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1 Scientific and/or technical quality, relevant to the topics addressed 
by the call  

1.1 Concept and objectives  

Bridges belong mainly to public institutions. Each road or railway system manager has 
responsibility over the safety, security and preservation of hundreds, sometimes thousands of 
bridges. Obviously to keep control over such large number of objects makes it difficult to 
programme a sufficient plan of inspection, given also that inspections require well experienced and 
highly trained technical staff and therefore they are expensive. 

In spite of trained personnel, inspection is a highly-subjective operation: a recent study by the US 
Federal Highway Administration revealed that Routine Inspections are completed with significant 
variability. This variability is found in all aspects of the inspection process but it is most prominent 
in the assignment of Condition Ratings, where bridge owners can expect 95% of Condition Ratings 
to be spread over five rating points. With respect to In-depth Inspection, it appears unlikely that In-
depth Inspections will correctly detect and identify the types of defects for which those types of 
inspections are typically prescribed. Further, a significant proportion of In-depth Inspections will not 
reveal deficiencies beyond those that could be noted during a Routine Inspection. In addition, 
when in-depth inspections are needed or maintenance is required, scarcity of funding for these 
purposes impose to avoid unnecessary operations and impose to clearly prioritise interventions. 

Monitoring is the alternative. An effective monitoring action, if and where possible, not only can 
allow to keep under control an increasing number of bridges with a reduced increase of effort, but 
also will reduce and for some aspects remove the cost of inspection offering also a higher level of 
reliability. With respect to inspections, specially with inside deep inspections, monitoring does not 
require traffic interruption. The reduction of maintenance costs due to cut in inspection costs and 
use od low-cost distributed sensors, and thus increase in less-expensive preventive maintenance, 
is among the goals of the present project, The proposers expect a cost reduction up to 30%, 
depending on the specific case. 

A further aspect in the Call related to competitiveness is the design and assessment of new 
strategies, technologies and algorithms that can be of commercial interest outside and inside EU. 

A very important objective of the project is early warning in case of scouring. This aspect is already 
critical now, due to the fact that the highest percentage of ancient bridge collapses are due to that 
cause. It will become more and more important in the future due to the expected increase of 
frequency of storms and heavy rains related to climate changes. Also, monitoring related to ageing 
and environmental threatens will be an aid to better face the effects of growing amplitudes in 
thermal cycles. 

High tech SMEs and public administrations will take part into the project respectively as technology 
developers and end users. The collaboration of Local Authorities has also been secured. 

Europe, but also other countries outside Europe, has a large patrimony consisting of bridges with 
high duration of operability, of over 50 years. An important number from these bridges represent 
masonry (brick and/or stone) arch bridges but there are also concrete bridges and steel bridges. 
The majority of these bridges have been built in the nineteenth and first half of twentieth century for 
very different loads, but thanks to reserves of strength, are still operational on today’s road and 
railway networks. The preservation of these structures to guarantee their efficiency, durability and 
reliability is an issue of our age, which can be pursued by means of the definition of a proper 
maintenance program to avoid worse and non-reversible damages due to lack of maintenance.  

In each European Country, still exist lots of ancient masonry bridges, more than 100 years old but 
even historical Roman bridges are still in use. Many of these are beautiful structures, very 
important to their local community, which add value to the inset and landscape, constituting also 
touristic attraction and therefore economic added value. Some of these, in particular, are a unicum, 
for design boldness or for particularity of construction type. Each of them is the memory deposition 
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of mankind ability in construction and workmanship. The loss of even one of them is a cultural, 
artistic and technical loss. 

So the subject of our proposal are structures built in different ages, using different materials - 
whose mechanical characteristics are not known and that are difficult to model - and technologies, 
which are not used any more. Their geometry is often not known, and inspections are difficult due 
to the complexity of reaching all the structural components, especially the foundations. The 
interaction of structural elements such as piers and abutments, which connect the foundations with 
the superstructure may be complex, and their carrying capacity may result reduced because of 
water problems (scour). Besides, secondary structural elements (such as fill and spandrel walls in 
masonry arch bridges) contribute significantly to support loads, but this contribution is very hard to 
evaluate. Obviously, in order to define a retrofitting intervention and/or a suitable maintenance 
program, it is compulsory to know the “objects of interest” in detail.  

The final goal of our proposal is the reduction of the maintenance costs by increasing the safety 
check level. This project aims to contribute to competitiveness in the sense that it proposes a 
transition from rigidly programmed maintenance and inspections towards flexible programming and 
preventive maintenance on request.  

The first step is to classify the damages that can occur on existing bridges by collecting all the data 
available from different countries in Europe.  

As well known the usual maintenance procedures used are the following:  

- classic maintenance on request, which implies a retrofitting intervention only if a damage is 
already occurred;  

- cyclic preventive maintenance, which is aimed to prevent any damage and is based on a 
evaluation of the Life Cycle Assessment of the structure and its component to define the 
optimum maintenance period;  

- preventive maintenance on request based on monitoring, in which the health status of the 
bridge and its component is continuously checked and the intervention is made on the 
basis of the effective level of damage.  

The choice of the procedure depends on the damage and on the repairing cost and on the 
consequences related to the damage and to the retrofitting works. For example, the worst 
disadvantage of the first approach is that often the maintenance works require disruption of the 
traffic or at least an important limitation to it with obvious economical effects. On the other hand the 
second way do not allow an optimum exploitation of the structure or its component if the estimate 
of its life is lower than the effective one. If it is higher the risk would be even higher, because an 
unexpected damage could occur due to a faster deterioration of some structural component. Due 
to the importance and to the economic value of the objects of our study, it looks obvious to follow 
the third way, which appears certainly the best one. In fact, in spite of the increasing of the cost 
due to the monitoring, the overall costs will be will be certainly lower due to the terrific reduction of 
the damage costs, related to the retrofitting and also to the traffic disruption. The third approach 
also allows better maintenance operations.  

In more details we consider two levels of monitoring:  

- static and dynamic on-line monitoring, able to point out the main issues such as weight in 
motion and seismic behaviour;  

- periodic experimental analysis on material characteristics, by extraction of small pieces and 
laboratory testing.  

The proposed philosophy is the following: we prefer the on-line monitoring to reduce the periodic 
maintenance and use the periodic controls for those testing that cannot be substitute by the on-line 
monitoring.  

On-line monitoring means dynamic monitoring but also static monitoring with sensors that measure 
deformations and stresses in several points of large surfaces and volumes. Several points of 
measurements guarantees no loss of information and also a good knowledge of the two- or three-
dimension behaviour of bridges, which is often not given by the traditional experimental analysis. 
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The periodic measurements will regard, for example, measurements in foundations to detect 
scouring effect, which cannot be substituted by the on-line monitoring.  

Flexible programming and maintenance on request will allow the damage reduction and automatic 
warning to the traffic to stop trains and vehicles. Obviously, new sensors of good performances are 
needed to measure static and dynamic parameters, which should be but of low cost or at least 
become of low cost when their production will be large enough.  

It is worth pointing out that: 

- the impact to the climate change is neutral,  

- the project will take important advantage to the participant SMEs because of the high-tech 
products developed and applied in the project.   

 

The main goal of this project is the set up of an effective protocol of monitoring of bridges resorting 
to spatially distributed sensing through wireless sensors and smart materials in order to obtain a 
higher level of safety and control and, as a result, to reduce the costs of maintenance in 
accordance to the subject of SST.2008.5.1.1: “Advanced and cost effective infrastructure 
construction, maintenance and monitoring”.  

Special attention will be focused on the following topics, which are the critical aspects in the 
monitoring and maintenance of existent bridges:  

• weigh-in-motion and seismic behaviour;  

• ground solid particle removal by flow velocity, which is the cause of about 90% of collapses 
of ancient bridges. Some past research experiences encourage a deeper study about this 
aspect;  

• use of construction materials (concrete, mortar, composites) as sensors by nano-
technologies.  

The project will develop by means of the following steps:  

• critical analysis and updating of the knowledge on damage scenarios and risk analysis, and 
on safety and reliability assessment methods;  

• updating of the state-of-the-art about data-mining, filtering, optimisation of sensor location, 
damage model formulation-prototyping sensor systems;  

• construction of sensor prototypes and laboratory testing, together with other RU’s;  

• production and of small series of sensors for distribute sensing and installation on the case 
study objects.  

The following aspects will be covered:  

• static and dynamic monitoring;   

• sensing materials;  

• maintenance optimal design.  

The main objectives are the following:  

• definition of a strategy that, accounting for the damage scenarios and the risk and reliability 
analyses of existing bridges, brings to the design of the most appropriate monitoring 
system; in order to do that it is essential to choose, for each damage, the physical 
parameters that are very sensitive to it;  

• design of the most appropriate monitoring system and sensing materials starting from 
demand for experimental data;  

• experimental vulnerability assessment;  

• models for durability, which relate the residual safety to the measured data;  
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• monitoring improvement of life cycle performances, i.e., of the progressive damage.  

These objectives concern the monitoring of the structural conditions and relate to the processes 
that address the maintenance and durability of existing infrastructures. These processes will be 
tested in practical cases and will be useful to improve safety and security and to the strengthening 
competitiveness due to the reduction of the overall maintenance costs. System and technologies 
are certainly appropriate for the applications.  

The most important deliverables will be:  

• general damage catalogue with specifications for the different European regions;  

• procedure of monitoring design;  

• sensor prototyping;  

• damage symptoms definition, i.e., sensitivity analysis of the physical parameters to detect 
the damage;  

• a validated on-line monitoring system;  

• case studies reports;  

• guidelines.  

 

1.2 Progress beyond the state-of-the-art 

All structures degrade during their service life, and most of them will require a preventive or 
corrective maintenance in order to ensure that safety factors remain over recommended limits. 
Several models have been proposed to try to assess and predict this degradation process, such as 
Frangopol et al. (2005) or Tuutti (1982). The final object of these models is ensuring long-term 
safety and performance of structures with low maintenance costs. For that reason, most of them 
are raised in economic terms.  

In general, the activities related to the behaviour of the structure in time are: construction, 
operation, inspection, monitoring, maintenance, repair and replacement. All of these factors are 
directly related to the working life of the structure, and subsequently, must be taken into account 
when the model is formulated. As a general rule, the prediction models must include, at least: 

a) a method to quantify the performance of the whole structure along time, and  

b) a probabilistic term to treat the uncertainty of loads and deterioration.  

Those service life prediction models can be used later to determine the most suitable maintenance 
techniques, and all of them need input data that come from inspection and, in some cases, from 
continuous monitoring. As more data become available, the results from the model will be more 
accurate, and in turn, the determination of the intervention technique will be more effective.  

With the aim of using the acquired data from monitoring properly, it is very important to integrate 
them with the potential maintenance and repair procedures. This integration process mainly 
depends on both the type of material that makes up the structure and the technique used for 
monitoring. As an example, for concrete structures, the parameter that usually defines the 
remaining service life is the corrosion of the reinforcement steel. To determine the level of 
corrosion it is necessary to know the temperature, moisture, pH value and salt contents in 
concrete. It can also be important to know mechanical parameters like strains or microcracks. The 
sensors used in this monitoring process can be located on the face of the structural element or can 
be embedded, depending on the parameter to be measured. The embedded sensors are needed 
for corrosion assessment, and the superficial ones are used to determine crack creation and 
propagation.  

Another factor to be taken into account is the communication: how the data acquired by the 
sensors are sent to a computer to be treated later. Traditionally, this transmission is made by 
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means of cables, but recently new wireless techniques have been developed. This factor could be 
crucial to improve the integration between monitoring and maintenance technique choice.  

In short, to define an efficient method to integrate monitoring and maintenance the following issues 
must be taken into account: factors that affect the material degradation, data acquired by the 
monitoring process, a model to predict and assess the state of the structure related with 
serviceability limits and knowledge of applicable repair techniques to determine the most suitable 
ones.  

As a final remark, one of the most important initiatives undertaken recently related to maintenance 
of transport structures is the “Sustainable Bridges” project (TIP3-CT-2003-001653), in which also 
two of the TISMAD partners, BAM and DTU-Byg respectively, took part. In it, a deep up-to-date 
study on inspection, monitoring and repairs is made, in order to reach the integration, innovative 
development and testing with the intention of establish efficient procedures for management and 
safe upgrading of railway bridges. One of the main contributions from “Sustainable Bridges” project 
is the set of guidelines covering by the different participating entities, regarding the following 
issues:  

• Inspection and Condition Assessments of Railway Bridges;  

• Load and Resistance Assessments of Railway Bridges;  

• Monitoring of Railway Bridges;  

• Repair and Strenghtening of Railway Bridges.  

Useful information from these guidelines will be used as a starting point for the work proposed in 
this project.  

The expected results of the work proposed in TISMAD project will be:   

• costs: optimization of monitoring, maintenance and repair costs of transport structures with 
respect to current techniques;  

• reliability: enhancement of reliability of the monitoring data acquisition, by means of suitable 
sensors, specially adjusted to transport structures;  

• transmission: enhancement of monitoring data transmission from the structure site to the 
place where data will be treated, by means of innovative techniques such as wireless 
connections.  

Frangopol, D.M., Liu, M. (2005), Life-cycle analysis and optimization of civil infrastructure under 
uncertainty. 3rd Probabilistic Workshop on Technical Systems and Natural Hazards. K. 
Bergmeister, D. Rickeenmann, and A. Strauss, eds. Vienna, Austria.  

Tuutti, K. (1982), Corrosion of steel in concrete. Swedish Cement and Concrete Research Institute. 
Stockholm, Sweden.  

1.2.1 Monitoring and instrumentation  
Monitoring, in general, is aimed to keep under control as much as possible the evolution in time of 
mechanical responses or properties, the environmental conditions and their effect on structural 
durability. It can be local or global (dynamic response).  

The consolidated monitoring techniques are based on point-wise applied sensors. The existing and 
mostly the ancient structures are affected by large uncertainties and local variability of mechanical 
properties and conditions. Therefore it is important to integrate the point-wise sensors with 
innovative distributed sensing devices.  

Non point-wise sensing devices can be linear (long-gauge or BOTDR Fiber Optic sensors or 
others), 2D (spray piezoceramics and others) or 3D (smart concrete, patented at Harbin Institute of 
Technology, China).  

Linear and 3D distributed sensors were used in recent past in several applications on new-built 
structures. Linear and 2D sensors can be used on existing structures. This kind of integration is 
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among the basic goals of the proposed project and among the jumps beyond the state of art that 
does not include applications of 2D distributed sensors to civil structures.  

 
Monitoring will be carried out by using both consolidate and new technologies. The traditional 
sensors and systems, for static and dynamic measurements, are well-known and will be used in 
our project as reference systems. Last generation systems, based on wireless sensors and radar 
technology, are presented in the following.  

Furthermore, the proposed TISMAD project concept is in the framework and will give added value 
to the “Road safety inspections and audits”, which are part of the “Safe Road: Management 
Directive”, currently under discussion by the European Parliament (http://www.irfnet.eu/en/press-
releases/2008/03/05/safe-road-management-directive-a-step-closer/) 

1.2.1.1 Wireless sensor networks  
On the edge of, and for some aspects beyond, the state of art there is the development of 
competitive and small wireless monitoring systems, which could be used in combination with any 
kind of smart low power sensors. Existing monitoring systems use traditional wired sensor 
technologies and several other devices that are time consuming to install and relatively expensive 
(compared to the value of the structure). Typically they are using a large number of sensors (i.e. 
more than ten) which are connected through long cables and will therefore be installed only on a 
few structures. A wireless monitoring system with sensor nodes that are equipped with MEMS 
sensors could reduce these costs significantly [Grosse et al. 2004; Krüger et al. 2005, 2006 and 
2007, Glaser 2004 and 2005]. MEMS are small integrated devices or systems combining electrical 
and mechanical components that could be produced for about 50 € each or less. The principle of 
such a system is shown in the scheme given in Fig. 1.  

 
Fig. 1: Scheme for wireless sensing of large structures using radio frequency transmission
techniques and MEMS. Data is sent from the base station to the supervisor by using e.g. interne
or SMS protocols (TTI)  

Currently, a wireless sensor node with MEMS sensors could be fabricated at a price varying from 
100 to about 400 € and future developments show the potential for prices of only a few Euro. 
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Monitoring systems equipped with MEMS sensors and wireless communication can reduce the 
costs to a small percentage of conventional monitoring systems, and will increase its field of 
application. Due to the detailed information of the structural behaviour of bridges obtained from 
monitoring, maintenance costs could also be reduced, since inspection methods [Grosse et al. 
2005] can be applied more efficiently. Only after certain changes in the structural behaviour have 
been identified, inspection will be necessary, and proper repair could be done immediately after the 
occurrence of the defect. This reduces the risk of further damage.  

The analysis of measured data and the knowledge of continuous changes of structural behaviour 
will improve the life time prognosis of civil structures and reduce the overall maintenance costs of 
buildings and transport networks. Data has to be continuously transmitted (e.g. using the internet 
or SMS protocols) to the supervisor. Each sensor device (sensor node), which is itself a complete, 
small measurement and communication system, has to be powered and cost optimized. Using 
multi-hop techniques, the data of the sensor network can be transmitted over short distances of 
some 10 m each hop to a base station on site. If the data is a waveform vector rather than pseudo-
static scalars, the number of hops becomes limited due to the effect that a certain amount of data 
might overwhelm bandwidth. Therefore, the aggregation of the data down to a few meaningful 
values is required. At the base station the data items are collected and stored in a database for 
subsequent analysis. This data can then be accessed by a remote user. If the central unit detects a 
hazardous condition by analyzing the data, it raises an alarm message. The central unit also allows 
for wireless administration, calibration and reprogramming of the sensor nodes in order to keep the 
whole system flexible. Each mote is composed of one or more sensors, a data acquisition and 
processing unit, a wireless transceiver and a battery power supply (Fig. 2, right) [Krüger et al. 
2005]. The acquisition and processing unit usually is equipped with a low power microcontroller 
offering an integrated analogue to digital converter (ADC) and sufficient data memory (RAM) to 
store the measurements. This unit also incorporates signal conditioning circuitry interfacing the 
sensors to the ADC. Some components are described in a more detailed in Krüger et al. [2006].  
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Fig. 2: Principle of a mote. Left: Mote including sensor and data processing board, radio 
transmission unit, antenna and container. Right: Concept of the sensor and data processing 
board (TTI) 

The entire monitoring system, which has to be installed on site, has to withstand rough 
environment. For example, it has to be resistant against oil, fuel, salt, alkali and other chemicals. 
Especially sensors have to be robust and durable so that their measured data is reproducible and 
reliable over the monitoring lifetime. Furthermore, the system stability, which includes the wireless 
data transfer to and from the sensor nodes, must be high.  

There are a lot of wireless sensors that have been developed by several researchers all over the 
world, e.g. Lynch [2004] and Liu [2005]. However, still some challenges with high speed data 
acquisition and analysis are obvious. The biggest problem is still the conflict between power 
consumption and storage capacity, calculation power and system bandwidth. The system 
bandwidth is mainly restricted by the wireless communication throughput that is limited. That is why 
often multihop network algorithms and mote clustering is considered in the recent research [Krüger 
et al. 2005, 2006 and 2007].  

TISMAD project will focus in further improvement of the wireless sensor network system that is 
already available as a prototype. The following main aspects will be accounted for:  
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• development of innovative wireless sensor network systems based on innovative system 
components available on the market (e.g. MEMS) and additional components especially 
developed for the monitoring task. In addition to the hardware development sufficient 
software is developed that allows remote diagnosis, data reduction, data analysis and early 
diagnostic using data fusion. Applicability, flexibility and stability of wireless monitoring 
systems are important aspects that will be considered and defined;  

• provision of a small wireless sensor network system based on platforms that (i) will be used 
in combination with any kind of low power sensors, (ii) provide self organising and 
reorganising network functionality, (iii) have very low power consumption with optimized 
soft- and hardware functionality and (iv) achieve sufficient methodologies for data analysis, 
data fusion and data reduction.  

Glaser, S.D. “Some Real-World Applications of Wireless Sensor Nodes”. In: Proceedings, SPIE 
Symposium on Smart Structures & Materials/ NDE, 2004, San Diego, California, March 14-18, 
2004.  

Glaser, S.D. “Advanced Sensors for Monitoring Our Environment”, Proceedings, 1st International 
Symposium on Advanced Technology of Vibration and Sound, Miyajima, Japan, 1-3, June 
2005.  

Glaser, S.D., Shoureshi, R., and Pescovitz, D. “Future Sensing Systems”, Smart Structures & 
Systems, 1(1), 2005, 103-120.  

Grosse, C. U., F. Finck, J. H. Kurz and H. W. Reinhardt. “Monitoring techniques based on wireless 
AE sensors for large structures in civil engineering”, in Proc. EWGAE 2004 symposium in 
Berlin, BB90, pp 843-856. Berlin: DGZfP 2004.  

Grosse, C. U., J. Kurz, R. Beutel, H. W. Reinhardt, M. Krüger, P. J. Marrón, O. Saukh, K. 
Rothermel, J. Meyer, G. Feltrin. “Combined Inspection and Monitoring Techniques for SHM of 
Bridges”. International Workshop on Structural Health Monitoring (IWSHM), Stanford 
University, Stanford, CA, September 12-14, 2005, Ed: Fu-Kuo Chang; Lancaster PA: DEStech 
Publications Inc. (2005), pp 1403-1410.  

Grosse, C. U., Glaser, S.D., Krüger, M. “Condition monitoring of concrete structures using wireless 
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1.2.1.2 Ground Penetrating Radar (GPR) for inspection of bridge scour and Ground-Based 
Interferometric Radar (GBInR) for remote measurement of structural deformation and 
vibrations  

Riverbed scour susceptibility inspection via radar. Monitoring the scour under pier foundations by 
dynamic testing and joint GPR and GPS/inertial positioning is itself a jump beyond the S.o.A.  

Scour around bridge piers and abutments results in the failure of a number of bridges across all 
Countries and a rapid and economic assessment technique is sought. Scour associated bridge 
failure is the cause of approximately 90% of bridge failures, Europe wide and around the world. 
These figures speak clearly about the most vulnerable component of bridges: foundations. In spite 
of these significant numbers, the problematic has never been addressed before in a systematic 
approach in a cooperative project. Even recent large EC funded projects such as “Sustainable 
bridges” preferred to restrain the investigation field mainly to the superstructure of bridges.  

What is scour? Scour is the progressive removal of solid soil particles from the riverbed around 
bridge foundations by water flow. Particularly at the time of occurrence of flood events, the high-
speed water turbulences around the bridge piers cause increasingly deeper and wider excavation 
of the riverbed around foundations, exposing them and causing great peril for the bridge stability. 

 
Fig. 3: Forms of local scour in waterways. plan view (left side),cross-section (right side) 

With the lowering of water speed after the maximum of flood, water tends to deposit sediments in 
the scour holes, refilling them to some extent. At the end of the flood event, the riverbed will have 
remained uneven, presenting scour zones, but deeper and most dangerous scour situation will 
remain undetected because of refilling.  

          
Fig. 4: Scour holes partially refilled by sediments after flood (after Xanthakos, 1995). 

Even refilled or partially refilled scour holes are potentially highly dangerous because 
unconsolidated freshly deposited soil sediments will be easily removed by water flow at the next 
flood. Thus, water will progressively deepen the scour holes worsening the risk of failure for the 
bridge. Therefore, the formation of scour around bridge piers is a potentially highly dangerous 
situation leading to displacements of piers and sequentially to bridge collapse. As a matter of fact, 
the failure of bridges because of scour can happen almost without warnings in a rapid sequence 
with high economic losses in terms of structure and lives. This is due to 2 main characteristics of 
scour holes: a) the real-depth measurements of scour holes is almost impossible during flood 
because of water turbulences and high density of particulate suspended in the water, which inhibit 
correct measures either through fixed or mobile instrumentation and sensors; b) due to partial 
sediment refilling of scour zones, what can be measured with calmer waters is not the most 
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dangerous situation reached by the bridge during high flood and will lead to underestimating the 
risk of bridge failure.  

Thus, it is most important to analyse bridges for scour potential and detect scour in early stage to 
be able to act on time with remedial measures to prevent bridge collapse. Furthermore, it is 
necessary to overcome current assessment methods’ limitations in detecting scour history, i.e. refill 
of scour holes. In fact, bridge scour is an increasingly important problem - as demonstrated by 
more frequent literature on the topic [1-2]- but it is often difficult to quantify. Determining both the 
structural adequacy of the bridge components and soil-structure interaction of the foundations 
during fluctuating hydraulic turbulences can become very difficult and expensive. In fact, it may be 
accomplished through computer modelling but it is very difficult to obtain real time data from a 
particular flood event, primarily due to relevant practical and physical inspection limitations of all 
consolidated on-site scour inspection methods [3]. Diving inspection is very time consuming and 
expensive, requires expert personnel and it is too risky to be performed in calm waters; soil boring 
by means of coring the riverbed is often not feasible because of grading and compaction loseness 
of material layers; soil boring by means of split-spoon remain inconclusive for the same reason; 
both provide sparse, local data and may excessively disturb the riverbed situation, further to being 
expensive and time consuming; geophysical methods, such as seismic refraction and seismic 
reflection, may grossly resolve the riverbed profile and materials layers beneath but lack the 
resolution to resolve smaller targets such as disturbed materials layers due to scouring. Estimated 
seismic interval velocities can be used to transform the time-depth profile into a depth profile, but 
water velocities are a function of suspended sediment load and can vary appreciably. The main 
advantages of seismic is that it can provide an accurate image of the sub-water bottom sediment to 
depths of several meters. Main disadvantages are expensive equipment (hardware and software) 
and data may be contaminated by noise; other acoustic wave methods such as echo sounders 
(Fathometers) differ from reflection seismic profilers in that they emit a higher frequency source 
pulse (dominant frequency in 100 kHz range), some of which is reflected at the water bottom. 
Because of the rapid attenuation of the high frequency pulsed acoustic energy, relatively little 
signal is transmitted into or reflected from within sub water bottom sediment, so that the tool cannot 
be used to image in-filled scour features within sub-water bottom sediments. Further, water depths 
may be significantly underestimated in areas of extreme water bottom relief (curved surfaces with 
radii less than water depth). Finally, optical wave methods also suffer from particulate suspended 
in water to be able to measure accurately the real-depth of scour holes during floods. Assessment 
techniques on the edge of State of the Art: electrical techniques such as DC resistivity and 
electrical conductivity probes. They measure the ability of a solution to conduct an electric current 
between two electrodes. Measure of riverbed depth is based on the principle that the conductivity 
of the riverbed and the river water differ. The nature of suspended sediments, dissolved ions and 
chemical characteristics of water determines its conductivity. Parent materials and the composition 
of the water in the sediments determines the electrical conductivity of the riverbed. Sensors are 
placed on a probe, which is driven vertically into the riverbed and left for periodic monitoring. If 
scour occurs at the location of the probe so that previously buried sensors are exposed to water, 
the sensors will measure the conductivity change. The tool cannot be used for direct measurement 
of in-filled scour features. Other disadvantages: it can be used effectively only where water and 
sediment conductivities differ appreciably; scour features can be underestimated. All the described 
methods, can supply only some of the required information needed to determine a structure’s 
scour susceptibility. 

GPR radar may be the only technique capable of providing a complete survey of the riverbed, with 
the correct resolution for resolving extent of scour zones and refill scour (i.e., scour history). 
Further, radar may be the only economical alternative that bridge owners have to fully determine a 
structure’ scour susceptibility. In the right conditions, radar has the capability to successfully 
differentiate layered media such as air, water and varying soil conditions. In addition it has the 
advantage of providing 2-D images of the section situation below each measurement survey line 
and, following the proper scan procedures, it offers the possibility to map the entire riverbed near 
the bridge.  

The main advantage of radar with respect to more traditional technology is that electromagnetic 
waves can in fact penetrate the river bed providing not only information on bed profile but also 
some information about the sedimentary structure of the river bed and targets buried therein. 
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Earlier academic work [4-7] proved that the use of GPR technology for scour assessment is indeed 
feasible, however there are open issues concerning the possibility of the actual characterisation of 
the sediment infilling layers as well as understanding under which conditions the layers are clearly 
visible.  

Previous works by IDS demonstrated that it is possible at least to characterise soil layers in terms 
of their granulometry. These techniques are currently used in GPR over firm soil as well as in the 
assessment of ballast conditions in the railway environment but have never been applied to the 
river bed environment where both IDS experience and wider literature concentrate at most to the 
detection of layers. In the context of bridge scour, however, it would be of great interest to 
characterise also the granulometry of the infillings.  

Regarding the ability of detecting the various layers, this is of course very much influenced by the 
depth of the water and its conductivity that tends absorb the radar electromagnetic radiation hence 
making the reflection from river bed too feeble to be detected. Nevertheless, even in more 
favourable conditions (i.e. shallow or low conductivity waters) layer detection below the river bead 
is often impaired by the electromagnetic characteristics of the layers themselves making the 
reflection of the transitions too feeble.  

A third practical issue to be solved in order to make the use of GPR a viable and economically 
effective methodology for scour assessment is that of the positioning of the antennas around the 
bridge pillars and above the scour areas. GPR is generally moved on some wheeled system 
whereby the radar acquisition is triggered by a position encoder (odometer) every few centimetres. 
This guarantees the geometrical consistency of the data which is essential for its interpretation.  

When used on rivers this of course is not possible and GPR acquisition is normally performed 
taking radar scans at regular time intervals. In order to spatially correlate the single radar sweeps 
one must then relay on having performed the acquisition moving at constant velocity along a quasi 
straight line (i.e. large radius of curvature). At best one can perform a synchronous GPS 
acquisition in order to try and reposition the radar data which, however, will not be acquired in a 
regularly spaced fashion unless the above conditions are met in the first place.  

Lately new positioning systems based on a fusion between GPS information and electronic inertial 
systems are becoming available on the market [8]. These can also be used for generating a very 
accurate (millimetre) synthetic odometer-like signal that could be used for driving the radar 
acquisition on water as if on ground. Furthermore, these real-time systems can be used through an 
appropriate Human Machine Interface, to guide the boat operator to perform the acquisitions along 
given paths around the pillars that are deemed most significant by the structural engineer.  

The above three issues along with the choice of the most effective GPR antennas to be used, will 
be the focus of the GPR activities in the TISMAD project. The overall aim is therefore that of 
building a performance envelope for this specific application beyond the current proof-of-concept 
academic experience.  

In order to address the specific technical objectives, the work will be articulated in four main 
stages:  

• Integration of the GPR equipment on a suitable boat/floating device together with a 
GPS/inertial platform.  

• Laboratory tests at the University of Bologna water tanks on some representative riverbed 
stratifications.  

• Study of the granulometry characterisation.  

• Real life case studies on significant bridge sites.  

 

GBInR is the transferral of interferometric radar technology from space-based to ground–based 
platform. This technology allows the measurement of sub-millimetric displacements of extended 
structures such as bridges. Compared standard technology radar interferometry provides 
advantages that can only be matched by using a combination of other sensors. In particular the 
radar is capable of:  
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• simultaneous measurement of a large number of points across the structure;  

• remote measurement without the need of installing equipment on the structure itself;  

• dynamic and static measurement, i.e. from displacements occurring during a period of 
weeks or months to vibrations up to ~50 Hz;  

• more accurate measurement (up to 0.01 mm) than standard laser ranging (~0.1 mm).  

In this work we propose using GBInR technology for monitoring of bridge deformations and 
vibrations (resonance frequencies, modal shapes) as a mean to provide data for assessing 
damages and the performance of the proposed smart materials. Furthermore, we would explore 
and test a methodology for integrating GBInR technology with other low-cost sensors (i.e. strain 
gauges) in order to provide a methodology for setting up continuous monitoring based on low-cost 
devices being calibrated for the specific structure by a testing technique based on the more 
expensive GBInR technology.  

The progress of the project will allow the development of a new application area for GPR and the 
integration of GBInR with other sensors for a new efficient methodology for monitoring bridge 
deformations and vibrations. It is worth to point out that IDS(UK) is already active in the marketing 
of the GBInR technology for bridge monitoring as well as GPR. The validation of the use of GPR 
for inspection of bridge scour is yet another application of this technology that is directly beneficial 
to IDS major customers (engineering and land surveying companies) that will reflect on the sales of 
GPR equipment. Regarding GBInR, this is a unique technology with great technical potential where 
strong validation is essential in order to build the necessary confidence in the community of 
mainstream structural engineers that are accustomed to more traditional technology and have little 
grasp of radar. In this regard the comparison of GBInR and “traditional” sensor will be of great 
benefit for its commercial exploitation. Furthermore, the integration of GBinR with more “traditional” 
sensor technologies is likely to allow the development of a monitoring procedure by which the more 
expensive and more performing GBinR is used as a periodic calibration of some of the less 
performing but cheaper “traditional sensors”. Provided the technical results are satisfactory, the 
exploitation plan will foresee the engineering of a product and appropriate procedures for the use 
of GPR and GBInR in these two applications. Due to the fact that the project is biased towards the 
development and validation of applications rather than that of critical technological components, 
the time to market is envisaged to be short (2 years) while the return of investment can be 
expected after ~3.5-4 years after the completion of the project.  

[1] Phillips, Eleyne L., Storlazzi, Curt D.; Dartnell, Peter; Edwards, Brian D. Exploring rippled scour 
depressions offshore Huntington Beach, CA, Proc. 6th Int. Symp. on Coastal Engineering and Science of Coastal Sediment 
Processes, Coastal Sediments '07, 2007 

[2] J.A. Dowdeswell, J.L. Bamber, Keel depths of modern Antarctic icebergs and implications for 
sea-floor scouring in the geological record, Marine Geology 243 (2007) 120–131 

[3] Neil L. Anderson, Ahmed Ismail and Thanop Thitimakorn (2000), Monitoring bridge scour: an 
application of ground penetrating radar, Proc.3rd Int. Conf. Applied Geophysics - Geophysics 
2003, Orlando, FL, December 8-12, 2003, FHWA and FDOT 

[4] Davidson, N.C., Forde, M.C., Hardy, M.S.A., McCann, D.M., Colla, C., Broughton, K.J., Das, 
P.C., "Field trials to establish accuracy of radar for scour detection", Proc. VII Int. Conf. 
Structural Faults & Repair -'97, Edinburgh, 1997, Engineering Technics Press, vol. 1, 171-178. 

[5] Colla, C., McCann, D., Forde, M.C., "Radar testing of a masonry composite structure with sand 
and water backfill", ASCE Bridge Engineering J., July/August 2001, Vol. 6, (4), pp. 262-270. 
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measurement of bridge scour,", NDT&E Intnl, 1999.  
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1.2.1.3 The mobile Laboratory for Assessment&Diagnosis of bridges 
As already said, the vulnerability assessment of bridges will be developed considering two levels of 
monitoring:  

• level 1, which considers the online monitoring, in real time, focussing on structural 
behaviour to static and dynamic loading regime;  

• level 2,  which considers only a periodical measures of mechanical properties of structural 
elements.  

The partner TUIaşi will participate in the vulnerability assessment based monitoring in both cases, 
using the mobile Laboratory for Assessment&Diagnosis of bridges, operational at TUIaşi, 
composed from a modern experimental testing chain, recently equipped in 2007. The monitoring 
will be developed at various level of complexity based on an integrated numerical and experimental 
methodology for structural dynamic testing of in situ bridges. The laboratory is equipped with a 
dynamic vibrometer for bridge testing, impact hammer, signal generator and corresponding 
amplifiers, accelerometers, A dedicated software for data acquisitions and results interpretation is 
also operational along with software for structural modelling of specific transportation structures. 
The laboratory will make possible the monitoring based on a new integrated concept developed for 
the active monitoring of bridges, in real time. The concept has as goal the followings: 

a) the building of an early awareness system in case of major damage events for bridges, 
based on an active monitoring of the structure itself and of its environment (environmental 
conditions, road conditions, a.o.) during the lifetime functioning of the structure. For this 
purpose the analysed structure will be equipped with a sensors’ system for checking the 
level of physical characteristics of the structure in contact with the environment (as 
humidity, temperature, pH, corrosion of steel components), the level of environment 
conditions (fog, slippery road, a.s.o.) as well as the level of structural safety (possible 
cracks, possible large deformations, accelerations’ peak during structural vibrations and 
experiment on situ, a.o.). The information will be stored in a database. Based on a set of 
models, which should include all these conditions, requested for the safety, functionability 
and operational level of the bridge, a dedicated software will than used for constructing the 
awareness for emergency state of the bridge, or the need of trafic interruption, etc. The 
information will be also used for decisions to be forwarded to stakeholders in charge with 
road safety at regional or local level;  

b) contributions to structural monitoring methodology of bridges by using experimental 
dynamic testing, which will consists of a scenario of bridge excitation to impact loading; 
experimental identification of dynamic characteristics and modal analysis of structures in 
free and forced vibrations, (Natke, et.al). For calibration of results a 3D modelling, 
simulations and FE analysis in time and frequency domain will be performed, in 
benchmarking procedure, with different performing software as ETABS, LUSAS and others. 
The monitoring should be also enhanced for the lifetime using probabilistic methods as 
recommended by (Frangopol, D. et al.);  

c) the elaboration of a set of optimal design solutions needed for bridge rehabilitations, for 
different classes of bridges;  

d) a set of studies will be dedicated to simulations for the chosen classes of bridges typical for 
the Romanian infrastructure, a seismic very active area of Eastern and Central Europe. The 
studies will consists of modelling, simulations and FE analysis to earthquakes, specific for 
regional location, including frequency and time history analysis in nonlinear and linear 
domain. These studies are needed especially in seismic active region as Romania, where 
the existing transportation infrastructure has been exposed in a repetitively to various level 
of earthquakes, many times without any rehabilitation or even inspection procedure after 
major events. 

N. Furstenau, M. Schmidt, Fibre-Optic Extrinsic Fabry-Perot Interferometer Sensor with Thre-
Wavelength Digital Phase Demodulation, Proc. 13th Optical Fibre Sensor Conf., Kyongju, 
Korea, 1999, pp. 410-413 
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M. Raupach, Corrosion Monitoring Using a New Sensor System for Installation into Existing 
Structures, Proc. 8th Int. Conf. on Durability of Building Materials, Vancouver, Canada, may 
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Maintenance, Safety and Management IABMAS, Barcelona, Spain, July, 2002 
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Reinforced Concrete Bridges, Proc. 1st Int. Conf. on Bridge maintenance, safety and 
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century”, Osaka, Japonia, October, 2002  
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1.2.2 Sensing materials   
Material is said to be “sensing” if it can report about the processes that are taking place inside. 
There are two possible ways of making a sensing material. First way implies providing the material 
with some characteristic which shows its condition and which can be measurable by a non-invasive 
way, i.e. certain resins incorporating carbon nano-particles, which changes materials electrical 
resistance depending on stresses created. Second way implies incorporating to the material 
embedded sensors which provide information about the characteristics to be measured. Second 
way is more suitable within the problem to be tackled in present project, as more parameters can 
be measured and it is widely used.  

Use of sensing materials allow to measure embedded sensors capability to anticipate materials 
deterioration, before damages can be measured by external inspection. This would allow 
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undertaking maintenance operations, specially structure changes and repairs and keeping up 
building features with low costs.  

The most developed sensors are those which allow measuring temperature and humidity [1] at 
different parts of the concrete structure since it is placed and for years. Publications in recent 
international congress (Advances in Construction Materials 2007, Stuttgart July 2007) [2] stated 
how promising is this working field. It also stated that important work is needed in order to correlate 
measures obtained with those sensors and its evolution with the real deterioration grade of the 
material and structure. Presently available sensors have dimensions less than 5 mm in diameter 
and 3 mm in thick and its prize is affordable. It can be predictable that its prize will be reduced in 
the near future as new technologies are developed. These sensors allow to know temperature and 
humidity precisely in several points of the structure. This is very helpful to know material (concrete) 
evolution over time.  

Corrosion sensors were designed to develop a system whereby the depth of chloride penetration 
from concrete surfaces can be monitored non-destructively on a real-time basis using such 
sensors embedded in cover concrete of reinforced concrete structures. Presently we believe that 
the most appropriate sensors to be embedded are: the alkaline manganese dioxide (MnO2) 
reference sensor [3] and the resistive sensor [4].  

MnO2 sensor seems to be the more stable and reliable potential sensor in a concrete medium and 
also in concrete structures. In passive conditions the rebar potentials can fluctuate in a wide range 
depending on different parameters. In some potential areas a clear classification of active 
(corroding) or passive conditions is not possible. In such cases measurements by Galvanostatic 
Pulse Method (GPM) might be supportive. Evaluation of the results enables a much better 
classification regarding the situation of the reinforcement. However the applicability is being 
discussed controversially. Basing on differences of own and literature results gathered on park 
decks and bridges as well as in special laboratory approaches it is necessary to evaluate the 
limitations on real structures. Right now there is a big scepticism in terms of correct applicability of 
corrosion rate measurement devices [5].  

The operation of the resistive sensor is very simple; corrosion sensors that are corroded by 
chlorides were devised. The electrical resistance of sensors increased as the degree of corrosion 
increased. The time to the first change in the electrical resistance decreased and the corrosion 
degree and electrical resistance increased as the chloride concentration increased and as the 
distance from concrete surfaces decreased. It was therefore confirmed that the corrosion sensors 
are capable of monitoring the depth of chloride penetration with sufficient accuracy. It can be done 
by measuring the electrical resistance (R) by using the sensor for the correlation between R/R0 and 
the percentage of the corrosion. The advantage of this type of sensor is its low cost and easiness 
of operation. However, there is not much experience on their application on real structures.  

Related with equipment calibration, techniques which allow to correlate mechanical properties with 
concrete microstructural characteristics have been developed. These techniques use tests based 
on nano-technology devices [6-9]. It is important to regard this aspect in order to take advantage of 
nano-technology developments in other fields, which can be used by construction field [6, 9].  

In any case it is mandatory to set up working methodology and correlation of measures with 
concrete evolution and deterioration. This shall be done with different concrete types under 
different weathering conditions as a previous step to sensorize structures in a reliable way.  

Structural health monitoring (SHM) including the real-time monitoring and non-destructive 
evaluation (NDE) in-service is very important and definitely demanded within this project. SHM is 
very difficult to carry out by using conventional methods. A unique opportunity is provided to real-
time monitor the health status of structures by using embedded fiber optic sensors (FOSs),  in 
particular, custom, fiber Bragg grating (FBG) sensors. FBG sensors can be used to monitor and 
detect the structural damage on-line during the entire lifetime, as recently demonstrated by J. Seim 
et al.: twenty-eight fiber-grating sensors were used to instrument two reinforced concrete beams 
that were externally strengthened with composites on the historic Horsetail Falls Bridge in the 
Columbia River Gorge, Oregon, USA. Generally speaking, fiber based sensors can provide an 
accurate strain profile and history of structures. Methods to install the delicate fiber based sensors 
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in a full size structure are available within this group. DISMIC can provide know-how on FBG, POF 
and composite materials. 

About nano-structured sensors (doi:10.1016/j.cemconres.2003.08.025, Li et al.), novel materials 
combining properties of metal nanoclusters (electrical conductivity, magnetic properties) with those 
of a matrix (to obtain smart composite materials) are available within this group. This group has 
facilities and know how to deposit metal nanocluster coatings on several substrates: polymers, 
glasses, concrete. 

[1] A. Norris, M. Saafi y P. Romine, “Temperature and moisture monitoring in concrete structures 
using embedded nanotechnology/microelectromechanical systems (MEMS) sensors”, 
Construction and Building Materials, (in press), 2007.  

[2] C.U. Grosse, Advances in Construction Materials 2007, Springer, 784 pág., 2007.  

[3] Srinivasan Muralidharan a,b,*, Tae Hyun Ha a, Jeong Hyo Bae a, Yoon Cheol Ha a, Hyun Goo 
Lee a, Dae Kyeong Kim. A promising potential embeddable sensor for corrosion monitoring 
application in concrete structures. Measurement 40 (2007) 600–606.  

[4] Han-Seung Lee, Sung-Woo Shin. Evaluation on the effect of lithium nitrite corrosion inhibitor by 
the corrosion sensors embedded in mortar. Construction and Building Materials 21 (2007) 1–6.  
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1.2.3 SOA Table   
DOMAIN CONSOLIDATED 

SOA 
ON THE EDGE OF SOA BEYOND SOA 

Sensing 
systems 

Wired:  

Deformometers 

Electro-mechanic 
displacement sensors; 

Accelerometric 
sensors; 

Temperature and 
humidity sensors 

Ph and other chemical 
sensors  

 

Wireless:  

Accelerometric sensors.  

Fiber-optic BGF 
accelerometers. 

Radar interferometry 

Improving wireless sensor 
nets; reducing the effects of 
radio-frequency bottlenecks; 
reducing the power demand. 

Design and prototype of 2D 
distributed sensors specific for 
Civil application. 

Integrating point-wise and 
distributed sensors through 
robust software. 

Plastic Fiber Optic sensors for 
crack opening measure 

Dynamic 
testing: 
analysis 

Linear identification 
and Operational 
modal analysis 

Low amplitude non linear 
identification; stabilized 
model updating 

Multimodel strategy 
development and improve: 
advances in neural and 
genetic approaches 

Dynamic 
testing: 
technology  

 Ground Penetrating 
Radar Interferometry 

Using GPRI as WIM detection 
tool 

Scouring 
detection 

Optical and acoustic 
waves; diving 
inspection; soil boring; 
seismic reflection, 
seismic refraction;  
Echo Sounders 
(Fathometers) 

Electrical techniques such 
as DC resistivity; electrical 
conductivity probes 

Dynamic testing as a low cost 
tool; 

GPS/inertial tools to trace a 
profile in water of the ground 
around pier foundation; 

GPR + tracking systems to 
profile riverbed in water and 
scour progression below 
riverbed surface 

Risk 
analysis 

 Evaluating the cost-saving 
effect of monitoring on 
maintenance through the 
study of reliability function 
in various conditions 

 

Guidelines   Up to date guidelines 
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1.3 S/T methodology and associated work plan  

 

 
 

1.3.1 Overall strategy of the work plan  
The overall objectives of the project well describe the global effort of the consortium. In particular 
the WP2 will obtain an extensive collection of damage types from various catalogues starting with 
results from Sustainable Bridges. Data evaluation and definition of parameters and the Damage 
analysis and investigation of failure mechanisms in respect of actions and measurable damage 
indicators are preliminary to the work to be conducted in the WP3, WP4 and WP5. On-line 
monitored structures are defined often “SMART STRUCTURES”, although the lack of active 
responses should better suggest the attribute: ”SENSING STRUCTURES”. The figures 1 and 2 
show the basic pathway from past to future in that domain.  

Evolving monitoring strategies
Periodic visual inspections

Periodic visual inspections with subjective condition 
semi-quantitative numerical index

Periodic visual inspections with artificial or
ambient vibration test

Monitoring on-line together with periodic visual inspections 
(rigid maintenance management)

Monitoring on-line, remote data acquisition, risk analysis, 
Inspection on request (flexible maintenance management)

SMART STRUCTURESSMART STRUCTURES

Fig. 1 

Evolution in expected answers
Subjective and qualitative description of damages 
and condition degradation

Semi-quantitative damage and condition indexes with 
numerical notes

Objective measured variation of damage and 
degradation symptoms

Evaluation on objective measured basis of the 
residual strength and residual life

Fig. 2 
The present Project proposal has not the ambition to follow in exhaustive sense that pathway, but 
only to contribute in significant way. This project aims to contribute to competitiveness in sense 
that it proposes a transition from rigidly programmed maintenance and inspections towards flexible 
programming and maintenance on request. 
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The monitoring technology, that is expensive now due to the limited expansion of the sensors 
market and to the quasi-prototype nature of the most innovative devices, can become very cheap 
in case of extensive and standardized applications.  

The choice of the monitoring priorities is related to the table of priorities that was established by a 
“sensor design sub-committee” during the ISHMII workshop Civil Structural Health Monitoring in 
Honolulu, Dec. 2004. A recent research established that scouring is largely the most important 
collapse cause for historical bridges on rivers.  
The main objective of  WP4 is to study the ability to apply new sensors, specially embedded 
sensors, for monitoring structural materials in civil and building engineering for durability and 
maintenance purposes. The attention will be focussed on new sensors which have emerged in 
recent years, and into the new techniques for the interpretation of the data for durability and 
integrity assessment of materials and structures. The WP only  includes concrete and masonry 
bridges. Iron and steel bridges are deliberately excluded.  

Based on the parameters to be measured, two main groups of sensors will be used in this WP: a) 
sensors for mechanical parameters (strain, stress, accelerometers, etc.), b) sensors for 
deterioration and hydro-thermal parameters (temperature, moisture, chloride diffusion, rebar 
corrosion, etc.). Based on the expertise of the partners complementary devices will be also used: 
ultra sonic, impact echo, acoustic emission and geo-radar. These measures will be used for 
comparison and integration with the results from embedded sensors. Laboratory tests, under 
controlled accelerated degradation conditions, will be performed to study the ability of the 
embedded sensors. Additional classic sensors will be attached for comparison and complementary 
measures. Also ultrasonic device will be used for monitoring the progressive deterioration. The 
laboratory results will help to apply these devices on the WP6 and to make easy the assessment 
based on these devices.  Sensors should be robust, durable, and easy to install and operate. Data 
acquisition system should allow for adjustable measuring frequency. Friendly software for end 
users is a desirable target. The main objective of the WP5 is to develop an optimized, general 
method to define the most suitable maintenance and repair techniques in structural members of 
bridges, making proper use of the information that can be obtained from monitoring process. To 
reach that general objective, the following particular objectives must be done: 

State of the art in the following two issues: maintenance and repair techniques for structural 
elements of bridges and theoretical models to assess and predict the degradation of structures. 
Analysis of the data that can be obtained from the monitoring techniques defined in WP2 and WP3, 
and their relation with the durability of structures. Definition of the most suitable durability prediction 
model as a function of the data obtained from monitoring. Definition of a general methodology to 
integrate the data obtained from monitoring with the choice of the most suitable maintenance and 
repair technique, by means of a durability prediction model. 

The above mentioned objectives determine the structure of the work plan, elements of which follow 
the logical phases of the project, taking into the account the cooperation and interaction of 
consortium’s members. The work packages (WPs) are defined by the set of parallel and sequential 
individual tasks and individual participants’ actions planned for achieving the aims of these tasks 
on every stage of the project execution. The specified work packages correspond to the main steps 
needed to provide reliable methods and instrumentation for current assessment of historical 
bridges to ensure undertaking effective parameter measurements. 
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1.3.2 Gantt chart  
 

 Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
WP1                                      
WP2                                      

 2.1                                     
 2.2                                     
 2.3                                     

WP3                                      
 3.1                                     
 3.2                                     
 3.3                                     
 3.4                                     

WP4                                      
 4.1                                     
 4.2                                     
 4.3                                     
 4.4                                     

WP5                                      
 5.1                                     
 5.2                                     
 5.3                                     
 5.4                                     

WP6                                      
 6.1                                     
 6.2                                     
 6.3                                     
 6.4                                     
 6.5                                     

WP7                                      
 7.1                                     
 7.2                                     
 7.3                                     
 7.4                                     
 7.5                                     
 7.6                                     
 7.7                                     
 7.8                                     
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1.3.3 Work description 

1.3.3.1 Table 1.3 a: Work package list  

Work 
package 

No1 

Work package title Type of 
activity2 

Lead  
participant

No3 

Lead 
participant 
short name 

Person-
months4 

Start
month5

End 
month5 

WP 1 Coordination & 
Management 

MGT 1 ENEA 23 1 36 

WP 2 Damage data base and 
damage mechanisms  

RTD 4 BAM 49 1 30 

WP 3 Monitoring for 
assessment 

RTD 2 POLITO 82 7 36 

WP 4 Sensing materials and 
devices for monitoring  

RTD 3 UPM  114 7 24 

WP 5 Integration of monitoring 
and maintenance 
procedures  

RTD 9 ACCIONA 67 13 24 

WP 6 Case studies  RTD 8 UNIBO 149 7 36 

WP 7 Guidelines,  
dissemination & 
exploitation 

OTHE
R 

6 DTU-Byg 55 1 36 

  TOTAL 539   

 

 

 

 

                                                 
1  Work package number: WP 1 – WP n. 
2  Please indicate one activity per work package: RTD = Research and technological development; 

DEM = Demonstration; MGT = Management of the consortium; OTHER = Other specific activities, if 
applicable in this call including any activities to prepare for the dissemination and/or exploitation of 
project results, and coordination activities) According to the description of the funding scheme given 
previously. 

3  Number of the participant leading the work in this work package. 
4  The total number of person-months allocated to each work package. 
5  Measured in months from the project start date (month 1). 
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1.3.3.2 Table 1.3 b: Deliverables List  

Del. 
No. 1 

Deliverable name WP 
No. 

Nat
ure2 

Dissemination  
level3 

Delivery 
date4 

1.1 Mid-Term Assessment report on the progress of 
the research and the partners’ plans for future 
exploitation strategy 

1 R PU Month 20

1.2 Final report  1 R PU Month 36

2.1 Database with damage types, damage attributes 
and damage indicators 

2 R PP Month 5 

2.2 Report about detectable damage types and 
applicable sensors 

2 R PP Month 12

2.3 Report about measuring concept and evaluation 
technique 

2 R PP Month 12

2.4 Report about main damage indicators of 
structure, foundation and abutment 

2 R PP Month 30

3.1 Reports on digital modelling and simulations on 
existing bridges 

3  PP Month 10

3.2 On-line monitoring system design 3  PP Month 12

3.3 SWOT Analysis Report on specific existing 
bridges for different European regions 

3  PP Month 24

3.4 On-line monitoring system validated 3  PP Month 24

3.5 Demonstration of the system functionality in real 
field situation, report on the test phase, results 
and improvement envisaged. Update design 
guidelines for on-line monitoring system and 
sensor requirements 

3  PU Month 30

4.1 Report on architecture, design and production of 
embedded sensors 

4 R PP Month 16

4.2 Monitoring systems for durability and integrity of 
structures and their materials 

4 R PP Month 20

                                                 
1  Deliverable numbers in order of delivery dates. Please use the numbering convention <WP 

number>.<number of deliverable within that WP>. For example, deliverable 4.2 would be the second 
deliverable from work package 4. 

2  Please indicate the nature of the deliverable using one of the following codes: 
 R =  Report, P =  Prototype, D =  Demonstrator, O = Other 
3  Please indicate the dissemination level using one of the following codes: 
 PU = Public 
 PP = Restricted to other programme participants (including the Commission Services). 
 RE = Restricted to a group specified by the consortium (including the Commission Services). 
 CO = Confidential, only for members of the consortium (including the Commission Services). 
4  Measured in months from the project start date (month 1). 
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4.3 Specimen laboratory and scaled models results 4 R PP Month 24

4.4 Report on integration of embedded sensors, 
traditional sensors and NDT sensors 

4 R PU Month 24

5.1 Maintenance and repair techniques and durability 
prediction models: state of the art 

5 R PP Month 16

5.2 Report on analysis of monitoring techniques 5 R PP Month 20

5.3 Durability prediction model for transport 
infrastructures 

5 R PP Month 22

5.4 Guidelines to determine the most suitable 
maintenance and repair techniques in transport 
infrastructures 

5 R PU Month 24

6.1 Report on former monitoring and testing results. It 
is intended: 1) state of the art review of existing 
infrastructure field (laboratory and site tests on 
structures and structural elements), 2) collection 
and presentation of previously existing data from 
chosen case studies  

6 R PU Month 10

6.2 Intermediate report on own performed monitoring 
results and developed procedures from case 
studies 

6 R PP Month 20

6.3 Intermediate report on own performed testing 
results and developed procedures from case 
studies 

6 R PP Month 20

6.4 Report on own performed monitoring, testing and 
numerical results, developed on site procedures, 
data post-processing 

6 R PU Month 30

6.5 Final report 6 R PU Month 36

7.1 Internet Portal 7 R PU Month 03

7.2 Limit State for Assessment 7 O PP Month 31

7.3 Innovative Methods for repair and Strengthening 7 O PP Month 32

7.4 Reliability Based Bridge Inspections 7 O PP Month 33

7.5 End-User Guideline 7 R PU Month 35

7.6 Preparatory Activities 7 O PU Month 36

7.7 Dissemination Materials 7 O PU Month 36

7.7 External Interfaces  7 O PU Month 36

 



TISMAD Call Identifier FP7-SST–2008-RTD-1  

    27

1.3.3.3 Table 1.3 c: List of milestones  

 
Milestone 
number 

Milestone 
name 

Work package(s) 
involved 

Expected 
date 1 

Means of verification2 

1 Damage 
data base 

WP2  

 

Month 08 Damage data base  

2 Damage & 
monitoring 

WP2  

WP3  

Month 16 Damage data base  

3 Mid-term WP3  

WP4  

WP5   

Month 20 Monitoring,  

Sensing materials  

 

4 Case 
studies 1 

WP3  

WP4  

WP5  

WP6  

WP7  

Month 25 Monitoring,  

Sensing materials,  

Maintenance,  

Case studies,  

Guidelines  

5 Case 
studies 2 

WP2  

WP3  

WP6  

WP7  

Month 30 Damage indicators,  

Monitoring,  

Case studies,  

Guidelines & dissemination  

6 Guidelines WP3  

WP6  

WP7  

Month 36 Monitoring,  

Case studies,  

Guidelines & dissemination  

 
 
 

1.3.3.4 Table 1.3 d: Work package description  

                                                 
1 Measured in months from the project start date (month 1). 
2 Show how you will confirm that the milestone has been attained. Refer to indicators if appropriate. For 
example: a laboratory prototype completed and running flawlessly; software released and validated by a user 
group; field survey complete and data quality validated. 
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1.3.3.4.1 WP1 
Work package number  1 Start date or starting event: 1 

Work package title Coordination & Management 

Activity Type1 MGT  

WP leader ENEA  

 

Particip. 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Particip. 
Name 

ENEA POLITO UPM BAM ERF BYG TUIAŞI UNIBO ACC IDS MIBAC TTI CSIC RIGA 

Person-
months 15 1 1 1 1 1 1 1 1 1 1 1 1 1 

 

Objectives  
The Project Coordinator will manage the day-to-day overall development of the project. He will be 
the interface between the Consortium and the European Commission. He is part of the Steering 
Committee, fixes and takes part in the meetings. He will inform the components of the Steering 
Committee of the task status prior to each milestone meeting by means of a special report.  

This will be also sent to the European Commission.  

In accordance with the reports the WP-leaders, he will edit an overall progress note every 6 
months, concerning the technical and economic on-going development of the project.  

In case of costs diverging too much from the budgetary ones or in case of technical progresses 
being deviating from those of the work-plan, he must inform the Steering Committee Chairman for 
changes in the project guidelines.  

He will keep the other partners informed on every aspect and issue of the project. For this reason a 
web system will be set up, to which the other partners will have access, via internet. In this way 
updated information on the state of the project will be continuously available. 

 

Description of work (possibly broken down into tasks), and role of participants 
The following management structures will be used:  

Steering Committee 

Comprising one senior manager from each partner; the Steering Committee will decide on the high 
level management issues of the project and guidelines, and will verify the progress of the work. 
Each member of this Committee will be technically competent and provided with decision making 
authority. Meetings will take place at project start, and at the chairman’s appointment. The 
Chairman will call a meeting at every milestone and in case of a special issue to be discussed. All 
meetings will be formally recorded. The Project Coordinator will take part in every Steering 
Committee meeting, providing the appropriate information needed for high level management 
decisions. The Project Coordinator will be also the chairman of the Steering Committee. 

Exploitation Committee (EC) 

                                                 
1   Please indicate one activity per work package:   

RTD = Research and technological development; DEM = Demonstration;  MGT = Management of the 
consortium; OTHER = Other specific activities, if applicable (including any activities to prepare for the 
dissemination and/or exploitation of project results, and coordination activities).  
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Comprising each Work-Package Leader and the final Users, the Exploitation Committee will 
compare the results obtained to the exploitation strategy. A Mid-Term Assessment report on the 
progress of the research and the partners’ plans for future exploitation strategy is to be submitted 
before the end of the 20-th month from the date of the commencement (see mid-term assessment 
clause).  

 
The Project Coordinator 

The Coordinator is a member of ENEA upon agreement with the other partners. He will manage 
the day-to-day overall development of the project. He will be the interface between the Consortium 
and the European Commission. He will inform the Steering Committee of the task status prior to 
each milestone meeting by means of a special report. This will be also sent to the European 
Commission. In accordance with the reports the WP-leaders, he will edit an overall progress note 
every 6 months, concerning the technical and economic on-going development of the project. In 
case of costs diverging too much from the budgetary ones or in case of technical progresses being 
deviating from those of the work-plan, he must inform the Steering Committee Chairman for 
changes in the project guidelines. He will keep the other partners informed on every aspect and 
issue of the project. For this reason a Web system will be set up, to which the other partners will 
have access, via internet. In this way updated information on the state of the project will be 
continuously available.  

The Workpackage Leader 

Every workpackage will have a Workpackage Leader. His appointment will be the responsibility of 
the workpackage responsible partner in agreement with the other WP partners. He will have the 
technical responsibility of the WP and will keep the Project Coordinator informed on the technical 
results of the project. He will develop the WP planning and will edit a progress report every 3 
months on the WP status. When necessary he will call meetings with the other partners involved in 
the WP.  

Milestone Reviews 

At every milestone there will be a Steering Committee meeting in order to critically examine the 
project results comparing them to the workprogramme. The source will be the Project Coordinator 
progress report. If necessary the Steering Committee can decide to propose workprogramme 
changes to the European Commission. For the Mid-Term Assessment and Final Assessment 
special review meetings will be organized with a representative of the European Commission.  

Communication Strategy 

The person in charge for the Project Communication is the Project Coordinator. He will keep all the 
partners fully informed about every aspect that is necessary for maximum transparency. To obtain 
the maximum efficiency in channelling information to other partners, the Project Coordinator will 
make information available on a Web page, which also the European Commission will have access 
to. The Project Coordinator will be responsible for communication with the European Commission 
and other parties outside the consortium. He will plan the external communication strategy (i.e. 
publications, presentations, meetings with third parties). The plan will be discussed and approved 
by the Steering Committee. At each meeting the Steering Committee will discuss and evaluate the 
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external communication effectiveness. The Technical Management Committee (TMC) is composed 
by the Workpackage Leaders. Members of TMC are Members of EC.  Members of  the Steering 
Committee should be in principle Workpackage Leaders.  

 

The project co-ordinator will organise a Mid-Term assessment meeting at the end of the (18+1)th 
month with all partners and the Commission’s representative. The purpose of this meeting will be to 
report on the progress to date and to redefine (if necessary) the Project Programme for the 
remaining part of the contract. Procedures for managing future exploitation of results will be 
discussed and assessed.  A decision whether or not to continue the contract will be taken before the 
end of the (18+2)th month having regard to the specified objectives at this stage for the technical / 
scientific progress and having regard to the exploitation perspectives for the results. 

a) Technical and scientific progress. 

The mid-term assessment is to be made against the satisfactory completion of the following 
programme items before month 18: 

- Set up of a of suitable measurement system  

- Validated  models 

- Design and realisation of the monitoring system and testing procedures 

- Definition of significative case studies 

- Complete development of measurements and techniques for tests. 

b) Exploitation of perspectives. 

An updated and more detailed exploitation plan (PUDF: Plan for the Use and Dissemination of 
Foreground) will be submitted. The continuing existence of positive and realistic perspectives for the 
exploitation of the results and the continuing commitment of the partners to the objectives of the 
project will be a requirement for the continuation after the mid-term assessment.  

 

Deliverables (brief description and month of delivery) 

Deliverable 1.1. Mid-Term Assessment report (Technology Implementation Plan) on the progress 
of the research and the partners’ plans for future exploitation strategy (month 20)  

Deliverable 1.2. Final report (Month 36) 
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1.3.3.4.2 WP2  
Work package number  2 Start date or starting event: 1 

Work package title Damage data base and damage mechanisms  

Activity Type1 RTD 

WP leader BAM  

 

Particip. 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Particip. 
Name 

ENEA POLITO UPM BAM ERF BYG TUIaşi UNIBO ACC IDS MIBAC TTI CSIC RIGA 

Person-
months 6 - 3 16 1 - 4 - 4 - 8 3 - 3 

 

Objectives  
Objective 2.1. Extensive collection of damage types from various catalogues starting with results 
from Sustainable Bridges. Data evaluation and definition of parameters. 
Objective 2.2. Damage analysis and investigation of failure mechanisms in respect of actions and 
measurable damage indicators.  
 

Description of work (possibly broken down into tasks), and role of participants 

Task 2.1  Data Mining 
The most structures provide satisfactory performance over an acceptably long service life period; 
deterioration processes affect all structures and materials to varying degrees with the lapse of time. 
Deterioration changes the performance and appearance of the structure and as a final 
consequence it may affect its safety and behaviour under normal service conditions.  

Traces of degradation can be found at every ancient bridge. Defects due to degradation are 
recorded by damage catalogues. By now there is worldwide a number of collections regarding 
damage cases of bridges. The latest one comes from “Sustainable Bridges” (FP6-PLT-001653). 
The existing damage catalogue from Sustainable Bridges is to evaluate and to complete with 
results from other sources such as national and international road administrations. This work is 
focused on masonry arch bridges, their foundation and abutments as well as on steel and concrete 
bridges and their supports. The main goal of WP2 is not to collect each single damage case in a 
catalogue but to list all known damage types and to highlight structural and environmental specific 
relationships. The task of WP2 is to provide a basis for the other WP’s of the project by systematic 
investigation of damage cases and existing experience. In respect of project objectives the 
damage types are to be classified taking their cause, frequency and other important features into 
consideration. The work leads to a data base where damage types are determined by crucial 
identification attributes and crucial damage indicators. Damage indicators are parameters which 
are very sensitive to damage. Damage indicators are derived from typical damage causes and 
from measurable structural behaviour. Identification attributes will be used to describe a damage 
type distinctly. For the user the database serves as access to the benefits of the project. By input 
of identification attributes of a certain damage case the user gets damage indicators and relating 
experience as output from the data base.  

                                                 
1   Please indicate one activity per work package:   

RTD = Research and technological development; DEM = Demonstration;  MGT = Management of the 
consortium; OTHER = Other specific activities, if applicable (including any activities to prepare for the 
dissemination and/or exploitation of project results, and coordination activities).  
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In order to take a wide range of climatic condition, different topographies and different architectural 
styles into consideration the contributions to the damage data base are provided by partners from 
different parts of Europe (Italy, Spain, Germany, Romania, Latvia, etc.). All cited participants hold a 
fund of damage catalogues about structures of their countries. 

Task 2.2  Damage Analysis 
A cost efficient maintenance strategy can be provided by a proper sensor based monitoring 
system. Proper indicators for long term monitoring are crucial for this maintenance technique.   

The investigations focus on relevant measurable damage indicators. In order to determine 
applicable sensors for damage detecting, a better understanding of causes and degradation 
mechanisms is needed. For example, deterioration of concrete structures follows well identifiable 
deterioration mechanisms. These mechanisms represent the interaction between the actual 
environment and the structure, with its geometry and materials composition. In a number of cases 
the damage indicator can be derived from typical impact. Degradation mechanisms of bridges can 
generally be distinguished after their real cause namely chemical, physical or biological (or 
sometimes as combined effect).  

Another kind of damage indicators are derived from measurable structural behaviour and the 
structural condition. These damage indicators can be distinguished after their local appearance in 
external or internal. External indicators are all kinds of geometrical deformations such as 
settlement, crack widths, displacements etc. Examples for internal indicators are tendon breakage, 
hollows, delamination etc.  

Existing damage indicators relating structural behaviour (local, global) are very specific to the 
single structure and therefore difficult to generalize. The feasibility and the application limits have 
to be identified.  

The main goals are identifying characteristic causes of bridge damage cases as well as failure 
mechanisms in respect of actions and damage indicators. 

Task 2.3 Validation 
Once damage indicators are identified it is important to check the possibilities of their acquisition by 
use of appropriate sensors. The indicators to be measured need robustness, clearness, durability, 
sensitivity etc. Besides theoretical investigations the final validation is provided by means of the 
feedback of WP3, WP5 and WP6. The application limits are shown in this task.   
 
Role of participants:  
BAM (WP Leader). Within the WP the coordination is provided by BAM in accordance with the WP-
participants. BAM provides results of the WP for the Project Coordinator and provides reports on 
the progress of the work. Besides data mining, BAM elaborates in accordance to the requirements 
of the project suitable preparation of data. This will be done by suggestive election of the 
evaluation methods and parameters. In collaboration with the WP-participants damage indicators 
and damage mechanisms will be worked out. Besides theoretical investigations regarding the 
validation of elaborated damage indicators, the WP-leader collects the feedbacks of WP3, WP5 
and WP6 in order to upgrade the results. 

ENEA. The contribution to this package will be the statistic elaboration of all available damage 
database to carry out common features. 

DUMEINPA. Contribution to the database with the “material damage” in concrete and masonry 
bridges, specially focused on the durability problems of concrete (chloride diffusion, carbonatation, 
rebar corrosion and cracking problems) 

ERF. The ERF will liaise with its members and other relevant networks in order to help gathering 
data to complete the damage catalogue. Considering the current ERF membership, it is likely that 
the data mainly concern steel and concrete bridges. 

TUIaşi. Contributions to damage catalogue of bridges taking into account the existing draft of 
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catalogue for specific bridges from Romanian infrastructure. 

ACCIONA. Acciona will collaborate in developing the catalogue of damage, providing information 
from the works completed or in progress, both in the repair of existing structures and the 
construction of new structures. 

MiBAC-DRER. Census of all the structures in the Region, historical analysis. Individualization of at 
least two bridges of interest to consider as case studies.  

TTI. Contribution to the data base concerning material damage and deterioration of concrete and 
masonry bridges with special focus on German concrete bridges and masonry bridges made from 
local stones. Provision of input based on the output and background knowledge of Sustainable 
Bridges, at which TTI was subcontractor.  

RIGA. Contribution to the data base concerning characteristic bridge damages (for current bridges 
structures, bridge structures after repair, photos, descriptions) and guidelines for identification and 
quantification of damages. 

 

Deliverables (brief description and month of delivery) 

Deliverable 2.1. Database with damage types, damage attributes and damage indicators (Month 
5)  

Deliverable 2.2. Report about detectable damage types and applicable sensors (Month 12)  

Deliverable 2.3. Report about measuring concept and evaluation technique (Month 12)  

Deliverable 2.4. Report about main damage indicators of structure, foundation and abutment 
(Month 30)  
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1.3.3.4.3 WP3  
Work package number  3 Start date or starting event: 7 

Work package title Monitoring for assessment  

Activity Type1 RTD 

WP leader POLITO  

 

Particip. 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Particip. 
Name 

ENEA POLITO UPM BAM ERF BYG TUIaşi UNIBO ACC IDS MIBAC TTI CSIC RIGA 

Person-
months - 25 - - - 5 18 20 - 11 - 3 - - 

 

Objectives  

The on-line monitoring of structures will be a usual practice in the next future if two conditions will 
hold: 

1. Every not recently built bridge is affected by a large uncertainties: i) uncertain geometry, ii) 
large local variability of mechanical properties; iii) hidden defects; iv) non documented 
repairs or modifications; v) aging related degradation of mechanical properties. Therefore 
an effective monitoring action requires distributed sensing 

2. The damage-oriented monitoring is an eligible choice if it can replace with higher efficiency 
and lower cost the traditional inspection methods. It requires the reasonable certainty that 
the automatic measurement and diagnosis systems making "smart" a structure can 
effectively detect all the major damages threatening the safety of the structure. Monitoring 
means “looking for symptoms”. The reliability of the structural monitoring is assured if, 
instead of searching for irrelevant symptoms, we are able to find the path to detect 
automatically the relevant threatens.  

Automatically on-line monitored structures are defined often “SMART STRUCTURES”, although 
the lack of active responses should better suggest the attribute: ”SENSING STRUCTURES”. The 
figures 1 and 2 show the basic pathway from past to future in that domain.  

Fig. 1                                                                    Fig. 2 

Evolving monitoring strategies
Periodic visual inspections

Periodic visual inspections with subjective condition 
semi-quantitative numerical index

Periodic visual inspections with artificial or
ambient vibration test

Monitoring on-line together with periodic visual inspections 
(rigid maintenance management)

Monitoring on-line, remote data acquisition, risk analysis, 
Inspection on request (flexible maintenance management)

SMART STRUCTURESSMART STRUCTURES  

 

Evolution in expected answers
Subjective and qualitative description of damages 
and condition degradation

Semi-quantitative damage and condition indexes with 
numerical notes

Objective measured variation of damage and 
degradation symptoms

Evaluation on objective measured basis of the 
residual strength and residual life

                                                 
1   Please indicate one activity per work package:   

RTD = Research and technological development; DEM = Demonstration;  MGT = Management of the 
consortium; OTHER = Other specific activities, if applicable (including any activities to prepare for the 
dissemination and/or exploitation of project results, and coordination activities).  
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The present Project proposal has not the ambition to follow in exhaustive sense that pathway, but 
only to contribute in significant way. This project aims to contribute to competitiveness in sense 
that it proposes a transition from rigidly programmed maintenance and inspections towards flexible 
programming and maintenance on request. 
It can be objected that an effective on-line monitoring is expensive: in fact the alternative are the 
maintenance related inspections that are much more resources and time demanding and therefore 
difficult to apply systematically to infrastructure networks. Moreover, the monitoring technology, 
that is expensive now due to the limited expansion of the sensors market and to the quasi-
prototype nature of the most innovative devices, can become very cheap in case of extensive and 
standardized applications.  
The choice of the monitoring priorities is related to the table of priorities that was established by a 
“sensor design sub-committee” during the ISHMII workshop Civil Structural Health Monitoring in 
Honolulu, Dec. 2004, as summarized in the table aside. A recent research established that 
scouring is largely the most important collapse cause for historical bridges on rivers.  

What and how to measure; synopsis of the WG 1
CSHM 1, Waikiki, Honolulu

 
MEASURABLE ENTITIES 

EVENTS 
Strain Defor- 

mation 
Accele- 
ration 

Tempe- 
rature 

Geo- 
metry 

Ima-ge Electric  
potenti
al 

Acoustic 
emission or 
attenua- 
tion 

Chemicals, 
including 
moisture 

Magnetic 
properties Research needed 

Fire FAIR FAIR POOR GOOD  1  2 FAIR  Y 

Explosion    GOOD   FAIR 1     High priority 

Collision to 
Girders and 
columns 

FAIR POOR1    POOR2     Y 

Earthquake FAIR2 POOR1 GOOD   FAIR     Y 

Scour 3       4   High priority 
Traffic 
loads 6, 5 5 GOOD GOOD 7      Especially 

WIM 
Wind GOOD FAIR GOOD GOOD       Y 

Corrosion       FAIR  FAIR POOR 

High priority for corrosion 
of prestressing tendons, 
current methods make 
indirect measurements 

only 
Structural 
fatigue FAIR          Y for fatigue of bridge deck 

slabs 

Dead Load GOOD  GOOD GOOD        

Notes:  
1. Important, but difficult to measure 
2. Current method too tedious 
3. Change in column strains can detect effects of scour 
4. Ultrasonic imaging has been used to map erosion due to scour 

5. Laser vibrometer and tiltmeters can be used to monitor traffic 
6. Weighing-in-motion (WIM) 
7. Laser scanner can be used to detect change in geometry due to traffic 

 

 

Description of work (possibly broken down into tasks), and role of participants 

Task 3.1: Use of distributed sensing (Contributing partners: Partner 2: POLITO) 

 The development and use  of distributed sensing is one among the edge topics in the 
project, beyond the state of art for civil structures.  

 The development of the related technologies is part of the WP4, under the leading action 
of Partner 3 and with a significant participation of Partner 2.   

 The use of distributed sensing devices is a proposed answer to the joint request of 
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managing compact information and reducing the risk of losing observation capability on 
local phenomena and singularities, in condition of large uncertainties as it happens in 
existing and ancient structures. 

 The leading idea is to implement low-cost wireless MEMS networks and develop long 
gauge one or two-dimensional (surface) sensing devices by means of fiber-optic nets or 
adhesive layers with added nano-particles. In the latter case a theoretical interpretation of 
the surface-extended stress and strain field shall be assessed and the related software 
produced. Distributed sensing can be also fundamental to measure environmental 
parameters (temperature, humidity, dangerous pollution,…) 

Task 3.2: Global structural Identification and/or direct damage detection using static or vibration 
testing (General, methodological).  

Linear and non-linear identification original procedures will be proposed to assess the dynamic 
response parameters. Contributing Partners: POLITO, TU-IASI, UNIBO, IDS, TTI, BYG-DTU.  

 The goals o dynamic identification are, in order of importance: 

o Assessing the numerical model to make it a predictive tool; 

o Evaluating the amplitude and energy of the vibration testing (in order to estimate the 
fatigue risk, the cumulating damage, the residual life) 

o Offering support to WIM (weigh-in-motion, see Task 3.4) and scouring detection 
(see task 3.3) 

 The damage detection and location can be a critical task. Three classes of approaches are 
possible:  

1. Symptom based: the analysis can be static or dynamic. Symptoms are sets of 
measurable parameters that can be associated to damage scenarios. The DLV 
flexibility approach can be suitable for localizing one or few damages in flexible 
bridge decks or piers. An alternative way could follow recent proposals related to 
the study of chaotic responses and Lyapunov exponents’ analysis. 

2. Model based: the results of structural identification are used to assess and validate 
a numerical, generally FE, model. In case of stiff and brittle structures (masonry 
arch bridges) flexibility based techniques give none or poor help, so model based 
approaches are needed: suitable and reliable “model updating” techniques are 
requested. 

3. Symptom and model based: several sets of symptoms can be organized into a 
Symptom matrix. The symptom space can be reduced by a Principal Component 
search. Then, a classical model updating or a multi-model strategy (selecting the 
best fitting model among the several proposed) can lead to the best fitting model 
assessment.   

The analysis of the dynamic testing results will take advantage of the large knowledge base 
coming from the static and dynamic monitoring of bridges performed by several partners (2, 7, 8, 
10, 12) and, mainly, simulating damage scenarios in various conditions on the base of the large 
experience cumulated from monitoring and surveying a large number of bridges  
Partner 10: IDS will adopt Ground-Based Interferometric Radar (GBInR) for remote measurement 
of structural deformation and vibrations. In particular the radar is capable of:  

• Simultaneous measurement of a large number of points across the structure;  

• Remote measurement without the need of installing equipment on the structure itself;  

• Dynamic and static measurement, i.e. from displacements occurring during a period of 
weeks or months to vibrations up to ~50 Hz;  

• More accurate measurement (up to 0.01 mm) than standard laser ranging (~0.1 mm).  

In this work IDS proposes using GBInR technology for monitoring of bridge deformations and 
vibrations (resonance frequencies, modal shapes) as a mean to provide data for assessing 
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damages and the performance of the proposed smart materials. Furthermore, we would explore 
and test a methodology for integrating GBInR technology with other low-cost sensors (i.e. strain 
gauges) in order to provide a methodology for setting up continuous monitoring based on low-cost 
devices being calibrated for the specific structure by a testing technique based on the more 
expensive GBInR technology. 

Partner 2: POLITO will take part to all the activities described above, both as WP3  coordinator and 
as Research Unit. POLITO has a consolidated experience in linear and non-linear identification, in 
Artificial Intelligence tools applied to signal processing and on model updating applications.  

Task 3.3: detecting scouring problems in early stage (New domain application oriented) 
 To focus the attention on the scouring problem, a recent work at POLITO (S. Foti and 

D. Sabia, Dynamic behaviour of bridges affected by scouring: numerical simulations 
and experimental evidence, to be published) shows a very promising correspondence 
between scouring and the global dynamic response of the piers, allowing a confident 
expectation of useful low cost applications of traffic induced vibrations in monitoring 
and field investigations.  

o The consolidated experience of participating Partners, as shown in task 3.2, in 
dynamic global identification and diagnostics will allow them to assess the 
effectiveness of vibration testing to perform early detection of scouring. A 
reduced scale model of an arch masonry bridge is in construction in the Lab at 
POLITO. A special device will allow simulating scouring condition under the 
pier. The model will allow testing the influence of scouring on the vibration 
response in controlled lab conditions. 

o A powerful tool to assess the damage state in uncertain conditions shall be 
supplied by the model updating. 

 An important contribution to scouring effect detection, on the edge and for some 
aspects beyond the state of art, is expected by cooperation between Partner 8, 
UNIBO, and Partner 10, IDS. GPR (Ground Penetration Radar) technology is used for 
profiling of riverbeds. The main advantage with respect to more traditional acoustic 
technology is that electromagnetic waves can in fact penetrate the river bed providing not 
only information on bed profile but also some information about the sedimentary structure 
of the river bed and targets buried therein.  

o In the past IDS has demonstrated that it is possible at least to characterise soil 
layers in terms of their granulometry by radar. This technique is currently used in 
GPR over firm soil as well as in the assessment of ballast conditions in the railway 
environment but have never been applied to the riverbed environment, in the 
context of bridge scour, where the conductivity of the water and the electromagnetic 
properties of the layers can induce severe disturbances. A GPS will allow to locate 
the antennas in view of a correct measure and interpretation of the experimental 
results. Lately new positioning systems based on a fusion between GPS information 
and electronic inertial systems are becoming available on the market (E. g. OXTS 
GPR+ Inertial platforms (http://www.oxts.co.uk/default.asp?pageRef=1). These can 
also be used for generating a very accurate (millimetre) synthetic odometer-like 
signal that could be used for driving the radar acquisition on water as if on ground. 
Furthermore, these real-time systems can be used through an appropriate Human 
Machine Interface, to guide a boat operator to perform the acquisitions along given 
paths around the pillars that are deemed most significant by the structural engineer. 

o UNIBO research members have considerable experience in diagnosis of bridges via 
NDT techniques, including radar, and have previously applied the radar technique 
for scour investigation (Davidson, N.C., Forde, M.C., Hardy, M.S.A., McCann, D.M., 
Colla, C., Clark, M., Broughton, K.J., Das, P.C., "Field trials to establish accuracy of 
radar for scour detection", Proc. VII Int. Conf. Structural Faults and Repair -'97, 
Edinburgh, 8-10 July 1997, Engineering Technics Press, vol. 1, 171-178; Colla, C., 
McCann, D., Forde, M.C., "Radar testing of a masonry composite structure with 
sand and water backfill", ASCE Bridge Engineering J., July/August 2001, Vol. 6, (4), 
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pp. 262-270). Radar first results are most iencouraging for scanning below the 
riverbed surface and investigating the possible presence of refilled scour holes, thus 
providing information on scour history and potential progression. Nonetheless, 
serious limitations may depend on site conditions (material dielectric properties 
and contrast) and lead to 1) insufficient depth penetration of radar signals into 
the riverbed, in order to reach real maximum depth of scour; 2) insufficient 
resolution of data in order to distinguish clearly between thin material layers or 
layers with reduced dielectric contrast; 3) insufficient precision – due to water 
stream - in keeping to planned survey lines (along and across bridge piers) 
during data acquisition which makes reconciliation difficult between scour 
extent as from radar data and from real topography. Therefore laboratory work 
will examine radar capabilities through different experimental set-ups in 
controlled conditions.  

o In order to address the specific technical objectives, the work will be articulated in four main 
stages: 

o Laboratory tests at the University of Bologna water tanks on some representative 
riverbed stratifications and materails, keeping into account conductivity and 
dielectric permittivity of fluid and soil, water turbolences and antenna frequency 
choice;  

o Laboratory tests at the University of Bologna water tanks on some  representative 
riverbed stratifications;  

o Study of the granulometry characterisation;  

o Real life case studies on two significant bridge sites. 

o A reduced scale model of an arch masonry bridge is in construction in the Lab at 
POLITO. A special device will allow simulating scouring condition under the pier. The 
model will allow testing the influence of scouring on the vibration response in 
controlled lab conditions. 

o A powerful tool to assess the damage state in uncertain conditions shall be supplied by 
the model updating. 

Task 3.4: Weigh-in-motion (Application oriented) 

This task requires a close cooperation among the Partners 2,7,10. Vibrational response to 
traffic loads shall be recorded and analyzed to extract reliable static and dynamic load 
measure and velocity estimation.  

o From the point of view of the data analysis, the goal can be achieved through inverse 
de-convolution techniques or by direct application of stochastic traffic models and 
selection of the best fitting ones. 

o The most important and delicate sub-task is the strategy for data acquisition. 
Traditional accelerometer records based acquisition can be useful but can supply poor 
information due to incompleteness.  

o A better result is expected from the contribution of Partner 10, IDS, through the 
application of Ground-Based Interferometric Radar (GBInR). See the presentation at task 
3.2  

 

Deliverables (brief description and month of delivery)  

Deliverable 3.1. Reports on digital modelling and simulations on existing bridges (Month 10)..  

Deliverable 3.2. On-line monitoring system design (Month 12, after the definition of expected 
damage scenarios)  

Deliverable 3.3. SWOT Analysis Report on specific existing bridges for different European regions 
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(Month 24).  
Deliverable 3.4. On-line monitoring system validated (Month 24, after the prototyping of sensors in 
WP4). 

Deliverable 3.5. Demonstration of the system functionality in real field situation, report on the test 
phase, results and improvement envisaged. Update design guidelines for on-line monitoring 
system and sensor requirements (Month 30).  
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1.3.3.4.4 WP4  
Work package number  4 Start date or starting event: 7 

Work package title Sensing materials and device for monitoring  

Activity Type1 RTD  

WP leader UPM 

 

Particip. 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Particip. 
Name 

ENEA POLITO UPM BAM ERF BYG TUIaşi UNIBO ACC IDS MIBAC TTI CSIC RIGA 

Person-
months 20 20 25 - - - - 7 8 - - 18 15 - 

 

Objectives  
The main objective of this WP is to study the ability to apply new sensors, specially embedded 
sensors, for monitoring structural materials in civil and building engineering for durability and 
maintenance purposes. The attention will be focussed on new sensors which have emerged in 
recent years, and into the new techniques for the interpretation of the data for durability and 
integrity assessment of materials and structures. The WP only  includes concrete and masonry 
bridges. Iron and steel bridges are deliberately excluded. 

Based on the parameters to be measured, two main groups of sensors will be used in this WP: a) 
sensors for mechanical parameters (strain, stress, accelerometers, etc.), b) sensors for 
deterioration and hygro-thermal parameters (temperature, moisture, chloride diffusion, rebar 
corrosion, etc.). 

Based on the expertise of the partners complementary devices will be also used: ultra sonic, 
impact echo, acoustic emission and geo-radar. These measures will be used for comparison and 
integration with the results from embedded sensors. 

Laboratory tests, under controlled accelerated degradation conditions, will be performed to study 
the ability of the embedded sensors. Additional classic sensors will be attached for comparison and 
complementary measures. Also ultrasonic device will be used for monitoring the progressive 
deterioration. 

The laboratory results will help to apply these devices on the WP6 and to make easy the 
assessment based on these devices.  

Sensors should be robust, durable, and easy to install and operate. Data acquisition system should 
allow for adjustable measuring frequency. Friendly software for end users is a desirable target. 

 

Description of work (possibly broken down into tasks), and role of participants 

The work will be divided into the following tasks: 
Task 4.1. Architecture, design and production of embedded sensors: 

- For static and dynamical mechanical parameters (POLITO). 

                                                 
1   Please indicate one activity per work package:   

RTD = Research and technological development; DEM = Demonstration;  MGT = Management of the 
consortium; OTHER = Other specific activities, if applicable (including any activities to prepare for the 
dissemination and/or exploitation of project results, and coordination activities).  
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- The development of distributed sensors. To implement low-cost long gauges one or two-
dimensional sensing devices by means of fiber-optic nets or adhesive layers with added 
nano-particles (POLITO). 

- Adaptation of sensors for hygro-thermal parameters (UPM, CSIC) 

- Corrosion prediction sensors (UPM, CSIC). 

- Optical fiber sensors for strain and stress (ENEA). 

- Noise continuous monitoring system for traffic and dynamic effects (ENEA). 

- Sensors for directly change conditions in the surroundings of the structure (earthquakes, 
underground rock bursts, water outflows, ground subsidence) (ENEA).  

- Adaption and integration of MEMS sensors for the measurement of acceleration (with 
respect to acoustic emissions), vibration, temperature, humidity. The sensors should be 
implementable into the wireless monitoring systems taking into consideration minimally 
invasive mounting, stable long term behaviour (calibration capability), competitiveness, low 
power consumption and interchangeability. (TTI) 

- Adaptation and development of “Smart layer” or integrated sensors for the measurement of 
important structural and material values (e.g. temperature, humidity, gases, crack opening, 
surface deterioration, chemical attack, deformation, displacement, inclination or vibration). 
The sensors will mainly use standard measurement techniques but will be modified to 
become robust, applicable and interchangeable. (TTI) 

Task 4.2. Developing and improving of monitoring systems for the integration and manage the 
data from the sensors (large number of sensors and data): 

- Methodology for sensor integration on the materials. Data acquisition and signal 
processing. 3D analysis. Time resolution  (UPM, CSIC, TTI).  

- On-line acquisition and monitoring systems, preferably based on wireless sensor network 
for structures monitoring. Sensors for environmental and mechanics parameters will be 
integrated (POLITO, TTI).  

- Fiber optic Bragg grating (network of parallel wires) sensors for acceleration and strain 
(ENEA). 

- Autonomous wireless multihop sensor network system with SQL data base, web interface, 
remote control edtc. Software will be developed that allows remote diagnosis, data 
reduction, data analysis and early diagnostic using data fusion Applicability, flexibility and 
stability of wireless monitoring systems are important aspects that will be considered and 
defined (TTI). 

- FE modeling of masonry bridges, also taking into account the most important influences 
from the environment (hygro-thermal) and the coupled problems between static and 
dynamic behaviour. The numerical analysis will also be employed in order to estimate the 
most relevant positions on the structure of sensors for data acquisition of mechanical and 
hygro-thermal parameters (UNIBO).  

Task 4.3. Validation based on laboratory specimen tests and scaled structures. 

- Accelerated degradation tests on concrete specimens with embedded sensors (UPM, 
CSIC). 

- Correlation between embedded sensors measures and real material degradation measures 
(UPM, CSIC). 

- Scaled structure under cracking and environmental conditions (ACCIONA). 

- Effectiveness of electronic prototypes connected with the knowledge base assessed in 
previous workpackages (POLITO, TTI). 

- Field feedback from the monitoring phase given by the partners and end-users (POLITO). 
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- Distribute sensing, including dense hierarchic networks of point wise sensors or/and long 
gauge linear or bi-dimensional measuring devices, to measure in integral way strain and 
stress fields and other physical variables (POLITO, TTI). 

- Data from sensing sensors to be developed by other partners will be kept into account both 
for validating the developed FE models and improving the computation. Interaction is 
foreseen with WP6 (UNIBO).  

Task 4.4. Integration of embedded sensors, traditional sensors and NDT sensors (All partners). 
- Database for results weighted by relevance supplied for Database of sensor type. 

- Combined volumetric evaluation.  

- Developing of interchangeable and operative software for all sensors used in WP4 (TTI with 
respect to the sensors used in their wireless sensor network).  

- Integration of Smartmote techniques with results from other techniques (TTI).  

 

Deliverables (brief description and month of delivery) 
Deliverable 4.1: Report on architecture, design and production of embedded sensors (Month 16).  

Deliverable 4.2: Monitoring systems for durability and integrity of structures and their materials 
(Month 20).  

Deliverable 4.3: Specimen laboratory and scaled models results (Month 24).  

Deliverable 4.4: Report on integration of . embedded sensors, traditional sensors and NDT 
sensors (Month 24). 
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1.3.3.4.5 WP5  
Work package number  5 Start date or starting event: 13 

Work package title Integration of monitoring and maintenance procedures  

Activity Type1 RTD 

WP leader ACCIONA  

 

Particip. 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Particip. 
Name 

ENEA POLITO UPM BAM ERF BYG TUIaşi UNIBO ACC IDS MIBAC TTI CSIC RIGA 

Person-
months - 5 7 12 - 5 18 - 15 - - - 5 - 

 

Objectives  
The main objective of this work package is to develop an optimized, general method to define the 
most suitable maintenance and repair techniques in structural members of bridges, making proper 
use of the information that can be obtained from monitoring process. 

To reach that general objective, the following particular objectives must be done: 

Objective 5.1. State of the art in the following two issues: maintenance and repair techniques for 
structural elements of bridges and theoretical models to assess and predict the degradation of 
structures. 

Objective 5.2. Analysis of the data that can be obtained from the monitoring techniques defined in 
WP2 and WP3, and their relation with the durability of structures. 

Objective 5.3. Definition of the most suitable durability prediction model as a function of the data 
obtained from monitoring. 
Objective 5.4. Definition of a general methodology to integrate the data obtained from monitoring 
with the choice of the most suitable maintenance and repair technique, by means of a durability 
prediction model.  

 

Description of work (possibly broken down into tasks), and role of participants 

Task 5.1. State of the art (BAM, DTU-Byg, TUIaşi, ACCIONA) 

The task is divided into two parts. First, usual maintenance and repair techniques will be 
summarised, emphasizing for structural elements of bridges. Different types of reparation 
procedures that are applied for common degradation processes will be reviewed. The other part is 
aimed towards mathematical models to assess and predict the degradation of structures. The 
research will include information about those factors affecting the working life of the structure, and 
the most commonly used models in transport structures. 

Task 5.2. Analysis of data obtained from monitoring techniques (POLITO, UPM, TUIaşi, 
ACCIONA, CSIC)  
This task is related to WP 3 and WP 4. New or modified monitoring processes, studied in WP3 and 

                                                 
1   Please indicate one activity per work package:   

RTD = Research and technological development; DEM = Demonstration;  MGT = Management of the 
consortium; OTHER = Other specific activities, if applicable (including any activities to prepare for the 
dissemination and/or exploitation of project results, and coordination activities).  
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WP4, will be assessed and analysed to determine the data that can be obtained from them. Then, 
a study of applicability will be made, in order to evaluate the usefulness of measured data to define 
theoretical model parameters and optimised maintenance techniques. 

Task 5.3. Definition of a durability prediction model for transport structures (POLITO, UPM, 
TUIaşi, ACCIONA, CSIC) 
Existing models found from task 5.1 will be analysed, and one of them will be taken as a starting 
point to define a suitable model for transport structures. Its performance will be evaluated, and 
modifications will be proposed to better fit the requirements of this kind of structures. Conclusions 
obtained from task 5.2 will be taken into account in this process. 

Task 5.4. General methodology (BAM, DTU-Byg, ACCIONA) 
In this task, a general procedure to determine the most suitable maintenance and repair 
methodology for transport infrastructures will be defined. This procedure will depart from original 
data (geometry, loads, materials, etc.) and monitoring data, to finally reach a set of 
recommendations to treat the structure, making use of the theoretical model defined in task 5.3. 

 

Deliverables (brief description and month of delivery) 

Deliverable 5.1. Maintenance and repair techniques and durability prediction models: state of the 
art (Month 16) 

Deliverable 5.2. Report on analysis of monitoring techniques (Month 20) 

Deliverable 5.3. Durability prediction model for transport infrastructures (Month 22) 
Deliverable 5.4. Guidelines to determine the most suitable maintenance and repair techniques in 
transport infrastructures (Month 24) 
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1.3.3.4.6  WP6 
Work package number  6 Start date or starting event: 7 

Work package title Case studies 

Activity Type1 RTD  

WP leader UNIBO  

 

Particip. 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Particip. 
Name 

ENEA POLITO UPM BAM ERF BYG TUIaşi UNIBO ACC IDS MIBAC TTI CSIC RIGA 

Person-
months 20 5 6 6 - - 38 36 12 8 6 3 3 4 

 

Objectives  

The overall objective of the work package is to enhance current capabilities of monitoring, 
experimental diagnosis, evaluation of structural and material deterioration, and durability problems 
affecting existing transport infrastructures – and, in the specific, concrete and masonry bridges - 
due to environment, load increase or Weight in Motion. It is intended to validate data acquired via 
the sensing devices to be developed or further enhanced in WP3 and WP4, and to compare and 
integrate them with data collected on-site by “traditional” monitoring and 1-time testing methods as 
well as data acquired during laboratory testing phase. There will be 3 case studies acting as open-
air laboratories on which to continue the experimental research developments started in WP3 and 
WP4. The choice of which bridges to select will be discussed and evaluated for advantages at the 
beginning of the project. There will be most probably 1 concrete and 2 masonry bridges. Additional 
test sites, i.e. bridges convenient for location or characteristics to single or restricted groups of 
partners may also be considered. A number of partners have proposed to host a case study. 
These will be selected in order to cover as much as possible the different aspects faced in the 
project 

  
Fig. 1 Concrete bridge in Berlin proposed by partner 4, BAM 

Partner 4, BAM has proposed a 45-year-old prestressed concrete bridge in Berlin, 8 spans, 
continuous superstructure consisting of box girders, hollow cylindrical piers. Bridge shows concrete 
and steel damage due to fatigue and chloride. Data from continuous monitoring with different types 
of reliable sensors in the last 14 years will be made available. Comparison will be possible 
between data collected by traditional monitoring and data acquired via new sensing devices. 
                                                 
1   Please indicate one activity per work package:   

RTD = Research and technological development; DEM = Demonstration;  MGT = Management of the 
consortium; OTHER = Other specific activities, if applicable (including any activities to prepare for the 
dissemination and/or exploitation of project results, and coordination activities).  
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Continuous monitoring of traffic loads is also available, together with a numerical model of the 
bridge which has been calibrated by means of static and dynamic test data. Partner 8, UNIBO, has 
proposed a 10-span brick masonry arch bridge built beginning of 1900 near Bologna, Italy. 
Construction type is typical of the period and may present hidden hollows above vaults. Severe 
problems are due to scouring and lack of maintenance, needing urgent attention. Partner 7, TUIaşi, 
in relation to a stone arch bridge over the Bahlui River has proposed the monitoring of a bridge 
built around 1950 in Iaşi, Romania. The information obtained at the site can be transmitted wireless 
at the Monitoring Centre. Partner 14, RIGA has also give availability to select an appropriate 
bridge, as well as Partner 9, ACCIONA, with reference to a concrete structure. 

  
Fig. 2 Masonry bridge in Bologna area proposed by partner 8, UNIBO 

The low-cost, distributed sensing devices to be developed in the project, are based on the 
continuous acquisition of structural, material and environmental parameters related to the global 
health state of the object. Nevertheless, due to the fact that some types of damage can affect the 
life expectance of the structure, it is required that the acquisitions be complete and reliable in order 
for the damage and its evolution to be detected and to program maintenance on time.  

In order to do this and to have at disposal a safe set of data which the ones from sensing devices 
could be compared with, it is necessary to set up a measurement program that, through laboratory 
and site tests, by employing state-of-the-art traditional diagnostic and monitoring techniques 
applied on real infrastructures, will allow comparison of experimental data.  

Moreover, as stated in the project objectives (section 1.1 of proposal), the development of 
appropriate sensing devices for monitoring is devoted to the aim of partially or totally replacing 
costly and unreliable bridge inspections with a more cost-effective procedure aimed at obtaining 
reliable bridge condition evaluation for preventive maintenance. It is therefore necessary to 
compare current and proposed methodologies. A sure condition evaluation of the study object will 
be reached by integrating visual inspection, information from available documentation and other 
forms of evaluation (including numerical analysis), with on-site monitoring and testing. Detailed 
environment affected data and material parameter values will be the paragon criterion for sensing 
device data and monitoring procedure validation.  

The approach to reach the above described overall objective can be broken down into the following 
particular objectives: 

• better investigation of structural damage and environmental effects, in order to test 
applicability and reliability of sensing materials and devices, for the specific cases (in 
cooperation with WP3 and WP4);  

• better understanding of structural and material deterioration processes due to environment 
or load increase;  

• contribute to the modelling activities of WP3, WP4 and WP5: a) by providing input 
information and data to help refine the modelling of historic infrastructures behaviour and 
their response to mechanical and physical actions; b) by providing reference data to verify 
the outcome of material and structural analyses performed on the basis of the deterioration 
models developed;  

• develop enhanced and user friendly data acquisition, analysis and interpretation 
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procedures, including data fusion (collaboration with WP5);  

• relate values of measured parameters to the damage level of the infrastructural object;  

• assess complex infrastructures, their durability problems and maintenance needs 
(collaborations are foreseen with the other RTD WPs);  

• classify health state of infrastructures into classes related to structural safety and material 
deterioration, i.e. no risk, moderate risk and high risk (collaborations: WP2,WP3,WP4,WP5) 

• validate developed monitoring and inspection procedures and smart sensors on case 
studies. 

 

Description of work (possibly broken down into tasks), and role of participants 

The WP has a specific multidisciplinary asset and the partners of the work package are all experts 
in integrated testing, monitoring and assessment of historic infrastructures via laboratory and on-
site methodologies, traditional and/or smart&innovative. 
Task 6.1: monitoring of bridge condition:  

• Partner 3, UPM and Partner 13 CSIC: Durability sensoring and monitoring of the concrete 
bridge case study for durability and material integrity assessment (chloride and CO2 
diffusion, rebar corrosion and induced cracking around the bars). Relation between NDT 
(focused on ultrasonic techniques) and direct sensing measures;   

• Partner7, TUIaşi: monitoring for the temperature variations, humidity, pH, frost-defrost 
phenomenon, large displacements and curving in static and dynamic operating conditions. 

• Partner 2, POLITO: prototype experimental applications of the results of its participation to 
WP3 and WP4, to the selected case studies to assess and validate them as much as it will 
be allowed by the environmental conditions. Data analysis;  

• Partner 9, ACC: application of monitoring-maintenance integration techniques on selected 
reinforced concrete bridges;  

• Partner 10, IDS: data acquisition with GBInR during dynamic testing and analysis of arch 
displacements for the validation of integration with other NDT;  

• Partner 12, TTI. Testing of system stability, robustness, applicability and practicability with 
respect to installation and service of wireless monitoring systems. Provision of monitoring 
data (data from environment, material and structural behaviour) used as input for modelling 
and lifetime prognosis. Demonstration of the assessment methods and validation of the 
data from continuous monitoring: demonstration of wireless sensor network monitoring 
systems, demonstration of sufficient smart sensor technologies with respect to wireless 
sensor networks;  

• Partner 14 – RIGA: Demonstration of monitoring of the reconstructed composite concrete-
steel bridge by embedded strain gauges. Example of monitoring of bridge deflections 
during load test and service life by use of Trimble S8 Total station.  

Task 6.2: testing for global bridge assessment:  
• Partner 1, ENEA: dynamic testing of the selected bridges under ambient and forced 

vibrations to determine in-situ dynamic responses; data analysis and interpretation. Two 
types of sources will be used for excitation: natural sources and man-made. Receiving 
sensors will be accelerometers (both electromechanical or FBG developed in WP4);  

• Partner 4, BAM: dynamic testing, measurement and structural assessment will be 
performed. Provision of a reliable and online accessible data monitoring system for 
connecting the new sensing devices. Contribution to installation of new sensing devices 
and linking the new measurement system to the existing system. numerical model damage 
simulations. 

Task 6.3: testing for scour detection in early stage (New domain application oriented) 
• Partner 10 IDS and partner 8, UNIBO: validation of Ground Penetrating Radar on 2 test 
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sites for profiling scour situation around bridge piers and abutments, given also that 
scouring is by large the 1st reason of bridge failure. Advantages of radar are that, in 
favourable site testing conditions, electromagnetic waves can detect scour zones in bed 
profile with good resolution, but also, and more importantly, can scan below the riverbed 
surface and investigate the presence of refilled scour holes. (collaboration with WP3). Work 
aims: a) address the accuracy with which scour depth and extension could be determined 
over rivers; b) aid interpretation of field scour data recorded over rivers (collaboration with 
WP3); c) assess favourable/unfavourable conditions and limitations of the application, in 
view of setting up specific procedural guidelines for site work (in WP7).  

• Partner 10 IDS: integration of the GPR equipment on a suitable boat/floating device 
together with a GPS/inertial platform (in collaboration with WP3). Subsequentially to 
analysis of data from field acquisitions, comparison with coring of the riverbed in the area of 
detected scour is foreseen. 

• Partner 8, UNIBO: One of the limitations highlighted during field trials of scour investigation 
by radar, is insufficient precision – due to water stream - in keeping to planned survey lines 
(along and across bridge piers) during data acquisition. This makes reconciliation difficult 
between location and extent of scour as from radar data and fom real topography. This  
point is addressed by proposing integration of GPR radar with high-precision positioning-
prospecting systems, in particular with continuous kinematic GPS and tracking total stations 
(collaboration with WP3 and partner 10 IDS).  

• Partner 2, POLITO: dynamic testing to assess the effectiveness of vibrations to early 
detect scouring (in collaboration with WP3). 

Task 6.4: NDT testing for bridge structural element assessment 
• Partner 3, UPM and Partner 13 CSIC: correlation between NDT (focused on ultrasonic 

techniques) and direct sensing measures (Task 6.1) of durability and material integrity 
assessment (chloride and CO2 diffusion, rebar corrosion and induced cracking around the 
bars) on concrete bridge case study. Correlation between laboratory results and on situ 
measures. 

• Partner 8, UNIBO: integrated NDT of brick masonry case via sonic, impact-echo, IR 
thermography, acoustic tomography, GPR (this last application in collaboration with Partner 
10, IDS); micro-destructive of structural elements and possibly mechanical testing of 
components; comparative testing for acquiring hidden geometry information of bridge 
(such as arch thickness variations, pier section type, type and condition of filling above 
vaults, ...), 

• Partner 9, ACCIONA, NDT on selected reinforced concrete bridges.  

• Partner 11 – MiBAC. Individualization of the case studies accounting for the structural type, 
the kind and level of damage, the strategic importance in the infrastructure network, the 
historical relevance. Visual inspection analysis, choice of the monitoring techniques, sensor 
locations and data interpretation. 

Task 6.5: numerical bridge assessment  

• Partner 7, TUIasi: benchmarking with FE analysis of stone masonry bridge. 

• Partner 8, UNIBO: FE analysis of an existing multi-span brick masonry arch bridge by 
means of multi-scale homogenization procedures to evaluate the accuracy of system 
identification in function of different levels of knowledge about construction type and state of 
damage. Ccollaboration is envisaged with other Partners in this WP both in terms of using 
geometrical and material information collected on site as input to the modelling, and of 
verifying calculated state of stress and damage condition with forms of decay surveyed on 
site (for example taking into account the influence of various loads and verifying the effects 
in terms of crack pattern exhibited by the bridge). 

The integration of specific partner’s expertise into the wide tasks of the WP will allow a 
comprehensive approach and progress beyond present state-of-the-art knowledge in comparative 
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testing, monitoring and diagnosis for assessment of infrastructures. 
 

Deliverables (brief description and month of delivery) 

Deliverable 6.1.  Report on former monitoring and testing results. It is intended: 1) state of the art 
review of existing infrastructure field (laboratory and site tests on structures and structural 
elements) 2) collection and presentation of previously existing data from chosen case studies 
(Month 10).  

Deliverable 6.2.  Intermediate report on own performed monitoring results and developed 
procedures from case studies (Month 20).  

Deliverable 6.3.  Intermediate report on own performed testing results and developed procedures 
from case studies (Month 20).  

Deliverable 6.4.  Report on own performed monitoring, testing and numerical results, developed 
on site procedures, data post-processing (Month 30).  

Deliverable 6.5.  Final report (Month 35).  
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1.3.3.4.7  WP7  
Work package number  7 Start date or starting event: 1 

Work package title Guidelines, Dissemination & exploitation 

Activity Type1 OTHER  

WP leader DTU-Byg  

 

Particip. 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Particip. 
Name 

ENEA POLITO UPM BAM ERF BYG TUIaşi UNIBO ACC IDS MIBAC TTI CSIC RIGA 

Person-
months 8 2 3 6 6 14 4 2 1 1 3 1 2 - 

 

Objectives  
There are two main objectives in WP7, to compile guidelines and to disseminate and exploit the 
findings in the project. Both these objectives are essential, especially if the results from the project 
should gain impact on the society.  

Starting with the guidelines. Typically a guideline will look at existing bridge assessment and 
analysis methods to determine exactly what parameters can be monitored to give simple, 
meaningful information to bridge managers.  The main areas of investigation will be structural 
capacity and residual life, and will include natural degradation mechanisms of common 
construction materials such as corrosion and fatigue.  This will lead to the identification and 
specification of monitoring needs. 

A large part of the work in WP7 is to put together reports for guidance regarding assessment of 
arch and concrete bridges with the use of smart SHM (Structural Health Monitoring) techniques. 
The guidelines should focus on a systematic approach. The guidelines are made on two levels; 
level one directed to scientific and technical level and level two directed to end users and decision 
makers. Level tow guidelines should form basis for decision making, for example what the social 
benefit will be for assessing and monitoring a particular structure. Guidelines on level one will focus 
on technical specifications, for example what to monitor and why. What sensors to be used and 
how the results should be evaluated. The Guidelines work will be structured in 4 sub-work 
packages: Limit states for assessment, Innovative Methods for Repair and Strengthening, 
Reliability based Bridge Inspections and A end-users guideline. The sub- work packages are 
described more in detail below. 

The Dissemination and Exploitation Work will conduct an effective awareness-raising campaign at 
the end of the project (M31 to M36), providing the targeted audience with detailed and relevant 
information about the project outcomes. This WP will support WP1 communication plans and its 
actions will be supervised by the Steering Committee and the Exploitation Committee. The work 
package will be structured in 3 sub-work packages: External interfaces, Dissemination materials 
and Preparatory activates. The sub-work packages are described more in detail below 

Furthermore, WP7 will help WP1 coordinate the dissemination and exploitation actions and 
resulting deliverables, their planning, monitoring and reporting, beyond the project. To identify 
stakeholder groups with immediate interest in the topic of the project (both scientific community 
and industry) and raise the interest of relevant groups that should be aware of ancient bridges 
                                                 
1   Please indicate one activity per work package:   

RTD = Research and technological development; DEM = Demonstration;  MGT = Management of the 
consortium; OTHER = Other specific activities, if applicable (including any activities to prepare for the 
dissemination and/or exploitation of project results, and coordination activities).  
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issue. 

In addition we will: 

 Prepare specific dissemination action for the release of the Guidelines drafted in WP7 and 
their effective diffusion even after the end of the project 

 Consider the enlarged European Union, i.e target the 27 Member States and the candidates, 
with a specific focus on Romania which is part of the consortium 

 Organise the preparatory phase prevailing to the Final Workshop execution and the liaising 
with EUROAUDITS project (European Road safety Auditors Training Scheme°.  

 

Description of work (possibly broken down into tasks), and role of participants 
The first task to be accomplished in WP7 is to put-together an internet portal for the project. Task 
7.1. 

Task 7.1. Internet Portal 
An internet portal is put-together. Here the project and its progress over time are openly presented 
to the public. The portal will have a log in function for the partners in the project. All work carried 
out within TISMAD will be placed on the portal. The members will always have access to the latest 
information and the last version of the reports will always be accessible. 
Task 7.2. Limit states for assessment 
Limit states for assessment are identified and described for all relevant maintenance activities 
(repair and strengthening). This includes both serviceability and ultimate limit states and will 
include loss of durability, serviceability and structural safety.  
Task 7.3. Innovative Methods for Repair and Strengthening 
First the definition of the basic typological categories into which the historical bridges can be 
classified are made. Classification requires choosing proper criteria, such as the constituent 
material, the constructive conception, the estimated resistance, the degree of stiffness or flexibility, 
the fragility. Then selected innovative methods for repair and strengthening is developed and 
described in detail, method descriptions. It is aimed to make descriptions of the solutions ready for 
practical application. Guideline for innovative repair and strengthening methods for existing 
historical railway bridges 
Task 7.4. Reliability based Bridge Inspections 
This task will build on existing reliability studies into visual and/or manual bridge inspection to 
further understand where improvements in methodology can bring material benefits to bridge 
managers. Formulate general principles on base of which can figure damage scenarios and define 
risk analysis procedures. formulating general principles on base of which integrate and implement 
analytical, experimental and information technologies to diagnose the condition, performance and 
health of a structural body, including analytical modelling, verification and systematic calibration 

Task 7.5. End-users guideline 
Different proposals have appeared in a European and extra-European context which could find 
harmonization in a text of widely accepted guidelines and could unite the rigor of the approach and 
the flexibility towards newly appearing technologies. The tendency towards a systematic approach 
concerns today new and recent infrastructures. No similar tendency exists so far related to other 
structural typologies, particularly not for historical heritage buildings and for historical 
infrastructures, such as masonry or iron bridges. Here we will promote the concept of health 
monitoring to structure owners or maintenance managers and to the engineering community and to 
create awareness among primary the industry, and end users. 
The end-users guideline shall provide the owners to the structures with a suitable tool to evaluate 
the health status of old bridges, their capability in supporting loading different from those of their 
time construction, in order to chose the optimum intervention also from the economical point of 
view.  
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Task 7.6 – Preparatory activities 
This task will consist in preparing the whole dissemination strategy.  

o Identification of the target groups and the dissemination needs. A contact database will be 
set up. Eastern Europe stakeholders will also be targeted in this process. (ERF)  

o Development of business plan: Planning and bringing together all possible marketing 
activities to enhance further dissemination of experiences. A business plan will be 
developed, based on the Project outcome, to set up a roadmap for successful international 
commercialisation. (ACCIONA, ENEA)  

Task 7.7 – Dissemination materials 
This task will ensure a delivery of information to the stakeholders identified in task 7.6 (project 
objectives and status at key periods) by means of various dissemination tools. All the project 
partners will be requested to provide inputs to the content of the following material: 

o A A0 size colour poster will be designed and printed to showcases at the Final Workshop. 
(ERF)  

o Internet page of the project will be set up to diffuse the project’s outcomes.  

o The existing links between ERF and specialised media will be maintained in order to give 
the opportunity to release articles presenting the project and its results. (ALL)  

o Based on the experience gained from installation and support in WP1, a 
comprehensive, easy-to-install software and documentation package will be developed 
(ENEA/ERF)  

Task 7.8 – External interfaces 
A third activity will be dedicated to the operational coordination of a Final International Workshop 
(month 36) and training activities for the active diffusion of the project results. The material 
prepared in task 7.7 and the public deliverables will be presented or used on the occasion of these 
events as well as conferences of third parties. 

o The exploitation of the project results will be made on a large scale thanks to their 
presentation at a Final International Workshop open to key policy-makers and relevant 
stakeholders. The workshop will present the Guideline book (WP7) and promote a large-
scale use of the recommendations included in it. Given the importance of the topic in 
Eastern Europe countries, the workshop will take place in Romania (Tbc)  and 
representatives of non EU neigbouring countries will be invited (ERF). 

o At the end of the project, the project partners will be asked to participate in specialised 
conferences, events, etc to present the TISMAD initiative or to focus on specific aspects of 
the project. Those events, both EU and USA located, will be carefully identified to facilitate 
the participations (ALL).  

o Seminars and classes on the subject will be given to undergraduate and graduate 
university students by the university partner (University partners). 

o The ERF, with the support of the European Commission, coordinates the EUROAUDITS 
project which aims at creating common guidelines for safety auditor training across the 
Member States. Ancient bridges management could be part of the training and hence, 
TISMAD results would be of relevance if integrated in the programme. This possibility will 
be considered by ERF. 

o Publications at international conferences and journals 

 

Deliverables (brief description and month of delivery) 
Deliverable 7.1. Internet Portal (Month 3)  

Deliverable 7.2. Limit State for Assessment (Month 31)  
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Deliverable 7.3. Innovative Methods for repair and Strengthening (Month 32)  

Deliverable 7.4. Reliability Based Bridge Inspections (Month 32)  

Deliverable 7.5. End-User Guideline (Month 35)  

Deliverable 7.6. Preparatory Activities (Month 32)  

Deliverable 7.7. Dissemination Materials (Month 32)  

Deliverable 7.8. External Interfaces (Month 32)  
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1.3.3.5 Table 1.3 e  Summary of staff effort 
 

Participant No. / short 
name 

WP1 WP2 WP3 WP4 WP5 WP6 WP7 Total 
person 
months 

1 / ENEA 15 6 0 20 0 20 8 69 

2 / POLITO 1 0 25 20 5 5 2 58 

3 / UPM 1 3 0 25 7 6 3 45 

4 / BAM 1 16 0 0 12 6 6 41 

5 / ERF 1 1 0 0 0 0 6 8 

6 / BYG-DTU 1 0 5 0 5 0 14 25 

7 / TUIaşi 1 4 18 0 18 38 4 83 

8 / UNIBO 1 0 20 7 0 36 2 66 

9 / ACCIONA 1 4 0 8 15 12 1 41 

10 / IDS 1 0 11 0 0 8 1 21 

11 / MiBAC-DRER 1 8 0 0 0 6 3 18 

12 / TTI 1 3 3 18 0 3 1 29 

13 / CSIC 1 0 0 15 5 3 2 26 

14 / RIGA 1 3 0 0 0 3 0 7 

Total 28 48 82 113 67 146 53 537 
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1.3.3.6 Pert diagram  
 

 
 

1.3.3.7 Significant risks, and associated contingency plans. 
All the activities beyond the SOA are R/D activities where the effectiveness of any result can be 
threatened by noise, uncertainties, contradictory outcomes. 

Nevertheless even unsatisfactory results can be useful as they will help to identify false paths or 
inconsistency of the problems statement. It will be possible to  evaluate the cause of errors, to 
adjust the strategies and to definitely cut off the blind pathways.  
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2 Implementation 

2.1 Management structure and procedures  

Management structures and procedures are in WP 1.  

 

 

2.2 Individual participants 
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2.2.1 Participant No. 1 – ENEA  
Brief description of the legal entity: ENEA (Italian Agency for new Technologies, Energy, and 
Environment) is a public agency that organises and carries out research projects in the fields of 
new technologies, energy and environment. The staff is composed of about 3,500 people. ENEA 
interacts with the Italian Ministries of Industry, Research and Environment.  

Main tasks in the project: ENEA will act in the project as coordinator and will cooperates in the 
development of innovative monitoring system sensors. The task is therefore aimed at developing a 
complex monitoring system designed for continuous, or quasi-continuous monitoring of bridge 
structures subjected to the influence of seismic activities which directly change conditions in the 
surroundings of the structure (earthquakes, underground rock bursts, water outflows, ground 
subsidence), thereby causing damage to the structure located in such areas.  

Previous experience relevant to those tasks: ENEA has several experiences as scientific 
responsible of contracts with DG XII and DG VII research programs and also in organizing Int. 
Conferences. ENEA started its activities in the field of engineering seismology in the 1970’s in the 
framework of nuclear power plant location. In co-operation with ENEL, ENEA designed the national 
free-field accelerometers’ network and developed the software for processing strong-motion data. 
His activity has been mainly carried out in the ENVIRONMENT programs.  Since the mid-1980, 
experimental dynamic analysis and system identification of structures have become important 
parts of the background of the working group together with strong-motion instrumentation. The 
research group has also been involved in several European project.  

Short profile of the staff members who will be undertaking the work  

Dario Rinaldis, Nuclear Engineer, joined ENEA in 1980, Senior researcher, Chief of Earth. Eng. 
and Eng. Seism. (1992-1994). Fields of interest: seismic risk assessment and reduction, 
monitoring of structures and processing and interpreting strong ground-motion records. Visiting 
academic at the Imperial College (ICSTM, Prof. N.N. Ambraseys). He organised several Int. Conf. 
He had part in several European research programmes (EV5V-CT94-0490, ENV4-CT97-0397, 
LESSLOSS, etc) and has been Chairman on Italian National Projects Author of more than 60 
technical papers and articles.  

Massimo Forni, Nuclear Eng., joined ENEA in 1984. Senior researcher. Responsible for the R&D 
of Innovative Anti-Seismic Techniques Project. General Secretary of the Anti-Seismic Systems 
International Society (ASSISi) and the Italian Working Group on Seismic Isolation (GLIS). Author of 
more than 180 int. publications. Responsible for ENEA of 8 European Projects (BRITE EURAM2, 
REEDS, ISTECH, SPACE, SPIDER, INDEPTH, VAST-IMAGE, 1993-2007). Coordinator of 
Subproject 6 of the LESSLOSS Integrated Project of FP6.  
Antonella Paciello, Physics, joined ENEA in 1983, where she has been involved in probabilistic 
seismic hazard analysis and in situ tests. Senior researcher. She took part in several EC projects, 
among these LESSLOSS Integrated Project of FP6.  

Giacomo Buffarini, Civil Engineer, joined ENEA in 1993, where he has been involved in dynamic 
analysis of structures, system identification and design of structures with new anti-seismic 
systems. In 1993-1997 he worked in collaboration with University of L’Aquila in monitoring of 
masonry structures and mathematical modelling.  

Sandro Serafini, Geologist, joined ENEA in 1989. Senior researcher. Research and coordination 
activities of European project on neotectonics and seismo-tectonics; prevention and mitigation of 
natural disasters, also by using GIS; environmental requalification of historic and arch. sites.  

Michele Caponero, Physics. Senior researcher. Expert in Fibre Optic Bragg Grating Sensors.  

Paolo Clemente, Struct. Eng., PhD, joined ENEA in 1985. Senior researcher. Responsible of 
several research projects. Contract professor at University of Trento (teacher of Struct. Monitoring 
& System Ident., Struct. Analysis & Design of Bridges). Consulting engineer in struct. and earth. 
eng. President of Panel 15e (Scie. and Techn. for Sust. Develop.) and Member of Panel 08 (Civil 
Eng. and Arch.) of the Italian Committee for the Research Evaluation. Author more than 130 tech. 
papers. Reviewer for Int. Journals. Member of organizing and scientific committees of Int. Conf.   
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2.2.2 Participant No. 2 – POLITO  
3 Departments are included in the Partner POLITO.   

Brief description of the legal entity: Founded 150 years ago, Politecnico di Torino represents a 
leading public university, in Italy and in Europe, in technical-scientific teaching and research. There 
are currently 26,000 students on more than 115 courses. Staff members are more than 900 
(professors and researchers), plus about 1000 administrative and technical staff. Research 
activities are organized in the 18 Departments. Groups from three Departments are included in the 
Partner POLITO: Dipartimento di Ingegneria strutturale e Geotecnica (DISTR), Diparimento di 
Elettronica (DELEN), Dipartimento di Scienza dei Materiali e Ingegneria Chimica (DISMIC).  

Main tasks in the project::DISTR: Dynamic testing, Operational modal analysis, Structural linear 
and non-linear identification, risk and vulnerability assessment, robust monitoring, robust model 
updating. Inlab validation of the new sensors; Deign of a reduced scale physical model of a 
masonry arch bridge: static and dynamic test up to failure under imposed displacements under the 
pier support. Using dynamic testing to detect scour and WIM. DELEN: micro-electronic 
multifunction sensors and sensor nets; custom sensing devices. Close cooperation with DISTR 
and DISMIC. DISMIC: Custom Fiber Bragg Gratings design, production and testing, 
nanostructured coatings design, production and testing, Advanced testing & materials 
characterization.  

Previous experience relevant to those tasks: Institutional research and consulting support to the 
Regional Administration of Piemonte, Italy, for earthquake engineering problems. Dynamic 
monitoring project, FE modelling and modal updating, predictive simulations on the baroque Holy 
Shroud Chapel in Torino, heavily damaged by fire. Supervising and taking part to the activity for 
the assessment against seimic risk of existing strategic buildings and schools in Piemonte Region 
and Torino Province. Local and national coordination of the R&D Projects of national interest: 
“Strategies for preservation of historical and monumental buildings based on Structural Health 
Monitoring“(2003-2004); “Monitoring and controlling ancient heritage structures: an approach 
based on low cost distributed technologies.” (2005-2006); "Guide-lines for the surveillance and 
management of historical structures and infrastructures, with the aid of automatic innovative 
monitoring systems. (2007-2008)". Participation to the national project RELUIS (seismic 
engineering) for Tunnel protection, bridge assessment, design and protection, control, monitoring 
and earlywarning. 

DELEN project management of several European projects: in the EUREKA PROMETHEUS project 
for the PRO-CHIP subproject, JESSI project, the RACE project Stratospheric, the RACE II project 
DTTB. P. Civera was in charge, as local responsible or coordinator, of several technology transfer 
activities and EU special actions in microelectronics as I-SMILE, MEPI, SUMIS and FUSE. He was 
the  ASIC and MEMS course coordinator in the Esprit Service EUROTRAINING an EU 
accompanying measure, and responsible of the Microsystems Laboratory of Politecnico di Torino. 
DISMIC has being involved for more than twelve years in design, preparation and testing of 
glasses for telecom and sensors, i.e. Bragg Gratings, Surface Plasmon Resonance sensors based 
on metal nanocluster doped thin films. (see references, EU projects, other current activities on 
group web page http://www.composites.polito.it). It follows a list of some of the relevant projects: 
HPRN-CT-2000-00045 (ODUPE) (2000), IST-2000-28366 (Glamorous) (2000), IST-2001-37069 
(GLAPHOVIS) (2002), MIUR Prot. N. 2005099872_002 (Feb 9th 2007 - ongoing), MIUR Prot. N. 
2005099872_002 (Feb 1st 2005 to Jan 31st 2007).  

Short profile of the staff members who will be undertaking the work:  

Alessandro De Stefano:  Full Professor of Earthquake Engineering and Structural Dynamics at 
the Politecnico di Torino. Author of many scientific papers. Active in the following research fields: 
Earthquake Engineering (Vulnerability, Historical Building Protection, Passive Control); Structural 
Identification; Experimental modal analysis of structures under ambient excitation; Neural Networks 
in structural diagnostics. Formerly secretary of the European Association for Structural Control and 
Monitoring; member of the Council an of the task force for Historical Heritage of the ISHMII 
(International association for Structural Health Monitoring of Intelligent Infrastructures); member of 
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the steering committee of the Italian National Association for seismic Eng. Member of the 
European network SAMCO. 

Donato Sabia: Associate Professor of Structural Engineering at the Politecnico di Torino since 
2000, Faculty of Architecture. His research interests are related to: Structural diagnosis, 
Experimental modal analysis and Dynamics Identification of linear and not linear systems, Model 
Updating, Seismic Vulnerability of the structures, Structural Safety of masonry arc bridges, 
Structural Control and Monitoring.  

Rosario Ceravolo: Associate Professor in Structural and Earthquake Engineering, II Engineering 
Faculty, Politecnico di Torino, Turin since 2003. in 2001 Chercheur  invité, Ecole Nationale de 
Ponts and Chaussées, LAMI, Paris. PhD. Research interests in  Earthquake Engineering and 
Structural Dynamics, Structural Identification and Diagnostics, Advanced Signal Processing, 
Application of Neural Networks to Structural Engineering Problems, Seismic Isolation, Seismic 
Assessment of Ancient Heritage Buildings, Railway Vibrations  

Pierluigi Civera: since 1991 he is Associated Professor of Microsystem Design. His major 
interests include microsystem and microcomputer architecture, ASIC design and technology 
transfer to small and medium enterprises. Recent research activities are mainly devoted to 
microsystems design for chemical and biochemical applications. He has been project manager of 
several European projects. 
Danilo De Marchi: graduated in 1991 in Electronics Engineering at Politecnico di Torino. He 
worked as fellow at the VLSI Laboratory of Politecnico di Torino, participating to several research 
national and European projects on microelectronics. He was involved in a project focused in DSP 
devices with Marconi SpA and he participated to ISMILE project for microelectronic dissemination 
in SMEs. PhD in 1995 on: "Microelectronics applications for analysis and diagnosis of genetic 
diseases".  

Monica Ferraris, full professor of Materials Science and Technology since 2004, coordinates the 
research activity of about 20 researchers, PhD- , graduate and undergraduate students on joining 
and coating for several applications. She is author of more than 100 scientific publications and 
patents in this field.  

Daniel Milanese  is a staff scientists and lecturer. His research interests concern custom glass 
fiber drawing for FBG and lasers. 

Massimo Olivero: staff scientist. Their research interests concern FBG, SPR sensors. 

Sergio Perero: staff scientist. Their research interests concern FBG, SPR sensors.  
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2.2.3 Participant No. 3 – UPM  
Brief description of the legal entity:  

The research group UPM-DUMEINPA belongs to Universidad Politécnica Madrid. This group is in 
the DUMEINPA cluster, which forms a group with several research groups from Universidad 
Politécnica Madrid, CSIC and several companies. ACCIONA and CSIC-IAI, partners in the present 
proposal, are also in DUMEINPA cluster. The researchers of UPM in this proposal are specialized 
in mechanics of durability applied to concrete and masonry. The group is composed by one full 
professor and three associated professors, plus three graduate students which are developing the 
PhD Thesis in durability of concrete topic.  

Universidad Politécnica Madrid is a public university, with more than 30.000 students and 3.000 
teaching and research staff. The UPM has a large experience in European projects. 

 

Main tasks in the project:  

Main task in the project is to apply the embedded sensors in concrete for prediction and detection 
of the concrete deterioration under environmental and loading conditions. The UPM will work in 
collaboration CSIC for laboratory testing of specimens under these deterioration conditions. UPM 
will lead WP4 and participate in WP1, WP2, WP5, WP6 and WP 7. 

 

Previous experience relevant to those tasks:  

The UPM group has large and depth experience in cracking of concrete, and mechanics of 
durability of concrete and masonry. On both topics the expertise includes laboratory testing and 
analytical and numerical modelling.  

Prof. Jaime Gálvez has been the Spanish leader in ONSITEFORMASONRY (On site Investigation 
Techniques for the Structural Evaluation of Historic Masonry Buildings) (EVK4-2001-00091) 
VFPproject . Also he leads two Spanish projects, funding by Publics Works Ministry, on the 
durability of concrete bridges and the use of embedded sensors. 

 

Short profile of the staff members who will be undertaking the work:  

Prof. Dr. Jaime Gálvez: Full professor on Science and Technology of Buildings Materials. He is an 
active member of FIB Commission 9, on the durability topic. He has lead more than 15 research 
projects and published more than 20 papers in the durability topic applied to concrete and 
masonry.  

Dr. Amparo Moragues: She is a senior associated professor on chemistry of building materials. 
Her expertise is on chemical processes in cement and concrete. She has published more than 30 
papers on the topic. She collaborates with Prof. Galvez in durability of concrete and masonry. 

Dr. Encarnación Reyes: She is an associated professor on Science and Technology of Buildings 
Materials. Her expertise is cracking and integrity of concrete and masonry structures. 

Dr. Maria J. Casati: She is an associated professor. Her expertise is cracking and integrity of 
concrete and masonry ancient structures. 

Eng. Alfredo Sandovar: Mechanical Engineer and European Programmes Coordinator at the 
UPM. He participated in more than 30 European projects, performed as PTA in the 5th- 6th FP and 
currently is an evaluator in NMP and innovation fields and a trainer in “SME to LEAD” FP6 project.  
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2.2.4 Participant No. 4 – BAM   
Brief description of the legal entity:  

BAM is a senior technical and scientific federal institute of the Federal Ministry of Economics and 
has its responsibility in the interacting fields of material - chemistry - environment - safety. It has a 
staff of about 1600, including over 700 scientists and engineers working in eight departments. The 
division “Buildings and Structures” belongs to the main department Safety of Structures and is 
subdivided in five working groups. It is involved in projects regarding research, development, 
consulting and information services concerning the main emphases: structural safety and risk 
assessment, structural health monitoring and condition analysis, soil- and structure dynamics; 
vibration mitigation, geo-technique and railway systems. The investigations in these fields rely on 
long-standing experience, dependable equipment of the division for in-situ measuring techniques 
and numerical simulations. Most of the department’s large number of test facilities is operated by 
this division. Technical experts of the division are acting as members of a variety of work groups 
and technical committees to acquire guidelines and standards 

Main tasks in the project:  

Data mining and evaluation for the damage data base and damage analysis; evaluation and 
integration of data obtained from monitoring technique; Supply contributions to case studies and 
guidelines.  

Previous experience relevant to those tasks:  

More than fifteen years experience in the development of methods and equipment for Structural 
Health Monitoring and their application at a variety of buildings and structures. Load and condition 
monitoring procedures are being enhanced and techniques for the assessment of structures based 
on static and dynamic data from long-term monitoring are being improved. International standards 
for the application of health monitoring procedures are being prepared. Assessment of structures 
and risk analysis covers the development of procedures to evaluate the state of fatigue and to rate 
the remaining fatigue life of existing structures as well as to extend service life. Models for 
accumulative damage material resulting from fracture mechanics are being enhanced. Assessment 
of the load carrying capacity of building structures and its members made of steel or reinforced 
concrete and bricks under static, transient and fatigue loading in-situ as well as by large scale 
laboratory test is provided. Finite element modelling and model updating procedures applying 
dynamic measurement results are currently utilised to encourage this task. Tests of structures 
under impact and impulsive loading are carried out by special worldwide unique test facilities. 
Innovative risk management methods based on continuously monitored data and life-cycle 
assessments are used to detect existence or lack of safety in structures. Forensic structural 
engineering is being performed by investigation of structural failures. 

Short profile of the staff members who will be undertaking the work:  

Dir u. Prof. Dr.-Ing. W. Rücker, Head of division Buildings and Structures 

Dr.-Ing. M. Mehdianpour, Civil engineer; graduated at TU Brunswick during participation to 
Collaborative Research Centre 477 “Life Cycle assessment of structures via innovative 
monitoring”. Actually Head of Working Group “Structural Reliability and Risk Assessment”. 

Dipl.-Ing. R. G. Rohrmann Head of Working Group “Structural Health Monitoring and Condition 
Analysis”. Experienced from different large international projects as like SAMCO, Sustainable 
Bridges, etc.  

Dipl.-Ing. F. Hille, Civil engineer, experienced from national and international projects concerning 
structural assessment of existing structures, for example SAMCO.   
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2.2.5 Participant No. 5 – ERF  
Brief description of the legal entity: The European Union Road Federation (ERF) –a non-profit, 
non-political service organisation– is the European Union branch of the International Road 
Federation (IRF), the international point of affiliation for road-related National Associations and 
industries around the world. Its aim is to co-ordinate the views and concerns of Europe’s road 
sector, as well as working with European institutions in order to achieve a range of policies and 
programmes which will improve road networks, both in the EU and in neighbouring countries. The 
ERF focuses on road-related programmes that promote economic growth, trade relations and 
social conditions, improving road safety and enhancing the environment. The ERF’s key missions 
are: i) to promote the road and road-related issues at all levels in the European Union; ii) to provide 
European policy-makers and institutions with fact-based information on road sector issues, trends 
and concerns; iii) to initiate and support scientific studies aimed at improving the knowledge of the 
road system at European level.  

Main tasks in the project: In terms of membership, the ERF gather National Road Associations, 
Road equipment manufacturers, Road Operators and Research Centres. ERF members with 
specific knowledge and expertise in terms of bridges will be requested to contribute to TISMAD by 
providing relevant data and information. Their contributions to TISMAD can be asked via the ERF 
secretariat communication but also within the framework of the SUSTAINABLE ROADS working 
group. This WG tackles road infrastructure design, building and maintenance issues, and thus, it 
includes bridges issues.  

Previous experience relevant to those tasks: ERF is a credible and experienced road sector actor 
with the skills, facilities and network required to plan and conduct a successful TISMAD 
dissemination strategy throughout the EU-27 Member States. ERF has played and is still playing 
an important part as coordinator and/or dissemination manager in numerous European projects: 
GIROADS, MENTORE, OPTIPARK, RANKERS, ROBUST, etc). Additionally, since 2005, ERF has 
also set up a series of safety training workshops for the benefit of road professionals in Central and 
Eastern European countries with the collaboration and support of the Directorate General for 
Enlargement of the European Commission (TAIEX Unit). The guiding principles behind the 
workshops is to offer a comprehensive overview of the safety contribution of better designed, built 
and operated road networks (including bridges) through interactive presentations delivered by 
some of Europe’s best safety professionals.  

Short profile of the staff members who will be undertaking the work: Under the supervision of ERF 
Director General Christophe Nicodème, the tasks assigned to ERF will be coordinated by:  

Mr. Francesco Falco: Director of Operations. An economist by training, Francesco Falco has 
been Director of Operations at the European Union Road Federation (IRF Brussels Programme 
Centre) supervising the Federation's research and technical activities since end of 2007. His areas 
of expertise include road equipment standards, safe road design & management and infrastructure 
financing. He coordinates the EUROAUDITS project and is regularly called by the European 
Commission TAIEX Unit as Road Safety expert in order to deliver speeches in Eastern Europe 
countries.   

Ms. Laure Dezes: Operations Officer. Following a Master degree in European Affairs and an 
internship at POLIS (European cities networking for innovative transport solutions), Laure joined 
ERF’s research department in 2007 to work on new mobility schemes. She has undertaken 
Brendan Halleman’s (previous Director of Operations at the ERF) role of coordinator in GIROADS 
project (GNSS introduction the road sector) and is currently leading the dissemination work 
package of the MENTORE project (Implementation of GNSS Tracking & Tracing technologies for 
EU regulated domains).  
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2.2.6 Participant No. 6 – DTU-Byg  
Brief description of the legal entity:  The Department of Civil Engineering also called DTU-Byg was 
established in 2001. The mission of the institute is education, research, and innovation. The 
institute contributes to the establishment of social and commercial values through knowledge 
development. Today DTU Byg offers a variety of educations from PhD, MSc and diploma to special 
master educations, and find solutions to current problems of the industry and implement research 
results in practice. BYG-DTU is divided into five sections; Section for Structural Engineering, 
Section for Planning and Management of Building Processes, Section for construction materials, 
Section for Geotechniques and Section for Building Physics and Services.  

Main tasks in the project: DTU-Byg has involvement in three work-packages, WP3 – Monitoring for 
assessment, WP5 – Integration from monitoring and maintenance procedures and WP7-
Guidelines. BYG-DTU is the work package leader of WP7. Our main contribution to WP3 is our 
long experience in SHM (Structural Health Monitoring) and our development of systems and 
processes for SHM directed to civil structures. We also have a long experience in regard to 
assessment of structures. Our experience regarding assessment will also be used in WP5 together 
with our solid knowledge in bridge maintenenace, repair and strengthening. We do also have long 
experience from on-site monitoring of bridges. In WP7 our main task will be to supervise and to put 
together guidelines to disseminate and exploit the findings in the project. The guidelines will be 
directed to the end users and address important issues such as method descriptions and guidance 
regarding improved maintenance procedures and the use of SHM of maintenance, repair and 
strengthening. Dissemination  

Previous experience relevant to those tasks: Several of the staff at DTU Byg has experience from 
previous European funded project Sustainable Bridges. Knowledge and experience from this will 
be used.  

Short profile of the staff members who will be undertaking the work:  

Professor Björn Täljsten has been a project manager for national and int.  construction and R&D 
projects. Specialist in concrete structures and concrete repair, use of polymer composites in 
construction, SHM (Structural Health Monitoring) and Technical Risk Management. Developed 
SHM Strategies for periodic and continuous monitoring of bridges. Monitored several bridges with 
consideration to verify strengthening effects and performance. Professor Björn Täljsten has been 
active in two previous European funded projects, ASSET and Sustainable Bridges. 

Dr Christos Georgakis is Associate Professor of Struct. Eng. at Technical University of Denmark. 
His research work focuses mainly on bridges and the dynamic response of structures to all forms 
of external loading. During his career, he had the privilege of working on several exciting 
structures, including the whole design of the European Court of Justice Tower damping systems, 
Heathrow Airport Terminal 5, London’s Millennium Bridge and the Stonecutters Cable-Stayed 
Bridge in Hong Kong. 

Dr Per Goltermann is Associate Professor of Struct. Eng. at the Technical University of Denmark. 
He has been project manager on a large number of projects in which the theoretical research and 
laboratory testing have been combined with practical experience in order to implement the results in 
practice in Denmark and internationally. Furthermore, he has broad practical experience on design of 
various structures from his work as a consulting engineer and from international research & 
development projects (Growth, Brite/EuRam, Eureka, SHRP) as well as standardisation.  

Dr. Mette Geiker is Associate Professor at section of construction materials. Her research area 
covers plain and reinforced concrete. The research deals with material properties of relevance for 
the manufacture and use of these materials in civil engineering structures. The research is focused 
on achieving an improved and quantitative understanding of the underlying, coupled, multi-scale, 
chemical and physical relations which are governing the total life cycle from design over 
manufacturing, execution, operation, maintenance, repair to demolition and re-use; a central topic 
is the link between micro-scale materials properties and performance on the macro-scale.  
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2.2.7 Participant No. 7 – TUIaşi  
Brief description of the legal entity: Faculty of Civil Engineering (www.ce.tuasi.ro), within “Gh. 
Asachi” Technical University of Iasi is one of the oldest faculties in Romania, numbering around 80 
teaching staff, over 3000 students. It was developed in the latest 60 years on the roots of School of 
Landscape Engineering from XIX century in iasi. Now is offering study programs of Bachelor in 
Civil Engineering, in Bologna program and Master Studies in Structural Engineering (taught in 
English), 3 semesters, (http://www.ce.tuiasi.ro/~se), in Transportation (Road, Bridges, Railways), 
Building Services, doctoral and postdoctoral studies. The research infrastructure includes: the 
Multidisciplinary Centre of Structural Engineering & Risk Management MCSERM, 
(www.ce.tuiasi~atanasiu) with Laboratory of Dynamic and Seismic Structural Testing equipped 
with Triaxial Shaking Table ANCO R 3123, 6m; Laboratory for Bridge Monitoring, accredited at 
national level for design and life cycle monitoring of bridges, and also other laboratories for field 
testing in structural civil engineering.  

Main tasks in the project: i) identification of damages and enhancing the damage catalogue taking 
into account a survey on current existing bridge structure common for Romanian infrastructure; ii) 
experimental monitoring of bridge in study cases (iii) modelling and simulations for case study for 
various static and combined dynamic&seismic loading; iv) contributions to guideline; iv) 
participating in dissemination tasks and activities. 

Previous experience relevant to those tasks: The research focusing structural monitoring, since 
early ‘50’s, aiming analytical, numerical&experimental aspects for classes of constructions, from 
simple R-C, steel or composite materials members to complex structural static, quasi -static, 
dynamic and seismic monitoring including new solutions for roads, bridges, tunnel, subway tunnel 
and other transportation structures. This experience has been enhanced within international and 
national grants in field of structural dynamics, earthquake engineering, vulnerability assessment of 
existing infrastructure (Buildings, Bridges and Transportation), using now also IT solutions and 
Artificial Intelligence methods. We are currently developing research in Dynamic/Seismic Risk 
Monitoring during lifetime wihint projects of EU Programs as FP5, FP6 and alsosupported by 
national grants for bridge monitoring and rehabilitation solutions. 

Short profile of the staff members who will be undertaking the work: Gabriela M. ATANASIU, 
Professor of Structural Engineering, PhD., director of MCSERM , key-expertise in structural 
dynamics, identification, FE modelling&simulations for lifetime structural monitoring, dynamics and 
earthquake engineering; PhD advisor, experience gained as Visiting Fulbright at SUNY Buffalo, 
DAAD Fellowships at Hannover University, TU Muenchen Invited professor at Tokyo University of 
Science, Curt Risch - Institut of Hannover University, Germany (c/o Prof. Natke H.G.) co-author of 
over 140 scientific papers, research reports, books chapters, text books for students, among them 
8 ISI quoted papers; Cristian COMISU, Associate Professor, PhD, Head of Laboratory for bridges 
monitoring, expertise and rehabilitation, expert in design &monitoring and rehabilitation of bridges, 
certified expert in bridge design, qualification of bridge structures, author and co-author of over 40 
papers, research reports and text books, co/director of over 20 projects and expertise reports on 
bridges evaluation and rehabilitation solutions. Radu ANDREI, Professor of Road &Transportation, 
PhD in the field of road and transportation, expertise in design, monitoring of road and 
transportation structures, PhD Advisor, co/author of over 80 papers; younger researchers: 
Octavian – V. Rosca, PhD in 2001. Florin LEON, PhD in 2005, with expertise in IT solutions and 
Artificial Intelligence. Diana A. ANCAS, PhD in 2005. Bogdan F. POPA, PhD in 2006. Cristian 
PASTIA, PhD in 2006. Septimiu LUCA, PhD in 2004, specialised in structural analysis.  

Main expectation form the project: Sharing and enhancing the knowledge in structural monitoring 
of bridges using new IT solutions; Development of a new methodology for monitoring of existing 
bridges, applicable for Romanian infrastructure ; Cooperation in tools enhancement for fragility of 
existing transportation structures based IT for awareness of decision makers.  

Exploitable results generated from the project and preliminary plans: Enhancing the current version 
of damage catalogues for bridges common for Romanian transportation infrastructure; Planning 
the introduction of new devices for monitoring of bridges at regional and local level of infrastructure 
in Romania.  
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2.2.8 Participant No. 8 – UNIBO  
Brief description of the legal entity: Inside the DISTART Department (Structural, Transport, 
Hydraulic, Land Survey Engineering) of Bologna University, the structural mechanics group is 
involved in the project with two laboratories: i) The Materials Testing Laboratory (LaRM) 
www.larm.ing.unibo.it. Experimental activity includes research and real case applications of 
SHM, diagnosis, quality control and testing of building materials and structures. Major 
competences are in integrated assessment of historic structures and infrastructures via NDT (Non-
DestructiveTesting) techniques, development of NDT techniques, reliability studies, data fusion, 2- 
& 3-D real-time data visualisation. Activity is financed through national and European funding, 
research and consulting contracts with private SMEs, contractors and public authorities. Staff 
members are involved in working groups and committees for development of standards and 
guidelines (UNI EN, fib, CNR, RILEM). Ii) The Laboratory of Computational Mechanics (LaMC) 
www.lamc.ing.unibo.it. Research in computational mechanics, development + application of 
theoretical models, numerical methods and computational techniques, engineering issues from 
solid mechanics to smart and innovative materials. It develops effective and reliable methodologies 
for structural modelling and analysis of constructions by using general purpose as well as in-house 
codes for numerical simulation, structural analysis and design,. 

Main task within the project: UNIBO will contribute primarily to WP3 (Monitoring for assessment) by 
performing a lab feasibility study of scour investigation by radar; to WP4 (Sensing materials for 
monitoring) by modelling the sensors logistic on case study, and WP6 (Case studies), where 
UNIBO will act as WP Leader, by lab & on-site comparative NDT testing of foundation and 
superstructure of bridges, to validate the data from the continuous monitoring sensors and to 
provide input for the modelling. 

Short profile of the staff members who will be undertaking the work:  

Camilla Colla, preservation architect (Milan Polytechnic, I), with PhD in CivEng (Edinburgh Univ, 
UK) on diagnostic of masonry bridges; she has +60 publications, +15-year experience in structural 
diagnosis across Italy,Germany & UK; participates in standard committees, Nat. & EC funded 
projects. Interests: combined NDT, 2- & 3-D real-time data visualisation, data fusion, digital signal 
processing. - Luca Vittuari, Associate Professor (Topography), +130 publications; interests in 
geodetic surveys in geodynamics evaluation, land subsidence, buildings control; surveying 
methodologies design, data analysis approaches for local-ties determination within co-located 
geodetic observatories, SAR Interferometry (PS InSAR) and spirit levelling, Network based GPS 
Real Time Kinematic systems. - Francesco Ubertini, Department Head, Civ.Eng, lecturer in 
Structural Mechanics, Computational Mechanics, Numerical Methods in Civil Eng, plates & shells. 
Head of Computational Mechanics Lab, Competence in fracture & damage mechanics, coupled 
problems, FE models, structural safety and reliability. Scientific leader of National Relevant 
Research Project and participation in EC projects. - Giovanni Castellazzi, PhD, Civ.Eng, expertise 
in structural modelling (comp. mechanics, structural reliability). Research in FE analysis error 
estimation, nonlinear analysis; masonry structures. - Giovanni Pascale, Professor, Civ.Eng., 
lecturer in Structural Mechanics & Diagnostics by Ultrasonics, Head of Materials Testing Lab, 
experienced in mechanic and ND of materials and structures, SHM. Scientific coordination in EU 
TMR Network project. Scientific leader of Nat. and EU Research Projects. - Roberto Carli, expert 
in lab & on-site testing of structural elements, traditional and innovative materials, data treatment, 
dynamic. He’s certified 3d level for NDT of structures and cultural heritage. - Davide Betti, 
competent in testing traditional and innovative materials, including FRP, in preparing lab set-ups 
and in NDT of concrete and masonry. He’s certified 2d level in ultrasonics and other NDT. - 
Antonio Di Leo, Professor, Civ.Eng, lecturer in Structural Mechanics, Diagnostics & 
Experimentation of Structures, experienced in mechanic and ND assessment of materials and 
structures, SHM. - Elena Ferretti, Assistant Professor, Civ.Eng, lecturer in Structural Mechanics. 
Interests: construction restoration, experim. mechanics, composite mat, fracture & damage 
mechanics, nonlocal approaches. - Christian Carloni, Assistant Professor, Civ.Eng., lecturer of 
Structural Mechanics in Architecture. Experience in restoration of constructions, fracture and 
damage mechanics.  
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2.2.9 Participant No. 9 – ACCIONA  
Brief description of the legal entity: ACCIONA Infraestructuras is a leading European construction 
company developing and managing buildings and civil infrastructures under the sustainability 
principles. It has an international presence in more than 30 countries and its total turnover in 2007 
was 3.6 billion €, employing 14.000 people. It is part of ACCIONA Group, whose business lines are 
Infrastructures, Real State, Urban-Environmental Services, Water, Energy, Logistic and Transport. 
ACCIONA Infr. develops a broad spectrum of activities inside the sector of construction and 
management of civil infrastructures, amongst which, the design, construction, maintenance and 
repairing of bridges are the most relevant ones in relation to the scope of the project. 

Main tasks in the project: Integration of the new sensing and monitoring techniques developed 
during the course of the project into a new set of guidelines and procedures for maintenance 
activities as well as validation of these new procedures in a real case study. 

Previous experience relevant to those tasks: All R&D ACCIONA activities are integrated at its R&D 
Technological Centre of Madrid (TCM), which is composed by 150 multidisciplinary high qualified 
researchers, fully dedicated to R&D activities. ACCIONA Infr. is fully committed with the research, 
development and integration of new technologies and processes at the construction sector, 
including also, of course, those ones related to the construction, management and maintenance of 
road infrastructures, in general, and bridges, in particular. Acciona Infr. is an active member of 
some European and Spanish Technological Platforms (TPs) and initiatives, amongst which, the 
following can be highlighted: i) European Construction TP (ECTP), being part of its High Level and 
Support Group and leading several working groups; ii) Co-leader of the initiative towards the 
creation of the Joint Technology Initiative on Energy Efficient Buildings (JTI E2B), coming from the 
ECTP; iii) Member of National Technological Platforms construction/energy related; iv) 
Standardization Committee EC-10 for composite material and EC-11. ACCIONA has a long 
standing participation at R&D projects at National and European level. Thus, it is or has been 
involved in 10 projects from FP6, leading one of them, and in FP7 ACCIONA leads one project 
(MESSIB), being involved in other 16 approved projects at the first FP7 call. In relation to the 
scope of the project, it should be mentioned that ACCIONA Inf. has a broad R&D experience and 
capabilities in the area of design and construction of mew composite fibre reinforced polymers 
(RFP) bridges as well as in the reinforcement with composite elements of deteriorated concrete 
bridges and infrastructures. In particular, some R&D projects carried out by ACCIONA Infr. related 
to this topic are: i) Futurebrigde (Leader, FP6 project) - High performance (cost competitive, long-
life and low maintenance) composite bridges for rapid infrastructure renewal; ii) Pumacon 
(National, Iberoeka): Investigation about the use of composite materials in vehicle bridges. 

Short profile of the staff members who will be undertaking the work:  
Mr. Juan Manuel Mieres, Civil Engineer by the Polytechnic University of Madrid (Spain), has an 
experience of more than 18 years in the research field applied to the construction sector. Since 
1994 he has been the Director of R&D of Acciona. Mr. Mieres has a wide experience in co-
ordinating and participating in European and national projects. He is a member of the HLG of the 
ECTP and has pushed the JTI E2B project since the beginning. - Mr. Javier Bonilla Diaz, Civil 
Engineer by Alfonso X El Sabio University (Spain), is currently working at the R&D Department of 
ACCIONA TCM, as Head of the Composite Material Group. In this area, Mr. Bonilla has a broad 
experience at the design and calculation of civil infrastructures, specifically concerned with bridges, 
and has been involved in several national and European projects. Active member of the STP and 
ECTP. Some relevant European projects managed by Mr. Bonilla related to the scope of the 
project: HP FUTUREBRIDGE, LESSLOSS, SAFEFLOOR. - Dr. Roberto Clemente Ortega, Civil 
Engineer Degree by the University of Carabobo (Venezuela 1996) and Ph.D. by the Polytechnic 
University of Catalonia (Barcelona, Spain 2007), has a large experience at structural analysis of 
reinforced concrete, asphalt mixtures and masonry elements. Along his professional career he has 
participated in several European and national research projects. Since 1999 he has actively 
worked as Engineering Researcher, both in academic and private areas and currently he is 
working at the R&D Department of ACCIONA TCM inside the Concrete Structural Elements group, 
carrying out research activities in the field of design and calculation of civil infrastructures. 
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2.2.10 Participant No. 10 – IDS   
Brief description of the legal entity:  

IDS Ingegneria Dei Sistemi (UK) Ltd is a company providing consultancy services and integrated 
system solutions in the defence and civil markets in areas spanning from Naval, Aeronautical, Air 
navigation, Space and Environment. IDS(UK) is based in Fareham, Hampshire, United Kingdom 
and has a staff of 10 people with degrees in Electronic Engineering and Physics. From a technical 
point of view the main areas of activity are in electromagnetic propagation simulation, antenna 
modelling and system analysis and tests of environmental radars (Ground Penetrating Radar, 
Ground Based Interferometric Radar). IDS(UK) is a fully owned subsidiary of IDS Ingegneria Dei 
Sistemi S.p.A. (Italy). 

Main tasks in the project:  

Integration of GBInR with other “traditional” deformation and vibration monitoring sensors. 
Validation of the use of GPR technology for the characterisation of bridge scour. 

Previous experience relevant to those tasks:  

IDS(UK) work in close collaboration with its parent Company IDS Ingegneria Dei Sistemi S.p.A. in 
the development of innovative solutions and new applications based on the evolution of existing 
commercial radar technology. These developments range from simulation of novel antennas and 
their interaction with the soil to new signal processing techniques for detection of Improvised 
Explosive Devices, testing of passive transponders for pipe identification, array and signal 
processing design for rescue operation radars, testing of Ground Based Interferometric Radar 
(GBInR) for the sub-millimetric measurement of structural movements. Many of these activities are 
carried out through UK National and European projects in collaboration with Universities and 
research centres as well as customers requiring specialised solutions.  

Short profile of the staff members who will be undertaking the work:  

Giovanni Alli was trained in Physics at the University of London obtaining a 1st Class Honours 
degree in Physics and a Ph.D. in Mathematical Physics in 1995. He has worked first at IDS SpA 
(Italy) since 1997 leading, among other projects, EU funded R&D projects on landmine detection 
with GPR. Before moving to IDS(UK) in 2006 he was head of R&D in the field of GPR. His 
technical specialisation is in radar signal processing and radar system analysis and he is a 
recognised authority in the field of GPR with a number publications. At IDS(UK) he is responsible 
for business development activities and setup the current radar group there and a number of 
collaborations with academic institutions and industry in this area of work. He is a member of the 
executive committee of EuroGPR (The European association of GPR users and manufacturers but 
in fact the only GPR association in the world). 

Kevin Banks is a junior Application Engineer specialising in GBInR measurements and data 
analysis. 
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2.2.11 Participant No. 11 – MiBAC-DRER  
Brief description of the legal entity: The Direzione Regionale per I Beni Culturali e Paesaggistici of 
Emilia Romagna (MiBAC-DRER) is the managing office of the Italian Minister of Cultural Heritage 
that coordinates the activities of 13 local structures of the Minister (Superintendence, National 
Archives, Libraries and Museums) of Emilia Romagna and represents a contact point between the 
Minister and the local offices, according the Constitutional Law No. 3 of 2001.  

Main tasks in the project: Census of all the structures in the Region, historical analysis. 
Individualization of at least two bridges of interest to consider as case studies.  

Previous experience relevant to those tasks: The large cultural heritage in Italy has been object of 
several previous studies also with EC financial support. MIBAB-DRER took part both as partners 
and proprietors of the tested structures. Among the recent previous experiences: “Gisad meddoc-
interreg III”, “museum”, “Roming”.  

Short profile of the staff members who will be undertaking the work:  

Immacolata Bergamasco. Graduate in Architecture in 1994, thesis about pre-stressed concrete 
bridge. She received her PhD from the Faculty of Engineering of the University of Rome in 1999: 
the doctoral thesis is in framework of plasticity theory, composite material, limit analysis and the 
related numerical methods. The research activity after the PhD is also about masonry arch bridges. 
She is contract professor since 2000, teaching in the field of structural engineering. At the present 
time she is teaching “Structural Mechanics” at University of Rome “La Sapienza” and works at 
MiBAC-DRER as Director specialist in restoring monument.  

Emanuela Melloni. Graduate in Law in 1995, Post-graduated master degree in Public Adm. 
Science and Study in 1999 at University of Bologna. She passed the Estate Examination for 
Lawyer Profession and practised Law Profession. Since 2001 at the Minister of Cultural Heritage. 
As this professional rule, Administration Director, she has been working at Archaeological 
Superintendence of Emilia Romagna where she was member for the European Programmes in 
wich the Organization was partner: “Meddoc Interreg III GiSAD” e “Museum”. Now she works at 
MiBAC-DRER (Bologna) with the rule of Administration Director Organizer. 

Cristina Sanguineti. Graduate in Architecture in 1998 at the University of Genoa, thesis on a 
methodological case-study which discussed knowledge of cultural heritage through a critical 
comparison between metric relief and written documents since 14th to 19th century. She has been 
attending to PhD course in Architectural and Urban History at Polytechnic of Turin (1998-2001), 
also researching at Italian and Argentinian Archives and discussing the Ph.D. doctoral thesis on 
the production and migration of architectural models from Europe to South America in Nineteenth 
Century. Since 2001 she belongs to the Ministry of Cultural Heritage and Activity. As this 
professional rule she has been working for five years at “Soprintendenza per i Beni Architettonici e 
Paesaggistici” of Liguria as official responsible for restoration and preservation of landscape and 
monuments for the main part of the province of Genoa. Then, after an experience of one year at 
“Soprintendenza per i Beni Archivistici” of Florence in protection of architects and engineers private 
archives of twentieth century, she passed to work as DIrector at MiBAC-DRER (Bologna). The 
research activity after the PhD is also about architectural and engineer study programmes of 
Universities in the Restoration Age and about building production according to the realization of 
new roads in historical centres in eighteenth century.  

Maria Gabriella Sposini. Graduate in Architecture in 1990. Has obtained a master  degree in the 
restoration of the monuments  at  the University of Rome “La Sapienza” in 1996. At the present  
she is working at the  MiBAC-DRER as Director. Her work relates mainly with the preservation and 
conservation of the monuments and landscape. 
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2.2.12 Participant No. 12 – TTI  
Brief description of the legal entity: The TTI GmbH – TGU Smartmote is a spin-off company of the 
University of Stuttgart. The main business of Smartmote is non-destructive testing in the field of 
civil engineering, while main objective of Smartmote is to transfer findings and experiences from 
research of many years to practical solutions. Smartmote develops hard- and software solutions 
and thus fulfils the demands for non-destructive test methods in the field of materials testing and 
civil engineering. The methods include experimental acoustic emission analysis, impact-echo-
techniques for quality control and building inspection, ultrasonic for the determination of setting and 
hardening of materials, wireless sensor networks for structural health monitoring or georadar for 
building inspection. They also offer a large spectrum of different services using these methods. 

Main tasks in the project: Main contribution of TTI – Smartmote in the project is the development of 
smart sensors for long term monitoring of stress and strain, temperature, humidity, vibration and 
acoustic emissions as well as hard- and software development for the wireless sensor networks. 
With respect to the progress beyond the proposed project Smartmote will further develop the 
prototypes to practicable monitoring systems and will bring them into the market. 

Previous experience relevant to those tasks:  

TTI–Smartmote was subcontractor in the “Sustainable Bridges” project for the University of 
Stuttgart. The spin-off was based on the developments made in this project as well as on further 
non-destructive test methods and systems that have been developed by the Institute of 
Construction Materials and TTI-Smartmote.  

Short profile of the staff members who will be undertaking the work 

Markus Krüger, Dr.-Ing., Dipl.-Wirt. Ing., graduated from the University of Dortmund in civil 
engineering in March 1998. Graduated from the University of Hagen in industrial engineering and 
management in March 2004. From 1998 to 2007 assistant at the Institute of Construction 
Materials, University of Stuttgart. Teaching and educating students in concrete technology. 
Development and application of non-destructive test and monitoring methods in the area of civil 
engineering. Conferral of a doctorate in July 2004 with the dissertation “Prestressed Textile 
Reinforced Concrete”. In 2004 foundation of Smartmote that is a spin-off formed from the non-
destructive testing research group of the Institute of Construction Materials. Head of the unit 
“Monitoring in Civil Engineering” at the MPA Universität Stuttgart. 

PD Dr. Christian U. Grosse, born 1961, studied Geophysics at the University of Karlsruhe (TH) 
and earned his PhD in 1996 in Civil Engineering at the University of Stuttgart followed by his 
Habilitation in 2005 at the same place. He is lecturer at the University of Stuttgart and head of 
Division 4 “Protection of buildings and plants” and the Department 43 “Non-destructive testing and 
monitoring techniques” at the central institute of Material Testing (MPA) of the University of 
Stuttgart. Since July 2007 he is associate director of the MPA. Dr. Grosse is working as consulting 
engineer at TTI - Smartmote. 

Gerhard Bahr, electrical engineering technician, is an expert in the development of data 
acquisition hard- and software with about 25 years experience. He is head of the electronics 
development unit of Smartmote and responsible for data acquisition soft- and hardware, sensor 
adaptation as well as the implementation of data analysis methodologies. He also is responsible 
for sensor housing. 

Sebastian Bachmaier, Dipl.-Ing. (BA), MSc, is software developer. Main field of activity is the 
monitoring of civil engineering structures using wireless sensor networks. Main duty is the 
development of embedded software for sensor nodes and of GUIs for network operation. Previous 
career: Development Engineer for Mobile Networks at Alcatel SEL, Engineering Assistant at 
Robert Bosch and guest lecturer at the University of Cooperative Education, Stuttgart.  
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2.2.13 Participant No. 13 – CSIC  
Brief description of the legal entity: The Spanish National Research Council (CSIC) is the largest 
public research body in Spain. With centres throughout Spain, it plays an active role in the 
scientific policy of all the countries autonomous regions. The Industrial Automation Institute (IAI) 
belongs to the CSIC and is formed by 3 departments: Systems, Automatic Control and Industrial 
Informatics. The Non Destructive Testing group (GEND) is part of the Systems department and is 
one of  most important groups focused on this area in Spain. It is a multidisciplinary group formed 
by 14 people, among scientific, technical staff and postdoctoral researchers.  

Main tasks in the project: i) Carry out accelerated degradation experiments for the degradation  
types detected on previous tasks; ii) Analysis of data obtained from monitoring technique; iii) 
Supply contributions to guidelines; iv) Contribution to the database with the “material damage” in 
concrete and masonry bridges, specially focused on the durability problems of concrete (chloride 
diffusion, carbonatation, rebar corrosion and cracking problem); v) Promotion of a national 
seminary to disseminate the project results; vi) Contribution with contents of the web site.  

Previous experience relevant to those tasks: The research staff has been working in the last 10 
years in cement based materials characterization by means of ultrasonic techniques. The main 
objective has been focused in developing different methodologies based on information from 
ultrasonic waves: velocity, attenuation and structural noise, and relate this information with 
microstructural parameters from cementitious materials. In recent years the group has developed 
algorithms and inspection systems in order to obtain the ultrasonic image of materials. Use of 
images has allowed identifying manufacture problems as well as characterizing different durability 
processes. These processes are the behaviour of concrete under freeze and thawing cycles and 
degradation of mortar in contact with rural manures. The research work was supported by several 
research projects from the Spanish Ministry of Science and Education and from the Spanish 
Ministry of Public Works. Also the research staff is part of one of the most important research 
consortiums consolidated by the local government (only two at Madrid, inside the IV PRICIT plan) 
working in the field of cement-based materials, Dumeinpa cluster; European projects: FP5 
“AMICA”/GRD1-2000-25513 and FP5 “PHARUS-IT” /GRD1-2001-40531.  

Short profile of the staff members who will be undertaking the work: 

José Javier Anaya. Tenured Scientist at the CSIC-IAI. He received a Ph.D. degree from the 
Facultad de Física of the Universidad Complutense of Madrid in 1990. He has participated in more 
than twenty research projects with public and private financing. He has wide experience in the 
development of patented systems for processing ultrasonic signals for NDT applied to the 
characterization and inspection of materials that nowadays are operating in diverse technological 
companies both Spanish and European (AIRBUS, TALGO, Eurocopter, MTORRES, etc.). His current 
scientific research interests include real-time digital signal processing and ultrasonic methods of 
non-destructive testing. He has obtained satisfactory results that have been exposed and 
published in scientific reviews and reports at National and Int. Conferences.  

Teresa Sánchez Martín, graduated in Electronics from the Universidad Complutense of Madrid 
and Ph.D. in 1990 from the same University, is since 1972 Tenured Scientist at CSIC-IAI. She has 
wide experience in developing systems for ultrasonic signal processing in NDT for characterization 
and inspection of materials. She has been co-author of over 25 patents, some of them are 
operating in technological companies (AIRBUS, TALGO, Eurocopter, MTORREs, etc). Her main 
fields of interest are digital systems, digital signal processing, ultrasonic methods of non–
destructive testing and ultrasonic characterization of materials.  

Margarita González Hernández. Tenured Scientist at CSIC since 2007. received a Ph.D. from the 
Escuela Técnica Superior de Ingenieros Industriales of the Universidad Politécnica of Madrid in 
2002. She has participated in more than fifteen research projects with public and private financing. 
She has wide experience in the development of methodologies applied to the characterization and 
inspection of materials. Their current scientific research interests include digital signal processing 
and ultrasonic methods of non-destructive testing. At the present time is involving in the 
development of techniques for measuring the microstructure of concrete materials, by non-
destructive testing using embedded sensors.  
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2.2.14 Participant No. 14 – RIGA   
Brief description of the legal entity: The Roads and Bridge Department belongs to Civil Engineering 
Faculty of Riga Technical University (RTU). The researchers of RTU in this proposal are 
specialized in Durability and reliability problems of bridge structures,  condition forecast of concrete 
road bridges and bridge maintenance strategies. The group is composed by one full professor, one 
assistant, plus  doctoral student who are developing the PhD Thesis in bridge reliability issue.  

Riga Technical University is a public university, with more than 17.000 students and 4.000 teaching 
and research staff. The RTU has a large experience in European projects. 

Main tasks in the project: Main task in the project is to take part in developing of catalogue of 
characteristic bridge damages (for current bridges structures, bridge structures after repair, photos, 
descriptions) and take part in developing guidelines for identification and quantification of 
damages. RTU can deliver the example of  monitoring the reconstructed composite concrete-steel 
bridge and example of investigation of historical clayed brick Masonry Bridge.  RTU will  participate 
in WP2 and WP6.  

Previous experience relevant to those tasks: The RTU has experience in investigation of Durability 
and reliability problems of bridge structures, condition forecast of concrete road bridges and bridge 
maintenance strategies, examination of existing bridge structures and interventions for their 
improvement. On these topics the expertise includes on-site testing and analytical and numerical 
modeling. 

Short profile of the staff members who will be undertaking the work:  

Prof. Dr. sc.ing. Ainars Paeglitis: Full professor and head of department of Roads and Bridges of 
Riga Technical University. He is an active member of FIB Commission 5, Structural Service Life 
Aspects of concrete structures. Consulting engineer in the field of bridge analysis and design. He 
has lead more than 10 research projects and have been project manager in more than 20 bridge 
design projects, he has published more than 15 papers in the durability matter applied to bridge 
structures.  

M.sc.ing. Kristaps Gode: receive his Civil Engineer and M.sc.ing degree from the RTU in 2005. 
He is PhD student in field of development of rational strategies, procedures and criteria for 
assessment, maintenance and rehabilitation of concrete structures.  

M.sc.ing. Andris Paeglitis: receive his Civil Engineer and M.sc.ing degree from the RTU in 2007. 
He is an assistant lecturer in department of Rods and Bridges. His field of investigations is 
assessment and residual service life evaluation of maintained and repaired structures.  
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2.3 Consortium as a whole  

The consortium is made of 14 partners, from 8 different countries, with complementary expertise 
and interests, which make it effective in reaching the objectives. In fact, among these research 
agencies, universities, SMEs are included. The specific contributions are summarized in the 
following.  

ENEA will act in the project as coordinator and will cooperate in the development of innovative 
monitoring system sensors. The task is therefore aimed at developing a complex monitoring 
system designed for continuous, or quasi-continuous monitoring of bridge structures subjected to 
the influence of seismic activities which directly change conditions in the surroundings of the 
structure (earthquakes, underground rock bursts, water outflows, ground subsidence), thereby 
causing damage to the structure located in such areas. 

POLITO will take part in the project by means of three departments. DISTR: Dynamic testing, 
Operational modal analysis, Structural linear and non-linear identification, risk and vulnerability 
assessment, robust monitoring, robust model updating. Inlab validation of the new sensors; Deign 
of a reduced scale physical model of a masonry arch bridge: static and dynamic test up to failure 
under imposed displacements under the pier support. Using dynamic testing to detect scour and 
WIM. DELEN: micro-electronic multifunction sensors and sensor nets; custom sensing devices. 
Close cooperation with DISTR and DISMIC. DISMIC: Custom Fiber Bragg Gratings design, 
production and testing, nanostructured coatings design, production and testing, Advanced testing 
& materials characterization.  

UPM main task in the project is to apply the embedded sensors in concrete for prediction and 
detection of the concrete deterioration under environmental and loading conditions. The UPM will 
work in collaboration CSIC for laboratory testing of specimens under these deterioration conditions. 
UPM will lead WP4 and participate in WP1, WP2, WP5, WP6 and WP 7. 

BAM will give its contribution mainly in data mining and evaluation for the damage data base and 
damage analysis; evaluation and integration of data obtained from monitoring technique; supply 
contributions to case studies and guidelines.  

ERF gather National Road Associations, Road equipment manufacturers, Road Operators and 
Research Centres. ERF members with specific knowledge and expertise in terms of bridges will be 
requested to contribute to TISMAD by providing relevant data and information. Their contributions 
to TISMAD can be asked via the ERF secretariat communication but also within the framework of 
the SUSTAINABLE ROADS working group. This WG tackles road infrastructure design, building 
and maintenance issues, and thus, it includes bridges issues. 

TU Iasi team will be involved in following tasks: i) identification of damages and enhancing the 
damage catalogue taking into account a survey on current existing bridge structure common for 
Romanian infrastructure; ii) experimental monitoring of bridge in study cases (iii) modelling and 
simulations for case study for various static and combined dynamic&seismic loading; iv) 
contributions to guideline; iv) participating in dissemination tasks and activities. 

UNIBO will contribute primarily to WP3 (Monitoring for assessment) by performing a lab feasibility 
study of scour investigation by radar; to WP4 (Sensing materials for monitoring) by modelling the 
sensors logistic on case study, and WP6 (Case studies), where UNIBO will act as WP Leader, by 
lab & on-site comparative NDT testing of foundation and superstructure of bridges, to validate the 
data from the continuous monitoring sensors and to provide input for the modelling. 

IDS will participate in the integration of GBInR with other “traditional” deformation and vibration 
monitoring sensors. Validation of the use of GPR technology for the characterisation of bridge 
scour. 

MiBAC-DRER will do a census of all the structures in the Region, historican analysis. 
Individualization of at least two bridges of interest to consider as case studies. 

Main contribution of TTI – Smartmote in the project is the development of smart sensors for 
longterm monitoring of stress and strain, temperature, humidity, vibrationand acoustic emissions as 
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well as hard- and software development for the wireless sensor networks. With respect to the 
progress beyond the proposed project Smartmote will further develop the prototypes to practicable 
monitoring systems and will bring them into the market.  

CSIC task will be: i) carry out accelerated degradation experiments for the degradation  
types detected on previous tasks; ii) Analysis of data obtained from monitoring technique; iii) 
Supply contributions to guidelines; iv) Contribution to the database with the “material damage” in 
concrete and masonry bridges, specially focused on the durability problems of concrete (chloride 
diffusion, carbonatation, rebar corrosion and cracking problem); v) Promotion of a national 
seminary to disseminate the project results; vi) Contribution with contents of the web site. 

RIGA main task in the project will be to take part in developing of catalogue of characteristic bridge 
damages (for current bridges structures, bridge structures after repair, photos, descriptions) and 
take part in developing guidelines for identification and quantification of damages. RTU will deliver 
the example of  monitoring the reconstructed composite concrete-steel bridge and example of 
investigation of historical clayed brick Masonry Bridge.   

 

The possible support of Community actions specifically devoted to the industrialization and 
commercialization of results of research, will be surely considered. Other European institution will 
be informed of the results of the project and of the commercial system manufacture. At the end of 
the project, the partners will also decide whether to try or not a common action towards other 
application fields of the same measurement and maintenance system prototype. After the 
conceptual design, general design and the first tests on case studies the partners will secure the 
intellectual property rights applying for an international patent to be effective in the wider number of 
countries. 

The patent and licensing policy of the project results will be developed in a specific private 
consortium agreement, whose guidelines are: 

- The consortium plans to cover any commercially significant innovation by means of patents. 

- Patenting costs and maintenance fees will be charged to partners directly involved in its 
exploitation.  

In addition to specific hardware protection systems, software codes will be protected by copyright 
protection. No licensing of technology or software will be released to third parties outside the 
consortium in the civil or mechanical processing machine field.  

As illustrated in WP1, a Mid-Term Assessment report on the progress of the research and the 
partners’ plans for future exploitation strategy is to be submitted before the end of the 20-th month 
from the date of the commencement.  

The progress of the project will allow the development of a new application area for GPR and the 
integration of GBInR with other sensors for a new efficient methodology for monitoring bridge 
deformations and vibrations. It is worth to point out that IDS(UK) is already active in the marketing 
of the GBInR technology for bridge monitoring as well as GPR. The validation of the use of GPR 
for inspection of bridge scour is yet another application of this technology that is directly beneficial 
to IDS major customers (engineering and land surveying companies) that will reflect on the sales of 
GPR equipment. Regarding GBInR, this is a unique technology with great technical potential where 
strong validation is essential in order to build the necessary confidence in the community of 
mainstream structural engineers that are accustomed to more traditional technology and have little 
grasp of radar. In this regard the comparison of GBInR and “traditional” sensor will be of great 
benefit for its commercial exploitation. Furthermore, the integration of GBinR with more “traditional” 
sensor technologies is likely to allow the development of a monitoring procedure by which the more 
expensive and more performing GBinR is used as a periodic calibration of some of the less 
performing but cheaper “traditional sensors”. Provided the technical results are satisfactory, the 
exploitation plan will foresee the engineering of a product and appropriate procedures for the use 
of GPR and GBInR in these two applications. Due to the fact that the project is biased towards the 
development and validation of applications rather than that of critical technological components, 
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the time to market is envisaged to be short (2 years) while the return of investment can be 
expected after ~3.5-4 years after the completion of the project.  

ACCIONA Infr. develops a broad spectrum of activities inside the sector of construction and 
management of civil infrastructures, amongst which, the design, construction, maintenance and 
repairing of bridges are the most relevant ones in relation to the scope of the project. ACCIONA 
and CSIC-IAI, partners in the present proposal, are also in DUMEINPA cluster. The researchers of 
UPM in this proposal are specialized in mechanics of durability applied to concrete and masonry. 
The ERF focuses on road-related programmes that promote economic growth, trade relations and 
social conditions, improving road safety and enhancing the environment. Since it mission is related 
to promote the road and road-related issues at all levels in the European Union and to provide 
European policy-makers and institutions with fact-based information on road sector issues, trends 
and concerns, will help the coordinator to organize exploitation and contact with industries 
interested to the project results. In particular: identification of the target groups and the 
dissemination needs, planning and bringing together all possible marketing activities to enhance 
further dissemination of experiences (helping ENEA in developing a business plan). Showcasing 
project results at appropriate exhibitions, both in Europe and the US; organisation of a final 
international workshop (proceedings to be printed by an international publisher) will help to 
increase the industrial interest in the project results. 

2.3.1 Sub-contracting 
No sub-contractors have been considered in the projects. 

    

2.3.2 Other countries 
All the partners are from EU countries. So, no countries outside the EU, or are not Associated 
Country, and are not on the list of International Cooperation Partner Countries, is among the 
partners.  

2.3.3 Additional partners 
There are no additional partners.  

 

2.4 Resources to be committed 
ENEA 

Available equipment: temporary array (accelerometric and velocimetric) to instrument bridges for 
experimental dynamic analysis, composed by 5 Kinemetrics K2 acquisition systems (triaxial 
internal accelerometer, 9 external channels), 45 uniaxial FBA-11 accelerometer sensors and 18 
SS-1 Kinemetrics velocimeter sensors, 1 HP3566A (8 channels) acquisition system (amortization: 
20.000 €) (WP6).  

To be acquired: Interrogation system Micron optic Sm 130, 100 fbg sensors gfrp (glass fiber 
reinforced plastic) Ital GM, optical cables and connectors, computer pxi national instrument (€ 
25000) (WP4).  

 

ERF  
Dissemination material cost: Internet page (2000 €), Poster (500 €), packaging of results (3000 €).  

 

TUIaşi 
Laboratory for bridge testing: Chain  for in situ testing composed of excitation system 3628, set of 
accelerometers and amplifiers, impact hammer 8210, Notebook Dell for data capture, Experimental 
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Modal Analysis Software including packages FFT4chanels, MTC7753, ODS Consult 7765, MIMO 
option 7764, Me’Scope VES 7754, calibration tools and cables set, Pulse testing system.  

Multidisciplinary Centre for Structural Engineering&Risk Management: FEA Software consisting of 
SAP2000, ETABS, ROBOT Millenium, 3D Perform, IDARC, Safe, Atena Software and Raumoko 
software, Matlab complete Package and Simulink Tools. 

Centre for Seismic testing: ANCO triaxial shaking Table 3123 and software for experimental testing 
of structural elements including software for results interpretation. Software using GIS based 
visualization of urban and regional infrastructure.  

 

UNIBO 
Laboratory of Computational Mechanics: advanced computing systems and devices (15000 
euro) and software packages, such as general purpose FE codes for numerical simulation and 
codes for structural analysis and design (SAMCEF, ANSYS and ABAQUS for a total of 10000 
euro), codes for symbolic manipulation and programming language codes (Matlab Packages and 
Simulink Tools, 5000 euro).  
Laboratory for Materials Testing: Low frequency ultrasonic analysers SICEC HPFG 4 with 
operator-adjustable pulse repetition rate, variable amplification of received signal, CRT for 
continual display of time function vibrations and CMS v.3.1 with Bluetooth control unit, set of 
piezoelectric transducers with frequency ranging from 50 to 200 kHz (12000 €). Sonic tests 
systems: high-mass instrumented hammer Dytran with accelerometers and data acquisition unit 
and analyzer Dytran and low mass impact hammer (6000 €). Impact-Echo system with high-speed 
acquisition card National Instruments, PC, accelerometers, set of impact hammers, control unit and 
multiplexer (8000 €). Dynamic testing system with 8 channel amplifier and acquisition unit for 
accelerometers PCB 442 with seismic accelerometers and high frequency accelerometers (5000 
€). 

 
IDS 

In order to perform GPR measurements on a boat with sufficiently high accuracy, a new generation 
GPS + inertial positioning platform will be purchased during the course of the project and 
integrated with the GPR equipment. Although it is expected that in time the cost of such devices 
will decrease drastically hence making their use commercially viable, at this stage the price of such 
systems with sufficiently high interface flexibility and high performance, is still high. An example of 
a suitable platform would be the RT3000 series by Oxford Technical Solutions Ltd 
(http://www.oxts.co.uk/default.asp?pageRef=1 ) which quoted a price is in the order of 50 k€. 

 

TTI 
Provision of sensor network prototype that was developed in the “Sustainable Bridges” project. 8-
channel-laboratory transient recorder system with acoustic emission analysis software for 
localization of acoustic events. Several acoustic emission sensors for laboratory and on-site tests. 
Several internal and external preamplifiers for acoustic emission analysis. Ultrasonic test device for 
characterizing materials. Also a GPR, an Impact-Echo and an Ultrasonic test device for on-site 
testing are available.  

 

CSIC  
Equipment: NDT Automatic Ultrasonic systems: pulse-echo, through transmission and double 
through transmission, single and multichannel inspection, immersion and air coupled ultrasonic 
inspection (EC contribution: €16000). TICO: concrete ultrasonic testing. Pico Logic: temperature, 
humidity and pH multichannel monitoring. Acquisition and processing software for sensorial 
signals. Controlled system for accelerated degradation lixiviation experiments. Electronic 
development laboratory. 
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Consumables: Embedded sensors and ultrasonic transducers (EC €8000). Cables, connectors and 
electronic devices (EC €3000). Materials and devices for accelerated experiment (EC  €3000).   

 

RIGA  
Noptel PSM-200 Displacement Sensor - for displacement and alignment measurement; Trimble S8 
Total Station for monitoring of movements; C-104 Capo Pullmachine (Capo-Test for in-situ 
concrete compressive strength); RCT & RCTW for acid and water soluble chlorides test in-situ; 
GP-5000 GalvaPulse for corrosion rate, half-cell potentials and electrical resistance; Equotip picolo 
– portable hardness tester for steel; SHMIDT hammers; MICRO-COVERMETER for providing 
digital readout of bar depth; mechanical and strain gauges; indicators. 
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3 Impact 

3.1 Expected impacts listed in the work programme 

Has already stated previously, Europe has a large patrimony consisting of an important number of 
bridges with a high duration of operability, of over 50 years. An important number from these 
bridges represent masonry arch bridges but there are also concrete bridges and steel bridges. The 
preservation of these structures to guarantee their efficiency is an issue of our age, which can be 
pursued by means of the definition of a maintenance program to avoid worse and non-reversible 
damages. 

The main societal needs to which this proposal is directed are presented in terms of an increase 
in safety of existing, and also historical, bridges due to the application of new measurement 
techniques in order to improve the maintenance and reduce its cost. Besides:  

• this project can directly contribute to the creation or preservation of employment in Europe 
in terms of safety of touristic services indirect benefits as well as in terms of possible direct 
market increase in respect of tourism itself;  

• the impact of the project on the improved use and the development of skills is in terms of 
safety and risk analysis, this is possible only by education and training in electronics and 
informatics of the people who have a deep knowledge of the building components;  

• the project aims to contribute to competitiveness in the sense that it proposes a transition 
from rigidly programmed maintenance and inspections towards flexible programming and 
preventive maintenance on request;  

• a very important objective of the project as it will be shown in WP3, is the early warning in 
case of scouring. This aspect is critical already now, due to the fact that the highest 
percentage of ancient bridge collapses are due to scouring. Monitoring the scour under pier 
foundations by dynamic testing and joint GPR and GPS/inertial positioning is itself a jump 
beyond the S.o.A.;  

• the impact on improving the quality of life is mainly in terms of better preservation of 
existing structures and of bridges of the cultural heritage;  

• strong benefits will occur in terms of health and safety as a consequence of the increasing 
of reliability of existing and historical bridges by on-condition monitoring of it. The actual 
level of reliability could be considered sufficient to keep the probability of crash reasonably 
low, but the increasing level of loading by different ways can be dangerous;  

• the impact of the project on working conditions and safety at work is direct and 
significant for all European citizens that work in historical cities.  

WP3 and WP4 have a very high degree of impact. In fact the independently but simultaneously 
collected data will be put together and the effects of their comparison will be used for the 
assessment of the actual state of the structures under investigation and - additionally - for 
introductory trial of determining the common rules and directives toward working-out universal 
criteria of such an assessment in the future (after further implementations of  the system at many 
other locations throughout the Europe). Therefore this measurement technology has the potential 
to allow the development of a methodology to study the dynamic behaviour of buildings during 
seismic events or natural excitation. All these data aim to the evaluation of seismic vulnerability. It 
is aimed toward  working-out universal criteria of complex assessment of  the state and safety of 
bridges and other infrastructures in the future (after further implementations of  the system at many 
other locations throughout the Europe) in context of rapidly increasing industrial development and 
diversified environmental conditions. 

The damage-oriented monitoring is an eligible choice if it can replace with higher efficiency and 
lower cost the traditional inspection methods. It requires  the reasonable certainty that the 
automatic measurement and diagnosis systems making "smart" a structure can effectively detect 
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all the major damages threatening the safety of the structure. Monitoring means “looking for 
symptoms”. The reliability of the structural monitoring is assured if, instead of searching for 
irrelevant symptoms, we are able to find the path to detect automatically the relevant threatens.  

The leading idea is to implement low-cost wireless MEMS networks and develop long gauge one 
or two-dimensional (surface) sensing devices by means of fiber-optic nets or adhesive layers with 
added nano-particles. In the latter case a theoretical interpretation of the surface-extended stress 
and strain field shall be assessed and the related software produced. Distributed sensing can be 
also fundamental to measure environmental parameters (temperature, humidity, dangerous 
pollution,…).  

• At best one can perform a synchronous GPS acquisition in order to try and reposition the 
radar data which, however, will not be acquired in a regularly spaced fashion unless the 
above conditions are met in the first place. 

• Lately new positioning systems based on a fusion between GPS information and electronic 
inertial systems are becoming available on the market. These can also be used for 
generating a very accurate (millimetric) synthetic odometer-like signal that could be used 
for driving the radar acquisition on water as if on ground. Furthermore, these real-time 
systems can be used through an appropriate Human Machine Interface, to guide the boat 
operator to perform the acquisitions along given paths around the pillars that are deemed 
most significant by the structural engineer.  

The above three issues along with the choice of the most effective GPR antennas to be used, will 
be the focus of the GPR activities in the TISMAD project. The overall aim is therefore that of 
building a performance envelope for this specific application beyond the current proof-of-concept 
academic experience 

The investigations focus on relevant measurable damage indicators. In order to determine 
applicable sensors for damage detecting a better understanding of causes and degradation 
mechanisms is needed. For example, deterioration of concrete structures follows well identifiable 
deterioration mechanisms. These mechanisms represent the interaction between the actual 
environment and the structure, with its geometry and materials composition. In a number of cases 
the damage indicator can be derived from typical impact. Degradation mechanisms of bridges can 
generally be distinguished after their real cause namely chemical, physical or biological (or 
sometimes as combined effect).  

As an example of Impact in the education and training (Master study programs):  

• Transport Infrastructure Rehabilitation graduate program, taught in Romanian,  operational 
for the time being at TUIaşi, the Faculty of Civil Engineering and Installations, with 2 
semesters, following that for 2008-2009 the program will be operational with 3 semesters.  

• Structural Engineering, 3 semester Master Program taught in English, operational since 
2005.  

Further, the exploitation of the project results will be made on a large scale thanks to their 
presentation at a Final International Workshop open to key policy-makers and relevant 
stakeholders. The workshop will present the Guideline book (WP7) and promote a large-scale use 
of the recommendations included in it. Given the importance of the topic in Eastern Europe 
countries, the workshop will take place in Romania. At the end of the project, the project partners 
will be asked to participate in specialised conferences, events, etc to present the TISMAD initiative 
or to focus on specific aspects of the project. Those events, both EU and USA located, will be 
carefully identified to facilitate the participations . Seminars and classes on the subject will be given 
to undergraduate and graduate university students by the university partner (University partners). 
The ERF, with the support of the European Commission, coordinates the EUROAUDITS project 
which aims at creating common guidelines for safety auditor training across the Member States. 
Ancient bridges management could be part of the training and hence, TISMAD results would be of 
relevance if integrated in the programme. This possibility will be considered by ERF.  

Furthermore, the proposed TISMAD project concept is in the framework and will give added value 
to the “Road safety inspections and audits”, which are part of the “Safe Road: Management 
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Directive”, currently under discussion by the European Parliament (http://www.irfnet.eu/en/press-
releases/2008/03/05/safe-road-management-directive-a-step-closer/) 

3.2 Dissemination and exploitation of project results, management of intellectual property 

Dissemination and exploitation of project results are in WP 7.  

The intellectually property of each result will belong to the partners involved in the corresponding 
WP, taking into account their specific contributions. Non disclosure agreements have been signed 
between each partner and ENEA.  
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4 Ethical Issues 

Not applicable.  

ETHICAL ISSUES TABLE 

 YES PAGE 

Informed Consent   
• Does the proposal involve children?  No  
• Does the proposal involve patients or persons not able to give consent? No  
• Does the proposal involve adult healthy volunteers? No  
• Does the proposal involve Human Genetic Material? No  
• Does the proposal involve Human biological samples? No  
• Does the proposal involve Human data collection? No  
Research on Human embryo/foetus   
• Does the proposal involve Human Embryos? No  
• Does the proposal involve Human Foetal Tissue / Cells? No  
• Does the proposal involve Human Embryonic Stem Cells? No  
Privacy   
• Does the proposal involve processing of genetic information or personal 
data (eg. health, sexual lifestyle, ethnicity, political opinion, religious or 
philosophical conviction) 

No  

• Does the proposal involve tracking the location or observation of people? No  
Research on Animals   
• Does the proposal involve research on animals? No  
• Are those animals transgenic small laboratory animals? No  
• Are those animals transgenic farm animals? No  
• Are those animals cloned farm animals? No  
• Are those animals non-human primates?  No  
Research Involving Developing Countries   
• Use of local resources (genetic, animal, plant etc) No  
• Impact on a local community No  
Dual Use and potential for  terrorist abuse   
• Research having direct military application No  
• Research having the potential for terrorist abuse No  
I CONFIRM THAT NONE OF THE ABOVE ISSUES APPLY TO MY 
PROPOSAL 

YES  
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5 Consideration of gender aspects  

The partners have been selected on the basis of their background expertise, work experience and 
their knowledge in the fields of interest to the various activities of the project but also respecting 
equal opportunity philosophy. Indeed, participant organizations agreed to banish all unfair and 
discriminatory practices, regardless of how and when they occur.  

Actions aligned with this policy include the incorporation of women in the proposal preparation 
phase. Several women are involved as experts in the preparation of the TISMAD project proposal 
(working for different organizations in the consortium). 

As it is to be seen from the lists of researchers involved, about 25% of these are women, including 
one of the WP Leaders (WP6, Dr Camilla Colla, see 2.2.8) 

 


