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FIG.12.6 Shear force in'unifomly loaded rough strip.

\)s=0. (Lee, 1963).
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FIG.12.8 Maximum bending moment in uniformly loaded

strip (Lee, 1963).
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FIG.12.9 Maximum differential deflection in
uniformly loaded rough strip. vs-o. {Lee,1963).
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12.1.2° BEHAVIOUR IN LONGITUDINAL DIRECTION

(a) Vertical and Moment Loading on
Infinite Strip (Fig.12.10)

Infinite strip P

Fodey A it

an e e . .

1

Semi-intinite mass £y, Vg

FIG.12.10

Biot (1937) obtained a solution for the maximm

bending moment beneath an infinitely long smooth strip -

loaded by a concentrated load. Vesic (1961)

extended Biot's work and obtained the following solut-
ions for deflection, rotation,moment, shear and press-
ure, for both vertical loading and for moment loading.

Concentrated Loading:

. Ped .
Deflection p = Jo(z) .o. (12.3)
P
2
Stope 6 = -2 gi(x) e (12.8)
"Eplp
Moment M = %c-Jz(z) .. (12.5)
Shear Vo= -%J;(z) .ee (12.6)
Pressuwre p = %J-.(z) .e. (12.7)
Moment Loading: ... (12.8)
2 .
Deflection p = —2— Jy(z) .. (12.8)
P
Stope 8 = 2w ... (12.9)
12 )
Moment ¥ = %Ja(x) ve. (12.10)
Shear v = - gtz .. (12.11)
en
M
Pressure p = ;—;;Js(z) oo (12.12)

In the above equations,

c = [c(1-vg?) %ﬁl’-]l/’ .e. (12.13)

RAFT FOUNDATIONS

€ = 1.00 assuming constant reaction pressure
across width of strip

or 1.00<C<1,.13 assuming constant deflection
across width of strip

stiffness of beam (IP = t3/12)
elastic moduli of underlying mass

Bplp

EgsVg

b half-width of strip.
P,M & V are per unit width.

The functions Jo(z)
as follows:

Jo(z) = 1.370[9°'587e—h(cosh: sinlx)
.es (12.14a)

Az

0.333 _
Ji(z) = 0.244@) e Msimz ... (12.14b)

0-169
J2(z) = 0.332 (%) ¢ (coshz-siniz)
oo (12.14¢)

Is(z) =3 ¢ M aoeiz .o (12.148)
~0«1585
Julz) = 1.285) ¢ (cosdztsiniz)
... (12.14€)
~0e360
Js(x) = 0.259 (—9 e simz. .. (12.148)

0.689 by °* 813

h A=
where A

(b) Concentrated Loading on Finite Strip

For strips of finite length, Brown (1969c¢)
gives solutions for the distribution of deflection
and bending moment due to a single concentrated load
at various positions on the strip. These solutions,
for various values of relative stiffness X, are
shown in Figs.12.11 to 12.14 for bending moment, and
in Figs.12.15 to 12.18 for deflection. In this case,
K 1is defined as

E T (1-v ?)
XK = 225 eee (12.15)
ﬂEsa"
where E_ = modulus of strip

I moment of inertia of
P strip section = bt3/6

Es,vs = moduli of foundation
a = % length of strip

b= V!s width of strip.

The average contact pressure g=1/4ba (for wmit
applied load). Brown has found that the ratio a/b

has a relatively small influence on the moments.

etc. are given approximately
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FIG.12.12 Moment in strip.

F1G.12.11 Moment in strip. t
a/b=25, Ke4.1x10.}

a/b=25, K=d4.1x10 .}

' - {Brown, 1969¢). : ’ {Brown, 1969c¢).
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{Brown, 1969c).
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: TABLE 12.1
BENDING MOMENTS IN CIRCULAR RAFT ON SEMI-INFINITE MASS

Values of 71:7 for vp=0.3 .
q (Brown, 1969b)

X 10 1 0.1 0.01
z M, H, M, M, M, M, M, M,
0 0.0747 0.0747 0.0567 0.0567 0.0146 0.0146 0.0012 0.0012

0.0737 0.0741 0.0561 0.0564 0.0146 0.0146 0.0012 0.0012
0.0708 0.0724 0.0541 0.0552 0.0146 0.0146 0.0013 0.0012
0.0659 0.0696 0.0508 0.0533 0.0145 0.0146 0.0014 0.0013
0.0593 0.0658 0.0461 0.0506 0.0142 0.0144 0.0016 0.0014
0.0509 0.0608 0.0401 0.0472 0.0136 0.0142 0.0018 0.0015
0.0411 0:0551 0.0329 0.0430 0.0125 0.0136 0.0021 0.0017
0.0301 0.0486 0.0246 0.0381 0.0106 0.0127 0.0024 0.0019
0.0184 0.0415 0.0154 0.0327 0.0076 0.0114 0.0024 0.0020
0.0072 0.0343 0.0063 0.0271 0.0037 0.0095 0.0017 0.0018

0 0.0283 0 0.0222 0 0.0074 0 0.0012

HOOOOOOOOO
. .
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(b) Concentrated Loading

Borowicka (1939) has obtained solutions for the
contact pressure p beneath the raft. These are

shown in Fig.12.27. pgy=P/ma?, and the stiffness
factor is defined as
1(1-v2E 3
kK = ~—2_ 2 (h .. (12.17)

- 2
6 (J-vp ) E}

where ¢ = raft thickness

a = raft radius.
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FIG.12.27 Contact pressure distribution beneath
circular raft with central point loading
(Borowicka, 1939).

For a raft of infinite extent on a semi-infinite
elastic mass, and loaded by a point load P, liogg
(1938) has obtained solutions for the displacement and
curvature of the raft. These are shown in Fig.12.28,

where
E t3
D = flexural rigidity of raft = 3
12(1—vp )
t = raft thickness
R = 2G(242G) for perféctly rough plate
A+3G
EQLAiQL for perfectly smooth plate
A+2G

A,G6 = lame's parameters of the mass.
r = radial distance from point load
p, = vertical displacement.

For a uniformly distributed load, the displace-
ment beneath the centre is almost the same as that due
to a concentrated loading provided that the radius of
the loading is of the same order as the thickness t.

1925 (a)
o
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[T o T I ey pey
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—it 1775
o -0-2 ( =
2324 ( Also t’%g—%"z when r=0 and the load
is distributed uniformly over a circle
1
radius o:(g)i b)
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FIG.12.28 Displacement, slope and curvature of
uniform thin raft with point loading (Hogg,1938),

12.2.2  RIGID CIRCULAR RAFT ON A FINITE LAYER

This problem has been considered by Egorov and
Sercebryanyi (1963} and Poulos (1968a).

Influence factors for the displacement of the raft
have been given in Fig. 7.19.

Distributions of contact pressure beneath the raft- .

are given in Figs. 7,15 and 7.16.
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FIG.12.33 1Influence of V
Uniform loading.

on central bending moment.

"12.2.3  CIRCULAR RAFT OF ANY FLEXIBILITY ON

A FINITE LAYER (Uniform Loading)
This problem has been considered by Brown (1969a).

The relative flexibility of the raft is defined
by a factor K where

E (1-v 2) 3
¥ = 22§ ... (12.18)

raft thickness

z
=
]
a}
[
o
i

raft radius.

]
"

For h/a=1, distributions of contact pressure
beneath the raft are shown in Fig.12.34 for three
values of K.

The variation of central vertical surface dis-
placement with a/h is shown in Fig.12.35 for two
values of K.

The variation of differential vertical displace-
ment between centre and edge with X is shown in
Fig.12.36.

For uniformly distributed loading over the raft,
bending moment distributions are shown in Fig.12.37
for h/a=1. The influence of h/a on the bending
moment distributions is shown in Fig.12.38 for K=0.1.

The variation of maximum (central) moment with X
for various n/a values is shown in Fig.12.39.

12.3 Rectangular Rafts

12.3.1 RIGID RAFT ON SEMI-INFINITE MASS

Gorbunov-Possadov and Serebrjanyi (1961) have
obtained solutions for the moments, shear force and
pressure distribution within a rigid square slab
subjected to a central concentrated load. Influence
factors are shown in Fig.12.40.

Contact pressure p = 5'Pav ... (12.192)

Shear force Nx = ¥.a.p,, ... (12.19h)
. T .2

Bending moment Mx = Mm.a Pay ... {12.19¢)
o — et 2:

Torsional moment Hz = Hz.a Py ... (12.199)

where a = ! width of square

= average applied pressure = —=

P
pav da
P = total load.

A rectangular slab (2ax2b) can be considered as
rigid if

2
Ta‘bEg <

Pt (—2‘-;; (b>a) cee (12.20)
e :

where D is defined on p.258



FIG.12.34 Contact pressure distributions. h/a=l.
(Brown, 1969a).

FIG.12.36 Differential deflections. vpao.s.'
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F1G.12.38 Bending moment distributions. K=0.1l.
(Brown, 1969a).
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where Eg,vg =
D

soil moduli

flexural rigidity of slab.

The displacement and rotation of a rigid rectang-
ular raft are considered in Section 7.6.

Distributions of contact pressure for two rect-
angles are shown in Fig.12.41 (Butterfield and
Banerjee, 1971).

Brown (1972) has obtained solutions for reaction,
shear force, bending moment and torsional moment in
rigid rectangular rafts. The raft proportions and
the loading cases considered are shown in Fig.12.42.
Contours representing the solutions are shown in
Figs. 12.43 to 12.51. The shear force and moments
are expressed in terms of the values per unit width of
raft. In all cases, Poisson's ratio of the raft,

Vp, is 0.15. In Brown's notation, the shear forces
in the = and y directions are denoted as @y and
Qy, the bending moments as My and My, and the
torsional moment as Mgy, The solutions have been
obtained by numerical integration of the biharmonic
ecquation.
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FIG.12.40 Dimensionless reaction, bending moment,
torsional moment and shear force in rigid
square raft with central concentrated load
(Gorbunov-Possadov and Serebrjanyi, 1961).
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F1G.12.41 Contact pressure distribution beneath rigid
rectangular raft (Butterfield and Banerjee,1971),

12.3.2  FLEXIBLE RAFT ON SEMI-INFINITE MASS

Gorbunov-Possadov and Serebrjanyi (1961) have
obtained solutions for contact pressure, vertical dis-
placement and moments in a large rectangular raft
subjected to concentrated load at the middle of the

edge. Influence factors are shown in Fig.12.52.
Contact pressure p = l-’fz ... (12.212)
_(1-v.?) P
Vertical displacement p_ = W-—F———;

.. (12.210)

Moment in x-dirveetion Mx = ITIxP cee {(12.21¢)
Moment in y-direction My = ITdyP ... (12.21d)
2D(1-v_2)1/4
where L = ( ——5-5——)/

s
E = z

]
" 2

p,D,E_,v_ arc defined in the
v previous section.
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FIG.12.42 Loading cases for rigid rafts (Brown,1972),

FI1G.12.43 Reaction and shear distributions for rigid

square raft with central locad (Brown, 1972).
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FIG.12.44. Torsional and bending moments for a rigid
square raft with central lecad (Brown, 1972).

FIG.12.45 shear force distributions for rigid squaré raft
subjected to two loads (Brown, 1972),
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FIG.12.46 Bending moments for rigid square raft
subjected to two loads (Brown, 1972),

FIG.12.47 Torsional moments for rigid
square raft subjected to two loads
(Brown,.1972)
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FIG.12.48 Shear force distribution for rigid
sqguare raft subjected to four loads
(Brown, 1972).
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