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SYNOPSIS: This paper deals with improvements achieved along two lines of gtudies of force inter-
action between retaining walls of engineering structures and soil. The first part considers an
ultimate (both active and passive) state of cohesive soil interacting with the wall in seismic
conditions, and gives a general solution of the problem of finding the soil lateral pressure both
in a treditionally assumed ("direct") direction of contact friction forces, when the soil behind
the wall settles down more that the wall, and in practically occurring cases of a "reverge® direc
tion of the above forces, when the wall sinks more than soil. The second part discusses the mixed
problem of elastic/plastic anaylis and its solution to obtain the soil lateral pressure exerted
on a retaining wall as a function of the nature and value of its development, which yields a
"presgure-displacement" relalioship in the range from at rest to active or passive pressure.

INTRODUCTION

Methods to calculate soil lateral pressure for
cageg of a "reversge" direction of contact fric
tion forces have been developed insufficiently
It is known, however, that in some insgtances
of a "reversge" direction of friction forces ac
tive pressure can increase by two to three ti=
mes. Below will be suggested most general of T
known formulas derived on the bagis of Coulomb

theory and clasgsical theoremes of structural

mechanicg, Characteristic of very rigid and

practically undeformable gstructures (masgsive H
retaining walls, walls of dry docks and locks,
gome berthing structures) is that due to only
minor displacements an ultimately stressed sta
te does not develop through the whole mass of™
soil interacting with these structures. In
this connection there is a need to comnsgider
gsimultaneously the emergence, development and
force interaction of both ultimate and subul-
timate soil stressed zones. The following ki~
nemgtic method gives a solution to his problem
avoiding bulky calculations.

Fig.1

count of this pressure at the end of calculat-
ions when constructing the pressure diagram.

The value of £, and & depends on the angle i
(Fig.2) which can be determined from the expre

GENERAL METHOD TO DETERMINE A LATERAL PRESSURE e '

OF COHESIVE SOIL TAKING INTO ACCOUNT THE DIREC aiil (c/tgw) sin(pg +w) )
TION OF CONTACT FRICTION FORCES AND SEISMIC =Qaz

o o st (/£q%) cosCB +18) +4,CO3B +0 Sy HCoS(B-4,)/cOS,
The influence of cohesion € can be substitut- The formula for the resultant of soll lateral
ed with a uniform load C/tg¥ normal to back- pressure takes the form (Fig.2)

£i111 surface and the back race of the wall

( ¥ - internal friction angle). Let us consid- . ,

er a case of active presgsure at a direct acti- E =Qs£n.(8 - +u)'-}1)/sm(go+g( +6'-'0+‘P). (2)
on of contact friction forces (which in case a 0

of a gelsmic effect deflect the gravitational

force by angle W from the vertical) (Fig.1). The required value of le 8 ig determined
from the equation df,/d¥=0 , If for simpli-
When constructinga polygon of forces we sghall fication reasons the variable § 1is substitut-
not consider the resultant of pressure ed with variable X, plotted on the axis pas~
acting along the back face. We shall take ac- ging through point A at an angle ¥=9-ur+p
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Fig.2

to the horizon (Pig.3) the position of the
slip surface in plane corresponding to the ma-
Ximum soil pressure shall be determined by ro-
ot Iﬂ from equation dE

o
=0
T .
Geometrically we shall determine the weight of
slip wedge & , the resultant force of sur-
face load, the resultant N of the cohesion lo-

ad and the resultent @ of the three above for-
ces (fig.3)

6;; 05y HAC/cos (o -B); 69, ACcasp;, N=cAC/tgy,

= (3)
Q- [0,5(&92%x’/H) + ch/(Htg#’)] HAC/CUSJIL,‘

Hxcos (P~ ,~w +p _
A= cos(d-p)(H+ K x) i K= (‘P-w*}t-p)/cas(da—p);

K,= cosd, COSB/cO5(%,~P), K =COS(B+10) cosk, /05 (,-B)

-

Pig.3

The trigonometrical side of equation (2) can
be written in the form

-1
sin (8- - +w)/sin(90"+o, +5-6+%) = (n1+ g:r?f& > (4)

‘where &
m = sin (#+8)/ cos (¥ - - W +0) ;

(5)
n = cos(d+§+w- p)/cos (P-o -w+p).
Congidering the equations (2)-(4) and perform-~
ing the required differentiation we obtain the
required root X,=HK,/C0SK_, where K,={m/K:T) ,
and the expression for active pressure taking
the form

K
E= [qs&ﬂu q‘Hquch/fq?] m ’ (6)
where

K= cas'(9 - - w+p)/cos§° cos M cos (& + Frur-p),
2= sin (¥ +0) sin(® -w+ - B)/cos (e,+ 5 +w-p) cos~p).

The horizontal component of force Eqa is
E,=E,C05@#0), and the full horizontal compon-
ent of force exerted on the wall cong.iderin.g
the load C€/fg¥ along its back face E‘=E‘,MS(QU)-
- H, /tg¥. he intensities of horizontal com-
ponent” of pressure related to vertical projec-

tion (Pig.4)

X x «
d,= G Kog,~ (c/tg9)(1-1); a=a+ghig. (7)
where

F=kcose +8)/(1+yEY: = -k
A os(,+8)/ (1+y2)*; 2T a1

ag, a9’
x ®
'hac = Itags' Kc
a,
5 \
\
\
-\
H ‘ A\
== A
\
Qa
Fig.4

The angle of slip plane inclination is in this
case determined by the relationahip
Ky S(n (9 -ur +pn) + €05k,

= (8)
K Cos (¥ -~w + ) - sina
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Now we ghall consider a case of active pressu-
re with opposite friction. This takes place

when the wall's sinking is greater than soil
gsettlement in the slip wedge. Thus, the anglel



shall be plotted qp the other gide of the nor-:

mal (FPig.5)

Pig.5

The formula of soil lateral pressure shall ta-
ke the form (Fig.6):

E=Qsin(8-9+w-)/sin(90°+& -6-8+4),  (9)
where M and @ shall be determined from (1)
and (3).

Eq

90°-4 +8 -w+
90°+9-Bed-8 T\ o /

Pig.6

The trigonometrical side of equation (9) can
be rewritten as

sin (-9 +w -N)  / nxigs,
sin (90°+& -0- 8+ 9) T+ ) ’
where

(10)

sin(¢-0) . cas(d -8+ ur-p)
m= cos (P-dp-w+p)’ T 05 (9 - - urt )
Substituting (3) and (10) into (9) we shall odb

tain the expression for £y in the form (6),but
with the following values of parameters K and

cosz(&P -~ U + M) sin (IP-B) Sin(LP-w+p-p).
a cos’& cospi as(-Brwrnp)’ "0 cos(a - B w-p) COS K -B)

The intengities of the horizontal component of
pressure (taking into account the load C/tg¥
along the back face of the wall) related to
the vertical projection shall be determined
from t%p formulas (7) with substitution of
cos+0) for cos(x,~5).

Performing the same manipulations we shall ob~
tain a formulea to determine the slip angle
which will have the form similar to formula
(8)s Ko, however, shall be determined from the
following expregsion:
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sin (¢-0) cos (& - B) )
Cos(a - B +W-p) Sin(P-w+p-p)

K°=1/m/(K'l'l) : =|/

Also, calculation formulas have been derived
and similar constructions carried out for the
cage of passive pressure emerging both in the
"direct” and in the "reverse® direction of
contact friction forces.
The above studies allow us to do the following
generalised conclusions: y
-~ the expressions (1), (6), (7) and (8) for ac-
tive pressure at direct friction can be used
in all calculetions with respective correct-
ion of angle signs;
- to calculate active pregsure with a reverse
friction, a negative (with a minus sign) an-
gle § should be substituted in the above
formulas;
to calculate pagsive pressure at direct fric
tion conditions negative angles ¥, ¢ ,w, are
substituted to the above formulas, and in
the formulas (7) a plus sign before the radi
cal 1s substituted with a minus sign; =
to calculate passive pressure at reverse fri
ction conditions negative angles ¥, W are ~
substituted in the above formulas, and in
the formulas (7) a plus sign before the ra-
dical is substituted with a minus sign.
In & particular case of non-cohesive soil
C=N=}1=0 should be assumed.

KIREMATIC METHOD OF DETERMINING LATERAL SOIL
PRESSURE IN MIXED PROBLEM OF ELASTIC/PLASTIC
ANALYSIS

To congider the problem the following precon-
ditions have been assumed (PFig.T):

L

Fig.7

a) the nature of stressed state at an arbi-
trary point of the structure's lateral surface
contacting with soil is determined by the hori
gontal displacement U (Z) ratio of the struc-
ture's cross)section to depth Z of this cross-
section from the surface of soil. Then at
U(E)/2<K the s0il will be in a subultimate
state, and in the opposite case in the ultima-
te stressed state. Proceeding from known expe-
rimental studies it can be assumed that when
active pressure i1s developed £ =& =0.00140.0015,
and when passive pressure is devgloped ok =ckp=
=0.01+0.03. This precondition differs from a
commonly accepted condition of an ultimate sta-
te development, which is characterized by a ra
tio of critical displacement of the wall to
its height « '/Hdn. This requires some expla-
nations. Obviously, the process of soil transi
tion within the intervel of displacements -
fo-u,,) from the at rest state to the ultimate
gtregsed state ig smooth, and not abrupt.rhus,



in the course of displacement the part of soil
contacting the wall (probably in the topmosy
contacting with the surface part of the wall)
is in an ultimate stressed state, and a part
of soil contacting with the wall surface (clo-
ger to its bottom) is in a subultimate stress-
ed state. Hence, the ratio u/# when it becomes
equald (at U =U,) characterized not e current,
but only a final stressed state (which corres-
ponds to the transition of the whole goil con-
tacting with the structure to an ultimate sta-
te), which may not set in at small displacem-
ents of some structures;

b) the boundary of ultimate and subultimate
stressed zones (or the height h of ultimately
gtressed soil contacting the structure) can be
found from the conditions U(h)/A=«L, to use -
which we mugt specify the form of the function
uU(z), determined by the nature of the structu-
ret's deformations (e.g for a rigid structure
the function will be linear);

¢) the deviation angles of the soil lateral
pressure resultant from the normal to the con-
tacting face of the structure, and the result-
ant of reactive pressure of the soil mass be-
hind the thrust (or reactive) wedge from the
normal to the boundary of this wedge are assu-
med for the zone of ultimate stressed state §
and ¥ respectively (with & =m¥, where 0<ms1),
and for the zone of subultimate siressed state
§' and ¥' respectively, with 0'=0,+n(d-0,) ;

¢'=@ +n (Y- , whereparameter 1 is a function
of relationship between the sizes of the gzones
of ultimate and subultimate stressed states of
gsoil (02n=1) determined by the ratio Uuet /U .
Here Uyt and U are the volume of sgoil wedge
in an ultimate stressed state, and of the who-
le soil interacting with the structure's cont-
act face respectively, determined form geome-
trical considerations in conformity with the
assumed form of slip surfaces; f,=mY,, isg
an arbitrary soil intermnal friction angle at
the rest pressurey

d) both stressed state zones in the mass of
soil interacting with the structure are limit-
ed either by flat or curvilinear slip surfaces
congtructed by traditional methods using angl-
es ¥ and ¢ for the ultimate zone with depth ,
and angles ¥' and §' for the subultimate zone
H~h (H=height of retaining wall). The calcula-
tion relationships to find the thrust and re-
active soil pressure are found from general
formulas which in the above cases differ only
by signs of angles ¥, § or ¥', g',

e) the resultant £ of lateral (thrust and
reactive) soil pressure exerted on the structu
re is determined as an algebraic sum of the
ultimate £ypt (acting in the area with heightio
and the subultimate E', acting in the area with
height H-h, components teking into account res-
pective angles { and &' :

R - = 2 2 ! 1-1/2
F-FU“+E- Bk +2E  E'cos(§ b')J i
To find the above components of lateral pres-
sure one should consider successively the equi
librium conditions for the ultimete and subul=
timate soil wedges, the geometry of which is
determined by the assumed form of the slip sur
face. This aproach made it possible to obtain™
calculation relationships to find the compon-
ents:; £, which increases form zero (no dis-
placements) to active or passive pressure (de-
pending on the direction of displacement of
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the structure's contacting face), and E', res-
pectively decreasing from the at rest pressure
to zero, as a function of & () for flat and

curvilinear slip surface, which have been rea-
lized in a computation program for IBM PC. The
calculation of "structure-gsoil" system where

solving an elastic/plastic problem makes it po
sgible to obtain in the range of pressures
from active to passive a calculation relation-

ship for the resultant of soil lateral pressu-
reE=E (u) (Fig.B).E
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