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ABSTRACT: 

 The term "skyscraper" was first applied to buildings of steel framed construction of at least 10 

storeys in the late 19th century, a result of public amazement at the tall buildings being built in major cities like 

Chicago, New York City, Tokyo, Beijing, etc. The structural definition of the word skyscraper was refined later 

by architectural historians, based on engineering developments of the 1880s that had enabled construction of 

tall multi-Storey buildings. This definition was based on the steel skeleton as opposed to constructions of load-

bearing masonry, which passed their practical limit in 1891 with Chicago's Monad Nock Building. The design 

and construction of skyscrapers involves creating safe, habitable spaces in very tall buildings. The buildings 

must support their weight, resist wind and earthquakes, and protect occupants from fire. Yet they must also be 

conveniently accessible, even on the upper floors, and provide utilities and a comfortable climate for the 

occupants. The problems posed in skyscraper design are considered among the most complex encountered 

given the balances required between economics, engineering, and construction management. The objectives of 

the present work is to study the behavior of a Skyscraper Building subjected to earth quake load by adopting 

Response spectrum analysis. The present study is limited to Reinforced concrete (RC) multi-storied Skyscraper 

building with four different zones II, III, IV & V .The analysis is carried out with the help of FEM software’s 

ETABS V 9.7.4. The building model in the study has G+60 (61) storeys with constant storey height of 3m. Four 

models are used to analyze with different bay lengths and the number of Bays and the bay-width along two 

horizontal directions are kept constant in each model for convenience. 
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1. INTRODUCTION 

1.1 GENERAL 

A skyscraper is a continuously habitable high-rise building that has over 40 or 50 floors and is taller than 

approximately 100 m (328 ft). Generally, the term first referred to buildings with 10 to 20 floors in 1880s. The definition 

shifted with advancing construction technology during the 20th Century.
[1]

 Skyscrapers may contain offices, commercial and 

residential uses. For buildings above a height of 300 m (984 ft), the term "supertall" can be used, while skyscrapers reaching 

beyond 600 m (1,969 ft) are classified as "megatall”. 

One common feature of skyscrapers is having a steel framework that supports curtain walls. These curtain walls 

either bear on the framework below or are suspended from the framework above, rather than resting on load-bearing walls of 

conventional construction. Some early skyscrapers have a steel frame that enables the construction of load-bearing walls 

taller than of those made of reinforced concrete. 

Modern skyscrapers' walls are not load-bearing, and most skyscrapers are characterized by large surface areas of 

windows made possible by steel frames and curtain walls. However, skyscrapers can have curtain walls that mimic 

conventional walls with a small surface area of windows. Modern skyscrapers often have a tubular structure, and are 

designed to act like a hollow cylinder to resist wind, seismic, and other lateral loads. To appear more slender, allow less wind 

https://en.wikipedia.org/wiki/High-rise_building
https://en.wikipedia.org/wiki/Skyscraper#cite_note-britannica-1
https://en.wikipedia.org/wiki/Curtain_wall_(architecture)
https://en.wikipedia.org/wiki/Load-bearing_wall
https://en.wikipedia.org/wiki/Steel_frame
https://en.wikipedia.org/wiki/Reinforced_concrete
https://en.wikipedia.org/wiki/Tube_(structure)
https://en.wikipedia.org/wiki/Cylinder


 
International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES) 

Volume 4, Issue 02, February -2018, e-ISSN: 2455-2585, Impact Factor: 3.45 (SJIF-2015) 
 

IJTIMES-2018@All rights reserved   28 

exposure, and transmit more daylight to the ground, many skyscrapers have a design with setbacks, which are sometimes also 

structurally required. 

 

1.2 TUBE STRUCTURAL SYSTEMS 

The tubular systems are fundamental to tall building design. Most buildings over 40-storeys constructed since the 

1960s now use a tube design derived from Khan's structural engineering principles, examples including the construction of 

the World Trade Center, Aon Center, Petronas Towers, Jin Mao Building, and most other super tall skyscrapers since the 

1960s. The strong influence of tube structure design is also evident in the construction of the current tallest skyscraper, 

the BurjKhalifa. 

1.3 OBJECTIVE OF THE STUDY 

Following are the main objectives of the work: 

1. The main objective of the present work is to study the effect of Earthquake load for four Zones in India of 

Skyscraper buildings for Medium soil condition. 

2. In the present study, the effect of Earthquake load for Skyscraper buildings will be evaluated by Response spectrum 

method of analysis.  

3. In the present work, the Skyscraper building of G+60 storeys will be modeled for different Zones by considering IS: 

1893:2002 Code.  

4. The analysis of the building will be carried out by using ETABS V9.7.4. 

5. The results from the models (storey drift, storey shear) will be compared for different Zones of Earthquake. 

1.4 FUTURE SCOPE OF THE PAPER 

In the present paper a typical skyscraper of G+60 storeys is analyzed using commercial software ETABS V9.7.4 by 

response spectrum analysis. Storey drift, Shear force, Bending moments in both X and Y directions are analyzed for different 

zones of earthquake in India. The analysis is made based on damping ration followed in the code IS 1893:2002. 

As of now, the latest version of ETABS Software is updated with the IS 1893:2002 code only. When  the software 

updates with the latest code i.e., IS 1893:2016 the same project can be analyzed by the new code and a comparative study can 

be made. The seismic design mainly depends upon the Damping ratio, Topography and Soil conditions.  

 

2. LITERATURE REVIEW 

Douglas.,et al (1996) studied With the advent of steel shapes and forms, the dungeons of masonry structures of old 

were no longer necessary. The skyscraper in comparison was actually well lit and airy. The place was Chicago, the year was 

1883, the man was the architect and engineer William LeBaron 29 and wonderment, which has only pervaded to this day 

creating a public advertisement that, had no equal. 

Nash., et al (2005) studied with Once the New York area got a hold of the skyscraper there was no stopping the 

massive amount of tall building construction taking place in Manhattan. In 1890 there were 6 buildings over 10 storied in 

https://en.wikipedia.org/wiki/Setback_(architecture)
https://en.wikipedia.org/wiki/Tube_(structure)
https://en.wikipedia.org/wiki/Construction_of_the_World_Trade_Center
https://en.wikipedia.org/wiki/Construction_of_the_World_Trade_Center
https://en.wikipedia.org/wiki/Construction_of_the_World_Trade_Center
https://en.wikipedia.org/wiki/Aon_Center_(Chicago)
https://en.wikipedia.org/wiki/Petronas_Towers
https://en.wikipedia.org/wiki/Jin_Mao_Building
https://en.wikipedia.org/wiki/Burj_Khalifa
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New York, by 1908 there were 538 (Nash, 2005). In those 18 years tall buildings in the city grew by nearly 900%! This count 

was taken at 10 storeys but the number is still staggering to acknowledge. 

Zukowsky and Thorne., et al (2000) studied with Further demonstrating that the construction of tall buildings 

requires an enormous amount of financial backing and clout, the skyscraper surge in Asia took a tremendous dip in the same 

year that the Petronas Towers were completed. 1998 saw numerous volatile highs and lows in stock markets around the world 

(Zukowsky and Thorne, 2000). In addition, there were drastic downturns in Asian economies which led to the direct 

cancellation and the postponing of several tall buildings (Zukowsky and Thorne, 2000).  

3. METHODOLOGY 

3.1 METHOD FOR ANALYSIS OF THE STRUCTURE 

The seismic analysis should be carried out for the buildings that have lack of resistance to earthquake forces. 

Seismic analysis will consider dynamic effects hence the exact analysis sometimes become complex. However for simple 

regular structures equivalent linear static analysis is sufficient one. This type of analysis will be carried out for regular and 

low rise buildings and this method will give good results for this type of buildings. Dynamic analysis will be carried out for 

the building as specified by code IS 1893-2002 (part1). Dynamic analysis will be carried out either by Response spectrum 

method or site specific Time history method. Following methods are adopted to carry out the analysis procedure. 

3.2 RESPONSE SPECTRUM ANANLYSIS 

The representation of maximum response of idealized single degree freedom system having certain period and 

damping, during earthquake ground motions. This analysis is carried out according to the code IS 1893-2002 (part1). Here 

type of soil, seismic zone factor should be entered from IS 1893-2002 (part1). The standard response spectra for type of soil 

considered is applied to building for the analysis in ETABS 2013 software. Following diagram shows the standard response 

spectrum for medium soil type and that can be given in the form of time period versus spectral acceleration coefficient (Sa/g).   

                                                                            

 

Fig 3: Response spectrum for medium soil type for 5% damping 

This approach permits the multiple modes of response of a building to be taken in to account (in the frequency domain). 

This is required in many building codes for all except very simple or very complex structures. The response of a structure can 

be defined as a combination of many special shapes (modes) that in a vibrating string correspond to the “harmonic” computer 

analysis can be used to determine these modes for a structure. For each mode, a response is read from the design spectrum, 

based on the modal frequency and the modal mass, and they are then combined to provide an estimate of the total response of 

the structure. In this we have to calculate the magnitude of forces in all directions i.e. X, Y & Z and then see the effects on 

the building. Combination methods include the following: 

 absolute - peak values are added together 

 square root of the sum of the squares (SRSS) 

 complete quadratic combination (CQC) 
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3.3 BUILDING DESIGN CONSIDERATIONS 
   

Type of structure RCC frame structure 

Number of storeys(G+60) 61 storeys 

Number of lines in X-direction 12 

Number of lines in Y-direction 12 

Storey to storey height 3m 

Ground storey height 3.5 m 

Grade of concrete M40 for columns, slab and beams 

Thickness of slab 0.15 m 

Beam size 0.8m×0.8m 

Column size 1m×1m 

Density 

For concrete 25kN/m
3
 

For brick wall 19kN/m
3
 

Soil type Medium 

3.4 MODEL IN ETABS V9.7.4 

 

Fig 4: Model in ETABS 

4. RESULTS AND ANALYSIS 

4.1 STOREY DRIFT 

Drift is defined as the lateral displacement. Story drift is the drift of a multistory building relative to the level below. 

Inter story drift is the difference between the roof and floor displacements of any given story as the buildings ways during the 
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earthquake, normalized by the story height. For example, for a 10 foot high story, an inter story drift of 0.10 indicates that the 

roof is displaced one foot in relation to the floor below. 

4.1.1 Comparison of Drift X For Different Zones 

Table 1. Drift values (meters) in X direction   

     

                Fig 5: Graph for Storey drift in X direction 

 

From Fig 5 it can be observed that, the drift value decreases from the top storey to the bottom storey and the maximum value 

of drift is found in Seismic zone 5 than other seismic zones.  

4.1.2 Comparison of Drift Y for Different Zones 

       Table 2. Drift values (meters) in Y direction 

   

                         Fig 6: Graph for Storey drift in Y direction 

From Fig 6 it can be observed that, the storey drift (lateral displacement) has less values in Zone 2 and has higher values in 

Zone 5.The greater the drift, the greater the likelihood of damage. Peak inter storey drift values larger than 0.06 indicate sever 

damage, while values larger than 0.025 indicate that the damage could be serious enough to pose a serious threat to human 

safety. Values in excess of 0.10 indicates probable building collapse. 

4.2 BUILDIND TORQUE (T): 

Torque is a twisting or turning force that tends to cause rotation around an axis, which might be a center of mass or a 

fixed point. Torque can also be thought of as the ability of something that is rotating, such as a gear or a shaft, to overcome 

turning resistance. 
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Table 3. Building Torque(T) values  

   
                Fig 7: Graph for Building Torque 

From Fig 7 it can be observed that, the value of building torque (T) also has less value for the Zone2 than other Zones (i.e, 

Zone3, Zone4, and Zone5) in all the cases. The value of Building Torque (T) Increases from the 61
st
storey to Bottom storey 

and it found to be maximum value for the Zone5 soil. 

4.3 SHEAR FORCE 

4.3.1 SHEAR IN X- DIRECTION(VX) 

 Table 4. Shear values(kN) in X direction 

  
        Fig 8: Graph for Shear in X direction 

From Fig 8 it can be observed that, the maximum value of shear force in X-Direction was obtained for Seismic zone 5 and 

minimum value is obtained for Seismic zone 2. The Shear force value increases from 61
th

storey to bottom storey.  

4.3.2 SHEAR IN Y- DIRECTION(VY) 

Table 5. Shear values (kN) in Y direction       
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       Fig 9: Graph for Shear in Y direction 

From Fig 9 it can be observed that, the maximum value of shear force in Y-Direction was obtained for Seismic zone 5 and 

minimum value is obtained for Seismic zone 2. The Shear force value increases from 61
th

storey to 1
st
storey.  

4.4 BENDING MOMENT 

4.4.1 Bending moment in X direction(MX) 

Table 6. Bending moment values in X direction 

 

              Fig 10: Graph for bending moment in X direction 

From Fig 10  it can be observed that the maximum value of bending moment in X-Direction was obtained in Zone5 and 

minimum value of bending moment was obtained for Seismic zone2. The value of bending moment is increases from 

61
st
storey to Bottom storey. 

4.4.2 Bending moment in Y direction(MY) 

Table 7. Bending moment values in Y direction   

 

               Fig 11: Graph for bending moment in Y direction 

From Fig 11  it can be observed that the maximum value of bending moment in Y-Direction was obtained in Zone5 and 

minimum value of bending moment was obtained for Seismic zone2. The value of bending moment is increases from 

61
st
storey to Bottom storey. 

5. CONCUSIONS 

From the above study the following conclusions are made 
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1. The values of storey drifts decrease from top storey to bottom storey and the maximum value is obtained for Zone 5 

and minimum value is obtained for Zone 2 in both X-Direction and Y-Direction. 

2. The maximum values of building torque (T) were obtained in Seismic Zone5 than remaining Zones (Zone2, Zone3, 

Zone4). The value of building twist decreases from 61
th

storey to 1
st
storey. 

3. The maximum values of Shear forces and Bending moments are obtained for Zone5 than remaining Zones (Zone2, 

Zone3, Zone4). The forces and moments decrease from top storey to bottom storey (61
th

 to 1
st
storey). 

4. Skyscraper Building subjected to earth quake load has been analyzed by adopting Response spectrum analysis by 

using ETABS V 9.7.4 

5. In an overall it is concluded that Zone 5 is more suitable for skyscraper building than remaining 

Zones(Zone2,Zone3,Zone4). 

6. Top storeys are more susceptible to the drifts, building torque, forces and moments and these values decrease as we 

move on to the bottom storeys. 

7. As the height of the building increases, lateral forces plays a dominant role. Therefore, certain provisions shall be 

made in order to resist these lateral forces so that building performance under the effect of lateral loads can be 

improved. 
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