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			Preface

			This book discusses and explains the study of mining and geotechnical engineering which are two significant branches of engineering that has been under implementations since the dawn of civilizations for a wide array of tasks and functions like for instance the concepts of mining were utilized in the historic times for the yielding flint stones from mountains by the process of breaking rocks around a mineral vein in certain mountains in order to create the necessities for creating fire which was an important resource for energy and other tasks in those days

			This book aims to put light on the different techniques that are implemented in the fields of mining or geotechnical engineering for the extraction of minerals from mineral-rich sources such as mountains or hills so that the resources yielded can be utilized for a wide array of tasks and functionalities associated with the day to day life of mankind. This book also significantly bifurcates the two disciplines of engineering separately that is the branch of mining engineering and geotechnical engineering.

			Students will find this book incredibly easy to comprehend, and this makes it ideal for all who has a spark of interest in the field of engineering as this book covers all the nooks of the areas of study in the engineering domains of mining and geotechnical engineering and also puts emphasis on the applications and implications of mining to the environment.
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			Introduction

			Under the diverse field of engineering, the induction of mining and geotechnical engineering has been remarkable and has thus paved pathways to open new horizons in the exploration and acquisition of several minerals that facilitate mankind in many different and significant ways.  Mining may well have been the second of humankind’s earliest endeavors positioned just after agriculture. The two industries are collectively known as the primary or basic industries of early civilization. Little has differed in the significance of these industries since the dawn of civilization. If we consider fishing and lumbering as part of agriculture and oil and gas production as part of mining, then agriculture and mining consistently provide all the basic resources utilized by modern civilization. Geotechnical engineering is a field of civil engineering associated with the engineering nature of earth constituents. Geotechnical engineering is significant in civil engineering but is also utilized by military, mining, petroleum, or any other engineering associated with construction above or below the surface. Geotechnical engineering implements the principles of soil mechanics and rock mechanics to assess subsurface conditions and materials and decide the related physical or mechanical and chemical properties of these constituents and continually examine the stability of natural slopes and man-made soil deposits like examining risks posed by site conditions, designing earthworks and structure-foundations and monitor site conditions, earthwork and foundation construction.

			

			Chapter 

			1	The Basics of Mine - Geotechnics

			Geotechnical engineering, even called geotechnics, is the implementation of scientific techniques and engineering ideologies to the accession, understanding, and utilization of knowledge of constituents of the Earth’s crust and earth constituents for the remedy of engineering issues and the blueprint of engineering tasks. It is the implemented science of foretelling the behavior of the Earth, its several constituents and processes for making the Earth more complacent for human tasks and activities.

			[image: Image result for geotechnical engineering]

			Fig. 1.1 Geotechnical Engineering project

			Source https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwjKoPzD96PnAhUymuYKHQTcDF0QjRx6BAgBEAQ&url=https%3A%2F%2Fwww.indiamart.com%2Fproddetail%2Fgeotechnical-engineering-service-19663311888.html&psig=AOvVaw16U9LQI8oJa5oqTBYqcraz&ust=1580219772478289

			Geotechnical engineering entails the domains of soil mechanics and rock mechanics and has implications in the diverse domains of geophysics, geology, hydrology, and other associated sciences. Both engineering geologists and geotechnical engineers study geotechnics.

			Instances of the utilization of geotechnics consists of the forecast, prevention or mitigation of damage occurred by natural anomalies like landslides, rockslides, sinkholes, avalanches, mudflows, and volcanic eruptions. The utilization of soil, rock and groundwater mechanics to the design and forecast deficiency of earthen formations like dams; the layout and deliverance forecast of the structures and bases of bridges, buildings, and other man-made structures as per the underlying soil and rock and flood control and prediction.

			[image: Related image]

			Fig. 1.2 Geotechnical engineer

			https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwi3mPLi96PnAhVf6XMBHf2VCdEQjRx6BAgBEAQ&url=https%3A%2F%2Frcengineeringconsultancy.com.au%2F2018%2F08%2F27%2Fthings-to-consider-before-hiring-geotechnical-engineering-melbourne%2F&psig=AOvVaw16U9LQI8oJa5oqTBYqcraz&ust=1580219772478289

			Geotechnical engineering is the division of civil engineering associated with the engineering nature of earth constituents. Geotechnical engineering is very significant in civil engineering but also has utilizations in military, mining, petroleum and other engineering domains that are associated with development happening on the surface or inside the ground. Geotechnical engineering utilizes the laws and methodologies of soil mechanics and rock mechanics to analyze sub-surface conditions and materials and regulate the necessary physical or mechanical and chemical properties of these constituents and assess the stability of natural slopes and man-made soil deposits and also analyze threats raised by site conditions.

			A general geotechnical engineering project starts with the introspection of project requirements to describe the necessary material properties. It is afterward succeeded by site analysis of fault distribution soil, rock, and bedrock factors on and below a point of significance to determine their engineering properties, including how they will interact with, on or in a proposed construction. Site investigations are required to acquire data of the region or in which the engineering will occur. Investigations can consist of the investigation of the threats to humans, property and the environment from natural threats like earthquakes, landslides, sinkholes, soil liquefaction, debris flows and rockfalls.

			[image: Image result for rock mechanics]

			Fig. 1.3 Rock mechanics

			Source https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwj99paA-KPnAhXX9nMBHawQCsIQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2Ftopics%2Fearth-and-planetary-sciences%2Frock-mechanics&psig=AOvVaw3wYd5pL3a8_8czGLopsVOm&ust=1580219899382945

			A geotechnical engineer then designates and develops the type of foundations, earthworks, and pavement subgrades necessary for the required man-made structures to be built. Foundations are developed and created for structures of different dimensions like high-rise buildings, bridges, medium to large commercial buildings, and smaller structures where the soil conditions do not pertain to code-based design.

			Foundations created for on-ground formations consist of shallow and deep foundations. Retaining structures consist of earth-filled dams and retaining walls. Earthworks consist of dikes and levees, embankments, tunnels, channels, reservoirs, deposition of dangerous waste and sanitary landfills. Geotechnical engineers are diversely associated in earthen and concrete dam projects, assessing the subsurface state at the dam site and the side slopes of the reservoir, the seepage natures under and around the dam and the stability of the dam under a plethora of normal and extreme loading states.

			[image: Related image]

			Fig. 1.4 Geotechnical project

			Source:https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwiAzZWX-KPnAhW_6nMBHUf5B3QQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.igh.hr%2Fen%2Freference%2Fa1-motorway-section-sveti-rok-tunel-maslenica-terramesh%2F&psig=AOvVaw3wYd5pL3a8_8czGLopsVOm&ust=1580219899382945

			Geotechnical engineering is associated with the domains of coastal and ocean engineering too. Coastal engineering consists of the design and construction of wharves, marinas, and jetties. Ocean engineering can include foundation and anchor systems for offshore structures such as oil platforms.

			[image: Image result for coastal engineering]

			Fig. 1.5 Ocean engineering project

			Source;https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiipY3G-KPnAhUV4nMBHcGrDMwQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.udemy.com%2Fcourse%2Fcoastal-engineering%2F&psig=AOvVaw19nA_tqM9RzbNs-0Ry9lCT&ust=1580220040689562
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			Fig. 1.6 Coastal engineering works

			Source:https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiKopfk-KPnAhXSlOYKHXkgDXYQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.industrytap.com%2Fcan-coastal-engineering-protect-seaside-communities-flooding-erosion%2F42032&psig=AOvVaw19nA_tqM9RzbNs-0Ry9lCT&ust=1580220040689562

			The domains of geotechnical engineering and engineering geology are intensively associated and have great regions of overlap. Nevertheless, the domain of geotechnical engineering is a specialty of engineering, where the domain of engineering geology is a significant section of geology. Evolved from the domains of engineering and science, respectively, the two may direct the same subject, like soil classification, with various techniques.

			1.1	History

			Humans have traditionally utilized soil as a constituent for flood control, irrigation needs, burial locations, building blocks, and as the construction material for buildings. Initial activities were associated with irrigation and flood control, as depicted by contents of dykes, dams, and canals dating back to at least 2000 BCE that were found in ancient Egypt, ancient Mesopotamia and the Fertile Crescent, as well as around the early settlements of Mohenjo Daro and Harappa in the Indus valley. As the cities expanded, structures were erected supported by formalized foundations; Ancient Greeks extensively created pad footings and strip-and-raft foundations. Until the 18th century, however, no theoretical basis for soil design had been developed, and the discipline was more of an art than a science, relying on experience.

			[image: Image result for egypt ancient dams]

			Fig. 1.7 Ruins of ancient Egyptian dam

			Sourcehttps://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwia1raE-aPnAhU48XMBHbpKDpQQjRx6BAgBEAQ&url=http%3A%2F%2Fwww.hydriaproject.info%2Fen%2Fegypt-sadd-al-kafara-dam%2Fwaterworks22%2F&psig=AOvVaw1b7es0wjXHRzWe7diw3k8u&ust=1580220172696558

			[image: Image result for egypt ancient dykes]

			Fig. 1.8 Ancient Egyptian irrigation

			Source:https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwivzquu-aPnAhXzmeYKHag1DiUQjRx6BAgBEAQ&url=http%3A%2F%2Fwww.waterhistory.org%2Fhistories%2Fnile%2Ft1.html&psig=AOvVaw3OAyci5QQ9btR8enTAeiY7&ust=1580220218124139

			[image: Image result for harappan ancient dykes]

			Fig. 1.9 Ancient Harappan engineering works

			Source:https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwiR9PjN-aPnAhUa9XMBHZB1C_0QjRx6BAgBEAQ&url=https%3A%2F%2Fwww.oercommons.org%2Fauthoring%2F27225-world-history-cultures-states-and-societies-global%2F2%2Fview&psig=AOvVaw31UGSlCRYzPeGkFpMwP9el&ust=1580220328209815

			Many foundation-oriented engineering issues, like the Leaning Tower of Pisa, notified scientists to start taking a better scientific-based trajectory for assessing the sub-surface. The earliest advances took place in the development of earth pressure theories for the construction of retaining walls. Henri Gautier, a French Royal Engineer, identified the “natural slope” of various soils in 1717, an idea later renowned as the soil’s angle of repose. A rudimentary soil bifurcation system was also engineered based on a material’s unit weight, which is no more considered a good signal of the type of soil.

			[image: Image result for leaning tower of pisa]

			Fig. 1.10 Leaning Tower of Pisa

			Source:https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwizpang-aPnAhV26nMBHThhBnUQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.britannica.com%2Ftopic%2FLeaning-Tower-of-Pisa&psig=AOvVaw2QzIuTfrUEm6vI3h-n2OAN&ust=1580220367812409

			[image: Image result for henry gauthier]

			Fig. 1.11 Henry Gautier Villars

			Source:https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwjR5dGD-qPnAhUymuYKHQTcDF0QjRx6BAgBEAQ&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHenry_Gauthier-Villars&psig=AOvVaw1t5VgIp4uPlXvZFEtATm9z&ust=1580220442904441

			The implementation of the theories and laws of mechanics to soils was recorded as early as 1773 when Charles Coulomb (a physicist, engineer, and army Captain) created and developed techniques to determine the earth’s pressures against the military ramparts. Coulomb noticed that, at failure, a certain slip plane would form behind a sliding retaining wall and he suggested that the maximum shear stress on the slip plane, for design purposes, was the sum of the soil cohesion, by accumulating Coulomb’s theory with Christian Otto Mohr’s 2D stress state, the theory became known as Mohr-Coulomb theory although it is now recognized that precise determination of cohesion is impossible.

			[image: Image result for charles coulomb]

			Fig. 1.12 Charles Augustin de Coulomb
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