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ABSTRACT: This paper reports the objectives, several general results, and the expansion of an 
EU funded project into an international collaborative platform as part of the Intelligent 
Manufacturing Systems (IMS) program.  The EU project is specific to sensor-embedded textiles 
for geotechnical and masonry applications.  Its expansion into the IMS program includes all 
types of sensor-embedded materials for all types of applications.  The focus is on successful 
industrial applications that provide proof-of-concept and use of smart materials with the goal of 
sharing knowledge, expanding opportunities, and creating new markets for these materials. 

 
 

1 INTRODUCTION 

Materials with embedded sensing capabilities have great promise for the construction industry, 
the management of civil infrastructure, and for the promotion and use of structural health 
monitoring methods.  The clear advantage of such materials is that they can be manufactured 
off-site, quality control conducted, and upon installation they become integrated with the 
structure as opposed to being an add-on.  These advantages should correlate to less on-site 
labour, sensors that are better protected, and a higher probability that the sensors will perform as 
intended over their service life.  With respect to a broader perspective, such materials provide a 
tool to conduct in-service assessment and life-cycle management of civil infrastructure.  The 
reasons to monitor civil infrastructure are many.  Largely adapted from Marr (2001), the 
following bullets identify several reasons to monitor civil infrastructure. 

 
• Indicate an impending failure 
• Provide a warning 
• Reveal unknowns 
• Evaluate critical design assumptions 
• Assess contractor’s means and methods 
• Minimize damage to adjacent structures 
• Control construction 
• Control operations 
• Provide data to help select remedial methods to fix problems 
• Document performance for assessing damages 
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• Inform stakeholders 
• Satisfy regulators 
• Reduce litigation 
• Advance state-of-knowledge 
• Assessment and observation of cracks and their formations 
• Capture structural response to extreme events (earthquake, blast, etc.) 
• Assess or validate retrofit actions 
• Provide data for structural health monitoring 
• Provide data for life-cycle management 

Although there are compelling reasons to monitor civil infrastructure, wide-scale applications of 
such technologies are still relatively limited.  To realize the potential of monitoring applications, 
procedural, technological, knowledge-based, and educational barriers must be overcome.  With 
respect to procedural barriers, the lowest-cost bid is still the most prevalent selection criteria for 
new designs/purchases.  Rarely are warranty periods or life-cycle maintenance costs considered.  
To address this, public policy, codes and management programs must be reformed to include 
life-cycle concepts (Messervey & Frangopol, 2008).  With respect to technological and 
knowledge-based barriers, there remains significant work in the development sensors and the 
methods that leverage the information they provide.  Glaser et al. (2007) highlights this issue by 
identifying a gap between SHM (which typically focuses on damage) and the needs of 
infrastructure managers (who require information about serviceability, reliability, and 
performance prediction to make management decisions).  Although this barrier still exists, it is 
also appropriate to acknowledge the technological progress achieved in recent years.  
Reductions in size, wireless capabilities, improved energy performance, the development of new 
sensor types, improved data processing algorithms, and reductions in cost are making it feasible 
to obtain site-specific response data cost effectively and offer great potential with respect to the 
design, assessment, maintenance, and rehabilitation of civil infrastructure (Frangopol & 
Messervey, 2009).  Lastly with respect to educational barriers, textbooks and courses addressing 
that address life-cycle topics such as Bijen (2003) and structural health monitoring techniques 
such as Glisic et al. (2007) are just beginning to emerge.   

2 THE POLYTECT PROJECT 

2.1 General  

Polyfunctional Technical Textiles against Natural Hazards (POLYTECT) is a four year 
Integrated Project for small to medium enterprises (SMEs) under the Seventh Framework 
Program that will finish in 2010.  The project involves 27 partners from 13 countries and is 
coordinated by D’Appolonia S.p.A. located in Genova, Italy.  The aim of Polytect is to provide 
reinforcing strength and monitoring capability for geotechnical and masonry applications 
through the design and industrial production of multifunctional technical textiles.  The project 
spans and includes the following activities: 

 
• The development of new and novel sensors to include fiber optic sensors, piezoelectric 
sensors, chemical sensors, and sensitive textile fibers (coatings) 
• The development of new and novel sensor interrogation systems and data processing 
techniques 
• The development of nanoparticle-based mortars and adhesives 
• The integration of sensors into warp-knitted textiles for geotechnical and masonry 
applications (two dimensional and rope like structures) 
• The evaluation of these products in a laboratory environment 
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• The development of numerical models for the employment of these materials  

• The field testing of project products in real world, tough, and rugged environments 

The clients for this research effort are all parties responsible for the design and safe performance 
of roads, retaining walls, embankments, railways, landfills, drainage structures, dykes, masonry 
structures (buildings and bridges), as well as historical monuments (cultural preservation).  
Figure 1 shows several results achieved within the Polytect project. 
 

     

Figure 1. Warp-knitting fibre optic sensors and sensor embedded geotextiles (courtesy of STFI, 
Germany), and a fibre optic demonstration kit for masonry crack detection (courtesy of Safibra, Czech)   

2.2 Laboratory Testing 

In general, each Polytect product is created at the prototype level as a collaborative effort 
between research partners and small scale companies and then specifications are sent to larger 
industrial producers for manufacturing.  At both the prototype and industrial product level, 
laboratory testing is conducted to ensure products are compatible with existing durability tests 
and code requirements, to better understand and validate the behavior of the products, and to 
develop numerical models before progressing to field tests.  For these purposes, laboratory 
testing facilities are provided by the research centers BAM (the German Federal Institute for 
Materials Research and Testing located in Berlin, Germany), STFI (the Saxon Textile Research 
Institute located at Chemnitz, Germany), the University of Kassel, Germany, the University of 
Karlsruhe, Germany, and CETMA, (Center for Material Planning and Design located in 
Brindisi, Italy).  Figure 2 shows several project laboratory activities.  
 

     

Figure 2. Laboratory testing of sensor-embedded geogrids at STFI (courtesy of STFI), the failure 
condition of a mid-scale unreinforced masonry wall (courtesy of the University of Karlsruhe) and a shear 
test on masonry reinforcement (courtesy of the University of Karlsruhe).  

2.3 Numerical Modeling 

Numerical modeling is carried out with the objective to validate the sensor response and for a 
better interpretation of the experimental results and the sensor/environment interaction.  
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Concerning the reinforcement of masonry walls with composites, the attention is focused on the 
study of the adhesion between the composite layer and the substrate, which is critical for a 
reliable prediction of the failure mode (generally located at the interface between the composite 
and the substrate).  Simulations of the geotechnical applications of the multifunctional 
geotextiles are also ongoing.  Here the attention is paid to the correlation between the 
strain/deformation values extrapolated from the sensors and the numerical values.  The large 
deformations and the particular loading conditions (inflating airbag under soil) are conveniently 
represented using the code LS-Dyna which offers materials models suitable for modeling soil 
subjected to deformation and compaction.  The possibility to explicitly simulate the inflation of 
airbags (originally implemented for the simulation of automotive airbags) is also exploited for 
the intended application. 
 

 
 

Figure 3.  Laboratory testing of soil deformation (courtesy of University of Kassel) and test 
simulation 

2.4 Field Testing 

One of the most important Polytect objectives is field testing.  Tests in real-world conditions are 
necessary to ensure that the products can survive typical construction procedures, environmental 
demands and constraints are discovered, and end-user industrial companies can install and make 
use of the materials.  Field testing has also forced project partners to consider carefully how 
equipment is secured, how physical connections between the system components should be 
arranged, and to evaluate the tradeoff between continuous monitoring using permanent on-site 
equipment and periodic monitoring using portable acquisition systems.   

Early field tests have focused upon geotechnical applications due to opportunities arising within 
project partner company activities.  In late 2008 in Poland, project partner Gloetzl Corporation, 
a geotechnical monitoring company, provided consulting expertise to the owner of a mining site 
where slope stability of the roads leading into the mine is a constant concern and directly affects 
the safe operation and productivity of the mine.  One particular slope with an active fault line 
was identified for monitoring and a small section of sensor-embedded geogrid (on the order of 
2m by 5m) was integrated across the fault line where it crossed the road to observe if the fault 
was growing and if project activity could be correlated to fault growth.  If a larger section of 
geogrid had been employed, it would have also been possible to provide reinforcement to the 
slope but this first application focused primarily on the monitoring function.  After several 
weeks of on-site measurements, it was observed that the fault was growing at approximately 
2mm per day enabling both a geotechnical study of the slope and risk management actions of 
the mine owner/operator.  In Chemnitz, Germany, in 2007, project partners STFI and BAM 
incorporated sensor-embedded geotextiles into the construction of a railway embankment.  The 
inclusion of the Polytect geotextile added one additional step to the construction process, but in 
no other way hindered or altered normal construction activities.  The success of this field test 
was that all sensors survived the construction of the embankment (and in particular compaction) 
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in winter conditions.  The type of sensors utilized were plastic optical fibres which provide 
distributed, static measurements (e.g. approximately three minutes are required to record a 
measurement).  The sensors remain in place (under two meters of embankment) and a 
measurement receptacle box was constructed enabling period measurements at the site with a 
portable signal acquisition unit.  Lastly, in Romania, project partner IRIDEX, a geotechnical 
construction company, is involved in the shore protection of the Danube River.  Sensor-
embedded goetextiles are planned for installation in 2009 for several sections of this river 
embankment.  Monitored quantities will include strain and potentially chemical sensing.   

 

   

 

 

 

 

 

Figure 4. Monitoring of a slope stability problem at a mining site (courtesy of Gloetzl Corporation), the 
inclusion of sensor-embedded textiles into the construction of a railway embankment (courtesy of STFI), 
and the planned installation of sensor-embedded textiles along the Danube River (courtesy of IRIDEX 
Corporation).   

3 POLYTECT EXPANSION INTO THE IMS PROGRAM 

Ensuring the safe operation of existing aging infrastructure and designing new civil 
infrastructure that incorporates SHM to increase safety and to lower life-cycle costs are both 
challenges that are faced worldwide.  For this reason, collaborative international partnerships 
that exchange information, reduce redundancy, and share best practices are highly desirable.  
The Intelligent Manufacturing Systems (IMS) Program is one such platform that encourages 
industry led international research and development to create the next generation of 
manufacturing and processing technologies.  Within the IMS Program, Manufacturing 
Technology Platforms (MTP) are “focused knowledge sharing platforms for researcher groups 
that are already engaged in a specific R&D domain. To reduce overlap and duplication in 
research that is conducted, an MTP Initiative seeks cooperation to conduct joint research in 
projects that are already running. This ultimately saves resources for the “golden nuggets” of 
their research, and finds common solutions to manufacturing challenges in the process. Thus, 
the main deliverable of an MTP is research conducted through the joining of on-going projects 
eliminating duplicate work, or the stimulation of new collaborative research.” (IMS, 2009).  

Using POLYTECT, which focuses on sensor-embedded textiles for geotechnical and masonry 
applications, as one underlying project, D’Appolonia is forming an MTP key technology 
initiative titled Industrial Smart Material Applications (ISMA): Manufacture, Build, Monitor, 
Assess, Predict, and Manage.  The intent of this initiative is to form an international 
collaborative platform focused on sharing knowledge and expertise related to successful case-
studies and test-beds for all types of smart materials across all types of applications.  The intent 
is to leverage best practices between different sectors and different regions to reduce 
redundancy, create new research opportunities, and to open new markets.  So far, this 
consortium has been joined by four participating regions (Europe, USA, Switzerland, and 
Korea) and consists of 20 partners (of six industrial, three research centers, and nine 
universities).   
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4 CONCLUSIONS 

The development and use of multifunctional smart materials have great promise for the 
construction industry, the management of civil infrastructure, and for the promotion and use of 
structural health monitoring methods.  This paper presented ongoing activities in the EU funded 
project POLYTECT which is specific to the development and use of multifunctional sensor-
embedded textiles for geotechnical and masonry applications.  Furthermore, this paper detailed 
the current expansion of this project into an international collaborative platform named ISMA 
(Industrial Smart Material Applications) as an MTP Initiative under the IMS Program.  
Companies interested in potentially joining this collaborative platform are invited to contact the 
corresponding author at thomas.messervey@dappolonia.it.    
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