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Abstract 

The visibility and number of high-rise buildings, which have a direct impact on shaping the texture and 

identity of the city in which they are located, are increasing day by day. While developing technology, 

new construction techniques and high-strength building materials make it possible to increase the height 

of the building, each increase in height occurs difficulties and requires more engineering problems to be 

solved. When the distribution of loads acting on high-rise buildings and their effects on the structure are 

examined, it is seen that the core is designed as a center of rigidity in the structure to provide inertia 

against horizontal loads. 

In order to make the core design of the building effective and efficient, it will be a proper and correct 

approach to understand the center of rigidity function of the core to design and implement it from this 

point of view. 

This study aims to examine the core, which plays a primary role in providing inertia against horizontal 

loads acting on high-rise buildings, as a center of rigidity. 

First of all, the loads that are effective in the design were explained. It has been stated that the horizontal 

loads acting on the structure cause bending, shear and torsion. The interaction of wind load, which is a 

more critical load especially in high-rise buildings, with the building is emphasized. In order to facilitate 

the understanding of the core as the center of rigidity in high-rise buildings, its place in the structural 

system hierarchy was defined. 

It has been seen that core designing is a necessity in order to provide inertia against horizontal loads in 

high-rise buildings that becomes independent from its surroundings as the height and the loads acting on 

the structure increase. It has been seen that besides the core is designed as a service core within the 

building, the building shell is designed as a core also. 
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1. Introduction 

High-rise buildings emerge in the city silhouette as prestige structures where states, 

countries, cities, big companies show their power and reputation with advanced 

technology. The increase of steel structures, technological developments, the use of new 

and high-strength building materials and new construction techniques, especially  rapid 

urbanization experienced after the Industrial Revolution, made it possible to increase 

the height of the buildings. As the height of the building increases, the loads acting on 

the building become more critical in the design. Especially horizontal loads are more 

critical than vertical loads for high-rise buildings. Considering the high-rise building 

rises from the ground like a cantilever, is shown in Figure 1, wind and earthquake loads 

which are acting horizontally on the building, cause bending and shear forces in the 

structure [1]. It is very important to control the vibration caused by horizontal loads on 

the building. An effective structural system should be designed for provides inertia 

against the horizontal loads acting on the structure. 

 

 

  

Figure 1 High-rise building cantilevering from ground [1] 

2. The Loads Effecting High-Rise Buildings 

Loads acting on the building are various physical effects that must be considered and 

calculated in the design of the building, which can effect the building throughout its 

lifetime. These physical effects can effect the building horizontally or vertically [2]. 
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2.1.Vertical Loads  

2.1.1. Dead (Permanent) Loads 

Dead (permanent) loads refer to the self-weight of the building. The weights of all load-

bearing and non-bearing elements such as columns, beams, walls, floors, roofs, stairs, 

and exterior cladding systems constitute the dead (permanent) loads of the building 

[2,3]. 

2.1.2. Live Loads 

Live loads are the loads that will not remain on the structure continuously throughout 

its life [3]. Human, furniture, rain and snow loads constitute the live loads of the 

building. 

2.2.Horizontal Loads 

2.2.1. Earthquake Loads 

The layers of the earth's crusts create a tectonic effect during their movements and 

create energy waves suddenly called earthquakes at various periods during fault 

ruptures [4]. As a result of the vibration created by the earthquake force, the building 

becomes damaged, is shown in Figure 2, as a result of the inertia force that emerges as 

an internal force in the structure.  

 

 

 

Figure 2 Damage of the structure due to dynamic effect [5] 

Every building has a natural period of vibration. However, when horizontal loads such 

as wind or earthquake act on the building, the top of the building starts to move under 
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this effect. After the top of the building moves a certain distance, it returns to the 

starting position and makes same bending to the other direction. And returns to the 

starting position again. This duration, during which the building makes a full vibration, 

is shown in Figure 3, is called the period of the building [6]. As the height of the 

building increases, the period increases. 

 

 

 

Figure 3 Vibration of high-rise building [6] 

The floor, on which the building located, has a period value also depending on its 

class and quality. Resonance occurs in the building when the period of the ground on 

which the building located (Tground) and the vibration period of the building 

(Tbuilding) overlap (Tbuilding = Tground). Resonance causes collapse of the building. 

The period of stiff soils is small and the period of soft soils is large. For this reason, 

high-rise buildings should be built on stiff soil.  

The period of the earthquake is usually around 1 second. Because of the period of high-

rise buildings is large, the period of the earthquake and the period of the high-rise 

building usually do not overlap, so the resonance risk that may occur in high-rise 

buildings is reduced. For this reason, it can be said that the earthquake load is less 

critical for high-rise buildings when compared to wind load.  

2.2.2. Wind Loads 

Temperature differences create different pressure zones in the atmosphere. Due to these 

differences in temperature and pressure,  air streams occur called wind between regions 

[7]. Contrary to the dead load of the structure or the live loads, whose effect can be 

predicted, the wind effects the building suddenly and its intensity is variable. These 

sudden changes and wind characteristic have an important effect on the building [8].  

Between surface and the fluids which is flowing on the surface, shear force occurs in the 

opposite direction to the movement due to the viscosity of the fluid. This situation also 

exists between the air, whose viscosity is 16 times less than water, and the earth. As 

wind flows from the surface on the layers near the ground, tends to stop and return to 

the opposite of its movement direction [8]. 
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Therefore, the speed of the wind approaches almost 0 at the point close to the ground 

where the friction effect is high. These inner layers slow down the outer layers 

respectively [5]. 

The region where the wind speed is effected by the environment is called the 

atmospheric boundary layer [8]. 

As the height increases, friction effect disappears and eventually becomes negligible. In 

this case, the speed of the wind takes a form that is not effected by friction. Therefore, a 

curvilinear increasing graph, is shown in Figure 4, can be drawn [6]. 

 

 

 

Figure 4 Wind profile developments for different terrains [9] 

The wind speed profile in open and rural areas with low surface roughness and the 

wind speed profile in the region where high-rise building typology is seen are not the 

same. As the height of the building increases, the amount of surface area that the wind 

will encounter increases. Thus the pressure of the wind increases. Parallel to this, the 

average wind speed profile increases in such areas. The height at which the speed 

increase is interrupted is called the gradient height, and the speed reached by the wind 

at this height is called the gradient speed [7]. For this reason, wind load becomes a very 

critical load on high-rise buildings, as the wind takes a form that is not effected by 

friction with the increase in height. There are 4 basic types of air streams, is shown in 

Figure 5, laminar, split, turbulance and vortex [10].  
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Figure 5 Air streams [10] 

The building acts as a barrier against the wind. When the laminar stream hits the facade 

of the building, it becomes a split stream and the split stream continues to flow from the 

side facades of the building. The split stream combines with the laminar stream flowing 

in the free zone on the side facades of the building and creates a turbulance on the 

building. The vortex is the circular form of the wind flow under the effect of turbulance.  

Wind load can creates 3 different types of motion on the building, is shown in Figure 6, 

vibration along wind, vibration transverse wind and torsion [4]. 

 

 

 

Figure 6 a) Wind flow around the building [10] b) Wind effect on cross section of the building 

Building vibration parallel to the direction of the wind is termed “along-wind motion”. 

It creates a drift effect on the building. Building vibration perpendicular to the direction 

of the wind is termed “transverse-wind motion”. Torsion, on the other hand, is the 

moment when the building gains momentum around its vertical axis due to the fact that 

the geometric center of the building and the center of rigidity do not overlap.  

At high wind speeds, turbulent winds and vortexs that form on the side facades of the 

building can not occur simultaneously and equally due to the nature of the wind that 

changes direction and intensity suddenly. Therefore, in addition to the drift effect of the 
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wind, which is the along wind direction, vortex shedding occurs, which is a vibration 

transverse the wind and the resonance occurs on building [7]. 

 

 

 

Figure 7 Vortex shedding generates building vibrations in the transverse direction [7] 

Because of that transverse-wind motion and the torsion are more critical than along-

wind motion because of the risk of resonance they create [4]. 

3. Core 

While designing the structural system for high-rise buildings, it is important that the 

design can provide inertia to the loads acting on the building. It is necessary to ensure 

the stability of the structure, especially against the horizontal loads like earthquake and 

wind loads [6]. 

Shear walls and trusses are the most important structural elements for providing 

rigidity to the building against shear and bending forces and limits the vibration of the 

building [11]. 

As seen in Figure 8, shear wall / shear truss is planned as singular element on the floor 

plan or they can combined as a core by concentrating wall or truss on a specific area on 

the floor plan. Because of this, the core provides inertia on 2 directions [4]. 

 

 

 

Figure 8 a) Shear truss / Shear wall system b) Cores [4] 
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4. Core As a Rigidity Center 

Rigidity means that the displacements of the building are limited under horizontal 

loads and these displacements remain in the linear elastic region [12]. In other words, 

rigidity is the inertia of the building against deformation and rotation under horizontal 

loads. 

The core is the primary element that provides inertia against bending, shearing and 

torsion in high-rise buildings and provides the rigidity of the building against 

horizontal loads [4]. 

The location of the core has great importance for the performance level of structural 

system of high-rise buildings under the horizontal loads. The geometric center of the 

building and the center of rigidity, which is the center of the structural system, should 

be overlap in order to provide better inertia and prevent the structure from rotating 

around its own vertical axis (Figure 9). 

 

 

 

Figure 9 Core placements [1] 

Therefore, while making design decisions for high-rise buildings, it is necessary to plan 

the placements of the core correctly and analyze the effects of different placements of 

the core on the floor plan. 

On the floor plan, the core can be designed in various ways (Figure, 10). 

 

 

 

Figure 10 Core designs and building characteristics [13] 
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The central placement of the core and its similarity to the form of the floor plan 

prevents occur of eccentricity. In other words, central placement of the core on the floor 

plan is the optimum solution for the performance of the structural system under the 

horizontal loads. For this reason, edge and detached cores are not optimum core 

options in high-rise buildings. 

Because of the highest moment occurs at the corner points in the building, the ground 

on which the building is located must has good load-bearing capacity in order to design 

a corner core. The random solution of multiple cores on the floor plan also causes 

eccentricity because of increases the rigidity of certain parts of the building. 

5. Structural Systems of High-Rise Buildings 

Structural systems used in high-rise building design can be listed to ensure that the core 

can be understood as the center of rigidity: 

1. Frame System 

2. Frame + Rigid Floor System 

3. Frame + Shear Truss / Shear Wall System 

4. Frame + Shear Truss / Shear Wall + Rigid Floor System 

5. Frame + Core System 

6. Frame + Core + Rigid Floor System 

7. Core + Console System and 

8. Tube Systems. 

5.1.Frame System  

The frame system, is shown in Figure 11, is based on the creation of moment-

transferring frames with rigid connections in steel or reinforced concrete structures with 

column-beam arrangement [4]. The moment interaction between the columns and 

beams provides inertia against the horizontal loads [6]. 

However, in framed systems, high-rise buildings can be built up to a limited height, 

because of the vibration caused by wind loads. Various methods are used to control the 

vibration. 
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Figure 11 a) Frame system [4] b) Rigid frame behaviour under the horizontal loads [6] 

5.2.Frame + Rigid Floor System  

In high-rise buildings, designing rigid floors with the frame system is very effective on 

limiting vibration. Rigid floors can be designed inside or on the facade of the building, 

one or more floors high. Rigid floors consist outrigger trusses in steel structures or walls 

in reinforced concrete structures. Outrigger trusses of rigid floor have connection with 

belt trusses and perimeter columns.  

In 156 m high 37 storey Huntington Center (Columbus, 1983), is shown in Figure 12, 4 

rigid floors were planned on the facade [14]. 
 

 

 

Figure 12 Huntington Center [14] 

If a single rigid floor is to be designed for building, its placements should be at 3/5 of 

the building height. If 2 rigid floors are to be designed, their placements should be at 1/5 

and 3/5 of the building height. If the number of rigid floors are more than 2, these floors 
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placements should be designed to divide the building facade equally. This design 

provides the most effective limiting against vibration. 

5.3.Frame + Shear Truss / Shear Wall System  

As the building height increases, designing the shear trusses / shear walls with the 

frame system is efficient option to limit the vibration. As shown in Figure 13, structural 

system can be designed as shear trusses or shear walls. Shear trusses / shear walls can 

be designed on the facade of the building, inside of the building or both. 

 

 

 

Figure 13 a) Steel truss b) Reinforced concrete shear wall [4] 

5.4.Frame + Shear Truss / Shear Wall + Rigid Floor System  

Shear trusses and shear walls are used together with rigid floors as a more effective 

structural system option to control the vibration in the building as the height of the 

building increases. 

In 212 m high 45 storey ACT Tower (Hamamatsu, 1994), is shown in Figure 14, 2 storey 

high rigid floor was planned with the shear truss system [15]. Load transfer of the floors 

located above the rigid floor is provided by the rigid floor. 
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Figure 14 a) ACT Tower [15]  b) ACT Tower's section [16] 

5.5.Frame + Core System  

The further structural system for providing inertia of the building is the frame + core 

system.  

The core is the primary element in high-rise buildings, providing the rigidity of the 

building against vertical and horizontal loads, providing inertia against bending, shear 

and torsion [17].  Although a fully closed core which is consists of shear walls / shear 

trusses is the most rigid solution against horizontal loads and torsion, partially closed 

core design serves as a center of vertical transportation, shaft and shared spaces beside 

its rigidity function [4]. The core can be partially closed by cantilever slabs or by beams 

(Figure, 15). 

 

 

 

Figure 15 a) Core partially closed by floor slabs b) Core partially closed by beams c) Open-section core 

[17] 
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Because of shear walls act as cantilever, they show bending behavior under horizontal 

loads and the successive drifts between floors are gradually increasing. In frame 

systems, the shear is highest at the lowest floors, and the successive drifts between the 

floors decrease as the height increases (Figure 16). Frame system has high ductility and 

low elastic behavior. On the other hand, shear wall system has low ductility and high 

elastic behavior. With the combined use, the increasing bending of the shear wall 

element towards the upper floors prevents by the frames, and the high sliding of the 

frames on the lower floors prevents by the shear wall [18]. 

 

 

 

Figure 16 a) Bending of shear wall b) Shear of frame c) Combined use [18] 

Systems, take advantages of each other's advantages and limit their disadvantages. 

Therefore, many structural system options occur, is shown in Figure 17, when they are 

use in interaction [1]. 

 

 

 

Figure 17 Combined use [4] 
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5.6.Frame + Core System + Rigid Floor System 

The planning rigid floors with the core + frame system is very effective on limiting 

vibration. 

If the core is termed the mast of the ship, the rigid floors serve as spreaders and the 

perimeter columns serve as supports in high-rise buildings [7]. Belt trusses are used to 

limit the displacements of the surrounding columns [19]. 

The central placement of the core and connection of the trusses / walls to the core 

symmetrically is optimum design because of the outrigger trusses control the core's 

bending and torsion. 

The structural system of the 452 m high 88 storey Petronas Towers (Kuala Lumpur, 

1998), is shown in Figure 18, is frame + core + 2 rigid floors system. The reinforced 

concrete central core of the building starts as a square section, 22.9 m x 22.9 m on the 

ground, and ends at 18.9 m x 22 m as the building rises [4]. The core serves as center of 

rigidity of the structure against the horizontal loads without need to further increase the 

dimensions of the elements of the frame system. 
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Figure 18 a) Petronas Towers [20] a) Plan [4] b) Structural axonometric [4] c) Schematic section [4] 

5.7.Core + Console System  

The core + console system, is shown in Figure 19, in which the core is used as the 

primary structural system alone, consists of a reinforced concrete shear wall core 

provide inertia to vertical and horizontal loads and cantilever floor slabs rigidly 

connected to the core [4]. 

 

 

 

Figure 19 Core + Console system [4] 

The floor slabs can be supported by the perimeter columns of the building or the 

hangers suspended from the core, and suspended systems, is shown in Figure 20, are 
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formed [4]. In the suspended system, the ground floor of the building is free from 

structural elements, as the floors are hung on the core.  

Steel suspension elements do not restrict the relationship of the building with the view 

due to their small cross-sections. In this system, the production of the floor slabs are 

made on the ground and stacked on the floor to be lifted to their own level one by one 

[17]. The structure is completed from top to bottom. 

 

 

 

Figure 20 a) Core + Console system [4] b) Suspendend system [4] c) Suspended system construction [17] 

In core + console system and suspended system, only the core volume exists on the 

ground floor. For this reason, the transfer of vertical loads to the ground is provided 

only by the core. Because of that core + console system and suspended system are not 

an effective structural system options due to their high vibration under horizontal loads 

in earthquake zones, in regions with strong winds effecting the structure and in cases 

where ground conditions are not good. Core + console system and suspended system 

are mostly used in prestige buildings. 

101 m high 21 storey BMW Building (Munich, 1972), is shown in Figure 21, is a 

suspended structure. Floor slabs were suspended by steel cables to the core. The central 

core placement of the building has same form with the floor plan [21]. 
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Figure 21 a) BMW building [22] b) Plan [23] c) Elevation [23] d) Modeled structure [23] 

5.8.Tube System  

In tube systems, columns are connected within the frame of 120 cm axles to each other 

with high beams. Tube systems can be designed and implemented with various ways as 

framed tube, tube in tube or bundled tube depending to vertical and horizontal loads. 
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5.8.1.  Framed Tube System 

In framed tube system, is shown in Figure 22, the outer tube surrounding the structure 

provides inertia against the horizontal loads [24]. Vertical loads are shared by the outer 

shell (outer tube),  the inner columns and shear walls / shear trusses. In this system, the 

outer shell acts as the core. 

 

 

 

Figure 22 Framed tube system [17] 

In 415 m / 417 m high 110 storey World Trade Center Twin Towers (New York, 1972), is 

shown in Figure 23, steel tubes were planned at spacing of 1.02 m at shell. 46 steel 

columns were planned in the center of the building [4,25]. 

 

 

 

Figure 23 a) World Trade Center Twin Towers [26] b) 94th floor plan [27] c)Modeled structure [27] 
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5.8.2. Tube in Tube System 

Tube in tube system, is shown in Figure 24,  is designed as two tubes, with the outer 

tube as the shell and the inner tube as a tube surrounding the service core of the 

building [28]. This system can also termed as a "core in core". 

 

 

 

Figure 24 Tube in tube system [28] 

In 217 m high 49 storey One Shell Plaza (Houston, 1971), is shown in Figure 25, the 

outer tubes were spaced 182 cm axles [29,31]. The reinforced concrete shear wall core of 

the building is the inner tube. The outer tube, which is the shell, provides the inertia of 

the structure as primary. 

 

 

 

Figure 25 a) One Shell Plaza [30] b) Plan [31] c) Modeled coffered slab [31] 
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5.8.3. Bundled Tube System 

The bundled tube system, is shown in Figure 26, is designed multiple framed tube 

system that acts like a single tube [4].  Bundled tube system can also termed as "multi-

core system". 

 

 

 

Figure 26 Bundled tube system [32] 

In  189 m high 44 storey Shinjuku I-Land Tower (Tokyo, 1995), is shown in Figure 27, 

the service core was designed eccentrically in the floor  plan [33]. For  this reason, 

bundled tube system was chosen as the structural system to provide sufficient inertia. 

 

 

 

Figure 27 a) Shinjuku I-Land Tower [34] b) 25th Floor Plan [35] c) 42th Floor Plan [35] 
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6. Conclusion 

As the height of the building increases, the horizontal and vertical loads acting on the 

building become more important. In particular, vibration caused by wind effect, which 

one of the horizontal loads, should be controlled. The structural system used in the 

building should be able to provide sufficient inertia against horizontal loads. When the 

structural systems used in high-rise design are examined, it is seen that the core is 

designed as the primary rigidity element that provides inertia against loads. Therefore, 

a core design is an obligatory to ensure the stability of the high-rise buildings. In the 

study,  examining the core as the center of rigidity and evaluating its place in the 

structural system hierarchy in order to make easier the examination is main focus. 

When the structural systems used in high-rise buildings are evaluated within the 

hierarchy, it is seen that frame systems allow the height of the building to increase up to 

a certain point. Various methods are used in the structural system to control the 

vibration, especially to control caused by wind loads. The study provided information 

on this topic. 

The structural system option is frame + core system for increase the inertia of the 

building. The core system, which is formed by designing the shear walls / shear trusses 

in various ways, is the basic rigidity center of the high–rise building. The shear walls / 

shear trusses of the core prevent bending and torsion of structure under the horizontal 

loads, thus ensuring the inertia of the structure.  

Tube systems are examined under 3 headings. In framed tube systems, building shell is 

acts as the core. As the height of the building and horizontal, vertical loads increase 

tube in tube system is used. Tube in tube systems are designed as two tubes. The outer 

tube (shell) acts as the core and provides primary inertia, while the service core is 

located inside the structure and supports the inertia of the system. Therefore, the 

system can be defined as "core in core". The next choice in increasing inertia of building 

is bundled tube system. The bundled tube system includes multiple cores designed side 

by side in a  relationship. Therefore, the system can be defined as multi-core system. 

As a result, it is obligatory to design a core as a rigidity center in order to provide 

inertia against horizontal loads in a high-rise building that becomes independent from 

its surroundings as its height increases. The core can be a service core in the building or 

shell of the building can acts as a core. 

References 

[1] Sev, A. (2001). Türkiyede ve dünyadaki yüksek binaların mimari tasarım ve taşıyıcı sistem açısından 

analizi. 

 

[2] TS 500. (2000). Betonarme Yapıların Tasarım ve Yapım Kuralları. TSE. Ankara 

 



The European Journal of Research and 

Development, 2(2), 2022 https://doi.org/10.56038/ejrnd.v2i2.57  
 

Online ISSN: 2822-2296 journals.orclever.com/ejrnd 211 

 

[3] American Society of Civil Engineers. (2017, June). Minimum design loads and associated criteria for 

buildings and other structures. American Society of Civil Engineers. 

 

[4] Günel, M., & Ilgin, H. (2014). Tall buildings: structural systems and aerodynamic form. Routledge. 

 

[5] Taranath, B. S. (2004). Wind and earthquake resistant buildings: Structural analysis and design. CRC 

press. 

 

[6] Taranath, B. S. (2016). Structural analysis and design of tall buildings: Steel and composite  

construction. CRC press. 

 

[7] Taranath, B. S. (2009). Reinforced concrete design of tall buildings. CRC press. 

 

[8] Güner, S. (2004). Tüp Taşıyıcı Sistemlerin Yatay Yükler Etkisindeki Davranışı Ve 60 Katlı Betonarme 

Tüp Sistem Bir Yapının Statik Ve Dinamik Analiz, Tasarım Ve İncelenmesi (Doctoral dissertation, Fen 

Bilimleri Enstitüsü). 

 

[9] GAETANI DELL'AQUILA D'ARAGONA, I. I. (2013). Energy saving potential of night natural 

ventilation in the urban environment: the effect of wind shielding and solar shading. 

 

[10] Yücel, M. (2010). Yüksek Binaların Yakın Çevre Bina Yüzeylerindeki Hava Akışına Etkileri-four 

Wınds Örneği (Doctoral dissertation, Fen Bilimleri Enstitüsü). 

 

[11] Öztürk, T. (2005). Betonarme binalarda deprem perdelerinin yerleşimi ve tasarımı. İMO İstanbul 

Şubesi, Meslekiçi Eğitim Kursları. 

 

[12] Özuygur, A. R., & Celep, Z. YÜKSEK BİNALARIN YAPISAL TASARIMI. 

 

[13] Grondzik, W. T., & Kwok, A. G. (2019). Mechanical and electrical equipment for buildings. John 

wiley & sons. 

 

[14] https://www.skyscrapercenter.com/building/huntington-center/3613 accessed on May20'2022 

 

[15] https://www.skyscrapercenter.com/building/act-tower/1402 accessed on May20'2022 

 

[16] Balcı, S. B. (2013). Yüksek yapıların taşıyıcı sistemleri ve mimari tasarımla olan etkileşimi (Doctoral 

dissertation, İstanbul Kültür Üniversitesi/Fen Bilimleri Enstitüsü/Mimarlık Anabilim Dalı). 

 

[17] Smith, B. S., & Coull, A. (1991). Tall building structures: Analysis and design. New York, N.Y: Wiley. 

 

[18] Özkan, A. (2005). Düşey taşıyıcı elemanlarda betonarme perde davranışının incelenmesi (Master's 

thesis, Balıkesir Üniversitesi Fen Bilimleri Enstitüsü). 

 

[19] Moon, K. S. (2018). Developments of structural systems toward mile-high towers. International 

Journal of High-Rise Buildings, 7(3), 197-214. 

 

[20] https://www.needpix.com/photo/651231/ accessed on May20'2022 

https://www.skyscrapercenter.com/building/huntington-center/3613
https://www.skyscrapercenter.com/building/act-tower/1402
https://www.needpix.com/photo/651231/


The European Journal of Research and 

Development, 2(2), 2022 https://doi.org/10.56038/ejrnd.v2i2.57  
 

Online ISSN: 2822-2296 journals.orclever.com/ejrnd 212 

 

 

[21] https://www.emporis.com/buildings/109463/bmw-building-munich-germany  

accessed on May20'2022 

 

[22] https://www.skyscrapercenter.com/building/bmw-building/9320 accessed on May20'2022 

 

[23] Indacochea-Beltran, J., Elgindy, P., Lee, E., Vignesh, T., Ansourian, P., Tahmasebinia, F., & 

Marroquín, F. A. (2016, August). Dynamic analysis of the BMW tower in Munich. In AIP Conference 

Proceedings (Vol. 1762, No. 1, p. 020002). AIP Publishing LLC. 

 

[24] Ilgın, H. E., & Günel, M. H. (2007). The role of aerodynamic modifications in the form of tall 

buildings against wind excitation. 

 

[25] https://www.emporis.com/complex/100329/world-trade-center-new-york-city-ny-usa  

accessed on May20'2022 

 

[26] https://en.wikipedia.org/wiki/World_Trade_Center_(1973%E2%80%932001) accessed on May20'2022 

 

[27] https://www.thestructuralmadness.com/2014/10/911-remembering-world-trade-centers.html    

accessed on May20'2022 

 

[28] Balakrishnan, S., & James, R. M. (2019). Comparative Study On Tube In Tube And Tubed Mega 

Frames On Different Building Geometry Using ETABS. International Journal of Applied Engineering 

Research. 

 

[29] https://www.emporis.com/buildings/117759/910-louisiana-houston-tx-usa accessed on May20'2022 

 

[30] https://sah-archipedia.org/buildings/TX-01-HN7 accessed on May20'2022 

 

[31] http://khan.princeton.edu/khanOneShell.html accessed on May20'2022 

 

[32] https://primarystructure.net/willis-tower/ accessed on May20'2022 

 

[33] https://www.emporis.com/buildings/104981/shinjuku-i-land-tower-tokyo-japan  

accessed on May20'2022 

 

[34] https://www.skyscrapercenter.com/building/shinjuku-i-land-tower/1995 accessed on May20'2022 

 

[35] https://www.at-office.jp/detail/44313/25A/ accessed on May20'2022 

https://www.emporis.com/buildings/109463/bmw-building-munich-germany
https://www.skyscrapercenter.com/building/bmw-building/9320
https://www.emporis.com/complex/100329/world-trade-center-new-york-city-ny-usa
https://en.wikipedia.org/wiki/World_Trade_Center_(1973%E2%80%932001)
https://www.thestructuralmadness.com/2014/10/911-remembering-world-trade-centers.html
https://www.emporis.com/buildings/117759/910-louisiana-houston-tx-usa
https://sah-archipedia.org/buildings/TX-01-HN7
http://khan.princeton.edu/khanOneShell.html
https://primarystructure.net/willis-tower/
https://www.emporis.com/buildings/104981/shinjuku-i-land-tower-tokyo-japan
https://www.skyscrapercenter.com/building/shinjuku-i-land-tower/1995
https://www.at-office.jp/detail/44313/25A/

