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Engineering Geology 

Topic 1: Introduction 
INTRODUCTION: (Importance to a Civil Engineer): 

 
The earlier studies of Civil Engineering couldn’t see the design of a structure should be 

preceded by a careful study of its environment, particularly foundations material on which the 

structure was to be placed. When the St. Francis Dam in Southern California failed in 

1928 with a loss of many lives and damages in millions of dollars, the civil engineering 

profession awoke to the idea that the careful design of a structure itself is not all that 

is required for the safety of structures. After the failure of St. Francis Dam, the need of 

environment exploration with proper interpretation of the results was understood by all. 

 
Geology (in Greek, Geo means Earth, logos means study of or Science of) is a branch 

of science dealing with the study of the Earth. It is also known as earth science. The study of 

the earth comprises of the whole earth, its origin, structure, composition and history 

(including the development of life) and the nature of the processes. 

 
Branches of Geology: 
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Relevance of geology to civil engineering: 

 
Most civil engineering projects involve some excavation of soils and rocks, or involve loading 

the  Earth  by  building  on  it.  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 of the site or a reservoir. 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. This is especially the case in 

extended ‘greenfield’ sites, where the area affected by the project stretches for kilometers, 

across comparatively undeveloped ground. 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. The long term economics depends on the engineering safety of the manmade 

constructions. Durability and maintenance free service of the dams, canals, structures like 

aqueduct etc. is only possible if engineering safety of them is assured. As every structure 

is related to rock beneath, proper geological investigations are of utmost importance. 

Engineering geology importance: 

 
Engineering geology provides a systematic knowledge of construction material, its 

occurrence, composition, durability, and other properties. Examples of such construction 

materials are building-stones, road materials, clays, limestone, and laterite. 

The knowledge of the geological work of natural agencies such as water, wind, ice and 

earthquake helps in planning and carrying out major civil engineering works. For examples, 

the knowledge of erosion, transportation, and deposition helps greatly in solving the 

expensive problems of river control, coastal and harbour work and soil conservation. 

The knowledge about groundwater that occurs in the subsurface rocks and about its 

quantity and depth of occurrence is required in connection with water supply irrigation, 

excavation and may other civil engineering works. 

The foundation problems of dams, bridges, and buildings are directly concerned with 

the geology of the area where they are to be built. In these works, drilling is commonly 

undertaken to explore the ground conditions. Geology helps greatly in interpreting the 

drilling data. 

In tunnelling, constructing roads, canals, and docks and in determining the stability of cuts and 

slopes, the knowledge about the nature and structure of rocks is very necessary. 
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Before starting a major engineering project at a place a detailed geological report, which is 

accompanied by geological maps and sections, is prepared. Such a report helps in planning 

and constructing the project. 

The stability of the civil engineering structures is considerably increased if the geological 

features like faults,1 joints,2 folding,3 and solution channels etc. in the rock beds are properly 

located and suitably treated. 

In the study of soil mechanics, it is necessary to know how the soil materials are formed in 

nature. 

For a major engineering project, precise geological survey is carried out and results thus 

obtained are used in solving engineering problems at hand. The cost of engineering works will 

considerably be reduced if the geological survey of the area concerned is done before hand. 

1- fault: a fracture or fracture zone in rock along which movement has occurred. 2- joint: a fracture in rock along 

which there has been no displacement. 3- fold: a bend or flexure in a rock unit or series of rock units that has been 

caused by crustal movements. 

 
Engineering Geologist Vs Civil Engineer: 

The engineering geologist presents geological data and interpretations for use by the civil 

engineer. The civil engineers have to deal mostly with soil and rocks, timbers, steel, 

and concrete. In a great majority of civil engineering, projects and the designs, involve the soils 

and rocks almost directly. 

 
Civil engineering is to construct the structure and facilities for transport, water supply, 

hydropower, flood control, environmental protection, sewage and waste disposal, urban 

development and more. In above fields, civil engineers construct and maintain waterways, 

highways, railway, pipelines, dam and reservoirs and tunnels. 

 
BRIEF STUDY OF CASE HISTORIES OF FAILURE OF SOME CIVIL ENGINEERING 

CONSTRUCTIONS DUE TO GEOLOGICAL DRAW BACKS: 

Brief study of case histories of failure of some civil engineering constructions: 

 
With reference to Dams 

1. St. Francis Dam 

2. Austin Dam 

3. Lafayette Dam 

Note: Geological studies at the dam site will also suggest which design is suitable for a given 

geological context. For example, Gravity dam needs very strong and competent foundation 

rocks; for buttress dams, relatively less strong foundation rocks are enough; arch dam need 

very strong and stable abutment rocks; for earth dams, even weak foundation rocks meets the 

requirement. 
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With reference to Reservoir 

1. Jerome reservoir of Idaho 

2. Hondo reservoir of Mexico 

 
Note: intense weathering in the rocks upstream causes silting problem. Porosity and 

permeability of rocks, occurrence of faults, joints and other weak planes cause leakage 

problems. Ground water conditions also play a major role in influencing leakage. Thus proper 

studies of geological conditions at any proposed reservoir site will forewarn an engineer of the 

problems, if any. 

 
With reference to Tunnels 

1. Ram-ganga diversion tunnel (Himalaya) 

2. Umiam-Barapani tunnel (Meghalaya) 

3. Koyna Tunnel (Bombay) 

 
Note: Competence of rocks, associated geological structures like bedding, faults, joints, 

porosity and permeability of rocks, and ground water conditions are the geological conditions 

which need to be thoroughly studied to solve such problems. 

 
GEOLOGICAL CONSTRAINTS IN CIVIL ENGINEERING 

 
The geology of an area dictates the location and nature of any civil engineering structures. 

Roads and Railways 

Problems for a road or railway project may be caused by any of the following geological 

features: 

• Faults 

• Junctions between hard and soft formations 

• Boundaries between porous and impermeable 

formations 

• Spring-lines 

• Fractured granites 

• weathered schists2 

• Landslip areas 

• Areas where beds dip towards the road or railway, as shown in the adjacent 

diagram. 

 
1 - A passage for surplus water from a dam. 

2 - A coarse-grained metamorphic rock that consists of layers of different minerals and can be split into thin irregular 

plates. 
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Dams: 

Geological investigations of a site proposed for construction of a dam must be complete 

and detailed. Features such as rock-types, geological structures, weathering, fractures and 

fissures must all be considered. The main considerations are that the material on which 

the dam rests must be able to carry the weight of the structure without failing. The 

geology upon which the dam is built must also be impervious1 to water. The abutments2, 

(the rock faces to which the dam wall is attached) must also be impervious and 

strong enough to support the dam wall, especially in the case of an arch dam 

(where more force is transmitted to the abutments). 

 

 
Failure of a dam can be due to many factors including: 

• Earthquakes 

• A sudden drop in water level 

• Inadequate protection of the reservoir side of the dam from wave action 

• Insufficient spillway capacity, so that water flows over the whole of the 

dam surface, with consequent erosion 

 
1 - Not allowing something to pass through; not penetrable. 2 - A structure built to support the lateral pressure of an arch or 

span, e.g., at the ends of a bridge. 

 

The type of dam selected depends largely on the nature of the surrounding rocks. If they are 

strong and stable, an arch dam, such as the one shown below can be constructed. This type of 

dam requires a minimum of construction materials, but the concrete must be of high 

quality. The Barossa Reservoir Dam (the Whispering Wall), The Roosevelt Dam are examples 

of an arch dams. 

An earth and rock fill embankment dam, as shown in the diagram below must be 

constructed where the surrounding rocks are not strong enough to support an arch dam. 

This type of dam is more expensive to build, requiring much more material. The main weight 

and strength of the dam is provided by compacted quarried rock. The core is made of 

impermeable material, such as clay, bitumen1 or concrete. 
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1 - A black viscous mixture of hydrocarbons obtained naturally or as a residue from petroleum distillation. 

 
IMPORTANCE OF PHYSICAL GEOLOGY 

This is also variously described as dynamic geology, geomorphology, etc. As the name suggests 

it deals with: 

(i) Different physical features of the earth, such as mountains, plateaus, valleys, rivers, 

lakes, glaciers, and volcanoes in terms of their origin and development, 

(ii) The different changes occurring on the earth's surface, like marine transgression, 

marine regression, formation or disappearance of rivers, springs and lakes, 

(iii) Geological work of wind, glaciers, rivers, oceans, ground water, and their role in 

constantly molding the earth's surface features, and 

(iv) Natural phenomena like landslides, earthquakes, and weathering. 

The main cause for surface changes is weathering. This is a natural phenomenon resulting 

directly or indirectly due to changes in the atmosphere. It disintegrates and decomposes rocks. 

This aspect is of special importance from the civil engineering point of view, because color, 

appearance, strength and durability of rocks are adversely affected by weathering. Thus even 

granite which is considered ideal for most of the civil engineering works becomes weak and 

friable on thorough weathering, rendering it useless. 

Civil engineers deal with structures like dams which are artificial barriers to the natural flow 

of rivers. Proper understanding of the geological work of a river and its features will lead to 

their better utilization for engineering applications 

IMPORTANCE OF PETROLOGY 

Petrology (Petro = rock, logos = study) deals with the study of rocks. The earth's crust, also 

called lithosphere, is made up of different petrology types of rocks. Petrology deals with mode 

of formation, structure, texture, composition, occurrence, types, etc., of rocks. The 

composition and textural characters of rocks primarily contribute to their inherent strength 

and durability. Rocks based on their suitability can be used as foundation for dams, for 

tunneling and materials of construction. Hence this is the most important branch of geology 

from the civil as engineering point of view. 
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IMPORTANCE OF STRUCTURAL GEOLOGY 

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 unconforimities in 

rocks. The details of mode of formation. Causes. Types, classification, importance, etc., of 

these geological structures form the subject matter of structural geology. From the civil 

engineering point of view, it is as important as petrology because these geological structures 

modify the inherent physical characters of rocks rendering them more suitable or unsuitable 

for civil engineering purposes. For example, at a dam site sedimentary rocks with upstream 

dip provide a desirable geological set-up, while the same rocks with downstream dip make the 

geological set-up most undesirable. 
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Effects of weathering on granite: 

Granite is an igneous rock that injects, or intrudes, as magma into Earth’s crust and then cools. 

It consists of four main mineral compounds. Two of these are types of feldspar, a group of 

silica compounds that constitute the most abundant mineral group on Earth. Plagioclase 

feldspar is a compound of sodium and silica; potassic feldspar is a compound of potassium and 

silica. Granite also contains quartz, the second most abundant rock-forming mineral after 

feldspar. The fourth main mineral compound is mica, which in granite is a silica compound 

with a crystalline appearance resembling sheets of paper. Muscovite is mica with a high 

concentration of potassium. Biotite is mica with iron and magnesium. Each of these mineral 

groups weathers according to its own chemical properties. 

1. Cooling  
Granite cools slowly within the Earth’s crust. Feldspar, quartz and mica crystals form during 

the cooling. Vertical and horizontal fissures form within the rock mass as it contracts. The 

fissures expand to larger fractures as the rock cools further. 

2. Wind 
Wind, water and ice denude the soil and Earth’s crust overlying the granite mass, exposing it to 
the atmosphere. The rock expands and contracts in reaction to changes in temperature. It 
shatters on the surface and the fractures widen to form crevices. 

3. Hydrolysis  
Hydrolysis is the chemical weathering of minerals by a mildly acidic water that forms when rains 
dissolves trace gases in the atmosphere. The reaction of feldspar minerals in granite with 
rainwater produces kaolinite, white clay known as “China clay” used in the production of 
porcelain, paper and glass. Kaolinite is most abundant over weathered granite in hot and moist 
tropical climates. Biotite and muscovite micas also weather by hydrolysis into kaolinite and 
release iron, potassium and magnesium into the surrounding soil as nutrients. 
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