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A method for calculation of bearing capacity of a
foundation is developed on the basis of safe stress state
theory of loose media suggested by V.V. Sokolovsky and
S.S. Golushkevichl. 4n inclined failure load is calculated
as a function of bearing capacity dimensionless coeffi=-
cients. For the calculation of a slope stability the ex—
pressions containing dimensionless coefficients are ob-
tained. These coefficients help to evaluate the inclined
load on the second side plane which corresponds to the safe
stress state of an earth mass, provided the inclined uni-
form load on the first side plane and the direction of the
inclined load on the second side plane are known.

INTRODUCTION

The methods for calculation of a foundation bearing
capacity and stability of slopes not subjected to seismic
loads are elaborated satisfactoritya. If it is necessary to
take into account seismic loads, there are many suggestions
to do it on the basis of a circle slip surface. The pro-
blems connected with the application of a safe stress state
theory to. the calculation of foundations under seismic con-
ditions are not sufficiently developed. The numerical me-
thods of this theory are very tedious and not convenient
for engineering practice. That is why the development of
simple closed-form solutions based on this theory and tak-
ing into account seismic loads is an important task.
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BEARING CAPACITY OF A FOUNDATION

If a structure is subjected to vertical and horizontal
forces, the stress epure of the structure toe is assumed
practically to be trapezoidal. In order to simplify the
process of calcula.t::i.cm3 s, the stress epure is replaced by a
calculated uniform epure having a width equal to 8 (Fig.1)
and inclined to the vertical line by an angle f The angle
of the reduced pressure deviation from the vertical line,
P within the section ED (reduced pressure is equal to a
geometrical sum of a vertical pressure, /], and inclined
pressure, Q/CoJa)) is determined by the formula:

P= azctj( } n= cctj? 9=91; W= a,zczqug )
Greg” ED-Q/COM); P=ED-n: G,=G, [cose,

where, C - earth cohesion; /) - cohesion pressure; ¥ - angle
of internal friction; ¥ - bulk weight; T - deepening of the
structure toe; J - seismic acceleration;@- angle of devi-
ation of the resultant gravity force and the horizontal
seismic force from the vertical line; (; — weight of a
given earth zone. In order to define the locutions of the
slip surfaces, it is necessary to determine the angles:
S)n&

DER (azcwssw +9-4); 5". -—cp p+azc§m§‘:$

d=9+€; 0=Tf2+V-d; ED=BK; K=aftosd; a=sindexr(8yy).

The value of the failure load, R » Which corresponds
to a safe equilibrium state of a foundation can be determ—
ined by successive construction of the polygons of forces
for F()D; ECB and £ B zones. However, the value of the force,

s and the stresses 6 and T .p can be de~
fined more acrurately and conveniently analytically using
the formulas:

2 Rono COSE o BonSind
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where, N N and /V -~ the coefficients of bearing capaci-
ty of a foundat:.on. ’l‘he coefficients are calculated as fol-

lows:

£- sintrcos(P-v). o= o'y (= Kasin€
Tacos¥cosco zs.nwcasw' 2CosPcosco’

[g"‘éé) Sl.n(o(,“"C(J) ] o °
= - N "t {180 70 )
/L(17 e thngﬂrdw)ccS(Etco) cos¢ 97 (1802453707,
_T (e"”(@éﬂ)'“sﬂ; t=Sin(d+d-¢);
ﬁ"f"?ﬁ a'wfﬁl_ $iné in( )
m Q CoSE . _ (g+l)Sin(d+w) N = /V o
“tgP Cosd cos(Erw’ V¥ Sin(d+=Hy,) 9~ Mcosco
€ cos(w-B)- Sy Cos(w-B-/4y)
. =a,zczf[ z ]; 180°7 f.>0°):
S vty S, CoS(w—B—fiy) tg(Pe)-Esinfep) ) (150 /770
N- 8 cos(F+@)Sin(fy~t-w+¢) N = ICoS(Er@)cosdep).
y t CoS(fy -V-w) ’ ¢ 1’:5')7(/3*‘?/@)
The coefficients /V /V and A, as well as K are dimension-
less and depend only on the angles ¢, 4", Q and 0 . By
means of a computer they are calculated for all practically
encountered cases. The results obtained allow to draw a
diagram of a bearing capacity of a foundation and determine
a8 safety factor > ’4.

LIMIT STRESS STATE OF AN EARTH WEDGE AND
STABILITY OF A SLOPE

Reduced seismic pressure, 7“ » 8nd an angle of seisnic
pressure deviation from the normal, f.) s towards OA is
1c
equal to(ch 2):

2, 2 ‘ L,
(/( e ¢l 9’+2¢uc- czfjsﬂcw/gc X

' / RS 3

Die SINPrc
f) - azc tj( 1¢ ‘P 4 y
: 9, Cospy + CClg P )
where, ¢ ~ and f - known Valués of a real seismic
Pressure and an angle of seismic pressure deviation from
-%he normal to OA . In order to locate the slip surfaces,
he angles should be calculated:
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A aresin(sing /an‘l’) 6=0.5(T[L*2B- - -1);
O:Ta-9-6;  PT2+B-6; p=T/r+¢-p;
A a’LCSm(S:nf’ /fzn‘/) £=0,5(7/a- ‘F—ﬁ +A)
WO=T[o-P-€; BO=T=+p,+8 -P-¢

where, JO ~ a known angle of deviation of a reduced pressure
from the normal to OD. The unknown force, E_ . » correspond-
ing to a safe equilibrium state of an earth wedge (slope)
can be determined by successive construction of the poly-
gons for 0AB, 08( and OCD zones. However, this force can be
defined more accurately and conveniently analytically:

> kG (YEM,+g M) Dk,
where, the coeff:.clents of slope bearing capacity, /V and
N,, as well as parameter / are dimensionless values depend—

ing on the angles W, Y, ﬁ ﬁ jJ andﬁ . These co-
efficients are calculated as follows.

g sinn SH')_P d Su’z Q[EXP(“Z@@?) 1]' K-‘- gml?exP(@'éj‘f)

’

2LeosPcoseo 2,3':;7 1Y CoSw 1 Sintd,
= Sin(6,+f ﬂi) __Sin 2p sink exp(z@tgcf); f= n;,-n(@1+w)’_
Sin(e+w) 2cos¥ Sincd, CoS o g Cos¥

g -] o,
fos 1Y {e CE9(8,- )+ (d+C)[ctg(6,-w) + CEg (6i+w)_'{}; (1802/220);

_(d+Qsin(6s=d) .y . exp(—atﬂ)—&ss@],
fx-Sin(G,,‘/'u-w) ARGl aa azcz}[ $in@ '
M= Cos(fy 7+ @)=t (¥4, ) Sin(fyy+ )

_ [ég(‘}’ﬁ c()sa)+5'ma)] f,m,tg{ﬂga) c()/k I
/{T. awctj{ C[CGSCL) tj(‘f/" 2).5‘/'7&)] _fr )/ \f\eu (At
N -~ L COS(Po+ W= @) LOS( [y +E-Ba+00). Nz fo,ws(@ﬁ%%)@f .

¥ Ka.cos(ﬁz-/qb' rWmw)cos(f +E) Y Ki&‘n(‘f’-i-wo)cos(ﬁizé)
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At first, the distribution of pressure along the side plane
0D may be assumed uniform. However, the trapezoidal con-
tour of the epure lies closer to precise solutions. Taking
into account the fact that the influence of the volumetric
forces at the point O is not yet felt, we may obtain

o D :
9 N 4 =2ON 9N,
Loz Myi G RCN 9,
The shown pressure epure of the side plane OD helps to
construct the epure of real pressuraB. The obtained for-

mulas allow to solve also a reverse problem. If the values

&L , ch » P and é; are set, then
2
1 My
Ei-éi.K;A/ —}fé; A@

The coefficients AG,, M k&_were computed for many prac-—
tically encountered cases, the tables and diagrams were

also compiled, The particular cases of this solution are:
the problems of a foundation bearing capacity (ﬂfﬁfo ),
the problems of active and passive earth pressure on the
wall at C=0 (in this case, ch is equal to the angle of
earth friction along the wall). During calculation the

signs of the angles ﬁi , ﬁz s };c and _@C must be observed 3.
The angles ’ and are positive in Fige.2 while the
angle ﬁ& is negative.
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Fig.1. Slip surfaces while calculating
a foundation bearing capacity

ﬁz Fig.2. Slip surfaces for an earth
wedge (slope)
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