International Journal of Innovative Research in Computer Science & Technology (IJIRCST)
ISSN: 2347-5552, Volume-10, Special Issue-10, October-2022

Innovative Projects 2022

Organized by Presidency University, Bangalore, India

Thin-Walled Tube/Plastic Space Truss Design
Method

Mr. Narayana Gopalakrishnan
Assistant Professor, Department of Civil Engineering, Presidency University, Bangalore, India
Email Id-gopalakrishnan@presidencyuniversity.in
ABSTRACT:

A novel technique for designing lightweight and effective structural systems is the thin-walled tube/plastic space
truss design method. This design technique combines the use of plastic space trusses and thin-walled tubes to
produce buildings with exceptional strength-to-weight ratios. The idea behind the design approach is to make use
of the superb strength and stiffness characteristics of thin-walled tubes as well as the load-distribution abilities of
plastic space trusses. Designers can create structural systems that are economical and structurally efficient by
combining these two factors. Thin-walled tubes are used as the primary structural components to construct a
three-dimensional truss framework. The truss system is made to properly distribute loads throughout the building,
reducing localized stress accumulations. The truss members' flexible characteristic enables force redistribution,
improving overall structural performance and supplying more ductility and resilience. A number of benefits come
with the thin-walled tube/plastic space truss design approach. First off, compared to conventional solid buildings,
it enables significant weight reduction, which saves money and has a smaller negative impact on the
environment. The design approach also offers enhanced structural performance under various loading scenarios,
including static, dynamic, and seismic stresses. The ability to create visually appealing and aesthetically pleasing
buildings is further enhanced by the use of thin-walled tubes in architecture.
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I. INTRODUCTION

Specifically, for uses like space trusses and skeletal structures, the Thin-Walled Tube/Plastic Space Truss Design
Method is an engineering approach utilized in the design of lightweight and effective structural systems. To
construct structures that offer great strength, stiffness, and stability while using the least amount of material
possible, this technique combines the benefits of thin-walled tubes and plastic behavior [1], [2]. High strength-to-
weight ratio, exceptional torsional resistance, and effective material utilization are the distinguishing
characteristics of thin-walled tubes. They frequently serve as the major structural components in a variety of
applications, including those in the automotive, aerospace, and civil engineering sectors. By using thin-walled
tubes as the primary structural elements, the Thin-Walled Tube/Plastic Space Truss Design Method makes use of
these benefits. The ability of a material to experience extensive plastic deformation before failure is referred to as
plastic behavior. The design approach enables the redistribution of internal forces and stresses inside the
structure, increasing its load-carrying capacity and ductility. This is made possible by taking into account plastic
behavior. The creation of plastic hinges at particular points in the structure can facilitate this redistribution,
allowing the structure to effectively resist and distribute applied loads [3], [4].

The major steps of the thin-walled tube/plastic space truss design method are as follows:

System design: Establish the general layout and design of the space truss or skeletal structure, as well as the
positioning of the connections and thin-walled tubes. Load analysis identifies the internal forces and moments
operating on the structure by analyzing the applied loads, such as earthquake, wind, or gravity loads. Size the
thin-walled tubes according to the internal forces and moments that have been determined. To ensure that the
tubes can adequately resist the projected loads, take into account parameters such as tube thickness, diameter, and
material qualities [5], [6].

Locations of Plastic Hinge: Determine the key areas of the structure where plastic hinges are likely to form. The
strongest internal forces and moments often occur at these points. Create the connections and features that allow
the construction of plastic hinges. To ensure that the structure can redistribute pressures and exhibit plastic
behavior, determine the necessary plastic moment capacity at the positions of the plastic hinges. Design the
connections and thin-walled tubes to support the appropriate plastic moment capacity. Analyze the structure's
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stability and buckling behavior while taking into account the slender shape of the thin-walled tubes. Use the
proper stiffening or bracing components to guarantee stability and avoid buckling. The Thin-Walled Tube/Plastic
Space Truss Design Method enables better structural performance, lighter weight, and more effective material
utilization. Engineers can create strong, lightweight structures with excellent stiffness, stability, and ductility by
employing thin-walled tubes and plastic behavior [7], [8].

It is crucial to remember that the Thin-Walled Tube/Plastic Space Truss Design Method requires careful
consideration of structural analysis, connection design, material selection, and production procedures to enable its
successful application. Engineers can develop creative and effective structural systems that satisfy the
requirements of varied applications while maximizing material utilization and reducing environmental impact by
using this design technique. A novel technique for designing lightweight and effective structural systems is the
thin-walled tube/plastic space truss design method. This design technique combines the use of plastic space
trusses and thin-walled tubes to produce buildings with exceptional strength-to-weight ratios.

The idea behind the design approach is to make use of the superb strength and stiffness characteristics of thin-
walled tubes as well as the load-distribution abilities of plastic space trusses. Designers can create structural
systems that are economical and structurally efficient by combining these two factors. Thin-walled tubes are used
as the primary structural components to construct a three-dimensional truss framework. The truss system is made
to properly distribute loads throughout the building, reducing localized stress accumulations. The truss members'
flexible characteristic enables force redistribution, improving overall structural performance and supplying more
ductility and resilience [9], [10].

A number of benefits come with the thin-walled tube/plastic space truss design approach. First off, compared to
conventional solid buildings, it enables significant weight reduction, which saves money and has a smaller
negative impact on the environment. The design approach also offers enhanced structural performance under
various loading scenarios, including as static, dynamic, and seismic stresses. The ability to create visually
appealing and aesthetically pleasing buildings is further enhanced by the use of thin-walled tubes in architecture.

DISCUSSION
Lower Limit on Consideration of Torsion

Torsion must be taken into account while designing structural members to maintain the stability and safety of the
building. When a member is subjected to a moment or torque, the resultant twisting or rotation is referred to as
torsion. It is important to determine a lower threshold for when torsion should be taken into account during the
design process, even though it usually has a greater impact on specific types of components like beams, columns,
and shafts. When calculating the lowest limit for torsion consideration, keep the following important aspects in
mind:

Member Types: The sensitivity of various structural member types to torsion varies. For example, because of
their elongated design and the type of loads they support, elements like beams and columns are more likely to
undergo considerable torsional effects. Members like plates or slabs, on the other hand, are less likely to be
subjected to large torsional loads. The lower limit for torsion consideration is thus influenced by the type of
member.

Loading Conditions: The member's loading conditions can also affect how important torsion is. The possibility
of torsional effects increases if the member is subjected to large moments or torques. Torsion also becomes more
important if the part is subjected to eccentric or asymmetric loads. Determining the lower limit for torsion
consideration requires taking into account the loading circumstances and their ability to cause torsion.

Member Geometry: A member's resistance to torsion is significantly influenced by its geometry. Torsion is
more likely to occur in members with irregular forms or cross-sections that are not symmetric about their
longitudinal axis. However, major torsional effects are less likely to occur in members with symmetric and
regular geometry. Therefore, the lower limit for torsion consideration should be determined by evaluating the
geometric properties of the member.

Materials: The member's shear strength and modulus of elasticity have an impact on the member's ability to
withstand torsion. Higher shear moduli in stronger materials help them resist torsional deformations.
Additionally, the material's capacity to endure the shear forces brought on by torsion depends on its shear
strength. Setting the lower limit for torsion consideration requires evaluating the material qualities and their
impact on torsional behavior.
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Design rules and standards: These documents offer instructions for taking torsion into account during the
design process. These rules outline the minimal thresholds for when torsion needs to be taken into account in
design calculations. They specify the circumstances and requirements that call for torsion consideration, ensuring
the structure's performance and safety. As a result, choosing the lower limit for torsion consideration requires
careful analysis of all applicable design guidelines and standards. Whenever there is a good reason to believe that
torsional effects will be significant, it is often a good idea to consider torsion during the design process. This can
be established by carefully analyzing the member type, loading circumstances, geometry, material qualities, and
design standards. If there is any dispute regarding its possible relevance, it is best to err on the side of caution and
consider torsion.

Torsion can be overlooked when it should be, which can result in unsafe designs and structural breakdowns. To
identify the suitable lower limit for torsion consideration in their designs, engineers, and designers should
carefully evaluate the unique project requirements, study design codes, and seek the opinion of structural
engineering specialists. Engineers can guarantee the structural integrity, security, and ideal performance of the
intended parts and the overall structure by taking into account torsion when necessary.

Solid Section

A structural element or component that has a continuous and solid cross-sectional shape along its whole length is
referred to as having a solid section. It is a typical kind of section utilized in many different things, like shafts,
beams, and columns. Unlike hollow sections, which often consist of more than one material, solid sections do not
have an empty or hollow interior.

The following are some essential ideas about solid sections:

Cross-sectional forms: There are many different cross-sectional forms available, including rectangular, square,
circular, I, H, and T beams. The choice of cross-sectional shape is influenced by various elements, including
architectural considerations, loading circumstances, and structural needs.

Materials: Steel, concrete, wood, and composite materials are just a few of the materials that can be used to
create solid portions. The yield strength, elastic modulus, and density of the material all affect how the solid part
behaves structurally and how much weight it can support.

Solid sections have a load distribution that evenly distributes the weight across the entire cross-sectional area. A
solid section's ability to support a load is influenced by its shape, the material's characteristics, and the structural
analysis used to identify the internal forces and moments. Structural analysis is necessary for the design of solid
sections to ascertain the internal forces and stresses brought on by applied loads. Structural engineers compute
the bending moments, shear forces, and axial forces within the solid section using analytical techniques, such as
the statics and mechanics of materials concepts. Solid sections are constructed in compliance with design codes
and standards that are particular to the material and application. To guarantee the performance and safety of solid
sections, these rules offer guidance for material selection, permissible stresses, structural analysis, design
processes, and building practices.

Connection Techniques: Welding, bolted connections, and adhesive bonding are a few of the techniques that
can be used to join solid parts. To provide proper weight transfer, structural integrity, and compliance with the
material qualities, the connection details must be designed.

Strength Analysis: When designing solid parts, it is important to consider how strong and stable they will be
under various stress scenarios. Engineers take bending, shear, and axial forces into account to make sure the solid
piece can withstand the applied loads without going beyond its design capacity.

Construction and fabrication: Depending on the material, solid sections are produced using a variety of
fabrication techniques, including casting, forging, extrusion, and rolling. The necessary structural structure is then
created by assembling and connecting them. The advantages of solid portions include their great rigidity,
strength, and stability. They are frequently utilized in applications where critical factors include load-bearing
capability, toughness, and deformation resistance. Engineers may build solid sections that are both efficient and
dependable by taking into account variables including cross-sectional shape, material qualities, load distribution,
structural analysis, design codes, and construction techniques.
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Thin-Walled Hollow Section

A structural element or component with thin-walled hollow walls is referred to as a thin-walled hollow section.
Thin-walled hollow sections, in contrast to solid sections, have a hollow or empty interior surrounded by thin
walls. In many different applications, such as beams, columns, tubes, and cylindric structures, these sections are
frequently utilized. The following are some essential ideas to comprehend regarding thin-walled hollow sections:
Thin-walled hollow sections are available in several cross-sectional configurations, including rectangular, square,
round, oval, and other special shapes. The specific structural requirements, loading scenarios, and architectural
choices all influence the choice of cross-sectional shape.

Wall Thickness: In comparison to the section's total size, thin-walled hollow sections have comparatively thin
walls. In most cases, the wall thickness is not very thick compared to the cross-sectional dimensions. This quality
aids in material utilization optimization while retaining adequate stiffness and strength.

Materials: A variety of materials, including steel, aluminum, concrete, and composites, can be used to create
thin-walled hollow sections. The material's yield strength, elastic modulus, and density all have an impact on the
hollow section's ability to carry loads and behave structurally.

Weight Reduction: Compared to solid parts of comparable diameters, thin-walled sections can be significantly
lighter due to their hollow interiors. The overall weight of the construction can be decreased by using less
material. This is especially helpful in sectors like the aerospace and automotive industries where weight is an
important consideration. Thin-walled hollow sections can provide high stiffness and strength despite having thin
walls because of their effective cross-sectional shape. A section's load-carrying capacity and resistance to
bending, torsion, and axial forces are significantly influenced by its geometry.

Structural Analysis: Structural analysis is used in the design of thin-walled hollow sections to ascertain the
internal forces, moments, and stresses brought on by applied loads. The behavior of thin-walled sections under
various loading circumstances is evaluated using analytical techniques including the statics, mechanics of
materials, and finite element methods. Thin-walled hollow pieces can be joined in several ways, such as by
welding, bolted connections, and mechanical fasteners. To provide proper load transfer, structural integrity, and
compatibility with the thin walls, the connection details must be designed.

Design Codes and Standards: According to specified design codes and standards that are appropriate for the
material and application, thin-walled hollow sections are created. To guarantee the performance and safety of
thin-walled hollow sections, these standards establish guidance for material selection, allowed stresses, structural
analysis, design approaches, and building practices.

A few benefits of thin-walled hollow sections are weight reduction, effective material utilization, and a favorable
strength-to-weight ratio. They are frequently employed in applications where weight reduction, strength, and
stiffness are important considerations. Engineers can use thin-walled hollow sections to build strong, lightweight
structures by taking into account elements including cross-sectional shape, wall thickness, material qualities,
structural analysis, design codes, and construction techniques.

Area of Stirrups for Torsion

The size of the stirrups needed in a structural member for torsion relies on several variables, including the applied
torque, the dimensions of the member, the material's qualities, and design standards. Stirrups are often employed
to increase the member's resistance to torsional pressures and to offer shear reinforcement. When choosing the
location of stirrups for torsion, keep the following factors in mind:

Design codes and standards: Design codes and standards offer instructions for figuring out how much stirrups
and other shear reinforcement is necessary for torsion. These codes either provide formulae or charts to calculate
the necessary stirrup area or indicate the minimal area of stirrups per unit length of the member.

Torsional Design Criteria: Depending on the particular application and code requirements, the torsion design
criteria may change. Limiting the maximum permissible torsional stress or keeping the twist angle within
acceptable bounds are examples of common design constraints.

Torsional Moment: A key element in establishing the necessary area of stirrups is the torsional moment
operating on the member. The applied torque and the member's geometry, such as its cross-sectional form and
size, are often used to determine the torsional moment.
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Measurements of The Member: The size of the member, including its length, aspect ratio, and cross-sectional
measurements, affects how much space is needed for stirrups. To efficiently resist torsional forces, a longer
member or one with a bigger cross-section may need more stirrup surface area. The needed area of stirrups is
influenced by the member's material qualities, such as shear strength and torsional stiffness. While materials with
higher torsional stiffness can more evenly distribute the torque down the length of the component, materials with
higher shear strength can tolerate greater torsional forces.

Stirrup Configuration and Spacing: Stirrups' ability to withstand torsion is also influenced by their
arrangement and spacing. Better shear reinforcement and torsional strength are provided by closer spacing and
evenly distributed stirrups. To ascertain the torsional behavior of the member and the distribution of torsional
forces, structural analysis is carried out. The distribution of torsional stress, shear fluxes, and deformation
patterns inside the member are all calculated as part of this research. Engineers can compute the area of stirrups
needed for torsion by taking these considerations into account. To do this, it is necessary to determine the
torsional forces operating on the member, evaluate its size and material composition, and adhere to all applicable
design standards and rules. To ensure correct and successful design of stirrups for torsion reinforcement in
structural members, it is essential to reference design codes, use suitable analysis techniques, and seek the
knowledge of structural engineering specialists.

Area of Longitudinal Reinforcement

The amount of longitudinal reinforcement needed in a structural member relies on several variables, such as the
loads applied, the member's dimensions, the material's qualities, and design standards. To increase the member's
tensile strength and prevent breaking under load, longitudinal reinforcement, such as reinforcing bars or steel
strands, is used. The following factors should be taken into account while choosing the location of longitudinal
reinforcement: Design regulations and standards offer instructions for figuring out the necessary area of
longitudinal reinforcement. These codes either give formulae and charts to calculate the necessary reinforcement,
or they indicate the minimum reinforcement ratios, which are commonly stated as a percentage of the member's
gross cross-sectional area.

Applied Loads: When determining the area that needs longitudinal reinforcement, consideration must be given
to the kind and weight of the applied loads, such as dead loads, live loads, and environmental loads. In general,
greater reinforcement is necessary to assure the member's strength and serviceability under higher weights or
under more demanding loading situations.

Dimensions of the Member: The amount of longitudinal reinforcement needed depends on the member's
dimensions, including its cross-sectional shape, span length, and depth. To properly resist the imposed loads,
larger and deeper members often need additional reinforcement. The needed area of longitudinal reinforcement
depends on the material parameters of the member, such as the yield strength and elastic modulus. The
reinforcement area may be reduced because stronger materials may resist greater strains. The reinforcing area
must also take into account the material's strain capacity and bond strength with the concrete.

Control of Cracking: Under tensile loads, longitudinal reinforcement is frequently used to prevent cracking in
the member. Considerations like crack width restrictions, crack spacing, and long-term deflection control may
have an impact on the necessary reinforcing area.

Design Approach: The area that needs to be reinforced longitudinally depends on the design approach employed
for the structural member. For instance, there might be differences in the reinforcement area required for working
stress design and ultimate strength design.

Structural analysis is carried out to identify the internal forces and moments present inside the member.
Considerations for this study include the applied loads, member geometry, and support circumstances. The
necessary area of longitudinal reinforcement is then determined using the analysis's findings.

Engineers can determine the area of longitudinal reinforcement needed in a structural element by taking these
considerations into account. To do so, it is necessary to examine the applied loads, the member's size, and
material properties, adhere to applicable design standards and norms, and conduct structural analysis. To ensure
the correct and efficient design of longitudinal reinforcement in structural members, it is crucial to reference
design codes, use suitable analysis techniques, and seek the knowledge of structural engineering specialists.

Combined Shear and Torsion
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Combining shear and torsion means applying shear forces and torsional moments to a structural element at the
same time. This loading scenario frequently happens in a variety of engineering applications, including shafts,
connections, beams, and columns. To maintain the member's structural integrity and safety during the design
process, it is essential to comprehend and take into account the effects of coupled shear and torsion. Torsion and
coupled shear are best understood in the following ways:

Shear and Torsion Interaction: When torsional moments and shear forces combine, they interact and have an
impact on the member. In contrast to isolated cases of shear or torsion, combinations of the two can lead to extra
loads, deformations, and failure modes.

Shear Stress Distribution: Shear stresses are distributed throughout the member's cross-section as a result of
shear pressures. Torsion causes the shear loads to be distributed in an uneven manner, which can result in stress
concentrations and probable failure planes. Torsional moments lead to torsional stresses, which in turn generate
twisting deformation throughout the length of the member. Torsional stresses' amplitude and distribution can be
impacted by the interplay between shear and torsion. Failure modes that combine shear and torsion include shear-
torsion failure, which occurs when both the shear and torsional capabilities are exceeded. For the member to be
strong and safe, these failure scenarios must be taken into account during the design phase.

Design codes and standards: Design codes and standards offer recommendations for the design of members
undergoing simultaneous shear and torsion. To guarantee the member's ability to resist the combined loading
situation, these codes provide design equations, factors of safety, and reinforcing needs. Internal forces, moments,
and stress distributions within the member under coupled shear and torsion are identified using structural
analysis, which is carried out. Advanced analysis methods, such as finite element analysis, are frequently
employed to precisely capture the interaction effects and forecast the member's response. Design of members
subjected to coupled shear and torsion frequently necessitates additional reinforcing and particular details. The
member's resistance to shear and torsion is increased by reinforcing, such as stirrups, ties, or helical
reinforcement. Effective force transfer and the avoidance of premature failure depend on proper details and
connection design.

Engineers can create structural elements that are successfully resistant to the combined loading situation by
taking the effects of combined shear and torsion into consideration. This entails determining the applied loads,
doing a structural analysis, adhering to applicable design guidelines, and accurately documenting the
reinforcement and connections. To ensure the correct and efficient design of members subjected to combined
shear and torsion, it is crucial to study design codes, use the proper analysis techniques, and seek the knowledge
of structural engineering specialists.

Maximum Shear and Torsion

The maximal shear force and torsional moment that a structural member can experience under a specific loading
scenario are referred to as the maximum shear and torsion. To ensure that the member can bear the applied loads
without going above its design capacity, engineers must determine the member's maximum shear and torsion
throughout the design phase. The following are some crucial ideas to comprehend regarding the maximum shear
and torsion:

Applying loads to the member will determine its maximum shear force and torsional moment. These loads could
be a combination of dead loads, live loads, wind loads, and seismic loads. The maximum shear and torsion are
significantly influenced by the size and distribution of these stresses. Structural analysis is carried out to identify
the internal forces and moments present inside the member. To determine the maximum shear force and torsional
moment, the analysis takes into account the applied loads, member shape, and support conditions. These values
are precisely determined by various analytical techniques, such as statics and material mechanics principles.

Different load combinations are taken into account in structural design to take diverse scenarios and safety
considerations into account. The maximum shear and torsion under various load circumstances are calculated
using load combinations that are defined in design codes and standards. The member is made to survive the most
severe loading circumstances thanks to certain load combinations.

Member Geometry: The maximum shear and torsion are affected by the member's geometry, which includes the
cross-sectional shape, size, and length. Higher shear forces and torsional moments frequently occur in members
with bigger cross-sectional areas or longer spans.

Design Rules and Standards: These documents offer instructions for figuring out the maximum shear and
torsion. To guarantee the member's strength and stability under various loading conditions, these rules prescribe
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load combinations, safety factors, and design procedures. Determining the maximum shear and torsion requires
adherence to certain norms and standards.

Safety Factors: To assure a level of safety and dependability in the design, safety factors are applied to the
computed maximum shear and torsion values. These elements take into account the precision of analytical
techniques, construction tolerances, and material property uncertainties. Engineers can create members that can
safely resist the applied loads by precisely calculating the maximum shear and torsion. This entails carrying out
structural analysis, taking multiple loads into account, according to design standards and norms, and using the
proper safety factors. To ensure accurate determination of the maximum shear and torsion in structural design, it
is crucial to reference design codes, use precise analysis techniques, and seek the opinion of structural
engineering experts.

CONCLUSION

The Plastic/Thin-Walled Tube Space an effective method for developing thin and effective structural structures is
the truss design method. This design approach enables engineers to produce structures with great strength,
stiffness, and stability while using the least amount of material by fusing the benefits of thin-walled tubes with
plastic behavior. The Plastic/Thin-Walled Tube Space The torsional resistance, high strength-to-weight ratio, and
effective material usage of thin-walled tubes are all advantages of the truss design method. These tubes serve as
the main structural components and serve as the framework for the entire system. The method enables the
redistribution of internal forces and stresses inside the structure, improving load-carrying capacity and ductility,
by factoring plastic behavior into the design. The capability of this design strategy to maximize material
utilization while retaining structural performance is one of its main advantages. It is advantageous to employ
thin-walled tubes in applications where weight reduction is crucial, such as the aerospace or automotive sectors,
as doing so reduces the overall weight of the structure. Additionally, the efficient redistribution of loads made
possible by the plastic nature of materials enhances the overall structural performance and failure resistance. The
system configuration, load analysis, member size, determination of the locations of the plastic hinges, plastic
design, stability analysis, and connection design are all included in the Thin-Walled Tube/Plastic Space Truss
Design Method. These stages enable engineers to design lightweight structures that also have the strength,
stability, and ductility needed to endure a variety of loading circumstances.
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