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[bookmark: _Toc165499600]Abstract
In the world of engineering there is a lot more than meets the eye. This field involves everything from planning and designing to constructing buildings all while keeping safety and cost effectiveness in mind. One of the aspects in any structural engineering project is choosing the right structural system. This study dives into exploring various types of structural systems used in buildings their practical applications, main stress factors they face and real-life examples to showcase how effective they can be.

[bookmark: _Toc165499601]Introduction
When it comes to building stability and durability structural systems play a role by providing support against different types of loads. Engineers need to have a grasp of the characteristics and performance of different structural systems to make sound decisions throughout the design and building processes. This paper offers an overview of various structural systems such, as framed structures, truss systems, braced frame systems, shear wall systems and moment resisting frame systems.





[bookmark: _Toc165499602]Survey of Structural Systems:
Framed Structures: Framed structures are commonly used in construction for their flexibility and effectiveness in distributing loads. These systems comprise columns and beams that create a sturdy framework capable of bearing vertical and horizontal forces. Steel, reinforced concrete and timber are, among the materials employed in framed structures. They allow for architectural designs and can cater to various building sizes and types. Some instances of structures are tall buildings, industrial plants and residential houses. (The Construction WIKI, 2020)

Truss Systems: Truss structures are known for their ability to efficiently support loads while being lightweight. They are made up of parts that create triangular shapes helping to evenly distribute weight. These structures are popular in building roofs and bridges because they can cover spans without needing additional support in between. Truss designs can differ, with popular styles like Pratt, Howe and Warren trusses. They provide a balance of strength and weight and can be made from materials such as steel, wood, or aluminium. (Haynes & Baker, 2020)
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[bookmark: _Toc164973960][bookmark: _Toc165320323]Figure 1 Sketch of Warren and Howe Truss
Braced Frame Systems: Braced frame structures are created to withstand pressures like wind and seismic activities. These systems integrate braces or shear walls to add rigidity and support to the building. They are commonly employed in structures and regions susceptible to earthquakes, where lateral stability is crucial. Various bracing layouts, such, as Chevron, X bracing and K bracing provide levels of adaptability and design options. Braced frame systems enable layouts and can elevate the visual attractiveness of constructions. (The Construction Wiki, 2022)

Shear Wall Systems: Shear wall systems are components intended to withstand sideways forces and offer upright support to the building. They are commonly utilized in buildings and structures situated in earthquake prone regions. These walls can be constructed using reinforced concrete, masonry or steel. Strategically positioned within the structure to evenly distribute lateral loads. Examples of shear wall setups found in construction include shear walls, coupled shear walls and core wall systems. By facilitating load transfer shear wall systems play a crucial role in enhancing the overall stability of a building. (Rong, 2023)

Moment-Resisting Frame Systems: Moment resisting frame systems make use of connections between beams and columns to resist bending forces without requiring extra support. These systems allow for architectural designs and are often found in buildings ranging from medium to high rise structures. They can be built using steel or reinforced concrete with connections that offer flexibility and absorb energy during earthquakes. Some common examples include steel frames and reinforced concrete frames, with special connections that improve their ability to withstand sideways forces while maintaining structural integrity. These systems are known for their durability and performance when faced with loads. (Chughtai, 2023)
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[bookmark: _Toc164973961][bookmark: _Toc165320324]Figure 2 Moment resisting frame sketch.
[bookmark: _Toc165499603]Primary Stresses in Structural Systems
Understanding the pressures experienced in systems is vital, to ensuring their structural strength and performance. The nature and intensity of these pressures are influenced by factors, including the types of loads, structural layout and material characteristics.

Compression: Compression pressures occur when a structural element is subjected to loads that compress its cross section. These forces work to shorten the element along its axis making it resist the applied force by pushing. Columns often experience compression pressures due to the weight of the structure and gravitational forces that compress them vertically. Excessive compression stresses can lead to buckling or crushing of the element jeopardizing its stability and load bearing capacity.

Tension: Tension pressures arise when a structural element is exposed to loads that pull its cross section apart. These forces aim to elongate the element along its axis causing it to resist by stretching. Tension stresses are common in elements like cables, rods and tie beams where external forces pull them in directions. Much tension can result in member failure through fracture or yielding compromising its soundness.

Bending: Bending stresses occur from moments applied that cause deformation, in a member.
When a part is, under bending forces it goes through both compression and tension pressures across its area. The upper part of the part faces compression while the lower part deals with tension. Bending pressures are common in beams, where loads put perpendicular to the length of the part create bending forces. The intensity of bending pressures changes along the parts length with peak pressures happening at areas of bending force like supports or points with loads.

Shear: Shear pressures arise when forces are applied parallel to a parts surface causing it to shift or distort. Shear pressures act sideways to the area of the part. Result in a shearing movement along the direction of the applied force. Shear pressures are typical in joints where loads move between parts through bolts, welds or adhesives. Excessive shear pressures can lead to failure by shearing or tearing materials endangering the structures stability and load bearing ability.

Various structural frameworks encounter these pressures differently based on their design and load carrying mechanisms. (Megson, 2019)

Framed structures mainly face bending stresses in beams and axial stresses in columns due, to how loads distribute across frame components.

Truss structures undergo both tension and compression stresses, in their components along with bending and shear stresses at the joints where the components meet. 

Braced frame systems face tension and compression in their braces from loads like wind or seismic forces well as bending and shear stresses at the connections.

Shear wall systems mainly deal with compression and tension in walls due to loads along with stresses within the walls. 

Moment resisting frame systems encounter bending and shear stresses at the connections between beams and columns caused by moments from loads well as axial stresses, in columns and beams.
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[bookmark: _Toc165499604]Types of Applied Loads on Structures
Structures experience a variety of loads that impact their design and performance by creating stresses in the structural systems. Listed below is some of the most common load types.
Dead Loads: These are the unchanging loads that structures bear due to their own weight and fixed elements. They include the weight of building materials, structural components and permanent fixtures or equipment. Permanent loads exert a downward force on the structure contributing to its overall stability. Examples include the weight of walls, floors, roofs, beams and columns.
Live Loads: These loads vary based on occupancy and usage patterns within a structure. They encompass the weight of occupants, furniture, equipment and movable items present in the building. The magnitude and distribution of loads depend on how the space is utilized and what activities occur within it. Examples comprise people walking around positioning furniture, operating equipment and temporarily storing materials.
Snow Loads: These are loads imposed on structures due to snow accumulation, on roofs and other surfaces. Snow loads on a structure are influenced by factors like its location, local weather conditions and the shape and angle of the roof. In areas with heavy snowfall these loads can put significant pressure on the roof and structural components. Engineers need to consider snow loads when designing buildings to ensure their stability and prevent any risk of roof collapse.
Wind Loads: The force of wind on a structure is determined by wind pressure and suction on its surfaces. These wind forces vary in strength and direction based on factors such as wind speed, wind direction and the shape and alignment of the building. Wind loads can create both upward pressures on the structure leading to stress in structural elements like bending, shearing and twisting. Engineers rely on methods like wind tunnel testing and computational fluid dynamics analysis to accurately forecast wind loads for designing buildings that can withstand conditions.
Seismic Loads: Seismic forces are produced by earthquakes or ground movements that impact structures. Earthquakes generate waves that travel through the ground exerting dynamic forces on buildings that cause them to shake and sway. These seismic forces can result in vertical accelerations within the structure causing stress in structural elements, through bending, shearing and twisting.
The strength of forces is influenced by various factors like the earthquakes size and duration soil conditions and how close a building is to a fault line. Engineers in earthquake areas create buildings that can withstand these forces using methods such as fortified concrete cores, braced frames and isolation systems at the base.
Different types of loads place pressures, on structural systems impacting how they are designed and perform. By evaluating and considering these loads during the design phase engineers can ensure that structures are strong, secure and able to endure the external forces they face. (designingbuildings WIKI, 2023)
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[bookmark: _Toc164973963][bookmark: _Toc165320326]Figure 4 Sketch of load types on structures.
[bookmark: _Toc165499605]Case Studies 
The Burj Khalifa: In Dubai is an example of cutting-edge structural design. Standing at a towering height of over 828 meters the skyscraper faced engineering hurdles that were successfully tackled by employing a bundled tube structural system. This innovative system comprises a reinforced concrete core encircled by a perimeter of steel columns bundled together. The central core serves as the load bearing component offering vertical support and resisting bending moments caused by gravity loads. (burjkhalifa.ae, 2021)
When subjected to design loads like the buildings self-weight and live loads from occupants and furniture the primary stresses in the Burj Khalifas structural system are diverse. Bending stresses in beams and axial stresses in columns are prominent due to how loads are distributed across the structural elements. The columns endure compression stresses while beams and floor slabs face bending moments.
Additionally, when faced with forces such, as wind or seismic activities the Burj Khalifas structural system encounters additional stress. The columns and core undergo bending and shear stresses as they counteract movements while the foundation bears compression stresses. The distinctive design of the tube system allows for efficient distribution of both gravity and lateral loads enabling the tower to reach unparalleled heights while upholding its structural stability and integrity.
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[bookmark: _Toc165320327]Figure 5 Image of the Burj Khalifa including floor plan. (architectmagazine, 2012)

The Golden Gate Bridge: in San Francisco is a feat of engineering that highlights the use of truss systems in building bridges. The bridges suspension truss system features load bearing components hanging from cables attached to large towers. This creative design enables the bridge to stretch across the Golden Gate Strait linking San Francisco and Marin County.
When subjected to design loads such as the weight of the bridge structure, traffic flow and wind forces various stresses are present in the primary truss system of the Golden Gate Bridge. Tension and compression forces induced by the bridges weight and traffic create stresses in truss members. Furthermore, as these members transfer loads and handle forces from traffic and wind connections between them experience bending and shear stresses.
The truss system of the Golden Gate Bridge illustrates how effectively truss structures can offer solutions for constructing long span bridges. By distributing loads and withstanding different forces the bridge ensures its structural stability and longevity under varying load conditions. (Mladjov, 2023)
[image: Golden Gate Bridge - HistoricBridges.org]
[bookmark: _Toc165320328]Figure 6 The Golden Gate Bridge Side elevation plan. (historicbridges.org, 2013)

Wembley Stadium in London United Kingdom is a known sports venue distinguished by its unique arch structural design. The impressive steel arch at the stadium spans across the seating area holding up the roof and keeping everything stable.
When dealing with loads like the weight of the stadium crowds of spectators and wind pressure on the roof Wembley Stadiums arch system faces significant stresses. The arch experiences compression stress from supporting the roofs weight and downward forces. Tension stress in the cables helps counteract compression and offer support.
In addition, the connections, between the arch and stadium structure undergo bending and shear stress as they handle loads and allow for movement. These connections need to be well designed to handle all forces during stadium operations and external conditions.
The architectural design of Wembley Stadiums structure showcases how elegant arches efficiently provide stability for large venues. By distributing loads and withstanding various stresses this system ensures the stadiums safety while meeting spectator needs for events. (ingenia, 2005)
[image: Wembley Stadium - Populous]
[bookmark: _Toc164973964][bookmark: _Toc165320329]Figure 7 Image of Wembley Stadium. (Populous, 2014)
[bookmark: _Toc165499606]Conclusion
Choosing the structural system is a crucial aspect of designing a building impacting its safety, cost effectiveness and design potential. Engineers can enhance their projects success by studying the features stress factors and practical applications of different structural systems. Ongoing exploration and advancements, in engineering will lead to the creation of innovative systems contributing to the progress of urban development and strengthening societal resilience.
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[bookmark: _Toc165499608]Conventional V Modern mathematics 

In the field of Engineering Mathematics and Structures the shift from relying on manual calculations to embracing advanced digital tools like Autodesks Robot Structural Analysis marks a significant advancement in design, analysis and problem-solving methodologies.

Conventional Manual Calculations.
In the past engineers heavily depended on calculations for designing and evaluating structures. These calculations involved mathematical formulas and principles rooted in physics and engineering mechanics. Engineers painstakingly worked through these equations by hand taking into account factors such as material characteristics, loads and structural integrity. While manual calculations provided an understanding of fundamental concepts, they were time consuming and susceptible to human errors. There are limitations in handling the complexities associated with structures and dynamic loads.

Modern Digital Tools.
The introduction of tools like Autodesks Robot Structural Analysis has transformed how engineers engage in structural analysis. These software solutions sophisticated computational algorithms to model and analyse structures with unparalleled precision and efficiency. They can tackle geometries dynamic load scenarios and nonlinear behaviours offering engineers insights that would be arduous or unattainable solely, through traditional manual calculations. Additionally, these tools offer visualization features that enable engineers to grasp the behaviour of their designs and make well informed decisions.
Transition.
The transition from calculations to digital tools signifies a significant change in the realm of Engineering Mathematics and Structures. While manual calculations provide a grasp of structural principles and remain handy for quick estimations and conceptual design, they have limitations when it comes to handling the intricacies of modern structures and dynamic loads. Conversely digital tools such as Robot Structural Analysis deliver precision, efficiency and adaptability in evaluating structures of varying scales and complexities. They empower engineers to explore an array of design possibilities enhance performance optimization and ensure structural soundness with heightened confidence.
Nevertheless, it is crucial to acknowledge that digital tools come with their set of constraints. They necessitate training and expertise for effective utilization and the accuracy of their outcomes is contingent upon the input data quality and engineer made assumptions. While digital tools can streamline the design and analysis procedures they should serve as a supplement than a substitute for an engineer’s comprehension of fundamental principles.
Summary
The incorporation of tools like Robot Structural Analysis into Engineering Mathematics and Structures represents a notable progression that equips engineers with unparalleled capabilities, for design refinement, analysis enhancement and problem-solving facilitation.
In the initial phases of design traditional manual calculations remain relevant but the necessity of digital tools has significantly increased in addressing the intricate nature of contemporary engineering obstacles.
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1) Determine the force in each member of the trusses shown.
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