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Abstract 

The paper presents Agisco’s automatic profile gauge (patented in Europe and U.S.A.) which 
enables the measurement of relative vertical displacement of a number of points with respect to a 
reference point. It is suitable for both on shore and off-shore applications. 

The measurement is obtained by reading the pressure of a special fluid contained in a pipe. The 
relative displacement between two sensors is proportional to the difference of fluid pressure 
acting at the two points. The length of the measuring array can range from 1 meter to several 
kilometres. 

This instrument is a fully sealed unit with no connection to the atmosphere, consisting of a number 
of pressure transducers with digital and analogue output and local temperature sensors. It is 
provided with a special device, called “compensator” which allows the circuit to behave as an open 
circuit still being fully sealed which is the primary patented feature of the instrument. 

The system may be tailored for different applications according to the Client’s needs and 
installation and environmental conditions. Overall accuracy ranges between one millimetre and 
one centimetre according to the configuration and boundary conditions. 

Signals are digital and connected to a RS-485 line or via Ethernet (through a converter) to the data 
acquisition unit, providing a great advantage when dealing with long arrays of sensors. 

Case histories related to new MAERSK pier monitoring in Vado Ligure (Italy), MOSE caissons 
settlement monitoring in Venice, ENI platforms subsidence monitoring in the Adriatic Sea, pier 
monitoring in Rijeka (Croatia) (under construction) and Kalivaç dam monitoring in Albania, are 
presented.  

1. Introduction 

Hydraulic instruments are widely used in geotechnical and structural measurements and 
monitoring for assessing the change in relative vertical movements [1]. They are commonly based 
on three different measuring principles: 

a) Measurement of the pressure due to the column of liquid acting on the measuring points; 
b) Measurement of the level of the liquid at the measuring points; 
c) Measurement of the weight of the liquid volume at the measuring points 
 

Typical applications are related to the measurement of settlement of buildings and earth works, 
movement/deformation of structures, settlement/movements associated with load tests on piles 
and structures. 
 
Among the three measuring principles, pressure and level measurement are the most common 
and a large variety of instruments using these principles are available on the market. 
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The theoretical scheme of the devices includes a reference tank, a hydraulic circuit and one or 
more measuring points. The tank and the circuit are filled with liquid. Measuring points can be 
both at the same elevation of the tank – or just a little below – or at much different levels such as 
in boreholes. 
A great advantage of these devices is that the path of the hydraulic circuit can be as articulated as 
necessary. No straight line connection is requested enabling to measure at points around a 
building, on complex structures, along tunnel shafts, inside historical buildings or monuments, or 
under settling structures and constructions (embankments, tanks, foundation rafts, etc.) to a 
difference in depth of several tens of meters. This sometime leads to consider these devices as 
the most suitable even if other significant aspects such as accuracy, stability, reliability and 
maintenance play a great role in the decision process. 
All the available measuring principles have some common and critical issues which must be 
addressed: 

a) The hydraulic circuit. 
Basically two types of circuits are used: hydraulic hose and open channel. 
a.1) Hydraulic hoses are more flexible and practical to use and allow for installation 

where the reference tank and the measuring points are at significant different 
elevation. Unfortunately they imply a number of problems which have to be 
considered in order to evaluate the behavior of the devices and, mainly, of the 
monitored subject. They are related to the hose diameter (correlated to liquid 
density and viscosity as well as to circuit length), stiffness (possible squeezing or 
punching), material (with respect to the liquid properties and long term 
tightness), and connecting points (fittings, couplings). 

a.2) Open channels enable to avoid the problems mentioned for the hoses and, 
moreover, they allow for measurements independent from the environmental 
effects such as temperature and atmospheric pressure. They do not allow for 
significant differences in elevation among the measuring points and the 
reference tank. Installation is more difficult and expensive and care must be 
taken when designing the path which is not as flexible as for hoses. Maintenance 
is more critical and expensive. Vibrations have great influence on 
measurements. Overall costs are higher.  

b) The liquid. 
The liquid is one of the key features of the system design. 
Manufacturers have tested many different liquids (starting from mercury whose use is 
not more allowed) and a number of blends whose basic components is normally de-
aired water.  
Problems related to the liquids can be summarized as follows: 
 
b.1) Liquid density changes caused by temperature variation. 
b.2) Liquid surface tension effects. 
b.3) Presence of discontinuities (air or gas bubbles). 
b.4) Segregation of blend components. 
b.5) Proliferation of bacteria, which can change the composition of the liquid, 

altering the measure or producing gas bubbles. 

As mentioned above, b.1), b.2) and b.3) problems are not affecting open channel 
devices which are influenced by b.4) effect. 
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c) Thermal effects. 
Thermal effects are quite significant for hydraulic devices because they cause change 
in liquid density, change in hose diameter and channel dimensions, change in air or 
gas bubbles dimensions and contribute to air or gas bubbles production. 

d) The overall accuracy. 
It is one of the critical issues with hydraulic devices because the accuracy depends 
upon a number of factors which are difficult to cope with. 
Accuracy of course depends upon the measuring gauge (pressure, level, weight) 
accuracy, but this is or may be a negligible component of the overall accuracy which is 
highly influenced by “external” factors or boundary conditions such as temperature 
and its distribution along the circuits; liquid density, hose stiffness and deformations, 
presence of air or gas bubbles and so on. 
It is therefore almost impossible to state the overall accuracy of hydraulic devices 
unless derived from specific site experience. In the accuracy evaluation it is of 
paramount importance the knowledge of the influencing factors and their spatial 
distribution. 

e) The response time. 
Response time may be a critical parameter even if normally geotechnical 
measurements can be considered as static and therefore the response time can be 
considered as negligible. However, it has to be considered that the time to reach a 
steady state in the circuit conditions may be very slow (seconds or even minutes) 
reason why the instrument is not suitable to measure impulsive phenomena. 

f) Underwater application. 
Underwater application of hydraulic devices could be very useful. Examples are 
reported in literature [2]. 
The main problem of “standard” devices is that they are open to the atmosphere: 
difficult or even impossible to achieve underwater.  
This problem can be overcome by using a “close” circuit. Of course the design has to 
take into account all the related problems and also consider the installation 
procedures which, when occurring in off-shore conditions, play a significant role at 
least from the economical point of view.  

2. The innovative solution 

AGISCO’s submarine profile gauge was designed to answer the request of measuring submarine 
settlement along a profile whose length may range from few meters to thousands of meters, with 
relative high accuracy (millimeters or centimeters). 
It was quite obvious to select the pressure measurement principle and a “close” circuit in order to 
avoid the problems related to the connection with the atmosphere and related consequences. 
Problems discussed in chapter 1 are magnified when dealing with close circuits, therefore the 
design was quite challenging and time consuming, requiring a number of tests to verify the 
suitability of each possible solution. 
The solution was the use – of course - of a “compensator” which is the real core of the system, 
and which is covered by patent in EU and USA. 
The concept of the compensator is that it has to allow for volume changes with no pressure 
changes. 
Source of volume changes could be due to thermal liquid expansion or shocks or hose squeezing. 
Moreover “shock-wave” could be induced into the circuit during installation and/or maintenance 
operations. Pressure changes induced by volume changes or shock-waves may be very high so to 
damage the pressure transducers, therefore they have to be efficiently limited. 
Figure 1 shows the compensator as it is nowadays. 
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Fig. 1 – The compensator 
 
The design of the compensator was developed in parallel to the research on the other two key 
issues which characterize a hydraulic device: the liquid selection and the thermal compensation. 
They led to the final configuration which enables to use one single compensator for each circuit. 

2.1. The liquid selection 

The liquid to be used in hydraulic profilers has to match with some critical specifications. 

First of all it has to be stable. It means that it has not to change its properties during the 
measuring or monitoring time period. Since this period may be quite long (months to 
years) and different environmental conditions have to be faced, the possibility that the 
liquid changes its characteristics is quite high.  
It has to be de-aired and no gas bubbles have to form during the device life time. Gas (or 
air) bubbles may generate problems due to the surface tension, to the “meniscus” effect 
– in relation to hose diameter – and modify the response time. Moreover gas generation 
may change the pressure in the circuit. 
It has not to freeze even at temperature below zero – it is not the case of underwater 
device, of course – but for on shore applications this is a very important feature as well as 
for storage and transport.   
Its density has to be known and the relationship between density and temperature has to 
be investigated and known at a high degree of accuracy. Small changes in density cause 
significant variation in measured pressure and therefore in system accuracy. 
It has to be ensured that no growth of bacteria will occur inside the liquid to avoid gas 
production and change in density. 
In order to select the best liquid, a comprehensive research has been developed 
considering a large selection of possible liquid and blends. 
The first attempt was done by using hydraulic oil. Afterward the attention has been 
moved to water-glycol mixtures which have low freezing point and a good stability. 
A number of different mixtures have been tested and their physical characteristics have 
been investigated and quantified. 
One of the most important and critical parameter to be defined has been the 
temperature depending density. 
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In order to reach a high level of confidence an experimental apparatus has been designed 
and achieved to test the effect of the temperature on the liquids. 
The test apparatus consisted of a 5 m high cylinder – 0.6 m in diameter. Figure 2 shows 
the test apparatus during the research program tests.  
The apparatus was equipped with an array of thermistors to measure the temperature 
distribution along the cylinder and pressure transducers to measure pressure due to 
liquid column. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Test apparatus for liquid density determination 
 
Tests have been performed on different blends, including DOT5 oil, water-glycol and 
different ethylene glycol blends having different percentage of glycol. 
 
Results enabled to define the equation to evaluate the liquid density as a function of 
temperature. The equation has been derived starting from the reference equation by 
Frank J. Millero [3] and Alain Poissonis [4]: 
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And presents the density as a function of Temperature (T) and Concentration C as follows: 
 
(T,C) = 1.0015–0.00027T+0.0027C+1.3025x10-5T2-3.8693x10-5TC–7.446x10-7C2+  

-3.2089x10-7T3+5.8940x10-7T2C+6.7033x10-7TC2    (2) 
 
Typical tests results are shown in fig 3 where the Y axis represents the density in [Ncm-3] 
and X axis represents the temperature inside the test cylinder. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 – Liquid density vs. Temperature 
 
As it can be seen from the results, density is not linearly changing with temperature and 
this is one of the key results which have been used to “compensate” pressure 
measurement along the circuits. 
The knowledge of the relationship between temperature and density is fundamental in all 
those situations where temperature is changing such as for on shore application where 
the circuit is exposed to atmospheric conditions – sun light and shadow, indoor and 
outdoor, cold and warm ambience, presence of thermal machinery etc. For off-shore 
application it is not so critical unless the circuit is crossing water layers at different 
temperature or when part of the circuit is onshore (the reference) and part is offshore 
(the measuring points) or even with the whole circuit off-shore but in shallow water 
where temperature changes with depth and with season conditions. 

2.2. The Thermal compensation 

In order to take into account the thermal effect it has been studied a specific array of 
thermometers to be embedded into the circuits enabling the measurement of the 
temperature distribution. 
The solution has been a single cable with a number of sensors positioned according to the 
circuit layout and segments expected to be at different temperature. Thus the 
temperature profile along the whole circuit can be determined and the density of the 
liquid calculated to process transducers pressure signals. 
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Temperature values are collected automatically by the acquisition unit and are used to 
compensate the pressure measurements using equation (1). 
Thermal compensation has to be applied also to the pressure transducers whose signal is 
influenced by temperature. 
Compensation is made by using the manufacture’s specifications as well as results from 
laboratory tests with the transducers loaded by different pressures by the selected liquid. 
After study and selection of the two key items - liquid and temperature – and 
compensation method, other important aspects have been studied and solution adopted: 

 Pressure transducers 

 Hose 

 Enclosure 

 Signals 

 Cables 

 Data Acquisition Unit 

 Processing Software 

2.3. Pressure Transducers 

Hydraulic profilers use both absolute and differential pressure transducers. 
It was decided to use absolute pressure transducer to avoid the need for an equalized 
back-pressure and considering that the circuits are closed type. 
 
The main specifications which have been used as reference were: 

 Robustness since the profiles had to be managed by cranes and operated by off-
shore devices; 

 High range to survive to installation shocks and enabling large difference in 
relative elevation; 

 High accuracy enabling to reach 1 mm to 1 cm overall accuracy of the device; 

 Low temperature sensitivity to reduce thermal effects; 

 Negligible volume change to minimize the effect on the circuit volume and to 
avoid liquid movement; 

 High zero stability for long term monitoring; 

 High scale stability for long term monitoring; 

 Enhanced output signal stability; 

 High reliability to cope with long term monitoring; 

 Compatibility with the hydraulic liquid.  
Selection was made by contacting those Manufacturers to whom specifications were 
submitted and proposed transducers tested. 
 
The selected transducers are piezo-resistive pressure transducers with a measuring range 
between 100 and 500 kPa and digital output with a 18 bit A/D converter (new version 
uses a 20 bit converter). 
The digital output has been selected for the following main reasons: 

 Possibility to use a MOD-BUS transmission protocol on a single cable; 

 Possibility to set the temperature compensation parameters directly inside the 
transducer to obtain compensated signals. 

 Possibility to use a standard 485 Serial output, whose low bit rate allows long 
distance transmission, up to 1 km. For longer installations a dedicated local 
electronic board allows the transmission and the deployment of up to 255 
sensors, instead of 63 using standard RS-485. 

 Easy dynamic data acquisition. 
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Special attention was made to the stability of the zero output which could have a large 
influence on the measurements. 
It was decided to design a special device to check the zero value of the transducer at any 
time, by means of a command sent by the control unit. Reference of similar systems can 
be found in literature because some Manufacturers have already faced the problem of 
checking the zero value of non-retrievable pressure transducers/piezometers. 

2.4. Hose 

A robust and reliable standard hydraulic hose has been selected. 
According to the installation conditions it can be used with or without a stainless steel 
sheath. (fig. 4) 

2.5. Enclosure 

Enclosure is made by AISI 316L stainless steel and has an IP 69K 5MPa protection degree. 
All the connection points are protected by special protection devices and fittings are 
designed to guarantee a very high degree of reliability. 
All the enclosures have been designed to cope with ATEX specs (certification is in 
progress). (fig 4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4: Enclosure and fittings 
 

2.6. Signals 

As described in chapter 2.3, signals are digital. 
The use of digital signals provides for a number of advantages which have a great impact 
on the system performances and use. 
First of all it is possible to use a single cable for connecting all the sensors of the circuit 
and when considering circuits with a length of hundreds or even thousand of meters, the 
advantage are extremely enhanced both technically and economically. 
The new generation of transducers is equipped with a 20 bits A/D converter which 
provide for a resolution, referred to a 100 kPa range transducer, equal to 5.96x 10-6 Pa 
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Moreover each transducer can be individually characterized for temperature effects as 
well as its output can be linearized in a specific part of the measuring range. 
These are quite significant features because enable to use transducers with high range 
(and therefore suitable to withstand shocks or to be installed with large difference in 
elevation) and to measure with high accuracy small variations of the applied pressure due 
to changes in elevation. 

2.7. Cables 

Two cables are used: 

 Cable for temperature array sensors, and 

 Cable for pressure transducer power and signal transmission. 
Both have been selected to guarantee high reliability and robustness considering the 
hostile environmental conditions as well as the stresses due to transport and installation. 
Possibility to connect cables of different segments of circuits – when the circuit is divided 
in sections for practical or installation reasons – have been considered using underwater 
connectors and a dedicated mechanical protection. Two connected devices (the head of a 
profile gauge segment with the tail of the following one) act as a single measuring point, 
even mechanically. 

2.8. Data Acquisition Unit 

Using digitized signals, the data Acquisition Unit consists of a Personal Computer with 
interface port and dedicated software. 
Measurements are collected at high frequency (10Hz) for few seconds at the scanning 
interval and then processed on statistical basis to obtain reliable values. 
It is possible to have “real-time” measurements both numerically and graphically to follow 
the behavior of the element to be monitored. 

2.9. Processing Software 

A dedicated software package has been developed to collect signals, process and reduce 
data and present results.  
It includes all the needed functions and presents data both in terms of absolute or relative 
movements, considering the following relationships: 
Relative movement between the reference point and the first measuring points at time 1: 
 

         
     

    
         

 
Where: 
P1 and P0 =  measured pressures at reference and at first point [bar] 
R = Liquid density as determined considering the temperature effect 

 
Relative movement between first and second point: 

 

         
     

    
              

 
And, for a generic point: 
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Considering the time domain, the generic movement will be calculated as 

 

                                 

 
Where: 
R is the movement of the generic measuring point at time t1 with respect to time t0 
 
 

3. Present configuration 

The configuration of the profiler is shown in fig. 5, where the measuring points, the circuit and the 
compensator are presented. 
 

 

Fig. 5: Present configuration of the Profiler 
 
The main specifications are: 

 Measuring Range: up to 50 m water column 

 Resolution: ± 0.05% F.S. 

 Number of measuring points: up to 128 

 Length: standard: 500+ m 
Extended: 4 km 

 Degree of protection: IP69K – 5 MPa 

 Certifications: CE 
 

Typical results from laboratory calibration (performed by using calibrated shims) is shown in fig. 6. 
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Fig. 6: Calibration Sheet for measuring point 
 
 
Special attention has been used to study transportation and installation procedures which 
represent a critical part of the whole process and can affect the final accuracy and reliability. 
The profiler is transported sealed and ready to install (see fig. 7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Example of transport assembly 
 
The packaging was specifically developed and tested, whilst for complex and critical installation, 
such as for off-shore applications, procedures are normally discussed and agreed with the off-
shore contractor. 
Care must be taken to protect the profiler when installed, especially if construction is foreseen 
above it.  
Figure 8 shows the preparation of the device for an off-shore installation. 
 
  



12 

 

 

 
 
 

Fig. 8: preparation for off-shore installation 
 
 

4. Case Histories 

Four case histories are presented to demonstrate the possible application of AGISCO’s hydraulic 
profile. 
 

4.1. MAERSK Project – Vado Ligure (Italy)    

 
Short project description. 

The purpose was to measure the settlements of two sub-sea embankments built close to the 
existing pier, so to keep under control the behavior of foundations. 

Choice was to use a profile meter of several alignments with its measuring points placed under 
the embankment plus one at a distance of about 50 meters so to be considered as fixed reference 
point. All the profile-meter alignments were laid on the seabed at depths ranging between 10 and 
20 meters. 

For each alignment settlements were all referred to the same reference point.  

Hereafter some pictures show the profile meter appearance and some diagrams report the results 
of this typical application. 

In a second phase of the works two additional profile-meter alignments were laid on the seabed 
aiming at the measurement of foundation settlements when loaded with the caissons. In this 
circumstance two alignments were laid with some measuring points placed under and between 
the caissons and the fixed reference measuring points placed in undisturbed places not affected 
by load effects. 

The diagrams show the refinement of measurements that describe with great accuracy the 
foundation soil behavior. In this case the profile-meters were laid at a depth of about 30 meters. 
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The next chart shows the displacement of the 7 sensors of two measuring lines, 6 months after 
the installation of the instruments. 

Line two (red) clearly shows the measuring point between the two caissons where the settlement 
is far less significant as that part is not affected by load. 
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In the time domain diagram the effects of the test caissons surcharge is visible. In particular on 
points P12-P14 a two-phase load is visible.  
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4.2. The MOSE Project – Venice (Italy) 

 
 

  
Figure 9 – Lagoon inlets 
 
 

Venice and the lagoon are among the world’s most precious and best known places from a 
monumental, artistic, cultural and environmental point of view. UNESCO has declared the city and 
the lagoon ecosystem a “heritage of Mankind”.  

To protect Venice and the environment of the lagoon from floods – a phenomenon that has 
intensified since the 1900s due to different factors – the MOSE is being constructed. 

The MOSE, one of the most important hydraulic engineering projects ever, consists of a series of 
barriers formed of gates able to isolate the lagoon from the sea. These gates normally rest on the 
sea bed full of water. In the event of danger, the gates are raised by filling them with compressed 
air until they emerge and temporarily isolate the lagoon from the sea. 

The MOSE provides protection from tides up to 3 m high and will therefore continue to be 
effective even if the sea level rises significantly during the next decades. 

From North to South there are three natural inlets: Lido, Malamocco and Chioggia.  

The 35 concrete caissons embedded in the seabed are equipped with numerous monitoring 
systems to measure displacements and deformations. Among the different measuring systems 38 
profile meters, roughly one per caisson, with average length of 60 m each, provide readings of 
settlements occurring in the caissons at different places. This allows surveillance, almost in real 
time, of the behaviour of all the inlets one by one. 

Monitoring devices have been designed and developed with special materials for submarine use 
and very long working life (several tens of years). As a matter of fact caissons were ballasted with 
sea water for embedding and part of the instruments was flooded. 

38 digital profile gauges of 65 meters each, 
used to install the caissons and to monitor 
the structure during its entire life. 
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All the profile meters are now connected one another and will soon be connected to the Main 
Control Centre for permanent monitoring during the entire MOSE life. 

The following pictures show some installation phases and examples of diagrams. 

 

 
 
Example of profile gauge data from Chioggia Inlet 3 months after the completion of the barrier 
construction. The light gray patterns show the position of the barrier in the project. Each caisson 
has three sensors that are used to find out the pitch of the caisson (with 1/1000th of degree 
accuracy) and the deformation of the structure (using the central point of measure). 

 

4.3. ENI Platforms – Adriatic Sea (Italy) 

 
AGISCO is involved in a pilot 
project for a 5km digital profile 
meter with 105 sensors to be 
laid on the Adriatic Sea in the 
course of the year 2015. The 
instrument is required to take 
permanent readings of the 
subsidence cone caused by gas 
extraction form the Adriatic Sea. 
This could become a standard 
monitoring device for seabed 
control around gas or oil rigs. 
 
 
 
 
 
 
AGISCO is starting the development of a first pilot profile meter system for ENI (Ente Nazionale 
Idrocarburi – National Oil Board) having a total length of about 3.500 m to be laid on the Adriatic 

Figure 10 – Example of a profile-meter close to an offshore platform  
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Sea bed close to a gas extracting platform. Installation may reach a depth of 100 m with a length 
up to 10.000 meters and more. 

This monitoring system aims at the surveillance of the hollow cone created by the platform and its 
fading away along with the distance. It will show the profile evolution of the seabed with few 
millimetres sensitivity, an impossible monitoring so far with any other available system. 

This project is significantly demanding not only for the working mode but mainly for its 
installation: the profile meter has to be laid in a trench in the seabed. It will consist of an x 
number of crops of about 200 m each so as to be handled during transport and installation and 
ease the hydraulic circuit. 

The system may be powered from the platform by means of a specific electrical cable or by 
special submarine batteries with ± one year operating time. 

The system is designed for very low power consumption still supplying, in case of need, high 
reading frequencies (one every few minutes). 

 

4.4. Port of Rijeka – Croatia 

 
The new container terminal at Zagreb Pier now under construction in the port of Rijeka, Croatia, 
will become the first Croatian terminal and one of the main maritime hubs in the northern 
Adriatic Sea. The harbour area is currently undergoing a major expansion and modernization in 
multiple phases, the first of which concerning the construction of a new 400 m wharf with 
neighbouring storage facilities. 

The container terminal service area will be sustained by concrete caissons resting on benches in 
stone material with controlled particle size. 

The features of the landfill layers forming the seabed will be improved by means of vibrated 
gravel columns and injections of jet-grouting aiming at the reduction of settlements of the seabed 
area subjected to the deck loads and increase resistance. 

On the seabed and under the progressive landfill, to determine the settlements, three profile 
meter alignments are predicted of which one is already in-place and two to come, averaging 200 
m in length with a total of 41 sensors (12 + 13 + 16). 

The alignments are approximately perpendicular to the coastline with one end onshore and the 
others on the seabed, the last being at a depth ranging between 35 and 40 m. 

Onshore is also placed the reading unit for data acquisition, storage and transmission to manage 
data in real time. 

Once the installation of the profile meters is completed and the first layers of landfill achieved, 
the caissons – made with cast in situ modular structures part of a specifically setup floating unit – 
will be towed - on floating - to their final position, along orthogonal alignments to the wharf, and 
sunk by filling with sea water first and with tout-venant of quarry and concrete in the end. 

Above the caissons so thrown a deck in pre-stressed concrete will be built in support of a slab on 
which the final flooring and infrastructure will be constructed. 
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4.5. Kalivaç dam monitoring (Albania) 

 
This is AGISCO’s first experience of installation of the profiler in a dam. 

Figures 14 and 15 show same details of the installation, whilst fig. 16 shows typical results. 

 

Figure 11 - in the foreground the artefact 
with the terminal and data acquisition. In the 
background the profile meter alignment 
ready for sinking 

Figure 12  – The profile meter during one of the 
positioning phases 

Fig. 13 – Terminal box of 
profile meter with data 
acquisition unit and 
reference tank (1) 
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Figure 15 – Cross section of Kalivaç Dam with two profile meters at two different levels 
 
 
In this rock-fill dam it was predicted to install some profile alignments to measure vertical 
settlements (compaction) of the embankment during the dam construction and life. 

These are 80-90 m profile-meters with open hydraulic circuit. It was laid in a specifically excavated 
trench. Ever since the beginning readings proved the effectiveness of our choice especially for 
pressure transducers and data processing offering exceptionally good performances still using 
close circuits.  

Thanks to its high versatility as for shape and arrangement, the instrument may tailor Clients’ 
requirements both technical and economical. 

 

Figure 14 – Views of the installation phases of the profile meters with 12 sensors 
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Figure 16 – Examples of time sequence of settlements represented as a function of space 
 

5. Summary and Conclusions 

The New Submarine Hydraulic Profile Gauge (NESHP) is an innovative device to measure vertical 
movements along a line whose length can reach thousands of meters, with an accuracy ranging 
from millimeters to centimeters. 

The device is completely sealed and can operate both on-shore and off-shore. 

Its core component is the volume compensator which allows liquid to expand or retract without 
causing pressure changes into the circuit. The compensator is covered by patent in EU and US. 

It is the result of a long and challenging research project on the single components and the device 
as a whole considering all the key aspects such as the temperature effect on the liquid density, 
the volume changes, the selection of the pressure transducers and the data acquisition and 
processing. 

The device is certified CE. Future improvements include:  

 Characterization of measuring fluids; 

 Development of new, simpler and more reliable “compensators” in the course of time; 

 Miniaturization of the measuring system for topographic uses; 

 Simplification of the measuring system with significant cost reduction mainly for inland 

uses; 

 Further improvement of the system composing parts to attain increasingly higher 

performances. 
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