Pile foundation |



Uses of piles W
1. To carry vertical load .
TR R e R
i — > I N
If all the (majority amount) loads are transferred to the pile tips -7 7 i
‘l' Soft soil
End bearing pile T *,T {TFI’ICtlon
If all the (majority amount) loads are transferred to the soil along T .'; Al
the length of pile l Hard Iayer} I 1
Friction pile End bearing

Compaction pile: Short piles used for compacting loose sand.



2. To resist uplift load

Tension pile or Uplift: Below some structures such as
transmission tower, offshore platform which are
subjected to tension.
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Tension Pile




3. To carry inclined and horizontal
(foundation for retaining wall,
abutments and wharves)

load
bridge,

Laterally loaded piles: Horizontal load acts
perpendicular to the pile axis.

Batter piles: Driven at an angle

Carry large horizontal load

KXo
Retaining
wall -
Batter
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Batter Pile




Types of pile

Material used

* Steel pile

* Timber pile
 Concrete pile

* Composite pile

Cross-section
e Circular

* Square

* Hexagonal

* |-section

*H- section
*Pipe

Shape

e Cylindrical

* Tapered

* Under-reamed

Mode of
load transfer
* End bearing
* Friction
*Combined

Method of
installation
* Driven
* Bored
* Jetted

Method of
forming

* Pre-cast

* Pre-stressed
* Castin situ

Based on
displacement of soil
* Displacement piles
* Non displacement
piles
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Timber pile: suitable for light loads varies from 100 to 250 kN per pile. Suitable for soft
cohesive soil.

Concrete Pile: all load condition. Most frequently used piles. Strong, durable.

Steel pile: Used to carry heavy load
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a) circular, b) square, c¢) rectangular, d) hexagonal,

e) H- section, f) pipe




Rock or very dense sand - H pile and open ended pipe pile (least driving effort)

Under the vertical load, the type of pile cross section does not play a important role.

However, under horizontal load, square and H section pile perform well as compared to
circular pile
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Based on Shape:

Cylindrical Pile

b MANDREL CONCRETE
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Tapered Pile

Underreamed Pile




Cohesive soil under laid by a granular soil - Cylindrical pile

Loose to medium dense granular soil - Tapered pile

Expansive soil - Under-reamed pile

(for efficient transfer of load along the

length of pile.
efficient distribution of pile

materials)




Concreting
funnald

Undetr-reamediPile:: ) E

| 2

« 150-200 mm shaft diameter reaming : é
«3to 4 m long <~
 Underreamed portion is 2 to 3 times the shaft dia. 5 e (:;
(a) o

« Used for expansive soil _
Punmia (1973)

a) Boring by auger

b) Under-reaming by under -reamer

c) Placing reinforcement cage in position
d) Concreting of pile

e) Concreting of pile caps



Mode: of load! transfen:

End- bearing pile

« Act as column

* Transmit the load through a weak soil to a hard stratum

« The ultimate load carried by pile= load carried by the bottom end

Friction pile

- Do not reach hard stratum

 Transfer the load through skin friction between embedded soil and pile
* The ultimate load carried by pile= load transferred by skin friction

Combined _end- bearing _and friction pile
*The ultimate load carried by pile= load transferred by skin friction + load carried by the

bottom end of pile




Metliod] off installation

Driven Pile:




Bored Pile:

Large diameter bored pile (Kelly)

PM26 PM28

Spotting Casing installation Auges drilling

04)
Drilling

Bottom deaning Renforcement

Concrete casting
with rremie pipe

e

Casing lifing




Driven Pile: loose granular soil (compact the soil, thus increase its shear resistance)
Bored pile: best suited to clay soil

Jetted pile: used if granular soil are in a very compact state




Methaod] off forming

Precast concrete piles:

> Formed in a central casting yard to the specified length, cured and shipped to the
construction sites.

or
If space is available, casting yard may be provided at the site

»Length upto 20m and precast hollow pipe piles can go up to 60m

» Shorter piles can carry load up to 600kN, and capacity of longer pile can be as large as
2000KN (in some cases)



Prestressed concrete piles:

Formed by tensioning high-strength steel (fur =1700 to 1860 MPa) prestress cables and
casting the concrete pile about the cable

The prestress cables are cut, when the concrete hardens

Cast in situ pile

Formed by making a hole in the ground and filling it with concrete

If the hole is formed by drilling, then it is called bored cast in situ. If it is formed by driving a
metallic shell or a casing into the ground, then it is called driven cast in situ.

If during concreting the casing is left in position, then it is termed as cased pile. If the casing
is gradually withdrawn, then it is termed as uncased pile.



Precast and Prestressed pile: Use in marine structure.

Prestressed piles have large vertical load and bending moment capacity and are used in
such installation

Cast in-situ Pile: Soil of poor drainage quality
Suited in places where vibrations are avoided to save the adjoining structures




Based on displacement of soil:

Displacement Piles : All driven piles are displacement piles as the soil is displaced laterally
when the piles is installed.

Non-Displacement Piles : Bored piles are non- displacement piles




Advantages of precast concrete pile:

*Piles are cast in controlled environment
*The required number of piles can be cast in advance
Loose granular soil is compacted

*The reinforcements remain in proper position.

Disadvantages of precast concrete pile:

-Addition reinforcements are required due handling and transportation

Special equipments are required for handling and driving

Piles can be damaged during handling and transportation

If the soil is saturated, then pore water pressure is developed which reduces the
shear strength of the soil.

Length adjustment is difficult



Advantages of cast-in-situ concrete pile:

*The length of the shell or pile can be increased or decreased
‘No additional reinforcement is required
-Additional pile can be installed quickly

-Little chance of damage due to handling and transportation

Disadvantages of cast-in-situ concrete pile:

‘Proper quality control
-Loose granular soil is not compacted significantly

*A lot of storage space is required for materials



Bored cast-in-situ piles: Large diameter pile can be made. Installation can be
made without appreciable noise or vibration. Boring may be loosen the granular
soil. In uncased pile, concreting is difficult due to the presence of drilling mud.
Bored piles are commonly cheaper. Length of the pile can be changed or varied
depending the ground condition.

Driven cast-in-situ piles: Diameter of the pile can not be made too large. More
noise and vibration . Granular soil is compacted . Drilling mud is not required. It is
costlier (especially the cased one). Length adjustment is difficult.



(Ranjan and Rao, 1991) Typical length and capacities of various piles:

Pile length Approximate design load (kN)

Usual range  Maximum Usual range Maximum
Timber 10-18 30 150-200 300
Driven precast concrete 10-15 30 300-600 900
Driven prestressed 20-30 60 500-600 900
concrete
Cast insitu concrete 15-25 40 300-750 900
(Drilled shell)
Concrete cast insitu 15-25 45(large dia.) 600-3000 9000 (large dia.)
bulb piles
Steel Pile 20-40 Unlimited 300-1000 2500-10000

(small dia.) (large dia.)

Composite Pile 20-40 60 300-900 2000

The information can be used only as a guide line during the initial planning and analysis stages
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Pile load capacity in compression :

a) Static pile load formulae

b) Pile load tests

c) Pile driving formulae

d) Correlation with penetration test data




Static pile load formulae
The ultimate load capacity of the pile ( Qu)

Qu — qu+Qf

Qpu = Ultimate point load resistance of the pile
Qr = Ultimate skin friction

Qu>Q —— oint bearing pile or end bearin@
Qi >>Q,, @tion pile




The ultimate point load can be expressed in the form: Q. =0d,.A,

Ap = sectional area of the pile at its base

The ultimate skin friction can be written in the form :  Q, = f A

S 'S

fs = unit skin friction resistance
As= surface area of the pile in contact with soil

The ultimate load capacity (Q,) can be written in the form

Qu — qpu Ab T fSAS




The general equation for unit point bearing resistance ( q,,) for c-¢ soil :

q,, =CN.+o N, +0.5yBN,

where B = width or diameter of pile
o’ = effective overburden pressure at the tip of the pile, equal to yL
N¢, Ng, Ny = bearing capacity factor
C = unit cohesion
L = length of embedment of pile
y = effective unit weight of soil

In a deep foundation , @'N, >> 0.5yB N, . Hence, the third term is usually neglected

q,, =CcN.+o N,




For a granular soil, c=c’=0 d,, =0 N,
For aclay soil,c =c,and ¢,=0 0, = Cy, N,

Cub = undrained shear strength at the base of the pile



Piles in granular soils:

Driven Piles:
Tomlinson's / Berezantsev’s Method
A, =G'Nq
_ 0 +40

For a driven piles in sand ¢,

2
¢.— in situ value of angle of shearing resistance

If ¢ > 40°, Pile driving shall have the effect of reducing

the angle of shearing resistance of sand due to
dilatancy effect

The maximum base or tip or point bearing resistance
is limited to 11000 kN/m?

Bearing capacity of factor, N,
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Skin friction:

f. =c, tan(§)
f,= Ko 'tan(s )

P I BN
, Vi

§ = angle of friction between the pile and the soil 42k
K= the lateral earth pressure Lo

: : : : h =5 —0},
oh = the soil pressure acting normal to the pile surface (horizontal) et
o' = the effective vertical overburden pressure N
Ultimate Skin friction resistance ( Qy) : ‘ T

Qf — 1:s(av) As
Q; =Koa'tan(d A,

o’'av = average effective overburden pressure over the embedded length of the pile



Broms (1966) recommends the value of K and © shown in Table for piles driven into sand

Pile material

Steel 20°
Concrete 0.75¢
Timber 0.67¢

Values off K
Loose sand Dense sand
0.5 ]
1 2
1.5 4

Ranjan and Rao, 1991

Murthy (2001)
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Critical depth:
Depend on ¢’ value and diameter of pile (D).

Critical depth may vary from
about 15D in loose to medium

D sand to 20D in dense sand.
RN RN
. ; Lo st
Limiting value for skin
Resistance In — 4 Lo, 1
homogenous sand

L-L¢ Feo




The allowableload Q,: |o =2
" F

Q. = ultimate load
F = factor of safety =2.5

Note: The bored piles in sand have a point bearing or top resistance (q,,)is1/2
to 1 / 3 of the value of the driven piles. In case of bored pile in sand, the lateral
earth pressure coefficient can be calculated as: K = 1-sin ¢. The value of K varies
from 0.3 to 0.75 (average value of 0.5). The d value is equal to ¢ for bored piles
excavated in dry soil and a reduced value is considered if slurry has been used

during excavation.



1S:2911(Partl): 2010
« Piles in granular soil

1 n
Q= Ap(E Dy Ny T PDNQJ+ZKiPDi tano A
i=1

where Ap=c/s area of pile tip
D= diameter of pile
Ng and Ny= bearing capacity factors depending on angle of internal friction
P,= effective overburden pressure at pile tip
i= any layer between 1 to n layers in which pile is installed and it contributes to
positive skin friction
Ki= coefficient of earth pressure applicable in ith layer of soil .It depends on the
nature of soil strata, type of pile, spacing of pile and its method of construction.

For driven piles in loose to dense sand (¢ = 30° to 40°), K;value in the range of 1to 2
may be used.

For bored piles in loose to dense sand (¢ = 30° to 40°), K;value in the range of 1to 1.5
may be used.



Poi= effective overburden pressure for i th layer
§i= angle of wall friction between soil and pile in ith layer (may be taken as ¢)

Asi= surface area of pile shaft at i th layer

Note: As per IS Code [IS:2911(Part1/Sec 1):2010], for piles longer than 15 to 20 times
the pile diameter, maximum effective overburden stress at pile tip should
correspond to the pile length equal to 15 (if $<30°) to 20 (if $=>40°) times of the
diameter.



IS 6403:1981

@(in Ny
degree)

o) o)

« Nyfactor can be taken for general shear failure

. 5 0.45
according to IS 6403. _

« N factor will depend on the nature of soil, type of 10 1.22
pidle, the L/D ratio and its method of construction. 15 2.65
The values applicable for driven piles are given in 20 5.39
this figure. o5 10.88

30 22.40
35 48.03
40 109.41
45 271.76

50 762.89
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Example: (a) A 15m long, 300 mm diameter pile was driven in a uniform sand (¢’= 40°).
The water table is at great depth. Average unit weight of soil is 19 kN/ m3 Calculate the

safe load capacity of the pile with F.O0.S =2.5.
(b) Calculate the safe load capacity of the pile if water table is located at 2m below

the ground level.



Piles in granular soils:

Driven Piles:
Tomlinson's / Berezantsev’s Method
A, =G'Nq
_ 0 +40

For a driven piles in sand ¢,

2
¢.— in situ value of angle of shearing resistance

If ¢ > 40°, Pile driving shall have the effect of reducing

the angle of shearing resistance of sand due to
dilatancy effect

The maximum base or tip or point bearing resistance
is limited to 11000 kN/m?

Bearing capacity of factor, N,
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Broms (1966) recommends the value of K and © shown in Table for piles driven into sand

Pile material

Steel 20°
Concrete 0.75¢
Timber 0.67¢

Values off K
Loose sand Dense sand
0.5 ]
1 2
1.5 4

Ranjan and Rao, 1991

Murthy (2001)
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1S:2911(Partl): 2010
« Piles in granular soil

1 n
Q= Ap(E Dy Ny T PDNQJ+ZKiPDi tano A
i=1

where Ap=c/s area of pile tip
D= diameter of pile
Ng and Ny= bearing capacity factors depending on angle of internal friction
P,= effective overburden pressure at pile tip
i= any layer between 1 to n layers in which pile is installed and it contributes to
positive skin friction
Ki= coefficient of earth pressure applicable in ith layer of soil .It depends on the
nature of soil strata, type of pile, spacing of pile and its method of construction.

For driven piles in loose to dense sand (¢ = 30° to 40°), K;value in the range of 1to 2
may be used.

For bored piles in loose to dense sand (¢ = 30° to 40°), K;value in the range of 1to 1.5
may be used.



IS 6403:1981

@(in Ny
degree)

o) o)

« Nyfactor can be taken for general shear failure

. 5 0.45
according to IS 6403. _

« N factor will depend on the nature of soil, type of 10 1.22
pidle, the L/D ratio and its method of construction. 15 2.65
The values applicable for driven piles are given in 20 5.39
this figure. o5 10.88

30 22.40
35 48.03
40 109.41
45 271.76

50 762.89
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Example: (a) A 15m long, 300 mm diameter pile was driven in a uniform sand (¢’= 40°).
The water table is at great depth. Average unit weight of soil is 19 kN/ m3 Calculate the

safe load capacity of the pile with F.O0.S =2.5.
(b) Calculate the safe load capacity of the pile if water table is located at 2m below

the ground level.



Piles in granular soils:

Driven Piles:
Tomlinson's / Berezantsev’s Method
A, =G'Nq
_ 0 +40

For a driven piles in sand ¢, =

2
¢.— in situ value of angle of shearing resistance

If & > 40°, Pile driving shall have the effect of reducing

the angle of she aring resistance of sand due to
dilatancy effect

The maximum base or tip or point bearing resistance
is limited to 11000 kN/m 2

Bearing capacity of factor, N,
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Broms (1966) recommends the value of K and & shown in Table for piles driven into sand

Pile maiterial

Steel 20°
Concrete 0.75¢
Timber 0.67¢

Vallves ofi K
Loose sand Dense sand
0.5 ]
] 2
1.5 4

Ranjan and Rao, 1991

Murthy (2001)
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1S:2911(Partl): 2010
« Piles in granular soil

1 n
Q= Ap(E Dy Ny T PDNQJ+ZKiPDi tano A
i=1

where Ap=c/s area of pile tip
D= diameter of pile
Ng and Ny= bearing capacity factors depending on angle of internal friction
P,= effective overburden pressure at pile tip
i= any layer between 1 to n layers in which pile is installed and it contributes to
positive skin friction
Ki= coefficient of earth pressure applicable inith layer of soil .It depends on the
nature of soil strata, type of pile, spacing of pile and its method of construction.

For driven piles in loose to dense sand (¢ = 30° to 40°), K,value in the range of 1to 2
may be used.

For bored piles in loose to dense sand (¢ = 30° to 40°), K,value in the range of 1to 1.5
may be used.



IS 6403:1981

Q(in Ny
degree)

0 0
« N, factor can be taken for general shear failure

. 5 0.45
according to IS 6403. 10 L 99
* N_factor will depend on the nature of soil, type of = 2'65

pﬂe, the L/D ratio and its method of construction. '
The values applicable for driven piles are given in 20 5.39
this figure. 25 10.88
30 22.40
35 48.03
40 109.41
45 271.76

50 762.89
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With and without
considering critical
length concept: Layered

soil




Piles in granular soils:

Driven Piles:
Tomlinson's / Berezantsev’s Method
A, =G'Nq
_ 0 +40

For a driven piles in sand ¢, =

2
¢.— in situ value of angle of shearing resistance

If & > 40°, Pile driving shall have the effect of reducing

the angle of she aring resistance of sand due to
dilatancy effect

The maximum base or tip or point bearing resistance
is limited to 11000 kN/m 2
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Broms (1966) recommends the value of K and & shown in Table for piles driven into sand

Pile maiterial

Steel 20°
Concrete 0.75¢
Timber 0.67¢

Vallves ofi K
Loose sand Dense sand
0.5 ]
] 2
1.5 4

Ranjan and Rao, 1991

Murthy (2001)
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1S:2911(Partl): 2010
« Piles in granular soil

1 n
Q= Ap(E Dy Ny T PDNQJ+ZKiPDi tano A
i=1

where Ap=c/s area of pile tip
D= diameter of pile
Ng and Ny= bearing capacity factors depending on angle of internal friction
P,= effective overburden pressure at pile tip
i= any layer between 1 to n layers in which pile is installed and it contributes to
positive skin friction
Ki= coefficient of earth pressure applicable inith layer of soil .It depends on the
nature of soil strata, type of pile, spacing of pile and its method of construction.

For driven piles in loose to dense sand (¢ = 30° to 40°), K,value in the range of 1to 2
may be used.

For bored piles in loose to dense sand (¢ = 30° to 40°), K,value in the range of 1to 1.5
may be used.



IS 6403:1981

Q(in Ny
degree)

0 0
« N, factor can be taken for general shear failure

. 5 0.45
according to IS 6403. 10 L 99
* N_factor will depend on the nature of soil, type of = 2'65

pﬂe, the L/D ratio and its method of construction. '
The values applicable for driven piles are given in 20 5.39
this figure. 25 10.88
30 22.40
35 48.03
40 109.41
45 271.76

50 762.89
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The ultimate load capacity of pile (Q ,):
Qu — qpu Ab + fsAs

In clays, gpu = CuNc and fs = ca = acy

Qu — Cub NcAb +O(‘Cu As

Cub = undrained cohesion at the base of pile
Ne = bearing capacity factor for a deep foundation. For circular and square piles N, = 9

(proposed by Skempton). Pile must go at least 5D inside the bearing stratum.

o = adhesion factor
Cu = undrained cohesion in the embedded length of pile



c, (kPa) consistency
0-12.5 very soft
12.5-25 soft
25-50 medium
50-100 stiff
100-200 very stiff
>200 hard

Ranjan and Rao, 1991
Conssistency: N value a value
Bored piles Driven cast in situ piles

Soft to very soft
Medium

Stiff

Stiff to hard

<4
4-8

8-15
>15

Adhesion factor, &
< < b < et Sed
o N o oo o o

=

v 3 - o Driven pile
b e ® Drilled shaft
L]
o
o oN\le @
Ag .N - Py
008 LY
8??: ‘z:;o\ o
T I I s =y
. L L
o
0 40 80 120 160 200 240 280

Undrained cohesion c,, kKN/m?

0.7
0.5
0.4
0.3

1.0
0.7
0.4
0.3




Pile foundation VII



1S:2911(Partl): 2010
« Piles in granular soil

1 n
Q= Ap(E Dy Ny T PDNQJ+ZKiPDi tano A
i=1

where Ap=c/s area of pile tip
D= diameter of pile
Ng and Ny= bearing capacity factors depending on angle of internal friction
P,= effective overburden pressure at pile tip
i= any layer between 1 to n layers in which pile is installed and it contributes to
positive skin friction
Ki= coefficient of earth pressure applicable inith layer of soil .It depends on the
nature of soil strata, type of pile, spacing of pile and its method of construction.

For driven piles in loose to dense sand (¢ = 30° to 40°), K,value in the range of 1to 2
may be used.

For bored piles in loose to dense sand (¢ = 30° to 40°), K,value in the range of 1to 1.5
may be used.



BEARING CAPACITY FACTOR Ngq

1S:2911(Partl/Sec 1): 2010
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Piles in clay :
The ultimate load capacity of pile (Q ,):
Qu — qpu Ab + fsAs

In clays, gpu = CuNc and fs = ca = acy

Qu — Cub NcAb +O(‘Cu As

Cub = undrained cohesion at the base of pile
Ne = bearing capacity factor for a deep foundation. For circular and square piles N, = 9

(proposed by Skempton). Pile must go at least 5D inside the bearing stratum.

o = adhesion factor
Cu = undrained cohesion in the embedded length of pile



Values of reduction factor a Murthy (2001)

c, (kPa) consistency = |
1.0 ogo-Ss8— o Driven ple
0-12.5 very soft " T™%e °ss S
<] 083 oNle e
12.5-25 soft 2 oLt '§% e .
25-50 medium % 04 oagnozz“'.hhﬁ___% —
50-100 stiff 02 =
100-200 very stiff % 40 80 120 160 200 240 280
h d Undrained cohesion ¢,, kN/m?
>200 ar Ranjan and Rao, 1991
Conssistency: N value a value
Bored piles Driven cast in situ piles
Soft to very soft <4 0.7 1.0
Medium 4-8 0.5 0.7
Stiff 8-15 0.4 0.4
Stiff to hard >15 0.3 0.3




The allowable load Q, : Q. = Qu
a

Q. = ultimate load
F =factor of safety =2.5



Example: A 15 m long pile with diameter 400mm was driven in a homogeneous
clay with unconfined compressive strength of 100 kPa. Calculate the ultimate
load Carrying capacity of the pile.

Example: Layered soil (only Clay)



Values of reduction factor a Murthy (2001)

c, (kPa) consistency = |
1.0 ogo-Ss8— o Driven ple
0-12.5 very soft " T™%e °ss S
<] 083 oNle e
12.5-25 soft 2 oLt '§% e .
25-50 medium % 04 oagnozz“'.hhﬁ___% —
50-100 stiff 02 =
100-200 very stiff % 40 80 120 160 200 240 280
h d Undrained cohesion ¢,, kN/m?
>200 ar Ranjan and Rao, 1991
Conssistency: N value a value
Bored piles Driven cast in situ piles
Soft to very soft <4 0.7 1.0
Medium 4-8 0.5 0.7
Stiff 8-15 0.4 0.4
Stiff to hard >15 0.3 0.3




« Piles in cohesive soil [IS:2911(Part1): 2010]

n
Qu = ApNcCp + Zaici Asi - \

i—1 ) ‘
0 \ i

(o’
where A,= c¢/s area of pile tip é ‘\
Nc.= bearing capacity factor may be taken as 9 ‘:{ 4 \\\ ,
c,= average cohesion at pile tip i "1
o= adhesion factor for ith layer :
Cc= average cohesion at ith layer g 20 40 B0 80 100 120 140 160 180 200
A= surface area of pile shaft at i th layer UNDRAINED SHEAR STRENGTH. C (i)

(FOR €, < 40 kNom” TAKE &x = 1)



Pile foundation VIII



Example: Layered soil (Sand-Clay)



Load carrying capacity of under-reamed pile in Clay

- D
Qu :CuchAb +G‘Cu As — (9Cub) 4 Df +aCu As
Nc - 9
D,
o = adhesion factor
Ap = area of the enlarge base

D: = diameter of the bulb
Note: When the bulb is slightly above the tip, A, is equal to the area of the

diameter of the bulb and the projected stem below the bulb is ignored.



If bulb is quite high : s

For single bulb

Q, = (9cub)%1 D2+%1 ><9c'ub><(D12 - D2)+occ'u A

Cub = UNit cohesion at the tip
C’ub = unit cohesion at the bulb level
c'v = average cohesion on A

A’s = surface area
= The length of the shaft equal to 2D above the bulb is usually neglected

(As the pile settles, there is possibility of formation of a small gap between the top of bulb)



Two or more bulbs

Q, = (9cub)%1 D’ +ﬁ ><9(:'ub><(D12 - D2)+occ:'u A +c" A,

Cub = Unit cohesion at the tip

c’ub = unit cohesion at the bulb level

As = surface area of the shaft above the top bulb (ignoring 2B length)
Asb = surface area of the cylinder circumscribing the bulbs between top
and bottom bulbs

c'v = average cohesion on As

c’v = average cohesion on Asp

N




Pile Load test

It is the only direct method for determining the allowable load on piles.
It is an in-situ test and the most reliable one also.
It is very useful for cohesion less soil.

However, for cohesive soil, data from pile load test should be used with caution because
of pile driving disturbanc e, pore water pressure development, and inadequate time

allowed for the consolidation settlement.



!

Vertical load test
(compression)

> It is carried out to esta blish
load- settlement  relationship
under compression and
determine the allowable load on
pile.

Types of load test

\/
v @
Lateral load test Pull out test

(Tension)

»These two tests are carried out when piles are
required to resist the lateral loads or uplift loads .



Initial test

( )

It is to be carried out on test piles to estimate the allowable load, or to
— predict the settlement at working load. It does not carry any load coming
from superstructure.

- J
( N

Where there is no specific information about subsoil strata and no past
— experience, for a project involving more than 200 piles, there should be
minimum two initial tests.

N J
-

settlement attains a value of 10% of pile diameter for single pile and 40 mm in group.

-

~

The minimum load on test piles should be twice the safe load or the load at which total




Routine test

(" )

It is carried out as a check on working pile to assess the displacement
corresponding to working load.

N J

[

may vary up to 2 percent or more depending upon the nature of soil strata and
importance of structure.
_

\

The minimum no. of routines tests should be half percentage of the piles used. It

J

K

whichever is earlier.

-

\

A working pile is driven or cast in situ along with other piles to carry the load from
superstructure . The load on such piles should be up to 1.5 times the safe load or the load at
which the total settlement attains 12mm for single pile and 40 mm for group pile ,

J




Pile load test

Types of Load test

e

Continuous loading Cyclic loading

Load is raised to a particular level
and then dropped to zero, again
increased to a higher level and
reduced to zero.

Continuous increment of load is applied
on the pile head



Procedure: As per IS: 2911 part IV (1979)

- The test shall be carried out by applying the
load on a RCC cap over the pile.

- The load is applied in increment of 20 % of
the safe load.

.- Settlements are recorded with at least three
dial gauges.

\

- Each stage of loading shall be maintaining
till the rate of movement of pile top is not
more than 0.1 mm /hr.




Pile foundation IX



The allowable load on a single pile shall be lesser of the following:

« 2/3" of final load at which the total settlement attains a value of 12mm. If nothing
is specified, then the permissible settlement =12mm. If any other permissible value

is specified, then load shall correspond to actual permissible total settlement.

« 50% of final load at which the total settlement equals to 10% of the pile diameter
in case of uniform diameter piles and 7.5% of bulb diameter in case of under

reamed piles.



The allowable load on a group of piles shall be lesser of the following:

« Final load at which the total settlement attains a value of 25mm. The permissible

settlement is 25mm.

« 2/3 of the final load at which the total settlement attains a value of 40mm.



Example: The following data was obtained in a vertical pile load test on 300 mm diameter pile.
Determine the allowable or safe load as per IS 2911 part IV (1979).

L 0o ad (kN) Sett I em ent (m m) 0 100 200 300 400 500 600 700
50 2.5 0 bme |
100 5.0 o LU T
200 10.0 ™~

300 17 ? N
400 28 30 A

500 45 40 ‘\\‘
600 70 50 \\\

) N\

70

80




Vertical cyclic plate load test:

 Itis carried out when itis required to separate the pile load into skin friction and point

bearing on single piles of uniform diameter.

* Itis limited to initial tests only.



Pile foundation IX



The allowable load on a single pile shall be lesser of the following:

« 2/3" of final load at which the total settlement attains a value of 12mm. If nothing
is specified, then the permissible settlement =12mm. If any other permissible value

is specified, then load shall correspond to actual permissible total settlement.

« 50% of final load at which the total settle als to 10% of the pile diameter

in case of uniform diameter piles an

reamed piles. oy o
,,‘5“ @M@b&

.\.011, 5 M, .% .
boed Q
@ Qun =1 el

7.5% of bulb)diameter in f{ase of under

%
5&
§




The allowable load on a group of piles shall be lesser of the following:

« Final load at which the total settlement Wlue of 25mm. The permissible

settlement is 25mm.

« 2/3" of the vahich the total settlementattains a value of 40mm.
Sﬁf’l, 2o

Ly Om




Example: The following data was obtained in a vertical pile load test on(300/nm diameter pile.
Determine the allowable or safe load as per IS 2911 part IV (12;’%|,,N D
z

i KN
“ Loed ™ ;Cg'/'ﬂf
Load (kN)  Settlement (mm) N - W SOOP* S
50 25 0 | Q) |
100 5.0 1
200 10.0 40\*@'3:..,
300 17
400 — 28 % N
500 5 a0
600 W70 3°W.‘ 5o
- -
By o)
\ M\ _ 80
\ -~ - ‘ *U‘




Vertical cyclic plate load test:

 Itis carried out when itis required to separate the pile load into skin friction and point

bearing on single piles of uniform diameter.

* Itis limited to initial tests only.



Pile foundation X



Dynamic Pile formula

- o L
« Engineering News Record Formula (ENR) /Y

p Energy input= Work done Wi
wa 2 - WH QuS’'=WH Qu= ~——
Z -

< HELMET

PILE CUSHION

From above formula, the allowable pile load is expressed as

Qu soon—n /] [~ P wonce
= WH -
U = Fs+9 %=t g Q= -—

W= weight of the hammer falling through a height, H s s W 'L s
S = Theoretlcal set= S+C ﬁ ~ BMCE//
Ve real set per blow

C= empirical factor allowing reductlon in theoretical set due to energy losses
F= factor of safety (usually taken as 6)

~«¢—— PILE

O

http://hammer.m88play.com/drop-hammer-pile-driver/


http://hammer.m88play.com/drop-hammer-pile-driver/

a) Drop hammer Qa WH "F.S"" fc _é

~6(5+25) —
b) Single acting steam hammers |Q, WH oD

" 8(S +0.25)] W
_ (W (apH

- 6(S+0.25)

where W (weight of hammer) and Qa are expressed in kg. H is the height of free fall of
hammer in ¢

pressure r

last 5 blow

c) Double acting steam hammers Q,

a is the effective area of piston in cm? and p is the mean effective steam

4. S is the final set i@ cm/bIoE, usually taken as average penetration for the
d drop hammer or 20 blows of a steam hammer.




Example: A 250 diameter pile Wa{'gdriven with a drop hammer of weight 2200 kg
and having a free fall of 1.5m. The total penetration of the pile recorded in the
last 5 blows was 30mm. Determine the safe pile load using ENR.

I = ).10'0117 , H= 1S =1'S x 10"

'y O 6w
Wt Wi
q‘6|> = — ~ - .
AR ) PCSJm) G (S %)
— -S’
— L XI'SK/ A__|7-7—o,;,k?



- Modified Hiley Formula

Actual Energy delivered= Energy used + Energy losses

Q, = Whnn

_S+%

_ Whn,n
S+12(C1+C2+C3)

where Qu= ultimate driving resistance in tonnes. Safe load is estimated by dividing the
ultimate resistance by a factor of safety 2.5.
W= weight of hammer in tonnes.
h= effective fall of hammer, in cm
n= efficiency of blow that represents the ratio of energy after impact to striking
energy of ram.
Nn.=hammer efficiency
S= final set or penetration per blow in cm.
C= total elastic compression= C 1+ C2+C3



« When W> Pe and pile is driven into penetrable ground,

W + Pe?
W+P

« When W< Pe and pile is driven into penetrable ground,

T]:

2
~W+Pe? (w-Pe |
1w WP

where P= weight of pile + anvil+ helmet +follower (if any) in tonnes

e= coefficient of restitution of material under impact and ranges from 0 to 1.



C,

C,

C;

It is temporary elastic compression of It is temporary elastic It is temporary compression of
dolly and packing. compression of pile. soil.
=1.77 Q_u QL 0
= 0.6754% ]
A A :3.55K

where the driving is with 2.5cm thick
cushion only on head of pile

=9.05 R,

A
where the driving is with short dolly upto

60cm long, helmet and 7.5cm thick cushion

where L is length of pile in meter.

A is area of pile in cm?,

where A is area of pile in cm?.




Pile-hammer efficiency

Hammer Type n,

Drop 1.00
Single acting " 0.75-0.85
Double acting 0.85
Diesel 1.00

Murthy (2001)

|

Ml <«—— HAMMER

HAMMER CUSHION
~%—— HELMET

\— PILE CUSHION

[\ o ~<—— PILE MONKEY

~¢—— PILE

»-4—— PILE GATE

—




Pile foundation Xl



Correlation with penetration test data Q.= qu";é@p; D 2.~
+ Driven piles in sand " - Q.= )< él
1. Using Cone Penetration resistance f"-— %

R N @fl.fs X As.. .
« The unjt poipt resistance of driven pile q ,, ¥ statiC™cone résistance, qc

W — r— \
« The skin friction rgsistanc e for drivefi piles can also be determined with

help of cone penetration resistance using Meyerhof(1956) correlation:

]'ake -
/ of qc over this
J _ |length of pile.
for Displacement plles, -, ~de ;V) kN /f:;r (Iimited to 100 kN/m) T ﬁCMé]

For H piles, fo = Gc (@) | N /m?2 (limited to 50 kN/m?) ‘L

/ 4 '
where g.(av)= average field value of cone penetration resistance inover pile length.




MeMZed — (L

« Using of static cone penetration data

[1S:2911(Part1/Sec 1):2010] R f 7S
C

For non homogeneous soil,

The ultimate point bearing capacity
can be taken as

s [ q)q Nl -

qco is the average cone resistanc e f
/

e

q.4s average of envelope of minimum
static cone resistance over a depth
of 8D above base.

Jc1 IS the minimum cone resistance
gc2 is the average of minimum cone resistance

!

(M) Q4 IS average cone resistance
N over a depth of 2D below base

Q.. 's minimum cone resistance overa depth of 2D belowbase



Using of static cone penetration [1S:2911(Part1/Sec 1):2010]

Sidg or skin friction (fs) in kN/m? k 2 L‘%C
(O 3
_( 5 bren f <2 for clay
25 25 . 62

ﬂ/(:’ W de__ f, <= A for S|Ity clay (dsnty sand
e 100 25 Q .
Saé,z ,‘2 S

Pe 0 _. 2
S <f < 00 for sand___

100

=
G‘j( O f < Y for coarse sand and gravel
100 150




‘0’“4&@“’0“"” ~ Example: Determine the allowable load carrying capacity of a
~ 11 m long and 450 mm diameter driven pile constructed in the

sand with cone resistance (SCPT) profile as shown in the figure.

o o SN

- egoy—xlxo .‘4& g

Depth (m)

TR CQ"'I)_-I-I-%Q . (a‘;)?m/”}g
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2.Using N value: (S ?T ) W PW

« The unrf@_petratlon resistance of driven pile in sand mcludmg H pile can be determT‘d%

S"S - ?C, /ﬁu _40@/D) kN/m ‘/ S'of _ @."Q?"’

where N= standard penetration resistance observed In |e olit overburden corr t|on
= length of The pile —~

D= diameter of pile A-Ip
For driven piles, q,,is limited to 400 N kN/m?. C;-Pu

* The skin friction resistance for driven p|Ie in sand can be determined as:

For displacement pile _ vf’ (limited to 100 kN/m?)
(Driven Piles) / fs = 2Nay kN /m” )?\a‘o 2V — _,_,4 a
For H piles: fs = Ny, kN /' m? X (Ilmlted to 50 kN/m?) '

-
where Nay= average field value of N along pile length @ M



» Using of standard penetration data [s:2911(Part1/Sec 1):2010]

> For saturated cohesionless sthe ultimate load bearing capacity of pile in kN is given by

e &

For driven piles, q,, is limited to 400 N kN/m?.
: al.

D .
/ et 24
where N= average N value &g ti /&fﬂw

Lob=length of penetration in bearing strata , in m

-

I

d= diameter of pile in m
Ap= c/s area of pile tip in m?2

N= average N value along pile shaft . _A—?
As= surface area of shaft in m?

> for non plastic silt or very fine sand, Ly NA

0.6




\/

« Bored and cast in situ piles in sand

dpu = iqpu of driven pile

fq =% f of driven pile

« Driven and cast in situ piles in sand

For cased pile: q,, and fs can be taken same as that of driven pile.

For uncased pile: fs = fs of driven pile (if proper compaction of concrete is done)

fs = fs of bored cast in situ (if proper compaction of concrete is not done)



Group action of piles:

® o

Pile cap . |
S .

Soil 2 Piles 3 Piles

Pile group

. xXxr
1? o @
6Plles l<>l<>|

https://www.deltares.nl/en/software/module/d-pile-group-cap-  https://theconstructor.org/geotechnical/foundations/pile/page
layered-soil-interaction-3/ /2/

T“‘



http://www.deltares.nl/en/software/module/d-pile-group-cap-
http://www.deltares.nl/en/software/module/d-pile-group-cap-

« Ultimate bearing capacity of pile group# sum of all individual piles present in the ?roup.

« Group efficiency, Qug+— — l W W
ng\_ nQu / % °

N arng

where Qug= ultimate load bearing capacity of pile group Oof 0

Qu= ultimate load bearing capacity of single pile 0 9

n= no. of piles._— ,\y::,[
v n,< 1 forsmaller spacing between piles —

v' n, >1 for driven piles in logse to medium soil

v ' n,=1 forlarger spacing of piles




Pile group efficiency can be calculated using Converse-_Labarre formula:
where m= no. of rows of-pifes

_q [M(nf1)+nm-1)16 n= no. of/ailes in a row
6= tan ng
W m=3
. _ _ D= Diameter of pile v = 9
Minimum pile spacing S= Centre to centre spacing
Length of pile Friction piles in Friction piles in  Point bearing

sand clay pile

<12m 3D 4D 3D

12to 24 m 4D 5D 4D

>24m 5D 6D 5D

As per IS: 2911-1-1979  Bearing pile- 2 D ')/b '\'U
Friction pile- 3D ~~
Loose sand or fill deposit -2D



Pile group In clay
Pile may fail in one of the following way 8 25D
« By block failure (when spacing_isless than.2<3 times diameter of a pile) -
« By individual pile failure ( when piles are spaced wider)

| r
« The ultimate load capacity of the pile group by block failure is given by: ) /
0,(&-\&- J ’ -
S 1 =

ng e NoA, +P,Lc = ;);z, A—0xC

Undrained strength 2’

ofllclay at base of  Bearing capacity

pile group . i
fact / Perimeter of block Embedded length of pile
actor=93~ c/s area of e

Undrained strength
of clay along length of block

« The ultimate load capacity of the pile group by individual pile failure is given by:

Qu =NQy



Example: Determine the spacing of a group of 16 piles with diameter of 300mm such that the
efficiency of the pile group is 1. The piles were constructed in uniform clay soil with unconfined

compressive strength of 50 kPa. - \6)40 7;;‘%—- H :

% - 16 (S HlD)SL ARy




Settlement of a pile group
 Pile group in clay

1. For the displacement piles or friction piles in homogeneous clay

where q,= Net pressure on pile

U= Poisson’s ratio

E= young’s Modulus

.= Influence factor

~T——Middle of dlaylayer



Consolidation settlement

J QLT Iogm( Po +Ap\
1+ €, Py )

or S, =Y m,HAp

Where po = initial effective overburden pressure before applying foundation load
Ap= vertical stress at the centre of the layer due to application of load
Cc= Compression index
e,= initial void ratio
m,= coefficient of volume compressibility

H= thickness of each layer



2. Piles driven into a firm or strong stratum through an overlying clay stratum.

-

L- L,
Weaker
solil
2/3L, Stronger layer
ceple ey . R i v s S TR A R ST 1
1/3
Y A
/30 B 2 SN
/ 20"\



3. For bored piles or end bearing piles bearing on firm stratum

Equivalent raft acts at the base of the pile.




«Pile group in sand
» Skempton (1953):

For same average load Q/pile acting in driven piles, the settlement ratio of group of pile to
single pile can be obtained as:

Sq _(4B+27Y
S; B+3.6

where B= width of the pile group in ‘meter’
Sqg= settlement of pile group

Si= settlement of single pile

» Meyerhof (1959):
It is for square pile groups driven in sand

Sg _S(5-5/3)

S; 2
NS
r

where S= ratio of pile spacing to pile diameter
r= no. of rows in the pile group




Example: The following data was obtained in a vertical pile load test on 300 mm diameter pile.
Determine the allowable or safe load as per IS 2911 part IV (1979).

L 0o ad (kN) Sett I em ent (m m) 0 100 200 300 400 500 600 700
50 2.5 0 bme |
100 5.0 o LU T
200 10.0 ™~

300 17 ? N
400 28 30 A

500 45 40 ‘\\‘
600 70 50 \\\

) N\

70

80




Pile Foundation XII|I



Example: Design a pile group consisting of RCC piles for a column of size 650mm x 650 mm carrying
a load of 1500 kN (Total). The expgloration data reveal that the sub-soil consists of deposit of clay
extending to a greater depth. The other data of the deposit are: Compression index = 0.10, Initial

void ratio = 0.9, Saturated-unit weight = 20 kN/m?, UnconfineI compressive strength= 70kN/m?.

Proportion the pile group for the permissible settlement o mm. Design the pile group by
considering both bearing and settlement criteria. The water tablé’is considered at the ground level.
Use a factor of safety 2.5 against bearing and assume ad?esnon factor of 0.7. -

. c\-nn.\iw Wﬁa -LJ“Q
’ FAPSR N, Pa bq,’r@@'@

= rard ﬁ*BX”" X “”"”" xl/ |




c, (kPa) consistency
0-12.5 very soft
12.5-25 soft
25-50 medium
50-100 stiff
100-200 very stiff
>200 hard

Ranjan and Rao, 1991
Conssistency: N value a value
Bored piles Driven cast in situ piles

Soft to very soft
Medium

Stiff

Stiff to hard

<4
4-8

8-15
>15

Adhesion factor, &
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Pile Foundation XIV



Negative skin friction: | S _
Negative skin friction in single piles
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The magnitude of negative skin friction, F » for a single pile may be estimated as below:
Cohesive solls:

F, = PLcCq

Where, P= perimeter of pile

L= Length of pile in compressible stratum
Ca= unit adhesion=ac,
a= adhesion factor

cu= undrained cohesion of compressible layer

Cohesionless soils: F =%PLCZY K tans

where K=Ilateral earth pressure coefficient
6= angle of friction between pile and soil (1/2 ¢ to 2/3¢)



Negative skin friction in pile groups
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The magnitude of negative skin friction, Fng for a pile group passes through soft and
unconsolidated soil may be estimated as below:

Fng = nFy Higher of value from these two Equation is
an = cyLcPy +7LcAg used in design

where n= number of piles in the group
Py= perimeter of group

Y= unit weight of soil within pile group up to a depth of L.
Ag= area of pile group within perimeter P g4

Ultimate load capacity of a single or a group of piles
Working load + negative skin friction

F.O.S =




« Using of static cone penetration data

[1S:2911(Part1/Sec 1):2010] - =

For non homogeneous soil,

The ultimate point bearing capacity

can be taken as

Oco +Uca
2 +(¢2
q pU = - i
2

) q.4S average of envelope of minimum
o0 static cone resistance over a depth

of 8D above base.

dco iS the average cone resistanc e
Jc1 IS the minimum cone resistance

gc2 is the average of minimum cone resistance I = } Qg is average cone resistance

over a depth of 2D below base

Q.. 's minimum cone resistance overa depth of 2D belowbase



