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Abstract Industries like power, cement, and chemical plants increasingly use tall chimneys for pollution control,
which face strong wind and seismic forces, demanding stable and durable support systems. Steel Supporting
structures are fundamental components in various industrial systems, especially for tall installations such as
chimneys, towers and stacks. This study focuses on developing a safe, economical and efficient steel framework for
chimney capable of withstanding gravity loads, wind loads and seismic loads as per the Indian standards.
Conventional open sections such as Channel Sections and Angle sections are initially used in the model and then
replaced with hollow sections to evaluate their structural efficiency and weight advantages and presents a
comparative structural analysis of four distinct supporting frame models designed as a chimney support structure
located in Bhuvaneswar, using STAAD.Pro as the primary analysis tool.
The comparison of these four models illustrates the trade-offs between different steel section profiles in terms of
structural weight, member efficiency, and potential fabrication complexity. CHS-based structures, though more
complex in connection design, offer superior material savings and aesthetic advantages. The findings guide
structural engineers in developing economical, efficient, and reliable chimney support systems with modern hollow
steel sections. This study demonstrates the potential for material savings of up to 24% by transitioning from
traditional ISMC to hollow steel sections, promoting sustainable and efficient structural design practices.
Keywords: Chimney Support Structure, Wind Analysis, Seismic Analysis, Structural efficiency, Material Weight
optimization
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1. Introduction

In the field of structural engineering, the
optimization of supporting frameworks for
industrial infrastructure has garnered significant
attention in recent decades. Chimney structures,
particularly in thermal power plants, cement
industries, and other heavy industrial
installations, require stable and robust support
systems that can  withstand  various
environmental and operational loads over
extended periods. These support structures are
subjected to critical loading conditions such as
wind loads, seismic activities, thermal
expansion, and vibrations arising from chimney

operations. Therefore, the design of an efficient,
durable, and cost-effective supporting frame
becomes a vital consideration for ensuring the
safety and functionality of these essential
components.

Traditionally, chimney support structures have
been constructed using standard hot-rolled steel
sections like Indian Standard Medium Channels
(ISMC) and Indian Standard Angles (ISA),
primarily due to their widespread availability,
ease of fabrication, and well-established design
methodologies. These conventional sections
have served as the backbone of numerous
structural applications for decades. However,
with the rising cost of materials, growing
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concerns about  sustainability, and the
advancement of computational design tools,
there has been a paradigm shift toward exploring
alternative structural configurations that offer
better material utilization without compromising
safety or structural performance.

The emergence of hollow structural sections
(HSS), particularly Rectangular Hollow Sections
(RHS) and Circular Hollow Sections (CHS), has
opened new avenues for structural designers.
These modern steel profiles possess unique
geometric and mechanical advantages. Unlike
open sections, hollow sections exhibit higher
torsional rigidity, better resistance to buckling,
and improved aesthetic appeal. Furthermore, due
to their closed form, they offer a reduced surface
area exposed to environmental factors, which
can potentially extend the lifespan of the
structure by minimizing corrosion. In recent
years, the structural efficiency of RHS and CHS
members has led to their “widespread adoption
in applications ranging from space frames and
trusses to sign gantries and industrial support
towers.

The integration of advanced analysis tools like
STAAD.Pro has further revolutionized structural
design practices. STAAD.Pro enables engineers
to perform detailed finite element analysis
(FEA) and structural simulations with a high
degree of accuracy. Through its powerful
modelling environment, it is possible to evaluate
different structural configurations, member
properties, and loading scenarios to arrive at an
optimal design solution. This computational
capability allows engineers to go beyond
conventional design practices and explore more
complex geometries and member combinations,
including hybrid configurations involving
multiple section types.

This paper builds upon these emerging practices
by evaluating and comparing four different
structural models of a chimney support system
located in Bhubaneswar, India a region with
moderate seismic activity and substantial wind

loading considerations. The primary aim is to
investigate how different steel member profiles
influence the overall efficiency and weight of
the supporting structure.

Model 1 represents the baseline design,
constructed using standard ISMC and ISA
sections, which are commonly employed in
many existing industrial installations. This
configuration provides a benchmark against
which the other models can be assessed. While
structurally sound, such designs may not be the
most  material-efficient,  especially  when
evaluated in light of modern engineering
standards that emphasize sustainability and
resource optimization.

Model 2 introduces RHS members in place of
ISMC profiles, aiming to capitalize on the
improved structural performance of hollow
rectangular sections. This change results in a
notable reduction in structural steel weight—by
approximately 15.5%—highlighting the
potential for material savings through judicious
member selection. RHS sections, due to their
closed geometry, offer increased strength-to-
weight ratios and reduced exposure to corrosion-
prone surfaces, which can lead to long-term
maintenance benefits.

Model 3 further enhances the structure by
replacing ISA bracing members with CHS
profiles, while retaining RHS for the main
framing components. This hybrid model seeks to
explore the advantages of combining two types
of hollow sections, aiming to strike a balance
between structural performance and ease of
fabrication. Although the steel weight slightly
increases due to the geometric characteristics of
CHS members, this trade-off may be justified by
potential improvements in durability, aesthetics,
and torsional behavior.

Finally, Model 4 presents an entirely CHS-based
configuration, utilizing circular sections for both
primary and secondary members. This model
achieves the lowest structural steel weight of all,
amounting to a 24% reduction when compared
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with the traditional ISMC-ISA configuration of
Model 1. Such a significant material saving not
only reduces direct construction costs but also
promotes sustainability by minimizing raw
material consumption.

Despite potential complexities in connection
detailing and fabrication associated with CHS

members, their advantages in strength,
durability, and appearance make them a
compelling choice for modern structural

applications. The comparative analysis of these
four models is not merely academic; it reflects a
broader shift in structural engineering practice
toward more sustainable and cost-effective
design strategies. With increasing emphasis on

green building practices and life-cycle
performance, engineers are now tasked with
delivering solutions that minimize

environmental impact without sacrificing safety
or performance. This study contributes to that
evolving body of knowledge by demonstrating
how different structural steel profiles can be
leveraged to optimize chimney support frames.
Furthermore, this research underscores the
importance of computational modelling in
modern engineering workflows. Without tools
like STAAD.Pro, conducting such a detailed
comparative study accounting for numerous load
combinations, structural behaviors, and member
interactions would be time-consuming and error-
prone.

The ability to simulate real-world conditions,
apply iterative refinements, and extract
performance metrics from multiple design
variants empowers engineers to make informed
design decisions grounded in quantitative
analysis. The background of this study is rooted
in the practical necessity of optimizing structural
support systems for industrial chimneys. It is
motivated by the desire to reduce material usage,
improve structural efficiency, and incorporate
modern steel profiles that align with
contemporary engineering goals. Through a
systematic evaluation of four distinct models,
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the study highlights the performance, trade-offs,
and advantages of transitioning from traditional
open sections to modern hollow sections. These
insights have the potential to guide engineers,
designers, and project stakeholders in adopting
more efficient structural systems that align with

both technical and environmental objectives.
1.1 Objectives of the study

The primary objective of this research is to
perform a comprehensive comparative structural
analysis of various chimney support frame
configurations using different types of steel
member sections, with a focus on optimizing the
structural
integrity, and design economy. The study is
centered around the structural modeling and
analysis of four support frame models using
Indian Standard
Medium Channels (ISMC), Angle Sections
(ISA), Rectangular Hollow Sections (RHS), and

structure for material efficiency,

STAAD.Pro, incorporating

Circular Hollow Sections (CHS).

The specific objectives of this thesis are outlined

as follows:

1. To develop four distinct structural models of

chimney support frames using different
combinations of steel member sections—
namely, ISMC with ISA (Model 1), RHS

(Model 2), RHS with CHS (Model 3), and full

CHS sections (Model 4).

2. To conduct structural analysis of each frame

model using STAAD.Pro to evaluate key
structural parameters such as axial force
distribution, support reactions, and overall

structural behavior under applied loads.

3. To quantify the total structural steel weight
used in each configuration and assess the
material efficiency achieved by substituting
sections with hollow sections

conventional
(RHS and CHS).

4. To evaluate the trade-offs and challenges
associated with using hollow sections practical
constructability in comparison to traditional

rolled sections.

1744
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By achieving the above objectives, this research
aims to contribute meaningful knowledge to the
field of structural engineering, particularly in
optimizing industrial support structures. The
outcomes are intended to serve as a reference for
future  design  practices that  prioritize
sustainability,  structural  efficiency, and
economic feasibility.

2. Literature Reviews

T Saran Kumar, R. Naga Vinothini (2015)
presented the study of vortex shedding effect on
steel chimney. Vortex shedding means at certain
velocities air or fluid past a cylindrical body
forms an oscillating flow, which depends on the
size and shape of the body. Reynolds number
used to predict fluid flow pattern fast a body is
steady were turbulent. Five models of chimneys
with different heights and diameters at top and
bottom, were designed as per IS 6533 1989(part
2) and wind load was calculated as per IS 875
(part 3)-1987.The study on the vortex shedding
effect on different chimney models reveals that
the wind induced vibration in the tall chimneys
varies with respect to height.

Haris et al. (2018) An Experimental Study of
Bending Behavior of Double Channel and Hollo
Sections of Light Gauge Steel Haris, Prasetio,
Thamrin, and Herman (2018) compared the
structural behavior of double channel open
sections with hollow sections in light gauge steel
under bending conditions. The experimental
results revealed that hollow sections exhibited
superior out-of-plane stability and more uniform
stress distribution, while double channel sections
were prone to lateral-torsional buckling. Both
section types showed similar initial bending
behavior, but hollow sections maintained their
performance for longer before local buckling
initiated. This study emphasized the enhanced
stability and load-resisting capacity of hollow
sections when subjected to flexural loading.
Aiyan et al (2024) investigated the use of lattice
structural systems to mitigate the effects of
vortex shedding on high-rise chimneys. Their

study focused on optimizing the lattice bracing
arrangements  to  reduce  wind-induced
oscillations and improve the dynamic stability of
tall chimney structures. Using computational
simulations, the authors demonstrated that
properly designed lattice frameworks can
significantly lower vortex- induced vibrations
and enhance the overall structural resilience.
This research highlights the importance of
redundant support and lattice configurations as a
practical measure for protecting slender vertical
structures against aerodynamic instabilities,
providing guidance for the design of tall
industrial chimneys.

3. Research methodology

In this research, four different steel section
types—Indian  Standard Medium Channel
(ISMC), Indian Standard Angle (ISA),
Rectangular Hollow Section (RHS), and
Circular Hollow Section (CHS)—are considered
for the construction of chimney support frames.
Each section type offers unique structural
characteristics, and their comparative evaluation
is necessary to determine the optimal choice for
both strength and material economy. The
research methodology ensures that these section
types are analyzed under identical conditions to
provide a fair and precise comparison. The study
follows a simulation-driven research approach
using STAAD.Pro, a widely recognized software
for structural analysis and design. This tool
enables accurate modeling of complex
geometries, application of realistic loading
conditions, and execution of advanced analysis
methods as per relevant design codes such as IS
800:2007, IS 1893 and IS 875. The methodology
also incorporates optimization strategies to fine-
tune the section.

3.1 Research design

The research design for this study follows a
comparative and simulation-based experimental
approach, structured to ensure that the
evaluation of chimney support frame structures
is conducted in a methodical and reproducible

This article can be downloaded from https://ijerst.org/index.php/ijerst 1745



https://ijerst.org/index.php/ijerst

Int. J, Engg. Res. & Sci. & Tech. 2025

¢RST
uess

LAY
& >

International Journal o Engineering Research and Science & Technology

manner. The framework is developed to
systematically assess the performance of four
steel section types ISMC, ISA, RHS, and CHS
under identical loading and boundary conditions,
thereby eliminating external variations that
could bias the results. The overall research
framework is divided into sequential stages:
problem  definition, model development,
simulation and analysis, optimization, and
comparative evaluation.

In the problem definition stage, the need for
material optimization without compromising
structural safety is clearly established. This sets
the foundation for selecting chimney support
structures as the focal application due to their
critical role in industrial settings such as power
plants, manufacturing facilities, and processing
units. In the model development stage, detailed
3D models of the chimney support frames are
created in STAAD. Pro. Each model
incorporates  the  geometric  dimensions,
connection details, and material properties
specific to the chosen steel section.

The modeling process adheres strictly to Indian
design standards, including 1S 800:2007 for steel
design, IS 875 (Parts 1-3) for load calculations,
and IS 1893 for seismic considerations. The
simulation and analysis stage involves applying
realistic loading conditions, including dead
loads, live loads, wind loads, and seismic forces,
as per the site-specific conditions considered in
the study. STAAD. Pro is used to perform linear
static analysis, wind load simulation, and
seismic analysis, ensuring that each design is
tested against both serviceability and ultimate
limit states. Key performance indicators (KPIs)
such as maximum displacement, axial force
distribution, bending moments, and member
stresses are extracted for further evaluation. The
optimization stage employs a performance-based
selection approach to determine the most
suitable section type for the chimney support
frame.

The primary optimization criterion is material
usage minimization while ensuring compliance
with safety limits. Secondary considerations
include structural stiffness, stability, and cost
implications. This approach ensures that the
final selection balances engineering performance
with  economic feasibility. Finally, the
comparative evaluation stage involves analyzing
simulation results across all four section types.
Performance metrics are compiled into a
comparative matrix that highlights the trade-offs
between different section geometries.

This structured evaluation framework enables
the identification of the most efficient and
practical steel section for chimney support
structures. The research framework is visualized
through a flowchart that illustrates the logical
progression from problem identification to result
interpretation. This structured design ensures
transparency, reproducibility, and practical
relevance, making it suitable for both academic
and industry adoption.

3.2 Model Used in STAAD Pro Software

As per the assumed data for the structure the 3D
model is made in STAAD software and then we
applied the loads for the members and then
analysis is made using wind load analysis and
seismic load analysis. The generated 3d model
of chimney supported tower is shown in the
below figure.
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o

>
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Fig 1: 3d Rendered model
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4. Results and analysis

The four models evaluated in this study differ
primarily in the cross-sectional profiles of their
main and bracing members:

Model 1 uses conventional Indian Standard
Medium Channel (ISMC) sections for the main
members and Indian Standard Angle (ISA)
sections for bracings.

Model 2 replaces the ISMC sections with
equivalent Rectangular Hollow Sections (RHS),
aiming to reduce weight and improve section
efficiency.

Model 3 further modifies the bracing members
by replacing ISA sections with Circular Hollow
Sections (CHS) while retaining RHS for main
members, thus introducing torsional advantages
while slightly increasing total weight.

Model 4 adopts CHS sections for both main and
bracing members, targeting maximum material
efficiency.

4.1 Model 1 Results

Table 1: Node Displacements results for model 1
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Table 3: Support Reactions results for model 1

mm
Mortrontal | Vertical Horlzontal

Node Lc Fx (N) | Fy(eN) F1 (KN)
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4.2 Model 2 Results
Table 4: Node Displacements results for model 2
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Table 5: Beam End Forces results for model 2

Deam . Nede  Fx Iy Fi My My Ms

(KN) KN (KN) IKNm) (KNm) (KN

Mo [ (LR NS L e 28 ] " 0

Fu QWD LSWLZ)

Mis | ARDOyLNWLEZ) 3 ¥ 22471 0 1299 ans

e W Ase

Mo o 4 A1 NS Sk | 62 a3 254

L UL SRR P A

Mis e & 1450 6542 P Lis| 24

L) OWDE)Y- 1L 3WLE) e

My h 13 33135 0404 22500 ) 0 0

L DADE L YWLE)

Mis | ASDL LSWLE) (RN R P - " "

Ve ws

May R REL RIS RIL ) o 1348h 0 V2 08T 41 wes Lk

My

Mis il LR R R L LRSS L F S B et 1 Al L 2n

Ms QWD L WLE)

Mas In | 0WDC L SWLEZ) [ERELLET DR (R R AR L @ 1AM

My

Mz IR WLy 3 s R - LA AN a2

Sy 221

Mas " w & 121 4% 11 0z wad

M WD LSOWLE) 0123

Mis o » AN BT AW | w2 N7 At

Mr OWDE - L3WLZ)

Table 6: Support Reactions results for model 2
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Table 12: Support Reactions results for model 4
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4.5 Shear Force Comparison

Graph 1: Comparison of Shear Force
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Graph 3: Comparisons of Node Displacements

4.9 Beam Relative Displacements
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4.10 Discussions
The comparative structural analysis of the four
chimney support frame models—Model 1
(ISMC + ISA), Model 2 (RHS replacing ISMC),
Model 3 (RHS + CHS replacing ISA), and
Model 4 (full CHS)—reveals significant insights
into structural efficiency, material usage, and
overall performance. Each model was assessed
under identical loading conditions using
STAAD.Pro, with particular emphasis on beam
end forces, node displacements, support
reactions, and static check results.
One of the primary observations is the
substantial reduction in structural steel weight as
the design transitions from conventional rolled
sections (ISMC and ISA) to hollow sections
(RHS and CHS). Model 1, utilizing standard
ISMC and ISA members, had the highest steel
weight, indicating a less material-efficient
design. Replacing ISMC members with RHS in
Model 2 reduced the weight by approximately
15%, reflecting the superior strength-to- weight
ratio of hollow sections.
Model 3’s introduction of CHS members in
place of ISA sections, while retaining RHS for
main frames, resulted in a slight increase in
weight compared to Model 2. This increase is
attributed to the circular geometry of CHS,
which typically uses more material per unit
length than RHS but offers other performance
benefits. Model 4, designed entirely with CHS
members for both main and bracing elements,
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achieved the lowest steel weight overall a
reduction of approximately 24% from Model 1
demonstrating the highest material efficiency.
Across all models, beam end forces and support
reactions remained within safe  limits,
confirming structural adequacy. However, CHS-
based models (Model 3 and Model 4) exhibited
improved distribution of forces and moments,
especially in torsional and bending components.
The circular cross-section of CHS inherently
provides uniform resistance to torsion and
bending in multiple directions, unlike ISMC,
ISA, or RHS sections, which have directional
stiffness properties. For example, the maximum
bending moments (Mx, My, Mz) and axial
forces (Fx) in Model 4 were efficiently resisted
with less material, showcasing the high
structural efficiency of CHS. This characteristic
is especially beneficial for chimney supports
exposed to multidirectional wind loads and
dynamic effects, where torsional rigidity is
critical. Node displacement analysis revealed
that all models-maintained displacements within
acceptable serviceability limits.

However, Model 4 showed marginally higher
displacements, consistent with its lighter steel
weight, but these displacements were well
within  allowable limits, indicating no
compromise in structural stability. The circular
geometry of CHS not only provides torsional
advantages but also contributes to better energy
dissipation under dynamic loads, potentially
enhancing durability under fluctuating wind and
seismic conditions. While CHS offers multiple
structural advantages, the fabrication and
connection complexity must be acknowledged.
Connections for CHS members require
specialized detailing due to the curved surfaces,
which can lead to increased fabrication costs and
labor time compared to flat faced ISMC, ISA, or
RHS sections.

Despite this, the long-term benefits in material
savings, structural performance, and aesthetic
appeal often outweigh the initial complexity.
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The significant material reduction up to 24% in
Model 4 translates into lower raw material
consumption, reduced transportation weight, and
making CHS-based
designs more sustainable. This aligns with
modern structural engineering trends prioritizing
environmental responsibility without sacrificing

less embodied energy,

performance.

Furthermore, lower material usage can lead to
higher
fabrication expenses. The improved lifespan and
maintenance benefits associated with CHS’s
superior corrosion resistance and durability
further enhance the economic viability of such
(CHS)
outperform traditional steel sections and RHS in
chimney support structures primarily due to

cost savings despite  potentially

designs. Circular Hollow Sections

their:

Superior Torsional Resistance: CHS’s uniform
more
effectively, critical for tall slender structures like

cross-section  resists  twisting  forces

chimneys subjected to wind and seismic loads.

Material Efficiency: Despite slightly higher
unit weights compared to RHS, CHS allows
overall reduction in steel quantity while meeting

strength and stiffness requirements.

Enhanced Aesthetic Appeal: CHS provide a
clean, streamlined look preferred in modern

architectural and industrial designs. Improved
Durability:  CHS  have  fewer

Material ~ savings  contribute to

environmental impact and support

sustainability,

CHS frameworks in future chimney.
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stress
concentrations and better corrosion resistance,
leading to longer service life. Sustainability:
lower
green
engineering practices. While the fabrication
complexity and connection detailing for CHS
are higher, the balance of performance benefits,
and cost-effectiveness makes
CHS the optimal choice for chimney support
frames. Model 4’s superior results validate this
conclusion, encouraging the adoption of full
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5. Conclusions and reduced susceptibility to local buckling. The
The primary objective of this thesis was to static check results again confirmed perfect
investigate and compare the  structural equilibrium, indicating sound load transfer and
performance, efficiency, and material structural modeling. The increased performance,
optimization of four distinct chimney support however, came with a marginal increase in
frame configurations using STAAD.Pro, with a fabrication complexity, as hollow sections
particular emphasis on the choice of steel require different connection detailing and often
member cross-sections. Each model employed a more precise cutting and welding compared to
unique combination of Indian Standard Medium open channels. The ISA bracing still posed
Channels (ISMC), Indian Standard Angles certain limitations in terms of torsional
(ISA), Rectangular Hollow Sections (RHS), and performance, leaving room for further
Circular Hollow Sections (CHS) for the main optimization.

framing and bracing members. The comparative Model 3 pursued this optimization by replacing
analysis across the models has yielded critical the ISA bracing in Model 2 with CHS members
insights into the relationship between member while retaining RHS for the main framing. This
geometry, load distribution efficiency, and strategic substitution aimed to take advantage of
overall structural performance. CHS's isotropic properties, which provide
Model 1 served as the baseline configuration, uniform strength in all radial directions, superior
incorporating ISMC members for the main buckling resistance, and better aerodynamic
framing and ISA sections for the bracing performance under wind loads. The static check
elements.  This  design  represented a results for Model 3 demonstrated perfect load-
conventional approach to chimney support reaction balance, similar to the previous models,
framing, widely used in industry due to its but the performance improvements were
familiarity, ease of fabrication, and relatively noticeable in the reduced maximum member
low initial cost. While structurally adequate, the forces and improved load distribution patterns.
static check results revealed that the open- The bracing system, now consisting of CHS,
section ISMC and ISA members presented exhibited  enhanced capacity to carry
higher bending stresses and potential for compression loads without premature buckling,
localized buckling under certain load cases. even under combined loading conditions.
Although the model exhibited perfect Additionally, the smooth outer surface of CHS
equilibrium in the static checks (zero differences bracing members offered reduced drag
between applied loads and reactions), the coefficient values, which can be particularly
structural weight was comparatively higher, and beneficial in chimney structures where wind
the open-section geometry was less efficient in loads are a critical design factor. Model 4
resisting torsional effects, especially under wind represented the most structurally efficient
loading scenarios common to chimney configuration by employing CHS members for
structures. both the main framing and the bracing elements.
Model 2 introduced a significant change by This design fully leveraged the mechanical and
replacing ISMC main members with RHS aerodynamic advantages of circular hollow
sections, while retaining ISA for the bracing. profiles. The static check results confirmed
RHS members, being closed sections, provided equilibrium in all load cases, validating the
superior torsional rigidity and better resistance accuracy of the load transfer paths. Compared to
to biaxial bending compared to ISMC. This the previous configurations,

change resulted in improved structural stiffness
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Model 4 achieved the lowest structural steel
consumption without compromising stability or
strength. The uniform distribution of stresses
within CHS members allowed for a more
efficient use of material, reducing member sizes
and overall structural weight. The improved
torsional stiffness minimized distortion under
eccentric loads, while the closed geometry
enhanced resistance against local buckling,

directly benefits fatigue life and serviceability
performance.

Material Efficiency — CHS members utilize
material more effectively by placing it farther
from the centroid, maximizing the section
modulus and minimizing unnecessary mass.
This leads to a lighter structure, which in turn
reduces foundation loads and potentially lowers
construction costs.

making the frame highly resilient under dynamic
and lateral load conditions such as wind gusts or
seismic activity.

When comparing across the four models, it
becomes evident that CHS sections consistently
outperform open and rectangular hollow sections
in key structural performance parameters. The

Improved Aesthetics and Durability

Although secondary to structural concerns, the
smooth and continuous surface of CHS members
offers a more streamlined appearance and
minimizes corrosion-prone crevices, enhancing

durability in outdoor industrial environments.
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