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Abstract

The Khosravi Leather Factory in Tabriz holds significant historical importance as a representative of
Iran’s eatly industrial era. This study focuses on the dynamic behavior of the industrial chimney within
the factory complex, which is a tall and slender structure vulnerable to seismic forces. In this article, the
previously implemented seismic retrofitting techniques, which involved the installation of metal rings
around the chimneys, is thoroughly examined. Given the unique challenges posed by these structures, this
research investigates the effectiveness of this retrofitting technique through experimental modal analysis
and numerical modeling, followed by pushover analysis to evaluate the seismic behavior before and after
retrofitting. Based on the test results and observed frequency changes and pushover analysis results, it is
evident that this retrofitting technique did not achieve the desired improvement in structural performance.
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Introduction

The preservation of the historical structures is critical, especially in the context of seismic vulnerability.
Industrial chimneys, as integral components of our industrial heritage, require careful assessment and
potential retrofitting to withstand seismic events. This study focuses on the application of metal rings as a
retrofitting technique aimed at enhancing the structural integrity of historical industrial chimney. Given the
unique challenges posed by these structures, this research investigates the effectiveness of this retrofitting
method through experimental modal analysis and numerical modeling, followed by pushover analysis to
evaluate the seismic behavior before and after retrofitting,

Methodology

Experimental Modal Analysis:

The primary objective of experimental modal analysis was to evaluate the dynamic characteristics of the
chimney. The first stage of the analysis involved measuring the natural frequencies and mode shapes of the
structure without any retrofitting. Employing a network of accelerometers strategically placed around the
structure, data were collected to establish a baseline for the chimney’s performance.

In the second stage, the analysis was repeated after the installation of metal rings. This process aimed to
identify any changes in the dynamic behavior of the chimney attributable to the retrofitting technique.
The collected data were processed using state-of-the-art modal analysis techniques, allowing for a direct
comparison of frequency responses and mode shapes in both conditions.

Numerical Modeling:

The study utilized a macro-level modeling approach to efficiently streamline the numerical model for
ensuring computational effectiveness. A finite element model (FEM) was developed to represent the
chimney, characterized by a conical section measuring 25.85 meters in height and an octagonal base section
of 6.01 meters height. The supports and foundation were fixed, constraining all degrees of freedom, which
is crucial for conducting the stability analysis of the structure.

Material properties were precisely defined to ensure that the model closely approximated the actual physical
characteristics of the chimney (Table 1). The numerical analysis was conducted to simulate the performance
of the chimney under various loading conditions, allowing for a thorough examination of its seismic

robustness.
Table 1: Optimized values of the materials used in chimney model
Material Elastic Modulus Specific mass Poisson’s
GPa Kg/m3 coefficient KPa KPa
Masonry material 2.34 1900 0.25 1001 100.1
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Pushover Analysis:

A nonlinear pushover analysis (NLPO) was employed to evaluate the seismic capacity of the chimney.
This static method involves plotting the relationship between control displacement and base shear forces,
resulting in a capacity curve that illustrates the structure’s capacity to withstand seismic forces. Initially,
pushover analysis was performed on the modeled structure without retrofitting (Noortman, 2019). The
research findings indicated that the maximum shear force reached 687.5 kN, with a stiffness of 14.5 kN /
mm

Fio. 1).

Fig. 1: Pushover analysis

Retrofitting with Metal Rings

The core focus of the research was to investigate the impact of metal rings as a retrofitting technique.
Various configurations of metal rings were tested, starting with three rings placed at the bottom of the
conical section an area identified as expetiencing higher stress concentrations due to the geometrical
transition from an octagonal to a circular cross-section.

However, the comparative pushover curves indicated no significant enhancement in the structural strength
or stiffness when comparing the structure with and without rings. Subsequent stages involved the placement
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of seven rings, distributed sporadically up to half of the chimney’s height, which again did not yield
substantial improvements.

The analysis continued with the introduction of five rings located at the mid-height of the chimney. This
configuration resulted in a minor increase of approximately 3% in resistance compared to the state without
rings. The results led the researchers to hypothesize that placing rings at one-third of the chimney’s height
might provide greater benefits, given the observed modes of vibration.

By testing several configurations, the optimal arrangement was identified to be at one-third of the chimney’s
height. The pushover curves for this configuration demonstrated an increase in structural strength of
approximately 9.16% compared to the pre-retrofitting state. The maximum strength increased from 0.131g
to 0.145g. However, this enhancement and percentage increase were considered insufficient for effective
structural retrofitting,

Tab. 3: Comparison of pushover analysis in different rings location
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Results and Discussion

The analysis results highlight the limitations of the metal ring retrofitting technique as observed through the
experimental and numerical evaluations. In the absence of significant changes in natural frequencies, modal
shapes, and overall stiffness, it became evident that while the method holds some merit in providing modest
enhancements, it is inadequate for fulfilling seismic safety standards.

Through comparative evaluations of various placements of metal rings, the study reinforces the understanding
that traditional retrofitting methods may not be sufficient on its own to enhance the resilience of historical
industrial structures. A more integrated approach combining multiple retrofitting techniques, or advanced
materials, may be necessary to achieve the desired performance under seismic loading,

Conclusion

In conclusion, this research provides valuable insights into the retrofitting of historical industrial chimneys
using metal rings. Despite the increased structural resistance in optimal configurations, the percentage
gains do not reach the thresholds for satisfactory retrofitting, thereby guiding future efforts away from
singular methods towards more comprehensive solutions. It emphasizes the need for ongoing research
into innovative materials and techniques that can provide significant improvements in protecting historical
structures against seismic risks.
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Future work should explore alternative retrofitting strategies, including composite materials or hybrid
systems that can address the identified weaknesses in traditional metal ring applications. This ongoing
research is crucial for developing standards and guidelines to ensure the longevity and safety of heritage
structures in seismic-prone regions.
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