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INTRODUCTION  

Despite the rapid development of numerical models, which are more versatile and 
economical, the physical models remain an essential tool to help validate the results 
or integrate the numerical models, especially in complex natural and environmental 
conditions.  
The construction of large structures for technical-experimental activities on physical 
models of rivers, is very expensive and requires an appropriate economic and 
financial support also from the public sector.  
The Interregional Agency for the Po River, thanks to large investments of human 
and financial resources and to the scientific support of a number of universities, has 
created a Scientific Centre in which it is possible to create physical models of rivers 
for certain water works and study the mechanical behaviour related to embankments 
of the Po river.   
With physical models it is also possible to provide citizens who show interest and 
people who are affected by these phenomena with the demonstration of the effects 
that the implementation of specific works or actions may have on specific areas or 
environments.   
This work sums up the activities of the Agency in relation to the creation of 
hydraulics laboratories and to the implementation of some physical models of rivers 
together with the extensive study of the behaviour of the cohesive soils of the banks 
of the central and lower parts of the Po river. 
There are two main areas of activities in the Centre: physical modeling of rivers and 
geotechnics. 
The potential for development and future use will be discussed in the conclusion.  
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The Scientific Centre of the AIPo decentralized office of Boretto (RE) consists of a 
laboratory for geotechnical tests on land, two laboratories of water modeling and some 
facilities for educational activities and for guest use.  
The centre is of unique nature as it is intended to support activities at various stages of 
designing, implementation and testing of works carried out directly by the Agency, as 
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well as scientific research in collaboration with universities on the basis of specific 
cooperation agreements.   

There are two main areas of activities in the Centre: physical modeling of rivers and 
geotechnics. 

 
 

The geotechnical engineering laboratory 

 
One of the major objectives of the Agency is to design and construct levees. 
The term levee is here used to define an embankment whose primary purpose is to 

provide flood protection from seasonal high water and is therefore subject to water 
loading for periods of only a few days or weeks a year, as opposed to earth dams. 

Since the levee alignment is dictated primarily by flood protection requirements, this 
often results in construction on poor foundations and borrow material (fill material) that 
is often heterogeneous and far from ideal. Selection of the levee section is based on 
numerous factors. However it is possible to present general steps to follow in levee 
design based on successful past projects. A base Aipo engineers use for developing a 
particular project is represented by the Embankment design and construction of the 
Consiglio Superiore di Ispezione per il Po (1952), which  gives indication on the cross 
section the embankment should have depending on where it is constructed along the Po 
river (Fig.1), and by the internal guideline “Direttiva Sanguanini”. Such Direttiva 
considers the method of construction of levees, since local economic situation affects 
the selection of the levee section.  Lombardy, Piedmont, Veneto and Emilia-Romagna 
traditionally are areas of high property values and high land use (for agricultural,   
industrial, commercial and residential purpose) where levees, in order not to take up too 
much valuable land, tend to be built with relatively steep slopes using controlled 
compaction.   Levees built with smaller sections and steeper slopes generally require 
more comprehensive investigation and analysis then do levees with broader sections and 
flatter slopes.   To support  engineering management decision the Agency has set up its 
own geotechnical testing laboratory,  while preliminary and final (design) stage field 
investigation is mainly done by a third party, for example a contractor. Office study, 
such as search of available topographic, soil and geological data on maps and aerial 
photographs,  pertinent information on existing construction and on boring logs,  use of 
GIS to display resultant thematic maps and statistics is all carried out by the civil 
servants from Aipo headquarter and Aipo local divisions in cooperation with Aipo 
laboratory technicians.   

Most of the investigations carried out by  the laboratory is undertaken at the request 
of AIPo local divisions in cooperation with universities and academic institutions.  

 Laboratory testing programs for levees vary from minimal to extensive, depending 
on the nature and importance of the project and on the foundation condition. 

Since shear and other tests to determine the engineering properties of soils are 
expensive and time-consuming, testing programs generally consist of water content 
(never forget it!) and identification tests on  most samples and shear, consolidation, 
triaxial, and compaction tests only on representative, mainly undisturbed, samples of 
foundation and borrow material.  Soil tests, included in laboratory testing programs, are 
for fine-grained cohesive soils and for pervious soils. 
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In 1999 AIPo ( former Magistrato per il Po) started a research programme carried 
out to study the construction methodologies, the stability, and the groundwater flow 
problems related to the Po river embankments.  A large amount of data on the 
mechanical behaviour of levees was presented in the Final Report. 

For this purpose, a prototype embankment was built close to a real embankment of 
the Po river, in the site of Viadana in the Lombardy region. The project was promoted 
by AIPo and it was followed by the Universities of Brescia, Rome, Naples and Parma. 

AIPo, in order to standardise the embankment construction method, gives 
specifications for materials, which can be adopted, and instructions for field compaction 
requirements.  

Despite the specifications which identify the optimum material, the embankments 
are often built with soils from borrows close to the embankment construction sites.  
From a cost-benefit evaluation, an optimum particle size distribution is not always 
achievable, hence the need for a more accurate study of the mechanics of  these soil was 
evident. 

In 2008 a new experimental programme sprang from this need and it included a 
review of the experimental data of all previous investigations carried out on the Po river 
soils. 

Two new prototype embankments were built with borrow material close to the 
building sites: 

Prototype 1 at Alessandria (AL) along the Bormida torrent  
Prototype 2 at  Motta dei Conti (VC) along the Sesia torrent 
Due to the increase in safety requirements, climatic changes, and possible ageing 

effects on the overall behaviour of the materials, the service and safety conditions are 
being carefully  reconsidered. 

Following the Decree of Prime Minister - DPCM 12.10.2007 – to estimate and 
mitigate seismic risk  of the exposed cultural heritage – a  study was promoted by AIPo 
and the Po river Basin Authority (ADBPo) to investigate seismic response of man-made 
compacted embankments of the Po river from Boretto (RE) to Ro (FE). 

A campaign of down-hole and cross-hole tests was carried out to obtain a catalogue 
of P- and S-wave arrival times.  This will allow us to tune the soils parameters to the 
mechanical behaviour of the soils. 

In 2007 Aipo has  hosted  post graduate students during their MASTER SIGEO 
internship to help students become acquainted with laboratory testing procedures like 
ASTM, BS, CNR-UNI, A.G.I., Eurocode 7 and Eurocode 8. 
The engineering laboratory work includes planning and executing testing programs, 
investigations, and studies that involve civil applications of soil mechanics and geology. 

The Lab is equipped to perform all of the common  geotechnical tests. 
These tests include: 
- STRENGTH TESTS- Direct Shear (CD) , (ASTM D3080) - (UU) , Modified ASTM -  
(CU), Modified ASTM 
- MOISTURE DENSITY RELATIONS  Standard Proctor (ASTM D698 and CNR UNI 
69)  Modified Proctor (ASTM D1557 and CNR UNI 69) 
- TRIAXIAL COMPRESSION – Isotropic  Unconsolidated-Undrained - ASTM D2850; 
Consolidated-Drained; Consolidated-Undrained w/pp ASTM D4767 
- CONSOLIDATION TESTS - Consolidation (ASTM D2435). 
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Fig. 1 - Embankment cross – section  in the lower stretch of the Po river (Consiglio 
Superiore di Ispezione per il Po, 1952). 

 

The laboratories of water modeling  

The Scientific Centre of Boretto comprises two laboratories of water modeling of 
rivers. Each one has its own peculiarities in relation to size, equipment and type of 
hydraulic circuit.  

 
The laboratories, beside having the measuring and control instruments normally 

used in experiments on physical models, are also equipped with advanced technological 
and engineering equipment.  For instance the "Positioning and measurement automatic 
system" and the "System for supervision, control and acquisition of signals”.  
Positioning and measurement automatic system. The Positioning system (Figure 1) 
was created in order to allow the plano-altimetric reading of physical models in semi-
automatic mode on the entire usable surface area of the laboratory. This system is 
basically a motorized three-dimensional instrument for the positioning of measuring 
devices in space. It is made up of a mechanical positioning instrument, a total station for 
feedback control on the mechanical positioning and an electronic control system.  
System of supervision, control and acquisition of signals (SCADA). The supervision 
system (Figure 2) controls the pumping area, the supply lines of the water flow and the 
tools for field measurement. Field instruments are connected to a mobile switchboard 
which can be connected to the field bus in four points of the laboratory.  
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Since 2004 four physical models of river were created. The experimental tests were 
carried out with the help of some Italian universities (University of Parma and Genoa).  

 
Tests on the physical model of the flow adjusting barrier on the Parma stream 
(Province of Parma, Emilia - Romagna, Italy)  

 The first model in 1:25 geometrical scale (Figure 3) was created in 2004 when 
the water laboratories had not been set up yet. Because of the considerable extent of 
model, this was built outdoor realizing the hydraulic circuits with temporary works 
which were demolished at the completion of the studies to allow the construction of 
Laboratory No. 2. This study was intended to provide guidance on the best position and 
height to be assigned to dissipation blocks placed in the downstream slowdown section 
of the flow adjusting section and to define the scale of the surface and bottom discharge 
flows of the section itself.  

The latest 1:50 scale physical model (Figure 4) had the primary purpose of 
providing information through an appropriate experimental apparatus, on the pulsing 
stresses that may occur at the bottom of the slowdown section of the flow adjusting 
barrier on the Parma stream. 
 
 

Tests on the physical model of the flow adjusting barriers on the Parma stream 
(Province of Turin, Piedmont, Italy)  

The flow adjusting section for the overflow dissipation of the Torto-Chisola streams 
is mainly an embankment which contains and controls two flow adjusting barriers 
placed on the two beds of the two rivers.  The physical modeling was intended to:  

- determine the scale of the flows of the two upstream output ports;  
- determine the scales of the suspension depth limits;  
- Identify the functioning of the flow adjusting section under specific conditions, 
such as those due to clogging of the upstream output ports.  

The model was made in 1:50 scale (Figure 5 and 6). 

 

Tests on a physical model with movable bed of the runoffs in the Tanaro river in 
when crossing the city of Alessandria (Piedmont, Italy)   

The physical model, built in 1:60 scale, is the copy of a 3 km stretch of the Tanaro 
river bed when it crosses the city of Alessandria. The objective of the experimental tests 
is to assess both the possible water section criticalities and to estimate the altimetric 
evolution of the river bed following the adjustment works (Figures 7 and 8).  
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Physical models set up in recent years in the laboratories of the Interregional 
Agency for the Po River, have been able to design more efficient works compatible with 
water protection policies in the affected areas.  
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The Agency is committed to use these facilities also for scientific research, 
educational and teaching purposes and on behalf of third parties through local 
Authorities, Universities and Research Institutions, not only at national level.  

 
 
Greater Cooperation research needs to be promoted to make better use of the 

Research Potential and avoid duplication of efforts.  
Cooperation on the research level Can Also Be a driver for Further Cooperation on 
other levels. �

 

  
Figura 1 Figura 2 

  
Figura 3 Figura 4 

  
Figura 5 Figura 6 
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Figura 7 Figura 8 

 


