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1 INTRODUCTION 

The standards of the pressuremeter test (Norme NFP 
94-110-1 2000, Standard D 4719-00 1994) consider
that the pressuremeter probe has a membrane with no
thickness so that the pressure of the water inside the
probe is equal to the reaction pressure of the soil out-
side the probe. It consider also that the probe deforms
in a cylindrical shape so that the displacement of the
membrane is the same at any point along the mem-
brane. These assumptions of Ménard can be found in
Baguelin et al. (1978) Mair & Wood (1987). They are
reused in the standards of the test which are described
(Monnet, 2016) and in used all around the world. The
effect of the ratio length over diameter (L/D) and the
shape of the membrane  with free ends has been stud-
ied by Houlsby & Carter (1993) with the effects on the
measured modulus of the soil. They do not study the
reduction of pressure linked to the shape of the de-
formed probe. It can be seen (Figure 1) that the
pressuremeter probe G deforms as a beam on 2 free
supports during the calibration. The slotted tube (Fig-
ure 2) deforms in a shape similar as an embedded
beam during calibration. This paper deals with the
shape of the deformed probe which is assumed to be
more realistic with a parabolic shape for the probe G
and a degree 4 shape for the slotted tube. These cor-
rections has been used for the shearing interpretation
of the pressuremeter test (Monnet et al.2006; Monnet
2012) and in the program Gaiapress (2014). analysis
of membrane correction

2 ANALYSIS OF MEMBRANE CORRECTIONS

If we consider the probe as a tube (Figure 3) with an 
inner water pressure pyi applied on the internal diame-
ter i coming from the Control Pressure Volume Unit 
(CPV) and an outer pressure of reaction applied on the 
outer diameter e of the soil, there should be a differ-
ence between these two pressures. The thickness e of 
the membrane should decrease the value of the pres-
sure pye applied to the soil with relation (3). 

Figure 1. Deformation of the probe for the calibration of the

probe for pressure losses (Baguelin et al, 1978)
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ABSTRACT: The pressuremeter standards   allows only two corrections: on the dilatation of the equip-
ment; on the membrane rigidity. It assumes that the pressure applied into the probe is equal to the 
reaction pressure of the soil at the borehole wall. It neglects the effect of the thickness of the membrane and 
its defor-mation shape. This paper takes into account the effect of thickness of the membrane and its 
balloon shaped deformation   with new corrections applied on the pressuremeter measurements. A 
theoretical correction is proposed and check by the results of a finite element calculation which takes into 
account the presence of two type of membrane: one in free ends for probe G, one with embedded ends for 
slotted tube probe. With these corrections, the pressuremeter test can be used as a shearing test able to 
measure the shearing elastic and plas-tic characteristics of the soil. 
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Figure 2. Deformation of the probe for the calibration of the 

slotted tube probe for pressure losses

2.1 Effect of the shape of the deformed probe

2.1.1 Case of the free end membrane
This case is found using the E or G probe. The radius
of the deformed probe is assumed to be of the quad-
ratic form (1), where lt is the length of the deformed 
probe, y is the ordinate of the point along the probe; 
its value is 0 at the center of the probe length and l/2 
at the extremity of the probe; r0 is the radius of the 
probe at its extremity and rmax is the radius at the cen-
ter of the probe.

The value of the reaction py of the soil is assumed 
to be proportional to the deformation along the probe 
with relation (2) where p0 is the pressure at the ex-
tremity of the probe and pmax the pressure at the cen-
ter of the probe.

Taking into account the thickness e of the mem-
brane of the probe (Figure 3) and the difference be-
tween the outer diameter e and the inner diameter 
i, equation (3) gives the relation between the inner
pressure pyi of the water inside the  probe and the re-
action pressure pye of the soil outside the probe. This
relation shows that the pressure outside the probe is
smaller than the pressure outside the probe. This
phenomenon is not taken into account by the stand-
ards (Norme NFP 94-110-1, 2000; Standard D 4719-
00, 1994).

(1)

(2)

(3)

(4)

(5)

Figure 3. Influence of the thickness of the membranes

Figure 4. Scheme of the pressuremeter probe G (Standard NFP 

94-110, 2000)

 Outside the probe, the force of reaction of the soil is 
given by (4), and can be calculated per unit angle as 
(5). The force per unit angle gives by the water table 
is given by (6) 

(6)
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Inside the probe, the water applies a pressure of ps

(or a gaz pressure for Camkometer) along the meas-
urement cell of length ls. The air applies an air pres-
sure of pg along the two guard cells of length lg and the 
total length of the loaded area is given by lcel (7). 
There is a difference between lcel the total length of the 
loaded aera and the total deformable lenght of the
probe lt because sometime le guard cells does not
reaches the ends of the probe. The total force inside 
the probe is given by (8) and can be developed in (9) 
for a unit angle, where r0i is the inner radius of the
probe at its extremities, rmaxi is the inner radius at the
center of the probe. 

(7)

(8)

(9)

The equilibrium of the probe is reaches when the inner 
force is equal to the reaction force of the soil. This al-
lows determining the maximum reaction pressure pmax

of the soil (10) as a function of rmax the maximum ra-
dius of the probe. It is now possible to determine the 
mean pressure along the measurement cell by (11) 

(10)

(11)

(12)

(13)

(14)

The initial volume of the probe before deformation is 
Vs and V is the  volume injected into the probe for a 
measurement. The total volume of the probe after de-
formation is Vt (12) with e the thickness of membrane. 
The value of rmax can be find solving the equation (12) 
and pmax by (10). The knowledge of rmax, allows de-
termining the mean radius rmoy by relation (13) and the 
radial strain by (14) 

2.1.2 Case of the embedded membrane 
This case is found using the slotted probe. In that 
case the probe deforms along the relation (15),

Figure 5. Scheme of the pressuremeter slotted tube (Standard 

NFP 94-110, 2000)

where lm is the length of the slotted part of the tube. 
The pressure of reaction of the soil is given by (16). 

(15)

(16)

(17)

(18)

Outside the probe, the force of  reaction of the soil 
is given by (4) and can be calculated per unit angle as 
(17). In (17) it is assumed that the soil has an elastic 
reaction to the deformation of the probe. 

Outside the probe, the force per unit angle gives by 
the water table  is given by (18). 
 The total force inside the probe is given by (8) and 
can be developed in (19) for a unit angle with the inte-
gral I3 and I4

(19)
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(20)

(21)

(22)

The equilibrium of the probe is reaches when the inner 
force is equal to the reaction force of the soil (10),. 
This allows determining the maximum reaction pres-
sure pmax of the soil (20). The maximum radius of the 
probe is determined by the knowledge of the volume 
V injected into the probe (21), the mean radius is 
found by (22) and the radial strain by (14).

Figure 6. Comparison of the theoretical deformation of the 

probe and the calculated results of Houlsby and Carter 

(1993)

3 NUMERICAL ANALYSIS 

3.1 Case of the free end membrane, probe G 

3.1.1 State of the art 
The state of the art shows a lot of calculation of the 
pressuremeter test, but no calculation of the probe 
with the membrane, probably because of the difficul-
ties of meshing and computing. If we compare (Figure 
6) the assumed parabolic deformation of the mem-
brane with the calculation of Houlsby & Carter (1993)
we find a good correlation with a coefficient of 0.94,
where the standard cylindrical deformation is very dif-
ferent with no correlation with the FE results.

3.1.2 Calculation for pressure looses  
The program Plaxis 2D (2016) was used for the simu-
lation of a pressuremeter test with a G probe in a sand. 
The dimension of the probe is shown (Table 1). In 
colum7 the e value is the total thickness of the 2 
membranes (1+5mm for G probe).   

Figure 7. Comparison of the theoretical displacement of the 

membrane and the numerical results of Plaxis - Calibration in 

pressure looses of the Probe G

Figure 9. Comparison of the displacements of the membrane 

between the numerical Plaxis results, the theory and the Stand-

ard, Pressure 700kPa,

Figure 10. Comparison of the pressure applied to the membrane 

between the numerical Plaxis results, the theory and the stand-

ard, pressure 700kPa
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Figure 11. Comparison between the calculated pressure of the 

Standard, Gaiapress and Plaxis

For the self resistance of the probe (Figure 7) the radi-
al displacement along the membrane by the theory 
(square points) and by the FEM calculation (diamond 
point) are closed together with a correlation of 0.90. 
Meanwhile the constant Standard displacement (trian-
gle points) is very different of numerical results with 
no correlation. 

Table 1.  Geometry of the probes 
Probe lt

mm

lcel

mm

ls

mm

lg

mm

lm

mm

e

mm

dext

mm

G 450 450 210 120 - 6 60

Slot.Tube - 580 360 110 870 12 60

Table 2 .  Characteristic of the soil 
Soil E

kPa

 c

kPa


degree


degree

Sand1 12673 0.3 0 33 5

Sand2 60000 0.3 0 32 4

3.1.3 Calculation of the pressuremeter test with the 
free ends membrane  
It can be seem (Figure 9) the comparison between the 
calculated theoretical displacement (square points) and 
the FEM results (diamond points) along the vertical 
ordinate for a probe placed vertically. The discrepancy 
between theory and FEM is small, while there is a 
large difference between the cylindrical displacement 
of the Standard (triangle points) and the FEM calcula-
tion. The parameters of the Sand1 is shown (Table2) 
 The evolution of the stress along the verticality of 
the probe is shown (Figure 10). It can be seen that the 
theoretical stress is more or less close to the FEM con-
tact pressure with the probe. The large variation of the 
FEM contact pressure seems to be proceed from the 
contact element between the probe and the soil. These 
element has a cohesion of 10kPa and a friction angle 
of 1° with no dilatancy, but the program exhibits some 

difficulties to reach the final equilibrium. It can be 
seen that the standard pressure (Triangle points) over-
estimates the FE pressure. 
 The comparison between the Standard pressure, the 
theoretical pressure found by Gaiapress (2014) and the 
FEM pressure from Plaxis (2016) is shown (Figure 
11). It can be seen that the Gaiapress results are closed 
to Plaxis ones, whereas the Standard finds a pressure 
24% higher. 

3.2 Case of the embedded membrane 

  3.2.1 Calculation for pressure looses
The program Plaxis 2D (2016) was used for the simu-
lation of a pressuremeter test with a slotted tube in a 
sand. The dimension of the probe is shown (Table 1). 
In colum7 the e value is the total thickness of the 2
membranes (1+5mm) and the slotted tube (6 mm).  

The radial displacement along the membrane (Fig-
ure 12) by the theory (square points) and by the FE 
calculation (diamond point) are closed together with a 
correlation of 0.81. Meanwhile the constant Standard 
displacement (triangle points) is very different of nu-
merical results with no correlation. 

   3.2.2 Calculation of the pressuremeter test with the 
embedded membrane  

It can be seem (Figure 14) the comparison between 
the pressure along the probe, calculated by Plaxis (di-
amond points) the pressure calculated by the theory 
with Gaiapress (square points) and the standard (trian-
gle points). It can be seen that the theory is closed to 
the Plaxis results with a correlation of 0.91, whereas 
the standard has no correlation with FEM results. 

Figure 12. Comparison of the theoretical displacement of the 

membrane and Plaxis results - Calibration Slotted Tube Probe
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Figure 13. Comparison of the theoretical displacements of the 

membrane and the Standard with Plaxis results, Pressure 1697kPa

Figure 14. Comparison of the radial pressures on the membrane 

between the theory and the Standard with Plaxis results, , pres-

sure applied 1697kPa

Figure 15. Comparison between the calculated pressure of the 

Standard, Gaiapress and Plaxis

The comparison between the Standard pressure, the 
theoretical pressure found by Gaiapress (2014) and the 
FEM pressure from Plaxis (2016) is shown (Figure 
15). This figure is drawn in effective pressures. It can 

be seen that the Gaiapress results are a little bit under 
the theoretical slope 1, whereas the Standard finds a
pressure 66% higher.

4 CONCLUSIONS 
The standards for the pressuremeter interpretation 
overestimates the radial pressure at the contact with 
the soil of 24% for the probe G and 66% for the slot-
ted tube.  

The effect of the thickness and the shape of the de-
formation of the membrane must by taken into account 
for a better estimation of the reaction of the soil to the 
pressuremeter solicitation. As a consequence a coeffi-
cient of reduction of the standard limit pressure found 
with the slotted tube should be applied for a better us-
es of pressuremeter results. 

A correction coefficient of 0.8 for probe G and 0.6 
for slotted tube should be applied to determine the re-
action pressure of the soil around the pressuremeter 
probe. With such correction it is possible to determine 
the friction angle of the soil. The program Gaiapress is 
adapted to this correction and this interpretation. 

The FEM results should be improved using a large 
displacement analysis. 
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