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Abstract 
SMARTEC SA has been active in applications of SHM for 20 years, with close to 1'000 
applications in 30 countries. Our company will turn 20 in July of 2016, so the EWSHM 
conference is the ideal event to look back at the main developments of SHM in the last 20 
years, as seen from an industrial perspective.  
In this contribution we will review the evolution of SHM applications through significant 
project examples taken from our experience in bridge and buildings monitoring as well as in 
geotechnical and pipeline applications. In particular we will discuss the development of SHM 
sensor technology, with emphasis on optical fiber sensors, SHM data analysis and 
interpretation. At the same time we will have a look at the evolution of SHM market 
acceptance and penetration. We will identify success stories where SHM really provided 
concrete benefits to the structure owners. 

 
1 SMARTEC’S HISTORY 

The pre-history of SMARTEC SA started in 1992, when prof. Léopold Pflug launched a 
pilot project on fiber optic sensors at the Stress Analysis Laboratory of the Swiss Federal 
Institute of Technology in Lausanne (EPFL). The aim of the project was the monitoring of 
civil engineering structures with fiber optic sensors. This technology was being researched in 
the aerospace industry for monitoring aircrafts and it seemed interesting to develop the same 
concepts and techniques for civil structural monitoring. At the beginning, the research team 
was composed by physicists and civil engineers. This combination proved very interesting 
and allowed to quickly move from laboratory developments to field tests. The close 
cooperation with other laboratories within the civil engineering department also proved very 
beneficial, allowing access to a number of test objects for the technology. Different fiber 
optic technologies were investigated and it was finally decided to adopt low-coherence 
interferometry that seemed to offer important advantages for this application domain, and in 
particular an excellent long-term stability, a high resolution and the possibility of creating 
long-gauge sensors suitable for the monitoring of large civil structures. A big effort was put 
in the development of a sensor packaging that would allow a reliable installation in concrete 
or on the surface of existing structures. In 1993 the SOFO system was officially born (SOFO 
stands for “Surveillance des Ouvrages par Fibres Optiques”, of Structural monitoring with 
Optical Fibers) [1,2]. The combination of the new sensors and the new reading unit allowed 
the first successful deployments in several Swiss bridges and amplified the interest of the 
industrial research. The project was enlarged to include several partners from industry and 
led to the realization of larger monitoring projects, including the installation of an extensive 
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sensor network in the Versoix Bridge. In 1996, the product seemed mature for 
commercialization and the young team of engineers met with the industrial partners to see 
how the SOFO system could be marketed: SMARTEC was founded a few weeks later. 

After a continuous growth in its first ten years of existence, SMARTEC entered a new 
phase characterized by the need of new investments to diversify products and markets. We 
explored cooperation with companies providing complementary technologies and products 
and with companies providing access to sales channels and customers. In the end SMARTEC 
found an ideal match in a company that could provide both: the Canadian group Roctest: a 
world leader in instrumentation and monitoring system and already owned a division (FISO) 
providing fiber optic sensor for industrial and medical applications. In 2006 SMARTEC was 
acquired by Roctest. This allowed the merger of the sales networks and the combination of 
the traditional and fiber optic technologies of Roctest and SMARTEC. The acquisition of 
SMARTEC positioned the Roctest group as the only manufacturer of measuring instruments 
for the geotechnical and civil engineering markets with such a complete set of technologies 
and solutions to meet the requirements of customers in many different markets. In 2010, 
Roctest was in turn acquired by Nova Metrix. Since then, Nova Metrix has followed its 
strategy of acquiring brands active in the sensing and monitoring business, currently includes 
12 companies and is a major player in those markets. As part of Nova Metrix, SMARTEC 
continues to pursue its strategy of being a supplier of structural monitoring systems based 
mainly on optical fiber sensors.  

 
2. PRODUCT DIVERSIFICATION 

From its beginning, SMARTEC quickly evolved into a production-engineering company. 
We realized that many of our customers were looking for a monitoring solution rather than 
purchasing individual components. It also appeared that a lot of support was required during 
all phases of a project, from system design, through implementation, to data analysis. Being 
application oriented also reflects in SMARTEC products that are designed for use by 
installers that have limited background in fiber optics.  

Having deployed monitoring system in more than 1'000 structures on all continents, we 
have gathered a good experience in solving the many practical issue that can make the 
difference between a success and a failure. This know-how is transferred to our local solution 
providers and used for the continuous improvement of our products,  

After a few initial years when SMARTEC focused solely on the development and 
commercialization of the SOFO system, we found that there were cases were SOFO was not 
suitable to respond to the specific needs of a customer. For that reason we started to distribute 
and integrate systems from other manufactures of high-end and innovative monitoring 
system. These were usually small and relatively new start-ups that did not dispose of the 
efficient and comprehensive distribution network of SMARTEC and Roctest. Examples of 
cooperation that have now extended over more than a decade include Omnisens (distributed 
strain and temperature monitoring system based on Brillouin scattering), Sensornet 
(distributed temperature sensing systems) and HBM FiberSensing (Fiber Bragg Grating 
interrogators). 

 
3. APPLICATION DIVERSIFICATION 

In its twenty years of existence SMARTEC, has also diversified in terms of markets, in 
particular pursuing the pipelines monitoring market besides the civil / geotechnical 
engineering one. The first steps in this market were a reaction to a customer request, but we 
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quickly became more proactive in developing opportunities in that area. We have found that 
our core competences could also be re-used in other new fields, provided that we act with the 
required caution and modesty and that we team up with experts in the field.  

Instead of developing components that are already available on the market, we 
concentrated on identifying the parts that were missing, for example developing special 
cables and data analysis software that are required to offer a complete solution to our 
customers.  Besides integrating these products at the sales level, we have therefore pursued a 
technical integration, aiming to a better interoperability of the systems. There are cases were 
a number of different systems is required to monitor a given structure. In this case the client 
would like to operate all systems from a single software interface and more importantly to 
obtain all the measurement results in the same format. For this reason SMARTEC developed 
a database standard that allows the most disparate monitoring systems, based on fiber optics 
or electrical sensors, to share the measurement results in the same database. This also allows 
us to develop universal software packages for data management, visualization and analysis 
that are compatible with a wider base of measurement systems, enlarging the potential 
market.  
 
4. MILESTONE PROJECTS 

In the following paragraphs, we will retrace the most important milestones of our company 
through some prominent projects that constituted an important turning point in our history. 
Please refer to the referenced paper for more details about the individual projects.  

1996: Versoix Bridge, Switzerland 

 

The Instrumentation of the Versoix bridge in 
Switzerland with more than 100 SOFO 
sensors was the first large-scale applications 
of fiber optic sensing to bridge monitoring 
and proved the usefulness of instrumentation 
to confirm design hypotheses. This project 
also prompted the development of software 
to manage and analyze data from a large 
number of sensors and over long time periods 
[3] 

1999: UCLA / Clatrans piles, USA 

 

The UCLA/Caltrans test pile project was 
SMARTEC first large-scale project in North 
America. It also proved that long-gauge fiber 
optic sensors were the ideal choice to 
monitor concrete structures, because they 
were able to follow the pile deformations 
underground and in the presence of large 
cracks and plastic deformations [4] 
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1999: Villa Reale Monza, Italy 

 

The instrumentation of the Villa Reale in 
Monza was one of the first applications of 
permanent remote monitoring using SOFO 
sensors. It also showed that the advantages of 
long-gauge sensors were also relevant to the 
monitoring of timber and masonry structures. 
This project was one the many successful 
joint applications between SMARTEC and 
Prof. Del Grosso from the University of 
Genova. [5] 

2000: San Giorgio Pier, Genova, Italy 

 

The San Giorgio Pier project marked another 
increase in complexity for a monitoring 
project. The environmental conditions were 
more challenging than in the typical bridge 
project and the data was directly used to 
verify the stability of the pier during 
refurbishing. It was also one of our many 
applications on harbor structures in Italy and 
later in the Netherlands. [6] 

2001: Alptransit Tunnel, Switzerland 

 

The Alptransit tunnel, opening to traffic in 
2016, is currently the world's longest railway 
tunnel with its 2x57 km tubes. Thanks to the 
proximity to SMARTEC headquarters, we 
have been privileged to contribute to this 
landmark project in several instances. In 
particular SOFO sensors have been installed 
in the south portal region, in the shotcrete 
liner and in piles.[7] 
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2001: HDB builidings and Duxton complex monitoring, Singapore 

 

In 2001, we helped initiate what has now 
become the largest SHM project in the world. 
HDB, Singapore's Housing Authority 
decided that year that each new building they 
constructed would be instrumented with 10 
SOFO sensors. The project continues today 
and hundreds of buildings have been 
regularly measured for more than 10 years, 
providing useful information about build 
quality, durability and the effect of external 
actions such as tremors and typhoons. With 
the construction of the Duxton complex, 
monitoring was extended to the link bridges 
and a permanent and remote data acquisition 
system was also installed for the first time. 
[8] 

2003: SNAM ReteGas pipeline monitoring, Italy 

 

This project was the first application of 
distributed strain sensing to an in-service 
pipeline. It challenged us to develop 
solutions for installing hundreds of meters of 
sensors on a pipeline in order to assess its 
deformations due to the movements of a 
landslide. The temperature compensation 
sensors were also used to demonstrate that 
distributed sensing could localize a simulated 
gas leak. Pipeline deformation and leak 
detection quickly became one of the most 
important and successful applications for 
SMARTEC. [9] 

2005: Göta Bridge, Sweden 

 

The distributed strain monitoring system 
installed in 2005 in the Göta bridge and still 
in service today remains the biggest such 
system ever installed on a civil structure. The 
system was extensively tested to demonstrate 
its ability to detect abnormal deformation and 
to localize the apparition of new fatigue 
cracks. This project was also challenging 
because of the large amount of data that 
needs to be processed automatically every 2 
hours to provide warnings to the bridge 
owners [10].  
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2006: Halifax Metro Center, Canada 

 

The SHM system installed in the Halifx 
Metro Center roof was a combination of FBG 
sensors and laser distance meters. It was 
designed to record the strains and 
deformations of the roof during snowfalls 
and due to hanging loads during concerts and 
similar events. The measurements and the 
engineering analysis allowed the owner to 
extend the safety operation of the structure in 
winter without the need of the costly retrofit 
that was initially envisaged. [11].  

2008: I35W Bridge, Minneapolis 

 

Following the tragic collapse of the old steel 
bridge, Roctest was called to lead the 
instrumentation of the new concrete bridge. 
The project was challenging because of the 
very fast construction schedule, but proved to 
be an interesting application for and 
integrated SHM system. The installed 
network of sensors included fiber optic, 
electrical and corrosion sensors, all managed 
by a single database. The SHM system was 
part of the strategy to insure the confidence 
of users for the new bridge. [12].  

2010: Yara Ammonia Leak detection, France 

 

After a successful initial pilot project in Italy, 
the use of distributed temperature sensing for 
ammonia leak detection has become a 
standard in many chemical plants, especially 
in France. The application requires very high 
reliability and fast reaction, so that the 
released ammonia volume can be limited. 
SMARTEC has developed and certified a 
dedicated system that addresses those very 
specific needs. This is a nice example of a 
very successful niche application of optical 
sensing [13].  
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2011: VEGA launch pad, French Guiana 

 

Thanks to a longstanding cooperation with 
the company D'Appolonia, we have been 
able to participate in this interesting project 
where structural monitoring met aerospace 
engineering. For the new VEGA launcher, it 
was required to monitor several structural 
elements that compose the launch pad. In 
particular we have installed strain, 
temperature and vibration sensors on the 
assembly building and on the connection 
tower. Those sensors are used during the 
launch of the VEGA rocket and make sure 
that the solicitations on those structural 
elements remain within acceptable limits.  

2012: ITER Fusion Reactor, France 

 

The ITER project is a large-scale scientific 
experiment that aims at developing a new, 
source of energy, by producing power from 
fusion. More than 700 optical sensors will 
measure strain, displacement and temperature 
in the cryogenic environment found in the 
ITER magnets. The project required the 
qualification of FBG (Fiber Bragg Grating) 
and Fabry-Perot sensors for use at cryogenic 
temperatures, under vacuum and in the 
presence of strong magnetic fields and 
radiations. [14].  

 
5. THE PRESENT AND FUTURE OF SHM 

Structural health monitoring is not a new technology or trend. Since ancient times, engineers, 
architects and artisans have been keen on observing the behavior of built structures to 
discover any sign of degradation and to extend their knowledge and improve the design of 
future structures. Ancient builders would observe and record crack patterns in stone and 
masonry bridges. Longer spans and more slender arches were constructed and sometimes 
failed during construction or after a short time. Those failures and their analysis have led to 
new insight and improved design of future structures. This continued struggle for improving 
our structures is driven by engineering curiosity, but also by economic considerations. 
As for any engineering problem, obtaining reliable data is always the first and fundamental 
step towards finding a solution. Monitoring structures is our way to get quantitative data 
about our structures and help us in taking informed decisions about their health and destiny.  
In the past two decades several advances in sensing technology, in particular fiber optic 
sensors, MEMS sensors, wireless data transmission and the ubiquity of the internet have 
enabled new ways to acquire this important information.  
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At the beginning of SMARTEC's history 20 years ago, the industry focus was on the sensing 
technology itself and there was hope that SHM would become standard practice for many 
types of structures in the near future. In 2016 we realize that although SHM is now certainly 
much more widespread in civil engineering, it is far from ubiquitous. One of the main 
retaining forces against a more generalized use of SHM in the civil engineering industry is 
the remaining gap between monitoring data and actionable information for the owners. The 
owner need information about the present and future condition of the structure, but this 
information cannot always be easily derived by looking at the SHM data, but can require 
sophisticated modelling and time-consuming data analysis.  
The applications that have proven more successful from an owner point of view have been 
those where a very simple and precise question could be formulated. Examples of such 
simple questions are: "Is there a new crack on my bridge?", "Is my pipeline leaking and 
where?", "Is the strain in this girder exceeding design values?", or "Are there settlements or 
sinkholes along my railway?". On the other hand, questions that remain elusive for current 
SHM systems include: "What is the reaming lifetime of this bridge?", "Can this structure 
survive the next earthquake?", or "How much pre-stressing has been lost in this girder?". 
Those topics deserve more research efforts to increase the usefulness of the existing SHM 
sensing technologies. 
SMARTEC has been a pioneer in civil SHM, but today several other companies exist and 
provide sensing systems, design, installation and monitoring services. Many committed and 
experimented professionals are active in many of those companies. However the quality of 
products and services remains very variable and it is sometimes difficult for owner to choose 
the right partner for their SHM needs. Large and experimented companies are sometimes 
competing for the same project with one-man, garage-based shops. The standardization 
efforts that are ongoing in this field and the growing experience of consulting engineers in 
specifying SHM systems in their designs are helping to professionalize our industry and 
making sure the owners will get high-quality products and useful information.  
 
6. CONCLUSIONS 

20 Years ago, fiber optic sensors were almost a scientific curiosity and SHM was confined to 
very high risk structures such as dams and nuclear power plants. In those 20 years 
SMARTEC has instrumented close to 1'000 structures worldwide and this experience has 
allowed us to tackle projects of growing complexity with confidence, but also to better 
understands what approaches really work and provide valuable information to our clients. 
Despite the many successful and prestigious applications, a lot of work remains to be done in 
the future for the development of even more user-friendly and useful SHM systems and in the 
education of the potential users in the benefits and limitations of this technology. 
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