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			Preface

			Geology is the study of the earth, the materials from which it is created, the structure of those materials and the effects of the natural forces acting on them, and it is essential for civil engineering since all the work done by civil engineers entails the earth and its features. Fundamental knowledge of geology is so important that it is a prerequisite in civil engineering programs. Engineering geology is almost universally considered as important as that of soil mechanics, the strength of the material, or the theory of structures. Application of geological expertise in the planning, design and development of major civil engineering projects. It enables a civil engineer to understand the engineering implications of certain condition should relate to the area of construction, which is essentially geological in nature. It enables a geologist to understand the nature of the geological information that is absolutely essential for the safe design and construction of civil engineering projects. They also study water patterns to determine if a particular site is prone to flooding. Some civil engineers use geologists to examine rocks for important metals, oil, natural gas and groundwater. A detailed and accurate knowledge inventory of geology is an essential part of construction and hazard analysis.

			This book is intended to provide a broad view of the relevance of engineering and geology to civil engineering projects. It deals with the application of geological site characterization and the assessment of geological and geotechnical conditions for the design, development, operation and maintenance of engineering structures. It provides a general context for the geological considerations, the identification, classification and engineering properties of soil and rock. In addition, the geotechnical field exploration methods used in engineering geology are covered. The engineer must therefore have enough understanding of geology 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. 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. 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. This book is designed to give the reader a solid grasp of some of the investigation and classification techniques for soil and rock when used as a building material in engineering applications. The book covers all aspects of engineering geology and is intended, in particular, for students of civil engineering and engineering geology.
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			Chapter 1. Physical Geology

			Physical geology is the branch of geology that deals with geologic events and materials occurring at the present time or in the very near past. This is in contrast to historical geology, which involves studying the fossil record and rock record for evidence of past geologic processes, materials, and life forms. Geologists study Earth its interior and its exterior surface, the rocks and other materials around us, and the processes that formed those materials. They study the changes that have occurred over the vast time-span of Earth’s history and changes that might take place in the near future.

			Geology is the study of earth, the materials of which it is made, the structure of those materials and the effects of the natural forces acting upon them and is important to civil engineering because all work performed by civil engineers involves earth and its features. Fundamental understanding of geology is so important that it is a requirement in university-level civil engineering programs. For a civil engineering project to be successful, the engineers must understand the land upon which the project rests. Geologists study the land to determine whether it is stable enough to support the proposed project. They also study water patterns to determine if a particular site is prone to flooding. Some civil engineers use geologists to examine rocks for important metals, oil, natural gas and groundwater.

			1.1	Basics of Geology in Civil Engineering

			Geology is the study of earth, the materials of which it is made, the structure of those materials and the effects of the natural forces acting upon them and is important to civil engineering because all work performed by civil engineers involves earth and its features.

			It is a broad scientific discipline that studies Earth through the history and processes of rocks and minerals. Although studying rocks for a living may sound unbearable to some, this fascinating science branches into many areas of the physical planet, including the formation and life of volcanoes, rivers, mountain ranges, and canyons. Geologists can find work in a wide range of industries and scientific fields, and in effect, serve as Earth’s historians and as interpreters between the planet and its inhabitants.

			Modern geology has become focused on refining the techniques and strategies used to understand the earth. With the birth of carbon dating, the age of rocks can be determined with far greater accuracy, finally giving more realistic ideas as to the age of the planet and the formation of its modern geological structure. Geological studies have also turned to the exploration of Earth as a part of the cosmic system as well, in hopes that insight into how other planets have formed can lead to new discoveries about Earth.

			Yet, not all studies of geology lead to theoretical or educational careers. Geology is a practical science of great benefit to humans, not just in discovering our history but in determining our future as well. Geologists work as consultants to mining and oil industries, able to survey land for possible use and outline safety dangers of the terrain. Some geologists devote their lives to the study of natural formations such as volcanoes and rivers in the hopes of creating advanced warning systems in case of natural disasters.

			Geologists can work in concert with construction corporations. By identifying the type of bedrock at building sites, vital information about the weight capacity and structural safety of new buildings can be obtained. In the planning of large or expanding cities, the careful geological study can prevent thousands of deaths in the event of earthquakes or natural disasters.

			Many geologists do serve as teachers or field researchers. In addition to bringing bright young minds into the field, these scientists can also contribute to the continued study of the planet. Although geology has given many clues as to the history of the planet, a considerable amount remains unknown about continental drift, seafloor expansion, and how the Earth ended up as it is today. With millions of years of history unobserved by human science, geology does not look to have all the answers any time soon and may have centuries more of continual discovery.

			

			1.1.1	History of Physical Geology

			Physical geology is the study of the earth›s rocks, minerals, and soils and how they have formed through time. Complex internal processes such as plate tectonics and mountain‐building have formed these rocks and brought them to the earth’s surface. Earthquakes are the result of the sudden movement of crustal plates, releasing internal energy that becomes destructive at the surface. Internal heat and energy are also released through volcanic eruptions. External processes such as glaciation, running water, weathering, and erosion have formed the landscapes we see today.

			About 2300 years ago, the Greeks, led by the philosopher Aristotle, were among the first to try to understand the earth. During the 1600s and 1700s, scientists believed the earth had been produced by gigantic, sudden, catastrophic events that built mountains, canyons, and oceans.

			In the late 1700s, James Hutton, a Scottish doctor, proposed that the physical processes that shape the world today also operated in the geologic past—a principle known as uniformitarianism. Another early concept was the law of superposition—in an unreformed sequence of sedimentary rocks, each layer is younger than the ones below it and older than those above it. The law of faunal succession states that fossils in these rocks occur in the same kind of order, and changes in fossil content represent changes in time. Thus, rocks from different parts of the world containing the same type of fossil formed about the same time. English geologist Charles Lyell enlarged on these ideas and modernized geology with his series of books in the mid to late 1800s.

			1.1.2	Importance of Geology

			Geology is the study of the earth, its origin, structure, composition, and history. There are many forms of geology, including economic geology, planetary geology, and engineering geology. Engineering geology is a very important topic for structural engineers to understand as it helps them properly plan a project when considering the design, location, and other important geological factors.

			The importance of geology in civil engineering may be briefly outlined as follows:

			

			1.	Geology provides a systematic study of the structure and properties of construction materials and their occurrence. Civil engineers need to know the properties of rocks accurately to enable them to consider different rocks for any required purpose that as a foundation rock, as road metal, as concrete aggregate, as building stones, as the roofing material for decorative purposes.

			2.	The selection of a site is important from the viewpoint of stability of foundation and availability of construction materials. Geology provides knowledge about the site used in the construction of buildings, dams, tunnels, tanks, reservoirs, highways and bridges.

			3.	Geology helps to identify areas susceptible to failures due to geological hazards such as earthquakes, landslides, weathering effects, etc.

			4.	The knowledge about the nature of the rocks is very necessary for tunneling, constructing roads and in determining the stability of cuts and slopes.

			5.	The foundation problems of dams, bridges and buildings are directly related to the geology of the area where they are to be built.

			6.	The knowledge of groundwater is necessary for connection with excavation works, water supply, irrigation and many other purposes. Hydrological maps provide information about the distribution of surface water channels and the groundwater depth.

			7.	Geological maps help in planning civil engineering projects. It provides information about the structural deposition of rock types in the proposed area.

			8.	Geology helps in determining the earthquake-prone areas. If any geological features like faults, folds, etc., are found, they have to be suitably treated to increase the stability of the structure.

			9.	The knowledge of erosion, transportation and deposition (ETD) by surface water helps soil conservation, river control, coastal and harbor works.

			10.	A geological survey of a site before starting a project will reduce the overall cost.

			

			1.1.3	Branches of Geology

			Geology is a relatively recent subject. In addition to its core branches, advances in geology in allied fields have to lead to specialized sciences like geophysics, geochemistry, seismology, oceanography and remote sensing.

			There are some Branches of geology, such as:

			Physical geology

			Physical Geology (Geophysics) is concerned with the physical processes and physical properties of the Earth and its surrounding space environment and the use of quantitative methods for their analysis. This is also variously described as dynamic geology, geomorphology etc. It deals with:

			◊	Different physical features of the earth, such as mountains, plateaus, valleys, rivers, lakes, glaciers and volcanoes in terms of their origin and development.

			◊	The different changes are occurring on the earth’s surface like marine transgression, marine regression, formation or disappearance of rivers, springs and lakes.

			◊	Geological work of wind, glaciers, rivers, oceans, and groundwater and their role in constantly molding the earth surface features

			◊	Natural phenomena like landslides, earthquakes and weathering.

			Mineralogy

			This deals with the study of minerals. Minerals are basic units with different rocks and ores of the earth are made up of.

			Details of the mode of formation, composition, occurrence, types, association, properties, uses etc., of minerals, form the subject matter of mineralogy. For example: sometimes quartzite and marble resemble one another in shine, color and appearance, while marble disintegrates and decomposes in a shorter period because of its mineral composition and properties.

			Petrology

			Petrology deals with the study of rocks. The earth’s crust also called the lithosphere, is made up of different types of rocks. Hence petrology deals with the mode of formation, structure, texture, composition, occurrence, and types of rocks. This is the most important branch of geology from the civil engineering point of view.

			Structural geology

			The rocks, which form the earth’s crust, undergo various deformations, dislocations and disturbances under the influence of tectonic forces. The result is the occurrence of different geological structures like folds, faults, joints and unconformities in rocks. The details of mode of formation, causes, types, classification, importance etc., of these geological structures from the subject matter of structural geology.

			Stratigraphy

			The climatic and geological changes, including tectonic events in the geological past, can also be known from these investigations. This kind of study of the earth’s history through the sedimentary rock is called historical geology. It is also called stratigraphy (Strata = a set of sedimentary rocks, graphic description).

			Economic geology

			Minerals can be grouped as general rock-forming minerals and economic minerals. Some of the economic minerals like talc, graphite, mica, asbestos, gypsum, magnetite, diamond and gems. The details of their mode of formation, occurrence, classification. Association, varieties, concentration, properties, use from the subject matter of economic geology. Further based on the application of geological knowledge in other fields, there are many other allied branches collectively called earth science.

			Engineering geology

			This deals with the application of geological knowledge in the field of civil engineering for the execution of safe, stable and economic constructions like dams, bridges and tunnels.

			Mining geology

			This deals with the application of geological knowledge in the field of mining. A mining engineer is interested in the mode and extent of occurrence of ores, their association, properties etc. It is also necessary to know other physical parameters like depth direction inclination thickness and reserve of the bodies for efficient utilization. Such details of mineral exploration, estimation and exploration are dealt within mining geology.

			Geophysics 

			The study of physical properties like density and magnetism of the earth or its parts. To know its interior form the subject matter of geophysics. There are different types of geophysical investigations based on the physical property utilized gravity methods, seismic methods, magnetic methods. Engineering geophysics is a branch of exploration geophysics, which aims at solving civil engineering problems by interpreting the subsurface geology of the area concerned. Electrical resistivity methods and seismic refraction methods are commonly used in solving civil engineering problems.

			Geohydrology

			This may also be called hydrogeology. It deals with the occurrence, movement and nature of groundwater in an area. It has applied importance because groundwater has many advantages over surface water. In general, geological and geophysical studies are together taken up for groundwater investigations.

			Geochemistry

			This branch is relatively more recent and deals with the occurrence, distribution, abundance, mobility etc., of different elements in the earth’s crust. It is not important from the civil engineering point of view.

			1.1.4	Object and Scope of Geology

			The Object and scope of geology are dived into three-part Construction Jobs, Water Resources Development, Town, and Regional Planning.

			It may be defined as that branch of applied sciences which deals with the application of geology for a safe, stable, and economic design and construction of a civil engineering project. 

			

			The basic objects of engineering geology are two-fold-

			It enables a civil engineer to understand the engineering implications of a certain condition related to the area of construction, which are essentially geological in nature.

			It enables a geologist to understand the nature of geological information that is absolutely essential for a safe design and construction of a civil engineering project.

			The scope of engineering geology can be best studied with reference to major activities of civil engineering, which are construction, water resource development, town, and regional planning.

			Object and Scope of geology

			1.	Geology to Construction Jobs

			»	planning

			•	Topographic maps

			•	Hydrological maps

			•	Geological maps

			»	Design

			»	Execution

			2.	Water Resources Development in geology

			3.	Town and Regional Planning in geological

			Geology to construction Jobs

			In all types of heavy construction jobs such as buildings, towers, dams and reservoirs, highway navigational canals and water bodies, laying of pipelines for oil, gas, and water the transport, platforms, and aerodromes, etc., full geological information about the site of construction and about the natural materials of construction is of paramount importance. This information has full relevance in all three aspects of construction- planning, designing, and execution.

			

			Planning

			Planning is the process of thinking about the activities required to achieve the desired goal. It is the first and foremost activity to achieve desired results. It involves the creation and maintenance of a plan, such as psychological aspects that require conceptual skills.

			◊	Topographic Maps: These maps give details of relief features such as the presence and nature of slopes, size, contours, and depths of valleys and gorges and rate of change of elevation in various directions. These maps are essential to understand the relative merits and demerits of all the possible sites for the proposed structure.

			◊	Hydrological Maps: These maps give details about the distribution and geometry of the surface water channels and also this data is of great importance in the proper planning of engineering projects because surface water and groundwater can affect the stability and cost of engineering structures in many ways.

			◊	Geological Maps: These Maps depict the petrological characters and structural disposition of rocks as developed in the proposed area. They provide useful information regarding the fracturing and displacement that the site rocks might have undergone in the past. These maps also give an idea about the availability or otherwise of the materials of construction in the area.

			Design

			In many cases, these are the geological characters and conditions that finally dictate the broad contours of the engineering design of an engineering project. Some geological characters that have a direct or indirect bearing upon the design of a proposed project are-

			◊	The existence of hard bedrocks and their depth from and inclination with the surface.

			◊	The mechanical properties along and across the site of the proposed project, e.g., compressive strength, shear, and transverse strength, porosity, permeability, resistance to decay and disintegration.

			

			◊	Presence, nature and distribution patterns of planes of structural weakness.

			◊	The position of the groundwater table.

			◊	The seismic character of the area.

			Execution

			During the actual execution of a civil engineering project, geological knowledge is of great value to an engineer in the selection and proper use of the right type of materials of construction. For construction in a geologically sensitive area as those of coastal belts, seismic zones, and permafrost regions, knowledge of the geological history of the area is of great importance.

			Geological in Town and regional planning

			A town planner is concerned essentially with land utilization in as best as aesthetic a manner as possible for developing cities and towns for meeting social needs in different areas. In this effort, his primary aim is to derive maximum benefits from the natural environment with minimum disturbance. To achieve these two objects, he must possess a broad perspective of the nature and properties of all the elements making the environment of the area under study. The materials making the land and the roles played by each of them in the evolution of the natural landscape has to be understood.

			Geological in Water resources development

			Exploration and development of water resources have become very important areas of activity for scientists, technologists, and engineers in all parts of the world. For proper exploration and exploitation of surface and surface water resources of the region, geological information is of fundamental importance.

			The Water-bearing properties of aquifers as well as a host of other factors that influence storage, movement, and yield of water from aquifers are essentially geological problems. They require thorough geological knowledge about the make-up and disposition of strata for designing a dependable water supply project.

			1.2	Structure of earth and its composition

			Core, mantle, and crust are divisions based on composition. The crust makes up less than 1 percent of Earth by mass, consisting of oceanic crust and continental crust is often more felsic rock. The mantle is hot and represents about 68 percent of Earth’s mass. Finally, the core is mostly iron metal. The core makes up about 31% of the Earth. Lithosphere and asthenosphere are divisions based on mechanical properties. The lithosphere is composed of both the crust and the portion of the upper mantle that behaves as a brittle, rigid solid. The asthenosphere is partially molten upper mantle material that behaves plastically and can flow. This animation by Earthquake shows the layers by composition and by mechanical properties.

			1.2.1	Crust and Lithosphere

			Earth’s outer surface is its crust, a cold, thin, brittle outer shell made of rock. The crust is very thin relative to the radius of the planet. There are two very different types of crust, each with its own distinctive physical and chemical properties. Oceanic crust is composed of magma that erupts on the seafloor to create basalt lava flows or cools deeper down to create the intrusive igneous rock gabbro. Sediments, primarily muds and the shells of tiny sea creatures, coat the seafloor. Sediment is thickest near the shore, where it comes off the continents in rivers and on wind currents. Continental crust is made up of many different types of igneous, metamorphic, and sedimentary rocks. The average composition is granite, which is much less dense than the mafic igneous rocks of the oceanic crust. Because it is thick and has relatively low density, continental crust rises higher on the mantle than oceanic crust, which sinks into the mantle to form basins. When filled with water, these basins form the planet’s oceans. The lithosphere is the outermost mechanical layer, which behaves as a brittle, rigid solid. The lithosphere is about 100 kilometers thick. The definition of the lithosphere is based on how earth materials behave, so it includes the crust and the uppermost mantle, which are both brittle. Since it is rigid and brittle, when stresses act on the lithosphere, it breaks. This is what we experience as an earthquake.

			1.2.2	Mantle

			The two most important things about the mantle are: (1) it is made of solid rock, and (2) it is hot. Scientists know that the mantle is made of rock based on evidence from seismic waves, heat flow, and meteorites. The properties fit the ultramafic rock peridotite, which is made of iron- and magnesium-rich silicate minerals. Peridotite is rarely found on Earth’s surface. Scientists know that the mantle is extremely hot because of the heat flowing outward from it and because of its physical properties. Heat flows in two different ways within the Earth: conduction and convection. Conduction is defined as the heat transfer that occurs through rapid collisions of atoms, which can only happen if the material is solid. Heat flows from warmer to cooler places until all are at the same temperature. The mantle is hot mostly because of heat conducted from the core. Convection is the process of a material that can move and flow may develop convection currents. Convection in the mantle is the same as convection in a pot of water on a stove. Convection currents within Earth’s mantle form as material near the core heats up. As the core heats the bottom layer of mantle material, particles move more rapidly, decreasing its density and causing it to rise. The rising material begins the convection current. When the warm material reaches the surface, it spreads horizontally. The material cools because it is no longer near the core. It eventually becomes cool and dense enough to sink back down into the mantle. At the bottom of the mantle, the material travels horizontally and is heated by the core. It reaches the location where warm mantle material rises, and the mantle convection cell is complete.

			Convection in the mantle is the same as convection in a pot of water on a stove. Convection currents within Earth’s mantle form as material near the core heats up. As the core heats the bottom layer of mantle material, particles move more rapidly, decreasing its density and causing it to rise. The rising material begins the convection current. When the warm material reaches the surface, it spreads horizontally. The material cools because it is no longer near the core. It eventually becomes cool and dense enough to sink back down into the mantle. At the bottom of the mantle, the material travels horizontally and is heated by the core. It reaches the location where warm mantle material rises and the mantle convection cell is complete.

			1.2.3	Core

			At the planet’s center lies a dense metallic core. Scientists know that the core is metal for a few reasons. The density of Earth’s surface layers is much less than the overall density of the planet, as calculated from the planet’s rotation. If the surface layers are less dense than average, then the interior must be denser than average. Calculations indicate that the core is about 85 percent iron metal, with nickel-metal making up much of the remaining 15 percent. Also, metallic meteorites are thought to be representative of the core. If Earth’s core were not metal, the planet would not have a magnetic field. Metals such as iron are magnetic, but rock, which makes up the mantle and crust, is not. Scientists know that the outer core is liquid and the inner core is solid because S-waves stop at the inner core. The strong magnetic field is caused by convection in the liquid outer core. Convection currents in the outer core are due to heat from the even hotter inner core. The heat that keeps the outer core from solidifying is produced by the breakdown of radioactive elements in the inner core.

			1.3	Weathering

			Weathering, disintegration or alteration of rock in its natural or original position at or near the Earth’s surface through physical, chemical, and biological processes induced or modified by wind, water, and climate.

			During the weathering process, the translocation of disintegrated or altered material occurs within the immediate vicinity of the rock exposure, but the rock mass remains in situ. Weathering is distinguished from erosion by the fact that the latter usually includes the transportation of the disintegrated rock and soil away from the site of the degradation. A broader application of erosion, however, includes weathering as a component of the general denudation of all landforms along with wind action and fluvial, marine and glacial processes. The occurrence of weathering at or near the Earth’s surface also distinguishes it from the physical and chemical alteration of rock through metamorphism, which usually takes place deep in the crust at much higher temperatures.

			Weathering involves physical, chemical, and biological processes acting separately or, more often, together to achieve the disintegration and decay of rock material. Physical weathering causes the disintegration of rock by mechanical processes and therefore depends on the application of force. Disintegration involves the breakdown of rock into its constituent minerals or particles with no decay of any rock-forming minerals. The principal sources of physical weathering are thermal expansion and contraction of rock, pressure release upon a rock by the erosion of overlying materials, the alternate freezing and thawing of water between cracks and fissures within a rock, crystal growth within a rock, and the growth of plants and living organisms in rock. Rock alteration usually involves chemical weathering in which the mineral composition of the rock is changed, reorganized, or redistributed. The rock minerals are exposed to the solution, carbonation, hydration, and oxidation by circulating waters. These effects on the mineral decomposition are added to the effects of living organisms and plants as nutrient extraction to alter rock.

			Several factors control the type of weathering and the rate at which rock weathers. The mineralogical composition of rock will determine the rate of alteration or disintegration. The texture of the rock will affect the type of weathering that is most likely to occur. Fine-grain rock will usually be more susceptible to chemical alteration but less susceptible to physical disintegration. The pattern of joints, fractures, and fissures within rock may provide an avenue for water to penetrate. Thus, shattered and fractured rock masses are more likely to undergo weathering than are monolithic structures. Climate will also control the type and rate of weathering by affecting the likelihood of freeze-thaw cycles and chemical reactions. Chemical weathering is more likely to occur and to be more effective in humid tropical climates, and the disintegration of rock from freeze-thaw cycles is more likely to take place and to be more effective in sub-Arctic climates.

			It is defined as a process of decay, disintegration and decomposition of rocks under the influence of certain physical and chemical agencies.

			Disintegration

			It may be defined as the process of breaking up rocks into small pieces by the mechanical agencies of physical agents.

			Decomposition

			It may be defined as the process of breaking up mineral constituents to form new components by the chemical actions of the physical agents.

			

			Denudation

			It is a general term used when the surface of the earth is worn away by the chemical as well as mechanical actions of physical agents and the lower layers are exposed.

			1.3.1	Types of Weathering

			Weathering is the initial step in soil creation. Weathering happens in four different manners: These include chemical weathering, physical weathering, biological weathering, and mechanical weathering. The three major ways weathering happens include chemical, physical, and mechanical weathering, which are explained below.

			Physical weathering

			It is the physical breakdown of rock masses under the attack of certain atmospheric agents. A single rock block is broken gradually into smaller irregular fragments and then into particles of still smaller dimensions. It is the most active in cold, dry and higher areas of the earth surface Temperature variations are responsible to a great extent of physical weathering.
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