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ABSTRACT

This paper explores the design and structural performance of self-supported steel chimneys under two different
design codes: the European code (EN 1993-3-2) and the Indian code (IS:6533-1989). These towering structures
are crucial for releasing harmful gases at high altitudes to minimize environmental impact. The study focuses on
a 90-meter steel chimney and conducts seismic and wind analyses using the SAP2000 software, considering
seismic zone III conditions and a basic wind speed of 47 meters per second. Shear force and Maximum Base
Moment are calculated to assess structural integrity. By comparing the outcomes of designs under these two
codes, the research aims to provide insights into the efficiency and safety of self-supported steel chimneys,
contributing to advancements in structural engineering and environmental protection.

I. INTRODUCTION

Self-supporting steel chimneys are essential engineering structures employed in a myriad of industrial
applications, serving as conduits for the safe release of gases, particulates, and by products generated during
various industrial processes. These towering vertical structures are meticulously designed to withstand
environmental forces, providing a crucial link between the industrial processes on the ground and the
surrounding atmosphere. Understanding the structural behaviour of self-supporting steel chimneys is
paramount, as they must endure the effects of wind, seismic activity, and other dynamic loads while maintaining
their integrity and functionality.

This paper delves into a comprehensive study and analysis of self-supporting steel chimneys, with a specific
focus on two critical parameters: shear force and bending moment. These parameters are fundamental in
assessing the structural performance of chimneys, as they directly influence their stability, safety, and overall
functionality. In essence, shear force and bending moment represent the internal forces and moments that act
on the chimney's structure, influencing its behaviour under various loads and environmental conditions.

Our investigation aims to provide a deeper understanding of the complexities associated with self-supporting
steel chimneys, particularly when subjected to dynamic forces. By examining the behaviour of these structures
under different operational scenarios, we seek to unravel the intricacies of how shear force and bending
moment impact their stability and structural integrity. This analysis is vital not only for ensuring the safety of
these industrial components but also for advancing the field of structural engineering and contributing to the
development of more robust and efficient chimney designs.

Throughout this paper, we will explore the theoretical foundations of shear force and bending moment and then
apply this knowledge to real-world scenarios, utilizing structural analysis tools and techniques. By conducting a
systematic and rigorous investigation, we aim to provide engineers, researchers, and practitioners with
valuable insights into the design, analysis, and safety considerations of self-supporting steel chimneys.
Ultimately, our findings will contribute to the development of best practices in the engineering of these vital
structures, enhancing their reliability, sustainability, and overall performance in industrial applications.

IL LOAD COMBINATIONS
According to the specifications outlined in IS: 6533 (Part 2), the design of the stack should take into account the
following load factors:
a) Load case 1 = Dead load + wind load (along X direction) + Imposed load
b) Load case 2 = Dead load + wind load (along Y direction) + Imposed load

c) Load case 3 = Dead load + Imposed load + earthquake load
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According to the specifications outlined in EN 1990 and EN 1998-1 the design of the stack should take into
account the following load factors:

a) Load case 1 = Dead load + wind load+ Imposed load

b) Load case 2 = Dead load + Earthquake load (along X direction) + Earthquake load (along Y direction)
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III. MOMENT DEMAND DUE TO LOAD SEISMIC

Seismic moment demand refers to the twisting forces exerted on structures during earthquakes. This parameter
is measured in terms of magnitude and direction, and is incorporated into structural design codes, along with
other loads. To achieve this, they typically incorporate a safety margin into their designs, thereby enhancing
earthquake resistance and maintaining structural integrity. The maximum moment at the base of steel chimney
due to seismic demand in accordance with IS code and Eurocode is tabulated in Table 1.
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Table 1: Maximum moment at the base of steel chimney due to seismic demand.

Load Combination Action

Code Definition

Maximum base moment

1.5 [DL+EQX]

IS code

-6.980E-06

1.0[DL]+1.0[EQY] +0.3[EQX]

Eurocode

-1.995E-07

The table illustrates that the IS code yields the highest moment demand, while the Eurocode produces the
lowest moment demand.

IV. SHEAR DEMAND DUE TO SEISMIC LOAD

The assessment of seismic shear demand is an essential factor in evaluating the lateral or horizontal forces
exerted on a building or structure during an earthquake. This parameter quantifies the shear forces acting in
parallel to the ground and plays a vital role in the design of structural elements to effectively withstand these
forces during seismic events. The calculation of shear demand resulting from seismic activity, as per the
specifications outlined in the IS code and Eurocode, is also conducted. The findings are presented in a tabular
format in Table 2.

Table 2: Maximum shear at the base of steel chimney due to seismic demand

Load Combination Action Code Definition Maximum Shear (KN)
1.5 [DL+EQX] IS code -7.697
1.0[DL]+1.0[EQY] +0.3[EQX] Eurocode -66.164

It can be seen that the shear demand according to Eurocode is significantly higher than that given in the IS code.
V. MOMENT DEMAND DUE TO WIND LOAD

The moment demand resulting from wind load pertains to the rotational forces exerted on a structure by wind.
In the context of design codes and load combinations, various factors such as wind speed and direction are
taken into account. The evaluation of the moment demands caused by wind load, as calculated using the IS code
and Eurocode, is conducted by utilizing the load combinations specified in these standards. A comparison of the
maximum demand is made by plotting the demand moment profile along the height of the reinforced concrete
chimney. The resulting moments from the wind loads applied to the steel chimney are tabulated in a table for
the purpose of comparing the specifications outlined in the aforementioned codes.

Table 3: Moment due to wind load on steel chimney

Load Combination Action

Code Definition

Maximum Base Moment

1.5(DL+WL)

IS code

-5498859.82

1.0DL+1.0WL

Eurocode

-28664.4652

The table illustrates that adherence to IS code specifications leads to higher moment demands, while
compliance with Eurocode results in comparatively lower moment demands.

VI. SHEAR DEMAND DUE TO WIND LOAD

The shear demand resulting from wind load pertains to the horizontal or lateral forces exerted on a structure
due to wind pressure. It signifies the inclination of a building or structure to undergo lateral displacement or
movement as a consequence of wind influence. Design codes and standards offer recommendations for the
computation and mitigation of shear demands induced by wind loads, taking into account variables such as
wind velocity, building configuration, and exposure. The calculation of shear demand resulting from wind load
is also conducted, and the resulting shear distribution along the height of the reinforced chimney is presented
in tabular form in Table 4.

Table 4: Shear due to wind load at base of steel chimney

Load Combination Action

Code Definition

Maximum Shear

1.5(DL+WL)

IS code

-87.3

1.0DL+1.0WL

Eurocode

-78.064
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The table clearly demonstrates that the shear caused by wind-induced loads, as calculated in accordance with
the IS code, yields the highest shear demand. Conversely, when calculated using the Eurocode, the shear
demand due to wind action is found to be the lowest.

VII. CONCLUSION

A comparative study was conducted to analyse a self-supporting steel chimney, utilizing both Indian standards
(IS code) and European Norms (EN). The steel chimney was modelled using SAP 2000 Software. The analytical
investigation presented in this paper yielded several specific and general conclusions. The IS code yields the
highest seismic moment demand, while the Eurocode produces the lowest moment demand. The seismic shear
demand according to Eurocode is significantly higher than that given in the IS code. IS code specifications leads
to higher moment demands, while compliance with Eurocode results in comparatively lower moment demands.
In conclusion, it can be said that the self-supporting steel chimney designed according to both code is safe but
Indian code safer and economical as compare to European code.
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