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Chapter 1: General Geology, Mineralogy and Petrology 1-1to 1-73

Syllabus :

(a) Introduction to the subject, scope and sub divisions. General Geology: The earth as a planet, Interior and General
Composition of the Earth and Rock Cycle
(b) Introduction to Mineralogy : Physical properties of Minerals, Classification of Minerals, Silicate and Non Silicate
Minerals, Rock Forming Minerals.
(c) Introduction to Petrology, Broad classification of rocks
Igneous petrology : Plutonic, Hypabyssal and Volcanic rocks, Structures, Textures and Classification of Igneous
rocks. Study of common rock types prescribed in practical work and their engineering applications.
Secondary Petrology : Rock weathering, Sedimentary Structures, lithification and digenesis Process, Genetic
classification of secondary rocks and grain size classification and Textures, Study of common rock types prescribed in
practical work and their civil engineering applications.
Metamorphic Petrology : Agents, Types of metamorphism, Texture and structures. Study of common rock types
prescribed in practical work and their civil engineering applications.
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L I~ 0 o To [V 7o) W) N CT=T o] oo 1V A RO STSPPRP 1-2
1.1.3  Geological Avenues and their WOTKS ..........ueiiiiiiiie ittt 1-5
1.1.4  The Earth @S @ Planetl ... s 1-7
1.1.5  Interior Of the BEarth ... et 1-8
1.2 [ [T aT=T =1 e T O PP PP PSP PPRPPPRRPPN 1-10
1.2.1  Branches Of MINEIAIOGY .......ouuiiiiiiiie ittt st e s bt e e e ab et e e eae e e e e bb e e e e anneeeenannes 1-10
1.2.2  Definition Of @ MINEIAL .........ooiiiiiiiei ettt e e 1-11
L2 T Y/ o 1T o 1Y =T = SRR 1-12
1.2.4 Processes of Mineral Formation and Mineral Stability...........coocuiiiiiiiiiiiie e 1-15
1.2.5 Physical Properties Of MINEIaAIS.........cocuiiiiiiiiie ettt st e e e e s e e snanee 1-16
1.2.6  Rock Forming and Industrial MINEIalS ............cooouiiiiiiiiii e 1-21
1.2.7  Primary and SeCONAArY MINEIAIS .......ccuuiiiiiiiee ittt et e eeb e e s anne e e e e 1-22
2 T Vg =Y = T T (o101 PR 1-22
1.2.9  Ore FOrMING IMINEIAIS ......ooiiiiiieiiiee ettt h et e e et e e s bt e e e e b bt e et e e e e enbeeeeannbeeenannee 1-33
1.3 [T (g0} (o ) PO PP PP PPPPPP 1-38
G T T Y/ o 1= T o) o T Yo & PRSP SPRPUPRN 1-38
1.3.2  Difference DetWeen ROCKS..........uii ittt 1-39
G TR B o T Tor [ 03 VoY1 T PR OTPRP PPN 1-39
1.4 (o al=To TN o= i o] o e |V TP EP PP OPPPPPP 1-40
1.4.1  Classification of IgNEOUS ROCKS.......cciiuiiiiiiiiii ittt e et e e e e e e nbeeeeannee 1-40
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1.4.2  Textures of IgNEOUS ROCKS ......cciiiiiiiiiiiie it e et e e sre e e e s e e e e nn e e e e 1-42
1.4.3  Structures of IgNEOUS ROCKS. ........eiiiiiiiii ettt en e nans 1-47
1.4.4  Study of IMportant IgNEOUS ROCKS..........eiiiiiiiieii ittt 1-49
1.4.5 Engineering Consideration of IgNe0US ROCKS..........ccuiiiiiiiiiiii ittt 1-52
1.5 SEAIMENTANY PEITOIOGY ...ttt ettt et e et e e e bt e ek e e ae e e b et e abe e e sbneennneesnbeennnee s 1-52
LS N |V [ To (=T o 4 = o] o PSPPSR 1-52
1.5.2 Classification of Sedimentary ROCKS .........c.coiuiiiiiiiiiii e 1-55
1.5.3  Textures of SEAIMENTANY ROCKS .........oiiiiiiiieiiieeie ettt ettt eneeenneas 1-56
1.5.4  Structures of SEAIMENTArY ROCKS ..........uiiiiiiiiieiiie ettt 1-57
1.5.5 Lithification and DiagenesiS PrOCESS ........cocueiiiiiiiie et 1-59
1.5.6  Study of Important Sedimentary ROCKS ..........c.eoiiiiiiiiiiie e 1-59
1.5.7 Engineering Consideration of Sedimentary ROCKS ..........ccoouiiiiiiiiiiiiic e 1-62
1.6 MetamorphiC PEIFOIOQY .......ociieiiiiiiiiie itttk e e e et e r e e e e e e nnn e e s eeeaas 1-62
1.6.1  Agents of MetamOrPhiSM ........ooi et 1-63
1.6.2  Types of MetamOrPRISIM ........uiiiiiiiie e e e e et e e e e s e e s e e 1-63
1.6.3  MetamorphiC IMINEIAIS.........cooueiii ettt e e s e e e e e r e e s e e e e e nnne e e e anreeennne 1-65
1.6.4  Texture of MetamorphiC ROCKS .......coii ittt 1-65
1.6.5  Structures of MetamorphiC ROCKS...........uiiiiiiiiieiie it 1-66
1.6.6  Study of common MetamorphiC ROCKS ........coiuiiiiiiiiiiiee e 1-68
1.6.7 Engineering Consideration of Metamorphic ROCKS..........cciuiiiiiiiiieiiie e 1-72

Chapter 2: Geomorphology and Historical Geology 2-1 to 2-42

Syllabus:

(a) Geomorphology : Endogenic and Exogenic processes, Geological action by fluvial process i.e. river and Landforms
formed it, Aeolian and glacial process, Coastal geomorphology.

(b) Historical geology : General principles of Stratigraphy, Geological time scale with respect to Indian geological time
scale, Physiographic divisions of India, Archean’s & Dharwar formation, Cudappah formations, Vindhyan formations,
Gondwana formations, Deccan Trap formations, significance of their structural characters in major civil engineering
activities.
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21,1 GEOMOIPNIC PrOCESSES ..ottt ettt ettt b et bt e ae e be e e s st e e sa bt e saeesab e e saneesabeeeneenaes 2-1
2.1.2 Geomorphology of Rivering ENVIFONMENT .........cccuiiiiiiiii i 2-2
2.1.3  Geomorphology of Desert ENVIFONMENT.......cccuuiiiiiiiii ittt sae e sae e e e e 2-8
2.1.4 Geomorphology of Glacier ENVIFONMENT..........ccouiiiiiiiiii ettt 2-14
2.1.5 Geo-morphological Features Formed by the OCEaN...........iiiiiiiiiiiiei e 2-20
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2.2.1  General PrinCiples oOf Stratigraphy .........cooei oot 2-24
2.2.2  GeOlOGICAl TIME SCAIE ......eeiitit ettt ettt b et bt e b et e bt e es bt e s e e e nab e e enneenaneas 2-26
2.2.3  Physiographic DiViSIONS OF INAIA .....ccccuriiiiiiiieii e 2-29
2.2.4 Deccan VolcaniC ProvinCe/DECCAN TIaPS .. ..cuueaurtarueeaiteterieeestteesseesiteeaseessbeeaaseesbeeesseeasbeeeaneeesneesneesaneas 2-30
2.2.5 Gondwana DepOSitS Of INAI@........coiuiiiiiiiiit ittt n e e sne e 2-31
2.2.6  DNAIWaAr SUPEIGIOUD. ... et eittettieaitee ittt ettt e eate e st e aase e s bt e aaseeaa b e e ease e e ke e easeeea ket e ne e e ke e e be e e abeeeaneeeaneeennneenneas 2-34
P2 A OU o (o F=T o =Yg IS U o T=T o o T o T OSSP UPP PP 2-38
2.2.8  VINANYANS SUPEIGIOUD ...uveiiutitaieeatetesieeeateteaseeeasteeaaseessbeeaaseesabeeaase e s beeaaseeeabeeeae e e beeeaaeeesbeesaneennbeeenneennneas 2-39
> Model QUestion Papers (IN SEIM) ......ucciiccrirserissnrisssrsssnessssssssnessssssssmsssssssssnssssnssasnssssnssasassssnsssssssssssssansssnsnsss M-1 to M-3
Chapter 3 : Structural Geology and Plate Tectonics 3-1 to 3-37

Syllabus :

(a) Introduction to plate tectonics and Mountain building activity.
(b)  Structural Geology : Out crop, dip and strike, conformable series, unconformity, its types and overlap, faults and their
types, folds and their types, inliers and outlier. Civil engineering importance of faults and folds with examples.

(c)  Structures of rocks : Igneous intrusions and their types, joints and their types, stratification and lamination.

3.1 Introduction to Plate Tectonics and Mountain Building ACHIVITY ..........euiiiiiiiiii e 3-1
T I B o Fo1 (S =TT 0 o = g [= OO PR OPRRRPPRR 3-2
3.1.2  Mountain BUildiNG ACHIVITY .......coiiiiiieit et e e e et e e s e e e e e e e e e snnnee s 3-5
3.1.3  TYPES Of MOUNTAINS. ...ttt e e e st e e e e e e s s e e e e e nn e e e ssnn e e s nanneeeaanreenan 3-6

3.2 S LgU o (0] = I CT=Yo] (oo 1Y PSP OTPPPTTRI 3-6
O B O 1V (o7 o] o BN =1 1 (=11  EO O P ST SUPP U PROURPR 3-6
3.2.2  ROCK DEOIMALION ...ttt et 3-7
3.2.3  CONTOIMADIE SEIES ....eeitiieieeeit ettt ettt e et e ra e bt e ae e et e et e e eb e e neeenee e 3-14
3.2.4  Unconformities and their Engineering Consideration ............cccceiiiiiiiiiiiee e 3-14
3.2.5 Types of DISCONtINULIES 1N ROCKS .......oiiiiiiiiie it e e 3-15
Bi2.8  FAUMS 1.t h R E e h e e h e e bt e bbb ner e an e e s 3-16
1 32 A o o PRI 3-20
3.2.8  INNEr @NA OULTIET ...ttt et as et e e et e e be e s e e e nbneeneeen 3-30

3.3 SETUCTUIES Of ROCKS ...ttt e o bt e e e bt eb et e be e e bt e nae e e shbeeeaneesnteennnee s 3-31
3.3.1  FOrmMS Of IGNEOUS ROCKS ......ccoiitiiiiiitii ettt ettt et e et e e snbe e e e sabeeeeaas 3-31
G T T2 N Lo o | £ PSRRI 3-34
3.3.3  Stratified Layers (Stratification and Lamination) ..........coouuieiiiiiiiiiie e 3-36
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Chapter 4 :

Remote Sensing and G.1.S., Preliminary Geological Studies 4-1 to 4-34

Syllabus :

a) BRemote sensing (RS) : Definition, Stages of Remote Sensing, Remote sensing platforms, Active and Passive
Remote Sensing, Electromagnetic Spectrum, Visible band, Scattering and Absorption of EMR in atmosphere and its
effect on Satellite Imagery; resolution of satellite images, Elements of remote sensing for Visual interpretation viz,
Tone, Shape, Size, Pattern, Texture, Shadow and Association.

b) Geographical Information System (GIS) : Introduction, Definition, Tools, Applications of Remote Sensing and
Geographical Information system in Civil Engineering.

c) Preliminary Geological Exploration : reconnaissance survey, Desk study, surface and subsurface Geological
Investigations: Direct methods like Test and trial pits, pilot trenches, Drilling, Core inspection significance and
limitations of it. Indirect methods like Resistivity, Seismic Survey and its Significance and limitations.

41 R TET g ao) (I ST=T g < o F PSP POP PP 4-1

411 Types Of REMOIE SENSING. .. .uiiiiiiiiiiiii ettt e b e et e e s bt e e e aab et e e e ettt e e sne e e e e snneee s 4-1
4.1.2  Remote SENSING PIAIOMMIS .....iiiiiiiii et e et e et e s b e e et b e e e sabe e e e abeee e 4-2
4.1.3 Electromagnetic Radiation and SPECIIUM .......cc.uiiiiiiiiiiiiiie et 4-3
4.1.4  Energy Interactions in Atmosphere (Scattering and absorption) ..........occueeeeriiiieiiiiee e 4-7
4.1.5 Effects of Atmosphere on REmMOtE SENSING ......cuuuiiiiiiiii it 4-8
4.1.6  Spectral Responses to0 Some Earth’s ODJECES .......ciiiiiiiiiiiiiiie e e e e e e 4-8
4.1.7  Resolution Of SAtEIlIE IMAGES ... ..eiiiiiii ettt bb e e st e st e e e e sbeee e 4-9
4.1.8 Working Principles / Stages of REMOE SENSING ......uviiiiiiiii e 4-10
4.1.9 Elements of IMage INterpretation...........eii ittt 4-11
4.1.10 Applications Of REMOIE SENSING ....cciitiiiiiiiiii it rb e et e e snne e e e snnaeeas 4-12
4.2 Geographic Information SYSTEM (GIIS) ......ueiiiiiiii e e 4-13
4.2.1  What GIS CAN O fOF YOU ..tttk e ettt e e e bt e e s aabe e e e et et e e nnbe e e e nnbaee s 4-13
4.2.2 TOOIS OF GIS ...ttt b e h e e bt e a et e a e e st e e e bt e et e e et te e e n e e 4-13
G T AV o] o] Toz= L1 To] g -] 1 11 T PSS SPPRPPRN 4-16
4.3 Preliminary GeologiCal EXPIOTatiONS. ........iuuiii ittt ettt et e e abb e e e e e e e e sabn e e e e nnbeeennanee 4-17
4.3.1  SUITACE SUIVEY ...ttt ettt ettt oo bttt e oo a bt e oottt e o s e et e e 4 a b bt e e e st eeeane e e e e sbe e e e e nnbeeesnneeas 4-18
4.3.2  SUDSUITACE SUMVEY ...ttt ettt et e e e sttt e oo ab e e e ettt e e sabe e e e sae e e e anbb e e e nnbneeennbaee s 4-20
4.3.3  SUDSUIACE EXPIOTATiON.......uuiiiiiiii ittt e e e e e e e e e e e e s et et e e e e e s eaanteeaeeeesasrsaeeeaeeeaanes 4-21
N S ©70 ) (=3 He o o [ o PP PPPRPP 4-27
4.3.5 Indirect Method of Geological INVESIGAtION .........ciiiiiiiiiiiie e 4-30
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UNIT V |

Chapter 5: Role of Engineering Geology in Dams, Reservoir and Tunneling 5-1 to 5-24
Syllabus :
(a) Geology of Dams and Reservoir : Strength, stability and water tightness of foundation rocks, influence of geological

conditions on the choice and type of dam, preliminary geological work on dam and reservoir sites, precautions to be
taken to counteract unsuitable conditions and their relevant treatments with case studies.

(b) Tunneling : Preliminary geological investigations, important geological considerations while choosing alignment,
difficulties during tunneling as encountered due to various geological conditions, Role of groundwater and suitability of
common rock types for excavation and tunneling and important case studies in Kasara and Bor Ghat sections of
central railway in Maharashtra and in India, particularly in Himalayas etc.

5.1 DT I= VgL Tt =T AV | ST SPP R 5-1

LT I B Y o 1T o) = g o O PO PP PR OPPRR PRSI 5-1
5.1.2 Terminologies associated With Dam ............oooiiiiiiiiiie e 5-5
5.1.3  Geology of DAmS @Nd RESEIVOII......ciiuiiiiiiiiitiieiiee itttk e e e st san e e sae e nbeeenane e e 5-6
5.1.4  Preliminary Geological INVEStIGatiONS ........coiuiiiiiiiiii e 5-7
5.1.5 Favourable and unfavourable Geological Conditions for Locating Dam Sites...........ccccocerriiiiieeiiiieineennne 5-8
5.1.6  Precautions taken to Overcome on Geological Defects ..........coiiuiiriiiiiiiiiiie e 5-10
5.1.7  Precautions taken to Overcome on erosional and structurally controlled valleys............ccccccevceerieernennns 5-11
L S B 0= TS (o =Y TP UUR U RTOPROPPN 5-12
5.2 I 1T LT 1 T PP PP SR 5-13
5.2.1  Preliminary Geological INVEStIGatiONS .........ciuiiiiiiiiieie e 5-14
5.2.2 Important Geological Consideration while Choosing Alignments and Other Difficulties............cc.ccceeeueeene 5-16
5.2.3 Effects of Groundwater 0N TUNNEIING......c.ciiiiiiiii it e e saeeennee s 5-20
5.2.4 Difficulties during Tunnelling and Methods to Overcome the Difficulties ..........ccccceiiieriiiiiiciiie e 5-20
5.2.5 Methods of TuNNElliNG iN SOft SOl .......uiiiiiii e e 5-21
5.2.6  £ase StUIES Of TUNNEI ....oouiiiiiieiie ettt ettt e e ea et e st e e eabe e st e e eae e e beeeaae e e sabeeannee s 5-22

Chapter 6 : Geological Hazards, Ground Water and Building Stone 6-1 to 6-44

Syllabus :

(a) Geological hazards : Volcanism, Earthquakes and Seismic zones of India, Landslides and stability of hill slopes and
Preventive measures.

(b) Groundwater : Types of groundwater, water table and depth zones, influence of hydro geological properties of rocks,
types of aquifers, artesian wells and its geological conditions, artificial recharge of groundwater. geological work of
groundwater, levels, effects of dams and canals, effect of pumping, cone of depression, circle of influence, fluctuations
in water table, Methods of conservation of groundwater and its management, introduction of watershed management,.

(c) Building stones : Requirements of good building stone: strength, durability, ease of dressing, appearance, mineral

composition, textures and field structures, suitability of common rocks as building stone.
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6.1 (LYo (ol 1o 1l o b= Yo PSPPSR OURRPRROY 6-1
L0 I B Vo] (7= £ ST PRRPTRRPN 6-1
B.1.2  E@MNQUAKE ..ot e et e e e e e e e et nnr e e e e e e aas 6-9
6.1.3 Landslides and Hill SIOPeS STability ..........ooiiiiiiiiiiiii e 6-16
L R =T [ F= g oL PSPPSRI 6-19
[ IR CT=To T4 g F= Vo [ T=Y (o] (o4 o o EO O UURUURROPROPRN 6-22
6.2 (CToT0 T 1= =T OSSPSR PP 6-24
B.2.1  SOUICES Of GIOUNAWALET .......eiiiiieiiiee ittt ettt b e be e e b et e sae e e abe e e e ae e e eaeesabeeeabeeebeeeneeea 6-24
6.2.2 Water Table and Depth ZONES........ocuiiiiiiii et e e e e 6-24
(2 T Y o 1= o) o 18 1= ST ESUP PSPPI 6-25
6.2.4  Geological WOrK Of GrOUNGWALET ... ...couiiiiii ittt ettt e e e e s beeenee s 6-26
6.2.5 Hydrological Properties of ROCKS @nd SOil..........c.cciiuiiiiiiiiiiiiii e 6-27
6.2.6  Well Hydraulic (Effect of pumping, cone of depression, circle of influence) ..........cccocccceeeevciiieccne e, 6-28
6.2.7  CoNServation Of GIOUNAWALET ..........ooiuiiiiie ettt ettt ste e b e e sbe e e be e e aseeeabeeenbeeanneesbeeeneeens 6-28
6.2.8  ArtifiCial RECNAIGE. . ..o it et e e n 6-29
6.2.9  Fluctuation in Water Table LEVEIS ........cooriii et 6-30
6.2.10 Impacts of DAmMS @Nd CANAIS........cc.eiiiuiiiiiieiie ettt sttt e e eab et e ene e r e enee s 6-30
L2 e Y 4 (=TS =T T PSPPI 6-31
6.2.12 Definition of spring and TYPES Of SPINGS ......ueeruiieiiiiiiee ettt 6-31
6.2.13 Ground Water ReCharge TECHNIGUES ........coiuuiiiuiie ittt ettt sbe e e sae e s beeenee e 6-33
6.2.14 Introduction to Watershed ManagemeNnt.............oooiiiiiiiiie e 6-33
6.3 2T Lo [T o TS (o] o T=Y S PP PP PPRUPROS 6-39
6.3.1  Suitability of common rocks as building STONES .........cccueiiiiiiiiiiie e 6-40
> Model Question Papers (ENd SEM).......ccccciiirsmriissnesssssmsssssssssssssss s ssssssssssssss s ssssssssssssmssssssssssassnsssssansssssen M-1 to M-6
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