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The first part of the paper (M.I.Gorbunov-Posadov) gives a method for stability analy-

sis of a centrally loaded rigid plate on sand base that involves integratinz Karman differential
equation defining limit stress behaviour of the soil medijum. The second part (D.D.3apegin and
Ac.DeGoldin) deals wita interaction of a rigid plate on elasto-plastic base. The proolem involved
the usage of V.N.Nikolayevsky wmethod and application of finite elements method. The third part
(V.V.Belenkaya dnd V.M.Perley) considers the probl=m of bored wall stability that is solved as-
suming circular cylinder shape of the sheared mass whicn is taken to be a rigid solid.

l. M.I.Gorbunov-Posadov's paper (1965) at the
VI-th Conference on Soil Mechanics and Founda-—
tion Engineering gave the stability analysis
technigue for the sand base under a rigid rough
centrally-loaded plate the sald technique comp-
lying with test data on the sonape,structure ana
size of the forced-out mass as well as with the
magnituie of critical load. In De Beer's Gene-
ral Report (1965) at the same Conference this
approach was ce¢riticully scrutinized. lhe solu-
tion assumes formation, right under the plate,
of an elastic zone of the densified core that
is shaped as a Curvilinear triangle with cur-
ved-in sides, the elastic part of the core oe-
ing surrounded by said triangle's major part
which is in the limit state. The core¢,after
having been formed forces the soil apart taus
acting as a retaining wall.There are some Jues-
tionable points in the metiiod,e.ge.s0il displace-
ment trajectories are identified with slip-
lines. These shortfalls, however, are made up
for by coincidence witi: experimental data for
the plane problem obtained in a test-box by
the technique involving photo-registration of
sand grains movementsSe.

The metnod,however,involves complicated com~
putations.Tne proolem has been only solvea for
the case of internal friction angle =409,
Further use of the method in practical applica-
tions necessitaes solutions for other values
of the friction angle.

Another technique has been also suggested by
the autbor (M.I.Gorbunov-Posaaov,1962) which,
however not so well coincident with the shape
of theforced-out prysm obtained from test data,
still better corresponds to the experiment than
most other methods while involving a strct and
rather simple computation technique,

The used scheme stems from the assumption
that under the rough bottom of the plate a core
is formed that has an isosceles traingle shape ~
witn the angle at the base equal to the angle
of internal fricti on as was proposed by Terzagh
(1943). It is also assumed that the angle of
friction of sand against the faces of the coreo
is also equal to

Along the sides of the triangle the following
relationship is fulfilled:

G =Y¥vs(6) (1)

with G- (6’4 -5’1) /(Q/S'U‘\ _9\:/64‘*62)/ (2)

T and @ as poaa'z, coordinates (Fig.l).The Dole
is located at the summit of the triangle (Fig.?2)

Fig.l., Notatims to the
solution of Karman-So-—
A kKolovsky

Tx
Fig.2, Slip-lines of both families when sol-
ving Karman problem ( ¥ =0¢ = 40°9)
The limil stress state theory yields the
following
6‘1:(3(1: Sing Cos & ¥);T, =G SingSink ¢

3)
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where VY is the inclination of the major prin-
ciple normal stress to the radius-vector pas-—
sing through the point under consideration
(Fig.l).

Stresses in the plastic zone can be determi-
ned and slip-lines found by simultaneous so—
lution of two ordinary differential equations:

cly 4y- L0886~ SinyCos (24 +0)-5 (o8 4)
e 5 5ing (Cos2¥-Sin

ds. =5in(2¥+0)+55in2

de = Cos2 ¥ = Sin

The slip-lines' inclination to radius r
drawn to the point under consideration is¥
and to axis x is Xt M with M= -7 The equa-
tion for the slip-line is as foil st

T=Cexp [ chtg (++m)d GJ
We fix a point on the core's boundary which
is assumed to be the face of the retaining
wall for this point 6=8,=74-P(Fig.2). The
first family of slip-lines departs from the
point vertically downward therefore X, —(w =0,
wherefrom 6 T i
.-)("’(v'; ‘Foz)(o_s""("_ o=Tg Tt ¢
The valuet =¥, 1s to be incorporaced in
formulae (4,5) and then,assuming various valu-—
es § = S, at the same point,we integrate equ-
ations (4) with the help of finite differen-
ces technique. The final magnitude of Se is
obtained by the trial and error method so
that, having approacned to the zone of the
maxXi mal Renkin stress state with this wvalue
o S¢, to obtain at its boundary the present
values of
=~ (A= 34 )7 sk
However,for the value Of 4, from (6) the
derivatives defined by equations (4) on the
wall become infinite when S'=9. This is why
according to Sokolovsky (1952) the arguments
should beyrather than 8 and obtained from
the solution of differential eguations (&)
should satisfy boundary conditions

8:=0: S= So (8)

Thepretical results for p =40° are shown on
Fig.2 and all slip-lines from the same family
are similar.

Contrary to Karman,our results have shown
that the slip-line of the seconu family starts
right from the pole itself. Therefore the cores
boundary ("the retaining wall") does not en-
velope tae slip-lines, as Karman believes,but
is rather the ultimate straight line approa-
ched by the lines from the second family waen

C—» .

In accordance to eguation (1) and to values
0=500 6z250,r=y/cos400=1.3055y where y is the
hori zon%al distance from tne plate's edge
(Fig+2). & =1.3055.,250 y= 320)Yy )

It can be shown that the sum of vertical
reactions appl:‘Led‘.z to the core

2
=g £ & (y)dy = 326 ya
where a is a half width of the plate. The
weight prog:ar of the dgnsifg’.egl core with ¢=40°
is G=tg$a >y =0..8ypAa%, Critical lgg_di,m =

(5)
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K.%Yerzaghi solution (1943) (by interpolation)
for 400 7P=100. Solution based on the circular
slip-surfaces technique (Gorbunov-Posadov,
1951) P=68. A Caquot solution (1953) B=llé.
Experimental data\@=39° (Kananyan,l954) p=160.
The iwproved solution (Gorbunov-Posadov,l965)
gives D=190l1.

II. Analysis of bearing capacity of subsoil
under rigid structures is based on the solution
of the elasto-plastic problem, Presently this
problem is being solved by numerical methods,
finite elements included. Both associated and
non-associated soil plastic flow laws are
being used. This paper tackles the problem of
interaction between a rigid plate and the elas-
to-plastic base,defined by B.N.Nikolayevsky
model (1975).

- SN ce,zlil 55,
d iy =defy rddely; clef=5¢dG8;t (9

"'gfdé (c(&a—"g’_é‘;a); dag—‘- 6%)-+_;2>o(j\‘yc9id- =
~(1+ ZN)2 S 1da

Az Q7if theflow condition is verified
CPQGL('))='T'+%6“—)’:D
M dA=0 Y P (54)4Q

Conventional denotatd ons are used here)O( and
Yas analogues of the friction angie and cche-
3ion, as dilatancy rate. These values are
the functions of hardening and according to
Nikolayevsiky (1275) awre chosen in the follow-—
ing form

(11)

_ e _y.
ol=cl o t5in(y -o(o)e—f,,i y‘yg'cmj
M= Cosy —VI:Z,COSK(SL"D"O{)'O(SL”—J‘

w}:lereo(,x,b“9 and €xp are soil paraumeters,

P
ep-‘ ST\ * efa +E&%, . The functions of harde-
ning (1l) can be obtained by processing dxpe-
rimental data, e.g. stabilometer tests descri-
bed by Arnold and Kitchnell (1973). Conditions
(9) and (10) along with eguilibrium equations,
geometrical relationships and boundary cmdi-
tions form a confined system of equationse. Fi=-
nite elements method is used that defi nes the
problem in question as system of non-lines equ-

ations that is
ta {u)={s) 02
with [KJ=D< 6, ,C{.&;zh, €5 ] as the mat-

rix of the system, u}las nodal displacements
vector,[}'} as exterhdl nodal forces vector.To
solve (12) successive loading technique has
been used and a system of the following linear
equations at every load step has been solved

(K (SUW™ U= {%... ] as
where J‘U(n“)j:{umﬁ)—um)} > {wn)}
are nodal displacements after n-th loading.

Elastic solutions technique yields an itera-
tive process for eacih load step

[K.] {é\ u({::) } :{?- (n+1)} s [Ka{é\ugerm)l_

n n N+t A (n+)
K@ o8’ Sug™)] {Sus ™y

(10)

(14)



The 1n1tlal approxlmatlon 1s obtained from
equa tions [ IR where qu]l
rela-~

is the matrlx fo‘r th sys en of equations-
tive to elastic solid,

The series of elastic problems is computer
processed with the help of finite elements
technique. Supplement loads are computed using
the following formula

(15)

k]{8Suy=jre]7 (§6 )Y

where 1‘86 is the stress variaution that results
from dlsplacements{SFUY « {J'G]) is determined
through the use of relatlonstups (9) and (10):

3o} (0] ({86 - [ Jan=is* vostie

with {Se°} =[0%){S], {do }"E’C‘)J{* o4

Here @f}-is elastic matrix of the eleggnt
)= 1o oo |

| Gea Q_@
for the plane problem

\Gia/2.

Q=20 (-§), [$6734 & PES
D C;ZL+G SVt
Lo
‘l"o— g,tzs\ . for the plane stre.s?!zstate,
- 3K-2G
9/(1_29)‘501' the plane strain \)-GK 715G,

<9A is determined assuming that deformations
of each elemeni within one 1oad step develop
proportionally: itd‘é(q =cqse o<C €4

If Q< £ Qo elastic defOrmation only occu.ro N
and O., is obtained from e uation LSO F
=0 and J'A =0. If Q _« o_<1d)fand J.ts magnl—
tude is determined from the following eguations:

P QG% +ad G +<§6,-_3’ (q)) e, +8€P@)} 0(18)

)
OLQP =Q (e,.)cl)

with initial conditions

d‘&:;”c?eﬁo with a-a. Q9
Condi tion (B) yields the following relation-
ship:
(20)

QS defda a7 (QLeBC

- Kol (€p)}(eP)-C>-)~LeP:O
Equuations (18) and (20) with condition (19) ena-
ble to determined\ and§e@.for each finite elem=
ent if a=l. Supplement loads are obtained from
formulae (16),(1/7).

Research worker from VNIIG V.S.Prokopovich has
compiled a caomputer program. Tae case of high
sand base supporting a symmetrically loaded rigid
plate having the length2X=10m has been treated.
The area of the base was 8la3545m.The base con-
sisted of low density river sand. Sand deforma-
tion graphs have been borrowed from the paper
of Arnold (1973).The parameters of elasto-plas-—
tic modelY =0 corres ondmg to the grapus are
K=60MPa&21,5M =066, e,fo.oos.
Fig.3 shows data s lﬁ 1ng how plastic zones in
awLbsoil develop for vquous loadse On tone fi=-
gure one sees how plastnc deformations are ini-
tiated under the plate's edges. When mean normal

con

5/24

contact pressure becomes 140 the plastic zonses
join each other and an elastic zonme forms it-
self right under the plate. Fige4 shows how the

( (\m i

)‘H’Z

Om

Fig.3. The zones of
plastic deforuati-
ons versus mean
pressure ( KPa)
from tne plate

Fig.4. fvolution of con-~
tact pressure versus
loads applied to the
nlate.

diagrams of norwal coatact pressure cnange un-—
der the plate due to the load increase and to
the development of plastic zones. Smaller
loads cause the convact pressure diagram close
to that of linear elasticity. Larger plastic
zones cause greater normsl convact stresses
under the center of the plate.

ITT. .hen ©vhe "Bored wall" technique is used
for constructing undergrouna premises in urban
or industrial environment brings there arises
complicated problsm of safety of builuings and
structures located close to the trench.Tkre con-
gested construction site forbids,as a rule,
to adopt a distance from the side of the trench
to the existing unit to be large enough to
provide for the strength of the foundatim
while excavating the trench. This effect may
be lessened by shortening tue length of the
section excavated wita clay slurry used.

This necessilates tne tecnnigue to compute
the length of the section that would provide
for the assessment of the stace of subsoil
under existing structures regarding stability
and deformations. analyvical solution is given
below for the problem of stabilicvy of a foo-
ting located nearby the trench.

The method is based on the plane problem
solution with the use of circular slip-line
technique (M.I,Garbunov-Posadov and V.V.Krech-
mer,1951). This solution is free from technique
that contradic ts statical approacn and drasti-
cally simplifies stahi 1lity analysis for the
case of vertically loaded plate supported by
cohesionless soilbase.

Je have extended the basic¢ points of the me-
taood " over the stability problem of soil
mass gonfined in a Quarter-plane and consisting
of cohesive soils witih a loaded free surface.

As one deals with short sectims of the
trench and therefore stress and strain behavi-
our state of the subsoil is far from being

lanar one has to take into account tnf third
glmen51on. This 1s done by approximate
including shear resistance on lateral faces
of the sheared soil mass. The sheared soil
mass is a solid confined between thc_ trench
¢ wall, submil surface ana circular slip-line.
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and two lateral walls of the trench.
The lateral crossections of the sheared mass
and the applied loads are shown on Fig.5.

0 ) . Fﬁncn . X
E ép [
ks L

‘ Z,
4 2a [
_:¥=z & ,7¢
A — N & T
G
R Exr - T
F f )
4 Y
A 7 le i

-3
Fig.5. Diagram of forces applied to the soil

SS.

R minimal load applied to the foo-
ting; G soil mass weight; N and 1 nor-
mal and tangential components of the
reaction from_the resting soil to the
moving one; E- tne pressure from thixo-
tropic solution; T friction over late-
ral faces of the mass;R,Z,%p,€¢,Eq
distances from forces acting on the
sheared soil mass to the center of ro-
tation.

The length of the section and of the sheared
pass (along the axis normal to the crossection)
equals to L.

Stress behaviour of the sneared mass ABC in
limit equilibrium acted upon by the above for-
ces is described by the following system of
equations @

(21)

E. +TCO$(5—J\rS'\n{5 + ZTﬂCoscl( =0;

PrintG - XCos» =T Sind -2T, Sing,=0;
TR + ETQE -GéG’PaneP“'Z—r‘"L: O}'
T=XNtg9+C,

withY as soil friction angle, C,as resultant
cohesion along the siip-surfacej;other notati-
ons are clear from Fig.5.

Unknown are radius R and coordinates of the
center ( axis) of the slip~line as well as mi-
nimal load Ppj, applied to the footing defined
by shearing moment over resultant resistance.
ratio equal to unity.The change of the distri-
buted reaction for its resultant with compo-
nent T and N applied to one point of the slip-
line ( point F) was proposed by ii.I.Gorbunov-
ﬁosadov (I95I), who showed that such an assum-
ption corresponds to the minimal stability of
the soil mass.

Solving the system of equations ( 2I) we
obtain 3

122

Extgf +C.Sinp +2TiCosaa f,
Cos /5 (tfys —tg-?/? T 7 N(e2)

cosp ;
X + Sinp-&-C,c2 + &TCosoy
The valé%i in (22) are the ctipns of pre
set parameters and of angles o and that
outline the size and location of the “sheared
mass. The angles should provide for minimal P,
i.e. B¢ d:oand’a§?ég:O.A grid has been used
to find’ minimal value of the load , said grid
having nodes aefined by variable couples of
parameters L, ana Y. with virtual angles
adopted between 0° anod 909,

Safety of the footing neighbouring a trench
is ensured if the following condition is com-—

plied with :
'L —-— .
K™= Pm"ﬁ/PCam(—‘2 1,2 (23)

where K¢ is the safety factor for the subsoil,
P om is the actual load on the footing;P. .
iE&%™P the load outlined by expression %22?%“

Closeness of theoretical and experimental re-—
sults enables to conclude that the proposed
method for computing critical load is suffici-
ent to realistically display soil mass stress
behaviour nearby trenches of various lengths.
3=-D shape and soil cohesion taken into account
resulted in bringing together theoretical and
experimental data.
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