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INTRODUCTION

1) Generalities.

Most of the theories of Soil Mechanics assume the compressibili-
ty of the soil has no influence on the bearing capacity of a founda-
tion, However Terzaghi, on the basis of compressibility, has
divided bearing capacity problems into two categories and considered
two cases of shear, local shear and general shear. This subdivision
of the problem into two types of shear gives estimates of much prac-
tical value but is an arbitrary one, A more rigorous approach requi-
res the use of an elasto-plastic theory,

Consequently an extensive program of tests has been conducted
with a new apparatus, called the © pressiometery, to investigate
the behavior of the soil in situ when submitted to a field of
stresses, as a function of the cohesion, of the friction angle and
in particular of the compressibility,

A broad ‘program of tesls has been carried out on glacial
fluvial and compacted clays, on glacial tills, loess deposits, and
sands.,

It is felt that the investigation of soil by this method has
improved our knowledge of the behavior of actual foundations and
has shown that the compressibility of the soil should be taken into
account in any theory of the ultimate bearing capacity of a

foundation,
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2) Object and scopo.

The general purpose of this investigation was to cxplorc
the bohavior and strcngth of the seil, when it is submitbed to
a spccial fiecld of stresses, The stress distribution is produced
by the following process: a device is lowered into a bored hole,
to the de;ircd depth; a fluid is forced into the device in order
to apply an uniform latcral stress to the wall of the hole. The
diameter of the hole increascs according to the guantity of the
liguid injected. The strain is plotted versus the stress on the
diagram,

From the diagram an estimate of the index properties of the
soil can be made at the considered depth, exactly as a load test
permits an estimation of the bearing capacity of the first foot

of the soil,

This new method of subsurface investigation might not have
appecared very interesting at first sight, because of the ex%stence
of well know apparatus, such as the vane test for clays and the
staﬁdard_penetration test for sands. However, we were strongly
urged to use it on account of tho following reasons;

1) A theorctical interpretation of the curve " strain versus
otrcos® gives immédiately reliable values of the cohiesion, the
friction anglc and thc modulus of clasticity,

2) In order to apply on the wall of the bored hole a
cylindrical stress distribution, an inexpensive and very simple

device called the pressiomcter is available,
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An élcmentary theory of the pressiometer and its application
To test in the field arc introduced in this paper.,
At the end of this study, it will be possible to comparc
the results and to draw the following conclusions:
a) The pressiometer is a very precide method of subsurface
,investigation,
b) The bearing capacity increases with the modulus of elasticity

of the soil.

3) Summary :

The scope of this thesis is to:

= describe briefly theeguipment used in the field;

= give some developments of the main elasto-plastic theory;

- introduce the method used for analysing the diagram "strain
versus stress'

- show the-influence.of the elastic propertics on the bearing
capacity of a soil; |

= describe and give the results of tests carried out on clays,

tills loess and sands, "
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5) Notation,

Ny Horizontal radial stress.
All normal and total stresses
Ng Horizontal circumferehtizl stress
N, Constant vertical stress,
T Distance of a péint to the axis of the hole,
P Initial radius of the hole
Ry Outer diameter of the zone of plastic equilibrium.
U Axial displacement of the wall of the bored holec.
P, Natural horizontal radial stress on the limit cylinder of
plastic equilibrium

applied pressure,

ultimate pressure

pressure at the beginning of the plastic phase.

modulus of elasticity;

P

b

Pe

E

& coefficient of Poisson,

€ cohesion

R radius of a Mohr circle

R, radius of a particular Mohr circle.

V  volume of liquid in the centreal ce¢ll, corresponding to
the axial displacement U,

base of natural logarithm,



DESCRIPTION OF THE APPARATUS,

1) Introduction,

The first prototype was built in Paris at the "Ecole Nationale
des Ponts et Chaussees®, and was brought over to the United States
after some tests in the west of France.

In November 1955, cxperiments were made in the clays of Chicago
to verify the vaiidity of the main theory and to obtain data in order
to build another prototype.

In February 1956, with the help of the University of Illinois,

a second type of apparatus was constructed with the following charac-
teristics: diameter 2 inches; a single pressure gauge; and automatic
levelling of the pressure in the 3 cells. Moreover, after considerable
investigation, sufficiently resistant rubber sleeves were found
commerecially,

As it was not required to test the soil at large depth, and
since it was expensive toadrill deep holes, a very cheap device
was especially constructed and used for most of thc tests described
in this paper. No difficulty occurs in the following, to modify

the device in order to carry out experiments at greater depth.

2) Description.

The device lowered into the hole to the depth consists of a metal

tube with a rubber membrane tightly fixed around it.

Since the length of the cell is constant, an inecrease in the
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average dlamcter of the rubber membrane corresponds to an increase in
volume of the cell,

Two tubeg are fitted into the cell, one supplying fluid under
Pressure and the other measuring the pressure and draining the
apparatus after the cnd of a series of experiments.

The strength of the rubber membrane has no effect on the results.

The water is injected into the cell by means of air pumps, or
small compressed air bottles connected to the top of the apparatus.
The displacement of the wall of the bored hole corresponds to the
increase of volume of the ccll and is measured by the variation of
the water level in the upper part of the device.

A pressure gauge indicates at all times the pressurc in the cell.,
The datc can be recorded by an automatic device; this is very important
to measure very slow or very fast increase in pressure.

To keep the principal cell from expanding parallel to its axis,
and mainly to get a nearly cylindrical stress distribution in the
vicinity of the measuring cell, two outer cells are fitted to the
first one,

The membranes on the outer cells can be attached to the same
cylinder or fixed on separated ones, which are bolted together,

As a matter of course, the data are derived from the main cell,

Fig. (1) shows the actual design of the metallic body of proto-
type number 2. The rubber membranes are not shown on this figure.
All cylinders arc bolted together with a tube connecting the pressure
gauge to the main cell; the outer cells are directly connceted with
small tubes to the @pper part of the apparatus. In this way the samec
pressure is obtained in the three cells; however, the outer cells
are filled only with air and there is no volume interaction between

the main eell and the outer oncs.
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THEORY

An elementary application of the clasto-plastic theory is set

out in this paper,

Hypothesis.

1) Mohr's concept of the stress conditions for failure is justified
only if the cohesion of the clay subject to investigation is a constant
of the material; however, all plastic material has a shearing resistance
that varies with the velocity at which the shearing strain occurs.
The following results are strictly valid only if a certain speed of -

shear is roughly maintained all through the experiment. We assume

that for a given velocity of shear, the cohesion of a clay is constant,

2) For most soils the shearing resistance is a function of the
strain. On the curve " strain versus stress? of a not remolded soil,
the shearing rosistance is maximum for a given value of strain and
decreases down to an asymptotic limit for high values of strain(Fig.2b)

For these reasons it is difficult to maintain Coulomﬁ's concept
of a cohesion and & friction angle, For instance the resistance of
loessial material or of highly compacted materiel (sand) is much
larger for smoller strain than for larger strain. On account of
these facts, the application of Coulomb's concept is in some cases

somewhat confusing, g

3) The initial modulus of elasticity is defined as the ratio
‘between the stress and the corrcsponding strain, at the boginning of

the elastic range. This soil characteristic is measured with great
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precision during the tests,

Theory.

If a pressure p is applied on the wall of a bored hole, a stress
distribution of revolution is produced in the soil., As three cells
are used, the distribution is quite cylindrical all around the central
cell and we have only a two-dimension problem to handle.

By comparison with the triaxial apparatus, which has various aspects
quite similar to the pressiometer, the pressiometer tests may be
consolidated quick tests, or slow tests,

An elementary theory will be now introduced; it is called "elemen-
tary" because several refinements, espcially in the clastic phase,
might be used without special difficulty, But practically these
refinements are not important, and the so-called elementary theory
has been found satisfactory for the analysis of the test results,

Two states of equilibrium have to be considered. In the plastic
zone, next to the cell, the soil is strongly sheared under high
pressure and the theory of plasticity has to be used, Outside this

zone, the stresses are smaller and a so-called theory of elasticilty

has to be used. Use of the elastic theory is often questioned, but
T o D e e~
in the particular ense the experiments show that the theory may be

applied

Hence, the theory of plasticity will be used to compute the
magnitude and the distribution stresses insidc the plastic zone, limi-
ted by a cylinder of radius Rp, and the so-called theory of elasticity
will be used to computc tho SErLEGE i abrathe cuteids Sl cyldns

der in the elastic zone, (Fig, 2c).
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Assuming that we know the magnitude of the horizontal radial stress
NTp on the limit cylinder of plastic equilibrium, it is possible to
compute the axial stress and strain at any point taken outside the
limit cylinder; the theory is very often used to compute the résistance
of pipes,

At the boundary between the zones of plrstic and elastic equilibrium,

the displacement isg: \ {LWM};/
_ 14w L \
(1) Urp - NRy = B ) By ; | 10’“’0’
- and the magnitude of the Principal stresses is given by:

(2) Mg = wp 0\ 2%

3) Ny = 2pe-wg

We know that pg is the natural horizontal stress in the soil at
the depth of the test., It is often assumed that there is a relation=-
ship between this horizontal stress pp and the vertical stress at
the same point; this statement is questioned because over consolida-

o ‘-“_-\-_ -
tion or drying or compacting effects may be very important and it is

felt that there is no rclationship at all between the natural horizontal
stress in the soil and the_corresponding weight, of the soil above the
considered point,

According to formula (2), the stress Ns is positive in the natural
state, and is decreasing as the pressure 1s applied; as a matter of
fact there is a good chance that this part of the soil fails by tension
rather than by shear; this result is very easy to show on the

pPressiometer diagrams,

p—

L‘EE_EEEM?;astic zoneﬂthe Stresses are immediately computed from the

g

two following equations:

() Be=Na= 28 ( Mwrrs concept)
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Stress function which satisfies the boundary conditions of the problem,

(6) dHr =¥ S gr'XZRi /

In the special case where the soil is assumed to have a constant

shearing resistance C, cquation ( 6) is immediately resolved:

(7)  Np = BT @¢ log L
(8) N4 = P=2¢(1+1og —%—) i Lﬂmiﬂ?“’thmﬁ
log: natural logarithm, | ‘?)‘f .

In the general case, the shearing resistance is a function of the
percentage of strain and of the axial stress; in this theory, no
assumption is made regarding the magnitude of the radius R of Mohr's
circle,

The stress distribution is determined by the cquations:

- d Nr:: NS
9) J . 55~ 1o

Lgﬁfﬁszfaét ébresses between the elastic'and plaStic zone:§§§f:3

inside the limit cylinder and the conditions lor the elastic equili-

brium of the so0il located beyond the boundary, Henee we obtain the
value of the stress Nrp and the value of the radius Rp of the limit
cylinder,

The solution needs to satisfy equations (2) and (3) which are
;valid for elastic material, and equat-io.nS; (4) and (5) which arc -valid_
if stresses exceed the yield point,

Combining these equations, we obtain -
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(11) Np = NRp =B+ 35 Ns = R+ pg |
The radius of the eylinder of transition is determincd by the relations:
(12) Rp = fép;z?-c ) for clays P
2S( R+ pg j d N
- - e
(13) By =pe 4 whore £ (R+ 1) <p. —7w

The distribution of stresses either in the plastic phasec or in the

o

elastic phase ic well determined; in the second part of the theory
the train distribution and specially the increase in diameter of the
bored hole is computed.

The strain distribution is different according to the percentage
of saturation of tihe soil. If the voids of the soil are completely
filled with water, the material is incompressible; if the soil is
not completely saturated, it is compressible and a spccial theory

has to be used in this case,

1) Incompressible soil.

This case is encountered in satured clays, and in general with

slowly permeable soils, when the pressiometcr test is afeonsolidated

—— e R

Urp is the axial displacement of the soil located on the cylinder
of tramsition 2nd U is the corrgsponding displacement of the wall of
the bored holc,

Since the goil 1s incompressible, the volumes (1) and(2) represen-

ted on Fig.32a have cqual magnitudes and we can write:
—_—2

L
(14) (’*t? + U;g = Rp MUy Up
a) If the quanbities U and Urp are very small, compared to the
quantities - and Rp, equation (14) mght be replaced by the following
relation :

R
(15) U s A x U
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If' we subsitute the values of Rp and Urp in this relation, we

obtain: : .
1 21 (R—Fp ) a N
Elé) D= & ;r X R, x¢£ . = whexe £ (R« po)j =
R+, 2 R

For clays with constant shearing resistance, the rel ation

(16) becomes:
VIR B7Po™C
(17} U= P x E‘r' xXCxg ©

From this equation, we can deduce that the axial displacement of

the wall is: "
1) Proportlonal to the initial radius of the bored hole,
2) Indlrectly proportional to the modulus of elasticity B
3) Increasing exponentially with the applied Pressure, in the case
of a constant snearing resiétance C;
In fact, it is more convonlent to use the formule (16) and (17)

in the differential foim;

(18) \—‘—1% = ER \,4,

N

This very simple relation is fundamental in the application of the

theory to the aznalysis of the pressiometer diagram, As this relation
is obtained from the conditions that must be satisfied for plastic
equilibrium, it is rigorous.

LThe result of the above equation is to be cw

the plas_ig_gggggiddurlng the elastic phase the relationship between

the applied pressure and the deformation of the drill hole is:

(19) U = 1E+°’” (Pp-p, )} xf

b) When the magbitude of the deformation approaches the original dia-

meter of the hole, equation(l5) is inaccurate. If we assume that the
initial diameter of the drill hole iz sma.ll and that deformation are
large, we obtain the follomang relation :

2 A ;
(20) U R, x U gt
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Introduclng the value of Rp and Urp in this relation we obtain
d

(23] Ue ] e 2.0 2f (Rt _
| 2 = ey Sonlal ( Pol are f(R+Pc)jp

; R+p0 R

Ny

"This relation is indeterminate znd U increases indifi-

nitely when the pressure reaches the limit value pj given by the e-

quatlon‘
‘ Pe + R g T eETET S R :
For clays of constant cohesion, we obtain the formmulas:

(23) m = py % s E1+L°g T‘Cj%?ﬂc;

‘e can see from equation (22) that the magnitude of the net pres~

Sure p; - P, is independent of the depth of the test.

This relation is very important, énd its verification was consi-
dered.és-ane SfAthe main point of the test program. we will see in
the application of the theary to the analysms of the diegram, that
this relablon is used especlally to verlfy the results given by some
of the main formulae already stated in the beglnnlng of the theory.

2) Gowpre331ble s0il’ : :
In this case the mabhemablcal approach of the problem is a little

more complex, because formulae (14} is no 1longer valid and the de-

creasing of volume due to the compressibility of the plastic zone has

to be taken in account.
Only tE> main results arc pointed’out in this papenr.,

Similarly to relation (18) equation(24) is fundemental:

:(24) du + (ELO")F P -  dp
f l *gﬂf’(p ' '“TT*“"

Corresnondlng to the rclutlons(az) and (23) we obtaln the equa-

tions:
{z i o R
(25) e e n e B
=~ Yo + R 4 + Ry
(6) p = B+ e gl + Log -....E-......%

3 c




APPLICATION OF THE THEORETICAL RESULTS
TO THE ANALYSIS OF THE PRESSIOMETER DIAGRAMS

From the diagram Vigtrain versus strcoa® recorded during Lhe test

the values of the cohesion, the friction angle and the modulus of _

e

clasticity of the soil are obtained with good preceision. The theore-

tical interpration of the diagram is a direct application of the
elasto~plastic thcory already explained,

Three phases have to be considered.during the test} an elastic
phase, a plastic phase, and an ultimate phase. To each of these
phases corresponds ( Fig 3¢) a part of the diagram,

1) Elastic phase. Po <P £ Pe

When the applied pressure increascs from B, to p, , there is not yet

any plastic failure in the soil around the cell, and the curve is a

straight line even at the end of the phase,

There is no direct relationship between the slope of the straight
line and the value of the modulus of elasticityg

(27) -j%_é"; K %%

K 1is a characteristic of the cell and V is the variation of volumec
in em3 which corresponds to the displacement U of the wall.

For a cell of 2% diametcr and 8w height, K = 785, .

In elays, the limits of the elastic phase are the natural horizontal

stress Po and pp + c.

2) Plastic phase, Po>P > Py

1f the shearing resistance of the soil is constant, and if there is
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no failure in tension, the representative curve is an exponential

one. '
At each point of" the diagram there is & corresponding Mohr's
circle with the relations: '

a) for incompressible soil: dﬁ U. . g9 55

b) for compressible soil:

e l""' — [ y \ y

_ BT - — 98w P B
g3 (1oo)p (p~p,) R

In fact it is morc convenient to use this relation integrated.
botween two closc valucs P1 and ps.

 For the incompressible soil, for instance, the formula is:
23 - ' o

Log Us - Log Uy
_ Po |
where 'R'pl is the-mean.valup of R betweon the pressurc Py and pz;
Before begiQning'the computations, the v&iuefof.po has to be-
determined; general 1y this point may be takon at the beginning of
the straight linec; an error in the cvaluation of tho natural pres-
sure introduces a very small crror in the computation of the

- -shearing resistance, The use %4 the rebound curve or a rclaxation |

method is more accurate, but’ﬁncge»refinomeqts are not needed in ;
the practical tasts, :

3) Bltimate phase. -

-¥ihen the pressure reaches the limit value pl ,tho diamcter of -é
the drill hole increascs very rapidly; however large the.disp;ace- 3
ment, the soil cannot sustain a pressure larger than the limit
value py . : | | : |

The theory shows that, the valuc of the limit pressure is given |
by the following relationss:. _ '
- ' )for satured clays of
2 (1vo) ¢

( ~
L =0 % E 1 3% Log _
: ) constant shearing .
=1 " Tresistance €. i

e

y oy
o el e
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BB [y &

} for compressible clays of constant

shearinge resistance C,

_—
/ ¥, oo fa B for incompressible soil.
f por R R p I(ras)c o
AP .t 3 for compressible soil.
3 paR R T e

It is to be‘ﬁﬁticed that to have a good agreement between the
results of the plastic phase and the ultimate phase, it is recommended
that the rate of strain be kept constant during the hole test; this
has been found possible without any difficulty with the prototype

used for the experiments.

VERIFICATION OF THiZ THEORY
ON THE ULTIMATE PRESSURE

One of the most important theoretical resudts is the analysis of
the ultimate resistance of the soil, when it is submitted to an
inereasing pressure,

The theory shows that two important cases have to be distinguished:

incompressible soils and compressible soils,

1) Tncompressible soils.

Most of the incompressible soils encountered during the tests were
saturated eclays,

Although it is not necessary to assume that the shearing resistance
of the clay is constant we will first investigate the soils which
have no Ifriction anglec,

In this case, we know from the theory that the ultimate pressure
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that the soil ean sustain, is :
E
'fg,:.fa e {i *Ln}fﬁiirncl

P. = Pp will be called pj the net ultimate pressure.

- £
po=c (Artesy =2 )

""_ L f » - - ' -
r‘ We will incroduce 2 new characteristic of the soil: the rclative

rigidity K; by definition the reclative rigidity K is equal to
Log 5{233; : it ronges from 1 to 4 for the soils which have been
tested with the pressiometer; it is small for soils which have a high

cohesion but a low modulus of elasticity; it is large for soils which

\gﬁfjf—a very high rigidity, compared to the value of the cohesion.

Figure 4 is the result of 2 tentative classification of the clays
or clayey material which have becen tested with the pressiometer; the
cohesion of these soils ranges from 0.4 Kg/cﬁgto 3.5 Kg/em® and the
relative rigidity from 1 to 4.

The clays of Chicago have a very small relative rigidity, especially
the clays encountered in the Congress Strect Expressway; several carth
slides and other difficultics occured during the excavation of the
slopes of the Expressway.

On the other hond, thc loess, which consists of very small grains
cemented together, has a very high relative ;igidity.

The tills of the Wesley Foundation, in Urbana, have a very high
cohesion for a rigidity of 3.

Figurc 5 is very important beccausc it gives the results of onc of
the most precisc verification of the theory of the pressiometler.

We have represcnted the ratio*.E? as a function of the relative
rigidity.

The ratio 4%:- of the net ultimate pressurc to the cohesion increases

with the relative rigidity;
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For a relative rigidity having a value of 1, the ratio f."is 2,

but for a relative rigidity of ) the ratio is 5. So the variations
are very important.

In the same figure, we have drawn the theoretical relationship
587 "

£ E_g /‘thB.B )Jc-‘.‘.'.. ’**"K
It appears that the correlatlon is good ca /

between K and the ratio

The conclusion of this study would be:

That the relative rigidity of the soil, and in general the elastic
properties, have to be taken in account to study the stability of the
soil,

That the data given by the pressiometer are very precise and that

there is a correlation between the theory and the experiments.

2) Compressible scils.

The compressible soils which have been tested are loess, glacial
sand ( Mahomet, I1l,) and a compacted clay (Champaign, I11,)
The limit pressure is smaller for A compressible soil than for an
incompressible one of equal rigidity,
The limit pressure is given by the following equation for an
unsaturated clay of a constant resistance-@g
' b el 1)

But and generally, unsaturated soils do not have a constant shearing

resistance and the following equation applies in most casegt

! ?& A‘E . L‘g F
" ;. R B
Where Log.ﬁﬂf is the relative rigidity.

¢
Fig. 7 shows the value of the quantity 1 +_jr ~%¥=as-a function
C R o o
of tho rolative rigidity,
There is o good agrecment between the results of the tests and

the theory.




It is to be noticed that the ultimate resistance of the till

tested in the Wesley Foundation, was not always reached.
Actually, some tests were not carried out deeply enough, and a

heave of the topsoil appeared before the usual lateral movement.
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DESCRIPTION OF THE DIFFERENT TESTS MADE
IN THE FIELD,

1.CHICAGO CLAYS

The city of Chicago lies on a glacial clay which has been thorough-
ly described by the dircctor of this thesis. The two test series
described below were carried out at the Congress Strect Expressway

and at the site of the Inland Steol Building.

Congress Street Expressway.

On November 10, 1955, 2 first test was performed with prototype
Nl at the location of Uhe Congress Expressway construction, more
preclsely at the interscction of Congress Streect and Abcrdeen Avenue,
The test was made §'-6% below the ground surface in the medium yellow
dessicated clay,

The area had experienced a slide; the pressiometer test showed
that the modulus of elasticity of the soil was very small,

Further tests were made in Harch 1956, a few hundred feet west of

the first test but in the bottom of the excavation. It was possible

To study the modulus of elasticity, the cohesion and the limit pressure

as a function of the depth. It coan be scon that these characteristics
obey very similar laws. The small values for the first strata can
be explained by the swelling of the clay due to the excavation and by

the romolding action of heavy equipment,



Inland Steel building site.

In June 1956, a seriec of tests was completed on the site of the
new Inland Steel Building at Deaborn and Monrae, in the Loop¥ of
Chicago,

The aim of the investigation was to measure the remolding action
due to the driving of steel H piles. The tests were made at E1-20
(C.C.D.) after excavation had exposcd the tops of the piles driven
by mean of a follower, 8.

The tests were made l, 2, and 3 feet from the pile. The plots
in Fig.8 give the increase of volumo of the ecll versus Lhe pressure,

From the tests, it is seen thot the soil around the pile was
remolded, According to the following table, theo elasticity modulus
and the shearing strength are smaller than their initial valucs,

The depth is taken from the bottom of the excavation which was 33t
below the strect level,

The experimental and theoretical limit pressures can be scen on
the right side of table 6, Théugh the results justify a more complete
investigation, it is apparent that the theory and tests agrec well,

Test Distance from Depth Modulus of Average Limit Theoretical 1i-

number the H pile clasticity cohesion Pressure mit pressure
£ £ Kg/cm? Kg/cm? Kg/em?2 Kg/cm
L5 1 ERAVAL 6 0.37 -k 1.05
L5 g 3t 40 27 0.68 2.6 2.6
46 2 e ;) 058 = 223 2.35
L2 Fuit 3 4 41 0.68 I 3.1
43 3.5 1 gn 25 0.63 2.6 2.5

Figure 9 shows the differcnt values of the modulus of elasticity

and of the cohesion at various distances from the axis of the H-pile.
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It appears that the cohesion decreases when we go closer to the
pile or the bottom of the execavation. The remolding action duec to the
Pile driving and to the execavation causcd a decrease of the cohesion
of the order of L0%.

The modulus of elasticity varies much more than the cohesion. Tt
varies from A1 kg/cﬁafor the clay in the natural state, to 6 kg/cmzin
the rcmolded state.

Finally, the variation of the limit pressure as a function of the
distance to the pile is represented.

It cap be concluded that Ule pressiometric tests periormed in
conncction with thé Inland Steel Building have shown that the mechani-
cal properties of a s0il can be altered in account of the construction
procedure, The pile driving and the excavation scem to produce a
measurable remolding action. Tough the essential aim of the tests
was to check the pressiometer theory, they indicated the possibility
to observing with precision a phenomenon thought very difficult to

study.

11, FLUVIAL CLAYS ( CHAMPATGN)

A serie of tests has been performed south of Talbot Laboratory,
a few feet north of Boneyard creck. Several hand borings gave the
following results: the top 3 feet consist of a sandy clayey silt;
from 3 to 7 feet, a fluvial grey clay with some pebbles lies above
a loose gravelly sand,

On November 23, 1955, the first test was made with tho 61 dinometer
apparatus imported from France., It is worthwhile to remark that the

other tests made with the 2% epparatus check the results given by



the 6" opparatus, as demonstrated by the theory.

Some diagrams are represcnted on Fig, 10, All characteristics of
the typical curve can be seen on the plot; the straight lince of the
elastic phase, the small bump at the beginning of the plastic phase,
the exponential character of the plastic phase, and the limit pressure,
It should be noticed that the small bump characterizes the tensile
resistance of the soil; during the theoretical development it was
assumed, as it is generally done, that the tensile strength of the
s0ll had no influence in the computation of the stability of the soil;
the result; of the tests showed that this assumption was not correct,
and that several cases of tensile failurc occured in the Tielkd.

We have plotted, Fig. 11, the values of the cohesion and the modu-
lus of elasticity as a function of the depth, The rate of increase
is approximotely the same for both; however, at the bottom of the
clay layer, the cohesion decrceases while the modulus of celasticity
stays constant,

A great number of routine tests have becn made, They have checked
thc tests performed with the pressiometer, They have indicated a

good correlation between the theorctical and experimental results.

III, CLAYS,EISNER WAREHOUSE,

hA scries of tests was carried out on the site of the new Warchousc
of the Eisner Co, Chompaign,

The results are shown on Fig. 12 and Fig.13, where some characteris-
tics of the clay have been plotted versus the depth. It appears that
the modulus of c¢lasticity deercases more rapidly than the cohesion

from the ground line to the water table, the rate of variation is
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approximately the same,

It should be noticed once more that the modulus of elasticity
is a very sensitive characteristic of the soil. Whilec it ranges
from 23 kg/cmzto 8 ke/ cmzthe cohesion ranges from 9 Kg/cmzto 65 Kg/cmz

Settlement, due to the loading, is closely rclated to the modulus
of elasticity. Variation of the latter is likely to producc
differcntinl sttlements.

Some unconfined compression tests performed on samples coming
from the site gave the same rate of variation for the coheésion,

As usual, the relation between the soil characteristics and the
limit resistance was well verified.

e
-

Test results

_ ( ) Modulus of

Depth C. Pressigmeter C (U0, T, elasticity
Kg/cm% Kg/cm2 Kg/cm&

11-6% Natural soil +55 B0 25
1 =41 7 i L5 65 23
2 =61 1 1 /i .55 9
AI—OT? i1 it .[_‘0 .45
5;—0ﬁ i? i ;32 7k
21-01" Compacted clay 1.8 1.8 112.5

U.C.T.: unconfined compressive test (Routine test).




TESTS IN THE LOESS DEPOSIT

A serie of Pressiometer tests have been carried out in the loessial
aveas of the Mississipi Rivers in VWestern T1linois. Loess is 2 wind
deposited soil covering vast areas of North America. IL 1s composcd
of uniform silt size particles, bonded together with rclatively small
fractions of clay. Two dependable tests of the compressibility of
the locss are beleived to be the load test and the ‘standard consolida-i
tion test. At a certain pressure, designated as the eritical load"
a break occurs-in the compressibility curve: this break indicates
an internal collapse of the structurc of the loess; If the pressurc

excecds the critical load, the soil becomes very compressible and the l

scttlements arc very large.

It may be worthwhile to notc that the relative rigidity of the
ioess is very high compared to the other soils tested with the
pressiomecter.

At the site of the tests some standard 1load tests have been carried
out and onc attempts to correlate the results of the load tests with
the results of the pressiometcr: but as the loess is not regarded
as a soil of remarkably constant and uniform propertics, the correla-
tion is made only with the average test results.

Modulus of elasticity.

On figure 14 are plotted the pressiometric diagrams of some of the
tests run at the depth of 5 feet. The average modulus of clasticity
given by the slope of the curve (21~22-25) during the clastic phase
is 9L Kg/em?, The load tests yicld an average valuc of E= 100 kg/cm?2

(mean valuc of three tests). Tough the rosults would justify a more
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complete investigation, it is apperent that the value of the moduluse
of elasticity given by both tests (load and pressiometer tests) agree

well,

Cohesion and friction angle,

These tests give the writer the opportunity to introduce more
elaborate formulae to compute the radius of Mohr's circle. The rou~
tine formula are valid for reasonable strain, but as soon as the strains

are hlghbr than 20% the following formulac should be used:

for compressible soil: ‘i L - ?‘jﬁ_J - :éﬁL
-~ 4 :
L
; : v e U 1 s
for incompressible soil:; %Y. (4. - -1
v o Lo R
where du = 4V, %_:— P {1-)
U = w3 EB ¢ (4 )

I should be noticed that 2k .U is a well know geometrical characte-
ristic of the curve ﬁQH& thie result is intcnsively used to compute
the radius of the Mohr's circle,

s (224 u) (44 _ri'm )

Furthermore; for very precise tosts 1t i1s recommended to take in
account the influence of the diameter increase velocity. For a rapid
test of less than 2 minutes the shearing resistanec in clay may be
BO%fhigher and in loess 20%.higher; This has been proved by recent
pressiometer tests, not described in this thesis a and some experience
with the unconfined test and the rotating auger,

Figure 15 shows two representative Mohr's diagrams relative to
the tests N°22 and N°23, 5 feot 1/2 deep. The diagram 29 shows a
gentle curvaturc of the intrinseque curve and the equivalent e andnf
are ¢ = .7/ /ﬂ and ¥ = 31°, But the diagram 2/, Shows a very sharp
“ break of the intrinseque curve, Up to 174/ ; wWhich corresponds to the

natural lateral pressure the soil behaves as solid without friction

- -
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angle; for a higher pressure the soil behaves as a solid without
aﬁpreciable cohesion; the equivalent ¢ and ‘Pare ¢ = .5 #and \p= 337

The mean value for ¢ and ¢ which is the most representative of |
the shear resistance of the loess at the site of thce tests may be
taken as ¢ = $/and ‘f = 33°; and in taking in account the influence
of the speed of the test the computed value are ¢ = 7% and ¢ = 33°,

. The loading tests show a large scattering for the value of the -
ultimate load, . Furthermorc the value of the ultimate load is diffi-
cult to choose on the load scttlement diagrom. In the very crude
approximétion the mean value of_GT%Jwill be chosen,

A theoretical estimate of the bearing capacity of the plate can
be made on the asswption of ¢ = 5 %'and ¢ = 27°, If different
formilae may be used, there is a large :s-c-at-teriﬁg in tho resL;th: a
reasonable value of 77%3may be chosen,

Though the theorctical estimate of the bearing capacity is very
crude and though there is a large scattering in the tests results,
there is a better agreement than expected between tﬁe beafing capaci-
ty theory and the tests.

Though a more complete investigation is required to compare the
load test and the pressiometer tests it is apparent that a good

agreement between these tests in the field may be hoped.,



CONCLUSION,

The investigations on the pressiometer are not completed. Though
numerous tests are made every day for a commercial purpose, the
writer goes on to carry out some rescéarch tests in order to compare
the results with the routine tests in the laboratory and more
especially in the ficld. Scme research studies are still required
to have a better understanding of the unloading curve and to give
n eimple method to computc the natural lateral pressure, Furthermore
recent tests have showed that it was possible to run " slow drained
tests”, 1if the speed of loading was slow enough., The time required
for a test in this casc averages one hour, it increases somewhat for
very impervious clays,

Now that morc than five hundred tests have been made in the field
and analysed, on may conclude:

1. The pressiometer test are very cheap and time saving; consequent-
ly the field of work of the foundation engineer might be enlarged,
especially in Burope. This explains‘éhe success of the pressiomcter
for small jobs,

2. The tests seem very relizble; several tests at the same place
give the same resul+ts whatever the size of tho equipment.

3. The théory based on th3 ultimate pressure has been very well
checked wether the soil is compressible or saturated,

L. The pressiometer tests and routine tests give approximately
the same results or show the somc rclationship as exists between the
results of routine tests with vanc tests.

5. The pressiometer tests give the cohesion and the friction angle



of the soil, whatever the soil is, clayey, silty, sandy or gravelly.
6. The modulus of clasticity given by thc pressiometer compared

very well with the rcsults of the routine tests., Furthermore as

we found rcecently o very simple relationship between the modulus
of elasticity and the compressibility of the dayey soils, it is
Possible to compute the settlement of any foundation with valucs
yielded by the pressiometer tests.

As it is cheap and time saving, onc of the main fields of work
of the pressiometer 1s the compaction control of the soil, espeially

for highways and earth daoms.
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