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Abstract - Pile foundations are common foundations
for bridge abutment, piers and buildings resting on
soft soil strata. The pile is subjected to both vertical
and horizontal forces. The objective of the current
study is Lateral& Vertical loaded analysis of pile by
using various methods.

Vertical load analysis of pile is done by P-Y curves
and Vesic's methods in cohesive& cohesion less
soilswith different soil parameters.

The piles are modelled as linear elements. The effect
of soil structure interaction is taken into account by
assuming it as vertical and horizontal soil spring
(winkler soil spring). Lateral subgrade modulus and
vertical subgrade modulus of soil (Ky and K,) is
calculated as per iscode 2911.

The lateral load analysis is carried out in FEM
(Finite Element Method) Saad pro soft ware, L Pile
software & by empirical equations (Brom's method
and Vesic’'s method). The above problem solved as
per the Brom's method mentioned in IS 2911 and
comparative results are also presented.

Keywords — Laterally and Vertically Loaded Pile
Foundation, P-Y curves, Softwares. staad pro, EN-
Soft L-pile, empirical equations (Brom's method and
Vesic’'s method), IS 2911 Part | SECTION |,
SECTIONI.

l. INTRODUCTION

When a soil of low bearing capacity extends to a
considerable depth, piles are generadly used to
transmit vertical and lateral loads to the surrounding
soil media. Piles that are used under tall chimneys,
television towers, high rise buildings, high retaining
walls, offshore dtructures, etc. are normally
subjected to high latera loads. These piles or pile
groups should resist not only vertica movements but
also lateral movements. The requirements for a
satisfactory foundation are,

1. The vertical settlement or the horizontal
movement should not exceed an acceptable
Maximum value,

2. Thee mugt not be failure by yield of the
surrounding soil or the pile material. Vertical piles
are used in foundations to take normally vertical
loads and gmall lateral loads. In the case of
foundations of bridges, transmission towers,
offshore structures and for other type of huge
structures, piles are also subjected to lateral loads.
Extensive theoretical and experimental investigation

has been conducted on single vertical piles subjected
to lateral loads by many investigators. Generalized
solutions for laterally loaded vertical piles are given
by Matlock and Reese (1960). The effect of vertical
loads in addition to latera loads has been evaluated
by Davisson (1960) in terms of non-dimensional
parameters. Brom’s (1964a, 1964b) and Poulos and
Davis (1980) have given different approaches for
solving laterally loaded pile problems. Brom's
method is ingenious and is based primarily on the
use of limiting values of soil resistance. The method
of Poulos and Davis is based on the theory of
elagticity. The finite difference method of solving
the differential equation for a lateraly loaded pileis
very much in use where computer facilities are
available. Matlock (1970) have developed the
concept of (p-y) curves for solving laterally loaded
pile problems.

Many numerical techniques such as Finite
Difference Method, Variational Method Boundary
Element Method Finite Element Method are being
used for the engineering analysis of Piles. Finite
Element Method itself as a powerful numerical
technique, especially for Geotechnical Engineering
problems complicated geometrical behaviour and
boundary conditions. Using Finite element these
problems can be solved easily.

II. GENERAL SOLUTIONS FOR
VERTICAL PILES

1) Differential Equations of Elastic

Curves for Vertical Piles Subjected

To Lateral Loads
The standard differential equations for slope, moment,
shear and soil reaction for a beam on an elastic foundation
are equally applicable to laterally loaded piles.

) A Deflected pile position

Y Soil reaction curve

{a) Laterally loaded pile
The relationships between y, slope, moment, shear
and soil reaction at any point on the Pile is
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deflection of the pile = ¥

. o
slope of the deflected pile § = dii eqn 3.1
; dy y)
moment of pile M=El— e 32
3 )
shear V= .lz.i'al—J eqn 3.3
dx?
d*y eqn34
soil reaction, H—
il reaction p= e

where El is the flexural rigidity of the pile material.
The soil reaction p at any point at a distance x along
the axis of the pile may be expressed as

p =-Esy egn 3.5

where “y” is the deflection at point x, and Es is the
soil modulus. Egs (3.4) and (3.5) when combined
gives

4
Efd—+E =0

dx?

eqn 3.6

which is called the differential equation for the elastic
curve with zero axial load.

5

E =-£ eqn 3.7
y

2) Non-Dimensional Solutions  for
Vertical Piles Subjected To Lateral
Loads
Matlock and Reese (1960) have given equations for
the determination of y, S, M, V, and p at any point x
along the pile based on dimensional analysis. The
equations are

pT? MT? 3.9
. i eqn 3.
deflection, { i w y {
2
. 5- P’T .“T eqn3.10
slope, A | CE
L
moment, [PTIA +|M,B, eqn3.il
M
shear, 1-’:[!’r }4. —{—‘ B, eqn3.12
L7
P M eqn3.13
_ i
soil reaction, p= T 4,4 T_J 8,

where T is the relative stiffness factor
expressed as

|
e |5
T = | i—l
|
for L, o=nx
L
H-|u+£.
For a general case ==
L
Z=xIT eqgn (3.14)
[Il.  VERTICAL LOAD ANALYSIS OF
PILES
1) Vertical Load Analysis Of Piles By P-Y
Curves

Load Transfer Mechanism

When the ultimate |oad applied on the top of the pile
is Qu, a part of the load is transmitted to the soil
along the length of the pile and the balance is
transmitted to the pile base. The load transmitted to
the soil along the length of the pile is called the
ultimate friction load or skin load Qf and that
tranamitted to the base is called the base or point
load Qb. The total ultimate load Qu is expressed as
the sum of these two, that is,

Ultimate L oad Bearing Capacity

Qu= Qb+ Qf=gpAstfAs -
Where Qu = ultimate load applied on the top of the
pile
gb = ultimate unit bearing capacity of the pile a the
base
Ab = bearing area of the base of the pile
As = total surface area of pile embedded below
ground surface
fs - unit skin friction (ultimate)

Allwigble L oad Bearing Capacity
ty factor of 2.5 isnormally used.
ore we may write

Q+Q, 2
Q= o5 2

2 where the values of Qb and Q. can be
ed independently, the allowable load can be

Q, @

%3 "5

~ @3
General Theory For Ultimate Bearing
Capacity According To Vesic (1967)

ding to Vesic (1967)

Thetotal failureload Qu may be written as follows

Qu=Qu+Wp=Qb+Qf+Wp Eq (4)

Where Qu = load at failure applied to the pile

Qb = base resistance

Qf = shaft resistance Wp = weight of the pile
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L7}

Fig2 The shapes of failure surfaces at the tips of ples as assumed by (a)
Teveaghi, {6 Meyerhol, and {c) Vesic

The general equation for the base resistance may be
written as

A
0= NN, A

Eq (5
where d = width or diameter of the shaft at base
level
g o= effective overburden pressure at the base level
of the pile
Ay, =baseareaof pile
¢ = cohesion of sail
y = effective unit weight of soil
Nc, Ng, Ny = bearing capacity factors which take into
account the shape factor

Cohesion less Soils

For cohesion less sails, ¢ = 0 and the term 112ydNy
becomes inggnificant in comparison with the term
0oNq for deep foundations. Therefore Eq. (5) reduces
to

Qb = ~NgAb = GpAs £q (6)
Eq. (15.4) may now be written as
Q=Q,+ Wp = Q~NqAb + Wp +Q Eq (7

The net ultimate load in excess of the overburden
pressure load g,A IS

QtFW- qDAb= q'DNqAb+ W,- q'OAb+ Q,
Eq (8)
If we assume, for all practical purposes, W, and

g'.Ap areroughly equal for straight side or
moderately tapered piles. Eq. (8) reducesto

QH = 'fz":. Nq."!lb + Q‘r

Q = q;Nq.ﬂ.h + Aj;ﬂ'_ﬁ tand
Where A= surface area of the embedded length of
the pile
0. = average effective overburden pressure over the
embedded depth of the pile

K= average lateral earth pressure coefficient
y=angle of wall friction.

Cohesive Soils
For cohesive soils such as saturated clays (normally
consolidated), we have for </>=0, N- 1 and N= 0.
The ultimate base load from Eq. (5) is

Ef,l = (E'll_l_j?"l:ll:_ -+ fjl':l }."Jl.l.||:|

The net ultimate base load is

[E.:;. _ff;”d'h:l = Q.-';- = r.';-N.: 'Ah

Therefore, the net ultimale load capacity of the pile, @, is

0, =¢,N 4, =0,

Qu =, NA +4 a ¢

a = adhesion factor

Cy = average undrained shear strength of clay along
the shaft

Cp = undrained shear strength of clay at the base
level

Nc = bearing capacity factor

Verticalk Load Bearing Capacity Of Pile
Calculations:

From analysis of structure, it is found that maximum
axial load in working condition is 2932kN. Pile
capacity is checked for above value of axial load
required to be transmitted. Bearing capacity of piles
is calculated as per procedure given in Appendix B
IS: 2911-1979 part 1/section- |1

Ultimate Skin Resistance
Qs = (a*C + K*Pdi*tand)*Asi

Ultimate End Bearing Capacity
Qb = (Cp*Nc + Pd*Nq + 0.5*y*B*Ny)*Ap

Ultimate Bearing Capacity of Soil
Qu = Qs+ Qb-W

Where,

o = reduction factor,

C = average cohesion throughout layer,

K = coefficient of earth pressure,

Py = effective over burden pressurefor ith layer,
d = angle of wall friction between soil and pile,
Ag4 = surface area of pilefor ith layer,

C, = cohesion at the base of pile,

B = diameter of pile,

Ap =areaof piletip,

W = weight of pile,

v = effective unit weight of soil,

Nc, Ng, Ny = bearing capacity factors as per IS:
2911-1979 part 1/sec 2
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Soil data for input:

Design bed level = (+) 1.15 m

Layer Submerged Angle of
Layer Depth Thicknes | Density | density N Cohesio | friction
s n
No. below (m) (kN/m3) | (kN/m3) value (kKN/m2) | (deg)
1 6.53 6.53 18 T 38 150 0
2 15.53 9 18 7.75 26 80 0
3 23.03 7.5 18 T:I5 18 160 35
4 26.03 3 18 .75 50 0 35
5 29.15 3.12 18 7.75 80 0 0
6 31.15 2 20 7.75 80 300 0

Calculation Of Skin frictional resistance:
Layer 1:

Layer thickness=6.53 m

ysub = 7.75 kN/m3, C = 150 kN/m2

Angle of internal friction = 0 deg

SPT ‘N’ value = 38

Leve of water table=(+) 5.10 m

Length of pile above bed level =11.245m
Critical depth = 20 times dia.

Factor of safety = 2.5

Surface area = 20.518 m2

Reduction factor = 0.3

Wall friction between soil and pile= 0 deg
Co-efficient of earth pressure= 2

Avg. over burden pressure = 50.6075 kN/m2
Design over burden pressure = 50.6075 kN/m2

Skin frictional resistance, Qsf1= 923 kN
Layer 2:

Layer thickness=9m

v ="7.75 kN/m3, C = 80 KN/m2

Angle of internal friction = 0 deg

SPT ‘N’ value = 26

Surface area = 28.274 m2

Reduction factor = 0.3

Wall friction between soil and pile= 0 deg
Co-efficient of earth pressure=1

Avg. over burden pressure = 69.75 KN/m2
Design over burden pressure = 120.3575 kN/m2

|SSN: 2231-5381

http://www.ijettjournal.org

Skin frictional resistance, Qsf3= 1131 kN
Layer 3:

Layer thickness =3 m, y = 0 kN/m2

Angle of internal friction = 35 deg

SPT ‘N’ value =50

Surface area = 9.425 m2

Reduction factor = 0.3

Wall friction between soil and pile= 35 deg
Co-efficient of earth pressure= 2

Avg. over burden pressure = 23.25 kN/m2
Design over burden pressure = 155 kN/m2

Skin frictional resistance, Qsf4 = 2045.8 kN

Total Skin Frictional Resstance, Qsf = 4778.5 kN

End Bearing Resistance:

Layer 4:

Angle of internal friction = 35 deg

Piletip area= 0.7853 m2

Nq =50, Ny =48

Design over burden pressure = 155 kN/m2

End bearing resistance at piletip, Qb = 4241 kN

Weight of Pile:

Weight of pile above scour level Wpl = 220.893 kN
Weight of pile below scour level Wp2 = 301.548 kN

Total ultimate resistance of pile
Qsf + Qb —Wp2 = 8717.452 kN

Allowable load (8717.452/ F.S)) — Wp1 = 3266 kN.

From above calculations,

Required depth =26.03m bel ow design seabed level

E.GL.=(+)1.15mCD
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AA LATERALLY LOADED ANALYSIS
OF PILE
1) Laterally Loaded Analyss By Usng
Subgrade Reaction Using Vesics Method:

A pile may be subjected to transverse force from a
number of causes, such as wind, earthquake, water
current, water waves, earth pressure, effect of
moving vehicdes or ships, plant and equipment, etc.
The lateral load carrying capacity of a single pile
depends not only on the horizontal subgrade
modulus of the surrounding soil but aso on the
structural grength of the pile shaft against bending
consequent upon application of a lateral load. While
considering lateral load on piles, effect of other
coexistent loads including the axial load on the pile
should be taken into consideration for checking the
structural capacity of the shaft. There are various
methods available for analysis of laterally loaded
piles such as Equivalent Fixity Depth Approach As
per 1S 2911-1979, Subgrade Modulus Approach
(FEM or Matrix method), Closed Form Solution,
Non dimensona Method, p-y Curve Method,
Brom’s Method, Vesic's Method etc.
A horizonta load on a vertical pile is transmitted to
the subsoil primarily by horizontal subgrade reaction
generated in the upper part of the shaft. A single pile
is normally designed to carry load along its axis.
Transverse load bearing capacity of a single pile
depends on the soil reaction developed and the
structural capacity of the shaft under bending.

In case the horizonta 10ads are of higher magnitude,
it is essentia to investigate the phenomena using
principles of horizontal subsoil reaction adopting
appropriate values for horizontal modulus of the soil.
In this study, piles are analyzed using modulus of
subgrade reaction and lateral resistance offered by
soil ismodeled by providing springs having giffness
derived using modulus of subgrade reaction. The
modulus of subgrade reaction is seldom measured in
lateral pile load test. Node values of “Ks’ are
required in FEM solution for lateral piles.

However in absence of test results, this value may be
approximated as per procedure given below: As per
Vesic (1961), modulus of subgrade reaction can be
computed using stress-strain modulus Es based on as,

T
k' =0.65¢ EB L -
EJd, 1-pu”

Where Es, Ef = modulus of soil and footing
respectively, in consigent units B, If = footing width
and its moment of inertia based on cross section in
consistent units

One can obtain ks from ks’ as,

— krs
° B
Since the twelfth root of any value multiplied by

0.65 will be close to 1, for practical purposes the
Vesic's equation reduces to,

k

E

B - u?)
Now, we know that immediate (elastic) settlement,

1— 2
AH :()'Iugi

Where g,= foundation pressure
B = width of foundation

p = Poisson’s ratio

I+ = influence factor

(l—,u“)

Iy

Put E' = in above equation,
AH =g,BE' 1, '
But we know ks = ratio of soil pressureto deflection
A |
o84

A0 BE'I,

But since one does not often have values of Es, other
approximations are useful and quite satisfactory if
the computed deflection is reasonable. It has been
found that bending moments and computed soil
pressure are not very sensitive to what is used for
‘KS because the structural member dgiffness is
usually 10 or more as great as soil stiffness as
defined by ‘Ks'.

Vesic has suggested the following for approximating
‘Ks from the alowable bearing capacity ga based
on geotechnical data:

k = 40 (SF) qu kN/m’

Where, ga is in kPa. This eguation is based on
assumption that ultimate soil pressure occurs at a
settlement of 0.0254 m. For other values of AH = 6,
12, 20 mm etc., the factor 40 can be adjusted to 160,
83, 50 etc. 40 is reasonably conservative but smaller
assumed displacement can always be used. The most
general form for either horizontal or lateral modulus
of subgradereaction is,

k,=A4 +B.Z"

A s = congtant for either horizontal or vertical
members

Bs = coefficient based on depth variation

Z = depth of interest below ground

n = exponent to give ksthe best fit.
We know that ultimate bearing capacity is given by,

G =CN.S, +7ZN S _+0.5/BN S,
Observing that,
4, =C(eN,S,+05y BN S ) and B Z" =C(N,S)Z"

q 9
The C factor is 40 for Sl units and 12 for FPS, using
the same reasoning that qy; occurs at a

0.0254-m and 1-in. settlement but with no SF, since
this equation directly gives gy .
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Table-A may be used to estimate a value of ‘Ks' to
determine the correct order of magnitude of the
subgrade modulus obtained using one of the
approximations given here. Obvioudly if a computed
valueistwo or threetimes larger than the table range
indicates, the computations should be rechecked for
a possible gross error. Note, however, if you use a
reduced value of displacement (say, 6 mm or 12 mm)
instead of 0.0254 m you may well exceed the table
range other than this, if no computational error (or a
poor assumption) is found then use judgment in
what valueto use.

Range of modulus of subgrade reaction ks.

Soi | Ks ( kN nB)
Loose sand 4800- 6000
Medi um dense sand 9600- 80000

Dense sand 64000- 128000

Cl ayey medi um | 32000- 80000
dense sand
Slity medi um | 24000- 48000

dense sand

Cl ayey soil

ga < 200 kPa 12000- 24000

200 < ga < 800 | 24000- 48000

kPa

ga > 800 kPa >48000
P\I' P\,r
MO MQ
Po - Tl Po ~ Ty,
([ )
é Fy
3.
e ol
k 2) VY
<!
v, e | ZF zF.
VVJ bl "'f"'rﬂu-’gfi Fe - ‘
r > %’ % AM Vv
MR - Fv
J ‘V_h —fﬂ"xﬂv"i'a - Fr he
A Q MW
l —-’"'.;"‘u,.-“"f—ﬁ ;q’w
i 3 LA

| |t

M1 ~— / Vt
F,

AA
’fvv

j—ﬁvﬁu 'ﬂ%}:— ] .;9’\

following formula for finding spring constants
representing soil in the model.

BL
j—4(?’k51 + 6k, —k¢s)

K =

BL
K, = 74{ kg +6k5(rrl) k.S(n-J}j

Any other K.
BL
K, = F(k;(;‘—l) +10kg; - ks.:s—l})

Calculation of Soil Spring Constant:

Input Data:

Design scour level = (+) 1.15m

Depth of consideration = 26.00 m

Diameter of pile=1.00m

The horizontal modulus of subgrade reaction

k=4+BZ"
Where 4, =CmC(cN_+05y BN,) and B.Z"

Exponentn = 0.5
Size factor Cm = 1.555824
Factor depending on displacement of pile C =40

=CmC(N,)Z"

Soil data and calculation isas under:

For layer 1,

Thickness of layer = 5m

Angle of internal friction =0

Cohesion of soil = 150 kN/m2

Submerged unit weight of soil = 7.75 kN/m3
Bearing capacity factor, Nc =5.14, Ng=1,Ny=0
As = 1.555%40* (150*5.14 + 0.5%7.75*1*0) =
47981.6 KN/m3

Bs = 1.555*40* (7.75%1) = 482.32 kN/m3
Ks=47981.6 + (482.32* 7Z"0.5) kN/m3

Similarly for other layers, Ksis found out and from
that, value of spring constant is also found out for
every 1m interval as per eguations given above.
Values of spring constants throughout Similarly for
other layers, ‘Ks' is found out and from that, value
of spring constant is also found out for every 1m
interval as per equations given above. Vaues of
spring constants throughout the entire depth are
calculated using spread sheet “ Spring Constant” .
Calculated values are shown below in Table-C and
D
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Table C
Layer C ) ['sub As Bs
Thick, (m) | (kN/m2) | (Deg) | (kN/m3) | Nc Ng Ny (kKN/m2) | (kN/m3)
5 150 0 7.75 5.14 1 0 47981.6 482.31
1.53 150 0 7.75 5.14 ] 0 47981.6 482.31
5 80 0 1.75 5.14 ] 0 25590.2 482.31
4 80 0 7.75 5.14 | 0 25590.2 482.31
5 160 0 7.75 5.14 ] 0 511804 482.31
2.5 160 0 1.75 5.14 1 0 511804 482.31
3 0 35 1.75 46.12 | 33.3 |48.03 | 115826 16061
Table D
Depth As Bs Ks
{rﬁr (kN/m2) (kN /m3 ) Gen/m3y | X ON/m)
0 47981.61 482.3054 47981.61 24082.96
1 47981.61 482.3054 48463 .91 48440.37
2 47981.61 482.3054 48663 .69 48659 .82
3 47981.61 482.3054 48816 .98 48814.98
4 47981.61 482.3054 48946 .22 48944 .94
5 47981.61 482.3054 49060.07 49059.16
6 47981.61 482.3054 49163 .01 47296.37
7 25590.19 482.3054 26866 .25 28731.66
8 25590.19 482.3054 26954 .36 26953.91
3 25590.19 482.3054 27037.11 27036.73
10 25590.19 482.3054 27115.37 27115.05
11 25590.19 482 .3054 27189 .82 27189 .54
12 25590.19 482 .3054 27260.94 27260.7
13 25590.19 482 .3054 27329 .17 27328.95
14 25590.19 482 .3054 27394 .81 27394 .62
15 25590.19 482.3054 27458.15 29590.49
16 51180.38 482.3054 53109.6 50976.93
17 51180.38 482.3054 53168.98 53168.83
18 51180.38 482.3054 53226.63 53226.5
19 51180.38 482 .3054 53282.7 53282.58
20 51180.38 482 .3054 53337.32 53337.2
21 51180.38 482 .3054 53390.58 53390.48
22 51180.38 482 .3054 53442 .59 53442.5
23 51180.38 482.3054 53493 .44 56553.41
24 11582.56 16060.77 90263.94 87334.94
25 11582.56 16060.77 | 91886.41 91883.73
26 11582.56 16060.77 | 93476.74 46474.65
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2) Lateral Load Analysis Usng Broms
Method

Analysis of pilesusing Broms methods by IS 2911
Analysis of a single pile according to Broms is
described in Broms, 1964. This method exclusively
assumes a pile in the homogeneous soil. Thus the
anaysis method does not allow for layered subsoil.
The lateral soil resistance for granular soils and
normally consolidated clays which have varying soil
modulus is modelled according to the equation:

£_
y

where

p = lateral soil reaction per unit length of pile at
depth z below ground levdl;

y = lateral pile deflection; and

¢h = modulus of subgrade reaction for which the
recommended values aregiven in 1S 2911

Modulus of Subgrade Reaction for Granular
Sails, oh, in kN/m3

Sl Soil Type N Range of 1,
No. (Blows/30 cm) kN/m* » 103
Dry Submerged
(1) () 3) 4 ()
1) Very loose sand  0-4 <04 <02
1) Loose sand 4-10 0.4-2.5 0.2-1.4
iii) Medium sand 10-35 2.5-7.5 1.4-5.0
iv) Dense sand > 35 7.5-20.0  5.0-12.0

NOTE — The m, values may be interpolated for
intermediate standard penetration values, N.

The lateral soil resistance for preloaded clays with
constant soil modulus is modelled according to the
equation:

where

3) Lateral Load Analysis Using Staad Pro
Laterally loaded single pipe pile in soft clay,
representative of a test performed was analyzed in
the StaadPro Parameters of the pile and soft clay are
tabulated in Tables D and E. The latera load was
applied to the pile head at a distance 0.0635 m (2.5
in) above the ground line, and the water table was
kept above the ground line.

Table D-Parameters for the Pile

Qut si Pile | Monen | Elast | Yield | Mone
de Leng |t ic i ng nt
Diame | th of modul | nonen | @t
ter i nert | us, t full
ia hi ng
e,
M M M [ kN/m? | W1 M2
( (kN- (kN-
m m
1.2 12.8 | 1.44x | 2.18x | 231 304
104 108

Table E-Parameters for the Sand

Effective unit | Friction angle, ¢ | Strain at 50% of
weight, Y the  maximum
kN/m® stress, eso

10 32.3 0.012

Step 1: Open STAAD Pro, create a model of the
structure, and assign properties to the modd, as
shown in Figure. Once the properties are assigned,
select the pile

Step 20 Open the Staad pro. By clicking
“SelectPiles’; the pile dimensions are shown in the
table. Then, by clicking “Strata, Vertical Axis, and
Loading Directions’, select the directions associated
with the deposit of the strata, global vertical axisin
STAAD Pro, and lateral loading in global coordinate
systemin STAAD Pro
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(@) (b)
Comparison of Lateral Displacement of the Pile
Group
(a)Interior Pile
(b)Exterior Pile; at Ft =1500 kN (337 kips) (the
Displacements Are Amplified 100Time

|

4) Lateral Load Analyss Using Lpile

Software
The LPile software uses a finite difference scheme to
anadyze individual lateraly loaded piles. To

determine pile displacements and stresses, the basic

differential equation for a beam-column is solved

usng a finite difference approximation. The

different subsoil layers and their properties were

modelled aong with the physica and dadic
of

properties the pile
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[ om 0oz 0oz 004 600 -0 2000 o 200
ot o -
1 13
S S
kS EE
4. EE
E 5 E 59
B © 6]
i i
B B
Lol E
10 10
11 11
12 12
13 13
14 4
15 15
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EN-SOFT L-PILE SOFTWARE

Using Excel VBA _

Constant pile El

Constant soil stiffness in each element Clear results
Constant subdivision length
_Loads and restraints on top node
Description Test 1 SOLVE
neral paramet
‘ 20 M
Pile length
Elements 40
1.27E+0
Epile 5 KPa
1.00E+0
lp.le D m2
Element length 0.5
Top node moment restraint (0=fixed;1=free)
7]
Node
1 1
Top n |
Top node
Fh M reaction
Node [kN] [kNm] [kNm]
1 100 0 M 0.0
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S oil properties

k_s oil Soil stiffness/element

E lement [kN/m?] [kN/mz]

1 1000

2 1500 0 10000 20000 30000

3 2000 N

4 2500 3

5 3000 5

6 3500 :

7 4000 11

8 4500 13

) 5000 e

10 5500 19

11 6000 21

12 6500 o

13 7000 27

14 7500 29

15 8000 pos

16 8500 35

17 9000 37 1

18 9500 89 L

19 10000

20 10500 ) ]

21 11000 Average spring forces in

22 11500 elements [kN/m]

23 12000

24 12500 -40.00  -20.00 0.00 20.00

25 13000

26 13500

27 14000

28 14500

29 15000

30 15500 13

31 16000 ﬁ

32 16500 19

33 17000 21

34 17500 2

35 18000 -

36 18500 29

37 19000 2

38 19500 =

39 20000 37

40 20500 39
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Sping forces

F_sod z F_sod
Flement [kNm] [m] [kkN]
1 -19.97 .00 6.3
2 -29 89 050 A3 7
3 -33 58 -1.00 -16.2
4 34 57 -1.50 7.3
5 -33 30 -2 00 172
6 -30.29 -2 50 -16_1
Fi -26_ 06 -3.00 14 2
a8 -21_11 -3.50 -11.9
9 -15_ 86 -4 00 a3
10 -10.71 -4 50 6.6
11 593 500 -4 1
12 175 550 -1.8
13 1.71 -6.00 a1
14 4 39 650 16
15 6 29 -7 00 28
16 T a7 750 35
17 801 -8.00 39
18 8 02 -850 41
19 7. 61 900 39
20 6. 90 950 ar
21 600 “10.00 3z
22 51 -10.50 28
23 4 01 -11.00 23
24 305 -11_50 1.8
25 218 -12.00 1.3
26 1.43 -12 .50 09
27 081 -13.00 05
28 0.32 13 50 03
29 0.05 -14 00 a1
30 0.30 -14_ 50 0.1
31 0.46 -15.00 02
3z 0.54 -15.50 03
a3 0.56 -16.00 03
34 0.53 -16_50 03
35 0.47 A7 00 03
a6 0.39 1750 02
3ar 0.30 -18.00 0.2
a8 0.20 -18.50 01
39 009 -19.00 0.1
40 0.00 -19.50 0.0
-20.00 00

Bending moment [KINmM]

Pt

-200.0

5

00
00

T

oo Y

10p.0
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Pile forces
z v M
Im] IkN) [kNm]
0.00 1000 00
0.50 937 46 8
-1_00 800 -86 9
-1_.50 638 -118.8
-2 00 46 5 -142 0
-2.590 202 -156.6
3.00 132 -163.2
-3.50 -11 1627
400 129 156 2
-4_50 222 -145.1
5 00 288 1307
550 329 -114.3
-6.00 347 969
-65.50 346 -f9.6
-F .00 330 631
-F 50 302 -48 O
-8.00 26T -34 6
-8.50 22 8 -23.3
900 -18.7 -13.9
-9.50 -14.8 6.5
1000 111 -1.0
-10.50 -9 29
11.00 51 55
-11_50 28 69
1200 -1.1 T4
12_50 02 T3
1300 11 68
13.50 1.6 60
14 () 19 50
-14_50 2.0 40
1500 19 31
-15_50 1.7 23
1600 1.4 16
-16_50 1.1 10
AT 00 08 06
AT 50 06 03
-18.00 0.4 o1
-18_50 02 00
-19.00 01 00
-19.50 00 00
-20_00 0.0 00

Shear Force [kIN]
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File displacement and ratation

Horizontal displacement [m]

z uy a

Im] ] Irad] o5 0doo o005 0010 0015 oggee—Goss ogso
0.00 0. 0. -0.p0s  0.40C 0.005 0010 0.015  0.02 0.025  0.930
-0.50 0.022 -0.0067

-1.00 0019  -0.0065 -=200

-1.50 0.015 -0.0060
200 0.013 -0.0055
250 0.010 -0.0049
-3.00 0.008 -0.0043
-3.50 0.006 -0.0037 -6.00
-4.00 0.004 -0.003
-4 50 0.003 -0.0025
-5.00 0.001 -0.0019 -8.00
-5 50 0.001 -0.0014
-6.00 0.000 -0.0010
-6.50 0.000 -0.0007 -10.00
-7.00 -0.001 -0.0004
-7.50 -0.001 -0.0002
-8.00 -0.001 0.0000
-8.50 -0.001 0.0001
9.00 -0.001 0.0002 1400
-9 50 -0.001 0.0002

-10.00 -0.001 0.0002

-10.50 0.000 00002 4600

-11.00 0.000 0.0002

-11.50 0.000 0.0002

-12.00 0.000 0.0002 -18.00

1250 0.000 0.0001

-13.00 0.000 0.0001

-13.50 0.000 0.0001 -

-14.00 0.000 0.0000

-14.50 0.000 0.0000

-15.00 0.000 0.0000

-15.50 0.000 0.0000

-16.00 0.000 0.0000

-16.50 0.000 0.0000

-17.00 0.000 0.0000

-17.50 0.000 0.0000

-18.00 0.000 0.0000

-18.50 0.000 0.0000

-19.00 0.000 0.0000

-19.50 0.000 0.0000

-20.00 0.000 0.0000

-4.00

=12-00

L

V. COMPARISON AND CONCLUSION

Comparison of Maximum Bending Moment
of Pile

The configurations of the pile group and the pile cap
have been assumed for this calculation. The
parameters for the piles are tabulated, and the center-
to-center spacing of the piles has been taken as three
times the outside diameter of the pile (3D). The pile
cap only serves to rigidly connect the piles together,
and was assigned an edadic modulus of

217x10'kN/m?  (2,147ksi) and dimensions of
Imx1.83mx1.83m  (3.28ftx6ftx6ft)  (thicknessx
lengthx width).

The piles were embedded 0.5m (1.64ft) into
thickness of the pile cap. The ground line was taken
at the same elevation as the pile cap base.
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Parameters for the Pile

Outside Inside Pile | Moment of Elastic | Yilding| Moment at
diameter, | diameter, | length, | inertia, modulus, |  moment, |  full hinge,
D d L | E M, M,
M m M m kN/m* kN-m kN-m
0.61 0.59 21 808107 202x10° 640 28
(ft) (ft) (ft) (ksi) (k-fi) (k-ft)

(fi)
(2.00) (194) | (689)| (9.36x107) | (29.97) | (472 (611)
120
120
EII}D 1
a / <o
4 5
¥ / E = Field
d / z fest
.': o .r? £ —Staad
g 4 I.g . ~ IPIE BT
" nd ~+- STARD 0
ll 50 100 150 200
0¢ [axi ing moment, | \-m
" M 0 % " " Maximum bending £, M, (kKN-m)

Lateral displacement of pile head, y (mm)
Comparison of Lateral Displacement of Pile Head

Comparison of Maximum Bending Moment from Field
Test,

Staad

and LPILE
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Lateral displacement of pile head, y (mm)

Comparison of Lateral Displacement before Scour Calculated

from Enseft Group and Staad
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Comparison of Lateral Displacement of the Pile Cap before
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VI.  CONCLUSION

1. The analytical methods like Broms presented
amost haf a century back ill holds good in
estimating the pile head deflections under the lateral
loads. Even though these methods overestimate the
deflection, they can till be adopted considering the
soil as a complex and nonlinear material which is
influenced by many variables, including its history,
nature of loading, changes in the environment,
method of pileinstallation etc.

2. Broms methods which gave fairly accurate results
can be adopted for small scale projects and when
softwares are not available for the analysis

3. The analysis using softwares such as LPile also
gives conservative outputs, but has an advantage
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over the manua analysis that other soil pile
behaviour such as pile bending moment, soil
reactions, p-y curves and other such soil-pile
behaviour can be studied within short time with less
effort.

4. The STAAD Pro anadysis, though applicable for
structural analysis and design, can be effectively
used to evaluate pile head deflections with some
multiplication factor due to its consistently lower
deflection values. Its dependence on soil spring
congtants and ultimately on the accuracy in the
estimation of soil elastic modulus based on soil
properties and field data shall be well understood
beforeitsuse.
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