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'+ " THE MEAN ELASTIC SETTIEWENT OF

o An estimate of the elastic mettlement

# a rechtangular surface foobing can be ob-

ained by using the clasgsical solution of

Boussinesy for.a point load on the surface of
‘gemi-infinite elastic s0lid, This iz well- _

ynown and numericel results are queted, for
rample, by Timoshenko .(reference 1, page

extension of ‘Bougsinesq's theory to the
‘gore genersl case of forces applied within a
pexi-infinite elagtic medium. This suggested
hat estimates of the elastic settlemsnt of
uzk footings ¢ould be obtained by following
he seme procedure as for a surface footing
and the neceasary mnalysis: and calculetiona
oie carvied oub et the ‘Building Ressarch - .-
tatlon priorito the recent war, < As theas +rii:
ve proved o he of ‘gome practical ‘use:and .
slailar-results have not, so far as is known,’
veen: published in the meantime,/ the present =«
note gives the results
¥ith o brief account’

relatively straightfo

the

analysis which is

TSIS
ol We considera
diun with horizental surface ‘taken as @ = O
and we measure ¥ ‘dowawards into the medium,
in the horizontal plane (2 = ¢) at o depth
¢ below the rsurface ws ‘assume a verticai load

Per unit area’over the rectangle x = O to s,
¥ =70 %0 b, ¥We ‘seek an-expression for the
Zean deflaction of the-lopded area, since -
this may be sxpected to be"relatively inzens.
itive to the error in assuming & "flexible” -
“fouting am oppoged o The ‘practical case of
2 footing of finite rigidity. In support of
thig procedure we 'may -noke ‘the known result
{reference 1, page 339) for a circuler sur-
face footing, that the theoretical gattlement
“¥hen completely rigid is only about 7+ per
¢t smailer than the corresponding average
Settlement due to the same total load CLm-
1y distributed under the footing,

#indlin's analysie applies dirsctly to
&z element of load g éx dy, acting at the
20int (x,, 7oy c) and the resulting vertical
Leplacenent w at any polnt (z, ¥y, %) may be
ﬁ'm?tan in the &fcm a a
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Y LOADED ARHA AT A DEPTE RELOW THE GROUND SURFACE
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*’In 1936 Mindlin (reference 2) published -
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ficaleulation together
| where 0 is the 861id engle subbended at the

emi-infinite elastic me-

be uniformly distributed with intensity ¢ =

A =34y - A
dp= 5—12V+ 8V?
a3=-.(2—c)2 _ )
a4m(3—4u)(2+c)%-.2ci

z
_ 8g= 6cE(Z+ ) §
Te obtain the deflection at any point
(xy, ¥, ¢) of the loeded rectangle we have now
to integrate (1) for x, from O to a and Yo

from O to b and then put & = c, First we note .
thet the contribution of the third term in ;

{1) then becomes zerc, Thus ‘
i‘p’xlf .ﬁd;_..aq_t_h;g

—@on

point {x, ¥, %) by the loaded rectangle., For . =
8 point on the loaded arsa £l = 27Tand (4) .o
‘'wil) vanish since & = ¢. Secondly, to obbain ..
“the mean deflection of the lcaded area we 7
have to integrate further with respect to x
ard y over the rectangle. The result of both
sets of integraticn leads %o the following - ..
expregglon for the zesn settlement ¥, of the -
loaded aree, SRR . L
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whilst Ji, Jp, J4, Jg are gquadruple integrals. - ..
These do"not, howevef, require to te integrat-

ed separately since if we regard Jo as the .
basic integral defined by

a b | b dug
Tp = dx/c‘d%dxe_[:{{xwxo)z*{U“Lﬁa}’aﬁ*&%ﬁl}’é {7

L= B

then Jy, Jy =nd dg ¢an be essily derived from
the reiations

Ty =(Tg}c=0 i
i 8g
T B e e =
“ a4¢ dc {2}
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rafoza first T svyaluate

can be lmmediataly reducad
sl by using the Jollowing




t ’b:? usins (8)." ‘
2o The Tinel sresult for Wc can he ax;:ressed
in the i’ellowing :fom : :

‘we obtain the mean. settle:ﬁent 5 unde;

: Timcshenko (reference 1, yage 538},

“and is

: é.ef lection

whj.ch dspends only on Poisson's_ratio # Bnd

. ?iguz‘e 3.. (We chcoseV?S z'atha

' abscissa in order to spxead the curve near
. the origin for greater accurgcy_in use).

£ we put T = 2

R L
This 'be tri’cten in “the fom.

& function cn}.y of the ratio /b
. FPor the other extreme cuise of a very
deep foeting, ¢~ 20 amd we find fur the

. - —av )
'w°° 41r£(1-v’)
Thus the ratio gf the éettlgmgzg oa;..’ T
deep foeting an surfece footing is

from {l#)_ _ (1?} ‘by w Eed )

increases steadily from 5/‘8 ‘ho 1/2 ag /. 1in
creases from O %o 1/2. £

‘Finelly, from (10) aml (}.4), the .rat
nf toe mean settlement of a footing at dept
¢ to that of .a surface footing is glven

equation {15).8nd" the curve £or @ Ziven
'thaxz

Thence we require the ratio ¥o/Fo which d
pends on Poisson's ratio / and on the ratiocs
atbio, - Galculatiam have been peﬁormd £0;
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:-Haﬁzd.f.c.f,"ﬁean Settlements of Flexible Rectangular -
Footing a x b at Depth ¢ and similar Footing at

: value of ratio __3/b w_}ﬁ_c::h_i_:_s__'t_:opstat_x; _along any one curve)

FIG.2

t may be note tly, that the ab-
in this figuve changes from ¢/vab to _ Lk
undt abacisses inorder that o . o = TN IR A O e
te range of :depth may be covered tegrated terms vanish ut
“renge:of plotting. Secondly, the ita and if we change the variables of inte
tic ‘¢/vEE has been chosen rather than ¢/a oo gration in (20) by writing ¥ for x in the
©.¢/b since the curves for different con- first x-integral and y 'for (a - x) in the
vent a/b become relstively close with con- second x-integral, we obtain - MR
squent ‘small errors : ’ L

La sufficiently
rectangle from the ;
rip. It has not been considered of
ent practical valne “in'foundaetion engineer-
4o carry. out - ealeulations for other walues
61 Poissonts ratio in view of the overall ap-
Proximetion inherent An essuping soll to be

= ofGoyyrey @)

2ROCF o BomATTON (9)
_ Consider first the x an integrations when £ is an even functhion

for %hich ¥ - nstan ang ne
*ritten, wz Pui"xisf; _tx :.nd ima;@?ﬁ%‘;" . This equation (21) is a mathematical re-
Parts as follows: iation in which x, X5y ¥ and & have no gpeci-

i 3 al m&niz;gband can equf.l}.y be"replaced by v,
/ dx _ _ Jop p 81 respectively, Thus, if we appl
Jo 4?(’" o) dx, = (1) first to the x, xg integrations ia (9
and then to Yhe y, v, Iintegrations we obtain
j,ma x a o equation {3) as gtated.
= / dx ff(x}d:{ +f é;%f‘{;{}d}( . The preceding proof assumes that “he
o g ¢ o /2 4x Srder of integration may be changed, condit—
@~ « o ions for whick are discussed in nbooks on
- o s e PP pure mathematics, It iz walid, in particular,
- a_}jf AX1dX 4+ x fﬁ?‘{}(}ﬂx ;- when the integrand iz a ssntﬁacuspfgzc%iw
- c G R = a8 in the integral Jz of our present sroblem,
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‘garried out at the Build

81+ Research, and the ‘resulte ‘&re published -
by permission of the Director of Bullding
eearah. i i e e

The ‘work ‘described in'the paper was . .. .
: ing ‘Research Station .
£ the Department of Scientific 'end Industri~
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SUB-SECTION 1

MISCELLANEQUS |

- THE CONCEPT OF SOIL MOISTURE DEFICIT

_When evsporation tsakea place, elther

1 xctly from a8 bare scil surface or from the
leaves of plants rooted in the soll, water is
withdrawn from the soil. Water applied to the
goil surface, or falling on it as rain, must
firay make good the loss Jdue Lo evaporation
+before sthrough ‘drainsge. gccurs, No doubt the
broad ‘truth of the sbove statement is genersl-
1y conceded, but it.is not emsy to cite quan-

been of ¥

ege installationgico =

undisturbed soil, each 1/1,000th
: ‘ares and respectiv-
(0.5 metrea), 40 in. {1 metre) and

J 5 metres) deep, The .

niperforated ‘plates,” and”ar

perfc are separated from °
the “gurrounding '80il by impermeable side wallas.

ngfCtiﬁa'_funneis'underjthe*perforamed plates
sad:

éﬁcaﬁgiﬁgdus_reqprdingﬁgea:;gas;§nata11-

=  the type of
ce- furnished by these "drain gauges, Fig. 1
88 been ‘prepared from the automatic traces of
drainage and rainfell for the period July 6-3,
19270 The sffect of previcus evaporation from -
the bare goil surface ia ghown in the differ-
ence between rainfall and drainsge. 3Since the
"dle away" curves for the drainage have & form
that is constant except for a seasonal varis-
tilon, 1t ia posgaible to eatimate that the rain,
totalling C.76 in., that fell up %o noon on
duly 7 would have caused a total drainage of
0.35 in. had no more rain fallen durlng the
next 43 hours, Thuz we obiain a value of 0.41
in. for the goil moisture deficit existing on
the night of July & when rain rirst started to
fall. DIrainege in sthe 20 in, gauge.did not
start until 0.4% in. 2f rsin had fallen. This
ig a reflection of the %ime %aken For wazer o
move down from she surfacs aufficiently o
produce the pregsure hasd nseded %o cauae

: .-..q_;;wmg! Kr“$CH§F1ELD ARD H, L, PERMAN
. Rothamsted Experimental Station, Barpenden, Herts

‘Rainfall or drainsge (inchea)
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the drainage waber into messuring tanka, . . ..
ds of “drainageé bave been made aince

W MoGrew-Hill, FNew York, 1934, .o
2) R.D., Mindlin, "Force at a. Point.
Interior of a Semi-infinite Solian,
1936, 2(5), 195-202, . oo
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ns began together amo
ed to 0.14 in. Thia represents the amount
water evaporated from %he soil surface during
Juli 7, which wag on the whole s sunny day.’
There is, unfortunately, a leak through whi
foreign water enters the 40 in, gauge: records
from this guuge are unveliable. -

In the great majority of cases the sshim=
atae of goil moilature deficit obtained in the
two ways are consistent and give amounts of
evaporsatvicn that are reascnstle. Prom time %0
Slme, however, usually when sudden heavy rain
f2lls on a dry 301l aurface, drainage ocours
hefore the deTicit has hHeen Tuliy =ade gzood.
Yhus very neavy rain (0,17 in, + 0.3% i, f£s1l




