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ABSTRACT

In many areas of engineering, the conditions of the soil and strata sometimes do not
allow the laying of foundation by conventional methods. In such cases and if

economy allows, pile foundations are the best solution. In the present work, pile

foundations have been designed for a four storey building standing on a sandy stratum.

The foundation design has been accomplished by IS code method, as provided in the
Indian Standard Code of Practice 2911 for Design & Construction of Pile Foundation
part 1 Concrete Piles. The deflection in piles has been calculated in accordance with

the method of fixity.
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CHAPTER -1
INTRODUCTION

1.1 Role of foundation engineering

Foundation engineering is concerned directly with the design of the substructure
such as resulting soil stability and estimated deformations are tolerable and within
codal provisions.

From practice consideration following points have to be considered carefully:
Forces and moments acting on the superstructure and their transfer to the
substructure elements.

Fixity conditions and various tolerance (i.e. settlements, lateral displacement and
tilt) keeping in view the behavior of the superstructure.

Identification of soil/rock parameters need in their design, their evaluation from an

adequate field exploration and testing programme.

1.2 General Requirements of Substructure

1.

The substructure should be properly located with respect to any future influence
which could adversely affect its performance.

The substructure elements must be safe against overturning, rotation, sliding or
soil rupture.

Total and differential settlements should be tolerable for both substructure and

superstructure elements.

Interpretation of the data obtained through soil exploration generally provides

information to:-

a) The type of foundation
b) Safe load capacity of the foundation
¢) Settlement of the foundation

d) Location of the ground water

¢) Cause of settlement, tilt and cracks in the existing structure.

f) Identification and solution of the excavation problems

|
|
1
| i
|




1.3 Pile Foundation l

’) The first type of deep foundation is a pile foundation, which consists of long, slender,
prefabricated structure members driven or inserted into the ground. Engineers use

piles both on land and in the sea to support many kinds of structures. Piles are made

from variety of materials and in different diameters and length according to the needs

of each project.

Pile transfers the load to deeper soil or rock of high bearing capacity avoiding shallow |
|
|

soil of low bearing capacity.

When to use Pile Foundation i
Pie foundation is generally used in place of shallow foundation when :- '
a) Upper soils are weak, structure loads are high. |
b) Upper soils are subjected to scour or undermining.
¢) Foundation must penetrate through water.
d) Need large uplift capacity.
¢) Need large lateral load capacity. ‘ _[‘

1.4 History
Pile foundations have beeﬁ used as load carrying and load transferring systems for
many years. In the early days of civilization, from the communication, defense or H
strategic point qf view villages and towns were situated near to rivers and lakes. It r|
was therefore important to strengthen the bearing ground with some form of piling. M
Timber piles were driven in to the ground by hand or holes were dug and filled with H
sand and stones. In 1740 Christopher Polhem invented pile driving equipment which E‘
resembled to days pile driving mechanism. Steel piles have been used since 1800 and
concrete piles since about 1900. The industrial revolution brought about important
| changes to pile driving system through the invention of steam and diesel driven
machines. ﬁ
‘ More recently, the growing need for housing and construction has forced authorities ‘
l and development agencies to exploit lands with poor soil characteristics. This has led
to the development'and improved piles and pile driving systems. Today ‘there are

many advanced techniques of pile installation.
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1.5 Purpaose of Pile Foundation

The purpose of pile foundation is to transfer a foundation load to a solid ground and to
resist vertical and uplift load acting on the foundation.

A structure can be founded on piles if the soil immediately beneath its base does not
have adequate bearing capacity, if the results of the site investigation show that the
shallow soil is unstable and weak or if the estimated settlement is not acceptable, a
pile foundation may be considered. Further a cost estimated may indicate that a pile
foundation may be cheaper than any other compared ground improvement costs.

In case of heavy construction, it is likely that the bearing capacity of shallow soil will
not be satisfactory and the construction should be built on the pile foundation. Piles
are convenient method of foundation for works over water, such as jetties or bridge

piers.

1.6 Type of Piles

Most piles are now made from timber, concrete or steel. Each material has its own

advantages and disadvantages and is best suited for certain applications.

Timber Piles

Used from earliest record time and still used for permanent works in regions where
timber is plentiful. Timber is most suitable for long cohesion piling and piling bencath
embankments, The timber should be in a good condition and should not have been
attacked by insects. For timber piles of length less than 14 meters, the diameter of the
tip should be gréé.ter than 150 mm. If the length is greater than 18 meters a tip with a
diameter of 125 mm is acceptable. It is essential that the timber is driven in the right
direction and should not be driven into firm ground. As this can easily damage the
pile. Keeping the timber below the ground water level will protect the timber against
decay and putrefaction. To protect and strengthen the tip of the pile, timber piles can
be provided with toe cover. Pressure creosoting is the usual method of protecting

timber piles.

Concrete Piles
Pre cast concrete Piles or Pre fabricated concrete piles : Usually of square, triangle,
circle or octagonal section, they are produced in short length in one meter intervals

3




between 3 and 13 meters. They are pre-caste so that they can be easily connected

together in order to reach to the required length, This will not decrease the design load

capacity. Reinforcement is necessary within the pile to help withstand both handling

and driving stresses. Pre stressed concrete piles are also used and are becoming more

SRR S

popular than the ordinary pre cast as less reinforcement is required.

fig. 1.1 concrete piles

Steel Piles

Steel piles: Steel/ Iron piles are suitable for handling and driving in long lengths.
Their relatively small cross-sectional area combined with their high strength makes
penetration easier in firm soil. They can be easily cut off or joined by welding, If the
pile is driven into a soil with low pH value, then there is a risk of corrosion, but risk

of corrosion is not as great as one might think. Although tar coating or cathodic

protection can be employed in permanent works. i
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fig. 1.2 steel piles ,
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Composite Piles g
Combination of different materials in the same of pile. As indicated earlier, part of a “;;
' timber pile which is installed above ground water could be vulnerable to insect attack i
i .
! and decay. To avoid this, concrete or steel pile is used above the ground water level,
é whilst wood pile is installed under the ground water level
L
i
|
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C oncrete pile

Pile cap

Wood pile

_owest ground _ i
water level

fig. 1.3 composite piles

Protecting timber piles from decay.
a) By pre-cast concrete upper section above water level.

b) By extending pile cap below water level.

Following factors are also considered while the selection of pile types such as:

a) The Applied Load: Some piles, such as timber are best suited for low to

medium loads whereas other such as steel, may be cost effective for heavy

loads.

b) The Required Diameter: Most pile types are available only in certain diameter.

c) The Required Length: Highway shipping regulations and practical pile driver

heights generally limit the segments to about 18m (60ft). therefore longer
piles must consist of multiple segments spliced together during driving.

d) The Local Availability of each pile type: Some pile

Types may be abundant in certain geographical arcas whereas other may be
scarce. This can significantly affect the cost of each pile type.
e) The durability of pile material in a specific environment

f) The anticipated driven conditions: Some piles tolerate hard driving while

others are more likely to be damaged.

.




Classification of pile with respect to load transfer and functional behaviour:
e End bearing piles ( point bearing piles) .

| ¢ Friction piles ( cohesion piles)

End Bearing Piles

These piles transfer their load on to a firm stratum located at a considerable depth

below the base of the structure and they derive most of their carrying capacity
from the penetration resistance of the soil at the toe of the pile. The pile behaves
as an ordinary column and should be designed as such. Even in weak soil a pile
will not fail by buckling and this effect need only be considered if part of the pile
is unsupported, i.e. if it is in either air or water. Load is transmitted to the soil
through friction or cohesion. But sometimes, the soil surrounding the pile may
adhere to the surface of the pile and causes "Negative Skin Friction" on the pile.
This, sometimes have considerable effect on the capacity of the pile. Negative
skin friction is caused by the drainage of the ground water and consolidation of
the soil. The founding depth of the pile is influenced by the results of the site

investigate on and soil test.

o it compressih ke u

Pile =0 il

Firm =soil

1.4 End Bearing Pile




Friction Pile
These piles also transfer their load to the ground through skin friction. The process of
driving such piles does not compact the soil appreciably. These types of pile ‘

foundations are commonly known as floating pile foundations 4

|

|
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with dep th :‘!
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1.5 friction Pile . ‘i

Classification of pile with respect to effect on the soil

1. Driven Pile ;
Driven piles are considered to bé.displacement piles. In the process of driving the pile

into the ground, soil is moved radially as the pile shaft enters the ground. There may {

also be a component of movement of the soil in the vertical direction.
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DRIVEN PILES il
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fig 1.6 driven piles
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2. Bored Pile
: , . . . ) i
Bored piles (Replacement piles) are generally considered to be non-displacement piles

a void is formed by boring or excavation before piles is produced. Piles can be i
produced by casting concrete in the void. Some soils such as stiff clays are
particularly amenable to the formation of piles in this way, since the bore hote walls
do not requires temporary support except cloth to the ground surface. In unstable . )
ground, such as gravel the ground requires temporary support from casing or slurry.
Alternatively the casing may be permanent, but driven into a hole which is bored as
casing is advanced. A different technique, which is still essentially non-displacement, {
is to intrude, a grout or a concrete from an auger which is rotated into the granular soil, l

and hence produced a grouted column of soil.

1.7 Grouping of Piles

Most of pile foundations consist not of a single pile, but of a group of piles, which act
in the double role of reinforcing the soil, and also of carrying the applied load down to
deeper, stronger soil strata, I
The pile group is often joined at the ground surface by a concrete slab such as pile cap L
sufficient spacing is providing while grouping the piles. A minimum number of three

piles is used under a column of triangular patter even if the load does not warrant the _ 1

use of three piles. The spacing of piles depend upon many factors such as:- i




® Overlapping of stresses of adjacent piles
* Cost of foundation ‘

¢ Efficiency of pile group

* Type of Soil

1.8 Pile Cap

The pile cap distributes the applied load to the individual piles which in turn, transfer
the load to the bearing ground.

The stiffness of pile cap will influence the distribution of structural loads to the
individual piles. The thickness of pile cap must be at least four times the width of an
individual pile to cause a significant influence on the stiffness of the foundation. The
individual piles are spaced and connected to the pile cap or tie beams and trimmed in

order to connect the pile to the structure at cut-off level

fig.1.7 pile cap
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CHAPTER-2 1
PROBLEM FORMULATION

General

In this chapter, the buildings data have been described. The loads taken from various
parts of IS-875 have been imposed on the building and ultimate loads coming on %

beams from slabs are calculated. Seismic coefficient method will be applied to

‘1

!

o

calculate base-shear due to earthquakes, as per 1S-1893:2002. Wind loads are also A

applied separately as per IS-875-part-III.

2.1 Building Parameters

No. of storey
Slab Thickness
Dimensions

Clear cover: Slabs
Beams

Grade of concrete to be used
Steel used

Beams :
Dimensions:

No. of Beams

Length of Beams

Columns :

Dimensions:

No. of Columns

Height Of column

4

115 mm
(I5Smx15m)

20 mm

25 mm

M25

Fe 415 (1S-1786:1985)

(300mm x 450mmy)
96

5m

(600mm x 600mm)
64
3.5m




Flooring finish = 25 mm thick flooring

Type of foundation desired: = straight pile foundation

Grade of concrete used in pile foundation =  M25

2.2) METHODOLOGY

»

i

For the four-storey building, the analysis will be performed and the design will be
done for the following loads:

Dead load

Live load

Earthquake load

Wind load

The dead load will be worked out by taking the provided thickness for the slab
and then the actual thickness will be accordingly provided after calculating the
required value. The load due to the flooring — screed, finishes, tiles etc. will be
given due consideration and an allowance will be made for future erection of

partitions.

The live loads considered will be due to the imposed loads in case of educational
buildings, as per the specifications of IS-875 part II - 1981 for Design loads (live
loads) .

Due to increased emphasis being laid on the design of earthquake resistant
structures nowadays, the earthquake forces will be estimated with the help of the

provisions of the revised Seismic Code (IS:1893).

The proposed building will lie in Zone IV. The value of the importance factor

assigned to the entire structure was 1.5.

The load will initially applied to the slabs and through trapezoidal distribution it
will be transmitted to the columns via beams (longitudinal and transverse), and

consequently to the foundations.

12
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» The designing will be done after analyzing the structure for the above-mentioned

loads — individually and for different load combinations recommended in the code.

The members will be designed by the Limit State method, according to the guidelines
prescribed by IS: 456-2000.

e
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CHAPTER-3 A
CALCULATION OF LOADS ik
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3.1 Structure for which foundation is to be designed




3.1 Calculations for Dead Load

Thickness of the roof slab = 115mm
Dimensions = 15m x 15m

Total volume of reinforced slab = 115x15000x15000
=2.5875 x 10" mm?
=25.875 m’

unit wt. of r/f cement concrete with 5% steel = 26.50 kN/m’
[refer table-1 of [1]]
hence load of the roof slab = 25.875 x 26.50
=(685.68 kN

1) Thickness of the floor slab =125 mm

Dimensions = 15m x 15m
Total volume of reinforced slab = 125x15000x15000

=2.5875 x 10" mm’

=28.125 m’
unit wt. of t/f cement concrete with 5% steel = 26.50 kN/m®

[refer table-1 of [1]]
hence load of the roof sllab =28.125 x 26.50
= 7453125 kN

hence load for 3 floor slabs = 745.3125 x 3 =2235.9375 kN

2) Total number of columns = 64

Dimensions = 0.6m x 0.6m
Height of the column = 3.5 m
Volume of single column = 1.26 m’
unit wt. of /f cement concrete with 5% steel = 26.50 kN/m’
‘ [refer t_able-l of [1]]
hence load of a single column = 1,26 x 26.50
=33.39 kN
15




hence load of 64 columns = 64 x 33,39
' =2136.96 kN

3) Total number of beams = 96

Dimensions = 0.3m x 0.45m
length of the beam = 5 m i
Volume of single beam = 0.675 m® .
unit wt. of t/f cement concrete with 5% steel = 26.50 kN/m?

[refer table-1 of [1]]

hence load of a single beam = 17.8875 kN
hence load of 96 beams = 96 x 17.8875 kN
=1717.2 kN

Total dead load = 685.68 + 2235.9375 + 2136.96 + 1717.2
=6775.78 kN

3.2 Calculations for imposed loads
Dimensions of the rqof slab=15x15m

Dimensions of the ﬂdor slab15x15m

Imposed floor loads = 2.5 kN/m? [refer table-1 of [2]]
Imposed roof loads =1.5 kN/m® [refer table-1 of [2]] ¥ E'

Load on theroofslab=15x15x 1.5 i
=337.5kN %
Load on the floor slab=15x 15x 2.5
=562.5kN
Load on the 3 floor slab =3 x 562.5
= 1687.5 kN




Total imposed loads = 337.5 + 1687.5
=2025kN

3.3 Calculation for wind load

Design wind speed (V)
V2= Vp ki ko ks

Basic wind speed Vy,
k; = probability factor

k, = terrain, height and structure size factor

ks = topography factor [refer article-5.3 of [3]]
value of k; for V, (39m/s) is =1 (for all general buildings and
structures)

[refer, table-1, fig.-1[3]]
k, for category terrain for class A structure of height 14m = 0.96
[refer, table-2 of [3]]
k; for slope greatér than 17° =1.36
[refer, appendix C, article C-2 of [3]]
V,=39x 1x0.96x 1.36
=50.92 m/s

Design wind pressure
P,=0.6V;’

=1555.71 N/m® [refer, article-5.4 of [3]]

Design wind pressure = 1555.71 N/m’

17
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3.4 Calculation of earth quake loads

\ Design seismic base shear: the total design lateral force or design seismic base
shear (Vy,) along any principle direction shall be determined by the following

expression:

V= ApW [refer, article-7.5.3 of [4]]

An=ZIS/2Rg (design horizontal seismic coeff.)

[refer, article-6.4.2 of [4]] il
W = seismic weight of the building B
Zone factor Z = (.24 (zone 4) [refer, annex-E of [4]] :
Sl
l. -
I[=1 ~ [refer, table-6 of [4]] i

R =35 (for SMRF, ductile detailing of r/f to be done as per 1S:13920 after
design) [refer, table-7 of [4]]

S/g=1T (for rocky foundation) [refer, fig-3 of [4]]
T =0.075 h*" =0.5428 (for rocky foundation & h= 14m)

Ay = 0.04421 | |
Seismic weight W of the building i

For middle frame Wyr=2082.805 kN 4
(Vodmt =An Wpe = 0.04421 x 2082.805
=92.08 kN

For end frame Wr= 1396.525 kN
(Vo)er =An Wer= 0.04421 x 1396.525
=61.74 kN




Qi = design lateral force at floor i

Qi = (Vp, Wih)/E W;h{?

W; = seismic weight of floor 1

h; = height of the floor measured from the base

n = number of storeys in the building

Table 1
LATERAL FORCES ON MIDDLE FRAME
floors h; (m) Wi (kN) Q; (kN)
ground 0 0
* 3.5 554.085 3.52
and 7 554.085 14.09
3 10.5 554.085 31.72
40 14 420.55 &3.77
Table 2
LATERAL FORCES ON END FRAME
floors h; (m) Wi (kN) Qi (kN)
E ground 0 0
™ 3.5 370.655 2.34
g 7 370.655 9.39
g 10.5 370.655 21.14
A3 14 284.56 28.85




Table 3: Maximum support reactions for pile cap and piles

horizontal | Verticle | Horizontal | moment [
node | LIC FX(kN) FY(kN) | FZ(kN) MX(KNm) | MY(KNM) | MZ(kNM)

Max FX |2 1.5(DL- 43.240 366.257 | -0.789 -0.997 1.668 79.799
WL)

Min FX 2 0.9DL+ -40.308 168.193 | -0.311 -0.273 -1.665 76.360
1.5WL

MaxFY |1 1.5(DL+ | 0.489 1.96*10° | 0.489 0.534 0 -0.534

: LL)

Max FY 1 EL in X -15.879 -37.008 -0.470 -0.530 0.002 55.199
direction

Max FZ 17 1.5(DL- -0.789 366.257 | 43.240 79.799 -1.668 0.997
WI)

Min FZ 17 0.9DL+ -0.311 168.193 | -40.308 -76.360 1.665 0.273
1.5WL

MaxMX | 18 1.5(DL- 0.024 368.702 | 28.095 80.061 -0.765 -0.058
WL)

Min MX | 18 0.9DL+ 0.014 222.719 | -28.056 -79.970 0.765 -0.034
1.5WL

Max MY | 2 1.5(DL+ -14.175 295240 | -0.657 -0.751 2.578 56.833
EL)

MinMY |3 1.5(DL+ -14.175 295.240 | 0.657 0.751 -2.578 56.833
EL)

Max MZ | 17 1L.5(DL+ -28.610 335.012 | 1.835 2.165 1.814 88.252
EL)

Min M7 | 33 1.5(DL- | 28.610 335012 | 1.835 2.165 -1.814 -88.252

EL)

NG i Ak




3.4 Design of pile cap

L =B =S+ D + 2 x assumed overhang of 150mm
For the pile driven in sandy soil, the group efficiency can be 100%
100 = [2(m+n-2)S +4D]/ = D mn x 100

Spacing of piles
S=(3.14x250x4 -4 x250)/ 4
=250x2.14
=435 mm < Suiin

< 3d or 900mm = 750mm
(whichever is greater)
Hence S = 900mm
L =B =900+ 250+ 300
= 1450 mm

Depth of pile cap

(a) Depth of pile based on moment
Bd® = M, may/ [0.36 fud(xu/d)(1- 0.416x,/d)]
M, max = Py (s-1)/2
P, = load factor [(column load + assumed self wt. of 0.1P of pile cap)/ no. of
piles + MZ./%Z¢]
=210 kN

M, max =2 X 210 x (0.9 — 0.6)/2
=63 kN

xo/d = 0.48 for steel of grade Fe 415

1450 d* =63 x 10°/[0.36 x 20 x 0.48 ( 1 —0.42 x 0.48)]

d =125.38 mm
(b) Depth of pile based on one way slab I/ @6 g. N Mg"’-"""g"o\‘ "":ﬁl‘;
(? D O V& &
Vmax Tuc bd \ )\?@“?E)

e F

d = Vmax/ Tuc b




Vinax= 2 X 210 = 420 kN
d  =420x 1000/ (0.36 x 1450)
= 804.5 mm

(c) For 2-way slab ‘
Vmax = 1.5 x 335.01 (based on punching of column) !
=502.518 kN
Vinax = 210 {based on punching of piles)
Tue = 0.25 xfix=0.25 25
=0.25 % 5 = 1.25 N/mm” Al
B =4 x (600 + d) (for punching column)
B=4x(250+d) (for punching pile)
d=(502.518 x 1000) / [1.25 x 4 (600 +d)]

J STy

- T s W%
e L drrced o

= :‘; ;j‘.k%%
o i

d=615mm (for punching column)
d=365.05 mm (for punching pile) | 4
therefore d = 650 mm 7& :

3.5 Ultimate load bearing capacity of an individual pile

- SR I

The strata are poorly graded sand till a depth of 6m & homogeneous dense
sand for the next 4m.

The base of the pile is founded at a depth of 10m from the ground surface. hil

The bearing capacity of the single pile is as follows: g '
Qu=0Qpu+Qr [refer, appendix A of [6]] iy
Qpu = (0.5 Dy Ny + Pg NgA,

Qr=L" K Pp; tand Ay

Where
A, = cross-sectional area of the pile toe in cm? -
D =stem dia. in cm Bt

y = effective unit weight of the soil at pile toe in kg/ecm®

e
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N, & N, = bearing capacity factors depending upon the angle of

internal friction @ at the toe cap.

P4 = effective over burden pressure at the pile toe in kgf/cm3

", = summation for n layers in which pile is installed

K = coefficient of earth pressure

Pp; = effective over burden pressure in kgf/cm2 for the i layer where |

varies from 1 ton

& = angle of wall friction between the pile & soil, in degrees

. . 2. .th .
Ag = surface area of the pile stem in cm” in the i layer where [ varies

from 1 ton

D =250 mm
y =16 kN/m® & 19.5 kN/m’
N, =30 (for @ =32°)
Pg=16x5+19.5x 3

= 138.5 kN/m?
Ng=40

Qpu = 5613.125 kN/m’

*the value of gy, be limited to 11 x 10° kN /m’

qu = (qpuX Ap
=5613.125 x (0.25)* n/4
=275.53 kN

Qr=L"=1 K Pp; tand Ag

[refer, table 1 of [5]]

[refer, fig-1 of[6]]

[refer, pg-559 of [7]]

=(1x16x5x0.625xwtx0.25x5)+(2x19.5x3x0.625x 7w x 0.25 x 3)

=196.35 +172.30
=368.7kN
Qu = Qpu+Qr
=275.53+368.7
=644.18 kN
23
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Qsaf‘e: 644. 1 8/2.5
.~ =257.7kN
(K=1 for loose sand, 2 for dense sand) [refer, pg-561, table 16.3 [7]]

3.6 Loading of piles under boundary columns
Node under consideration — 17
Load on the pile group = 335.012 kN
Dead load of pile cap = 33.50 kN
Total verticle load on the pile = 368.512 kN
Moment in x direction = 2,165 kNm
Moment in z direction = 88.252 kNm
Eccentricity in z direction e, = 240 mm
Eccentricity in x direction ¢; = 5.9 mm

Total number of piles = 4

The axial load in any pile m, at a distance x & y from the centroid with

eccentricity ex & ey is given by:

Qm = Qg/N * (Qge)X/Lx"2 + (Qg.ey)y/Ly
=92.12+49.13+1.20

= 142.45 kN < 257.7 kN ( hence the pile is safe)

Deflection in the pile

EI = 4224 kNm?

Soil subgrade reaction K = 10 x 10° kN/m?
T = (EI/K)'

T=(4224/10x 10} '°

=0.842 m

L/T=95 >5 hence it is a long pile
L=0 L.=8m

Llf T=0
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Hence L¢ T =1.95
Le=1.64 m '

Calculation for deflection
Y=Q (L, + Lp*/12 BI
Q = the horizontal load acting on the pile. = 28.61 kN
Y =(28.61 x 1.64°)/(12 x 4224)
=0.002489 m
=2.489 mm

3.7 Loading of piles under internal columns
Node under consideration —-1 8
Load on the pile group = 368.702 kN
Dead load of pile cap = 36.21 kN

Total verticle load on the pile = 404.91 kN HM'\
Moment in x direction = 80.061 kNm Ix!{:
Moment in z direction = 0.058 kNm ! !h

s

i
Eccentricity in z direction ex = 0.00014 mm = 0
Eccentricity in x direction e, = 197 mm

Total number of piles = 4

The axial load in any pile m, at a distance x & y from the centroid with

eccentricity ey is given by:

Qn = Qg/N £ (Qg.ey)y/L y2
=145 kN < 257.7 kN ( hence the pile is safe)

Deflection in the pile
El = 4224 kNm’ - |
Soil subgrade reaction K = 10 x 10° kN/m?
T = (EIK)'? | ‘
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T=(4224/10x 10%) *

=0.842 m

L/IT=95 >5 hence it is a long pile

Li=0 L.=8m !
L/T=0 |
Hence Ly T = 1.95

Li=1.64 m | |

Calculation for deflection | Ig' ;
Y=Q (L, + Lp*/12 EI
Q = the horizontal load acting on the pile. = 28.095 kN

Y = (28.095 x 1.64%)/(12 x 4224)

=0.00244 m
_ e
=2.44 mm M} |
i
I
j




3.8 Reinforcement detailing in pile

e A reinforced pile is designed as a column, considering it fixed at one end and

hinged at other end, the effective length of the pile is taken as 2/3rd the length
embedded in the soil.

e The longitudinal reinforcement in a pile usually varies from 1.25% to 2% of
the gross sectional area of the pile, depending on its length.

e For a length 30 times the least width of the pile, the longitudinal steel is
usually 1.25% and the longitudinal steel is increased to 2% for a length above
40 times the least width of the pile.

e Lateral R/C with at least Smm diameter bars have to be provided in the form i
of links, and the amount should not be less than 0.2% of the gross volume of

the pile and the centre to centre spacing should not exceed half the least width

of the pile.
e At ends of the pile for a distance of three times the least lateral dimension,

lateral reinforcement should not be less than 0.60% of the gross volume.

e For piles penetrating hard soil, lateral reinforcement at the top of the pile for a 1“'"?‘1
distance of three times the width should be in the form of helix. {E”j

e The cover to reinforcement including binding wire shall not be less than HMF"
i i 1“{‘3}‘!\#

40mm and for piles exposed to seawater or other corrosive content this has to |

be increased to 50mm.

Reinforcemeni: detailing in pile
Pile depth = Sm
Diameter of pile = 250mm
- L/D = 32>12 (the pile behaves as long column)
Reduction coeff. C,=1.25 — L.¢/48D = 0.53
Design load for column P, = 1.5 x 335/0.53 = 949 kN

Load carrying capacity of the column is given by:
Py= 0.4 fxAg + (0.67 fy — 0.4 fir) Asc
949x10° = 0.4 x 30 (mx 125%) + (0.67 x 415 — 0.4 x 30)Aq
360.86x10° = 266.05 A '
Age = 1356 mm®
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min. r/f = 1.5% of cross section area of the pile = (1.5/100)* r?

= 735.94 mm’
Hence we provide 6 bars of 16 mm dia in circular arrangement

Asc, actual — 1206.37 mm2

Lateral r/f in the body of the pile should be provided in the form of links of not

less than 5Smm dia. wires

Adopting 8mm dia bars |

| |
[Length of the lateral bar required = 162 mm i
\ t
Hence volume of the bar = 25653 mm’ i
|

Volume of 1/f needed per mm length = (0.2 x 3.14 x 125%/100 |

=98.13 mm’ |

Pitch = 25653/98.13 = 260 mm |
Max. permissible pitch = 0.5 x 250 = 125 mm

Hence provide 8mm dia. bars at 125mm c/c throughout the length of the pile.

IR’\_J
Lateral 1/f near the pile head ! !J‘
Special r/f to be provided for a length of =3 x 250 = 750 mm ‘P‘ ,J

Volume of r/f per mm length = 0.6 x 3.14 x 125100

=295mm’ ‘

Adopting 8mm dia. spiral pitch == x 162 x 50.3/295 = 86 mm

Hence provide 8 mm dia. spiral at 80mm pitch at the top of the pile for a ‘
length of 750 mm

Lateral r/f at the pile end
Volume of ties per mm length @ 0.6% gross volume = 295mm’ !

Volume of tie = 25653 1
Pitch = 25653/295 = 87 mm i

Hence provide 8mm dia. ties @ 85mm c/c at the bottom of pile for depth of . '

750mm
28 %
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3.9 Design of pile cap

Design for moment

Mumax = (Pual +Pua2)(s - b/2)

Pua1 = 1.5 ((Column load P + self wt of pile cap) / No. of piles +
M, X/EX?)
= 1.5 ((368 + 75)/4 + 1000%88x450/2(450)?)
=1.5 (110 +98)
=312 kN-m

Pu = 1.5 ( 110 - 1000x88 450/2(450)%)
=1.5 (110 - 98)
=18 kN-m
Mupax =330 ((0.9 + 0.6) / 2)
=250 kN-m

257

- -...-B ii-_ -
e T i —

Ay=  (0.5fck/ fy)[l 1= (4.6M,, /(fc,(bdz)]bd

Il

(0.5%25/415)[1-\[1-(4.6x250x10%)/25x450%650%)]

ot
= 1447.8 mm® i
& 0.85Bd/f, |
£ 0.85x1450x650/415 |
£ 1930.42mm*
Ay = 1950 mm?

Providing 10# 18mm Dia bars (Ageay= 2540 mm?) at bottom in both

directions

Development length

Lg = 0.87f,0/(41pq)
=0.87x415x18/(4x1.92)
= 846.21 mm

Lq =850 mm

Nominal reinforcement of 10 # 10 mm @ bars




CHAPTER 4

‘Results & Conclusion

After completion of the project, we have gained the knowledge of pile y ‘
foundation and its design for a 4-storey building standing on a sandy strata.
The building has been analysed with the help of STAAD-PRO calculating the i
loads coming onto the sub-structure i.e. on the pile cap and pile and then
designed them within the safe bearing capacity of the soil which is 257.7 kN. 1|

After working on the project following results have been obtained:

> Soil conditions demand the use of friction piles.

» Safe load bearing capacity of the pile is 257.7 kN

The amounts of forces taken by different piles in a pile group under a column

are different depending upon the eccentricity of the oncoming load.

The load taken by an individual pile under a boundary column is 142.45 kN
Deflection in pile under a boundary column is 2.489 mm
The load taken by an individual pile under an internal column is 145 kN

Deflection in pile under a internal column is 2.44 mm

Y V V Vv VvV

The pile foundation is safe against the oncoming dead loads, imposed loads,

wind loads & seismic loads.

The piles and pile cap have been designed for resisting bending moment and shear
forces and are designed in accordance with Limit State design method as per

L.S. 456-2002 for plain and reinforced concrete,

Deflection for the pile has been calculated through method of fixity as according
to the guidelines prescribed by L.S. 2911 (part III) — 1980,

30 i |
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Appendix-A

Project Oriented Practice-1
Pile cap design i

Q: Design a pile cap for supporting a column of section, 400x400 mm, carrying an
axial load of 1000 KN at service state. Pile cap contains a group of 4 friction piles

each of 250 mm diameter for transfer of load from column to soil. Consider concrete

of grade M-20 & steel of grade Fe-415 [ref-9, pg-672] ‘
Sol: -
o )
1) Pile cap dimensions ﬂ
i
Consider the pile cap as shown in the figure. Its dimensions are determined by ﬁﬁi“i
o

L=B=S+D+2x150mm (150 mm assumed overhang)
S=> spacing of the piles. It can be fixed such that the group efficiency is 100%
100= [2(m+n-2)S+4D]x100/ = Dmn
S= (x Dmn-4D)/2(m+n-2) *
(* S should not be less than Sp, , where S = 3D or 900 mm, whichever is
more)
3ID=3x250
=750 mm
Hence Spin = 900 mm
S=(mx250x2x2-4x250)/ 2(2+2-2)
Hence S is taken as 900 mm
L=B=900+250+2x150=1450 mm

3] gi |




2) Depth of pile cap

The depth of the pile cap may be governed either by the moment or the shear.

a) Depth of pile cap based on moment

The effective depth of the pile cap may be determined by considering
singly reinforced concrete section as follows.

Bd?= My, max/0.36 fuc (Xu ya) (1-0.416 Xy 14)

Where My, max = maximum moment at the face of column about x & y
axes = 2Py, (S-1)/2

P,p = ultimate reaction from each pile on the pile cap considering that the |  a

pile group is symmetrical and the applied load is concentric to the pile . |
group.

= load factor x (column load p + assumed self weight 0.1P of pile cap)/no.
of piles

=1.5x (1000 + 0.1 x 1000)/4 = 412.5 kN

My, max = 2 X 412.5 x (0.9-0.4)/2 = 206.25 kNm m;
Xa va = 0.479 for steel of grade Fe-415 @l
1450d” = (206.25 x 10%) /[0.36 x 20 x 0.479 x (1-0.416 x 0.479) t:‘?ﬁ
d = 226.95 mm

. b) Depth of the pile cap based on shear (

The effective depth of the pile cap may be determined by considering that
the shear is resisted without shear reinforcement as follows.

Vi, max ="Tue bd

= Vo, inax! Tys B

Vyu, max= ultimate one way or 2-way shear

For one way shear

Vu, max = Maximum ultimate shear at the critical section at a distance of
effective depth of pile cap from the face of the column

=2 Pyy= 2x 412.5=825kN

82
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Tue = k, (taken as 1 for assumed total depth >= 300mm) x shear strength of
concrete which may be taken as its middle value of 0.36 N/mm?, on
consideration that flexure reinforcement shall be small due to large depth
of the pile cap based on shear considerations

=0.36 N/mm”

b = B= 1450 mm’

d= 825 *1000/(0.36 * 1450) = 1580.46mm

For two way shear

Vi, max= maximum ultimate punching shear based on punching of column
or pile on critical section at a distance of half the effective depth of pile
cap from the face of the column or pile respectively

=1.5* 1000 = 1500 kN (based on punching of the column)

=412.5 kN (based on punching of the pile cap)

= 0.25(f)™°

=0.25 * (20)°°=1.118 N/mm”

b =4 (400+d) (for punching of the column)

=4 (250+d) (for punching of pile)
d= (1500 * 1000)/ 1.118 * 4 * (400 + d) =412.72 mm (based on
punching of the column)
d=(412.5x 1000)/ 1.118 x 4 x (250+d) =203.43 mm (based on
punching of the pile)

Hence the effective depth of the pile cap is governed by one way shear.
However the effective depth of the of pile cap based on flexure and two
way shear is very small as compared to that based on flexure and one way
shear. Hence the design of pile cap by considering effective depth based
on flexure & two way shear being economical is made as follows

d=412.72 mm
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D =412.72 + clear cover 40 mm + assumed dia. of 16 mm of v/f bars /2 =

460.72

! Let D =475 mm
d=475—40 — 16/2 =427 mm

3) Design for moment :

Area for steel for maximum ultimate moment as determined above at the face
of the column about x & y axis are determined with the help of design aid as,
Aq=1297.44 mm’> < Agpmin
<0.85 Bd/f,
0.85 x 1450 x 477/ 415 = 1416.63 mm*
Hence Ay = 1416.63 mm®
Provide 100 x 14 mm dia. bars (Ast = 1539 mm?) at bottom in both directions.
Theses bars are bent up at 90° & extended to provide adequate development
length, |
Lg=0.87 f,@/4 tbd = (0.87 x 415 x 14)/(4 x 1.92) = 660 mm

Nominal r/f of 12 mm dia. bars is provided at the top in both directions for )
holding shear R/F ' : "

4) Design for 1 way shear:

Consicief 8mm dia., 8 legged verticle shear stirrups (Ag = 400 mm2) at spacing
S, |

Sy =(0.87 £, As) / (tuy - Tue)B

Where 7,,= Vima/Bd = 825 x 100/ 1450 x 427 =1,3325 N/mm?

Tue = k x shear strength of concrete in beam

=1x0.36 = 0.36 N/mm”

Sy, max= 2.5 £, A/B or 0.75 d or 345 mm , whichever is less
=25x400x415/1450 or 0.75 x 477 or 345 mm

=286.2 mm N
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Sy=0.87 x 415 x 400/ (1.3325 - 0.36) x 1450

Provide 8 mm dia., 8 legged verticle stirrups at 100 mm c/c. nominal binding

bars of 12 mm dia. at 150mm c/c are provided around outer piles.

il
¢

|
|
|
[




Pop #2

Solution:

{ The axial load in any pile m, at a distance x from the centroid is given by:

Qm = Qy/N + (Qgex/Ex’
ey eccentricity of the load about y-y axis.

If the load is eccentric about both the axis

Qu = Qy/N % (Quex)X/Ex 2 £ (Quey)y/Ty? i
| ey eccentricity of the load about x-x axis

N=12 Qg =4mN

ey =0.3m ey=04m

Ex?=6x%x0.5+6 x 1.5* =15m’

Ly =4x1°+4x1?=8m?

the maximum load occurs in pile 4
Qn=4.0/12+(4x03/15)x 1.5+ (4x0.4/8)x 1
=0.6533 mN
=653.3 kN




Pop #3

Solution:

< Let dia. Of the pile = 500 mm
Depth=18 m
Cut off level = 1 m below GL

Qu]t per pile:
1) Brownish grey clay with fine sand

C, =35 kN/m’ a=0.7

Skin friction resistance = o C, A
=723 XxIxmx U3
=11545kN

2) Brownish grey sandy silt with clay binders

let o =30° lety =20 kN/mm’
0=3/40=225 k=1
Gay =20 x %5 = 10 kN/m®
fs=o,ktand =10x 1 x tan 22.5
=3.86
SFR = fA;, =3.86xmtx0.51x1
=6.50 kN
3) Dark grey clay with decomposed wood

Cy =25 kN/m? ¥ =17 kN/m3 a=0.7
SFR=0.7x25xntx05x 8
=219.91 kN

4) Bluish grey silty clay with kankar

C, = 65 kN/m?a. = 0.4
SFR=04x65x1tx05%x3
=122.52 kN
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5) Motled brown silty clay

C, = 70 kN/m? a=03
SFR=03x70xntx0.5x4
=131.95kN

Point load at tip = 119.7 kN

Quiper pile = 716.9/3 = 238.9 kN or 240 kN
Qupiin per pile = 589.83/3 = 196.61 kN or 200 kN

Case 1 loading:
DL =240 kN lateral serveice wind = 17.5 kN
LL =520kN moment = 17.6 x 6.5 =113.75 kNm

Self weight of cap = 100 kN
Total weight = 860 kN

E, = 113.75/860 = 0.13

Qm= Qy/N % (QgeJX/Ex>

— (860/4) + (860 x 0.13 x 2/ 16)
=215+13.9

Qum, max = 229 KN <240 kN ok
Qm, min=201 KN = 200 kN ok

Case 2 loading:
DL =240 kN lateral serveice wind = 140 kN
LL =100 kN moment = 140 x 6.5 =910 kNm

Total weight = 340 kN

E, = 113.75/860 = 0.13
Qm = Qg/N + (Qg.ex)x/L x>




= (340/4) & (340 x 2.67 X 2/ 16)
=85+113.49

Qum, max = 198 KN <240 kN ok
Qm, min — 28 kKN < 200 kN ok

Hence the pile groups are safe for both the cases of loading
Total lateral load on pile = 140/4 =35 kN
Stiffness factor T = (EI/K)” 3

El=61.2x 10°

K=10x 10°

T =(61.2 x 106/10 x 10% '

=1.436 m

L/T=12.33 =35 hence it is a long pile
Ly =0 L.=18m

Li/'T =0

Hence Ly T=1.3
Lf =187.6 cm
Calculation for deflection |

Y=Q (L, + Lp*/12 El

Case 1:

Service wind load = 1750 kg

Y = 1750 (0 +186.7)°/(12 x 61.2 x 10%)
=(0.155 mm

Case 2:

Storm wind load = 14000 kg

— 14000 x (186.7)%/ (12 x 61.2 x 10°)
=(.128 cm or 1.28 mm
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Pop#4
Solution:

E= 20 kN/mm®= 2000 kN/cm®

1= (aD*64)x (4.5)*=20.14 cm*

K= 10 x 10° N/m3=10N/cm’
EI=4.048 x 107

T=(4.048x 10710 x 10%9"=1.32 m

Since L>5T (so it is a long flexible pile)
Li+Le =15m

Li=0

L.=15m

L/T=0 corresponding value of L¢/T = 1.3

Hence Li=1.3x 1.32=1.716m

Y = Q (L;+Lp)*/3EI
=30x 10%(171.6)* 3 x 4.04 x 10'%)
=0.125 cm or 1.25 mm




APPENDIX B
REINFORCEMENT DETAILING AND DRAWINGS
Grade of concrete M-25
Grade of steel Fe-415
« 250N ——>
x
f ] |
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Fig. a Reinforcement detailing of piles
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Grade of concrete M-25
Grade of steel Fe-415

PLAN VIEW OF YNy SECTION
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Fig.b Plan view of pile detailing
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Grade of concrete M-25
Grade of steel Fe-415

K 600 mm
' —

_\/\/

10 # 16 mm ¢ IN BoTy ‘ _
DIRECTIONS T | 124 150¢/c (BINDING BARS)

‘?ﬂi—rﬁ—l—v/ v . —r.-"u ~r———] T

: 650 mm
=25y ]
Al |l N T e s R ale| Yo mm LeveLING
' el T % Course pee N
L
:“:
_ I;
10# 18 mm @ BARS ; i-;ﬂ:#
o Homm IN BoTH DIRECTIONG ! g 1o mm L
:—-—C_: € 4 L]
ikl i ' 1250 My

Fig. ¢ Reinforcement detailing of pile cap




Grade of concrete M-25
Grade of steel Fe-415
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[ Clouae 5.2.5

DETERMINATION OF DEPTH OF FIXITY, LATERAL
DEFLECTION AND MAXIMUM MOMENT OF
LATERALLY LOADED PILES

C-1, DETERMINATION OF LATERAL DEFLECTION AT THE
PILE HEAD AND DEPTH OF FIXITY

Cell The long flexible pile, fully or portially embedded, 15 treated s o
mm%aﬁv%‘m fixed ot some depth below the ground level { see Fig. 4 ).

C-1,2 Dterneing the depth of fixity and heoee the equivalonn length of
the cantilever wsing the plots given in Fig. d.

' — i [ ]E.I
whaope 1= J;mdﬁ *ﬂhﬁ.

Tablas ® and 3 bolow, E iz Young’s medulus of the priles m&mmn[ ir
kgtem® and Jis the moment of ineciin of the pile creas-section in cm? 1.

Al constants gaven in

ar — FREE HE&O PILE ¥ q
== mue FIKED HEAD PILE T [
o il
it 1|
Li
Ui Tt

FOR PRLES 1M 5AMDS
AND NORMALLY LilalED

CLAYS

Li/R AR Lpfy

FOH PILES W
e | PIEL ﬂABEEI E'l AW

T

L

LfR 0B Lyt ‘
Fia, 4 DETERMINATION OF DEFTH FINITY

HOTE — Figurs & 29 walid for long flaxibde piles whars the snbedded lsageh, L, o

2 J.ﬁ' o AT
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