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INTRODUCTION

Introduction.

In the last decades, particulsr emphasis has been stressed on the necessity of a simple
method to compute the bearing capacity of a foundation as a function of the settlement. To
solve this problem, the foundation engineer needs to use an elasto-plastic theory and to test
_the elastic properties of the soil,

‘ Consequently, on extensive program of tests has been conducted with a new apparatus, cal-
led "Pressiometer", Then, it was possible to study the behawiour of the "in-situ" soil when
it was submitted to a field of stresses, The variables beeing not only the cohesion and the
angle friction, but also the modulus of elasticity and the degree of satueation,

The program was very broad, and soils such qs glacial clay, fluvial clay, compacted clay,
glacial till, loess and sand were tested.

It is felt inwestipgation of soil resistance with this method has improved our knowledge
of the behaviour of actunl foundation structures: it is prbved that the elastic properties of

the soil are very import:nt snd should be measured end taken into account for the study of a

foundation project,



2) Object and scope.

The general purpose of this investigation was td explore the behavbour and strength of the
80il, when it is submitted to a special field of stresses,

The stress distribution is produced by the following process: a device is lowered into a
bo?e hole, to the desired depth; & fluid is forced into the device in erder to apply an uniform
lateral stress on the wzll of the bore hole, The dismeter of the hole increases:accerding to
the quantity of the liquid poured, The strain is plotted versus the stress: on the diagram.

From the diagram an estimate of the index properties of the soil can be madetat the considerec

: gepth, exactly as a load test permits an estimation of the bearing capacity of the first feet
of soil.

This new method of subsurface investigation would not seem very interesting at first sight,
because of the concurrence of well known apparatus, such as the Vane test for wlays and the
standard penetration for sands, Héwevef, we strongly recomend it because of the three fol-

HWHY 5 :
lewing reasoens:

St 1) A theorical interpretation of the curve "strain versus stress" gives immediately the
values of the cohesion, the frictiion angle and the modulus of,elastieity.
2) In order to apply on the wall of the bored hole a cylindrical steess distribution, an
inexpensive and »easdy very easy Lo use device called pressiometer is available,
%) The soil in the vieinity of Lhe apparatus, is submitted to a stress distribution,

A

which is nenrly the szme as lLle distribution applied under a point bearing pile,



Actually it is possible to notice on the plot "settlement versus loading" of a point bearing
pile some of the chnracteristics of the pressiometer diapram,

An elementary theory of the presciometer and its spplication to test in the field are in-
tridduced in this paper.

At the end of this study, it will be possible to compare the results and to draw the fol-
lowing conclusions:

a) The pressiometer is a very precise method of subsurface exploration.

b) The bearing capscity inecreases with the modulus of Rlasticity of the soil.

3) Summary.
The scope of this thesis is fot
~describe briefly the equipment used in the field.
-give some defelmpments of the main elasto-plastic theory.
—introdice the method used for analysing the diagroms "strain versus stress".
-show the influence of the elastic properties on the bdaring capacity of the soil.

~describe and give the results of tests carried out on wlays, tills, loess and sands,
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5) Notation.
Nr The horizontal radial stress.
Ns The horizontal circumferential stress.

All normel and total stresses,

Tz The constant ve tical stress,

T Distance of appoint to the axis of the hole.

¢ Thg initial radius of the hole.

Rp The outer dismeter of the zone of plastic eéuilibrium.

U The axial displacement of the wall of the bore hole.

Te The natural horizo tal radial stress on the limit cylinder of
P. Applied prescure.

pl Ultimate pressure.

plastic

equilibrium,



Fressure at the beginning of the plastic phace.

Modulus of elasticity.

Coefficient of Poisson,

Cohesion.

Radius of o Mohr circle,

Radiug of a particular Mohr ecircle.

Volume of liquid in the centrsl cell, -corresponding to che axial displacement U,

Base of natural logsrithm,



DESCRIPTION OF TIE AFPPARATUS.

1) Introduction.

The first prototype was built in Paris by the "Ecole Nationale des Ponts et Chaussles",
and was brought over in the United States after some tests in the West of France,

In November 1955 very important experiments were made in the clays of Chicago to ve-

- rify the validity of the main ‘heory and to obtain very precise data in order to build
another prototype.

In February 1956, with the help of the University of Illinois, a second type of ap-
peratus was constructed with the follewing characteristics: dismeter 2 inches, a single
pressure gauge and automatic lcvelying of the pressure in the three cells, In the hean-
time, a very good solution was given to the problem to find out very resistant rubber
sleeves,

As it was not required to test the soil at large depth, and that it was exPansive
to drill deep holes, a very cheap device was specially constructed and used for most of
the tests described in this paper. There is no difficulty to improve the device in order to

'oarry out experiments at greater depth,

2) Description.

The device lowered inito the hole to the desired depth consists of a metal tube with a

rubber membrane tightly fixed around it,



e

Since the length of the ce'l is constant, =n inerease in the aversge diameter of the
rubber membrane corresponds Lo an inerease in volume of the cell.

Two tubes are fitted into the cell, one supplying fluid under pressure and the other
measuring the pressure snd draining the apparatus after the end of a serie of experiments.

The effect of the strength of the rubber membrane has a negligeable action on the re-—
sults,

The water is injecled intc the cell by means of compressed air device, connected to the
top'of the apparsitus. The displacement of the wall of the bore hole corresponds to the in-
crease of volume of the cell 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 pressure in the cell., The data can be re-
corded by an automatic device; this is wvery important to measure very slow or very fast in-
crease in pressure.

To keep the principal cell from expanding parald2l to its axis, and mainly to get a nearly

?,ciiindrioal stress dastribution in the vicinity of the measuring cell, two outer cells are

fitted té& the first one.

The additional membranes can be alttached to the same cylinder or fixed on separated ones,
which are then bolted together,

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

Fig(l) shows the actual desigmn of ‘he metallic body of the protofype number two.
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The rubber membrames rre not designed on this figure, All eylinders are bolted together 'with
a tube connecting the pressure gauge to the main cell. The outer cells are directly connec-
ted with small tubes to the upper part of the apparatus. In this way the seme pressure is

obtained int the three cells; however, the outer cells are injected only with air and there

- 48 no volume intersction between the main cell and the outer ones.

iy |

THEORY.
An elementary application of the elasto-plastic theory is czposed in this paper.

Hypothesis,

1) The Mohr's concept of the stress conditions for failure is justified only if tthe
cohesion of the clay subject bo investigation is a constant of the materialj however all ¢
Blastic material has a shearing resistance that varies with the velocity at which the
shearing strain eccurs. The following results are strictly valid only if a certein speed
of shear is maintained 211 throush the experiment. We assume that for a given velocity of

shear, the shearing resistance of a clay is constent.

2) For most of the sbils the shearing resistance is a function of the strain., On the

curve " strain versus stress" of o not remolded soil, the shearing resistance is maximum for



a given value of strmin ant decreases down to n assymptotic limit for high values of
strain (Fig 2b)
For these reasoms it is Jdifficull to maintain the Coulomb's concept of a cohesion and
& friction angle, For inztance the rosistance of loess material or of pretty much cempacted
sand is much lgrger for smaller strain than for larger strain. In account of these facts, the

i
rough application of Coulomb's concept may be in some cuses somswhat :onfusing,

3) The initial modulus of elasticily is defined as the ratio between the stress and the
corresponding strain, at the beginning of the elastic range, Although no medsure has ever
been made, this modulus of elasbicity may change with the rate of strain. Tut practically,
these variations are without influence and we will suppose that the initial modulus of elas-

ticity of » not disturbed soil is constaopt.

Theory.

ey

Wy If a pressure p is w.pplied on the wall of a bore-hole, a stress distribution of revolu-

tion is resulting in ilic so0il. As three c¢ells are uséd, the distribution is quite cylindri-

- &

cal all around the central cell end we have only a two-dimension problem to handle.

By comparison with the triaxal apparatus, which has various aspects quite similar to the

pressiometer, the presciometir tests are quick consolidated tests, with an amoint of consoli-
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dation corresponding to the actual one existing in the field.

As the &est is carried in the soil in situ, the operator has not to be worried by the
disturbance, caused during the sampling of the testing processes.

An elementary tﬂeory will now be introduced; it is called "elementary'because of a lot
of refinements, specially in the elastic phase, might be used without special difficulty.
But practically these refinements are not needed; consequently the so-celled elementary theo-
ry has always been used with success for the analysis of the test results,

Two states of equilibrium have to be considered. In the plastic zone, the closest to
£he cell, the soil is strongly sheared under high pressure and the theory of plasticity
has to be used. Outside this zone, the siresses are smaller and a so-called theory of
elasticity has to be used, Some people often question the elastic theory, but in this par:!
ticular case the experiments show that the theory may be used with great success,

Hence the theory of plasticity will be used to compute the magnitude and the distribu-
tion of stresses inside the plastic zone, limited by a cylinder of radius Rp and the so-
called. theory of elasticity will be used to compute the stresses and strains outside this -
cylinder in the elastic zone.(Fig.2c)

Assuning the mepnitude of the horizontsl radial stress is kmown on the limit ecylinder
of plastic equilibrium, it is possible to compute the axial stress and strain at any point

taken onutside the limit cylinder; the theory is very often used in structure to compute the



resistance of piles, and in @ivil Engeenering, to verify the stability of tunnels.

At the boundary between the zones of plactic and elestic equilibrium, the displacement

i

() Wy b (N )R
and the magnitude of the principal stresses is given by:

(2) Ne = =HNe () Ny = 2po- Ny

We know that p, is the natural horizontal stress in the soil at the depth of the test.

It is often assumed that there is a relationship between this horizontal stress p, and the
vertical stress at the same point; we do question strongly this statement because the sur-
consolidation or drying or compascting effects may be very important and it is felt that there
is no relationship at all between the naturasl horizontal stress in the soil and the corres—
ponding weight of the soil above the considered point.

&

There is no diffieculty to see on the formula (2) that the stress N, is positive in the
natural state and is decreasing as the pressure is applied; as a matter of fact there is a
good chance that this part of the soil failed by traction rather than by shear; this result
is very easy t® show on the pressiometer diagrems.

In the plastie zone, the stresses are immediately c?mputed from the two following equa-
tions:

(4) N.-N; = 2 R (Mohr's concept)

(5) Np-N; = - "%—I-!- (Equilibrium equation of an element of soil adjoining a
r



“ I -

cylindrical section having an arbitrary radius r)
By combining these two equations, it is possible to determine the stress function
which satisfies the boundary conditions of the praoblem,

(6) JLNr :—&r" ,z@;

-In the special case where the soil is assumed to have a constang shearing resistance

¢, the equation (6) is immediately resolved:

(7) .N,.—_—. P- 2c ?og_;}
(8) N - F-*‘(“Q"f%)

log: netural logarithm

~In the general case, the shearing resistince is & function of the percentage of strain
and of the axial stress; in this theory, we do not assume anything on the magnitude of the
radius R .of Mohr's circle.

The stress distribution is determined by the equations:

b
(9) / e (1) N, - N,- 2%
N, |

The contact stresses between the elastic and plastic zone must verify the con@itions
for the plastic equilibrium of the soil located inside limit cylinder and the conditions
for the elastic equilibrium of the soil located beyond the boundary. Hence, we obtain the
value of the stress Nrp and the value of the radius Rp of the limit cylinder.

The solution needs to satisfy the equations (2) and (3) which are valid IF et»resses

for elastic material, snd the equations (4) and (5) which are valid if stresses exceed the
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yield point.

Combining these equations together, we obtain:
(11) Nf= Nrr = ?‘ ""fﬂ Ns = - &1"?.
The radius

Rp of the cylinder of transition is determined by the relations:

pore e
(12) T{F = p* & BN for clays
Is{v’. N
(13) R!’ - px e ﬁl P) where ‘F(&*'r-) - /f %

'l'n-r.
The distributiop of stresses either in the plastic phase or in the elastic phase is

well determined; in the second part of the theory the strain distribution and specially the

increase in diameter of the bore hole is computed.

The straip distribution is different according to percentage of saturation of the soil,
If the voids of soil are completely filled with water, the material is incompressible; if
the soil is not zompletely ssturated, it is compressible and a special theory has to be

used in this case.

131) Incompressible soil.

This case is encountered in most of the clays, and in general with slowly permeablé
soils,

Urp is the axial displacement of the soil located on the cylinder of transition and

U is the correlative displacement of the wall of the bore hole,

Since the s6il is incompressible, the vohume s(1) and (2) represeﬁted on the Fig.3a
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have equal magnitudes =nd we can write:
-z S}
v
14) ] U o R, o« U s R0
( . * T2 P TR 3
a) If the quantities U and' Uk are very small, compar~d to the quantities ¢ and Rp, the

equation (14) might be replaced by the following relation:

¢

If we substitute the values of Rp and Urp in this relation, we obtaip:

2L R+ po. P
(16) U-:-.C L R, ¥ £ 'f( F) where f(ﬂ + f’o) —r / d N,
E | ane

For the clays with constant shearing resistance, the relation (16) becomes:

a71)  U=gndE.cnel S

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

1 Proportional to the initial radius of the bore hole,
g Indirectly proportional to the modulus of elasticity E.

% Increasing exponentialy with the applied pressure, in the case of a constant shearing
LR '

resistance C.

e

&5

In fact, it is more convenient to use the formulae (16) and (17) in the differential

form:

. &u o
(18) =2 =-—Ff
U ®R

This very simple relation is fuidamental in the application‘of the theory to thé anahy-

sis of the pressiometer dingram. Ac & medber this relation is obtained from the conditions



that must be satisfied for plastic equilibrium, it is rigoroﬁs.

The result of the nbove equation has to be considered only during the plastic range;

during the elastic phase the relatienship between the applied pressure and the deformation

of the drill hele is:

(19) Ve g ~(P—Fo)te

E.'

b) When the range of the defermation becomes quite similar to the primitive diameter of the

hole, the equation (15) is inaccurate, if we assume that the initial dia.méter of the drill
hole is small and that the deformatiens are large, we ebtain the following relation:

(20) u’ z R}: x Ua.P ' (Fig.3)

Intfoduciné the value of Rp and Urp in this-relationﬂ we obtain:

F
3 i Rape LN,
(22) —g: = Le R, U &zf( ‘P) where f(mﬂ'-)‘-'- / R

'&+Pl

E

This relation is indetermined and U is inoreasing indifinitely when the pressure reaches

w3y y the limit value p, given by the equation:

F’- __‘i_L - ch E

'(22 ; 3 1+6) Ro

- ®
por

For clays of constant cohesien, we obtain the formula:

(23) Pp= o+ © [I+Lo3 E' ]

-l:(lp."J

We can see from the equation (22), that the magnitude of the net pressure Pg"Fb is

independant of the depth of the test.

This relatmen is very impoi'tant, and its verificatien was considered as ons of the
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main point of the test program. We will see in the application of the theory to the
analysis of the diagram, that this relation is used specially to verify the results gi-

ven by some main formulae slready exposed dn the beginning of the theory.

2) Compressible soil.

In this case the mathematical approach of the problem is a little more complex,
because the fofmula (14) is no more valid and the decreasing of the volume due to the
compressibility of the plastic zone has to be taken into account.

Only the main results are exposed in this papere

Similarly to the relation (18), the equation (24) is fundamental:

dour sl e dp

(24) E - S

U *M(P'P"J ER"
Corresponding % the relations (22) and (23), we obtain the equations:
te
(25) / AL o bagekas
Ipor R KA 3 4 Ko

@) g ee '”—0325—]
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APYLICATION OF THE TIEORICAL RESULTS

TO THE ANALYSIS OF THE PRESSIOMETER DIAGRAMS

From the diagram "strain versus stress" recorded during the test, the values of the co-
.k

hesion, the friction angle and the modulus of elasticity of the soil are obtainec¢ with a ve®

‘ry good preeision. The theorical interpretation of the diagrem is a direct application of

the elasto-plastic theory aiready exposed.
Three phases have to be considered during the test: an elastic phase, a plastic phase,

and an ultimste phase. To each of these phases, corresponds a part of the diagram (rig.3)

'

1) Elastic phase. p{p (Pp+ *

When the applied pressure increases from p, to p.+K, 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 a direct relationship between the slope of the straight line and the value

of the modulus of elasticity:

£ _ ke
(27) v v

K is a characteristic of the cell and V is the variation of volume in em3 which corres-

ponds to the displacement U.

For a cell of 2" diameter and #" height, K=765.
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radlo af ), ol. stio sligsg

In clays, the limits of the elastic phase are p,, a2

_— the natural horizontal stress, and p,+cC.

TS

'#) Plastic phase. p,ﬁ?&(p(pz

-ll.,

If the shearing resistance of the soil is constant, and if there is no failure in

traction, the representative curve is an exponential one.

At each point of the diagram corresponds one Mohr's circle with the relatidns;

a) for incompressible soil

d'__-u- .-.-_éf—- &-:F-?’
u 3

b) for compressible soil:

AU+ @%13 A -

. ... ges p-R
" *
Uy 6208 (p-po

+ 828 (p-po)

In fact it is more convenient to use this relation integrated between two close ve-

lues pl and 2.
R oo
Ly, - LV,

For the incompressible soil, for instence, the formula is

where 52;118 the mean value of §, between the pressure p, and p, .
L
Before beginning the computations, the value of p, has to be determined; generally
this point is situated at the Leginning of the straight linej an error on the mppreciation

of the natural pressure introduces a very small error in the computations of the shearing

resistance. The use of rebound curve or the relexation method are more accurate, but £l

these refinements are not needed in the practical tests,
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3) Ultimate phase.

When the pressure reaches the limit value pe , the diameter of the drill hdle increa—
ses very rapidly; whatever large is the displacement, the soil cannot sustain a pressure
larger than the limit value .pﬂ .

The theory shows that the value of limit pressure is given by the following relations:

» Tfor the saturated clays of resiastance C.

b g i
+ +
Pe=te [ 2( ns)c
for the compressible clays of constant shearing

]’fﬁ '|>o+c II+L ____E'___J NS .

LG resistance C.

L i

' %9-\,& =L —L:;C—- 1____. for the compressible so0ils.

. ] L L
PD+

pE )

dp . k& or +he mco ssible  soils
4"?\/ w b 3(1+s)C > for The ncompruis ¢

It is to be noticed that to have & good agreement between the results of the plastic
phase and the ultimate phase, it is recommended tofkeep constant the rate of strain during

‘the wholetest; this has been practieally realized without any difficulty with the pro-

totype used fot the experiments.
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VERIFICATION OF 1HiE THECRY

ON THE ULTIMATE PRESSURE

One of the most important theorical results is the analysis of the ultimate resistance

of the soil, when it is submitted to an increasing pressure.

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

soils and compresdible soils.

1) Incompressible soils.

Most of the incompressible soils encouzjxtered during the tests were saturated clays.

We know that it ir not absoluralynecessary to assume that the shearing resistance of
the clay &s constant; butin fact the shga.ring resistance of the clay is roughly constant,
it is a good simplification to assume that .it is equal to the cohesion C.

In this case, we know from the theory that the ultimate pressure that the soil can

't? gustain is:

] b oe s
= +C[J+L (1,s) 2C J

pf,-p. will be called pé‘ net ultimate pressure

. i E £
i [ ]

We will introduce a new characteristic of the soil: the relative rigidity K; by definitiow-

the relative rigidity K is equal to L,( Euc ; it ranges from 1 to 4 for the soils
146
A

‘which have been tested with the pressiometer; it is small for soils which have a high
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cohesion but a low modulus of claslicity; it is large for soils with a very high rigidity,

compared to the value of the cohesion.

The fig.4 is the result of a tentative of classification of the clays or clayey materials
which have been tested with the pressiometer. The cohezion of thgse soils ranges from
.l.4}(g/cmz to 3.5 Kg/em® and the relative rigidity from 1 to 4.

The clays of Chicago have a very small relative rigidity, specially the clays enwwndééreé
in Congress Express-way; it is to be explained in the following of this paper that some
earth slides and troubles occured during the construction of the embankements of this Express-
way.

On the other side, the loess, which cohsists of small grains cemented together, has a ~
very high relative rigidity.

The thils of the Wesley Foundation in Urbané, have a high coheéion for a rigidity of 3.

The figure 5 id very important because it is pertaining to one of the most precise ve-

rificationof the theory of the pressiometer.

~
We have represented tlie ratio.ﬁﬁ_ in function of the relative rigidity.
C
'y
The ratio 2 of the net ultimate pressure over the cohesion, is increasing with the r
G

relative rigidity.

& - Y
For a reletive rigidit; having & value of 1, the ratid fe is 2, but for a relative
(o

rigidity of 4 the ratio is 4. So the variations are very important.
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In the same figure, we have drawn the thesrical relationship between K and the ratio

* L
..E_- ; _P_e._: t+-L .._t.-_rr..-. = 1+ K
G c (1+6)2C

It appears that the coreelation is good.

The conclusion of this study would be:

That the relative rigidity of th: soil, and in general the elsstic properties have

to be taken into sccount to study the stability of the soil.
ure very precise and that there is a corre=-

That the data given by the presaiometer

lation between the theory and the experiments.

2) Compressible soils.

The compressible soils which have been tested are loess, glacial sand (Mahomet,'Ill.)

and a compacted clay (Chumpaign, I11.)

The limit pressure is smaller for a compressible soil than for an incompressible one.

The limit pressure is given by the following equation for an unsaturated clay of cone—

tant shearing resistence Ci

H’..: Po *+ C [1+LZ€6]

But and generally, unu:turated coils do not have a constant shearing resistance and

the following equatiun ap;lies in most cases:

/ "oy 1B
' f,ﬂ.‘. a’ {,C

where Lng .Z.CE- is the relstive rigidity.
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3
bt R

:BL as a function of the relative
R

Fig. 7 shows the value of the quuntity l4
rigidity.

Thers is & good agrecment between the results of the tests and the theory.

It s to be noticed that the ultimate resistance of the till tested in the Wesley

Foundation, have not always been reached. Actually, some tests were not carried out
f L ool
P s yt \

deeply enough, a heave appeared before the usual lateral movement.
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DEGCRIFTICN OF THREE DIFVEHENT TESTS MABE

IN THE MIELD "

L.CHICAGO CLAYS, -

The city of Chicago lays on a glacial clay which has been thoroughfully described
by the director of this thesis. The two tests series described Below were carried out

at Congress Expressway and ot the site of the Inland Steel Building.

Congress Exprescway.

ittt |

On November 10, 1956, » first test was performed with prototype 11’1 at the location
of the Congress Expres.way construetion; more precisely at the intersection of Congress
parvay and Aberdeen Avenue. The test was made 8'-6" below the groudd surface in the medium

yellow dessicated clay.

The area had been submitted to a slide, the pressiometer test showed that the modulus

1%
of elasticity of the soil was very small, this could explain the movement of the slope.

] .
Some of tha tests were made in March 1956, & few hundeed feet west of the first test

but in the bottom of the excavation. It has been possible to study the modulus of elasti-

city, the cchesion and the limit pressure as a function of the depth. It can be seen

that these characteristics obey to very similar laws. The small ¥alues of the first stra-

ta can be exﬁlained by the swelling of thé clay due to the excavation and by the remolding



A
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"action of heavy equipment.

Inland Steel Building site.

In june 1956 a serie of tests was completed on the site of the new Inland Steel Building
at Deaborn and Monroe, right in the "Loop" of Chicago.

Thg aim of investigation was to measure the remolding action due to the driving of H st
steel piles. The tests werec made at E1-20 (c.c.D.) after that excavtion had made appear

the top of the piles driven by mean of a followver.

The tests were made at 1,2, and 5 feet from the pile. The exherimental plots (Fig. )

-gives the increase of volume of the cell versus the pressure.

From the tests, it is seen that the soil around the pile was remolded. The vibrations
due to the drivin- destroy the structure of the clay, though some thixotropic phenomena
restore the structure after come time, we seer on the table thut the elesticity modulus

and the stearing strangth are smaller than their initial values.

Test Distence from - Pelative Modulus of Average Limit Theorical limit
number the H pile depth elasticity - cohesion  pressure preésure

44 1f4. A 6Kglcm® 0.37ke/en® 1,1Kg/cm® 1.05Kg/cm

45 2 3'q" 27 0.68 2.6 2.6

46 - 2 1'a" 21 0.58 2.3 2:55

42 o 0 3'4" 41 0.68 Had 3.1

43 3.5 L 25 0.63 2.6 P 25

The relative depth iis iiken from the bottom of the excavation which was 20 13 33°'

below the steel level,



The experimentol and tlieorical limit pressures can Le seen on the right end of
table . Thongh the results justify a more comnlete investiggtion, we stress the
fact that the theory snd tests agree completely.

Let consider the vertical plan of the H pilesaxis which passes by the axis of the
three bore holen. The differert.values of‘the modulus of elasticity and of thé'coha-
sion are shown by the lines.

It aprears that the cohesion decreases when ve go closer to the pile or the bottom
‘of the exmavation. The remélding action due to the pile driving and to the exéavation
would cause a decrease of the cohesion of the order of 40%.

The modullus of elasticity varies much more than the cohesion. It varies from
41Kg/c§hfor the clay in the natural state to 6 Kz/cm2' in the remolded state.

The water content decreases of 17, ﬁhich checks the general theory according which
a process of consolids%ion occurs in the remolded clay.

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

It can be concluded that the pressiometric tests preformed in connection with .the
Inland Steel Building hgve shown that the mecanical properties of a soil can bg deéply
altered in account of the construction procedure. The vibrations due to the pile dri-

ving and the decompres:ion due to the excavation seem to produce an important remolding
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action which will stay several mogtlie, Thowsi the essential wim of Lhe tests were to
check the pressicmeter theory, they gave the possibility to notice and measure with £

great precision a phenomenon thougit very delicate.

11.FLUVIAL CLAYS (CHAMPAIGH).

A serie of tests have been performed South of Talbot Laboratory, a few feet North
of Boyard creek. Several hand borings gave the following results: the top 3 feet are
constitued of a sandy clayed silt; from 3 to 5 feet a fluvial grey clay with some peb-
bles lays above a loose gravelly sand,

On November 23, 1955, the first test was made with the 6" diameter apparatus imported
from France. It is worthwhile to remark that the other tests made with the 2" apparatus
check perfectly the rosults given by the 6" appgratus. This shows that the rgsults are
jindependant of the diameter of the apparatus whay was élready demonstrated by tﬁé theory.

nge diagrams are represented on Fig.10. All charucteristics'of the typieal curve can
be seen on the plot; the straight line of the elastic phase, the BmallAbump at the begina
ning of the plastic phase, the exponential of the plastic dphase, and the limit,pressure.
Tt should beenoticed that the small bump charaqterizes the tensil resistance of the soilj

during the theorical stage it was assumed, as it is penerally done, that the tensilv

stfength of the soil had absolutel; no influence in the compatation of the stability of
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the soilj theresults of the teuts showed that ithis assumption was not right and that

. in seweral cases = tensile failure occured in the soil. The temsile strength is measu-

red with the same method that the shearing resistance. In general the shearing strength

of a soil is approximately half the value of the cohesion.
We have plotted, Fig.ll, the value of the cohesion and the modulus off elasticity as
a function of the depth. <he increase rate is approximately the same for both; however

at the bottom of the clay layer, the cohesion is decreasing while the modilus of elasticity
stays constant.
. A great mmber of routine tests have been made, they have checked the tests  performed

with the pressiometer. They prouved a good correlation between the .theorical and experimen-—

tal results.

III.CLAYS. EISNER WAREHOUSE.

On the request of Dr.D.U.leere, Consultant Fngineer, a cerie of tests were carried out

on the site of tie new “arehouse, of Eisner Co. Champaign.
The tests resnlts sre shown on Fig.(l2) and Fig.(lﬁ), where some characteristics of the
clay have been plotted ver:us tihe depth. It appears that the modulus of elasticity decreases

more rapidly then She cohesion from 'iwe sround line to the water table. Relow the water ta-

ble, the rate of variation iz spproxim:tly the ssmee



It should be noticed once more, that the modulus of elasticity is a very sensitive
characteristic of-the soil., While it ranges from 23 to 8 K}L}he cohesion ranges
' - 2
from .9 kg, to .67 Ke | tam
Settlement, due to the first loading, is closely related to the modulus of elastici-

Variation of the late is expected to produce differential settlements.

{

ty.

Unconfined compression teat performed on samples coming from the.site gave the same

rate of variation .for the cohesion.

As vsual, the relation between the soil characteristics and the limit resistance is

always well verified.

Depth ' C.Pressiometer C(U.C.T7.)  Modulus of elasticity
1'-6" Natural soil :55 Hafow" .60 K)ot 25 K/ ot
1'_6" n n .45 -65 2—5

:g“zl_f)ﬂ n ) " .42 .55' _ 9

3 4!_0!1 " " 40 45 '
5!_01.1 " 1" .32

b '
2'-0" Compacted clay 1.8 1.8 125

U.C.T.: unconfined compres:ive test(Routine test),

TESYS RESULYS.
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TFSTS IN THE LOESS DEPOSIT

A series of Pressiometer tests have been carried out in the loessial areas of
the Mississipi Rivers in lestern Illinois. Loess is a wind deposited soil covering
vast areas of North America. It is composed of uniform silt size particles, bonded
together with relatively small fractions of clay. Two dependable tests of the
compressibility of the loess are beleived to be load test and the standard consoli-
dation test. At a certain pressure, designated as the '"critical load" a break
occurs in the cﬁmprensibility curve: this break indicates an internal collapse of
the structure of the loess. ff the pressure exceeds the critical load, the soil

becomes very compressible and the settlements are very large.

1t may be worthwhile te note that the relative rigidity of the loess is very

high compared to the other soils tested with the pressiometer.

At the site of the tests some standard load tests have been carried out and one
attempts to correlate the results of the load tests with the results of the pressio-
meter: but as the loess is not regarded as a soil of remarkably constant and uniform

properties, the correlation is made only with the average test results.

Modulus of alasticity

On figure 14 are plotted the pressiometric diagram of some of the tests rum at

the depth of 5 feet. The avérage modulus of elasticity given by the slope of the
i

curve (21-22-25) during the elastic phase is 94 Kg/em2, The load tests yield an

average value of F = 100 Kg/cm2 (mean value of three tests). Tﬁbugﬂ the results

would justify a more complete investigation, it is apparent that the value of. the

S

modulus of elasticity given by both tests (load and pressiometer tests) agree well.
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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 routine formula are
valid for reasonable strain, but as soon as the strains are higher than 20 %

the following formulae should be used:

& o1 = =2 - %R.

for compressible soil : T P+ 0
2

for inceompressible soil %H (1 - 2 E U) = Qﬁ
2

where du = dU + %P (1 ~=)

M T Rj}ﬁﬂ (1 -&)

: d 4
1 should be noticed that E%’x U is a well known geometrical characteristic of

vie curve U = F(p) this result is intensively used to compute the radius of

the Mohr's circle,

d» 1
N = e | 2
(dn % M) p+1uU

2

)

Furthermore, for very precise tests it is recommended to take in account
the influence of the diameter increase velocity. For a rapid test of less than
2 minutes the nhearing”resistanée in clay may be 30 % higher and in loess

20 7 higher, This has been proved by recent pressiometer tests, not described

in this thesis and some experience with the 'unconfined test ant the rotating

auger, )



Figure 15 shows two representative Mohr's diagrams relative to the tests N° 22
and N° 33, 5 feet 1/2 deep. The diagram 29 shows a gentle curvature of the
intrinseque curve and the equivalent c and ¢ are ¢ = Jt/sqft and @ = 31°, But
the diagram 24 shows » very sharp break of the intrinseque curve. Up to dt/sqft
which corresponds to the natural lateral pressure the soil behaves as solid |

without friction angle, for a higher pressure the soil behaves as a solid without

appreciable cohesion; the equivalent c and @ are ¢ = .5t/sqft and @ = 33°,

The mean value for ¢ and ® which is the most representative of the shear
resistance of the loess at the site of the tests may be taken as ¢ = ,5t/sqft and

® = 33°; and in taking in account the influence of the speed of the test the

computed value are ¢ = .7t/sqft and ® =33°,

The loading tests show a large scattefing for the value of the ultimate load.
Furthermore the value of the ultimate load is difficult to choose on the load

settlement diagram. In the very crude approximation the mean value of .6t/sqft

will be chosen,

A theoretical estimate of the bearing capacity of the plate can be made on the

assumption of ¢ = .6t/sqft and c? = 27°, 1f different formulae may be used, there

is a larpge scattering in the results: a reasonable value of .7t/sqft may be chosen

Though the theoretical estimate of the bearing capacity is very crude and
=, ,though there is a large scattering in the tests results, there is a better
b

agreement than expected between the bearing capacity 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 agreemént between these

tests in the field may be hoped,
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CONCLUSION

The investigations on the pressiometer are not completed, Though numérous
tests are made every day for a commercial purpose, the writer goes on to carrj
out some research tests in order to compare the results with the routine tests
in the laboratory and more especially in thé field. Some research studies are

still required to have a better understanding of the unloading curve and to give
a simple method to compute the natural lateral pressure. Furthermore recent tests

‘have shown that it was possible to run "slow drained tests", if the speed of
loading was slow encugh. The time required for a test in this case averages one

hour, it increases somewhat for very impervious clays,

How that more then five hundred tests have been made in the field and

analysed, one may conclude :

1 - The pressiometer test are very cheap and time saving, consequently the field
of work of the foundation engineer might be enlarged, especially in Europe.

This explains the success of the pressiometer for small jobs.

2 - The tests scem very reliable, several tests at the same place give the

same results wvhatever the size of the equipment .

Py o ARY

“3 - The theory hases on the ultimate pressure has been very well checked wether
M :

L} I
the soil is compressible or saturated

; K]

-~k & LY



4 - The pressiometer tests and routine tests give approximately the same results

or show the =-me relationship as exists between the results of routine tests

with vone 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 elasticity given by the pressiometer compared very well with
the results of the routine tests, Furthermore as we found recently a very
simple relaticnship between the modulus of elasticity and the compressibility
of the clayey soils, it is possible to compute the settlement of any foundation

with values yelded by the pressiometer tests,

As it is cheap and time saving, one of the main fields of work of the pressio-

meter is the compaction control of the soil, especially for highways and earth dams
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