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INTRODUCTION

Since the formulation, by Coulomb and Rankine, of their widely
known theories of earth pressures, the science of s0il mechanies
hag made little progress, These theories are now realized to be
of classical interest rather than practical significance, for the
conditiois deseribed by then are rarely, if ever, encountered in
actual practise, Within recent years, widespreed interest has
been evineed in investigation of soil phenomens. However, due to
the eomplexity of the factors entering into the action and reaction
of soils, the advance of knowledge has been relatively slow. £t
is not to be expected that the theory of soil mechanics shall be
put upon s thoroughly secientifie basis for many years.

Experience and investigation have shown certain gensral
characteristics of soil aetion under load., The most obvious, and
of most praectical interest, are; that the settleunent of a besring
area with constznt load per unit area varles as some function of
the area; that the settlement varies inversely as the depth of the
bearing plete benecath the surface of the ground; and that the
settlement varies as the moisture content of the soil.

The investigations now underwey, bYboth experimental and theoret-
ical, are pointing towsrd the ultimate solution of the exact affects
of these characteristics. However, until the exact solutions have

been determined it is desirable to have some means of analyzing
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the effect of bearing area, depth, and moisture content upon the
settlement of foundations,

Since the effeet of moisture content is s0 clozely dependent
upon the physiecal properties of the soil, such as, density, size
of particles and shape of particles, beyond a gemsral conclusion
that an inerease in moisture content means an increase in setile-~
ment, moﬁe exact determinations cannot be made until the comple~
tion of exhaustive experimentation,

This, fortunately is not the case with effect of bearing area
and depth. It is the purpose of this paper to derive certain
empirical relations which shall make possible the deiermination
of the ¢ffect upon settlemenis of foundations of the bearing ares
and depth of footinz. 4 knowledge of these factors is essential
in the design of foundations as it is of prime importance that
the footings be so designed as to secure a uniform settlement of
the struecture as a whole, Failure to do s0 will result in over-
stressing and perhaps cracking certain portions of the siructure,

with the resulting darnger of ultimate failure.



CHAPTIR 1.

The results of this investigation sre based upon a study of
data furnisihed by the firm of Labarre and CUonverse, Consulting
ingineers., Thls data was in the form of 97 load-settlement tests.
‘Ihe teosts covered a wide range of soils, inecluding decomposed
rock, clay, sandy loam, loam, sandy silt, and silt. The tests
wvere made with bearing areas of L, 2, &, 4, and 9 square feetf,
and at elevations varying from & to 20 feet below the surface
of the ground. The load was applied by means of & jack and after
the bearing plate had come o rest, the settlement was read to
the nearest hundredth of an inch.

In analyzing the data, it was not considered suiltable to
derive a psuedo-theoretical equation ané attempt to evaluate
conztants to give the desired results. The final relations were
arrived at by pure induction. No asttempi was made to embody
any of the theory of soil meechanics, it being thought that strict
adherenee to induetive reasoning would result in a solution of
the grestest simplicity.

In the investigation only that portion of each test up to the
so-called "yield point® of the soil was considered: the "yield
point” of the soil being that point at which small incresse in load
produces rapid increase in sctilement; it being that bearing capa-

eity whieh in prazctiee is considered the ultinete safe capacity
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of the soil. The portions of the test loaded beyond this point,

being of no practical significance, were, therefore, disregarded.



CHAPTIR IT.

The first step undertaken was the determination of the
general form of the curves as described by the load-settlement
data. A carefﬁl consideration disclosed that the data was best
fitted by curves of the genecral form * Y = aXb; where "Y' is
the settlement and "X" is the load in pounds per square foobt of
bearing area.

Having determined this general reletion the next step was to
evaluate the constants "a® and "b". The procedure was as follows.

First, the numerical values of "a" andéd "b" were determined for

approximately 30 typiecal tests. Ixamples of these are:-

i 69 ;54 f41-B
Loanm Sandy Loam 8ilt
Bearing area = 2 sqg.ft. Bearing area = 4 sg.ft. Bearing area = 2 sqg.ft.
Hlevation = - 7 £t, Xlevation = -~ 20 ft. Hevation = - 17 £t.
l 21 5 - 1 010 el l » 25
11.6 * ; 16,8 3,58
Y=i== X I= ~—j?- X Y= ~ X
10° 16° 10

In further discussions the slope of a curve will be taken to
mean the slope of the tangent to the curve at the origin, and the

curvature will mean the rate of curvature.

* oEppiricel Formulas”, by Theodore Running, p. 42. John Wiley &
Sons, 1917.



In studying thesé 30 typical equations, considering a group
of tesis on one type of soil such as loam, certain charseteristies
were noted. It was seen that as the besring area was inereased

he slope of thg eurve {constant "a") was increased. Al_so, as
the bearing area was increased the curvature (constant "b") was
inereased. These facts were evident both from the curves and
from the.equaticns. This then made the general equation of the
form:~
Y=m.f (4). (X)kf’u‘)
A = bearing ares
k and m = gonstaunts

In the same menner, considering the effect of chenge of
elevation, it was found that both slope and curvature were
decreased as the depth was increased. With "t" representing the

depth the general form of the eguation then was:-

x £14)
£1(%)
Yﬂmw {X) ‘

£ (t)
It was then necessary to determine more exaet values of £(A),
£{t), £*(4A), and £'{t), Considering first the exponent of "X",
it was noted that in every case it ranged within the linmits 1 and

8. This meant that the effect of change of bezring area or depth

was small and the relationship, thersfore, was something other



than k f: :; . An examination of the velues suggested that the
' t
variation was csused by a relationship of the form k /A « A study

of data wherein two tests were made at the same loecation, for

example:~-
#29-4 #29-8
Bearing area = 2 sq.ft. Bearing area = 2 s8q.ft.
Flevation = -15.5 ft. klevation = =10 ft.
1.35 1.387
Yy = 1.2¢ ¥ v = R:2¢
106 106

showed that this relationship was probable, The general equation

then was of the form:=-

Y=n £la
£{1t)

The next step then was to proceed in the same manner for
m ;(i) . ZExamination of the data showed that the value of this
factor varied markedly as the bearing srea and depth varied, This
suggested that the rélﬁtionship could be expressed as k.% .
Teating this on\data, such as #29-A and #29-B, led to the con-
clusion that it was best eXpressed as mqZ%: . The general equation

then was in the form:-

t
Yw quéz ;gvz_

t
A further study, however, showed that the exponent k /A was
not ecorrect. For, while with small bearing areas and large depths

the results seemed correct, it was seen thaet large bearing areas



and small depths would give impossible values. It was evident
thet the effeet of depth """ wes too marked., This effect could

be reduced to the proner amount by the inclusion of a consbant
¢t
e, thus k \/A . Testing this upon the deta showed that the

assumption of this constant was Justified. The general squation

then was of the form:i- ct

v VE VA
E

Considering then the coefficient ﬁﬁﬁ%*, and testing it

thoroughly upon the data, it was discovered that the function

was not Al/e, but was something slightly different, depending upon
the goill considered. The eoeflicient was therefore written as

n
m-%— where "n" was a constant to be determined. The ecuation

et
K k \/&
Y = m.z. (X}

then was:~-

with Y being the settlement in inches, X bheing pounds per square

foot of besring area, and m, n, k, and ¢ being constants that mnust
be determined.

It should be understood that the constants must be determined
each time the equation is used. The values of the constants
determined for sandy loam at one location are not necesssrily the

same for sendy loam at another location. This faet is important



and should be noted, for failure to do so will lead to erroneous
results.

To detcrmine the constants m, n, k and ¢, two tests are required.
Having the coqstants determined the eguation then holds true for
different values of bearing area (A) and depth (t). It should
further be noted that the relationéhip of the depth does not hold
for extreme projections. That is, if the constants are determined
for a depth of 2', considerable error may be expected if the equa~
tion is applied to a depth of 30'. However, for chanses of depth
from 5' to 10*' or from 15' to 25' the error introduced will dbe
_ relatively small.

To make the equation easier to handle and less sensitive to

inaccuracies the final form was written:-

/\c;__.
Y =@ Al X k~~%
T 1000

Y = settlement in inches.
x = pounds per sguare ft. of bearing area.

A = bearing area. (pa \.:ﬁ" .

t = depth of bearing plate. k& -
The following is an example illustrating the use snd accuracy

of the equation.
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TIST DATA

at

#Willowbrook Junior High School, Compton Distriet

Elevation = -5H*

Load

Settlement in Inches
Lb./s%.fta lgggégt. 3 8q.7t. 9 sq.f

500 0,080 0.040 0.058
1000 0.060 0.081 0.118
1500 0,087 - 0.1285 0.175
2000 0.120 0.168 0.236
2500 0.150 Q.217 0.282
3000 0.180 0.267 0.357
5500 0.883 0.355 C.435
4000 0.265 0.412 0.540
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First plot the values of settlement against load of the
tests on 1 sq. ft, and 3 sg. ft. on & logarithmic scale,
» et
log Y = log (m&.) + (KA ) log X . Then the slope of the
line, Figure No. 1, equals ki/i& and the intercept of thé line
Lok Tooon | n
with the Y axispdétermines the value of log {m%— ). The eque~

tions as deternmined from this procedure are:~_

1l sq.ft. area
ﬁ 95 x 1.623
100 1000
< 8g.Tt, eree
y= 8.8 (_x )1.050
100 1000

BSe
..«x Therefore k \/1 = 1,022

i

5S¢
k\/& = 1.050

Therefore k = 1,022

and

5 log 1.025
Also
i 100
m. 3P _ 8.3
5 100

Therefore m= 5. 595 = 20,78
100 100
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and
logm + n log 3 - log 5 = log 8.35 - log 100

logm+ n Yoz 1~ 1log 5= log 5.85 -~ log 100

n log 3 = log 8,35 ~ log 5.95

n = log (—g-'-gg.) + log 3= (.31

Therefore, m = 29.78
' 100

n = 0.31
k = 1.022
e = 8,67

The eguation then is of the form

29.78 5(0.51)

8.67%
1.02§\\\/z"
Y = - { b

100 % Y1000

Then substituing values of
A= 9 sq.fte.
t = 5 7't.

1,078
y= .74  x )

100 1000
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The values given by this equation sre:-

9 sq.ft. bearing area.

Flevation = =5

¥ - ;}}74 ( » 1.078
100 1000
Load Settlanen’c in Inches

e TH Test Computed

500 0058 0.057
1000 0.118 0.118
1500 0.175 0.182
2000 0.230 0.248
2500 0.292 0.315
3000 0.357 0.383
3800 0.435 0.452
4000 0.540 0.522

This deta is plotted in Figure 2.
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CONCLUSION

¥hile the equation developed in this paper gives a close cor=
relation with test data, its results for przctical asppliecations are
not final. This linmitation is due to the neglect of certain factors
which cannot well be embodied in such an equation. The difficulty
entailed in an attempt to formulate an expression embraeing such
variable conditions as moisture content, effect of proximity of
footings and non-~homogeneity of soil, is obvious. However, the
effects of these conditidns do not make the results any less valid.
In every instance, (except in the case of pure sand) under uniform
load an inecrease in bearing area will result in an inecrease in
settlément and an inerease in depth results in a decrease of
settlement, Therefore, the use of the equation is & step closer
to the exaet solution.

In an application of the equation it should be noted that the
accuracy of the results depends for the most part upon the accuracy
of the fest data. This does not mean accuracy in reading the
settlement to the thousandth of an inch, for slight inaccuracies
of this sort can be eliminated by drawing a smooth curve through
the plotted points of the test data. However, an error of the
sort in which one tneth of an inech is added to sach messured

settlement will lead to entirely erroneocus results.
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If the test data does not eontaln serious errors the results
obtained by the use of the equation will closely approximate the
actual settlements, 7The velue of the squation is demonstrated
in the design of footings for a building.  In the usual case g
typical 1ﬁterior footing is sﬁbjeeteﬂ to & load approximately
twice the loa@ on & typilecal exterior footing. If the interior
footing ihen is designed with twice the bearing area, it is
obvious that the settlement will be much larger than thet qf the
exterior footing, thus cmusing undesirable seeoné#ry stresées.
This condition of unequal setilements would be to a great extent

eliminsted by the use of the equation developed in the body of this

paper,
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