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FIG. 3

is within the sphere of the capillary rise.
The slope circle derived from equation (1) is
represented by fig. 4, Section A -C-0 is for
groundwater leaving the slope, and section O -
- B - A for such entering it.
The flow pressure parallel to the slope being
p =

-1
p ¥
whereby ¥ 1is the specific weight of water « 1,

and 1 the hydraulic gradient, it follows in
connection with equation (2) that:

§r

Tgﬂ -tSPQ
- ¥R +¥

(3)

The equation (3) is independent of the
iepth of the point under consideration below
the surface, and, as any existing cohesion may
be locked upon as an additional load or in-
creased depth of the polnt under consideration

FIG. 4

below the surface, the equation applies also
to coherent material,

It may be said therefore of slopes through
which groundwater pasgses parallel to its sur-
face, i.e. whereever the pores are saturated
with water held at a certain level by capill-
ary force and no matter whether the material
is send or clay, that they are stabile in all
cases when their inclination f to the horizont-
al does not exceed the value indicated by the
equation (3).
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SLIDING SURFACES AND STABILITY CALCULATIONS FOR SOIL MASSES OP CULVILINEAR PROFILE

I e19 M. FRONTARD
Inspecteur Général des Ponts et Chausées

SUMMARY OF THE FERNCH REPORT

In continuation of mathematical studies
already published, the author now tackles in
all its aspects the problem of the sliding of

a heavy mass whereof the free surface follows
any curve, in respect of Rankine's condition
oI equilibrium.

Adopting the following notation:

C = cohesion of the material composing
the mass,
@ = angle of frictionm,
= gpecific weight,
J = vertical, downward ordinste in rela-

tion to an axls Ox, of erbitrary di-
rection and origin, at any point P

of the profile X of the mass,

Y' = ordinate of point M of the slide
curve under consideration G, situated
on the same vertical,

P = radius of curve at M,

q = horizontal thrust at M,

N = gradient of the tangent at P with the
horizontal,

o = angle made by the directions of the
two tangents at P and at My the su-
thor shows that ¥ anﬂtz' are related
by the following egquatdon:

C cosg cos(2x+¢)

— e¥)

L cosvdainn—sinqcos(ax—n+q§



where m indicates a variable coefficient given
by the formula "
Ja a5

m=1- 3
Ap(y' - §) cos”n  (2)

The coefficient m, less than unity for
convex profiles and greater than unity for
concave profiles, can be likened to the lat-
ter in a first approximation. The author gives
the name of 'gimplified slide curves' to the
slide curves obtained by thie approximation,
for a given embankment profile, and that of
'simplified embankment profiles' to the pro-
fTles determined 1n the same manner for a
given slide.

Now the infinitesimal triangles MNM',
PR'R and MN'M' give the following ratios:

cos W sincx

dy' - ay = 3
coe m cos (&-n)
oy =-—2n (0o n) 4y )
coe M
ay’ sin (ot+ w =1) ax (5)

cos (x-mMm)

By differentiating the equation (1) and
eliminating dy'- 4y between the equation
thus obtained and equation (3) the author ar-
rives at the following equation:

C cos
dx = dxt =¥
ACOS w

cos (x -1

sinok cos-rl[sin'q - Sin‘?°°l(20n-n+q,)] .

.[ cos(2a+qa[cos 2n - singsin(20- 2q+qﬂ dn +

+ sin Zn[sin(axug - sinq?] da} (6)

Equations (4),(5),(6) complete i
both the simplified Bystem of blige bqoctine
corresponding to a given embankment profile
and the profile group of simplified embank-
ggzt profiles corresponding to a given slide

€.

Their.integration with some chance of
success can only be undertaken if o and ® are
made to stey together by a lineer equation of
the form

Adx+ Bm +D =0

and on condition moreover of given particu-
lerly simple values to the numerical coeffi-
cients A,B and D.
cas The author has studied four particular
eq:
1) A = 0. This is the case of free plane sur—
face masses whereof the slide curves-(oblique
cyelo >% ; logoids if N < and semi cubic
paraboles if vy= ¢ . 1)
2) B = 0. This is the case of free curvilinear
_Surface masses admitting (among others) a
sliding surface such that the respective tan~
gents of the two surfaces at points P and M of
the latter situated on the same vertical shall
meke a constant angle. It does not appear to
offer much oractical interest.
3) 24 +B = O: If the x axis is directed in
such a manner that is equal to - D/B the
connection indicated between the angles & andm
wlll be defined by the formula

o ~2M+2wW =0

which results in the condition that the respect-
ive directions of the tangents at P and M are
constantly bissected by the fixed direction Ox.

The embankment profiles thus obtained are
of considersable interest at least when w happens
to be equal to . The author has named them
'simplified isolisthenic profiles! 2),

n the special case w=@= the integra-

tion is particularly easy, one obtains:

C c05ngusin2 2n 7
X = X' =—0 ,(——2——-—1036 cosmsin‘m|+ Ct.
2a 2 sin"m
C cCos 4 mn
V=3 = - (7

A sin 2n

4) A+B = O, This is the case of free-cursiline—
ar masses allowi a plane slidi surface
whereof the author Eas elready determined the
?rofile 3). He has given them the name_ of
simplified ortholisthenic sections' 4).

More particularly should be noted, as be-
ing subject to many applications, those where-
of the sliding plane is inclined to the horizon-
tal at an angle equal to ( . The author has
named them 'maximum simplified ortholisthenic
profiles'. Their equations, in relation to Two
axes

Ox directed according to the slide line

Oy vertical upward,
are as follows:

c (8)

x = ) (z2 -1+ 21log, z)

2Aacosq@
c 22 -1

Acos@ z

The auxiliary variable corresponds to the
expression

cos (X +@)
sinck (9)

The author has shown that the stability
of slopes thus drawn in profile remains per-
fectly assured, however far their ridge A4 may
be placed on the curve OX. Here then are cur-
ves presenting at every point a slope greater
then ¢ , and nevertheless presenting no limita-
tion in respect of dangerous height.

It may be observed that the case is simi-
lar for the isolisthenic profiles more recently
discovered by the author but their ordinates
are hardly more than 2/3 of those of the pre-
sent profiles. These appear to have a promising
future in respect of very deep trenches where
they seem to obtain - except for slight theore-
tical corrections indicated below the most eco-
nomical profiles imaginable,

The author shows further that the slopes
thus drawn in profile may, moreover, serve as
sbutment against very considerable thrusts,
whereof the components of the resultent,if
suitably distributed on the vertical of the
ridge, are,

Parallel to Ox, Rx =Cx
Parallel to Oy, Ry = Cy

It will thus be possible, more particular-
ly, to adopt mixed profiles, composed of an or-
tholisthenic curve surmounted by a rectilinear
and more inclined embankment, In fact such pro-
files are much nearer than place embankments,to
those natural profiles actually encountered dur-
ing important levelling operationms.

z =
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Finally the author has been able to deter-
mine, in certain cases concerning meximum ortho-
listhenes, an upper limit (very approximative
be it said) of the error made by considering the
factor m as unity. He has given to the profiles
thus obtsined the neme of "maximum rectified

ortholisthenic profiles'.
He shows EE&E in a particular case the er-

ror resulting from adoption of simplified pro-
files is at greatest and acts in favour of
stability; it can thus be included in the mar-
€ln of security which it is in any case essen-
tiel to conserve in practical application of
problems relating to the strength of materials.
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GENERAL THEORY OF THE BEARING CAPACITY OF PILES

A, CAQUOT
Academie des Sciences
J. KERISEL
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SYNOPSIS OF THE FRENCH REPORT

We have already given the mathematical
elements for the calculation of the bearing
capacity of piles x). They are founded on an
approximate value of the passive s0ll pres-
sures. The complete calculation of passive
pressures tables that we have Just finished
now makes it-possible to obtain a firmer grip
of the elements of the problem.

The bearing capacity of a foundation in a
medium of internal friction angle @ and spe-
cific weight w is the sum of three terms :

;l A surface term expressed by s w p £(@)
proportioned to the mean radius g and the foun-
dation surface S, an invariable term whatever
zhenggpth, remaining alone where pemetration

3 L]

The numerical calculation of the passive
pressure, exerted by a soil with a free hori-
zontal surface on a screen situated in the
plane of the free surface gave us for £ ()
the following expression:

0,384 tsz(: . f) *155 v8P_ )
4 2

For piles this term is negligible com-
pared with those that follow, because the mean
radius p is very small when compared with the

2) A pile point resistance term of the
form swhg@proportional to depth h.

3) A lateral friction term of the form

2
Jwoh“ Kt proportional to the square
P.: oh 8¢ Gt depth h,P being the
perimeter of a section and K the normal compo-
nent of the soil passive pressure acting
obliquely on a vertical screen from a mass
with a free horizontal surface.

The numerical calculation of. the passive
pressure table has shown us that K can be re-
presented by the expression :

£ - 619730 tggls + tg %)
from which one deduces for g(¢p) the express-

ion
(I + 0,32 tgzqi) tgz(lr- + 5)-)e"ﬂ;g‘*P
4 2
It differs from the classical expression
tgz (l(- + g) e ﬂt.g ¢
4 2

in the multiplicator (I + 0,32 t3240 xa)

This coefficient takes into account the
fact that on the horizontal plane of the foun-
dation, and continuing on either side of it,
the stress exerted, owing to the soil above,
is not vertical.

But, if the pile is driven into a soil of
angle ¢ , topped by a soil of angle @'< «p this
multiplying coefficient can be brought down to
unity for@=0.S0 we therefore suggest the fol-
lgwii general formula for the bearing capacity
of piles:

Point resistance (1)

wh(I + 0,32 tgztp') 'l:gz(1 + i)eﬂsa
Lateral resistance (2) 4 2

P.3n2 tg@eld/30 tedls 4+ tg¢'d)

T'and @ being the angles of friction of
the soll situated respectively above and below
the foundation plane.

x) A. Caquot, Equilibre des massifs & frotte-
ment interne, (Equilibrium of large bodies
with internal friction)- Paris, Gauthier-
Villars 1934.

J. Lehuerou-Kerisel, La force portante des
gleux (The bearing capacity of piles) Anna-
es8 des Ponts et Chaussées 1938 No 21.

xa) The value of this coefficient is 1,32 for
@ = 450 Here is the explanestion of the
DELFT laboratory experimental coefficient
1.3



