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Civil engineering

• Civil engineering is the oldest engineering 
discipline after military engineering, and it was 
defined to distinguish non-military engineering 
from military engineering.

• Civil engineering is a professional engineering 
discipline that deals with the design, 
construction, and maintenance of the physical 
and naturally built environment, including works 
like roads, bridges, canals, dams, and buildings

http://en.wikipedia.org/wiki/Military_engineering
http://en.wikipedia.org/wiki/Military_engineering
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Environmental Engineering

Water resource engineering

Construction Planning and 
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Specialization of Civil engineering
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Application Area Major Geotechnical Challenges Soil Mechanics Concepts 
Involved

High-rise buildings Weak foundation soil Bearing capacity

Hospitals and schools Uneven settlement and cracking Consolidation and settlement

Basements and 
underground parking

Groundwater seepage Permeability and seepage

Urban construction 
sites

Excavation collapse Shear strength

Earthquake-prone 
areas

Liquefaction risk Soil dynamics

Large commercial 
complexes

Load transfer to soil Stress distribution

Buildings and Foundation



Application Area Major Geotechnical Challenges Soil Mechanics Concepts 
Involved

Roads and highways Weak subgrade and rutting Compaction and CBR

Railways and metro 
tracks

Track settlement Consolidation

Hill roads and 
embankments

Landslides and slope failure Shear strength

Airports Heavy repeated loading Cyclic loading behavior

Tunnels Ground collapse during excavation Earth pressure theory

Drainage systems Waterlogging and reduced strength Permeability

Transportation infrastructure



Application Area Major Geotechnical Challenges Soil Mechanics Concepts 
Involved

Dams Seepage through embankment Permeability

Canals Piping and erosion Seepage pressure

Reservoirs Foundation instability Bearing capacity

Flood embankments Slope failure Shear strength

Hydraulic structures Excess pore water pressure Effective stress

Earthen dams Internal erosion Soil-water interaction

Water Resource Engineering



Application Area Major Geotechnical Challenges Soil Mechanics Concepts 
Involved

Wind farms Heavy tower loading Bearing capacity

Solar farms Differential settlement Compressibility

Nuclear plants Dynamic machine loading Soil dynamics

Pipelines Soil movement and instability Lateral earth pressure

Transmission towers Foundation uplift Shear strength

Remote energy 
projects

Difficult ground conditions Soil investigation

Energy Infrastructure



Application Area Major Geotechnical Challenges Soil Mechanics Concepts 
Involved

Landfills Long-term waste settlement Consolidation

Contaminated sites Pollutant migration Permeability

Tailings dams Embankment failure Shear strength

Mining areas Slope instability Slope stability

Waste containment 
systems

Leakage prevention Seepage analysis

Remediation projects Soil protection Compacted soil behavior

Environmental geotechnics



Application Area Major Geotechnical Challenges Soil Mechanics Concepts 
Involved

Sea walls Wave-induced erosion Soil erosion

Ports and harbors Soft marine clay Compressibility

Jetties Scour around foundations Seepage and erosion

Land reclamation Long-term settlement Consolidation

Offshore wind farms Cyclic wave loading Soil dynamics

Coastal foundations Weak saturated soil Bearing capacity

Coastal and Offshore Engineering



Case Study NH-66 Collapse, Kollam, Kerala (December 2025)

The incident:

A 4-5 meter high embankment on National Highway 
66 collapsed at Mylakkadu near Kottiyam. The entire 
fill section failed catastrophically.

Geotechnical cause:

NHAI assessments confirmed a "deep-seated 
shear/bearing capacity failure" – the soft, 
compressible marine clay foundation was too weak 
to support the embankment load. The fill added 10-
11 tonnes per square meter, far exceeding the soil's 
shear strength.

The critical error:

The contractor proceeded without adequate 
geotechnical investigation. Residents had repeatedly 
warned authorities that earth-fill embankments 
were unsuitable for Kerala's monsoon-prone 
wetlands with soft alluvial deposits



Case Study Land Subsidence, Baddi-Ramshehar Belt, 
Himachal Pradesh (2023-2025)

The incident

Since 2023, recurring land subsidence has damaged 
70+ houses in Sheel Sunani village, followed by 8 
more houses in Jamun Da Dohra village. In 
Ramshehar, 60 villagers were rendered homeless 
when debris flowed down the hill.

Geotechnical cause

CSIR geotechnical investigations confirmed 
that friable rocks and weak soil formations in the 
area could not withstand the record rainfall (325 mm 
in July, 308 mm in August). The region's net safe 
bearing capacity was grossly overestimated.

The consequence

Villages have been declared "sinking zones" and 
brought under the Adarsh Resilient Village 
Programme for rehabilitation



Flood Damage & Embankment 
Breaches, North Bengal 

(October 2025)

Flash Flood & Debris Flow, Dharali, 

Uttarakhand (August 2025)



Some other worldwide cases

Failure Year Cause Deaths Cost

St. Francis 
Dam

1928
Shear strength, 
Permeability

450 50𝑀ሺ1928)

Teton Dam 1976
Permeability 
(piping)

11 $2B

Nicoll Hwy 2004
Shear strength 
(clay)

4 $300M

Leaning Tower ongoing Consolidation 0 $30M (fix)



Syllabus of Geotechnical Engineering I
Course code- 101403 (3 0 0 3)



1. Evaluate physical and basic properties of the soil.

2. Evaluate the plasticity behaviour of the soil

3. Apply concepts of the permeability behaviour of soil

4. Apply concepts of compaction in different civil engineering 
applications

5. Apply the concepts of effective stress in field conditions.

6. Calculate the stresses due to the external load on the soil

Course Outcomes



Text books/References



What is soil.....??

• Soil is derived from latin word solium.

• The upper layer of the earth that may be dug or plowed, specially 
the loose surface material of earth in which plants grow.  
(Agronomy)

• The upper layer of earth crust is assumed to be consist of 
consolidated sediments, which support plants. (Geology)

• All natural occuring, relative unconsolidated earth material-organic 
or inorganic character that lies above bed rock. (civil engineering)

Soil





Origin of soil





Soil Type Geotechnical Characteristics Engineering Problems
Suitable Engineering 
Applications

Alluvial Soil
Mostly sandy to silty; moderately 
compressible; variable density

Settlement under heavy 
loads; liquefaction in loose 
deposits

Foundations, embankments, 
highways after compaction

Black Cotton Soil 
(Regur Soil)

Highly expansive clay; high shrink-swell 
behavior; low permeability

Severe swelling and shrinkage 
causing foundation cracks

Requires soil stabilization and 
special foundations

Red & Yellow Soil
Sandy to clayey; moderate bearing 
capacity; porous

Erosion and low cohesion in 
dry state

Roads, light structures, 
embankments

Laterite Soil
Porous and heavily weathered; low 
fertility; hardens on exposure

High compressibility when 
wet; erosion problems

Road subgrade, building 
blocks after treatment

Arid/Desert Soil
Loose sandy soil; low cohesion; high 
permeability

Wind erosion, dune 
movement, low bearing 
capacity

Pavement works with 
stabilization

Forest & Mountain 
Soil

Shallow soil; high organic content; 
unstable on slopes

Landslides and slope 
instability

Hill roads with retaining 
structures

Peaty & Marshy 
Soil

Very high compressibility; high water 
content; low strength

Excessive settlement and low 
bearing capacity

Usually avoided or improved 
before construction

Saline & Alkaline 
Soil

Presence of salts affects soil behavior 
and durability

Corrosion of foundations; 
reduced strength

Requires chemical treatment 
and drainage control

Marine Soil
Soft clayey deposits; highly 
compressible; low shear strength

Large settlement and stability 
issues

Port and coastal structures 
with deep foundations

Glacial Soil Mixed particle sizes; irregular deposits
Unpredictable engineering 
behavior

Limited construction after 
investigation

Aeolian Soil
Fine sand deposits transported by wind; 
loose structure

Wind erosion and instability
Stabilized foundations and 
pavements

Colluvial Soil Heterogeneous and loosely deposited Slope failure and landslides
Requires detailed slope 
stability analysis
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Permeability of soil 



Types of water in soil 

• Two type: 

– Free water (moves under influence of gravity) 

– Held Water (don’t moves under influence of gravity) 

• Structural water (water present in mineral structure) 

• Adsorbed water (hygroscopic water, air-dried) 

• Capillary water (due to surface tension) 

 



Capillary rise in tube 

 



• 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑐𝑎𝑝𝑖𝑙𝑙𝑎𝑟𝑦 𝑟𝑖𝑠𝑒 = −𝛾𝑤ℎ𝑐 



Capillary rise in soil 

• 𝑑 = 0.2𝐷10 

• Terzaghi and Peck 
(1948) 

• ℎ𝑐𝑚𝑎𝑥 =
𝐶

𝑒𝐷10
 

• C= constant 
depending upon the 
shape of grain and 
impurities 

 



 



Permeability of soils 

• Property of soil which allow water to flow through it. 

• Flow of water takes due to head difference. 

• Total head (h) at a point is sum of elevation (datum) 
head, the pressure head and velocity head. 

• Velocity in soil is very small so, velocity head is 
neglected. 

• Total head loss per unit length is known as hydraulic 
gradient (i). 

• i = h/L 

 

 



Darcy’s Law 

• V = ki 

• Where k = coefficient of permeability 
• i= hydraulic gradient 

• V = discharge velocity or superficial velocity 

• 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 (𝑞) = 𝑘𝑖𝐴 



 



Determination of coefficient of 
permeability 

• Laboratory Methods 

– Constant-head permeability test 

– Variable-head permeability test 

• Field Methods 

– Pumping out tests 

– Pumping in tests 

 

 



Constant Head Permeability Test 

 



Variable Head Permeability Test 
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Unit 4 Effective stress 



 



 



 



 



 



Unit-5 
Compaction Test 



Outline of presentation 

• What is Compaction? 

• Laboratory test of compaction 

• Factors affecting compaction 

• How to do compaction in Field? 

• Impact of compaction on the properties of soil 



Compaction 

• Compaction is pressing of soil during which 
expulsion of air takes places. 

• The difference between the phenomenon of 
compaction and consolidation is that in 
consolidation expulsion of water takes place 
while in compaction expulsion of air takes 
place. 

 



Laboratory test for compaction 

• Standard Proctor test 

• Modified Proctor test 



Standard Proctor test 

• In this test soil is 
compacted in 3 layers, 
each layer is given 25 
blows with 2.6 kg rammer 
with free fall of 310 mm. 

• In this test water content 
is changed and 
corresponding density is 
measured. 

• Compaction effort is kept 
fixed. 



 



Modified Proctor test 

• In modified 
proctor test 
compaction 
effort get 
increased about 
4.56 times 

• Weight of 
rammer 4.98 kg, 
free drop 450 
mm, 5 no. of 
layers, 25 blows 



Factor affecting compaction 

• Water content 

• Amount of compaction 

• Type of soil 

• Method of compaction 

• Admixture 



• For same 
compactive effort 
method of 
compaction 
changes the 
compacting action. 

• Kneading action, 
dynamic action and 
static action are 
different form of 
the compaction 



Field compaction apparatus 

• Rammers or Tampers: 
These are used for the 
structure having 
confined area or for the 
soil adjacent to the 
existing structures. 



Rollers 



Other method 

• Vibroflotation 

• Compaction by ponding 

• Compaction by explosive 

• Compaction piles etc. 



Suitability of various methods 

• Cohesionless oils only : smooth wheel rollers, 
vibratory rollers, vibroflotation, blasting 
compaction piles can be used 

• Cohesive soil only: Sheep-foot rollers are 
suitable, precompression can also be used. 

• Both cohesive and cohesionless soil: Tampers, 
Pneumatic tyred rollers, Ponding method. 



Relative comaction 

 



Impact of compaction 

 



References 

• Basic and applied soil mechanics by Gopal 
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• Soil Mechanics and Foundation Engineering by 
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