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Abstract

The cortrect protection and improvement of historical buildings should start with appropriate knowledge and
pathology in order to investigate the causes of erosion of the structure, and studies on such buildings should
involve the minimal amount of intervention and full compliance with the physical integrity and attention to
the principles and basics of architectural heritage protection. So one of the main challenges of studying and
identifying historical monuments is the need to take samples of building materials to analyze mechanical and
physical characteristics. Currently, a relatively wide range of destructive (DT) and semi-destructive (MDT)
methods are currently available for the evaluation and inspection of historical buildings. However, if we want
to apply the least amount of intervention and refrain from harming the physical integrity of historical
buildings, it is not possible to collect samples with the dimensions that are usually used in new buildings to
determine the characteristics of the materials. For this reason, a vatiety of non-destructive methods (NDT)
are used alone or in combination to determine the characteristics of the materials and structure of the building
under study. In general, it can be concluded that minimizing interventions in the historical structure and using
non-destructive methods to study and identify its elements is one of the requirements for improving the
condition of cultural heritage. Among non-destructive methods, acoustic techniques are among the most
commonly used methods in recent decades, and provide us with critical information about the quality and
protective status of the elements under study. The purpose of this study is to investigate the performance,
capacity, and results of using acoustic wave propagation in heritage building conservation. This article is a
review of scientific research from the last six years in the field of studies and research related to acoustic tests
and a summary of the basic technical principles, equipment requited, how to perform tests, applications,
limitations in relationship with the conditions of the site and finally the analysis of the data obtained from
these tests. Studies show that using different materials and structures behave differently against the
propagation of acoustic waves, as well as cracks and internal cavities. As a result, the same difference in
behavior can be used to assess the quality of buildings and materials, identify existing heterogeneities, injuries,
especially cracks, detachment of wall coatings, and control the effectiveness of therapeutic measures.
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Introduction

Protecting a built cultural heritage requires a deep knowledge of the building construction and
restoration history, the structure of the building, the nature and properties of the building materials,
and analysis and evaluation of the external and internal factors affecting the body of the building,
such as the state of tension, humidity, and climatic conditions. Given the specific artistic and
aesthetic values of such buildings, sampling on a large scale to determine the composition and
properties of building materials is not always possible due to its destructive effects. On the other
hand, examining features such as crack depth or even walls’ internal structure should be performed
on-site and in relation to the structure’s fabric, and it is not possible to sample and study such
characteristics in a laboratory. Therefore, on-site non-destructive tests are the best way to check
and analyze the properties of such buildings. Among non-destructive tests, sonic and ultrasonic
tests are the most widely used in historic buildings to evaluate parameters such as masonry quality
through the wall section morphology, presence of voids and flaws, cracks and their distribution
patterns, and detection of changes on the materials’ physical characteristics. The method consists
of measuring the time of propagation of the sonic and ultrasonic waves through a material. The
wave propagation velocities (WPV) depend on the density and the stiffness of the material.
Moreover, wave propagation can be affected by the presence of damage (cracking, voids). Sadly,
the technical community of Iran does not pay enough attention to the use of non-destructive tests
in the fields of understanding and interventions of historical monuments, and destructive tests are
widely used in pathology and measuring the impact of treatment measures. Also, studies in the field
of acoustic tests as one of the most practical branches of these methods are rather scant and the
lack of these studies in the field of historical monuments is evident. The present paper, by reviewing
and analyzing the studies conducted in this field, especially in the European community in recent
years, tried to introduce acoustic techniques and their application in evaluating the quality of
materials of historical buildings and choosing the right intervention approach, and finally
encouraging specialists in the field of the cultural heritage of Iran to a wider application of the
proposed tests.

Discussion

The basic idea is to pass the acoustic wave through inside the material, measuring the time of its
propagation to another point (Figure 1). Once the distance between the points from which the
wave was transmitted and received is known, it is then possible to determine the average speed in
the propagation section. Therefore, these methods can provide information to detect the thickness
and position of the weathering layer, and the physical properties of different materials, including
mechanical characteristics and the state of cracking, fractures, and other discontinuous elements.

Especially, Sonic pulse velocity tests are recommended for homogeneous structures and materials.
Thus, it is commonly used to assure the effectiveness of injected reparations and is suitable to be
applied on historical buildings. Sonic pulse tests do not yield quantitative results but are very helpful
in providing qualitative information about the material or element’s state of conservation. While
ultrasound, with its higher frequencies and shorter wavelength, should be avoided to check
multilayer structures and it is suggested for very compact materials such as marble, metal, timber,
or reinforced concrete, sonic velocity pulse is suitable for masonry testing.

The results of data processing may be visualized in the form of 3D or 2D gray- or color-scale
contour maps, or others. Interpretation of the results is a fundamental and critical step. In many
cases, sonic and ultrasonic tests alone cannot resolve all the ambiguities and some additional
information or calibrations (from complementary investigations, from local invasive and other
noninvasive measurement, from a priori knowledge of the building, from expertise on construction
techniques) is required. Macroscopic inclusions (e.g., beams, voids, chimney flues, presence of
different materials) can be detected by means of direct test or tomography. In general, it is not
possible to associate the velocity anomalies to the nature of the targets. The defaulters of the targets
can be only inferred from assumptions or other information or directly checked with a local
invasive test, whose positioning can be chosen on the basis of the S or US test results. If the
resolution of sonic tomography is sufficient, it is possible to detect inner and outer layers of walls,
which will appear as areas with different sonic velocities.
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Conclusions

Large-scale non-destructive testing is available at the site of the historical monument and in direct
contact with the body of the building. These tests answer many of the questions related to cultural
heritage with minimal damage to the historical monument and in compliance with the principle of
minimum intervention, saving time and saving money. Some of these tests do not require complex
and expensive equipment and can be easily implemented by conservation experts. Accordingly, a
brief discussion about noninvasive sonic and ultrasonic methods for the built cultural heritage was
addressed here. Studies show that through the correlation between the speed of acoustic waves and
the intrinsic properties of the studied samples, the mechanical parameters of the structure can be
evaluated in situ. This feature can be widely used in assessing the physical condition and pathology
of historic buildings, but it is important to remember that choosing the most appropriate method of
an acoustic test with respect to site conditions is the most vital step. The use of acoustic techniques
in recent decades by the technical community due to non-invasiveness, ease of use, and especially
compatibility with historical buildings, has increased and these tests are one of the most commonly
applied methods among the other types of non-destructive tests. However, in Iran, these techniques
are not yet widely used in historical buildings, and researches about these methods still remain rare.
It is hoped that this study will trigger further studies in this field, especially considering the specific
cultural context of Iran, because, although the subject of the conservation and preservation of
historical and cultural monuments around the world has similarities in general, different parts of the
world, based on their different cultural, economic, social and political contexts, differ in the details
of these methods and we need to understand these details. We must return to the context of our
country and seek the roots of the protection of historical monuments in an understanding derived
from our context and environment. In the end, it can be concluded that today in the wotld, acoustic
tests are widely used as a type of non-destructive test, and with the advancement of technology, many
of the previous limitations in the implementation of these tests have been resolved, though there still
remain some complications, especially in the field of data analysis. In order to increase the accuracy
of acoustic tests according to the existing restrictions related to the site, it is recommended to
combine these tests with other types of non-destructive tests.
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Fig. 1: Scheme of Sonic pulse velocity test
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