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Abstract: Infrared thermography, with its ability to obtain information remotely and
non-contact, is often applied as a valuable method for investigating the surface layers of
historical buildings. In this paper, the results of applying infrared thermography during
academic investigations of two Italian treasures—the Sanctuary of Vicoforte in Piedmont
and the airship hangar in Augusta, Sicily —are presented. At the Sanctuary of Vicoforte,
imaging was performed to evaluate the condition of the exterior finishes and interior
frescoes, while at the airship hangar, imaging was conducted to detect cracks that are
difficult to observe using visible-light imaging.

Keywords: Historical buildings; Sanctuary of Vicoforte; masonry; Airship hangar; Rein-
forced concrete; Diagnostic inspection

1. Introduction

Not only is structural safety a concern for many historical buildings, but the ageing
deterioration of materials is also an important issue. To preserve them for future genera-
tions, it is essential first to investigate, diagnose, and then repair or reinforce them as
necessary. Infrared thermography is one of the most commonly used non-invasive
methods to investigate the surface layers of historical buildings.

This paper discusses the results of applying infrared thermography during aca-
demic investigations of two Italian treasures [1]. Imaging was performed to evaluate the
condition of the exterior finishes and interior frescoes in the Sanctuary [2] and to detect
cracks that are difficult to observe using visible-light imaging in the airship hangar [3].

2. Sanctuary of Vicoforte in Piedmont
2.1 outline

The Sanctuary of Vicoforte, located in Mondovi, Piedmont, Italy (construction began
in 1596, dome erected in 1731, lantern completed in 1733; Figure 1), features the world’s
largest elliptical masonry dome, with a major axis of approximately 37.15 m, a minor axis
of about 24.80 m, and a height of approximately 16.60 m. The height from the ground to
the top of the lantern is around 84 m. The church follows an elliptical centralized plan,
with an altar room to the north and four bell towers added later. The church’s drum ex-
poses the masonry. The lower external walls are finished with stone cladding, while the
bell towers have brick structures with mortar finishes.
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(a)WExte-ral view 7 (b) Internal view

Figure 1. The Sanctuary of Vicoforte

The Vicoforte dome is one of the largest elliptical domes in the world. Due to its
construction history and architectural features, it was designated an Italian national
monument in 1880, attracting numerous visitors for worship and tourism.

Historical buildings are important assets not only for the structures themselves but
also for the historically significant decorations, such as murals, found on both the exterior
and interior spaces. As many of these historic buildings serve as tourist resources, even
non-destructive investigations face challenges:

Setting up temporary scaffolding is challenging.

Hammer-sounding tests, which can damaging surface finishing materials, are often
prohibited due to cultural property protection.

Under these conditions, infrared thermography and visible images taken with a digi-
tal camera have been considered practical non-contact techniques for historical buildings.

At Vicoforte, measurement of deterioration of the interior and exterior finishing ma-
terials was conducted. The results are reported in sections 2.2 and 2.3.

2.2 Measurement results of outer wall

The results, as thermal images, are shown in Figures 2. According to the principle of
defect detection using infrared thermography, when heated by solar radiation, spalling
areas of the stone cladding are clearly detected as high temperature zones.

It was confirmed that defects in stone finishing could be detected using infrared
thermography. Based on these results, reinforcement work was carried out.
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(a) Visual image at south side a (b) Thermal image at south side
Figure 2. Delamination of stone finishing

2.3 Mesuremment resurls of the interior frescoes

The measurement results for the first-floor chapel are shown in Figure 3. Areas
showing delamination in the fresco, which pose a risk of falling, were clearly detected as
high-temperature zones.
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(a) Visual image (b) Thermal image
Figure 3. Delamination of fresco painting in the northwest chapel

3. Airship Hangar in Augusta
3.1 outline

Construction of the airship hangar in Augusta began in 1917. It is located atop a hill
32 meters above sea level, between the Pastandrea and Costa dei Conti districts, over-
looking the Megarese harbor.

The hangar, capable of housing an airship of 12,000 m?, is regarded as the only re-
maining example in the world built of reinforced concrete. The structure consists of 16
reinforced concrete buttresses, horizontal connecting beams, and walls. Its dimensions
are approximately 105.5 m in length, 45.2 m in width, and 37.0 m in height, with internal
dimensions of 100.0 m (length), 26.0 m (width), and 31.0 m (height) (Figure 4).
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(b) Plan
Figure 4. Airship Hangar in Augusta

Though designated a national monument on December 24, 1987, the hangar had
suffered extensive damage from frequent hooligan activity at the time of the survey. The
weight of the iron doors caused differential settlement, resulting in large cracks in the
roof and wall surfaces and raising serious concerns over structural stability.

Although the hangar is surrounded by dense forest, making exterior wall meas-
urements difficult, the walls are thin (about 10 cm). Thus, heat from sunlight easily pen-
etrated the interior, and we attempted to detect deterioration of the walls and roof slab
primarily by internal measurements

3.2 Mesurment results

Figure 5 show the results of measuring the west exterior wall from the inside.
The influence of heat entering from outside through through-cracks in the exterior
wall made the cracks detectable as high-temperature regions.
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(a) Visual image

(b) Thermal image
Figure 5. Cracks in the exterior wall

4.conclusions

This paper has reported case studies of the application of infrared thermography in
academic surveys of Italian historical structures—the Sancturay of Vicoforte and the
airship hangar in Augusta.

At the Sanctuary, infrared thermography enabled non-contact, non-destructive
measurement for the deterioration of stone cladding and interior frescoes, successfully
detecting delamination and areas of damage. For interior fresco diagnosis using artificial
heating, large-scale delamination was detected in high-temperature areas, but the detec-
tion of small-scale delamination was limited.

At the airship hangar, the survey demonstrated that, for thin exterior walls and roof
slabs, a combination of solar heating and internal measurement could enable the detec-
tion of through-cracks, concrete spalling, and delaminated zones.

These results demonstrate that infrared thermography is a valuable,
non-destructive, non-contact diagnostic tool for the preservation and maintenance
management of historical structures.
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