ground displacement, 
acceleration at low seismic frequencies and velocity from blast vibrations. 
Ambraseys and Sarma (1967) considered many of these factors in dam design. 
Earthquakes may cause damage in unconsolidated deposits. Filled ground may 
consolidate drastically, and studies have been made about the possibility of 
liquefaction development, either in the saturated fill material of an earth dam or 
rockfill dam or in the foundation material. Earth or rockfill dams may fail in 
several ways during an earthquake. Circular shear failure or rotational failure of 
the embankment, and planar base failure along the embankment-foundation 
interface are the three main types. Concrete dams may be subjected to failure by 
either the second or third of these modes. Other important sources of small local 
tremors are created by human agency. The impounding of great masses of water 
in very large reservoirs may result in uneven and spasmodic settlement under the 
new load. More importantly, the extraction of coal causes collapse of the strata 
above the seam into the abandoned workings, and often produces small seismic 
foci. Instead of broad gentle subsidence, slippage may occur locally along a 
fault, with each jerky movement producing a small shock. Contemporaneously, 
rock bursts may explode from any massive rocks in the passageways as they 
collapse, with each burst acting as the focus of a minor shock. There is 
disagreement on the details of the mechanism linking seismicity with abandoned 
workings, and thus about the legal liability for damages associated with them in 
particular cases, although a genera correlation has been demonstrated in more 
than one area. 
 
12.4.6 Seismological Studies and Building Designs 
 
       The energy is released by an earthquakes through seismic waves causes 
damage to and sometimes complete failure of buildings, with the surface waves-
especially shear surface waves- responsible for most of this damage. Shifts of 
even a few tens of centimeters can be devastating, especially to structures made 
of weak materials such as adobe or inadequately reinforced concrete, and as 
shaking continues, damage may become progressively worse. To avoid such 
danger, a proper designs of earthquake-resistant structures (buildings, bridges, 
and dams) must be taken into consideration. The proper designs of such 
structures such that their frequency must be not equal to that of the usual 
earthquake occurred in the site of construction. If the frequency of the seismic 
waves is close to the natural oscillation frequency of a building, the amplitude of 
the building’s shaking can be increased by resonance. The required average 
frequency indicates that the natural frequency of one-story building is about 5-
15 Hz, while for thirty-stories steel frame building is about 1/3 Hz. If the time-
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duration of the structure is equal to that of the ground, upon which the structure 
rests, a resonance will occur during an earthquake and structures cracked. But, if 
the time-duration of the structure, ground and an earthquake are equal, a serious 
damage is occurred and structures destroyed.  
     To evaluate earthquake- resistant buildings, the following information must 
be known: 
1- The time-duration of the predominant earthquakes in the area of the structure 
site. 
2- The natural vibration of the ground upon which the structure rests. 
3- The natural vibration of the structure.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fundamentals of Engineering Geology                             Building & Construction Engineering Department 
Prof. Dr. Hussein Hameed Karim                                     University of Technology    

226 
 

 
REVIEW QUESTIONS  

 
12.1 Distinguish among fall, slide, and flow. 
 
12.2 What is controlling force of wasting? What other factors are important? 
 
12.3 Why can rock avalanches move such great speeds? 
 
12.4 What factors lead to the massive rockslides? 
 
12.5 Compare and contrast between mudflow and earthflow.  
 
12.6 Describe the mechanism that leads to the slow downslope movement called     
        creep. 
 
12.7 What is an earthquake? Under what circumstances do earthquakes occur? 
 
12.8 Distinguish between earthquake focus and epicenter. 
 
12.9 List three factors  that  affect  the  amount of destruction caused by  seismic    
        vibrations. 
 
12.10 Distinguish between the Mercalli scale and Richter scale. 
 
12.11 How might earthquakes be controlled in the future? 
 
12.12 What mechanism does produce a destructive earthquake?  
 
12.13 Show the effects of the following structures on engineering projects:    

a- Folds;  b- Faults ; c- Joints                                                                          
 

12.14 Show the relation between earthquakes and volcanoes. 
 

12.15 What do scientists look for when monitoring a volcano? 
 

12.16 For a dam constructed on a syncline and an anticline rock layers, show the 
          effect for both cases.  

 
12.17 For a tunnel constructed in  a syncline and an anticline  rock  layers,  show  
         the effect for both cases. 

 
12.18 Explain the formation of karsts and sinkholes.    
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13. Geological Materials Used in Construction 
 

13.1 Introduction 
Stone has been used as a construction material for thousands of years. One of 

the reasons for this was its ready availability locally. Furthermore, stone requires 
little energy for extraction and processing. Indeed, stone is used more or less as 
it is found except for the seasoning, shaping and dressing that is necessary 
before it is used for building purposes. Demand for rocks as a construction 
materials is increasing where half of this demand goes to roads, half to concrete 
construction. Over half is crushed rocks, while the rest is sand and gravel. 
 
13.2 Types of Aggregates 
      Aggregates can be classified into crushed and natural aggregates. 
 
13.2.1 Crushed Rocks  
       Rocks which have been crushed and produced for a number of purposes, the 
chief of which are for concrete and road aggregate. Crushed aggregates have the 
following characteristics: 

1. Angular rock are better for roadstone. 
2. Quality control is simple where a single rock mass is being quarried. 
3. Weak impurities are reduced to fines in crushing process so are easily 

removed by screening. 
4. Main costs are for blasting and crushing. 
5. Selection often based on distance from quarry to site; land transport costs 

soon exceed quarry costs. 
6. Remote coastal quarries overcome environmental and cost problems. 

 
13.2.2 Natural aggregates  
      Natural aggregates include all the natural rocks without crushing which have 
the following characteristics: 

1. The alluvial gravels are the most important resource from floodplain and 
terraces.  

2. Dredged marine gravels and some glaciofluvial gravels are also used. 
3. Quality control is more difficult; alluvial gravel consists of any rock 

within the river catchment, so may be varied;  
4. River gravels are mainly strong quartzite but also contain coal fragments; 
5. Coal is removed by washing (density separation in turbulent water).  
6. Main costs are for overburden stripping and screening. 

 
13.3 Factors Affecting Building Rocks 
     A number of factors determine whether a rock will be worked as a building 
stone. These include: 
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1. the volume of material that can be quarried; 
2. the ease with which it can be quarried; 
3. the wastage consequent upon quarrying; 
4. the cost of transportation;  
5. as well as its appearance and physical properties.  

 
1. The volume of material that can be quarried 

      As far as volume is concerned, the life of the quarry should be at least 
20 years. The amount of overburden that has to be removed also affects 
the economics of quarrying. Obviously, there comes a point when 
removal of overburden makes operations uneconomic. However, at that 
point, stone may be mined if conditions are favorable. 

2. The ease with which it can be quarried 
     The ease with which a rock can be quarried depends to a large extent 
on geological structures, notably the geometry of joints and bedding 
planes, where present. Ideally, rock for building stone should be massive, 
certainly it must be free from closely spaced joints or other discontinuities 
as these control block size. The stone should be free of fractures and other 
flaws. In the case of sedimentary rocks, where beds dip steeply, quarrying 
has to take place along the strike. Steeply dipping rocks can also give rise 
to problems of slope stability when excavated. On the other hand, if beds 
of rock dip gently, it is advantageous to develop the quarry floor along the 
bedding planes. The massive nature of igneous rocks such as granite 
means that a quarry can be developed in any direction, within the 
constraints of planning permission. 

3. The wastage consequent upon quarrying 
     Weathered rock normally represents waste therefore the ratio of fresh 
to weathered rock is another factor of economic importance. 

4. The cost of transportation  
5. Appearance 

     A uniform appearance is generally desirable in building stone. The 
appearance of a stone largely depends on its color, which is determined by 
its mineral composition. Texture also affects the appearance of a stone, as 
does the way in which it weathers. For example, the weathering of some 
minerals, such as pyrite, may produce ghastly stains. Generally speaking, 
rocks of light color are used as building stone. 

6. Physical Properties 
a. Texture and porosity  
         The texture and porosity of a rock affect its ease of dressing, and the 

amount of expansion, freezing and dissolution it may undergo. For 
example, fine-grained rocks are more easily dressed than coarse 
varieties. The retention of water in a rock with small pores is greater 
than in one with large pores and so they are more prone to frost attack. 
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b. Strength 
     For usual building purposes, a compressive strength of 35 MPa is 
satisfactory, and the strength of most rocks used for building stone is 
well in excess of this figure. In certain instances, tensile strength is 
important, for example, tensile stresses may be generated in a stone 
subjected to ground movements. However, the tensile strength of a 
rock, or more particularly its resistance to bending, is a fraction of its 
compressive strength. As far as building stone is concerned, hardness is 
a factor of small consequence, except where a stone is subjected to 
continual wear, such as in steps or pavings. 

c. Durability 
     The durability of a stone is a measure of its ability to resist 
weathering and so to retain its original size, shape, strength and 
appearance over an extensive period of time. It is one of the most 
important factors that determines whether or not a rock will be worked 
for building stone. The amount of weathering undergone by a rock in 
field exposures or quarries affords some indication of its qualities of 
resistance. However, there is no guarantee that the durability is the 
same throughout a rock mass and, if it changes, it is far more difficult 
to detect, for example, than a change in color. This test involves 
immersing specimens for 10 days in sulphuric acid of density 1.145 
mg/m3. Stones that are unaffected by the test are regarded as being 
resistant to attack by acidic rainwater. Those stones that fail are not 
recommended for external use in polluted environments. 

 
13.4 Damages in Rocks 
      Damages can occur to stone by different causes, these are: 

1. Alternate wetting and drying: Water in the pores of a stone of low 
tensile strength can expand enough when warmed to cause its disruption. 
For example, when the temperature of water is raised from 0 to 60 oC, it 
expands some1.5%, and this can exert a pressure of up to 52 MPa in the 
pores of a rock. 

2. Frost: Frost damage is one of the major factors causing deterioration in a 
building stone. As water turns to ice, it increases in volume, thus giving 
rise to an increase in pressure within the pores. Usually, coarse-grained 
rocks withstand freezing better than the fine-grained types. In other words, 
rocks with larger mean pore diameters allow outward drainage and escape 
of moisture from the frontal advance of the ice line and, therefore, are less 
frost susceptible. 

3. Deleterious salts: Salts when present in a building stone, are generally 
derived from the ground or the atmosphere, although soluble salts may 
occur in the pores of the parental rock. Their presence in a stone gives rise 
to different effects. They may cause efflorescence by crystallizing on the 
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surface of a stone. The pressures produced by crystallization of salts in 
small pores are appreciable, for instance, halite (NaCl) exerts a pressure 
of 200 MPa; gypsum (CaSO4.2H2O), 100 MPa; anhydrite (CaSO4), 120 
MPa; and are often sufficient to cause disruption. Crystallization caused 
by freely soluble salts such as sodium chloride, sodium sulphate or 
sodium hydroxide can lead to the surface of a stone crumbling or 
powdering. Deep cavities may be formed in magnesian limestone when it 
is attacked by magnesium sulphate (Fig. 13.1). Disruption in stone also 
may take place due to the considerable contrasts in thermal expansion of 
salts in the pores. For instance, halite expands by some 0.5% from 0 to 
60oC, and this may aid the decay of stone. 

 
Fig. (13.1). A cavity formed in magnesian limestone, parish church, , England. 
  
4. The rate of weathering: The rate of weathering of silicate rocks is 

usually slow, although once weathering penetrates the rock, the rate 
accelerates. Even so, building stones that are cut from igneous rocks 
generally suffer negligible decay in climates. Building stones derived 
from sedimentary rocks may undergo a varying amount of decay in urban 
atmospheres, where weathering is accelerated due to the presence of 
aggressive impurities such as SO2, SO3, NO3, Cl2 and CO2 in the air, 
which produce corrosive acids. Limestones are the most suspect. For 
instance, weak sulphuric acid reacts with the calcium carbonate of 
limestones to produce calcium sulphate. Black crusts are a mixture of 
gypsum and soot particles. They have a dramatic effect on the appearance 
of buildings (Fig. 13.2). 
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Fig. (13.2). Black crust developed on a column of limestone, Lincoln cathedral,  
                   Lincoln, England. 
 

The degree of resistance that sandstone offers to weathering depends on 
its mineralogical composition, texture, porosity, amount and type of 
cement/matrix, and the presence of any planes of weakness. Accordingly, 
the best type of sandstone for external use for building purposes is a 
quartz that is well bonded with siliceous cement, has a low porosity and is 
free from visible laminations. 

5. Exposure of a stone to intense heating: It causes expansion of its 
component minerals with subsequent exfoliation at its surface. 

 
13.5 Methods of Quarrying Building Rocks 

1. In some cases, stone may be obtained by splitting along the bedding 
and/or joint surfaces by using a wedge and feathers.  

2. Stone also may be cut from the quarry face by using a wire saw or 
diamond-impregnated wire. 

3.  If explosives are used to work building stone, then the blast should only 
weaken the rock along joint and/or bedding planes, and not fracture the 
material. The object is to obtain blocks of large dimensions that can be 
sawn to size. Hence, the blasting pattern and amount of charge (black 
powder) are very important, and every effort should be made to keep rock 
wastage and hair cracking to a minimum. 

 
     Granite is ideally suited for building over 100 years ago, engineering and 
monumental purposes. Its crushing strength varies between 160 and 240 MPa. It 
has exceptional weathering properties, and most granites are virtually 
indestructible under normal climatic conditions. But  the sign of deterioration 
becomes apparent if the polished granite is such the exposed to very heavily 
polluted atmospheres, for a considerable length of time, tt. The maintenance cost 
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of granite as compared with other materials is therefore very much less and, in 
most cases, there is no maintenance cost at all for a considerable number of 
years. 
       Limestones show a variation in their color, texture and porosity, and those 
that are fossiliferous are highly attractive when cut and polished. However, 
carbonate stone can undergo dissolution by acidified water. This results in 
dulling of polish, surface discoloration and structural weakening. Carvings and 
decoration are subdued and may eventually disappear; natural features such as 
grain, fossils, etc., are emboldened (Fig. 13.3).  
     The color and strength of sandstone are largely attributable to the type and 
amount of cement binding the constituent grains. The cement content also 
influences the porosity and, therefore, water absorption. 
 

 
Fig. (13.3). Weathered limestone gargoyle and scabbing of stone, Seville cathedral, 
Spain. 
 
  
13.6 Uses of Rocks  
13.6.1 Roofing and Facing Materials 
      Rocks used for roofing purposes must split into thin slabs, in addition to 
being durable and impermeable. Consequently, slate is one of the best roofing 
materials available and has been used extensively.  
       Slates are derived from argillaceous rocks that, because they were involved 
in major earth movements, were metamorphosed. They are characterized by 
their cleavage, which allows the rock to break into thin slabs. slates are 
differently colored. The specific gravity of a slate is about 2.7 to 2.9, with an 
approximate density of 2.59 Mg/m3. The maximum permissible water 
absorption of a slate is 0.37%. There is a large amount of wastage when 
explosives are used to quarry slate. Accordingly, they are sometimes quarried by 
using a wire saw.  
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      There is a large amount of wastage when explosives are used to quarry slate. 
Accordingly, they are sometimes quarried by using a wire saw. The slate, once 
won, is sawn into blocks, and then into slabs about 75 mm thick. These slabs are 
split into slate tiles by hand. Riven facing stones are also produced in the same 
way (Fig.13.4). 
      If granite or syenite is used as a facing stone, then it should not be 
overdried, but should retain some quarry sap, otherwise it becomes too tough 
and hard to fabricate.  
      Rocks used for facing stones should have a high tensile strength in order to 
resist cracking. The high tensile strength also means that thermal expansion is 
not a great problem when slabs are spread over large faces. 
 

 
Fig. (13.4). Coarse-grained “greenslate” being split by hand for facing stone, England. 
 
 
13.6.2 Armourstone 
      Armourstone refers to large blocks of rock that are used to protect civil 
engineering structures. Large blocks of rock, which may be single-size or, more 
frequently, widely graded (rip-rap), are used to protect the upstream face of 
dams against wave action. They are also used in the construction of river 
training schemes, in river bank and bed protection and stabilization, as well as in 
the prevention of scour around bridge piers. Armourstone is used in coastal 
engineering for the construction of rubble mound breakwaters, for revetment 
covering embankments, for the protection of sea walls, and for rubble rock 
groynes. 
      Usually, armourstone is specified by weight, a median weight of between 1 
and 10 tonnes normally being required. Blocks up to 20 tonnes, however, may 
be required for breakwaters that will be subjected to large waves. The median 
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weight of secondary armourstone and underlayer rock material may range 
upwards from 0.1 tonne. In the case of rip-rap used for revetment and river bank 
protection, the weight of the blocks required is usually less than 1.0 tonne and 
may grade down to 0.05 tonne. 
 
13.6.3 Crushed Rock: Concrete Aggregate 
       Crushed rock is produced for a number of purposes, the chief of which are 
for concrete and road aggregate (Fig. 13.5). Approximately 75% of the volume 
of concrete consists of aggregate, therefore its properties have a significant 
influence on the engineering behavior of concrete. Aggregate is divided into 
coarse (40 mm and larger than 4 mm in size) and fine types (less than  4 mm in 
size). 

 
                  Fig. (13.5). Quarrying granite for aggregate, Hong Kong. 
 
 
      The amount of overburden that has to be removed is an important factor in 
quarrying operations, for if this increases and is not useable, then a time comes 
when quarrying operations become uneconomic. 
      The crushing strength of rock used for aggregate generally ranges between 
70 and 300 MPa. Aggregates that are physically unsound lead to the 
deterioration of concrete, inducing cracking, popping or spalling. Cement 
shrinks on drying. If the aggregate is strong, the amount of shrinkage is 
minimized and the cement–aggregate bond is good. Rocks such as basalts, 
dolerites, andesites, granites, quartzites and limestones tend to produce angular 
fragments when crushed. However, argillaceous limestones, when crushed, 
produce an excessive amount of fines. Angular fragments may produce a mix 
that is difficult to work. Aggregate constitutes the basic material is suitable for 
aggregate for concrete. 
      Rounded, smooth fragments produce workable mixes. The less workable the 
mix, the more sand, water and cement must be added to produce a satisfactory 
concrete. 
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     It usually is assumed that shrinkage in concrete should not exceed 0.045%, 
this taking place in the cement. However, basalt, gabbro, dolerite, mudstone and 
greywacke have been shown to be shrinkable, that is, they have large wetting 
and drying movements of their own, so much so that they affect the total 
shrinkage of concrete. Clay and shale absorb water and are likely to expand if 
they are incorporated in concrete, and they shrink on drying, causing injury to 
the cement. Consequently, the proportion of clay material in a fine aggregate 
should not exceed 3%. Granite, limestone, quartzite and felsite are unaffected. 
        The suitability of aggregate for use in concrete can be assessed on the 
following criteria: 

a. The aggregate should be free from sulphide minerals, especially pyrite. 
Coal, clay and organic matter should also be absent. 

b. The specific gravity should usually be high, but this criterion depends 
upon the purpose for which the concrete is needed. 

c. The material should be well graded, with a wide range of particle sizes 
(see p. 46). 

d. The fragments should have a rough surface, so that a good bond can be 
achieved between the aggregate and the cement paste. 

e. Chalcedonic silica (flint, chert, agate) and glassy siliceous rocks 
(rhyolite, pitchstone) are often undesirable in gravel aggregate since they 
react with highly alkaline cements. (This problem can be overcome by 
using a low-alkali cement.) An assessment of their relative abundance in 
the gravel should be made. 

f. The amount of acid-soluble material (sulphate) should be measured. 
g. The shrinkage of the concrete as it dries should be measured. This test is 

made on cubes of concrete prepared from the aggregate and the 
shrinkage is expressed as a percentage. Low-shrinkage concrete has 
values less than 0.045%. 

 
13.6.4 Road Aggregate 
        Aggregate constitutes the basic material for road construction and is quarried 
in the same way as aggregate for concrete. Because it forms the greater part of a 
road surface, aggregate has to bear the main stresses imposed by traffic, such as 
slow-crushing loads and rapid-impact loads, and has to resist wear. Therefore, 
the rock material used should be fresh and have high strength. 
       Aggregate used as road metal must be: 

a. high strength,  
b. have high resistance to impact and abrasion, polishing and skidding, and 

frost action.  
c. It must also be impermeable,  
d. chemically inert and  
e. possess a low coefficient of expansion. 
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      Most igneous and contact metamorphic rocks meet the requirements 
demanded of good roadstone. On the other hand, many rocks of regional 
metamorphic origin are either cleaved or schistose and are therefore unsuitable 
for roadstone. The main groups used as aggregates are basalt, gabbro, granite, 
porphyry hornfels, schist, quartzite, limestone, gritstone, flint and artificial 
types.  
     One of the most important parameters of road aggregate is the polished stone 
value, which influences skid resistance. 
     Igneous rocks are commonly used for roadstone. Dolerite and basalt have 
been used extensively. They usually have a high strength and resist abrasion and 
impact, but their polished stone value generally does not meet motorway 
specification in Britain, although it is suitable for trunk roads. The coarse-
grained igneous rocks such as granite are generally not as suitable as the fine-
grained types, as they crush more easily. On the other hand, the very-fine-
grained and glassy volcanics are often unsuitable since they produce chips with 
sharp edges when crushed, and they tend to develop a high polish. 
     Igneous rocks with a high silica content resist abrasion better than those in 
which the proportion of ferromagnesian minerals is high, in other words, acid 
rocks such as rhyolites are harder than basic rocks such as basalts. Some rocks 
that are the products of thermal metamorphism, such as hornfels and quartzite, 
because of their high strength and resistance to wear, make good roadstones. In 
contrast, many rocks of regional metamorphic origin, because of their cleavage 
and schistosity, are unsuitable. Coarse-grained gneisses offer a similar 
performance to that of granites. Of the sedimentary rocks, limestone and 
greywacke frequently are used as roadstone. Greywacke, in particular, has high 
strength, resists wear and develops a good skid resistance. Some quartz arenites 
are used, as are gravels. In fact, the use of gravel aggregates is increasing. 
 
13.6.5 Gravels and Sands 
13.6.5.1 Gravel 
        Gravel deposits usually represent local accumulations, for example, 
channel fillings. In such instances, they are restricted in width and thickness but 
may have considerable length. Fan-shaped deposits of gravels are usually thin 
and patchy, whereas the former are frequently wedge shaped. 
      A gravel deposit consists of a framework of pebbles between which are 
voids. The voids are  rarely empty, being occupied by sand, silt or clay material. 
      The shape and surface texture of the pebbles in a gravel deposit are 
influenced by the agent responsible for its transportation and the length of time 
taken in transport, although shape is also dependent on the initial shape of the 
fragment, which in turn is controlled by the fracture pattern within the parental 
rock. Gravel particles can be classified as rounded, irregular, angular, flaky and 
elongated in shape. 
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      The composition of a gravel deposit reflects not only the type of rocks in the 
source area, but is also influenced by the agents responsible for its formation and 
the climatic regime in which it was or is being deposited. Furthermore, relief 
influences the character of a gravel deposit, for example, under low relief, gravel 
production is small and the pebbles tend to be chemically inert residues such as 
vein quartz, quartzite, chert and flint. By contrast, high relief and rapid erosion 
yield coarse, immature gravels.  
 
13.6.5.2 Sand 
      The textural maturity of sand varies appreciably. A high degree of sorting, 
coupled with a high degree of rounding, characterizes mature sand. The shape of 
sand grains, however, is not greatly influenced by the length of transport. 
      Sands used for building purposes should have the following characteristics: 

1. Sands are used for building purposes to give bulk to concrete, mortars, 
plasters and renderings.  

2. Sand consisting of a range of grade sizes gives a lower proportion of 
voids than one in which the grains are of uniform size. 

3. Sands used for building purposes are usually siliceous in composition and 
4.  should be as free from impurities as possible.  
5. Ideally, they should contain less than 3%, by weight, of silt or clay, since 

they need a high water contentto produce a workable concrete mix. A 
high water content leads to shrinkage and cracking in concrete on drying. 

6. The presence of feldspars in sands used in concrete has sometimes given 
rise to hair cracking, and  

7. mica and particles of shale adversely affect the strength of concrete.  
8. If iron pyrite occurs in sand, then it gives rise to unsightly rust stains 

when used in concrete. 
9. The salt content of marine sands is unlikely to produce any serious 

adverse effects in good-quality concrete, although it probably will give 
rise to efflorescence. Salt can be removed by washing sand. 

 
      Glass sands must have a silica content of over 95% (over 96% for plate 
glass). The amount of iron oxides present in glass sands must be very low, under 
0.05% in the case of clear glass. 
 
13.6.6 Lime, Cement and Plaster 
     Lime is made by heating limestone, including chalk, to a temperature 
between 1100oC and 1200oC in a current of air, at which point carbon dioxide is 
driven off to produce quicklime (CaO). Carbonate rocks vary from place to 
place both in chemical composition and physical properties so that the lime 
produced in different districts varies somewhat in its behavior. 
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     Portland cement is manufactured by burning pure limestone or chalk with 
suitable argillaceous material (clay, mud or shale) in the proportion 3:1. The raw 
materials are crushed and ground to a powder, and then blended. 
     When gypsum (CaSO4.2H2O) is heated to a temperature of 170oC, it loses 
three quarters of its water of crystallization, becoming calcium sulphate hemi-
hydrate, or plaster of Paris. Anhydrous calcium sulphate forms at higher 
temperatures. These two substances are the chief materials used in plasters. 
Gypsum plasters have now more or less replaced lime plasters. 
 
13.6.7 Clays and Clay Products 
     Sedimentary rocks occupy about three-quarter of the world's land surface and 
clays (including shales) form well over 50% of the sedimentary rocks. Clay 
sediments are collected by agencies of water, wind or of ice. The principal clay 
minerals belong to the kandite, illite, smectite, vermiculite and palygorskite 
families. The kandites, of which kaolinite is the chief member, are the most 
abundant clay minerals. Deposits of kaolin or china clay are associated with 
granite masses that have undergone kaolinization. Kaolin is used in the 
manufacture of white earthenware and stoneware, in white Portland cement and 
for special refractories. 
     Ball clays are composed almost entirely of kaolinite and, as between 70 and 
90% of the individual particles are below 0.01 mm in size, these clays have a 
high plasticity. Their plasticity at times is enhanced by the presence of 
montmorillonite. They contain a low percentage of iron oxide and, 
consequently, give a light cream color when burnt. They are used for the 
manufacture of sanitary ware and refractories. 
     If a clay or shale can be used to manufacture refractory bricks, then it is 
termed a fireclay. Such material should not fuse below 1600∞C and should be 
capable of taking a glaze. 
 
     The crushed fireclay is mixed with water and moulded. Bricks, tiles and 
sanitary ware are made from fireclay. Bentonite is formed by the alteration of 
volcanic ash, the principal clay mineral being either montmorillonite. When 
water is added to bentonite, it swells to many times its original volume to 
produce a soft gel. Bentonite is markedly thixotropic and this, together with its 
plastic properties, has given the clay a wide range of uses. For example, it is 
added to poorly plastic clays to make them more workable and to cement 
mortars for the same purpose. In the construction industry, it is used as a 
material for clay grouting, drilling mud, slurry trenches and diaphragm walls. 
 
13.6.7.1 Evaluation of Mudrocks for Brick Making 
     The suitability of a raw material for brick making is determined by its 
physical, chemical and mineralogical character, and the changes that occur when 
it is fired. The unfired properties, such as plasticity, workability (i.e. the ability 
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of clay to be moulded into shape without fracturing and to maintain its shape 
when the moulding action ceases), dry strength, dry shrinkage and vitrification 
range, are dependent on the source material, but the fired properties such as 
color, strength, total shrinkage on firing, porosity, water absorption, bulk density 
and tendency to bloat are controlled by the nature of the firing process. The ideal 
raw material should possess moderate plasticity, good workability, high dry 
strength, total shrinkage on firing of less than 10% and a long vitrification range. 
      The mineralogy of the raw material influences its behavior during the brick-
making process and hence the properties of the finished product. Mudrocks 
consist of clay minerals and non-clay minerals, mainly quartz. Mudrocks 
containing a high proportion of clay minerals produce less permeable products 
than clays with a high proportion of quartz, but the former types of clays may 
have a high drying shrinkage. The presence of quartz in significant amounts 
gives strength and durability to a brick. 
     The clay mineralogy varies from one deposit to another. Although bricks can 
be made from most mudrocks, the varying proportions of different clay minerals 
have a profound effect on the processing and on the character of the fired brick. 
 
13.7 Iraqi Geological Materials 
    The following is a summary of rocks in investment projects in Iraq (Fig.13.6): 
 

1. Silica Sands (Glass Sands)  
Silica sand is mainly located in Ardhumma quarry about 17 km west of 
Rutba town in Western Desert , Al-Anbar Governorate in Iraq (Gindy and 
Ibrahim, 1982). Work started in this mine in 1971 to produce glass sand 
and supplying some to the Ramadi Glass Factory, as raw materials for 
silica bricks industry; it applies all the marble factories and some of the 
marble quarries, in addition to the foundry factory. 
 

2. Marble 
Considerably large quantities of marble are available in different colors 
and kinds which are distributed in various districts north the country. In 
1971, marble blocks started in production quarries of Salahuddin, Rayat, 
Darbandikhan and Panjawin. 
 

3. Limestone for building purposes 

Some parts of Iraq raw material for bricks manufacture , yet, in most of 
these districts limestone suitable for building is available. Extracting and 
quarrying these rocks needs some requirements (the most important of 
which is that layers must be level and free from fissure and fractures as 
well as relative softness of rock). Naturally, it is not possible to provide 
such requirements for such machines . It was, therefore one quarry should 
be opened for this experiment in the district of Jalla in Anbar Governorate 
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and to  proceed in cutting the blocks in the known classical way, i.e., 
opening of quarries for the rock blocks then transferring them to a factory 
where they are cut into the required sizes by means of saws and diamond 
vibrators. Three projects have been implemented , and distributed on 
Sarchanar and Sinjar north of Iraq and Haklan in Anbar Governorate. 
 

 
Fig. (13.6). Map shows the location of some Iraqi rocks and minerals 

         used in construction. 
 
 

4. Sands and Gravel 
 There are many quarries of sands and gravels and constructing factories 
together with their washing and sorting in various districts of Iraq and 
with large quantities. These include Nabai centre , Sinam cente, Tieb 
centre, gravel centre in Mosul-Hammam Alil, gravel centre in qaim-
Akashat.  
 

5. Salinas 
 Upon Iraq' s entry into industry through its most extensive fields, need for 
salt(complying with world standards) became rapidly increasing to meet 
with the requirements of this industry, as well as to cover the requirements 
of mankind and animal consumption. All necessary studies and 
investigations were made on internal Salinas, then a contract was 
concluded with one of the component foreign world organizations to 
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undertake consultative studies for development of sea Salinas in Fao. In 
order to produce refined salts suitable for human and animal consumption, 
as well as for industrial purposes, steps are taken to develop some of the 
internal Salinas in order to produce natural sodium sulphate, and 
secondary chemical compounds for bromide and magnesium compounds 
at later stages. 
  

6. Clays  
a. Ceramic clays: There are composed mainly kaolinite and quartz with 

alumina content (33%) and iron oxides (1.4%). There are many 
quarries of kaolin clays  (white and colored) in Koua district, Duekhla 
quarry within Qa'ara formation and Hussainiyat valley (mainly colored 
kaolin with higher iron oxides compared to the white kaolin) )  in the 
western desert (Al-Anbar Governorate) suitable for manufacture of 
some ceramic products. utilizing one of the site to supply ceramic 
factory in Ramadi and white cement factory in Falluja. In addition they 
are used for colored roof tiles and many construction industries. 

b. Bentonite Clays: Bentonite clays are composed mainly of 
montmorillonite mineral. It consists of alumina (15%) , silica (65%), 
lime (4.5%). Bentonite clay are widespread in districts of Qara Tappa 
and Zurluk in Kirkuk Governorate. These clays have been used in civil 
engineering such as driving piles, excavation works (digging of wells), 
purification and treatment works as well as metallurgic works (sand 
casting). 

c. Flint clays 
 These clays are available in Hussainiyat vally in western desert. It 
consists of kaolinite and quartz with alumina 35-41% and silica 38-
46%. It is used for manufacture of white cement  and  ceramic 
materials. 
 

7. Porcellanite Rocks 
It is highly porosity  consists mainly silica (85%) and alumina (10%). 
They are widespread in western desert within Al-Anbar Governorate-Iraq, 
along a strip extended from Akashat in the north part of the area to Iraqi-
Saudi territories. They were deposited in marine depositional environment 
with the accumulation of great quantities of diatoms rich in silica. Their 
thickness is varied between 0.5-2 m. These rocks are represented by Safra 
unit within Jeed formation and Triafawi unit within Akashat formation , 
both are located in western desert of Iraq. It is used in many construction 
materials and as abrasive material. 
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8. Quartzite and Silicrete Rocks 
Quartzite rocks are one of the main siliceous deposits that are widely 
spread in Western Desert of Iraq  namely, Muaishir vally and Muhaiwir 
basin  and Ardhumma  and Kilo-160  districts in Al-Anbar Governorate. 
These deposits are with high hardness and are suitable for high quality 
silica refractories (silica bricks) due to its high silica content reaching to 
97% with low alumina (Al2O3) (<1.5%).  
Silcrete rocks are a type of quartzite siliceous deposits widespread in 
Muaishir vally (west Kilo-160) and Muhaiwir basin (north east 
Hussainiyat basin) and Ardhumma (about 17 km south west Rutba) 
districts in western desert. It consists mainly quartz in the range of 95-
99% with some iron oxide and carbonate as a cementing material. It is 
used mainly for manufacturing of acidic refractories (silica bricks). 
  

9. Bauxite 
It is hydrous alumina available in Hussainiyat valley in western desert in 
Iraq. It consists of kaolinite, quartz and alumina (47-62%) and silica (14-
40%). It is used for cement  manufacture, abrasive material and 
refractories and may other chemical industries. 
 

10.  Chert  
  
              These rocks are strong rock with high content of silica reaching to 94% 

with low amount of oxides of  calcium, magnesium and iron. it is 
widespread in Akashat in western desert.  
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REVIEW QUESTIONS  

 
13.1 State whether the following statements are True or False.   

 
1. One of the main task of a geologist is to investigate and geological 

materials for building and paving. 
2. One of the most important stages in the geological investigation for      

construction materials and paving is the validity of the quarry to work. 
3. One of the first stages of the survey of the quarry is to determine their 

positions with regard to the means of transport and the location of the 
project to be established. 

4. Generally, the intended purpose of the geological investigation is to 
determine the form of quarry or mine capacity and its kind in terms of 
materials and minerals to be extracted. 

5. Of the important things for investigating geological material in the quarry 
or mine is to determine the reserves of materials and determine the 
investment plan.  

6. The requirements for stone quarry, its shape and size are mainly 
dependent on the purpose for which this quarry will be used.  

 7. The composition of a gravel deposit reflects not only the type of rocks in 
the source area, but is also influenced by the agents responsible for its 
formation and the climatic regime in which it was or is being deposited. 

13.2 What are the main factors affecting building rocks? 
 
13.3 What are the main types of aggregates? Classify them. 
 
13.4 What are the main characteristics of crushed and natural aggregates? 
 
13.5 List the main physical properties of building rocks. 
 
13. 6 List the main damages that can occur to rocks. 
 
13.7  List the main methods of quarrying building rocks. 
 
13.8 List the main rocks used in roofing and facing materials. 
 
13.9 Define armourstone and what are they used for? 
 
13.10 What are the main rocks that are used as concrete aggregates? 
 
13.11 What are the main characteristics of rocks used for rod aggregates? 
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13.12 What are the main characteristics of sands that are used for              
building purposes. 

  
13. 13 List the main rocks used for cement and plaster manufacture. 
 
13.14 List the different types of clay products used in industry. 
 
13.15 Evaluate mudrocks for brick manufacture. 
  
13.16 List the main Iraqi geological materials used for building and          

construction. 
 
13.17 List the most important locations of sand and gravel quarries in           

Iraq? 
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