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Abstract The extreme net pressure resulting from an

expansion in a cylindrical or spherical cavity within a

limitless medium is studied. Performing the static and

kinematic approaches of yield design theory, analytical

solutions of the extreme net pressure are established for

cohesive–frictional as well as for purely cohesive medium.

In the case of a cylindrical cavity, the identification be-

tween the analytical extreme net pressure and limit net

pressure leads to the prediction of shear strength charac-

teristics of soil. As useful result, in soil mechanics, the

assessment of correlations using pressuremeter data has

been discussed. Also, some assumptions for designing

foundations, from pressuremeter data, have been high-

lighted.

Keywords Cavity expansion � Extreme net pressure �
Kinematic approach � Pressuremeter test � Static approach �
Yield design theory

List of symbols

a radius of cavity

cU undrained cohesion

c cohesion

d tensor of strain rate

f function defined the strength criterion

GðxÞ domain of admissible stress fields

K set of all potentially safe loads

Ka coefficient of active pressure

p*
net extreme net pressure

p0 lateral pressure at rest

p pressure in the cavity

pnet
mes limit net pressure measured from pressuremeter

test

pmes limit pressure measured from pressuremeter test

Pd�ef vð Þ power of deformation

Pext vð Þ power of external loads

Q vector of loading parameters

_q vector of kinematic parameters

r radial distance from the centre of cavity

R radius of influence zone

U radial velocity expansion at the border of cavity

v velocity field displacement

r stress field

rr radial stress

rh tangential stress

a normalized radius

/ angle of friction

1 Introduction

The problem of cylindrical cavity expansion within a

limitless half space was initially investigated by Lamé [20].

In this investigation, the soil surrounding the cavity,

obeying to linear elastic behaviour, was assumed to be

weightless, homogeneous, and isotropic.

It is quite difficult to quote all works which dealt with

the study of the expanded cylindrical or a spherical cavity

in an infinite medium. However, it can be envisaged

to classify these works according to the type of each
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contribution, i.e. analytical methods, numerical or exper-

imental ones and others. The analytical methods have

been developed by assuming various constitutive laws of

the medium around the cavity, linearly elastic [20], elastic

perfectly plastic without taking into account the volume

variation [8, 12, 13, 22], or with volume variation [6, 17,

19, 21, 23, 26, 29, 31]. The main purposes of these

contributions were the determination of mechanical

characteristics of soils from pressuremeter or piezocone

data and the prediction of bearing capacity of deep

foundations. The analytical contributions were, adopting

for the soil behaviour under two hypotheses: whether in

small strains [5, 12, 13, 22, 29, 30], or with large strains

[6, 8, 31].

Otherwise, it can also be mentioned that many re-

searches dealt with the problem of cavity expansion, par-

ticularly for the pressuremeter test in relationship with the

type of soil. In the case of purely cohesive soils the

investigations have been done by [1, 3, 14, 15, 16, 18, 19,

25, 28]. While for a purely frictional soil the main contri-

butions have been proposed by [9, 10, 21]. Furthermore,

[6, 11, 22], have made specific proposals for cohesive–

frictional soils.

In this paper, based on approaches of yield design

theory, an analytical calculation of the extreme net pres-

sure of a cylindrical and a spherical cavity, subjected to a

radial expansion occurring in a limitless half space, is

carried out. For this purpose, the notion of the radius of

influence, referred to as the area where the state of stress

is not negligible, is introduced. As application, a method

is proposed for predicting the strength characteristics of

soils.

Based on the similarity between the loading exerted by

rigid foundations, which results in the stress bulbs, and that

resulting from cylindrical cavity expansion, the prediction

of the radius of influence enhances the depth where set-

tlement might be calculated. Indeed, the method of settle-

ment estimation performed by Menard [2] requires the

calculation of deformation modulus for soil layers beneath

the foundation up to eight times the foundation’s breadth.

Such depth estimation needs to be highlighted for a better

comprehension of settlement calculation from pressure-

meter data.

The problem of expanded cavity is undertaken by

assuming small strain hypothesis which complies with the

fixed geometry assumption adopted in yield design theory

(YDT) [27].

Then, by identifying between the measured limit net

pressure (from pressuremeter data) and the extreme net

pressure, an estimation of the radius of influence around a

cylindrical cavity is deduced. A method of prediction of

strength characteristics for purely cohesive and cohesive–

frictional soils is proposed.

Assessment of usual correlations, enabling the predic-

tion of mechanical characteristics from pressuremeter data,

is finally discussed.

2 Yield design theory (YDT)

The YDT generally aims at the determination of loadings

which cause failure of structures. Such a problem is based

on the compatibility between equilibrium and strength

capacities of the constitutive material of a structure W
subjected to a given loading process. As a result, the set

(denoted by K) of all potentially safe loads of W is deter-

mined. Especially, loadings belonging to the border of K

are called extreme load, which theoretically represent the

exact solutions of failure loadings.

The set K can be conveniently built by performing the

static approach, also called ‘‘from the inside’’. This ap-

proach permits to calculate lower bounds of the extreme

load after solving a maximization problem with respect to

parameters involved in the considered stress field [27].

The use of the principle of virtual work makes it pos-

sible to derive a formulation based upon the construction of

kinematically admissible (K.A.) velocity fields. Such a

kinematic approach, also called ‘‘from the outside’’, per-

mits to derive upper bounds of the extreme load.

Combining the static and kinematic approaches, a

bounding of the border of the set K is obtained [27].

For any K.A. velocity field and any statically admissible

(S.A.) stress field, by using the principle of virtual works,

equilibrium of W is:

8r S:A:;8v K:A:; Pext vð Þ ¼ Pd�ef ðvÞ ð1Þ

Pext vð Þ ¼ the power of external forces, in the case of a

weightless medium, is:

Pext vð Þ ¼
Z

oX

T xð Þ:v xð Þds ¼ Q � _qðvÞ ð2Þ

T = the stress vector

¶W = the boundary of W.

Q and _q vð Þ are, respectively, the vector of loading

parameters (in the given loading process) and the vector of

its associated kinematic parameters.

The constitutive material of W is governed by its strength

criterion, denoted by GðxÞ;which is usually determined

from experiments. GðxÞ represents, in the space of Cauchy

stress tensor components, the limitation of allowable

stresses. This domain of allowable stress fields will be

characterised by the property
r xð Þ 2 G xð Þ

8x 2 X , f r
� �
� 0:
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For a cohesive–frictional material Coulomb’s strength

criterion is adopted. It is given by:

f r
� �
¼ Sup

i;j¼1;2;3
ri 1þ sinuð Þ�rj 1� sinuð Þ�2ccosu
� �

�0

ð3aÞ

i,j: denote the principal directions.

While for a purely cohesive material, Tresca’s strength

criterion is adopted. It corresponds to the particular case /
= 0, then from Eq. (3a), it comes:

f r
� �

¼ Sup
i;j¼1;2;3

ri � rj � 2cU

� �
� 0 ð3bÞ

cU = the undrained cohesion.

In the following, the convention of positive tensile

stresses, currently adopted in continuum mechanics, is

adopted. Also GðxÞ will be simply denoted G.

A given loading Q is called ‘‘potentially safe’’ through

the property [27]:

9r S.A. with Q

and , Q 2 K

8x 2 X; r xð Þ 2 G

ð4Þ

By using the kinematic approach with restriction to

continuous velocity fields, the power of deformation is:

Pd�ef vð Þ ¼
Z

X

r xð Þ : d xð ÞdX ð5Þ

d xð Þ ¼ the strain rate tensor which components are

calculated from the constructed K.A. velocity field as:

d xð Þ ¼ 1

2

ovi

oxj
þ ovj

oxi

� �
ð6Þ

Let introduce the p x; d xð Þ
h i

function defined by:

p x; d xð Þ
h i

¼ Sup r xð Þ : d xð Þ; r 2 G
n o

ð7aÞ

For a cohesive–frictional soil, obeying to strength cri-

terion given by Eq. (3a), the corresponding p x; d xð Þ
h i

function is:

p x; d xð Þ
h i

¼ c cotg uð Þtrd ð7bÞ

If

trd� d1j j þ d2j j þ d3j jð Þ sin u ð7cÞ

trd = the first invariant of the strain rate tensor.

For a given continuous velocity field v; the calculation

of maximum resisting power is done when the state of

stress r traverses all the domain G, then from Eqs. (5) and

(7a) one obtains:

P vð Þ ¼
Z

X

p x; d xð Þ
h i

dX ð8Þ

An upper bound of the set K is determined by applying the

kinematic theorem stated as:

Q 2 K ) 8 v K:A: Q: _q vð Þ� P vð Þ ð9Þ

The best upper bound estimate of the extreme load will be

determined after minimization of Eq. (9) with respect to the

parameters involved in the constructed velocity field v:

3 Expanded cylindrical cavity

3.1 Statement of the problem

Consider a limitless half space made up of a soil which is

assumed as a homogeneous and isotropic medium. Con-

sider, in such a medium a cylindrical cavity of radius a

subjected to a radial expansion under pressure p > p0

(Fig. 1).

Fig. 1 Expansion of a cylindrical cavity
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Due to geometrical and loading symmetries around the

vertical axis (Oz) of the cavity (Fig. 1) the problem will be

undertaken in polar co-ordinates (r, h), as a plan strain

study, where both radial and angular directions ðer and ehÞ
are considered as principal.

A smooth contact is assumed along the interface be-

tween the cavity and the half space. p0 represents the initial

horizontal stress at rest before the execution of cavity.

Then the boundary conditions are given by:

along the border (r = a):

rr r ¼ að Þ ¼ �p�net ¼ �ðp� poÞ ð10Þ

The velocity displacement vanishes at infinity:

r !1 v ¼ 0 ð11Þ

p, p0 and pnet
* take positive values. pnet

* = the net pressure

that represents the unique loading parameter. From Eq. (2),

the associated kinematic parameter for pnet
* is:

_qðvÞ ¼
Z

r¼a

vr r ¼ að Þ ds¼ U

Z

r¼a

ds¼ 2p a U ð12Þ

With vr (r = a) = U > 0, U = the radial velocity of

expansion along the border r = a.

From Eqs. (2) and (12), the power of external forces is:

Pext vð Þ ¼ p�net U 2p a ð13Þ

The static and kinematic approaches of yield design theory

are undertaken, in the case of a cohesive–frictional

material, to establish the extreme net pressure for expanded

cylindrical cavity as well as for spherical cavity. The case

of purely cohesive material is also treated.

3.2 Lower bound estimate of the extreme net pressure

Consider the family of two zones stress fields sketched in

Fig. 2. Stress components depend solely on r variable,

then:

a� r�R r rð Þ ¼ rrðrÞer � er þ rhðrÞeh � eh ð14Þ

r�R r ffi 0

R = the radius of zone (I) in which the radial stress rr

and consequently, the state of stress is dominant. It is as-

sumed the cavity expansion does not generate any signifi-

cant stress component in zone (II).

For the statically admissible (S.A.) stress field r de-

scribed by Eq. (14), equilibrium equations reduce to:

drr

dr
þ rr � rh

r
¼ 0 ð15Þ

Because the radial stress takes negative values (radial

compression), from boundary condition in Eq. (10) when

the radius increases from r = a it vanishes towards zero at

infinite, then we have: drr

dr � 0; therefore Eq. (15) leads to:

rr � rh� 0 ð16Þ

The constructed stress field should comply with Coulomb’s

strength criterion given by Eq. (3a). Then, solving Eq. (15)

under conditions (3a) and (16) leads to:

rr � c cotg u 1� r

R

� �Ka�1
� �

ð17Þ

Ka ¼ tg2ðp
4
� u

2
Þ denotes the coefficient of active pressure.

Substituting Eq. (10) into Eq. (17) the lower bound

estimate of extreme net pressure is:

p�net � c cotg u
a

R

� �Ka�1

� 1

� �
ð18Þ

In the case of a purely cohesive material, making use of the

same procedure, detailed above, for cohesive–frictional

material, the radial stress which complies with Tresca’s

strength criterion (3b) is:

rr � 2cULn
r

R

� �
ð19Þ

Therefore, from Eqs. (10) and (19), the lower bound of

extreme net pressure is:

Fig. 2 The stress field with two zones
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p�net� 2 cU Ln
R

a

� �
ð20Þ

3.3 Upper bound estimate of the extreme net pressure

The case of a cohesive–frictional medium (c „ 0 and

/ „ 0) is considered. The kinematically admissible (K.A.)

velocity field, defined by:

v ¼ U
r

a

� ��Ka

er ð21Þ

is exhibited.

According to Eq. (6), from Eq. (21), the strain rate

tensor is:

d ¼ U
r�Ka�1

a�Ka
�Kaer � er þ eh � ehð Þ ð22Þ

then from Eq. (22), the first invariant of the strain rate

tensor is:

trd ¼ 1� Kað ÞU r�Ka�1

a�Ka
ð23Þ

and

d1j j þ d2j j þ d3j j ¼ 1þ Kað ÞU r�Ka�1

a�Ka
ð24Þ

After Eqs. (23) and (24), the condition in (7c) is fulfilled.

Then, substituting Eq. (23) in Eq. (7b) it comes:

p x; d xð Þ
� �

¼ c cotg u 1� Kað ÞU r�Ka�1

a�Ka
ð25Þ

The maximum resisting power follows from Eq. (13) as:

PðvÞ ¼ 2pU

a�Ka
c cotgu R1�Ka � a1�Ka

	 

ð26Þ

Substituting Eqs. (13) and (26) in Eq. (9), the upper bound

of the extreme net pressure is:

p�net� c cotg u
a

R

� �Ka�1

� 1

� �
ð27Þ

The case of a purely cohesive medium (cU „ 0 and / = 0)

is addressed by substituting Ka = 1 in Eq. (21), the velocity

field is:

v ¼ U
a

r

� �
er ð28Þ

This kinematically admissible (K.A.) velocity field

should comply with condition trd ¼ 0; provides a finite

maximum resisting power [27]. The p function introduced

in Eq. (7a) is:

p x; d xð Þ
� �

¼ cU �U
a

r2

� ����
���þ U

a

r2

� ����
���

� �
¼ 2 cU U

a

r2

� �

ð29Þ

Then, from Eqs. (28) and (29), the maximum resisting

power is:

PðvÞ ¼ 4pcUU aLn
R

a

� �
ð30Þ

Substituting Eqs. (13) and (30) in Eq. (9), the upper bound

of extreme net pressure is:

p�net� 2 cULn
R

a

� �
ð31Þ

3.4 Combination of the static and kinematic

approaches

According to lower and upper bounds established respec-

tively from the static and kinematic approaches of YDT,

the extreme net pressure pnet
* is derived. In the case of

cohesive–frictional medium (c „ 0 and / „ 0) from

Eqs. (18) and (27), it comes:

p�net ¼ c cotg u
R

a

� �1�Ka

� 1

" #
ð32Þ

In the case of purely cohesive material, (cU „ 0 and /
= 0) from Eqs. (20) and (31) the extreme net pressure is:

p�net ¼ 2 cULn
R

a

� �
ð33Þ

It should be noted when the friction angle / tends towards

zero, the extreme net pressure given by Eq. (33) is easily

deduced from Eq. (32).

Using the theorem of ‘‘association’’ [27], the stress field

defined by Eqs. (14), (15), (17) and (19), and velocity fields

expressed by Eqs. (21) and (28), are called associated. For

such a situation, the maximum resisting power given by

Eq. (8) equals the power of external forces given by Eq.

(13), in which the extreme net pressure is substituted by

Eq. (32) in case of cohesive–frictional medium, or by Eq.

(33) in the case of purely cohesive medium.

4 Expanded spherical cavity

4.1 Statement of the problem

Consider a spherical cavity (with radius a) subjected to a

radial expansion under pressure p > p0. The determination
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of extreme net pressure, using YDT approaches, is con-

ducted by adopting the same procedure as for an expanded

cylindrical cavity. Calculations are carried out for cohe-

sive–frictional as well as for purely cohesive medium.

Consider the following stress field expressed in the

principal spherical coordinates system (r, h, /):

a� r�R r rð Þ ¼ rrðrÞ er � er þ rðrÞ eh � eh þ e/ � e/

	 

ð34Þ

r�R r ffi 0

Due to symmetrical loading and geometry, for any S.A.

stress field r; equilibrium equations reduce to:

drr

dr
þ 2

rr � r
r
¼ 0 ð35Þ

4.2 Lower bound estimate of the extreme net pressure

Consider the case of a cohesive–frictional medium (c „ 0

and / „ 0). The compatibility between equilibrium

according to Eqs. (38) and (16) and Coulomb’s strength

criterion (3a), leads to:

rr � c cotg u 1� r

R

� �2 Ka�1ð Þ
� �

ð36Þ

R = the radius of the zone of influence.

Taking account of Eq. (36) and boundary condition (10)

the lower bound estimate of extreme net pressure is:

p�net� c cotgu
a

R

� �2 Ka�1ð Þ
� 1

� �
ð37Þ

For a purely cohesive medium, making use of the same

procedure, as detailed for a cohesive–frictional material,

the radial stress which complies with Tresca’s strength

criterion (3b) is:

rr � 4cULn
r

R

� �
ð38Þ

Then, the corresponding lower bound estimate of the

extreme net pressure is:

p�net � 4cULn
R

a

� �
ð39Þ

4.3 Upper bound estimate of the net extreme pressure

Consider the kinematically admissible (K.A.) velocity

field, defined by:

v ¼ U
r

a

� ��2Ka

er ð40Þ

U > 0 is the radial velocity expansion along the border

(r ¼ a) of a spherical cavity.

Such a velocity field complies with condition (7c) to

derive a finite maximum resisting power. Using the same

procedure, as detailed for the case of cylindrical cavity

(Eqs. 22–25), from Eqs. (8) and (40), it comes:

PðvÞ ¼ 4pU

a�2Ka
c cotg u R2 1�Kað Þ � a2 1�Kað Þ

� �
ð41Þ

From Eq. (2) the power of external forces is:

Pext ¼
Z

r¼a

p�netUdS ¼ p�netU4pa2 ð42Þ

Substituting Eqs. (41) and (42), in Eq. (9), the upper bound

of the extreme net pressure is:

p�net� c cotg u
a

R

� �2 Ka�1ð Þ
� 1

� �
ð43Þ

The case of a purely cohesive medium (cU „ 0, / = 0) is

considered by substituting Ka = 1 in Eq. (40), the velocity

field is:

v ¼ U
a

r

� �2

er ð44Þ

This K.A. velocity field which complies with condition

trd ¼ 0 provides a finite maximum resisting power. After

calculation, making use of the kinematic theorem, the

upper bound of the extreme net pressure is:

p�net� 4 cULn
R

a

� �
ð45Þ

According to upper and lower bounds, established from

the static and kinematic approaches of YDT, the expression

of extreme net pressures are identified by combining Eqs.

(37) and (43) for a cohesive–frictional and Eqs. (39) and

(45) for a purely cohesive medium, it follows:

c 6¼ 0; u 6¼ 0 p�net ¼ c cotg u
R

a

� �2 1�Kað Þ
� 1

" #
ð46Þ

cU 6¼ 0; u ¼ 0 p�net ¼ 4 cU Ln
R

a

� �
ð47Þ

After the theorem of association [27], the stress fields and

velocity fields constructed for expanded spherical cavity

are called associated.
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5 Illustration for expanded cylindrical cavity

When coring undisturbed sample (in soft soil, for instance)

reveals impossible to carry out laboratory tests, the strength

characteristics of soils can be predicted from pressuremeter

data.

From the pressuremeter test (as well as from in situ

tests) the parameters of soils are usually determined at each

meter depth. Such an advantage leads to a better knowl-

edge of soil characteristics, especially in the case of thick

layers.

The pressuremeter test is carried out in a cylindrical

borehole during which an increase of radial pressure results

from the expansion of the pressuremeter cell. Recorded

measurements are water pressure and the volume variation

of the pressuremeter cell [4]. The pressuremeter test is

conducted until failure which is characterized either by a

variation of volume of soil equals twice the initial cell vol-

ume, or a quasi-constant pressure of expansion. As a result,

three characteristics are determined: the Ménard modulus

and the limit pressure pmes and pressure at rest p0. [4, 7].

Then the limit net pressure is deduced by: pnet
mes = pmes – p0.

The soil behaviour, around an expanded cell of pres-

suremeter, was discussed by Nahra and Frank [24] based

on finite element computation. It was concluded, particu-

larly, that stress components become negligible beyond a

distance ranging from 25 to 50 times the radius of pres-

suremeter cell. Figure 2 illustrates (zone I) this radius of

influence witch depends on the adopted constitutive model

for the soil around the cavity. Therefore, the radius of

influence, denoted R, is interpreted as the distance from

which the radial stresses, as well as other stress compo-

nents, resulting from the expanded cavity are neglected.

The normalized radius of influence is, then, introduced as

ratio a = R/a.

Nahra and Frank [24] and Fawaz et al. [10] discussed

the choice of radius R by performing finite element com-

putations. It was agreed, the value a = 14 is suitable for

studying the soil behaviour around an expanded cylindrical

cavity.

5.1 Illustration and discussions of results

Consider, first, the case of a purely cohesive soil. Substi-

tuting in Eq. (33) the value of limit net pressure pnet
mes by the

extreme net pressure pnet
* established from YDT ap-

proaches, therefore, the cohesion of soil is:

cU ¼
pmes

net

2 Ln R
a

	 
 ð48Þ

Figure 3 shows an asymptotic evolution of the normalized

radius plotted as a function of the normalized pressure

pmes
net

cU

� �
: It can be noted that the choice of a = 30 is quite

sufficient for predicting the undrained cohesion. As first

estimation, from Fig. 3, we have a = 7pnet
mes. Also, from Fig.

4 it is clearly shown that for a = 15, as suggested by Fawaz

et al. [10], a good prediction of the undrained cohesion

from the measured limit net pressure is deduced. Such a

prediction is usually representative for soft soils in terms of

values of limit net pressure, it is:

cU ¼
pmes

net

5:4
ð49Þ

The prediction of undrained cohesion from Eq. (49) is also

in good agreement with the correlation proposed by the

‘‘Centre of Ménard’’ studies for the case of soft clays

i.e.:cU ¼ pmes
net

5:5 Amar and Jézéquel [1]. This correlation was

proposed from a large experimental data base.

In the case of a cohesive–frictional medium, by equal-

ling the extreme net pressure (YDT) to the measured limit
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Fig. 4 Undrained cohesion against extreme net pressure for a = 5–50
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net pressure (pressuremeter test), from Eq. (32), the cohe-

sion and the angle of friction are obtained as a function

of the normalized limit net pressure and the normalized

radius a:

pmes
net

c
¼ cotgu a1�Ka � 1

	 

ð50Þ

Figure 5 shows the significant influence of the normalized

radius when predicting the limit net pressure. Nevertheless,

it should be noted that, in the range 10 £ a £ 15, a quasi-

constant limit net normalized pressure can be predicted for

representative values of the friction angle (10� £ u £ 40�).

This result is also well illustrated in Fig. 6.

Consider, then, the value of normalized radius a = 15 in

Eq. (50), the mechanical characteristics of a cohesive–

frictional material are simply predicted by:

pmes
net

c
¼ F uð Þ ð51Þ

Using a first order approximation of the function F (/), an

equivalent expression is deduced:

Fe uð Þ ¼ �11:93 sinuð Þ2 þ 13:32 sin uþ 5:06
� �

ð52Þ

Table 1 compares between the functions given by Eqs. (51)

and (52) for a wide range of the friction angle. Figure 7

shows a good agreement between Functions F(/) and Fe

(/). Then, it is possible to write:

pmes
net ¼ c �11:93 sinuð Þ2 þ 13:32 sin uþ 5:06

� �
ð53Þ

As a result, the recorded limit net pressure from the pres-

suremeter test is identified with the extreme net pressure

(established from yield design theory), makes it possible to

estimate the strength characteristics of soil at failure (c and

/), and the radius of influence of an expanded cylindrical

cavity.
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Table 1 Values of functions F and Fe for different values of the

angle of friction /

/ (�) 5 10 15 20 25 30 35 40 45

F(/) 6.21 6.97 7.63 8.18 8.57 8.80 8.86 8.73 8.43

Fe (/) 6.13 7.01 7.71 8.22 8.56 8.74 8.78 8.69 8.51
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Fig. 7 Functions F(/) and Fe (/)
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5.2 Prediction of strength characteristics

Consider the value of normalized radius a = 15. It roughly

corresponds to the ratio between the depth on which set-

tlement is estimated by Ménard’s method [22] and the ra-

dius of a circular foundation (or half width of a rectangular

foundation). In other words the depth along which a sig-

nificant settlement of soil is expected also corresponds to

the radius of influence R limiting the zone where stress and

strains are significant.

The strength characteristics of a given soil, for which the

measured limit net pressure is given from pressuremeter

test, can be predicted by two methods.

Firstly, for a given soil the value of the angle of friction

might be estimated. For example, consider a silty clay

from the area of Rades-La Goulette (Tunisia), starting

from a geotechnical investigation recorded characteristics

(pressuremeter and classical triaxial tests), pnet
mes =

200 kPa, c = 25 kPa and / = 16�. From Fig. 8, for /
= 16� and the corresponding iso-values curve of limit net

pressure pnet
mes = 200 kPa, the cohesion is c = 25.8 kPa.

Such a prediction of soil cohesion shall be made more

accurately from typical chart as shown in Fig. 9.

Secondly, from Fig. 10, consider the same silty clay for

which the friction angle is about of 16�, the corresponding

normalized limit net pressure i.e.
pmes

net

c ¼ 7:75 is deduced

from which follows the cohesion value: c = 25.8 kPa.

The proposed method of prediction will be conversely

more suitable for a prior estimation of cohesion. In this

case, the friction angle will be predicted directly from

Fig. 9 for a given value of the limit net pressure recorded

from the pressuremeter test. For example consider a sandy

silt in the same zone, with limit net pressure pnet
mes =

400 kPa, if assuming c = 60 kPa, the predicted friction

angle is / = 22�.

Finally, the proposed method of prediction requires some

experience when adopting the value of first strength char-

acteristic of soils, either the friction angle or the cohesion.

The predicted value of the second characteristic obviously

depends on the reliability of the pressuremeter data.

6 Conclusion

Based on yield design theory approaches, this study has

focused on the theoretical determination of the extreme net

pressure which results from lateral expansion exerted,

within an infinite half-space, in cylindrical as well as

spherical cavity.

Linking between the recorded limit net pressure from

the pressuremeter data and the theoretical predictions, the

radius of influence of expanded cylindrical cavity is esti-

mated.

Such estimation complies with previous values sug-

gested from the study by finite element on the soil

behaviour around an expanded cavity.
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Based on the estimated radius of influence, the assess-

ment of usual correlations has been discussed especially for

soft soils assumed as purely cohesive medium. Also, the

depth along which the settlement is predicted based on

pressuremeter standard has been assessed.

These findings well illustrate a comprehensive handling

of soil characteristics, to be predicted from the pressure-

meter data for design purposes in soil mechanics.

Useful charts were proposed for cohesive–frictional

soils to estimate the cohesion as well as the friction angle

from pressuremeter data. Conversely, if strength charac-

teristics as results from laboratory tests are provided, the

proposed method can be used to predict the assumed limit

net pressure during a pressuremeter test to be performed in

a given soil.
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test. Géotechnique 22(3):451–457
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