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significance of ductility, ductility of beam, design and detailing for ductility, simple
problems based on above concept, Computation of earthquake forces on building frame
using Seismic Coefficient Method as per IS 1893-2002
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Module-111 (10 Hours)
Retaining walls: Forces acting on retaining wall, Stability requirement,
Design of Cantilever and Counterfort Retaining walls
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Design of Water tanks: Design requirements, Design of tanks on ground and underground

Introduction to Prestressed Concrete: Prestressing methods, Analysis of prestressing
systems and losses

Text Book:
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Reference Books:

1. Limit state design of reinforced concrete by B.C. Punmia, AK Jain and A.K. Jain,
Laxmi Publishers New Delhi 2007
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ADVANCED CONCRETE STRUCTURES (CE 15031)

Module-I

Module I Syllabus

Introduction to EQ Engineering: Cyclic behavior of concrete and reinforcement,
significance of ductility, ductility of beam

Design and detailing for ductility, Problems based on above concept

Computation of earthquake forces on building frame using Seismic Coefficient Method as
per IS 1893-2002
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ADVANCED CONCRETE STRUCTURES (CE 15031)

Ductile Detailing of RC frames
for

Seismic Forces

Ref: IS 13920: 2016
EQ TIPS:18, 19,20, IITK
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ADVANCED CONCRETE STRUCTURES (CE 15031)

Module-11

Module 11 Syllabus
Design of Foundations (Shallow and Deep Foundations)

Design of Combined Footing: (Shallow Foundations)

(Rectangular and Trapezoidal footing
Design of Raft Foundation,

Design of Pile Foundation (Deep Foundations)

Subject to Revision
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Advanced Concrete Structure

Design of Pile Foundation
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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
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Column/ Superstructure

Plinth Beam 7

foundation/substructure

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.

Obijectives 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.

e 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.

e Shallow foundations: if Depth < Width of foundation
e Deep foundations: if Depth > Width of foundation
e 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.



e 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 foundation
Types

Deep foundation
Types

Types of foundation

Isolated spread footing / Column footing
Spread footing of Wall
Strap footing / Cantilever footong
Combined footing

= Rectangular

Trapezoidal

Raft / Mat foundation

Pile foundation

Pier foundation

Well foundation

SHALLOW FOUNDATIONS

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

A shallow foundation system generally used when

e The soil closes the ground surface has sufficient bearing capacity

e Underlying weaker strata do not result in excessive settlement.

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.

The shallow foundations are commonly used most economical foundation systems
Types of spread footing: (either for Column or for Wall)



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

circular.

Column

(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



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
I I -

Raft / mat foundation

Footing
Propertyline
k= Property e
0 1 0 n B
Combined footing Strap footing

Combined footing



(d) Strap or Cantilever Footing

e  Strap footings are similar to combined footings.

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

e Instrap footing, the foundation under the columns is built individually and connected by
a strap beam.

e 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:

e This is a large continuous footing supporting all the columns of the structure.
e This is used when soil conditions are poor but piles are not used.
e Raft foundation is provided
e 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
e Raft foundations are used to reduce settlement of structure located above heavy
compressible deposits i.e. they control differential settlement
e  Types of raft foundation:
e Solid raft (A continuous slab covering all the columns)

e 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

Columns

Footing

Raft foundation



Mat or Raft




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 foundationis 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.



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
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 Cap

Pier

Pile Cap

Piles

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.

Box Caissons.
Floating Caissons.
Pneumatic Caissons.
Open Caissons.
Sheeted Caissons.
Excavated Caissons.

oukrwnE

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)

b)

9)

h)

End Bearing Piles:
These are the pile used to transfer loads through water or soft soil to a suitable

bearing stratum.

Friction Piles:
This type of pile utilizes the frictional resistance force between the pile surface

and adjacent soil to transfer the superstructure load.

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.

Compactor Piles:
These are used to compact loose granular soil thus increasing their bearing
capacity.

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

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

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.

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)
b)
c)
d)

Timber Piles
Concrete Piles
Steel Piles
Composite Piles

3. Based on construction process:

a)

b)

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.

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.

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)

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.

YV VYVV

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)
b)

c)

Driven pile is the most favoured for works over water such as piles in wharf structures
or jetties.

Driven piles may conveniently be used in places where it is advisable not to drill holes
for fear of meeting ground water under pressure.

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 APILE:

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

e 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.

e 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.

e 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,

e Method of pile installation (Driven / Bored)
e Type of soil through which pile is embedded (soil shear strength parameter)
e 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:

e 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

Qu :
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0 Q] Q2 Q3 Qu QA —T'
R SRR
| ] | e
L { i : X
) Z ' 1]
)
= Loads carried by
b L A pile shaft
2 ! ——- Tipof pile
f—
0,
(a) (b) (c)

FIG.15.35 Behaviour of piles (a) Single pile (b) Load-Settlement curve (c) Load transfer mechanism
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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(0.5DyNy + PDNgq) + Y.KiPDi tan §iAsi

Where,
Qn = Ultimate load capacity of driven cast in site concrete pile in cohesionless soil
A, = Cross sectional area of pile cap in m?
Asi = Surface area of pile shaft in the ith layer
D = Diameter of pile shaft in m
y= Effective soil unit weight at pile tip in kKN/m?
Ny and Ng are bearing capacity factors depending on angle of internal friction of soil (o) at
pile tip,
Pp = maximum effective over burden pressure at pile tip in kKN/m? (at critical depth)
for @ (30°), Pp = 15xD
for @ (40°), Pp = 20xD
Ppi = effective over burden pressure at pile tip in ith soil layer in kN/m?
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 @ varying from 30° to 40° (IS 2911)
oi = angle of wall friction between pile and soil in ith layer
0 = @ (around pile shaft)
> is summation is done for soil layers 1 to n in which pile is installed and contributes to
positive skin friction

The wvalues of bearing capacity factors N., N, and Ny are
functions of the effective friction angle of the soil, ¢, and were
derived by Terzaghi (1943) and later modified by Meyerhof
(1951, 1953), Hansen (1961), and Vesic (1973,1975) as

N, =grtang[l¥SIn@ ] s 50, N, —1 (15.8a)
g 1—sin @

N, = (N, —1cot ¢ with ¢ —> 0, N, —> T+ 2 (15.8b)

N7, =2(Nq+l)lan¢ with ¢ — O, N,,—)O (15.8¢)



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 + Y.aiCiAsi

A, = Cross sectional area of pile in m?

Nc= Bearing capacity factor (may be 9)

Cp= average cohesion at pile tip in KN/m?

ai = adhesion factor for ith layer

Ci= average cohesion for ith layer in kN/m?
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/mm?, 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 (1S2911(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

SR T



3 Detipy of RC PILE (2221 [0 sbrarvin) @L‘
&/::-%sgn a {ﬂw%mﬂﬂj\vp AFIN ond
debertmine_ Ao \fm};‘caL Cgfﬂ-&lg of- AP0 pere 1S 291 L[S
Theprepecfiyy of - <oll %PiLutaq‘v‘\ i« ag followd !
~ piamber of Plle =Y =l =D

= Dephhef dop ot pile_top bebow prrownd devel = 517 = Biee
- Thidkges o PP = 1 OM =Ppe

- mekercialy of pUC =W os ovd_Fe UlE !
- cfear tov 4o .m@%nmvﬁ*: FCvun

- pAleit jvhacw submertau\-mwﬁ;‘m dai‘(e_swﬁ CoM_ gy
bt iederonel fricion =320 - d
o&&ma, of— coM_= 181N [m3
Submanﬁ@k&mﬂa of el ML
aile o of~ well drefefivy betwee) Pl tnunefe_t <ol = =0 30p0y°
w 1 Solk declgn s -

Criedd Wﬁf"@{m@ ”’f Phle et the soe Ap ‘fxo"ilﬁﬁ 126 "™

¥ Lot w agume_that water £able 55 up o MWuNM
v Effechive_uik wu[j\u!_o‘{)' soW ek~ ple_Ave, Y= Yoy = 10 U™ 3
¥ bty ol dadony S0 (UG

ﬂ-;fﬁwf&L It 532 S22
Tt emz ) EPIX3A0A 348

¥ Bear] ('_Qfaﬁ‘ﬁ rfa&m MY=;Lth,-H);rmﬂ,—-A(:Lz-t(-rl)}M 32= 3622
M Pet i nefey & P9, 291 LPISH) - 2000
A P= 227 {.g&ixj H—/‘-P CFNM oQ:.H"L‘ m"&]’bt I Aivwey Jmmtf-‘aur{—f\f(

D kel depbhz 10002 gm =D,
¥ efetive ouerbunden fregune of PUE AP, P, -

b (Dppet Dpe Pe)

=y fy= lo@_fftlr—r??) D fy= qokM{m
3 effeetc overtbuiden prieqdune ok bibfom f- pue_tef Py, = Vour (P

'>I_:|_>L-— (OST15) =20 kw2




rEffecdin . tvercbutden) friegiune of” Pile dve = fy =y > 90 gt @L
r_ ' Pl [
Sﬂ PcD | = 'l—f? lLl‘L/MQ-“
¥ F‘p&ff’a)# abb ey fm 2

i 1

j Sur[new_ art&l\;- PW A ﬁ,h,gp—ﬂa@mrrrrxakhﬁf-el()o}aﬁin dl, Pl

=) kst = MRL = mx 00y yL ,ﬁA_s'_ll 2L

ekt B, P, 1S 281 (P1-61) 3o 10 !
| z'i‘ktwmwm ffﬁ«’ﬂme‘{a “‘{"“ﬂg W\ML“F’MM’\ A
=) Ulbwetc M@nw @f% of Pl = @, _Mm&'&m&g;qw&w&
| )Qu arw&r g,?ﬁ_{m
¥ Amor @, AR P18 240(01-51) 7000

| -Y\ |

@

/*“I"‘"%“ /:D oot 2wy [ 21040903 [N < 3020 |

|

Jey=aomja” [Ngza3.15] Bt =Ll 18,) - b5 e |
[Sl.-f-"’—“l ]frs. =0 %J?L/ Qu= 687 kN

; ! !

[Ki= 187 ki) Q;:'?"lo; tLEIJHGh-B -'PG]?LS{LO’” (f1-51)~22)0

> 56? = osz[o rxowxwx 3022 190 %23+ !%’J—r[s XSC vy 24 x 1- quq.]
2L gngd L=am LW&%{\IL)



DS

Sm@{mm&omm i3 ;
?‘UF' :FmU('DrLEMtLJ\: lf )05[\?! = l“lla"\ .;KN

o> d PU AL B0,

’r,x ferC el b Q. 1() P ey 29 (P1/S3) 2010 dor free st dutven Pley ;
| M-eﬂ\_ﬂ?/’WW-’\ W,Mlmkﬂmﬁr&m@ M WJ’L%M =

‘5 wnfmury fﬂfmbﬁ& f‘f lﬁ'd%'—dﬂ"& Wfﬁﬂw =- lf/ a?; ﬂ.fté/_g' aftea,

"f._L_
3) 4 3D

ﬁ }VS&'W‘A’I ['LJ.'IX qu —-_]-L-D'f—fl__ L,:,a):b;m lS'?—omrw’)-
| Y
% E|>ruvnlc ¥ ue lév\wd bary

ok r‘cw 2 1608 ™ —
?mwM Mﬁemm .ffl:{:;-\ m.q,ga@'pmu&fk'winfﬂu“’l

MMLL L&}J\ngy cq)%ur M tmﬂl-ww»\ wo. refuined

e n3,pe, o
M- oM fophct 0 ﬁﬂfglthg Ceksas, 071, 698, o) o

e e e e — e = T

Il E)w-trt-w oo -1608')% é’r;cuxrmwﬁ’}m = zc%’?wywmn
I T
) 'P)ﬁv& %QTL&-};{'I,\ atj Q JLMJ’ C:Ap,m\q > d{’{.‘q‘&{-{’a(ﬁnﬂqﬁkﬂl@&
Y3 '
> Al S ﬁm Wiy | (Ve oo Mcﬁwjm Ymain e (4123,

£ 18291,
'Tm&:k maﬁ\ of one_}fe;bam ,S=Y (Yw— 228YE) ~12Y b wm sz

¥ N - .
a.(}m/[r Mﬂe—m rvr--q)d%‘l‘}ﬁ ""lulo o 6-2'3)\_41 r\1;~13——

¥ T WifWun V‘l(}lmﬁ_cq;;’ B i oy \’-"&Zovt'(_ J, 33\ f;u?ﬁ/\ =3XYW 2| 200 ¢y
(L 6C1y Py, 18 200LP1S3) 22000 )
2 v He velunedn iy gl zong 7, 23) ,w}ﬁ\

= 0 6% x P S ¥ D= p. ‘fjxﬂrywﬂlyg;&qm 904,77 &wmmt
¥ Nuwber of 424 M*'-w;-ewLZv%@,_} lzw?mm) ‘?0'77?3’

= 15 Mumberq
FroPoeiyy o bes menAzone - 1260 & M e
=N =
»-SPALMY (- freg in M;l\z_gwg_ 3;03#101’] @,a,.ﬂzme 3”5{‘1&1 ~FE (P 5!} uw e

a"’/{Eﬂ)l:p%d?l!:“1U’C){fl s;ﬁ‘uds] J;"’Jf 47 MRMVMQ% ‘t"'“ym 1’ , 5-,,,. ‘-‘-/c.




DPY
* Ingtat prublem 'I e i¢ SuLmeM ). %{7 -MLM i CoM

ckbfl LPI7 en P35 1529 CP1-S) orL Pi-82) 22000

—7 ’rm M.Cal»LosfM rﬂw&-m f Lw'%—mme,{s&m 9(’"’&;% 4 00 N ™
et conngiy ety o ple s ek st o shoargitdy Gy o
So thony_ uch sa{&,p#g_g;%pmym o Vi {ouWQ J Cﬂf““‘“ﬂ Q{Z’l’f’%

YIS fer gpr 34.11987F) - P 7—J’ A 691 k) dor frecod—PMe_
| reh 6 dsmend, o
\\xﬁm“j@% QPB'HWJ_‘FO ’ Liﬁw PrZ«brL
busela © i g B st o J{_LFML& @)‘P:Ro@m“dm)
.{0‘27. G,f frets vl in e
T bedy A ple Ccovbal paet)
fbnaoﬂrﬁnwtu_ |2.LD)

bu bath ,cnﬂgbarrkﬂkcwf‘nc
i %W) PR -(,w,(

3 wm@{' CWU‘*O%& @’W”L “-D*( WQMM— molu.cbt) £eg {L«[omw,
| (e




SP : 34(S&T)-1987

LATERAL STEEL

{ MINISUM )
0.8 PERCENT 0-2 PERCENT OF 0-6 PERCENT
VOLUME OF THiS TRANSITION VOLUME OF TRANSITION VOLUME OF THIS
PART OF PILE PILE PART OF PILE
- |
—
30 0 30 | 30
J 0

‘l‘.'f =

SPACING D/2 max.

LONGITUDINAL STEEL,MINIMUM : 1-25PERCENT FOR | < 30D
1:5 PERCENT FOR 30D = | S 40D

2:0 PERCENT FOR | > 40D

Fic. 6.7 Mismvus STEEL REQUIREMENTS OF PRECAST COMCRETE PILE
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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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Strut and Tie forces
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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
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ADVANCED CONCRETE STRUCTURES (CE 15031)

Module-111

Module 111 Syllabus

Retaining walls: Forces acting on retaining wall, Stability requirement,
Design of Cantilever Retaining walls
Design of Counterfort Retaining walls

Subject to Revision
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Associate Professor
Department of Civil Engineering
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ADVANCED CONCRETE STRUCTURES (CE 15031)

Module-1V

Module IV Syllabus
Design of Water tanks: Design requirements
Design of On Ground Water Tanks
Design of Underground Water Tanks
Introduction to Prestressed Concrete:
Prestressing Methods
Analysis of Prestressing Systems

Losses in Prestressed Concrete

Subject to Revision
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Top Spherical Dome

WUMeridional  thrust 1S maximum at
support.

JHoop force is maximum at crown,

m—— 1 e

o LATIT
f

Radial  bars  are provided  for
- T oy
7 mendional tlirt;st_

QCircular  hoops  are provided for
circumferential force.

Domes

The primary response of a dome to loading is development of membrane
compressive stresses along the meridians. by analogy to the arch.

The dome also develops compressive or tensile membrane stresses along lines of
latitude, These are known as ‘hoop stresses’ and are tensile at the base and
compressive higher up in the dome.

L3

[V .
| Circumferential Hoop Stress (comp.)
Meridional Compressive Stress
b ,"III
\' . } . T '
e Circumferential Hoop Stress (tens.)

The next slides will show that additional bending stresses result in the shell as
a result of restraint at the support. or unrestrained edges
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