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1 Introduction 

Historical buildings serve as valuable testimonies of the past, providing insights into the lives and 

achievements of previous generations [1]. Their analysis not only enhances our understanding of history 

but also enables the effective preservation of cultural heritage. For example, the study [2] presented the 

disposal system in the Novả Horka residence. The authors of the study [3] demonstrated that old houses 

from more than 100 years ago in the port of Bushehr were better adapted to the climate, emphasising 

the importance of traditional methods. Researchers of the truss structure of St. Bartholomew’s Church 
in Mladočov [4] and the Roman Catholic Church of the holy Kozma and Damian in Abramová [5] showed 

that the geometric principles followed by historical designers allow for compliance with current design 

standards. Many of these structures hold architectural and historical secrets that can be revealed 

through modern research methods. Among these, non-destructive techniques are especially valuable, 

as they enable thorough diagnostics without altering the building’s structure, which is crucial advantage, 

particularly when planning conservation work [6]. Recent studies also emphasize the importance of 

integrating historic structures into their urban environments, taking into account both heritage value and 

functional requirements [7]. Furthermore, the reliability of non-destructive diagnostic techniques, 

especially under variable environmental conditions, has been underscored in recent research, 

highlighting the need for cautious interpretation of the results [8]. 

Ground-penetrating radar (GPR) is a key tool in the investigation of historic structures. It has 

proven highly effective in detecting hidden anomalies across a wide range of construction elements, 

including walls [9-12], pillars [13], floors [14,15], or geotechnical structures [16,17]. This versatility makes 

GPR an indispensable technique in the conservation and diagnostic assessment of historical buildings. 

Previous studies have confirmed the effectiveness of GPR in a variety of applications. For example, in 

the diagnostic analysis of the Gdańsk Crane floor [18], anomalies detected through GPR were later 

verified during conservation and renovation works. In the structural assessment of the Malbork Castle, 

radar scans revealed significant damage requiring further analysis [19]. Furthermore, GPR has been 
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successfully employed in the investigation of the former Piast Gymnasium in Brzeg, facilitating the 

identification of concealed architectural elements [20]. The GPR method has also been employed to 

evaluate the condition of wooden structural components, as evidenced in the case of the 19th-century 

church in Osiecznica, where the roof truss system was examined using non-destructive techniques [21]. 

This paper presents the results of ground-penetrating radar (GPR) investigations carried out on 

the ceiling structure of the historic Main Building of the Gdańsk University of Technology. The analysis 

allowed the identification of the internal structure of the vault and potential anomalies that may be 

relevant to both the preservation of the building and future conservation efforts. The findings presented 

in this study contribute to the broader application of non-destructive testing methods in the analysis of 

historic structures and highlight the importance of the GPR technique as a valuable tool for architectural 

diagnostics in heritage buildings. 

 
2 Background of GPR 

The Ground Penetrating Radar (GPR) method is one of the most advanced and versatile non-

destructive techniques used in the diagnostics of building structures, including historic buildings. This 

innovative method, based on the emission and detection of electromagnetic waves, enables precise 

imaging of subsurface structures without the need to interfere with the examined object. 

The fundamental principle of GPR operation involves the emission of electromagnetic pulses by 

a transmitting antenna and the registration of reflected waves by a receiving antenna. Electromagnetic 

waves passing through the medium under investigation are reflected or scattered at the boundaries of 

media with different electrical properties. The recorded signal creates a so-called radargram (also known 

as echogram), which, after appropriate processing, provides valuable information about the internal 

structure of the object. 

In the context of diagnostics of historic structures, the GPR method gains particular importance 

due to its non-invasive nature. It allows for effective detection and localization of hidden structural 

elements, identification of voids and inhomogeneities in walls, as well as assessment of the technical 

condition of foundations and ground under the historic structures, without disturbing the historical 

substance of the building [22]. This is extremely important in the case of objects of high historical and 

cultural value, where traditional diagnostic methods could lead to irreversible damage. In recent years, 

significant progress has been made in the development of GPR data processing and interpretation 

techniques. The application of advanced filtering algorithms, migration, and numerical modelling allows 

for increasingly accurate analysis of the obtained results [23]. Moreover, the integration of the GPR 

method with other research techniques, such as ultrasonic tomography [24], thermography [25,26], or 

electrical resistivity tomography (ERT) [27] opens up new possibilities for comprehensive diagnostics of 

historic buildings. 

 

3 Materials and methods 

3.1 Description of the building 

The Main Building of the Gdańsk University of Technology stands as one of the most valuable 

monuments of academic architecture in Poland. Built in 1904 to a design by architect Albert Carstens, 

it represents the Neo-Renaissance style that was highly regarded in European academic circles at the 

time. Its facades are decorated with intricately carved details, and its spacious interiors, with high vaultes 

and decorative elements, reflect the scientific and cultural aspirations of the era. The historical role of 

the building as a central hub for educational, administrative and research activities underscores its 

importance not only as an academic institution but also as a cultural landmark. 

Throughout its nearly century-long history, the building has undergone numerous modernizations, 

renovations and adaptations in response to dynamic technological changes and evolving user needs. 

During the Second World War, the building was severely damaged, necessitating a thorough post-war 

reconstruction and conservation of structural elements (Fig. 1). A section of the ceilings collapsed, 

primarily in the central part of the rear building, which housed, among other facilities, the library and the 

Main Hall. Both staircases in the central section of the building collapsed. Numerous facade details were 

also damaged [28,29].  The following decades brought further renovations aimed at adapting the building 

to modern operational standards while preserving its original architectural values. As part of these 

efforts, the facade details were reconstructed, the load-bearing structures were reinforced, and the 

technical installations were modernized, all of which required adherence to strict conservation guidelines 

due to the building status as a historical monument [28]. Contemporary conservation and modernization 

work poses a number of challenges for specialists, especially in terms of diagnosing the technical 
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condition of key structural elements such as floors. As key structural elements, the floors of the Main 

Building require regular diagnostic testing to ensure the safety of users and maintain the integrity of the 

historic structure. The use of ground penetrating radar (GPR) is particularly important in this context. 

This method facilitates the non-destructive determination of the internal structure of floors, identifying 

potential voids, cracks or areas of material weakness, which is invaluable when planning conservation 

interventions. Accurate mapping of internal structural layers allows the selection of appropriate 

strengthening and renovation methods, while ensuring the preservation of the authenticity of the historic 

heritage. 

 

 
Fig. 1: Main Building of the Gdańsk University of Technology (link: 

https://ochronazabytkow.gda.pl/rejestr-zabytkow/rejestr-zabytkow-nieruchomych/): a) destroyed 
staircase in World War II [28], b) present-day view of the staircase. 

The results of the conducted GPR surveys can serve as a valuable aid in the development of 

modernization strategies, enabling interdisciplinary collaboration between conservators, civil engineers, 

and material diagnostics specialists. This makes it possible to create a comprehensive image of the 

technical condition of the floors and identify their construction, which in turn allows for the 

implementation of remedial actions that minimize the risk of further damage and extend the lifespan of 

this unique building. 

In response to the growing demands for the protection of cultural heritage, the incorporation of 

advanced diagnostic technologies such as ground penetrating radar technique represents a modern 

approach to heritage conservation. This strategy ensures that historic structures such as the Main 

Building of Gdansk University of Technology can be effectively preserved and maintained, balancing 

the need for structural integrity with the preservation of architectural and historical value. 
 

3.2 Survey in the Main Building 

The investigation was carried out in the Main Building of Gdańsk University of Technology, on the 
ceiling above the 2nd floor, i.e., at level 3rd. The place inspected is presented in Figures 2a and 2b. For 

the GPR survey, a rectangle measuring 1200 cm x 1020 cm was selected in the central part of the 3rd 

level. This research area (#A) was chosen to allow for unrestricted movement of the measuring 

equipment along predefined routes. To ensure comprehensive coverage, 52 longitudinal profiles (L1-

L52) and 61 transverse profiles (H53-H113) were marked on the inspected area. Both longitudinal and 

transverse profiles were placed at 20 cm intervals. The sections of the floor subjected to the survey, 

together with the measurement routes described, are illustrated in Figure 3. The measurements were 

conducted using an IDS C-THRUE georadar system, which is equipped with four antennas, each 

operating at a central frequency of 2 GHz. This GPR is designed to provide high-resolution imaging, 

enabling precise detection of subsurface structures and anomalies. It has an effective penetration depth 

of several tens of centimeters, making it well-suited for analyzing subsurface features with high 

accuracy. 

https://ochronazabytkow.gda.pl/rejestr-zabytkow/rejestr-zabytkow-nieruchomych/
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Fig. 2: Measurement area #A: a) location of the ceiling, b) marking on the 3. floor plan, c) ground 

penetrating radar used in measurements. 

4 Results and discussion 

The initial inspection of the ceiling from below, i.e., from the 2nd level, clearly indicates the 

presence of anomalies in the form of variations along the length of the edges of the cross-ribbed vaults. 

Furthermore, several metal rods support suspended lighting fixtures at the centre of the ceiling (Fig. 3), 

which will also manifest as anomalies due to the magnetic properties of steel. 

Figure 4 presents echograms for three selected longitudinal profiles: L2, L17, L21, L26, L36 and 

L51. In profile L2, characteristic subsurface disturbances are visible at approximately 3.00 m and 8.50 

m along the length. Both disturbances exhibit hyperbolic reflections at a depth of approximately 25 cm, 

indicating the presence of longitudinal inclusions. These are most likely the steel load-bearing beams of 

the ceiling, positioned above the vaulted sections and aligned with the column axes. Additionally, the 

boundary between the arched ceiling segments can be observed: smaller arches symmetrically 

positioned on both sides of the profile, with a lower boundary extending to approximately 2.80 m and an 

arch rise at a depth of around 0.6 m, and a larger central arch extending from approximately 3.80 m to 

8.00 m, with an arch rise at a depth of about 45 cm. The gaps between the arches, where no anomalies 

are detected, correspond to the locations of the columns and, consequently, to the presumed locations 

of the steel beams. The lower surface of the ceiling is well-maintained, suggesting that a reinforcing 

steel mesh was installed during renovation work. This is supported by subsurface disturbances observed 

beneath the arch edges on the radargram. There is also a single hyperbolic anomaly at approximately 

5.80 m along the profile and at a depth of 5 cm. This anomaly appears in the same location across all 

profiles from L1 to L26, covering half of the surveyed area. It can be inferred that this corresponds to an 

electrical conduit for the suspended lighting system beneath the ceiling. Anomalies corresponding to the 

presence of steel girders are also observed in profile L17, the locations of which are entirely consistent 

with those in profile L2. However, in this measurement path, the arch geometry is no longer visible. 

Instead, linear inclusions appear at depths of 8 cm and 20 cm along the entire profile, indicating the 

presence of a continuous disturbance along this path. A similar situation is observed in profile 36, which 

is symmetrical to the centreline. This suggests the presence of two beams running parallel to the 

longitudinal measurement paths, likely serving as girders. Radargram 26, representing the 
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measurement path crossing the centre of the investigated area, indicates the presence of a beam grid 

in the middle of the ceiling. This is evidenced by disturbances appearing at approximately 1.00 m 

intervals, beginning at radargram 18 (at a distance of 3.40 m from the starting point), corresponding to 

ten steel beams. The locations of these disturbances coincide with the previously observed two 

repeating beams. In the scans where these ten anomalies are visible, the vaulted segments are no 

longer present, suggesting that the grid of beams has a structural reinforcement function. 

 

 
Fig. 3: Measurement area #A: a) ceiling location, b) view of the ceiling from below – selected 
longitudinal profiles with a visible arched ceiling, c) view of the ceiling from below – selected 

transverse profiles with a visible arched ceiling and marking lighting, d) marking in the 3. floor plan. 
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Fig. 4: Analysis of the selected radargrams in the longitudinal direction (explanation in the text). 

Fig. 5 presents echograms recorded for selected transverse measurement paths. In echograms 

H53 (first transverse scan) and H83 (scan through the centre of the measurement area), as well as in 

most of the scans, disturbances in the form of two hyperbolas are visible at approximately 3.40 m and 

7.20 m. Their locations correspond to the longitudinal profiles L17 and L36, where linear inclusions were 

identified. This indicates the presence of two main beams running in the longitudinal direction (previously 

mentioned girders). Both hyperbolas appear at a depth of approximately 20 cm, probably corresponding 

to the beam edges, which also aligns with the linear inclusions observed in profiles L17 and L36. At 

shallower depths, strong disturbances caused by the presence of steel are visible. The echograms 

clearly show the arched boundary of the ceiling between the disturbances corresponding to the steel 

girders. Furthermore, both the upper and lower boundaries of the arch can be distinguished (e.g., 

profiles H74, H100), probably indicating the presence of brick infill between the beams (similar to a Klein 

ceiling). The difference between the edges of these arches at their extremes is approximately 15 cm. 

Radargram 69 corresponds to a measurement path located along one of the two main transverse 

beams. This is evidenced by the presence of linear inclusions along the entire profile, as well as the 

distance of this path from the starting point (3.20 m) which approximately corresponds to the hyperbolas 

observed in the longitudinal profiles. A similar situation is observed in echogram H97, which corresponds 

to a profile symmetrical to H69. In addition, linear inclusions can be observed in selected transverse 
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measurement paths in the central parts of the echograms (between the main hyperbolas). These paths 

coincide with the transverse beams of the grid structure in the central part of the ceiling. 
 

 
Fig. 5: Analysis of the selected radargrams in the transverse direction (explanation in the text). 

Fig. 6 presents tomographic images for selected depths. At a depth of 1 cm, just below the floor, 

rectangular shapes are visible, which may correspond to the boundaries of the floor layers. At greater 

depths, up to 35 cm and in some cases up to 45 cm, the grid structure of the beams can be clearly seen: 

two longitudinal beams, two main transverse beams and additional transverse steel beams in the central 

part of the floor supported by the beams. At a depth of 20 cm, the beam edges are visible, corresponding 

to the hyperbolic reflections observed in the longitudinal scans. At a depth of 40 cm, the boundaries of 

the ceiling become visible, beginning in the central part of the structure where the largest vault is located. 

At the maximum depth of 75 cm, the full geometry of the arched ceiling is shown in both directions, 

together with the positions of the columns from the 2nd level, the space between the smaller arches and 

the largest arch in the longitudinal direction. 
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Fig. 6: Examples of tomographic maps obtained from measurements (c) (explanation in the text) with a 

measurement area marked in the top view (a) and on the 2nd floor plan (b). 

5 Conclusion 

The Main Building of the Gdańsk University of Technology is a monument of significant 

architectural and structural value. Built at the beginning of the 20th century, it represents an important 

example of academic architecture and the engineering achievements of that time. Understanding its 
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construction provides valuable insights into the historical development of technical education and 

construction practices in Gdańsk. 
This article presents the results of non-destructive testing conducted in the Main Building. The 

analysis focused on anomalies detected in the cross-ribbed vaults, particularly in the arched sections of 

the vault and the beam grid. The study was carried out using the ground penetrating radar method, 

utilizing a 2 GHz radar. The results were presented in the form of tomographic maps and echograms 

(B-scans). The analysis of the longitudinal and transverse profiles provided important information about 

the internal structure of the ceiling. The echograms revealed the presence of steel beams, girders, and 

additional reinforcing elements, which were likely introduced during previous renovations. The 

radargrams indicated the existence of a beam grid in the central part of the ceiling, consisting of 

longitudinal girders, transverse steel beams, and a probable brick infill between the structural elements, 

resembling a Klein ceiling. Additionally, anomalies corresponding to electrical wiring for suspended 

lighting were identified. Tomographic imaging at different depths confirmed these observations. At 

shallower depths, the steel beam grid was visible. At greater depths, the boundaries of the arched ceiling 

fragments were revealed, particularly in its central part, where the largest arch is located. The deepest 

scans (up to 75 cm) enabled a full representation of the vault geometry and column locations, 

considering the space between the smaller and larger arches in the longitudinal direction. 

In summary, GPR proved to be an effective method for inspecting structural elements within 

historic buildings. However, interpretation of the results requires specialist knowledge and experience, 

particularly in the absence of original building documentation. Data analysis should take into account 

the capabilities of the measurement antenna, the main parameter of which is frequency, which directly 

affects the accuracy of the investigation and the effective penetration depth. The results presented in 

this article contribute to a better understanding of the structure of the Main Building of the Technical 

University of Gdansk, supporting conservation efforts and possible future renovation work. 
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