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1. Introduction 
 

Soil mechanical parameters can be determined in the 

laboratory, on specimens taken from the field, or directly in 

situ, by means of pressuremeter or penetration tests 

(Tarawneh et al. 2018). Currently, field trials are preferred 

by practitioners and are routinely performed during a 

geotechnical study (Clarke 1995, Aziz and Akbar 2017) 

because, unlike those performed in the laboratory, they offer 

the advantage of not requiring sampling and therefore not 

distorting the results obtained due to a poorly performed 

sampling. Nevertheless, these tests have a serious 

disadvantage since the practitioner cannot fully control the 

environment during the test, and therefore he may lose 

certain information that the laboratory tests could easily 

provide. 

Recent developments in the field of civil engineering 

have generated multiple problems of interaction between 

structures and soils, especially during the construction of 

large structures in cities and in their subsoil as well (Borel 

and Reiffsteck 2006). The interactions between soils and 

structures give essentially problems of compatibility of 

deformations that can only be reliably treated when the 

deformability of different soils at low levels of deformation  
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are known. In order to directly control the deformations of 

soils and structures, and their interactions, a great deal of 

research has been conducted on the development of new 

devices for in-situ soil control; among these, it is worth 

mentioning the penetrometers, dilatometers and 

pressuremeters, which have been reported in the works of 

Zhou (1997), Akbar (2001), Reiffsteck and Borel (2002), 

Arbaoui (2003), Reiffsteck et al. (2005), Thorel et al. 

(2007), Rehman (2010), Barry et al. (2012), Johnston et al. 

(2013), Shaban and Cosentino (2017), Wang et al. (2018), 

Masoud and Khan (2019), etc. These devices were 

developed to determine better soil parameters. In addition, 

an approach was devised for the purpose of deriving, from 

the test, certain data that can be effectively used in 

geotechnical monitoring and engineering calculations. 

For the purpose of improving the methods of measuring 

soil deformability, it seemed advisable to go further in the 

in-situ testing, especially because the in-situ tests currently 

occupy a prominent place in today’s geotechnical studies. 

Among these tests, it would be interesting to mention the 

pressuremeter test, which is considered as the most widely 

used in-situ soil investigation tool for calculating and 

optimizing foundations (Baguelin et al. 1978, Amar et al. 

1991, Gambin 1990, Likitlersuang et al. 2013). Note that 

Kögler (1933) was the first person to perform the 
cylindrical probe expansion test to measure soil 
characteristics. This essay reached its current growth only 

under the impulse of Louis-François-Auguste on January 

19, 1955 at 15h 6 mn, the moment when this person 

deposited a patent for invention with the number 1.117.983 

(Ménard, 1955). According to this invention, the principle 

of in-situ experimentation consists of introducing a 

diametrically deformable cylindrical cell into a borehole at  
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staggered depth values. The diameter of this cell must 

correspond to that of the borehole, but without proper 

elastic reaction. The cell is inflated, with an incompressible 

fluid, on demand and according to a well-defined “pressure-

time” program (Oztoprak et al. 2018). 

Several works have contributed to the development of 

this test and to the popularization of its use, Jézéquel and 

Touzé (1970) filed a patent entitled “Pressiometric drilling 

probe”. Indeed, these two authors tried to eliminate the 

reworking operations that are due to the Menard 

Pressuremeter test during predrilling with self-boring 

(Baguelin and Jézéquel 1973). This idea also emerged at the 

same time in Cambridge in the United Kingdom, and later 

culminating in the Camkometer, which is a self-boring 

pressuremeter, with some specificities related to its 

slenderness, and to its ability to measure deformations 

(Wroth and Hughes 1972, Windle and Wroth 1977). Other 

types of cone pressuremeters were later developed. 

Moreover, Briaud and Shields (1979) from the University of 

Ottawa (Canada) made the first attempt to develop a single-

cell probe that can be set up by threshing or jacking in the 

ground for the characterization of streets, roads and airfields 

(the pavement pressuremeter). The most popular model of 

this type of pressuremeter is the PENCEL Pressuremeter, 

manufactured by the Canadian company Roctest (Messaoud 

and Cosentino 2016). With the growing interest in offshore 

design and the consequent need for accurate measurements 

of in-situ properties of offshore clays, Reid et al. (1982) 

developed a push-in pressuremeter. Thereafter, Withers et 

al. (1986) in England developed the full-displacement 

pressuremeter which was later further developed and tested 

in Canada by Campanella and Robertson (1986), Italy 

Ghionna et al. (1995) and in Holland by Zuidberg and Post 

(1995). 

 

 

 

These latest developments exhibit several flaws; they 

are expensive and cannot be used in all types of soils. For 

this, an alternative way of improvement would be to work 

on the deformation measurement at the wall of the probe; 

this method is more accurate than working on a burette, 

even if it is instrumented. A detailed discussion on the 

development of a new generation of pressuremeters to 

provide richer information on small deformations are 

provided in this article. The methodology, calibration and 

validation of the first results are also presented in detail. 

 

 

2. Development and design 
 

2.1 Description of the Menard pressuremeter 
 

The main body of the probe is made of high-strength 

stainless steel. The core of the probe consists of a single 

metal cylinder serving as support for three cells: two guard 

cells of length equal to 120 mm each, and a central 

measuring cell of length 210 mm; the three cells are coated 

with a rubber sheath. The probe has an inside diameter of 

31 mm, and an outside diameter of 58 mm (with the 

membrane); both ends of the main body are identical. One 

end is connected to the pressure-volume controller via semi-

rigid tubing, to ensure the passage of gas to the central 

measuring cell. However, the other end is protected by a 

sabot. 

 

2.2 Developed design model 
 

The basic design principle of the new equipment 

developed is schematically illustrated in Fig. 1 Indeed, a 

standard Ménard probe of diameter equal to 58 mm is used.  

Table 1 Geometric characteristics of the probe 

 Notation Value Tolerance 

Flexible sheath probe 

Central cell 
Length (mm) ls 210 [0; +5] 

Outside diameter (mm) ds 58 [-2; +2] 

Guard cell 
Length (mm) lg 120 [-15; +15] 

Outside diameter (mm) dg 58 [-2; +2] 

 
Fig. 1 Principle of the developed design model 
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It consists of three cylindrical cells with a circular cross-

section and mounted on the same axis; the geometric 

characteristics of the probe are given in Table 1. 

A test plate was implanted inside the central measuring 

cell. Then a new measurement system (measuring feeler) 

was incorporated into the body of the standard probe. This 

measuring feeler is equipped with a Hall Effect sensor; its 

role is to control and monitor the expansion of the 

membrane when performing a pressuremeter test. The area 

to be opened in the central measurement cell is clearly 

shown in Fig. 2 This part of the cell is sealed, which makes 

it possible to prevent any leakage from the gas-bearing 

circuit. Moreover, the opening created in the cell is 150 mm 

long and is positioned in the middle of the probe to allow  

 

 

 

 

the user to take measurements at the midpoint of the 

membrane. 

The diameter of the central cell is equal to 41.5 mm, and 

the opening was made with a depth h equal to 25 mm, as is 

clearly illustrated in Fig. 2 Note that the tube that connects 

the two guards cells and which is used to transfer gas from 

the first guard cell to the second guard cell must not be 

touched. A new measurement system was subsequently 

placed between these two guard cells. 

 

2.3 Manufacture of the first prototype 
 

A structural steel alloy with low contents of nickel, 

chromium, molybdenum (36NiCrMo16) was used for the  

 

Fig. 2 Description of the measurement area (dimensions in mm) 

 
Fig. 3 Creation of the measurement zone 

 
(a) (b) 

Fig. 4 (a) Measuring range of the feeler and (b) Position of the Hall Effect sensor 
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manufacture of the different parts of the prototype in order 

to achieve very high mechanical characteristics while 

offering maximum safety. 

The production of the first prototype of the model 

developed was completed in the mechanical manufacturing 

workshop of Mr. OTMANI Mohammed, located in Ain 

Defla in the city of Tlemcen (Algeria). The first task 

consisted of creating the measurement zone in the center 

cell, as shown in Fig. 3. 

 

2.4 Deformation measurement system 
 

The device used to measure and control the 

displacement of the membrane is a measuring feeler which 

is made of high strength stainless steel (36NiCrMo16). It 

consists of two arms and a seat for the Hall Effect sensor. In 

the initial position (no membrane expansion), the distance 

between the outer ends of the two arms (upper and lower) 

of the measuring feeler is equal to that of the inner diameter 

of that probe (i.e., 41.5 mm), as depicted in Fig. 4(a). The 

arms can stretch out radially within a range extending 

between 41.5 mm and 71.5 mm. 

The Hall Effect sensor is positioned on a support placed 

appropriately between the two magnets of arm 1 (Fig. 4(b)). 

The dimensions of the sensor support allow the user to 

cover a measurement range of about 30 mm. This value 

corresponds to the maximum limit that the device can reach,  

 

 

 

which means when the portion carrying magnet 2 comes 

into contact with the Hall effet sensor support. 

A helical torsion spring was used between the two arms 

of the feeler. This spring has the essential role of restoring a 

torque; work is done when the spring rotates (Fig. 5). The 

fixing system of this type of spring is simple, which allows 

it to have a very wide range of applications. 

 

 

3. Calibration of the measuring system 
 

Calibration was performed for the electronic part of the 

equipment used. This makes it possible to convert the 

analog output units to pressure and radial expansion units 

during a pressuremeter test and also to ensure proper 

functioning of the equipment. 

 

3.1 Calibration of the displacement sensor 
 

The probe membrane displacement measurements were 

achieved with the newest technologies which are based on 

Hall Effect sensors. The main advantage of using this type 

of sensors lies in the fact that it allows measuring a position 

or a lateral displacement through a non-ferromagnetic wall 

separating the probe from the magnet support. 

The principle of operation of the sensor is based on the 

fact that when a semiconductor is crossed by a current, it is  

 

Fig. 5 Detailed diagram of the spring 

 
 

(a) (b) 

Fig. 6 (a) Ratiometric Hall Effect sensor and (b) Setup of the Hall effect sensor 
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Fig. 7 Diagram for the calibration setup 

 

 

Fig. 8 Comparison of the results obtained by SS94A1F 

and SS94A2 sensors 

 

 

subjected to a magnetic field whose lines of force are 

perpendicular to both the plate and the current; also, any 

displacement in the direction of current would generate a 

DC voltage that is proportional to the magnetic field. 

 

3.1.1 Setup 
The sensor used in this study is a Honeywell 

Ratiometric linear Hall Effect sensor (Fig. 6(a)), made of 

ceramic, which produces an output voltage proportional to 

the intensity of the magnetic field to which it is exposed; it 

is compensated in sensitivity and temperature. The sensor is 

supplied with DC voltage using a 0-15V KERT power 

supply that is connected between the positive terminal (+) 

and the negative terminal (-) which is connected to ground. 

The third one (0) is used when the ground is taken as a 

reference, with zero potential (Fig. 6(b)). 

 

3.1.2 Methodology 
The calibration of the radial movement of the feeler-

arms, to prevent any change in the sensor output, was done 

prior to the placement of the probe membrane. After that, 

the relationship between the voltage emitted by the sensor, 

and recorded by the National Instruments acquisition box, 

and the radial movement of the feeler-arms must be 

established. 

The probe, with all its components, was fixed in a 

horizontal position in order to perform the calibration. 

Then, a digital caliper was used to measure the relative 

movement of the arm (Fig. 7). Note that the measurements  

 

Fig. 9 Hall Effect sensor calibration curve, for different 

voltages 

 

 

Fig. 10 Influence of the magnetic polarization on the 

sensor response 
 

 

were realized and recorded every millimeter, until the 

maximum range of arm movement (30 mm) was reached. 

The operation was performed on one feeler-arm, while the 

other one remained fixed. 

At first, the calibration operation was carried out using 

two sensors with different references, i.e., SS94A1F and 

SS94A2, in order to see the influence of the sensor type on 

the results found. The difference resulting from the use of 

the two sensors lies in the interval of measurement of the 

magnetic field intensity. Indeed, the sensor SS94A1F allows 

for the measurement of the magnetic field within the 

interval [-100, +100] Gauss, while the sensor SS94A2 does 

it within the interval [-500, +500] Gauss. The results given 

by the first test are summarized in Fig. 8. 

As is clearly indicated in Fig. 8, the sensor SS94A1F 

can no longer detect any magnetic field, which means that 

the movements of the measuring feeler cannot be detected 

and measured beyond the position of 18 mm. On the other 

hand, the sensor SS94A2 gives voltage variations up to the 

position of 30 mm. This is the reason why it was decided to 

use the SS94A2 sensor in order to have the maximum 

measuring range. 

In order to be able to assess the influence of the supply 

voltage change on the measurement range, it was deemed 

interesting to carry out a parametric study. For this, the 

different phases involved in the sensor calibration process 

were repeated for different voltage values, i.e., 6V, 7V, 8V, 

and 9V. The results obtained are summarized in Fig. 9. This 
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figure shows that for each voltage increase, the measuring 

range of the sensor rises. For example, for the voltage of 

6V, the measuring range is 1.728 V; but for the voltage of 

9V, the measuring range is 3.025 V. For this reason, it was 

decided to opt for the use of the 9 V supply voltage. 

It was found that the variation of the Hall Effect sensor 

response as a function of the magnetic polarization was 

significant. For this reason, it was decided to carry out a 

calibration operation with two types of polarizations. The 

first type consisted of using only the magnet of the upper 

part, but in the second one, the two magnets were used in 

order to determine the influence on the sensor response, as 

illustrated in Fig.10. It is worth noting the good linearity of 

the signal in the case where two magnets with different 

poles are used (north-south or south-north). It should also 

be mentioned that in the second case, for the interval from 0 

to 4 mm, the response of the sensor is faster, and has a 

better sensitivity as compared to the first case. Therefore, 

the second type of polarization is much more interesting to 

b e  

 

 

 

used for the calculation of small deformations. This is the 

reason why it was decided to opt for the second 

configuration. 

Furthermore, a parametric study was performed on the 

second configuration, but with different positions of the 

magnet with respect to the Hall Effect sensor; this was done 

until a sufficiently linear response of the sensor was 

attained (Fig. 11). 

The power source was kept fixed at 9 V during the 

calibration test. The position of the upper magnet (d) was 

changed with respect to the Hall Effect sensor. It was 

observed that each time the position of the magnet was 

changed, bringing it gradually closer to the magnet of the 

sensor, the non-linearity of the sensor response decreased 

and the degree of the polynomial trending went down, while 

the coefficient R2 moved closer to unity. 

In addition, the configuration (d = 4 mm, L = 9.5 mm), 

which gave us a better linearity with R2 = 0.999, was 

considered. Then, the calibration was repeated for this last  

 

Fig. 11 Representation of the position of the magnet relative to the Hall Effect sensor 

 

Fig. 12 Relationship between the output voltage and the measuring feeler movement 

  
(a) (b) 

Fig. 13 (a) Connection of the pressure sensor and (b) The pressure sensor setup 
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configuration three times successively, as is clearly shown 

in Fig. 12 below, and the results found seemed consistent. 

 

3.2 Calibration of the pressure sensor 
 

The objective was to achieve a good accuracy 
essentially in the measurements of the pressure applied to 

the probe. For this, a KELLER electric sensor was used 

instead of the commonly used blade manometers. Its main 

function is to determine the pressure and transmit it to a  

 

 

 

 

recorder. 

This type of pressure sensors provides the user with 

precision, stability and reliability. It is used in typical 

applications such as refrigeration temperature controllers, 

air compressors, hydraulic circuits, and vacuum pumps. The 

pressure sensitive element in the sensor is a piezo-resistive 

micro-machined silicon chip, of high stability, mounted 

floating on the filling oil of the sensor which is closed by a 

thin separation membrane which receives the pressure to be 

measured. 

 
Fig. 14 Calibration curve of the pressure sensor 

 

Fig. 15 Pressuremeter probe during the calibration phase 

 

Fig. 16 The membrane calibration curve 
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3.2.1 Sensor setup with the EV-06 recorder 
The pressure sensor was positioned on the pressure-

volume controller (Fig. 13(a)). Note that it can be placed 

anywhere on the air pressurization circuit. A three-wire 

power cable was used to connect the end of the pressure 

sensor to the EV-06 recorder, and then the recorder to the 

data acquisition box (Fig. 13(b)). 

 

3.2.2 Calibration methodology 
The calibration procedure for the pressure sensor is the 

same as that used for the Hall Effect sensor. Constant 

pressure values were applied for 30 seconds and the voltage 

corresponding to each value of the pressure was measured 

with the EV-06 recorder and the data acquisition software. 

In addition, the preliminary calibration of the pressure 

sensor was carried out using a Jean Lutz controller. The 

amplitude of the pressure stages was chosen at a maximum 

of 3 MPa; the monitoring operation was carried out from a 

log file with the help of a specific control software 

(PREVO) installed on a laptop that is connected to the 

controller through a USB cable. 

The results of the calibration operation are summarized 

in Fig. 14, with the equation of the line obtained by linear 

regression and which must be introduced into the 

SignalExpress software. There is a rapid and substantially 

linear variation of the voltage as a function of the applied 

pressure. The test was repeated three times, and the results 

obtained seemed consistent. As can be seen on the 

calibration curve, the abscissa at the origin, that is to say the 

value at zero pressure, is equal to 0.08V; it corresponds to 

the atmospheric pressure.  

 

3.3 Membrane stiffness correction 
 

A correction of the membrane stiffness was made (Fig. 

15) to take into account only the actual pressure affecting 

the soil sample during the pressuremeter test. 

Fig. 16 shows the curve of the membrane stiffness 

calibration at t = 1 s and t = 60 s. The same figure shows the 

double-hyperbolic curve which schematizes the appearance 

of the shape of the calibration curve. The value of the 

corrected pressure can be deduced directly from the raw 

pressure which itself may be derived from the calibration 

pressure using the following expression: 

𝑝𝑐 = 𝑝𝑟 − 𝑝𝑒 (1) 

where pc is the corrected pressure, pr is the pressure at 

controller and pe the pressure due to the membrane 

stiffness. 

The correction is given by the expression of the 

following double hyperbolic curve: 

𝑝 = 𝐴1 + 𝐴2 ∗ 𝜀𝑟 +
𝐴3

𝐴5 − 𝜀𝑟 +
+

𝐴4

𝐴6 − 𝜀𝑟

 (2) 

The iteration process was performed using Microsoft 

Excel, to obtain the 6 parameters Ai, with i = 1 to 6, which 

relate the pressure (p) to the deformation (εr). 

A1 = 2,495; A2 = 0,052; A3 = 0,002; A4 = -227,416; A5 = -

0,010; A6 = 99,826 

4. Testing 
 

The initial experimental approach consisted in 

conducting the validation tests in order to check for the 

limits of the developed equipment. For purely experimental 

reasons (simplicity, control, homogeneity, etc.), it was 

decided to opt for the use of a sandy material, with known 

behavior and characteristics, placed in a metal tank in such 

a way that the prototype simulates the actual testing 

conditions. The tank used was filled with sandy soil from 

the Seine River, brought from the SRO laboratory of 

IFSTTAR in France. The characteristics of this type of sand 

are summarized in Table 2. 

 

4.1 Measurement protocol and sample preparation 
 

The principle of the test was to measure the deformation 

of soil while applying the various pressure cycles. The idea 

consisted of estimating the radial deformation of soil as a 

function of the pressure cycles, by using a measuring feeler 

 

 

Table 2 Characteristics of the sand used 

D50 

(mm) 
Cu emin emax 

ρs 

(g/cm3) 

ρdmin 

(g/cm3) 

ρmax 

(g/cm3) 

0,71 6,33 0,423 0,568 2,65 1,690 1,861 

 

 

Fig. 17 Architectures envisaged and test principle with 

the developed probe 

 

 

Fig. 18 Overview of the PANDA 3® Labo Penetrometer 
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Fig. 19 Variation of dynamic resistance as a function of 

depth 

 

 

Fig. 20 Screenshot of the control program 

 

 

Fig. 21 Parameters of cyclic loading 

 

 

Fig. 22 Cyclic loading setpoint for multiple values of ΔPcyc 

 

Fig. 23 Comparison of the setpoint signal and pressure 

measurement 
 

 

equipped with a Hall Effect sensor, instead of deducing the 

displacements from the variations of a fluid volume (Fig. 

17). 

Penetrometer tests with PANDA 3® Labo (Dynamic 

Digital Autonomous penetrometer) were carried out before 

each test with the modified pressuremeter probe, as shown 

in Fig. 18. The objective was to formulate soil test pieces 

that guarantee the homogeneity of the relative density (the 

test pieces have constant relative density). The relative 

density is an important quantity for the rigorous control of 

relevance, feasibility and repeatability of the developed 

probe. 

 

4.2 Results and discussions 
 

The correlation between the relative density and 

resistance to dynamic penetration was used in order to find 

the sand density. It is obvious that if the results of the 

different tests give the same dynamic resistance, it means 

that this should also be true for the density. Fig. 19 

illustrates the curves obtained for the various tests carried 

out in the sand tank. 

The penetrograms obtained show, at first sight, that the 

soil used in the laboratory is of relatively good quality, 

which indicates that it has a good homogeneity since the 

peak resistance values are practically identical. The above-

mentioned findings indicate therefore that the homogeneity 

factor is ensured for all the pressuremeter tests performed. 

This part presents the results of the multi-cycle tests 

whose objective was to test the capacity of the developed 

probe to perform cyclic tests. All the tests were conducted 

with the Jean Lutz controller. This device allows for a 

numerical control with enslavement of all the test 

parameters. The monitoring operation was carried out using 

a specific software program (PREVO) installed on a laptop 

and connected to the controller. The software was 

developed specifically for carrying out cyclic pressuremeter 

tests (Fig. 20). 

Dupla (1995) suggested that the pressure inside the 

cavity varies according to a sinusoidal signal that is given 

by the following formula: 

 𝑝𝑐𝑎𝑣 =  𝑝0 ∗ (1 + 𝑅𝑐 ∗ sin(𝜔𝑡)) ;  𝜔 =
2𝜋

𝑇
 ; 𝑅𝑐 =  

Δ𝑃cyc

𝑃cav,i
 (3) 
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where: 

Pcav is the pressure inside the cavity, P0 is the horizontal 

pressure in place, Rc the cyclic stress ratio, ω the pulsation, 

T the time and ΔPcyc is the half-amplitude pressure. 

The magnitude that changes during the tests is the half-

amplitude pressure ΔPcyc. It is chosen based on the cyclic 

stress ratio. The cyclic loading can be either alternated, i.e., 

the strain deviator oscillates between ± ΔPcyc, or not 

alternated, if the controlled variable does not change sign 

during solicitation, as depicted in Fig. 21. The different 

loading cases tested are shown in Fig. 22. 

It is worth noting that Fig. 23 indicates that the servo 

program functions properly. 

One can easily notice that when it comes to small 

loading cycles, like for example in the case of a half- 

 

 

 

 

amplitude where the pressure is equal to 8 kPa, it is difficult 

to identify the loops in the curve representing the evolution 

of pressure as a function of radial deformation. This curve 

has almost no cycles, as it is clearly shown in Fig. 24. 

On the other hand, for relatively large cycles, as in the 

case of a pressure half-amplitude of 50 kPa, the loops are 

clearly perceptible in the two graphical representations (Fig. 

25). 

The corrected raw pressure curves as a function of 

deformation are shown in Fig. 26. The tests previously 

carried out indicate that the results obtained confirm the 

good functioning of the developed probe. In addition, this 

probe makes it possible to perform multi-cycle tests under 

controlled conditions. However, some problems, such as the 

noise of recorded signals, still remain. These problems are 

  

Fig. 24 (a) Curve representing the variation of deformation over time and (b) Pressure-strain curve for the pressure half-

amplitude of 8 kPa 

  

Fig. 25 (a) Curve representing the variation of deformation over time and (b) Pressure-strain curve for the pressure half-

amplitude of 50 kPa 

  

Fig. 26 Results of multi-cycle tests: (a) Raw curves and (b) Corrected curves 
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usually directly related to the acquisition system. It appears 

that, for all the tests carried out, a monotonic part exists 

between zero and the creep pressure that is theoretically not 

corrected; this is followed by a cyclical phase which is 

manifested for each cycle around the chosen half-amplitude. 

 

 

5. Conclusions 
 

This article gives a detailed presentation on the design, 

manufacture and operation of a new pressuremeter probe 

which should contribute to better understand soils, 

particularly with regard to small deformations; it also helps 

to determine the modulus of elasticity. The probe developed 

is remarkably different from the conventional Ménard 

probe, especially in a system for measuring the radial 

membrane deformation used in a measuring feeler equipped 

with a Hall Effect sensor instead of deducing the 

displacements from the volume variations of a fluid. This 

project suggests interesting perspectives that allow 

determining highly accurate mechanical characteristics of a 

soil with better quality, using the developed probe. 

The calibration section of the two sensors used in the 

present study was succinctly presented, after obtaining the 

mathematical relations that help one to pass from the values 

in volts to the those in bars or kPa in the case of the 

pressure sensor, and to the values in mm for the Hall Effect 

sensor. The multi-cycle tests were carried out under good 

coherence conditions. This confirms the relevance and 

performance of the developed probe. This result is fully 

justified by the cyclic pressuremeter expansion tests with 

regard to behavior, trend and measurement interval. 

Soil behavior response was observed when the cyclic 

expansions were applied. This new probe makes it possible 

to determine the parameters describing and quantifying the 

behavior of soil when subjected to a cyclic loading, with an 

economic dimensioning of the structures. Future research 

will certainly show that this equipment may play a major 

role in the identification and characterization of soils in a 

seismic context. 
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