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ABSTRACT

Aational solution for the problem of contact
pressure determination, in accordance with the
soil-gtructure interaction, is presented here.
The structure is sssumed to be hypothetically
supported on two or three ylelding points, to
render it the requirements of a main system.
The contact pressure is substituted by a group
of concentrated loads, whoae magnitudes are
determined from verification of the statical
equilibrium condition and the combined kine-
matic condition of the whole syatem. The
method of solution is programmed, in Foriran
language, for direct applieation on electronic
computer., This programme is included. Also a
practical example ia given for demonestrating
the method of application.

INTRODUCTION

When & structure is founded on a ylelding subsoil,
it would normally undergo unequal settlement. The in-
ner parts of the structure are more likely to settle;
or have a tendency to settle, more than the outer parts.
If the structure is not totally flexible, a new contact
presmure distribution would develop, to render both the
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structure foundetion plane and the subgrade sur-
face an identical common shape. Consequently in
any realistic evaluation of the contact pressures
we should take into consideration the interaction
between soil and superimposed structure. This may
be done by investigating the effect of soil deformat-
ions upon differentisl settlement and the induced
atregses and etraine in the structure and the re-
sulting redistribution of atructural loads trana-
mitted to the soil, due to stiffness of structure.
This approach would certainly yield more accurate
degign rather than that obtained by introducing sim-
plified agsumptions, such ag uniform or other ar-
bitrary soll contact pressures; or performing ans-
lyses based on elastic subgrade reaction criterion.

Computing contact pressure, stresses and strains
developing in loaded basges, resiing over semi-infinite
elastic medium, has formed achallenging topic for ma-
thematicians during the last forty years. Among the
contributers to this problem are Browicka (1939),
who derived the solution for contact pressure below
rigid emooth strip base due to symmetrical vertical
loading, and Muskhelishvill (1963) who solved the
geme case due to moment loading. The latter in his
work (1963) obtained the solutions for symmetricel
vertical loading and moment loading escting on rouzgh
rigid strip. These contributions were based on
2=dimengional analyses.
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With regard to 3-dimensional problems with
polar symmetry, the case of rigid elliptic base
loaded by symmetricel vertical leoading has been
considered by Schiffmen and Aggarwala (1961),
while Muki (1961) obtained the dietribution of
normal contact pressure beneath rigid circular
aree. The problem of circular rigid ring has
been solved by Bgorov (1965), while the case of
rigid rectangular ares loaded by gymmetrical ver-
tical loading has been solved spproximately by
Whitman end Richand (1967).

STATEMENT OF PROBLEM

As shown before, the distribution of cont-
act pressure, computed on the basis of unyielding
foundation, would no longer hold, once the atruc-
ture skeleton is excited by additional stresses
and strains, due to the tendency of the subgrade
strata to undergo deformed shape under the struc-
ture. The deviation of the actual contact prea-
gure from the computed one is mainly dependant
on two factors; namely the overall stiffness of
the building i.e. its load-deformation relation-
ship, and secondly the final deformed shape of
foundation.

The first factor is merely a stirength of
materigl problem, and by means of modern techniquea
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applied in stress analysis, such ag Finite Ele-
ment Methods; 1t can be determined even for the
most complicated structural systems. The second
factor; which is the foundation settlement, is &
function of both the subsoil moduli, and the
final load distribution exterted by the struct-
ure on the s0il. The latter is sctually the
unknown contact pressure, needed to be determined.

Normally, for such problems, whose solution
procedure necegssitates the knowledge of the final
regult before hand, solution could be obitalined by
agsuming approximate value for the required result
and proceeding with the calculation till we arrive
to the result. Then comparing the obtained result
with the aspumed one, if they do not coincide, we
meke & better estimation for the assumed value and
repeat this processes several timea till the com-
parison shows that a close result is achieved.

Application of this triel and error method to
ungymmetrical 3-dimensionsl problems of contact
pressure determination, is by all means unpracti-
cal. Thie is because computations included are
extremely tedius and the number of trials iz un-
limited since unsuccessful trials can hardly give
indications for better estimation of the exact
pregsure distribution.

Taking these complications into account, a
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i

completely new alternative method ia suggeated
here, that solves the problem algebraically. The
method is tested on some actusl problems, and
proved to be very efficient, and even applicable
to cases that have not been solved before. How-
ever, the calculations Invoived normelly requl-
ras the use of electronic computer.

STRUCTURE MAIN SYSTEM

Let us consider a generalized structure of
any irregular shepe and stiffness, like that
ghown in Figure (1) _pn- Thies structure rests on
compressible seil strata, so it exerts on the
so0il, at foundetion level, unknown contact pres-
gure, which is required to be evaluated.

To gimplify the problem from the staticel
point of view, the actual gtructure is consi-
dered to be hypothetically supported on an
appropriate number of supports, that renders it
externally determinate; Fig. l-c. Also the
structure is regarded to be acted on by Two
different groups of loading. The first is the
P-load group, which represents the loading due
to the buildingown weight and the externally
applied loads and pressures on ihe superstruc-
ture, whose components are fully known in
magnitude and point of action. The second is
the F-load group, which stands for the soll
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reaction; i.e. contact pressure acting on found-
ation base. The componenta of the F-load group
are assumed to be a number of concentrated loads;
nsmely F,, Fo,, Fj.... BtCans In‘ acting at points
1 Loy fj...etn... :n‘ respectively. Hence the
foundation sole plane or planes is hypothetically
divided to an "n" number of relatively small ele-
mentary areas, and the reaction stress acting on
each area is subatituted by 1te resultant load
"F", The components F., I"'E...J‘J":1 loads are unknown
in value, but their pointe of action "f" may be
aggumed, at the time being, acting at the centroid
of the elementary areas.

Agpin, the points of actlion of the hypothetical
supports are chosen to coinecide with any of the
pointas of action of the "F" load system, say fl,

ij and/or f15y iees the reactions of the hypo-
thetical supports are considered belonging to the
P=loading system components.

Like in any statically indeterminate siructure,
we can theoretically convert the redundant reactions
of the "F" load group to forces, unknown in wvalue,
Thug the number of "F" loads in excess of 2, in &
two dimensionel problems, or 3, in three dimen-
sional problems, has to be regarded as if they
are unknown loads acting upwards. Consequently,
the structure under consideration, would be con-
verted to a main aystem, which is externally a
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staticelly determinaie one.

5= GOVERNING EQUATIOQNS
5.,1-  ABSOLUTE SETTLEMENT EQUATIONS:

To start with, we shell deal with the
effect of & single normal concentrated load
and uniform distributed load on & seml-infinite
mags of soil medium.

The particular problem of a concentrated
loed has been dealt with by Bousasineaq (see e.Z.
Poulos H.G. & Davis, E.H., 1974) who obtained
rigorously closed mathematical expressions for
the stresses and strains at any point within the
semi-infinite continuous mas3. This work was
axtended afterwards by other workers, to cover
many cases of loading and deflections. What
interests us in these results 1s the vertical
deflection of & genersel point on the top sur-
face of semi-infinite mass.

Prom Bouseinesq work, it follows that:

8
3=%T;Ell_=§ cee (1)

where
g denotes vertical displacement; i.e. settle-
ment; of the subgrade suriace,
E denotes Modulus of elasticlty of subgrade
medium, '
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denotes Poisson's ratio of subgrade medium,
denotes applied load or force,

a denotes distance between the point of action
of load (F) end the point at which settlement
(3) 18 calculated.

Also, Tsytovich (1963) has worked out the re-
gquired vertical displacement for certain distrib-
uted load areas. For the case of pointe at center
and corner of rectangular areas & at center and
edge of circular areas, that are uniformly loaded,
he gave the following formmla; making minor chan-
geg in the notation of the text:

. 24dp Ll
a5 T {1 1 } E.u YERE {Ej

Where

d denotes smaller side length of loaded
rectangular ares,

p denotes intensity of uniform distributed
load,

K, denotes & dimensionless influence factor
computed for & range of areas. (table 2-2
page 86, Harr,K1966).

The dimensionless factor K, in equation(2),
is given in the originel text of Tsytovich (1963)
in & tabular form, in terms of the aspect ratio
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of the rectanguler load area (r); (r = b/d).
Here K, has been substituted by a mathematical
fraction obtained by regression technique, and
thet fits the tabnlar velues very accurately.

The substitution of K, and the pressure
intensity (p) in Eq. (2) ylelds:

o= E - '1"1:1— 'I.:I-E} -{1-:'_142 + 0.6035 x 1n E}iil {3}
B E d
Where

b denotes longer side length of loaded
rectangulair ares,

1n denotes Neperian (natural) logarithm.

By applying the rule of superposition;
equations (1) & (3) can express the absolute
vertical settlement 'S,', at any point (£;) at
foundation level due to the F - system of load-

ing, as follows:

e~ Beedt| Mo oo B

Ei bi Fn
= o (1,114240.,6035 xln ==)t.es ——
i 4 e84 n

iill{4}
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where

S, denotes absolute vertical
settlement at point {fi} due
to components of the F-load
gyatam.

Ei,l’ 31.2"'Bi,n denote distance between point

h1 ke dy denote longer & shorter side
length of rectangular elemen-
tary area number (i), res-
pectively.

T+ should be noted that equation (1) could
be used always in computing the settlements re-
sulting from the F-loed componentsa, except in
case when the load element is scting directly
over the point under consideration. Here the
approximation involved in gubatituting the ele-
mentary area pressure by & soncentreted load
would be untolerable, and modified formula of
Taytovich (1963); equation (3); for distributed
loading should be applied.

By similerity to equation (4), the follow-
ing equations can be derived

El=B~l-l-Fl'+ﬂfﬂ-1’EiF2-l- E'ﬁﬂ..‘l’ﬂfﬂl ,n!Fn
EE?-IEJI;H.E,lrFl'I‘BEiFE--: ftﬂil"'ﬂfﬂzjnnpn

erasnitn T .+ (5)

Enucf-‘%lll Fl-'ﬂfaﬂ.,E-FE seaBtCas |+Bu- Fn
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where

c denotea (1 = u?] J (T ,E)
B 2
B, denotes (1/by).(1.1142+0.6035x1n 1y A=u
& " E
s denotes distence as given in equation (4).

Agein, equation (5) cen be expressed in a
metrix equation form, as follows

-

5, | ;1 C/8y o +» BtC..Clay 4| [Py
3 Gfa2'1 B, ve atc..ﬂfaztn Fa

.
= T KR

EnJ LEIEI[,]- cfﬂn,ﬂ”' Ht'ﬂ--t'nn | P

.

Matrix Equation (6) expresses the absclute
settlement equations for polnts f,, Toeen T4
under the P-load system. In other words, it gives
values of settlement referred to the original sur-
face of the unloaded semi-infinite medium, For sake
of abbreviation, equation (6) is designated by

(8 = [Ei,jl [F) (6)

I+t can be shown that [?i,j] is a saymmetrical
matrix, and its elements are the values of absolute
settlement at points ., fé"' f,, due to a load
equal unity, applied once at a time at these points.

&




BULL, INST. OCEAN, & FISH., A.R.E. VOL., 7. 258

For example the first column and the first row in
[Ei.i] each is composed of settlement welues at
points £y, fheee Iu’ reppectively, due to unit
load applied at point £, while the second column
and the second row each is built from the settle-
ments at the same points due to unit load acting
at point f,, and likewise. This is because of the
validity of Maxwell theory for reciprocal deflect-
ions. It is clear that [?1,3] is independant on
(F} values and its elements can be directly eval-
uated from the geometry of the foundetion base and
the values of elastic moduli of foundation medium.

Se«2  HREDUCED SETTLEMENT EQUATIONS:

In this context, by the term "reduced settle-
ment” it is meant the induced settlement measured
from plane, or from line, passing through the sup=-
port pointa, after load application, as shown in
Meg. 2.

Hence, it follows that

B‘_L = Ei - Ei wwoa {T}
where
Hi denotes reduced vertical settlement at
point {fi}
Ei denotes absolute vertical settlement of

plene/or line of supports st projection
point of {fi}.

This means that the equatione of reduced
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settlement of points £y, £, .. fn can be derived
from the equations of absolute pettlement; l1.e2.
matrix equetion (6); by subtracting the corres-
ponding Ei values from elements of matrix [?i,j]'
bLgain, the reduced settlement egquations could hbe
gummed up in matrix equation of similar form %o
equaetion (6), =ay

[R} = [H_,“ﬂ {F} wees  {8)

The elements of {Fijj:lwnuld te computed as
riven hereafter, one column at a time; teking the
colunn No (1), in & 3-dimensional problem, as an
example, for general application.

Here, a fixed cartesian coordinate system needs
to be introduced, to deal with the problem in a
syotematic way. MAssuming point Efi}, for example,
ig the origin of the system, and any two perpen-
dieular directions on the foundation horizontal
plane, to be the x- and y=-directions. The direct-
ion of the z-axis, which is normal to the foundat-
ion base, would be devoted to the vertical settle~
ment or deflection displacement. Then, from the
geometry of the foundation, the coordinates of the
points Ty, Ty «.. fn would be compuied; eay X,
Xy ess X, BTE their sbecissas and ¥is Fp oo ¥
are their ordinates; respectively.

Since it ie required to compute the elements
of column No (1) in matrix [R; 4|, & unit load is
- 1
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assumed applied at “fi"’ and by means of equations
(3) and/or (1), the corresponding absolute settle-
ment at the hypothetical support points; fl’ T1as
ij‘ due to this unit load, are calculated; say
51_1. 51211, 513,1; regpectively. Consequently,
the coordinates of thege points would be

(0, 0, 8y 3)s (xps ¥pps S1a,4) & (¥p3» ¥130513,47:
regpectively.

Hence the eguation of the plene passing
through the three support points, after being def-
lected due to application of unit load at "fi“,
could be derived. This is done by evaluating the
value of the constants 4., A & 13 in the general
equation of plane in gpace, which reads

]:LI =+ .ﬁ.EY + .ﬁ.BEI = % YRR {9’]

By substituting the coordinates of the support
points, once at a time, in equation (9), we obtain
the three simultaneous equations which are given
here-afier:

0 + 0 + 13‘51,1 = 1
Moxg, + dpu¥rp * AgeSppy = 1 ... (00D
j?-xla + AE‘FIE + 13131311 = 1

Solution of equations (10), yields the values
of constants of equation 13; i.e. 4, 4, & Aj.

Then; by substituting with I & Y-coordinates
of points £, IE ses £, once at a time, in the
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equation of plane of supports No (39), the ver-
tical settlement of plane of supporis at the
prajEctinn_uf Ty, fE ane fn’ could be evaluated;
gay S, ;, S ess 8. ., respectively. Referr-
ing tﬁjiquagiin (c) Eﬁi equation (7), it follows
that the column No (i) in the matrix [Ri,j] of
equation (8) would then read,

(0/ay 3 = § 4)
EE'FE'E,:L — EE,i}

gto.

Hence the matrix equation for reduced settle-
ment would be
i % =

= [ R
By | [By =8y, C/ay o785 , .efc. Clay =8 5 |Fy
T {1
Ry C/ay 1-8 i | Gfﬂn,ﬂ-sn,ﬂ ®n =Sh.n LFnJ
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According to relative settlement definition,
all the elements of matrix [hiiﬂ] in equation
{B}a‘ falling in the rows assigned to Ry, Ry, &
RI3 would be equal to zero.

This means that the matrix equation (8),
represents, in fact, a number of linear equat-
ions equals (n-2) or (n-3), pending on whether
the problem under consideration is 2- or 3-
dimensional one. Hence _E% J] would be a rec-
tangular matrix of (A x n=2) or (n x n-3)elements.

5.3 DEFLECTION EQUATIONS

Ag mentioned before, the main system im
agsumed to be mected by two different loading
groupa; the P-load group and the P-load group.
The deflections ceused by these two load groups
would be treated separately.

The valuea of the vertical deflection of
points £y, f5 e elc .o. £, in the main gystem
(item 4), due to the P=load components could be
directly computed from the statice of the main
system under consideration, say Eﬁl, ﬁPE sas BLtO
n_ Ly respectively., This array of values
would be designated by (IP).

On the other hand, to establish the equat-
ions of vertical deflection of main system points
£15 5 ene :n due to the unknown components of
P-load group, we have to make two assumptions, to
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apply rule of superposition to structure stres-
ses and streins. The firat is that structure
material is elastic and the second is that
gtresaes and strains, developed in the atruc-
ture, are within the proportionality limit.
These assumptions are reasonable and practically
valid to most structures.

Now, if & unit load is applied on the main
system at point {fii, it would produce at points
£y, fE wee gte ... T certain vertical deflect-
ionsg, say ﬁl,i‘ ﬁE.i’ ane BEC aus ﬁn,i’ reg-
pectively. Hence by superpeosition and followlng
the pame concept and notatlional system, the ver-
tical deflection of points £, £, . efe .. I,
due to the F=load componente, could be expressed
as glven by matrix equation (11).

- — s BE i 1
?IrDFJ_ 819 1 p ees gtC a0 6 F

FEFE 5211 ﬁE,E wanw BED s dE,ﬂ FE

- — —— - - s —_——— === s s £ == %
o — ——— e S .

{DFB dn,l & ses BEC aus ¥

. [ A%

sae £11)

where

DF, denotes vertical deflection at point (fy)

due to P-load group.
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denotes vertical deflection at point (£,)
due to unit load applied at point [fjJ

i,J

Equation (11) is designated by
(DF} = [ail;] (F) o i

Like in case of matrix equation (8)_, the
Eﬁirj] in equation li&l, i a rectangular matrix
of (N x F=2) or (N x N=3) elements, since the ele-
ments of rows that correspond to the support points
ATe Zeros.

B METEOD OF SOLUTION:

A solution for our main problem would be
achieved if we obtain a number of algebralc equae-
tions in an equal number of unknowns reactions,
Fi, FE ala Fn' That is to obtain an "n" number
of equations in terme of F-load components. This
may be done by equating the deflection of the
main system to the reduced settlement of the sub-
grade surface, at each point of action of the F-
load components. This satisfies the kinematie
condition of the problem since the foundation
base and soll medium surface are actually in
close contact and both share one plane, and he-
nce undergo identical deformed surface. Hence
the compatibility equations would read,

L} + (DF} = (R} (12)

by substitution from equations (8) and (11) in
equation (12), then
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DB} + ".si“{[ F = [R:I.,;j] . B ..a(13)
op = [Ry 4] +® = [eg,g] - B ...Q8)

[DP} = -_Ri‘j 5 ﬁi:-ﬂ' {F) «es(15)

The matrix equation (15), as explained be-
fore, represents a number of equations equals
(n~-mumber of supports). By adding the equations
of statical condition of equilibrium, which read

IP + EF=0 .. U—E}
EM_ =0 v T1T)
and in case of 3=-dimensionel problems

where

ﬂi & MF denote first moment of all load compo-
nents along the y-and x-axis, respecti-
vely.

to matrix equation (15), we would have the re-
gquired "n" equation, whose &ll elements are de-
terminable, except the P-element array. By sol-
ving the simultaneous equations (15), (16), (17)
and/or (18), the values of the unknown F-load
components would be determined.

Ts METHOD OF APPLICATION

The solution of actual contact pressure pro-
blems by means of this method is merely & atraight
forward exercise. However, the proceas of appli-
cation involves extended computational operations,
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since it includes solution of group of simul-
taneous equations, whose number normally runsg
into tens, Conasequently, to render the method
practical wvalue, s "Fortran" programme has been
developed, to carry out all computations.

The programme (refer to Appendix I) is de-
signed, with the intention to be of a general
application, as far as possible. The programme,
firet calculates the elements of the reduced
gettlement egquations (equation (8)), from the
coordinates of the elements of F-load group,
iees (9, £5 ou fn], and the order of the hypo-
thetical support reactions in the F-load group,
i.e. subscriptions I, and for I,, which are fed
in, as input data.

With respect to programming the operation
of calculating the (IF! erray, as wgll as eatab-
lishing the matrix equations (DF} = [ sy j] (¥},
it wes not possible to be fitted in the programme,
in general epplication form, This is because
these two processes are dependant on the charac-
terigtics of the structure ms well as on the
applied loading system. 8o this part hes to be
programmed each time, for every specific case,
according to the partiocular configuration of
gtructure and loading system, under considerat-
ion. The example programme, given in appendix I,
worka out the deflection matrix equation for the
cage of elastic beam founded over elastic semi-




257 DISTRIBUTION OF FOUNDATION LOADS IR TERMS
OF SOIL-STRUCTURE INTERACTION

infinite mess; refer to Flg. 3-=a.

The programme elsc compiles the reduced
settlement equations end the deflectlon equat- -
jons and obteins the (n) elgebraic eguations
thet satiefy the elastic and the statical equi-
1ibriwm conditions. TFinally the programme gol-
ves the n-algebraic egquations and yields the
required values of the unknown reaction elements

Ell! F.E R R Fn-l-

By dividing easch resction element (F) by
its corresponding elementary srea, the average
contact pressure on every one of these foundat-
ion divislon areass would be defined. Then the
contact pressure distribution, under the whole
foundetion, could be easily traced. 1t would
be the continuous curve or surface that verifies
the obtained everage pressure values over the
foundation small devlision areas.

Here, the problem could be considered to
be solved completely. However, for sake of
perfection, a final check has To be made to get
qure that certain epproximation made in the
method procedure is tolerable. This approximat-
ion is made when we assume that the resultant
of pressure over each elementery area is suf-
ficiently close to ite centroid. If the ocon-
tact pressure dlstribution diagram has no sharp
slopes, then the already obtained result would
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y than adeguate for practical application,
. another run for the computer prog-

is needed, taekinz the points f;,T; ... o8
nts of asction of resultants of contact pre-
over the elementary areas, as yilelded from
first run of computer programme.

" 9=1 STUDIED EXAMPLE

The structure dealt with, as an example,

in thisg work is a solid rectangular beam, whose
croes section is 100 em x 100 cm, and its length
ig 1000 em, The beam is acted by a group of nife
edge loads applied at constant spacing, refer tfo
Pig., (3-a). The elastic modili of the beam and
of the pupporting medium are given in the follow-
ing table (1).

TABLE (1)
Polgscon's iggﬂfﬂlﬂ 7
ratio 0
Elasticity
Beem 0.3 2040 KlN/em®
Supporting medium (case 1) 0.3 0.05 Kﬂfnmz
Supporting medium (ease 2) 0.3 10 Ki/em®
Supporting medium (case 3) 0.3 2000 EH{amE

The results obtained from the application
of the example programme to these three cases are
given here-after in table (2). Also the contact
pressure distributions per m for these cases are
ghown in Fig. (3-Db).
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PABLE (2)

%EEE:.T?:? cE::fE‘?f&me: {B:-Eg H?mffcmgj .;3;5335 1/ en)
F 269.3 240.3 202.6
Py 193.8 188.,0 195,7
Py 183.4 188.7 201.2
F, 177.9 190,7 200. 4
P, 175.6 192.3 200.1
P 17546 192, 3 200.1
Py 177.9 190.7 200.4
Py 183. 4 188.7 201,2
P 193.8 188.0 195.7
Y 269.3 240.3 202.6

Tue to the assumption, made in this work, that
the supporting medium is a perfect elastic continuum,
zones of high contact pressure would be developed at
the edges of Toundation. As seen in case (1) & (2);
(Fig. 3); the contact pressure at the beginning and
at the end of the tested beam tends to infinity.
Practically, such unrealistic high pressure could be
rectified if a ceiling value for the allowed contact
pregsure is introduced toc the assumed stress-atrain
relationship. The maximum pressure value should be
egtimated amccording to the foundation bearing capacity.
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B. CONCLUSIONS

The foundation contact pressure is replaced
by & group of concentrated forces. The structure
ie regared to be resiing om appropriate statically
determinate supports, and the redundant reactions
are theoretically converted to forces of unknown
magnitudes. A matrix equation relating the settle-
ment of the subgrade with the foundation loads i=m
derived. The relationship between the deflection
of the structure and both the subjected loads and
foundation forces is established in the form of a
matrix equation. By equating the settlement of
the subgrade and the deflection of the structure,
the required foundation forces are obtained.
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APPENDIX I - COMPUTER PROGRAM
MASTER (S0IL)

¢ REDISTRIBUTION OF FOUNDATION LOADS AS CONNEC-
¢ TED WITH SOIL-STRUCTURE INTERACTION

DIMENSION PO(20),A(20),%(20,20),¥(20,20),
45(20,20),R8(20,20)

DIMENSION ASMIL(20,20),RSMILL(20,20)

DIMENSION E(20),A1(20),42(20),21(20,20)
DIMENSION X0(20),Y0(20),X¥(20),YF(20),C0F(20,4)

DIMENSION DIFR(20,20),DIF0(20,20),5 ALF(20),S
BET(20), GGMIL(21,21)

DIMENSION BB(21,21),PF(20)
DIMENSION cc(21)
¢ M DENOTES NUMBER OF LOADING ELEMENTS (PO).

¥ DENOTES NUMBER OF FOUNDATION REACTION ELE-
MENTS (PF).

U DENOTES MEUE OF S50IL.

E(IE) DENOTES LIST OF VALUES ASSIGNED TO MOD-
ULUS OF ELASTICITY OF SOIL.

1. DENOTES NUMBER OF VALUES T0 BE ASSIGNED TO
MODULUS OF ELASTICITY OF S0IL.

READ(1,10)4,N,U

READ(1,5)L

READ(1,6)(E(1IE),1E=l,L)

PO ARRAY DENOTES VALUBS OF LOADING ELEMENTS.
READ(L,15)(PO(I),I=1,M)

PP ARRAY DENOTES REQUIRED VALUES OF SUBGRADE
REACTION ACTING ON ELEMENTAL SOLE AREAS.

Al,A2 ARRAYS DENOTE THE SIDE LENGTHS,IN METER,
OF THE REGTANGULAR ELEMENTAL UNITS OR EQUIVA-
LENT RECTANGLES RESULTED FROM DIVIDING THE
FOUNDATION SOLE PLANE TO(N) DIVISIONS,Al IS
BIGGER THAN A2,

[

aa aac Q

L

GaQaoaa o
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Lo |

o

6O

355

L]

G aQ

1000

READ(1,20)(A1(1),I=1,N},(A2(I),I=1,K)

X0,¥Y0 ARRAYS DENOTE COORDINATES OF ELEMENTS
OF ARRAY(PO),W.R,T, ORIGIN COINCIDING WITH
POINT OF ACTICN OF FF(1).

READ{1,25) (X0(X),I=1,M), (YO(I),I=1,M)

XF & YF ARRAYS DENOTE COORDINATES OF ELE-
MENTS OF ARRAY(PF),W.R.T. ORIGIN COINCIDING
WITH POINT OF ACTION OF PF(1).

R-Eﬁj}tl .31:’] (IF{I:I }I=11H:' ¥ EEF{I} 11-*1 .H]

CONSTRUCTION OF X,¥ MATRICES,THAT IS TO SAY
MATRICES OF XF & YF COORDINATES W.R.T,
VARTIOUS ORIGINS LOCATED AT POINT OF ACTION
OF PP(1),PF(2),svs,PF(li) ,ONE AT A TIME-
(XF(NO, OF POINT USED AS ORIGIN,NO, OF PF
WHOSE XP IS CONSIDERED)).

D0 60 I=1,N
X(1,I)=XF(I)

¥(1,I)=YF(I)

D0 355 I=2,N

L0 355 J=1,N
I{I,J}=I{1,Jg—1(l.13
¥(I,J)=Y(1,J)-¥(1,I
CONTINUE

(A5) MATRIX DENOTES VALUES OF ABSOLUTE
SETTLEMENT.

CALCULATING THE ELEMENTS OF (AS) MATRIX,

THE NUMBER OF THE SELECTED THREE REFERENCE
POINTS ARE,NO, 1, NO, I2 AND NO, I3,AT
WHICH PE(1),PF(I2)&PP(I3) ARE ACTING,
READ(1,45)I2,13

TE=0

IE-I1E+1

Ell=(1U%*2)/E(IE)

EMP=EM1 /3.14159

0 555 I=1,N

D) 555 J=1,N
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IF(J.NE,I)GO TO 444
Ra=A1(I)/A2(1)
K0=1,1142+0.6095"AL0G(RA)
AS(I,I)}=EML*"KO/41(I)
ASMTL(I,I)=AS(I,I)"1000
GO TO 555

Ad4 R:EI{I Ty * 24¥ (L, )" %2 0.5
AS(I,J)=EM2/R

ASMIL(I,J)=A5(I,J)*1000

555 CONTINUE

WRITE(2,35)
WHITE{214D}{EAEMIL{I,J],J=1,H}.Iul,H}

RS MATRIX DENOTES VALUES OF REDUCES
SROTLEMENT OF SUBGRADE DUE TO UNIT LOAD
APPLIED AT VARIOUS (PF)-POINIS OF ACTION.

CALCULATING THE ELEMENTS OF (RS) MATRIX,

ASSUME EQUATION OF PLANE FPASSING THROUGH
REFERENCE POINTS AFTER SETTLEMENT IS

A1 X +BLY +CLZ=21,WITH ORIGIN AT
POINT OF APFLICATION OF PP(1).
BE(1),BB(2),BB(2) DENOTE 41,B1,Cl
RESPECTIVELY.

DO 710 J=1,N
BBE3}=1.u£as{1.J}
IF(I2.EQ.I3)G0 TO 230
BB(2)=(1-BB(3)*AS(12,5)%X(1,I3)-
+(1-BB(3)"4AS 13,J§’1{1,12 3/
+ {1{1.12}*xE1 13)-X(1,13 *1{1;1213
BB(1)=~(1-BB(3}*A5(13,J)-BB(2)*¥(1,13))/
+X(1,13)
G0 TO 240
230 EB(1)=(1-BB(3)*a8(I2,J))/%(1,I2)
BRE(2)=0.0
%1 DENOTES AS<RS

240 WRITE(2,50)(BB(I),I=1,3)
DO 710 I=l,}

X
31{1,J)={1~BEE11*111,I}-EE{E}’!tl,I})fBB{BJ
RS(I,J)=AS(1,J)-21(I,J)

RSMIL(I ,J)=RS(I,J)™ 1000
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710 CONTINUE
WRITE(2,75)

WRITE(2,40) ((RSMIL(I,J),Jd=1,N),I=1,N)

SUB-PROGRAM TQ EVALUATE DIFLECTION
MATRICES AT POINTS OF ACTION OF F-LOADING
ELEMENTS FOR A LOADED BEAM FOUNDATION DUE
‘%‘G P? & PO SYSTEMS,NAMELY DIFF(I,J)&DITO
I,d).

EME=1 . 7*100000,0"100000.0

EME DENOTES MOMENT OF INERTIA OF THE
BEEAM*MOD OF ELASTICITY OF STRUC .MATERIAL,
IN(KN.CH**2), {1M™M CONC. BEAM).

S51=XF(12)

I 1919 I"luN

D0 1919 J=1 N

8 ALF(J)=851-XF(J)

S BET(I)=XP(I)

SK=8 ALF(J)+8 BET(I)

IF(SK.,GT.51)G0 TO 1918
1921 DIF F{I‘J}=E ALP{JE"E BET(I)*(81"*2-8

+ALF(J )*=2-8 BET(I)*" 2}/

+(6*B1*EME)

GO TO 1919

1918 8 ALFEJE:IFEJJ
S BET(I)=81-XF(I)
G0 TO 1921
1919 CONTINUE
WRITE{E,Eﬂg
WRITE(2,94) ((DIFP(I,J),Jd=1,N),I=1,N)

DO 2919 I=1,N
DO 2919 J=1,M
5 ALF{J;=31—ID{J}
S BET(I)=XF(I)
SK=8 ALF{J)+S BET(I)
IF(SK.GT.81)G0 TO 2918
2921 DIF ﬂ{IiJ}ms ALF{Jl*E BET{I)*{81""*2-58
+ALF(J)**2-5 BET(I)**2)/(6%51
+™EME )
G0 T0 2919

00

Lol e |
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2918

2919

830

5 ALP(J)=X0(J)
g BET(I)=S1-XF(I)
G0 TO 2921

CONTINUE
WRITE((E,E}E}
WRITE(2.94) (DIFO(I,J),J=1,M),I=1,1)

DO 830 I=1,N

D0 830 J=1,NW

IF(I.EQ.1)66(1,J)=1,0/1000.0
TR(I.EQ.12)66(12,d)=XF(J)/1000.0
IF(I.EQ.I3.AND.I2.NE,I3)GC(I3,J)=
fYP(J)/1000,0
IF{I.HE.1.iHD.I.HE.IE.AHD.I.HE.I}]GG{I,sz

+RS(I,J)+DIF P(1,J)

CONTINUE

0 840 I=1,N

E‘Uuﬂ IG

Do8s55 J=1,M
IFEI.Eq.1i5UM=EUM+Pn{J}f1ﬂua,ﬂ

TF(I . EQ.T2)SUM=SUM+B0 (J)*X0(J)/1000.0

+PO{J)*Y0(J)/1000.0

IF[I,HE.l.LHD.I.HE-IE.AHE.I.HE.IBJEUM=EUM+

+PO(J)"DIF O(I,J)

855 CORTINUE

840

7500

3919

GG(I,H+1)==5UNM

CONTINUE
I = =50
DO 7500 J=1,H+1
e (1,4) = @& (1,7) / 10.
ag (10,d) = T /( 1000.*1000.)
I = I + 100
CONTINUE
ce (10,11) = =800. / 1000.

D0 3919 I=I,N

D0 3919 J=1,N+l
GGMIL(I,J)=GG(I,J)*1000.0

WRITE(2,86)
WHITEEE,EE}{[EGHEL{I,J}.J=1,H+1}I=1,H}
o0 7004 I=I,N
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4 0C(I)=0.0

KE11=1
IF ( KKEll .NE. 1 ) GO T 7003
0 618 I=1,0

618 BR(I) = 200,
G0 T 616

7003 CALL GAUSS (N,GG,BB)

. 616 WRITE (2,88) (BR(I),I=1,N)
D0 7005 I=1.N

7005 CC(I)=CC(I)+BE(I)

00 7000 I=1,N

SUN=0 .0

D0 7001 J=1.§

7001 SUM=SUM+GG(I,J)*BE(J)

GG(I,N+1)=GG({I,N+1)+5UM

7000 CONTINUE

EK11=KK11+1

I (EX11.NE.21) GO TO 003

WRITE(2,88)(CC(I),I=1,N)

IF(IR.NE,L) GO TO 1000

5 FORMAT(1IZ2)
& PORMAT({10PB.Z2)
10 FﬂRMﬂTEEIB.EFE.#)
15 PORMAT(10FB.3)
20 FORMAT(10FB.3)
25 FORMAT(10FS,3)
30 FﬂHMﬁTElDFE.BJ
35 FORMAT(///10X,'RESULTS'//10X,'(AS) VALUES
+MULTIPLIED BY (1000 )')
40 FORMAT(10X,10F8.4,/)
45 FURMLTEEIE
50 FORMAT(///20X,'THE EQUATION OF THE PLANE
+I5 ',2X,El4.8,"' X + !
+E14.8,7 'Y + '.2X El4.8," 2 + = 1.0 = 0.0 ')
72 FORMAT(/20X,F8,3)
75 PORMAT (///10X,'(RS) VALUES MULTIPLIED BY
+(1000 )',///)
80 FﬂHMiTEfflﬂI,'THE ELEMENTS OF G MATRIX'//)
86 FORMAT(//10X,'(GGMIL) VALUES MULTIPLIED BY
+(1000 )',//)
88 FﬂHHLTEEI,lﬂ[FB.#,jIg,31.?9.4IIJ
92 FORMAT(//10X,'(DIF P} VQLUES ',//)
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24
96

T6
177

FORMAT(5X,10(El2.6,2%),/)
PORMAT(//10X, ' (DIF 0) VALUES ',//)
=

SUBROUTINE GAUSS(MG,G,ER)
SOLVING SIMULTANEOUS EQUATIONS

DIMENSION AA(100),EB(21),W(20),G6(21,21)
DO 177 I=1,MG

0 76 L=1,MG
KA=I+MG (L-1)
MEM}:G{I.L]
BB(I)=-G(I,MG+1)
CONTINUE

CALL FPMCGESOL(MG,1
W(1),DET, TRANK, NAR)
RETURN

END

0.000001,4A(1),BB(1),
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APPENDIX III - NOTATIONS

hyobp & 45 =

c =
%

D-FllnFEliiDFﬂ =

i

DPl.DPEI -.DFIL =

Fl,FEntan =

conatanta of plane equation;
equation (9) in the text.

distance between the point of
mction of load and the point
at which settlement is cal-
C‘-‘LllEl.‘tEli.

distance between two general
Pﬂ-intﬂ 'fi & fj-

longer side length of recten-
gular ares number (i).

b
(1/0;)+(1.114240.6035 1n a%}'
l=11

E
(1=u=)/(E.TT )

shorter gide length of rectan-
gular area number (i).

vertical deflection of main
system at points £ ,f,...T jTes-
pectively;due to a&l =Load com=-

ponents.
vertical deflection of maln

syatem of points fl,rz...fni

respectively; due to =11 P-load
components.

Young's modulus of elasticity
medium,.

concentrated load acting at
foundation scle; F = p X area.

components of soil reaction
P-load group, acting at cen-
troid of elementary areas num-
ber 1,2 ..« 1, respectively.
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:Ii,fé sua fn = points of action of Loads
1+ Fy eee F respectively.

fy, £ = two general points of action of
J any two componsnts of the P-load
eystem.

£y, fIE & fIJ = pointe of hypothetical supports.

1,3 = gubgcriptions referring to two
faneral pointe under considerat-
Ofla

K = dimensionless influence factor
9 in Teytovieh work (1963);
equation (Z).

Naperian (natural) logarithm.

n = number of components of P-load
ETOUp .

P = an external or structure own
weight load; super-structure load.

p = intenglty of external load per
unit area.

Ei = reduced vertical settlement of
subgrade surface, at point (f,),
due to P-load components.

r = gapect ratio of glides of rectan-
guler area = b/d

8 = absolute vertical settlement of
subgrade surface.

s = absolute vertical settlement of
subgrede purface, at centre of
gircular loaded aresa.

4 = abeolute vertical pettlement of
subgrade surface, at point(fy),
due to F-load components.

[
B
il
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1.

Tal

ool

i,d

i,d

(1]

absolute vertical gettlement of
subgrade surface, at point {fi}

due to unit loesd applied at
point {fj}.

absolute vertical settlement of
plane or line of supports at
projection point of (£,), due
to F-load components.

ebsolute vertical settlement of
plane or line of =up orta at
projection point of fi}, due

to unit load epplied at point
(£45).

Poigeon's ratio of elaatic me-
diume

vertical deflection of main
system at point {fi}, due to

unit load applied at pnint{fj}.
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