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Abstract — In this paper an integrated system (hardware and software), named GeoLab, for geotechnical
measurement on submarine contaminated sediments is described; GeoLab permits to reduce the
probability of human mistakes often made during long and repetitive manual operations and, to increase
speed, accuracy, and productivity in geotechnical laboratory tests. A new, suitable management software
was developed to permit the communication with different data acquisition platforms and to easily adapt

software in case of changes in the laboratory procedures.
Keywords: Geotechnical Measurements, Automated Test System, Marine Sediments Characterization

I.  INTRODUCTION

In the last decades, growing attention has been paid to monitor the sea water quality and coasts status; several
studies have been carried out to propose new methods and systems for the accurate measurement of
environmental parameters to obtain models of the sediments permitting to analyse dynamic phenomena closely
linked to marine pollution [1]-[7]. At the same time, the need of a rational approach to environmental
monitoring requiring the aggregation of data in distributed database able to store all information about each
matrix of interest has become mandatory. All the data must be traceable and should permit an efficient
processing of such massive database.

The reference domain for this work falls into the geotechnical characterization of the submarine sediments

from a heavily polluted basin; the final goal is to define the best strategy for their recovery. In this context,
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accurate measurements on submarine contaminated sediments are of great importance for selecting the most
sustainable strategies for both the remediation and management of environmental contamination, aimed to
both reduce health risks and to preserve the ecosystem. This work focuses on the geotechnical laboratory tests
that permit to investigate the main soil mechanical properties, such as compressibility and shear strength. In
particular, the one-dimensional consolidation and compressibility properties of the soils are commonly derived
by means of odometer test (OT), whereas their shear strength parameters can be determined either through
direct shear tests (DS) or by using triaxial tests (TTs) [8].

This paper deals with the development of a measurement system installed into a suitable geo-mechanical
laboratory, that has been validated for the characterisation of the polluted submarine sediments taken from the
Mar Piccolo in Taranto (South of Italy, Fig. 1), that is part of an area declared as “at high risk of environmental
crisis” by the Italian government. Due to the long-lasting industrial activities, this marine basin results to be
highly contaminated, by both heavy metals and organic pollutants [9], [10]. This finding prompted a
multidisciplinary investigation of the in-situ chemical, hydrological, hydrogeological and geological
conditions of the basin and the assessment of the geotechnical and chemo-mechanical properties of the
sediments by laboratory testing.

The proposed measurement system was employed in an extensive geotechnical investigation campaign, on
undisturbed samples of sediments taken up to about 30 m below the seafloor, along nineteen vertical profiles
drilled in the Mar Piccolo ([4], [11]-[13], Fig. 1). The specific characteristics of such sediments have required
the development of innovative solutions for laboratory testing, so that some novelties have been introduced in
the phase of soil sampling and in testing equipment, to preserve both the human safety and the sample quality
(Fig. 2 and 3, [14]). The assessment of both the compression and shearing behaviour of the shallowest and
ultra-soft strata of sediments has been carried out by means of standard equipment and procedures that,
sometimes, have been modified to both efficiently manage constrains given by potential contamination and
the presence of marine water. Moreover, an original acquisition system has been designed. Such system is
composed by a purposely developed hardware and a related suite of software programs, able to both acquire
and process data coming from transducers used for different tests. The new acquisition system allowed to
increase speed and accuracy, reduces the risk of human mistakes and, more in general, improves the

productivity of the geotechnical investigation.
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Fig. I - Gulf of Taranto and area of Mar Piccolo in the South of Italy

Fig. 2 - Soft marine sediments from the Mar Piccolo of Taranto.

Fig. 3 — Operator involved in the extrusion of the contaminated sediments from the samplers.

Since about twenty years different solutions had studied by scientific and technical community, in order to
have automated and reliable systems for soil mechanics testing [17]-[23]. In most frameworks the management
software is usually supplied by the manufacturer bundled with hardware, thus the customer is constrained to

use a complete but “closed” testing equipment [22]. This approach evidently implies a strong dependency on
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the specific vendor for any upgrade of products and services and unable one to use other products (or software)
without switching costs. The major strength of the realized framework, instead, is the high degree of
reconfigurability, so the researchers will be able to develop and test new procedures or innovative algorithms
to extract information from acquired data and finally to share results on different platforms [15], [24]. Other
elements of novelties, as widely described in Section III, are respectively: the design of a low noise/high
stability power supply for transducers’ excitation and the develop of a highly reliable management software
based on data buffering to allow a different rate of data consumption for different test or different channels

among the same trial.

II. TEST PROCEDURES

The OT reproduces, in the laboratory, the one-dimensional compression of soil due to axial loading. It is
performed to investigate soil compression and swelling (i.e. the relation between effective stress and
volumetric strain) or consolidation (i.e. the relation between compression and effective stress), on an
undisturbed cylindrical soil specimen placed when it is restrained laterally while subjected to the application
of axial loading steps. Under these conditions, the soil straining and the water flow are allowed only in the
vertical direction. Two classes of test can be distinguished: stress-controlled loading and strain-controlled
loading [25], [26]. The test procedure has been standardized in BS 1377-5 [28], and ASTM D2435 [29]. A
sketch of the OT apparatus is reported in Fig. 4a.

In the basic version of the OT apparatus, the oedometer cell (Fig. 4b) is placed on a rigid aluminium base and a
loading yoke allows the load transmission from a lever arm carrying the weights to the specimen top cap. The
oedometer cell consists of a rigid stainless-steel ring containing the specimen, which is in contact with two
porous stones at the top and the bottom to allow double drainage of the pore fluid. Two discs of filter paper
are also placed between the specimen and the two porous stones to prevent their clogging. The soil specimen
size (50 mm diameter, 20 mm high) used for the work had diameter-height ratio greater than two, in order to
reduce the effects of side friction [30].

During each loading step, the vertical compression or swelling of the specimen under the actual stress is
measured by means of a Linear Displacement Transducer (LDT), operating on the loading cap and firmly
mounted at the top of the machine (Fig. 4c). When the axial stress is applied, the sample of initial height H,
deforms vertically with time. It ultimately settles of an amount AH when the excess pore-water pressure is
“completely” dissipated, according to the so-called consolidation process. As lateral strain is restricted by the

stiff ring (&, = &, = 0), the volumetric strain, &,,;, coincides with the axial strain, &, and it is computed

according to equation (1):
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93  The soil compression indexes during the loading and unloading phases (i.e. C. and C; respectively), are
94  usually expressed as the ratio between the total variation of void ratio, de, and the corresponding loading

95  effective stress increment in the semi-logarithmic plane (i.e.4logo'v ):
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96  where the void ratio, e, is the ratio between the volume of voids and the volume of the soil particles. 4e is

97  derived from the volumetric strain and the measured initial void ratio of the specimen, ey:

Ae _ e_ey (3)
14+e,  1+e
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Fig. 4 - Sketch of an Oedometer Test apparatus (OT) (a); photographs of the oedometer cell components
(b) and of one of the apparatuses located in the geotechnical laboratories of the Polytechnic University of
Bari(c).

98  As for the soil compressibility, also the shear strength parameters can be determined by means of laboratory

99 tests on undisturbed specimens taken from representative samples of the in-situ soil. One of these tests, is the
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Direct Shear Test (DST), whose apparatus is shown in Fig. 5. According to the test procedures, that are detailed
in BS 1377-7, 1377-8 [28] and in ASTM D3080 [31], the specimen is placed in a metal box (shear box),
between two porous plates to allow free drainage. The shear force T exhibited by the soil is then measured
by means of a load cell, while the corresponding shear displacement and the change in the specimen height are
measured by means of two LDTs, installed on the box and on the loading cap, respectively [25]-[27]. It is
worth noting that during the initial phase of the work, the reliability of the developed system has been verified
by installing on each device used (OT, DS) both electrical and mechanical transducers and comparing the
corresponding measurements (as better described in Section IV).

Both the values of the shear stress, 7, obtained as force, T, divided by the cross-section area A, and the
vertical displacements, AH, recorded during the shear phase, are plotted against the horizontal displacements,
AS. The values of the maximum shear stress recorded for each specimen are plotted against the normal effective

stress. The effective shear strength parameters are then obtained from the fitting of the critical state points.

Axial load

Dial gauge or
displacement transducers

Force transducer

a)
Fig. 5 - Direct shear test apparatus: sketch (a) and photograph (b) of one of the apparatuses present in the

geotechnical laboratories of the Polytechnic University of Bari.

The most widely used test to determine the soil shear strength parameters is the TT test. It is versatile because,
by changing some test conditions, a wide variety of stress paths may be performed [30]. The main features of
the triaxial apparatus are shown in Fig. 7, and the TT procedure is reported in both ASTM [32] and BS codes
of practice [28]. Cylindrical specimens 38 mm diameter — 76 mm high have been enclosed in a latex membrane,
placed on a base platen and sealed at the top and bottom by o-rings. The specimens are placed in a cylindrical
cell full of water under confining pressure, o, in the cell there is also a submergible load cell, to measure the
axial force, F,, applied to the specimen in addition to the cell pressure. With respect to the DS test, the TT
apparatus allows to control the drainage conditions to measure of the pore water pressure. The simplest TT
consists of two phases: isotropic compression and shearing. During the first one, the specimen is subjected to
an all-round fluid pressure in the cell and consolidation can take place in a drained test as the pore water can

freely drain from the specimen to a volume gauge. The second phase is performed until either the specimen



124  assumes a typical bottle-shape or one or more sliding planes are visible on the specimen surface([25]-[27],
125 [33], Fig. 7). This can be obtained by moving the sample pedestal upwards at a constant rate and pushing the
126  top of the specimen against the stationary submergible load cell. Five transducers are required to perform
127  standard TT tests: two pressure transducers for cell and pore water pressure respectively, a submergible load
128  cell, a volume gauge fitted with a LVDT to measure the volume variation of the specimen, and another LVDT
129  to measure the axial deformation of the specimen during the shearing phase.

130  The isotropic compressibility, derived by TT, is usually simply related to the one-dimensional compression
131  derived by OT [33]. The shear strength parameters of the TT and DST could be comparable, even if the

132 different test conditions lead to different results.

133
— 1
a) Displacement,” & . 3
transducer | | J —b) Load cell load cell | :
1/
[ l )
_ external
— P lind
erspex cylinder LVDT

Cell water

Datascan |}
i |

0-ring seals d Rubber sleeve

X |~ Porous filter
¢) Cell pressure i / d) Pore pressure

transducer / /) transducer
o g P e S
= =
Nt 1///////////////////// N =1

volume || i
gauge 4
!

A o, 4
Base drainage e) Volume
for flushing gauge

air-water interface

a) b)

Fig. 6 - Triaxial apparatus: sketch (a) and photograph (b) of one of the apparatuses present in the

geotechnical laboratories of the Polytechnic University of Bari.
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Fig. 7 - Photographs of the specimens at the end of the triaxial tests.

III. THE MEASUREMENT SYSTEM

The conceptual scheme of the whole measurement system is reported in Fig. 8.

Main.vi Acquire.vi
. | (DAQ driver)

y
T @~ . NIUSBB289
L — LAl

| Oedometer 1 (Displacement)

Oedometer & (Displacement)

Direct Shear Stress 1 (Horizontal Displacement, Vertical Displacement, Load)
Direct Shear Stress 2 (Horizontal Displacement, Vertical Displacement, Load)
Torsional Share Stess (Displacement, Load 1, Lead 2)

Ambient Temperature

Fig. 8 - Conceptual scheme of the proposed system

Test equipment includes several transducers: Linear Variable Differential Transformers (LVDTs) are used in
triaxial apparatus to measure axial deformation; they have internal stabilization of the power supply and a 2.2
V output range. Linear Displacement Transducers (LTDs) based on strain-gauge bridge instead are used to
measure specimen deformation in both oedometers (vertical displacement) and direct shear stress test
apparatuses (vertical and horizontal displacement).

The strain-gauge bridge of these sensors is excited through a high stability 10 V power supply described in
subsection 3.2 which has been purposely designed. S-shaped load cells found in DST apparatus, submergible
load cells and pressure sensors, used in TT tests are also excited through the same high stability power supplies.
To simplify laboratory management, all the sensors have been cabled with the same 5-pole connector and wall-

mounted cabinets have been designed.

3.1 SOFTWARE SUITE

The control software of the new measurement system was developed in LabVIEW® (by National Instruments
Corp.), to allow the easy interfacing with different data acquisition hardware platforms and to simplify both
the software reconfiguration and the hardware replacement. Generally speaking, it represents a helpful tool to
manage several testbeds based on local and remotely controlled instruments (USB, IEEE488, Ethernet, etc.)

and data acquisition devices, ranging from remote sensing [34]-[36], energy monitoring [37], up to automotive
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[38] or devices test and characterization [39], [40] only to make some examples.
The software suite manages all tests and the sensors calibration procedures, showing as much information as

possible and keeping track of all the history of the measurands. In detail, four software modules were created:

. OT and DST transducers calibration;
. TT transducers calibration;
. OT and DST Management Software
. TT Management Software

Each module has a user-friendly interface and was programmed to acquire signals from the transducers
mounted on each testing apparatus and to monitor the change of each measurand (i.e. displacement, load and
pressure) when the specimen is loaded. Moreover, some parameters such as temperature, sensor supply voltage
and offset of the acquisition channel can be acquired, using suitable accessories, to study their influence on
measurements.

Two different calibration software modules were developed because of different DAQ boards were used
respectively for one-dimensional (OT and DST) and TTs although the same workflow was used. When is run,
the calibration software acquires continuously voltage signal from the channel of the DAQ where the
transducer under calibration is connected. A graphical display shows the actual sampled buffer whereas two
numerical displays show the mean and the standard deviation of the signal. When these values are stable the
value of the measurands (read, for example, using a micrometre in the case of displacement transducer) is
manually input by the user thus the value of measurand and corresponding voltage are stored and directly
displayed. This procedure is generally repeated both for increasing and decreasing values, eventually many
times to assess hysteresis and repeatability errors. At the end of this process, slope, intercept and correlation
coefficient of the linear regression are automatically estimated. The software can estimate also nonlinear

models such as polynomial and exponential ones, or use different fitting methods, showing the fitting equation.
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Fig. 9 - Screenshot of developed interface of calibration software for TT transducers

As reported in Fig. 9, the Management modules were subdivided in two subVIs, configuring a
producer/consumer situation from the data flow point of view. One is devoted to communicating with the DAQ
board thorough the proper driver and to acquire signals buffering them in a FIFO queue. Since geotechnical
experiments are generally long-lasting tests due to the very low soil permeability (i.e. the soil permeability, k,
varies between about 10 and 10™'* m/s), a fundamental sample rate of 0.1 s was considered sufficient to
analyse the fastest dynamic phenomena; thus, the sampling rate of each channel may be configured as a
multiple of this fundamental sampling time. Indeed, each measurement (each element of the queue) is the mean
over 1000 samples acquired at 10 kS/s sampling frequency to filter possible outliers and to improve the
measurement accuracy. Moreover, for DAQ board supporting this feature, the data acquisition is stopped every
30 minutes to perform an autocalibration to minimize errors due to thermal drift of the DAQ board.

The second one (i.e. the main VI) is responsible for the channels configurations and to route the data streamed
by the queue to the proper test. The OT-DST management software can simultaneously manage different tests:
six OTs, two DSTs, one torsion shear stress with a further channel used to monitoring the room temperature
for a total of sixteen differential channels. Whereas the TT Management Software can acquire transducers
from two different TTs or, better, simultaneously from: four pressure transducers, two submergible load cells,
two LVDTs, two volume gauges and some additional local transducers to acquire specific data such as the cell

temperature or local displacement directly on the soil specimen during the test. Anyway, each channel may be
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set in term of channel type (Referenced Single Ended/Not Referenced Singe Ended/Differential), scale factor,
sample rate, etc. All test parameters are settable using a cluster containing basic information (calibration
constants, sampling rate, offset and mechanical zero, applied load, etc.). Some graphs reporting the transduced
variables for both the OT and DST measurement systems are shown in Figs. 10 and 11, respectively. The OT
interface shows the time variation of the vertical displacement, that is the evolution of the consolidation process
of the specimen during a single loading step. The DST interface shows the simultaneous evolution of both

vertical and horizontal displacements together with the shear strength recorded by the load cell.

Fig. 10 - Screenshot of developed OT interface
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Fig. 11 - Screenshot of developed DST interface

In addition to the monitoring of variables with time (i.e. specimen volume, cell pressure, pore fluid pressure,
shear strength), a set of equations from soil mechanics has been implemented in the TT software to compute
the specimen properties from the input data. Some initial data, measured before the setting up of the specimen,
could be entered the box of the consolidation phase (Fig. 12a): the specimen geometry (i.e, diameter Dy; height,
H,), the soil bulk unit weight, y; the soil solids unit weight, y;, and the initial water content, wy. The specimen
initial void ratio, ey, which represents the volume of voids divided by the volume of soil particles, is computed

in the code by means of the following equation:
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The box related to the sharing phase (Fig. 13b) requires the input data of the volumetric strain, €y, exhibited

by the specimen during the consolidation phase. The output data at the beginning of the shearing phase are the

current specimen size (i.e. diameter, D, height, H, volume, V, cross-section, A), the final void ratio, ef, and the

final dry bulk unit weight, yq. The equations implemented in the code are:
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Fig. 12— Screenshot of the developed TT interface for the computation of the specimen properties: a)

specimen properties computed at the beginning of the consolidation phase; b) specimen properties computed

at the beginning of the shearing phase.
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All object values, proprieties and methods are exchanged between front panels and block diagrams using a set
of global variables and references to controls or indicators. This is the case, for example, to route data from
each transducer to the proper graph or log-file. This solution makes it possible to have a hardware-independent
software with a high degree of flexibility to front possible changes either in channel numbers or in the type of
trials.

Raw and scaled data are continuously stored in a Comma Separated Values (CSV) log file corresponding to a
single test apparatus with all calibration coefficients and timestamps, so that researchers can also post-process
data for further analysis [41], [42]. Each log file may receive data from one (in the case of OT) or more DAQ
channels depending on the test. Near real-time plots are available during the data acquisition.

One of the most interesting feature introduced with the system here presented is the remote monitoring through
networking techniques. The networking was mandatory also to allow the test control by different faraway
laboratories making possible the collaboration between interdisciplinary groups or the inter-laboratory data
validation. Then, different solutions have been developed ranging from the simple monitoring of the test by
means of a common web-browser to the full control of the testing interface using web-based or built-in

solutions.

ce®

1| | ) | | o | | T | ot | Tt | Tompmmes | Oov |

a0

T (8 et

Fig. 13 - Remote management of the OD test using an internet web browser

An optimal solution is the direct connection to the user interface of the management software by activating a
dedicated web server using features natively implemented in LabVIEW thus avoiding the use of third-party
software modules such internet browser, Remote Desktop or Virtual Network Computing. The main advantage
is the great responsivity of the user interface in terms of both response to remote commands and of low latency

in displaying of data graphs (Fig. 13).

32 HARDWARE PLATFORMS
From the hardware point of view, this research has required an intense work for the designing and prototyping
of the signal acquisition control boxes. One of the most difficult aspect of the work was related to the large

number of sensing points and to the long distances between the sensing points and the control PC; these aspects
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had imposed the design of: wall-mounted boxes containing the DAQ devices and , a signal routing PCB
(printed circuit board) with per-channel configurable low-pass filters and precision high current voltage
references to excite the transducers.

Figures 14 to 17 show some pictures of the data-acquisition cabinets designed for this project. Each cabinet
contains a 13 V power supply, for powering LVDTs, and three voltage reference modules, for exciting
remaining transducers; 16 connection ports are available, where the voltage supplied to each port can be
selected among those available (namely V1 =13V, V2’=V2=10V, and V3 =5 V) using a three-position

slider placed alongside each connection port (see Fig 14).

Fig. 14 - Side view of one of the new wall-mounted cabinets designed for this research
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Fig. 15 - Internal view of one data acquisition cabinet based on a National Instruments’ USB DAQ device

In particular, Fig. 15 shows a detail of the mains supply input connector and of the connectivity options to the
remote PC. In the different releases of control boxes built for this project only the USB and the serial
connectivity were used; the Ethernet connector was added as a spare option for future developments.

In Fig. 16 four panel-mounted digital voltmeters are visible; they were added to give the operator the
opportunity to see at a glance the internal main DC power supply output voltage as well as the output voltages

of up to three internal reference generators.

GeoLab - Cabinet N BAO1
KASaTER @ Casimo Micel - taly.

Fig. 16 - Detail of the main supply and connectivity options of the cabinet; digital voltmeters V1, V2, V2’

and V3 installed in order to monitor the various output voltages.
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Fig. 17 - Detail of Fig. 16 showing the three precision voltage sources installed in the cabinet

The precision voltage reference source designed for this project is shown in Fig. 18; it consists of a Texas
Instruments’ TL1431Q precision programmable reference [43], which drives a TLV1117 Low-Dropout
Voltage Regulator [44], used as an output power buffer; the output voltage is programmable by a fixed voltage
divider composed by two discrete 0.1% low TC (Thermal Coefficient) resistors, and finely tunable thanks to a
25 turns onboard trimmer. Also, to gain a better initial accuracy and temperature stability, room was left on
the PCB for a Vishay’s 300144Z series Ultra High Precision Z-Foil Voltage Divider [45].

The output voltage must be adapted to the kind of sensors connected to the data acquisition box input channels,
thus on the routing PCB room for three different voltage reference modules was reserved and each input
channel can be switched at the output of one of these modules by means of an onboard slide switch. Also, the
voltage reference modules are modular since they have snap-in connectors for a quick and easy replacement

in case of failure or to modify the output voltage substituting the voltage divider resistors.

Fig. 18— Image of one 10V voltage reference circuit

A laboratory characterization of these modules was performed using an automated test setup made by a
Hockerl & Hackl ZSHW20D programmable load, a Keysight E3631A triple output power supply used as a
primary power source and a Keysight E34401A benchtop 6'* digits digital multimeter used to accurately
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measure the module output voltage under the different load conditions, with output current spanning the range
0-300 mA. All these instruments were connected to a PC with an IEEE488 bus and the test procedure was
controlled by a MATLAB script. Fig. 19 shows the output voltage normalized to the no-load value. In order
to improve the measurement accuracy, the voltage of each characterization point in Fig. 19 was obtained as a

mean of 100 measures.
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Fig. 19— Normalized output voltage of one reference generator module as a function of the load current

The relative variation in output voltage is less than 0.1% of the no-load value over the entire span of output
current. This variation is surely acceptable for the considered application, also given that almost all measures
are done in a ratiometric way, that is the excitation voltage of sensors is measured and used as a reference for
all measures. This measurement method also protects from the small reference voltage drift due to components
aging; thermal drifts are almost absent because temperature and humidity of the experiment are both controlled
by a dedicated HVAC (Heating, Ventilation and Air Conditioning) system which guarantees the temperature
stability in a range o +/- 0.5 °C around the nominal value of the test rooms.

Each cabinet contains also a PC-based DAQ system. Cabinets used for OT and DST contain a National
Instruments USB-6289 high accuracy multifunction DAQ, which has 18-bits nominal resolution on 16
multiplexed differential analog inputs, +/- 100 mV minimum voltage range and 500 kHz aggregated sample
rate. TT apparatus, instead, are served by Measurement Systems’ Datascan 7220 DAQ units which have the
following characteristics: 14- or 16-bits software-selectable nominal resolution, 16 multiplexed differential
analog inputs, +/- 20 mV minimum voltage range and 40 Hz maximum aggregated sample rate. Each DAQ is

controlled by a personal computer through a USB 2.0 connection.



300 IV.  RESULTS AND UNCERTAINTY EVALUATION

301  As proposed in [46], to validate the developed system several mechanical tests have been carried out on
302 different samples of soil. In this testing program automatic measurement from DST or OT have been compared,
303  with measurement taken with dial gauges firmly installed on the test apparatus. The relative deviation between
304  the output data of the displacement transducer and dial gauges were carefully monitored and checked. Fig. 20
305  shows the comparison between the two measurements for an OT. The data are presented in form of a typical
306  consolidation curve, or better, by plotting the thickness of the specimen against time. From the comparison, it
307  can be observed that there is an excellent compatibility between the two devices with the advantage, when

308  using the new system, of obtaining much more resolution, leading to a more accurate analysis.
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Fig. 20— Consolidation curve obtained with dial gauge and LDT acquired with the proposed method

310 As an example, the uncertainty evaluation [47], [48] was performed considering different hardware

311  configurations reported in Table 1.

Table 1 — Hardware configuration for different geotechnical equipment

OT DST TT
DAQ Board NI 6289 NI 6289 DATASCAN 7220
LDT (fully active 350 Ohm strain-gauge bridge) 24');3'( H5258 - APEK HS25B - 6433
LVDT RDP LDC1000A
DS-Europe 546Q-
110 WF STALC3-3kN-
Transducers Load Cell T-Hydronics TC-S 21565
AEP TCA WF 4958-701501
AEP TCE
WF 17021
Pressure transducer WF 17022
WF 17060
PDCR 810

312

313  The measurand value M is obtained from the acquired output sensed voltage (V;) by means of the sensitivity

314 value (5):
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Each transducer is affected by the its own errors like offset, gain, non-linearity or hysteresis that generally are
grouped in an overall error E;, added (or subtracted) to the measurand. Moreover, the errors due to the DAQ

board Ep,q, that affect the acquired voltage should be taken in to account
V. + E
M+ﬂm—£ii£ﬂQ+E (11)

To evaluate the total error E;,; for each test these two quantities must be estimated. Since the true value of
the measurand and of the errors is not known the corresponding uncertainties must be estimated. In this case a
pessimistic (Type B) evaluation has been made using only information from manuals and product specification
to have an idea of the metrological performance of the measurement system. Generally, no information is given
by the datasheets about the probability distribution of each error thus, a uniform distribution of each
contribution has been assumed to obtain the standard deviation and estimate the overall expanded uncertainty

with the 95% level of confidence
Upr 2 UDAQ 2 12
UtOtgs%:k'o-=2'\/(_,_3) +( —3.5‘) ( )

For the sake of clarity in Tables 2 and 3 we report some uncertainty budget obtained using the mentioned

framework, although pessimistic, resulting in a very low value for overall uncertainty in all tests demonstrating

the goodness of choices and the high performance from the metrological point of view.

Table 2 - Uncertainty budget for OT using a NI USB 6289 in the full-scale range 0.1 V

Transducer model, S/N APEK HS25B, 6433
(Bridge 350 ohm)
Supply voltage 10 v
FS range 25.8 mm
Linearity o1 TS
25.8 pm
Output @ FS 7.2 mV/V
Sensitivity @ 5 V supply 5.58E-03 mV/pum
Max Output 72 mV
Uy 14.90 pm
Upag 0.008382014 mV
Upaq/S 1.50 pm
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Utotosy, 29.94 pm

Table 3 - Uncertainty budget for DST load cells using a NI USB 6289 in the full-scale range +0.1 V

Transducer model AEP TCA AEP TCE
(Bridge 350 ohm) (Bridge 350 ohm)
Supply Voltage 10 10 v
Full Scale (FS) range 50 500 kg
Non-linearity 0.03 0.03 % FS
Hysteresis 0.03 0.03 % FS
Repeatibility error 0.01 0.01 % FS
Output @ FS 2 2 mV/V
Sensitivity @ 10 V supply 4.00E-01 4.00E-02 mV/kg
Max Output 20 20 mV
Ugr 20.21 202.07 g
Upag 0.008382014 0.008382014 mV
Upag/S 0.06 0.58 kg
Uotosy, 0.06 0.58 kg

For example, the overall expanded uncertainty of the load cell AEP TCA (Full Scale range 50 kg) is equal to
60 g; this value is significantly lower than a reference value of 830 g evaluated experimentally using the same

transducer acquired by a previously existing system.

V. CONCLUSIONS AND FUTURE WORKS

In the context of geotechnical trials, measurement is the major support for the analysis and decision-making,
since it concerns safety and risk assessment and allow to determine the establishment of special requirements
for decision support.

The GeoLab system shown in the present paper has been developed for the geotechnical laboratory activities,
in the context of a multidisciplinary investigation of a heavily polluted marine system, aimed at the
identification of the most sustainable strategies for the remediation and management of the environmental

contamination of the site. One of the goals of the interdisciplinary research program is the development of an
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original system for acquisition, representation and analysis of the data coming from the geotechnical tests on
the Mar Piccolo sediments (Taranto, South of Italy). The system is aimed to increase test speed, accuracy, and
productivity and to reduce the probability of human mistakes. The realized framework, is reconfigurable and
allows researchers to develop and test new procedures and to share data and results with other laboratories or
research entities. Moreover, the design of a low noise power supply for transducers’ excitation avoid the risk
of measurement artefacts on acquired data while the use of data buffering strategy allows to have different rate
in data consumption for different tests.

Other tasks have to be addressed, in the next future, to build a decision support tool such as the automatic

identification of specific pattern features or profiles, using appropriate data processing and algorithms.
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