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Due to the recent development in construction techntfques and, A

fabrications of pre’cast"'concrete units, .new foundations modes were

v .

proposed. If is believed, that these models will hav‘e higher bearing

ca_ipacity and prodice ‘Tess settiement thah‘ the similar ‘conventio_nal"

\

The present study, was limited to the analysis of stress

distribution below different models. The result showed a reductiop .

in the vertical, hgrizontal and shear stresses; within a depth equal

to ‘the foundation width up"to 20%,.45% and 1092, /?specti"vely".
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CHAPTER 1

INTRODUCTEON
‘ The science of foughationsugkarted to exist at the end of the
-nineteentﬁ century, howeﬁer, due to the recent development 5F
construction techniques and the need ;on high-rise buildings, alter-
"1tives should be considered rather than the convertional -flat ones
to increase bearing capacity, and t6 reduce settlements of the .
foundations. ' >

’in-%he design of foundations two requiremgnts must be satisfied,

the allowable load applied by the structure should be equal to ultimate

bearing capacity of the soil divided by a safety factor,‘and'second

" the éqtt1ement of the foundation should be within tolerable range by \

the structure. : .

After insuring the safety of the structure (in the form of the
above mgptidned two reﬁuirementsl, the reductioﬁ of the cosg is @
second goal. This-could Be achieved by conducting related research
which leads to:a pefter understanding of the péfformance of these

foundations, and developing new foundation models to improve such

N
»

performance.
This investigation is to develop a new type of foundation, which
<

Wil produce a better uniform stress below the foundation and conse-

quently the settlement.

|

.




CHARTER I

THEORETICAL BACKGROUND ' ;

. -
. +

2.1 GENERAL

’

In this chapter background of the theqretiéal models is briefly

described.

-
‘

Consider the soil as homégeneous'isottopip and 1fhear material,
the|prob1em of stresses could be a three-dimensional problem (caée of
p&int loading), or two-dimensional problem (case of strip line loading).

The theory of elasticity is used for’tﬁe purposegof gna}ysis. The .

stress function will be the solution to the equations of equilibrium

3,
A

with respect to the boundary conditions, and the compatibility equétion.
The classical problem of Boussinesq dealing with a normal force

apﬁ]ied at the plane boundary of 3 semi-infinite mass, may be solved by '

superposing so]ufions, derived from Kelvin and Boussinesq. -The felvin ' '

;o]ution may be used in studying stresses due to a force applied-at a'

great djstance from a boundary, the Boussinesg solution is appl%cqble

in the case, where the force acts at the surface. The so]btion pFO?OSEd

by Mélan's (1932) and Mindlin (1936) is aBp]icabTe for thé case, where

the load is near the surfhge. .

‘The inherent complexity in the befiaviour of 'soil has led to the =~ .

dgvelqpmgdt of mahy idealized models of soih behaviour. Winkler's

.

.model is one of these models, which assumes that the deflexion of the

soil is directly proportional to the load applied.

b Rtk

B

€ it s
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2.2 EQUILIBRIUM EQUATION'S OF SOIL ELEMENT L ° .

" 2.2.1 In Rectafigular Coordinates.

.

Assume an element M Figure 1 at dépthlZ, three components
“stresses are acting oh each side of the cube, é‘nofma] stress o{
where (i=1,...,6) two sﬁear stresses'oij'and O}k” where (j=1,...,6)
and (k=1,;..,6). On two opposite sides there are imcrements in the
strésses.

For equilibrium, the sum of forces and moments in X, Y and Z°

directions mast be egual'to zero (see Figure 1), where dx-dz, dx-dy

and dy-dz are the areas 'of the sides of the cube.

For ZFX = Q v . oo ,
aox BTZX
) oy - (OX T dx} dydz + (~vz_+ Tz + a7 dz)\dxdy
aT X
+ (tyx —5§T~dy - 1 )dxdz = 0 .

After‘simpljficatioﬁ, the sum of ZFX =0 yie1d3'té*$

similarly for

o= 07
v.y O

then

© °

2
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Figure-1. Stress tensor comnonents in rectanguiar '
coordinaces. ‘
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and for

then ", , ' w : . o \\;‘j

3T ot - 8t ;
, z Xz yz . :
+ ;
S S T U TR _ (3)

vhere vy is the unit weight of the soil.

.k In case of the two-dimensional problem (Figure'2) (plane (X,Z)), the

- .»equations (1, 2 and 3) will be reduced to’ : ’
! 90 9T ' , ;
\ X Zx _ . ‘ ‘ )
\ = * 35 0 . (1-a)
\ " P
; 9ag 9T . .
§ Zz XZ 4! ! . . v
e il = . - . -
\ oz X Yo : (3-2)

Alsg\the sum of the moment in the x direction is given by
-0 My=0 .. S (4)
Thus . \

' T
1 Zy dZ
3 (sz + sz + 3z dZ)dXdy A - -

!

5T o
\\ Yz [\
| (Tyz + 5y dx + Tyz)dXdZ = 0

After $1m:¥'ficétion-

=]




R - s
)

- {
[ 1

0 L]

' » 3T, - BT \ o -
- —ZY 4, _J2 A ’ ‘ :
Z(sz Tyz)+( 32 d? 3y dy) = 0 : -~

when dy ‘and dz tend to zero, all terms in the above equation, except

=

Tay and ryzﬂapproach zero, and thus L
:rzy - Tyz = 0‘ ‘ .
then o ,
o= 1 ' (4-a)
2y 2 . -~ w "
Similarly the sum of-the moments in the y and z directions o P
& , o9
. i
ZMy = 0 , . . (5) ;
» ° ) é
thus . y ’ : : \ - ‘ "
xS T . - oo (B !
' , - ‘ X v Lo
and ' . o : . i
' : ' o ]
= 3 !
IM, =0 A o (6) o
. ' ) _ i
yields . . o : 1 ST ;
= = - 4
Tyx T Tyt : \- ’ - (6-3) -y
- %
2.2.2 In Cylindrical Coordinates. o : ‘ v ;

Assume an element M located at a dépth Z from the ground level
at a distance r from the«z axis, Figures 3 and 4. - These Figures ‘ ' A
show the stresses acting on the e1ement‘prdjected in planes

(ry2), {z,r) and (3,z).

[N

-For equilibrium, the sym of forces and moments in the radial

direction r, in the tangential direction 2, and in Z direction, must

<

be equal to zero.

.




.

Figure 3: An element in polar coordinates.

.

' "’_ ©



4-b. Plane (z,8) - - 4-c. Plane (z,r)

’ .
-

v

LY '

Figure 4: Plane stress in cyHn&m’ca]
.coordinates. . . :




Henck, we have

3g T 3T g g
r, 1 rg rz r-8 _
Y 3R MY f r 0 ' (7)
| Apz 1 argz 90,  Tpg ' 8
5F v ae Tz T r 00 r (8)
!
3T d0 9T 21 .
T'B+1_ B+ BZ+ ?'B=O L (9)

ar r 38 aZ r N

1

In case of plane stress (%,z), pg]ar coardinates (r,2) can be used
N f

by replacing 8 with 8 in Figure 43a, the equations of egquilibrium

become
b4

3G 3T g.~0 .

r 1 re  -r g
5 v 5 t oy =0 (10)
9T [ 1e; T b ~

re.. 1773 6 _ !
57 7 L te r - 0 . (1)

2.2.3 Relations between Stresses in Polar and Rectangular

Coordinates., .

H

Assume an element abc where the plane bc is pa%a]]e] to the
.y axis (see Figure 5). If A isythe area of the side bc and & is the

angle between the normal n7and jx axis, the areas of the two other

s

o

sides are A cos 9 and A sin 5.
If we denote by X apd Z, the components of the stresses acting
on the side bc. The equilibrium in the X and 'z directions yields

X =0 cos e+ sins -
X 9y 0s 2 sin .

_ . : - 2)
VA

g sin + cos
X 3 sz S 3



ZX

e

°

Figure 5. The relationships between plane stresses in

-

rectangular and paldr coordinates..

10




»
ver, ‘the stresses o, and 7., can be written as -
’ A

o, = X cos'9 +7 sin 8

T = XKsin 8 +Z cos 9

ré
Substituting equation 12 into equation 13; yields

- .2 . 2 _
g, = J Cc0s g9+ 3, sin 8 + 2 Tz

. A
; < 7 sin 9 cos '3

) 2 . 2 % e
Tog = Txy(cos 8 - sin® 8) + (cz - ch sin 8 cos 3

The same analysis could be used in the 8 direction yielding

g, =0 sin2 5 + OZ cos2 8 - ZTXZ sin 8 cos 8

8 X

(

Similarly, 9 O and t__ could be expressed in terms of

X2
s T ahd Tg by . :

o = o cost g +g. sin® g - 2t °sin @ cos 8

X ’r ] ) ro.
g, =0 sin2 8 +o cos2 8+ 2t . sin 9 cos 5

z r 6 rg ?
o..={0.~-ag.) sin 6 .cos 8 + t.~ (cosz'e in’

Xz r 9 ) B I - sin” 8)

~

13

2.2.4 Compatibility Equa%ions

1

T

(19)

Assume a cube element M in a soil mass is subject to.a load Fio Fy~
; . ‘ ) -

Ll

and th(as shown in Figure 6), the coordinates of the center of the

element are'xp Ys Zy and the cube has a side a.

-



N

a
o
«
I
-
[
. <
4
.
~

. X
y 9 o '
-~
~
a e « - -
. . -
‘
- B .
4 ‘ o 14 .
¢ ) W
.
e ! M
& «
r
f ’
«
4 .
.
» > X
R -
x .
w
.
[
T
' |
. - oy
|z y
.
| a
«
N ,
] a '

Figdure

-

1
. A

6. An elemegf under Toading.

’

Figure

7. Stress - strain gfaph”'

ERN
-
v
° o
[
4
-
°
[
.
'
"
-
.~
-
.
-
- .
P
)
-

-, .
'~
1
’
v
N E
E
3
4
F
1
,
[}
[N
¢
1

e



!
[}

The defprmatidns"aemonstrated as an elongation in the x, y.

-

and z directions are u, v anu w, and an angular deformation. The

~

.-, elongation by ugit Jength (étr;n‘n) € are given mby the following

7

and thé' anqular deformation {shear strain)

equations \ a
) , - ) §£ ! -~
£ % 3% . ('20)
.3V .
€ % 3y (21)
t 3z ‘ , - (22) -

bl

' T
In plane (x,y) Yy ﬁ + 5—1 (23)
In plane (x,g.) ez =(§—z_+ g—z‘l -(24)
' LS ,= _a_!. 1& f
Inplane (y.2) vy, =57+35y. . - (25)

I'4

W

when the force FZ is onty applied on the cube M, then the stress which

is a'force per'unit area,,could b8 written as a function of strain, as

o, = Ee_ « (26)

Z FA P

“@

where E is modulus of elasticity and is the slone of the linear part

ofFigure 7, the extension of the element 'in x and y direction is

. J ) \
e = -y L . . . . (27)

g. . .
L = e -—£ \ ! ’ YA
g ) N \ ~ (28)



!

where v is the Poisson's ratio.

[f the loads FX and F.y are applied simultaneously with

superposition of all strains in the same direction, expressed. as
\ ) S

follows / : - ) ‘ )
‘ ‘;* =:%1(0x - v(?y +3)) ) ) . (29)
“ 5y 1€ (o = wlog v )l . - (30)
. "‘ | £z 7 % (0;.- U(Ox + Cyy)) ' | . (31) :

In case of a two-dimensional ‘problem (plane (xzz)), different-

iating equat%on (20) twice with'respéct to i, similarly different-

' iating,equation'(225 twice\wifh respect to X, and differentiating,

, equat%on (24), once with respect to'x, and once‘with respect to z, leads

to the following equation cdlled the condition of(compatibi]ity

22 28
d e e Y ' ' ‘
__Zi + __§£ - X2 = (32)
92 ax 9x 3z

Substituting equations (29), (30) and (31) in equation (32) yields to

4 ~

the equation of "compatibility \\ . \
2 2
0 )
 + =) (0, 5,) (33)
ax2 ay2 Y ) v
4 ¥

2.2.5 The Stress Function
In ordef %o determine the stresses at a given eTément Min a

soil mass, ‘a_solution to the differential equations of equilibrium with =

respect to the compatfbi]ity equation and the boundary conditions, éan

be obtained by using the stress function y. o ]

T e R e bt At Rt e b M . B 0 gt P+ Nl <

it 40 B S 3 =

E———

-

[USSATUDI S

e ALt S8 e AT, DM v w0y m L B it 4
¢
3
.




e —

i
o e ——

i

r

(38

2,220 B uoahly =g (39). g
X X 3Z 3z -
. o j |
where 7 is-the laplace operator:

: . - -
.\2 ,,2 | / ‘

yE NN (39-a~
3% BZZ , CoL

£
L] ‘v
For the case‘'of two-dimensicnal prob]em, the equations of
equilibrium (1<a), (3-a) and the compatibility equatiqﬁ (33)
30, ‘ 3t 90, . 93T
z XZ . _Z XZ _ . '
377 " ax " Yo 37 7 Tox o (34)
A
.,2' 32 « ' ' ‘
(5= + =) (o, t0,) = 0 - {35)
3X 3z . o

the stress function ¢ can be the solution of equations (34) and (35), . .

and the stresses 0,> 0, T,, are given by !
Co . l

oxza 5+ Y2 ' , : . (36) )

z _ . ‘
|

2 o, - X . ’ ) ‘

o =80y, , C NS 7) |

z 2 To )
X . .
) _ __3_"_ . N , .
Txz' T T axez I ’ - .(381
. Substituting the value of'stresseslox, bz and rgz equatiogs (36), (37),

~

), into equations (2¢), (30), (31), (32), and the result fnto y

[y

equaﬁfon 32, the following partial differential equation is obtained.

-

4 {

4 4




To obtain the solution in polar coordinates, equation (39)

can be used. However, Figure 5 shows ‘

’

X =r cos 2" o - © ’(40-a)
Z=r sin @ o ‘ ' ' . (40-b)
o=tan”(®) . L (40-c)
thus : : A . , ) - R _ v
’ ar = .>i = i | ' ‘ v . '/ . - N -
= F s & R | (41-a) |
éﬁ: 2 . -sin € E e ~(4']-:b)’ .
X, r2 .r ' _ : . .
) 99 _ cos © A ' , ‘ o
. 3 T r L - (41-c)
thus L S L
3% - 2y or . 9y 36 | ay _ sin 3 a3y
3 arax T30 ax 95 %3y T T r % (42)

Repeating the différentiation until the fourth order with respect )

to x and z, after substituting fn‘equation~139['the foi]owing equation

is, obtained

22 - ‘ : 2 :
DR N H I S IS TN l_.igk - . o
\ (arh * rar 2 2)('3;? T r 3r & 2) . \
) , : (43)
'b%%peo S T

N s

|

.\\ f . !

Solutions to the partia] differential equations (39) and (43) are
-

solut1ons to several prob1ems in foundation, with resoect to the

- . |

compat1b111ty and for varwoys boundary cohditions. ' |

|

{

I

d



2.3 STRESSES IN SOIL DUE TO EXTERNAL LOADS .

’
! -

2.3.1 Geostatic Stress
The vertical geostatic stresses is obtained by integrating

equétion (3)

- oT 3T ! ,'
. 2z ’ z Xz 'z tyz ’
o,= /Yy dz - [& =25 dz - [P YR 44
Z~IOO 0 3x ‘f Y dz (44)
If the surface of the soil is horizontal and the external force is ~
. . . 3 - -~
eq] to zero, and s is constant, then equation (44) becomes
cr=fz}de=Yz" (45)
-~ z "0 0 0 i
Y
2.’3:2 Two-dimensional Problem ~
In many. problems, two-dimensional stress conditions are
encountered (case of strip foundatiom, see Figure 8), the strain
.in the y direction is zero. From equation (30) ey is given by
IR ] | '
€ ° (ox-v(cxm?:)) =0
thus *
- ‘ ) A / .
o =v(g +o.) ° / ‘ (45)

o Ly Xz
Consider a concentrated vertical load g acting on a horizontal plate

AB (as shown in Figure g8-a),.the thickness of the plate is taken -as

_unity (as.shown in Figure 8-b). The distribution of the load along

the thickness is uniform. '
Any element M at a distance r.from the point of‘application' of

the.load, is subjected to a simple compression in the radial direction:

.
’ . N



3

v
8-b R
Figure 8. ,Radia'd distribution of stress as
- . . used by "Boussinesq".
v




N

o]

The stress components are s
. 29 cos 8 -
JY‘ = ——TT - - \ (47)
g, =1 . =0 : (48)

] ro
the bohndary condition is satisfied, the suﬁ of vertical stress acting

on the element rdé is equal to zero (see Figure 8-b).

fg 0. r cos 8de = —- /< cos” §d8 5'q ' . (49) -
0 ' .

the equation of compatibility (equation (43))sis also satisfied

2 P, 2 2
EalPURR NP I L (e Lov ;) 3%, g
ar ra ﬁZ 2 WG ar r2 362
where
4 . ) & ) .
Y ==r 8 sino - : (50)
‘ . . ’

In this case the solutions of the equations of equilibrium (7, 8 and

g9) are given by
2

=13y, 1 3y :
o, = = =+ . (51)
. rorar ;? 52 n : .
g. = u (52)
] 8 3 -
.3 (lsy , '
Ty = < 57 (7 ae) K o (53) ,

Substituting equation (50) .into équations.(51), (529 and (53)

yields s
I © Tzrq cos 8 ' K C(54) T
% " Trg " 0 )



S

To obtam the stresses in the rectangular coordinates subst1tute
equation (54) and (35) for equations (17), (18) and (19). ,Replacing

sin (&) by éand cos (8) by % , we get

3 3
o, = 0, COS e=2_:_______cosr6 =g%—i-4- \ (56)
/ ] ~ < 2
//’crx=or_ sin26=5—§sin26 <:052§=—‘—_r—1)—(;;z- (57)
\ 2 sin9 coszv ‘6 29 x22
T,, = 0.(sing + cos 8) = & g - = - (58)
r

2.3.3 Point Loading

The point point loading g is acting on a surface of a sem’
infinite mass along the Z axis (see Figure“9) Referring.to the
equations of equilibrium ((7), (8) and (9j) in cyhndmceﬂ coordmates
the stress (o "OB and ¢ B), and the disp]acements (u, v and w)
respectively in x, y, z di rectmns are 1ndependent of B, due to

the symmetry. Thus, the strams € Eg &y and Yy, Can be wmtten

as ‘
. n (59)
& =2 (60)
e, = o ‘(61)
Yrz =2sz * g% (62)

g

L)

T
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and the equations of equilibrium can be reduced to .

e
~ -

\ \
o] a'rrz Op - Jg
+ =

r
5t 5z F— =0 o (83)
) . 9T .80 T . -
rz z . rz _ .
. 5 T35z for T 0 S (64)

»

The solution to equationc(63) and (64) can be found'b_y'introducind

the stress function i as follows

. a2 c s
=9 3 3 Y \ ‘ "
o =57 (VY- ) . - (65)

r 23z 5?2 ‘ ..

08=g-z*' (v 72 - %.--9—4};) (66)
N AL AR R D SN
- .

3 T L « ’
S, * 3% ((1-v) vy -a—z~2-) S \ . (68)

Ls

where the function y should also satisfy the cqmpatib‘iﬁ-ty'

3

equation (43)

2 2 2 A2 .

3 135 .3 3% . 13y, 8%y . o242, - .
Cot st )=+ o5+ =) = V90 (&)
St T M 5z e T 5z . '

To solve equation (43) it is convenient to use soherdical coordinates

-~ (see Figure 10)

Rsina

1]

r .
‘ (69)

Z =R cos &

After differentiation, the operator V2 can be determined as’ -

.

2 2 .2 2.
dl——+—3-————=3—.-—+-]—? +J—-9~.-— £70)
srz 322 3R2 RIR - g2 aaz. : "

ny

(A



3 - b3 cotg )
r ar R —R'+ R o (71)
Substituting equations (70), (71) in equation (43). results in
‘ 2 2 d
\ 3% . 23y o ] ap , 137y 1%
S+ES + S otgatt 5 %=0 - 4L - (72)
BRZ Rar RZ 3a R2 8a2 .
A particutar solution of equation (72), which is a form of
Y .
taplace equation, can be a polynomial of the form
ll)n = Rnan' ’ '-‘ (73)
N\

~
SO

whe.;‘e o 1'°s the angle (Z0M) (see Figure 10).-

‘To‘ find the stresses due - to a point loading.in a mass, assume
the Toad is -actincj at the center of a sphere (see Figyre H),\dug to
the fact that some or all of t;me stresses ‘have singularities, the

fuhction Yn will be

b = 0n | ' (74
n n-2 . ,

) R
Substituting equatioﬁ (74) in equation (72), and resolving the

equation as legender's.equation.

K '
xpn = Rn_,z . ) , (75)

. where K depends on the boundary conditions.

r <

In order to find the stress components in c¢ylindrical coordmates, ’

substntutmg equatmn (75) in equations (65), (66}, (67) and (68)

the following equations are obtained

r | R3 RS . .

- A

. 2 .
5 =K;(1-?~))Z_or2 Coe (76) -
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' i
oy = K (12y) &5 | .
3 | R3 i
I —
- 3=
: 3z° !
. g, = -K | (1-2v) &2+ Z
. - —
™ 2—1
3rz
T =-;K*('l-2\))r-—+ |
rz . 3 5
L R RY
where

-

In case of a point loading at a given

“depth, consider the poinryt

as a'small spherical cavity. Figure 11, the vertical stress Z with.

‘respect to the boundary conditions is given

#

= ina + 0s o
Z T., SING + 0, COSa

Substitufing equations (69),\ (78) and (79)

2

yields

— , 2—‘
I g 1-2\)} 32 ! ”
“ 2

L _

7 =

L]

The result of these forces over the syrface

to the force applied q integrating from - 5

o]

T2 7 (1) = @
I'IL 7 8K (1 \)), q

2

r2rr dp =

thus

j €= =

'/‘: e =y PR

Substituting equation (82) in equations (76

- the solution of Kelvin is.obtained.

Tne radial stress oy (see Figure 12)

R

inequation (80) *'

T to

by the following equation
*(80)

¢

(81)

of the cavity is equal

T

A

(82)

), (77), (78) and (79),

’
rs
‘can be written as a function

of the stress componénts represented in equations (76), (7é) ana (79).

'
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.2 2 .
o, =0 sin o + 0, cos a+2‘rr sin o cos a

R R z z
Op * ﬂl—;ﬂ ¢! - s1’n2 a o+ 2 1'\) cos2 a’ (83)
R L v _ :

where' C is a constant.
" If the load q is applied in the r direction, the sin o will be

r‘ep]abed by cos a, andﬂthence‘equation \(83) wiﬂ%

4 « o
0R='_2i]_;2)_cj_- cos? o +A]l\‘)_\’) sinzai f (84)
. R L : — '

[

If the load q is applied in the directjoaner:pendic,ular to ‘t\he_p1ane"

(z,r) the angle a will be equal to%, and equation (83) becomes

. 2(1+v)C . . " :
OR ‘ R3 . ) . ~(89)

Adding equations (83), (84) and (85) to obtain the radial stress.

Gr im a sphere under load P

7

-

a, = —.4' 15\) ¢ - | - . (86)

‘The tangentical stress component gy can be obtained feom the equation

of equilibrium, in the spherical ‘coordinates from I;(‘i\gure 12.

—

= dc

R ST
\\ t 2R3 . ° ;'

¢ . -

(88)

The stre&\ components dp, I, 7 and Tps (in cylindrical-coordinates) .

can be wrjtten in functions of *R and 5, by

i
A ' "

7




o
2

g = g, §in® a+ 3, cos”a = C(re- —l~0/(r2+ 2)5/2 ",(89)
r R z 2 A
' \ - 2z ’ ]
.0, = 0y C0S” o'+ o, sin” q = C(zz— ¥l—0/(k2+22)°/2 (éO)
Z R t or .
1 X _3 Crz ‘
) Tpy =3 Lgﬁ~ct) sin. 2o = 5 ( T (91)
Py r+z")
o )
] ge’“t“]?%:‘]? 2623' (%2) -
I R C(rt427) ,

~

Assume that centers of pressure'are uniformly distributed along the
Z axis from z = O'fo z = +o,  Then by‘superpositipn, the étrﬁgs
components prioduced in an indefinjte]y extended so]iq, are from.

equations (89),.£90), (51) and (92) with a new ﬁonstant C.

C z z
I ' (93)
r 2.2 2 3 -
, r rR R B .
: T =Sz SR
' 9 =3 {_R3 ; ‘ . (94)
. B . -
! , ) ¢ £_ , . o ..
%rz—§R3 ' 7\ - ‘ - (9‘,5)
' Cir z '
b A e v (96)
o 8 2 r2 rZR ! ‘ .
j — -

>

.on the z = 0, where the load q is applied. The stresses should satisfy
the boundary conditions. The shear stress Ty given by equations (79)

and (95) carl be determined as

3 _ K ’ , ) y v
(Tr2)2=0 - r2 (]izv) ' . . (97)
— it | .
! (Tr‘z)z=0 2 r|2 1 l i \ (98)

129
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s e st oy v s e e

) -

. given by

(o7

, A
.
'y
[

°
¢

A

from equations (97) and (98), the relatjonship between C and K is
\ »

L= 2K(1-2v) | (99)

the second condition for the boundary conditions is: the sum of the

vertical stress is equal to 6, if Z is the vertical component at the

boundary
” : 2
7 = T in: = E__ ) 3 : I
z=9, 0053+ 7, sinas=3K= (100)
r <
1ntegratiﬁg z from --% to % yie1d§ _ ’ L ' <
. 5 1 , 5 '
. ¢=f'”/22r(r2+z)/2dw=2nl<
’ 'E -
Z
then
=3 .
. K 27}' '(10]). nl
. / _ s
thus, from equations (99) and (101), we have
C=8 (1-2v) , | (102)

Finally, substituting the values of K and € in equations (76), (77),
(78) and (79)., ana.in equations (93), (94), (95) aﬁd (96) respectively,
ana aading separately for each .Stress componént,»the final equations

for stresses due to point loading are

r 2= ' |
L B2V BN R e 4 ~ (103)
"o2aR ¢ R R

3 o -

5, : gq 25 i (104)
T R . .
a 1 z 1,z ‘

g. = -‘—4—-(]-2\))(-—-—-‘5' —_— =t —) (105
] 2 ] r2 r2 R .R3




. 2 . - * .
Trz #_%% Eig o - v (106)

Substituting equation equation (103) - (106) in" equations

“the stress components in rectangular coordinates

(17), (18)-and (19),
are obtained. ' ‘
SR I IRTGE A . ST
X 2w 2 - 3 R(R+z) R3(R+Z-)2 R3 T
! 3 ) ~
o, = 292, (108)
"2r R . .
- 3_@152_2_ o o B ‘ (169)
Xz 2w R5 ‘ ) - . a

I

By replacing y by kX the stress components oy and‘r z are obtained.

2.3.4 The Case of a Vertical Line Loading Acfing Beneath the

Semi-infinite Mass

The Tine loading q is acting at depth d from the surface. To
find the stresses act1ng on an element at depth z, Mé]an 1932,
developed the following formulas - ‘ ‘
\ _ } 1 (Z-d)x2 (z#d)(x2+2d2)— 2 dx°
J = { + +
-2(1-v) 4 4
L R R,
\ — (110)
, 8dzx’(d+e) )+ (1-2v) ( , z3d |, 4z )}l
R26 . 4(1-v) R 2 R 4 7
2 KRR
o=l 1 (z=d)? | (z4d)((24d) r2dz)
2w 2(1-v) TR G ) 4
! 1 R2 .

- . (111)

(. :
_ 8d2x2£d}z} $ o4 _1z2v g (z-d) + 3z#d 4zx° yle
R b A0 2 o7 w7
2 - oo 1 YA 2

o
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Figure 13. Vertical line loading beneath‘tﬁe

surface of semi-infinite mass.
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) gé_{i 1 (2-d)?, 2% - 2dz - d° |, edz(d+z)? :
Txz T w 12(Tv) o4 x T R6
L 1 2 2
L. ‘ (12)
P 1z 1T dg(dez) ;] |
HT-] g2 2" o8
1 "2 2

Assume d = 0 them equatiohs (110), (111) and (112) reduceé to

the equations developped by Boussinesg for a strip loading represented

by
2 -
.29 x%z > : i
% " 1 X (113)
1
3 , ; .
g =292 ‘ (114)
4 ™ R4
1
. 29 x2 | o (115)

1 .
as there is no deformation in the y direction the horizontal stress

components are given by equation (46) as follows

- o _2qpz '
Fy v(ox+oz) - Rz 3 §116)
2.3.5 In Case of Vertial .Point Load Acting Beneath the Surface

of a Semi-infinite Mass

If the point Toading q is acting at depth d‘(as_shown in Figure |

14), the stress components at point M located at depth z, are given by
e ’ N ’
" (Mindlin, 1936)

>

L

SRt o St M o s o o = —

ekt
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Fiaure 14. Vertical concentrated load beneath tHe
surface of the soil.
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(1-2v) (z-d) _ 3x%(z-d)

Ry

. (1-29){3(z-d) + 4v(z+a)?“-'\\

IO = -
x  8n(1-v) 3 5 3
Lo LR, R
* ]
_ 3(3-4v)x%(2-d) - 6d(z+d){1-2v)z - 2ud e
o]
Ry
T
_ 300 Palzrd) A0--2) L KK )
R27 RZ(R2+z+d7 Ry(Rytz+d) R22 '

R1 and R2 are

y, X = Y then gy =

shown in Figure 14. Due to the symmetry in the plane x,

~-q l(J-Zv)(z-d) . (1-2v)(z=d) _ 3(z-d)3-
3

z " Ba(1=v) | 3 5
/ [ R | R
- 2 T (g
|
_ 3(3-4v)z(z+d)? - 3d(z+d)(52-d) _ 30dz(z+d)* |
R, R,
| 2 2 —i
. __~gx l_ (1-2v) , 14y ) 3(z~d)3
Txz = Br(1-v) , IR 3 R 3 R 5
Toh 2 1 - 18)
| | -
, | 3(3-4v)z(z+d) - 3d(3z+d) - 30dz(z+d)’
R, R,
2 2

Tyz = Ty by replacing x Py y.\

If we assume d = 0 (i.e., the load is acting on the surface), the

equations (117), (118) and (1f9) are equal to equations (107). (108)

and (109) derived by Boussinesq.

~
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2.4 WINKLER MODEL OR SOIL BEHAVIOUR.

o °

The application of an external force system to a soil element
inducés deformation; and if the soil elements behave as a purely
e]éstic material, the resu]fing displacement,is given by a linear
function. ) . .
A soil model proposed by Winkler (1867), assumes that the
deflexion w in the z direction is directly proportional to the stress
qo;and independent of stress levels a% other ,Jocations (see Figure 15),
ﬁ.e.,
qo(x,y5 = kw(x,y). , (1;@5»

where k represents:the 'modulus .of subgrade reaction with units of stress

-

o

per unit length.

Physica11y, Winkler's idealization of the soil medium consists of

" a system of mutually independent spring elements with, stiffness,

constants k. '
{.

Consider a cylindrical shape as a footing (see Figure 16) for loads
ap> applied on the soil located between two parallel surfaces AB and

MN.

#

“  The cfaindricaf shape is divided into elements d§, every element

is represented as an infinitesmial area of unit length and a width ds;

r

the stress 9 for element 1 can be also written as

. L w1(x,y) ]2]
R ke (121)

where L is the thickness of the soil under the element to the supface

MN.

-
Y
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Figure 15.
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®

. surface displacement of the Winkler -

model due to non-uniform load.
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Figure 16. Surface displacement under a cylindrical rioid

footing, using Winkler model.
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If L +dz is the thickness of the soil under the element 2 next

to element 1, then l
o wa(xy) C
%t T (122)

Since the cylindrical footing is assumed as a rigid surface, it

o
!

. Will settle um’form;ﬁ]y by the amount \
w(x‘,‘y)‘ = wilxy) = wz(x,y). \ ) (123)
‘ When the sﬁurface'MN is at infinity, the thickness L + dz will be
/ equal to L, thus,\ s |
7 % =% =% | )

therefore, the vertical loads q applied by |the %i‘ndrical surface '

(footing) is constant.
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° CHAPTER III-

ar ' ' e

[ S a . “

ANALYSIS OF, NEW MODELS -

3.1 GENERAL

3

The concept of a "line loading" can be represented with a load
acting on an infinitesmial strip of widtn dé, while a poiﬁt loédiﬁg can
be represented with a load acting on an 1nf1n1tesm{a1 area dA.

In the design of "footing", the structural characteristics of a

El

footing varies with the variation. of the shape, also, the intensity and 7

the shape off the load transmitted by the footing to the soil depends on

the footing.

3

In analysing the gébmetric shape of é footing, the technique of .

-vecfor analysis is used to compute the infinitesmial area of the footing

> 4
with a complex shape, i.e., cylindrical, triangular, spherical, etc. :

3.2 GENERAL DEFINITIQN-OF A SURFACE

Figure 17, shows a general surfa_ce'SO in 0 the ng, Yy, z) system. A

curve on the surface, or the surface itself can-be defined by a vectar ON

as follows o0 . ‘

ON = (Xa Y Z) J 0 ) ' (124)
where x, y, z dre the rectangular coordinates, which’ can @E;represented by
the parameters a, 8 and r in the pé]ar system of coordinates .

<
Where o and 8 -are two angles (shown in Figure 19), and r is the

" modulus of 15ﬁﬂ = r. -A footing is a rigid or elastic soild defined by an

average surface (see Figure 18), and a thickness 'h' land on a soil (clay,

PR



, o
¢ -
. ¢
.
.
. .
4
.
A
.
o
v
.
\ ¥
-
o
[l
DN
e
20
v

&

.
,
.
A
~
)
o
a
b
.
L
N
o
. i
'
.
.
)
.
IS
s
-
.
.
o
'
°

Figure 17.

. . -
. . . - ' -
, ° J" W
- 4
- .
- . - ,
- .
- v -
'
u [ 4
T -
LY
v ' i “
s
e ¥
4
N .
. i
N 2
¥ . v
. .
. . s L) .
.
. , T ~
~y o
1
- - .
° ' !
° .
LS v - . . '
a
< B o '
a2 - - - [ .
. * ¢
] ~
¢
'
£
- o
- :
¢ '
:
B ’ ’
'
o
P ]
< T
n
v
(] ¢ -
'
B a -
. 7 v
* 7
i o s
I3
B .
2 . kS
0 . » .
/ X
' . .
1 /
'

\

B 2
o W ) .
X" > | L

- d‘ . ’ \ . c
A surface in triaxial system 0,(X,Y,2). ﬁ
K4 L. s N
v\ . .
- -1 i >
. , 2

]
A
L
1
1
B
L
k.
3
.
. . s
|
»
!
.
? o



»

3

S

’

9



. 42
¢
sénd, etc;) and supportha charée P frﬁm.the gtfucture, thé charge P is .. ' ;
transmitted to the soil by a unit chdrge T - P
| D
/ 'Sb i
o _JConsider the vector where | \ ‘ i
ON = (x(=,8), y(a,8), z(e,8)) (125) | §
. taking 8 és a constant parameter and keeping .o as’gtvariap1e.' The i
§£ ’ ) ;, first derivative of ON is a véﬁtor taﬁgent tgfthe‘sur%ace andldiréctep , —
to the positiVe direction of a , - * l ' %
s - , . :
Wy = W(a+da,B‘)d& O—N-(C‘.,B.) - d ?E(oc){ . co (I]ZG) :}
~ for the increment du the point N moves to a new 60§1t10n N, (see'Fﬁgure
19). | -
! ‘ Similarly takinga as a consféné‘and keeping 3 as é variable, ° :
‘ the fol15wing is obtained | \\\ :
T s OMla5t08) - Wla.s) . dggw)' RN gm}, . |
,‘and for the increment d3 the point N moves to NZ' | ‘i
From equations (]26Z¥gnd (127), the vectors Nﬁd and NWE ;aﬁ be . ;> )
obtained as . ' |
Wy = dONE) = Mox da . BN
NN, = d(ON(g)) = ON,3 d8 B (129} é?*
. - therefore, the area dA represented by the parallelogram NN]N2N3 !

(see Figure 19) is obtained as

& = AN 0N, x ON,3] dxds

[ 2! . . (130)
o= :_N.,:Li !W,S! dodR sin

-




N .
e e e i

where w is the angle -between the two vectors ON,x éndjﬁ?,é'

The vectors ON,o and ON,3 can be represented in the following

forms, also

N, =\(,x,a, Yaylsg)
and ,
ON’B = (x"é.yaga 25'3)‘ . )
thus : S ’
2 . 2 2 - '
= ( '
lm’al ] X ’G. + Y 20 +z ’d) ..
and
Voo 2 2 .
!W’Bl (X ,B + y ,B +.2 ,B)

'

3.3 CIRCULAR FOOTING

\

(131)

" The footing is a ciré]e (0,B) of radius B, the_point,M is at

depth z, and distance r from the z point. The vertical load q applied

at point N at a distance r from the centér 0 of the circle, and an

¢

angle B. ) '

) . ~
Then - _
ON(x,y) = (r cos 3, r sin 3)

(-r sin 8, r cos R)

w
n

2

O

=

-
n

(cos 3, sin-3)

?

subs titutingyequation (133) in equation (130). yields

dA = ON,3! (ON,r! dedr sin w

however, ON,2 and ON,r are two orthogonal vectors.

(132)

(133)

r

o



Figure 20.

F1qure show1nq the vectors and stresses

‘ ahalys1s for a'circular flat foot1nq
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ON,8 «.0N,r.= ~r cos 3 sin 8 + r cos 8 sin 8 = 0

l c, /’y
"then sin w = 1 and , ﬂ#
dA = [OR,3] [ON,r| .dadr = (¥ sin & + r® cos? g)!/?
N *(sinz R+ cos’ B)]/2 = rdrdg X
therefore , ~
- T B A .
dA = rdrdr . : g (135)

If P is the load -applied on the circular footing of radius B, the

"1oad per unit area .is equal to
# q="L | (136)
. . T3 :

the load g contributes a vertical stress dcz at point M, by using

»

equation (108) . ,
o do, e —odn. | . (137)
ZWRl‘ ‘
\ thus,
- =3j- !. 3 .
9% Tom A dA : : . (138)
S A R] b A .
where dA is given by equation (135). o
dA = rdg dr . , - © 0 (139)

From Figure 20,
r=atga , ‘ \ (140)

therefore

T _ Z ’. S .
dr = —5— ., _ (141.)

{a
(%3]

T

/.
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i

qubstituting equations (139), (141) and (143) for equation (138),
yields ' | '

5 . . .

.39 {2z sina 1 :

g, = = — du df . (142)
b4 2 J'J COS3(1 R]o ,

From Figure 20, the following vectars can be obt’aiﬂnéd

.

Ry = LM o | .
ON = (r cos B, r sin g, 0) ’ /
oM = (x, 0, z) ‘ y ‘
then °
MN = (rcos 8 - x, r sin g, z) ’ ‘
" thus Lo T
.M = 'R] =k(r2 +x% - 2.xr cos B + 22)]/2
but r = ztgq o .equation (140), then .
‘ R] = col - (22 + x2 cos2 a - 2ZX sin a cos a cos 8)1./21(143)

Substituting equation (143; in equation (142), yields

5 - ?_9_2_5 R (@0 dé cos® o sin o da
= o -
z 2w (’) . O (ZZ + x‘cosza - 2zx.Sin a cos o oS 6)5/2 (

In the case where the point M is on the z axis x = 0, equation

(144) yields the following

3 25- fao ’cosz a 5in o du 3
5, =_gﬂ_. 27 | : = q(1-cos ) (145)
0 '

the horizontal component Sy of the stresses is given by .equation

1

(107) as

144)

M S b ety o b e oA 3 b

[S USRI S UUP U WSROI S




g =3 §i+ 1-2v 1 -(2R]+Z)X - I (107)

1

over the unit area dA
‘dcx = odi

integrating as befoije the vertical stress component is given by

C3q 2 M ()
g = d8 + (
* xomo g 3R (Ry*2)
0 QM A
) ' ' < (148)"
(2R1+z)x 2

- — A d

3 7-53) da

Also, by using equation (109), the shear stress rxz\i‘se\qual to

Txz © %QJ{ . @8 Jlr l(é & (147)
0 0 M
because of symmetry Gy = oy and ryz T Tygs and the value of R] is
given by the equation (143). | {

3.4 STRIP FOOTING °

The strip footjng shown in Figure 21, is under a vertical line

\

? .
ad p, the load p is transmitted to the soil along the width 28 of.

Lg footing. The unit applied load q at the surface is given by

[aS]

b — - P__ N “ ‘ o
l\ g5 S | . (148)

Ri&\érr‘ing to equatior (56), the vertical component stress at point M
i

E)depth 'z 1s equal-to

d

En

| 2 2

,{\‘ ¥y = .j. .Z_.._. J' : )

1 ' o
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analysis for a flat strip foot ng.



An incremental part of the load of width dS and intensity g acts at
some distance S, from the center of the load. The vertical stress

increment is given by .

3

_ 29 2°ds .

doZ T q 4 (150)‘
| .

Using the polar coordinates and calculati ng doZ as a function of do,

° . y
from Figure 21, the following equation can be deduced .

1

tga = s_:g OR  (s-x) = ztga (]51)
=L __z '
cos ot R OR R,'- o | (152)
- -1 ;-x-B
ay = tan  ( z) \ (153)
_ -1 ,-x+B
where %y and &2 are the Tower and upper 1imits of the angle a.
dDifferentiation of equation (151), yields
ds = —7— da . (153)

cos o
The substitution of equations {152) and (155) for equation’(150),

yields

o, = %‘-cbsz ada o (156)

Pl

inte‘g‘f‘ating equation (156) between el ‘and Ay the vertical stress is

obtained by the superposition of all the contributions of the loads g.

_Thus g

a ) )
3, = 1 Ziﬂ cos? adu o (157)
oAy ' ‘
] N
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using any handbook of integration where

I cos2 ado = % + 51'2‘2u . . : (158)

‘Equation (157), yields

T oy -a i ‘
_2q 1% 1 s 1
o, =% | ——=+ 7 (sin 2a, - sin 2a])_l . (159)
. L
or :
q = %B_ (equation 148)
and , '
sin A~ sin 8= 2 sin %—B- cos U’—;-E—S)— ' (160)
substituting equations (148) and (160) for equation (159)
B (a,=-ay) (atay) 7
_ P ; 2 71 2 71
O'z * 5K )jaz-a] )+ sin — cos ) (,]5])

wtere o, is the vertical stress at point M.
In a sjmii'ar manner referring to equation (57), and replacing
"da by dS, and x by 5 - x, the increment of the horizontal stress is

given by
o 12 . '
do - %15!3_}2%)_ ds . ~ | (161)

<4

substituting equations (151), (152) and-(155) in'eq(:ation (160),

then T ‘ (
: 2.2

_ 29z ,z2°tq o z
do = ( do) .
X 4 c0s® o
cos ' & , L : ; (162)
dag, = 29 (sinz‘ a &a)

X T




Integrating from oy to %,

3
!

'= Zj. (< i 2 Y
o = .sina do ‘ (1(:&3)
%1
‘where ) \
.2 _a _sin 20 -
[ sint o = 2 7 (104)L )
‘thus, |
a A - sin 20, - sin 24 .
- 29 "2 % B 2 1 -
=% T2 7 (165)

Substituting equations (148) and (160) in equation (164), yields
— _
(0p=-0q) @stay) S
o, = 71% g(az-a]) - sin 22 1 cos ‘2 T | (166)
_ i

Therefore, the same analysis tp'cSlcu]ate tne shear stress, equation

(58) can be satisfied.
2 ' ‘

Txz rqu— &5 ‘ (58)
R , )
) \ :
dr, = 29 A(sx) L ds -~ (87)
n R . .€ |
™ - (29 2y itg o 2
\ = ( ) do:) ,
\ m 4 | 2
\ z cos
) : 4
W - cos
= iﬂ- sin a cos a do \\1 i
. thus’ . )
2 ST ”o Co : .
Tz 77 Sinacosa do / - (163)

CL.I
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\
. o .
=g: .2 ¢ -
Tez ° 7 (sin® a) la] o o
(163)
I . 2 .2
Tz = E;B-(s1n a, - sin a1) . ‘
the horizontal component stress oy is given by equation (46), as
= =q_.. - ] 4 '"
oy \)(0X + oz) Vo (a2 a]). (170)
3.5 CYLINDRICAL STRIP FOOTING. .

N
‘The st}ip footing in Figure 22, has a cy]jndrica] shape, . The
force P per unit length P is applied in the z d;rection.
Assuming that, the intensity of ?ontact pressure between the

soil and the foundation is 9% the fgy%dation'Settles uniformly because

of symmetric loading and shape, after paragraph %.4 of Chapter II. The-

vertical load g by unit length and unit width ds is a constant deroted

.b.y qo' ' . ¢

Dividing the circular foundation into smaller segments, each

’ jhaving an angle do (as shown ih Figure 23). - With the lower and upper

1imits at a are -ag and a,, respectively.

(S '

Assume: R: is the radius of,the circle
.S: is the horizontal coordinate of the point N,-—
* where the vertical load q isuacting

)

28: is width of the footing.

o

o



-

A2 ¢m‘|,:‘t'
Figure 22. Shows the cylindrical strip footing.

Figure 23." A sector divided into equal portions

’ of value do.

.
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" Figure 23, shows the following E
s =R sin a , ° ~oamy,
R : TS B, . .
_ag = sin (ﬁJ , 1172)
4 . 4.
Differentiating equation (170), the\following is obtained: .
ds =R cos a do” "~ \\> (173)
then
“q = qp ds = qOR cos o da : ‘ (174) i

_ For equ111br1um on cy11ndr1ca1 foundat1on, the tota] vert1ca1 Tine
‘load act1ng on the sofl (qO /unit area) ds is equal to the 1n1t1a1 load

“ per unit length ‘ . R

P=1Igqdss= 99 R cos a da

fow ]

~%0..
= 2q0 R sin ag-
_where R'sin &0 = A (from equation (161)).

and 2

N ©
w

qds = 5= R cos & da. e o (178)
" The stresses due to q at po1nt M in Figure 24, can be evaluated -
by using equat1ons (]10) to (112) developed by Me]an s (1932).

For the vertical components Oé using equat1on (111) o, * ?-% by

c rep]ac1ng x by (s- x) =W, where N 3
po 1 (=) | (aed) (zea)endz  Bdz(drn)u? —_
: 2(T-v] © o & 7/ o 4 6 o
' 1 LR 2
- 9 o v (176)

1-2 v kz-d g 32td _ 42wy
4(i- 2 2 . 4 -,

»




., the Figure 24 shows that

1
h}

d: is the vertical distance where the 19ad acts.

ML = R

1 .
. M =R, : | o woam -
|NT[ = 2d

“in the (01, Xy 2) System, the vectors 0,.N and 0, M are equal to

,

{

OTN = (R sina, R cos o)

OTM = (x, r-z)

in (0, x, z) system’

|

= (R sina, R - R cos a)

CN
OM = (x, z) = constant
g7 = (x> -2y = (R sin a,-R cbs o - R)

MN = 0N - OM = ((R sina - x),(R-R cosa - 2))
MT =0T - OM = ((R sinw - x),(Rcos a =R - z))

then the values of R], RZ’ d and W are equal to

Ry = M = ((Rsina- 0%+ (R-Reosa- 2972 (178)

U Ry = (M1 = ((Rsina-x)? + (Reos o - R 2)9) 2 (179)
d =iy = R-Rcos a. b (o)
Wo=Rsin  -x Lo : ' (181)

As for a strip footing for an’ incrément‘da, the vertical stress increment

is obtained by using'*equations (175) and (176) as. P

G
Ot
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Figure 24. Figure showing the.vectors and stresses
for a cylindrical strip footing.
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AP

7B (1

‘do, = A ds = 55-R cos o da

-

. therefore, the total vertical stress is equal to the integration o

the\ébovg equafion from -ag to %G thus

o

11)

f .

PR (%0 o (z+d)3 | (z+d) ((z+d)%+2d2)
% % 2Bn f .,°°S°‘i2(1-v) {( 2 4 * 28
-t I 1 2
. : — 0
: a4 2 S 2 |
: _ 8dz(d+2)w” , | 1-2v (z—d 4+ 3ztd _ 4zw )
, | R 6 Aty 2t T e
C , 2 ] 2: 2 _

A

. where Ry5 R2 and d are given By equations (178), (179) and (]80).

Similarly for the horizontal components, using equation (110)

82)

o LR }-"‘0 cos @ 11— ezt (z+d) (wr2d?) 20
X ZBTI' 2(]- ) R 4' . ) R 4
(183)
| , Baz{drzi®y 1By dez , za, dm
L R R 6 4(1-v) R 2 R 2 ‘R 47 /
! 2 1 2 2
and the shear stress Tyz using equation (112) is equaf to E
SR e 1 (2ed)f, Pfaed | sda(@a)?
Txz ~ 2Bm | RIS EN] 4 q NG .
' . x R R R
'0.0 - .I 2 } 2
. (184)
w 1-2 ( 11, 4z(d+z)) ; , .
(1-) R 2 R2 " b
; \ _ 2 2 2 —
the value of eathlintegra1 is obtained by using numerical analysis (the .,
, subroutine DCADRE in the 11brarylof domputer Science at Concordia
’ University was used). Coe >




3.6 TRIANGULAR STRIP FOOTING.

By considering the shape of the footing as triangular (as shown in
- Figure 25), it is t;ken that the width of‘the footing is 2B and the
.peék angie is 28.. In addition, the triangular footing is divided in;o

equal segments ds. , |

Assuming dy js the vertical load by unit area (taken at point
load) the vertical 1ine load q is a constant
q = qy ds - ‘ ('. (185)
As it is stated in equilibrium conditions, the sum of the vertical’
loads are equal to zero, therefore o

5q-P=20 | | S (186)

where o
q6 = 5%-/ unit area “ " ' (187)
q = ?g ds/unit length _ - (188)

In order to analyse the stress components at point M below the grbund
-level, the analysis of-the footing descr{bed above will be similar to
the ané]ysis‘of the strip footing.

4

From Fighre 26, let

Ry = iMN| 5 Ry = [TM|and |TN| = 2d . (189)
) - h ) 4 ’ '
. where ‘

d=5% | * (190)

.~ d is always positive, then if s is positive -

d = 5 - . (191)

33
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Figure showing the vectors and stresses on. ' -



..and if s is negative

2 _ -5
, o dF 53

- The following vectors can be written as

oM = (x, z)
ON = (s, d)
0T = (s, -d)
MV = ON - OM = (s=x, z-d)
v T = ON - 0T = (s-x, z+d)
Assume that’
W=1s - x

* then the modulus of the vectors NM and TM are equal to

Ry = | NM| =A<S—X)2 + (z-¢)211/2
. - -l
Ry = [TN| = ](x-s)2 + (z+d)2“/2 "
‘ C d \
assuming
- - P
) FZ © 278

an increment part of the load over width ds, the vertical stress increase

do_, integrating ‘doz from -B to +B, yields
LR B €21 ) )2+2dz
: -B - e

, Lz+d) (z+d
4 r 4
1 2

R2  RG

\ 6 4(1-v)
R SRR R

2

_ 8dz'(d~lrz)w’2 4 1=2v 'z-d,+ 3z4d 42w2 1 d
2 -
R

'(192).

(193)

(194)
(195)
(196)
(197)
(198)
(199)

(200)

(201)

(202)

60
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[ —

» Simijarly for the ‘horizontal component of the stress, gy is-equal to
i %
. ‘ ‘ | * /

2 2

+2d%)-2dz
Z
2

(z+d) (w
\ h L R] R

(203)

-

2 |
1-2v  ,d-z , z+3d |, 4zw
‘ eED I A A R
| 2 | 1" 2|

And the ishear stress T,, is given by

)2 22-2dz-d2 . 8dz(d+z)2

g

R 2 0.

where R, R,, d and . are given by the equations (199), (200), (190)
. and {Z01). The upper andﬂiawer limits AL énd BL are given by the

. following equation

AL = -B and . BL = B. /i?i/ (205)

3.7 SPHERICAL FOOTING. X . \

\

"The footing Figﬁre 27, is a portion‘of‘a'sphere, where the. center
0, is located at depth R from the ground level. The load P is acting
on the soil as sum of unit load q aéting oﬁ a‘Lnit syrface dA (see
Figure 28). |

The coordinates system O](x, y, z) will be used to determine the

geometric characteristics for the surface of the sphere, which is defined 2

b1
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¢

¢

Figure 28. Vectors analysis for the unit infinit- '

esimal area dA.
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[#3]

by a vector O]N as

0N = (Y, 2) | RO

where

R sinao cos 8°

X

y = Rsinasing ' (205)

21’= R cos o

the angles a and g are shown in Figure 28, as the parameters of the

coordinates x, y, zy.

The first derivative of the wvector O]N is obtained by

N ,a“ = (-R cos u*am'm~m'fﬂ~ﬁm¢)-b~4fosp_ I
OYN,B = (-R sin o cos B, R sin o sin g, 0) (207)

The unit area dA”Ean be obtained by using the equation (128)

dA = |ON

’y X ON,BI = \5ﬁ:a| ION,Sl sin w dadg | , (128)

where @ is the angle between the two vectors OYN,Q and O1N’B' However,

the scalar product of these two vectors is zero, therefore '_ v
w=7 and sinw =1, (208)

the modulus |0;N,al and !OXN,Si are given by *

lqiN’al = (R2 cos2 o cos2 8 + Rz‘cos2 b sin2 g8 + R2 sin2 a>]/2
; (209)
= (R2 cos2 a(cos2 8 + sin2 R) + R2 siq,2 1)1/2 = R
_iQ{N’gi = (R2 sin2 a sin2 3 + R2~sin2 2 cos2 5)1/2
. (210)
= R sin a. ' : , J

-

Substituting equations (208), (209) and (210) for equation'(128), the
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following value is obtained
dA= R® sin do dg. B (211) .

The projection of the area dA on x y-plane is given by

dA = dA cos o = R® sin o cos & do dg. (212)

However, o and B are two independent angles, -and o varies from zero to |
o and 3 varies from zero to 2w, where
= sin”' (B (213)

% R

The‘center of the .sphe;e shown in Figure 29 l.ocal;.ed at the point
0;it is ét a distance of OO] from the original center 0 of the system of
coordinates 0(x, y, z), with a positive sense of direction of the z-axis
pointing downwards. '

Let N be the point of-contact between the soil and the ,spher;e at
which the point Toad g is acting, q is taken as aunit load. The

projection of point N on the x, y-plane is the point H, while T is the

point symmetric to N, with. respect to the x, y-plane.

Therefore,

ke
.

W, = (ATi=d (214)"
Let M be any point in the soil with (x, y, z) coordinates, for which the

stresses can be calculated. The modulus of the vectors NM and TH are

given by
p— (215)
{[TM] = RZ'

‘However, the following vectors can be obtained by . .

oM = (xM, Ypo zM)



o

>
. ) .
Figure 29. Figure showing the vectors and stresses
analysis for a spherical footing.
[ ] ~
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ON = (xN, Yy zN) = (R sin a cos

ON = (XN, yN) -ZN)

o, Rsin a cos B, R-R sin a)

-t

MN = ON - OM . .
’ (216)
= ((XN - XM)’ (.YN - .YM), (ZN - ZM)
and B .
™ = 0T - OW -

= ((XT - xM)a (‘yT - .yM)a (ZT

After replacing the coordinates by their values the distance R], R2 and

d is found as follows

1
- + (R-R cos - 2)2)]/2
R, = [T} = (R sina cos 6 - )2
+ (R-R cos a + 2)2)1/2
d = R-R cos a.

The vertical stress at point M can be
all the partial vertical stresses acting on
on the footing. Let V equal to g, as given
developea by Mindlin (1936)
doz =qVdA

i

However, dA is given by equation (211) as

déé R% sin o cos & du d8

- ZM) )

Ry = [} = ((Rsina cos g - x)°

+ (R sin'a cos B - y)Z

: (218)

)2

(219)

+ (Rsinacos B -~y

(220)

obtained by superposition of
differential unit area dA

in equation (118)

(221)

12

(217) |

h

h




i ‘spherical §urfa;e limited by the footing. The vertical stress d'point M.,

@

is given as follows

w2n - ) ’
2 "™ L , ,
o = R J sin a cos a [(1-2v)(z-8) , (1-2v)(z-d)
Z"‘*/—BJT. ],'L\ . ! R3 R 3 v
N 0 ‘0 L0 2
. (222)

n

_ 3(z—@)§ J 3(3-4v)z(z+d),2 -’3d(z+d)(52—d) ;ABOdz(ztd)3
5 3 a

3 7
R] R2 R

2 ]

-~

Similarly for the honiiontal component ox.cén be obtgined by ﬁsing the same

) procedure as for the“vertical stress component, by integrapf%g the value

LU

of o, given by equation (117)

RE A T—(_1-;.’v)(z—dl‘ éxz(z-d) :
oy = §}?T:GY | sin o cos’a | 3 - 3
+ (1-2v) {3(z-d) + 4v(z+d)} _
. 3 , "
R, ,
. N , *(223).
_ (3:20)x%(2-4) - Gd{#+d) (1-2v)z - 2va -,
5 d S .
v R2
_30d g(zed)  80-)0-2v) (L AT
o 7 - R (R +z+d} R(R*z+d) \, 2 /1%
R, 2.2 2V ¢ R .
[ : 2 _Jl ¢
also the 'shear stress can be obtained by using the séﬁe procedyrg,as : .

before, by integrating the value of Ty éiven By equation {119)
‘ ¢

1
4



s . ' - 3
sin o cOS a _(d-2v) | 1-2v 3(2-2)

*

T -
{ Txz 3 3
, - Ry .-Rz 1
* _ “ (224)
_ 3(3-4v)z(z*d) - 3d( 37+d). Bde (z+d) !
. 5 7
R N R,
o~ 2

2 v._a ?’. N . v .J +

yz

tne stress components oy’and T are equa’l to the strt\é components I,
and Tz respect1ve1y, because the léad and the foot1ng 6re symmetr1c

k]

about the z-axis.
I

-
1

©3.8 THE S-SIN STRIP MODEL SR A

The model strip foundat1on has a width of 2B (see Figure 30),
and the curvature is a funct1on‘of sin S as : ' S .
‘ 2

LN

The vector analys1s for this model (see'Eigq:e 31), is similar to the

an¥lysis mode for, the triangular.models. Again, a rigid foundééjon is
consideted and tbe load intensity is linearly propérfiopa] to the unit
length,dS. Referring to thé equitions (202), (203) and (204), the

modulus of the vectors MN and MT is given by

]

M| = R1 = (w? + (z-d)zjj L (228)
. |MT| = Ré = ;:wz°+ 'r'z+d)2] . B (227)
where | | ' | i
d = sinl (15) - C L (228)
' W='S - X o D (229)
and - ‘.‘ ‘

S varies between -B td 8.
~l

.' o L= s1n2 (nS). ' o (225),

h

(e 7]
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Figure 3. The-shape of the model S

t

sin.

h

v

Figure 31. Figure showing the vectors and stresses

analysis for the shape S-sin.,
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3.9  COMPUTER PROGRAM .

The followidg program is,cdded to analyze stresses for the ﬁodeﬂs

prppqéed i this paper. S ’ '

.

Five main programs are used, each consists of a main program and
9 subroutines. All programs are similar, except data input and the
subroutine which computes the geometric characteristics of each model.

)

‘As' an example, a pypicé] program is shown below- as ; flat strip,

and cylindrical modes.

< . ’ : .
The rectangular coordinates are used in ‘case of flat, triangular

\
i 1%

and S-sin models.

©

The polar coordinates system is used in case of cylindrical models.

A

The po]a? toordinates system is used in case of cylindrical strip

[ 28

and circular plate modes.

\ The spherical coordinates.system is used in case of sphericai

¢

models.

#  All the details of the main program and the subroutines are

-

. explained in ithe program itself as comments.

I

P



-

-

\ : | .

PROGRAM STRESS (INPUT,OUTPUT) = 4 o ;
COMMON, Rr QB2 Ky My \r'uz/\ . ) R
REAL MU e

EXTERNAL VSC,VSF ‘ P .
DIMENSION VC(8,9),VF (8, 9);RAV(8,9) RAH(8,9),RAT(8,9) -

DIMENSION HF(8, 9),TAF(8 9),HC(8.9) TAC(S8,9) ‘
******************************************************

.

*
* *
*  THIS PROGRAM IS TO CALCULATE THE STRESSES *
. * DISTRIBUTION AT LEVEL Z *
* *
* *

**************************************f****‘k********’

- - — h s = — — i

- -t - ——— - o . o " ———

Q : THE LOAD PER UNIT LENGTH

7 : THE DEPTH OF THE ELEMENT M .
R : THE RADIUS OF THE FOOTING

§' : THE DISTANCE FROM THE SYMMETRICAL AXIS AT DEPTH 2
2B: THE WIDTH OF THE FOOTING
MU:

THE POISSON.S RARIO C - , N

____________________________________ . >
c . B
C READING OF THE DATA ; E ' )
: :

READ* ,MU o

Q=1 '

. 3=.5
» N

Commmm e cmm e S S e e m———m
o TO CALCULATE THE DISTRIBUTION OF THE STRESSES
PR SO R S

BW=2*B [ ,
Cmmm = e e e ! .
o STRESSES ;
C FOR THE FLAT RECTANGULAR STRIP .
Clor e et e et e e

CALL SIGMAF (VF,HF, TAF) -
Cowmm t imme o e — e
C STRESSES
C FOR A CYLINDRICAL STRIP ;
1 e e - o o o ——— o —n — — — — — —— — =~~~ o~ o " - —— - —
' DO 1@ KK=1,3

READ*,R

CALL SIGMAC(VC,HC, TAC)
c COMPUTE THE~-RATIO OF THE, STRESSES *
ot mm e m it e ‘ ’
>|



.RAV(I,J)

o]
Q
[
—
1]
b,
[¢ o]

Do 1 J=1,9:
VF(I J)/VC(I J)

HF(I,J)/HC(I1,J)

i~

RAH (I,J

)
_RAT (I,J)=TAF (I,J)/TAC(I,J)

—— e e v - — — - . — - - - —

v

C PRINT ALL THE STRESSES
. C. AND THEIR -RATIOS '
Commmm o= e ___
' PRINT 3,MU,Q,BW .
CALL PRINT (VF) .
PRINT 4 ,
PRINT 5,R,BW,Q .
CALL PRINT (VC)
o CALL PRINTR (RAV) )
o
'PRINT 31,MU,Q,BW
CALL PRINT (HF) '
’ PRINT 41 -
PRINT 5,R,BW,Q -
CALL PRINT (HC) e -
C .PRINT 61 : % \
o CALL PRINTR (RAH)
C N . ]
. PRINT 32,MU,Q,BW T~ b
CALL PRINT (TAF) T
PRINT 42 ] P \
PRINT 5,R,BW,Q -
CALL PRINT (TAC):
C . PRINT 62 - ~
o CALL PRINTR (RAT) .
3 FORMAT('1 /.1l0X, 42('—'),/ 16X, ' VERTICAL STRESS FOR A '
$,'FLAT STRIP FOOTING' /o 1ax 42('-'),/.1ax,-THE POISSON.S RATIO'
S " IS EQUAL TO EE ,F3.1,/,10X, THE LOAD APPLIED IS
"$ , EQUAL TO ,F4 ‘1,/, lGX,'THE WIDTH OF THE FOOTING IS
$ 'EQUAL TO :',F4.1)p<,10X%, 42('—'))
C .
4 FORMAT('l' /,10X,48('='),/,108X, VERTICAL STRESS FOR A/
'$ ,' CYLINDRICAL STRIP FOOTING ',/,10X, 48(‘='))
C
31 FORMAT('1l',/,18X,42('="),/,18X, 'HORIZONTAL STRESS FOR A '
$,'FLAT STRIP FOOTING',/, 1ex 42('=') ./,10X, ' THE POISSON.S RATIO'
$ IS EQUAL ., TO ',F3.1;/,10x,'THE OAD APPLIED IS °
S ,'EQUAL . TO :'.F4.1,/,10X, ' THE w¥DTH OF THE F@OTING IS ',
$ "EQUAL TO :',F4.1,/,16X,42('=")) ]
o - < :
41 FORMAT('l' ./,18X,58('="), HORIZONTAL STRESS FOR A
.S ,' CYLINDRICAL STRIP FO@TING’)./,I%??SG('='>)
o ‘ »
327 FORMAT('1l',/,10X,42('=') ,/,18X, ' SHEAR STRESS FOR A '
”f '\ $,'FLAT STRIP FOOTING',/,106X,42('='),/,10X,'THE POISSON.S RATIO'
' $ ' . IS EQUAL 'TO : ',F3.1,/.10X, THE LOAD APPLIED IS '
> ? : : ,
T S -

72



{
, EQUAL> TO

F2=DCADRE (VSF ,AL,BL, .\3601, . 8081, ERROR, IER)
F3=DCADRE (VSF,CL,DL, . 0@1,.@@@1 ERROR, IER)

P

s

", F4.1,/,10X, THE WIDTH OF THE FOOTING IS

)
S 'EQUAL TO :'.F4.1,/.10X,42('=")) N
(& ) ;
42 .FORMAT ('1'./,10X,45('="),/,L18X, 'SHEAR .STRESS FOR A'
, $ ,' CYLINDRICAL STRIP FOOTING ',/,16X,45('=")) ’
C .
5 A FORMAT (9X,' THE RADIUS OF THE CIRCLE IS EQUAL TO S, '
. $ F6.1,/,9X, 'THE WIDTH OF THE FOOTING IS EQUAL TO :'.F6.1,
$ /9%, THE LINE LOAD APPLIED IS EQUAL TO :',F6.1
$ /5 10x, 44 (="M,
o A v ‘ -
6 FORMAT ('1'./,44('*'),/,' THE RARIO OF VERTICAL STRESS OF '
$ , /," (FLAT RECTANGULAR STRIP / CYLINDRICAL STRIP)',/,44('*'),/)
61 . FORMAT ('1',/,44('*'),/,' THE RARIO OF HORIZONTAL STRESS OF '
: $ ,/,' (FLAT RECTANGULAR STRIP, / CYLINDRICAL STRIP)',/,44('*'),/)
62 FORMAT ('1',/. 44('*'),/," THE RARIQ OF SHEAR STRESS OF '
S ,/,' (FLAT RECTANGULAR STRIP, / CYLINDRICAL STRIP)' /.44('*'),/)
19 J- CONTINUE ’
- STOP
END _ . - .
C 1 - .
\C 1 r 4
C
SUBROUTINE SIGMAF (VF,HF, TAF)
DIMENSION VF(8,9) HF(8,9),TAF(8,9) ‘
c ‘ .
c THIS SUBROUTINE IS TO EVALUATE THE STRESSES FOR.
C A FLAT STRIP FOOTING
C . . ‘
~ REAL MU
COMMON R,Q,B,Z,X,MU
EXTERNAL VSF ,
EXTERNAL HSF
EXTERNAL TSF
c ’ . * e "
c THE UPPER AND LOWER LIMITS
C : »
— AL=-B | '
T BL=-B/1@000
CL=B/1000¢
DL=B
Z=0 T
DO 1 1I=1,8 . ’ b
X=_‘2*B . o !' ’
=7+B/2 A
DO 1,J=1,9.. - ' ‘
Cmmcm e ‘_J_& _________________________
C . TO EVALUTE THE INTEGRALS OF: %

£
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Y (1,Jd)=F2+F3

e AT S TSNS SRS Es=s=T

41=DCADRE (HSF ,AL,BL, .08d1, .0@01, ERROR, IER) B
H2=DCADRE (HSF,CL,DL, 8001, .00061,ERROR, IER),

"HF(I,J)=H1+H2

e m e = = = % R e R .t A - A - . . —

-t e e = =

T1l= DCADRE(TSF AL,BL, .00061,.0001, ERROR, IER)

T2=DCADRE (TSF,CL,DL, .0001, .2001, ERROR, IER)
TAF(I,J)=T1+T2 ‘ )
X=X+B/2 ' ’

RETURN

END - ,

FUNCTION VSF (S)

. ca m em e o — o - — o —

THIS SUBROUTINE IS TO EVALUATE THE VERTICAL
FUNCTION FOR A FLAT STRIP FOOTING

- e m e e e N Y . - . — . WP M = Wt e T R A s S S S W D S D G VN D 0D b A . e - — - —

COMMON R,Q,B,2,X,MU’

Cl=Q/(3. 14159*3) t
VSE=CLl*((2**3)/((S- X)**2+Z**2)**2)

RETURN
END

/'\

FUNCTION HSF(S)
COMMON R,Q,B,Z,X,MU
REAL MU

4

e e e e e e e e e e — e ——— = ———

- THIS SUBROUTINE IS TO EVALUATE THE HORIZONTAL
FUNCTION FOR A FLAT STRIP SHAPE

- At . . - D = i . P A W M S W vt S WD S T e WP e b mp oy -
"‘g S

C1ZQ/(3.14159*B)

HSF=CL1*Z* (S=X) **2/((S- X)**2+Z*Z)**2
RETURN ‘

END

“FUNCTION TSF (S) : T

REAL MU

- - - W D WDt R T S e R G D G S e ey S e it ot D Vo o . . - D - . = e . -
¥

THIS SUBROUTINE IS TO EVALUETE THE SHEAR
FUNCTION FOR A FLAT STRIP FOOTING

e e R S e wl E WE W A A e D W TR W P e G D AN A Ay A D G W M GNP e D S A e

. COMMON R,Q,B 2Z,X,MU ' -
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——
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- . — A - — - — - — - — . —

Cl=Q/(3.14159*B) : ' i
TSE=CLl*(S=X)*Z*Z/((S=X)**2+Z*Z)**2

RETURN

END

SUBROUTINE SIGMAC (VC, HC, TAC) .
DIMENS ION VC (8,9),HC (8,9),TAC(8,9)

. THIS SUBROUTINE IS TO EVALUATE THE STRESSES FOR
A CYLINDRICAL STRIP FOOTING

REAL MU

COMMON R,Q,B,Z,X,MU
EXTERNAL VSC
EXTERNAL HSC
EXTERNAL TSC

THE UPPPER AND LOWER LIMITS

AL=ASIN (-B/R)
BL=AL/10@0
CL=-BL . .
DL=-AL ‘ ' - i
72=03 R ,
DO 1 I=1,8" - .. ~ .

X=-2*B Co ’ . A

Z=2+B/2
bo 1 J=1,9

o S s Gt Ry S = TR W S D e S

‘FI=DCADRE (VSC, AL, BL,.GGII,.QGGI ERROR IER)
FJ=DCADRE(VSC,CL,DL, . 0001, .30801,ERROR, [ER)
VC(I,J)=FI+FJ

- — i T — — . S - s - . v —— "~ —— " - -

Hl=DCADRE(HSC,AL,BL,.GG@I,.GGGl,EiROR,IER)
H2=DCADRE (HSC,CL,DL, .Q3@01,.0001,ERROR, IER)
HC(I,J)=H1+H2 ) .

. - . ———— — - — o —— T — A — ——

T1=DCADRE (TSC,AL,BL, . 3861, .9@01,ERROR, IER)
T2=DCADRE (TSC,CL,DL, . 3001, .0001, ERROR IER)
TAC(I,J)=TLl+T2
-X+B/2
RETURN
" END



FUNCTION VSC(AP)
REAL MU
COMMON R,Q,B,2,X,MU

gy g gy S S
C ‘ THIS SUBROUTINE IS TO EVALUATE THE VERTICAL
o] FUNCTION FOR A STRIP FOOTING WITH A CYLINDRICAL SHAPE
(o om et e et e e e e it ot o e 2 = a2 e e o 2 e 2t e o o
, CALL CARCYL (AP,SM,TM,C2,W,D,R1l, R2)
C VALUE OF THE FUNCTION VSC ‘
o m s e e e e e e~ e
. IF (R1.EQ.¥.0R.R2.EQ.9) THEN .
VSC=Q* (R- z)/2/B \
. ELSE , .
 VSC=C2*COS (AP) * (SM* ((Z-D) **3/(R1**4)+ (Z+D) *
S((Z+D)**24+2*D*7) /(R2**4) -8 *D*Z* (D+Z) *W*W
‘ § /(R2**%§))+TM*((2-D)/RL/R1+(3*Z+D)
S /R2/R2~4*Z*W*W/ (R2**4)))
K END IF
RETURN
END e ,
c . '
'C i Y
C
FUNCTION HSC(AP)
REAL MU
COMMON R, Q,B,Z,X,MU
C—- ——————————— o = e hafndiadenlianiie b it ndeadh ettt it e bkl i e i e i
C THIS SUBROUTINE IS TO.L EVALUATE THE HORIZONTAL
C FUNCTION FOR A STRIP MOOTING WITH A CYLINDRICAL SHAPE
o o e e e e e ot e et e 1t e v o am 7t o o e mm
\,ALL CARC YL (AP, SM, TM c2,w,D,R1l,R2)
Cm e e e e e
c VALUE OF THE E‘UNCTION HSC , »
[ S 5 .
"IF(RL.EQ. ca OR.R2.EQ.#) THEN - ‘
HSC=0 » .
ELSE '
HSC=C2*COS (AP) * (SM* ((2-D) *W*W/ (R1**4) + (Z+D) *
$ ((W*W+2*D*D ) -2*D*W*W) /(R2**4) +8 XD * 2% (D+32) *W*W
$./(R2**6)) +TM* ((D~2) /R1/R1+(3*D+3)
S /R2/R2 = 4*Z*W*W/(R2**4)))
END IF
RETURN
END
e
C \
c o
~ FUNCTION TSC(AP)
REAL MU,
. COMMON R, Q,B,2,X,MU" .\
0 S U

c THIS SUBROUTINE IS TO EVALUATE THE SHEAR
C FUNCTION FOR A STRI®R FOOTING WITH A CYLINDRICAL SHAPE
N . . ’

.
- -

e LB >k e

dr o e

€ B s At e 1
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Q00

oNeNe!

CSM=1/ (2% (1-MU))’

CALL CARCYL (AP,SM,TM,C2,W,D,R1,R2)
VALUE OF THE FUNCTION TSC

‘

IF{R1.EQ.Z2.0R.R2.EQ. @) THEN

T5C=¢ : .
ELSE , :
Al=(Z~-D)**2/(R1**4) '
A2=(Z*Z-2*D*Z-D*D) / (R2**4)

A3=8*D*Z*(D+2Z) **2/(R2**p)

TSC=C2*((W)* (SM*(AL+A2+A3) +

T™™* (1 /R1/R1-1/R2/R2+4*2* (D+2Z) /R2**4)))

END IF '
RETURN

END

SUBROUTINE CARCYL (AP,SM,™,C2,W,D,R1,R2)
REAL MU .
COMMON R,Q,B,Z,X,MU

- — - . — v -, — — o ————— A ——— — ————————— e - ————————— —————

THIS SUBROUTINE IS TO COMPUTE' THE CHARACTERISTICS
OF THE CYLINDRICAL FOOTING

T™=(1-2*MU) /4 /(1-MU)
" C2=Q*R/(3.14159*2*B)
W=R*SIN(AF) -X
D=R-R*COS (AP)
R1=SQRT (W*W+ (Z-D)**2)

. R2=SQRT (W*W+ (Z+D)**2)

RETURN
END

h/ v
.

SUBROUTINE PRINT(F)
DIMENSION F(8,9),TK(9) " .
COMMON BT,Q,B,Z,X,MU ‘

=2%*B ' ' !
TK(l)=-2*BW : :
Do 3 1r=2,9
TK(I)=TK(I-1)+BW/2 ,
PRINT 12, (TK(J),J=1,9)

FORMAT(/,' 2/B ' ,'X/B=',1X,F4.1,8(2X,F4.1),/,63('~")

po 2 1=1,8
7=Z2+B/2
T=2/B ’
PRINT 13,T,(F(I,J),J=1,9) i
FORMAT (1X,F3.1,4X,9(F6.4) ,/,63('=")) A
CONTINUE
RETURN .
END

[



CHAPTER IV

RESULTS AND ANALYSIS

4.1 GENERAL

The computer program ceveloped in the present study (Chapter III)
to determine stress distribution. Below cﬁfferent foundation levels have
beeﬁ used extensively to generate data, for the purpose of comparison

be tween di fferent foundation models and to draw a conclusion.

4.2 PROGRANM DATA
‘ The program is divided into subroutines to evaluate the stress
distribution, the load applied is: a unit 1ine load per unit length, or‘ .
a unit load per unit area. The width of the foundation is always equal
to 28B. ’
For the flat footing strip\or circular, only Poisson's ratiov is
;heeded to ex?cute this par\t of the program.
For the new proposed models only one variable is required, which
depends on the shape of the foundation. For ex;\fﬁple, for the cylindrical
- foundation (see Figure 32-b) . The radius ofhthem'rc]e R is the variable
‘ Iénd for .the trianrgular foundation, the angle peak has a value of Zé, the

same data is used for the sph’erical and the circular foundation, where the

-

variable is the radius R.




.

"a. Flat strip foundation.

.

)

b.

Cl: cylfndrical mdel with radius R

L
€2: cylindrical model with radius R

'

il

2B.

9




¢. T30: Triangular model with angle g8 = 30°.
T45:-’_Tr1’angq1ar model with angle g = 45°,
L]
—< s 2 7
\‘ g :.'
» “
0
d. S cos shape foundation.

Figure 32.- Shows different types of footing. |
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S (8) | | v
\ 4 T(p) 0 .

eight levels, the first level is Z = «5B, and the last one is Z = 4B.

-5 (1) :
1 - R . o
3 R
20000 R
l/- . For the triangular model ) 4
k , <5 (u) ‘

i

90 (8) . .
NOTE: Where R = 2000 or 8 = 90%, the two above  * - .

modiis will work as a flat strip footing.

For the strip footing, where the shape is a func’cibn of sin S .called

S sin | c |
7= sinz(ns)

the Pois/)son’s ratio u \i‘s the only data required.

i

4.3 PF{OGRAM QUTPUT

Ve

' The mesh of.' logation of the points, where the stresses are analysed
: ;

. oo . J
(shown in Figure 33). In the horizontal di rec,tio(g\, the first point is at

S = -2B and the last point is at $ = 2B, and the distance between two

. -successive is «5B. However, in the Z direction the analysis is'done at

o
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Figure 33. This mesh indicates the Tocation of the points, -
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T~ where the stresses %re calculated. .
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VERTICAL STRESS FOR /A FLAT STRIP FOOTING

THE POISSON.S RATIQ’ IS EQUAIN TO. :- .5
.THE LOAD APPLIED IS EQUAL TO : 1.9 4
*THE WIDTH OF THE FOOTING IS EQUAL TO : 1.4

Z/B X/B= -2.86 -1.5 =-1.8 -.5 @.¢ .5 1.6 - 1.5 2.4

_____ e e e e e et e e e e et e e e e e
“a

.5 ~0193 .0892 .4969 .9022 L9592 .9022 .4969 L0892 .0193
1.0 - L0839, .2137 .4797 .7346 .8182 71346 -.4797 .2137 .0839
1.5 . L1457 .2785 .4475 .6070 6681 .6070 .4479 .2485 .1457
2.0 . .1848 .2876 .4091 .5104 .5498 .5104 L4091 .2876 .1848.
2|5 .2045 .2851 .3700 .4365 .4617 .4365 .3700 2851 .2045
'STB"—"_T51;5’?5355‘T§526'"1951‘?3555‘?3551'TSSZQ-_235§‘—£IIE'
3.5 .2102- 2582 .3023 3338 L3453 .3338 .3023. .2582 2102
"Zfé"'“'5525'”£Z£I_f532§"£§§é'féé53__5&58“""525"TZZ£I‘"§529'
LT “'--—'"'-':":f """"""""""""""""""""""""""

TABLEL2 HORIZONTAL STRESS FOR A FLAT STRIP FOOTING '
E?ZSTZZSE:ZTi???f=.=?§=ESSZE“$Z=/=/“”§ -
THE LOAD APPLIED IS EQUAL TO - ¢ 1.9
THE WIDTH DF THE F@@TING IS EQUAL TO : l.on
%/B X/B= -2.8 <1.5 -1.80 -.5_" 8.0 5 1.6 1.5 2.0
5 e 1707 .2851 .3471 .3929 .4502 .3929. .3471 L2851 .1707
'ifé""'_TEIIE'TQZQQ'TEEEE'TEQE5_fléi9_'1£é£_'££éi"5255”5115"
1.5 . Iéié_fiéé87712527f5555‘f6555'f557§'TIZEZ'TZEQEiTIEZ§7
2.6 .1456 .1269 .0998 .0551 .0405 .0551 .0908 .1269 .1456
"2.5.  .1189 .0892 .0595 .0332 .0227 .0332 L0595 .0892 .1109.
'575:'—'“fé§§5"16855'f&Z&S"TBzIE'f&ISé'76515‘f&iéiff&éS%TTEQSQ'
T35 0838 10463 .0281..0142 L0090 (0142 L0281 L0463 .0638
4.0 .6490 .0343 .0203 .0100. .0062 .0100. .9203 0343 .0490

4 e e ——
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3. TABLE-~3 SHEAR STRESS FOR A FLAT STRIP FOOTING . '
e ] THE POISSON.S RATIO IS EOUAL o : .5
A : _ THE LOAD APPLIED IS EQUAL , 70 :-1.0
§ N - THE WIDTH OF THE FOOTING. IS EQUA“L TO. : 1.0
g_‘ ‘ =============_===_—=====—=}=3_======.=———== .
% 7/B %/B= -2.6 -1.5 -1.¢ -.5 ‘8.6 .5 1.6 1.5 2.0
; .5 7 U8551-.1469 .2996 .1273@ 0006-.1273-.2996-.1469-. 9551
i 1.8 L1273 - 297 .2546‘.1567 - 0060~ 1567~ 2546-.21@7-.1273 -
o L.s L1567 .2022.12037 1273 (9000 . 1273-.2037-.2822-.1563
¢ s e o wn st p W win - S ew e A A M e G e AP M O M e S W} R o M G M A R b g W - o oo s e n
2.0, .1567-.1753 .1591 .09590.0000-.0959-.1591-.1753-.1567
e et e e e —————— e s gy s
* 2.5 .1439 - 1469 .1242 .0720 .@986-.0720-.1242-.1469-.1439
e e e e i vim e e e e M e Dt i et e - .y - — Lo o ot ot ot A - - e S o
; 3.6 ".1273 .1218 .6979 .5510.0680-.0551-.0979-.1218-.1273
: ‘. 3.5 1188 .1¢12 .9783 .0430 .0@00-.@43@-.@783:.1a12- 1108
: . S s S USSR SO '
" 4.9 . .8959 .0845 .6637 .0343 .0000-.0343-.0637-.0845-.0959 .
N I-"_"——"'-__"---———_'—"_—---—-—"-"'-"'-__-“. ------- Lt d e b il alh i of a."‘ ~
\ E =======================ﬁ======================== -uﬂ
_ TABLE-& VERTICAL STRESS FOR A CYLINDRICAL STRIP FOOTING
% e THE RADIUS OF THE CIRCLE I8 EQUAL TO :1800.8
4 THE WIDTH OF THE FOOTING IS EQUAL TCO : 1.0
i o THE .LINE LOAD“APPLIED IS EQUAL TO 1.6
27B X/B= -2.8 -1.5 -1.8 -.5 0.0 5 1.6 1.5 2.8
—————————————— l.——-.a-——-——-a—.——.—-—-a-————————————-—;4—-..0_—_——_-._...—-._.-....—_—
g J5 .B193 .@892 .4969 .9016 .9569 .9016 .4969..9892 .0193
i ——————————————————————————————— s G S . . = = S S e e TSP M R A i e S S S
§ 1.9 839 .2136 .4795 .7339 .8170 .7339..4795 .2136 .0839
B T e e et e e = o e = > o . o o en <o " o o o e o e o 0 S o " o ot b o o ot o 47 o e s A o \J
¢ 1.5 .1455 2743 .4476 .6064 .6673 .6064 .4476 .2703 1455
3 e o ot e e e 0 o e e e o o e e o e e o et o o o o o o e 1 e i e ¢ R
? 2.@ .1847 .2874 .4088 .5099 .5492 .5099 .4088 .2874 .1847
| 2.5 . .2043 .2848 .3697 .4360.,4613 .4368 .3697 .2848 .2043 .
: 3.6° .2110 27325, 13337 ..3787 .3954 .3787 .3337 .2732 .2110
fﬂg;;//)' 3.5 . .2100 12580 L3021 .3335 . 3450 .3335 .3021 .2580 .2100
- 4.0 .2045 .2419 .2746 .2973 .3@54 .2973 .2746 .2419 .2045
l ~




TABLE~5 HORIZONTAL STRESS ¥FOR A CYLINDRICAL STRIR FOOTING

i THE RADIUS OF THE CIRCLE 1S EQUAL TO-:100@.0
THE WIDTH OF THE FOOTING IS EQUAL TO : ° 1,@
THE LINE LOAD APELIED IS EQUAL TO 1.9
===========.‘E:§=============================== i
Z/B X/B= -2.6° -1.5 -1.8° -.5 _ 0.0 5 1.8 1.5 2.0
——— - — - ol e e et o = ot = o~ —— > - = b oy B
& .5 :.1706 .2849 .3468 .3924 .4503 .3924 .3468 .2849 .1706"
1.9 .2111 .2486 .2248 .1860 1817 .1860 .2248 .2486 L2111
S e SR R e
1.5 1847 .1804 .1422 .0977 .0805 977 .1§22..1804 .1847
3.8 .1455 .1267 .0967 .0551 .@405 .@551 .0907 /1267 1455
2,5 ., .1108 .0891 -@594 0332 §£327 .0332 .0594 089141168
3.9 .0838 .0636 .0402 .0212 ,0138 .09212 .0402_.063¢ .0838
‘ - o n J——-—'———-r———————‘-‘-,— ——————————————————————————————— " \oz—‘—
. 3.5  °.0637 .0462 .0281 .0142 .0@90 .0142 0281 (0462 .0637°
y.o .B489 .0343 0202 .0140 aesz 0100 .06202 .0343 @489
[T R, T_-'---___-‘— ____________________ .4_4..____._.‘_ ___________
1 oy

- - e A S SsS E N s EESSE=Ss=s=szx ==—___"—"‘==_——.——___‘.—-‘:.—"':::_'.‘:::—"_"’

. THE.RADIUS OF THE- CIRCLE IS EQUAL TO :1000.0

THE WIDTH OF THE FOOTING IS EQUAL TO : 1.0

THE LENE LOAD APPLIED IS EQUAL TO : . 1.0
% Z/B X/B= -2.0 -1.5 -1.Q '—.5 0.0 .5 1.0 1.5 2.0
ST a550 1068 L2994 .12660.0080-.1266-.2954- 14684550
4 1272 .2196 2543 L1563 .0000-.1563-.2503-. 210G 1272
“'ifé"'f'fIEEE"5558"5555’?1531"5&&63'15513'5555-"55583"1558'
2i6Tises 17527159 @957 .0098-.0957-.1598-.1752-. 1565
'ifé""";1255"128é"'IEZI“’6§i§"ééééi‘QGIBZ'IEZIZ‘IZEEZTIZ§§‘
e 1272 1317 L0978 .#5500.0000-.0550-.0978-.1217- 1272
—STE"'"“'Iiéif‘IBII"BEQ5"&£§%"86&51"2255""5555:'1511ZTIIQQ'
;Zgé'"TT'TBSEB’TQEZZ"Béaé_TGSZS'TQEEQITBSZE;TBESEITQEEZZTQBEQ'
S

+

iy

ol e .
N
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THE RADIUS' OF THE .CIRCLE IS EQUAL TO 1.0
THE WIDTH OF THE FOOTING IS EQUAL PO : . 1.0
: 1.9

.TE $INE -LOAD APPLIED IS EQUAL T0 .

7/8 X/B= N, 1.5 -1.8 -.5, 8.6 .5 1.0° 1.5 2.0
s Lo, ,f5225";;56"5555"3125"3565‘T5;£é‘?a§£5"a15;"
‘zt;‘“‘“.a;aa‘?;a;r?;a;;“;;a;‘:aia;‘t;;;;“;;;;‘;gagi"a';g-a‘
05 L1391 .2702 . 4594 6191 .6751 L6151 . 4594 .2782 1391
2.0 . .1819 .2894 .4167 .5203 .5592 .5203 .-4167 .2894 .1819
2.5 .2036 12875 .3760 .4446 .4703 .4446 . 3760 2875 .2036
3. jéiifs"TEE;I“TSSQ;"SEETZQSQ'35;5'?;5;;] L2761 .2115
“3is 72010 12608 L3066 .3393 (3512 L3933 . 3066 2605 2113 -
"ZT&"'-"TE_&%&TTEZZ?TE355'?565I'ZSEBE'_TS.&EI’?53&%'?5223"565;"
P P R 1‘""";“'"
TABLE-8 HORIZONTAL STRESS FOR A CYLINDRICAL STRIP EOOTING

T i o memeincie 1o e e e

THE WIDTH OF THE FODTING IS EQUAL TO : 1.@¢ '
THE LINE LOAD APPLIED IS EQUAL TO : 1.0
3 ======?=========’=====_======\====‘============= ,

Z/B X/B= -2.0 .-1.5_-1.0 -.5 0.0 5 ‘1.4 1.5 2.0
"?E,"‘771,1}37{?5155"2155"255%‘3155"25&5"ZEG"SIQE"ESE'
T1oa T TanT 26es L2415 2103 (2188 L2103 . 2415 .2695 22117
‘?TE'_'“‘TE;E& """" TS08 1693 0965 . 1093 - 1508 1908 1938 -
T30 . 1510 1326 L0960 9611 0476 L0611 . 0969 1326 vis1d
2051141 L0927 10627 .0364 L0261 .036A . @627 .0927 1144
3.5 L0852 0658 0422 0230 .0156 0230 .0422 ~0658 0862
T35 ues2 L0477 L0295 5153 (9100 0153 .029% 0477 0652
4.0 .p499 .G3%2 0210 .0106 .006§_.0L06 . 0210 0352 9499
1T T TTTTTTTRTTTTTTTTT TTTTTTT Tttt
> 2?2 -

‘ o
- ) Ca- -
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, TABLE-9 SHEAR STRESS FOR X CYLINDRICAL STRIP FOOTING
. 7777 IHE RADIUS OF THE CIRCLE IS SQUAL T0 +. L
N . N THE WIDTH OF THE FOOTING IS EQUAL TO : 1.9 N
o mE e i te L i
Z/B X/B= -2.0 -1.5 =176 -95¢ @4 .5 1.8 1.5 2.0
L TISTTTTIgATe 1300 372 09260 0000 6926- 3472~ 1300 0418
/ 1.8 .1267 .2241 .2701 .1402 .0@00-.1402-.2701-.2241-.1267
- -Ijg—_wﬁgZ5_3;;1—?5125—;158;?5;&%:15-6-;;:51Z;EEE;IEE" |
SN 1. T3.g L1659 .1871 .1684 .0995. .00I-.0995-.1684-.1871~.1659
- _Ejg_“‘“:ig_3-5"1525_355;_B;EI"BEQQ:_FJ5-1;_1-3"2"2-:1;;5:—\1555—
..'ST5“""ISE,E'TIEQIT?I&ZET3555'3;5;:5;533“16282'155123338‘
- T35 ilsl .1981 .0838 . 0460 .0000-.0460-.0838-.1081—.1181
- T4le | .1822 .0903 .0681 .0368 .0000-.0368-.0681-.0903.1022
o ! -_-==-_--_-===.=—_-===n======-_—=======-_-==========-=========;,
TABLE-].G VERTICAL STRESS FOR A CYLINDRICAL STRIP FOOTING
________ "THE RADIUSOF THE CIRELE IS FQUAL 10 = - 3.0 - .
D _©, THE WIDTH OF THE_FOOTING IS EQUAL,TO : 1.0 - .
: THE LINE ‘LOAD APPLIED IS EQUAL TO 1.0
Z/B X/B= 2.6 -1.5 -1.6 -.5 6.6 .5 1.8 1.5 2.4
° U5+ L6157 .0783 .5152 .5899 .9385 .9899 5152 (0783 w0157
1.6 . 6797 2187 .4877 .7441 8141 .74@1 .4877 .2107 @197 _
. 1.5 .1433 .2703 .4517 .6108 .6699 .6108 .4517_.2703 .1433
2.6 .1837 .2881 .4115 .5135 .5526 .5135 4115 .2881 1837
’ -5:3_——__;5521_:555;_:5515“1555‘_:2325"2555"5315“55%;"2625_
'5?5"'"?5115’?5325"?5553'fSéIi“"SBéa'TSEZI“SSEE"E?ZE“EIiE'
3?3—7“_?5{85—:5555"3553—?SSQE-TSZH-ES3;—3558"5559"5165—
. i@ . 2050 .2428 .2760° .2989 .3072 .2989 .2760 .2428 .2050
' ' i_;_“""—___""__“""—"""_—"7-“——". ————————————— T
’ - j - l :V.
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TABLE-11.HORIZONTAL' STRESS FOR A, CYLINDRICAL STRIP. FOOTING :
" THE .RADIUS 'OF IHE CIRCLE IS EQUAL TO i- 3,0 !
THE WIDTH OF THE FOOTING IS BQUAL To : - 1.0
THE, LINE LOAD APPLIED IS EQUAL TO, . 1.0 .
. \ ====:=====;‘=========i?======================
. . - <
Z/B X/B=-2.8 -1.5° -1i8 -5 8.6 . .5 1.6 1.5 2.0
-—-—---—-—-—a;—'—----—----—‘— ————————————————— o e s el e e e
.5 .1728 .2989 .3684 . 4192 4791 (4192 3684 .298Y . 1728
- e om ey e e e e b Kt ol o ot e o e n e b s e e o o o g - : ) ’
1.9 (2152 2582 2306 .1942 .1956&‘,1942 .230¢ .2562 . 2152,
e [ e e e e — — e D L ¢
. ! . <
1.5 " 1877°.1840 .1449 .1015 .0865 .1015 .1449 ..1846 . 1877 ,
“ 2.6 °.1474 .1287 .0924°.0570'.0428 .0570 .0924 .1287 .1474. .
2.5 ' ..V121 .0963 .0604 0342 .0238 a3‘42‘.0594 .0903 ":1121 -
] 3.0, .0846 .0643 .0408 .0217 .0144 .0217 .0408 . 0643 . 0846 L
T35 0 L0642 .0467 .0285 .@L45 .8093 0145 .0285..0467 0642
B e e A e et e s o e e e ot e — e
4.0 . 9492 .0346 -0205 .01l ,9063..0101 0205/ .0346 . 0492
1 - AR
TABLE - 12 SHEAR. S’I‘RESS FOR A CYLINDRICAL STRIP FOOTING
- =================:.‘:::::::ﬁ::::::::::::::::====
THE RADIUS OF THE CI‘RCLE IS EQUAL TO :-*+ 3.9 " ”
. THE WIDTH OF THE FOOTING IS EQUAL TO : 1.0 o
THE LINE LOAD APPLIED IS EQUAL TO : 1.9
2/B X/B='-270 -1.5 -1.0 -5 @.0 .5 1.0 1.5 2.0 ,
5 . .0498 .1408° .3111 .11230.0080-.1123-. 311-.1408-. 6498 "
—177 STZST L I3L S 2579 I 1508 6000-.15@8-.3579— . 2131~ 1257
T 1.5 ‘1574 L2047 .2056 .1264 .0BG0-., 1264-.2056- . 1647~ . 1574 )
2.0 .1580 .1774 .1668 .0963 .0@00-.0963-.1608—,1774-. 1580 S
© 2.5 .1454 . 1486 .1256 . 0727 .0600-.0727-. 1256—.1486— 1454 .
;.:.-..r —————— Lo e e e o - —— -A-‘ ————————— W e e . ——— o " - ———r— o
A 3.0 1286 .1233 8991 .0B557 .G@B0-.0557-.0991 - ~1233-. 1286
Lo © 3.5 L1120 .1824 .06793 .0436 .0000-.0436-.0793~.1024-.1120 °  _
; 4.9 8969 .0855 .0644 .(348 .00G0- 0348-.0644— . 0855-. @969 y
: l ' “ ] o~ \ -
> ? . . » ‘ . -
4 - s



Z/B X/B=

1.8

;6;3—;.;1(—3;;8;_;'t—{;';ﬁiz_\t;at-.;:;;=;c=};;;=;c=)j=;;f;===
. THB WIDTH OF THE FOOTING IS EQUAL TO: 1.8 .
THE LINE LOAD- APPLIED IS EQUAL 70 : 1.0 .
-1.0, -5 0.0 5 ¢1.0 15 2.0 X5 3.0
—“"m_‘:8{35-355;"2555'?&55"._5555_T‘SQEE'TZSEE:TBEQE"&I;:?"
"1io . .0839 .2137 .4797 .1346 8182 .7346 4797 .2137 0839
15 . 1456 .2705 .2479 6870 L6601 L6070 ~8479 2705 1456
"—’m",_354'«5-75553"2555"552'225'5—fEIéZ—fZEQi_}E;E-'IQZE—
2.5 L2045 .2851 .3700 .4365 ,4617- .4365 .3700 ,2851..2045
3.0 L21f2 .2735 33483791 3958 .3791 .3340 2735 2112
3.5 .2102 .3582 .3023 .3338 .3453 3338 .3023 2582 .2102 .
a0 ;"?_5627?5251753257?5555_?3555'3538_?2325"5251"5623' |
S S U N S
TA"BIJE '1.4 I;ORIZONTAL STRESS FOR A TRIANGULAR STRIP FOOTING
. THD WHGLE OF THE TRIANGLE 15 BGUR Tor 8.0
THE WIDTH OF THE FOOTING IS EQUAL TO: 1.0
lIE O AP IS AL Ll
' . \ !
10 -5 8.8 .5 1.8 1.5 2.8 2.5 3.0
5. 1707 28513471 .3929 .4502 .3929 .3471 .2851 .1707
TEIIE"TEZEQ:?—z;I"EEE"1553—:\555—?5555_-‘5255"\%15__
1.5 .1848 .1806 . ZEZ"Eg—féﬁég_fééﬁ_fI;EZ_TE%E;:1525-
2.0 . L1456 :1269 .p9@8 .0551 0485 .055] 0908 .1269 .1456
_______ ‘“1185,"85;5_5555"%55"&555"55;"8;9'5"5—8:595:?1{85_
"—"""_BEETEESE' 9403 .0212 .0138..0212 - 0403 .0636 0839
305 loese.oasy EJEQE"GEZE—}&BQ”?BEE“BEEI_:EZES“QESE—
475 " L0430 .0343 0203 .0100 .0062 .0100 0203 .0343. 0495
i '
s "
Cn

' T
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| TABLE-S ggggg:gggggg}gg‘;‘;;;;;aa;;;;;;;;";55;;;5 .
"""" THE AMGLE OF THE TAIANGLE 19,5QUAL 7017 90,0
" THE'WIDTH OF ™E FOOTING IS EQUAL TOQ: 1.9
' THE LINE LOAD APPLIED IS EQUAL TO 1.9
. o =SsrmsRc=SizEas = SsRESs=EsSsssssssssss=asis
L/ X/B —‘Z.a -.5 4.8 5" 10 1.5 2.8 2 5 3.0
"5 .8551.1469 .2996 .12730.8000-.1273-.2996-.1469—. 551
7?8““‘?1535"?5{63"5543”?1;358?555&11585;?5;2;2?5169:157;5'
"If%““,"f@éé5'385-5’25&53"?15556?855&12155;2?%55335&5523557
'5?5""“?1589’?1935“'fiééi':85%5"?&5&&33553?155%135511589'
—.ET?,"""EZ5‘5’712557-?1525'“~855&6‘8685189562‘15252'1552‘125'5‘
73.077Y 12730.1218 L0979 . @551 .0009-.0551-.0979-.1218-. 1213 -
T35 lios L1012 L9783 . @430 .0080-.0430-.0783. 1012~ 1108
"ZT%?"»"'T&E55'?6&25"?3855’:8525?665&3&5253685GITQQZE,IE;;;"
TABLE-16 VERTICAL STRESS FOR & TRIANGULAR STRIP FOOTING '
T THE ANGLE OF THE TRIANGLE IS EQUAL TO: 30.0
THE WIDTH OF THE FOOTING IS EQUAL TO: 1.0
THE LINE LOAD APPLIED IS EQUAL TO : 71,4
z/B X/B= -1.86 -.5 0.0 5 1.6 1.5 2.6 2.5 3.0
5 0176 .0313 .0398 . @609 .7441 .0689 .0398 .0313 .0176
1.8 .g571 .1021 .1162 . 7638 .6981 7938 1162 .1021 .0571
1.5 L5991 1827 L2452 .6557 .6297-.6557 .2452 .1827 .0991
2.9 1a22 .2547 5453 .5814 5691 .5814 L5453 .2547 L1422
T2.5- 1829 .2936 .4357 .5042 .5133 .5042 .4357 .2936 .1829
"3.0 .2068 .2919 .3803 .4360. .4520 .4360 ..3803 .2919 .2060
3.5 2140 .2788 .3400 . 3816 .3956 L3856 .3400 .2788 ..2140
a0 2132, .2627 3072 . 3378 .3485 .3378 .3872 .2627 .2132
2 e S S SN
>?2 U
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TABLE-17 HORIZONTAL STRESS FOR A 'I‘RIANGULAR STRIP FOOTING

THE ANGLE "OF THE TRIANGLE IS EQUAL TO: 30.0
THE WIDTH OF THE FOOTING IS EQUAL TO: 1.0
THE LINE LOAD APPLIED IS EQUAL TO : 1:0 .

.Z/B X/B= -1.8 -.5° @°¢ .5w%%i.e 1.5 . 2.0 2.5 3.0

s lans 1318 L2217 3206 2193 L3206 2217 L1318 L0748 -
1.0 1245 L1575 2g71 1450 1608 .1450 2071 - 1575 (1245
ERIET 1646 .1987 2284 .1798 ;1761 .1798 .2284 .1987 .1646
2.0 -, 1741 2014 .1472 .1452 (1460 .1452 .1472 .2014 .1741
2.5 - .1453 .1351 .0970 .0842 .0874 .0842 .0970 .1351 .1453
3.0 L1107 .0932 .0676 .0526 .0496 0526 0576 .0932 .1107
T35 0833 066 8477 .8343 0301, 4343 .a477 0668 0833
4.8 L6632 .0489 .0341 .6234 0196 .0234 .0341 .0489 L0632
el L LI I T LTI

S I s e T T e e o T I T T T T I mam T o em S s et e —Em = e ¢ s arde
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THE ANGLE OF THE TRIANGLE IS EQUAL TO: 30.6 ’
THE WIDTH OF “THE FOOTING IS EQUAL TO: 1.9 -
" THE LINE'LOAD APPLIED IS EQUAL TO : 1.0
2/B X/B= -1.86 -.5 0.0 .57 1.4 1.5 2.8 2.5 . 3.0
5. .6338 L0779 .1412 .2%57-.96@0—.2037-.14127.G779—1G338o
10 . .0683 .1289 .2239 .0440-.000@-.0440—.2239-.1289-. @683
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T35 1256 1159 0940 L0505 .0800-.d5084. 0940~ . 1199, 1256
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TABLE-20
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THE WIDTH OF THE FOOTING IS EQUAL TO: 1.
THE LINE LOAD APPLIED IS EQUAL TO  : '1
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HORIZQNTAL STRESS FOR A TRIANGULAR STRIP FOOTING
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~1.6 -.5 0.0 3.0
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1949 .27681.2400 .3144 .2869 .31441.2400 .2768 .1949
2076 .2404 1946 .1762 .1725 .1702 .1946 .2404 .2676
1713 .1623 .1227 .0943 .0893 .@943 .1227 .1623 .1713
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l/fg;LE—Zl SHEAR STREQS FOR A TRIANGULAR STRIP FOOTING .
" THE ANGLE OF THE TRIANGLE I5 EQUAL TO 45.4
THE WIDTH OF THE FOQ&ING IS EQUAL TO: , 1.0
THE ‘LINE LOAD APPLIFD IS EQUAL TO H 1.0

Bt A2 s - P - it 5 - F )

e e e e e e e e e e e e e e e o o e e e i A - " - ot " —— " T i = —— . — —— — - —

.5 .0206 .074¢6 .1847 .1311 .6000-.1311-.1847-.0740-.0206
1.0 L0756 .14061.2437 <1151 .G000-. 1151%%*x4—. 14064756
1.5 L1362 .2089 .2327 .1005 .0800-.1065-.2327-.2089-.1342
2.8 .1566 .1925 .1768 .0950 .0800-:0950-.1768-.1925-.1566
2.5 1522 .1630 .1392 .0783 .0000-.0783-.1392-.1630.1522
309 .1378 .1359 .1186 .06190.0000-.0619-.1106-.1359-.1378
T35 T1212 L1132 L0867 .0dss .o00a-.0485-.0887-.1132-. 1212
“2.0 T T1as4 o946 .g720 .03910.0000-.0391-.0720-. 0946 1058
I—q —————————————————— e : ————————————— P

TABLE-22 VERTICAL STRESS FOR A FLAT CIRCULAR FOOTING
o '\ THE POISSON.S RATIO IS EQUAL TO & .5
THE LOAD APPLIED IS EQUAL TO t 1.0
THE RADIUS OF THE CIRCLE ‘IS EQUAL TO : 5

e s s -t it r

Z/B X/B= -2.8 -1.5 -1.6 -.5 0.0 .5 1.8 1.5 2.9

e =t " — - — —— —— i — i} T e e R " S A M - P T S S - Y N -

5 @l94 .06064 .4175 .8396 .91066 .8396 .4175 .0604 @164
1.6 L0418 .1267 .3322 .5622 .6464 .5622 .3322 .1266 .0418
1.5 .0650 .1378 .2562 .3750 .4246 .3750 .2562 .1379 .0650
2.0 0733 .1265 .1960 .2589 .2845 .2589 .1960 .1265 .0733
2.5 L0722 .1090 :1510 .1859 .1996 .1859 .1510 .1090 .72
3.6 .0666 .0919 .1181 .1304 .1462 .1384 .1181 .0919 0666
3.5 .0596 .0771 .0940 .1064 .1110-.1064 .0946 L0771 .0596
T30 Ta%26 Ldeis LaTel..ases o969 0840 .0761 9645 .a536
e :
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TABLE-23 VERTICAL STRESS FOR A SPHERICAL FOOTING
T $§E=§ZS§§§=S§"§§§=§§§§§§=§§=ESS§E=§S==§ZEZ=a
. THE. WIDTHE" OF THE FOOTING IS EQUAL TO:1.0 -
s o THE 2OI Lomp arEnIsp Is e ro il
,
\ ' X 2/B X/B= -2.8 -1.5 -1.0 ~.5 9.0 5 l.ﬁ 1.5 2.0
________ e AL
5 0104 .0684 .4175 .8396 .9105 .8396 .4175 .0604 .0104
1.6 L0418 .1267 .3323 .5622 .6464 .5622 .3323 .1267 .0418
‘ 1.5 .8650 .1379 .2562 .3751 .4240 .3751 .2562 .13719 .0650

- > B S T . " o T P ot =" 0 " " A " - o = -

2.5 9722 .169¢ .1518 .1859 .1996 .1859 .151¢ .19 .8722

© 3.6 .8666 .06910 .118l .1384 .1462 .1384 .1181 .0919 .0666

3.5 L8596 .077L .8946 .164 .1110. .1064 .0948 .8771 .@596

 Th0 T iaa26 7645 0701 (0040 006 040 3761 .d64s -d536

e T

TABLE-24 VERTICAL STRESS FQR A SPHERICAL FOOTING
T L4 RADIUS OF THE SPHERE IS EQUAL TO : 1.6
- THE WIDTHE OF THE FOOTING IS EQUAL TO:1.8
ic/ | THE POINT LOAD APRLIED IS.PQUAL TO i .
\

T 2/B X/B= -2,0- -1.5 -1.0 -.5 .6 .5 1.0 1.5 2.8

T 061 0453 L4664 .8533 8750 .8533 L4664 .0453 .0061

1.8 .0366 .1160 .3537 .5895 .6609 .5895 .3537 .1168 .0366

1.5 . .0628 .1403 .2698 .3961 .4454 .3961 .2698 .1463 .8628

2.8 . 335Z"'ISQE"'EQEE'TE§§Z_:SB§E"-ESSQ_TEBEE'TISBE’"EJEZ'

s Tl9732 L1127 L1580 .1958 .2106 .1958 .1588 L1127 .8732

3.6 .6681 .0951 .1233 .1453 .1537 .1453 .1233 .0951 .0681

: 3.5 L9611 .0798 .0978 1113 .1163 .1l13 .8978 .0798 .0611
40 L0540 .0670 .0790 .0876 .0937 .0876 .78 .0670 ..0540 °
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THE WIDTH OF THE FOOTING .IS EQUAL TO %4@ e

THE LINE LOAD APPLIED IS EQUAL TO .0

. ============:f==='====i====§==j=========i5==

Z/B X/B= -2.8 =-1.5 ,Qi.a -.5 . 8.6 .57 1.6 1.5 2.4
ST ala7 (0253 Laats 1526 12481526, 0443 02320147
1.6° 0535 .0837 .1244 .4661 6112 .5058 1. 1244 0837 .0535
“10s. 1600 .1607 1735 5466 5669 -5466 1235 1687 1060
2.6 .1364 .2218 (6943 .5458 .5153 .5458 .6943 ,2218 .1364
_2.5 . L1762 .27577.4800 5061 .4826 .5061 ,4888 .2757 1702
T30 T TTio8n 12983 3947 .4418 .4456.. 8415 L3947 .2983 1980,
oo R
3.5 .2104 .2799° .3467 .3869 .3980..3869 .3467 ,2799 ,2104
PR TEIIQ"EEZE'TEIIZ'ISZz5"'552Q‘TSZE5‘”5112‘"5525'?511§f
JTTTTTTTT "‘ii"ﬂ """ i S

TABLE-26 HORIZONTAL STRESS FOR A SSIN MODEL STRIP. FOOTING

T S wivte o mun sooring 15 pevnn or 1

THE LINE LOAD APPLIED IS EQUAL TO :, 1.0
‘=‘===q=================$========i=============

Z/B X/B= -2.0 -1.5 -1.6 -.5 . 0.0 5 1.8 1.5 2.0
ST THis lams L2417 3557 L2428 3557 L2412 1406 16755
10 1073 L1a% 1992 (1225 .g96 L1225 193 1458 11875
1751263 11334 L1470 0669 828 -0665 14701334 .1263
2.0+ [1ase 1734 .6323 .1515 1344 1513 .6323 .1734 1485
T2us. laes 153y 126 1876 (1178 L1676 1029 (1535 1460
"3.0° L1172 .1028 .0728 0650 .0695 .0650 0728 .1028 L1172
3.5 ¢+ L8890 .0727 10528 -0423..0404 .0422 .0528 .0727 .0890
4.0, L0676-.0533 .0383 0285 .0254 .0285 0383 .0533 .0676 -
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.*. THE WIDTH OF THE FOOTING IS EQUAL T0:
THE LINE LOAD APPLIED IS EQUAL TO . : .

ot —— —— — " o o o " —— o ————————— ——— . ——— T ——— . "

“ .5 L0410 .0777 .1373 .2602-.0000 .2602-,1373-.06777-.0410
' 1.0 .0809 .1390 .2127 .0269 .@000-.0269-.2127~.1390—.0800
. 'L.s. 10809 .1594 L2414 -, 0136 .aoea— @136-.2414-.1594-. 10@9
2.0 ++ .1157 .1523 .4380 .@446 .0000-, 0446-.4380-.1523~. 1157
‘G O, e
e, ‘ 2.5 .1353 .1742 .1572 .0368 .9000-.0368-.1572-.1742-,1353
___________________________________________________ [ S, S
e 3.0 L1371 .1%84 .1171 asas .0000-.0508-. 1171~ 1484 -, 1371¢
3.5 .1255 .1224 .6947 .8484-.0000-.0484~.0947-, 1224— 1255
, o o ) e o o e e e e e e e o il o e e e e e e
: 4.0 1109 1082¢ .06778 e414-.aeea— gal4a-. 0778~ 102¢-.1109
1 , . .
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TABLE 28 RATIO. OF VERTICAL 'STRESS OF
T T FLAT RECTANGULAR STRIP / SSIN MODEL STRIP
e e A *****************************************
/} : Z/B X/B 2.0 -1.5 -1.6 -.5 . 6.9 5 1.6 1.5 2.0
' . .5 1.31 3.84 11.23 5.91 1.32 5.91 11.23 3.84 1.31
1.9 1.57 2.55 '3.86 .1.58 .1.34 1.45 3.86 2. 55 1.57
g 1.5 1.46 1.68" 2.58 1.11 1.18 1.%1 2.58 1 68 1.46
= o e e e
2.6 -~ 1.36 1.30 59°  ,94 ‘1.07 .94 .59 1.38 1.36
- 2.5 1.20 1.93 77 86 .96 .86 77 1.83 1.20
3.9, L.07 .94 .85 .86 .89 .86 85 94 1.07
3.5 1.0 .92 .87 .86 .87 .86 87 92 1,00
| 4.0 .97 .92 .88 .87 .87 .87 .88 92 .97
; ----------------- Falade St 1!——_—-\——‘--»5' ——————————————— A ————
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TABLE-29 RATIO OF HORIZONTAL STRESS OF , .
———————— FLAT RECTANGULAR STRIP / SSIN MODEL STRIP "
________ ************‘***********************:ﬁ***t*' a
K .
2/B X/B= -2.8 -1.5 -1:8 ~-.5 0.0 .5 1.6- 1.5 2.0
——————————————————————————————————————— Lo e - - ———
.5 2.25 2.03 1.44 1.10 1.86 1.0 1.44 2.03 2.25
1.9 1.97 1.71 1.16 1.52 1.9¢.1.52 1.16. 1.71 1.97"
1.5 1.46 1.35 .97 1.46 .97 1.46\ .97 1.35 1.46
2.0 .98 .73 .14 .36 .3% .36 .14 .73 .98
2.5 .76 .58 .58  .31" .19/ .31 .58 .58 .76 °
————————————— e‘-———————————————‘———————-————-————-——--——————————-———-——-
3.0 .72° .62 .55 .33 .28 ,33 .55 .62 .72
_____________ e i o i e o e 2 i 2 e e o b e o o S A o o o o b o o o e e ot o o o o i ot
3.5 .72 .64 .53 .34 .22 .34 .53 .64 .72
4.0 .72 .64 .53 .35 .24 .35 -.53 .64 .72
Il . ',
*'k****************p:&**********************
* TABLE-30 RATIO OF SHEAR STRESS OF
~——=—---- FLAT RECTANGULAR STRIP / SSIN MODEL STRIP °
________ ******************************.**'******'***
. ' ’ v
Z/B X/B= -2:8 -1.5 -1.8 -.5 0.0 .5 1.¢ 1.5 2.8
.5 , 1.34 1.89 2,18 ' .49 0.0¢ ' .49 2.18 1.89 1.34
1.0 1.59 1.52 1,20 5.82 -.06 5.82 1.26 1.52 1,59 ,
1.5 1:55 1.27 .84 9.35 .80 9.35 .84 1.27 ,1.55
2.0 1.35 1.15 .36 2.15 .66 2.15 .36 1.15 1.35 °
2.5 1.6 .84 .79 1.95 .68 1.95 .79 - .84 1.96
——————————————————————— ‘——.————————-—q————-—-r——-——————————————_a————
3.0 .93 .82, .84 1.068 0§.06 1.8 .84 .82 .93
3.5 , .88 .83 ' ,.83 .89 -.6¢ .89 .83 ,83 .88 )
4.0, .86 .83 .82 83 -.g¢ .83 .82 .83 .86
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4.4 TYPICAL GRAPHS

graphical forms.

!

Tests summarized in section 4.3 are presented, some typical in

¢

Figure 32, shows the modef configurations used.

. Figyre 33, shows the Tocation of the points, where the

]
stresses iare calculated.,

§ =

Figures 34, 35.and 36, show the vertical stresses respectively:
vat levels equal to +5B, B and 1-5B respectively,
for the flat and cylindrical strip mggdels.

Figures 37, 38 and 39, shoy the vertical stresses at level z

equal to.;SB, B and 1-5B respectively, for the flat

®

and triangular mghels.
Figures 40, 41 and 42, show the vertical stresses at feve] z

equal to -5B, 8 and 1-58B respectively, for a S-sin

“
\

- model.

 Figures 43, 44 ahd 45, show the vertical stresses at the middle,

©

. K
at x.equal to *5B and at x equal to B respectively,
for the flat and S-sin models. ® ..
Figures 46, 47 and 48, show the horizontal stresses at level z

equal to -5B, B and f-SB respectively, for the flat

and S-sin models.

; Figures 50, 51 and 52, show the shear stresses at level z equal

to -5B, B and 1-5B respectively, for the f]qi and

-

S-sin models.

LY 5 2%
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Figure 415.

Jertical stressas 3T wicth

for flat ana -sin mocels.
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CHAPTER V

S ' | o |
CONCLUSION AND RECOMMENDATION ™

The present study is an attempt to introduce new foundation

- models, Q/ihcre‘é’s'é/bear'ing capacity and to eruce settlement, resul-
. /// M ' ' -
AN - ting 1in economical foundation design. These mode 1s had shapes of

ar.cl';ed and sloped ones . ,
Stress ana]y;is was conducted on the soi] beneath these pro-
posed models and the conventional f]a‘t footings.  The re\surl'ts were .
presented in the form of 3 rstio .Of the deduced stress at a given gaoir{t,
dt;e to. the prop.osed model and the conventional flat foundations. The
results were presented in Tables and Figurels, where the following
conclusion can be drawn:
: - "1 - The proposed models have providedy better}distribution
and lesser in amount of the vertical compression stress
up to a depth of about 2.5 of the'foundation width. Tt
is l.a'eH‘eved that, the compression of 1,:h1'_s| depth prbduces
S L ; - up 90% of~ the ﬁoun.dation settlements. Thus, it can be
| ‘ 'stated that 'the proposed foundation models, will
produce 1e;ss sett1ement,‘ than the conventional footing -
- which has the same width and under the‘ same 1oads.
2 - The proposed models :prodqce 1eﬁss shear and horizont‘a.] o
stresses than the conventiohal flat one. Thus. the

proposed foundation models will have higher bearing
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capacity than the'cohventiopal footings.

It is submitted, however, that the work presented here is the .

first attempt in ‘séarching. for foundation shapes, to increase its ‘o

’

bearing capacity and to-reduce its settlements. Thus, efforts should

be made in the future:

'
]

1 - U'tih'ze the computer program coded for thé propase '’
‘of this study, to opfi_mize models’ shapes in order ;, \ ’
to achieve better improvements. " Other shapes may |,
T'be c‘onside‘red, such as steped- ones. ' ¥
2 -~ " Study of feasability on the con‘structi.on:of these

new foundation models, should be qconducted and

constr‘uction/techniques should be developed to

facilitate and economize the field construction.
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