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PILE DESIGN THEORY 

TYPES OF FOUNDATIONS:  

 Every structure is broadly classified into three parts. 

1. Substructure 

2. Plinth 

3. Superstructure 

 Part of structure build below the ground level is called sub-structure and that of 

above the ground level is called super structure 

 Plinth is not only the base of a structure, it’s a platform that supports a pedestal, column, 

or structure.  

 A part that separates super structure from sub structure and from which floor starts 

 The function of footing (shallow foundation) or a foundation (can be shallow / deep) 

is to safely and effectively transmit the load from the column to the soil 

 



 

 The permissible pressure that the soil can take without any failure is called as safe bearing 

capacity (SBC) of soil 

 Foundation is defined as that part of the structure that transfers the load from the structure 

constructed on it as well as its self-weight over a large area of soil in such a way that the 

amount does not exceed the ultimate bearing capacity of the soil and the settlement of 

the whole structure remains within a tolerable limit. 

 

 Objectives of a foundation: 

 Distribute the weight of the structure over a large area of soil. 

 Avoid unequal settlement. 

 Prevent the lateral movement of the structure. 

 Increase structural stability. 

 There are different types of soil, and hence the soil bearing capacity is different too for 

each type of soil. Depending on the soil profile, size, and load of the structure, there are 

different kinds of foundation. 

 

 All foundations are divided into three categories: According to Terzaghi, depth to width 

relationship is the basis of foundation classification. 

 Shallow foundations: if Depth ≤ Width of foundation 

 Deep foundations: if Depth > Width of foundation 

 Special foundation: Foundations built for transmission line towers, chimneys etc 

 

 The terms Shallow and Deep Foundation refer to the depth of the soil at which it is placed 

 

Difference between Foundation and Footing: 

 Foundation is a structure which transfers the loads from the superstructure to the ground, 

while footing is the foundation which is in contact with the earth.  



 A foundation can be shallow and deep, while a footing is a type of a shallow foundation. 

so, all footings are foundations but all foundations cannot be footings.  

 

 

SHALLOW FOUNDATIONS 

 They are usually located no more than 6 ft below the lowest finished floor. 

 A shallow foundation system generally used when  

 The soil closes the ground surface has sufficient bearing capacity 

 Underlying weaker strata do not result in excessive settlement.  

  The shallow foundations are commonly used most economical foundation systems 

 Types of spread footing: (either for Column or for Wall) 

a) Single pad footing. 

b) Stepped footing for a column. 

c) Sloped footing for a column. 

d) Wall footing without step. 

e) Stepped footing for walls. 

f) Grillage foundation. 



(a) Isolated spread footings under individual columns which can be square, rectangular or 

circular.

 
(b) Wall footing is a continuous slab strip along the length of wall 

 

(c) Combined footings support two or more columns. These can be rectangular or trapezoidal 

in plan. 

 A combined footing is necessary in following three reasons: 

 Columns are placed very close to each other so that their individual footings overlap 

each other 

 When bearing capacity of soil is less so it is required to have a more spread area for 

footing and so footing of adjacent column may overlap 

 When external column is close to property line, it is not possible to provide isolated 

footing for that column because it may be extended beyond the property line and so 

combined footing solves the problem 
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 The essential condition to satisfy in combined footing is that, centroid of footing area 

should coincide with resultant of column loads so that soil pressure distribution is 

uniform under soil.   

 Types of combined footing:  

 

 Combined footing (Rectangular):  

 Combined footing (Trapezoidal):  

If outer column near property line carries a heavier load 

 Strap footing 

 Raft / mat foundation 

 

 

 Combined footing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Footing  

Columns  



(d) Strap or Cantilever Footing 

 

 Strap footings are similar to combined footings.  

 Reasons for considering or choosing strap footing are identical to the combined one. 

 In strap footing, the foundation under the columns is built individually and connected by 

a strap beam.  

 Generally, when the edge of the footing cannot be extended beyond the property line, 

the exterior footing is connected by a strap beam with interior footing. 

 

(e) Raft / mat foundation:  

 

 This is a large continuous footing supporting all the columns of the structure.  

 This is used when soil conditions are poor but piles are not used. 

 Raft foundation is provided  

 When load transmitted by columns are so heavy or allowable soil pressure are so 

small that individual footings if provided would cover more than about half of the 

area, then it is better to provide a continuous footing called raft foundation under all 

columns and walls   

 Raft foundations are used to reduce settlement of structure located above heavy 

compressible deposits i.e. they control differential settlement 

 Types of raft foundation:  

 Solid raft (A continuous slab covering all the columns) 

 Ribbed raft (mat with a central hollow region when all the columns are connected by 

a continuous beam which gets supported on the raft slab   

 

 

Raft foundation 
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DEEP FOUNDATION 

1. PILE FOUNDATION 

 

 A pile is a slender column provided with a cap to receive the column load and transfer 

it to undelaying soil layer / layers. 

 Pile foundation is a common type of deep foundation.  

 Pile is a slender member with a small cross-sectional area compared to its length. 

 It is used to transmit foundation loads to a deeper soil or rock strata when the bearing 

capacity of soil near the surface is relatively low.  

 Pile transmits load either by skin friction or bearing.  

 Piles are also used to resist structures against uplift and provide structural stability against 

lateral and overturning forces. 

 They are used to reduce cost, and when as per soil condition considerations, it is desirable 

to transmit loads to soil strata which are beyond the reach of shallow foundations. 

 Pile foundations are economical when 

 Soil with higher bearing capacity is at a greater depth. 

 When the foundation is subjected to a heavily concentrated load 

 The foundation is subjected to strong uplift force 

 Lateral forces are relatively pre dominant  

 When there are chances of construction of irrigation canals in the nearby area. 

 Expansive soil like black cotton soil are present at the site 

 In marshy places where soil is wet soil/ soft soil/ water logged/ low laying area 

 When the topsoil layer is compressible in nature. 

 In the case of bridges, when the scouring is more in the river bed. 

 When it is very expensive to provide raft or grillage. 

            2. PIER FOUNDATION 

 Pier is a deep foundation structure above ground level that transmits a more massive load, 

which cannot be carried by shallow foundations.  

 It is usually shallower than piles.  

 Pier foundation is a cylindrical structural member that transfer heavy load from 

superstructure to the soil by end bearing.  

 Unlike piles, it can only transfer load by end bearing only and by not skin friction. 
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https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/176-pile-foundation-definition-types
https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/176-pile-foundation-definition-types
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Difference between Pile and Pier foundation 

Pile Pier 

Piles are always below the ground level Piers are always above the ground 

Larger in length and smaller in diameter Smaller in length and larger in diameter 

Adopted when there is no hard bearing strata 

of soil available at reasonable depth 

Adopted when there is hard bearing strata of 

soil available at reasonable depth but other 

types of foundation construction is not 

economical 

Piles are driven through overburden soil into 

load bearing strata 

Pier is drilled by drilling machine 

Transfers full load through both bearing and 

friction action only 

Transfers full load through bearing action 

only 

Constructed at greater depth Constructed at shallower depth 

Resist greater intensity of load Resist smaller intensity of load 

 

 

PIER foundation with PILE 



3.WELL / CAISSON FOUNDATION 

 Caisson foundation is a watertight retaining structure used as a bridge pier, construction of 

the dam, etc.  

 It is generally used in structures that require foundation beneath a river or similar water 

bodies. 

 The reason for choosing the caisson is that it can be floated to the desired location and then 

sunk into place. 

 Caisson foundation is a ready-made hollow cylinder depressed into the soil up to the 

desired level and then filled with concrete, which ultimately converts to a foundation.  

 It is mostly used as bridge piers.  

 Caissons are sensitive to construction procedures and lack construction expertise. 

 

 

 There are several types of caisson foundations. 

1. Box Caissons. 

2. Floating Caissons. 

3. Pneumatic Caissons. 

4. Open Caissons. 

5. Sheeted Caissons. 

6. Excavated Caissons. 

 

CAISSON Foundation 

 

 

https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/152-caisson-foundation


DETAILS OF PILE AND PILE CAP 

Classification of Pile foundation: 

1. Based on Function or Use: 

a) End Bearing Piles:  

             These are the pile used to transfer loads through water or soft soil to a suitable        

bearing stratum. 

b) Friction Piles: 

             This type of pile utilizes the frictional resistance force between the pile surface 

and adjacent soil to transfer the superstructure load.  

c) Combined end bearing and friction pile: 
This pile transfers the super-imposed load both through side friction as well 

as end bearing. Such piles are more common, especially when the end bearing 

piles pass through granular soils. 

d) Compactor Piles: 

These are used to compact loose granular soil thus increasing their bearing 

capacity. 

e) Batter pile: 

              A pile driven at an angle with the vertical to resist a lateral force 

f) Sheet Piles: 

Used as impervious cut-off to reduce seepage and uplift under hydraulic 

structures. 

They are rarely used to furnish vertical support but are used to function as 

retaining wall 
g) Anchor pile: 

                         It provides anchorage against horizontal pull from sheet piling 

 

  Anchor piles can transfer both compressive and tensile forces as well as 

bending moments to the ground, making them ideal as anchors for offshore 

moorings, basements, and tunnels, etc. Moored floating offshore structures 

impose a variety of load conditions on the anchor system. 

h) Tension/uplift pile: 

It anchors down the structures subjected to uplift due to hydro static pressure, 

seismic activity or due to overturning moment   

2. Based on Materials:  

a) Timber Piles 

b) Concrete Piles 

c) Steel Piles 

d) Composite Piles 

3. Based on construction process: 

a) Bored Piling:  

Bored piles are installed by auguring into the ground forming a hole into which 

concrete can be poured, thereby casting the pile in position. 

b) Driven Piling:  

Driven piles are driven or hammered into the ground with the use of vibration 

https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/176-pile-foundation-definition-types#end-bearing
https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/176-pile-foundation-definition-types#friction
https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/176-pile-foundation-definition-types#compactor
https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/176-pile-foundation-definition-types#sheet
https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/176-pile-foundation-definition-types#timber
https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/176-pile-foundation-definition-types#concrete
https://civiltoday.com/geotechnical-engineering/foundation-engineering/deep-foundation/176-pile-foundation-definition-types#steel


c) Screw Piling 

Screw piles are wound into the ground, much like a screw is wound into wood. 

This is an efficient means of installation and coupled with their mechanism of 

dispersing load, provides effective in-ground performance in a range of soils, 

including earthquake zones with liquefaction potential 

d) Mini Piling 

Mini piling is a variation on piling that uses a narrower diameter. This makes 

them light and inexpensive whilst still being able to support considerably 

heavy loads. For the most common type of mini piling a hollow steel shaft is 

screwed or drilled into the ground 

e) Sheet Piling 

Sheet pile walls are retaining walls constructed to retain earth, water or any 

other filling materials. These walls are thinner in section compared to masonry 

walls. Sheet pile walls are generally used for following: Water front structures, 

i.e. in building wharfs, quays and piers. 

4. Classification of Piles based on the effect of Installation: 

a) Displacement pile:(eg: Driven Cast in Situ concrete pile and Driven Precast 

concrete pile) 

b) Non- Displacement pile: (eg: Bored Cast in Situ concrete pile, Bored Precast 

concrete pile) 

5. Classification of Concrete piles: 

a) Driven cast in-situ (CIS) piles (IS 2911-P1-S1-2010)  

b) Bore cast in-situ (CIS) piles (IS 2911-P1-S2-2010) 

c) Driven precast (PC) piles (IS 2911-P1-S3-2010) 

d) Precast (PC) pile in pre bore hole (IS 2911-P1-S4-2010) 

Method of pile installation (Driven / Bored) 

 

DIFFERENCE BETWEEN DRIVEN PILE FOUNDATION AND BORED PILE 

FOUNDATION LIES IN THE METHOD OF CONSTRUCTION 

 

Driven pile foundation 
 A driven pile is formed off-site under factory-controlled conditions. Driven Piles are 

made from preformed material having a predetermined shape and size that can be 

physically inspected prior to and during installation, which is installed by impact 

hammering, vibrating or pushing into the earth.  

 Driven pile foundations are longer than bored piles. 

 A driven pile is driven straight in and transfer the load through friction and/or bearing 

 Driven piles are sometimes referred to as displacement piles because in the process of 

driving the pile into the ground, soil is moved radially as the pile shaft enters the ground.  

 These may include timber, steel, or precast concrete piles. 

Advantages: Driven Pile: - 

a) Driven pile is the most favoured for works over water such as piles in wharf structures 

or jetties. 

b) Driven piles may conveniently be used in places where it is advisable not to drill holes 

for fear of meeting ground water under pressure. 

c) A pile driven into granular soil, compacts the adjacent soil mass and as a result the 

bearing capacity of the pile is increased. 



d) Piles can be precast to the required specifications. 

e) Piles of any size, length and shape can be made in advance and so progress of the 

work will be rapid. 

f) The work is neat and clean. The supervision of work at the site is minimum.  

g) The storage space required is very much less. 

 

Bored pile foundation: 
 A bored pile is cast-in-place concrete piles, meaning the pile is cast on the construction 

site. 

 In this process, a void is formed by boring or excavation before pile is introduced into the 

ground. Piles can be produced by casting concrete in the void. Boring piles are considered 

as non-displacement piles. 

 Bored pile foundations, also known as replacement piles, are typically poured in place 

and provide support for structures, transferring their load to layers of soil or rock that have 

sufficient bearing capacity and suitable settlement characteristics. 

 

Advantages: Bored Pile: -  

 

a) Piles of variable lengths can be extended through soft, compressible, or swelling soils 

into suitable bearing material. 

b) Vibration is relatively low, reducing disturbance of adjacent piles or structures. 

c) Large excavations and subsequent backfill are minimized. 

d) Piles can be extended to depths below frost penetration and seasonal moisture variation. 

e) Less disruption to adjacent soil occurs. 

f) For many design situations, bored piles offer higher capacities with potentially better 

economics than driven piles. 

 

 ULTIMATE BEARING CAPACITY OF A PILE:  

 

 Like footing, piles are too designed for Soil considerations and Structural considerations. 

 Pile transmit load to ground either, by Skin friction with granular / sandy soil, by 

Cohesion with clayey soil, or by Compression at pile tip when it reaches a hard stratum.   

 Usually, combination of upward skin friction along pile and vertical compressive force 

at the pile tip is used to calculate the bearing capacity of pile. 

 The ultimate bearing capacity of a pile is the maximum load which it can carry without 

failure or excessive settlement of the ground.  

The bearing capacity of a pile depends primarily on 3 factors as given below,  

 Method of pile installation (Driven / Bored) 

 Type of soil through which pile is embedded (soil shear strength parameter) 

 Pile dimension (cross section & length of pile) 

 

 BEHAVIOUR OF PILE UNDER LOAD:  

 

Let us consider a pile loaded gradually by increasing the load at top (Fig-a below). The load 

settlement curve for the pile under load is in Fig. b. Under increasing load, the behaviour of 

pile is as follows:    

 On application of initial axial load Q1 on top of pile, at distance L1 from top, this load 

reduces to zero, i.e. load Q1 is resisted by skin friction alone. 



 When load increases to Q2, total load is resisted by skin friction along entire pile length. 

 When load exceeds Q2, part of load is resisted by hard stratum base soil by compressive 

force and remaining by skin friction.  

 Skin friction attains its ultimate value Qs at such load level and any further load increase 

will increase compressive load at pile tip. 

 On further increase in load, compressive load at pile tip reaches its ultimate value Qp and 

pile finally fails in Punching shear.  

 Hence the ultimate bearing capacity of pile, Qu= Qp + Qs (Qp= compressive force at pile 

tip and Qs= Upward skin friction along pile length 

 

 
 

PILE FOUNDATION 



Estimation of Pile Capacity (general): 

The ultimate load carrying capacity of a pile can be determined by the following methods: 

1. Static formula (Common formula) 

2. Dynamic formula (Useful for driven piles in cohesionless soil) 

3. Static in situ test or Pile load test  

 Good for cohesionless soil 

 More reliable than other two  

 Expensive and time consuming,  

 As per IS 2911 (P4): 1985, 0.5% to 2% of total piles are to be tested 

Estimation of Pile Capacity (Cohesionless soil): 

As per cl B1, Page 9, IS 2911 (P1-S1): 2010 

Qn = End bearing capacity of pile + Skin friction resistance (+ve) 

𝑄𝑛 = 𝐴𝑝(0.5𝐷𝛾𝑁𝛾 + 𝑃𝐷𝑁𝑞) + ∑𝐾𝑖𝑃𝐷𝑖 tan 𝛿𝑖𝐴𝑠𝑖 
 

Where,  

Qn = Ultimate load capacity of driven cast in site concrete pile in cohesionless soil 

Ap = Cross sectional area of pile cap in m2 

Asi  = Surface area of pile shaft in the ith layer  

D = Diameter of pile shaft in m 
γ= Effective soil unit weight at pile tip in kN/m3 

Nγ and Nq are bearing capacity factors depending on angle of internal friction of soil (ø) at 

pile tip,  

PD = maximum effective over burden pressure at pile tip in kN/m2 (at critical depth)  

for Ø (300), PD = 15xD 

for Ø (400), PD = 20xD 

PDi = effective over burden pressure at pile tip in ith soil layer in kN/m2 

Ki = coefficient of earth pressure in ith soil layer depends on nature of soil strata, type of pile, 

spacing of pile and pile construction method 
Ki = 1 to 2 for driven pile in dense sand with Ø varying from 300 to 400 (IS 2911) 

δi = angle of wall friction between pile and soil in ith layer 

δ = Ø (around pile shaft) 

∑ is summation is done for soil layers 1 to n in which pile is installed and contributes to 

positive skin friction  

 

 



Estimation of Pile Capacity (Cohessive soil): 

 

As per cl B2, Page 9, IS 2911 (P1-S1): 2010 

Qn = End bearing capacity of pile + Skin friction resistance (+ve) 

𝑄𝑛 = 𝐴𝑝𝑁𝑐𝐶𝑝 + ∑𝛼𝑖𝐶𝑖𝐴𝑠𝑖 
 

Ap = Cross sectional area of pile in m2 

Nc= Bearing capacity factor (may be 9) 

Cp= average cohesion at pile tip in kN/m2 

αi = adhesion factor for ith layer 

Ci= average cohesion for ith layer in kN/m2 

Asi  = Surface area of pile shaft in the ith layer  

 

 

Negative Skin Friction (NSF):  
 

 It is down ward drag of pile by surrounding soil. 

 Pile capacity should be reduced to compensate for the downward drag due to NSF. 

 It can be compensated by providing friction reducing material like bitumen coating 

or sleeves around pile 

 When pile is installed in a fill of loose sand deposit or soil that undergo high 

consolidation or pile piles are driven through a stratum of soft clay into firm soil, there 

will be NSF 

 Reconsolidation of remoulded clay layer around any driven pile and lowering of water 

table in clays initiating significant settlement may too result NSF 

 

PILE GROUP: 

 

 Piles are usually installed in groups 

 It is economical to use few high-capacity deep piles under column than a large number 

of low-capacity short piles 

 A single pile foundation cannot take moment 

 A two-pile group foundation can take moment only in one direction 

 A minimum of three piles is required under a column to resist column load and moment 

in two directions 

 Top of piles are connected by a pile cap which helps the piles to act as a single unit. 

 Pile group capacity is considerably less than the sum of individual pile capacities 

 Because the zone of soil that is stressed by entire group extends to a greater width and 

depth than zone breadth of the single pile. 

 Group action of pile group foundation can cause excessive displacement and failure 

    

Structural Design of pile: 
 

 When a pile is wholly embedded in soil having an undrained shear strength greater 

than 0.01 N/mm2, the axial pile capacity is not governed by strength of long column. 

 Hence pile is designed as a short column. 



 Minimum concrete grade for PILE is M25 (IS2911(P1-S1) 

 Generally, Soil Design governs pile design 

 Minimum steel is provided in pile (mild steel can be used in pile) 

 Minimum steel area (any type/grade) in pile = 0.4% of cross-sectional area of pile 

shaft 

 Clear cover to main steel in pile shaft > 50 mm (generally) 

 Clear cover to main steel in pile shaft > 50 mm (corrosive environment) 

 Minimum six steel rebars for circular pile and minimum diameter is 12 mm 

 Precast piles are Square/ Hexagonal and bored piles are Circular 
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Detailing in a Precast Concrete Pile of 9m length 

(a) Pile Cross Section 

(b) Pile Longitudinal Section 
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Detailing in a RCC Pile Cap of 1.5m x 1.5m 

a) Sectional elevation at the Pile cap 

b) Strut and Tie forces 

c) Plan of the Pile Cap detailing 

 

 

 

Strut and Tie forces 

 

 

 

Idealized strut and tie model of pile cap 

 

 

Detailing in pile cap as per strut and tie model 
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Detailing in a RCC Pile Cap of 1.5m x 1.5m 

a) Sectional elevation at the Pile cap 

b) Strut and Tie forces 

c) Plan of the Pile Cap detailing 

 

 

 

Strut and Tie forces 

 

 

 

Idealized strut and tie model of pile cap 

 

 

Detailing in pile cap as per strut and tie model 
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Detailing in a RCC Pile Cap of 1.5m x 1.5m 

a) Sectional elevation at the Pile cap 

b) Strut and Tie forces 

c) Plan of the Pile Cap detailing 

 

 

 

Strut and Tie forces 

 

 

 

Idealized strut and tie model of pile cap 

 

 

Detailing in pile cap as per strut and tie model 



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



ADVANCED CONCRETE STRUCTURES (CE 15031) 
 

 

 

 

 

 

 

 

 

 

Module-III  
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Module III Syllabus 

 

Retaining walls: Forces acting on retaining wall, Stability requirement,  

      Design of Cantilever Retaining walls 

      Design of Counterfort Retaining walls 
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Design of Water tanks: Design requirements 

Design of On Ground Water Tanks 

Design of Underground Water Tanks 

Introduction to Prestressed Concrete:  
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