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ERD of Foundations - Modules

3. Pile Foundations




Module - 3

Pile Foundations




Module -3: Chapters

. Piles for Static Vertical Load
Lateral Loads on Piles
. Dynamic Analysis of Piles
. Design for Lateral and Dynamic Loads

. Codal Provisions




Chapter 2: Lateral Loads on Piles

Introduction

Conventional Method of Analysis
Elastic Method using Winkler Approach
Solution for Piles in Cohesionless Soil
Solution for Piles in Clay

Design Procedure for Piles

Numerical Examples




Numerical Example-1

A pile in sand, 10 m long with head free to deflect and rotate is acted upon by a lateral
load of 3000 kg. The El of the section is 3.5%101° kg-cm?. The pile undergoes a deflection
of 12 mm. If the piles in the group were restrained against rotation to the extent of 50
percent of the fully restrained piles, determine the maximum bending moment and the
soil reaction on the piles. Also plot the deflected shape of the pile. Assume that the width
of the pile is 30 cm and that the unit weight of soil is 1.8 g/cm3. Neglect group action.
¢=30.
Solution:

QT3 m,T?
v e B

Total deflection, y=y, +yp =A

Maximum deflection is at the top of pile
Atz=0,A, =2.435
3000 = 13

1.2 =2.435
3.5%1010




Solution for Piles in Cohesionless Soil (Continued...)
Below Table provide the coefficient A and B. which is applicable when Z

=5

ax —

Coefficient, A for long pile Coefficient, B for long pile

4, As Ap By B, By

g-% : X 1.000 0.000
. 1.000




Numerical Example-1 (Continued...)

T=179.15cm
Ly _10+100

CheckZ__, = T = T7o15 =298 5 (O.K.)
UE M, T?
Y EI + B, EI

I E
y=(A,—0.4658) ZI

Bending Moment, M =(A, — 0.465B,)Q,T

Soil Reaction, p= Cp% =(A,— 0.465B,) %

The value of y, M and p are computed in tabular form and are plotted as shown in next
slide.

U E

= (A,—0.93+0.58) L

Now Pile deflection, y=y,+yp =A




Numerical Example-1 (Continued...)

¥,

Z = 0.465B, cm 0.465B,,

x
T
2 4 6 : 8

0.0
0.2
04
0.6
0.8
1.0
1.2
1.6
20
3.0
4.0
50




Numerical Example-1 (Continued...)

plkg/em)
- ¥

The maximum M = 255 t-cm

and p,,., = 13.5 kg/cm
__1+sin¢
Pa = 1—sin¢y

1+sin 30 ox
1-sin 30 1 8 * 30 * TZ - forB =30 cm

=162 T*z
P, line has been plotted on
the soil reaction diagram.

Deflection Bending
mament

Soil
reaction




Numerical Example-2

A 15 m long cylindrical RCC pile of diameter 600 mm is installed in a deposit of uniform
sand, in which modulus of subgrade reaction increases with depth, to carry a lateral load
of 100 kN. Given that the unit modulus of subgrade reaction (n,) = 10¥10° N/m3, unit
weight of soil = 18 kN/m3, ¢ = 30°, and for concrete E = 25 Gpa. Assume that the pile head
is partially fixed (with A = 0.5) and nondimensional coefficients for laterally loaded long
piles (obtained by the solution of basic differential equation for beam on elastic
foundation) are given in the enclosed table. Determine:

(a) The maximum lateral deflection (along the pile depth)
(b) The maximum bending stress (along the pile depth)

(c) Show in tabular form variation of soil reaction (p,) and permissible soil reaction (p,)
with the pile depth up to a point until p, > p,



Solution for Piles in Cohesionless Soil (Continued...)
Below Table provide the coefficient A and B. which is applicable when Z

=5

ax —

Coefficient, A for long pile Coefficient, B for long pile

4, As Ap By B, By

g-% : X 1.000 0.000
. 1.000




Numerical Example-2
Given L, = 15m, D=600mm =0.6m, E=25 GPa, n,=10*10° N/m3 = 107 N/m3,
v =18 KN/m?, ¢ =30°, A= 0.5, Q, = 100 kN.
L, /D = 15/0.6 =25 (OK)
_nD* m=x0.6"

= *10-3 méa
l=—-=—"—=6.36%10"m

25% 10°46.36+10 3.1

1
) 107 )5 =(15.90)5 =1.739m=1.74m.

15
= T2 8.62 > 5 (OK)




Numerical Example-2
(a) Maximum lateral deflection:
Q.1 T? _
Y, = Cy o Cy-Ay—)\ *0.93 B,
= (Ay - 0.4653y )
Deflection will be maximum wherever Cy is maximum.

Thus C, will be maximum at 2= -———

2.435 1.623 1.680
- 1.6grl00 10178 0.1 2.273 1.453 1.597

xamax 15.9+107 0.2 2.112 1.293 1.510
0.3 1.952 1.143 1.421
0.4 1.796 1.003 1.330
0.5 1.644 0.873 1.238

C, =1.680.

=5.557 * 103 m = 5.557 mm (Ans)




Numerical Example-2 (Continued...)
(b) The maximum bending stress, M =C_ Q,T
where, C.=A,—0.465B,

The maximum value of C isatz=1.6 C,, = 0.470
(Mx)max = Cm QgT
(Mx),, ., = 0.470+*100+10°+1.739

max

(Mx),,,,, =81.733 * 103 N-m
Maximum bending stress
_ (Mx)max 2

_81.733x10° 0.6
(ab)max -

- *1N6 2
5.~ =3.855*105N/m




Numerical Example-2 (Continued...)
(c) Variation of soil reaction,

where, C,=A,— 0. 46SBp
Qg 100
P,~ Cp? = Cpm =57.504 kN/m

As C, varies with depth soil reaction also varies.

Allowable soil reaction p,, is given by

Pa = 1o Ybx =120 18 5 0.6 + X =32.4xkN/m
Where x =Tz = 1.739z

Now p, = 32.4 * 1.739z2 = 56.03436z kN/m




Numerical Example-2 (Continued...)
Computation of p, and p, is done in tabular form:

I O O 0 - -
=, =p, =p,
0 0 0 0 0 0
0.1 -0.227 -0.145 -0.160 -9.1762 5.634
0.2 -0.422 -0.259 -0.302 -17.341 11.268
0.3 -0.586 -0.343 -0.427 -24.526 16.902
0.4 -0.718 -0.401 -0.532 -30.565 22.536
0.5 -0.822 -0.436 -0.619 -35.61 28.170
0.6 -0.897 -0.451 -0.687 -39.52 33.80

0.7 -0.947 -0.449 -0.738 -42.45 39.44
0.8 -0.973 -0.432 -0.772 -44.40 45.07

0.9 -0.977 -0.403 -0.790 -45.41 50.71




Numerical Example-3

A cylindrical RCC pile of diameter 600 mm and length 18 m is installed in a uniform sand
deposit, in which modulus of subgrade reaction is increasing with depth. Assuming the
pile head is fully free and using the Reese and Matlock theory, find the lateral load, the
pile may safely carry. The permissible maximum lateral deflection in the pile is 10 mm
and allowable bending stress is 10 N/mm?2. Given that the unit modulus of subgrade
reaction (n,) = 10*10° N/m3, unit weight of soil = 18 kN/m3, ¢ = 30°, and for concrete E =
25 GPa. The nondimensional coefficients for laterally loaded long piles are given in
enclosed sheet. (Note: Justifying the critical condition, find the load in one attempt and
round it to lower tenth and then apply all the checks).

Solution:

Given D = 600mm L, = 18m, fully free

Yaow =10 mm o, =10 N/m2, n, = 10*10° N/m3, for soil y =18 kN/m3, ¢ = 30°

E =25 GPa =25*10° N/m?




Solution for Piles in Cohesionless Soil (Continued...)
Below Table provide the coefficient A and B. which is applicable when Z

=5

ax —

Coefficient, A for long pile Coefficient, B for long pile

4, As Ap By B, By

g-% : X 1.000 0.000
. 1.000




Numerical Example-3 (Continued...)
L/D =18/0.6 = 30 (0.k.)
|=—D*="0.6*=6.36*103 m*

64 64
(ﬂ)l/ 5 _ (25*109* 6.36*10-3*)1/ 5

Nh B 10*106

18

T =T39 = 1035 > 5(o'k')

=1.739m

El = 25%10°« 6.36%1073 = 1.59 *108 N-m?

The safe load can be found from the test data the pile is critical in soil reaction
and for fully free case it occurs at z = 0.1 where, A, = 0.227, after that though Ap
increase but not proportionate to depth. A, is maximum at z = 0.9 where A, = -
0.977 (< 9*%0.227). Note that p, increases proportionate to depth. Thus critical
checkis p,=p,atz=0.1.




Numerical Example-3 (Continued...)
at z=0.1for ¢ =30°sinp=0.5, x=Tz=0.1T,b=D=0.6 m
= 0.1305Q, kN/m

=1218+0.1+1.739 0.6 =5.634kN/m
Thus, 0.1305Q, = 5.634, Q, = 43.175 kN

Q, =40 kN Ans.

Checks, For @, = 40 kN
atz=0

_ QT _ 40+1.7393 3
Yimax= (A)) == (2.435) 159 »108 = 3-22%10° m=3.22 mm <10mm (ok)




Numerical Example-3 (Continued...)

Maximum value of M, is where A, is maximumi.e.atz=1.4,A,, =0.772

(M),...=A,Q gl = 0.7772*40%*1.739 = 53.70 kN-m
(61) _ (M) max b = 53.70x10° 0.6
b/max I ' 6.36%¥1073" 2
= 2.53 *¥10°N/m2=2.53 N/mm2< 10 N/mm? O.K.

Qg

40
T— 0.277739 =5.22 kN/m
p, =5.634 kN/m
p,<p, (0.K.)
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