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[bookmark: _Hlk133232922]Abstract - tubular structure is a common feature in tall buildings. Tubular structures include frame tube, braced tube, tube in tube, bundled tube structures, outrigger-belt truss . The concept of tubular structure is that the building can be designed to resist lateral loads by designing it like a hollow cantilever perpendicular to the ground. Tube in tube structures are better compared to other tubular systems because it has less storey shear, storey displacement, storey drift. For obtaining better results X Bracings and outrigger truss can be used in tube in tube structures. In this study we will see the effect of X Bracing, bundled tube, outrigger-belt truss and different Shape of tube in tube on structures by comparing tube in tube structures with and without X bracing, with and without outrigger.
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INTRODUCTION
Nowadays, the trend towards taller buildings has resulted in more lateral sway, causing buildings to become narrower compared to their predecessors. This presents a challenge for the engineering profession, as buildings must be able to withstand both seismic and gravity loads, which can create lateral stresses. In the past, structures were designed primarily to resist gravity loads; however, with the increased height of modern structures and consideration of seismic zones, lateral loads due to wind and earthquakes must also be taken into account. The definition of a tall structure is not universal and varies across the world. With increasing competition, it is critical to design buildings that can withstand the challenges of rising construction heights. to lateral forces, and it is crucial to consider building geometry when designing tall and slim buildings. Deviations in the layout of building stories can potentially lead to strains in the structure.
Proper planning and economic development are essential for the development of a country, as they encourage technological progress and attract sources of capital. Many countries achieved advancement in the late 20th century by preparing comprehensive plans for tall structure investment projects and establishing standards and principles for their success. Gulf countries such as Dubai, Singapore, and Malaysia initiated the construction of skyscrapers to promote their countries at various levels. Feasibility studies play a critical role in the success of such projects, and advanced countries have developed such studies to construct large skyscrapers.
In Egypt, only a few investments in tall construction projects were witnessed at the beginning of the 21st century, such as The Nile City tower, First Tower, and Faisal Islamic Bank Tower. There were attempts to develop a broad plan for Cairo (Cairo 2050) to encourage investments in high-rise buildings, but they did not receive enough support for approval and funding.
The size of constructions tends to grow with an associated rise in their response to lateral stresses, such as wind and earthquake. Since multiple-story buildings often have larger lateral loads, it is essential to consider these forces while designing structures. High-rise structures are generally susceptible to lateral forces, and it is crucial to consider building geometry when designing tall and slim buildings. Deviations in the layout of building stories can potentially lead to strains in the structure. It has been noticed that as buildings increase in size, their susceptibility to lateral stresses such as wind and earthquakes also increases. Since multi-storey buildings typically face larger lateral loads, it is necessary to consider these forces during the design phase. This is particularly important for high-rise structures, which are generally more vulnerable to these stresses. To prevent additional dislocations, it is crucial to have a well-defined approach for countering such displacements, particularly since high-rise structures are more susceptible to such issues. Bracing systems, moment resisting frames, and shear wall systems can be effectively employed to resist lateral loads. The lateral force resisting systems of high-rise structures are assessed based on two essential characteristics: inter-storey drift and lateral displacement/side sway, which are utilized to measure their rigidity and lateral stability.

In a tube-in-tube building design, the interior and exterior columns are positioned in close proximity, giving an impression of solidity and also functioning as a solid surface. The building as a whole serves as a massive empty tube with a smaller tube within it. The lateral forces are distributed between the inner and outer tubes.
                  

LITERATURE REVIEW
Numerous research papers have studied the performance of tall structural systems. The work of the following researcher provides a clear understanding of the performance of such structures
Bipin H Naik et al. (2017) Presented the comparison between a standard moment resisting system and a tube-in-tube structure. The goal of this work was to determine how different column spacings and X bracings affected the behaviour of tubular structures. This study's major goal is to compare moment-resisting frames to tube-in-tube structures. For tall structures, framed tube and framed tube in tube structures are frequently utilised. The inner tubes of a framed tube structure with a variety of internal tubes, also known as tubes in tube structure, have a high strength to resist a horizontal load. Due to shear lag, this structure's corner portions encounter increased axial loads when in contact with parallel lo Buildings should be expanded vertically rather than horizontally to accommodate population growth. The most popular sort of tubular structure is called "tube in tube," and it has an inside tube that can be utilised for stair lift space or for transportation between floors.ads like wind loads. due to a restricted space and rising. [1]
Mostafa Moghadasi et al. (2017) performed on “Effect of geometry of plan on shear lag of frame tube tall buildings subjected to the earthquake load. Frame tube structures is good for concrete and steel tall buildings. In frame tube the overturning moment tube resist the overturning moment which cause compression and tension in columns. The gravity loads are taken by exterior frames and interior columns In this investigation six reinforced concrete framed tube models were analyzed. Two groups were made the first one has 40 stories and the second group has 60 stories tube frames. These group of 60 and 40 stories included three different type of plan shapes: a) Rectangular, b) Triangular, c) Hexagonal. Shear lag values were observed in each of this shapes and the values of shear lag was compared.[2]
Mohan K et al. (2017) performed a “Analysis of different forms of tube in tube structures subjected to lateral loads” Increased building height, the use of high-strength materials, and weight reduction of the structure are all ways that structural systems have advanced.Framed tube, Braced tube, Bundled tube, Tube-in-tube, and Tube mega frame are a few examples of tubular system types. In this study, a 60 story tube-in-tube building was modelled using SAP 2000 for 5 shapes: square, rectangle, triangle, and hexagon. The tube-in-tube structures also used a moment resisting frame. This software estimated the storey displacement values for seismic zones II and V. Comparisons were made between the values of hexagonal, square, rectangle, and triangular storey displacement. [3]
Archana J and Reshmi P R (2016) carried the “Comparative study of tube in tube structures and tube mega frames” Finding a better structural system for tall structures is the aim of this study. This study analysed the g+15 building for bare frames, tube in tube with tube position inner tube, and tube mega frame. Equivalent static analysis and response spectrum analysis are the two categories of approaches. In frames, tube-in-tube constructions, and tube megaframes, these two techniques were applied. Tube in tube and tube mega systems performed better than the frame system, according to tube in tube structures. In this study, the results from bare frame, Tube in Tube, and Tube mega frame equivalent static analysis and reaction spectrum analysis were compared. [4]
Jignesha Patel and Roshni J John (2015) have performed on “Seismic analysis of frame tube structures”. For tall buildings, various structural solutions are available, such as the rigid frame system. systems with braced tubes. The three different types of tube systems are the Bundled-tube system, Tube in Tube system, and Frame tube system. Given that the material is outside the building, frame tube structures are superior to moment resistant frames.The internal floor area of tube buildings lacks substantial columns and core bracing. This arrangement makes the structure more cost-effective and uses less material. Rigid diaphragm is used to model the tube structure for the twenty-five storey frame. Different slab-like membrane types were used to analyse this system for different zones III, IV, and V. [5]
 Nishant Rana and Siddhant Rana (2014) have studied on “Structural Forms Systems for Tall Building structures”. In structural engineering, the term "structural system" refers to a structure's lateral load resisting system. A tall building's structural structure is intended to withstand vertical gravity loads, whereas the principal sources of lateral stresses are wind loads and seismic activity. Braced frame structural system, Framed tube Structural System, Outrigger Braced Structural System, and Shear Wall are the various types of structural systems. structural system with outriggers. The advantage of a braced system is that it prevents the bending of columns and beams by resisting lateral loads with axial stress in addition to improving the lateral stiffness and resistance of rigid frame systems. Buildings are equipped with shear wall structural systems along both their length and width. The primary goal ofShear walls are intended to transfer earthquake loads to the foundation.. [6]
Nimmy Dileep and Renjith R (2015) carried the “Analytical investigation on the performance of tube in tube structures subjected to lateral loads” The tubular structures are better for tall buildings. Tubular structures types are framed tube, braced tube, tube-in-tube and bundled tube. A tube-in-tube structure consists of a outer tube and inner tube interconnected by floor slab. Various models were developed for analyzing the behavior with lateral loads. The interior and exterior columns of a tube in tube structures are close so they act as a solid surface. The main objective of this thesis is to investigate the performance of a tube in tube structure with different positioning of the internal tube which was analyzed on SAP 2000 software. The displacement was calculated at each floor level by equivalent static, Response spectrum and Time history are were plotted for comparative study. By this three methods of analysis the results of this the three models were compared to study the effect of lateral load pattern on displacements of buildings. [7]
Hardik J. Patel et al, (2015) carried the “Braced tube structural system”. The Braced tube type of structure is created by placing X-bracings over the building stories to provide cross-bracings in the frame. The columns are connected to the bracings at every intersection to eliminate the impact of shear lag in the flange and web. By doing so, the structure behaves like a braced frame under lateral loads and there is a decrease in bending in the frame members. However, due to the flexible nature of tubular structures, the distribution of axial forces along the flanged frame columns at one floor is not uniform and the distribution of shear forces along the web is not linear, which is known as the shear lag effect. The main objective of this research is to determine the optimal X-bracing angle for different column configurations under gravity and lateral loading. [8]
M. R. Jahanshahi, R. Rahgozar, M. Malekinejad, (2012) “A Simple Approach to Static Analysis of Tall Buildings with a Combined Tube-intube and Outrigger-belt Truss System Subjected to Lateral Loading”  This study proposes parametric functions for statically analyzing tall buildings that use a combined system of tube-in-tube and outrigger-belt truss. Three separate load cases are considered: concentrated load at the top of the structure, uniformly distributed loads, and triangularly distributed loads along the height of the building. The stress and displacement of the structure are estimated using approximate formulas that minimize potential energy, taking into account bending deformation, transverse shear deformation, and shear lag effects in web and flange panels. The structure is modeled using two continuous cantilever beams that are restrained at the outrigger-belt truss location with a rotational spring. The proposed formulas are validated by comparing them to results obtained from three-dimensional studies using the finite element method in SAP2000, showing good correlation. This versatile and simple method can significantly reduce computational work compared to SAP2000 analysis and is an efficient tool for the early stages of tall building design. [9]
Shilpa Balakrishnan, Rona Maria James, (2019) “Comparative Study On Tube In Tube And Tubed Mega Frames On Different Building Geometry Using ETABS” Compared to tube-in-tube structures, tubed mega frames exhibit higher storey displacement, storey drift, and storey shear for various geometries. In terms of storey displacement, STM has an 84.33% increase compared to STT, while RTM has a 19.24% increase and HTM has a 3.46% increase over HTT. Additionally, OTM has a 67.46% increase over OTT, while CTM shows a 16.5% increase over CTT. With respect to storey shear, STM has a 37.95% increase compared to STT, while RTM has a 28.06% increase and HTM has a 29.43% increase over HTT. Moreover, OTM has a 29.82% increase over OTT, while CTM has an 84.5% increase over CTT. For storey drift, STM has an 83.72% increase compared to STT, while RTM has an 86.07% increase and HTM has a 12.48% increase over HTT. Furthermore, OTM has a 65.75% increase over OTT, while CTM has a 59.12% increase over CTT. In conclusion, the tube-in-tube structural system is better than tubed mega frames for tall buildings, with circular tube in tube being a superior option due to its lower storey displacement, storey drift, and storey shear. It is not recommended to use hexagonal and octagonal geometries for buildings due to their high storey displacement and storey shear. The square tubed mega frame is the most vulnerable building type due to its large storey displacement. [10]Top of Form
Akhil Babu, Reni Kuruvilla, (2022) “Design And Analysis of RC Tube in Tube Structure using ETABS Subjected to Wind Load” Tubular frames exhibit lower storey displacement, storey drift, and storey shear when compared to tube-in-tube frames. Despite this, tube-in-tube systems are considered a superior structural solution for tall buildings due to their ability to withstand large lateral loads. The study confirms that tube-in-tube systems can handle the enormous lateral loads of skyscrapers effectively. Incorporating a shear core into the middle of a structure enhances its performance, enabling it to behave like a tube-in-tube configuration. A portion of the inner tube core can be utilized for super or double-decker elevators that are required for extremely tall structures. By connecting the inner tube to outer mega columns, variable aesthetic and architectural articulation can be achieved in the facade system of supertall structures, thereby eliminating the primary disadvantage of closed-form tubular systems.[11]
Syed musthafa khadri, B.K kohlapuri, (2021) “A comparitive study of frame tube, tube in tube and bundled tube structures subjected to lateral load under different zones”. According to the wind analysis results, the model without shear walls (Model 3) of the tube-in-tube structure had the highest displacement due to wind loads compared to all other models. On the other hand, Model 4 had the least displacement. In terms of storey drift, Model 3 had the highest value, while Model 2 had the least. The seismic analysis results showed that the tube-in-tube structure without shear walls had the maximum displacement due to seismic loads compared to all other models. Model 3 had the highest storey drift value among all models. When using the response spectrum method, Model 3 had the highest storey displacement, and Model 4 had the least. Comparing the base shear values of all models, Model 3 had the lowest base shear value, while Model 4 with shear walls in zones 3 and 5 had the highest base shear value, indicating that the rigidity of Model 4 in those zones was higher compared to the others, making it more effective in resisting lateral loads. The tube-in-tube structures with shear walls were found to be relatively more efficient in resisting wind loads than seismic loads compared to other models. Model 1 had the highest time period, while Model 4 had the lowest. Lastly, the storey displacement in seismic zone 5 was highest for Model 3 and lowest for Model 4. [12]
METHODOLOGY ADOPTED
1. Topic selection
2. Review of relevant research papers
3. Zone selection for analysis
4. Investigation of the behavior of tube in tube structures with X bracings
5. Creation and analysis of a tube in tube structure model using Etab software
6. Interpretation of findings and drawing of conclusions


CONCLUSIONS
It is important to consider issues such as lateral sway and floor vibration in tall building design. Time history analysis is more reliable than equivalent static analysis for predicting structural response. Diagonal members on the perimeter are mainly responsible for resisting lateral loads, while gravity loads are supported by both internal columns and peripheral diagonal members. The tube-in-tube structure with a core wall exhibits the greatest reduction in displacement and drift. Square frame tube structures are more effective in withstanding lateral loads than triangular frame tubes, which perform poorly under lateral loads. Geometry plays a crucial role in the shear factor and structural behavior of these systems. When designing tall buildings, frame tube structures are superior to conventional structures as a structural system. By comparing the results of two analytical methods on three different sets of models, the impact of lateral load pattern on building displacements was investigated. The findings indicate that time history analysis is a more precise method of predicting structural response compared to equivalent static analysis. Specifically, in the case of a regularly designed structure subject to seismic loading, the use of time history analysis is recommended.
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