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THREE DIMENSIONAL AMALYSIS
OF POLNT-BEARING PILE GROUPS
-ABSTRACT-

Piles in the foundation of structures like bridge

. piers, quays, retaining walls and the like are ﬁsually
insﬁalléd in groups resulting in'a group reaction.This
bfingé about the problembof determining the distribution
of this readtidn amdng ihdividgal piles‘in the group.
Especially, if a group.of piles consists of both vér—
tical and battered piles; if there are both‘hbrizontal
and veftical loads or if'the loads on the group are ec-
~ centric with respect to the pile group; the question Of'i
what load iS‘carried by each.pile in>the group naturally
arises. This study attemptsxto develop é’computer prog-
ram providihg the three dimensional_analysis of such
systems. Here it is assumed that external loéds from

the superstructure are transferred to the piles through
an ‘infinitely rigid pile cap; aﬂd piles reach the bear—
ing strata. Eadh pile is idealized as a beam having a
ﬁniformly distributed linearly elastic spring reaction
~in the'lateral direction. Thus; shéérs, axial forces
and‘moments acting on the piles within the group.are
determinea. The‘displacemeﬁts and rotations of each
single pilé are also calculéted. The résﬁlts of the
analysié.are checked against the solutions of some par-

ticular examples given in the literature.



SAGLAM ZEMINDE OTURAN KAZIK
GRUPLARININ UC BOYUTLU ANALIZE
= OZET -

Kdprii tabliyeleri, rihtim ve’istinat duvarlarl
ve benzeri yapilarin temellerinde, kaziklar genellikle
gruplar halinde kullanilmakta bu da gfup reaksiyonuhun‘
doﬁma51navneden'olmakfadlr} Ayrica ortaya ¢ikan grup
reaksiyohunun kaziklar arasindaki dagiliminin belir-
lenmesi problemi de ortaya glkmaktadlr. Ozellikle,
ejer kazik grubﬁ.dusey ve ééik kaziklardan meydana
éelmisse ve bu grub-yatéy-ve diisey yiikler etkisi al-
tindaysa, veya bﬁ yikler eksantrik olarak'etkiyorsa} 
her kazigin ne kadar yiik tas;dlil soruéu-daha da Snem
kazanmaktadlr. Caligmada bu tip’sisﬁemlerih ¢ boyutlu
analizi ele allnmistir. Ustyapidan etkiyen dis ylikle-
rin sonsuz rijit bir tabliye tarafindan kaziklara ak-
tarildigdi ve kaziklarin sadlam zemine ulastiklari var-
savilmistir. Her kazik yatay yonde esit sayili lineer
elastik yay reékéiyonlarlyla.desteklénmis bir,kifis
olarak idealize edilmistir. Béylel}klegfuptaki her
bir kaziga etkiyen kesme ve eksenel kuv&etlerle mo-
mentler bulunmustur. Ayrica yilikler altinda ortaya gi—
kan deplasman_ve dénmeler de hesaplanmlstlr..Litera—
tirden verilen bazi &rnekler gelistirilen programdan

elde edilen neticelerle karsllaStlrllmlstlr.
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[. INTRODUCTION

Design and analysis of pile foundations has become an
important area of research and several approaches have been
developed to tackle them. Its importancearises not only
because pile foundations constitute a large proportion of
substructures but a better understanding of their behaviour

helps the analysis of superstructures as well.

Due to the complex nature of the problem, with variation
of subgrade reaction from one site to another, and along the
length of the pile, and also diversity of pile group arran-
gements a definitive general solution is not possible. Mo—
delling the problem mathematically is difficult. Rather than
developing a mathematical model for a direct solution experi-
mental studies have been carried out for single piles with
different soil properties. As a résult of these, charts have
been developed giving the individual pile stresses for dif-
ferent soil properties. After Broms, many charts have been
developed determining subgrade reaction and resultant pile

stresses for single piles under vertical and horizontal.

forces and bending moments (4).



Although engineering codes and specifications specify
capacities for single piles, no assistance is provided for
determining the reaction capacity of different piles loca-
ted in the same group (1). Yet pile configuration in a
group influences the magnitude and distribution of indivu-

dual pile reactions.

With the help of microcomputers representative models
for pile grbups can be anaiized to determine individual
pile stresses within the group (5). A recent study inclu-
ding the previous works of three-dimensional analysis has been
done by Bowles and a computer program has been developed.
A successive approximation analysis may be performed by
this method if the soil data are sufficiently reliable.
This method of pile group analysis makes the following

assumptions.

1. The load carried by any pile is proportional to
the displacement of the pile head. The displacement consists

of an axial, transverse and rotational component,
2. The footing (pile cap) in infinitly rigid,
3. The footing undergoes only small displacements,
4. The pile heads are pinnéd to the pile cap.

Although these assumptions do not strictly represent

the true situation, they do not introduce serious
errors. The program analyzes the group under vertical
and a horizontal loads and for any pile the axial and

transverse forces are computed. However it is not possible



to compute either settlements of the pile groups or the
bending and torsional moments exerted in each single pile.
Inorder to overcome all these difficulties, another appro-
ach is adopted in this study by modelling the piles as an
elastically supported beam in the lateral direction. This
implies that the objective of this study is to present the
three dimensional analysis of pile groups giving the forces
and displacements developed in individual piles in each of
the six-degrees of freedom in space as shown in figure

1.1. A program is developed considering point-bearing pil-:
es only. The skin friction acting on the piles is ignored.
It is assumed that load effects from the superstructure

are transferred to the individual piles by a rigid pile
cap. In practice piles groups of this type constitute a
significant proportion of total number of piled foundati-
ons. It is also assumed that subgrade reaction is propor-
tional to the lateral displacement at any point along the
pile based on "Winkler hypothesis" (7). Any other model
than the Winkler's can easily be used in the program if

desired.

Inorder to serve the needs of engineering design of-
fices a simple data input is formulated , and effort is
made to use a minimum number of memory locations. In the
program, piles may individually be defined by the user as
vertical or inclined. The subgrade reaction may be defined
along the pile length to simulate actual soil properties

encountered at the site of the foundation. The program



analyzes the group and determines displacements and rotations
as well as axial forces, shears and moments generated in each
pile.

Once the analysis is complete, it will be necessary to
establish the acceptability of the individual pile stresses
and displacements both from structural and geotechnical view

point. The overall group reaction capacity should also be

investigated.

Finally, solutions of some particular examples given in
the literature are compared to the ones obtained from the

proposed method and computer outputs of these study.
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FIGURE 1.1 - Three dimensional modelling of point-bearing pile groups
and the external forces and moments applied from the
superstructure.



[1. ANALYSIS OF PILE GROUPS

2.1. ANALYSIS OF PILES VERSUS PILE GROUPS

Piles are seldom used singly; generally a foundation
is made up of a group of piles installed under a cap dist-
ributing the load. Where the cap is cast on the ground the
system is called a pilled foundation. Where the cap is for-

med above the ground it is called a free-standing group.

The settlement of a group of vertical piles subjected
to a given average load per pile may be very different from
the settlement of a comparable single pile. Similarly, the
ultimate load that can be carried by a group of piles is
not necessarily the ultimate load of a single pile multiplied
by the number of piles in the group. This behaviour and the
mechanism which causes it, is usually referred td as "group
action". It is important in the case of friction piles in
clay, not quite so important with point-bearing piles in
dense or gravel and generally unimportant where piles are
driven to rock. Pile groups of this type are object of this
study. The pile ends are assumed to reach the hard bearing

strata and interference among adjacent piles in neglected.



In such a case the bearing capacity should be calculated
as the load per pile multiplied by the number of piles in
the group. The settlement of the foundation is usually
little more than the eiastic shortening of the pile under
load.

Another aspect of the study for piled foundaitons is

the resistance of such foundations against
ces. In many applications these forces are

be neglected, but with large buildings and

horizontal for-
small enough to

bridges to resist

towind forces, and in earthguake areas the resistance to
horizontal forces caused by shocks are of considerable
importance. In the case of a bridge -the forces due to
traffic accelération, breaking and turning may also be
important. For the design of retaining walls, quays and
dolphins horizontal forces form a major part of the loa-

ding system.

When a vertical pile is deflected from its initial -
position by a horizontal force applied to the pile head,
the deflected form of the pile depends on the head con-
ditions, the pile length, and the stiffness of both pile
and the soil. The differentialxequation for the flexure
of a uniform pile embedded in the soil is

a*w

EI s O
dx

1"
o

(2i1)



where,
W = The deflection of the pile at any point
X = The depth of that point framthe soil surface
P = Lateral subgrade reaction per unit length at any
point.
E = The modulus of elasticity of the pile material

I = The moment of inertia of the section of the pile

In uniform clay it is often assumed that é, the coefficient
of lateral reaction is constant} so that p=cw. For granular
soils c is usually considered to vary linearly with depth,

so that c=npx, ana therefore p=n, xw where np is the cons-

tant of horizontal subgrade reaction, as defined by Terzaghi
(4) . Palmer and Brown (5) examined the case whefe the value
of ¢ varies according to the equation c=cl(x/L)n, where <y
is the value of c at the depth L, L being the pile length.

They found that values of the parameter n in the range

0 < n < 1 agreed best with test results.

For the case where p=cw and for a pile with no head
restraint, and with a horizontal force P applied at the

ground level.

H

W e BX cosp x (2.2)

2. EIp?

M=—%e—8xsinsx (237

where M = the moment on the pile at depth x



& & Ey
B = (c/4EI)
H —

Rt 7 hX (cos Bx + sin B x) (2.4)
4EI 8° '
H

e = a % .

M = e (sinB x - cos B x) (:255)

28

Although there are many approaches of calculation for
laterally loaded single piles,-the application of the the-
oretical solutions to practical design is handicapped by
the difficulty of obtaining the value of c. However the
value assigned to the parameter c is considerable importance.
It is known to vary with the type of soil, the confining
pressures, the width of the face, the amount of deflection

and the duration of loading.
2.2 GROUPS OF VERTICAL PILES

The following approximate methods are commonly used
for groups of identical piles subjected forces and moments
for practical design purposes. Tge pile cap is assumed to
be rigid and the reaction of any pile is assumed to be pro-

portional to the displacement of the pile head.

If the vertical load V is applied at the centre of
gravity of the pile group, the displacement of the head
of each pile will be the same and load distribution is
therefore assumed to be equal. Thus V = nQ where Q is the

load per pile and n the number of piles
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e SV s 76 SNt SRR o el e il (2.6)
so that
Qo 8 O /%, 0,5 Q% R Fis vt =0 = Q, x /x (2.7)

It is obvious that

SEIR D SR A 6 PO I S INDEIR DR X (2.8)
Thus,
2 2
W PQ, RTTR{EHTION YRR PELE + ann/x1 (2.9)
Therefore
n
Ds miiMe ) g sk (2.10a)
i=1
Similarly
n n
R TV A JRIE S s Q= Ma LSS (2.10b)
b i=1

Thus the total load Q on pile 1 due to a vertical force and

a moment applied at the center of gravity is.
/

Q. = Y/n &M x / : (2.11)

1

g
»

: ¢

If a rectangular group of piles is subjected to moments
about both axes xx and yy through the centre of gravity of

the group as well as a vertical force acting at the centre



Xk

of gravity, then

QPR + Wy x T xt o+ Megea W

1 i

: (2512)

e
~N
LS el
=

i

The sign of the second term will be positive for piles
to the left of yy and the third term will be positive for
piles above xx for the moment directions in right-handed

coordinate system.

2.3 GROUPS WITH VERTICAL AND INCLINED PILES

When a piled foundation is subjected to a horizontal
force or a moment as well as a vertical force, it is usual
for some of the piles to be inclined in order that the re-
sultant of the external forces will be appliced approxima-
tely axially to some of the piles. The calculation of the
forces and moments transmitted to the each pile in the
group is an extremely complicated problem for which no
true solution exists. The usual approach to the subject
has been made from the direction of structural engineering,
in which the piles are treated as members of a frame, the
cap is assumed to be rigid. There is a high order of in-
determinancy and various simplifications are introduced

to make a solution possible.

Mostly piles are regarded as hignes at their upper

ands and carry axial loads to hignes on rigid bearings
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FIGURE 2.1. A pile group subjected to bending moments in two direction.
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at their points. The axial displacement of piles due to
compression of soil and the effect each pile has on its

neighbours are ignored in all case.

As an example a repeating pattern of retaining wall
piles is considered. The foundation is of such a length
that it is only necessary to determine the forces for a

width b as shown in figure 2.2

The magnitude and line of action of the external forces
R is assumed to be known and R intersects the base of the
pile cap at X, at a distance a from the center of gravity o.
V and are the vertical and horizontal components of R at

the point X.

The effect at the pile heads of a vertical force V at
X is equivalent to a vertical force V at o plus a moment
Va. It is also assumed that H is taken only by the hori-
zontal component of the axial force in the inclined piles
and the vertical piles do not offer any resistance to ho-

rizontal forces.

2.4 GRAPHICAL METHOD FOR PILES IN THREE DIRECTION

If the piles in a group are inclined not more than
three different directions, a graphical solution may be
used. The cap on the piles is assumed to be rigid and all
the piles and the applied forces are assumed to act in the
same plane. The resultant R of the forces is known in mag-

nitude, direction and position. Lines P, Q and S are drawn
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representing the lines of action of the rows of piles
inclined in the same direction through the centers of

gravity of their respective rows.

The direction of R meets line P in X. Lines Q and S
meet in Y. Using Bow's notation as shown in figure 2.3
the forces on the lines XY and P are first determined
from these the forces on lines Q and S are calculated.
It is also assumed that the force in each of the three
directions is equally shared among the piles inclined

in that direction.
2.5 METHODS BASED ON ELASTIC THEORY

The method proposed by Vetter (1939) provides a means
of estimating pile loads when there are more than three
rows or when piles are fixed headed. It is confined to
two dimensional systems and the following assumptions are

made (11) .

1. The pile cap is rigicd

2. The piles are elastic

3. The whole load is carried by the piles

4, The resistance of a pilé/is concentrated at its
base in the case of an end-bearing pile and at one-third
of the lenggh of the pile up from the base in friction
piles.

5. The soil provides rigid axial bearing but gives

no other support.
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The methods proposed by Asplund and Francis introduced
the lateral resistance of the soil to the calculations to
approximate to reality in a better way although they requ-

ire the knowledge of pile soil interaction.

However all the methods put forward ignore the displa-
cement of the supporting soil, the influence of individual
pile on its neighbours and the effect of pile cap when it
is flexible or exerts a vertical pressure on the grouﬁd.

It is assumed that all the piles act independently.in all
the methods, but if they are closely spaced they do influ-
ence each other. Jampel (1949) and Francis (1964) suggest
to reduce the value of c for groups of closely spaced pi-
les and group action can be as important in any given ins-

tance for horizontal as well as for vertical forces (11).

In the design of retaining walls, bridge abutments
or quays, the use of complex design method does not seem
to be easily applicable because of the uncertanties in-

volved regarding c coefficient.



15

[11. PROGRAMMING

Inorder to analyze pile groups each pile is assumed
to act as a beam:elastically supported in the lateral di-
rection. The related stiffness matrix is produced out of

the mathematical model obtained using "Winkler hypothesis" (7).
3.1 FORMATION OF THE ELEMENT STIFFNESS MATRICE :

It is assumed that the reaction force for a unit
length is directly proportional to the displacements
for each element. Thus, the horizontal reaction p, is

equal to a constant times horizontal displacement.

pixy = cbw(X), ¢ =4 {5355 e)
/
where, b is the width of the element.
The degreés of freedom and resultant reactions for an

element is shown in figure 3.1
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FIGURE 3.1. A schematic representation for forces and displacement of
a pile element.

The elastic curve for a span of ¢ is governed by the

differential equation

O o R i

w(x) ¢3...27)
dx*" EI EI

For a homogenous solution;
W =C, cosh yx. cos yx + C, sinh yXx cos yx + C; cosh yXx

sin yx.+ Cy sinh 'yx. sif ¥yXx

Where C,, C,, C, and C, are integration constrants and

/i Ch
‘Y:

4ET

Moments and shear forces can be written out of the solution



for displacements as

2
e d°w
dx?
and
%
Moy 2 g
dx?

Therefore the reactive forces will be

2
Pl :M(O) = EIM(O_).
2
dx
3
Be = MALY 7 o BTl
dx?
3
Bt = T(1) ____EI_dw_(QL
dx?
3
PG =9 (0) = =K1 __d_'._w_(_g_)_.
dx?3

and the related displacements are

D, _ _dw (0)
dx
D = 9w (2)

dx

19

(3.4)

(3.5)

(3.6)

(3.8

$3.8)

{3.9)

(3.10)

(321
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O
I

! w (2) (3.12)

O
Il

g @ mwi) (3513}

Betti's reciprocal theorem is also applicable for this
case therefore the, flexibility matrice should be symmet-
rical to its diagonal. Thus some elements of the flexibi-

lity matrice will be,

£ o DI o Sy L T SRS = f = .50 4318}
11 22 66 by 2.4 16 26 62 1y

Furthermore, considering that the pile is a straight

prismatic beam, it can be stated that

i} = £ = £ = f =0, E = (3:9.5)

where

2 is the length of the element

A is the cross-sectional area

Inorder to determine the other elements of the flex-

ibility matrice two different loadings are made on the beam.
. .

PO by = Po 2 R, = Pe @l and P, = 1 integration constants

c,, C,, C; and C, are determined using equations 3.6 through

3.9 By definition,

DSk B & which
14



2%

griog [} L 1 A sinhyf .coshyt + sinyf . cosy®
ETL Y9 SinthQ, £ SinzYQ (3.17)
4 2 ik sinhyf . cos y4+ cosh < S1R
R . : uEe Y2 Yt (3.18)
EI Y2 sinh®yy - sin?yg
i 1 sinhy? . sinyg
£ * 5 ==l +s (3.19)
ET (vg) sinh®yg - sin®yg
g 22 ¥ sinh?vye - sin?yg
16 g
EI 2(yg)? sinh?y2 - sin?yyg (3.200
In a second loading for P,, = P,, = P;, = Pg, and P, =1

the integration constants are determined using equations 3.6

through 3.9 Consequently, D, = £,, and Dio% fks are obtained.
3 . o, .
£ S : 1 sinhyf . coshyg sinyf . cosy® (3.21)
ot ETI 2(y2)?® Sinhzy!& = sin2y2
£, = 3 1 sinhyf . cosyf - coshyf . siny% (3.22)
EI 210y9) 2 sinh?y2 - sin?yg

By definition stiffness matrix is the inverse of the
flexibility matrice so the elements of the stiffness mat-

rice are the reciprocals of the flexibilty elements. Thus,

i - si sh
k,, = BT S O sinyf.coshy? sinyf% coshy?t (3.23)
'3 sinhzyz - sinzyl
K £ ET S sinyd .-sinyf = sinyl COSyE (3.24)

2 $
2 sinh? y2- siny2
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ET sinhy¢ sinyg

iy B 4(yef — ; (3.25)
) sinh®yg - sin?yg
Dot s »_sinh?yg+ sin?yyg
G S el G : ZY X (3.26)
2 sinh®ys - sin?yg
Aol 3 _sinhyg coshyf + sin ¢
s i amsrtid (v4) L e Y2 COSYEtnne
) sinh®yg - sin?yg
i coshy? sinyg¢ + sinh S
e ) Lo Y& coau YR
2 sinh®ye - sin®yg

and the resulting stiffness matrix will be as shown in

Eigure 3.2

1 2 3 4 5=3 6
K1 [ K12 0 K14 0 K 16 1
K21 |K 11 0 K16 0 K14 2
[K] o0 0 -|EANL | o  |EAfY | 0TS
K14 | K16 0 K44 0 K46 | 4
0 0 [EA1 | 0 [EA/G | G iaae
K16 | K14 0 K46 0 K44 | 6

FIGURE 3.2 Stiffness matrice of a pile element

A subroutine is introduced to the program for the
calculation of element stiffness matrix element. The sub-
routine is executed twice for each element. One for the
reactions in the plane of the beam and the other for the
reactions perpendicular to the plane of thg beam. In the

second execution the torsional stiffness Guis substituted
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for the axial stiffness EA, where
G is Shear modulus of elasticity
a is the torsional factor
Some of the magnitudes are calculated at the beginning
for the reasons of simplicity. By introducing some inter-
mediate values stiffness matrice elements can easily be

obtained. The calculation procedure is,
GL = L* (C*B/(4*E*I)) **0.25
The magnitudes that are to be calculated once,

CH = .coshy?
C¢ = cosyt
SH = sinhyg
SI = siny#
SHCH = sinygf * coshyg
CHSI = coshyf* sinyg
SHC¢ = sinhygt x sinyg
SICHv= Siny Ll & COSyL
PYD = sinh®?y%- sin’yg

PYDT = 1/PYD

The coefficients calculated according to this magnitudes are

L1l 2 Y(CHCH - SIC§). » BYDE
L44 = (SHCH - SIC¢) = PYDT
L12 = (CHSI - SHC¢) » PYDT



24

L46 = (SHSI + SHC¢) % PYDT

L14 = SH % SI % PYDT

L16 = (SH %« SH *+ SI % SI) & PYDT
EI = ExI

GJ = Gxa

CKl = (EI % GL % 2)/L

CK2 = CKl % GL * 2/L

CK3 = CK2 x GL/L

Hence the elements of the stiffness matrice are,

K11

R T SR80 Fi]:
K12 = CKli+ Li2
K14 = CK2 % L14
K16 = CK2 % 0.5 % Lilé6
K44 = CK3 % L44

K46 = CK3 &% L44

It is also possible to re-arrange matrice inorder to
put the degrees of freedom of one node on -the side and .the
second one on the other. Thus the new-order of the element

stiffness matrice will be as given in figure 3.3

§&156'234

Kn | o K16 | K12 0 K14
0 |Eant] o o [ean| o

k] 0 Kb | Kib 0 | Kés
[K1= K12 0 | Kt | Kn 0 K16
0 |[ea| 0 0o |eat| o
K14 0 | K46 | K% 0 TRk

HN WO O -

FIGURE 3.3 Re-arranged stiffness matrice of a pile element
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A further attempt is made to form the two dimensional

stiffness matrice in a dimensional one. Using the property

of symmetry the unnecessary elements are eliminated. A

function transfers the row and column number into the re-

lated array number of the one-dimensional sequence as shown

in figure 3.4.

[ER]

prtes J

NJ=4 NI=3
T [i]7]w]e F“S =2 ‘
] g 17 -
I / K= 356 -2%320.5+2 =17 =ER(17)
//
21818 1. 3=NI
1S=(3-1)%3+2-6+2=8
3 9, 14 JS=(3-1)%3+5=6+5 =11
- = KS=(11-8)x%6+3 <(11-8 -1)*(11 -8)/2+
4 110 (15 =59
5. N 4=NJ
6
SO
L NI=3 NJ =4 L
FIGURE 3.4 One dimensional order of element stiffness matrice

The one dimensional |ER| sequence is formed for each ele-

ment and kept in a file. The same procedure is repeated

for the degreeé of freedom perpendicular to the plane of

the element. A record is reserved for each element and

twenty-one elements are kept in each record as shown in

figure 3.5

pOGAZICH {\IVERSITES! KUTUPHANES!
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1{2]3]4]5(6 | 718910 n1213sfisef17)1819[2021

For element one

¥ ¥ two

three

four

five

six

seven
eight

nine

ten

LoiMat o Me2 s | MS3 M el e

FIGURE 3.5 Location of the one dimensional element stiffness
matrice in a file.

3.2 FORMATION OF PILE STIFFNESS MATRICE :

The node numbers are chosen consecutively from the
bearing strata to the pile cap for each pile. Since the
node numbers are consecutive; the pile stiffness matrix
can be easily formed by the superpogition of element stif-
nesses. Pile stiffness matrix is also formed in one dimen-
sional sequence, and kept in a file. For a pile having five
elements and six node numbers the one-dimensional pile-

stiffness matrice is shown in figure 3.6.
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\’{\ 1 2 3 4 5 e
1 119/36/52/67/81
- 2 [20[37(53(68]82
3[21]38|54)69(83
4 (2239155970184
5 | 23{40[56(71 85
6 124]41|57]72|86
7 125(42)5873/8
™ 8 | 26} 43| 59|74
9] 27{44/60175(89|
10{2814561|76
< 11|29} 46/62|77}91
12}30(47|63}78(92
1331486479 31— KS=(18-13) %18 (18-13-1)
wn 14(319(65(80] »(18-13)/2+13-93
151 33{50(66
' 163451
© 17[35
e 18

FIGURE 3.6 One dimensional order of pile stiffness matrice

The corresponding row number of the one-dimensional
pile stiffnes matrice is calculated by a function, once

the row and column numbers are determined. The function is

K5{18,05) =" (JS~-IS) * ND*3-= (JS-IS-1)*(XS-IS)/2+IS (3.28)

and

IS

{RE-1) %341 (3.29)

JS

fNT=1) % 3ad (3.30)
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where

ND is the total number of node number in the pile,
NI is the node number,
I is the row number in the element stiffness matrice,

J is the column number in the element stiffness matrice.

In the formulation of the pile stiffness matrice, the
elements corresponding to the ith node of the ith element

is added to the jth note of the (i—l)th element.
3.3 GAUSSIAN-ELIMINATION OF THE PILE STIFFNESS MATRICES

A subroutine is introduced to the program for the
gaussian-elimination of symmetrical band matrices. An
iterative method is carried out for a given half-band width.
The iteration taken are shown illustratively on an example
having N numbers of unknowns and ITS number of columns on
the second side of the equation. It is obvious that the
property of symmetry is preserved in each step. A graphical

representation is shown in figure 3.7

where,

BG Width of the band matrice

YBG = Width of the half band matrice = BG/2+1

ITS Number of columns on the second side of the

equation.

and BG,YBG and ITS being integers
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/

The gaussian-eliminated elements of the element stiffness
matrice will be calculated as shown in equations FnSatand

3.32 and the iteration will proceeduntil the row number I

reaches to the value N-YBG+l

'gF ~——YBG ITS
\
Ay |Gy Qg By | by | byy | B
I Azn |Qz2 (G2 [Q2 b2y | D2 | D23 | Do
Qy |Qyp |Q33 |Q34 |35 “| by | b3y [by |bas
. N
Q2 |Qu3.|Qus |Qss (s |Dar [Daa | Bas |Das [
Qs3 [Qs4 |Qss |Ase |Dsy |Ds2 |bs3 |Dsa | YBG
Qg4 [Qss [Ass |Per [Ds2 |Dsa |Des l
AY A X \
N \ \ \\ \ coefficents of the second-side
FIGURE 3.7 Gaussian-elimination of symmetrical matrices
@ ayp Q3 a, (391}
3 a22 = a.z2 e, all * a“ = a22 al]_ *alz > a22 - 8 * alz =
5
H
n
0 _ 13 a1 a,
=) % b i o o =
R 8,008 Ayg g 8, S e a;, 43238}
) A 1
Ll
ik i
I
5 s
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Elimination will be applied’ until I reaches the value
N-1. For I less than N-YBG+l, JS is the last iteration num-

ber of J indice whereas for the values between N-YBG+1l and

N-1, JS equals N.

The elimination of the second side is also handled in

a similar way.

= 12

byy =b,, - ——*b,, (3.33)
13

% 12

bzz - b22 S a * b12 (3.34)

N 1l ¢

3 r J =1,ITS

It is easily proved that the eliminated band matrice

will be symmetrical as well. As an example,

3.4 CALCULATION OF DIRECTION COSINES:

A right-handed global cocrdinate system is choosen for
each group which has an origin at the force of application
with z-axis showing the vertical direction. The nodal coor-
dinates of each pile is given to the program as input values.

The axial direction of the pile is taken to be the axis of
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the pile coordinate system and the related direction cosines

are calculated. Also direction cosines of the local y dir-

ection have to be given as an input value to the program.

The direction cosines of the local z axis is found out

from the other pre-determined direction cosines by the

formula

Co
Co

Cé

where

b
1}

<
1

and C¢

(7) = C¢ (2) » Co.(6) = Co {3) » CHulS)
(8)

Co (3) = Cp (4) - Cop (1) = Cop (6)

(9) = Co (1) »:Cp (3) = Co £2) & CHtE

Co (1) 1 + Co: (2) 3+ Co LI EE
Co (4) 1 + Co (D) F + G 10 EIE

Cé. . (7) 1-+ Cp (BY 1 + Cu (W

|~

is the sequence of direction cosines. Direction

{3 .35)
(3.36)

(3.37)

(3.38)
{3739)

(3.40)

cosines of a vertical pile and an inclined pile are given

in figures 3.8 and 3.9 respectively.
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.}~

———— - - ————— - ———— J

L

M~H=- ==l e e m e e e - =

b3
N
3 N
b ~
o N
N N

4
¥ RPN SOy S il oty oy g e

FIGURE 3.8 Direction cosines of a vertical pile

—emmemee- ewfhen - w--

lllll B bttt

2 s et
3 it

+

-——— . - —— - - - -

~

FIGURE 3.9 Direction cosines of an

lined pile

inc
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3.5 FORMATION OF TRANSLATION MATRICE :

The translation matrice will be denoted as IT1|- If
two coordinate system is parallel to each other having dif-
ferent origin points, translation matrice is used transfer

displacements and forces from one to another,

Pt [0z -y

= i =
[Tll IOI iII La]l -7 0 j
Vst 0

where x,y and z are the coordinates of the each pile head
according to the global axis. By definition it can be

stated that,

(v, ][, 1= (] > (1, = [ (3.41)
T o
[Tl\_.[Aqol i [ql] (3.42)
[e. 1. (8] = [ai] (3.43)
where :

[d]o is the matrice for displacements and rotations in
global axis,
[d], is the matrice for displacements and rotations in
11
pile axis ,
la] is the matrice of external forces in global axis,
o

is the matrice of external forces in pile axis .
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To write it in explicit from,

il L 5 2 ~ L
L g 2y Ux Ux
P 0=z 0 X Uy Uy
+ i | s R T R 0 Uz Uz
g (i el B a0 0 Wx Wx
Al SRR Ry TR 0 Wy Wy
R0 =0 810 GO 1 Wz Wz
— — — - . o
0 i
thus,
(Ux)i = (Ux)po + Z (Wy)O -y (Wz)O
Byl = (Uy), # =z (Wl (Wz) 5

(Uz)i = (Uz), + ¥y (Wx)y - x (Wy) o

(Wx)i = (Wx)O
(Wy)i = (Wy)g
(Wz) i = (Wz)O

3.6 FORMATION OF THE ROTATION MATRICE :

The rotation matrice will be denoted as ETi]. If two
different coordinate axis having the same origin are con-
sidered, rotation matrice transfers reactions and displa-

cements from one coordinate axis to the other.



=
N
I
I
I
i
|
i
I
|
i
i
I
i
i
i
i
%
=
N
B
1
g 4

' 6xé‘ %;-:

wheré Ag is

co(1) | co(2) | co(3)

A; = | Co(4) [Co(5) tc’¢(5)_£;,‘i. ;

| con [coer | eoto |

and

T Co(2), co3) are the d

C¢(4), C¢(5), C¢(6) are the direct.
c¢(7). C¢(e), 4 (9) are’ the d‘.e

itcanbe eélSlly established t a
’ ‘[" ; "]: .A .ﬁl..f',.,»;?T“i_'.h'q ;
Ed.0d-0 - Bd-0

gl R
od. BJl-E1




In the explicit form,

0 0 0

0 0 0

" 0 0 0

thus,

{Ux)1i = C¢ (1)

(Uy)i = C¢(2)

{iz) i, 2.Co(3)

(Wx)i = Co¢(1)

(Wy)i = C¢(2)

(Wz)i = C¢(3)

3.7 FORMATION OF THE

Transformation matrice will be denoted as |A

rCq>(1) Co(2) Co¢(3)

Cop(4) Co(5) Co(6)

%o U3
* UXO
* Uxg
* WX,

* WXq

* on
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it A
0 0 Ux Ux
0 0 Uy Uy
0 0 Uz Uz
1) . Ce(2) . 5:Cal3) Wx Wx
4) C¢(5) Co(6) Wy wy
7) C¢o(8) cCo(9) Wz Wz
s OOl AR
o t Co(4) » Uyq -+ Cotili S
+ Co(5) » Uy, + Co(8) = Uz,
+ C¢(6) % Uyo + Cd(9) x Uzg
+ Cop(4) * Wyg + Co(7) « Wz,
+ Cop(5) « Wyg + Co(8) =« Wz
+ Cy(6) » Wyg + Co(9) x Wz,
TRANSFORMATION MATRICE
~oIts-a

£

combination of rotation and translation matrices and obta—

ined by multiplication of them.

It enables the transformation of displacements and re-

actions from one coordinate system to another having diff-

erent direction cosines and origin points. Further, it can

be stated that.
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3t
Al = |7, |.]Ty| (3.47)
T
|al”. [Fo]=lqj] (3.48)
1Al . ldol=ldil (3.49)

3.8 FORMATION OF THE GAUSSIAN-ELIMINATED PILE HEAD STIFFNESS MATRICE

A new subrouting "KURIKR" is introduced to the program,
and elements corresponding to the head node of the gaussian
-eliminated pile stiffness matrice are obtained inorder to
form the pile head stiffness matrice. The execution is
carried twice. One for the degrees of freedom in the plane

of the beam and one for the degrees of freedom perpendicular

to the plane of the beam.

Furthermore, the pile head stiffness matrices are
re-arranged to make transformations to the force of app-
lication possible. Both matrices are sketched in figure

3.10: and 3% 11



il6 1 P 5 4 3
® | @ | &
6lkanlk2(k(.3f O | O | O
& | @ | &
Hk@njkeakey| -0 | 0 | 0
@9 | @
2|k@) (k@@ O | 0 | O
IKR] = : :
5 O 0 O |k(4)|k®5) |k (46)
|6 || &
41 O 0 0 [k(54)|k(55)|k (56)
& | ® | ®
3.0 0 O |k(6,6)|%(6.5) |k (686)] -
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Inf]uences in the
plane of the, beam

First execution

FIGURE 3.10 Gaussian

Lol 2 o s
11k(2,2)|x(23)] O 0 0 |k(2)
2/k(3.2)(k(33) O 0 0 [k(3.9)
31 0 0 |k(6.6)|k(6.5) k(®6.8) O

[NIKR]= ,
4|1 0 0 |k(56)|k (5,5)|k(5.4) O
Bl.0 0 |k@&B)k(&S) ksl O
6lk(1.2)|xk(1,3)] O 0 0 |k(1))

Influences perpen-
dicular to the plane
of the beam

Second execution

-eliminated pile head $tiffness matrice

FIGURE 3.1l Re-arrangement of pile head stiffness matrice.



3.9 FORMULATION OF THE EQUIVALENT PILE-GROUP STIFFNESS MATRICE :

The Gaussian-eliminated and re-arranged pile head

39

stiffness matrices are rotated and translated to the point

of application of forces from the superstructure. It will

be denoted as IIDKRli. By definition,

¢

T
| IDKR|, = |Ali INIKR|, lA[i
L
= Imyly ITo g INIRR| T, |5 |T
A R wan| [
(1)} 01| (A} (0] | {203 0 10 0 W |(N]
Locbd oo Lo o waevien 0
5 | 0 0 KSE)KSS) K5W 0
@i (1| (01| |0 0 weiudws o || (0]
o e ; L2k 0 o o |

11y

(3.50)

(3.51):

The equivalent pile group stiffness matrice is deter-

mined by the summation of each individual transformed and

gaussian-eliminated pile head stiffness matrices.

| IDKRT| =

n pile A

z

| IDKR| .
1

i=1

(3.52)
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3.10 SOLUTION FOR THE DISPLACEMENTS OF THE EQUIVALENT PILE

Once the equivalent pile stiffness matrice is formed,
the relation between the external force and related displa-
cements is established by,

i=npile -

T
( igl ITlliszliINIKRli 1721, [Ty ]4)1dol = [aa] (3.53)
where the loading matrice, and the resulting displacements

can be explicity stated as

Oxg] [ ux, |
Qvo Uyo
0z, Uz,
o Mxq do : Wxqo
My, Wyo
Mz L_Wzo__

Six equations for six unknowns are solved for each
loading and the displacement and rotations at the force
of application of the infinitely rigid pile cap are obta-
ined. For each loading six differené loads can be applied,
three forces and three moments in space. The loads and

corresponding displacements are kept in a file.



lal

Ia

|7

I

Hia= I

Pile cap di splacements -
B _'}"'h&c% ;
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3.12 DETERMINATION OF NODAL DISPLACEMENTS AND REACTIONS :

The pile element stiffness matrices which have been
kept in a file are taken back to memory for superposition
and displacements and reactions are found out for each
element in an iterative solution. Once the displacements

b :
of the j node the top-most pile element is calculated;

th

the reactions caused in the i node due to these displa-

cements can easily be obtained. Then the displacements ex-
erted in the it node due to the reactions in ith node of
the some pile element are determined which are also the re-
actions of the jth node of (ND--l)th pile element. In an
iterative solution; from nodal displacements the nodal re-
actions and from nodal reaction the nodal displacements are

successively obtained until the ith node of the first pile

element.In figure 3.12the relation between element stiffness

matrices and nodal points are schematically shown.

By NODE NUM,  ELEMENT NUM.
12 : :
Pty 100 )
Y R e
3 LA
Al g et
ixi | iz 4
A 10 S i £ 5l
i tixi| B : '
Rk . _= Node number which corresponds

to the pile head.

FIGURE 3.12 A schematical representation of the relation between element
stiffness matrices and node numbers.
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I V.a Example from "Grundbau Taschenbucb”

—a.".

A pile group of fifteen piles isf

7
in x and y directions respectively as?

load of 300 t as well as bending mama 
The pile mater1al prOperties are ass,j

The axial reactions arised due ta

éré given by the formula 2 #54

' The resulting axial forces are indicatad, gl
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ile

NO X 2 3 4 5 6 7 8 9 10 ¥
cml6 | 3| o la [« |% |3 0

y (m) [+3 +3 +3 +3 +3 0 0 0 0 0 -3
Qi(t) 23.00| 22.33 { 21.67{21.00{20.33 {21.33{20.67{20.00/19.33{18.67 |19.67

Pile
No 12 13 14 15
- (HQ -3 0 +3 +6 ‘
y (m) -3 -3 -3 -3
Qi(t) 19.00 | 18.33 |17.67 |17.00

TABLE 4.1 The axial reactions of the piles for the example from

"Grundbau Taschenbuch"

The same pile group is also solved by the developed prog-
ramme and the resulting pile head axial reactions as well
as shears, bending moments, torsional moments, displacement
and rotations are obtained for each pile. The outputs are
reasonably close to the results obtained by the rough cal-

culation method as shown in table 4. 2%
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Pile Axial forces com- Axial forces com-
L, puted by.the rough puted by the deve-
calculation method loped programme
1 23.00 22.960
2 22,33 22,297
3 2167 2Y3i635
4 21.00 20,913
5 20.33 20.310
6 21533 2L .325
7 20.67 20.662
8 20.00 20.000
9 19.33 19.338
10 18.67 18.675
1§ 3 19.67 19.690
12 19.00 19.027
13 18.33\ 18.365
14 1967 L7103
b 5. 17.00 17.040

TABLE 4.2 The axial and lateral reactions of the piles given

in the example by Bowles (Foundation Analysis and

Design) for three different interference ratios.
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b e 4 b &
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44 4 S
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P(35)

|1oo

300

1400

300 | 300 I 10|

P(3)=300t
P(4)= 50tm

P.(5)= 60tm oL d

& > e i 35
% O gl [ Moy i
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7/ ///////////////// ///
i 7

FIGURE 4.1 Example from "Grundbau Taschenbuch"




WMPLE FRGM "GRUNDEAU TASCHENBUCH® (C=500t/m3)

pAL LOADS

»h NO:

1

ILE HEAD DISPLACEMENTS

D NO:
1

1

PILE NO:

1

2

10

11

12

13

14

13

"ILE HEAD REACTIONS

LCAD NO:
1

1

PILE NO:

1

2

0.00

01

-0.974E-04‘

-0.946E-04

-0.918£-04

-0.890E-04

-0.862E-04

-0.905€-04

-0.877e-04
-0.849E-04
-0.821E-04
-0.793€-04
-0.836E-04
-0.808E-04
-0.779E-04
-0.751E-04

-0.723e-04

TX
-22.960
-22.297
-21.635
-20.973
-20.310

-21.325

0.00

D2
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04
0.441E-04

0.441E-04

0.131
0.131
0.131
0.131
0.131

0.131

P3

300.00

03
0.17%€-04
0.173E-04
0.179e-04
0.179€-04
0.179-04
0.179€-04
0.179€-04
0.179E-04
0.179€-04
0.179e-04
0.179£-04
0.17%€-04
0.179€-04
0.179€-04

0.179€-04

0.033
0.053
0.033
'0.053
0.033

0.033

P4

50.00

04
0.000E+00

0.000E+00

0.000E400

0.000E400

0.000E+00

0.000E+00

 0.000€400

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000€+00
0.000E+00
0.000E+00

0.000E+00

0.000

0.000

0.000

0.000

0.000

60.00

DS
-0.937e-06
-0.937€-06
-0.937€-06
-0.937e-06
-0.937e-06
-0.937e-06
-0.937e-06
-0.937E-06
-0.937e-06
-0.937€-06
-0.937E-06
-0.937E-06
-0.937e-06
-0.937e-06

-0.937E-06

0.143
0.143
0.143
0.143
0.143

0.143
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0.00

-06
-0.231E-05
-0.231E-05
-0.231E-05
-0.231E-05
-0.231E-05
-0.231E-035
-0.231E-05
-0.231E-05
-0.231E-05
=0.231E-05
-0.231E-05
-0.231E-03
-0.231E-05
-0.231E-05

-0.231E-05

0.353
0.353
0.333
0.333
0.333
' 0.333
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11

12

13

14

15

*-20.662

-20.000

-19.338

-18.675

-19.6%0

-19.027

18,365

-17.703

-17.040

0.131
0.131
0.131
0.131
0.131
0.131

0.131

- 043

0.131

0.053
0.053
0.053
0.053
0.053
0.053
0.053
0.053

0.033

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.143
0.143
0.143
0.143
0.143
0.143
0.143
0.143

0.143
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0.333

01%3

0.333

0153

0.333

0.353

0.353

0.333

0.333
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IV.b Example From "Foundation Analysis an Design, Bowles" :

As a second example another pile group is solved by
the developed programme. The group consists of thirteen
vertical and batter piles and is subjected to a vertical
force of 1000 kips as well as a horizontal load of 150

kips as shown in figure 4.2

According to the results given by Bowles, three diff-
erent solutions are possible depending on the interference
ratio, r. The stiffness matrix elements and resultant axial
and lateral forces are indicated in table 4.3. Although the
reactions change in a big range according tothe interferen-
ce ratio, they are compatible to the ones obtained from the

developed programme.

atrix Solution (-indicates compression)

For x ratio - 0.22616 o (e
-3.249 0.000 0.000 0.000 7.003 0.000 1 -64.81 17.65
0.000 -3.559 0.000 -11.956 0.000 0.000 2 -74.09 13.70
0.000 0.000 -12.071 0.000 0.000 0.000 3 -86.12 10.84
0.000 -11.956 0.000 -388569 0.000 0.000 4 -89.41 10.84
7.003 0.000 0.000 0.000 <408379 0.000 5 -82.84 10.84
0.000 0.000 0.000 0.000 0.000-202641 6 -79.55 10.84
; 7 -83.86 v
8 -76.26 10.84
, 9. .. .=19.59 10.84
10 * -83.36 L%
11 -74.09 13.70
12 =86 ke 10.84
13 ""-64.81 17.65
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For r ratio = 0.00560 Pile TX (Kips) TZ (Kips)
No (axial force) (lateral force)

-0.470  0.000 0.000  0.000  9.000 0.000
0.000 -0.868 0.000 -15.364  0.000 0.000
0.000  0.000 -11.806  0.000  0.000 0.000 -135.69 3.15
0.000 -15.364 0.000 -371.630  0.000 0.000 -186.68  3.15

: 10,88 s 343

2

3

4
9.000 0.000 0.000 0.000 -397.087 0.000 5 =84 6% 213415

6

7

8

9

=713 1573308

0.000 0.000 0.000 0.000 0.000 -5.026 3% 0

-162.40 3.02
17290351

=33 51043416

10° " -162.40. " 3.02
11 b i T Tl
12. . ~235N0 SN A
13 20884~ 3.32

Pile TX (Kips) TZ (Kips)
Fox.'r 'ratio =.0.000 No (axial force) (lateral force

-0.400 0.000 0.000 0.000 9.050: 2.0 Q00N 82.82 0.0
0.000 -8.800 0.000 -15.450 0.000 0.000 2 -21.81 0.0
0.000 0.000 -11.800 0.000 0.000 0.000 3 =197515 0.0
0.000.. -15,450  0.000 -371.200 0.000 0.000 4 -274.67 0.0
9.050 0.000 0.000 0.000 -396.800 0.000 5 =133325 0.0
0.000 0.000 0.000 0.000 0.000 0.000 6 b v PR 0.0

7 -106.12 0.0
8 8.16 0.0
9 -69 .35 0.0
10 -128.34 0.0
11 -58.64 0.0
12 210577 0.0
13 157.04 0.0

TABLE 4.3 The axial and lateral forces computed by the programme developed

by Bowles
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PLE FROM "FOUNDATION ANALYODIS AND DESIEN, BOALES™ (L=432010/113)

pAL LOADS

KD NO:
1

ILE HEAD DISPLACEMENTS

(AD NO:
i

1

PILE HEAD REACTIONS

LOAD NO:

1

PILE NO:
1

2

10
1
12

13

PILE NO:

1

P1

-150.00

N1

0.979-05

-0.262E-06

-0.270E-035

-0.513€-05

-0.83%E-05

-0.596E-05

-0.1576-04
-0.1176-04
-0.141E-04
-0.2926-06

0.165€-04
-0.108€-04

0.161E-04

I

132.838
-3.5%4
-36.627
-69.639
-113.922
-80.850
-212.960

-138.146

P2

0.00

D2
0.535E-05
0.164E-04

-0.101E-04

-0.128E-04

- =0.744E-05

-0.4746-05

0.205€-04
-0.2056-05
-0.474E-05
-0.283-04
-0.151E-04
-0.101E-04

0.266E-05

1.685
2.920
-0v139

-0.445

0.167

0.473

3.385

0.779

P3

1000.00

D3
0.191E-03
0.130€-03

0.188£-03

0.18%-03

0.185E-03

0.188E-03

0.189€-03

0.185€-03
0.182e-03
0.179€-03
0.17%-03
0.182£-03

0.180E-03

7
21.927
21,295
20,924
20.618
20,618
20,924
22.330

20.618

P4

0.00

D4
-0.673E-06
-0.673E-06
-0.673t-06
-0.673t-06
-0.673E-06
-0.673£-06

0.866E-07
-0.673E-06
-0.673t-06
0.673E-06
0.673E-06
-0.673E-06

0.279e-06

-0.917
-0.918
-0.918
-0.918
-0.918
-0.918

0.118

_0l918

0.00

05
0.279%€-06
-0.277¢-06
-0.407e-06
~0.407E-06
-0.407E-06
-0.407€-06
0.83¢E-06
-0.407e-06
-0.407e-06
-0.27%-06
0.277e-06
-0.407€-06

0.673€-06

HY
194.565
184.182
179.792
177.112
172.112
179.792
202.%47

177.112

0.00

.06
0.106E-05

0.106E-05

- 0.102e-05

0.102E-05
0.102€-05
0.102€-05
0.106E-05
0.102E-03
0.102£-05
0.106E-05
0.106E-05
0.102E-05

0.106E-05

23.9%4
34.819
7.643
4.963
10.323
13.003
38.892

: 15.683
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1

12

13

-191.218
-3.963
224.270
-146.995

218.623

0.473

-2.157

-0.659

-0'139

1.356

20.312
20.006
20.633
20.312

21.105

-0.918.

0.917
0.918
-00918

0.381

174.432
172.863
183.209
174.432

150.791

13.003

=9.673

3.457

7.643

21.113
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V. CONCLUSION AND REMARKS

Calculation of the compressive and tensile forces on
a group of raking piles or combined vertical and raking
piles under inclined loading is very complex, and there
is no established procedure with any sound theoretical
basis, since a piled foundation is a three-dimensional
structure with a high degree of indeterminancy. Inorder
to tackle the problem some analytical methods are pro-
posed in the literature. However an exact solution is
not available. This study is adopted elastic beam model
for piles as a better approach for the group analysis of
point-bearing piles. Comparison of some numerical examples
given in the literature by the proposed model with other
calculation methods has proved that the results obtained

are in reasonable limits.

g

I'n: conclusion, it ean be stated that a suitable prog-
ramme has been developed for the design of end-bearing pile
groups which will turn tedious calculation into a practical

and efficient aid to the needs of engineering design offices.
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The computed axial, shear forces as well as bending
and torsional moments for each sinale pile is also useful
in the structural design of the piles. The cross-section
of piles should be chosen in accordance with the reactive

forces to which it is subjected to.

Another importance of the study is that the settle-
ments of the piled foundation under the forces from super-
structure can also be obtained, which gives the designer
reliable information to make sure that the movements are
within acceptable limits provided the pile is founded on

a hard yielding strata.

The numerical computations with the developed prog-
ramme has shown that the subgrade coefficient, c, does
not effect the reactive forces and moments if the group
consists of only vertical piles. However if the group inc-
ludes or consists of battered piles the computed reactive
forces and moments vary considerably due to the change in
subgrade coefficient. Therefore if can be concluded that
reliable subsoil properties are necessary for the three-
dimensional analysis of pile groups including raking piles,
but not so adequate if the group copsists of only vertical

piles.

The analysis giving the maximum pile head reactions

and moments is also useful for the design of pile cap.

Another important aspect of the study is the calcul-
ation of settlements and movements if detailed subsoil

data is available. Since the study is confined to point-
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bearing piles only, it is found out that the vertical sett-
lements are little more than the elastic shortening of piles.
The computation of movements approaching to exactness will
enable the designer, to check the previously calculated
support reactions which had been dohe assuming vertical and
horizontal movements to be zero. If the movements are not
within the acceptable limits, a modification of support
reactions can be achieved by modelling fixed support as an
elastic support undergoing the calculated amount of displa-

cements.

The dynamic analysis of the pile groups or introduction
of friction piles can be accepted as a continuation of rese-
arch subjects to improve this programme for a complete analy-
sis. The matrix methods used for this study is also very

efficient in these research areas of pile group analysis.
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pOP-11 FORTRAN-77 V5.0-0 11:01:25  30-Nov-85 - Pagel
PILFON.FTN;1

0001

0002
0003
0004
0003
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0013

0020
0021
0022
0023
8024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037

OO0 O0000000

/F77/0P/TR:BLOCKS/WR

PROGRAM PILFON

NPILE :NUMBER OF PILES %
NLOAD :NUMBER OF LOADINGS *
X(I)  :SEQUENCE OF X,Y,Z COORDINATES OF A SINGLE PILE *

C(I)  :SEQUENCE OF SOIL MODULUS FOR UARIOUS DEPTHS FOR EACH PILE% .

E :ELASTICITY MODULUS FOR EACH GIVEN PILE

MU :POISSION’S RATIO FOR EACH PILE

6 :ELASTICITY MODULUS FOR TORSICN: G=E/(1+2%EMU)

EL(I) :SEQUENCE FOR THE LENGTHS OF EACH ELEMENT FOR EACH PILE
6L(I) :SEQUENCE FOR GAMMA(L) FOR EACH PILE

& :STIFFNESS AGANIST MOMENT IN X DIRECTION FOR EACH PILE
EY :STIFFNESS AGANIST MOMENT IN Y DIRECTION FOR EACH PILE
6J :STIFFNESS AGANIST TORSION FOR EACH PILE

P(I,J) :SEQUENCE OF LOADING MATRICE

o N N N W N N W

Crrrcrntooontonnnoooooo oo oo oo

Lor B o I o)

750

10

11

COMMON/BLOCK1/SR(200) 188, 1S5,N0, IKR(6, 6)

COMMON/BLOCK2/ER(21) , RN

COMMON/BLOCK/ NPILE,NLOAD

COMMON/BLOCK4/1D, IREC, COF

DIMENSION ATRANS(6,6) ,DEP(6,10),P(6,10) ,DEPOR(6,10) ,POC(6,10)
REAL*4 IKR,NIKR(6,6) , IDKRM(6,6) , IDKRT(6,5)

REAL*4 COF(6,6),D15(6,10),POF(6,10)

INTEGER RN,ROH(6)

CHARACTER*4  BAS(17)

DATA ROW/6,1,2,5,4,%/

OPEN(UNIT= 1,FILE="ELEMNT” ,ACCESS=’DIRECT” ,RECL=21, TYPE=" SCRATCH' )
OPEN(UNIT= 2,FILE=PILE’ ,ACCESS=’DIRECT’ ,RECL=36,TYPE=’SCRATCH')
OPEN(UNIT= 3,FILE="ATRANS’ ,ACCESS=/DIRECT” ,RECL=36, TYPE=" SCRATCH' )
OPEN(WNIT= 7,FILE="NIKR’ ,ACCESS="DIRECT” ,RECL=35, TYPE="SCRATCH')
OPEN(UNIT= 9,FILE=DEPOR’ ,ACCESS=’DIRECT” ,RECL=06, TYPE=’ SCRATCH’ )
OPEN(UNIT=10,FILE="FORCES’ ,ACCESS=/DIRECT” ,RECL=06, TYPE=’ SCRATCH' )
OPEN(UNIT=11,FILE="DISP’ ,ACCESS=’DIRECT” ,RECL=30, TYPE="SCRATCH’)
OPEN(UNIT=12,FILE=PREAC’ ,ACCESS=/DIRECT’ ,RECL=30,TYPE=’SCRATCH’ )

A PROGRAM FOR THE CALCULATION OF GROUP CAPACITY OF PILES

NTL=1

READ(4,” (A1,17A4)” ,END=650) TOP,BAS
IF(TOP.NE.1Hk) 60 TG 750
IF(NTL.NE.1) WRITE(6, (1H1)")
HRITE(6,’(10X,1744)") BAS
READ(4,’(515)) NPILE,NLOAD,ND,ITR,NTR
DO 10 J=1,NLOAD

READ(4,’ (6F10.0))(P(1,d),I=1,6)
RN=1

00 11 IPIL=1 NPILE

CALL PILRI(IPIL)

CONTINUE

00 12 1=1,6

00 12 J=1,6

12 1DKRT(I,J)=0

00 13 IPIL=1 NPILE
READ(2,REC=IPIL) ((IOKRM(I ,J) ,J=1,6) ,1=1,6)
00 13 I=1,6

61
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/HR

0038 00 13 J=1,6

0039 13 10KRT(1,J)=IOKRT(I,J)+1DKRM(T,J)

0040 CALL SOLVE(6,NLOAD, I0KRT P, DEP)

0041 IF(NTR.EQ.0) GO TO 640

0042 WRITE(6,” (//,10X,36HSUMHATION OF PILE STIFFNESS MATRICES:)’)
0043 WRITE(6,’ (6(/10X,6E15.5))/ )((IDKRT(I,J),1=1,6),J=1,6)
0044 WRITE(6,”(//,10X,13HDI SPLACEMENTS)” )

0045 WRITE(6,” (6(/10X,6E15.5))/ ) ((DEP(1,J),1=1,6),J=1,NLOAD)
0046 640 JREC=1

0047 NREC=1

0048 D0 20 IPIL=1,NPILE

0049 READ(3,REC=IPIL) ((ATRANS(I, ), J=1,6) ,1=1,6)

0050 READ(7,REC=IPIL) ((NIKR(I,J),J=1,6),1=1,6)

0051 CALL MATCAR(6,NLOAD,ATRANS, DEP, DEPOR)

0052 CALL MATCAR(6,NLOAD,NIKR ,DEPOR,POC)

0053 DO 21 JLOAD=1,NLOAD

0054 HRITE( 9,REC=JREC) (DEPOR(I,JLOAD) ,I=1,6)

0055 . WRITE(10,REC=JREC) (POC(I,JLOAD),I=1,6)

0056 21 JREC=JRECH

0057 DO 20 1K=1,2 :

0058 TREC=2kIPILA(ND-1)$1K-2

0059 DO 211 1-1,3

0060 DO 211 J=1,NLOAD

0061 211 DIS(I,J)=DEPOR(RON(I+3%(IK-1)),J)

0062 CALL READER(3,ND)

0063 CALL MATCAR(3,NLOAD,COF,DIS, POF)

0064 WRITE(11,RECNREC) ((DIS(1,J),1=1,3),J=1 NLOAD)

0065 WRITE(12,REC=NREC) ( (POF(I,J),1=1,3) ,J=1 ,NLOAD)

0065 NREC=NRECH

0067 D0 212 10=1,N0-1

0068 CALL READER(2,ND)

0069 CALL MATCAR(3,NLOAD, COF,DIS, POF)

0070 CALL READER(1,ND)

0071 CALL -SOLVE(3,NLOAD, COF ,POF ,DIS) .
0072 MRITE(11,RECNREC) ((DIS(I,J),1=1,3) ,J=1 ,NLOAD)

0073 WRITE(12,REC=NREC) ( (POF(I,J),1=1,3) ,J=1 NLOAD)

0074 NREC=NRECH

0075 212 IREC=IREC-2
0076 20 CONTINUE

0077 CALL OUTPUT(P,ND,ITR) ot

0078 NTL=NTL+HL - R
0079 60 TO 750

0080 630 CLOSE(UNIT=8,DISP="DELETE’)

0081 sTOP y

0082 END

PROGRAM SECTIONS

Name Size Attributes

SCODEL 003562 953 RH, 1
SPOATA 000760 248 RH,D
SIDATA 000010 4 RW,D,CON, LCL
$URS 004110 1060 RH,D



POP-11 FORTRAN-77 VS5.0-0

PILFON.FTN;1

STEMPS
BLOCK1
BLOCX2
BLOCK3
BLOCK4

~

000010
001666
000126
000004
000224

4
475
43
2
74

11:01:25  30-Nov-85
/F77/0P/TR :BLOCKS/WR

RW,D, CON, LCL
RW,D,0VR, GBL
RW,D, VR, GBL
RW,D,OVR, GBL
RW,D, VR, GBL

Total Space Allocated = 013136 2863

Page 3
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PILFON.FTN;1 /F77/0P/TR :BLOCKS/HR

0001 SUBROUTINE PILRI(IPIL)

0002 DIMENSION X(300),C(100),EL(100),6L(100),C0(12)
1 ,NIKR(6,6),IDKR(6,6) , IDKRM(6,56) ,A(6,6) ,ATRANS(6,6)
2 ,ROTA(6,6) , TRNSLT(6,6)

0003 COMMON/BLOCK1/SR(200) ,188,155,ND, IKR(6,6)

0004 COMMON/BLOCK2/ER(21) , RN

0005 - INTEGER RN,ROH(6)

0006 REAL MU

0007 REAL*4 IKR,NIKR,IDKR,IDKRM

0008 CHARACTER#S KP,KPILE

0009 DOUBLE PRECISION PI,ALFA,ALFAY

0010 DATA KPILE,P1/’PILE:’,3.141592654/

0011 DATA ROW/6,1,2,5,4,%/

0012 KSCI,J)=(J-1)AND%3-(J-1-1)k(J-1)40,5+]

0013 READ(4,’(12,3X,AS)’) IROMW,KP

0014 IF(IROW.NE.IPIL.OR.KP.NE.KPILE) THEN

0015 WRITE(6,”(5X,12,3X,23HPILE HEAD CARD IS WRONG)’) IPIL

0016 GO TO 75

0017 ENDIF

0018 READ(4,61)0,E,MU,C(1),KST,KTY, (CO(I),1=4,6)

0019 READ(4,’(8F10.0))(X(I),I=1,ND*3,3)

0020 READ(4,‘(8F10.0))(X(I),1=2,ND*3,3)

0021 READ(4,’ (8F10.0)7)(X(I),1=3,ND*3,3)

0022 IF(KTY.EQ.0) THEN

0023 D0 12 1=2,ND-1.

0024 12 C(1)=C(1)

0025 ELSEIF(KTY.EQ.1) THEN

0026 READ(4,’(8E10.0)”)(C(I),I=1,ND-1)

0027 ENDIF

0028 G=E/(2x(1+244U))

0029 IF(KST.EQ.0) THEN

0030 EF=EXP[AD**2/4 -

0031 EIX=EXPIXD*k4/64 :

0032 EIY=EIX

0033 GJ=GRPIAD*4/32

0034 ELSEIF(KST.EQ.1) THEN

0035 EF=ExDkk2

0036 EIX=ExDAk4/12

0037 EIY=EIX

0038 GJ=GRD**4/6

0039 ENDIF

0040 J=1

0041 D0 20 I=1,3%(ND-1),3

0042 EL(J)=SORT((X(I43)-X(1))*k2
1 H(X(T1+4) X(141) ) k2
2 H(X(145)-X(1+2) )*x2)

0043 GL(J)=EL(J)*SQRT(SQRT(C(J)*0*1000/( 4*EIX)))

0044 20 J=JH1 :

0045 I1L=34N0-5

0046 §5=KS(IL,34ND)

0047 188=1

0048 188=3

0049 00 8.K=1,2

0050 DO 30 I=1,200
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/HR

0051 30 SR(1)=0

0052 00 9 NI=1,N0-1

0053 IF(K.EQ.1) THEN

0054 CALL ELRI(EF,EL(NI),EIX,6L(NI))

0055 ELSE

0056 CALL ELRI(GJ,EL(NI),EIY,6L(NI))

0057 ENDIF

0058 1S=(NI-1)%3+1

0059 Js=18

0060 LS=6

0061 M=t

0062 00 10 L=1,6

0063 KL=KS(IS,JS)

0064 DO 11 M=1,LS

0065 SRKLHM-1)=SR(KL#4-1)+ER(LM)

0066 11 M=l

0067 LS=L5-1

0068 10 JS=JSH

0069 9 CONTINUE

0070 CALL ELE

0071 CALL KURIKR

0072 188=4

0073 1556

0074 8 CONTINUE
c
C  NB{ ORDER OF PILE STIFFNESS MATRICE
c

0075 00 21 11,6

0076 00 21 J=1,6

0077 21 NIKR(1,4)=0

0078 00 22 11,6

0079 00 22 J=1,6

0080 22 NIKR(ROW(1) ,ROW(J))=IKR( T, J)

0081 WRITE(7,REC=IPIL)((NIKR(I,J),J=1,6),1=1,6) ;
c
C  CALCULATION OF DIRECTION COSINES
c

0082 €0(1)=X(1)

0083 £0(2)=X(2)

0084 €0(3)=X(3)

0085 MS=NDA3-2

0086 C0(10)=X(MS)

0087 CO(11)=X(MSH)

0088 C0(12)=X(MS+2)

0089 00 31 11,3

0090 31 CO(1)=CO(3+1)-CO(I)

0091 DELTA=1/(SQRT(CO(1)*CO(1)#C0(2)*CO(2)4C0(3)4C0(3)))

0092 00 32 I=1,3

0093 32 CO(1)=CO(1)*DELTA

0094 IF(CO(3).EQ.-1) THEN

0095 C0(4) =0.

009 €0(5)=-1.

0097 €o(6) =0.

0098 ENDIF

0099 £0(7)=C0(2)*C0(6) -CO(3)*C0(S)

65
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/WR :

0100 €0(8)=C0(3)*C0(4)-C0(1)%C0(6)

0101 C0(9)=C0(1)*C0(5)-C0(2)*C0(4)

0102 REWIND 08

0103 TWRITE(8,”(12F10.4))(C0O(I),I=1,12)

0104 REWIND 08

0105 READ (8,/(12F10.4)7)(Co(I),I=1,12)

; c WRITE(6,’(3F15.4)7)(CO(1),I=1,12)
c
c FORMATION OF THE ROTATION MATRICE
C

0106 DO 41 I=1,6

0107 D0 41 J=1,6

0108 41 ROTA(I,J)=0

0109 DO 42 X-1,4,3

0110 DO 42 I=K,K+2

0111 DO 42 J=K,K+2

0112 42 ROTA(I,J)=CO(3%(1-K)+(J-K+1))
€
C FORMATION OF THE TRANSPOSE OF THE TRANSLATION MATRICE
£

0113 D0 51 I=1,6

0114 D0 51 J=1,6

0115 IF(I.NE.J) THEN

0116 TRNSLT(I,J)=0

0117 ELSE

0118 TRNSLT(I,J)=1.

0119 ENDIF

0120 51 CONTINUE

0121 TRNSLT(4,3)= CO(11)

0122 TRNSLT(S,3)=-C0(10)

0123 TRNSLT(6,1)=-C0(11)

0124 TRNSLT(6,2)= CO(10)
c
c FORMATION OF THE TRANSFORMATION MATRICE .
£

0125 CALL MATCAR(6,6,TRNSLT,ROTA,A)

0126 D0 52 I=1,6

0127 D0 52 J=1,6

0128 52 ATRANS(I,J)=A(J,1)

0129 WRITE(3,REC=IPIL)((ATRANS(I,J),J=1,6),1=1,6)
C ulirtell
C ROTATION AND TRANSLATION OF GAUSSIAN ELIMINATED PILE STIFFNESS MATRICE
c .

0130 CALL MATCAR(6,6,NIKR,ATRANS, [DKR)

0131 CALL MATCAR(6,6,A,IDKR, IDKRM)

0132 WRITE(2,REC=IPIL)((10KRM(I,J),J=1,6),I=1,6)

0133 61 FORMAT(4E10.0,215,3€10.0)

0134 73 RETURN

0135 END

PROGRAM SECTIONS

Name Size . Attributes

66



POP-11 FORTRAN-77 V5.0-0

PILFON.FTN;1

$C00E1
$PDATA
$1DATA
$UARS

$TEMPS
BLOCK1
BLOCK2

005166 1339

000210
000032
006766
000014
001666
000126

68
13
1787
6
475
43

11:02:05 . 30-Nov-85
/F77/0P/TR:BLOCKS/WR

RW,T,CON,LCL
R4,D,CON, LCL
RW,D,CON, LCL
RH,D,CON, LCL
RW,D,CON, LCL
RH,D,OVR , GBL
RW,D, OVR, GBL

Total Space Allocated = 016446 3731

Page 7
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/WR
0001 SUBROUTINE ELRI(EF,EL,EI,6L)
0002 COMMON/BLOCK2/ER(21) ,RN
0003 INTEGER RN
C
(¥ FORMATION OF THE ELEMENT STIFFNESS MATRICE ON ELASTIC FOUNDATION
C
0004 CH=COSH(GL)
0005 C0=COS(GL)
0006 SH=SINH(GL)
0007 SI=SIN(GL)
0008 SHCH=SHXCH
0009 CHSI=CH#SI
0010 SHCO=SH*CO
0011 SICO=SI*C0
0012 PYDT=1./(SHxSH-SI*S])
€
c MEMBERS OF THE STIFFNESS MATRICE
C
0013 CK1=2*E[*GL/EL
0014 CK2=24CX1*GL/EL
0015 CK3=CK2*GL/EL
c
5 FORMATION OF ELEMENT STIFFNESS MATRICE IN ONE DIMENSIONAL [ER] SEQUENCE
c 4
0016 ER(1) =CK1*(SHCH-SICO)*PYDT
0017 ER(2) =EF/EL
0018 ER(3) =CK3*(SHCH+SICO)*PYDT
0019 ER(4) =ER(1)
0020 ER(S) =ER(2)
0021 ER(6) =ER(3)
0022 ER(9) =CK2%(SHXSI*PYDT)
0023 ER(12)=CK2%0, 5k ( SHXSHESI*SI ) *PYDT
0024 ER(15)=ER(12) A
0025 ER(16)=CK1%(CHSI-SHCO)*PYDT
0026 ER(17)=ER(2)
0027 ER(18)=CK3%(CHSI+SHCO)*PYDT
0028 ER(21)=ER(9)
0029 WRITE(1,REC=RN)ER
0030 AN=RN+1
0031 RETURN
0032 END
PROGRAM SECTIONS
Name Size Attributes
SCODEL 000650 212 RW,I,CON,LCL
$IDATA 000014 6 RiW,D,CON,LCL
$UARS 000060 24 RW,D,CON,LCL
BLOCK2 000126 43 RH,D,0VR,GBL

Total Space Allocated = 001072 285
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/WR
0001 SUBROUTINE KURIKR

0002 COMMON/BLOCK1/SR(200) , 188, 155,ND, IKR(6,6)
0003 REAL%4 KR

0004 M=34ND-2

0003 ME=M

0006 K=1

0007 DO 10 =188, 1SS

0008 ART=ND*3

0009 D0 20 J=I,ISS

0010 IKR(I,J)=5R(ME)

0011 IF(I.NE.J) IKR(J,I)=IKR(I,J)
0012 ME=MEHART

0013 . 20 ART=ART-1

0014 ME=MIK

0013 10 X=K+1

0016 RETURN

0017 END

PROGRAM SECTIONS

Name Size Attributes

$CODE1 000314 102 RW, T ,CON,LCL
SUMRS 000016 7 RW,D,CON, LCL
BLOCKL 001666 475 RW,D, VR, GBL

Total Space Allocated = 002220 584
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/WR
0001 SUBROUTINE ELE
0002 INTEGER YBG,B6
0003 COMMON/BLOCK1/A(200) ,188,155,ND, IKR(6,6)
0004 KCI,0)=(J=1)N=-(J-1-1)*(J-1)%0,5¢1
- 0005 N=34ND

0006 NS=N-3
0007 YBG=6
0008 IL=N-YBG+1
0009 KS=K(IL,N)

C

¥ ELEMINATION

c
0010 DO 10 I=2,NS
0011 IFCI.GT.IL) GO TO 19
0012 JS=1+YBG-2
0013 GO TO 20
0014 19 JS=N
0015 20 ORAN=A(K(I-1,1))/A(K(I-1,1-1))
0016 DO 11 J=1,JS
0017 11 A(K(T,J))=A(K(1,J))-ORANRA(K(1-1,J))
0018 10 CONTINUE
0019 RETURN
0020 END
PROGRAM SECTIONS
Name Size Attributes
$CODE1 000622 201 RW,I,CON,LCL
$PDATA 000014 6 R, D,CON,LCL
$1DATA 000022 9 RiA,D,CON,LCL
3UARS 000026 11 RW,D,CON, LCL :
$TEMPS 000004 2 Ri,D,CON,LCL
BLOCK1 001556 439 RH,D,0VR,GBL

Total Space Allocated = 002470 668 /
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/WR

0001 SUBROUTINE OUTPUT(P,ND, ITR)

0002 DIMENSION P(6,10),DISP(6,10),PREC(6,10)

0003 COMMON/BLOCK3/ NPILE,NLOAD

0004 INTEGER ROW(6)

0005 CHARACTER*2 SEQ(30) ,HDEP(6) ,HFOR(6) ,HLOAD(6)

0006 CHARACTER®10 ISM1,1SM2,IM3

0007 DATA ROW/6,1,2,5,4,3/ .

0008 DATA ISM1,ISM2,1SM3/ LOAD NO: /,” PILE NO:/,” NODE NO:’/
0009 DATA HDEP /’D1/,7D2’,/03’,”D4’,”DS’,’ D6’/

0010 DATA HFOR //TX’,/TY’, " T2/ ,"MX’ ,'MY’ ,"MZ*/

0011 DATA HLOAD/P1,”P2’,’P3’,’P4’ ,'PS’,’P6’/

0012 DATA SEQ(1),SEQ(2),SEQ(3),5EQ(4)/’ST”,’ND’,’RD’,'TH'/
0013 DATA SEQ(21),SEQ(22) ,SEQ(23)//ST” ,’ND* ,“RD’/

0014 00 110 1=4,30

0015 IF(I,LE.20.0R.1,GE.24) SEQ(I)=SEQ(4)

0016 110 CONTINUE

0017 HRITE(6,”(//,11X,11HNODAL LOADS)’)

0018 WRITE(6,101) 1SM1,HLOAD

0019 D0 10 JLOAD=1,NLOAD

0020 WRITE(6,102)JLOAD, (P(I,JLOAD) ,1=1,6)

0021 10 CONTINUE

0022 WRITE(8,(//,11X,23HPILE HEAD DISPLACEMENTS)’)

0023 WRITE(6,103) 1M1, 15M2, HDEP

0024 D0 20 JLOAD=1,NLOAD

0025 00 21 IPIL=1,NPILE

0026 IREC=( IPIL-1)*NLOAD+JLOAD

0027 READ(9,REC=IREC) (DISP(I,JLO0AD),I=1,6)

0028 21 WRITE(6,105)JLOAD, IPIL, (DISP(I,JLOAD),I=1,6)

0029 20 CONTINUE

0030 WRITE(6,’(//,11X,19HPILE HEAD REACTIONS)’)

0031 WRITE(6,104) 1SM1,15M2, HFOR

0032 D0 30 JLOAD=1,NLOAD

0033 DO 31 IPIL=1,NPILE :
0034 IREC=( IPIL-1)ANLOAD+JLOAD

0035 READ(10,REC=IREC)(PREC(I,JL0AD),I=1,6)

0036 31 WRITE(6,106)JLOAD, IPIL, (PREC(I,JLOAD),1=1,6)

0037 30 CONTINUE

0038 IF(ITR.EQ.0) RETURN

0039 HRITE(6,*(1H1,//,11X,26HPILE ELEMENT DISPI.ACEMENTS) )
0040 00 40 IPIL=1,NPILE

8041 WRITE(6,’(//,10X,12,A2,2X,5HPILE:)") IPIL,SEQ(IPIL)
0042 Hmc(s,ma)lsm,rm,um

0043 D0 40 ID=1,ND

0044 NREC=2ANDR( IPIL-1)4+ND-1D+1

0045 READ(11,REC-NREC) ( (DISP(ROW(1),J),1=1,3),J=1,NLOAD)
0046 NREC=NRECHND

0047 READ(11,REC=NREC)( (DISP(ROH(1),J),1=4,6),J=1,NLOAD)
0048 WRITE(6,105)(J,1D, (DISP(1,J),1=1,6) ,J=1,NLOAD)
0049 40 CONTINUE

0050 WRITE(6,(1H1,//,11X,22HPILE ELEMENT REACTIONS)’)
0051 D0 50 IPIL=1,NPILE

0052 WRITE(6,(//,10X,12,A2,2X,SHPILE:)’) IPIL sm(lm)
0053 WRITE(6,104) 1SM1, 1SM3, HFOR

0054 D0 50 10=1,ND
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/HR

0055 NREC=24ND( IPIL-1) #ND-10+

0056 READ(12,REC=NREC)  (PREC(ROM(1),J) ,1=1,3) ,J=1 ,NLOAD)
0057 NREC=NRECHND

0058 READ(12,REC=NREC) ( (PRECROH(1) ,J) , =4, 6) ,J=1 ,NLOAD)
0059 - WRITE(6,106)(J, 10, (PREC(I,J),1=1,6) ,J=1 NLOAD)

0060 50 CONTINUE :

0061 101 FORMAT(//10X,A10,21X,6(A2,13X))

0062 102 FORMAT(/15X,12,12X,6F15.2)

0063 103 FORMAT(//10X,2410,12X,6(A2,13X))
0064 104 FORMAT(//10X,2A10,13X,6(A2,13K))
0065 105 FORMAT(/15X,12,8X,12,5X,6€15.3)

0066 106 FORMAT(/15X,12,8X,12,5X,6F15.3)

0067 RETURN

0068 END

PROGRAM SECTIONS

Name Size Attributes
$CODE1 004050 1044 R, T,CON,LCL
$PDATA 000424 138 RW,D,CON,LCL
$I0ATA 000042 17 RW,D,CON,LCL
$VARS 001170 316 Rd,D,CON,LCL
$TEMPS 000006 3 RW,D,CON,LCL
BLOCK3 000004 2 RH,D,0VR,GBL

Total Space Allocated = 005740 1520

No FPP Instructions Generated
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/WR

0001 SUBROUTINE SOLVE(N,MD,COEFMA,LOAD,X)
o
C  SOLUTION FOR LINEAR EQUATIONS BY MEANS OF GAUSSIAN ELIMINATION
c

0002 DIMENSION D(6,16) ,X(6,10)

0003 REAL*4 COEFMA(6,6) ,L0AD(6,10)

0004 00 100 I=1,N

0005 DO 100 J=1,NH4D

0006 IF(J.LE.N) THEN

0007 D(1,J)=COEPMACT ,J)

0008 ELSE

0009 O(1,d)=L0AD(T , J-N)

0010 ENDIF

0011 100 CONTINUE

c
c ELEMINATION
¢

0012 DO 10 K=1,N-1
0013 D0 10 I=k#1,N
0014 OR=D(I,K)/D(K,K)
0015 DO 10 J=1,NHD

0016 10 D(I,J)=D(I,J)-0R*D(K,J)

c
c SUBSTITUTION
c

0017 00 80 I=1,N

0018 DO 40 L=1,M0

0019 X(N,L)=D(N,NHL)/D(N,N)

0020 D0 40 M=N-1,1,-1

0021 TOP=0

0022 D0 50 JH1,N

0023 50 TOP=TOP+D(M, J)4X(J,L)

0024 D(M,NHL)=D(M,N4L) -TOP :

0025 40 X(M,L)=D(M,N+L)/D(M M)
0026 80 CONTINUE

0027 RETURN

0028 END

PROGRAM SECTIONS

Name Size Attributes
$CODE1 001464 410 R, T,CON,LCL
$1DATA 000036' 15 RH,D,CON,LCL
$UARS 000622 201 R, 0, CON, LCL
$TEMPS 000014 6 ‘ RH,D,CON,LCL

Total Space Allocated = 002360 632
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PILFON.FTN;1 /F77/0P/TR:BLOCKS/HR
poo1 SUBROUTINE MATCAR(IM,IL,Q,R,S)
0002 REAL*4 Q(6,6),R(6,10),5(6,10)
0003 DO 10 I=1,IM

0004 DO 10 J=1,IL

0005 S(I,0)=0 .

0006 DO 10 K=1,IM

0007 10 S(I,J)=S(1,0)+Q(1,K)*R(K,J
0008 RETURN ,
0009 END

PROGRAM SECTIONS

Name Size Attributes
$CODE1 000366 123 Ri, 1,CON,LCL
$IDATA 000036 15 RH,D,CON,LCL
$UARS 000006 3 RW,D,CON,LCL
$TEMPS 000006 3 Ri,D,CON,LCL

Total Space Allocated = 000440 144
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PILFON.FTN;1 /F77/0P/TR :BLOCKS/WR

0001 SUBROUTINE READER(NR,ND)

0002 COMMON/BLOCK4/1D, IREC, COF

0003 DIMENSION COEFFI(6,6),COF(6,6),ER(21),INTI(3),INTJ(3)
0004 DATA INTI/0,0,1/

0005 DATA INTJ/0,1,1/

0006 KS(I,d)=(J-1)A6-(J-1-1)%(J-1)%0,5¢]

0007 READ(1,REC=IREC)(ER(I),I=1,21)

0008 DO 10 I=1,6

0009 DO 10 J=I,6

0010 COEFFI(I,J)=ER(KS(I,J))

0011 10 COEFFI(J,I)=COEFFI(I,J)

0012 Do 11 I=1,3

0013 Do 11 J=1,3

0014 11 COF(1,J)=COEFFI((3XINTI(NR)+I),(3XINTJ(NR)+J))
0015 IF(NR.EQ.1.AND.ND.GT.2.AND.ID.LT.(ND-1)) THEN
0016 READ(1,REC=IREC-2)(ER(1),I=1,21)

0017 NR=3

0018 D0 20 I=1,6

0019 DO 20 J=I,6

0020 20 COEFFI(I,J)=ER(KS(I,J))

0021 Do 21 1=1,3

0022 Do 21 J=I,3

0023 21 COF(I,J)=COF(I,J)+COEFFI((3XINTI(NR)+I),(3XINTI(NR)+J))
0024 ENDIF

0025 RETURN

0026 END

PROGRAM SECTIONS

Nanme Size Attributes

$CODE1 001360 376 R, 1,CON,LCL

$PDATA 000006 3 RiW,D,CON, LCL

$UARS 000364 122 RW,D,CON, LCL

$TEMPS 000002 1 RW,D,CON,LCL

BLOCK4 000224 74 RW,D,0VR, GBL

Total Space Allocated = 002200 576

(=



APPENDIX 2 - INPUT DATA FORMAT

76



INPUT DATA FORMAT

THlE
ROW NO| SYMBOL |COLUMN NO NAME OF THE INPUT DATA FORMAT
1 TOP 1 E 2 Al
2 BAS gy Heading 19A4
SYSTEM PROPERTIES
ROW NQO| SYMBOL | COLUMN NO NAME OF THE INPUT DATA FORMAT
1 | NPILE S5 Number of Piles Is
2 | NwaD 6.10 | Number of Loadings 15
3 ND uASHn Number of Node Numbers 15
4 ITR 16.20 Key for Printing Element Displacements and Is
Reactions ?
o NTR 21.24 Key for Printing Equivalent Pile Stiffness
Matrix and Displacements I5
. P(1) }-— P(4)
Y/ 1z
P p (3)
p(S) IP(S)
LOADINGS
ROW NO [SYMBOL |COWMNNO | NAME OF THE INPUT DATA |FormaT
1 p (1) 1.10 . Force in X direction F100
2 p (2) 11.20 Force in Y direction F10.0
3 P (3) 21.30 Force in Z'directnm F100
4 P (4) 31.40 Moment in X direction F 100
5 P (S) 4 .50 Moment in Y direction F 100
6 P (8) S1.60 Moment in Z direction F 00




PILE PROPERTIES

78

ROW NO |SYMBOL | COLUMNNO NAME OF THE INPUT DATA FORMAT
1 D 1.10 Pile Diameter E100
2 E 1.20 Elasticity Modulus £100
3 MU 21230 Poisson’'s Ratio E10.0
2 le 31.40 Soil Modulus (If Constant) E100
5 KST 41_45 0. for Circle 15
1. for Square
6 KTY 46_50 O.If Soil Modulus is Constant I5
1. If Soil Modulus is Variable
NODAL X COORDINATES
ROW NO | SYMBOL |COLUMN NO| NAME OF THE INPUT DATA FORMAT
1.2.3.4 ] X(1) :
5.6.7.8|1=14710. 1.80 Sequence of Nodal X Coordinates 8F100
NODAL Y COORDINATES
ROW NO [ SYMBOL |COLUMN NO| NAME OF THE INPUT DATA FORMAT
1.2.3.4 | X(D), :
5.6.7.8 |1=25811._ 1.80 Sequence of Nodal Y Coordinates 8F100
NODAL Z COORDINATES
ROW NO | SYMBOL COUJMNlNO NAME OF THE I‘NPUT DATA FORMAT
‘]_ s O ;
5_%_?,_3 ;(S,éﬁ,n.- 1.80 Sequence of Nodal Z Coordinates 8F10.0
SEQUENCE OF SOIL MODULUS
ROW NO|SYMBOL |COLUMN NO| NAME OF THE INPUT DATA FORMAT
2 el | 1-80 | Sequence of Soil Modulus if KTV =1 8F10.0
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YAMPLE NUMBER ONE(C=1000t/m3)

JDAL LOADS

L0AD NO:

[LE HEAD DISPLACEMENTS

0AD NO:
1

1

PILE NO:

1

2

P1
100.00
0.00
0.00
0.00

0.00

0.00

D1
0.241E-03
-0.241€-03
~0.241E-03
0.241€-03
~0.241E-03
-0.241€-03
0.241E-03
0.241€-03
~0.106€-03
-0.106€-03
~0.106€-03
~0.106€-03
0.933E-04
0.933€-04
-0.933€-04
~0.9336-04
~0.933€-04
0.933-04

0.933€-04

P2
0.00
100.00
0.00
0.00

. 0.00

0.00

D2
0.000E+00
0.000E+00
0.000E+00
0.000E+00

-0.850E-02
-0.850€-02
-0.830E-02
-0.850£-02
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.145€-02
0.145€-02

0.145e-02

0.145€-02 -

0.000E+00
0.000E+00

0.000E+00

P3
0.00
0.00

100.00
0.00
0.00

0.00

03
-0.850E-02
-0.850€-02
-0.850E-02
-0.850E-02

0.000E400
0.000E+00
0.000E+00
0.000E+00
0.000£+00

0.000E+00

0.000E400

0.000E+00
0.000E+00
0.000E+00
0.000€+00
0.000€+00
0.145€-02
0.145€-02

0.145€-02

P4
0.00
0.00
0.00

100.00
0.00

0.00

04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E400
0.000E+00
0.000E+00
0.000E+00
0.000E400
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E400
0.000£+00
0.000E+00
0.000E+00
0.000E+00

0.000€+00

PS
0.00
0.00
0.00
0.00

100.00

0.00

05
0.241E-03
0.241€-03
0.241E-03
0.241E-03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

-0.933¢-04
-0.933€-04

-0.933€-04

P6
0.00
0.00
0.00
0.00
0.00

100.00

06
0.000E400
0.000E400
0.000€+00
0.000E+00
0.241€-03
0.241€-03
0.241€-03
0.241E-03
0.000E+00
0.000E+00
0.000E+00
0.000E+00

~0.933-04

-0.933€-04

-0.933€-04

-0.933€-04
0.000E+00
0.000E+00

0.000E+00

81



5 4
6 1
6 2
6 3
6 4
ILE HEAD REACTIONS
W) NO:  PILE NO:
1 1
1 2
1 3
1 4
2 1
2 2
2 3
2 4
3 1
3 2
3 3
3 4
§ 1
4 2
q 3
4 4
5 1
3 2
3 3
5 4
6 1
6 2
6 3
6 4

-0.933€-04
0.000E+00
0.000€+00
0.000E+00

0.000E4+00

56.899
-56.899
-56.899
56.899
-56.899
-56.899
56.899
56.899
-25.000
~25.000
-25.000
-25.000
21,992
21,992
-21.992
-21.9%
-21.992
21,992
21,992
-21.992
0.000
0.000
0.000

0.000

0.000E+00
0.1196-02
0.11%-02
-0.119€-02

0.113£-02

TY
0.000
0.000

- 0.000
0.000
-41,438
-41.438
-41.438
-41.438
0.000
0.000
0.000
0.000
6.353
6.353
6.353
6.353
0.000
0.000
0.000
0.000
6.251
-6.251
-6.251

6.251

0.145e-02
-0.119€-02
-0.119€-02
0.119€-02

0.119£-02

-41.438
-41,438
-41.438
-41.438
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

6.333
6.353
6.353
6.353
-6.251
-6.251
6.251

6.251

0.000E+00 .

-0.119€-02
-0.119€-02
-0.119e-02

-0.119€-02

MX
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-12.497
-12.497
-12.497

-12.497

-0.933¢-04

0.000E+00

0.000E+00

0.000E+00

0.000E+00

MY

-99.430

-99.430

=99.430

-99.430

0.000

0.000

0.000

0.000
0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

13.430

13.430

13.430

13.430

-16.174

-16.174

16.174

16.174

0.000E400
0.000€+00
0.000E+00
0.000E+00

0.000E+00

74
0.000
0.000
0.000
0.000

-99.430

-39.430

-99.430

-99,430
0.000
0.000
0.000
0.000

13.430
13.430
13.430
13.430
0.000
0.000
0.000
0.000
16.174
-16.174
-16.174

16.174
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FIGURE A-2 Example number two



JAMPLE NUMBER TWU(L=100UT/23)

H0aL LOADS

FILE HEAD DISPLACEMENTS

L0AD NO:
1

1

PILE NO:

1

Pl

100.00

0.00

0.00

0.00

0.00

0.00

)

0.234E-03

-0.234E-03
-0.234€-03
0.234€-03
0.000E+00
-0.234E-03
-0.234-03
0.234€-03
0.234€-03
0.000E400
-0.849€-04
-0.849€-04
-0.849€-04
-0.849€-04
-0.849€-04
0.906E-04
0.906E-04
-0.906€-04

-0.906E-04

P2
0.00
100.00
0.00
0.00

- 0.00

0.00

02
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

-0.744E-02
-0.744E-02
-0.744E-02
-0.744E-02
-0.744E-02
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.141E-02
0.141E-02
0.141E-02

0.141E-02

P3
0.00
0.00

100.00
0.00
0.00

0.00

03
0.744E-02
-0.744€-02
-0.7446-02
-0.744E-02
-0.744E-02
0.000E400
0.000E400
0.000E400
0.000E400
0.000E400
0.000E400
0.000E+00
0.000E400
0.000E400
0.000E400
0.000E400
0.000E400
6.000E400
0.0006400

P4
0.00
0.00
0.00

100.00
0.00

0.00

D4
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000€+00
0.000€+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000€+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00

PS
0.00
0.00
0.00
0.00

100.00

0.00

03
0.234E-03
0.234€-03
0.234€-03
0.234E-03
0.234E-03
0.000E4+00
0.000E+00
0.000£+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000€+00

0.00
0.00
0.00
0.00
0.00

100.00

06
0.000E+00
0.000E+00
0.000E400
0.000E+00
0.000E400
0.234€-03
0.2346-03
0.234€-03
0.234€-03
0.2346-03
0.000€400
0.000E+00
0.000E400
0.000E+00
0.000E+00

~0.906E-04

~0.906€-04
~0.906-04

-0.906E-04



PILE HEAD REACTIONS

L0AD NO:  PILE NO:

1

1

1

2

0.000E+00
-0.906E-04
0.906E-04
0.906E-04
-0.906E-04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000€+00

0.000E+00

)

35.238
-35.238
-33.238
53.238
0.000
-53.238
-55.238
93.238
95.238
0.000
-20.000
=20.000
-20.000
-20.000
-20.000
21,349
21.349

-21.349

0.141E-02

0.000E+00

0.000E+00

* 0.000E+00

0.000E+00
0.000E+00
0.106E-02
-0.106E-02
-0.106E-02
0.106E-02

0.000E+00

0.000
0.000
0.000
0.000
0.000
-35.958
-35.958
-35.958
-35.958
-33.958
0.000
0.000
0.000
0.000
0.000
6.168
6.168

6.168

0.000E+00
0.141E-02
0.141E-02
0.141E-02
0.141E-02
0.141E-02
-0.106€-02
-0.106€-02
0.106E-02
0.106E-02

0.000E+00

Tz
-35.958
-35.958
-35.958
-35.958
-35.958

0.000
0.000
0.000

0.000

0.000 -

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000€+00

0.000€E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00
-0.106€-02
-0.106€-02
-0.106E-02
-0.106E-02

-0.106E-02

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000E+00
-0.906E-04
-0.906E-04
-0.906E-04
-0.906E-04
-0.906E-04
0.000€+00
0.000E+00
0.000E400
0.000E+00

0.000E400

-85.479
-85.479
-85.479
-85.479
~ -85.479
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

-0.906E-04
0.000€+00
0.000€+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00

0.000
0.000
0.000
0.000
0.000
-85.479
-85.479
-85.479
-85.479
-85.479
0.000
0.000
0.000
0.000
0.000
13.038
13.038

13.038



0.000

-21.349

21,349

21,349

-21.349

0.000

0.000

0.000

0.000

0.000

0.000

6.168

0.000

0.000

0.000

0.000

0.000

5.557

'_51557

=3.557

5'557

0.000

0.000
6.168
6.168
6.168
6.168
6.168
-5.557
-5.557
5.557
5.557

0.000

0.000 .

0.000
0.000
0.000
0.000
0.000
-11.109
-11.109
-11.109
-11.109

-11.109

0.000
13.038
13.038
13.038
13.038
13.038

-14.378
-14,378
14,378
14.378

0.000

13.038

0.000

0.000

0.000

0.000

0.000

14,378

-14.378

-14.378

14,378

0.000
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XAMPLE NUMBER THREE(C=2000t/m3)

0pAL LOADS

0AD NO

1

ILE HEAD DISPLACEMENTS

0AD NO

1

PILE NO:

1

2

10

11

12

13

14

15

16

'ILE HEAD REACTIONS

-0AD NO:

1

1

PILE NO:

1

2

A

0.00

n

-0.331E-03

-0.331E-03

-0.331E-03

-0,331E-03

-0 . 628£-03

-0.628E-03

-0,628€-03
-0.628E-03
-0.925€-03

-0.925€-03

-0.925e-03

-0,925€-03
-0.1226-02
-0.122€-02
-0.122e-02

-0.122€-02

1)
=77.963
~77.963
=77.963

. =17:963

-147.957

0.00

D2

0.125e-02

0.125€-02

0.125€-02

0.125€-02

0.125€-02

0.125E-02

0.125€-02

0.125€-02

0.125€-02

0.125€-02

0.123E-02

0.125€-02

0.125€-02

0.125€-02

0.125€-02

0.125€-02

8.745

8.745

8.745

8.745
8.745

P3

2927.26

03
-0.114€-09
-0.114€-09
-0.114€-09
-0.114E-09
-0.114€-09
-0.114E-09
-0.114€-09
-0.114€-09
-0.114E-09
-0.114€-09
-0.114€E-09
-0.114€-09
-0.114E-09
-0.114E-09

-0.114€-09

-0.114E-09

0.000

0.000

0.000

0.000

0.000

P4

4258.74

04
-0.4426-19
-0.442€-19
-0.442£-13
-0.4426-19
-0.4426-19
-0.442€-19
-0.442t-19
-0.442£-19
-0.442E;19
-0.442€-19
-0.4426-19
-d.442E-19
-0.442£-19
-0.442€-19
-0.442¢-19

-0.442£-19

0.000
0.000
0.000
0.000
0.000

0.00

05
0.903¢-11
0.903¢€-11
0.903¢-11
0.903¢-11
0.903¢-11
0.903€-11
0.903€-11
0.903€-11
0.903€-11
0.903E-11
0.903¢-11
0.903€-11
0.903e-11
0.903€-11
0.903e-11

0.903¢-11

0.000
0.000
0.000
0.000
0.000

0.00

.06
-0.9%0E-04
-0.990E-04
-0.9%0E-04
-0.9906E-04
~0.990E-04
-0.3%06-04
-0.990E-04
-0.990E-04
-0.9%0E-04
-0.990E-04
-0.9%0€-04
-0.930E-04
-0.990E-04
-0.9%0-04
-0.990E-04

-0.9%0E-04

Mz
14.676
14.676
14.676
14.676

14.676



10

11

12

13

14

15

16

-147.957
-147.957
-147.957
-217.950
-217.950
-217.950
-217.950
-287.943
-287.943
-287.943

-287.943

8.745

8.745

8.745

8.745

8.745

8.745

8.745

8.745

8.745

8.745

8.745

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

14.676

14.676

14.676

14.676

14.676

14.676

14.676

14.676

14,676

14.676

14.676



450

g
e

450

150

450 450

150

Nad I

{ o II St
‘,‘;w"

90

150

450

450

300

1.501

450

1200

150

200

-
‘_'\
r:/

e LT

7////////////////////////////////,

FIGURE A-4 Example number four

— — - - — —
=T = ._:_:.'



F(HPLE NUMBER FOUR(C=3500t/m3)

NODAL LOADS

L0AD NO:

1

PILE HEAD DISPLACEMENTS

L0AD NO:
1

1

PILE NO:

1

2

10

11

12

PILE HEAD REACTIONS

L0AD NO:

1

PILE NO:

|

P1

0.00

D1

-0.295e-03

-0.2956-03

~0.295-03

-0.578E-03

0.578E-03

-0.719€-03
-0.719€-03
-0.860E-03
-0.860E-03
-0.114€-02
-0.114E-02

-0.114E-02

)
-100.112
-100.112
-100.112
-195.9%
-195.9%
-243.938
-243,938
~291.880

-291.880

P2

0.00

D2
h.llSE-ﬂZ
0.118£-02
0.118e-02
0.118€-02
0.118£-02
0.118£-02
0.118e-02

0.118E-02

0.118E-02 -

0.118£-02
0.118€-02

0.118e-02

Y
17.344
17.344
17.344
17.344
17.344
17.344
17.344
17.344

17.344

P3

2927.26

D3
0.000E+00
0.000£+00
0.000£+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

P4

4258.74

D4
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000€+00

0.000E+00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.00

05

0.000E+00
0.000E+00
0.000E400
0.000£+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E400
0.000€+00
0.000E+00

0.000€+00

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

0.00

‘06
-0.342£-04
-0.942€-04
-0.942E-04
-0.942£-04
-0.342E-04
-0.942¢-04
-0.942€-04
-0.942E-04
-0.942E-04
-0.942€-04
-0.942€-04

-0.942E-04

28.9%
28.9%
28.9%
28.9%
28.9%
28.9%
28.9%
28.9%

28.9%

< L



10
11

12

-387.765
-387.765

-387.765

17.344
17.344

17.344

0.000
0.000

0.000

0.000
0.000

0.000

0.000

0.000

0.000

92

28.9%

28.9%

28.9%6
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XAMPLE NUMBER FIVE(C=1000t/m3)

NODAL LOADS

L0AD NO:

1

PILE HEAD DISPLACEMENTS

L0AD NO:
1

1

PILE NO:

1

2

10

11

12

13

14

13

16

17

18

19

21

22

23

24

P1

0.00

01

-0.231E-03

-0.231€-03
-0.231E-03

-0.231E-03

-0.231E-03 -

-0.375€-03
-0.375€-03
-0.375€-03
-0.375€-03
~0.375€-03
-0.518€-03
-0.518€-03
-0.518€-03
~0.518€-03
-0.661€-03
~0.661E-03
~0.661E-03
-0.661€-03
~0.661€-03
~0.804€-03
~0.804€-03
-0.804€-03
-0,804€-03

-0.804E-03

P2

0.00

D2

- 0.8896-03

0.889E-03

0.889E-03

0.889E-03

0.889E-03

0.889E-03

0.889E-03

0.883E-03

0.889E-03

0.889E-03

0.889E-03

0.889E-03

0.889€-03

0.889E-03

0.889E-03

0.889E-03

0.889E-03

0.889E-03

0.889E-03

0.889E-03

0.889£-03

0.889E-03

0.889€-03

0.889E-03

P3

2927.26

03
0.194E-11
0.194E-11
0.194e-11
0.194E-11
0.194E-11
0.335E-11
0.335€-11
0.335E-11
0.335E-11
0.333E-11
0.476E-11
0.476E-11
0.476E-11
0.476E-11
0.617E-11
0.617E711
0.617E;11
0.617€-11
0.617E-11
0.75%-11
0.75%-11
0.759-11
0.759%-11

0.75%-11

P4

4258.74

04
-0.564E-12
-0.564E-12
-0.564E-12
-0.564E-12
~0.564E-12
-0.564€-12
-0.564E-12
-0.564E-12
-0.564E-12
-0.564E-12
-0.564E-12
-0.564E-12
-0.564€-12
-0.564E-12
-0, 564€-12
-0.564E-12
-0.564E-12
-0.564E-12
-0.564E-12
-0.564E-12
-0.564€-12
-0.564E-12
-0.564E-12
-0.564E-12

0.00

05
-0.307e-12
-0.307e-12
-0.307e-12
-0.307€-12
-0.307e-12
-0.307e-12
-0.307e-12
-0.307e-12
-0.307E-12
-0.307€-12
-0.307e-12
-0.307e-12
-0.307€-12
-0.307e-12
-0.307E-12

-0.307€-12

-0.307€-12

-0.307€-12
-0.307E-12
-0.307€-12
-0.307e-12
-0.307e-12
-0.307e-12

-0.307e-12

0.00

. 06
-0.5726-04
-0.5726-04
-0.5726-04
-0.5726-04
-0.5726-04
-0.5726-04
-0.5726-04
-0.5726-04
-0.5726-04
-0.5726-04
-0.572€-04
-0.5726-04
-0.5726-04
-0.5726-04
-0.5726-04
0.5726-04
-0.5726-04
-0.5726-04
-0.572€-04
-0.572E-04
-0.5726-04
-0.5726-04
-0.5726-04
-0.5726-04



E HEAD REACTIONS

3D NO:  PILE NO: D4 Y Tz MX MY Mz
1 1 -54.538 3.8% 0.000 0.000 0.000 8.236
1 2 -34.538 3.8% 0.000 0.000 0.000 8.236
1 3 -54.338 3.8% 0.000 0.000 0.000 8.236
1 4 -54.538 3.8% 0.000 0.000 0.000 8.236
1 5 -54.538 - 3.8% 0.000 0.000 0.000 8.236
1 6 -88.253 3.8% 0.000 0.000 0.000 8.236
1 7 -88.253 3.8% 0.000 0.000 0.000 8.236
1 8 -88,253 3.8% 0.000 0.000 0.000 8.236
1 9 -88.253 3.8% 0.000 0.000 0.000 8.236
1 10 -88.253 3.89 0.000 0.000 0.000 8.236
1 11 -121.969 3.8% 0.000 0.000 0.000 8.236
1 12 -121.969 3.89 0.000 0.000 0.000 8.236
1 13 121,969 3.8% 0.000 0.000 0.000 8.236
1 14 -121.969 3.89% 0.000 0.000 0.000 8.236
{ 15 -155.685 3.8% 0.000 0.000 0.000 8.236
1 16 -155.685 3.8% 0..000 7 0.000 0.000 8.236
1 17 -155.685 3.8% 0.000 0.000 0.000 8.236
1 18 -155.685 3.8% 0.000 L 0.000 0.000 8.236
1 139 -135.685 3.8% 0.000 ; 0.000 0.000 8.236
1 20 -189.461 3.8% 0.000 s : 0.000 0.000 . 8.236
} 21 -189.401 3.8% 0.000 S 0.000 0.000 8.236
1 22 -189.401 3.8% 0.000 : 0.000 0.000 8.236
1 23 -189.401 3.89 0.000 0.000 0.000 8.236

1 W -189.401 3.8% 0.000 0.000 0.000 8.236
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EXAMPLE NUMBER SIX(C=1000t/m3)

NODAL LOADS

LCAD NO:

1

PILE HEAD DISPLACEMENTS

L0AD NO:
1

1

PILE NO:

1

2

10

1

12

13

14

15

16

17

18

PILE HEAD REACTIONS

L0AD NO:

PILE NO:

P1

0.00

D1

0.209-03

-0.209€-03°

-0.209e-03

-0.209e-03

-0.338E-03

-0.338E-03

-0.389E-03
-0.389E-03
-0.479E-03
-0.479E-03
-0.563E-03
-0.563€-03
-0.620E-03
-0.620€-03
-0.750E-03
-0.750€-03
-0.750E-03

-0.750E-03

-70.827
=70.827

-70.827

P2

0.00

D2

:0.103E-02

0.103E-02

0.103€-02

0.103€-02

0.103e-02

0.103e-02

0.103£-02

0.103E-02

0.103E-02

0.103E-02

0.103£-02

0.103€-02

0.103e-02

0.103E-02

0.103e-02

0.103€-02

0.103e-02

0.103e-02

6.841

6.841

6.841

P3

2927.26

03

0.643E-11
0.643E-11
0.6436-11
0.6436-11
0.6706-11
0.670E-11
0.680E-11
0.680E-11
0.698E-11
0.698E-11
0.7176-11
0.7176-11
0.727E-11
0.727E-11
0.753-11
0.7536-11
0.753%11

0.753€-11

0.000
0.000

" 0.000

P4

4258.74

D4
-0.114€-12
-0.114€-12
-0.114€-12
-0.114€-12
-0.114E-12
-0.114€E-12
-0.114€-12
-0.114€-12
-0.114€-12
-0.114€-12
-0.114€-12
-0.114€-12
-0.114E-12
-0.114e-12
-0.114€-12
-0.114€-12
-0.114€-12

-0.114€-12

0.000
0.000

0.000

0.00

D5
-0.382E-12
-0.382¢-12
-0.382£-12
-0.382€-12
-0.382¢-12
-0.382¢-12
-0.382£-12
-0.382E-12
-0.382€-12
-0.382£-12
-0.382¢-12
-0,382£-12
-0.3622-12
-0.382¢-12
-0.382-12
-0.382€-12
-0.382¢-12

-0.382¢-12

0.000
0.000

0.000

97

0.00

.06
-0.564E-04
-0.564E-04
-0.564E-04
-0.564E-04
-0.564E-04
-0.564E-04
-0.564E-04
-0.564€-04

-0.564E-04

-0.3564€-04

-0.564E-04
-0.564E-04
-0.564E-04
-0.564€-04
-0.564E-04
-0.564E-04
~0.564€-04

-0.564E-04

17.537
17.537
17.537



10

1

12

13

14

15

16

17

18

=70.827

-114.814

-114.814

-132.026

-132.026

-162.626

-162.626

-193.225

-193.225

-210.437

-210.437

-254.424

-234.424

-254.424

-254.424

6.841

6.841

6.841

6.841

6.841

6.841

6.841

6.841

6.841

6.841

6.841

6.841

6.841

6.841

6.841

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

17.537
17.537
17.537
17.537
17.537
17.537
17.537
17,537
17.337
17.537
17.537
17.537
17.537
17.537

17.537

98
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XAMPLE NUMBER SEVEN(C=1000t/m3)

0DAL LOADS

ILE HEAD DISPLACEMENTS

0D NO

1

¢+  PILE NO:

1

P1
100.00
0.00
0.00
0.00
0.06.

0.00

D1

0.326E-03

-0.341E-03
-0.338E-03
0.321E-03
-0.157€-03
-0.164E-03
-0.163E-03
-0.137E-03
0.198E-03
0.141£-03
-0.121E-03
-0.702E-04
0.744E-04
0.497e-04
-0.407E-04
-0.209€-04
0.370E-04

0.166E-04

-0.279-05

P2
0.00
100.00
0.00
0.00

- 0.00

0.00

D2
0.431E-03
0.429€-03

-0.135€-03
-0.134E-03
-0.404E-04
-0.397E-04
-0.540€-04
-0.546E-04
0.281E-01
0.284E-01
0.318€-01
0.315€-01
0.982€-02
0.966E-02
0.112€-01
0.113e-01
0.563€-02
0.148€-02

0.295€-02

P3

0.00

100.00

0.00

0.00

0.00

03

-0.452E-02

-0.451E-02

-0.447E-02

-0.447£-02

-0.467E-04

~0.467E-04

-0.416E-04

-0.414€-04

0.182£-02

0.182£-02

-0.2126-02,

-0.212€-02

0.631E-03

0.616E-03

-0.744E-03

-0.7626-03

0.376E-03

0.970E-04

-0.196€-03

P4
0.00
0.00
0.00

100.00
0.00

0.00

D4
-0.114€-06
-0.243E-03
-0.271E-05
-0.39cE-06

0.314€-06
0.777€-06
0.782£-06
0.319€-06
0.13%€-03
-0.881E-04
~0.884E-04
0.139€-03
-0.730E-04
-0.173€-03

-0.173€-03

- -0.731E-04

-0.205€-02

-0.215€-02

-0.215€-02

0.00
0.00
0.00
0.00
100.00

0.00

D5
0.329€-04
0.332£-04
0.309€-04
0.306E-04

-0.786E-06
-0.791E-06
-0.328¢-06
-0.323¢t-06
0.138£-03
0.13%€-03
-0.889E-04
-0.892E-04
0.59%€-04
0.600€-04
-0.336E-04
-0.396E-04
0.497e-04
0.498E-04

-0.481E-04

100

0.00
0.00
0.00
0.00
0.00

100.00

06
-0.1526-04
-0.152€-04
-0.194E-04
-0.134E-04

0.340E-05

0.340E-05

0.3476-05

0.3476-05
-0.171E-02
-0.171E-02
-0.171€-02
-0.171E-02
-0.7386-03
-0.738€-03
-0.73%-03
-0.73%-03
-0.593-03
-0.5936-03

-0.593€-03



PILE HEAD REACTIONS

LoAD NO:
1

1

PILE NO:
1

2

-0.198E-04

0.140£-03

-0.128£-03
-0.117e-03

0.120E-03

51,000
-53.390
-52.923
50.129
-24.620
-25.581
-25.528
-24.543
20.970
22.038
-18.954
-10.984
11.639
7.7
-6.368
-3.264
5,780
2.604
-0.437
-3.09
21.844
-19.948

-18.307

0.709€-02
0.484€-03
0.478E-03
0.577€-03

0.582£-03

Y
1,947
1.938

-0.904
-0.897
-0.159
-0.155
-0.225
-0.228
118.199
119.687
136.528
134.891
39.592
38.809
46.183
46.901
20.657
0.131
7.398
27.860
1.736
1.706

2.012

-0.474E-03
-0.281E-03
-0.267E-03
-0.110€-03

-0.125€-03

Tz
-21.936
-21.912
-21.719
-21.744

-0.240
-0.240
-0.210
-0.209
10.664
10.700
-11.563
-11.566
3.848

3.775

-4.159

-4.248

2.461

1.083

-1.550

-2.929

0.023

0.107

0.783

-0.205E-02
-0.454E-06
-0.872£-05
-0.972€-05

-0.1435E-05

X
-0.001
-0.017
-0.013
-0.003

0.002
0.005
0.005
0.002
0.973
-0.615
-0.617
0.971
-0.510
-1.205
-1.206
I 03
-14,323
-15.006
-15.006
-14,323
-0.003
-O.dél

-0.068

-0.481E-04
0.116E-03
0.117€-03
0.109€-03

0.108E-03

MY
-52.840
-32.773
-52.370
-32.441

-0.614
-0.614
-0.525
- =0.322
30.365
30.460
-31.076
=31.088
11.261
11.085
-11.408
-11.627
7.548
4.167
-3.261
-8.646
3.386
3.821

5.23

-0.593e-03
-0.541E-04
-0.541E-04
-0.692€-04

-0.692e-04

Mz
4.318
4.29%8
-2.807
-2.7%
-0.286
-0.278
-0.447
-0.454
238.413
242,065
263,300
279.282
74.818
72.895
3.1
92.714
2.720
-17.659
0.173
50.395
2.621
2.548

2.843

1UL
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