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ABSTRACT 

The combination of the Non-destructive techniques - NDTs with the Geometric documentation is emerging in the field of 
research for the protection of cultural heritage. Merging geometric documentation with NDT, can serve as a tool for the 
diagnosis and interventions design study and assessment. Through the integration of the multidisciplinary studies, the various 
properties of the building materials and past restoration interventions can be evaluated. The data deriving from the geometric 
documentation offer information such as a building’s dimensions, its orientation, the proximity to various exogenous elements 
that can be considered crucial for the evaluation of the preservation state of a historic structure and plan interventions. In this 
framework, a study was conducted in a historic building in Athens, Villa Klonaridi, where NDTs were applied in situ along with 
geometric documentation techniques. The combination of multi-sensor data deriving from Infrared Thermography, Ground 
Penetrating Radar, Fiber Optics Microscopy, Ultrasonic tests and Geometric Documentation data of the historic building’s 
structure, provided information regarding the construction phases of the monument, incompatible interventions and evaluation of 
its current state of preservation. Through this study, it is presented that, the integration of non-destructive multi-sensor 
documentation with geometric documentation within an information system, can contribute to the assessment of the preservation 
state of cultural heritage assets and be considered as a tool for all cultural heritage assets since they are used in-situ, sampling is 
not required, and provide qualitative and quantitative information in correlation with the geometric documentation.  
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1. INTRODUCTION  

Cultural heritage plays a pivotal role for the society. It constitutes an important pillar for the development and perspectives. It 
connects the past with the present. Therefore the protection of cultural heritage is a prerequisite which in most cases includes 
conservation process. The aim of conservation in cultural heritage is to document, manage, maintain, protect and preserve the 
cultural heritage assets for the generations to come. In general, the non-invasive, non-destructive and even non-contact 
techniques, applied on cultural heritage assets, constitute a unique and valuable tool for a large scale of field in the protection of 
cultural heritage. In particular, the techniques are used for the assessment of the current state of preservation of a monument, the 
reveal of moisture detection within structures, the assessment of the compatibility of restoration materials, past intervention, 
various construction phases including a plethora of building materials and for the assessment of decay layers. In recent years, the 
contribution of geophysics in cultural heritage has increased, covering various applications such as monitoring, diagnosis of the 
state of conservation and preservation actions of a cultural heritage asset [1,2] combined with the improvement of sensors and 
data processing tools for the cultural heritage assets with non-invasive technologies [3].  
 
In addition, the techniques used, include building material characterization, decay diagnosis and assessment of conservation 
interventions. In this framework, an integration of the results of the NDTs and correlation with the geometric data within an 
information system can contribute to the condition assessment within a measurable scale and to the environmental impact 
assessment. In general, the majority of historical buildings are masonry wall structures. Also, geometries of the past (historic 
buildings), are rarely maintained in their first form because of their initial construction flaws or ill - preservation status, or other 
extrinsic factors (e.g., earthquake, soil subsidence, dampness). Therefore the documentation of the masonry’s construction type 
constitutes one of the main elements for the condition assessment and assists the selection of appropriate interventions 
techniques. Moreover, the geometric documentation determines the position, the dimensions and possible deformations of a 
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structure. By including information regarding the building material and decay patterns, a condition assessment can be 
accomplished. In order to obtain information considering the structural construction type, there are two approaches. One includes 
destructive survey (coring or local demolition). Another includes the use of NDTs that provide the necessary information 
through their application on the exterior surfaces of the masonry. Therefore, through the integration of the geometric 
documentation and NDT results, the condition assessment can be accomplished.  
 

2. STUDY AREA  

For the study, including NDTs application and geometric documentation, the selected historic building is Villa Klonaridi. Villa 
Klonaridi was built at the last quarter of the 19th century and it was originally used as a cottage; the building was a typical 
suburban villa in the Patision area at that time. Villa Klonidari has been listed as a cultural heritage building by the Hellenic 
Ministry of Culture (Fig 1). The Villa is a two-store stone building constructed in three separate phases. The condition of the 
building is bad. The deterioration is prominent even with visual inspection in both the exterior and the interior and variation in 
the types of decay and damage are apparent because of the ageing and alterations of materials, of the different construction 
phases, of the inadequate conservation for many years and also because of earthquakes loads. The mansion is located in a city 
square, within an area full of trees, where the municipality of Athens demolished a factory (located nearby) and rehabilitated a 
square for the community. Although the monument is uninhabitable and the deterioration is extensive, it is considered a 
trademark of the area, known as the “Red Villa” [4]. 
 

 

 
 Fig. 1 Villa Klonaridi: View of the area under study (Google Earth); 3d textured model of the exterior; North façade; 

3d mesh of North façade. 
 

3. NON-DESTRUCTIVE TESTING 

In the historic building, studies regarding the Building materials characterization and deterioration features have been made. As 
mentioned before, in the building three construction phases are encountered, providing a variety of materials and more 
specifically various types of stones, bricks, mortars and plasters. An initial approach regarding the assessment of the state of 
preservation of the building, is the in situ non-destructive techniques application (Infrared Thermography, Fiber Optics 
Microscopy and Ground Penetrating Radar), on the exterior and interior of the building. Information considering the variation of 
materials, structure of the walls, past interventions and alteration of the buildings construction can be obtained. Nevertheless, 
further elaboration of data, concerning the building material analysis and characterization, within additional in lab after sampling 
tests is necessary, especially for validation.  
 
Moreover, drawing plans of architectural documentation were collected and photographs and historical records were gathered, 
presenting the development of the building in time (construction phases etc.) (Fig.2). Additional information regarding the 
majority of past interventions (in the case of this building there were many), were not available, apparently never documented. 
Overall and after visual inspection of the building, the part of the building, constructed last (3rd construction phase) is in a bad 
preservation state, in comparison with the rest of the building.  
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Fig. 2 Construction phases of the building. 
 
For this study, initially, a visual inspection of the historic building was accomplished, in order to select all the areas where the 
NDTs would be applied. The Non-Destructive techniques used were Fibre-Optic Microscopy (FOM) [i-scope–Moritex FOM at  
several magnifications], Ultrasonics (US) [PUNDIT 6 ultrasonic tester with 54kHz transducers], Infra-Red Thermography (IRT) 
[FLIR Therma Cam Β200] and Ground Penetration Radar (GPR) [MALÅ ProEX  with 1.6 GHz and 2.3 GHz antennas].  
 
FOM results were acquired to assist the classification of building materials and decay patterns. The US testing was used in 
decayed surfaces of the building structure for the evaluation of different building materials. Several characteristic parts of the 
exterior and the interior of the masonry were surveyed by ground penetrating radar in co-relation with the geometric analysis [5, 
6, 7, 8]. The construction layers of the structure were revealed. The IRT was performed in the selected areas of the facades of the 
building for the evaluation and diagnosis of the type and intensity of the decay phenomena. The interpretation of IR images is 
not easy and it requires knowledge and experience from a trained expert in order to evaluate the results. With the IR images, 
moisture was mapped, shallow subsurface voids and other defects were detected and past undocumented restoration 
interventions were revealed.  
 

4. GEOMETRIC DOCUMENTATION 

The documentation of the historic building was based on a methodology where a combination of various techniques was used. 
The geometric documentation was performed by combining field surveying measurements, photogrammetric techniques and 
laser scanning. In addition, architectural documentation (plans, sections, facades, details) products were used for verification. 
The laser scanning of the monument allowed a precise volumetric documentation, giving the possibility of plans, sections and 
drawings of details [9]. In addition the accurate depth between the exterior and the interior of the wall structure of the building 
could be assessed. Moreover, 3d imaging process was applied with High Resolution images, creating a 3D textured point cloud 
of the surface of the building. The 3d point cloud of the exterior as well as of selected areas, with major artistic and architectural 
value, was obtained with the use of automated Structure from Motion (SfM) and Dense Image Matching (DIM) techniques. 
Generally, the geometry of the building’s interior, though not very complex, required attention when capturing the interior due to 
the presence of various objects scattered in the rooms, provoking occlusions and noise in the generated point clouds.  
 
Field survey measurements were accomplished with a geodetic total station and the geo-referencing with GPS (Total station 
Topcon 3003LN, GNSS NR2 Altus– GPS). Digital images of the exterior of the building and the interior were collected with a 
calibrated digital camera (Canon Eos 1Ds Mark III), with photographic lenses of 25 mm and 50 mm. Digital photos of the 
external of the building were taken with a UAV drone focusing on the roof of the building (Dji Phantom 3 Professional). Laser 
Scanning was performed with the terrestrial Time-of-Flight laser scanner (Time of flight- Leica Scan Station 2).  
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The information deriving from the TLS and the photogrammetric techniques is considered fundamental and is an invaluable tool 
for the assessment of the current state of preservation of a historic building (Fig.3). Additionally, dimensional, volumetric and 
quantitative in general information is obtained. The elaborated point cloud can also be used for intervention conservation 
proposals through the geometric features classification variation in 3d space.  
 

 

Fig. 3 Section of the registered point cloud of the exterior including a scanned room in the ground floor level; Measurements of 
the masonry from the 3d point cloud.  

3. RESULTS AND DISCUSSION 

In this study, a process is implemented (Fig. 4), interrelating information deriving from the Nondestructive techniques with the 
3D documentation products. The mains steps of this process include the acquisition of the geometric information of a historic 
building or a cultural heritage asset in general. The resulting surface of the 3d documentation process can define the irregularities 
of the scanned structure, especially in the lower part of the exterior of the building where the buildings pathology is evident even 
with visual inspection. Additionally the results of the IR technique, the FOM, the GPR survey and the ultrasonic testing are 
collected. The NDT results, including data such as diagrams and images, along with the 3d point cloud from the geometric 
documentation, is combined within an information system of 3d visualization and 3d point cloud and mesh elaboration, leading 
to the assessment of the structure of the masonry, the level of degradation and qualitative results regarding the environmental 
conditions  of the surrounding.  
 
The resulting information system that this research intends to accomplish is the creation of a BIM model, incorporating all the 
above information, thus the development of such requires a different level of data integration and is currently under 
development. Therefore, the process illustrated in this research proceeds up to the level of the combination of these products and 
results within a mechanical Computer-Aided Design System (Geomagic Studio) and export of relative information which will be 
useful for further elaboration.  
 
Starting from the 3d geometric documentation, the variation among the materials and degradation of the historic building and 
more specifically the exterior of the facades, it should be mentioned that the accuracy of the point cloud is less than 1.3 cm, 
providing a suitable base of the research. In addition, the combination of the GPR results provides information regarding the 
depth and the type of the construction walls, indicating flaws and diffractions buried beneath the surface of the walls, with a 
precision of some cm. The information deriving from the IRT images, offers mostly qualitative aspect, though providing the 
appropriate tools it could offer quantitative aspect as well. FOM images facilitate the variation of building materials and the 
decay that could be superficial without altering the materials geometric characteristics. Additionally, the ultrasonic testing offers 
added value to the results of the GPR measurements and IRT images, in a quantitative aspect, in the applied areas. 
 
Continuously, all the results of the applied NDTs are elaborated and the main outputs regarding the state of preservation are 
obtained. The results from the GPR survey investigating structural deformations, voids and discontinuities are interrelated with 
the IR thermographs leading to comparable and supplementary results. The selected areas under study established the correlation 
between the external environmental factors and conclude to quantitative analysis of the facades of the building. Continuously, 
the geometric documentation products are elaborated in a 3D management system. The NDT results are interrelated with the 
geometric documentation data and emphasis is given to specific areas where structural deformation is detected. 
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The described process include steps that are not automatic since it is important the qualitative information and their translation 
and projection within the 3d model requires expert knowledge. Thus, for the following steps to be investigated and upon the 
completion of the integration of the diverse data, semi-automatic methods can be used. 
 

 

 

Fig. 4. Process towards multisensory Documentation 
 
The North wall structure is the part of the historic building that will be presented in this paper, where the processes will be tested.  
Before GPR and IRT prospections, architectural plans were gathered, in order to have a blueprint of the facades to be examined. 
Initially, infra-red thermography was utilized in both exterior and interior of the building. The temperature was 16 oC with 
relative humidity 25%. From the Resulting Images of the IRT prospection, information was obtained and focus was given to the 
specific areas during the elaboration of the 3D point cloud. As illustrated in Fig 5, mapping of the various building materials is 
validated with the IRT methods. More specifically, the 3D mesh and textured 3d point cloud model indicate the lack of the 
external layer of the plaster as well as other decay pathologies which can be interpreted by including information deriving from 
FOM images such as efflorescence (salt coating) in the lower part of the building. In addition, humidity issues emerge, indicating 
the level of degradation in the wall. Due to the location of the historic building and its surrounding, the rising dump is one of the 
deterioration mechanisms of the structure that can be assessed with the use of the IRT, especially on the North façade of the 
building. Moreover, the incompatible materials and the alterations of the uses among the rooms of the house, since this historic 
building was inhabited for nearly a century, valuable information can be obtained in regards to the geometric documentation of 
deformations along the building.   
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Fig. 5. IRT Prospection in regards to 3D modelling 
 
 
In the case of structure characterization, through the variation of ultrasound velocity different values can be detected, which can 
is attributed to cracks, variation in porosity of stones and other materials, degradation due to weathering conditions [10]. In the 
historic building, several measurements were made in the deteriorated facades of the building. The area where ultrasonic testing 
was applied is in the Northeast room of the ground floor in the interior façade. More specifically, in 53 cm above the ground 
floor level, with a 5cm distance between the transducers for ultrasound testing (emission / reception), the results are presented in 
the Table 1. The velocity variation is due to the variation of density of the materials, which strengthens the results provided by 
the GPR survey conducted in the same area.   

 
 
 
 
 
 
 
 

Table 1. Results from Ultrasonic testing 
 

 

D(cm) H(cm) db(g/cm3) Vindir(m/s) Vdir(m/s) E(GPa) 
5 56 1,795 892,8571 1758,9285 5,55 
5 53 1,795 943,3962 1858,4905 6,19 
5 56 1,795 892,8571 1758,9285 5,55 
10 113 1,923 884,9558 1743,3629 5,84 
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Fig. 6. GPR results from Prospection in the North Wall _1st C. Ph. in regards to the 3D point Cloud  
 

The georadar results B5 and B9 in the North Façade of the historic building are illustrated in Figure 6, where the area that has 
been prospected is located between the white arrows, indicating the structural variation encountered in the north wall, which is 
part of the initial construction phase. In order to create the 3D model of the building, enclosing the structural characteristics, the 
GPR results provide the information of the depth and the size of the multilayered structure of the walls [11]. Additionally, 
information regarding the structural assessment can be obtained, and more specifically in the North façade, a relieving arch has 
been documented, providing spatial information regarding the location of the finding and qualitative information regarding the 
structural phases of the historic building. Furthermore, spatial correlation can be performed between the GPR anomalies and 3D 
point cloud deformations resulting in the creation of a 3D map of areas which have been affected by decay pathology or 
inhomogeneity in the multi-layered structure.   

4. CONCLUSION 

In general, stone building materials and various construction phases that can be encountered in a historic building are very 
complex to analyze due to the heterogeneity, variation in the construction process and susceptibility in decay, and also due to the 
materials intrinsic characteristics which require further testing and sampling. Through the proposed process, the application of 
the NDTs can reveal information regarding the building material and decay factors that prevailed, and in conjunction with the 
geometric documentation, the assessment of the current state of preservation of the building can be obtained. The integration of 
the NDT results when interrelated with the geometric documentation provides the information for the condition assessment of a 
historic building; modeling can be accomplished for an in-depth analysis of a structure, and offers information regarding 
extrinsic environmental factors. Additionally, this could be the first step of merging multisensory data nondestructive and close 
range for the creation of a methodological framework regarding 3D documentation processes for the creation of a 3D model and 
continuously an HBIM.  
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