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Abstract-  

Structure analysis and design software programmes that utilise finite element 

methods are becoming more popular because they make complex 

computations easier to understand by enabling users to enter data more easily. 

No attention is given to whether the idea is viable or whether it is feasible at 

all. To create skyscrapers, commercial and residential complexes as well as 

other huge structures, steel is a preferred option. Roof and ceiling joists may 

be constructed from structural steel for long-term durability. Steel-based 

constructions, which can handle higher weights as well as stronger winds, may 

give better protection. Steel may be used as a building material in any 

construction project. Because time is money, you may be able to save money on 

the project's budget. Your door will ring in the not-too-distant future to the 

sound of steel. You'll save time and effort after you've completed your 

measurements and cutting. There's no need to start again if anything goes 

wrong. A project's completion date may be pushed up because of the speed at 

which steel can be processed. 

Structural efficiency, steel trusses, and optimization are used in this work. 

Starting point for discussion. Composite materials have been widely used in the 

construction of trusses because of their exceptional qualities and inexpensive 

cost. Because of its better strength and performance, composite trusses have 

been employed in civil engineering projects. Concrete and steel are the most 

often used materials in the construction of truss bridges.. 

Introduction 

The design, manufacture, and assembly of structural 

components have all been carefully investigated. This kind of 

construction, which is distinct in terms of material properties 

(such as strength and stiffness), has been investigated since 

the 18th century [1-3]. Structural composite systems were 

shown to be affected by prestressed cables. Prestressed steel 

cables and concrete compression members have been 

examined in the construction of composite space trusses in a 

number of recent research. There is much research on the 

overall performance and characteristics of composites. To put 

it another way, both of these assertions may be true at once. 

Composite trusses with pretensioned cables need more 

investigation, despite the fact that several research have 

already been published. Background 

Most useful is an open-ended time frame. As a result of the 

fact that certain elements of a structure are superior in quality, 

this is the case. Our "objectives" include things like the 

product's weight, feel, and stiffness. If a certain objective 

characteristic is selected, the quality of a structure may be 

evaluated in terms of its weight, value, or stiffness. If 

optimization is limited to a set of specified parameters, no 

solution will be identified. To begin, there are design 

restrictions, such as a limited geometrical extension or a 

shortage of readily available materials. 

What constitutes the fundamental constituents? The 

boundaries of the structure's behaviour show how it reacts to 

a demanding environment. Limits of dynamic pressure and 

displacing reactivity, and tensions and tensions might be 

handled. Far kinematic equilibrium is required for all 

structures to avoid becoming mechanical devices. A good 

example is limiting someone's ability to do what they want to 

accomplish. Structures that fall inside the optimization 

problem's parameters are prime candidates for 

implementation. Motivation 

For a broad variety of goals, optimization is possible. 

"Multiple goal optimization" is what I call it (also referred to 

as multi-criterion or vector optimization). To illustrate this 

notion, consider Galante's 1996 attempt to cut weight by 

using the smallest possible number of distinct profiles. 

Weighted components of objective functions may be 

combined in multi-goal optimization to create new goals. 

Exclusive Optima might be created by adjusting the weights. 

For multi-goal optimization, there are several methods to go 

about it. It is possible to increase the size, form or topology of 

a truss in one of three ways: (or arrangement). Before 

optimising the overall structure's shape, topology, and size, 

the ideal cross phase area for each structural component must 

be determined. The three variables may be improved via 

multi-degree optimization by first optimising the topology 

(additionally called layered optimization). It is not always 

feasible to get the greatest overall solution using this method 

in certain instances. Thus, all three parameters may be 

optimised concurrently using a genetic algorithm [9]. It's 

possible that the truss might be made better. 

One example is a truss, which is a structure made out of 

triangles. Friction-free connections aren't often used to attach 

trusses. Real-world trusses, on the other hand, use welded or 

screwed bars to make their joints more or less rigid. If the 

centre of gravity axis has some stiffness in the connections, a 

friction-free model may still be utilised to explain the 

problem.. 

REVIEW OF LITERATURE 

Research by Vaibhav B. Chavan et al (1990) During this 

study, researchers compared the Hollow and the Regular 

parts. Researchers conducted a study to see how much money 

might be saved by using Hollow Sections. Various 

combinations of height and material cross-section are used to 

compare profiles for a certain span or load. As well as being 

utilised for research, it was also used to create. The manual 

and STAAD analyses were compared in order to establish 

whether they were equivalent. 

Two longitudinal stress gradients remain: one running down 

the tube face and around its circumference (the membrane), 

mailto:tgvasista@gmail.com


JOURNAL OF CRITICAL REVIEWS  
                                                                                    

                                                                                                                   ISSN- 2394-5125             VOL 8, ISSUE 05, 2021  

27  

and the other running perpendicular to the tube face 

(bending). When considering longitudinal residual stress, they 

"display divergence from this mean value normal to the 

perimeter across the material thickness." gradient through-

the length (bending). [13]. 

In order to determine the best possible plane trusses, Chotiga 

Choensiridamrong and colleagues (2014) employed two 

distinct strategies. It is likened to real-time optimization in 

two phases when it comes to optimising topology. Particle 

swarms are more flexible and cost-effective when they are 

represented as matrices of topology and element size. When 

evaluating the truss's stability, tension, and deformation, it is 

necessary to take its weight into consideration. Even if it 

took longer to do, the benefits of multi-tasking optimization 

outweighed the drawbacks. 

Engineers in 2014 explored numerous designs with the same 

span and pitch, but with varying spacing between individual 

trusses. Staad Pro was used to identify the most common 20-

meter span trusses, employing analysis and design tools. 

These are the most popular lengths: Parametric studies are 

used to determine the most acceptable length of span, taking 

into account geometric form weight, and economy, among 

other considerations. 

SCGA was the instrument of choice for Jian-Ping Li et al. 

when it came to tackling topology optimization difficulties. 

If a member is found, a real vector representation of cross-

sectional areas is employed. To address more realistic 

modelling issues, the addition of members, kinematic 

stability analysis, and stress calculations has been included. 

The overall weight of trusses may be lowered by using cross-

sectional areas and node connections as selection criteria. 

According to numerical study, some trusses are lighter than 

the solutions found in the literature, allowing for the 

identification of a far greater number of topologies in a 

single run. 

Parallel abstractions were used in a theoretical framework 

developed by Pei-Ling Chen and colleagues in 2014. 

According to experts, graph-parallel abstraction outperforms 

Map Reduce in terms of performance and disc utilisation. 

Yun Seung-kook and his team came up with a unique 

technique to managing 3-D product production by employing 

a network of robots in 2014 after brainstorming with 

colleagues. The algorithm's convergence and adaptability 

were made public and investigated. After acquiring the 

appropriate tools, it was finally time to put the jigsaw pieces 

together. In order to complete each activity, a group of 

robots works together in teams. Robustness of algorithms 

was tested using a range of robot failures, dynamic 

constraints, component failures, and reconfigurations: This 

technology was used to build truss-like structures out of rods 

and connections. They used simulations to create and 

demonstrate a system for producing 2-D and 3-D 

components. Mobile manipulators might potentially make 

smart components using IR beacons. 

Michael Fenton and others exploited grammatical evolution 

in 2016. Because of its various nodes and locations, it may 

be used to illustrate a wide range of scenarios. Kinematic 

stability of triangle structures may be determined by using 

The triangulation method of Delaunay. In principle, 

optimising a beam-truss structure without access to the 

design envelope is possible. The structural self-weight of 

their methodology is greatly reduced when compared to 

more typical discrete optimization approaches. Since the 

subject and structure of the response are unknown, they may 

be able to provide better solutions than those found in the 

literature. 

A steel truss bridge and an electric train were utilised to 

undertake electromagnetic protection studies in 2016. The 

Dashengguan Bridge project's AC and DC rail systems are 

used as a basis for research. Q3D's multi-conductor model 

includes a steel truss bridge and traction supply cables. The 

electrostatic voltage and induction electromotive force were 

computed both with and without the impact of the steel truss 

bridge. The steel-trident bridge's capacity to block 

electromagnetic interference may be tested in just a few 

ways. 

S. Mahadev and G. Grigoryevich Kalyanshetti (2012) This 

analysis takes into account the cost, load-bearing capability, 

and safety factors. Tubular structures were shown to be more 

cost-effective when compared to other types of construction. 

An industrial building's structural integrity has been 

evaluated for comparability's sake. According to earlier 

research, using square and rectangular tube sections may 

save 40 to 50 percent. 

In that specific order. Vikram Harma, Trilok Gupta, Trilok 

Gupta, and Ravi K.S. Harma are the authors of this work 

(2013) Various industrial roof trusses are being studied with 

the use of software. This course also covers architectural 

concepts and steel roof trusses. Limit state strategies are 

more cost-effective than working stress alternatives, 

according to their research. The limit state approach was 

used to create the most efficient tubular section possible. 

THE PROBLEM AND SOLUTIONS DETAILED IN AN 

ACTIVE MANNER.  

Consequently, when it comes to lightweight structures, we 

can only utilise laboratory data. It's common to employ static 

loads, which might be expensive. It would be too expensive 

for a corporation to do a full-scale dynamic structural study 

of a building. There are a few drawbacks to the fixed point 

structure. A fixed point may be broken by drying shrinkage 

and moisture expansion. These sorts of fissures may be 

avoided by providing building joints. As a result, the stability 

of the fixed point is reduced. Using a big fixed point self-
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weight in earthquake-prone structures may not be a good 

idea.The long-term stresses that produce structural creep are 

the primary reason. 

If salts are present, efflorescence will occur in the fixed point 

structure. 

Methodology 

Analytical techniques are vital, yet they are only effective for 

under the most basic of circumstances. Numerical 

approaches may be used to handle a wide variety of issues, 

but they are unlikely to give a full answer. These 

assumptions may lead to analytic and numerical solutions. 

Even though measurements can only be performed in certain 

areas, this sort of assumption is unnecessary when 

conducting experiments and real data is gathered. It's 

important to remember that each technique contributes 

something to the other. Efficiencies in structure and 

analytical methods were investigated in every case. 

Structural Steel Buildings: How Effective Are Them? 

There is always a price to pay when it comes to growing 

anything. Contractors that are environmentally conscious 

may be required to take on additional responsibilities. Before 

you get started, be sure that your facility's operations won't 

harm the environment. Let's talk about how you plan to 

accomplish this goal. Structural steel can help you do this. 

Everything went according to plan and on time. 

Construction time for steel-framed buildings may be reduced 

by a factor of 100. A structural steel manufacturing company 

delivers prefabricated structural steel to the building site for 

assembly. Construction time and energy consumption are 

both reduced as a result of this process reduction. The 

material that can be utilised again and again. 

It is possible to reuse structural steel for decades. As a result 

of this property, structural steel is a cost-effective building 

material. All of the structural steel utilised in a steel 

building's demolition or refurbishment is recycled, so there is 

no waste. This is good for the environment since it saves 

electricity. 

Because of their high density, steel buildings are excellent 

heat and cold insulators. They are able to retain heat in the 

winter while maintaining a more pleasant temperature in the 

summer. Because the temperature is maintained, structural 

steel uses less energy to heat or cool. Materials that can 

withstand repeated use and abuse 

Structural steel, despite its flexibility, is the most durable and 

substantial material in the building business. To reduce the 

need for repairs, maintenance, and replacement, the 

structural steel has a longer life expectancy. Engineered to 

handle high levels of stress. 

Durability is one of structural steel's most notable qualities. 

It is very resistant to external stimuli, such as fire and 

earthquakes. Steel constructions are built to withstand the 

devastating impacts of a fire. Its ductility and suppleness 

make structural steel more resistant to failure in earthquakes. 

In addition to being energy efficient, structural steel 

buildings are also the strongest and longest-lasting. It is one 

of structural steel constructions' most defining characteristics 

because it is impervious to external influences. ANALYSIS 

OF THE THEORY'S CONTENT 

 

Truss is a critical component of many building projects, from 

roofs to bridges to skyscrapers. A truss system may be 

advantageous for the Eiffel Tower in Paris and for sports 

venues all across the continent of Europe. Traces are triangle 

components that may be employed in architecture and 

structural engineering. External forces and members' 

responses to such external influences are only considered at 

the nodes. There is no need to account for moments since 

trusses have all of their joints considered revolute. A 

growing number of designers and consultants are using truss 

analysis. The trusses must be strong enough and stiff enough 

to meet the requirements for strength and serviceability. The 

truss component's reactivity and stress must be studied 

thoroughly to meet the minimal requirements. When a load 

is applied to trusses, they may flex and take on a new shape 

or size. The truss members may be under tension or 

compression stress as a result of this. With all of its parts 

linked to one other, it is called a "end-to-end" structural 

system. Purlins are often used to transmit the weight of the 

roof to the truss. The term "bends" refers to both the roof 

truss and the columns that support it. During the transition 

from straight to curved, you'll find the bay. A single plane 

supports a planar truss. It is common to employ gusset plates 

to connect the end components, which are normally bolted or 

welded to the plate. The double cantilever truss is an 

important part in covering industrial structures, allowing for 

large-scale aisles to be created. Panels, Slabs, and even 

Walls are all types of flooring. TO THE TRUSS: 

INTRODUCTION In the construction of an open web girder 

(truss), structural sections are joined in a triangular fashion 

using (typically) straight cross members. Formal links are 

often associated with nodes, which connect separate pieces. 

External pressures and the system's responses to those 

stresses are often exerted at the nodes. Plane trusses are those 

in which all the members and applied forces are on the same 

plane. 

Each truss element has axial tension or compression as its 

principal force.



JOURNAL OF CRITICAL REVIEWS  
                                                                                    

                                                                                                                   ISSN- 2394-5125             VOL 8, ISSUE 05, 2021  

29  

 
Fig1.1 Members under axial forces in a simple truss 1 - Compression axial 

force 

USE OF TRUSSES IN BUILDINGS 
 

There are many uses for trusses, including airport terminals, 

aircraft hangers, sports stadium roofs, auditoriums, and other 

entertainment venues. In certain cases, trusses may be used as 

load-bearing structures and as load-transfer structures. These 

single-story industrial buildings use trusses for both structural 

and functional reasons. 

 

The roof's ability to support the weight of a structure. The most 

important objective is to maintain a level horizontal surface. 

 
 
Figure 1.2 depicts two different forms of basic construction arrangements for 

a typical single-story building. 

 
 

Fig 1.2 Typical truss building arrangements 

 

There are two main components to this structure, which are the 

portal trusses on one side and the links between trusses and the 

columns on the other. The portal's construction is supported by 

purlins and side rails. 

 

Because of this, there are two reasons: To begin with, there is 

no counterbalance to counteract the global bending force, and 

each column has its base fastened in place. As a part of the 

fundamental structure, both transverse and longitudinal wind 

loads must be carried to the gable wall bracing. Structural 

stability is enhanced by the building's wind girder and vertical 

bracing on the outside elevations. 

 

THE STEEL YOU BELIEVE IN 
 

Large and small workplaces all around the world are made of 

steel. It might lead to long-term and sustainable solutions if 

used properly. As a consequence of its low cost, steel has long 

bridge building has been accepted as a credible solution. This 

organisation is your best choice when it comes to creating long-

span or medium dual-carriageway bridges. It has been more 

popular in recent years for usage on dual carriageways with 

shorter spans. They're all connected in some way. 

 

A material's surface may be under either compression or tension 

as a result of dynamic stresses. They may be made with any 

combination of the three materials. In this thesis, aluminium 

trusses for bridge building are studied. Steel provides the best 

of all worlds: it's very durable yet also pliable and long-lasting. 

[10] Rust may be prevented on metallic surfaces by painting 

them. As an example, a basic truss bridge may be both 

functional and long-lasting. A truss may be constructed in an 

infinite number of ways, however they often fall into one of the 

following types. Baily, Warren, Pratt, Pratt (Baltimore), and K 

trusses are the most often used trusses. Figure 1.2 depicts the 

components of the roof truss. 
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Fig1.1 Skeleton of a typical Roof truss 

 

Analysis Of A Steel Roof Truss 
Steel structure collapse is most often caused by instability, 

according to data. As far as steel roof trusses are concerned, this 

is the most challenging part to solve. With node spacing, 

buckling "in plane" may be clearly described. Even with the so-

called "light" roofing, buckling out of plane is a major problem. 

One of these possibilities is the focus of this research. The 

major objective is to highlight the influence of various 

commonly neglected variables on the structural stability of steel 

roof trusses and to provide design recommendations. 

RESEARCH METHODOLOGY 

LIMITATIONS 
1. Stainless steel is a kind of steel made from iron and other 

alloys. Consequently, corrosion is a problem. To some extent, 

anti-corrosion coatings may be able to help. 

2. It requires a lot of time and money to maintain since it must 

be coated to protect it from corrosion. 

3. It's expensive to fireproof steel, since it's not. At high 

temperatures, steel loses its usefulness. 

 

4. Steel buildings have a tendency to buckle. As the steel 

column's length rises, the likelihood of buckling increases. 

 

5. In response to temperature changes, steel expands rapidly. 

Because of this, the entire structure may suffer. 

 

INTERACTIVE STUDIES 
 

To increase structural efficiency, we suggested changing the 2D 

steel truss design. The models were tested using Ansys 

Software. The design of Ansys was influenced by tall 

commercial and residential structures like skyscrapers. 

 

All kinds of constructions may be found here, from businesses 

to homes to even a hospital. Ansy's general-purpose application 

can mimic a variety of structures, including commercial 

buildings, bridges and highway constructions, chemical 

facilities, dams and retaining walls, and culverts. We have 

produced three kinds of steel trusses: mild steel, alloy steel, and 

structural steel. Three 2D steel trusses are shown in the images 

below. 

 
Fig 7.1 Start Page of Ansys Workbench 

 
Fig 7.2 Engineering Data 

 

 

Fig 7.3 Geometry 
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Fig 7.4.Static Structural Model 

 
 

Fig.7.5 Static Structural Model 

 
Fig.7.6 Maximum Combine Stress 

 
Fig.7.7 Maximum Combine Stress 

 

 
 

Fig.7.8 Total Deformation for Mild Steel 

 
Fig.7.9Total Deformation for Alloy Steel 
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Fig.7.10 Total Deformation for Structural Steel 

The designed steel truss structures are analyzed for increasing 

structural efficiency with different parameters. The results 

obtained for the designed Mild steel, Alloy Steel and Structural 

Steel are tabulated below: 
 

 

Table I. Output Results of Mild Steel, Alloy Steel and Structural 

Steel using Different Parameter 

CONCLUSION 
 

According to this research, the stronger the structure, the lower 

the internal force, and the more direct and uniform the force 

distribution, the more efficient certain structures may be. Re-

examine the theoretical underpinnings of current measures and 

construct new measures based on these ideas in order to 

establish new structures that are more effective. All three 2D 

steel truss types had their output parameters tabulated as a 

result of the study. 2D Mild steel trusses were found to have the 

least amount of deformation, resulting in increased structural 

efficiency. 
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