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SYNOPSIS

I

On the basis of Coulomb's theory prerequisities the
formulas for determining a slip surface and an active earth
pressure coefficient for the case of an arbitrary uneven
loading of a horizontal backfill surface are suggested.

The solution is derived for the case of a rough inclined
wall. Dimensionless ccefficilents of the active and passive
garth pressures upon inclined rough walls under uniformly
distributed load acting on an inclined earth surface were
found on the basis of a safe stress state theory developed
by V.V. Sokolovsky and S.S. Golushkevich,

INTRODUCTION

Our knowledge about the dynamic behaviour of retaining
walls and backfills is not adequate to become the basis of
a precise calculation taking into account seismic activi-
ty . That is why the engineers very often resort to a
static theory of seismic resistance in order to determine
the earth pressures, Under complex loading of a backfill,
as it is the case with quays, it is necessary to start at
plain slip surfaces “iF However, for many practically im-
portant cases it is possible to receive a more exact and
simple solution using the engineering theory of a safe

stress state "¢ .

COULOMB'S THEORY=-BASED CALCULATION METHOD

Considering a calculation diagram (Fig.1), it is pos-
sible to receive an expression for the resultant of a
seismic active earth pressure acting on an arbitrary
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surface of failure inclined at an angle )8 to vertical line :

E A “ah i A (tgd+29p)[1+ K. tg ()]
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where, Kc-:,}/g =tjw - seismic factor; d - seismic ac~—

celeration; ¢ - angle of deviation of the resultant

gravity force and horizontal seismic force from the vertic—

al line; ¥ - bulk density of earth; ¥ - angle of interm—

al friction; )c- active earth pressure coefficient. Hav—

ing taken the derivative, dE/é‘/ﬁ , and assumed it be equal

to zero, we receive an expression for the calculation of

the angleﬁ corresponding to maximum of £ :
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where, § = 2a"l/h(7h*2¢) —~ a dimensionless coefficient for
the diagram of loading shown in Fig.1; M. = tg(ouf-p‘ﬂ In

case o +d'+ ‘{’< 90°, plus sign is chosen before the root and,
if A +d'+¥>90° winus sign is used. Practically, it is more

convenient to draw epures of horizontal pressure components
(Fig.1):
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The expressions for fgﬂ and A cx are correct for any kind
of a loading pattern; the formula for depends on a load-
ing pattern. Thus, for the most general case (Fig.2):
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The expression for \S\ can be written in a general form for
any kind of a loading pattern. The coefficient, N s repre-
sents the ratio of the weight of lacking or excessive
loading within the boundaries of the prism of failure
(comparing with the weight of the uniform loading, having
the intensity, Q,o , acting on the same prism) to the
weight of an earth prism which surface width is equal %o
h, taking into account the weight of a uniform loading, q ,
on the prism:

L ¢
5 gé’i(%—%): 25 6:(%.-%.)
Z%.f@k h(Xh+2’¢a>
where, Q,o ~ intensity of loading at the point of wedge in-
tersection with a slip surface of a backfill; Qi and 65 -
intensity and width of loading in the regions where @_¢@o .
It is easy to notice that the general :E’unct:i.on5 helps" to
obtain previously mentioned formulas for S At the begin-
ning of calculation the section of loading, within the
boundaries of which the wedging of a failure plane is sup=-
posed to take place, is defined. Designating the intensity
of loading on this section by § , the S and fgﬂ values

are defined which prove that the failure plane wedges out
within the boundaries of the same section. Otherwise, the
calculation is carried out until the coincedence takes
place. In case of absence of seismic action expressions in
all the formulas, K = (J=0 should be assumed. The numerical
values ofﬁ and 7\ . are calculated by means of a computer

for all practically encountered combinations of ¢ , J‘ K
and S .

(3)

SAFE STRESS STATE THEORY-BASED CALCULATION METHOD

In order to construct the slip surfaces without taking
into account the volumetric forces, the following formulas
are obtained (the upper signs correspond to an active pres-

sure case (Fig.3) while the lower signs correspond to a
passive pressure case (Fig.4):
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where, [~ angle of backfill surface slope to the hori-
zontal line (assumed positive for rising slopes and nega-
tive = for lowering slopes); o - angle of back side of the
wall inclination to the vertical line (assumed positive
for outwardly inclined walls and negative - for inwardly
inclined walls). Considering in succession the equilibrium
conditions of different earth zones at various stress con-
ditions, we may obtain the calculation formulas:

2
_ Yh o AE +8) a L2 e
E‘Es*Eszy* GhA,; ar-TﬁCas(oa-é‘), Ay = Cosd); (¢)

)\7=2$,[€('2+1)+d*d]; 2;5‘;(2,0()21»1), (3

where, EG and EP ~ the resultant backfill and load pres-
sures; Q - the intensity of a vertical uniformly-distri-
buted loading on a backfill (¢/M?*, horizontal projection).
The coefficients and angles present in the formulas are
derived:
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The coefficients of active and passive pressures caused by

the earth and the loads 3? and 2@ are dimensionless values
depending exclusively on the angles W, ¥ , d , o andf? .
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Fig.1. Calculation diagram
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Fig.2. Construction of a pressure epﬁre for the cases
of complex loading
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Fig.3. Slip surfaces for the case
of active pressure

Pig.4, Slip surfaces for the case
of passive pressure
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DISCUSSION

S. Saran (India)

1. We had made the derivations for computing dynamic earth
pressure behind retaining walls subjected to earthquake for-
ces in 1966 on the same basis as presented in this paper.
The work presented by us was more comprehensive as we consi-
dered.

a) ¢ - P soil
b) Effect of tension cracks

In addition to other papers, this work was published in
Earthquake Symposium 'held at Roorkee in 1966°'.

2. In this type of approach, an assumption has to be made
for the point of application of the earth pressure for the
canplete design of retaining wall and its foundation. Aany
arbitrary assumption violates the condition of equilibrium.

3. We had suggested two alternative procedures for getting
pressure distributions

(a) One is already published in 'BEuropean Symposium on
Earthquake Engineering' which was held at Bulgaria in 1974.

(b) Another approach is presented here in this Sympo-
sium in paper No. 6-39. This approach is based on Dubrova's
method. “These two approaches give total earth pressure as
well as point of application.

Author's Closure

Not received.

- 2362



