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Bearing capacity of double layer base, its probability estimation
La capacité portante dans une base a double couche, I'estimation de sa probabilite

PIL.YAKOVLEV, D.Sc., Prot., USSR
A.V.SHKOLA, Cand.Sc., Assoc.Prof., Odessa Institute of Marine Engineers, USSR

SYNOPSIS

A solution is suggestion that enebles to determine the bearing cepecity of a founda-

tion formed by horizontal soil layers with various strength characteristics on the limit stress
condition theory for soils. The solution is based upon the results obtaeined by the authors earlier
for the cese of a homogeneous foundaetion. The first part of the erticle deels with a deterministic
solution represented by dimensionless coefficients while in the second part the strength charac-

teristics and load ere treated es random values.

1. When snselysing engineering and geological
conditions of a site we often come across
layers of soil. The existlng standards spesi-
fied the methods for celculating bearing cape-
cities of the homogeneous foundations. It means
that the seme problem for layers of foundation
has not been solved to the extent required. The
known solutions by J.P.Jiroud, Tren-vo-Nhiem
and J.P.Obin (19732) have eilther restrictions or
simplificetions, thereby thelr use in engineer~
ing prectice is limited. F.M.Shikhiev and
P.I.Yakovlev (1977) obtained a solution for the
determination of the bearing capecity of a
homogeneous foundation based upon the technical
theory of the limit stress condition of soils.
Later this solution has been generalized
(P.1.Yakovlev, 1978,1986) so &8s to include
layers of foundation for the case of chenge of
one of the shear reslstance parameters. Ane-
lysed below is & problem with the bearing capa-
city of layers of foundation characterized by
the leyers of various strength characteristics

¢, - internal friction angles, (;- cohesions
and specific weights % o In doing so, known
prerequisities of the limit streass condition
theory for solls are preserved. Cohesion 1s to
be accounted for on the basis of A.Caquot's
theorem for each leyer individuelly. The prob-
lem 18 trested as plene.

Unlike homogeneous foundation - here 1t is
necessary to analyse the identification part
of the problem so &s to select the partioular
case out of the range of possible cases. The
identification for the double layer foundation
case should be conducted in respect of four
probable calculation patterns of foundation
failure. Table I shows their peculiarities and
contains identification criteria. The asdopted
notaetions is:

ﬁq- thickness of the upper layer,
B - width of the load strip, while

F, and F, are to be determined from the
function below:
F=sin) sina /cos¥ ; D)
! ! ; ’ . X 9 “ (2)
Fam [stn ) exp(8tg¥)/cos w;] sin (4~ T) ’

where ( gnq : i
\),--g{azccas Sin® —-8+¢'l. (3
-2 L) e
q " +0|_.E' ()
d.-gd-W-Q-, (5)
t 2 .t

end b- inclination angle of the resultant
with the vertical allowlng for cohesion (Fig.1)
The identification of the kinematic diagram
version is8 to be conducted in accordance with
Table I. When

h -
Jo= g = sin) exp(ytg )
the enveloping slip surfase pesses within the
limits of the top layer, therefore the calcu-

letion is to be performed 'on the basis of the
formulae submitted by P.I.Yakovlev (1978),

Table I

Identificaetion
criteria

Peculiarities of
kinematic diagram

Calcula-
tion case

Zones of minimum and
maximum stress condi-
tion end Prandtel's
zone found partiaelly
withip the limits of
the bottom layer

Prandtel's zone found
partially within the

limits of the bottom

layer

Zone of maximum stress
condition and
Prandtelts zone found
partiaelly within the
limits of the bottom
layer

Zone of minimum stress
condition and
Prandtel's zone found
partially within the
limits of the bottom
layer
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Fig. 1. Design disgrem.

When ¥ =¥, C#C,, fi#f., the kinematic part of
the problem hss no peculiarities in comparison
with the solution obtained at G=Cy, [i=fim
therefore it cen be solved using the results
that hed been obtained earlier. The seme cannot
be true for the statistical pert of the prob-
lem, The change in e Jump j; results in the
modification of the algoritﬁm for calculating
thelr own welghts of the limit stress condi-
tion zones. A similar change of ¢, , in line
with A.Caquot's theorem, accounts for addi-
tionel resultants of cohesion pressures in the
lsyer boundaries wich are to be determined in
accordance with the expression

Qi..i.vl- el(ciolCtg WLM-CLCtng)- (6)

where [, - length of a boundery section i and
it! of soil leyers.

Generslly, when the characteristics of soil
layers are defined, certain pequliarities ap-
pear not only in the statisticsl part, but
8lso in the kinemstic part of the problem. The
entire solution becomes too clumsy. Therefore,
for practical reesons it is ebviseble to pre-
sent the results enalytically using dimension-
less coefficlients of bearing capacity.

The influence of heterogenity of the layers
is most substantially pronounced in the first
of the veriants shown in Table I. For this
reason the following functions are consistent
with this calculation case of the kinematic
diagrem. The bearing capacity of the founda-
tion is to be cselculated in conformity with
the formula

F1g ' e '
k=B [LF(«*‘N«.W&)*&(}" Nof”t)] )
S IOURTATACTRTAE
The coeffZclents Nt.' Nu’.-Nﬁ' A‘a'Nc.'Nc.' NC:' 3
are dimensionless and sre to be determined by
the following formulae:

N&= “P,p,-05U,p -p,tqu,. (8)
N&:—?.Kap,cosuz— 0.5(1+£,)p,; »
N~ 0,5ulp, sinu, sind /sin8,, (10)

. -05K'p 059 -054: sind sind, p,
& COS‘PZ—D‘ZSd:(R:-i)pjctgqJ. ’ a1
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K LR g% -PR-219% tgu,p,: 2
Nc"-(j-np.—;%) ctg¥, (13)
N=-4,p, ctg¥; (14)
N.= ~ (2K p,cosu,+f,p,) Ctq 9, (15)

In the expression (8-15) the following nota-
tions is adopteds

p = sin(B+)-0) sin(p-« -4, _%);

p= 059/ sin (6+3-9)- sin(pz—cc.ue- %)caslg/pn,
pq-=sin(p!-u.‘) costh/(zpa cosL);

p,= sin(p,-u,) cos® /(2p cosu,),

p= sin(3,-9)/ sin(8+3,-4);

b= sin(p,- ) €05 4/,

P~ sin (0‘-¢‘)/sin(ﬁ+§‘-lﬂ);

p,= cosu,/sin (B - +¥-90);

p, = é .siu(p‘-u') ctgu.'/,:; mﬂsin@e’ -%)/mgg - -2? - + tg). .
= sin(g -4y cig Y clgu/p,. ’
u-ctgu +etge;  u=X _%,. f%‘%‘-
u= % e U= % + %‘; R =exp(8tq9);

ju=4-}1.(ctgoc|+ct9i‘),
d .~ LU sinl, / sin 8 +f sin /0S¥,
K =d R-pU sind, sin 8,

For calculations by the submitted formalee, it
is required to find Y,,%,,8, which formulae is
identical to (3-5), in tﬁese formulaee ¥ should
be replaced by ¥, . The solutions for the va-
riants of the kinematic diagrams 2-4 (Tabdble I)
are accomplished in the seme way.

2. Numerous researth showed that the founda-
tion soils ere cheracterized by a considerable
statistical variaebility of properties, which
can be directly accounted for by assuming a
probabilistic approah to the anelysed problem.
The theory of the limit stress condition in its
probaebilistic aspect (A.V.Shkola, 1975) has
been considered before. The snalysis of the re-
sults obteined when solving the problem for the
homogeneous foundations has proved that the
bearing capacity aquires a considerable scale
under real variability of the foundation soils.
The results that support this condition are de-
picted in Fig.2. Moreover, it 1s established
that the means for the solution must be the
method of statistical testing (Monte-Carlo met-
hod) as far as the linearization method, &8s a
rule, results in consideraeble insccuracy when
estimating the reliability level of a base.
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Table II
WAl Vari- ¢ G ¥ 5 g 90 .3 % . 8 3 C @
i " y \;ﬂ.‘ XN jm3 K’;" sim®  xPa kR T
£ 1 3,0 25 2,0 15 1,0 10 - 10 - - - - -
- 2 %5 3,5 20 2,0 15 1,0 10 - 10 - - - - -
3 30 3,0 25 2,0 15 1,5 12 0,6 7?7 0,35 6 0,6 37 3,7
4 20 2,0 25 2,5 10 1,5 10 0,5 11 0,55 10 1,0 20 2,0
- 5 30 3% 30 15 1,5 10 0,5 10 0,50 - - - -
/\/\\L 'l' m ; n
3 PN | BRG]
\ | 4 )= R 1%

2000 14000

6000

10000 18000 22000

26000

30000 34000 38000 42000 R kN/m

Fig.2. Frequency probability distribution of foundation bearing capacity computed by statia-
ticel test-method. Curves correspond to sets of initial data given in Table II.

Therefore, this method is not advisable for
calculating the structures of importance
(A.V.8hkola, 1980).

The obtained results give room for genera-
lizing the probebility solution for the case
of layers of foundation. The above described
algorithm is used, as a deterministic model.
The angles of internel friction ¢; , cohesions

€. end specific welghts y;, , cagers of founde-
tion as well as the angle of load orientation
relative to the vertical are consldered as
random,

The elgorithm for solving the problem by
Monte—-Carlo-method comprised the following
main calculation steps:

- organisation of prendorandom numbers;

- simulation of rated particular velues of
random quantities (according to specified pro-
bability distribution functlons) for the Kk-th
probabllistic situation;

- revisina of rater particular values of ran-
dom quaentities to the specified originel proba-
bilistic characteristics of the random para~
meters;

- calculsetion of the bearing capaclty of the
foundation by the formulae of the deterministic
model for the set of random perameters that
correspond to K-th probabilistic situationjy

- bresking down of the calculation outputs
(vearing caepacity of foundation) into quanti-
zation lntervals;

- calculation of the probabilistic characte-
ristics of the probability distribution func-
tion of the bearing capacity of layers of base.

To reslize this method in practicel work, it
is necessary to apply a relatively high-speed
computer, becsuse the number of statistical
tests must be at least (2-3)-103, if one wants
to achieve the high-quality simulation of the
probebilistic distribution laws with the inac-
curacy not exceeding 2=2%. The results of the
calculation of the initiel date presented in
Table 2, are shown in Fig.2. Every random pa-
rameter has been simulated by means of the su-
bordinate Gaussian function. Thg volume of
statistical testing equals 3-10~.

The enalysis proves, that the foundation be-
aring capacity distribution function is mono-
modal and asymmetrically that is in line with
the results obtained for s homogeneous foun-
dation end confirme the substantisl irlaccuracy
of the linearization method.

Estimetion of the reliability level of layers
foundation i8 to be conducted simmilar to the
procedure applied to a homogeneous foundation
by finding the probability of P(¥aR-R*»0) ’
where R'- acting load (resultant along the
load strip) that is generally presented by the
probabilistic distribution law.

In this case the deterministic model termi-
nates with a definition of the psremeter

Yy=R-R* following the above descibed algo-
rithm (Fig.). Where R“=const this necessity is
no_logger required and an expected value is

Y=R-R* . In this cese the law of distribu-
tion ¥ 18 to be obtsined by offsetting of the
distribution function R on R* along the hori-
zontal axis.
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Table III
00 ~ 0° a ' A Q . - - -
verient & & % 6 € § & € g° TGty G, W, B R B,
i xPa_ xPa  xPa  xPa xN/m® _xN/m® M’ shim® m m xN/m KN/m
1 33 3,0 25 25 O O 20 2,0 10 1,0 41 1,1 10 1,0 & 11 412000 1000
2 20 1,0 40 1,4 28 4,0 20 2,0 10 1,0 10 0,5 10 0,5 6 11 42000 1000
3 28 1,4 20 1,0 20 2,0 40 4,0 10 1,0 10 0.5 10 05 6 11 12000 1000

—

Fig.3. Integral lew of probabi-
1lity distribution of the crete-

[ rium Y=R-R* ,found using a
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SUMMARY A bearing capacity of layers founda-
tion is to considerable extent determined by
the ratio f,/8 , therefore the reduction of
these foundations to thelr homogeneous equi-
valents introduced sufficient inaccuracy into
the results. The obtained functions are reco-
mended for use in the standsrds because their
dimensionless expression makes 1t comparative-
ly easy to tabulate the results over a wide
range of the initlel data.

An account of variable cohesion values in
the foundation layers changes the bearing capa-
city of the foundations considerably. The so-
lution can be generalized so, as to account
for selsmic effect using the approach described
in the paper by P.I. Yakovlev and A.V.Shcola
(1978) and the other factors as well as for a
multilayer foundation.

A probabllistic approach to the analysed
problem makes it possible to atendon standar-
dization of the initial parametres at the input
and reduced the asllocation of the reserves to
the standardization of the final result, which
facllitetes the use of the economic criteria
in design and results in maximum utilization
of the initial information.

The estimation of a probablilistic reliability
level for the structures of importance should
be performed by Monte-Carlo-method to be im-
plemented with the ald of relatively high-
-gpeed computers.
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T computer, on 8 normal probabili-
ty paper. Reability corresponds
to the probability Ra=1-P(v¥)
The number of curves follows
the variants of the given data
Table III,

000 Y KN/m
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