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ABSTRACT .

- An Elementary Integral Equation Method Applied
To Boundary Value Problems in Geomechanics

Moﬁammad Osama Al-Hunaidi .

- ' y

Contact stresses in soil-structure intefaction probl-
{

ems are important in two respetts, first: evaluating the‘

. - >
deflection, flexural moments and shearing forces in the
structural unit, and secondly, establishing the stress and

displacement fields in the supporting soil medium.

In this thesis, a numerical method of solution is

.

'presentéd for the prediction of contact stresses, as well-as,

the displacement of simple rigid structural units embedded in

elastic, isotropic and semi-infinite soil medium.

v
o

The analysis is based on a displacement integral

~

equation. The integral equation descnibes'the displacement
field in the half-space (due to a traction function at some
I

boundary within the. half-space) using Melan'é.fundamental

solution and the principle of superposition.

y The technique is applied to circular pipes\Yembedded

horizontally), and to sirip footings of various cxoss-sect~

ional configurations.

=
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CHAPTER 1 .

., INTRODUCTION

' This' study applies an tlementary integral technique
»

to obtain the solution of a certain class of boundary value

. problems in soil mephanics.‘ This .technique is applicable

s )
©

when: ' , N : . -

N N . .
(i)y The boundaries of #we region are small compared

N L to the solution region. Boundaries in this

S sense include “internal boundaries such as holes,
4 i
\ ~ * .
joint planes,-or locations where material
. R /
propertieg might change. , ‘ »

(ii) A fundamanetal- solution exists and,

. (iii) The principle of. superposition can be applied. -
.o The one fundamental-solution used for problems’ treated
in this study is attributed to Melan (1932). It describes - .

. . ° e s ¢ N \
the state of stress (and hence deform&tion) for a line load
b : . '

extending from, -» to +» and acting at a certain level within

/ o

the elastic'half—spacg. Since the half space is assufed
“Flastic, those classes of'problems iq geoteéhﬁical analysis
to thch Melan's fundamental soluéaon ;an be applied must be
reéogniéed. In addition,. the appropéiagé bqunda;y cohditiong

must be corfectly stated..

Ll . N

.. In view of the abové brief ;emarks, this introductory

- -

chapter is written in four settions.

' " . & .
- In section one, the fundamental definitions.and

v
-

» ) " 'y 03 > -
relationships in elasticity are reviewed.
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- In section two, the nature of Melan's fundamental

solution is explaxned.

.

v 8] -
- In section three, a brief account of deformatiomn

'properties‘of ideal éoii>systems (cohesionless as
. , . ,

o well as cohesive) is éiven to justifsy the use of

Ll 0

the fundamental solution.
~ - In section four, the nature of the problems treated

is discussed together with, their appropriate

boundary. conditions under the heading "Soil-

. - . Structure fnteraction". X

1.1 Fundamental Definitions and Rélationshipé

’ . .
s .

Review of Stress -

a

Fig.(l-l)shogs an element of a larde continuous body.
The forces are transmitted across each of¢¢hé six faces, and

-v . '
they can_be described in terms of the stress tensor

’ 1
EY

o o o -
XX Xy Xz .
. o lo,.1 = oyx.\ oyy 0yz (1.1)
) a _ :
I2x @ %zy ‘ O22 \

1

a

Each component of the stress represents a force'acting in a
" specific éoordinate direction on a unit area oriented in a
p;r£icula£‘way. Thus cyx‘is the force actingqin the positive
3rdirection.on a ﬁnit aréa whose outward normal is the nega-
tive y-direction. That is, in.accordance with gebtechnicaI‘
;ponvention, compression components are positive and thg

o

tehsile compdnenqg'are negative. This sign convention is at

\
® hs
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variance with the one used in continuum me hanics.'

Fig. (1.2) sh&ws two coordinate systems x, y; z and

x', y', 2'. The direction cosines are the cosines of the
angles befween pairs of coordinate directions. These are

denoted by the coordinate labels enclosed in parenthesis,
b

thus (y,x*) is the cosine of the angle between direction'y

and x'. . ,
. " L ) Il

A point wi;h coordinates (x,y,z) in one system will

have coordinates (x',y'z') in the other system, -defined by

by , ‘ . : .
( F ‘ r . - (
x! (x,x*')"  (y,x") {z,x") X
X-Y'?ﬂ = (x,y") (y.y") (x,y"| <y (1.2)
‘ 2 (x,2') (y,2") (z,z')J z B
/) L \ /

The 3%3 matrix is called the rotation matrix [T]. Any
. "

o

vector {v} written.in the k,y,g system can ‘be transformed

~

into {v*} in the x', y', z' system by

{v*} = [T] {v} N\ " (1.3)

The stress [o] in' the x,y,2z systeﬁ can be transformed into

v
.

[o*] in the x', y', z' system by ' -

— T v *
{o*] = [T] [o] [T] . ) (1.4)
o ) s * . N . N ' !
From the theory of matrices, one can find a set of rotations
¢ . .
of coordinates 'in Eq. (1.4) which will give a stress [o*)

that has_ only diagonal or normal terms ' . .

i
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X ‘ °x 0 0 . }
o*] = 0 o 0 (1.5)
| [ )| v . )
0 0 g

The diagogal terms are called the principal stresses. They'

‘ ' . are the solutions of the equation . .
» - . .
3 ‘2 _\ '
¢° - Lo" +I,0=1I3=0 (1.6)

where, . .

. = 5 .
. Il Oxx+oyyf°zz ) ,
- ' 2 @ 2 2
: = + -
(f I2 0xxoyy+°yyozz 0zzoxx oxy Yz XZ -
/ \ I.=0 ¢ 0 =0_.0 2—0 o 2-0 g 2+20 g 0O
3 TxX yy 2z XX ¥z °yy zX 2z Xy Xy vz 2x .

These are called the first, second and third invariants of

!

the stress tensor, respectively. Since the principal stress-

es are physical quantities independent of the choice of
coordinate axes, the invariants must also be independent of
the choice of axes, hence the name invariant.

- Review of Strain

The deformation of a body is described byﬂthe strain.
If the displacements are u, v, w in the x, y, 2z directions,

respectively, the components of strain will be

e oo du L __dv o _dw
xx dx vy ° dy - “zz dz
' du , dv
$ . Txy (a§ il U . —




_ du dw
Yxz =" @@t & : N -
- - (dv , aw '
. sz = dz + dy (1-7)

-
A positive normal strain corresponds to a decrease in
length and a positive shear strain represents an increase in
the right angfe between the axes' positive directions. The

- :
same equations can be exéressed more compactly by using a ¢
subscript notation in which Uy, Uy, ug are'the'ﬁisplacements

in the Xps X0 Xg directidns respectively. The strain is

then shown as, .

. 1 dui Cdu, ' :
€, . = = 5 (== 4+ ==1), yYyz.=2 . (1.8)
ij 2 dxj dxi ij .13

It is noted that there are two definitions of shearing strain,
\ ' R
the y's and the €'s. The former are called the "engineering

strains". They are useful for exprimental work. The latter

are called the "tensorial shear strains", and thLey,are more
Y

useful for theoretical derivations in which it is

to keep components clearly distinguished (Timoshe

e
Goodier, 1970).

{ ' .

i
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Fig. 1.3: Tensorial and Engineering Shear Strains

»

As for the stress tensor, the strain tensor can be expressed

in the following‘form,

. rE € [
. : XX Xy Xz »
e, € €.~
[Eij ]" yx YY B Yz
.=~ € €. €
. . zZX zy zz .
- ! i . .

As'any other tensor, the strain tensor follows all rules

of transformation. It has invariants and principal values.
&

-~

Hooke's Law ,

A material is said_to“be perfectly elastic if it
resumes'its initial form completely after removal of all
external forces. If the relations between the components
of stress and the components of strain are linear, the
material is said to be linear elastic. Linear relations
bet&éen the components of strgss and the components of

\ .
strain are known generally as Hooke's Law. The unit elonga-

"

. . tion of an element submitfted to the action of normal stress

4
v
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. ’
O uniformly distributed over two oppossite sides is given

L 4

as,
e = =X . (1.9)

13

in which E is the modulus of elasticity in tension or comp-

i
ression depending whether Oy is tension or compression. This
deformation in the direction x is, of course, accompanied by

lateral strain components in the y and z directions given by

4

ag o]

= -y == = -y =X
Ey Vg €, 5 . (1.10)

e

in which v is a constant called Poisson's ratio. Using the
principle of superposition, axial strains in terms of axial

stresses are given as, /

_ 1
e T E wx v(oy-*oz)] —
g, = l-[0 ~vlo_ "+ 0] - (1.11)
y E y b4 z ) . *
) £, = é-[az - v(ox +'°y)]

It should be noted at this stage that the principle of super-
position is ligitimate so long as the deformation are small
and the correspgnding small displacéments do not'substaﬂtia—
lly affect the action of external forces. In such cases
small changes in the dimensions of deformed bodies are
neglected and also small displacements of external forces.
Calculations are based on initial dimensions and shape of

the body. The resultant displacement will then be obtained

ot
by superposition in the form of linear functions of external

forces.



v‘” ’

The shearing strains ‘in terms of shearing stresses are

given by,
Yxy = é ny .
Yyz = % Oz . | (1.12)
"sz = é'gzi ! . , )

in.which G is the shear modulus and it is equal to 57%13)'

-

Plane strain

If a long body is loaded by forces which are
}
perpendicular to the 'longitudinal elements and do not vary

along the length, it may be assumed that all cross sections
. :

There are many important préblems of this kind, for

are in the same condition.

instance, a long cylinder such as a tunnel or burried pipe;

a laterllay loaded retaining wall; a stip footing on a soil

1
L]

mass, etc..

Since cénditions are identical at all cross sections,
it is sufficient to consider only‘a slice between two
sections ﬁhit distance appart. The components u and v of
the displacement afe functions of x and y. They are
independent qﬁ the longitudinal coordinate z. If we.further
assume w, thé displagement component in the z direction,
remains zero at every cross section, thus the strain compo-=
nent F;z' Yzy’ Yox will vanish and the remaining non-zero

strain components will be

-®

)

\

.
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\ - 10 -
.- Gu o dv fo o Qv o, du
® xx dx\' Eyy . dy and ny (dx * dy)

-

. . S . .
~The longitudinal normal stress 0,, can be found in terms of

"

o énd o by means of Hooke's law
XX t Yy

0., =V (oxx + Oyy) A (1.13)

As a result, the constitutive.law for elastic isotropic

} .
material in plane stra'in becomes,

(o [ ) \
XX . 1-v v 0 Exx
E
g =
{ Yy » (l+v)(l-2y) ¢l 1-v 0 {eyy >
Y ’ . 1-2v
Xy i 0 0 7 ny
\ / ) \
' : (1.14)

[ %
‘Differential equations of equilibrium

a) Cartesian coordinates

By considering the equilibrium of the element shown }S&

Fig. (1.1)in the x and y directions (plane strain condition)},

the following two equatioﬁs of equilibrium may be derived

90 30 -
XX axy - % =0
X Y
(1.15)
o] 90 _ ) "
__).(X+_XX—Y=0
ax By ”

where X and ¥ are the body forces, per unit volume, in the

x and y directions.

“\
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b) Polar coprdinates

By considering the equilibrium of the element shown in
Fig. (1.4) in the radial and tangential directions, two

equations of equilibrium are obtained,

//aorr L1 90,4 + %% _ R =0 :
or  r a6 . r = /
e . y /
00 30 g

ro l 66

xrf a

where R and § are the body forces, per unit volume.

» X
\\ ®
\\
\\
~ L
» ~
~
~
\\y
[of
xr6
g
rﬁ)\
o
g ‘rr
06
1
L

4
Fig. l.4: Sign Convention for Stress in Polar

coordinates
-4

Boundary conditions

The previous equations of equilibrium must be satisfied
at all points throughout the volume of the body. 1In addition,
the stress components must be in equilibrium with: the exter-

354

nal forces at the boundary of the body.

—
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The conditione of equilibrium at the boundary can be

N

N
obtained from Fig. (1l.5) where side BC coincides with the

boundary of the body, afd denoting X and y the components

’

P of the surface forces per unit area at this point of the
e : \
fli/ boundary, thus . N
) ' ~
oy
X = - (0y, €OS Nx +.g  COS Ny) .
, (1.17)
~ “Y¥ = - (0, COS Ny + o__ COS Nx
(Oyy COS WY + 0y C :
» X
vy
] " Ox
. Pr- >
YY N -
Nx X ¥
, o
4 Xy Ny
y N
rF4 ~
Y : ~
v .

. Fig. 1.5: Free body diagrm of infinitesgtimal
' element at the boundary

Compatibility equation

The strain~displacement relationships for plane strain

condition are given as,

& __d& . __ dv_ du
€x T & v T T & Yxy (& * dy

Since€ three strain components are derived from only two

displacements, the strains are not independent of each other.

/

One further relationship can be derived (referred to as the
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compatibility equation) which connects-the components of

strain, as follows,
1N

2 2 2 A
] 37 e 7Y o
X 4 Y - Xy . (1.17)

ay - 3x2 oxdy

This differential equation must be satisfied by the strain
components to secure the existance,h of functions u and v
ponneczed Qith fhe s£Fain components by the above equations.

By using Hooke's Law, the condition of compatibility
can be transformed into a relation between the stress

components. In the case of plane strain we have,

_1 2 _
€& = F [(1=v )0x v(1+v)0y]

X
e =2 [(1-v¥) o - v(l+v)o_ ] (1.18)
y E y X '
_1 _ 2(1+v)' ’
Yxy =G %y ~ E Oxy
Substituting in Edg. (1.17) yields, ‘i’

32 2 . 82 2 &
—_—l (1= y - 1 4 ———[ (1= - 1+
8y2[( v )cx v ( +v)oy1 ax2[( v )oy v ( v)cx]

820

—d ' (1.19)

: = 2(1+V) X3y

T
Using the equations of efuilibrium (with zero -body forces)

and differehtiating the first equation with rescpect to x,

the second with respect to y and adding them yields,

320 320 320
2 —XX = - "-——J}’ (1.20)
IxXoy ax2 3y
. 3%g '

Sﬁbstituting 3;331 of Eq. (1.20) in Egq. (1.19), the compati-
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Stress function

9
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bility equation in terms of s¢ress components  for plane

strain condition becomes;, Y . : ‘ A .
32 —() 82 s .
(— + =) (o + 0) =0, ‘ (1.21)
ax?  ay? X Y

The state of stress in a two dimensional problem camr now be
determined by solving the differential equations of equilib-
rium together with the compatibility equation and the boundary

conditions.

w

It has been shown that solutions of two-dimensional
\ ' . ‘
problems are reduced to the solution of the following

equations when the-weight of the body is the only body force,

[N

+ - 0g =0 |
dx o j \__.—\J/
(224 22 ) =0 :(1 22)
- + ) 0 + O' = L3
axz ay? R y .

together with the boundary conditions.
The usual method of solving these ééuations is by
introducing a new function, called the stress function.

Choosing any function ¢ of x and y, the equations of

equilibrjum will be satisfied by using the following expre-

~
ssions for the stress components,
2%y % _ 2 -
oy = ;;% tpay oy =R ateay o = - o (123)

“
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v D : o .
- -
¢ ¢ . T .

substiti%iﬁg these expressions‘in.the compatibility equations

yields, . . ) ' .
4 4 4 ‘

0 9_¢ 2 3¢ . , 93¢ _ 0

" (1.24)
'3x4 4 8x28y2 3y4 ’

U A}

Thus, the solution of a two dimensional problem (when weight 6
. ) qQ o ° @ : ‘ .
of the body is the only body force) is reduced to finding a .
solution of Eq: (1.24) that satisfies the boundary conditions -
: - \ N . ' '

}

of the problem.

1.2 Melan's Fundamental Solution " %

Most solutions for stress distributions -in tle elastic

half-space"ﬁay be apﬁkoached using the Boussineq and Kelvin
¢

solutions together with.the principlé of éupe;pgsition. The - j

Boussinesq solution describes éhe stress distribution in ‘ '
4 fe

the elastic half-space due to a pointeload‘acting'at its

'surface. The Kglvin solution, on the other hand, describes

the stress distribution in_thg'ihfiﬁite space due to a point -

load acting within it, Ve ' . .

. . S
For instance, the stress distribution due to a line,.

load within the elastic half~spacév(Melan's Problem) can
be derivgd by using the stress. distribution produced py a
line load within ‘the infinite spageﬂ(integrated Kelvin
éroblem). The resulting stresses at the level of the
“stféighﬁ edge of the infinite half-space can be annulied ,
By spperposing an equal and oppogite syste@ of|forces'at N

the boundary of the semi-infinite space. The stresses

o 9
o . Y. s Y
produced by this corrective system can be determined using . .
B » [}

-
4 . . +
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<

the"Integrated Boussinesq Solution", i.e., line load oh the

surface of semi-infinite sbace. The stresses produced by

the corrective. system are superposed on the initial stress

.distributioﬁ. .

1
Y

. The &tress field due° to 4 line loading acting within

gemi-infinite mass is known as Melan's Problem and its

-

soiution“is as follows (Peulos and Davis, 1974))

[y

i) &erticai Line Loading. The vertical and horizonta%~
- stresses produced by a .vertical line loading (P/unit
léngth) acting within the semi;ipfinite mass as
shown in Fig. (1.6) are given by Egs. (1.25) and
(1.26) on Page (18).

¥

Crp=Ixt-a) ey 212

Surface

'r2=fx'+dr2+y'2]l/2

o

. . 8/ urgt

-,
F)

. ,
b .
, s
’ Fig. ]l.6: Line load within thd half-space

'Using a new system of axes (x,y), as shown in Fig. (1.7)

such that . ‘ . ' .

: -
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13

x' = x

»
\y' =y’- € ,
r = y-coordinate of line load i -

Egs. (1.25) and (1.26) are rewritten to yield Egs. (1.27)
. )

and (1.28) on .page (18).
L Yy

1~y'
o

yx'!

¥ . - "'P n

/////;;;?Ai.7: General axes system for ’line load

within half-space

(ii)'Horiéohtal line loading. The vertical and

horizontal ;fressaslproduced by a horizontal line
had (g/unit length) witﬂin a semi-mass are given by
Egs. (1.29) and (1.30) on$page (19). Using the |
system of axes (&,y) of Fig. (1.7) equationsl(l.29)
and (1.30) are rewritten to yield Egs. (1.31)‘and

(1.32) -on page (19) .
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s < B|mar [xr-a)? | xeq) txtva)®e2d w11 | B Mx (dex)y?
x 7 2m r4 r4' r6
1 2 2
_ .
+ M=l (x'-d) + (3x'+d) _.4x'y
im p) 2 4 (1.25)
| L2 T2
| .
- \ -
1 .
o < B|maal x-@y? | (x'+a) (y %+28®)-2ay'? | sax' (d+x')y'?
y T |2m 4 . 4 r 6
i T . T2 2
— . ' m-1] (x'-d) , x'+3d , 4x'y'? . '
+ 1 7+ 7 + 1 _ (1.26)
, .- ) o) 2 )

} ) ¢ = P mtl (x—d)3 + (x+d)[(x+d)2+2dx]
i XTI xed) 2 (v 212 L) 24 () 212
‘ 8dx(d+x)y-g)2 m-1 (x=d)
’ - 2 73| " Im 2 3
[(x+d) "+ (y-£)°] [(x-d) “+(y-8)“]
. _ (3x+a) . axty-n)? (1.27)
[x+d) “+ (y=0 %1 [Gord) 24 (y-0) %) 2
_ P lml (x—.cl)(yft:)2 (x+d)2[(y—g)2+2d2]-26(y-§)2
% T 7| m 2 7.2 * 3 72
Y [ (x-d) “+ (y-£)“] [ (x+d) “+(y-£) ‘]
- , 8ax(ar0) (y-0)2 | m-1 | _ (x-d)
Coeera) S -0 C A L e 2 -0 )
(x+3d) ax (y-r) 2 (1.28)
+ 2 7t 2 72 .
[(x+d) "+ (y=-£) "] - [(x+d) "+ (y=-£)"]
where,
: l-v
==

. s
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_ gy | ml (x'-d) 2 a%-x “+6ax' , Bax'y'2
"7 | Zm I 6
I rl , I'z r2
- 4% ' .
P e - (1.29)
rlv r2 r2
_gy (w2, v 248dx" +6a° . Bdx "' (A+x') 2
- 2m ) i 4. 6
w rl I‘2 r2 )
- ! ]
N 1‘;\ml 12 . 3 _ 4x'(a+x") (1.30)
r r ! r i
1 2 2
i o
2 ‘ 2 2
_ qly=¢) |m+l (x-d) _ _d7-x"+6dx
T 2m ‘

[(x-2) 24+ (y=£) %1% [(x+a) %+ (y-£) 1%

+ 8dx(y;g)2 _m-1 1 “ .f
[(x+51)2+(y-g)2]3 im [(X-d)2+(y—€)2] “

|
. 0
v I
\
i

1 1
- - (1.31)
2 2 2 2,2
[(x+d) “H(y=€) %] [(x#d) 4 (y-£) %] :
' \ . : __/
7
2 2 2 |
= Gly-g) | m+l (roe) ™ 4 (y=g) +8dxibd
o |2 | tx-a) e y-0) 212 Lx-@) e (y-0) 4)
. -~ 4
-
+ 8dx (d+x) 2 + m-1 [ 1 . . :
L) 2ey-) 27| AP l}(x-d>2+(y~g)21 |
S ’
3 4x (d+x)
+ - (1.32)
Tlxkd) S+ (y-) %1 [(x+@) “4(y-£) “1°
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1.3 Ideal Soil System
[N — ,
The mathematical response of inaturally occurring sollds

can be influenced by a v;riety‘of factors. These include: :
+ (1) The shape, size and mechanical properties of the
individual particles.
(ii) The éonfiguration of the so0il structure.
(iii) The intergranular stresses and stress history, anq

(iv) The presence ¢f soil moisture and the soil
permeabiliti]/

These factors generally contribute to stress-strain
phenomena which display markedly 'non-linear, irreversible
and fime-dependent characteristics, and to soil masses which
exhibit anisotropic and non-homogeneous material properties.
Thus, any attempt to solve a soil-structure interaction
problem, tafzng into account all such material préperties,

ig clearly a difficult task.

In order to obtain meaningful and reliable informa£ion
.for practical problems of soil-structure interaction it is
necessary t6 idealize the behaviour of soil by taking into
account specific aspects of its behaviour. The simplest
tyﬁe of idealized soil fesponse assumes linear elastic
beh;viour of the soil medium. It is recognized that the
assumptions of linearity and reversibility of'deformationé
implicit in linear elastic behaviour are, of course, not
always rigorously satisfied in haturally occurring §oil

)

masses,
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Linear elastic behaviour, on the other hand, considerably
reduces the analytical rigour needed in the solution of a
particular boundary value problem and provides useful infor-
mation for solving many practical problems of soil mechanics

which would otherwise be intractable,

Another idealization comes from assuming continuum
behaviour of the soil. The soil medium is thus represented
by a homogeneous isotropic linearly elastic half space

characterized -by the elastic constants E and v.

Despite the above idealization of soil behaviour, tﬂe
proposed isotropic linear elastic behaviour can be very
representative for work-hardened soils suéh as preloaded
sands and overconsolidated clays. The linear elastic behav-
iour can bé assumed until the previously established stress
ratio is very nearly reached. Poorooshasb et.al.(1967)
have proven this phenomenon experimentélly by subjecting a
soil element to a series of unloading and reloading cycles.
In their test, the sample is subjected to initial isotropic
c;nsolidation, then to a conventional drained test until the
sample starts to yield. The test is continued by first
subjécting the sample to a conventional drained unloading
process, then to a 0y = constant, o4 increasing process
and finally reloading it again via a conventional drained
path to another yielding point. The unloading and reloading
cycle is repeated several times as shown in the stress path

Fig, (1.8). The corresponding axial strains (e,) are plotted

against the stress parameter t =‘¢§ (01-03) as in Fig. (1.9).
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" From the (e,t) curve in Fig. (1.9), it is noted that the
soil sample behaves in a linear elastic manner uﬁon uq}oading
and reloading. It is also noted, from the stress path in
Fig. (1.8) that this behaviour continues until the previously

established stress ratio (n}) is almost reached where

-

n (stress ratio) = t/s

t (stress parameter = v2/3 (0,-0,)

s (stress parameter = v1/3 (0,+20,)

Many natural sand deposites and clays exist in an over-conso-

lidated state, so that the mean normal stress increments
imposed on them by man—mqae structures are often small in
relation to the maximum stresses to which they have been
subjected in the past. Under these circumstances and from
this érgument,)the stress-strain relationship of such soils
o‘;en resemble those of linear elastic solids. 1In addition,
all but the very over consolidated soils decrease in volume
at shear stresses well below thé failure value. For these
reasons, over consolidated soils canAoften be fairly

successfully treated for the purpose of analysis as isotropic

linear elastic solids.

In the case of normally consolidated soils, on the

other hand, more complicated constitutive relationships

which reflects more accurately the non-linear state dependent

- behaviour of these soils, must be used, since simple elastic

treatment is Jikely to give unreliable results.

A\
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1.4 Soil-Structure Interaction

Upon defining the deformational characteristics of.the
soil medium (Sec. 1.3), the flexural behaviour of the struc-
ture, and the conditions at the interface between the soil
and the structure, the problem'of soil-structure interaction
is basically reduced to the determination of contact stress
distribution at the interface. Once the contact stresses are
determined, it is ﬁossible to evaluate the deflection, flexu-
ral moments and shearing forces in the structure as well as

'

the stress and displacement fields in the idealized support-

“

ing soil medium.

The structure is assumed to be completely rigid or
inflexible so that it cannot deform and it is'only allowed
to have rigid body motion. The deformational characteristics
of the surrounding soil medium has been defined in Section

(1.3)5 The soil is assumed isotropic and linearly elastic

so that Hooke's law and the fundamental solution apply.

Regarding the conditions at the interface between the

soill and the structure, it is assumed that there is no

relative movement, i.e., no break away or siippage, provided
that no tension is produced at the interface -and the contact

shear stress does not exceed the shear strength of soil.

The two problems treated in this study will focus on
determining the contact stress distribution between the

'.idéalized soil medium and the following structural units:

.

.
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(i) A circular pipe embedded horizontally. )

(ii) Strip-footings of various cross-sectional shapes.

Once the contact stresses _art determined the state of

stress (and hence deformation) at any point within the elas-

tic half-space can be found using the relevant fundamental

solution as will become clearer in the followihg chapters.
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CHAPTER 2

FORMULATION OF SOLUTION THEORY

The main theme of the solution method used for the
problems treated in this study is explained #n this chapter.
Depending on the particular problem, some modifications must

be applied and some techniques employed to ‘extract the cont-

act stresses from the solution obtained.

The displacement field in a half-space due to line
traction (ti) acting at some boundary (or contour C, since,
only two dimensional cases are considered) within the half-

%

space is given by the following integral,

uj (p) = jti(s) Uij (p,s) ds | (2.1)
C ]
where, -
5 is the arc distance of a boundary point measu-

red from acbitrary origin on C.
ds is an element of arc length at §,
P is a point within the half-space,

) ti (.S) \is t':raction function value at (S), |

Uij(P,S) is the.displacement influence function at
point (P) in direction (j) due to un;{t line
load at (S) in direction (i) as obtained

from integration performed on appropriate

Melan's fundamental solution.

1

The usual notation of Cartesian tensor analysis is used

above. Latin subscripts (i) and (j) have the range (1,2)
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.aha summation over repeated subscripts is implied.

Imposing the displacement Boundary conditions on the

~—
integral Eq. (2.1), the required tréction function ti(é) may .
) be evaluated. - However, it is very difficult if not impossible,

to obtain the displacement field function Uij(P,S) in
analytical form as well as solving the equatipn itself.
Hence, Uij is evaluated ;mmerically and a numerical method
is used to solve the integral equation: The" contour C is
divided into (n) equal segments. as shown in Fig. (2.1) 'Iihe
points where the unknown values are considered are called
"nodes" and are taken to be at the middle of each segment. - .

The values: of U‘j and,ti are assumed to be constant over

each segment and equal to the values at the node of the ) |

>~y -

segment. ) o

—t— node (k)

X .
FIG., 2.l: Discretisation of boundary for numerical ana}ysis

Following the above procedure, the integral equation

\ is now discretized before applying the boundary conditions.
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Hence. Eg. {(2.1) becomes, 1 . L
. e . v N ’ S 5 ‘ ‘
N - . -k ¢ .
. u, = t ’ . . P S dS\
‘ Tug(e) = ) f L Uy (Rs) |
. o1 )
o . . v Ck . ¢ °
¢ ) ) N
’ & o n . R * ¢
- N k ‘ .
. = t U 5 (P g8) ds - (2.2)
‘ . k=1 o
IS . © T ‘ ‘Ck

* 3
Wﬁerg Ck = segment arc length. X,

e

. > v R .
1 v . .
@ a N .

' 0 Applying the boundary conditions yields ’ Y
. ' . °‘ ] n’ . N . ) !
L oYk [ usra (1=1,2; ) (2.3)
’” o , 1' Uj = Z i i3 5)ds, LAFL Ly e e 1) .

k=1 C

) X

. where, j t .,
;\\ s ! . ‘/' . T \ . . " ’
] ’ U is 'the displagement of node (%) in (j) direction
. % e ‘ - 0 o
_«;Qg . tl _is the‘tractibn,valﬁé at segment (k), in (1)
J h T direction )
; ‘ ' Q . .
" (S) is influence functlon &f dlsplacement in dlrect-
e c g
: s Co ©den (3) of node %;due to unit line load at S in
-‘ B i ) )
'direction (1) . ,
. '() N . . ) i ) ; N ) R - RN . ’ o
' f . h The 'above equation is basically a.system of (2n) ‘linear °
’ ‘., equations in tne‘(Zn)'unkhown tractions tik —
. ¢ « . L
. ' In each of.thesé equations one of .the integrals is
C . singdlar, namely'wheﬁ (k:l). The singular integral is under-
‘- stood in the sense of Cadchy principal value, (Kreyszig, 1979).

[

The numer1cal evaluatlon of the dlsplacement infl

'factors j}; UlJ(s) ds is elaborated in the following
' C

’

ce
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paragraphs. The. integral [.{ .(s) ds] in Eq. (2.3) is the
influence factor for the dlgplacement in direction (3) at.

node (£) 'dye to a uniformly disfribﬂted line load in direct-
’
2/k

ion (i) at seguent’(k) which may be referred to as V, i3 and
herice Eq. (2.3) is rewritten as, ' - '
= k Wk T
= :E: t. Vil (2.4)
k=12 *+ ) .

t

D Expanding Eq. (2.4) and writing it in matrix form results in

v
L/k | L/k k L
Vi1 ¥ 1 1
______ e _—— = —_—— (2.5)
, L/k . A/k 3 L
Vi 1 Va2 &2 Y2
2n;2n nxl 2nx1l

In the above -system of simultaneous linear algebraic
: L ' . Lo .
equations the contour displacement values Uj are prescribed

‘ . k .
and the traction values ti are unknowns. Hence evaluation

%/k

of the influence factors V.j remains.
\

To. obtaln a tractable solution, it is- necessary to

assume the ex1stance of a rigid boundary (in a practical 51t-'
uatlon, thls\%s represented by bedrock) sufficiently distant
- from the surface, for Melan's solution to be applied. The |
_ vertical d{%placement, relative te the” bedrock, of any point

excepththe point of application of the load is evaluated by

integrating the corresponding vertical strain (exx).
Pl
For plane strain condition, the stress and strain

3

‘components are related through the egquation,



| _leyvt o v
fxx T E. gk T 1w Tyyl (2.6)
however,
du
Exx T T ax
hence, xl H )
. U'Q = - fe dx = f € dx .
X XX A XX
H X
6 ) , .H
- _1-v Voo :
= E / Oyx = T Oyyl® | SRR
RS Qr - )

‘

If the horizontal displacement is calculated relat%ve to
some stationary reference, say the x-axis, then it can be
obtained by integrating Ehe corresponding horizéntal strain
€ fromy = 0 to the y coordinate of the point as follows

YY
Y/Q/ 0‘ . .

Lo _ 1y v
Uy = feyj/ dy = / [O-yy l—__v—pxx]dy (2.8)
0

At this point it remains to @valuate the horizontal and
vertical strains € g’ € ix respectively due to unit horizontal
line load (g=l) and unit‘'vertical line load. (P=1l). Substitu-
ting O and 0y for (P=1) from Egs, (1.27) and (1.28) yields
ei'and 85 given by Egs. (2.9) and (2.10) respectiyely.
Substituting ¢, and oy for (g=1) from Egs. (1.31) and (1l.32)

yields eg and 63 given by Egs. (2.11) and (2.12) respectiv-

ely.

——
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k
Resolving. the unit traction (t; = 1) correspondingjto
. {

Vigk into horizontal and ver;iéal components as shown id
Fig. (2.2) ‘

"y
/VSinB
.-

]
¢ cos

X - \\r
Fig. 2.2: Vertical-°and horizontal components of
boundary traction

we obtain,

H
L/k_ P _ _. q
vlj [ '/; [cos(g) ejj sin(g) ejj] dx ds \(2.13),
ct % .
' 0
vg/.k=/f [sin(g) eX. + cos(s) e3.] dx ds (2.14)
j x L 33 33 ,
Y

, where, ,

8 is the angle'between the normaféak § and the posit- _
. ive x-axis, 2 '

A numerical double integration subroﬁtine, available at the

IMSL library of Concordia University's main computer, is

used to evaluate the above integrals. The routine uses the

cautious Romberg adaptive method to evaluate single integrals

involved in .its procedure (IMSL, 1982).
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Once ti are evaluated, the di'splacements of any point

in the half space can be calculated ysing £q, (2.2) and the

state of stress found usjng the following equations, b
n .
k ¢
o (p) = E ts [Xi (s) ds
k=1 pd '
n I
o (P) = X [y, (s) as )
y 1 1
) k=1 ck
n
i} k )-
Oy (B = t; /xyi(S) ds (2.15)
k=1
Ck
where,
k ok kK .. .
Xi v Yi and XYi are influence functions for the LIRS

vertical, horizontéi'and shear stresses respectively at point

(P) due to unit load in the direction (i) at S. ‘ -

\

-
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CHAPTER 3

APPLICATIONS ¢

The proklems of the magnitude and distribution of
static stresses on horizontal pipes and cn?strip footings )
(of semi-circular, triangula:\andlflat éross-sections) embe-
dded in a homogeneous and isotropic semi-infinite elastic

soil will be treated in this chapter to demonstrate the use

of the method established previously.

The various structural units are considered to be

embedded horizontally with their horizontal axes parallel to
the z-axis of a regtangular coordinate system x,y,z as shown in
Fig. (2.1). The surrounding material has as its upper

surface the plane x = 0, but otherwise it is unbounded.
Technically, such a body is known as a semi-infinite solid.

The x-axis penetrates in its positive direction vertically
downward and bisects the cross-section of the unit. The
semi-infinite ground has a uniform solid weight per unit
volume (y), so that the problem involves only constant body

forces acting in the positive x-direction.

The length of the structure is assumed to be very
great in comparison with the dimensions of its cross-section.
This factor and the uniformity of the body forces permit a

treatment of the problem as one of plane strain. .
The problem is then, that of finding the contact

normal and shear stresses between the structural unit and

the surrounding soil that satisfies the problem's boundary

\
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conditions. The boundary conditions are: zero stresses at
the boﬁndiné straight surface (x=0), no slippage at the
soil-structure interface and only translation movement of
the unit, implied by its rigidity. The stress distribution
is assumed to be symmetrical about the unit's vertical axis

and the contact surface is' rough enough to prevent any

—r
\

slippage.

Theoretical modelling of the problems treated and

application of=the solution method are to follow.

¢

3.1 Contact Stresses on Horizontally Embedded Rigid Pipes

The development of the mathematical model used for
this problem follows the solution method established in
Chapter (2). A set of tractions at the pipe-soil interface
is sought. The tractions are to be symmetric with a vertical
force component equal to the weight of the soil displaced
5y the pipe. 1In addition, th; solution must satisfy the
following displacement conditions for points at the contact
surface,

(i) zéro horizonal displacement,

(ii) all points have the same vertical displacements.

In this sense the tractions to be found are the' chan-
ges in the stresses existing on an immaginary circumference
in the location where the pipe is to be installed. However,
no fundamental solution exists for the half-space with the
discontinuity qreatéd by the pipe. In modelling the problem,

discontinuity is avoided by considering a circular contour
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C in a hdlf ébacé with zero body forces at the same depth

(D) and of the same radius (R) as those of the pipe.

Let the half space @ consist of two seperate regions:
the megion Ql outside C and the ;egion Qz bounded by C. 1If :
t and t are external tractions acting on C of Ql and 92
respecﬁively such that they producde the same displacement
field on C, then, a traction t = t + t acting on C of O will
produce the same displacement and stress fields in Ql and Qz,
due to t and t respeetively. If tractions t is solvéd for
under a prescribed se£ of displacement conditions on C of Q
following the method of Chapter (Z)C the traction t can be

found such that it satisfies the same displacement conditions

on C of @ t is extracted from t by considering the bound-

ll
ary egquilibrium equations on C of Ql under the stress field
Ld

produced by t in Q.

Parameter t is obviously the required disturbance

>

traction of the original problem.

Dividing C inte (n) segments as shown in Fig. (3.2)
and applying Eq. (2.5) of Chapter (2) with the above presc-

ribed displacement conditions yields L,
>y

D
—

1Lx
\
&FIG. 3.2: Discretisation of the pipe boundary

i
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G A/K L/k k -
Yii 1 Va1 t u
______:______ 1= 1 (3.1)
|
L/k L/k k
Viz 1 Va2 t 0
where,a, d
t§ are radial tractions
tg are tangential tractions

u * unknown constant vertical displacement

Egq. (3.1) results in (2n) equations and (2n+l) unknowns.
One more equation is obtained from the condition imposed on

t such that,

¥ ] v
[Ek fcos 6 ds + 512( f sin 6 ds] = -W = -nR2Y

k=1 Sk Tk (3.2)
i.e,, the vertical component of the disturbance traction is
equal to the weight of material displacement,
But,
IR » (3.3)
and by equating the vertical component of Ei to zero to

satisfy the egquilibrium of 92 yields,

’

n v .
E [t}l( /cos 8 ds +‘t]2( /sin 8 ds) = -szy (3.4)
=1 Sy '

Cx
Thus a system of (2n+l) simultaneous linear algebraic
equations in (2n+1l) unknowns is obtained. Consequently Ei

remains to be evaluated.
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Since the tM™actions ti are symmetrical about the
vertical axis of C, the number of unkn nslis reduced to
(n+l) by considering only the displacement equations for
nodes on one side of C. 1In this manne4 the\influence factor
Vigk will be defingg as the displacemewt at node 2 in direc-
tion (j) due to unit uniform loads at qumen£s k and k'.

Here segment k' is the mirror segment of segment k about
. |

the x-axis, that is \

‘ [ ]
vk _ AR gk (3.5)
13 ij ij
\
R/k _ LAk _ LA/k! |
Vo = V25 \PY | (3.6)

where the range of % andf; is (1,2,...,n/2).

The equilibrium equation becomes,

v
|

n/2 ‘ . |
E 2[tl; /cos ds’ + t}; fsin ds]=—1rR2y (3.7)
k=1 c

k Cx

-

Numerical integration is used to evaluate the
influence factors. An IMSL library subroutine called
(LEQTI%) available on Concordia University's main computer
is used to solve the resulting system of linear equations.
LEQT1F performs Gau;sian elimination with eqﬁilibfium and

partial pivoting (IMSL, 1982).

The last stage in the analysis is ext#acting the Ei's
acting on C of &, from the now known tractiJn t using the
boundary equilibrium equations on C of Ql uﬁder the stress
field of ti's. Referring to Fig. (3.3), the following

expressions for EE are obtained




S
: FIG. 3.3: Resolving tractions for pipe problems

k k
El [‘4- cos 8 dy:/]; xy:,cos 87" dx
x

t

. k ' .ok k
o sin O™ dx-f o sing & C 3.8
jk' v _/}; gy 50" Ay1/CC L (3.8

the vertical and gorizontal components of the
tractions ti obt'a\ined from Melan's fundamental

igolution.

+
X
K _ .k ko -
. t, = [ L O sin6” dy + /}; Oy sinf" dx ‘ . |
N y X .
-+ o) cose dx - g cosek dy]/Ck (3.9)
y Xy . . e
x y
where, . ' /
Ck arc lewngth of segment k .
Xk projection of Ck on x-axis
Yls projection of Ck on y-axis .
°x’°y’axy are values of the stress field induced by

e
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. The final contact stress is now found by superposing

the disturbance tractions Ei on the original stresses at the:

~ ¢

same depth prior to the installation of the pipe. The

displacement and state of stress a{\:jf point in Ql can now

be found by using the same values fox_the same point in Q
. .

L
e

prodﬁ%ed by t./'s.,

2

3.2 . Contactﬁgﬁresses on Strip Footings of Various Shapes

- The deVelopment of the mathematical model used for
solving'thé problem considered he;e,follo&s the solution
method of Chapter (2) with ;heufolloying boundary conditions,
(i) The 'set of syﬁmetric tractions on the contact
’ surface have a vertical force componenf equal to

. the applied load (W),

o (ii) =zero horizontal displacement,

’

, \__-
(iii) fixed vertical displacement for all points on

. the interface.

L

To obtain the final contact pressure, these tractions must
be superpased on the pressure acting before applying the

load (W).

)

In modelling the problem, it is assumed that the
. : j
footing is of negligible thickness, so that the embedding

3

haif—space‘remains continuous. Thus, the footing is repre-
-

sented by a contour C of the same dimensions as those of the

o

footing. Let ti be the set of tractions acting on C in such

a way to satisfy the boundary conditions of the problem
Y )
stated above. ' In the real problenm, t; is equal to the sum

- of the traction L, and the tracti'on,.T:i acting on the bottom

\
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and top faces of the footing, respectively.
Ei and Ei are found, as for the pipe problem, from
, the boundary equilibrium equations applied to the bottom aﬁ@

top faces of C under the stress field of t, .

\ Dividing C into (n) segments as shown in Fig. (3.4)
and applying Eq. (2.5) of Chapter (2) with the p¥escribed

displacements on the boundary C yields,

L/k 2/kq X

V11 y Va1 t u ~
-—— - - ; _____ ——f= 1--- : (3.10)
L/ 2/k k
Vi 0 Va2 tad |0
where,’
u . is the unknown vertical displacement of the
footing,

Vigk and t, areas defined before.
One more equation is obtained by applying the equilibrium

‘equation in the vertical.direction, as in the pipe problem.

This, yields, ’
n .
[t}f '[cose ds + tg /sine ds) = W (3.11)
k=1 c ’ ck

Egs. (3.10) and (3.11) create the desired (2n+l) system of
simultaneous algebraic equations in the (2n) unknown
tractions t, and éhe unknown vertdca{ displacement u.

By considering the symmetry of the tractions, the
system is reduced to (n+l) simultaneous algebraic equations,

as in the pipe problem as follows,
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=/k =%/k Q

iz 1 Vo t1 N
_..__l_. - —— . —— - = - -

=%k ' =%k k

Vizw I Va2 £2 °

and,

o ,
N 2 [tK cos ds + t¥ sifn  ds]
Z 1. 2 |°

k=1 & k .

C
where all the parameters are as defined for
Egs. (3.8) énd (3.9) of Sec. (3.1) are used

from the now known tractions t, as shown in

(3.12)

W (3.13)
the pipe problem,
to extract Ei

Fig. (3.4).

-k _ Kk k
ty = [‘L O cosf” dy - '4 oxy cos6" ddx
y b
R . k. k
+ o sin6” dx = o singé™ a c 3.14
S o xSt a1t G
X . Y . :
<k _ . ok ok
t2 =,1 f Oy sind” dy + f ny sinb” dx
k k ;
Y X .
+ o cose® ax ~ f o cose® dy"']/ck (3.15)
x Y k XY
, X y T
/ ¥
' A\
'/ —

[

T e Abow LA . 0
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1
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FIG. 3.4: Resolving tractions for strip footiﬁg problem
where, "
Xk,Yk,Ck are as defined before
c 06 0 '
%% v xy are the stress‘fleld values due to ti
Since,
18 S I
i =i i
hence,
g k _ ,k _ =k
Ei = ti - ti _ (3.16)

The final contact pressure is determined by superposing the
disturbance tractions Ei and Ei on the original stresses
prior to applying the load (W).

. The displacement and state.of stress of any point
within the half-space can be fdund by using Egs. (2.2) and

(2.15) respectively with the stress field induced by the

total traction t,.
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3
) CHAPT™ER 4

NUMERICAL RESULTS .

The method of gnalysis presented in the previous
chapters may be used to determine the stresses and displace-,
ments anywhere within the elastic soil mass due to soi;-'
structure intejiction. However attention will be restricted
here to determining the contact pressures and the displace-
ment of the structure, As stated previously, the elastic
soil is assumed to have self-weight or 5ppl&ed‘surcharge
sufficient to prevent breakaway at the soil structure inter-
face and the structure surface is rough enough to prevenf\‘
slip.

Application of the analytical technique, previously
mentioned, to the prediction of contact presshres, involves
nume\'cal approximation regarding the number of segments
which are necessary to simulate the rigid structure's
behaviour. 1In this regard it was f;hnd that the results
could be obtained with sufficient degree of accuracy by
using a relatively small number of segments. The adoption
of a larger number of segments did not alter the results
significantly. ' —~

' The contact pressure problem of the rigid éircular

pipe is considered first. Later, those of rigid strip

footings of semi=-circular, triangular, and flat cross-

- sections are considered.

. e
» s / e Ry " e R T s ek MRRA wBaw o 7y
”




- 48 - y

A single program is written for each problem,
depending on its geometry. "This program is used to calculate
the influence factors. It forms and solves the desired .
system of linear algebraic equations and proceeds to caleculate
contact stresses as weil as the vertical displacement of the

structural unit.

.

4.1 Horizontal Pipe

The pipe considered is of radius (R) and its centre
is at depth (D) below the ground surface. The underlying

bedrock is at depth (H) below the ground surface.

The boundary.of the pipe is first divided into 20
equal segments numbered in clockwise direction. The first
end ﬁbint of the first segment coincides with the crown of
the pipe. Each segment is assigned a single node at its

midpoint.

The program developed for this problem is called
"PIPE". It calculates the coordinates of each node in the
x-y axis system and the arc distances of the end points for
all segments. The origin of the arc distance is taken at
the crown of the pipe. 1Its ﬁositivg direction is clockwise.
The program also calculates the displacement influence
factors for nodes falling on the right-hand side of the '
pipe's axis due to uniform unit normal and téngential loads
acting on each segment. The desirgd system of linear
algebraic equations is assembled and solved to obtain the

vertical displacemernit of the pipe, as well as, the set of
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tractions (ti) acting on each segmen£ as defined in Chapter
(3).

Finally, the actuai disturbance in contact pressure
Ei is extracted from ti and superposed on the original
pressure to obtain the final contact pressure at the inter-
face.

The first computer run for this problem is done
with R = 3™, p = 15®, & = 30™, y = 1800 KG/m>, E = 1.5x10°
KG/mz, v = .3, Kd = .,5. Because of its symmetry, the results
for half the pipe are given in Table (4.1).

The results of Table (4.1) are plotted in Fig. (4.1),
using the "Centre for Building Studies" Megatic graphics
system. Lagrange interpolation formula is used to interpol-
ate pressure between nodal values.

A second run of this problem is obtained with 40
segments and the same parameters used for the first run.

Results are given in Table (4.2) and plotted in
Fig. (4.2). It should be noted that the adoption of a larger
numbe; of segments did not significantly alter the results.

The two programs used for solving and plotting the
results of this problem are given in the appendix under the
names "PIPE" and "PIPELO" respectively.

The user of program "PIPE" needs only to give the

following data: R, D, H, vy, E, v, Ko and the desired number

of segments (n).
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4,2 Strip Footinds

7
y,
Rigid strip footings with three different cross-

‘\sections are considered here. The cross—sectional figures
are as follows: the semi-circular, the triangular and the
horizontal.

The semi-circular.and triagmgular footings considered
are of angular size (ANG) and 'thei‘;\o

ottom is at depth (HB)

and of breadth (BR). The underlying bedrock is at depth (H).

. The same applies to the horizontal strip footing but with

(ANG) = 18B0°.

5‘ . ) -

The boundary of each footing is f£irst divided into
7/

20 segments. The first end-point of the first segment
coincides with the crest of the footing for the semi-circular
and triangular shapes and with the mid point for the flat

shape. Each segment is assigned a single node at its mid-

point.
A single program is developed for each shape, "CIRFDN"

-

for the semi-circular, "TRIFDN" for the triangular and "FLAFDN"

for the flat shape.
As in program "PIPE", each of these programs calcul-

ates the coordinates of each node in the x-y system and the
-

arc distances of the end-points for all segments. The

origin of the arc distance "coincides with the crest of the

footing for both the circular and triangular shapes and

with the midpoint for the flat shape. Its positive direction

" coincides with that of increasing numbering of the nodes.

{

e
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“"CIRFDN", "TRIFDN", and "FLAFDN" calculate the
displacement influence factors for nodes falling on the
right-hand side of the footing axis of symmetry due to
uniform unit» normal and tangential loads on each segment.
The desired system of linear algebraic equations is assemb-
led and solved for the vertical displacement of the footing
and the set of tractions (ti) .(total tractions) as defined
in Chapter (3). Finally, the actual;‘\aisturl?ances in contact
pressures Ei and Ei acting on the top and bottom faces of
the footing, respectively, are extracted from ti using

Egs. (3.14) and (3.15) of Chapter (3).

For the purpose of:comparison, the parameters used

are identical for all three shapes: BR = lm, HB = 3,

H =10, £= 1.5x10° ke/m?, v= .3, W

il

30000 KG/m,

ANG = 120° is used for the circular and triangular shapes.

Again, because of their symmetry, the results for
one half the footing are given. Compressive normal stress
and tangential stress of a clockwise direction are considered
éositive. Results are plotted using the "CBS" graphics
system as in the pipe problem, and Lagrange interpolation
formula is used to interpolate stresses between nodag?. vaiues.

r

Results of the first run for the semi~-circular,

triangular |and flat shapes are given in Tables (4.3),(4.4),

(4.5) and illustrated in Figs. (4.3), (4.4), (4.5) respect-

ively.
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Assecond run for these problems is obtained with (40)-

se'§ments and the same parameters used in the first run.
. 4

Results are given in Tables (4.6), (4.7)l, (4.8)

El

and 3are plotted in Figs.(4.s6) , (4.7), (4.8) for the semi~

' circular, triengular and flaly shapes, respect_iveiy,

<

There were no significant diff.eren_pes, noted in the
results for an increase in the number of segments. Listings
of "CIRFDN", "TRIFDN" and "FLAFDN", the plotting programs )
"CIRPLO" for plotting "CIRFDN" results, and "PRIPLO" for

plotting "TRIFDN" and "FLAFDN" results are given in the
appendix.
PP ) _ Q
The user of the preceeding programs must supply
r ]

the foilowing: BR, HB, H, E, v, W and the desired number of

segménts.

The pressures plotted in Figs. (4.374.8) rise to
high:values near the edges of the f\ooting. " With the numeri-
cal method eWployed, it is i'mpossible to calculate thé
pressures immediat/ely adjacent to the edges': E‘he curves

in these figures are extrapolated beyond the limits of the

numerical analysis, however this is not reliable.
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CHARTER 5

. DISCUSSION AND CONCLUSION T~

In this study a solution method has been presented
for the prediction of contact pressures and movements of
simple rigid structural units embedded in an élastic

isotropic semi-infinite soil medium.

The approach has been applied to horizontal circular
pipes and strip footings of various cross-sectional configu-
rations. The method presented may be used to predict both
_immediate and final movements of the structural units. The
immediate movement is calculated from an elastic modulus
in terms of total stresses and the final movement is
calculated from an elastic modulus in terms o?’éffectivé

stresses.

It is commonly accepted that the use of elastic
theory to predict the behaviour of soil masses must be used
with care. According to Davis and Poulos (1963), the
properties of real soils depart from those of ideal elastic .
materials in two important respects; first: strain is not
linearly depenéent on stress, and secondly, the relation
between stress and strain may differ for an increase in %
compressive stress from that of a decrease. This, however,
may be handled by employing an approximate elast}c modulus
determined with oedemeter or triaxial tests on thgn§oil for
a range of stress appropriate to the problem. If nécessary,

the soil mass may be considered to be divided into a number
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of layers, a different modulus”being selected for:each
layer.
Ll { \ .
Hence, in using this approach, it would be necESsary
to employ great care in determining the appropriate abprox—
imate elastic modulué“\Thls is due to the changes in stress

within the soil which covers a wide range and 1nvolve

increases and decreases,

The solutions for the problems treated in this study

presume no breakaway at the socil-structure interface. This

1

is reasonable as it is generally accepted (e.g. Douglas and

Davis, 1964) that fully bonded condition corresponds to the . .

most practical limiting case for the application of elastic
solutions, since at working loads tﬁe c?mpression stresses
(due to overburden pressure and suécharée) will be sufficient
to prevent the development of tensile-stresses.between the

structural unit and soil. {

Regarding the strip footings application, the actual

footings differ from the models used in that the actual
footing will have a finite thickness. From this point of p
view the theory should tend to over estimate the .movements
by neglectiﬁg the restrainés at the ends. However, a real
model may be used to simulate the actual footing but, an
ill-conditioned system of linear algebraic equations is .
expected to result for small breadth to thickness ratics.

~ This has yet to be investigated.

In applying the method, an obvious test for a given .

problem’'is to start with (n) small and examine the computed

o +

a
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This is desirable for optimum conditioning of the équations.

A
& s . - - \

L%
3

-7 -

-

data as (n) increaces. The successful results presented for
50 few nodal points sure1§ are, in somelngasufe, due to the
simple geometr1es of the structural units treated. The ‘
numbers (n) uq?d werS chosen for convenience. Attention in

the trials wag' focussed on convergence and valrdlty of the

¢ -

method, rather than on optimum prégrammlng or error analysis.

0y
-

" The extent to which (n) may be increased, above

which ill-conditioning may result was not examined for the

- problems treated. This was due to the fact that increasing ‘

(n) dramatically requires additional computer storage and

execution time which were not available for this study.

4
ey

Segment size or spacing of nodes was made equal. .
and ease of programming. It is believed that unequal inter-

vals may be used to handle pressure concentrations more /‘
L )

effectxvely but his is vet to be investigated.
A
""The use of the method of analysis presented requires -_

K

. onty the solution of a small nuiber of equations, whereas

‘ >
alternatlve approaches which inyolve sub-division of she o

s0il into numerous finite elements require the solution of
qhite lafge systems of equations. Thus for analydis of
competitive acturacy, the proposed method 1eads to sggnif1-

cdnt computational savingn.

In summary, it is believed that the solution m'thod
presented provides 1-u#9£u1 approach to ptedicting the order
of contact pressures and movements of structyral units -~ = - ¢

. v N . ' v
, 3 [ K . S o
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gmbedded in elastic soil in general, but considerxable care
in determining the appropriate properties of the sbil would'
be necessary. Furthermore, having established the soundness
of the approach for tﬁe particular casés analysed in this
study, i.e., rigid structural units with plane strain condi-
tion, one may proceed to more general soil-structure prob-
lems. A step further would be to-consider flexible structu-
ral units embedded in non-linear elastic and perhaps even
anisotrgp;c goil systems by ;s}ng appropriate displacement
configurafions of Epe structural unit and incremental

analysis to handle thi non-linear soil behaviour.
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‘

PROGRAM "PIPE"
PROGRAM "PIPE"™ EVALUATES THE DISPLACEMENT OF ,AND THE
CONTACT STRESS OF A RIGID CIRCULAR PIPE INSTALLED
IN LINEARLY ELASTIC GROUND .
THESE STRESS ARE AN APPROXIMATION TO THE REAL CONTACT
STRESS DISTRIBUTION.
THE METHOD USED IS PRESENTED IN THIS THESIS.

PROGRAM PIPE(INPUT,0UTPUT)
INPLICIT REAL (A-H,0-Z)
COMMON X,Y,D,R,PI,V,H
COMMON /0/ X1,Y1,X2,Y2
CCC  X,Y ARE COORDINATES OF THE POINT AT WHICH STRESS ARE
CCC  CALCULATED.
ccC  DF,Z ARE COORDINATES OF THE FORCE UNDER CONSIDERATION
PARAMETER (N=220,K=21,L=10)
CCC N IS NUMBER OF SECTION TO WHICH PIPE IS DIVIDED.
REAL A(K,K),BRS(L),BTS(L),URS(L),UTS(L),XF(N),YF(N),
$SP(N),SF(N),ANP(L),XP(L),YP(L) :
CCC A IS THE MATRIX OF DISPLACEMENT INFLUENCE
CCC  FACTORS,AND LATER OF STRESS INFLUENCE FACTORS.
CCC VS & HS ARE VECTORS OF TOTAL VER. AND HOR.
CCC FORCES ACTING AT EACH SECTION, AND LATER VECTORS
CCC  OF RAD. AND TAN. STRESS AT EACH SECTION.
CCC XF & YF ARE VECTORS OF END-POINTS COORDINATES "
CCC  OF EACH SECTION. _ '
CCC XP & YP ARE VECTORS OF MID-POINT COORDINATES
CCC  OF EACH SECTION.
REAL B(K,1),WKAREA(K),WK(130)
INTEGER M,0,IA,IDGT,IERR
_REAL INC,KO '
INTEGER IER
CCC INC IS THE SIZE OF THE ELEMENTAL PIPE SECTION .
REAL DBLIN
CCC  DBLIN IS A DOUBLE INTEGRATION SUBROUTINE FROM IMSL LIBRARY.
EXTERNAL POLY
EXTERNAL FSXPR,FSXQR,FSYPR,FSYQR
CCC THESE ARE THE STRAIN FUNCTIONS UPON WHICH DOUBLE
CCC  INTEGRATION IS PERFORMED TO GET DISP. INFLUENCE
CCC  FACTORS DUE TO A UNIT NORMAL STRESS.
EXTERNAL FSXPT,FSXQT,FSYPT,FSYQT
CCC THESE ARE THE STRAIN FUNCTIONS UPON WHICH DOUBLE
CCC  INTEGRATION IS PERFORMED TO GET DISP. INFLUENCE
CCC FACTORS DUE TO A UNIT TANGENTIAL STRESS.
EXTERNAL AX,BX,AY,BY
CCC  INTEGRATION LIMIT FUNCTIONS FOR DBLIN SUBROUTINE..
EXTERNAL FVSPR,FHSPR,FSSPVR,FSSPHR,
$FVSQR,FHSQR, FSSQVR, FSSQHR,
$FVSPT,FHSPT,FSSPVT,FSSPHT,
$FVSQT,FHSQT,FSSQVT,FSSQHT
CCC THESE ARE STRESS 'FUNCTIONS IN TERMS OF VER. AND
CCC  HOR. COMPONENTS OF NORMAL AND TANGENTIAL STRESS.
EXTERNAL XL1,XL2,YL1,YL2

Y
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cccC INTEGRATION LIMIT FUNCTIONS FOR DBLIN SUBROUTINE.
PI=3.14159265
EPS=.000001
M=1 ,
0=K
IA=K
IDGT=4
AERR=.0001 .
PRINT®, *ENTER RADIUS OF PIPE .!
READ®,R ’ ) .
PRINT®, 'ENTER DEPTH OF PIPE CENTER .!
READ®,D
PRINT®, 'ENTER THE DEPTH OF THE UNDERLYING ROCK LAYER .!
READ® , H
PRINT®, 'ENTER THE DENSITY OF THE ELASTIC GROUND .'
READ®,DE
PRINT®, 'ENTER THE MODULUS OF ELASTICITY-E .!
READ®,E
PRINT#®*, 'ENTER POISONS RATIO .'°
READ®,V
PRINT®, 'ENTER COEFF. OF LATERAL PRESSURE .'°
READ®* ,KO

¢ PRINT1100
1100 FORMAT('1','® & & # % & & 8 & & & & & 8 & &% & 8 & LAY

3llllll||lihlll|/1x’
3"',15X PROGRAM "PIPE"',T66,'%*'/1X,

g8, PROGRAM ."PIPE"™ EVALUATE THE DISPLACEMENT OF LU
Q'AND THE ',T66,'®1/1Xx, 181, CONTACT STRESS OF A RIGID ',
$'CIRCULAR PIPE INSTALLED',T66,"'/1X. :

g0 IN LINEARLY ELASTIC GROUND .',T66,'%#'/1X,

§181 0 THESE STRESS ARE AN APPROXIMATION TO THE REAL *,
$'CONTACT ', T66, 'R /9X, 181 STRESS DIST.',T66,'#'/1X,
grav ¢ THE METHOD USED IS EXPLAINED IN THE CONTENTS ',
$'0F THIS THESIS.',T66,'®%'/1X,

R g ',

O #)

PRINT1200,R,D,H,E,DE,V,KO,N

1200 FQRMAT(1X,"' ' [ DATA ] ,T66,"'/1x,

$re RADIUS OF PIPE IN METERS JF6.2,T66,'%1 /1%,

grar v DEPTH OF PIPE CENTER IN METERS ', FT.2,

$T66,'#1/1X, s

grar DEPTH OF UNDERLYING ROCK LAYER ',F7.2,T66,'#'/1X,

grav ELASTIC GROUND E-MODULUS IN KG/S.M. ',F12.2,

$T66,'*1/1X, i

:"',' DENSITY OF GROUND IN KG/C.M. ',F8.2,T66,'%#'/1X, .
POISONS RATIO ',F3.2,T66,'%'/1X, :

[ ]
’
$'%',0  COEFF. OF LATERAL PRESSURE ',F3.2,T66,'®'/1X, .
$'#1 ' NUMBER OF SECTIONS (N) ',I3,T66,'®1/1X,
"IIII'.I'..'.'\'.!II'l"
$' 0 8 8 2 0 e s o)
DO 4,I=1,L
4 ANP(I)=I®360./N-.5%360./N
INC22.*PI®R/N q )

L

" 8F(1)=0.

P




ccce
cccC

tcc

ccce
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SP(1)=1INC/2.

~fGENERATION OF ANGULAR COOD. OF MID-POINTS AND
END-POINTS OF EACH SECTION.
DO 5,I=1,L v
SP(I+1)=SP(I)+INC
SF(I+1)=SF(I)+INC

5 CONTINUE ' :

GENERATION OF POINTS COOD.
DO 10,I=1,L
XP(I)=D-R®COS(SP(I)/R)
YP(I)=R*SIN(SP(I)/R)

10 CONTINUE

DO 11,I=1,L+1
XF(I)=D-R®*COS(SF(I)/R)
YF(I)= R'SIN(SF(I)/R)

1 CONTINUE

GENERATION OF DISPLACEMENT INFLUENCE FACTORS.
DO 30,J=1,L

X=XP(J)

Y=YP(J)

DO 35,I=1,L

T1=SF(1) L
T11=SP(I)-EPS

T22=SP(I1)+EPS .
T2=SF(I+1) <

VDP1=DBLIN(FSXPR,T1,T11,AX,BX,AERR,ERROR, IER)
-DBLIN(FSXQR,T1,T11,AX,BX,AERR,ERRORylER)
$+DBLIN(FSXPR,T22,T2,AX,BX,AERR,ERROR, IER)
$-DBLIN(FSXQR,T22,T2,AX,BX,AERR, ERROR, IER)
HDP1=DBLIN(FSYPR,T1,T11,AY,BY,AERR,ERROR, IER)
$-DBLIN(FSYQR,T1,T11,AY,BY,AERR,ERROR, IER)
$+DBLIN(FSYPR,T22,72,AY,BY,AERR,ERROR, IER)
$-DBLIN(FSYQR,T22,T2,AY,BY,AERR,ERROR, IER)
VDQ1=DBLIN(FSXPT,T1,T11,AX,BX,AERR,ERROR, IER)
$+DBLIN(FSXQT,T1,T11,AX,BX,AERR,ERROR, IER)
$+DBLIN(FSXPT,T22,T2,AX,BX,AERR,ERROR, IER)
$+DBLIN(FSXQT,T22,T2,AX,BX,AERR,ERROR, IER)
HDQ1=DBLIN(FSYPT,T1,T11,AY,BY,AERR,ERROR,IBR)
$+DBLIN(FSYQT,T1,T11,AY, BY AERR ERROR IER)
$+DBLIN(FSYPT, T22 T2,AY,BY,AERR,ERROR, IER)
$+DBLIN(FSYQT T22,T2, AY BY,AERR,ERROR, IER)
ELSE
VDP1= DBLIN(FSXPR,T1,T2,AX,BX,AERR,ERROR,IER)
$-DBLIN(FSXQR,T1,T2,AX,BX,AERR,ERROR, IER)
HDP1=DBLIN( FSYPR,T1,T2,AY,BY,AERR,ERROR, IER)
$-DBLIN(FSYQR,T1,T2,AY,BY,AERR,ERROR, IER)
VDQ1=DBLIN(FSXPT,T1,T2,AX,BX,AERR,ERROR, IER)
$+DBLIN(FSXQT,T1,T2,AX,BX,AERR,ERROR, IER) .
HDQ1=DBLIN(FSYPT,T1,T2,AY,BY,AERR, ERROR, IER)
$+DBLIN(FSYQT,T1,T2,AY,BY,AERR,ERROR, IER)
ENDIF
Tia=T1
. T2a=T2

é}IF((I <EQ.J) «OR. ((€I+J).EQ.(L+1)).AND.(I.GT.J)))THEN



35
30

90

95

100

o 105

\/'
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VDP2=DBLIN(FSXPR,T2,T1,AX,BX,AERR, ERROR, IER) -
$-DBLIN(FSXQR,T2,T1,AX,BX,AERR,ERROR, IER)
HDP2=DBLIN(FSYPR,T2,T1,AY,BY,AERR, ERROR, IER)
$-DBLIN(FSYQR, T2, T1,AY,BY,AERR,ERROR, IER)
VDQ2=-DBLIN(FSXPT,T2,T1,AX,BX,AERR, ERROR, IER)
$-DBLIN(FSXQT,T2,T1,AX,BX,AERR,ERROR, IER)
HDQ2=-DBLIN(FSYPT,T2,T1,AY, BY,AERR, ERROR, IER)
$-DBLIN(FSYQT,T2,T1,AY,BY,AERR,ERROR, IER)
A(J, I)=VDP1+VDP2
A(J,I+L)=VDQ14VDQ2
A(J+L,I)=HDP1+HDP2
A(J+L,I+L) =HDQ1+HDQ2
CONTINUE
CONTINUE
DO 90 ,J=1,N/2
A(J)K)'-""E
CONT INUE
DO 95,J=N/2+1,K o
A(J,K)=0.0 .
DO 100,I=1,N/2
A(K,I)22.%R®(SIN(SF¢T+1)/R)LSIN(SF(I)/R))
A(K, T+N/2)=~2.%R®(COS(SF(I+1)/R)~-COS(SF(I)/R))
CONT INUE ]
DO 105,I=1,K-1
B(I,1):0.0
B(K, 1)=-PI#R®828DE
LEQT1F IS AN.IMSL LIBRARY SUBROUTINE TO SOLVE
A SYSTEM OF LINEAR EQUATIONS.
CALL LEQT1F(A,M,0,IA,B,IDGT,WKAREA, IER)
GENERATING STRESS INFLUENCE FACTORS. -
DO 40,J=1,N/2 . .

XF(J)
Y1=YF(J)
X2=XF(J+1) . ,
Y2=YF(J+1) '

. IF(J.LE.N/U4)THEN - !

cee
ccc
VR ccee
]
i .
1
,/
/

B T P T i it it M
i .
£ . -

X=X1 : '

CY=Y2

ELSE

XsX2 ‘

Y=Y1 ) .
ENDIF o . N N

DO “5,I=1,N/2

T1=SF(1)+EPS

T2=SF(I+1)-EPS

VSP1=DBLIN(FVSPR,T1, T2 YL1,YL2,AERR, ERROR, IER) .
$-DBLIN(FSSPVR,T1, T2, XL1 XL2 AERR ERROR IEK)
$-DBLIN(FVSQR, T1, T2 YL1 YLZ,AERR ERROR IER)
$+DBLIN(FSSQVR T1 Tz XL1 XL2, AERR, ERROR IER)
HSPI:-DBLIN(FHSPR,T1,T2,XL1,XLE,AERRLERROR,IER)
$+DBLIN(FSSPHR,; T1,T2,YL1,YL2, AERR,ERROR,IER)
0+DBLIN(FHSQR.T1 T2 XL1 XLZ AERR ERROR IER)
$-DELIN(FSSQHR, T1 T2 YL1 YL2 AERR ERROR IER)
?SQ!-+DBLIN(PVSPT T1 T2 ¥L1,!L2 AERR ERROR,IER)

’ ‘
. ') ,

-

\.

hot e me b b B s e I - g
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$-DBLIN(FSSPVT, T1,T2,XL1,XL2,AERR,ERROR, IER)
$+DBLIN(FVSQT,T1,T2,YL1,YL2,AERR,ERROR, IER)
$-DBLIN(FSSQVT, T1,T2,XL1,XL2,AERR,ERROR, IER)
HSQ1=-DBLIN(FHSPT,T1,T2,XL1,XL2,AERR,ERROR, IER)
$+DBLIN(FSSPHT,T1,T2,YL1,YL2,AERR,ERROR, 1ER)

"$-DBLIN(FHSQT,T1,T2,XL1,XL2,AERR,ERROR, IER)

$+DBLIN(FSSQHT, T1,T2,¥L1,YL2,AERR, ERROR, TER)
T12-T1

T2=2-T2

VSP2=DBLIN(FVSPR,T2,T1,YL1,YL2,AERR, ERROR, IER)
$-DBLIN(FSSPVR, T2,T1.,XL1,XL2,AERR, ERROR, IER)
$-DBLIN(FVSQR, T2, T1,YL1,YL2,AERR, ERROR, IER)
$+DBLIN(FSSQVR,T2,T1,XLI,XLZ,AERR,ERROR,IEﬁ)
HSP2=-DBLIN(FHSPR,T2,T1,XL1,XL2,AERR, ERROR, IER)
$+DBLIN(FSSPHR, T2,T1,YL1,YL2,AERR,ERROR, IER)
$+DBLIN(FHSQR,T2,T1,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FSSQHR, T2,T1,YL1,YL2,AERR,ERROR, IER)

- ¥8Q2=-DBLIN(FVSPT,T2,T1,YL1,YL2,AERR, ERROR, IER)

“

45

40
ccc
ccce

130
125

ccc

$+DBLIN(FSSPVT, T2,T1,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FVSQT,T2,T1,YL1,YLZ}, AERR, ERROR, IER)
$+DBLIN(FSSQVT,T2,T1,XL1,XL2,AERR,ERROR, IER)
HSQ2=DBLIN(FHSPT,T2,T1,XL1,XL2,AERR,ERROR,IER)
$-DBLIN(FSSPHT,T2,T1,YL1,YL2,AERR,ERROR, IER)
$+DBLIN(FHSQT,T2,T1,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FSSQHT,T2,T1,YL1,YL2,AERR,ERROR, IER)
A(J,I)=VSP1+VSP2

A(J,I+L)=VSQ1+VSQ2

A(J+L,I)=HSP1+HSP2
A(J+L,I+L)=HSQ1+HSQ2

CONTINUE

CONTINUE \

CALCULATING TOTAL VER. & HOR. FORCES
ON BOTH SIDES .OF EACH SECTION.

DO 110,J=1,N/2

DO 115,I=1,N/2
A(J,I)=B(I,1)'A(J,I)+B(I+L,1)'A(J,IfL)
A(J+L,I)=B(I,1)®A(J+L,I)+B(I+L,1)%A(J+L,I+L)
CONTINUE

CONTINUE ' .
DO 120,I=1,N/2 o
URS(I)=0.

UTsS(1)=0.

CONTINUE

DO 125,J=1,N/2

DO 130,I=1,N/2 8
URS(J)=URS(J)+A(J,I)
UTS(J)=UTS(J)+A(J+L,I)
CONTINUE ’
CONTINUE

AREA=INC : ’

RESOLVING FORC?é INTO NOR. & TAN. STRESS.
DO 165,I=s1,N/2

RS=(URS(I)*COS(SP(I)/R)-UTS(I)®SIN(SP(I)/R))/AREA
TS:-(URS(})'SIN(SPQI)/R)#UTS(I)'COSISP(I)/R))/ARBA

|
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165

166

2050

190

2060

191

2070

192
1700
1800

2900

A '81'

URS(I)=RS

UTS(I)=TS

CONTINUE

DO 166,I=1,N/2

BRS(I)=B(I,1)+URS(IY

BTS(I)=B(I+L,1)-UTS(I)

CONTINUE .

PRINT2050 : .

FORMAT(//1%,'[ RESULTANT STRESS DISTRIBUTION ]')
PRINT3000 ~

PRINT1700

PRINT3000

DO 190,I=1,N/2
PRINT1800,ANP(I),B(I,1),B(I+L,1)
PRINT3000

PRINT2060

FORMAT(//1X,'[ STRESS DISTRIBUTION ON INNER SURFACE ]')
PRINT3000

PRINT1700

PRINT3000

DO 191,I=1,N/2

PRINT1800,ANP(I),BRS(I),BTS(I)

PRINT3000
PRINT2070 , ﬂ
FORMAT(//1X,'[ STRESS DISTRIBUTION ON OUTER "SURFACE 1)
PRINT3000

PRINT1700 -
PRINT3000

DO 192,I=1,N/2

PRINT1800,ANP(I),URS(I),UTS(I)

PRINT3000 .
FORMAT(1X,'® ', *ANGLE',T16, 'RAD.*,T31, "TAN. ', Thi1,1#1)
FORMAT(1X,'%',F6.2,T10,F10.1,725,F10.1,T41,'#1)
PRINT2900,B(K,1)

FORMAT(1X,'® ', 'VERTICAL DISPLACEMENT IS ','[',F8.6,']"

M

L]

$TH1, '#1)

3000

PRINT3000

FORMAT(1X, " e e e m e m e mccccmmmcoee #r)
STOP “

END J

REAL FUNCTION FSXPR(T,X1)

IMPLICIT REAL (A-H,0-2)

COMMON DUMMY,Y,D,R,PI,V,H

REAL M

Ms(1=-V)/V

DF=D-R*COS(T/R) . ’ : S - "
Z=R¥SIN(T/R) ‘ :
A1=(X1-DF) ##3/ ((X1-DF)#%24(¥Y- z)"z)-'z

A2z (X14DF) ®((X1+DF)®#2,2%DF#X %)/ ((X1+DF)"824(Y-Z)082) 882
A3=8UDF*X1#(DF+X1)%(Y-Z)®82/ ((X1+DF) #0824 (Y-Z)NN2)003

A4z (X1-DF)/((X1-DF)#824(Y-2)##2)
A52(3%X14DF)/((X14DF) ##2,(Y-Z)882)

AGAUOXI® (Y Z)W82/((X14DF) #0824 (YZ)002) 002

AT=(X1-DF)*(Y- z)"a/((x17or)"z+(r z)"a)"a

‘e A
.

. o «
) , . ‘
.
N

g, . o
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ABz( (X 14DF)®( (Y-Z)WB2,28DF##2 ) _28DF#(Y.Z)882)/
$((X1+DF)*82,(Y-Z)RB2)88)
A9=8¥DF*X1#(DF+X1)%(Y-Z)#82/((X1+DF)R82,(Y-2)%82)883
A10=z=1%(X1-DF)/((X1-DF) %82, (Y-Z)%#2)
A11=(X1+3%DF) /7 ((X1+4DF) #9232, (Y-Z)#82)
A12=4RX18(Y-Z)RR2/((X14DF)#82,(Y-Z)%#N2) 082
A123=(M+1)/(2*"M)®(A1+A2-A3)
A456=(M=-1)/7(U®M)R(AU+AS-Ab)
AT89=(M+1)/7(2®M)®(AT+A8+A9)
A101112=(M=-1)/(U4®M)#(A10+A11+A12)
FSXPR=(1-V##2)/(PL)*(A123+A456=-V/(1-V)*(AT894+A101112))
$%COS(T/R)
RETURN
END
REAL FUNCTION FSXQR(T,X})
IMPLICIT REAL (A-H,0-2) .
COMMON DUMMY,Y,D,R,PI, v H -
REAL M )
Mz(1=-V)/V
DF=D-R#*COS(T/R)
Z=R*SIN(T/R) -
A1=(X1-DF)%#2 /((X1-DF)®82,(Y-Z)882)882
A2=(DF®#2_X1®##2,6%DF#X 1)/ ((X1+DF)#82,(Y-Z)0%2) 08
A3z=88DF#X1%(Y~-Z)%®2/((X1+DF)®82,(Y- Z)"z)"3 N a—
AU=1/((X1~DF)® %2, (Y-Z)®82) ;
AS5=1/((X1+DF) ##2,(Y-Z)##2)
Ab= HRX 19 (DF+X1)/((X1+DF)%%24 (Y-Z)%82) 8 %2
AT=(Y-Z)®%82/((X1=-DF)##2,(Y-Z)®82 )88
AB8=((Y-Z)®82 . 88DF#X14+6%DFu#82)/((X1+DF) BR824, (Y_Z)W02)0u)
A9=8%DF#X1#(DF+X1)%#%2/ ((X1+DF)®#82,(Y-Z)#082)083
A10=z1/((X1-DF) #82,(Y-Z)#%2)
A11237((X1+DF) #9824 (Y-Z ) #%2)
A12=48X 1% (DF+X1)/((X1+DF)%#2,(Y-Z)%02)0a2
A123=(M+1)/(28M)*(A1-A2+A3) .
AU56=(M-1)/(4®M)#(AU-A5-A6)
"AT89=(M+1)/(2%M)*(AT+A8+A9)
A101112=(M=1)/(4*M)®(A10+4A11-412)
FSXQR=(Y-Z)/(PI)*(A123-AU456-V/(1-V)®(AT89+A101112))
$%SIN(T/R)*(1-VHR2)
RETURN .
END
REAL FUNCTION FSYPR(T,Y1)
IMPLICIT REAL (A-H,0-Z) §
COMMON X,DUMMY,D,R,PI,V,H
REAL M
M=(1=-V)/V v
DF=D-R*COS(T/R) :
Z=R*SIN(T/R)
A1z(X-DF)#%(Y1=2)#%2/((X-DF)®82,(Y1.2)002)042
A22z((X+DF)#((Y1-Z)R02,28DFRR2)_28DFR(Y1.2)882)/
$((X+DF)®02,(Y1-2)%02)00)
A3xB*DF#X?(DF+X)®(Y1-Z)R#B2/((X+DF) #9024 (Y 1-Z)002 )03
Alz-19(X-DF)/ ((X-DF)®M2,4(Y1-Z)002)
AS52(X+38%DF)/ ((X+DF)®824(Y1-2)0082)

»

-
o



'q -83 -

AGzU®X®(Y1-Z)892/ ((X+DF) ®824(Y 1-Z)%82)082

AT=(X-DF)#%3/((X-DF)##24(Y1-Z)®%2)8n82

A8=(X+DF)¥( (X+DF)®##82,28DF#X )/ ( (X+DF) ®#2,(Y 1-2)%82 )#82

A9=8%DF#X (DF+X)®(Y1-2)%82/((X+DF)®®#2,(Y1.Z)#82) %83 -

A10=(X=DF)/ ((X-DF) #%824(Y 1-Z)#%2)

A11=(3%X+DF) / ((X+DF)#¥#24 (Y 1-2) #%2)
CA12=z4RXR(Y1-Z)#82/ ((X+DF)#824(Y1- z)'-z)"z

A123=(M+1)/ (28M)#( A14A2+A3)

AUS6=(M=1)/ (H4EM)®( A4+AS+AB)

A789= (M+1)/ (2%M)*(AT+AB8-A9)

A101112=(M-1)/(4*M)%(A10+A11-A12)

FSYPR=(1-V##2)/(PI)#(A123+A456~ V/(1-V)'(A789+A10f112))
$ #COS(T/R)

RETURN

END

REAL FUNCTION FSYQR(T,Y1)

IMPLICIT REAL (A-H,0-Z) » .

COMMON X,DUMMY,D,R,PI,V,H

REAL M -

M=(1-V)/V . -

DF=D-R®*COS(T/R) ° '

Z=R#3IN(T/R)

A1z(Y1=2)882/ ((X-DF ) #4824 (Y1-2)%82)082

A2=((Y 1=2)%R2,80DF®X+6%DF#92)/ ( (X+DF) #824+(Y1-2)082)882

A3=8¥DF #{¥(DF+X)%82/((X+DF)##24(Y1-2) 802)8 83

Ab=1/( (X-DF)®#2,(Y1-Z)%%2)

AS=23/((X+DF) #®24(Y1-Z)0%2)

A6zU*X® (DF+X )/ ((X+DF)¥%#2 4, (Y1-2)®482)880

AT=(X-DF)¥#2/ ((X-DF )##24(Y 1-Z)®82)882

AB=(DF®#2.X® 82, ,68DF#X )/ ( (X+DF)®#2,(Y1-Z)%R2)#82

A9=8"DF #XH(Y 1-Z)%82 /((X+DF )82, (Y1-2) R82)% 083

A10=1/ ((X-DF) ®##2,(Y1-2)0%82)

A11=21/7 ((X+DF) ##24(Y1-2)%02)

A12:=48X# (DF+X )/((X+DF)#82 4 (Y1-Z)#H2) %87

A123=(M+1)/(2%M)8( A1+A2+A3)

A456=(M=1)/(4*M)B( A4+A5-A6)
AT7B9z(Maut)/(2%M)*(AT-AB+A9)

A101112Z2(M-1) 7 (4%¥M) #(A10-A11-A12)

FSYQRS(Y1-2)/ (PI)®(A123+A456-V/ (1-V) #(AT89-A101112))
$*SIN(T/R) M 14y ¥82)

RETURN

END .

REAL FUNCTION FSXPT(T X1) -

IMPLICIT REAL (A-H,O0- z) , ‘

COMMON DUMMY,Y,D,R, PI,V,H

REAL M 3y

M=(1-V) /V S . .

- DFs=s n—n'cos<T/n) : : \
Z=R*¥SIN(T/R) '

A1=z(X1=-DF)*83/ ((X1=-DF)*#24+(Y~ z)"a)"z ‘

A2x(X1+DF)*( (X1+DF) ##2,2%DF#X1)/((X1+DF)*##24 (Y~ z)'iz)"z

A3:=8%DF®X1#(DF+X1)%(Y-2)#®2/((X 14DF) " 824(Y-2Z)002) 003 .

AUz (X1=DF)/((X1-DF) ®#02,(YsZ)te2}

ASx(3%X 14DF) /7 (A X14DF) #9824 (Y-2)#82)

!




o2

3

<

-8 -

AG=4"X18(Y.2)®u2/((X1+DF) ¥ 82,(Y=Z )02 ) 08D
AT7=(X1-DF)%(Y-2Z)%82/((X1-DF)%924+(Y-Z)8R2)u8D
A8B8=((X14+DF)®( (Y-Z)R82,28DF#82) _2UDFE(Y_Z)"82)/
$((X1+DF) #R2,(Y-_Z)%R2) 882

A9=8*DF ®X1#(DF+X1)®(Y-Z)®82/((X1+DF)#82.,(Y-Z)#82) 083 "
A10:-1#(X1<DF)/((X1~DF)##2,(Y.Z)##82)
A11=2(X1+3%F)/ ((X1+DF)##2 4 (Y.Z7)Bu2)

A12:=U"X 1 #(Y-Z)®#2/( (X1+DF) ##2:(Y~ z)"z)"z
A123=(M+1)/(2%M)*(A1+A2-A3) Co
AU4S56=(M=1)/(4®#M)¥(A4+A5~-A6)
A789=(M+1)/(2%M)*(AT+A8+A9)

A101112=(M=-1)/7 (LU%M) #(A10+A11+A12) ' .
FSXPT=( 1-V##2 )/ (PI)®(A123+A456-~ V/(1 V)'(A789+AT01112))
$#*SIN(T/R) .
RE TURN

END '

REAL FUNCTION FSXQT(T,X1) .

IMPLICIT REAL (A-H,0-2Z)

COMMON DUMMY,Y,D,R,PI,V, H

REAL M W

M=(1-V)/V

DF=D-R*COS(T/R)

Z=R*SIN(T/R) .

A1=(X1-DF)#%92/ ((X1-DF)8%#2 4 (Y-Z) 2 82)882

A2=(DFES2.X1#82 . 64DF#X1)/ ( (X1+DF) #82,(Y-2) %82 )88
A3=8%DFRX1%(Y-Z)%#2/ ((X1+DF)*#24+(Y- z)ﬂz)"3,\

CAB=1/((X1-DF)® 824 (Y-2)82) .

AS=1/((X 1+DF)RE2,(Y_Z)¥¥2)
A6=4X1® (DFeX1)/((X1+DF) 82, (Y2 ) W02)082 \
AT=(Y-Z) ®82/((X1-DF) ##24(Y-Z)%02 ) 882
AB=((Y~Z)®9248#DFX1+6%DF##2)/( (X 14DM) ##24(Y—2)402) 882
A9=8¥DF®X 1%(DF+X1)*#2/((X1+DF)*#24(Y- 2)--2)--3
A10=1/((X1-DF) ®#82,(Y-2)n%2)
A1123/((X14DF) @02, (Y~Z)002) )
A12=4%X 19 (DF+X 1)/ ((X 14DF)# 82, (Y-Z ) #82) 08
A123=(M+1)/(2%M)%(A1-A2+A3)
ANS6:(M=1)/(4®M) (A4 -A5-A6)
A789=(M+1)/(2%"M)*(AT+AB+AD)
A1011122(M=-1)7 CU*M)® (A10+A11-4A12)
FSXQT=(Y-2Z)/(PI)#(A123-A456- V/(1-V)'(A789+A101112))
$#COS(T/R)#(1-v#82) N
RETURN.
END ;
REAL FUNCTION FSYPT(T, Y1)
«0IMPLICIT REAL (A-H,0=~ z)’
COMMON X,DUMMY,D,R,PI,V,H T .
REAL M ' : : o
M=« 1-V)/V _ \~ .
DF=D-R*COS(T/R) ' A
Z=R®*3IN(T/R) -
Al=(X-DF) *(Y1- Z)"Z/((x-DF)"2+(Y1-Z)"2)"2 B
A2= ((X+DF) %((Y1-2)"82420pF0#2). 2%DF¥(Y1- z2)%%2)/
$((X+DF)®82,(Y1-2)002) 882 :
‘A3 89DFX® (DF+X ) ¥(Y 1~ z)'-z/((x¢nr)-!a¢(x1-z>i¢2)g~3

. co

L
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- ey

§

Ns g e s s s
;

Al= 1iii-npf/((x-DF)--z;(Y1-z)--25\\\\\\
+3%DF)/ ((X+DF) %82, (Y1.2)882)
GLURXW(Y1-Z) 902/ ((X+DF)#024(Y1-2)082) 082 >

AS5=

I g i e v

-85

T=(X-DF)*##3/( (X-DF)#®24+(Y1-2)%82)882

<~ AB=z(X+DF)®((X+DF)®#24+2#DF#X )/ ((X+DF)®#24(Y 1 Z)"2)"2
A9=8#DFRX*(DF+X)#(Y1-Z)%82/( (X+DF)#824(Y1-7)%02)083
A10=(X~DF)/((X :

“A11=2(3%X+DF)/ ( (X+DF) ##2,(Y1.2)082)
A12=URXB(Y1-2)82/((X+DF)##24(Y1- -Z)RR2) 82

~DF)##2,(Y1-2)482)

A123= (M+1)/(2‘H)’(A1+A2+A3)
AUS6=(M~"1)7(CUBM) S OALLASAL)
AT89=(M+1)/(2"M)*(AT+A8-A9)

£101112=(M=1)7 (4*M)®(A10+A11-A12)

.

LY

~

\

N

FSYPT=(1~ V"Z)/(PI)’(A123+AHS6 v/ {1- V)’(A759+A101112))

$#SIN(T/R)
RETURN
END

LY

REAL FUNCTION FSYQT(T,Y1)

IMPLICIT REAL (A-H,0-2)

COMMON X ,DUMMY,D,R,PI,V,H

REAL M
M=(1=V)/V

DF=P~R*COS(¥/R)
Z=R*SIN(T/R)
A1=(Y1-Z) %2/ ((X-DF)#¥824(Y 1~ z)"a)"z

A2=((Y1-Z)"#2+89DF#X+ K DFR#2)/({X+DF)##24(Y1-2)882) 082 ,

.

" A3:=8#DF#X#(DF+X)##2/((X+DF)##24(Y1-2)Ru2 )83
A4=1/((X-DF)®82,(Y1-Z)%%2)
- "A5=3/¢(X+DF)%#2,4(Y1-Z)0#2) ‘
A6=4*X% (DF+X )/ ((X+DF)®*%#24+(Y1- z)"z)'*z

AT=(X-DF)#%2/( (X-DF)##2+(Y 1-7)%#2)8s
AB= (DFR*#2_X®82,C#DF¥X )/ ({X+DF)#%24
A9=8#DF#X#(Y1-2)882/ ((X+DF)##24+(Y1-

A10=1/((X-DF)#%2,(Y1-Z)%#2)

$'COS(T/R)'(1 van2)

. RETURN
END

. REAL FUNCTION AX(T)

COMMON- X,Y,D,R,PI,V,H

AX=X
RETURN
END

REAL FUNCTION BX(T)'
COMMON X Y,D,R PI,V,H

BX'=H
RETURN

n
vV END

r

"A14=1/((X+DF) ##2,4(Y1-Z)%¥2)
A12=4#X#(DF+X )/ ((X+DF)#%#24 (Y1-Z)%82)082
A123=(M+1)/(2%M)*(A1+A2+A3)
AUS6=(M-1)/(U®M) *(AU4LA5~AD6)
A789=(M+1)/(2%M)#(AT-AB+A9)
A101112=(M=1)/7(4%M) #(A10~-A11-412) |,

FSYQT=(Y1-Z)/ (PI)%(A123+AU56-V/(1-V)%(AT89- A101112))

*
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'.REAL M 2

Z=R¥SIN(T/R) co L
“MR1=( (X-DF)®##24(Y-2)##2) . ' \
- R2=((X+DF)#*#24(Y-Z)%#2). . s

it bt mn g TR TR oA Tt W o e P e N F —
v

REAL FUNCTION AY(T) L o o o
COMMON X, ¥,D,R,PI,V,H - _ . .
\AY Oo ) .

RETURN- ‘ , Ty, . A

END ‘ ' ’ RO . .o
REAL FUNCTION BY{(T)-. C . \\>\\ .
COMMON X,Y,D,R PI,V H- Nl ' T
BY=Y . a -
RETURN - ' ‘ L
END" . . o BERS
REAL FUNCTION Fsspvn(T;x) o <

IMPLICIT REAL (A-H,0-2) . _.

COMMON DUM1,Y,D,R, PI,V,H - ' C, p

M=(1-V)/V . CL ' ;o o
DF=D-R#*COS(T/R) A BN .

Z=R®SIK(T/R) ' T e,
R1=€;%fDF)!'2+(¥aZ)!'2) N '
R2=(/(X+DF)#%2,(Y-Z)"®2) , . ' :
Al1=(X-DF)%82/R1%82 . . " .
AZ=(X##2-38DF#X-DFR2) /2442 ' '
A3=88DF#X#(DF4+X)##2/R28#%3 i .
Ab=1/R1 . : S
A5=1/R2 ‘ . RN ,
A6= 4'X’(x+DF)/R2"2 .
A123=(M+1)/(2%M) #(A1+A24+A3)
AU56=(M=1)7 (4*M)®(AU-A5+A6)
FSSPVR= COS(T/R)'(Y Z)®(A123+A456) /P .
"RETURN - \

END ~ v . ' ' .. B
REAL FUNCTION FVSPR(T,Y) T : , o N

“.IMPLICIT REAL (A-H,0-Z) ' o,

COMMON X,DUM2,D,R,PI,V,H ' ) ;o L
REAL-M . . o . L
M=(1-V)/V | ) ) A
DF=D-R*COS(T/R) . N -

KV'=(X-DF)##3/R1 %82 . .
A2=(X*DF '((X+DF)"2+2'DF'X)/R2*’2 ' : :
A3=8#DF*X# (DF+X)#(Y- B)4%2/R2 %43 ' ‘ / kS
Al=(X-DF)/R1 B
A5=(3%X+DF)/R2 L L
AG=leX®(Y_Z)#82/R2%8Q '
R123=(M+1)/(2#M) #(A1+A2-43) S .
AU56s (M- 1)/ (4%M) #(K43A5=AG) . Lo
FVSPR= cos(T/R)'(A123+Au56)/PI R . T
RETURN : A ]
END ¥ U, ,

REAL FUNCTION.FHSPR(T,X) B o . A

"IMPLICIT REAL (A-H,0-2) . ' et

COMMON DUM1, ! D,R, PI V,H - - . ' ‘ e
REAL M o .




Pl

B TS

-

. Me(1-W)/V v , - . .
DPzD-R®*COS(T/R) : o T . 5
. ZzR®SIN(T/R) o .ot T ; ’f ‘ -
oo R1z((X-DF)#®24(Y- z)"z) L ° 3 - i
R2=( (X+DF) ##24(Y-2)"#2) o " . : ' -
A1z(X-DF)®(Y-Z)®82 /R108%2 - .
A2z ({X+DF)®((Y-Z)882,28DF#82)_ 2'35'(! z)"2)/nz"2
A3= aﬂnp-xﬁ(np+x)'(Y-Z)-lacszila .
A4z 1%(X-DF)./R1 .
A5=(X+3%DF)/R2 - v .
AbzL#xa(yY_Z)uu2/Ro208y . ‘ .
. A123=(M+1)/(2'M)'(A1+A2+A3) ’ ' =
/Au56~(M 1)7 (4*M) R (CAU+AS+AD) . , .
-FHSPR= COS(T/R)'(A123+A456)/PI o e . . !
BETURQ b " N ‘ . ) t
-+ END . - . Lv ~ ¢ '
REAL FUNCTION FSSQVR(T x) B . : .
'IMPLICIT REAL: (A-H,0- z2) * ‘ , . t . ‘ o
COMMON DUM1,Y,D,R, PI V,H : ‘
REAL M s
M=(1=V)/V : ', .-
DF=D-R®*COS(T/R)- =+ - Cee- . T S _
Z=R®SIN(T/R) ° et . N
R1=( (X-DF) ##24(Y-Z)##82) o , z
R2=( (X+DF) #8424+ (Y-Z,) ##2) ' ' R I
A1=(X:DF)#(Y-Z)%#2/R1%%2 - " . ‘ L
A2=(2%#DF#X+ (Y- .)#%2)® (DF+X)/R2%4%2 T . .- R
"A3=8W%DF#X#(DF+X)*(Y-Z)#%2/R2%483 . . _ -
» Ai=(X-DF)/R1 ot <
AS={(3%X+DF)/R2 . ) X ’ ) :
A6=4#X#(DF+X )82/ R20%2 B ‘ , N
9A123 (M+1)/7 (2%M)#(A1+A2-A3) : v . ‘ Co :
A456=(M=-1)/(U®M) R (AL4+A5-A6) . T S . B
FSSQVR=SIN(T/R)*(A123+A456)/P1I .
RETURN , -
END " .o .
' REAL FUNCTION FVSQR(T,Y) P
IMPLICIT REAL (A-H,0-Z) - ' : ' "o )
COMMON X,DUM2,D,R, 91 V,H . . s
REAL M R , , , . . P
M=(1=-V)/vV Ct .ol
DF=D-R¥*COS(T/R) . ‘ . : o, .
Z=R*SIN(T/R). : ) : . ; : i
R1=((X«DF)®#82,(Y-2)n#2)" : . -
R2=( (X+DF)®®2,(y-Zz)%®2) : - .
A1=(X-DF)##2 /R1882 . .
A2:= (DF"2-X"2+6'X'DF)/R2"2\\.
A3=8%DFeX®(Y_7)882/R2008]3 N
‘ A4=1/R1 . AN
. A521/R2 © : N
AG=L4®XR(DF+X)/R2¥%#82 . ' . .
A123=(M+1)/(2%"M)*(A1-A2+A3)
A456=(M=1)/ (UM)®(AU-A5=A6).
FVSQR=SIN(T/R)#(Y-Z)#(A123-A456)/PI

)

OO SN




Ri=((X-DF)##24(y-z)##2) '«

R12( (X-DF)##2,4(Y-2)##2)

RETURN

END | : ;
REAL suﬂcrxon FHSQR(T X) R
IMPLICIT REAL (A-R,0- z> T .
COMMON DUM1,Y,D,R,PI,V,H ’

REAL .M . -

Mz(1-V)/V
DF=D-R*COS(T/R) ¥ N
ZR®*SIN(T/R)

R2=( (X+DF) #824(Y-Z)##2) ° S '
A=(Y-Z)®82/R1802 ® n
A2=( (Y- Z)"2+8'DF'X+6'DF"2)/R2"2
A3=8'DF'X‘(DF+X)"2/R2"3 :
A4=1/R1

A5=3/R2

A6=U4®X*(DF+X)/H2u#2

A123=(M+1)/(2%M) ®(A1+A2443) - .
AUS6=(M=1)/(4*M)®(AU+A5-A6) S
FHSQR=SIN(T/R)*(Y-Z)#(A123+A456)/P1 -
RETURN

END , ' .
REAL FUNCTION FSSPHR(T,Y) -
IMPLICIT REAL (A-H,0-Z) '

COMMON X,DUM2,D,R,PI,V,H

REAL M

Mz(1-V)/V

' DF=D-R®*COS(T/R) .. !
" Z=R®*SIN(T/R) : .

R1=( (X-DF) #82,(Y-Z2)#82) _
R2=( (X+DF) ##2,(Y-Z)#%2) . e
A1=z(X-DF)##2/R1%82 :
A2=(XWH2_24DF#X.DF##2)/R2W%2
A3=8%DF®Y® (DF+X)#82/R2##83
Ad=1/m1

A5=1/R2

AG=4#X¥(X4+DF)/R2882
A123=(M+1)/(2%M) #(A1+A2+4A3)
A456=(M=1)/7(4%M)®(A4-A5+AD) .

“FSSpaancos(T/R)'(Y Z)®(AK123+A456)/P1

RETURN .
END !
REAL FUNCTION FSSQHR(T,Y) - S
IMPLICIT REAL (A-H,0-Z) ‘ .
COMMON X,DUMZ,D,R,PI,V,H ! '
REAL M ‘ ‘ :

Mz(1=V)/V ~ \ :

DF=D-R*COS(T/R) ~ . ;
Z=R*SIN(T/R) )

R2=( (X+DF)#82,(Y-Z)##2)
A =z(X-DF)®(Y-Z)®#®2/R1082
A2=(2%DF®X+ (Y- zi:ﬂa)'(np+x)/n2'~2 :
A3:8'DF'X'(DF+X (Y»z)'-24n2--3 o ’

'
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" REAL ?UNCTION ‘FHSPT(T,X) o

A¥=(X-DF)/R} ' -
A52(3%X+DF)/R2 ° : -
AGz4®X® (DF+X)®82/R2082 4 .
A1232(M+1)/(2%M) % (A1+A2=A3) "
A456=(M=1)/(4%M)*(AU+A5-A6) '
FSSQHR=SIN(T/R)*(A123+AU456)/PI ’

RETURN ;

END . o

REAL FUNCTION FSSPVT(T X) ‘ £,
IMPLICIT REAL (A-H,0-Z) -

COMMON DUM1,Y,D,R, PI V,H _ . '
REAL M . , ’
Mz(1-V)/V o -

_ DF=D-R*COS(T/R) e

Z=R*SIN(T/R) .
JR1=((X~DF)®#®82,(Y-Z)%82) :
R2=((X+DF) %824 (Y-Z)"#2)
Al1=(X=-DF)®#2/R188#2 : ,
A2=(X®#®2_28ppay._ DF"Z)/R2"2 L -
A3=8%DF#)X%(DF+X)%82/R2883 . I
A4=1/R1

A5=z1/R2 .

AB=U®X%(X+DF) /R2%#2 . .
A123= (M+1)/(2%M)#(AT1+A2+A3)
AU4S6=(M-1)/(4%M)®(A4-A5+A6)
FSSPVT=SIN(T/R)*(Y- z)'(A123+Au56)/PI

RETURN ', v .
‘END : , T

REAL FUNCTION FVSPT(T,Y)

IMPLICIT REAL (A-H,0-2)

COMMON X,DUM2,D,R,PI,V,H

REAL M

M=(1-V) /v : , .
DF=D-R%#COS(T/R)

Z=R*SIN(T/R) .
R1=((X-DF)®®#24(Y-2)%92)

/R2 ((X+DF)#82,(Y-Z)%82)
A1=(X-DF)##3/R1##2

A2= (X+DF)'((X+DF)"2+2'DF‘X)/R2"2
A3=BWDF#X#(DF+X)¥%(Y- z)"2132"3 .
A= (X-DF)/R1.

A5=(3%X+DF)/R2 ,
Ab=LeXR(Y.Z)8R2/R2¥N2 P
A123=(M+1)/(2%M)*(A1+A2-A3) .
AUS56=(M=1)/(U4¥M)®(AU+A5-A6) o
FVSPT= =SIN(T/R)*(A123+A456)/P1I

RETURN °

,END

IMPLICIT REAL (A-H,0- z)

COMMON DUM1,Y,D,R,PI,V,H

REAL M a
Me(1-V)/V . ,
DFZD-R'COS(T/R) : - o
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_ZaR®SIN(T/R) - : -
. Rla((X=DF)®®24(y-z)882) , - C. v )
- R2z((X+DF)®®2,(Y-2Z)802)" . - ‘ . '

AT®(X-DF)#(Y-Z)082/R1082
A2:((X4+DF)®( (Y~Z)®82,28DF8u2)_ Z'DF'(Y z)'-2)/nzl'2
A3:8'DF'X'(DF+X)'(Y 2)0'2/32"3
AY=-18%(X-DF)/R1, . : .
A5z (X+3%DF)/R2 __— ~ S Lt
AGzL®X®(Y_7)u82/po083 . . . ) :
A123=(H»1)/(2'M)'(A1+A2+A3) o

A

 AU56=(M=1)/ (4M)%(A4+A5+A6) v

FHSPT= SIN(T/R)'(A123+AN56)/PI

RETURN .

E“D i - } ¢ ’
REAL FUNCTION FSSQVT(T,X) ‘ . :
IMPLICIT REAL (A-H,0-Z) - ; ' Ty

'~ COMMON DUM1, ! D,R, PI V,H

REAL M
M=(1-V) /v

DF=D-R®*COS(T/R) - ‘
Z=R®*SIN(T/R) T Y
R1=((X-DF)##24(y.z)#82) s e .
R2:=((X+DF)#82,(Yy-2)nu2) - -
A1=(X-DF)¥(Y-Z)ve2/R 1082 ‘
A2z(2*DF#X+(Y- z)"z)'(DF+X)/32"a

A3=88DFRXE(DE X ) (Y7 )82/ R2¥FT—
Au;(x-DF)/R‘l f e - . :
A5=(3%X+DF)/R2 o, ’ .o o

AG=URX®(DF4x ) MR2/R2 %02 o
A123=(M+1)/(2%M)¥%(A14A2~A3) , ( 2
AB56=(M=1)/(U4%M)8(AL44+A5-A6) o ' S
FSSQVT= COS(T/R)'(A123+AM56)/PI o S
RETURN . :

'END . A

REAL FUNCTION FVSQT(T,Y) - v
IMPLICIT REAL (A-4,0-2) ' - ]
COMMON X,DUM2,D,R, PI V,H ’ R
REAL M ’ : :

M=(1-v) /v
DF=D-R*COS(T/R) . . : :
Z=R*SIN(T/R) , o : L -~
R1z((X-DF)##24(Y-7)8#2) L -
RZ=((X+DF)%#2,4 (Y-Z)##82) ) o
A1=(X-DF)##2/R1%82 : \E . 4 . c. -
A2=(DF®®2.X¥82 .6 XADF)/R2¥8 - : -
A3=z8¥DFexe (Y. Z)"Z/RZ"3 ‘ -

Abz1/R1 ) J -, o
A5=z1/R2 ' -
AG=4%X®(DF4X )/ R24N2

A1232(M+1)/(2%M)*(A1-A2+A3) . ¢ ,
AUS6z(M=1)/(UnM)¥(Al_pAS-AG) " ' t
FVSQT=COS(T/R) #(Y-2)*(A123- Au56)/PI .
RETURN .

END - '

bl
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REAL FUNCTION FHSQT(T,X)
IMPLICIT REAL (A-H,0-2)

COMMON DUM1, z D,R, PI Vi H

REAL M )

M=(1- V)/V/ o
DFxD-R#COS(T/R)

ZsR®*SIN(T/R) co v
R1z(TX-DF)##24+(Y-2)%%2)

"R2:( (X+DF)®82,(Y-2)#82)

Al1z(Y-Z)®82/R10882
A2=((Y- Z)"2+8'DF'X+6'DF"2)./32"2

 A3=8%DFeX® (DF+X)##2/R2%43

'A4sz1/R1 '

A5=3/R2

A6z48X8(DF+X)/R2%82
A123=(M+1)/7(2%¥M)®(A1+A2+A3)
AU562(M=1)/ (4*M)( AU+A5-A6) .
FHSQT=COS(T/R)#*(Y- z)-(A123+Au56)/P1
RETURN

-END

REAL FUNCTION FSSPHT(T Y)
IMPLICIT REAL (A-H,0- z)
COMMON X,DUM2,D,R, P; V,H

REAL .
Mz(1- V)/V . A N

NRaD AN )
R = 7

et o e A R Y AR i S S PR i
»
-
-

4

Z=R*SIN(T/R)
R1=((X-DF)®#82.,.(Y-Z)##2)
R2=((X+DF)®##82,.(Y-.Z)##2)

“A1=(X-DF)##2/R1#82 . .

@

A2=(XRE2_28DFeX_DFE82)/R2U82

A3z 8'DE'X‘(DF+X)"2/R2"3

Ald=1/R1 ° a
A5:=1/R2 ) .

Ab6= u'x'(X+DF)/Ra--2
A123=(M+1)/(2"M)®*(A1+A2+A3)
Al56=(M=1)/ (4#M)*(AL-A5+A6)
FSSPHT=SIN(T/R)#(Y- Z)‘(A123$AU56)/PI
RETURN

END . ,

REAL FUNCTION FSSQHT(T Y)
IMPLICIT REAL (A«H,0- z)

COMMON X,DUM2,D,R,PI,V,H

REAL M T
M=(1-V)/V TR e
DF=D-R*CGS(T/R)

Z=R*SIN(T/R)
R1z((X~DF)#9824(Y-2)082) .

R2xz( (X+DF)®##2,(1-2)%42) N
A1=(X~DF)#(YZ)482/R1082
A2z2(29%DF#X+(Y-2)"®2)#(DF+X )/R2082
A3=8'DF'X'(DF+X)'(Y Z)##2/R2043
Al4a(X=-DF)/R1

A5=(3%X4+DF)/R2

-

Ad

=4
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‘A6=4¥X®(DP+X ) W02 /R2 082

A123x(M+1)/( .H)'(A1fA2-A3)i
AUS56a(M=1)/(4OM)®(AB+AS5-A6) .

‘FSSQHT=COS(T/R)#{A123+A456)/P1

RETURN . .

END : SRR
REAL FUNCTION XL1(T)

COMMON /0/ X1,Y1,X2,Y2

XL1aX1

RETURN

END -

REAL FUNCTION XL2(T)

COMMON /07 X1,Y1,%X2,Y2 S ¥

fL2=X2
RETURN
END
REXL FUNCTION YL1(T) R
COMMQN /0/ X1,Y1,X2,Y2 o
YL1= )
RETURN

END -

REAL FUNCTION YL2(T)

COMMON 70/ X1,¥1,X2,Y2 . -

YL2=Y2
RETURN .
END ; :
REAL FUNCTION POLY(K,X) o ~.
IMPLICIT REAL (A-H,0-2) :
INTEGER K ‘ L
P=K . ‘/—//
POLY=X®##(P-1.)" -,
RETURN .
_END .
b 3]
. |
® ) 3{{‘ - ' ;
N »
[ . ‘.
© c A
’ v u".
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, PROGRAM "CIRFDN " ”
PROGRAM "CIRFDN" EVALUATE THE DISPLACEMENT OF ,AND. THE
CONTACT STRESS OF A RIGID ANNULAR STRIP FOOTING
IN LINEARLY ELASTIC GROUND .

THESE STRESS ARE AN APPROXIMATION TO THE REAL CONTACT
STRESS DISTRIBUTION.
THE METHOD USED IS PRESENTED IN THIS THESIS.
~PROGRAM CIRFDN(INPUT,OUTPUT)
IMPLICIT REAL (A-H,0-2)
COMMON X,Y,D,R,PI,V,H
COMMON 70/ X1,Y1,X2,Y2
X,Y ARE COORDINATES OF THE POINT AT WHICH STRESS ARE -
CALCULATED.
DF,Z ARE COORDINATES OF THE FORCE UNDER CONSIDERATION
PARAMETER (N=20,Kz21ph=10)
N IS NUMBER OF SECTION TO WHICH PIPE IS DIVIDED,
REAL A(K,K),BRS(L),BTS(L),URS(L),UTS(L),XF(N),YF(N},
$SP(N) ,SF(N),ANP(L),XP(L),¥P(L)
A IS THE MATRIX OF DISPLACEMENT INFLUENCE
FACTORS,AND LATER OF STRESS INFLUENCE FACTORS.
VS & HS ARE VECTORS OF TOTAL VER. AND HOR.
FORCES ACTING AT EACH SECTION, AND LATER VECTORS
OF RAD. AND TAN. STRESS AT EACH SECTION. .
XF & YF ARE VECTORS OF END-POINTS COORDINATES .
OF EACH SECTION. _ .
XP & YP ARE VECTORS OF MID-POINT COORDINATES
OF EACH SECTION. :
REAL B(K,1),WKAREA(K),WK(130
INTEGER M,0,IA,IDGT,IERR
_ REAL INC,KO
INTEGER IER p
“ INC IS THE SIZE OF THE ELEMENTAL PIPE SECTION
REAL DBLIN -
DBLIN IS A DOUBLE INTEGRATIQN SUBROUTINE FROM IMSL LIBRARY.
EXTERNAL POLY
EXTERNAL FSXPR,FSXQR,FSYPR,FSYQR
THESE ARE THE STRAIN FUNCTIONS UPON WHICH DOUBLE
INTEGRATION IS PERFORMED TO GET DISP. INFLUENCE-
FACTORS DUE TO A UNIT NORMAL STRESS. ~
EXTERNAL FSXPT,FSXQT,FSYPT,FSYQT ,
THESE ARE THE STRAIN FUNCTIONS UPON WHICH DOUBLE
INTEGRATION IS PERFORMED TO GET DISP. INFLUENCE
FACTORS DUE TO A UNIT TANGENTIAL STRESS.
EXTERNAL AX,BX,AY,BY
- INTEGRATION LIMIT FUNCTIONS FOR DBLIN SUBROUTINE.
EXTERNAL FVSPR,FHSPR,FSSPVR,FSSPHR,
$FVSQR, FHSQR, FSSQVR, FSSQHR,
$FVSPT, FHSPT,FSSPVT, FSSPHT,
$FVSQT, FHSQT, FSSQVT, FSSQHT
THESE ARE STRESS FUNCTIONS IN TERMS OF VER. AND
HOR. COMPONENTS OF NORMAL AND TANGENTIAL STRESS.
FKTERNAL XL1,XL2,YL1,YL2 ‘
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1100 FORMAT("1',"® # # # '8 & # ® & % ¥ & & & 0 0 8 8 # &1

1200 FORMAT( 1X, "' [ DATA ]' T66,"'/1X,
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INTEGRATION LIMIT FUNCTIONS FOR DBLIN SUBROUTINE. .
PI=3.14159265 ‘ - v T
EPS=.000001 o C .
M=1 .
0=K

IA=K

IDGT=4 w : . : .
AERR=.0001 ‘ ' , |
PRINT#®, 'ENTER BREADTH OF FOUNDATION .' . S ’
READ®,BR . S
PRINT®,'ENTER DEPTH OF FOUNDATION BOTTOM .'

READ®, HT " "
PRINT','ENTER THE DEPTH OF THE UNDERLYING ROCK LAYER .!'
READ®,H ’ : .

PRINT®, 'ENTER THE DENSITY OF THE ELASTIC GROUND .°'

READ®,DE . .

PRINT®, 'ENTER THE MODULUS OF ELASTICITY-E .°

READ®,E

_ PRINT®, 'ENTER POISONS RATIO .°

READ',V \

PRINT®, 'ENTER COEFF. OF LATERAL PRESSURE .' .
READ',KG ' . s
PRINT#, 'ENTER ANGULAR SIZE OF FOUNDATION, .°'
READ®,ANG e C
PRINT®,'ENTER LOAD ON FOUNDATION (KG.) .°

READ® ;W B

PRINT1100 )

A A A L I I I N N B

‘$'#1,15X,' PROGRAM "CIRFDN"',T66,'%'/1X,

$'AND THE ', T LA AFAD PRE LIS CONTACT STRESS OF A RIGID ',

$'ANNULAR STRIP FOOTING INSTALLED',T66 v# /X, ’ C
$1841,; IN LINEARLY ELASTIC GROUND .',T66,'%*'/1X, .

$"',' THESE STRESS ARE AN APPROXIMAT{:N TO THE REAL ',
$'CONTACT',T66, ' *1/1X, ¥, STRESS DISY.',T66,'#'/1X,

$'#1,v  THE METHOD USED IS EXPLAINED IN THE CONTENTS °',

$'0F THIS THESIS. yT66,'#1/1X, Co

$rer PROGgA "CIRFDN" EVALUATE THE DISPLACEMENT OF ,°',

L LAD . T ='
PRINT1200,BR, HT ANG,H,E,DE,V,K0,W,N . : S

~

grir BREADTH OF FOOTING IN METERS ',F6. 2 T66,'®*'/1X,
$ra e DEPTH OF FOOTING BOTTOM IN METERS yF7. 2, X
$166, %1 /11X,

$rav, e ANGULAR SIZE OF FOOTING ',F7.2,T66,'%'/1X,.

$ré1 0 DEPTH OF UNDERLYING ROCK LAYER ,F? 2 T66,"'/1X,
g8 0 ELASTIC GROUND E-MODULUS IN KG/S.M. ,F12 2,

$T66, ' ®#1/1X,

$181 0 DENSITY OF GROUND.IN KG/C.M.4',F8.2,T66,"'/1X,

$'%+,7'  POISONS RATIO ',F3.2,T66,"'/1xq

$'#',0'  COEFF. OF LATERAL PRESSURE ',F3.2,T66,'#'/1X, '
.$'%1 v LOAD ON FOOTING IN KG. ',F10. 2~r66,'-'/1x, ,

g8, NUMBER OF 'SECTIONS (N) .13,T66,'-'/1x, :

-4 Yo . Cn . " _:;‘
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i . D0 4,1I31,L
: ANP(I)sI'ANG/N-.S’ANG/N
IANG=ANG/2
ANG=ANG*PI/360.
R=BR/SIN(ANG)
D=HT+R®*COS(ANG)
/INC=2.%R#®ANG/N
' SF(1)=0.
1)=INC/2. . ,
. CCC.” GENERATION OF- ANGULAR COOD. OF MID-POINTS AND
CCC’ END-POINTS OF EACH SECTION. .
’ DO 5,I=1,L
SP(I+1)=SP(I)+INC
SF(I+1)=SF(I)+INC
5 CONTINUE .
CCC  GENERATION OF POINTS COOD.
Do 10,I=1,L ° .
XP(I)=D=- R-cos(spcrﬁ/n) \
YP(I)=R®SIN(SP(I)/R)
10 CONTINUE
" DO 11,I=1,L+1 .
. XF(I)=D-R*COS(SF(I)/R)
o YF(I)=R®SIN(SF(I)/R)
' 11 CONTINUE :
CCC _GENERATION OF DISPLACEMENT INFLUENCE FACTORS.
DO .30,3=1,L , .
-t x;xp(ao :
Y=YP(J)
DO 35,I=1,L
" T1=8SF(1I)
T11=8P(I)-EPS
T22=SP(I)+EPS
. T2=SF(I+1t)
IF(I.EQ.J)THEN
VDP1=DBLIN(FSXPR,T1,T11,AX,BX,AERR,ERROR, IER)
$-DBLIN(FSXQR,T1,T11,AX,BX,AERR,ERROR, IER)
$+DBLIN(FSXPR,T22,T2,AX,BX,AERR, ERROR, IER)
$-DBLIN(FSXQR,T22,T2,AX,BX,AERR,ERROR, IER)
HDP1=DBLIN(FSYPR,T1,T11,AY,BY,AERR,ERROR,IER)
$-DBLIN(FSYQR,T1,T11,AY,BY,AERR,ERROR, IER)
$+DBLIN(FSYPR,T22,T2,AY,BY,AERR,ERROR, IER)
$-DBLIN(FSYQR,T22,T2,AY,BY,AERR,ERROR, IER)
VvDQ 1= DBLIN(FSXPT T, r11 AX BX, AERR ERROR 1ER)
. $+DBLIN(FSXQT,T1,T11,AX, Bx AERR Ennon IER)
$+DBLIN(FSXPT, T22 T2,AX,BX,AERR, ERROR, IER)
$+DBLIN(FSXQT, T22,T2, AX, BX,AERR ERROR, IER)
HDQ1= DBLIN(FSYPT T, r11 AY,BY,AERR, ERROR IER)
$+DBLIN(FSYQT,T1,T11,AY,BY,AEHR,ERROR,IER)
$+DBLIN(FSYPT,T22,T2,AY,BY,AERR, ERROR, IER) .
$+DBLIN(FSYQT,T22,T2,AY,BY,AERR, ERROR, IER)
ELSE
VDP1= DBLIN(FSXPR.TI,TZ,AX,BX,AERR,ERROR,IER)

-

i
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Q-DBLIN(FSXQR T1,T2,AX,BX,AERR,ERRQR, IER) ' S ;
HDPI-DBLIN(?SYPR T1,T2,AY, QY,AERR ERRQR IER) '
$-DBLIN(FSYQR,T1, T2 AY BY AERR ERROR, IER) :
VDQ1-DBLIN(FSXPT T1 T2 AX BX,AERR ERROR IER) a
" $+DBLIN(FSXQT,Tt, T2, AX BX AERB ERROR, IER)
HDQ 1= DBLIN(FSYP% T, T2 AY BY, AERR ERROR IER)
.$+DBLIN(FSYQT,T1,TZ,AY,BY,AERR,ERROR,IER)

ENDIF
, , T1==T1 . .
i - T2=-T2 _

VDP2= DBLIN(FSXPR T2,T1,AX,BX ,AERR, ERROR, IER)
: $-DBLIN(FSXQR,T2, T1 AX BX AERR Enaon IER) ‘
HDPZ:DBLIN(FSYPR,T?,T1,AY,BY,AERR,ERROR,IER)
$-DBLIN(FSYQR,T2, T1,AY, BY,AERR,ERROR,IER)
VyDQ2=-DBLIN(FSXPT,T2,T1,AX,BX,AERR, ERROR, IER)
$-DBLIN(FSXQT,T2, T1,AX, BX,AERR,ERROR, IER) .
HDQ2= -DBLIN(FSYPT,T? TT,AY BY, AERR, sanon IER)
$-DBLIN(FSYQT,T2, T1,AY, BY,AERR, ERROR IER) ,
A(J, I)sVDP 1+VDP2 . - "~ - -
A(J, I+L)=VDQ14+VDQ2 ‘
A(J+L,I)=HDP1+HDPZ C )
. A(J+L,I+L)=HDQ1+HDQ2 ) - o ' '
35 CONTINUE
30 CONTINUE
DO 90 ,J=1,N/2
A(J,K)=-1%E
90 CONTINUE : - .
DO 95,J=N/L2+1,K - : ,
95 A(J, K)=0. 0 : n * ¢
- DO 100 I=1,N/2
A(K,T)= 2.'R'(SIN(SF(I+1)/R) SIN(SF(I)/R))
A(K, I+N/2)--2.'R'(COS(SF(I+1)/R) COS(SF(I)/R))
100 CONTINUE ; .
DO 105,I=1,K-1
105 B(I,1)=0.0 S . - . .
B(K, 1)=H { ' o 3
CCC  LEQT1F IS AN IMSL LIBRARY SUBROUTINE TO SOLVE . .
CCC A SYSTEM OF LINEAR EQUATIONS. : '
CALL LEQT1F(A,M,0,IA,B, IDGT,WKAREA, IER)
CCC  GENERATING STRESS INFLUENCE FACTORS. ., “ ..
DO 40,Ja1,N/2
X1= XF(J) ‘ -
. ® 1=YF(J) T ' '
: X2XF(J+1) | : . , ﬁ
: Y12=YF(J+1) - '
X=X1 +
Y=Y2
D0 45,I=1,N/2_
1 . T1SF(D+EPS
T2=SF(I+1)-EPS ,
- VSP1=DBLIN(FVSPR,T1,T2,YL1,YL2,AERR, ERROR, IER)
$-DBLIN(FSSPVR,T1,T2,XL1,XL2,AERR,ERROR,IER) ,
$-DBLIN(FVSQR,T1,T2,YL1,YLZ,AERR,ERROR, IER) ; -
$+DBLIN(FSSQVR,T1,T2,XL1,XL2,AERR,ERROR,IER) '

~
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 $+DBLIN(FSSPHR, 71 T2 YL1 YLZ,AERR ERROR, IER)
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HSP1=-DHLIN(FHSP4 T1,T2,XL1,XL2,AERR,ERROR, IER)

$+DBLIN(FHSQR T, T2 XL1,XL2 AERR,ERROR, IER)

$-DBL IN(FSSQHR, T1 T2,YL1 YLZ,AERR ERROR IER) .oy
VSQ1-+DBLIN(FVSPT ™, T2,YL1 yYL2,AERR, ERROR,IER)

$-DBLIN(FSSPVT,T1,T2, XL1 XLZ,AERR ERROR, IER) r
$+DBLIN(FVSQT,T1, T2 YL1 YLz AERR,ERROR, IER)

. $-DBLIN(FSSQVT T1 T2 XL1 XLZ,AEHR ERROR IER)

HSQ1= -DBLIN(FHSPT T1 T2,XL1,XL2,AERR, ERROR IER):
$+DBLIN(FSSPHT/T1 T2, YL1 YL2, AERR, ERROR IER)
$-DBLIN(FHSQT,T1, T2 XL1,XL2 AERR ERROR,IER)
$+DBLIN(FSSQHT T1 T2 YL1 YLZ,AERR Ennon IER)

T1z==T1

T2z=-T2

VSP2=DBLIN(FVSPR,T2,T1,YL1,YL2, AERR ERROR, IER)
$-DBLIN(FSSPVR,T2,T!, XL1 XLZ AERR Ennoa IER)
$-DBLIN(FVSQR, T2, T1 YL1, YL2 AERR ERROR IER)

"$+DBLIN(FSSQVR, T2 T1,XL1 XLZ,AERR,ERROR IER)

HSP2= -DBLIN(FHSPR T2,T1,XL1,XL2,AERR,ERROR, fER)
$+DBLIN(FSSPHR,T2,T! YL1,YL2,AERR ERROR IER)
$+DBLIN(FHSQR,T2§T1,XL1,XLZ,AERR,ERROR,IER)
$-DBLIN(FSSQHR,T2,T1,YL1,YL2, AERR,ERROR, IER)

VSQ2=-pBLIN(FVSPT,T2,T1,YL1,YL2,AERR,ERROR,IER)

$+DBLIN(FSSPVT,T2,T1,XL1,XL2, AERR, ERROR, IER) —_—

$-DBLIN(FVSQT,T2,T1p¥L1,YL2,AERR,ERROR,IER)
$+DBLIN(FSSQVT,T2,T1,XL1,XL2,AERR,ERROR, IER)
HSQ2=DBLIN(FHSPT,T2,T1,XL1,XL2,AERR, ERROR IER)
$-DBLIN(FSSPHT,T2,T!, YL1 YL2 AERR ERROR IER)
$+DBLIN(FHSQT, T2, T1 XL1 XLZ AERR ERROR IER)

'$-DBLIN(FSSQHT,T2,T1,YL1,YLZ,AERR,ERROR,IER)

A(J,I)=VSP1+VSP2 \
A(J, I+L)=VSQ1+VSQ2
A(J+L,I)=HSP1+HSP2
A(J+L,I+L)=HSQ1+HSQ2
CONTINUE . e
CONTINUE . o
CALCULATING TOTAL VER. & HOR. FORCES
ON BOTH SIDES OF EACH SECTION.
DO 110,J=1,N/2
DO 115,I=1,N/2 .
A(J,I)= B(I,1)'A(J I)+B(I+L,1)%A(J, I+L)
A(J+L I)=B(I,1)%A(J+L, I)+B(I+L 1)'A(J+L I+L)
CONTINUE
CONTINUE :
D0 120,I=1,N/2 : - ¢
URS(I)=0. :
UTS( I)=0.
CONTINUE ¥
DO 125,d=1,N/2 ) ’

-

\

DO 130,I=1,N/2

URSCJ)=PRS(J)+A(J,I) ' : :
UTS(J)aUTS(J)+A(J+L,I) B . T
CONTINUE . -
CONTINUE . ' N

*

.



- PRINT18OO ANP(I) URS(I), UTS(I)r N .

ARBA INC :
LCC. RESOLVING FORCES INTO NOR. & TAN. STRESS.
DO 165,I=1,N/2 ¢ .
~ RS:(URS(I)‘COS(SP(I)/&) UTS(I)®SIN(SP(I)/R))/AREA
o TS==(URS(I)#*SIN(SP(I)/R)+UTS(I)*COS(SP(I)/R))/AREA .o
d URS(I) =RS .

UTS(I)=T8 - ‘ )

. 165 CONTINUE. . _ SR ' L
DO 166,I=1,N/2° ~ o e
BRS(I)= B(I,1)+URS(I) - - ) ‘ :
TS(I)=B(I+L,1)- urs(I) ' : g

166 CONTINUE} , ) : : -

PRINT2050 : . R '
2050 FORMAT(//1X,'[ RESULTANT STRESS DISTRIBUTIG% 1)
. PRINT3000 : .. . : . .
‘PRINT1700 ) . (. ‘. . \
PRINT3000 S ’ " : LN
DO ,190,I=1,N/2 . :
PRINT1800 ANP(I)»B(I 1),B(I+L, 1) .
190 PRINT3000 . . . —

o

PRINT2060 ~ ' .

2060 FORMAT(//1X,'[ STRESS DISTRIBUTION ON LOWER SURFACE ]')
PRINT3000 o ‘ , , )
PRINT1700 ' . ’ " ‘

" PRINT3000 . ‘ > -
DO 191,I=1,N¥2 ‘ . B ¥
PRINT1800, ANP(I) BRS('I), BTS(I) et .

. 191 PRINT3000 ‘. . o

, PRINT2070 . v Lz
) 2070 FORMAT(//1X,'[ STRESS DISTRIBUTION ON UPPER SURFACE 1)

" - ' PRINT3000 , . . '
PRINT1700 v ' ot “.
PRINT3000 . g ' ' '

DO 192,I=1,N/2° °

' 192 PRINT3000 . L s
1700 FQRMAT( 1X,'®. ', "ANG.',T16,"RAD.",T31, "TAN. ', T41, t#1)
1800 FORMAT(1X,'®',F4.1,T10,F10.1,T25,F10.1,T41,#")

- PRINT2900, B(K,1) ; ‘
2900 FORMAT( 1X, 'VERTICAL DISPLACEMENT IS, '['iF8.6,'1,"
$TH1,191) ‘ .

. PRINTBOOO' . ) ,

*300Q FORMAT( 1X,'#cccccmaccadcrecmmanincecamcac————- ———t)
STOP ] ‘ .
ERD" , . L

t

.
.




.
I EE NN ERE)

cccC
ccc
£ec

cce’

cccC
ccc
ccc
cccC
ccc
cccC
ccc
ccc

<CCC

. cec

ccce

GCC
cccC

ccce
ccc
ccc

ccc

, €cc

ccc

)

! /
cee

. FACTORS DUE TO A UNIT NORMAL STRESS.

[

-
*
-99 - . . . . .
.
. : .

¢ ‘h" .. .
il-Ill.i.IllI‘l,,ll.l.l!‘ll!!l!.

PROGRAM. "FRIFDN " .
PROGRAM "TRIFDN" EVALUATE JTHE DISPLACEMEﬁ% OF ,AND THE W
CONTACT STRESS OF A RIGID TRIANGULAR STRIP FOOTING LA
IN LINEARLY ELASTIC "GROUND . ‘ bd .
THESE STRESS ARE AN APPROXIMATION TO THE REAL CONTACT w
STRESS DISTRIBUTION. , L6 »
THE METHOD USED IS PRESENTED ‘IN THIS THESIS. ‘ *
________________ B S U R IR

PROGRAM TRIFDN(INPUT,OUTPUT)
JIMPLICIT REAL (A-H,0-Z)
COMMON X,Y,HT,AN,PI,V,H : .
COMMON /0/ X1,Y1,X2,Y2 . - . ~
X;Y ARE COORDINATES OF THE POINT AT WHICH STRESS ARE ST
CALCULATED. ‘ -
DF,Z ARE COORDINATES OF -THE FORCE UNDER CONSIDERATION
'PARAMETER (N=20,Kz21,L=10) . .
N IS NUMBER OF SECTION TO WHICH PIPE ‘I8 DIVIDED. :
REAL A(K,K),BRS(L),BTS(L),URS(L),UTS{L),XF(N) YF(N), . .
$sp(), SF(N),XP(L),YP(L)
» - IS THE MATRIX OF DISPLACEMENT INFLUENCE
FACTORS, AND LATER OF STRESS INFLUENCE FACTORS.
‘VS & HS ARE VECTORS OF TOTAL.VER. AND HOR.
FORCES ACTING AT EACH SECTION, AND LATER VECTORS
OF RAD. AND TAN. STRESS AT.;EACH SECTION.
XF & YF ARE VECTORS OF END-POINTS COORDINATES
OF EACH SECTION. ‘
XP & YP ARE VECTORS OF MID-POINT 'COORDINATES
OF EACH "SECTION.
REAL B(K;1),WKAREA(K),WK(130) }
INTEGER M,0,IA,IDGT, IERR .
REAL INC,KO S .
INTEGER IE '
INC IS THE'SIZE OF THE ELEMENTAL PIPE SECTION
REAL DBLIN *,
DBLIN.IS A DOUBLE INTEGRATION suanour:na FROM IMSL' LIBRARY.
EXTERNAL POLY :
EXTERNAL FSXPR,FSXQR,FSYPR,FSYQR
THESE ARE THE STRAIN FUNCTIONS UPON
INTEGRATION IS PERFORMED TO GET DISP.

+ "1

WHICH DOUBLE
INFLUENCE,

EXTERNAL FSXPT,FSXQT,FSYPT,FSYQT

THESE ARE THE STRAIN FUNCTIONS UPON WHICH DOUBLE N
INTEGRATION IS PERFORMED TO GET DISP. INFLUENCE

FACTORS DUE TO A UNIT TANGENTIAL STRESS.

EXTERNAL AX,BX,AY,BY

INTEGRATION LIMIT FUNCTIONS FOR DBLIN SUBROUTINE..

EXTERNAL FVSPR, FHSPR, FSSPVR,FSSPHR, \
$FVSQR,FHSQR,FSSQVR,FSSQHR,

$FVSPT,FHSPT,FSSPVT, FSSPHT, -
$FVSQYL FHSQT,FSSQVT, FSSQHT ‘ .
THE§‘?ARE STREss FUNCTIONS IN TERMS OF VER.' AND )
HOR. COMPONENTS OF NORMAL AND TANGENTIAL STRESS: :
EXTERNAL XL1 XLZ,YL1 YL2 .
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w2 CCC  INTEGRATION LIMIT Fuuc'rzons FOR DB{PN SUBROUTINE.

s PI=3.14159265 o
N *  EPS8=.000001 o o '

' M=1 . L. ¢

[y

0=K - . ) ‘ LS

~ IA=K
' IDGT=4 :
AERR=.0001 * . ,
PRINT®, 'ENTER BREADTH QF FOUNDATION . ‘
: . . READ',BR .
- PRINT®, 'ENTER
. READ®,D
. PRINT®,
READ®,H
. PRINT®, 'ENTER
READ#®*,DE
. PRINT®, 'ENTER
) READ®,E
PRINT®,
READ®,V
PRINT®, 'ENTER
READ',KQ
PRINT®, 'ENTER
READ',ANG,
PRINT®, "ENTER
READ® ,W

PRINT1100 - -
1700 FORMAT('17,'% % & # & # % % & % & % & % % 2 & & % #v

$4llllllllill!!1/1x' -
s"',15x t. PROGRAM "TRIFDN"',T66,'%'/1X,

g1, PROGRAM "TRIFDN" EVALUATE THE DISPLACEMENT
$'AND THE ',T66,'®1/1X,'#", GONTACT STRESS OF A RIG
$'TRIANGULAR STRIP' FOOTING ',T66L"'/1X,

$'#1 v IN LINEARLY ELASTIC GROUND .\,T66,'#'/1X,
$'*' '  THESE STRESS ARE AN_APPROXIMA ION TO THE REAL
$'CONTACT',T66, %" /1X, ' #1, STRESS DIST.',T66,'#'/1X

'ENTER THE DEPTH OF THE UNDERLYING ROCK LAYER
THE. DENSITY OF THE ELASTIC GROUND .'
THE MODULUS OF ELASTICITY-E .'

.

'ENTER POISONS’ RATIO .' ~ - -;\
COEFF. OF LATERAL PRESSURE .°
ANGULAR SIZE OF FOUNDATION .°

LOAD ON FOUNDATION (KG.) .°

~

-

$rav THE METHOD USED IS EXPLAINED IN THE CONTENTS
;- $'0F ,THIS THESIS. ,T66,"'/1X, o
. R $JI_____ ________________________________ W’
$'...._......___'_ _______________ LAD)

PRINT1200,BR,D,ANG,H,E,DE,V,KO,W,N
1200 FORMAT(1X,"#1,°" [ DATA ]',T66, v-'/1x,

1
.

DEPTH OF FOUNDATION BOTTOPM BELOW GROUND SURFACE

o

' S

} ’
i ',

'y

s'*',' *BREADTH QF FOOTING IN METERS . ',F6. 2 T66,'%1/1X,
$1vr, DEPTH OF FOOTING BOTTOM IN METERS ',F7. 2,
$T66,"'/1x, '
$ro0, ANGULAR SIZE ‘OF FOOTING ',F7.2,T66,"'/1X,
. ,3"'»' DEPTH OF UNDERLYING ROCK LAYER ',F7.2,T66,'#%1'/1X,
$10r, ELASTIC GROUND E-MDDULUS .IN KG/S. M. ',F12.2,
~  4§T66,'%1.X,
* §'#1,1  DENSITY OF GROUND IN KG/C.M. ',FB.2,T66,'%'/1X,
. ) $"",' POISONS RATIO ',F3.2,T66,'#'/1X,
. ~$'%1,+  COEFF.” OF LATERAL PRESSURE ',F3.2,T66,"%#'/1X,
$'#1,"  LOAD ON FOOTING IN KG.:',F10.2,T66,'#'/1X,
A $'#', '  NUMBER OF SECTIONS (N) ',I3,T66,'#'/1X,

Fer b r it FAEIA vl ter o
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) $'0 B R B B F I AN RN N
$' % % 4 & 8 E R ) b
ANG=PI/2.-ANG®*PI/360.
INC=(2.%BR/COS(ANG))/N _
i . 8F(1)=0. .-
3 CCC  GENERATION OF ANGULAR COOD. OF MID-POINTS AND
b - CCC - END-POINTS OF EACH SECTION. o _
& : DO 5,I=1,L ‘ - ‘ \
' = s P(I)=I*INC-INC/2. . .. o
% F(I+1)=SF(I)+INC ) ‘ \
: 5 CONTINUE | ' . . ) \
] CCC  GENERATION OF POINTS COOD. 3\ - : N\
{, : HT=D-BR®TAN(ANG) N
L‘ XF(1)=HT o S . . |-
; YF(1)=0. - ) )
: DO 10,I=2,L+1- , o )
t XF(I)= HT+SF(I)'SIN(ANG) Lo . . L 4 .
§ ~ YF(I)=SF(I)*COS(ANG) ‘L *\.
! SXP(I-1)=HT+SP(I- 1) ¥SINCANG) o
4 = YP(I-1)=SP(I-1)¥COS(ANG) . | . i
i 10 CONTINUE ‘ , (f
o .CCC  GENERATION OF DISPLACEMENT INFLUENCE FACTORS. .
: " DO 30,J=1,L . )
. X=XP (1) v - e L , :
b © YzYP(J) : o ‘ g ‘
T DO 35,I=1,L - , '
' . AN=ANG : .
e T‘:SF(I) Y R ',,. . !
© T11=8SP(I)-ERS L : N
T22=SP(I)+EPS ' ' ~
T2=SF(I+1) '
. IF(I.EQ.J)THEN . ‘
YDP1=DBLIN(FSXPR,T1,T11,AX,BX,AERR, ERROR, IER) j
. $-DBLIN(FSXQR,T1,T11,AX, Bx AERR ERROR IER) -
$+DBLIN(FSXPR, T22 T2,AX,BX,AERR,ERROR, IER) . : !
.. -$¢DBLINOFSXQR,T22,$2,AX,BX,AERR,ERRQR,IER) ‘ L
HDP1=DBLIN(FSYPR,T1,T11,AY,BY,AERR,ERROR, IER) !
$-DBLIN(FSYQR,T1,T11,AY,BY,AERR,ERROR, IER)
. $+DBLIN(F'SYPR,T22,T2,AY,BY,AERR,ERROR, IER)
$-DBLIN(FSYQK,T22,T2,AY,BY,AERR,ERROR, IER) T
. VDQ1=DBLIN(FSXPT,T1,T11,AX,BX,AERR,ERROR, IER) NG
©  $+DBLIN(FSXQT,T1,T11,AX,BX,AERR,ERROR,IER) :
, . $+DBLIN(FSXPT,T22,T2,AX,BX,AERR,ERROR,IER).
- N ' $+DBLIN(FSXQT,T22,T2,AX,BX,AERR,ERROR, IER) : D
: . HDQ1=DBLIN(FSYPT,T1, T11 AY BY, AERR ERROR, IER)
. $+DBLIN(FSYQT,T1,T11 Ar,g; AERR ERROR, IER) .
$+DBLIN(FSYPT, T22 T2,AY,BY,AERR,ERROR,IER) &
$+DBLIN(FSYQT,T22,T2,AY,BY,AERR, ERROR, IER)
. ELSE
VDP1= DBLIN(FSXPR T1,T2,AX,BX,AERR,ERROR, IER)
\ $-DBLIN(FSXQR,T1, T2 Ax Bx AERR ERROR IER) ) , . o
‘ HDP1= DBLIN(FSYPR Tl T2 AY BY, AERR ERROR 1IER)
A $-DBLIN(FSYQR,T1, T2, AY BY, AERR Ennon IER) .

VDQ1=DBLIN( FSXPT ,-"N ,’1‘2 ’ AX', BX ,AERR', ERROR, IER)
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$+DBLIN(FSXQT,T1,T2,AX,BX,AERR, ERROR, IER)
HDQ1=DBLIN(FSYPT,T1,T2,AY,BY,AERR,ERROR, IER)
$+DBLIN(FSYQT, T1,T2, AY BY AERR ERROR IER)
ENDIF
ANz~ 1.%ANG
" T1=z=T1
T2=-T2 e ‘ ‘
'VDP2=DBLIN(FSXPR,T2,T1,AX,BX,AERR, ERROR, IER) ’ :
$-DBLIN(FSXQR,T2,T1, AX BX AERR ERROR IER)
~ HDP2= DBLINQFSYPR T2 T1 AY BY, AERR ERROR IER)
$-DBLIN(FSYQR,T2,Tt, AY BY AERR ERROR IER}
. VDQZ--DBLIN(FSXPT T2 T1 AX BX,AERR, ERROR IER) .
SA $-DBLIN(FSXQ¥, T2, T1, AX BX AERR ER: on IER) to . .
HDQZ--DBLIN(FSYPT T2 T1 AY BY,AERR, ERROR I1ER)
$-DBLIN(FSYQT,T2,T1, AY BY AERR ERROR, IER) *
A(J,I)= VDP1+VDP2 :
A(J, I+L)=VDQ1+VDQ2 . .
'A(J+L I)=HDP1+HDP2 * i )
. A(J+L,I+L)=HDQ1+HD02 .
35 CONTINUE ° . .
30 CONTINUE ' . , .
DO 90 ,Jd=1,N/2 . .
R(JgK_)='1'E ) . . '
90 CONTINUE , . | ‘
DO 95,J=N/2+1,K \ .
95 A(J,K)=0.0 ﬁ ‘
DO 100,I=1,N/2.
A(K,I)=2.%INC*COS(ANG) \
A(K,I+L)= 2.'INC'SIN(ANG) . :
100 CONTINUE o , L / .
DO 105,I=1,K-1 . v / N ‘
105 B(I,1)=0.0
. B(K,1)=W
cece LEQT1F IS AN IMSL LIBRARY SUBROUTINE TO SOLVE
cce A SYSTEM OF LINEAR 'EQUATIQNS.
¢ CALL LEQT1F(A,M,0,IA, B, IDGT,WKAREA, IER) -
PRINT®*,'IER IS ' . ' ' ’
PRINT',IER
CCC  GENERATING STRESS INFLUENCE FACTORS. ~

1 ! po 40,921,872

x1=XF(J)
Y1=YF(J) . W

X2=XF(J+1) - T . .

Y2=YF(J+1) ) ‘ .
“X=X1 ~ . ;
YaY2 . . ' , -

DO 45,I=1,N/2

AN:ANG

T1=8F(I)+EPS

4 T2=SF(I+1)-EPS ' o

: VSP1=DBLIN(FVSPR,T1,T2,YL1,YL2,AERR,ERROR, IER)
$-DBLIN(FSSPVR,T1,T2, xL1 xLa AERR ERROR IER)
$-DBLIN(FVSQR, 11 TZ YL1, L2 AERR\ERROR IER)
$+DBLIN(FSSQVR r1 rz XL1 XL2 AERR,ERROR, IER)
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, - HSP1=~-DBLIN(FHSPR,T1,T2,XL1,XL2,AERR,ERROR;IER)
E $+DBLIN(FSSPHR,T1,T2,YL1,YL2,AERR,ERROR, IER) . ;
.$+DBLIN(FHSQR,T1, T2 XL1 XL2 AERR, ERROR IER) '
$-DBLIN(FSSQHR, Tl T2 YL1 sz AERR,ERROR, IER) - .
vsSQ1= DBLIN(FVSPT T1,T2, YL1 YL2 AERR ERROR,IER) . :
$-DBLIN(FSSPVT,T1,T2,XL1;XLZ,AERR,ERROR,IER)_
$+DBLIN(FVSQT,T1,T2,YL1,YL2, AERR, ERROR, IER)
$-DBLIN(FSSQVT,T1,T2,XL1,XL2 #/AERR,ERROR, IER)
® HSQ1=-DBLIN(FHSPT,T1,T2,XL1,XL2,AERR,ERROR, IER)
} " $+DBLIN(FSSPHT,T1,T2,YL1,YL2,AERR, ERROR IER) .
. : ) . $=DBLINEFHSQT,T1, T2 xL1 XL2 AERR ERROR, IER)
' $+DBLIN(FSSQHT T1 T2 Yil YL2 AERR ERROR IER)
: : AN=-1.%ANG . .
YO : T1=-T1 : NP
T2==-T2
; VSP2:=DBLIN(FVSPR,T2,T1, YL1 YL2,AERR, ERROR IER) .
e $-DBLIN(FSSPVR,T2,T1, XL1 XL2 AERR ERROR IER) - ~ v
$-DBLIN(FVSQR,T2,T1,YL1,YL2,AERR,ERROR,IER) A x
- $+DBLIN(FSSQVR,T2,T1,XL1,XLZ,AERR,ERROR, IER)
’ H§>2--DBLIN(FHSPR T2 T1,XL1,XL2, AERR ERROR IER)
$+DBLIN(FSSPHR,T2,T1, YL1 Y2, AERR ERROR IER)
$+DBLIN(FHSQR, T2, T1 XL1 XL2 AERR, ERROR IER)
$- DBLIN(FSSQHR T2 T1 YLI YL2 AERR ERROR IER) :
’, VSQZ:-DBLIN(FVSPT,TZ,T1,YL1,YL2,AERR,ERROR,IER) o
- $+DBLIN(FSSPVT,T2,T1,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FVSQT,T2,T1,YL1,YL2,AERR,ERROR, IER)
. $+DBLIN(FSSQVT T2 T1 XL1 XL2 AERR ERROR TER) : .
" HsQazs DBLIN(FHSPT T2,T1, XL1 xL2 AERH ERROR IER)

. $<DBLIN(FSSPHT,T2,T1, YL1 YLE AERR ERROR IER) . .
$+DBLIN(FHSQT, 12 T1 XL1 XL2 AERR ERROR IER) ) -
$-DBLIN(FSSQHT,T2,T1,YL1,YL2,AERR,ERROR,IER)

A(J,I)=VSP1+VSE2
A(J,I+L)=VSQ1+VSQ2
k(J+L,I)=HSP1+HSP2
A(J+L,I+L)=H~SQ:‘)-HSQ2 s .
45 CONTINUE
40 CONTINUE . :
cce CAL.CULATING TOTAL VER. & HOR. FORCES
CCC. ON BOTH SIDES OF EACH SECTION.
DO 110,J=1,N/2 )
DO 115,I=1,N/2 -
A(J,I)=B(I,1)%A(J,I)+B(I+L,1)*A(J, I+L)
, A(J+L I)= B(I 1)'A(J+L I)+B(I+L,1)®A(J+L,I+L)
L " 115 CONTINUE .
o= 110 CONTINUE - N
‘ DO 120,I=1,N/2
r UTS(I)=0.
S 120 CONTINUE
. DO 125,J=1,N/2 '
— DO 130,I=1,N/2 ' K
_URS(J)=URS(J)+A(J,I) : .
UTSCJ)= UTS(J)+A(J+L 1), ‘ /
. 130 CONTINUE >
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165

166

2050

- 190

2060

191

2070

192
1700
1800

2900

3000

b
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‘ - ) vy . .
‘CONTINUE : - ~ . ;
AREA=INC : ~ '
RESOLVING FORCES INTO NOR. %’ TAN. srnEss/

DO 165,I=1,N/2
RS= (URS(I)'COS(ANG) UTS(I)'SIN(ANG))/AREA

TS== (URS(I)¥SIN(ANG)+UTS(I)*COS(ANG))/AREX ' ~
URS(I)=RS

UTS(I)=TS SRS .

CONTINUE

. DO 166,I=1,N/2
BRS(I)=B(I,1)+URS(I)
BTS(1)=B(I+L, 1)-UTs(1) -
CONTINUE
PRINT2050 o ' ' ‘
FORMAT(//1X,'[ RESULTANT STRESS DISTRIBUTION ]')
PRINT3000_
PRINT1700
PRINT3000 : N
DO 190,I=1,N/2 . ‘
PRINT1800 SP(I),B(I,1),B(I+L,1) .
PRINT3000 ) . " )
PRINT2060 . . '
FORMAT(//1X,'[ STRESS DISTRIBUTION ON LOWER SURFACE ]')
PRINT3000 ‘
PRINT1700 . . :
PRINT3000 . . .
DO 191,I=1,N/2 . . :
PRINT]BOO SP(I) BRS(I),BTS(I) - :
PRINT3000
PRINT2070
FORMAT(//1X,'[ STRESS DISTRIBUTION ON UPPER smpFACE 1)
PRINT3000 ’
PRINT1700 :
PRINT3000 . l ' Co g, o
DO 192,I=1,N/2 i . ' :
PRINT1800 SP(I) URS(1),UTS(I) S Co
PRINT3000 ‘
FORMAT( 1X,  '"LENGTH',T16,"RAD.',T31,'TAN. ', Th1,781) ° C i
FORMAT(1X, "',FS 2,T10, F10.1 yT25,F10.1,T41, #1) | ' .
PRINT2900, B(K,1) . o
FORMAT( 1X, ',"VERTICAL DISPLACEMENT IS ', '[! ,F8.6,']", 1
$TUT, 1Y) B
PRINT3000 5 ) -
FORMAT( 1X, " #euenc- g . e ") |
STOP- - '

‘END ’ - :
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"
. PROGRAM "FLAFDN" -
» PROGRAM "FLAFDN" EVALUATE THE DISPLACEMENT OF ,AND THE
. » CONTACT STRESS OF A RIGID FLAT STRIP FOOTING INSTALLED
. IN LINEARLY ELASTIC GROUND . «
®  THESE STRESS ARE AN APPROXIMATION TO THE REAL CONTACT
i STRESS DISTRIBUTION. .
» THE METHOD USED IS PRESENTED IN THIS ?HESIS.

- % & ® ® " %

PROGRAM FLAFDN(INPUT,QUTPUT) - N
IMPLICIT REAL (A-H,0-Z) :
COMMON X,Y,HT,AN,PI,V,H
COMMON /0/ X1,Y1,X2,Y2
.CCC- X,T ARE COORDINATES OF THE POINT AT WHICH:STRESS ARE ‘
CCC  CALCULATED. '
cce DF,Z ARE COORDINATES OF THE FORCE UNDER CONSIDERATION
PARAMETER (N=20,K=21,L=10)
cce N IS NUMBER OF SECTION TO WHICH PIPE IS DIVIDED.
' REAL A(K,K),BRS(L),BTS(L),URS(L),UTS(L),XF(N),YF(N),
$SP(L),SF(N),XxP(L),YP(L)
cce A IS THE MATRIX OF DISPLACEMENT INFLUENCE.
ccce FACTORS,AND LATER OF STRESS INFLUENCE FACTORS.
ccce VS & HS ARE VECTORS OF TOTAL VER. AND HOR.'
CCC .FORCES ACTING AT EACH SECTION, AND LATER VECTORS
ccce OF RAD. AND TAN. STRESS AT EACH SECTION.
ccce XF & YF ARE VECTORS OF END-POINTS COORDINATES
ccce OF EACH SECTION. \ Lo
CCC  XP & YP ARE VECTORS OF MID-POINT COORDINATES
ccce OF EACH SECTION. ' .
REAL B(K,1),WKAREA(K),WK(130) ~
INTEGER M,0,IA,IDGT,IERR ‘
REAL INC,KO .
INTEGER IER ‘ " ‘
ccce INC IS THE SIZE OF THE ELEMENTAL PIPE SECTION
REAL DBLIN
cce DBLIN IS A DOUBLE INTEGRATION SUBROUTINE, FROM IMSL LIBRARY.
EXTERNAL POLY .
EXTERNAL FSXPR,FSXQR, FSYPR FSYQR >
cce THESE ARE THE STRAIN FUNCTIONS UPON WHICH DOUBLE
ccce INTEGRATION IS PERFORMED TO GET DISP. INFLUENCE /-
' ¢Ccce FACTORS DUE TO A UNIT NORMAL STRESS. ,
EXTERNAL FSXPT,FSXQT,FSYPT,FSYQT '
ccc THESE ARE THE STRAIN FUNCTIONS UPON WHICH DOUBLE R
ccce INTEGRATION IS PERFORMED TO GET DISP. INFLUENC o
ccce FACTORS DUE TO A UNIT TANGENTIAL STRESS. .
_ EXTERNAL AX,BX,AY,BY '
ccce INTEGRATION LIMIT FUNCTIONS FOR DBLIN SUBROUTINE.
EXTERNAL FVSPR,FHSPR,FSSPVR,FSSPHR,
$FVSQR,FHSQR,FSSQVR,FSSQHR,
$FVSPT,FHSPT,FSSPVT,FSSPHT, .
$FVSQT, FHSQT,FSSQVT, FSSQHT
CCC  THESE ARE STRESS FUNCTIONS IN TERMS OF VER. AND
CCC  HOR. COMPONENTS OF NORMAL AND TANGENTIAL STRESS. ;
EXTERNAL XL1,XL2,YL1,YL2 y ' :
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INTEGRATION LIMIT FUNCTIONS FOR DBLIN SUBROUTINE.
PI=3.14159265 :

EPS=:;000001

M=1

0=K

IA=K

IDGT=4

AERR=.0001 ’ ) . .

P.RINT#, 'ENTER BREADTH OF FOUNDATION .!
,BEAD',BR' ;

PRINT®, 'ENTER DEPTH 'OF "FOUNDATION BOTTOM BELOW GROUND SURFACE

READ®,D

PRINT®, 'ENTER THE DEPTH OF THE UNDERLYING ROCK LAYER .?
READ®,H~ -

PRINT®, 'ENTER THE DENSITY OF THE ELASTIC GROUND .'° ~
READ®,DE A :
PRINT®, “ENTER THE MODULUS OF ELASTICITY-E .
READ*%,E :
PRINT*, '"ENTER POISONS RATIO .!

READW,V »

PRINT*, 'ENTER COEFF. OF LATERAL PRESSURE .'
READ*,KO ~ g

" PRINT*, 'ENTER ANGULAR SIZE OF FOUNDATION .'

READ#®, ANG \

PRINT®, 'ENTER LOAD ON FOUNDATION (KG.) .". -

READ®,W :
PRINT1100 ‘ : .

1100 FORMAT('1'," AR 8RS RRRREERRRERRRE N

$' # # & B & 2 % £ ¥ 8% & B & !/1x,

$t®v 15X ' PROGRAM "FLAFDN"',T66,'%'/1X,

$'%1,%  PROGRAM "FLAFDN" EVALUATE THE DISPLACEMENT OF ,',
$'AND THE ',T66,'#1/1X, 141, CONTACT ‘STRESS OF A RIGID ',
$'FLAT STRIP FOOTING INSTALLED',TGG,"'/]X, :

$'#' ' IN LINEARLY ELASTIC GROUND .',T66,'%®'/1X,, .

$rav, e THESE STRESS ARE AN APPROXIMATION TO THE REAL °,
$'CONTACT' 66, %Y /1X, 14, STRESS DIST.',T66,'#'/1X,

S A AN THE METHOD USED IS EXPLAINED IN THE CONTENTS t,
$'0F THIS THESIS.',T66,'#'/1X, .
DT —— mmmmmm - SR S oo
$' _________________________ ") i

PRINT1200,BR,D,ANG,H,E,DE,V,KO0,W,N \ :

1200 FORMAT(1X,'®',* [ DATA ]',T66 '!'/1x,

$'#1,v  BREADTH OF FOOTING IN METERS ',F6.2,T66,'#'/1X,
$'#' v DEPTH,/QF FOOTING BOTTOM IN METERS ',F7.2,

$T66, 141 /19X, % |

$'#1,'  ANGULAR SIZE OF FOOTING ',F7.2, T66 rer/1x,

$"',' DEPTH OF UNDERLYING ROCK LAYER F7 2,T66,'#1/1X,
$'180, ELASTIC GROUND E-MODULUS IN KG/S.M. ' ,F12 2,

$T66, '-'/1x,

$'#v,+ . DENSITY OF GROUND IN KG/C.M. ',F8.2, T66 LANAD

’
$'#1,v  POISONS RATIO ',F3.2 T66,"'/1x,
$'#1,' . COEFF. OFALATERAL anssuns ',F3.2, qu,'-'/1x,
$'#r, 0 LOAD ON -FOOTING IN KG. ',F10.2, T66," /1%,
$'#r,'  NUMBER OF SECTIONS (N) ',I3, T66 e /9X,

t

e e R w T
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FLCIE R BN RO BN NI R RN AR B AR B B I e :
PN AN BN A B I A . 8r) : T i,
*ANG=PI/2.-ANG¥PI/360.  — . : )
( N INC=(2. *BR/COS(ANG))/N : : ‘
’ SF(1)=0, - -
¢CC' 'GENERATION OF ANGULAR COOD. OF MID-POINTS AND
CCC  END-POINTS OF EACH SECTION.
DO 5,I=1,L A
SP(I) ISINC-INC/2:
“SF(I+1)=SF(I)+INC .
5 CONTINUE : /
.CCC  GENERATION OF POINTS coonp :
HT=D-BR#TAN(ANG) ] R ,
XF(1)=HT ' Lo o
1 YF(1)=0. . . / /
: DO 10,I=2,L+1 . /
XF(I)= HT+SF(I)'SIN(ANG) ‘
YF(I)=SF(I)*COS(ANG)
XP(I-1)=HT+SP(I-1)*SIN(ANG)+.000001 .
YP(I-1)=SP(I-1)*CcOS(fNG) .
10 CONTINUE |
CCC . GENERATION OF DISPLACEMENT. INFLUENCE FACTORS. ~ !
DO 30,J=1,L -
X= XP(J)
Y=YP(J)
DO *35,I=1,L
AN=ANG
T1=SF(1I)
T2=SF(I+1)
§ VDP1=DBLIN(FSXPR,T1,T2,AX,BX,AERR,ERROR, IER) (k

L E—y

P Rt s b

ot AT 5

e T

$-DBLIN(FSXQR,T1,T2,AX,BX,AERR,ERROR, IER)
HDP1=DBLIN(FSYPR,T1,T2,AY,BY,AERR,ERROR, IER)
$-DBLIN(FSYQR,T3,T2,AY,BY,AERR,ERROR,IER)
VDQ1=DBLIN(FSXPT,T1,72,AX,BX,AERR,ERROR, IER) .
$+DBLIN(FSXQT,T1,T2,AX,BX,AERR,ERROR,IER)
HDQ1=DBLIN(FSYPT,T1,T2,AY,BY,ARRR,ERROR, IER)
$+DBLIN(FSYQT,T1,T2,AY,BY,AERR,ERROR,IER)
AN=-1, ®ANG
T1=-T1 , .
T22-T2 . a4
: VDP2=DBLIN(FSXPR,T2,T1,AX,BX,AERR, ERROR, IER)
; $-DBLIN(FSXQR,T2,T1, AX Bx AERR ERROR IER) -
; HDP2= DBLIN(FSYPR T2 T1, AY BY, AERR ERROR IER)
. / $-DBLIN(FSYQR,T2,T1, AY BY AERR ERROR, IER) , :
; ‘ VDQ2=-DBLIN(FSXPT,T2,T1LAX,BX,AERR,EBROR,IER? ' - -
$-DBLIN(FSXQT,T2,T1,AX,BX,AERR,ERROR, IER) '
HDQ2=-DBLIN(FSYPT,T2,T1,AY,BY,,AERR,ERROR, IER)
$-DBLIN(FSYQT,T2,T1,AY,BY,AERR,ERROR,IER) ' -~
A(J,I)=VDP14+VDP2 ’
A(J,I+L)=VDQ1+VDQ2 ‘ \ ~
A(J+L,I)=HDP1+HDP2
A(J+L,I+L)= HDQ1+HDQ2
35 CONTINUE . : : ) ‘
30 CONTINUE ‘ .

.

:
¥




o i L

’
e e ] -‘i'{é:a LB i

100 CONTINUE //

. + ‘ 4 -
‘DO 90 ,J=1,N/2 ' o
ACJ,K)==1%E : ‘ ‘.
90 CONTEINUE . ot
. DO 95,3=“/2+1JK ’ J‘ , ’
95 A(J,K)=0.0 & K .

DO 100,I=1,N/2 - ; -

A(K,I)=2.®INC*COS(ANG) S L
" A(K,I+L)=2.%INC#*SIN(ANG) - : :

DO 105,I=1,K-1"
105 B(I,1)=0.0 .
B(K,1)=W LT
cce LEQT1F IS AN IMSL LIBRARY SUBROUTINE TO SOLVE -
cce A SYSTEM OF LINEAR EQUATIONS.
CALL LEQT1F(A,M,0,JA,B,IDGT,WKAREA, IER)

-

“cee . GENERATING STRESS INFLUENCE FACTORS.

DO 40,J=1,N/2

X1=XFéJ)

Y1=YF(J)

X2=XF(J+1)+INC . , .

Y2zYF(J+1) ;
. DO 45,I=1,N/2 . e

AN=ANG v )

T1=SF(I)+EPS : . P

T2=SF(I+1)-EPS - [

X=X2 ’

Y=Y1 '

VSP1=DBLIN(FVSPR,T1,T2,YL1,YL2,AERR,ERROR, IER)
‘$-DBLIN(FSSPVR,T1,T2,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FVSQR,T1,T2,YL1,YL2,AERR,ERROR, IER) .
$+DBLIN(FSSQVR,T1,T2,XL1,XL2,AERR,ERROR, IER)

HSP1=-DBLIN(FHSPR,T1,T2,XL1,XL2,AERR,ERROR,IER)
$+DBLIN(FSSPHR,T1,T2,YL1,YL2,AERR,ERROR, IER)
$+DBLIN(FHSQR,T1,T2,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FSSQHR,T1,T2,YL1,YL2,AERR,ERROR, IER)

VSQ1=DBLIN(FVSPT,Tt,T2,YL1,YL2,AERR,ERROR, IER)
$-DBLIN(FSSPVT,T1,T2,XL1,XL2,AERR,ERROR, IER)
$+DBLIN(FVSQT,T1,T2,YL1,YL2,AERR,ERROR, IER)
$-DBLIN(FSSQVT,T1,T2,XL1,XL2,AERR,ERROR, IER)

HSQ1=-DBLIN(FHSPT,T1,T2,XL1,XL2,AERR,ERROR, IER)
$+DBLIN(FSSPHT,Tt,T2,YL1,YL2,AERR,ERROR, IER)
$-DBLIN(FHSQT,T1,T2,XL1,XL2,AERR,ERJOR, IER)
$+DBLIN(FSSQHT,T1,T2,YL1,YL2,AERR,ERROR, IER)

X=X2

Y=Y2 ,

VSP)=VSP1+DBLIN(FSSPVR,T1,T2,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FSSQVR,T1,T2,XL1,XL2,AERR,ERROR, IER)

HSP1=HSP1+DBLIN(FHSPR,T1,T2,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FHSQR,T1,T2,XL1,XL2,AERR,ERROR, IER) .
VSQ1=VSQ1+DBLIN(FSSPVT,T1,T2,XL1,X%2,AERR,ERROR, IER)
$+DBLIN(FSSQVT,T1, T2,XL1,XL2,AERR,ERROR, IER)

HSQ1=HSQ1+DBLIN(FH3PT,T1,T2,XL1,XL2,AERR,ERROR, IER)
$+DBLIN(FHSQT,T1,T2,XL1,XL2,AERR,ERROR, IER) .
AN:'].'ANG . . n

o e & Ann m o wd v o
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==T1
T2==T2
X=X2 *
Y=Y1
VSP2=DBLIN(FVSPR,T2,T1,YL1,YL2,AERR,ERROR, IER)’
$-DBLIN(FSSPVR,T2,T1, XL1 XLZ AERR ERROR IER)
$-DBLIN(FVSQR,T2, T1 YL1 YLZ AERR ERROR IER)
$+DBLIN(FSSQVR, T2 T1 XL1 XLZ AERR‘ERROR IER)
HSPZ--DBDIN(FHSPR T2 T1,XL1,XL2,AERR,ERROR, IER)
$+DBLIN(FSSPHR,T2,T1, YL1 YL2, AERR ERROR IER)
$+DBL!N(FHSQR T2, T1 XL1 XL2 AERR ERROR IER)
$-DBLIN(FSSQHR, T2 T1 YL1 YLZ AERR ERROR IER)
VSQZ:-DBLIN(FVSPT,TZ,T1,YL1,YL2,AERR,ERROR,IER)
$+DBLIN(FSSPVT,T2,T1,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FV3QT,T2,T1,YL1,YL2,AERR,ERROR, IER)
$+DBLIN(FSSQVT,T2,T1,XL1,XL2,AERR,ERROR, IER)
HSQ2=DBLIN(FHSPT,T2,T1,XL1,XL2,AERR,ERROR, IER)
$-DBLIN(FSSPHT,T2,T1,YL1,YL2,AERR,ERROR, IER)
$+DBLIN(FHSQT, T2, T1 XL1 XL2 AERR ERROR, IER)
$-DBLIN(FSSQHT, T2 T1 YL1 YL2 AERR ERROR IER)
X=X2. ,

1 ' , P

[

-

»

_ Y=Y2

VSP2=VSP2+DBLIN(FSSPVR,T2,T1, XL1,XL2,AERR, ERROR, IER)
$-DBLIN(FSSQVR,T2,T1,XL1, XLz AERR ERROR IER)
HSP2=HSP2+DBLIN(FHSPR,T2,T1,XLI,XLZ,AERR,ERBOR,IER)
$-DBLIN(FHSQR,T2,T1,XL1,XL2;AERR,ERROR, IER)
vSQ2=VSQ2-DBLIN(FSSPVT,T2,T1,XL1,XL2,AERR, ERROR, IER)
$-DBLIN(FSSQVT,T2,T1,XL1,XL2,AERR,ERROR, IER)
HSQ2=HSQ2-DBLIN(FHSPT,T2,T1,XL1,XL2,AERR,ERROR, IER)

- $-DBLIN(FHSQT,T2,T1, XL1 XL2 AERR ERROR IER)

A(J,I)= VSP1+VSP2 . P
A(J,I+L)=VSQ1+V3Q2

. A(J+L,I)=HSPT+HSP2

4s

4o
CcccC
CcC

115
110

120

A(J+L,I+L)=HSQ1+HSQ2 -
CONTINUE 0 A

CONTINUE .

CALCULATING TOTAL VER. & HOR. FORCES

ON BOTH SIDES OF EACH SECTION.

DO 110,J=1,N/2

DO 115,I=1,N/2 -
A(J,I)=B(I,1)'A(J,I)+B(I+L,1)'A(J,I+L)
A(J+L,I)=B(I,1)*A(J+L,I)+B(I+L,1)*A(J+L,I+L)
CONTINUE

CONTINUE

DO 120,I=1,N/2

BRS(I)=0.

BTS(I)=0.

CONTINUE

DO 125,J=1,N/2

DO 130,I=1,N/2

‘BRS(J)xBRS(D)+ M I, 1) ‘ /

BTS(J)=BTS(J)+K(J+L,1I)
CONTINUE : o
CONTINUE .

e e




-

AREA=INC
DO 165,I=1,N/2
BRS(I)=BRS(I)/AREA
BTS(I)=BTS(I)/AREA

165 CONTINUE ’
DO 166;I=1,8/2
URS(I)=BRS(I)-B(I,1) ™
UTS(I)=B(I+L,1)-BTS(I)
166 CONTINUE
PRINT2050
2050, FORMAT(//1X,
7 PRINT3000
PRINT1700
PRINT3000
DO 190,I=1,N/2

o

A e U e, et %,
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PRINT1300 SP(I) B(I, 1) B(I+L 1)

190 PRINT3000
PRINT2060 . ’

4

'[ RESULTANT STRESS DISTRIBUTION ]')

2060 FORMAT(//1X,'[ STRESS DISTRIBUTION ON LOWER SURFACE ]')

. PRINT3000
PRINT1700

_ PRINT3000
DO 191,I=1,N/2

‘\
A

-

PRINT1800 SP(I) BRS(I) BTS(I)-

191 PRINT3000
PRINT2070

&

-

2070 FORMAT(7/1X,'[ STRESS DISTRIBUTION ON UPPER SURFACE 1)

* PRINT30Q0
PRINT1760
PRINT3000
DO 192,I=1,N/2

PRINT1800,SP(I),URS(I),UTS(I)

192 PRINT3000

\

1700\FORMAT(1X," ','LENGTH',T16,'RAD.',T31,'TAN.',Tu1,"')
1800 FORMAT(1X,"' F5.2,T10,F10.1,T25,F10.1,T41,14¢)
"PRINT2900, B(K 1) ,
2900 FORMAT(1X, ','VERTICAL DISPLACEMENT Is ‘,'(',FB8.6,
$Tq1’vnvy .
. PRINT30QO " - -
3000 FORMAT(1X , ' # e el accrmrccnmmcccaccrccrcrcccae=- #t)
$IpP : N
END v
[
L
e N
. 4 )

']l
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L A A A L I I o B PR ~.~',
* PROGRAM "PIPEPITO"
* P"PIPEPLO" PLOTS THE RESULTS-OF "PIPE" ON THE o w
* CBS MEGATEC GRAPHICS SYSTEM. , *
T o e o 2 o o e i e e o e o T ot e i e e e v e e 2 e S e o S *

PROGRAM PIPEPLO
PARAMETER (N=20,L2=10)
~-.REAL A(N),B1(181),B2(181)"
REAL ORS(181),0TS(181) ,FRS(181) ,FTS(181Y
¢ ' . REAL AORS (L2) ,AOTS (N) ,AFRS (L2), AFTS(N)
REAL ANP (N), ANM(LZ) ARS(LZ) ATS(N)
INTEGER Rl(N) .
REAL DRS(181),DTS(181)
, INTEGER X1,Y1,XT
’ REAL INC,DEG,KO0 -

g
&
A
ki
L
g-
B
§
{
5

IR R PR S, )
”

XT=-1300 S :
: DEG=3. 1415927/180. - w
DO 1,I=1,N/2 .

Srs e

1 READ(s,f)ARS(Iy
DOMZ,I=1,N/2 -

2 READ (5, *)ATS (I)
READ (5, *)RA
READ (5, *)D
READ(5, *)DE
READ (5, *) K0

R=250 / ‘
sc=7<o./4sooo,//( ..
PI=3.1415927 '
INC=2*PI/N ] ;

: DO 10,I=1,L2 ' /
10 ANM(I)=(I*360./N-.5*%360,/N)/180. o / \‘T”‘\h,
- » DO 15,I=1,181
DRS (I)=0.
) 15 DTS (I)=0.
Lo DO 3000,K=1,181
v=(K-1)/180.
DO 2000,I=1,L2 , e
pP=1.
DO 1000,J=1,L2 o
IF (J.NE.I)THEN ‘
P=P* (V-ANM(J) ) / (ANM(I)-~ANM(J)) »

Jrap—

e
.

: ELSE .
: GO TO 10%0 -
. END IF

1000 GONTINUE ,
, DRS (K)=DRS (K} +ARS (I) *P -
. DTS (K) =DTS (K) +ATS (I) *P , -
2000 CONTINUE k
3000 CONTINUE /
DO 40,I=1,N

J o T
.

40 ANP(I)=I*INC =
\ CALL MWALDS (1, 0)
. CALL MWINIT('SYSP:WORK1.DAT/S')

CALL MWSLCT(1)




300

301
6656
303
304
999

305

306
555
90

‘B2{I)=FRS(I)

N . - 12 -
CALL MWOPEN("SE',1)
ICHECK=0 - \
Do 300,I=1,L2 ¢
A(I)=ATS (I) .

A(I+L2)=ARS (L2+1-1)
DO 301,I=1,181 . "
B1(I)=DTS (I) s .
B2(I)=DRS(I) . :
GO .TO 555

DO 303,I=1,N:
A(I)-AOTS(I) .
DO 304,1=1,181

BL(I)=0TS(I). o

B2(I)=O0RS (I)

GO TO 555 )

DO 305,I=1,N . ) Vo
A(I)=AFTS (1) . :
DO -306,I=1,181
Bl(I)=FTS(I)

DO 90,%1,N - ‘
A(I)=SC*A(I) -

CALL CIRCLE (XT,0.,R) -
po 50,I=1,N
K=(I-1)*360./N
R1(I)= R+ABS(A(I))
CALL ARC(R1(I),K,
CONTINUE
IF(R1(1l).GE. Rl(N))THEN o
X1=XT+0 . J .
Y1=R1 (1) A L,
CALL MWZMOV(Xl Y1) Lo~
X1=XT+) R
Y1=R \ o ‘
CALL MW2DRW (X1, Yin -
ELSE .
X1=XT+)

Y1=R1(N)

CALL MWZMOV(Xl Y1)

X1=XT+0 ‘ .
Y1=R X -
CALL MWZDRW(Xl Yl)“

ENDIF ..

N,XT)

.D0-70,I=1,N~1 ' |
IF(ABS (A(I) ) .GE.ABS (A (I+1)})THEN

X1=XT+R1(I) *SIN (ANP(I))
Y1=R1(I)*COS (ANP(I))

CALL MW2MOV (X1,Y1) 0

. X1=XT+R*SIN (ANP(I))

Y1=R*COS (ANP (I)) ,
CALL MWZDRW(Xl,Yl) .
ELSE ‘

Xl-XT+Rl(I+l)*SIN(ANP(I)) ©
Y1=R1(I+1) *COS (ANP(I)).
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260

70

52

.51
333

7717

888

200

250

444
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CALL MW2MOV (X1,Yl) ' .
X1=XT+R*SIN (ANP(I)) : '
Y1=R*COS(ANP (I}) . ,
CALL MW2DRW (X1,Yl) —
ENDIF . .
CONTINUE : . ’ s
X1=XT+0 . ’
Y1=R+SC*ABS (B1 (1)) ot
CALL MW2MOV (X1,Y1)
DO 52,I=2,181
x1~XT+(R+SC*ABS(Bl(I)))*SIN((I 1)*DEG)
Y1=(R+SC*ABS (B1(I))) *COS ( (I~1) *DBG)
CALL MW2DRW (X1,Y1)
CONTINUE '
X1=XT+0
Y1=R+SC*ABS (B2(1))
CALL MW2MOV (X1,Y1) )
po 51,1=2,181 -
X1=XT+ (R+SC*ABS (B2(i)) ) *SIN((1-=I) *DEG)
Yl-(R+SC*ABS(BZ(l)))*COS((l-I)*DEG)
CALL MW2DRW (X1,Yl)
CONTINUE
IF (ICHECK.EQ. 0)GO TO 777 .
IF (ICHECK.EQ.1)GO TO 888 .

IF (ICHECK.EQ.2)GO TO 444 ‘

CALL ORFORCE (ORS,0TS, AORS AO’I‘S RA4D,DE,K0)
ICHECK=1 ,-~ |
XT=0 . N .

"GO TO 666

po 2900,I=1,N/2 A . :

AFRS (I)=ARS (I)+AORS (I} .
AFTS (1)=ATS (I)+AOTS (I) -
CONT INUE \ .

KI=0 .
DO 250,I=L2+1,N )
AFTS (I)=AFRS (N/2-KI) ..
KI=KI+1 - : A
CONTINUE S o -
DO 260,I=1,181 CJ

FRS(I)=DRS(I)+ORS(I) - : .
PTS ¢1)=0TS (I) +OTS (I) ~ L
CONTINUE o : N

ICHECK=2,
XT=1300 e
GO TO 999 . -
CALL MWCLIN ( 0)
CALL MWCCSZ (3) ( ‘ R
CALL MWCCAN (0}

CALL ,MW2MOV (~1450,1000)

 CALL MWTEXT (' DIS{I‘URBANCE\ )

CALL MWCLIN(O)
CALL .MWCC52 (3) o o '

CALL MWCCAN ( 0) | S S Ty

CALL MW2MOV(-100,1000)

Fe

P

e

v
e D Sk A2 s, . S WALt .
v
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o ' CALL MWCLIN(0)

e T NN 43 Foen pamAny <P TS

CALL MWTEXT ('QRIGINL\' )
CALL MWCLIN(0)

CALL MWCCSZ(3).

CALL MWCCAN (0)

CALL MW2MOV(}200,1000)™— ~
CALL FWTEXT('FINAL\") ' -

CALL MWCCSZ (4)
" CALL MWCCAN(0) ,
CALL MW2MOV(-700,-1400)

pr

CALL MWTEXT('FIG.( ),HOR, PIPE STRESS DISTRIBUTION. \ )

CABL MWCLIN (0)
CALL MWCCSZ (4)
7 CALL MWCCAN ( 0)
. ,CALL MW2MOV(-400,-1509)
/ CALL MWTEXT('(R=3,D=15,H=30,V=.3)\"'}).
CALL MWCLOS.

S o . CALL MWTERM

, sTOP
END
) SUBROUTINE CLRCLE(X Y,R)’ ‘
L - INTEGER X -
' DEG=3.1415927/180.
XC=X .
¥C=R .
CALL MWZMOV(INT(XC) INT (YC))
DO 55,I=0,360
CALL MWZDRW(INT(SIN(FLOAT(I)*DDG)*R+X),
_ SINT (COS (FLOAT (I) *DEG) *R))
+ 55 CONTINUE : ¢
RETURN : . 4
END \ :
SUBROUTINE ARQ(R K,N,XT)

. INTEGER XT,R , :
DEG=3. 1415927ﬂ180. .
XC=XT+INT (R*SIN (K*DEG) )
YC=INT (R*COS (K*IEG) )

_ INC=360/N

. ‘ CALL MW2MOV {INT (XC),INTY(YC)) * N
: .DO 60,I=K,K+INC
" ¢ALL MWZDRW(INT(SIN(FLOAT(I)*DEG)*R+XT),
$INT (COS (FLOAT (I) *DEG) *R)) .
60 CONTINUE K a
. RETURN -
END
SUBROUTINE ORFORCE (ORS,OTS,AORS ,AOTS,R, D DE, K0)
' PARAMETER (NA=20,L1=10)
. REAL ORS(181) ,0TS(181) ,AORS(Ll) ,AOTS (NA)
"REAL R,D,DE,K0

. DEG=3. 1415927/180.

DO X000,I=1, 181
X=D~R*COS((I 1) *DEG)

~  VS=X*DE, : .
HS=K 0*VS - '

~
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T=3, 1415927/2.—(1 l)*DEG

ORS(I)=(0. 5*(VS+HS)+O%5*(HS-VS)*GbS(Z*T))

OTS (I)=-1*%0.5* (HS-VS) *SIN (2*T)

CONTINUE -

DO .1200,I=1,L1

K=INT (36 0/NA* (I~.5)+.5) , "

AORS (I)=0ORS (K)

AOTS (I)=0TS (K) o ‘

CONTINUE . .

KIi=0 - ' .

DO 1400,I=L1+1,NA * ' . .
AOTS(I)FAORS(NA/Z KI) - . -
KI=KI+1 2 -

CONTINUE . \ ; v

RETURN
END . ;

A v et radromihan v s




R s bt

e es

FTr e e A S AL €A Gaaen T T = " e o A AL SN -

- 116 - :
*;*\********i‘*****i*******
. ¥ PROGRAM "CIRPLO"
. . ,* "CIRPLO"™ PLOTS THE RESULTS OF "CIRFDN" ON THE

* CBS MEGATEC GRAPHICS SYSTEM.
PROGRAM CIRPLO -
PARAMETER (N=20,L=10) .
REAL AN(L), AT(L) BN(91) ,BT(91) ,ANP (N) ,ANM (L)
REAL' INC
INTEGER R,RR,X,Y,XT,ANG
READ (5, *)BR ’
READ (5, *) ANG -
R=500
. SC=500./20000.
XT=-1000
PI=3.14160 ;
INC=ANG*PI/180./N
DEG=PI/180.
» ) AANG=ANG/2. .
CALL MWALDS (1,0) .
CALL MWINIT('SYSP:WORK1. DAT/S )
' CALL MWSLCT(l)
CALL MWOPEN('SE',1l)
DO 5,I=1,L+l1 -
5 ANP(I)—(I l)*Ih i
. DO 40,I=1,L
40 ANM(I)-(I*ANG/N 5*ANG/N)/AANG ’
RA=BR/SIN (ANG*PI/360.)
DO 100,JJ=1,2
DO 30,I=1,N/2
30 READ(5,*)AN(I)
!, po 35,I=1,N/2
35 READ(5,*)AT(I)
DO 30930,K=1,ANG/2+1
V= (K-1) /AANG ' -
BN (K)=0. .
BT (K)=0.
.. DO 2000,I=1,L
. _ p=1, '
DO 1000,J=1,L
_IF(J.NE.I)THEN £
P=P* (V-ANM(J)) / (ANM(I) -ANM(J))
ELSE '
GO TO 1000
END IF '
~1 030 CONTINUE ’
BN (K) =BN (K) +AN (I) *P -
BT (K)=BT (K)+AT (I)*p
2000 CONTINUE
3000 CONTINUE
| CALL CIR(XT,R,ANG) \
: =1,
DO 700,K=1,2
X=XT . an

, .
.
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Y=R - .
CALL MW2MOV(X,Y)

DO 300,I=1,N/2 o {0

Kl=(I-1) *ANG/N
IF (K1.EQ.0)Kl=1

K2=I*ANG/N -

RR=R+SC*ABS (AT(I)) . T
X=XT+Z*RR*SIN (ANP (1))
Y=RR*COS (ANP (I))

CALL MW2DRW(X,Y)
CALL ARC(RR,K1,K2,XT,%) . \

CONTINUE R : :
X=XT+Z*R*SYN (ANP (L+1)) ' - T~ L ‘
Y=R*COS (ANR (L+1)) - )

CALL MW2DRW(X,Y) /.
X=XT

Y=R . ,
CALL MW2MOV (X,Y) -

DO 400,I=1,ANG/2+1 ,

RR=R+SC*ABS (BT (I))

X=XT+Z*RR*SIN ((I-1) *DEG) .

Y=RR*COS ( (I-1) *DEG) ’

CALL MW2DRW(X,Y) .®

CONTINUE ‘

X=XT+Z*R*SIN (ANP (L+1)) . \

Y=R*COS (ANP (L+1)) \ .

CALL MW2DRW (¥;Y) ' E .

DO 79,I=1,N/2 :

AT (I)=AN(I)

DO 65,I=1,ANG/2+1

BT(I)=BN(T)

z=-1, :

CONTINUE - .

XT=1000

CONTINUE ] °

CALL MWCLIN (0) , i :

CALL MWCCSZ (3)

CALL MWCCAN ( 0)

CALL MW2MOV(-1100,1000)

CALL MWTEXT ( "*BOTTOM*\')

CALL MWCLIN(0)

CALL 'MWCCSZ (3).

CALL MWCCAN (0)

CALL MW2MOV(900,1099)

CALL MWTEXT ('*TOP*\')y

CALL MWCLIN(0) ,

CALL MWCCSZ (3) . .

CALL MWCCAN (0) ‘ : I'e

CALL MW2MOV(-700,-100) .
CALL MWTEXT('FIG.(  ),CIR. STRIP FOOTING STRESS DIST.\')
CALL MWCLIN(0) - . . ‘ -
CALL MWCCSZ (3)"

CALL MWCCAN (0)

CALL MW2MOV(-~400,-200) 1

e
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' CALL MWTEXT(' ‘(BR-—l HT=3,H=10, ANG—120 W—30000)\ )

10

10

CALL MWCLOS

CALL MWTERM ) ‘
STOP. " S
END ‘ !
SUBROUTINE ARC(R,K1,K2,XT,2):
INTEGER XT,R,X,Y \

DEG=3. 14160/180

X=XT+2*R*SIN (K1*DEG)

Y=R*COS (K1*DEG) \

CALL MW2MOV(X,Y) -
DO 10,I=K1,K2

X-XT+Z*R*SIN(FLOAT(I)*DEG)

Y=R*COS (FLOAT (I') *DEG)

CALL MW2DRW(X,Y)

CONTINUE

RETURN

END ' . g .
SUBROUTINE CIR(XT,R,ANG) :
INTEGER XT,R,ANG,X,Y -

DEG=3.14160/180.

X=XT-R*SIN (ANG*DEG/2.) , :
Y=R*COS (ANG*DEG/2.) ] '
CALL MW2MOV (X,Y) ’ -

DO 10,I=1,ANG+l '
X=XT+R*SIN (FLOAT (I-ANG/2) *DEG)
Y=R*COS (FLOAT {I-ANG/2) *DEG)

CALL MW2DRW(X,Y)

CONTINUE

RETURN - ! )

END . . /
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* *J; * % & *» ; * & % %k N * * * *‘* * * * & % Xk *
* . PROGRAM " TRIPLO"
* "TRIPLO" PLOTS THE RESULTS OF "TRIFDN™ AND
* "FLAFDN" ON THE CBS MEGATEC GRAPHICS SYSTEM.
T s o e v o s i o e o o > 2 o T - o o 4 2 o o 2 o o e e o i o o o e o o o e e W

. PROGRAM TRIPLO o f
PARAMETER (N=20,L=10)
REAL AN(L),AT(L),BN(91),BT(9]),S(N),SI(L)
REAL INC )
~  INTEGER W,X,Y,XT ‘
READ (5, *)BR
READ (5, *) ANG
W=500
SC="2"./20000.
XT=-1000
PI=3.14159 : . .
ANG=PI/2.~-ANG*PI/360. "
T=W/COS (ANG) /9 0.
. INC=W/CQS (ANG) /L .
DIV=BR/COS (ANG)/90. . .
DD=BR/COS (ANG) /L ¢ ‘
SI(l)=DD/2. 7
DO 40,I=2,L
40 SI(I)=SI(I-1)+DD
CALL MWALDS (1,0)
"CALL MWINIT ('SYSP:WORK1.DAT/S')
CALL MWSLCT (1)
CALL MWOPEN('SE',l)
DO 10,I=1,L+1
10 S{I)=(I-1)*INC .
' DO 100,JJ3=1,2
DO 30,I=1,N/2
30 READ(5,*)AN(I) -
DO 35,I=1,N/2
.35 READ(5,*)AT (1)
DO 3000,K=1,91
V=(K-1) *DIV ‘
BN (K) = 0. .
BT (K) =0.
DO 2000,1=1,L
p=1. .
DO 1000,J=1,L
IF (J.NE,.I) THEN
P=P* (V~SI(J))/(SI(I1)~-SI(J)) , .
ELSE* ’ . .
GO TO. 1000 ’
END IF
1000 CONTINUE
BN (K) =BN (K) +AN(I) *P
' BR(K) =BT (K) +AT (1) *P
2000 CONTINUE

3000 CONFINU —_— | '
\ CALL TRI (XT ,ANG,W) '
Z’l- ’ N
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DO 700,K=1,2 o ‘
X=XT o
Y=0 - _— '
CALL MWQMOV(X Y) — |

DO 30, I=1,N/2 }
X-XT+Z*(S(I)*COS(ANG)+SC*ABS(AT(I)*SIN(ANG)
Y=-3(I) *SIN (ANG) +SC*ABS (AT (I) *COS (ANG)) |

CALL

))

I

MW2DRW(X,Y)

X= XT+Z*(S(I+l)*COS(ANG)+SC*ABS(AT(I)*SIN(A?G)))
Y—-S(I+l)*SIN(ANG)+SC{ABS(AT(I)*COS(ANG))

CALL

CONTINUE

MW2DRW(X,Y) /

Y=-W*TAN (ANG)

CALL
X=XT
Y=0

CALL

X=XT+Z*W i~ /

HIW2DRW (X, Y)

MW2MOV (X, Y) ' /

DO 400,I=1,91 I
X=XT+2* ((I- l)*T*COS(ANG)+SC*ABS(BT(I)*SIN(ANC)))
Y=-(I-§) *I'*SIN (ANG) +SC*ABS (BT (I) *COS (ANG})

CALL

CONTINUE . )

FMW2DRW (X, Y) . }

e

X=XT+2 *W J
=-W*TAN (ANG) j )

CALL

DO 60,I=1,N/2

MW2DRW (X, Y)

AT (I)=AN(I) . -
DO 65,I=1,91 ' '

BT (I)=BN(I).
Z=-1.
CONTINUE
XT=1000
CONTINUE

- CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

"CALL

MWCLIN ( 0)

MWCCSZ (3} :
MWCCAN ( 0) ) )
MW2MOV (-1100,650)
MWTEXT (' *BOTTOM*\ ') -
MWCLIN(0)

MWCCSZ (3)

MWCCAN ( 0)
MW2MOV(900,650)
MWTEXT (' *TOP*\ ")
MWCLIN (0) '
MWCCSZ (3)

MWCCAN ( 0)
MW2MOV (-7 00,-700)

MWTEXT('FIG.( ),TRI. STRIP FOOTING STRESS DIST.\')

MWCLIN{ Q)

MWCCSZ (3)

MWCCAN ( Q) !
MW2MOV(-400,-807)

MWTEXT (' (BR=l,HT=3, H-lO ANG-lzo w-30000)\ )

p.’
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CALL MWCLOS
CALL MWTERM
STOP
END
SUBROUTINE TRI (XT,ANG,W)
INTEGER X,Y,W,XT
X=XT+W o
=-W*TAN (ANG)
CALL MW2MOV (X,Y)

.

© X=XT

Y=0

CALL MW2DRW(X,Y)
X=XT-W .
=-W*TAN (ANG)

CALL MW2DRW(X,Y}
RETURN

END
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