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Abstract — This research explores the utilization and 

applicability of braced tube structures as a viable structural 

form for tall buildings in India. India, known for its seismic 

activity and burgeoning urban development, presents a 

unique set of challenges and opportunities in the realm of tall 

building construction. With rapidly growing urbanization and 

the need for sustainable and efficient tall structures, choosing 

an appropriate structural system is crucial. Braced-tube 

structural systems, emerging in the 20th century, have 

become an anchor in the construction of tall buildings, 

offering exceptional effectiveness in supporting lateral loads 

as well as gravitational loads. This study highlights the 

advantages of Braced-tube Structure in terms of Storey 

Displacement, Drift Ratio, Inter-storey drift, Storey Shear, 

Base Shear, and cost-effectiveness. Through a 

comprehensive analysis of the structural and economic 

aspects, this research aims to offer valuable insights to 

architects, engineers, and stakeholders involved in tall 

building projects. By weighing the advantages of braced tube 

structures against conventional construction methods, this 

study contributes to informed decision-making and 

sustainable urban development practices. 
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I. INTRODUCTION 

In the past, tall buildings were mainly used as commercial 

office buildings, but now they're being used for various 

purposes like residential, mixed-use spaces, and hotels. 

Despite concerns after September 11, 2001, tall buildings are 

still being constructed because they offer big economic 

advantages in crowded urban areas. Building tall structures 

involves many complicated factors like economy, aesthetics, 

technology, city regulations, and politics. Out of all these, the 

economy is usually the most important factor [1].  

 To guarantee both the safety and cost-effectiveness 

throughout the phases of design, construction, and operation 

of tall structures under diverse loading scenarios, particularly 

seismic events, comprehensive investigations are imperative 

to analyze the seismic performance of such buildings [2]. 

 Tubular structures have emerged as prominent 

structural systems for tall buildings due to their notable 

efficiency. Several super tall constructions, exemplified by 

the 110-storey Sears Tower and the 100-storey John Hancock 

Building in Chicago, have employed tubular systems. 

Typically, these structures consist of perimeter moment-

resisting frames, which resist lateral loads, alongside internal 

frames primarily supporting gravity loads. In an idealized 

scenario, tubular structures exhibit behaviour akin to that of a 

hollow tube, primarily responding to lateral deformation 

through bending modes [3]. Tubular structures can be 

classified into three main categories: steel, reinforced 

concrete (RC), and composite structures. These categories 

entail structural elements made from steel, concrete, or a 

combination of them [4].  

 India’s rapid urbanization has led to a high demand 

for tall buildings, ranging from commercial skyscrapers to 

residential high-rises. Gujarat, a vibrant state on India's 

western coast, has witnessed remarkable economic growth 

and urban expansion in recent decades. The spike in urban 

development has led to a growing need for Tall Structures, 

both for commercial and residential purposes. The state 

government has undertaken the decision to amend the 

Common General Development Control Regulations 

(GDCR) to permit the construction of high-rise buildings 

height more than 100m. As Gujarat continues to transform 

into a modern and progressive urban landscape, the choice of 

an appropriate structural system for tall buildings becomes a 

critical consideration [5].  

 The frame-core tube structure is a common 

structural system for high-rise and super-high-rise structures. 

Further improvement in the lateral load-resisting capacity can 

be obtained by using diagonal members in the exterior 

moment frames. These diagonal members efficiently 

distribute lateral loads, increasing the overall structural 

stability and resilience against seismic events and wind loads. 

These improvements enhance the structural performance and 

safety of tall buildings, making them more resistant to 

extreme environmental conditions and ensuring the stability 

of the structure.[6].  

 The design criteria of Braced-tube structures mostly 

deal with strength, serviceability, stability, and human 

comfort. Structural engineers aim to arrive at suitable 

structural schemes, to satisfy these criteria. [7]. 

 In this context, the utilization and applicability of 

braced tube structures emerge as a compelling subject of 

study for the architecture and engineering community. 

Braced tube structures, known for their ability to provide both 

lateral stability and aesthetic versatility, offer a promising 

avenue for addressing these challenges. Braced tube 

structures, a design innovation that gained popularity in the 

mid-20th century, have shown remarkable efficiency in tall 

building design. These structures are characterized by an 

external framework of diagonal braces that provide lateral 

stability and distribute structural loads efficiently.  

 In the late 1960s, a significant departure from 

conventional design approaches emerged with the 

construction of the 100-story tall John Hancock Building in 

Chicago. Instead of traditional methods, a braced tube 

structure was implemented, marking a notable shift in 

architectural innovation. This pioneering design featured 

diagonals positioned along the entire exterior perimeter, 

maximizing structural depth and effectiveness. Notably, the 

exterior columns, beams, and diagonals were deliberately 

exposed, serving as prominent aesthetic elements of the 

building. The adoption of the braced tube system, alongside 

other structural advancements like the framed tube and 
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bundled tube, sparked a resurgence of structural 

expressionism. The implementation of braced tube structures 

has been instrumental in achieving both architectural 

aesthetics and structural integrity in tall buildings worldwide 

[8]. Yet, Braced tube structures remain consistently utilized 

in modern high-rise endeavours, exemplified by notable 

projects like the Broad Gate Tower in London, crafted by 

Skidmore, Owings, and Merrill, the iconic John Hancock 

Centre in Chicago (as depicted in Fig. 4), and the distinctive 

Bank of China in Hong Kong (as illustrated in Fig. 5). 

 The mega-braced frame-core tube system 

strategically positions mega columns at the building's corners 

and surrounds them with mega braces encircling the frame 

tube. This configuration offers enhanced shear resistance and 

facilitates the efficient transfer of loads from the inner core to 

the building's periphery. Such a design approach represents a 

significant advancement in structural engineering, promising 

improved stability and load-bearing capabilities essential for 

high-rise constructions [9]. Common braced tube structures 

typically feature vertical perimeter columns, often with X or 

other configurations of bracing extending across multiple 

stories along the perimeter columns and beams. The 

efficiency of bracing in providing significant lateral stiffness 

with minimal additional material renders it an economically 

viable structural system for buildings of any height. However, 

a notable drawback of diagonal bracing (conventional 

bracing) is the costly fabrication and erection of diagonal 

connections, susceptibility to column uplift, and limited 

ductility. 

 The bracing system is divided into three main 

categories: concentric bracing, eccentric bracing, and 

specialized bracing systems. [10]. Bracing serves a 

multipurpose role in structural integrity. It mitigates 

horizontal shear, and diminishes shear lag in columns, 

thereby enhancing the stiffness of the entire building structure 

against lateral loads. Additionally, it aids in equalizing the 

stresses induced by gravity loads in the columns. [11].  

 Various studies have delved into the characteristics 

and design principles of braced tube systems. [12, 13, 14] 

contributed to the understanding of BTS development and 

basic design principles. [Moon, K.S., 2010] introduced a 

stiffness-based design methodology tailored to typical braced 

tube structures. [15] Conducted performance evaluations 

utilizing Incremental Dynamic Analysis (IDA), providing 

insights into the seismic response of braced tube tall 

buildings. [16] Delved into the seismic response of high-rise 

braced tube structures, examining the influence of different 

bracing angles across diverse seismic loading scenarios. 

Additionally, [17] scrutinized the impact of diverse bracing 

configurations on mitigating shear lag in BTS. 

 This paper will examine the principles of braced-

tube structures, their historical evolution, and their 

adaptability to India’s architectural landscape. The objective 

of this research is to explore the utilization and applicability 

of braced-tube structures as the preferred structural form for 

tall buildings in the context of Gujarat. This research aim to 

contribute valuable insights into the development of tall 

buildings in India and inspire future designs that harmonize 

aesthetics with structural performance. 

II. OVERVIEW OF THE BRACED-TUBE SYSTEM 

Throughout the demand of tall buildings increases, various 

lateral load-resisting systems have been developed to 

counteract lateral loads like earthquakes and wind effectively. 

Among these, tube systems have emerged as a particularly 

effective approach. In tube systems, the exterior frames are 

primarily responsible for resisting lateral forces, while the 

interior beams and columns resist gravity loads. Among the 

lateral load-resisting systems utilized in tall buildings, the 

diagonally braced tube system (BTS), also referred as a 

braced tubular structure or trussed tube structure stands out 

for its efficiency within framed tube systems.  

 In BTS systems, structural efficiency is enhanced by 

incorporating a limited number of diagonal braces into each 

perimeter frame. These diagonal braces span the entire width 

of the building and intersect at a common point at the corner 

columns.  

 Examples include the One Times Square Building 

and Broad Gate Tower by Skidmore, Owings, and Merrill, 

and the Shanghai World Financial Center by Kohn Pederson 

Fox. The Shanghai World Financial Center hides mega-

bracings under reflective facades. These projects demonstrate 

the enduring relevance and adaptability of braced-tube 

systems in modern tall building design, driving innovation 

and sustainability in urban architecture and engineering.  

 Typical configurations of braced tube structures 

feature evenly spaced vertical perimeter columns, with X or 

other configurations of bracing extending over multiple 

stories along the perimeter columns and beams. When the 

braced frame concept is applied three-dimensionally across 

the entire building perimeter, the system's efficiency is 

maximized.  

 In the behavior of a Braced-Tubed Structural system 

under lateral loads, the diagonal braces effectively resist the 

lateral forces through axial stiffness, eliminating the shear lag 

effect within the structure. Furthermore, the angle of the 

braces contributes to the overall stability of the building, 

protecting lateral forces generated by wind or seismic 

activity. Diagonal bracing elements, organized in various 

patterns, are utilized to counteract lateral forces induced by 

wind or seismic events.  

 The arrangement may vary depending on 

architectural design, building height, and structural 

requirements. Diagonal bracing elements, set in an X-pattern, 

play a critical role in resisting lateral loads and preventing 

excessive deflections or sway. Braced-tube systems offer 

numerous advantages, including exceptional lateral stability, 

efficient material utilization, architectural flexibility, 

improved seismic performance, and construction efficiency. 

Examples of braced-tube systems include: 

 John Hancock Building in Chicago: Standing at a 

height of 1,128 feet (344 meters), the John Hancock Building 

in Chicago is celebrated as one of the city's tallest structures.  

 Its distinctive feature lies in the X-bracing exterior, 

which employs a tubular system. The engineering 

advancements showcased in this design, particularly the 

implementation of the X-bracing system, significantly 

enhance stability, thus establishing a new standard in 

skyscraper architecture. 
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 By strategically placing these braces, interior 

column usage is minimized, maximizing floor space. The 

braced-tube design enhances structural stability, reduces 

sway, and allows for efficient load transfer, making the John 

Hancock Tower a pioneering example of innovative 

skyscraper construction. 

 
The John Hancock Building, Chicago (1970) 

 The Bank of China, Hong Kong (1989): The Bank 

of China, Hong Kong (1989) has a height of 1,105 feet (367 

meters). The Bank of China Tower in Hong Kong, designed 

by I.M. Pei and Leslie E. Robertson, features a braced-tube 

structural system. The exterior is supported by a diagonal grid 

system, enhancing the building's strength and enabling the 

reduction of internal columns, optimizing usable space. This 

system employs triangular steel braces arranged in a diagrid 

pattern on the building's exterior, ensuring lateral stability 

and effectively resisting wind and seismic forces. These 

braces efficiently transfer loads to the tower's core, reducing 

the requirement for interior columns and maximizing 

available floor space. The tower's design optimizes structural 

efficiency, enhances aesthetic appeal, and bolsters resilience 

against environmental challenges, establishing it as a 

landmark example of innovative skyscraper engineering. 

 
The Bank of China, Hong Kong (1989) 

III. LITERATURE REVIEW 

A. Shear-Lag Effect 

A notable drawback of tube structures is the occurrence of 

shear lag, a phenomenon where axial forces within columns 

are unevenly distributed, resulting in reduced structural 

efficiency. This effect diminishes the resistance moment of 

the entire structure, thereby impacting its overall economic 

efficiency. [Stafford Smith, Coull 1991]. To mitigate shear 

lag in frame-tube structures, one approach involves 

enhancing the rigidity of spandrel beams by reducing the 

spacing between columns. Even in solid-wall tubes, the 

distribution of axial forces isn't uniform across leeward and 

windward walls. This inconsistency arises due to shear 

deformation of the tube walls which are relatively thin 

compared to the building's height and plan dimensions. [18].  

 The study of [19, 20] suggests that to mitigate the 

effect of shear lag, alternative systems such as bundled-tube 

or braced-tube systems can be employed. One effective 

method to reduce shear lag is by incorporating diagonal 

members into the perimeter frame. This implementation of 

multi-story bracing enhances the structural behavior to 

resemble that of a hollow tube during bending, consequently, 

this enhances the strength and stiffness of the frame-tube 

structures. Multi-story bracing refers to braces covering 

multiple bays and stories, such as X-bracing. Incorporating 

overall bracing can significantly impact various structural 

response parameters, such as lateral displacement, seismic 

behavior, and shear lag, among others.  

 A similar study was performed by [21] on 

Parametric Analysis of the Shear Lag Effect in Tube 

Structural Systems of Tall Buildings. They analyzed a 

prototype structure for a 126-meter-tall tubed structural 

system building and revealed significant insights concerning 

the shear lag effect. Initially, positive shear lag dominates in 

lower storeys, gradually reducing as the building height 

increases, and transitioning to negative shear lag, typically 

occurring around 33% of the building height. However, 

variations in layout dimensions might delay this transition 

until approximately 50% of the building height.  

 Modifying column spacing has minimal impact on 

lower storey positive shear lag, whereas wider spacing 

exacerbates negative shear lag in upper storeys. Increasing 

beam height reduces both positive and negative shear lag 

effects due to decreased deformation under horizontal loads. 

Expanding the horizontal load-bearing flange panel amplifies 

shear lag effects, shifting the transition point from positive to 

negative shear lag to higher storeys.  

 Finally, continuous horizontal load profiles exhibit 

more pronounced shear lag effects than variable wind load 

profiles. 
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Shear lag effect in a tube structural system (Positive shear 

lag effect) 

 
Shear lag effect in a tube structural system (Negative shear 

lag effect) 

B. Experimental Study  

The experimental study was carried out by [22] on tube 

structure. Which, the experiment consisted of two stages: a 

static test followed by shaking table tests. In the static test, 

the jack was gradually removed from the model to simulate 

corner column failure. Measurements included vertical 

displacements of the failure column, strains of all vertical 

members on the first floor, and crack development. Shaking 

table tests followed, utilizing five selected ground motions to 

explore structure responses under seismic excitations. 

Ground motions represented minor, moderate, and major 

earthquakes. Each motion was applied horizontally (X & Y 

directions) and horizontally and vertically (X, Y, and Z 

directions), totalling 31 ground motion cases. Sensors 

included displacement meters, resistance strain gauges, 

accelerometers, and displacement sensors, measuring 

displacements, accelerations, and strains at various points 

throughout the structure. This comprehensive approach 

provides insights into structural behavior under seismic 

conditions of varying intensity and directionality. In the static 

test phase, significant changes were observed in axial forces 

near the removed column, indicating load redistribution to 

surrounding vertical components such as columns and walls. 

Despite this, the structure maintained stability due to the high 

stiffness of ring beams and slab confinement. During 

dynamic tests under minor earthquakes, no further cracks 

developed, and the structure remained elastic, demonstrating 

its ability to withstand minor seismic activity. Moderate 

earthquakes resulted in mortar loss, transverse and vertical 

cracks in columns and walls, and reduced structural rigidity 

due to crack formation. Major earthquakes caused severe 

damage to vertical members around the failed column, 

extensive wall cracking, and ultimately, structural collapse. 

Displacement responses varied significantly with earthquake 

intensity, input wave frequency spectra, and structural 

dynamic properties. Maximum inter-story drift angles 

remained within acceptable limits for tall buildings. The 

maximum vertical displacement of the failure column 

gradually increased under moderate earthquakes, reaching a 

significant level in severe damage scenarios. A similar study 

was conducted by [Li. Z., Liu P, Teng J., Wang Y. 2018]. In 

this model test, dynamic similitude theory guided the 

selection of three controlling scaling factors: dimension, 

stress, and acceleration. Dimension scaling factor of 1/30 

resulted in a model height of 9.1 m, while stress and 

acceleration scaling factors were determined based on model 

material properties. Fine-aggregate concrete and copper 

plates simulated RC and steel components, respectively, with 

foam plastics used for formwork—the strategic placement of 

68 sensors provided data on acceleration, displacement, and 

strain. Seismic inputs, scaled to match the Chinese seismic 

design code, were applied in three phases representing 

frequent, moderate, and rare earthquakes. The test duration 

was adjusted according to similitude principles. Overall, the 

building demonstrates satisfactory seismic performance 

meeting code requirements. 

C. Finite Element Model (FEM) 

The Braced-tube buildings present a challenging task, 

requiring complex structural modeling and solving highly 

nonlinear equations. To address this, an earlier study by [23] 

employed the finite element code, MSC Marc. It utilizes 

fiber-beam elements and multi-layer shell elements for beam 

or column and slab or shear-wall respectively. The mega 

brace was simulated using a single truss element. In that FEM 

model, the cross sections of beams or columns are divided 

into fibers, each exhibiting different material models. 

Additionally, multi-layer shell elements divide each 

component into layers, treating horizontal and vertical 

reinforcements as equivalent steel layers as shown in Fig.4. 

The materials used in Braced-tube buildings typically include 

concrete and steel, for which various constitutive material 

models are employed. This includes elasto-plastic-fracture 
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concrete models for shear walls and coupling beams, 

confined concrete models for columns, and elasto-plastic 

steel models for steel components. To ensure accurate results, 

a Similar Study was conducted by [24] in which, Each frame 

component was discretized into 6–10 elements, while Brace 

cross sections were divided into a minimum of 30 fibers. The 

division of fibers adhered to the assumption of 'plane section 

remains plane,' considering axial and bending deformations 

as well as their respective positions. In determining the strain 

within each fiber located in cross-sections, calculations were 

performed under the assumption of 'plane section remains 

plane.' Subsequently, the stress and elastic modulus of fibers 

were derived from the uniaxial stress-strain hysteresis 

relationship of materials. Finally, each cross-section's internal 

forces and stiffness were determined using the integration 

method. The fiber-beam element has found extensive 

application in the seismic nonlinear analysis of high-rise or 

tall structures, Highlighting its wide adoption and 

effectiveness in this field. The bottom nodes of the mega 

columns and core tube were fixed completely as the boundary 

condition. Due to the Lack of experiments conducted on 

entire super tall structures and their mega components, the 

accuracy and validity of the utilized finite element (FE) 

model are confirmed through prior experiments on 

conventional members and sub-structures. These experiments 

encompass various load cases and involve testing columns, 

shear walls, and core tubes.  

 
Fig. 5: Multi-Layer Shell Element 

D. Seismic Effect 

To assess structural seismic responses through non-linear 

time-history analysis, [Shan, W, Lin X, Zhou X., Dong B., 

2023] employed four classical ground motions. These 

motions were selected to ensure comparability across 

different structures, utilizing the standard earthquake input 

recommended by the Japan Building Center. The ground 

motion set comprised the El-Centro, Hachinohe, Taft, and 

Tohoku ground motion records. Among these, El-Centro is 

widely recognized as the most frequently utilized ground 

motion. They present detailed information on the four 

selected ground motions with elastic response spectra with a 

5% damping ratio. The results found by [Shan, W, Lin X, 

Zhou X., Dong B., 2023] suggest that the use of the Outrigger 

Truss (OT) system does not significantly enhance the seismic 

collapse resistance capacity of the super high-rise BMFCT 

structure. However, it does provide structural lateral-force 

resisting stiffness, allowing for reduced cross-sectional 

dimensions of main components while maintaining 

architectural functionality. Thus, incorporating the OT 

system in the seismic design of the BMFCT structure is 

recommended to meet the basic requirement of lateral-force 

resisting stiffness, but not suggested to provide excessive 

stiffness. While the collapse probabilities and collapse 

margin ratios suggest that the OT system does not notably 

improve structural collapse resistance, the structure with the 

OT system demonstrates a collapse probability of 0.12% 

under rare earthquakes, satisfying the performance-level 

requirement of 'No-Collapse' (i.e., <10%). Additionally, the 

Collapse Margin Ratio (CMR50%) exceeds the minimum 

requirement and is comparable to other super-tall structures, 

indicating excellent collapse resistance capacity despite the 

limitations of the OT system. In a Similar Study, [25] 

performed a 3-dimensional nonlinear time history analysis 

conducted on 40-story buildings with 8- and 10-story Brace 

modules, considering both Maximum Considered Earthquake 

(MCE) and service-level seismic events. The analysis 

revealed that the 8-module building, with more braces, 

exhibited lower vibration periods due to increased stiffness 

compared to the 10-module structure. The structures 

remained within acceptable limits for both service-level and 

MCE ground motions, indicating minor damage and 

readiness for more intense earthquakes. The innovative 

RBSyst bracing system played a crucial role in reducing 

permanent drift and internal forces, resulting in better 

performance compared to conventional bracing systems. This 

was evident in lower maximum base shear values and more 

predictable internal forces and deformations. [Lu, Xinzheng, 

Lu Xiao, Guan H., Zhang W., Ye. L., 2013] Conducted a 

study of seismic collapse simulation under the El-Centro 

ground motion for the super high-rise BMFCT structure. The 

intensity of the ground motion was scaled up incrementally 

until the structure collapsed, occurring at a peak ground 

acceleration (PGA) of 2940 cm/s^2, significantly higher than 

the actual El-Centro ground motion's PGA of approximately 

307 cm/s^2. A damping ratio of 5% was employed, utilizing 

Rayleigh damping modeling due to the absence of damping 

ratio data for super-tall buildings subjected to strong 

earthquakes. The results of the study show that the initial 

failure of shear walls at the building's bottom is due to 

concrete crushing, followed by the destruction of shear wall 

elements and coupling beams in higher zones. Subsequently, 

in Zones 1 and 2 mega-columns failed under combined over-
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turning moment and compression. Severe damage was 

observed in shear walls and coupling beams at the junction of 

Zones 6 and 7, leading to the collapse of mega-columns at the 

bottom of Zone 1 and half of Zone 2, ultimately resulting in 

a vertical "pancake" collapse mode rather than lateral 

overturning. Notably, severe damage is concentrated in lower 

zones, particularly Zones 1 and 2, highlighting these areas as 

weak zones prone to collapse as shown in Fig.5. Traditional 

nonlinear dynamic analysis failed to accurately predict the 

collapse regions, emphasizing the importance of collapse 

analysis in identifying actual critical areas of the structure. 

Similarly, [Lu. Z, Chen X., Lu X., Yang Z., 2016] performed 

a Numerical and experimental study comprised of two 

phases. Initially, a static test was conducted where the jack 

was gradually removed from the model to simulate corner 

column failure. Vertical displacements of the failure column, 

strains of all vertical members on the first floor, and crack 

development were measured. Following the static test, 

shaking table tests were conducted using five ground 

motions: El Centro, Taft, Wenchuan, Chichi wave, and 

Shanghai artificial wave SHW01. These motions were 

selected to investigate the structure's responses with a failed 

column under various seismic excitations. The structure's 

seismic precautionary intensity was set at 7°, corresponding 

to a design peak acceleration of ground motion (PGA) of 

0.10g. To observe structural behavior under different 

earthquake intensities, the ground motions were 

incrementally increased to represent minor (0.035 g), 

moderate (0.1 g), and major earthquakes (0.22 g), with 

corresponding probabilities of exceedance within 50 years of 

63%, 10%, and 2–3%, respectively. Each ground motion was 

applied horizontally (X and Y directions) and both 

horizontally and vertically (X, Y, and Z directions). A total of 

31 ground motion cases were considered. 

 
Fig. 6: The FE model of the super-tall building 

 
Fig. 7: Elastic response spectrum with 5% damping ratio of 

El-Centro, Hachinohe, Taft and Tohoku 

E. Wind Effects  

The Study Conducted by [Lu Xinzheng, Xie L., Yu C., Lu 

Xiao., 2016] considered wind as per the Loading Code for the 

Design of Building Structures (GB5009-2001), the wind 

pressure typically ranges from 0.45 kN/m2 with a 50-year 

return period to 0.5 kN/m2 with a 100-year return period. In 

the study for enhanced design performance, the 100-year 

return period wind pressure is employed to design the 

strength of structural components, while the 50-year return 

period wind pressure is used to evaluate horizontal 

displacement under wind load. Considering this super high-

rise building's location in a high-risk seismic zone, the 

maximum story drift ratio under serviceability seismic loads 

(25-year return period) is approximately 1/570, significantly 

larger than the maximum story drift ratio under wind load 

(1/940). Both these ratios comply with the acceptable criteria 

of a maximum story drift ratio of 1/500 specified in the 

Chinese design code, i.e., the Code for Seismic Design of 

Buildings. Thus, the design of this super high-rise building is 

primarily governed by seismic loads rather than wind loads.  

 A similar study was conducted by [Moon, K.S., 

2010]. In that, the design methodology given is applied to 

brace tube structures ranging from 40 to 80 stories, with 

height-to-width aspect ratios spanning from 4.3 to 8.7. These 

structures have plan dimensions of 36 m by 36 m, featuring 

an 18 m by 18 m gravity core at the center, and typical story 

heights of 3.9 m. The diagonal braces extend across 10 stories 

and form an angle of 47.3°.To establish wind loads, the 

document SEI/ASCE 7-02 (Minimum Design Loads for 

Buildings and Other Structures) is consulted. These buildings 

are assumed to be situated in Chicago and categorized as 

category III, indicating a substantial hazard to human life in 

case of failure. According to the code, the basic wind speed 

is determined to be 40.2 m/s (90 miles per hour). For 

calculating the gust effect factor, a damping ratio of one 

percent is assumed. 
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F. Bracing System  

In the study conducted by [Lu, Xinzheng, Lu Xiao, Guan H., 

Zhang W., Ye L., 2013], in that Mega-braces, characterized 

as H-shaped or welded box-shaped steel beams, were 

investigated in the study. The fiber-beam model provided by 

MSC, Marc was employed to model these components. To 

ensure computational accuracy, each segment of the cross-

section (i.e., the flange and web) was divided into 9 fibers for 

the H-shaped section and 32 fibers for the box-shaped 

section, resulting in a total of 27 fibers for the former and 32 

for the latter. In the refined Finite Element (FE) model, the 

mega-braces were meshed with very fine elements, ensuring 

more than 5 elements for each structural component to 

accurately simulate global buckling in collapse analysis. 

However, global buckling of the mega-braces was not 

observed in the subsequent collapse analysis due to slab 

restraints provided to the mega-braces on each floor. It's 

important to note that the study did not consider the effect of 

local buckling in simulating the behaviors of outriggers and 

mega-braces. This was because the width-thickness ratio of 

the web or flange of the sections complied with requirements 

specified in the Code for Design of Steel Structures 

[GB50017:2006], effectively preventing local buckling. The 

fiber-beam element model has been extensively used in the 

elastoplastic analysis of earthquake-induced failure behavior 

of structures, ensuring model accuracy as verified by [26, 27, 

28, 29]. In the study, the mega-braced frame system 

comprises mega-columns positioned at the four corners, with 

mega-braces situated in Zones 1 to 4. Additionally, closely 

spaced perimeter columns are located in Zones 5 to 8. The 

mega-braces are constructed from welded steel box beams, 

featuring dimensions of up to 1800 mm in height, 900 mm in 

width, and a web and flange thickness of 110 mm each. 

Similarly, the closely spaced perimeter columns in Zones 5 to 

8 are also in the form of steel box sections, measuring 700 

mm in height, 700 mm in width, and with a web and flange 

thickness of 30 mm each. The yield strength of the steel used 

in the mega-braces is 390 MPa. The results of the study [Lu, 

Xinzheng, Xie L., Yu C., Lu Xiao, 2016] indicate that the 

fully braced scheme exhibited superior effectiveness in 

directing damage towards readily replaceable components, 

such as coupling beams and perimetric trusses, rather than 

key components that are more challenging to repair, such as 

mega-columns, core tubes, and mega-braces.  

 Overall, the fully-braced scheme demonstrated 

better seismic resilient performance compared to the half-

braced scheme. The study performed by [Moon, K.S., 2010] 

focused on the influence of diagonal angles on the structural 

design of braced tube structures. It concluded that the 

commonly adopted angles, typically ranging from about 40° 

to 50°, are close to the optimal angle. Additionally, as the 

diagonal member angle approaches 35°, the sizes of the 

diagonal members become smaller. 

IV. SUMMARY & CONCLUSION  

Over recent decades, the architectural landscape has seen a 

surge in tall building construction, driven by urbanization and 

economic growth. In response, engineers and designers have 

explored various structural systems to meet the demands of 

height, efficiency, and safety. Braced tube structures have 

emerged as a prominent solution, offering advantages in 

structural stability, load distribution, and resistance to lateral 

forces such as wind and seismic activity. The review paper 

provides a comprehensive examination of seismic analysis 

and design methodologies tailored for tall buildings, with a 

particular focus on tube-type structures and innovative 

bracing systems. Through a synthesis of advanced simulation 

techniques and experimental investigations, the paper offers 

valuable insights into collapse resistance, seismic 

performance, and design optimization strategies, particularly 

pertinent to earthquake-prone regions. Key findings 

underscore the robustness of tube-type buildings against 

progressive collapse, highlighting the significance of 

perimeter columns and the role of corner columns in Braced-

tube systems. Overall, this research contributes significantly 

to advancing the understanding and design practices for 

super-tall structures, offering valuable guidance to engineers 

and designers aiming to ensure safety and resilience in 

seismic events. The paper investigates the appropriateness of 

Braced-tube structural systems for tall buildings in India. The 

key findings from earlier studies mentioned in the paper are 

summarized below:  

 Tube systems have emerged as effective in resisting 

lateral loads in tall buildings. Among these, the diagonally 

braced tube system (BTS) stands out for its efficiency. It 

incorporates diagonal braces into each perimeter frame, 

spanning the building width and intersecting at common 

points. BTS configurations feature evenly spaced vertical 

columns with bracings extending over multiple stories, 

maximizing efficiency. The system's behavior effectively 

resists lateral forces through axial stiffness, eliminating shear 

lag effects and enhancing stability against wind or seismic 

activity. Diagonal bracing elements ensure resistance to 

lateral forces, offering advantages such as exceptional 

stability, efficient material use, architectural flexibility, 

seismic performance, and construction efficiency. 

 Tube structures face shear lag, where axial forces 

within columns are uneven, reducing structural efficiency. 

Mitigation strategies include reducing column spacing and 

employing alternative systems like bundled-tube or braced-

tube structures. Incorporating diagonal members into the 

perimeter frame effectively reduces shear lag. 

 Innovative bracing systems like RBsyst may 

demonstrate better performance in reducing vibration and 

internal forces. 

 Braced-tube steel buildings exhibit higher efficiency 

compared to diagrid structures of the same height. 

 Tubular systems stand out as highly effective and 

resilient structural solutions employed in the construction of 

Tall buildings. 

 The fully-braced scheme demonstrates greater 

seismic resilience performance when compared to the half-

braced scheme. 

 The commonly adopted angles for bracing are 

approximately between 40° to 50°, and are close to optimal. 

As the diagonal angle approaches 35°, member sizes 

decrease. 

 Limited research has been conducted on the cost 

comparison between various structural systems, which could 

prove beneficial for construction firms and engineers, 

especially in different geographical locations. The demand 
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for tall buildings remains consistent in developed and 

developing nations and is rapidly increasing in countries like 

India, which is experiencing rapid economic growth. As India 

moves towards becoming the world's third-largest economy, 

its building infrastructure must align with the needs of 

developers and clients. Therefore, future investigations 

should incorporate cost considerations to aid stakeholders in 

development projects. There is potential for initiating 

innovative projects using tubular structural systems, offering 

diverse architectural designs and façades. Even within the 

Braced-tube system, numerous plan geometries are feasible, 

providing buildings with sustainable design and architectural 

elegance. For Tall Building Construction, Braced-tube 

systems have proven to be an excellent choice, offering 

enhanced stiffness and reduced shear lag compared to 

framed-tube or tube-in-tube systems. Additionally, special 

considerations can be made to address dynamic wind effects 

through unique façades or structural system innovations. 
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