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Abstract. The Saarland-Lorraine-Western Palatinate region is distinguished by a 
centuries-old common history in which this region was not always separated by 
territorial borders. The Romans already left monuments of great historical and 
cultural relevance, which characterized the regional infrastructure up to the present 
day. In order to continue to preserve this significant cultural heritage as well as to 
maximize the life-cycle of modern engineering structures, the condition of these 
infrastructures should be continuously inspected and monitored. In the context of the 
INTERREG IV A Greater Region project “CURe MODERN - Initiative Modern 
Building Inspection, Urban and Regional Planning” funded by the European Union, 
a network of specialized partners from the regions of Saarland, Lorraine and 
Western Palatinate was set up, which will contribute to the cross-border exchange of 
experience in the field of non-destructive testing in civil engineering and urban and 
regional planning. This network facilitates cross-border provisions of non-
destructive testing systems and new methods of urban and regional planning, which 
can be used in the framework of appropriate services for the condition assessment of 
infrastructures, the inspection of roads concerning their asphalt construction as well 
as the inspection of architectural monuments of reinforced and pre-stressed concrete. 
Framework for a complete inspection of such objects is a comprehensive data base, 
which is often either poorly or even not existent. This prevails in particular for the 
field of inspection of infrastructures difficult to access which are distinguished by 
their exceptional location, size or architecture.  
 This contribution will show results from non-destructive inspection campaigns 
at engineering structures as well as cultural heritage which are merged with three 
dimensional georeferenced models of each structure and presented in a web based 
geoinformation system (GIS). 

1. Introduction  

Border regions in Europe show quite often less economic strength than the metropolitan 
regions and industrial areas which evolved very often far from the borders of a country. The 
region of Saarland-Lorraine-Western Palatinate (SMLW) is a special case in this context 
since it has a common history due to the fact that the borders moved several times during 
the last centuries. Already the Romans constructed buildings and infrastructure in this 
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region like the Porta Nigra in Trier and contributed e.g. significantly to the urban 
development of Dividorum which is today called the city of Metz. Due to changing 
frontiers infrastructure as well as cultural heritage buildings were constructed due to current 
design rules of the ruling country. 

Ageing infrastructure and conservation of cultural heritage are not only a European 
problem but a global one. Within a region like SMLW the different approaches of the 
different countries for e.g. condition assessment of constructions can be observed. There 
are different standards in each country, European guidelines are interpreted differently and 
of course there are also different approaches due to historical reasons. Maintaining the 
condition of infrastructure constructions as well as cultural heritage buildings and 
maximizing the service life requires methods for condition assessment and damage 
diagnostics. Today non-destructive testing (NDT) methods are an essential part of condition 
assessment and damage diagnosis. NDT in civil engineering is still a relative young 
discipline which experienced major innovations during the last 15 years [1]. However, the 
practical applicability of measurement devices in civil engineering is often expected to be 
usable as a tool out of the box. In fact a basic knowledge of the physical principle and 
technical experience in the area of civil engineering would be required at minimum. So far, 
the expectation to be usable as a simple tool avoided a broad practical use of NDT in civil 
engineering shadowing the huge benefits which can be created e.g. for proactive 
maintenance. In contrast in case of already existing inspection procedures requiring a 
qualification of the inspectors NDT methods are regularly applied. Furthermore, regarding 
the applicability of NDT methods it would also be helpful if the latest construction types 
and materials would be designed for optimal inspectability. 

Three-dimensional building and facade models are today state of the art in 
architectural areas [2]. This concerns new constructions like e.g. Centre Pompidou-Metz 
(France) but also reconstructions of cultural heritage like the Vauban castle in Saarlouis 
(Germany) where only parts of the original construction are left. Cultural heritage as well 
as urban planning requests a high level of details which can be realized by using 
photogrammetry. Time dependent changes of constructions can be detected by sensor based 
monitoring. An efficient usability of monitoring techniques requires at first acquisition and 
storage of data describing the current condition of a structure. This often includes the use of 
already existing plans of a structure. All the information will be merged to create or 
reconstruct the 3D georeferenced base model of the construction and/or the facade. The 
combination of a 3D model with data from NDT inspections describing the condition of a 
structure leads to a new level of condition assessment and damage diagnostics. Then, 
existing and evolving damages can be analyzed more efficient and proactive construction 
management will be possible. 

Most of the infrastructure in the SLMW region was constructed at a time where the 
described techniques were not yet available. Today the structures have to face rising traffic 
loads and condition assessment is an evolving challenge for the owners of the 
constructions. The common history of the SLMW region already led to a common 
infrastructure network. The density of the common infrastructure network of the SLMW 
region will increase with each new road and bridge which will be constructed in the future. 
Due to the age especially of the bridges in France and in Germany – the main construction 
period was in 60ies and 70ies of the 20th century – an increasing need of NDT inspections 
for condition assessment and damage diagnosis can be observed and for several cases 
condition assessment is even an urgent problem. Road safety is on the one hand a safety 
issue in the responsibility of the owner of the infrastructure on the other hand this also 
concerns the economic growth of a region as well as the touristic development requiring 
also the maintenance of cultural heritage. A further aspect concerns urban planning where 
existing buildings are reused in another context. Local examples in the SLMW region are 
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the former steel plant “Völklinger Hütte” which is today an UNESCO world cultural 
heritage or the castle of Malbrouck which was rebuilt and is besides a touristic attraction 
also used for events and exhibitions. 

In frame of maintenance concepts for infrastructure constructions and cultural 
heritage within a context of urban and regional planning it was the intention of the CURe 
MODERN project to bring modern NDT techniques, models of urban planning and/or 
methods for condition assessment into application on a regional level for the SLMW area. 

2. Objectives of the CURe MODERN project  

Saarland and Lorraine have several counties where cross-border infrastructure maintenance 
is already realized e.g. Stiring-Wendel and Saarbrücken, Kleinblittersdorf and 
Großblittersdorf or Kleinrosseln and Großrosseln. A further example is the village of 
Leiding in France where the main street is today also the border (Fig. 1). 
 

 
 

Fig. 1. The village of Leidingen. Left side Germany, right side France. 
 
The regional development on the European level will force the interaction of border 
regions. Infrastructure is required as the backbone of economic growth. Considering the 
described regional and urban conditions the following objectives form the core of the 
project CURe MODERN: 
 

1. Setting up a sustainable network of specialized partners from the regions of 
Saarland, Lorraine and Western Palatinate. 

 
2. Introducing new and automated NDT devices which can be used for condition 

assessment of infrastructure constructions, asphalt roads und cultural heritage 
buildings in form of service inspections in the regions of Saarland, Lorraine and 
Western Palatinate. 

 
3. Use of methods and approaches for building up 3D condition models of selected 

constructions of the region. These works will be carried out in collaboration with 
local companies.  

 
4. A data base containing the results of the investigations will be set up. The data base 

can be used with any web browser and allows owners of infrastructure to get an 
easy to use overview of the condition of their structures.  
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3. Common showcases – the fusion of NDT and three-dimensional construction 
models in an urban and regional context 

Within the CURe MODERN project six bridges and two cultural heritage buildings were 
investigated. For each structure a georeferenced model was set up. The structures were 
provided by the local authorities being also project partners. Condition assessment and 
damage diagnosis was requested for these structures and therefore appropriate non-
destructive testing (NDT) methods were applied. The NDT results were fused with the 
construction models and implemented in the created database. The investigations at the 
bridges in Rosbruck (France) and at Elbachtalbrücke (Germany) and the results gained at 
the castle of Malbrouck (France) as well as the inspection results from the church in 
Rilchingen-Hanweiler (Germany) will be discussed exemplarily. 
 

3.1 The castle of Malbrouck, Manderen (France) 

The castle of Malbrouck was re-built-up from 1989 to 1998. The construction made of 
natural stone bricks shows several regions of deterioration, mainly humidity ingress in 
areas which are not of simple accessibility. Based on provided plans of the castle a 3D 
georeferenced model was built-up. Then, an unmanned aerial vehicle (UAV) was used to 
perform a visual inspection with a high resolution camera in the regions of interest. This 
inspection was also an example for the different rules in European countries for the use of 
UAVs. In France UAVs of the classification D are required if they should be usable without 
any extra allowances. I.e. the maximum allowed weight has to be equal or below 2 kg. In 
Germany a weight of 5 kg is allowed for the comparable classification. The inspection was 
accompanied by the project partner Conseil Général de la Moselle. 
 The areas to be inspected were selected according to a first manual inspection. The 
UAV inspection took one day in total. The high resolution photos which were taken were 
used for damage assessment and for texturing the 3D model of the castle. Fig. 2-4 show the 
UAV inspection results and the received 3D model which is merged with the images. 
 

 
 

Fig. 2. Left: UAV flight image (south direction) of Chateau Malbrouck. Right: detail image of the entrance 
gate showing areas where humidity ingress is visible. 
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Fig. 3. Left: detail image of Tour des Dames (north direction), Right: detail image of the connection wall on 

the west side. 
 
The high amount of UAV images were sorted and stitched to project them on the 3D model 
of the castle. Fig. 4 shows two steps of this process. 
 

 
 

Fig. 4. 3D model of the castle fused with visual inspection data. 

3.2 Church of Rilchingen-Hanweiler (Germany) 

The objective for the church of Rilchingen-Hanweiler (Fig. 5, left) in Germany was to find 
the position of the corner stone. Exact plans about the structure of the stone walls were not 
available, only some pictures of comparable structures could be used (Fig. 5, right). The 
walls have a thickness between 50 cm and 80 cm. 
 

  
 

Fig. 5. Left: entrance view of the church in Rilchingen-Hanweiler. Right: structure of a typical church wall 
(photo taken from Mr. Strauss, Rilchingen-Hanweiler). 

 
The first investigations showed that the corner stone is to be expected to be of rectangular 
shape and hollow structure. Furthermore, from documents of similar churches the position 
of the corner stone is most likely to be in the area of the choir. The measurements were 
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carried out with different radar devices: Mala ProEx using a 1.2 GHz and a 1.6 GHz 
antenna, Hilti PS1000 (frequency 2.5 GHz) and a GSSI radar with a 0.9 GHz and a 2.3 
GHz antenna. Another local source gave the hint that the most likely position of the corner 
stone is in the center wall behind the altar. Therefore, the measurements were mainly 
carried out in this part of the church. Due to the expected regular structure of the corner 
stone a relative clear reflection from the surface is expected compared to the rest of the wall 
and only minimal reflections should be received from the covering layer.  
 The investigations were concentrated on the area of the choir. Fig. 6 shows the results 
received with the PS 1000 device of the central area which are confirmed with the GSSI 
radar. There, a deeper reflection in the center area of the wall is visible while hardly any 
reflections within the cover layer are visible. The other areas of this field and also of the 
whole choir show a different result. Therefore, most probably the position of the corner 
stone was found which is marked in Fig. 6.  
 

 
 

Fig. 6. Left: results from the radar measurements in the center area of the choir with the reflection of the 
probable corner stone marked. Right: probable position of corner stone marked on the outer wall of the 

church. Numbers give the position of the area in cm.  
 
Fig. 7 shows the constructed 3D model of the church (right) with the radar results projected 
on the inner wall of the choir area. The model of the church is georeferenced. 
 

 
 

 
Fig. 7. 3D model of the church in Rilchingen-Hanweiler. Left: area of the choir with radar results projected on 
the inner surface. Right: model of the church showing the backside where the corner stone was found with a 

high probability. 
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3.3 Bridge in Rosbruck (France) 

The bridge in Rosbruck was constructed in 1952. It is made of pre-stressed concrete. In this 
construction period of the 20th century not much reinforcing steel was used I.e. not much 
disturbing reinforcement steel is present and therefore optimized conditions for tendon duct 
inspection are given. The construction itself shows several areas of heavy corrosion at the 
outer side. An earlier condition assessment from Département de la Moselle gave hints of 
possible further deteriorations of the structure. Due to the observable damages one girder 
was inspected with radar to reconstruct the inner structure which is then compared to the 
original technical plans to answer the question if all tendon ducts are really there and if 
their position is correct. In a second run magnetic flux leakage investigations were applied 
to look for possible wire breaks of the tendon ducts.  
 The measurements were carried out in box girders of the bridge. Due to the low wall 
thickness of 17 cm of the girders and the low content of reinforcement steel bars the Hilti 
PS 1000 georadar system could be used. High resolution grid projects were performed to 
resolve the inner structure of the girders. 
 The results of the investigations show that the resolved inner structure fits well to the 
original plans. Number and position of the tendon ducts are as expected (Fig. 8). Tendon 
ducts as well as reinforcement bars could be reconstructed. 
 

 
 

Fig. 8. Localization of the tendon ducts using radar at girder P7 of the bridge in Rosbruck. The comparison 
with the plans shows that position and number of the tendon duct coincide. 

 
A georeferenced 3D model of the bridge in Rosbruck was built-up which is based on the 
provided plans. The model of the bridge was merged with the radar results (Fig. 9) to get a 
full overview of the structure. The MFL results did not show any wire breaks at the 
investigated tendon ducts.  
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Fig. 9. 3D model of 2 box girders which are fused with georadar results showing reinforcement and tendon ducts. 
 

3.4 Ellbachtalbrücke - Bridge close to Saarwellingen (Germany) 

Determination of asphalt thickness is an important parameter for renovation planning since 
the costs strongly depend on the mass which has to be removed and the amount of asphalt 
which has to be re-casted. In France a layer of aluminum foil is placed below the asphalt 
and allows simple an accurate thickness determination with radar since the aluminum foil is 
a perfect reflecting surface for electromagnetic waves. Cores can be additionally used for 
calibration. In Germany such a layer is not present and therefore further efforts are required 
for determining the correct thickness for larger areas. Taking cores only is often not 
sufficient since especially for older structures varying thicknesses over shorter distances 
can be observed. Another point of interest is to detect if a delamination of the asphalt layer 
is present. There, water ingress is possible which often leads to corrosion.  
 Using the Hilti PS 1000 radar which is broadband enough and of sufficient high 
frequency several tracks of 300 m length were acquired which consist of several shorter 
parts due to a track length limitation of the device of 10 m. Fig. 10 left shows a radar image 
of a 10 m track where the reflection hyperbolas of the reinforcement steel are visible and 
the interface between asphalt and steel also. With the help of drilled cores at several 
positions the radar time domain reflection information could be calibrated and the thickness 
determination of the asphalt layer was possible. Fig. 10 (right) shows the total length of one 
track which is the length of the part of the bridge under investigation. Variations in the 
range of several centimeters are visible. Several tracks of 300 m length were analyzed and 
the determined thickness variations will be considered for renovation planning.  
 

  
 

Fig. 10. Left: radar image of a 10 m track. Right: determined thickness of the asphalt layer. 
 

3.5 The cross border data base 

In the context of the EU funded project CURe MODERN, it was a matter from the 
beginning, to develop a common database, which contains detailed information of several 
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infrastructural and cultural buildings. This database was supposed to allow all participants 
and even in a second stage the public, to recognize, what is the current condition of each 
building and where investigations are currently performed. It also helps to get deeper 
insights to specific damages, while certain details of the buildings are three-dimensionally 
visualized. The service was configured in the way that a lot of information about buildings 
could be implemented with a very user-friendly interface (Fig. 11). This also includes 
three-dimensional models, measurement results, pictures and construction maps.  
 

 
 

Fig. 11. User interface WebGIS CURe MODERN. 

Within the geodatabase, it is required to store plenty of data. Simultaneously, the risk of 
redundancies needs to be avoided. Therefore, a dedicated structure is required and will be 
described following.  

 All information which is directly related to the research object, just like a consistent 
object-ID. 

 A table in which all relevant attachments will be collected, which are related to the 
research object. 

 A list in which all research results that are related to the test object are saved. 
Thereby information like name, condition, costs, priority, damage classification, 
time period and arrangements will be stored. 

 A table which is related to the additional information of the investigations. These 
are able to be get filled up with multiple data formats. 

The information range of the tables is modular expendable and it is possible to add more 
required attributes. At the same time, backup-tables will be arranged, which are required for 
the repair function, to avoid undesired cancelations of research objects. The required 
database relations will be accomplished by the object-ID and are the basis for accessing the 
database. This refers to all four existing tables, to offer the users a widespread and 
structured overview about the research object.  

Subsequently to each measurement, the task was about to link the gathered data 
with an acquired 3D-model. For that case, it will be possible for the viewer, to allocate the 
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inspected damaged part exactly, to be able to recognize the part on site later on the 
building. Beyond that, all inspected buildings are located in an online map, to submit a 
spatial coherence of the research object. So, the connection between the researches and the 
results were possible to show up visually in order to be able to offer policymakers a base 
for the guidance.  
 
3.5.1 Functionalities for communication of the platform  

The configuration of a planning and communication platform is has several challenges. On 
the one hand, there is the management of the geodata and on the other one the modular 
usage for the cross-border project group. As described previously, the web-based 
geographic information system contains a variety of functions. The user interface has a 
selection of different cartographic bases, which includes a terrain map, two different street 
maps and a satellite map. A selection by the user can be made on every zoom level. 
Furthermore, a search function is also available for all research objects and testing 
investigations. The map contains relevant information concerning the project partners as 
well as indicators to the type of objects with a distinction between infrastructural and 
cultural buildings. The database even contains the following additional information about 
the constructions:  
  Name of structure   Specific details as text   Year of construction   Thumbnails   List of tests   3D-models   Other project-related documents, such as plans or detailed pictures  

The list describing an object can have multiple entries and can be edited by the user. Other 
attachments can be added, too. The entire WebGIS-platform can also be adjusted to the 
perspective needs. By selecting the respective investigation, a new window with additional 
damage details containing the following points can be implemented:  

 Name of the investigation   Priority (low, medium, high, none)   Status (pending, taken, completed)   Costs   Damage class   Period of tests   Type of measure   Preview image of an examination  

It is possible to record the costs of the specific tests and damages in order to visualize these 
amounts online as a time series. It also allows therefore a monitoring of testing methods in 
terms of the financial capacity for specific projects.  
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Fig. 12. Infromation about object, summary of investigations which were carried out and detail information 
about detected damages. 

 
Another objective of the developed WebGIS is the ability to visualize 3D-models. To 
achieve the best possible usability, the use of widely accepted standards was important in 
the project. Hence, the format 3D-PDF is used to embed the visualizations into the website, 
also with previously selected fixed viewpoints. However, it is also possible to freely 
navigate within the 3D-model.  

The platform enables scientists and policymakers to combine geolocated studies and 
inspection results of various objects. This link offers numerous advantages for planners and 
the planning process [3]. The illustrated WebGIS platform especially provides planners a 
flexible and open instrument, which can be used for planning-related solutions. Main focus 
for the project was that each project participant has a tool which enables them to view 
current conditions and examination of buildings. Hence, it should also serve policymakers 
to easy present a current status reports to committees and easily to draw attention to special 
issues. 

4. Conclusion  

In the context of the INTERREG IV A Greater Region project “CURe MODERN - 
Initiative Modern Building Inspection, Urban and Regional Planning” funded by the 
European Union, a network of specialized partners from the regions of Saarland, Lorraine 
and Western Palatinate was set up, which will contribute to the cross-border exchange of 
experience in the field of non-destructive testing in civil engineering and urban and 
regional planning. Merging NDT applications in civil engineering for condition assessment 
and damage diagnosis with a WebGIS platform is a new approach which enables 
innovative planning and exchange of information in a cross-border context. The 3D 
georeferenced modelling is an important tool for the fusion of data and models of the 
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investigated constructions. Infrastructure experts as well as decision bodies can use those 
developments for condition assessment, maintenance planning and urban and regional 
development. Application and benefit of this approach to different examples of 
infrastructure constructions and cultural heritage was successfully demonstrated. 
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