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1. Introduction 

Nowadays, old industrial masonry chimneys are remained landmarks which represent the history and industrial 
past in some areas in our cities. These old structures cannot be recovered for modern use as it happens with other 
industrial buildings. Thus, they are mere ornamental elements and can be considered as part of our cultural heritage. 
Therefore, when new uses are required in the areas where these structures are located the conservation or destruction 
of these buildings must be questioned. In some cases they are protected by law but in other cases it is necessary to 
make a decision about the preservation of the structure. The answer to this question is not easy because many factors 
affect the conservation of the building. In this decision the cost of the rehabilitation and conservation is a 
fundamental aspect. Indeed, one of the main factors is the current health status of the building which obviously has 
an important impact on the rehabilitation cost.  

The strong industrial past of the community of Cantabria has left many of these structures scattered along this 
Spanish region. Some of them have passed from private property to public property and have been preserved in good 
conditions. However, others have been abandoned for many years without any conservation program or repairs. In 
these cases it is necessary to obtain the current health status of the structure in order to assess the cost of the repair 
and maintenance. This is the case of the chimney studied in this paper where the deterioration for many years of 
abandonment is remarkable. This chimney is located in the Corrales de Buelna which is a small town with a strong 
industrial activity from the beginning of the XX century. The purpose of the work presented here is to evaluate the 
health status of the chimney under static and dynamic loads.  

During the last decade structural health monitoring of historical buildings have gained great importance [1,2,3]. 
Structural health monitoring can be defined as the process to evaluate the health status of the structure, and 
determining its damage and predicting their remaining life [4]. In this context, the dynamic behavior of the structure 
plays an important role because one of the main loads that this kind of structures supports is caused by the wind. 
Wind can excite dynamically the structure and the mode shapes and natural frequencies should be determined. 
Experimental modal analysis is the process to determine the dynamic characteristics of the structure [5,6]. The 
measured dynamic characteristics of the structure can be compared with the theoretical analysis and determine the 
health status of the building. This is known as dynamic-based damage identification which assumes the possibility of 
detecting damage from changes in modal parameters, especially natural frequencies, modes shapes and damping 
ratios. These modal parameters can be considered as indicators of the health status of the structure since they are 
function of the actual physical properties of the building [7,8]. Thus, any change of the physical properties (i.e. mass, 
stiffness and damping) will cause changes in the dynamic behavior. Standard modal analysis requires knowing both 
excitation of the structure and response. However, in buildings like chimneys full knowledge is not available 
because is not possible to apply a controlled excitation and for this reasons only the response is known. Thus, 
ambient-induced vibration is used as input in modal analysis. This means that the excitation is produced by the real 
load, i.e. the wind. This kind of modal analysis is known as Operational Modal Analysis (OMA) [7,9,10] and has 
been demonstrated to be a useful tool in this kind of structures. OMA is based on spectral identification and has great 
importance as a non-destructive tool [11,12,13]. 

Although existing literature related to the dynamic analysis of chimneys is rather scarce, several works about the 
determination of modal characteristics of masonry structures can be found in the literature [14,15]. A review of the 
state of the art has been presented by Pallares et al. [16] where the construction methods and the theoretical 
modelization of chimneys is described to assess their vulnerability. Many of these works are focused on seismic-
induced vibrations [17,18] where some methodologies are applied to assess the state of preservation of tall historic 
buildings after earthquake. In [19] the modal pushover analysis is used to evaluate the health status of the chimney 
damaged by an earthquake. Several works present the results obtained from modeling chimneys using linear finite 
element analysis under both seismic and wind conditions [20]. Nonlinear finite element analysis is presented by [21] 
where the modelization of the failure by cracking in the chimney base is also included. An experimental 
methodology for updating the theoretical model was developed by [22] where the mode shapes are identified 
obtaining the stiffness variation along the chimney due to the possible damage. Similar procedure is presented by 
[23] using an experimental calibrated numerical model. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2017.09.485&domain=pdf
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1. Introduction 

Nowadays, old industrial masonry chimneys are remained landmarks which represent the history and industrial 
past in some areas in our cities. These old structures cannot be recovered for modern use as it happens with other 
industrial buildings. Thus, they are mere ornamental elements and can be considered as part of our cultural heritage. 
Therefore, when new uses are required in the areas where these structures are located the conservation or destruction 
of these buildings must be questioned. In some cases they are protected by law but in other cases it is necessary to 
make a decision about the preservation of the structure. The answer to this question is not easy because many factors 
affect the conservation of the building. In this decision the cost of the rehabilitation and conservation is a 
fundamental aspect. Indeed, one of the main factors is the current health status of the building which obviously has 
an important impact on the rehabilitation cost.  

The strong industrial past of the community of Cantabria has left many of these structures scattered along this 
Spanish region. Some of them have passed from private property to public property and have been preserved in good 
conditions. However, others have been abandoned for many years without any conservation program or repairs. In 
these cases it is necessary to obtain the current health status of the structure in order to assess the cost of the repair 
and maintenance. This is the case of the chimney studied in this paper where the deterioration for many years of 
abandonment is remarkable. This chimney is located in the Corrales de Buelna which is a small town with a strong 
industrial activity from the beginning of the XX century. The purpose of the work presented here is to evaluate the 
health status of the chimney under static and dynamic loads.  

During the last decade structural health monitoring of historical buildings have gained great importance [1,2,3]. 
Structural health monitoring can be defined as the process to evaluate the health status of the structure, and 
determining its damage and predicting their remaining life [4]. In this context, the dynamic behavior of the structure 
plays an important role because one of the main loads that this kind of structures supports is caused by the wind. 
Wind can excite dynamically the structure and the mode shapes and natural frequencies should be determined. 
Experimental modal analysis is the process to determine the dynamic characteristics of the structure [5,6]. The 
measured dynamic characteristics of the structure can be compared with the theoretical analysis and determine the 
health status of the building. This is known as dynamic-based damage identification which assumes the possibility of 
detecting damage from changes in modal parameters, especially natural frequencies, modes shapes and damping 
ratios. These modal parameters can be considered as indicators of the health status of the structure since they are 
function of the actual physical properties of the building [7,8]. Thus, any change of the physical properties (i.e. mass, 
stiffness and damping) will cause changes in the dynamic behavior. Standard modal analysis requires knowing both 
excitation of the structure and response. However, in buildings like chimneys full knowledge is not available 
because is not possible to apply a controlled excitation and for this reasons only the response is known. Thus, 
ambient-induced vibration is used as input in modal analysis. This means that the excitation is produced by the real 
load, i.e. the wind. This kind of modal analysis is known as Operational Modal Analysis (OMA) [7,9,10] and has 
been demonstrated to be a useful tool in this kind of structures. OMA is based on spectral identification and has great 
importance as a non-destructive tool [11,12,13]. 

Although existing literature related to the dynamic analysis of chimneys is rather scarce, several works about the 
determination of modal characteristics of masonry structures can be found in the literature [14,15]. A review of the 
state of the art has been presented by Pallares et al. [16] where the construction methods and the theoretical 
modelization of chimneys is described to assess their vulnerability. Many of these works are focused on seismic-
induced vibrations [17,18] where some methodologies are applied to assess the state of preservation of tall historic 
buildings after earthquake. In [19] the modal pushover analysis is used to evaluate the health status of the chimney 
damaged by an earthquake. Several works present the results obtained from modeling chimneys using linear finite 
element analysis under both seismic and wind conditions [20]. Nonlinear finite element analysis is presented by [21] 
where the modelization of the failure by cracking in the chimney base is also included. An experimental 
methodology for updating the theoretical model was developed by [22] where the mode shapes are identified 
obtaining the stiffness variation along the chimney due to the possible damage. Similar procedure is presented by 
[23] using an experimental calibrated numerical model. 
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5. Conclusions 

In this paper a dynamic structural study of an old industrial chimney has been carried out. There is no original 
information about the structure so this study includes the determination of all parameters taking part in the analysis. 
The modal properties of the chimney have been obtained finding out that there is a good correlation between OMA 
and theoretical results. The in-situ inspection of the chimney shows that some cracks are present along the structure 
but they seemed to be only superficial. The results of the modal analysis corroborated this hypothesis because the 
chimney was theoretically modeled as a continuum structural system, and this model confirmed the measured 
results.  The experimental outcomes did not reveal the existence of a torsional mode. This is because of the use of 
unidirectional transducers and their location on the structure. Although torsional modes were not considered 
essential in this study an exhaustive dynamic analysis will require the use of additional location for the 
measurements to obtain the information about these modes. 
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5. Conclusions 

In this paper a dynamic structural study of an old industrial chimney has been carried out. There is no original 
information about the structure so this study includes the determination of all parameters taking part in the analysis. 
The modal properties of the chimney have been obtained finding out that there is a good correlation between OMA 
and theoretical results. The in-situ inspection of the chimney shows that some cracks are present along the structure 
but they seemed to be only superficial. The results of the modal analysis corroborated this hypothesis because the 
chimney was theoretically modeled as a continuum structural system, and this model confirmed the measured 
results.  The experimental outcomes did not reveal the existence of a torsional mode. This is because of the use of 
unidirectional transducers and their location on the structure. Although torsional modes were not considered 
essential in this study an exhaustive dynamic analysis will require the use of additional location for the 
measurements to obtain the information about these modes. 
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