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ABSTRACT - This project offers a revolutionary solution
to address structural flaws and prolong the service life of old
infrastructure. It focuses on the rehabilitation of a decaying
structure through the strategic integration of steel parts.
The current structure is in need of extensive intervention to
guarantee its continued resilience, safety, and usefulness
due to its deteriorating state. This rehabilitation project
intends to strengthen, reinforce, and modernize important
structural elements while minimizing interruption to
ongoing operations and surrounding ecosystems by utilizing
the adaptability, durability, and efficiency of steel sections.
Future steel section rehabilitation projects will concentrate
on utilizing emerging technologies, such as resilience
engineering and smart infrastructure integration, to build
resilient and sustainable structures.

Key Words: Rehabilitation, Staadpro, Steel section,
Strengthening, Utilisation Ratio, Demolition, Stiffener

1.INTRODUCTION

An historic building with steel components needs to be
carefully renovated in order to revitalize and strengthen
the structure and prolong its safety and usability. It begins
with a careful examination to identify any problems, such
as deterioration or damage. After that, engineers and
architects collaborate to design a plan specifically suited to
the requirements of the project, strategically integrating
steel pieces. To guarantee accuracy and quality, these steel
components are fabricated to order off-site. After that,
expert laborers carefully install them, strengthening key
sections like walls and beams. By increasing strength and
stability, this reinforcement enhances the building's
overall functionality. Additionally, steel parts can be
utilized to modify the building for new uses, such as the
addition of storeys or additional space. To fulfill standards,
quality checks are performed at each stage of the process.

A complete procedure called rehabilitation is used to
improve, renovate, or restore a building's structural
integrity, use, and overall state. It includes a variety of
actions intended to deal with problems like damage,
deterioration, or obsolescence in order to prolong the
building's useful life and guarantee its security and usage
in the future. "Rehabilitation” refers to a broad range of

activities and interventions, such as structural repairs,
modernization of building systems, preservation of
architectural elements, and adjustments to meet current
building rules and standards. These projects are being
carried out to improve performance, fix current flaws, and
modify the building to accommodate changing demands.

1.1 REHABILITATION

The process of restoring, remodeling, or enhancing a
building's state, use, and structural integrity is referred to
as rehabilitation. This usually entails taking care of
problems like deterioration, damage, or obsolescence in
order to prolong the building's useful life and guarantee its
safety and usefulness going forward. The term
"rehabilitation” can refer to a wide range of tasks, such as
structural repairs, modernization of building systems,
preservation of architectural elements, and additions to
satisfy current codes and specifications. Preserving the
buildings worth, usability, and historical significance while
making necessary adjustments to ensure its continued
existence for future generations is the ultimate aim of
building rehabilitation.

1.2 REQUIREMENT OF REHABILITATION

A building's collapse may result from a variety of factors,
including faulty design, decaying materials, inadequate
structural integrity, and unfavorable environmental
conditions. Structural defects that can lead to instability,
cracks, or collapses include inadequate reinforcing,
uneven load distribution, and inadequate foundation
support. The integrity of the structure may be weakened
and jeopardized by the deterioration of building materials
due to corrosion, erosion, or aging. Environmental
variables like severe weather, soil settlement, and seismic
activity can potentially lead to building failure.

A building's steel parts must be successfully restored in
several crucial processes. To begin with, a comprehensive
evaluation of the current structure is necessary to
pinpoint any degradation or vulnerabilities that require
attention. The selection of suitable steel parts for
reinforcing is guided by the results of this assessment.
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Furthermore, meticulous planning and design guarantee
that the restoration project satisfies practical,
architectural, and historical criteria. The project's
execution requires skilled specialists with experience
working with steel, such as architects and engineers.
Having enough money and resources is also essential for
getting high-quality supplies and machinery. To guarantee
the structural integrity and safety of the renovated
structure, adherence to building codes and safety
requirements is essential.

1.3 STIFFENER

In the language of structural engineering, a stiffener is an
addition made to a structural member with the purpose of
strengthening its resistance to buckling, bending, and
other types of deformation. Stiffeners are intended to
strengthen a member's load-bearing capacity or stability.
They are usually positioned perpendicular to the
member's main axis. Stiffeners are frequently employed to
reinforce key sections and avoid failure under applied
stresses in a variety of structural applications, including
beams, columns, plates, and shells. Depending on the
particular requirements of the application, they might take
on a variety of shapes, such as plates, angles, channels, or
other structural forms.

To give more support and rigidity to steel constructions,
stiffeners are frequently bolted or welded to the primary
components. To fix structural flaws or improve
performance, they could be added during original
construction or as part of a retrofitting or rehabilitation
project. All things considered, stiffeners are essential for
guaranteeing the stability and structural integrity of parts
in a variety of engineering applications, which helps to
maximize the structure's durability and performance.

1.4 BEAM SECTION AS A STIFFENER

In order to improve stability and load carrying capacity,
beam sections—which are typically composed of
reinforced concrete or steel—are widely employed as
stiffeners in retrofitting constructions. Numerous
advantages are achieved by carefully incorporating them
into pre-existing structures such load-bearing walls,
beams, and columns. First off, beam sections improve
safety by efficiently redistributing loads, supporting
deformation-prone areas, and reducing structural
weaknesses. Second, they improve the rigidity of the
structure, which lessens deflections and increases
resistance to outside pressures such as seismic loads or
wind. Furthermore, beam sections can be customized to
meet particular dimensions and combinations, effectively
addressing particular structural constraints. In addition,
compared to other retrofitting techniques, their
installation is frequently less expensive, requiring less
interruption and faster execution. In conclusion, using

beam sections as stiffeners during retrofitting projects
offers a practical and cost-effective way to improve the
structural durability and performance of infrastructure
and buildings.

1.5 STAADPRO

Civil and structural engineers utilize the well-known
Bentley Systems program STAAD.Pro to analyze and
design structures such as buildings, bridges, and dams.
Initially called "STA tic A nalysis and D esign," it provides a
variety of tools for structural work and is extensively
utilized in infrastructure, construction, and civil
engineering. STAAD.Pro is very helpful for intricate
applications that need for accuracy and security. It can
design steel, concrete, and reinforced concrete structures,
withstand seismic and wind loads, and adhere to national
codes. Its versatility stems from its ability to do both linear
elastic and nonlinear dynamic analysis. Its intuitive the
user interface makes learning possible quickly.

1.6 UTILIZATION RATIO

The utilization ratio in STAAD.Pro functions similarly to a
gauge, indicating the efficiency with which a structural
element is bearing the loads to which it is subjected. It
displays the relationship between the member's actual
load and its maximum capacity and is given as a
percentage. Utilization ratios are used by engineers to
determine whether structural elements are operating
within safe bounds. They can identify any possible issues
with the design and make changes to preserve structural
integrity and safety by keeping a watch on these ratios. In
essence, it's an essential technique for making sure that
structures and buildings can bear the pressures they
experience without running the risk of failing.

2. LITERATURE REVIEW

1. A METHODOLOGY FOR DETERMINING THE
REHABILITATION NEEDS OF BUILDINGS by
Beata Nowogo nska

A detailed examination of rehabilitation requirements is
crucial for effective building restoration planning. The
article introduces the Determining Rehabilitation Needs of
Buildings (DRNB) methodology, applicable to traditional
constructions. DRNB prioritizes examined objects and
their parts, establishing the sequence of rehabilitation
needs for buildings and elements. It's adaptable, works for
single or multiple buildings, and allows result comparison
for hierarchical planning of repair work. Initial planning
involves determining the necessity for building
component restoration. DRNB helps identify immediate
attention needs, current critical aspects, and repair
activities beneficial for later, aiding in prioritization.
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2. BUILDING REHABILITATION LIFE CYCLE
ASSESSMENT METHODOLOGY-STATE OF THE
ART by Charles Thibodeauab, Alain Bataillea, ,
Marion Siécd

In the pursuit of more sustainable construction practices,
life cycle assessment (LCA) is recognized as a crucial
method for examining the possible environmental
consequences of materials, products, systems, or entire
buildings. When applied to buildings, LCA typically seeks

to quantify the potential environmental impacts
associated with various stages of a building's life cycle,
encompassing raw material supply, product

manufacturing, construction-installation, building use, and
end-of-life considerations. Recent reviews indicate that,
starting from the late 1990s, 42 LCA studies have been
conducted assessing both residential and commercial
buildings. These studies employ a minimum of two
midpoint indicators and take into account manufacturing
and building operation stages, although the primary
emphasis is on new constructions.

3. BUILDING REHABILITATION VERSUS
DEMOLITION AND NEW CONSTRUCTION:
ECONOMIC AND ENVIRONMENTAL

ASSESSMENT by M2. Desirée Alba-Rodrigueza,
, Alejandro Martinez-Rocamorab , Patricia
Gonzalez-Vallejoa , Antonio Ferreira-Sancheza
, Madelyn Marreroa

Concerning the subject matter investigated in this study,
our findings indicate that the primary considerations for
decision-making between renovation, demolition, and new
construction hinge on three key factors: investment costs,
the state of the building, and regulatory compliance. Other
elements, including environmental, economic, and social
principles, were deemed to have a lesser impact. Our
assessment of the environmental aspects of a building's
life cycle over time led us to the conclusion that in a
scenario where a building has a lifespan of 100 years, the
total energy consumption over the building's lifetime is
higher if the structure is either maintained in its original
state or completely demolished and reconstructed.
Conversely, refurbishing the building results in lower
energy consumption. While reconstruction entails a
notable environmental impact, it also presents an
opportunity for enhancing the energy efficiency of the
structure.

4. AN ENVIRONMENTAL AND ECONOMIC
SUSTAINABILITY ASSESSMENT METHOD FOR
THE RETROFITTING OF RESIDENTIAL

BUILDINGS by Ikbal Cetiner#, Ecem Edis

Due to the impact of a building's entire lifecycle on the
environment and economy, there's increasing interest in
assessing sustainability, especially for older buildings
lacking energy efficiency measures. This article presents a

method to evaluate environmental and economic
sustainability of retrofits in existing residential buildings
in Turkey. It focuses on reducing space heating energy
consumption and emissions. Using a life cycle assessment
approach, the method assesses sustainability performance
of retrofits, particularly on the building envelope, like
adding thermal insulation or replacing windows. The aim
is to assist building owners, users, or architects in
decision-making by identifying the most beneficial retrofit
options in Turkey. Currently, the database using this
method is tailored to detached buildings in Istanbul with
natural gas-fired central heating systems.

3. SCOPE AND OBJECTIVES

The scope of a steel section rehabilitation project includes
evaluating the building's condition, creating a plan to use
steel to reinforce structural elements, creating and
installing the steel sections, fortifying important areas,
modifying the building to meet new specifications,
guaranteeing quality and compliance, completing
restoration work, and recording the procedure for future
inspections and upkeep.

Rehabilitating a building using steel components aims to
improve durability, functionality, and safety while
addressing structural flaws. The project intends to
enhance structural stability, lower the risk of failure or
collapse, and boost load-bearing capacity by strategically
integrating steel pieces. It also aims to maintain the
building's architectural legacy while making adjustments
to meet modern needs. Steel is a cost- and sustainability-
effective material that ensures the structure will be study
and useful for many years to come.

4. METHODOLOGY

This project is considered of 2 storey building having 8
spaces in each storey having steel sections of ISMB150 for
column and ISMB200 for beam. The analysis of this
building is done by use of Staadpro software.

Step-1 Modelling and numbering of members
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Step-2 Load calculation-Loads applied to the structure is
taken as live load, existing slab load and new slab load.
Calculation of load can be done as follows:-

Existing slab Dead load:
Thickness of slab = 200mm
Unit weight of RCC = 25KN/m3
Floor load due to slab = 25*0.2
= 5KN/m?
New slab Dead load:
Thickness of new slab = 200mm
Unit weight of RCC = 25KN/m3
Floor load due to slab = 25*0.2
= 5KN/m?
Cover in slab,
Atbottom = 1 inch = 25.4mm
Attop = 1inch = 25.4mm
Dead Load = 25*0.254*2
=1.27KN/m?
Total dead load = 5+5+1.27
=11.27KN/m?
Live load = 3KN/m?

Floor finish = 1KN/m?

Fig. 1 - Dead load of 11.27 KN/m?

Fig. 2 - Live load of 3 KN/m?

5. RESULT AND DISCUSSION

Evaluating how well various section combinations handle
the applied loads is part of the utilization ratio
comparison. The ratio of the actual load that each
combination of sections can support to their maximum
capacity is evaluated in this comparison. We can identify
the most effective and efficient mix of sections to support
the loads by examining these ratios. This process helps in
selecting the optimal design configuration to ensure
structural safety and performance.

Me Section Section Section Section

mbe | ISMB150- | ISMB200- | ISMB250- | ISMB300-

rs Q & | (Q & | (Q & | (Q &
ISMB200- | ISMB250- | ISMB300- | ISMB350-
(B) (B) (B) (B)

1 0.908 0.889 0.828 0.861

2 0.860 0.823 0.808 0.816

3 0.932 0.865 0.857 0.857

4 0.975 0.9 0.939 0.937

5 0.975 0.9 0.939 0.937

6 0.932 0.865 0.857 0.857

7 0.860 0.823 0.808 0.816

8 0.908 0.889 0.828 0.861

9 0.928 0.967 0.884 0.943

10 0.958 0.923 0.885 0.906

11 0.954 0.809 0.841 0.865

12 0.959 0.870 0.890 0.889

13 0.959 0.870 0.890 0.889

14 0.954 0.809 0.841 0.865

15 0.958 0.923 0.885 0.906

16 0.928 0.967 0.884 0.943

17 1.027 0.906 1.248 1.252

18 1.341 1.469 1.357 1.332

19 1.161 1.235 1.266 1.232

20 1.127 1.169 1.211 1.174

21 1.110 1.131 1.180 1.143

22 1.127 1.169 1.211 1.174
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23 | 1.161 1.235 1.266 1.232 78 | 0.958 0.923 0.885 0.906
24 | 1.341 1.469 1.357 1.332 79 | 0.954 0.809 0.841 0.865
25 | 1.027 0.906 1.248 1.252 80 | 0.959 0.870 0.890 0.889
26 | 0.857 0.821 0.882 0.878 81 | 0.959 0.870 0.890 0.889
27 | 0.937 0.963 0.909 0.915 82 | 0.954 0.809 0.841 0.865
28 | 0.964 0.840 0.931 0.873 83 | 0.958 0.923 0.885 0.906
29 |0.900 0.814 0.884 0.835 84 | 0.928 0.967 0.884 0.943
30 |0.877 0.980 0.866 0.998 85 | 1.027 0.906 1.248 1.252
31 [0.900 0.814 0.884 0.835 86 | 1.341 1.469 1.357 1.332
32 | 0.964 0.840 0.931 0.873 87 | 1.161 1.235 1.266 1.232
33 [0.937 0.963 0.909 0.915 88 | 1.127 1.169 1.211 1.174
34 |0.857 0.821 0.882 0.878 89 | 1.110 1.131 1.180 1.143
35 | 0.949 0.915 0.957 0.951 90 | 1.127 1.169 1.211 1.174
36 | 0.950 0.945 0.897 0.898 91 | 1.161 1.235 1.266 1.232
37 |0877 0.997 0.918 0.918 92 [ 1.341 1.469 1.357 1.332
38 0915 0.839 0.964 0.959 93 | 1.027 0.906 1.248 1.252
39 0915 0.839 0.964 0.959 94 | 0.857 0.821 0.882 0.878
40 | 0877 0.997 0.918 0.918 95 | 0.937 0.963 0.909 0.915
41 10950 0.945 0.897 0.898 96 | 0.964 0.840 0.931 0.873
42 | 0.949 0.915 0.957 0.951 97 ] 0.900 0.814 0.884 0.835
43 [0.977 0.969 0.909 0.924 98 | 0.877 0.980 0.866 0.998
44 | 0.955 0.975 0.942 0.964 99 | 0.900 0.814 0.884 0.835
45 | 0.852 0.986 0.934 0.955 100 | 0.964 0.840 0.931 0.873
46 | 0.981 0.934 0.968 0.983 101 | 0.937 0.963 0.909 0.915
47 | o0.981 0.934 0.968 0.983 102 | 0.857 0.821 0.882 0.878
48 | 0.852 0.986 0.934 0.955 103 | 0.846 0.8 0.837 0.832
49 [ 0.955 0.975 0.942 0.964 104 | 0.855 0.844 0.961 0.942
50 | 0.977 0.969 0.909 0.924 105 | 0.863 0.947 0.934 0.951
51 | 49.119 2.674 3.797 2.574 106 | 0.853 0.947 0.937 0.954
52 | 1.876 1.763 4413.871 | 1961.369 107 | 0.849 0.948 0.937 0.954
53 | 1.754 1.722 1.673 1.654 108 | 0.853 0.947 0.937 0.954
54 | 1.672 1.683 1.606 1.586 109 | 0.863 0.947 0.934 0.951
55 | 1.635 1.649 1.554 1.531 110 | 0.855 0.844 0.961 0.942
56 | 1.672 1.683 1.606 1.586 111 | 0.846 0.8 0.837 0.832
57 | 1.754 1.722 1.673 1.654 112 [ 0.979 0.953 0.853 0.956
58 | 1.876 1.763 44142 1961.432 113 [ 0.906 0.939 0.880 0.993
59 | 49.120 2.674 3.797 2.574 114 | 0.901 0.849 0.866 0.999
60 | 0.922 0.932 0.983 0.962 115 | 0.885 0.987 0.993 0.990
61 | 0.953 0.884 0.907 0.880 116 | 0.872 0.979 0.999 0.987
62 | 0.945 0.885 0.866 0.839 117 | 0.885 0.987 0.993 0.990
63 | 0.884 0.862 0.981 0.947 118 | 0.901 0.849 0.866 0.999
64 | 0.842 0.837 0.922 0.885 119 | 0.906 0.939 0.880 0.993
65 | 0.884 0.862 0.981 0.947 120 | 0.979 0.953 0.853 0.956
66 | 0.945 0.885 0.866 0.839 121 | 0.846 0.8 0.837 0.832
67 | 0.953 0.884 0.907 0.880 122 | 0.855 0.844 0.961 0.942
68 | 0.922 0.932 0.983 0.962 123 | 0.863 0.947 0.934 0.951
69 | 0.908 0.889 0.828 0.861 124 | 0.853 0.947 0.937 0.954
70 | 0.860 0.823 0.808 0.816 125 | 0.849 0.948 0.937 0.954
71 | 0.932 0.865 0.857 0.857 126 | 0.853 0.947 0.937 0.954
72 | 0975 0.9 0.939 0.937 127 | 0.863 0.947 0.934 0.951
73 0975 0.9 0.939 0.937 128 | 0.855 0.844 0.961 0.942
74 | 0932 0.865 0.857 0.857 129 | 0.846 0.8 0.837 0.832
75 | 0.860 0.823 0.808 0.816 130 | 0.979 0.953 0.853 0.956
76 | 0.908 0.889 0.828 0.861 131 | 0.906 0.939 0.880 0.993
77 | 0.928 0.967 0.884 0.943 132 | 0.901 0.849 0.866 0.999
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133 | 0.885 0.987 0.993 0.990
134 | 0.872 0.979 0.999 0.987
135 | 0.885 0.987 0.993 0.990
136 | 0.901 0.849 0.866 0.999
137 | 0.906 0.939 0.880 0.993
138 | 0.979 0.953 0.853 0.956

In an old building rehabilitation project, selecting the most
efficient section after evaluating utilization ratios
guarantees the best possible structural strength, resource
efficiency, and cost-effectiveness. While comparing the
utilization ratio of different sections we get to realize that
ISMB 150 and ISMB 200 is most efficient sections fulfilling
all the criteria and strengthening the whole structure and
providing a long service life to it. Furthermore, the ratio
falls as one advances through the sections; yet, from an
economic point of view, ISMB 150 and ISMB 200 are the
most effective and can be utilized to strengthen the
structure of the project. The efficient section reduces
building costs and material utilization while improving
safety, durability, and regulatory compliance. Ultimately, it
ensures the rehabilitated building's sustainability and
long-term performance.

6. CONCLUSIONS

The purpose of a steel section rehabilitation project is to
enhance the building's functioning, safety, and structural
integrity. The initiative aims to address problems like
deterioration, damage, or obsolescence by adding steel
sections into the current structure, thus prolonging the
building's useful life. In order to ensure that the building
satisfies current standards and laws, the restoration also
attempts to improve the building's resilience to varying
loads and environmental conditions.

The use of steel sections in STAAD.Pro for the restoration
of an ancient building is a revolutionary project that aims
to revitalize existing infrastructure while maintaining
structural integrity, safety, and sustainability. By means of
rigorous examination, planning, and execution, the project
makes use of steel's adaptability and durability to rectify
structural weaknesses, improve the building's ability to
support weight, and prolong its lifespan. Engineers may
optimize the design, evaluate several situations, and
choose the most efficient section configurations by using
sophisticated engineering tools such as STAAD.Pro. This
allows them to provide rehabilitation solutions that are
both affordable and long-lasting. Following industry
guidelines, meticulous planning, and close attention to
detail result in a robust, useful, and sustainable building
that will be able to support its community and its
residents for many years to come.
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