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ing to the spiral (10), and not to the spirel (12), In Fig, 7 (heavy line, left part) a slip line,
(3a), pmssing through the edge of the loaded portion is represented. Original spirels are (3) and (4).
In this oase 6, = 7/2 end Equations (12) become (13)s The point of intersection with the center line
of the loaded portior is looated at a depth of 2.30 b. (Equation 14,)

Shear Direotions Within a Sendy Mass, In the oase of the aotion of & oonocentrated foroe, F, at the
boundary of & sand mass, the velue of the plane stress, s, at a point (e, 0) mey be expressed by

Formulae (15)s Comparing it with Michell's radial distribution Formula (16), it may be concluded thet equal
stress, s, at the point (p,©) of en isotropic elastic mass would be produced, if the loaded portion,
MoN,, were loaded with a verlable load 3/2p.cos>@ , Thus the problem is reduced to that solved in a

paper printed elsewere in this wvolume (D. P. Krynine. Determinaetion of Stresses Within a Two

Dimensionel Elastic end Isotropic Earth Mass,). A grephicel solution is given in Fig, 8: +the direction
of the mejor principal stress, s, is found, and the slip lines forming en angle 90° -~ X with it (Equation
1) are traced, '

Conolusions. 1l, There is & "zone of compressions” and a "zone of shears" within a semi-infinite earth
mass loaded symmetrically at the boundary. The "limiting curve" separating them in & meridional section
is praotioally a hyperbola.

2., The slip lines form equal engles with the direction of the prinoipal stress; and the walue of
this angle is a funotion of the "concentration fametor." In the case of oleys, slip lines under a load-
ed portion of a two dimensionel mass oen be obtained from those under e ooncentrated loed using the
method of oonformel representetion,

3+ The problem of finding shear directions within e uniformly loaded two dimensional sand mass
oan be reduced to that of a non-uniformly loaded elastioc and isotropic mess,

Zic L7

No. E-h DETERMINATION OF STRESSES WITHIN A TWO DIMENSIONAL
ELASTIC AND ISOTROPIC EARTH MASS
D, P, Kryninef{
Research Associate in So Mechanics
Yele University

A graphioal method for determining both normal and tangential stresses within a two dimensional
elastio and isotropic earth mess, is given in this paper, The method oan be applied in the case of
plane stress distribution within any elastic isotropic body.

Notations.

a - arm or distance from the oentroid of the aree, F, to Point, O,

A - "angle of visibility" of the foundation

A - helf, the area of e oirole of a radius, R

b - half the width of the loaded foundation

C - oenter of pressures or the point of application of the resultant of the forces acting at the
auxiliery are, M'N!

CO - direction of the prinoipal stress

f = fraction to show the distanoce from the eenter of a loaded foundation in terms of half its width,£>
Fy = loading area formed by plotting verticel ordinates, p, at eaoh point of the foundatiom, MyN,
F and Fy - loading areas formed by plotting vertical ordinetes p, end _P___, respectively, at each
point o% the horizontel projection, M'N!, of the auxiliary arc, MN 0050

M = moment of the area, F, about point, O

dM - elementary moment

MoNo - loaded foundation placed at the horizontal boundary of the earth mass

mongy - small element of the loaded foundation, MN

MN = auxiliary aro or the projection of the foundation, M N,, at the circumference of an arbitrary
radius, R (center at 0)

mn - small element of the auxiliary arec

M'N' = horizontal projection of the euxiliary are, MN

m'n' - small element of the projeotion, M'N'

0 = poiat where stresses are to be determined

P - unit loed (variable) aoting at the foundetion, M,N,

Po - average unit load at the foundation M N, or an arbitrary standard unit load

pz = vertical pressure at a point

dpg =~ elementary vertical pressure at e point

P - radius veotor

R - arbitrary radius of the auxiliary aro, N

s = gtress or sum of principal stresses

ds - elementary stress

71y ~ shear stress acting at the horizontal plane

@ - vertical angular distance

I end II - ordinates
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Sum of Principal Stress at a Point; Angle of Visibility. To determine the velue of the stress at a
point of & two dimensional elastio isotropio mess, Miohell's radial distribution formule will be used

(Timoshenko, "Theory of Elastioity", pege 82 193l )., The value of the elementary stress, ds, at ..\ .-

Point 0 ocaused by & loaded infinitely smell element, myng, of the foundation, M N,» placed at the
horizontal boundery of the mass (Fig, 1) is expressed by Formula (1). The angle under whioh the found-
ation, MgNg, would be seen from Point O, if the mass were transparent, will be oalled "angle of visi-
bility" (terminology of Professor N, M, Gersevanov); so that the angle dX , is the "elementary angle
of visibility." A oircle of an arbitrary redius, R, is traoed from Point O end the foundation, Mo¥No»
is projeoted on it (auxiliary aro, MN). The projection of the element, DNy, is mn. Both elements,
mgny, end mn, have the same elementary angle of visibility. If the element, mn, were loaded normally
WIth the same unit load, p, as the element mgyn,, the elementery stress, ds, at Point O, would be ex-
pressed by Formula (2), sinoe in this case © = 0 and B is to be substituted for f +» Henoe instead of
oonsidering stresses at Point, O, ooming from the element, mgn,, those coming from the element, mn,
mey be oonsidered. Repeating this reasoning for all elements of the arc, MN, it may be said that for
the purposes of determining stresses at Point, O, the aro, MN, may be substituted for the foundation,
MoNoe If the unit load is constant through the foundation (p = po), an integration of Formula (2)
leads to Formula (2a), whioch means that in the case of uniform loading of a foundation the sum of
prinoipal stress, s, at & point 1s proportional: to the angle of visibility of the foundation from that
point.

Vertical Pressure at a Point, The elementary vertical pressure, pz, at Point, 0, (Fig. 1) is expressed
by Formula (3}, From the two expressions in brackets, the former, R.d© ,c0s8& equals the length of
the element, m!n'; and the latter p/de.oos 6 is the length of the ordinate, m'm, multiplied by the
ratio of the actual unit load at Point, my, to an arbitrary standard load, pos The loading area, Fos
is transformed into the loading area, F, by projecting eaoh point, m,, at the base of the area, F,,
first on the erc (Point, m), end then to the line M'N' (Point m'), end plotting at Points, m', ordinates
equal to those at Points, mye The ordinates of the area, F, furnish values of factors p/po to be used
in construoting the figure, M'M''N', The vertioal ordinates of this figure equel p/po.R cos &, ; henoe
the value of the vertioal pressure, at Point, O, may be expressed by Formulas (L) and (Le),

The value of & normel stress soting in eny other direotion, may easily be found, using the pro-
oedure described, In such a oase, & plane normal to the given stress is treoed through Point, 0, and
the auxiliery aro, MN, is projected on it instead of being projeoted on a horizontal plane,

Shear Along the Horizontal Plene, The value of the elementary shear stress, d7xy, is expressed by
Formule (b). The expression in brackets, p/po.R.oost?.de is nothing else than the area, F, showm in
both Fig. 1 and 2; end the elementary shear stress, dlxy, is proportional to the moment, dM, of en
elementary vertioal slice, dF, of that erea about Point O, Integrating, Formule (6) is found to ex~
press the value of the ghear stress T,,. To compute the value of the moment, M, the area, F, is mee-
sured, end its oentroid (center of gravity) located, A similer procedure can be applied for determine
ing the shear stress at any plene,

Prinoipel Stresses. Area, F, in Fig, 1 and 2 expresses the value of the vertioal projection of the
foroes acting at the auxiliary aro, MV, Plotting at eaoh point of the horizontael projection, M'N', of
the auxiliary arc, MN, values of p/oos 6 and not those of p, area, F1, would be obtained., Area, Fq,
expresses the sum of all foroes, aoting at the auxiliary aro, MV; end its centroid, upon being projeet-
ed on the are, MN, furnishes Point C, "oenter of pressures", or the point of applioation of the result-
ent of ell the foroes acting at the arc, MN, Pressure exerted on a plane PP, whioh is normel to the
direotion CO, is greater than in any other direotion; besides, in this case arm & =0, Henoe, the
direotion CO is that of the major principal stress. The latter value mey be found in the seme way as
that of any other normal stress (Fige 1).

Uniformly Loaded Non-Rigid Structures., Fig, l; represents the stressed oondition at & point in the oase
of a uniformly loaded non-rigid foundation, The mejor prinoipel stress and the minor prineipal stress
are proportional: (a) to the area limited by the arc MN and the lines NN'''; N!''IM?'! and M'''M; and
(b) to the erea between the arc MN and the shord, MV, respectively. The maximum shearing stress is
proportional to half the area of the reotengle MNN'''M''', In Fig, 5 isolines of the sum of prinoipal
stresses; vertioal pressure (V) and horizontal pressure (H) are given; numeriecal velues are in per oent
of the average unit loed, p,, @oting at the struoture. The horizontal pressures (H) ere olearly seen
in the sketoh, Fig, 6., Two oases of settlement of an embankment are shown in Fig. 7. If the ground
presents more resistance horizontally than vertically, oase (A) tekes pleoce; but, if some consolidation
along the oenter line of the embankment develops, the material runs laterally following praotically emn
isoline of horizontel pressure (Fig. 6).

Aotion of a Rigid Structure. A rigid struoture is overloaded at the edges eocording to Formula (7).
The whole mass along the oenter of the foundation is relieved; and there are two stress oonocentration
zones at the edges.

Conclusions, 1, The sum of the principal stresses at a point of a two dimensional elastio isotropie
mess is proportional to the "engle of visibility" of the loaded portionm,

2, Vertical pressures and shear at e point; end also the value and the direotion of the prinoi-
pal stresses can be determined graphiocelly,
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3. Sets of isolines of vertical and horizontal pressures in the oase of non-rigid struotures
are given in this paper. The different character of settlement of embankments on swampy lend ocen be
explained by the preveiling aotion either of vertioal or horizontel pressure.

No, E-5 STUDIES OF SOIL PRESSURES AND SOIL DEFORMATIONS BY MEANS OF A CENTRIFUGE
G, I, Pokrovsky and I, S, Fedorov
Institute for Soientific Research of Building Foundations, Moscow, USSR

The study of soil problems by means of modeling with the aid of a centrifuge is used in various
institutions of the USSR. (The laboratory for Soil Physics of the All-Union Foundation Research
Institute, the laboratory for Physies of the Military-Engineering Academy, the laboratory for Soil
Mechanics of the Ressaroh Institute for Water-Supply and Hydro-Geology, and the Research Laboratory
of Moskva-Volgostroi).

The oentrifuge gives the possibility to oreate & complete mechanioal similarity and exaotly
reproduces the loadings oalled forth by the weight
of the given system,

This principls has been put forward in the
USSR by Professor N, N. Davidenkov and Professor
§ prabaien kerlle Gs J. Pokrovsky, independently of the American
investigator, P, Buoky.

i = Centrifuges with effeotive radii from 0.8 to
v| b v 1.5m have been made for experiments and the follow-
m ing problems have been studied by means of these
 }

3\ aias. F/G / centrifuges: (Fig. 1) )
s ’ l., Stebility of slopes in earth banks and

—— = = " "
ray T l 8 cuts.
i mmaseker R4 & 2, Distrivution of pressure under founda-
ferot i L ' tions.,
™ | Bl The results are shown in Fig. 2, The curve
B CRERARRRR R R EREHRRO . II is a theoretiocal one; the ourve III shows the
L results of model experiments and the curve IV of
030 __dso aso gl soa 10 _sas _te0 2o az0 u; llu field experi_ments.
Sl l The experiments have been carried out on sand.
& === - The pressures were measured by means of merostati-
el i = oal dynemometers, whioh consist of a small vessel
A LA -/v/ filled with coloured viscous liquid, and closed
l \ 'i/ 4 "‘A;k by & rubber membrane, The height to whioh the
el 7 e 7 R e Y liquid rises at the end of the test in the capill-
20 7‘1{ 7L-’/ mznx;mmgﬂ%4 ary tube immersed in the liquid, indicates the
E=gtimaccos cume 43 3”“,5%1 pressure exerted on the apparatus during the test.
e L (Fig. 3)
-—,;;ﬂ;;,;; pioderanicel=l ) 3. A similar epparatus hes been used for

determination of pressure on oulvert pipes buried
| in earth, By a speoial deviee not only the normel,
ME > but the tangential pressures as well could be
' o L meesured, Fig. l} shows the results, (The normal
strosses are shown by the dotted lime and the

e Sl Bov.
F/G \j T s tangential stresses by the full line.)
Loolory 086 @ L, Settlement of foundations. In Fig., 5
- : the results of model end field experiments are
(32— —) % iy oompared, The curve I shows the relation between
T time and settlement. The curve II=-the relation
N 5 6 1 B N between load and settlement.

Companisin_of soit_defemalion lhanugh model and field
axpeziments.
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