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Stressed-Strained State of Soil Masses

L'Etat Tente et Deforme des Massifs des Sols

N.ATSYTOVICH Dr.Sc. (Eng.), Department Head, Professor,
Z G TER-MARTIROSYAN Cand.Sc. (Eng.), Assistant Professor,
D M. AKHPATELOV

Cand.Sc. (Eng.), Senior Researcher, Kuibyshev Civil Eng. Inst., Moscow, U.S.S.R.

SYNOPSIS The formulation and solution are given for problems,within the scope of the plane
problem of elasticity,for evaluating the stressed-strained state of soil masses with a
curvilinear boundary subject to the action of surface and bouy (gravitational and inertia)
forces. Laws of stress distribution,presented in cthe form of stress isolines ,are analysed.
The applicability of the obtained solutions is demcnstrated by specific exampless

The most important problems of applied geomechanics concern the evaluation of the natural
stressed state of soil masses and predictions of its redistribution due to the action of

various natural factors and those associated with man's activities.

The first of these is

the more complex and problematic. Its solution requires a knowledge of the nistory of the
formation of the soll massif and the factors responsible for the stressed state. Natural
stregses are developed as the result of the action of gravitational,seismic and other forces.
In the present stage of development of geomechanics, it is impossible to take all these fac-
tore into account., Therefore,it becomes necessary to resort to some hypothesis that can be
tested by field investigationse. The second task is less problematic and can be successfully
realized on the basis of the mechanics of continuous media under the condition that the

history of the formation of the massif is given.

Actually,an assessment of the influence of
such factors as the construction of large
hydraulic,diversion and other structures,
open—cut mining of minerals,the cutting of
rivers into the bottams of valleys,and many
others,can be reduced to the evaluation of
the redistribution of the stressed
strained state of soil masses under the ef-
fect of external loads or as a result of a
change in the surface relief. It can be
shown that in many cases the assessment of
the action of a seismic force can be reduced
to the statical problem of redistribution
of so0il masses due to the action of body
forces applied to each point of the massif.
This holds for the case when the length of
the seismic wave is commensurate with the
linear dimensions of the curvilinear portion
of the massif being investigated.

The possibility of taking into account all
of the foregoing factors on the basis of the
mechanics of linearly deformable media is
shown below. The restriction to linear defor-
mability is not essential if the additional
stresses due to the redistribution of the
stressed state are not very large.

A s50il massif is dealt with as a continuous,
linearly deformable homogeneous,isotropic
semi-infinite region S which approaches a
half-plane at infinity.The boundaryfof the
region describes either the existing profile
of the massif or that anticipated after the

action of the relief-forming factor.iActing
at each point in the region is a certain re-
Sultant body force J; ,directed at an arbit-
rary angle to the vertical (Fig.).
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Figole.Schematic diagram of the problem

It is also assumed that uniform loads N
(Normal to &£ )and T (tangent tod ) act at the
boundary. The problem is dealt with on the
basis of plane strain.The stress components
64(x,5), 6 y(x,y) and T . (x,y)are to be de-
termined. IK the past,tﬁz authors have been
able to solve a number of special problems
stated in this way (Ter-Martirosyan and
Akhpatelov,1971,1972 and 1975).Consequently,
we shall not dwell here on the solution of
the problem,but only note the following.The
general solution is sought for in the form
of the sum of certain specific and supplemen-
tary solutions.The specific solutions are
selected so that,in the first place,they
satisfy the nonhomogeneocus equation of equi-
librium and,in the second place,approach in=
finity,i.e.they describe the natural stress
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field in receding from the boundary (accord-
ing to our chosen hypothesis).fvidently,a
specific solution is precisely the one which
carries in itself information on the history
of the formation of natural stresses. In
this way we dealt with the body forces of
gravitation & and inertia Kg¥ due to seis-
mic action, where Kg=ag/y is the seismic
factor, ag is the seismic acceleration and

¥ is the unit muss of the rock of which the
region is composed,Assuming the direction

of the body forces to ve according to Fig.l,
the specific solutions are taken in the fol-
lowing form:

65F =K6P
6 3P =y (cosf + Kscos & )y W
T:.yp = ¥ (sinf +Kssin5) ¥y

At Kg=0 and #=0,we obtainby=K by, 6 =¥y

and 7.,=0,It follows that a ponderous half-
planexﬁas been taken as the natural (initial)

stress field.In equations (1), K =#/$4y)/9

is the coefficient of lateral pressure,and M
is Poisson's ratio. The acceptance of the
conditions of equations (1) leads to a new
problem with new boundary conditions for
determining additional stresses,but without
tine body forces. This problem was solved by
the Kolosov-Muskhelishvili method of complex
potentials,making use of conformal mapping
and the properties of Cauchy-type integrals.
The function which conformally maps the
lower half-plane on the survilinear semi~in-
finite region being investigated has the form

i (v ABS_ i . K ]
Z-U(.d-/)[.f w@d (T-1)° U_UJJ (2)
F:§¢i2, <9
4,B,C,K and a are constants:and h is the pro-
portionality factore.

Separating the real and imaginary parts of
equation (2),we obtain for f =t and § =0,the
parametric equations

where z=x+iy,

A=-Bt) (t+a) 2Ct ==y, 20 s
xote $EeEEN(Fre) B0 | k(s-3)
» gt +1) (3)
= -A=Bt _ S(p2-1) | E(bT-1)
(tra)3sl (824102 (to:d)”

which describe the boundary curves of the re-
gion being investigated.

Figure 2 shows the external contours of the
semi-infinite regions for variocus values of
the parameters A,B,C,K and a.As is evident
from Fig.2,the conformal mappinf function (2)

enables the stressed state to be investigated

for a very extensive class of curvilinear
semi-infinite regions.The solution is obtai~
ned in the closed form.It is,however,so
unwieldy that it proves expedient to calcu-
late the stress components at the points of
interest in the region by means of an elect-
ronic computer.It should be underlined that
the computer does not solve the problem,but
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Fige2.Typical boundaries of semi-infinite
regions,described by parametric equa-
tions (3).

only calculates the stress values to prog-
rammed formulas. Hence,a unified program

has been composed for all regions whose boun-
daries are described by equations (3).

The isolines of the stress components were
plotted from the values calculated by tke
computer.In addition,isolines of strength
factors g were plotted after being calcula-
ted by therorénula

g =21t 02)kand 12 _¢0n2yp )
2 Tmaxcosy
where © 1, 52 and Tpax are the principal
stresses, Y 1s the angle of ipnternal fricti-
on and ¢ is the specific cohesion.

Equation (4) expresses the ratio of the
tangential stress,acting at a Epecific point
on the most dangerous element of area,to the
limiting value (according to the Coulomb-Mohr
criterion). Evidently, at 7g<1l,the point
being considered is in the s:b-limiting state,
at Q2g>1, it is in the super-limiting state,
while 4 .=l corresponds to the limiting state.
Certain results obtained in plotting the
isolines are illustrated in Figs.3 and 4.
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Fige3. Isolines of stresses and strength
factors:K=0.8,Y =309, y¥=19 N/m2,C=8N/m
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Fig.4. Isolines of strength factorst 3
K=0.8, {=20°,C=20N/n2, ¥ =20N/n”,
H=100m

On the basis of the obtained solution,
computer calculations and the plotcted stress
and strength factor isolines,the stressed
state was investigated for thirteen types
of curvilinear semi-infinite regions sub-
Jjeet to the action of gravitational,seismic
and surface forces.An analysis of these in-
vestigations enabled certain general rules
to be derived for the distribution of stres—
ses in curvilinear semi-infinite regions.
Under the action of body forces,the curvi-
linearity of the boundaries of the semi-
infinite region does not essentially influ-
ence the vertical normal stress,calculated
from the weight gy of the overlying stra-
tum. The horizontaX normal stresses are sub-—
ject to substantial deviation from the value
K X¥y. Tangential stresses are developed on
the vertical and horizontal elements of
area. The values of these stresses tend to
zero in receding from the curvilinear por—
tions of the region,approaching zero much
faster in the horigzontal direction that in
the vertical one. Considerable concentrati-
ons of the maximum tangential stresses are
observed on the boundaries around points
characterizing inflections and maximum cur-
vature of the boundaries.The most dangerous
zones with respect to strength are also lo-
cated here (see Figs.3 and 4).In semi-in-
finite regions characterized by sharply de-
fined projections and cuts there are compac-
tad cores which are in a firm state and are
located either under the ridge of the projec—
tion or under the base of the cut. The most
dangerous zones,Whose develaopment is initi-
ated at the bottom of the massif,extend into
those of its regions that are characterized
by a large projection. The dimensions of the
dangerous zones depend essentially on whe-
ther the curvilinearity is due to a projec=-
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tion avove the half-plane,the deeper the ex-
tent of the dangerous zones (Fig.3).The ho-
rizontal seismic force which,as a whole,im-
pairs the stressed state of semi-infinite
regions,differently affects regions divided
by a depression and thaose divided by aprojec-
tion (Fig.4). When there is a depression in
a region which is closer al ong the direction
of the seismic forces,the stressed state is
impaired;if it is in ome which is farther
away along the direction of these forces,the
stressed state is improved.On the contrary,
when there is a projection in a regiom which
is closer along the direction of the seismic
farces,the stressed state is improved; if it
is in one which is farther away along the
direction of these forces,the s tressed state
is impaired.

The coefficient of lateral messure has a
substantial effect,both on the type of
stress distribution and the magnitude of the
stresses.The higher this coefficient,the
greater the region influenced by the curvi-
linearity of the boundaries.On the other
hand,the higher the coefficient,the smaller
the gradients of bangential stresses.

A comparison of the patterns of isolines
aof stresses and strength factors in semi-
infinite regions,having boundaries which con-
cide at infinity and differ in near-slope
regions,enables vthe redistribution of the
stressed state in soil masses to be studied.
Fige.5 shows the isolines of the maximum tan-

Fig.5. Redistribution of the maximum tan gen-
tal stresses and strength factors when
the relief of the soil massif is chan-
ged.

gential stresses and strength factors in

soil masses hagving boundaries of curvilinear
configuration (continuocus lines) and the
redistribution of these isolines when the
relie f of the massif is changed (dash lines).
Without dwelling in detail on the interrela-
tion of the changes in relief and various
factors of relief formation,we point out only
that the change in relief essentially affects
the stressed state of the massife,Thus,the in-
dustrial development of the foot of a moun-
tain massif considerably impairs the stressed
state of the massif and extends the zones
which are in the limiting state.The stressed
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state can also be impaired by changes in the
surface relief caused by the deposits of soil
on the surface.

The solution obtained for the problem on
the stressed state of curvilinear semi-infi-
nite regions subject to body and surface for-
ces enables a more accurate value to be
found for the first critical locad on founda-
tion bases,calculated at present by the Puzy-
rovsiky~Gersevanov formula. It is known (Tsy-
tovich,1963),firstly,that the coefficient of
lateral pressure is taken as unity in this
formula,which is not true,and secondly,that
the above-foundation part of the massif is
replaced by a uniform load of the intensity
Xh, which distorts the real model of the
foundation base. A comparison is shown sche-
matically in Fig.6 of the approach of the

Fig.6. Isolines of strength factors:
K=0.7,C=8 ¥/m2,¥=20°, ¥=19 N/m°

authors of the present paper and of that of
the Puzyrovsky-Gersevanov formula. The coef-
ficient of lateral pressure is taken equal
to 0.7+ As is evident from the figure,in
taking the pit into account,the zones of
limiting equilibrium are increased,consequen-—
tly reducing the value of the critical load.
It should be pointed out that a reduction

in the coefficient of lateral pressure also
leads to a reduction in the critical load.
Hence,the application of the Puzyrovsky-Ger-
sevanov formula leads to the assumption of
an excessive value for the critical load on
foundation bases.

Mention may be made of still another app-
lication of the solution obtained for the
problem being investigated. A knowledge of
the stress distribution in soil masses enab-
les the stability of a soil massif as a whole
to be calculated by applying existing proce-
dures for evaluating the stability of slopes,
but witn more refined values for the acting
forces on the surfaces of displacement,.

780

The problems in applied geomechanics dis-
cussed here by no means exhaust all the pos-
sible cases in practice in which it proves
expedient to make use of the obtained solu-
tion of the problem on the stressed state of
curvilinear smi-infinite regions subject to
the action of body and surface loads.
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