Type of piles and Pile design
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Piles:

1 ) Design of piles:

2 ) Bearing Capacity of piles:
3 ) Determination settlement:
4 ) Short and Long pile:

5 ) Design of piles cap:
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Main reasons For use piles:

1) In case of the top layers are as weak that they could not bear the

structure , the piles transfer loads to a good layer at reasonable depth.
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2) In order to resist uplift pressure.
3) In case of structure in water.
Al claid) eVl
4) In order to densify the soil as in case of short stone piles.
Types of piles:
1 )With respect to the method of transform loads:

A ') End Bearing piles.
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B ) Friction piles.
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C) End Bearing + Friction piles.
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End bearing piles

Friction piles
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END BEARING PILE FRICTION PILE

LOAD LOAD

SAND

End bearing - Friction

2 ) With respect to Material:
A sall 038 (e B3la (pe ST sl cafiall g sl o Dla AN (e 39 ) sl pias

The main types of materials used for piles are wood, steel and concrete.
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Materials used for piles

1L,

H-pile Concrete Composite

A) Timber piles:
(ST DIt
A8 el Jlee V) 8 andius

Use in temporary works.
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Length: 9 — 15 m

Max load: 45 Ton

B ) Steel piles:
T ()l A
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Use when the pile cross hard layers.

Steel Pile — H piles:




Steel Pipe Pile




Steel Pipe Pile
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NS ECO pile has a one-round spiral wing at the end of the pile of which diameter is 1.5 to 2.0 times of its shaft diameter, i.e. the shaft
diameter is 1200mm, then the spiral wing diameter is 2400mm so that its end bearing area is quite large and effective to increase its

Environmentally friendly techniques

in driving steel ipe piles
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Length: 12 —- 50 m

Max load: 35 — 100 Ton

C ) Concrete piles:

C-1) Pre cast: Driven

C-2) Cast in place: Driven , Bored
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i Size _1 Size | Size |
| | Core '
Diameter |
Continuous
Tie

Prestressing

Strand* Square Square Octagonal
Solid Hollow Solid or Hollow




OPTIONAL 3-WAY SWIVEL

NOTES: 1. INSTALLATION OF OPTIONAL SWIVELS
{I':“OA'IDVSERT FIXED LEADS TO CARDONIC

2. SEMI-FIXED LEADS HAVE THE ABILITY
TO MOVE IN THE UP-DOWN DIRECTION,
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Installation Equipment for
Driven Piles 0
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Handling stresses.

C-1) Pr

If%g 30 — A= 1.25 % Ac
If30<%<40—>A5=1.5%AC

If%>40—>A5=2%AC
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C-2) Cast in place:

Types of Cast in place pile:
C-2-1) Simplex piles. , C-2-2 ) Frankie piles.
C-2-3) Vibro piles., C-2-4 ) Raymod piles.

C-2-5) Strausse piles.

1) Design of piles:
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Use standard penetration test (S.P.T):
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Use cone penetration test (C.P.T):
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Use standard penetration test (S.P.T):

Assume:

Dyile = ... €M

Lpile =.m




n(Dpile)? N
_—— +E *1T *Dpite *Lpite = ... KN

Q, = 45*N*
ol dus
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N — number of average blows from S.P.T. tests through depth of 3D
above and below pile tip.
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N — average number of blows from S.P.T. tests throughout the pile
length subjected to shear.
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Dyie — pile diameter.
RCTB RN
Loie— pile length.

Bl Jsh

Example: 1

For the inspection of soil Design of piles Use standard penetration
test (S.P.T)

Solution
Assume:
Dpile =40 cm
Lole=12 m
Q= 45*N*1T(Di—ile)2 +§ *1T *Doite *Lpite
N =333 5y

2




= 3+4+5+25+31
N = B——— 13.6

m(0.4)% 13.6,

Q. =45*32*——— +—*m *0.4 *12=249.4 KN
4 3

Qu=25T

2 ) Bearing Capacity of piles:

Methods of Calculation Bearing Capacity of piles:

1) Static formula.
2 ) Dynamic formula.
3 ) Field tests.

4 ) Pile loading test.

1) Static formula:
For pure clay:

1) Compression:

2
Que= C* Ne» TP 4 % * g#L
Qult
Qai = F.g.S

(D)2

End Bearing = C * N¢+«

Friction=C,*m*d*L
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C —Cohesion of soil at pile tip.
(G Al el caplall Jga Ay ) il Jas gia

d — pile diameter.

Bylall ks
L — pile length.

By all Jsh
F.0.S — Factor of Safety.

oY1 Jalaa
F.0.S =3 if (D.L+L.L)
F.0.S=2.5if (D.L+L.L+ WIND+EAETHQUAKE)
Nc — Bearing capacity factor (6—9)

Jrenill 308 Jalaa

Nc=6if d > 100 cm
Nc=7if 50<d <100 cm

Nc=9ifd<50cm

C,— adhesion
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OR
C,=0.3-0.4 (C,) Cu £100 kPa For bored piles.

C,=0.6-0.8 (C,) For driven piles.




OR

For driven Piles Ca could be directly taken as mentioned in the following

table:
Cohesion C,,
Pile Type Adhesion Ca
(kN/m?)
(KN/m2)
0-12.5 0-12.5
12.5-25 12.5-24
25-50 24-37.5
Timber or concrete
50-100 37.5-47.5
100-200 47.5-65
0-12.5 0-12.5
12.5-25 12.5-23
Steel 25-50 23-35
50-100 35-36
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Ca *Li+ Gy * L+ C3 * Ls

2 ) Tension:
28l JlaY da el g 5 Al

Ta=C *m*d*L+W,
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Ta=o55
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W, — Weight of pile.
BN NSBY
*(d?
W, = % *L*X

X.=25

For Cohesion Less Soil (Sand ):




1) Compression:

thia Jlaal L jadl 550 &)

«(d2
Qultzp*Nq*T[ E:l ) + Kyc *Po *tand *m *d * L
Qult
Q=505

mx(d?)
4

End Bearing = P*Ng*

Friction = Kyc *P, *tand * m*d * L

D = 20*d

A5 Yyl ilall aaall oaey Jlay (5311 (Ganl)
P=%X,*h,+ X,*h,
P
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_ 1-sin®
B 1+sin @

a

N, — Bearing capacity factor function of ¢

d.m;ﬂ\ EJ.‘@ dAL:LA
To get N, from table:
1) 25 30 35 40
Displacement pile 15 30 75 150
Bored pile 7 15 37 75 Nq

f@=0,N,=0

@ = @ - 3° (For bored piles)

¢* _ @+40°

. (For driven piles)




Kuyc — Coefficient of lateral pressure.

Kiyc=0.7 — 1.5 (For bored piles) Take = 1

Kyc=1— 1.5 (For driven piles) Take = 1.5

Dl 38 ks (Kiye) & (Kpie ) Blelaall o8
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6 — Pile-Soil friction angle

6= z * ¢ (for concrete and timber pile).

6= 20° (for steel pile).

2 ) Tension:

Tut= Kyt *Po *tand * m * d + W,

tult

T=—

A~ Fos
Example: 2
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Given: @=30°,d=30cm, Kye=1, Kye = 1.5, F.0.S =3

Req : Determine the allowable Max Load for Driven pile shown in

case of Compression & Tension .




yvsat = 14 KN/m?

vsub =rsat-1 = 14-10=4 KN/m?®

¥' =10 KN/m?

Dense sand

Solution

100kN/m* =10t/ m*=1kg/cm

D=20*d=20*0.3=6m

For Cohesion Less Soil (Sand ):




D=L*d=20*0.3=6m
1) Compression:

mtx(d?)

QultzP*Nq* 4

+ Kyc *P o *tand *m*d * L

_ 1-sin® _1—sin 30 _
B 1+sin @ " 1+sin 30 B

0.33

_E* _E* —
&=~ ¢_4 30=22.5

@ =30° — Ny= 30 from table

P=14+04+2=38T

14+04+ 3.8

. )*6=16.8T

Po1= (
P,=3.8%14=476T
Pro=47.6+16.8=64.4T

Alaall & | Jshall Gad gy oy S s 3a IS L Jshll (3 Py J) el o o

«T%(0.3)?

Q,:=3.8*30 +1.5*64.4*tan22.5* 1*0.3

=45.77 Ton

_Qult 4577 _
Qa" = _F.O.S = _3 =15.26 Ton

2 ) Tension:
Tut= Kyt *Po *tand * m * d + W,
= 1*64.4**tan22.5* m*0.3 +3.89 =29 Ton

Kie=1 ,L=22

% 2
Wp=“4d)*L*Xc

%(0.3)?
W, ="C2 %97 * 252389




tult 29
=—=9.67Ton
F.0.S 3 9.6 0

Tai=

Example: 3

Given:d=40cm, Ky =1, Kyc=1, F.0.S =3, No. of piles=12

Req : Determine the safe Load capacity of the pile group.

For Clay Soil:
** Pile Rested on Sand Soil:

- end Bearing=0

Solution

Sand Soil

¢ =30°
&=20°

=19 KN'm?*

Clay Soil

v=20 KN'm?*
qu = 80 KN/m?
Ca=04qu

Sand Soil




Quitiy = C, * T * d*L

C,=0.4* q,= 0.4 * 80 = 32 KN/m’
Quityy = 32* T * 0.4*8 = 321.7 KN
For Sand Soil:

Sand (1):

Friction only:
D=L*d=20%0.4=8m
Qu|t= KHC*PO *tan6 * VA * d *L

_ 1-sin® _1—sin 30
" 1+4sin@® 1+sin 30

=0.33=1/3

a

X =X-%,=19-10=9 KN/m?

D=20%d=20"0.4=8m

P, = 32:56 = 44 KN/m?

Ay lall Ja ) dike

AIhf* = 16"2= 32 KN/m?®

Sand Sail
Y Po1 =44 KNIm?

- /ﬂﬁ

Xsub*h*Ka = (19-10)*6*1/3 = 24 KN/m®

Clay Soil

P02 = 56 KN/nt

f—

=

Sand Soil




P,, =56 KN/m?
Quirz) = 1¥{(8*44)+(4*56)} *tan20* 1 *0.4

=263.45 KN

Sand (2):

End Bearing only:

mx(d?)
4

Quirz) = P*Ng*

T%(0.4)2

Qult(3) =56*25 =176 KN

Quittrorar) = Quitir) + Quit) + Quitz)
=321.7+263.45+176 =761.15 KN

Qult _ 761.15

Qui = F.OS 3

=253.72 KN

Qall(group) = No. of piles * Qui= 12*253.72

=3044.64 KN =304.46 Ton

Example: 4

Given:d=40cm , F.0.S=3, No. of piles =16,

Friction pile.

Req : Determine the safe Load capacity of the pile group.

Adand) Jall 43y




Clay Soll

ysat = 17.5 KN/m?
qu = 60 KN/nm?
Ca=04qu

Solution

For Clay Soil:

** Pile Friction:

- end Bearing=0

Quyp = Ca* T *d*L

C,=0.4* q,=0.4 * 60 = 24 KN/m’

Quiyp) =24* 11 *0.4*20 = 603.2 KN = 60.3 Ton

Qult _ 6032 _ 2011 KN
F.0.S 3

Qui=

C)~all(group) = No. of p”eS * Qui= 16*201.1




=3217.1 KN =321.7 Ton

3 ) Determination piles settlement:

For settlement of a single pile is considered to be the sum of three
components:

o Jeala g (sshall 485k vie (33l Jagan el b 2% kel (35 A0 L gun
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1.The elastic compression of pile shaft (S,):
el Calga) Cmi (355N g 3a el dngii Lo ssg)
2.The settlement caused by load transferred at the pile tip (S pp):
Spp A N Qp JSDOY) dea JETY dais b sl
3.The settlement caused by load transferred along the pile shaft (S ,):
.S ps Rl ) 353l £ 3n (g0 Qg NS e JEBY Hngis (35 Al o son

The total settlement is then equal to:

So=S¢+Spp+Sps

1.The elastic compression of pile shaft (Ss) :

L
A+Ep

Ss=(Qp+o* Qi )*

In which:

Qb — Bearing load at pile tip.
el (35 Al Gyl die 4y il J i) S5 ,Y) Jes

Qf — Friction load transmitted by pile shaft.
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L —Pile length.
Bl Jsh
A — Pile cross-sectional area.
(33 )Al alaie dalise
E, — Elastic modulus for pile material.
LBl salal 43 5 gl Jalas
o — Skin friction distribution coefficient.

.Gl djba\iuj‘éjsélss;y\ s s Sade o i gl Jalaa

a, =0.33 o =0.67 a, =05 a, =05

Skin friction distribution Coefficient ( a¢)

2- Settlement caused by load transferred at the pile tip (S p):

C, Q
Spp: ctlj.qb




In which:
C, — Factor according to table 9.1.
G5 Al 35 gl e s Bl A i e aaing Jalaa
Q, — Bearing load at pile tip.
olindl (35 Al Gyl e 3y il J il IS5 Jen
d — pile diameter.
(Bl lad
g — Ultimate end bearing capacity.
G5 a0 Al e Jaanil) Aad oad¥) 2g2)

Bearing stratum under pile tip assumed to extend at least 10 pile
diameters below tip and soil below tip is of comparable or higher
stiffness.

s)_.;x;dj%ﬁawé}ju\qpagsm@)u\j&?\&%oﬂoihﬁ_@e
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Table 9.1 Values of Cy:

Soil Type Driven piles Bored Piles
Loose to dense
- 0.02-0.04 | 0.09-0.18

Softtostiffclay | 0.02-0.03 0.03-0.06

Loose to dense

silt 0.03-0.05 0.09-0.12




3- Settlement caused by load transferred along the pile shaft (S,;):

In which:

C, — Factor from the following relation:

C,=(0.93+ 0.16,/%).0b

Lo — Embedded pile length.

Jalae

Al el G5 Al pia Uk
g — Ultimate end bearing capacity.

B33 380 Al e Jnaatl Zand (oaY) 3¢l

Settlement of pile groups:
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In which:

b — pile group width.
(8 Tiadlly (33 3) A de ganal (Lraa¥) Jshll) a1 Gl
d — pile diameter.
(Bl lad
So — Single pile settlement estimated or determined from load tests.

Jaeatll et (e saaaall o <Y Galid) Aasall (e e 3 tal) (3 A dagaa laie




Example: 5
Given:d=80cm , L=25m , Qall =200 Ton,

E, = 2000000 t/mz, b =5.6 m, Soil Type is Loose to dense sand, Bored
Piles

Req : Determine the settlement of a single pile & the Settlement of
pile groups.

Solution

For settlement of a single pile:

So=Ss+ S+ Sps

Qall=200 T

Q=150 T

L
Se=(Qp+o*Q¢ )*A*—Ep

_mx(d)? _mx(0.8)2
T4 4

A =0.5m




o= 0.5 from chart

S, = (50 +0.5*150)*——— = 0.00313 m
0.5%x2000000

_ Cb+Qb
pp — d*q

d=0.8m,Q,=0T

C,=0.09 From table

_0.09%0 _
PP 0.8%0

_ CsxQf
PS™ Loxq

C, = (0.93+0.16 %")*cb

L,=18m,d=0.8,C,=0.09, q = 300
C.= (0.93+0.16* /% }*0.09 = 0.15

0.15%150
os = =0.0042 m
18%300

So=Ss+Spp+Sps

=0.00313 + 0+ 0.0042 =0.0073 m

For Settlement of pile groups:

Se= so\ﬁ - 0.0073 * /5;6 -0.02m
d 0.8

4 ) Short and Long pile:

Elastic versus rigid behavior:




*

T — relative stiffness factor
E — modulus of elasticity of pile

I — pile inertia

_ mx(D)*
T 64

I

n for clayey or silty soil:

Cun (KN/m?) 25 50 100

N(KN/m?) 600 1600 3700

n for sand soil:

Relative Density (Dr) 35 65 85 100

N(KN/m?) 4300 12300 18000 22200

For submerged soil """ is reduced to half the above values. Besides, '
must be reduced to 0.25 the above values if pile spacing in the direction
of loading is three times the pile diameter (3D), no reduced if spacing =
8D, values for another spacing values shall be calculated by
interpolation.

If% < 2 — the pile is considered short rigid pile

If% > 4 — the pile is considered long flexible pile

L — pile length (embedded length)




For Short Rigid Piles:
1) Fixed headed piles:
1.1.) Piles in sandy soil:

P,= 1.5*X*L* *D*K,

X — effective unit weight
X =X, under water

L — pile length

D — pile diameter

K — passive coefficient

To get Ky from chart

200 i ll I
> Restrained/ !
:Q ! / Free headed
%, 160 Y 2 )
T / a0
Q
g // |o-2/
v 4
S 1120 7 77
R4, / 0O-4
["2]
9 /
= / 0:8
'é 80 /
- ~
o
= {is0 0<]
9
o}
£ = , |
5_; (@] 4 8 12 16 20

Embedment Length, L/d

(a)




Fig. (2-a) Ultimate lateral resistance of short piles in cohesionless soils

(after Broms, 1964)

1.2.) piles in clay soil:

P,=9%*c, *D*(L-1.5*D)

¢, — undrained shear strength of soil

2 ) Free headed piles:

2.1.) Piles in sandy soil:

_ 0.5%D*(L)3*Kp*X

P
u H+L

L — is the embedded length of pile

H—

Take H=2m

2.2.) piles in clay soil:

_ (Lo)?-2+L'+Lo+(0.5%(L")?)

*9xCuxD
L+H+(1.5D)

Py

L=L-1.5*D

(H+2+L)
°" 24H+L

*

e.ﬁ)j\ é&m




For Long Flexible Pile
1) Fixed headed piles:

1.1.) Piles in sandy soil:

2+xMult resisting
P,= -
H+{O'54*<(x’*D*Kp))}
Of s
My — is the moment of resisting of the pile section including its
reinforcement.
1.2.) piles in cohesive soil:
_ 2+xMultresisting
u— Pu
H+{1'5*((9*Cu*D))}
The maximum induced ultimate moment in pile = 0.85*P, *n
The maximum deflection at pile top
= 0.88*Pyice * UL
- . service ExI
2 ) Free headed piles:
2.1.) Piles in sandy soil:
Mult resisting
Pu= H+{0 54*( Pu )}
7 \@+D+Kp)
Of Cus

My — is the moment of resisting of the pile section including its
reinforcement.

2.2.) piles in cohesive soil:

Mult resisting

p =
u H+{1.5*($)}

The maximum induced ultimate moment in pile = 0.77*(P, *n+Moy )

The maximum deflection at pile top




Pservicex(n)3 N 1.55*Mox(n)?
ExI ExI

=2.4%

M, — is any induced acting moment on the free pile head

_ Rection

Y ho.of pile

Reaction =/ (Fx)2 + (Fy)?

From INTERACTION Diagrams:

Mu
K= Fcux(R)3

Getp

As=p* (feux 1079 *m *(R)’

G Bl jlad Caias

Example: 5

Given:D=80cm , L=25m, E, = 2000000 t/m?, piles in clay soil, qun

=50 KN/m?, C,=5t/m?, F,=327.7,
F,=73.34, No. of piles =11,

F..=30 N/mm?, Pile Rested in cohesive soil
Req : Determine the pile is Short or Long pile.

Solution

_mx(D)* _ mx(0.8)*
T 64 64

I =0.02 m*




for clayey soil:
n = 1600 = 1600 /2 = 800 KN/m>= 80 t/m>

5 [2000000%0.03
T= a0 - 3.47m

L=25-2=23m

L_23 _663>4
T 3.47

= the pile is considered long flexible pile

For long flexible pile (Fixed headed )

p - 2xMult resisting
u— Pu
H+{1'5*((9*Cu*D))}

TakeH=3

C,= 5t/m’

_ Rection

“"no.of pile

Reaction =/ (Fx)2 + (Fy)?

=/(327.7)% + (73.34)2 =336 T

P,===3055T

2*xMult

3+{1'5*((9i(5);50578))}

30.55=

2M;= 130.54
My =65.27 m.t

From INTERACTION Diagrams:

Mu  65.27x107

K= Four(R)3 _ 30+(400)3 0.34

p=4




A= p * (fou * 107*)*m*(R)?
=4 % (30 * 10™%)*1 *(40)*
=60.32 cm

Use 20y 25

5 ) Design of piles cap:

Column

Pile Cap

Files or Other
Tvpe of Deep
Foundations




Pile caps are thick slabs used to tie a group of piles together to support
and transmit column loads to the piles.

Typical Arrangement of Piles:
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14 Piles

C.G of pile cap i 25a2d) 58 o o=l
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Steps of Design:

1.15%p

Qall
— min 2 piles

1) No.of.pile= + (1 - 2) approximated to the nearesr bigger no




2) Draw pile cap and get Dimention:

Thickness of PC =10 cm

Siin = 3*¢ — for friction piles
Siin = 2.5*¢ — for bearing piles
Smax=6*@

e =(1>1.5)*@

_ 11P
Plle ™ Ho.of piles
Pu = 1.5* Pp||e

@ — pile diameter

3) Design for moment:

The critical section for moment is taken
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M, = no. of pile*P, *a;

No. of piles —

| b headl 53 el dae

M, = no. of pile*P, *a,
No. of piles —

I diaall (335153l xe

Mul
d| =

Fcu*B

Mull
dy=C;

FcuxL




Take the bigger of d,, d,

dmin= {(1.5*¢)+10cm}

@ — pile diameter
di, dy, dmin — depth of pile cap
t =d + cover

cover = (10to 15 cm)

Check Punching:

Qp = Pu— Pupile

A'=(a+d)=..m




B'=(b+d)=..m

a— J‘yud\d}bcb—) J)A:J\UAJQ
d — depth of pile cap

Pupile — parts of the piles inside the column, critical section at d/2
from the column as in shallow footing

X.=1.5
__ 9  _ 2
9= S areBnid -~ kg/cm
F
Qpcu = % = ... kg/em’®

If qpeu > 0, Ok safe
If Qpew < gp Un safe — increase depth
t =d + cover

cover = (10to 15 cm)

Check Shear:

Qqh1= sum no. of piles




No. of piles —

Qsh1

Qsh1 = Bxd

g = 0.4 * +/Fcu

if qsn < e, Ok safe
if gsp > gey Not safe increase depth

d = Qshl / (qcu * B)

t=d + cover

cover = (10to 15 cm)

Qqn2=sum no. of piles

No. of piles —

Qsh1

Osh2 = Ted

g = 0.4 *vFcu

if gsh < 9o Ok safe

if gsp > gey Not safe increase depth
d=Qsp1/ (qeu * L)

t=d + cover

cover =(10to 15 cm)

| O Qi (3331520 Jaa & sana

IV Jiaall 5 ) &l Jes & gana




Reinforcement of the Cap Pile:

As1= My /J*dl*fy/ B--------- (1)
As; = Multll/-l*dll*fy/ L--------- (1)
Acmin=(0.15/100)*B*d--------- (2)

1,2 adll & 5V Al 33U
If As = Asmin_’ ok

If A < A in — take A= A min

rilate ()5S IS 5 3ac Al alagl B2 (s s a4

Check Punching:

B Pu*(X+%)




@ — pile diameter
A'=(a+d)=..m

B'=(b+d)=..m

a— J}Aﬂ‘d}jacb—) J}Aﬂ\ua‘)s
d — depth of pile cap

X.=15

___ Q9  _ 2
= S arsBnd - kg/cm

,F
Qpcu = A%u = ... kg/cm2

If 9peu > 9 Ok safe

If gpew < 9p un safe — increase depth
t=d + cover

cover =(10to 15 cm)

Check Shear:

Q.= Qp * No. of piles

No. of piles —

Qsh

Qsh = Bxd

Je = 0.4 * v/Fcu

if gsh < gy Ok safe

if gsn > g Not safe increase depth

|51 il 350 62l sae




d=Q /(9 * B)
t=d + cover

cover =(10to 15 cm)

Reinforcement of the Cap Pile:

As= My [/ J*d*f--------- (1)

Asmin=(0.15/100)*B*d--------- (2)

1,2 astl) b SV dadl) 28U

If A, = A i — Ok

If A, < Ag min — take A = A min

Details of reinforcement:
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