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Abstract 

In the recent years, due to lack of land the construction of high rise buildings widely increases. And these buildings are affected 

by lateral loads due to wind or earthquake. To resist these lateral loads lots of construction methods are available. Diagrid structural 

system is one of the most effective systems due to its efficiency and flexibility in architectural planning. In this system peripheral 

columns of the building are eliminated and this constructs the main difference between diagrid and orthogonal structure. The 

present work is made for studying the response of high rise building with different diagrid structural system. To this aim response 

of four different diagrid structures of (G+30) storey are carried out to obtain optimized position of diagrid. And response of this 

diagrid building is compared with conventional building by providing same parameters to both the buildings. The analysis of the 

building is carried out by using ETABS software. The results obtained in terms storey displacement.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In 19th century tall buildings were built in U.S.A but now days due to people needs tall buildings are constructing everywhere this 

leads to sustainable development of society that is “development that meets the expectations and needs of present generation 

without compromising the ability of future generations to meet their requirements”. According to studied and published articles in 

1980, most of tall buildings were located in America and now recent studies shows that number of tall building and construction 

process is more in Asian countries, it is of about 32% and 24% in north America and Europe. Generally tall buildings are 

constructed and used for commercial office buildings, apartments etc. Early tall building systems started with steel/iron frame 

structure which minimized the dimensions of the structural members at building perimeters. Innovative structural systems like 

composite structures, tube structures, outrigger structures, Exterior braced frame structures mega-frames, The diagrid system, etc. 

are some of the new developments since the 1960’s, however used at few places in past but utilized for buildings with unique 

shapes and form, so diagrid can be considered as one of the latest structural systems for tall buildings. 

 The growths of urban population and consequent pressure on limited space have considerably influenced the residential 

development of city. In the resource scarce era, expanding a building vertically to develop a denser city is more energy efficient 

because the energy consumed for transferring electricity can be minimized, while the land used for building will be reduced and 

thus saving more green areas. Therefore, through this project an attempt has been made to arrive at a structural pattern which is 

superior as compared to conventional structural systems. The lateral load resisting system becomes more important than the 

structural system that resists the gravitational loads. The lateral load resisting systems that are widely used are: rigid frame, shear 

wall, wall-frame, braced tube system, outrigger system and tubular system. Recently, the diagrid structural system is widely used 

for high rise buildings due to its structural efficiency aesthetic view provided by the unique geometric combination of the system. 

Load action on tall building are very much different than the low rise building, lateral loads due to wind and earthquake would 

produce more effect on high rise buildings. If there would not be any lateral forces on the building such as wind or earthquake, any 

high rise building could be designed just for gravity loads. The column sizes increase progressively towards the base of the building 

due to cumulative increase in the gravity loads transmitted from the floors above. Further the columns need to be even heavier 

towards the base to resist lateral loads. The material needed for floor framing depends upon the span of the framing elements, i.e. 

column-to-column distance and not on building height. The quantity of material required in case of conventional building for 

resisting lateral loads, is even more as compared to diagrid structure for very tall buildings. Some of the examples of diagrid 

structures are given below: 
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Fig. 1: Hearst Headquarters, New York                         Fig. 2: Swiss Re London, U.K 

 In recent years, diagrid structures have received increasing attention among both designers and researchers of tall buildings for 

creating one‐of‐a‐kind signature structures. The term “diagrid” is a combination of the words “diagonal” and “grid” and achieves 

its structural integrity through the use of triangulation. Diagrid is a particular form of space truss. It consists of perimeter grid made 

up of a series of triangulated truss system. Diagrid is formed by intersecting the diagonal and horizontal components. Diagrid 

systems can be planar, crystalline or take on multiple curvatures. Diagrid structures consist of modules which are in diamond shape 

and lateral stiffness is provided more in diagrids than the other conventional type of structures. Diagrid structures are more effective 

in minimizing shear deformation because they carry lateral shear by axial action of diagonal members. 

II. LITERATURE REVIEW 

Korsavi et. al (2014) examined the evolutionary process of diagrid structure towards architectural, structural and sustainability 

concepts through case studies. In this they had examined 30 cases of diagrid structure. According to the prevailing properties of 

these structures, they had significant advantage in terms of height, i.e. for greater height diagrid structural system is more effective 

to resist the lateral loads. 

 Varsani et. al (2015) had done the comparative analysis of diagonal structural system and conventional structural system for 

high rise steel building. In this study, Analysis of diagrid structural system and conventional structural system for 24 storey building 

was carried out. A regular floor plan of 36 m x 36 m size was considered for both structures. Also  analysis of 36, 48, 60 storey 

diagrid structure was done and then comparison of these buildings with conventional structural system was held in terms of storey 

displacement, storey drift, time period. ETABS software was used for modelling and analysis of structural members. All structural 

members were considered as per IS 800:2007 considering all load combinations. He also concluded that the diagonal columns 

resisted lateral loads of the structure and structure is more flexible in terms of architectural planning. Top storey displacement is 

very less. Maximum displacement for conventional building was 172.7mm whereas in diagrid structure it was 31.6mm only. 

 Jaswani et. al (2015) the main aim of the study was to study the diagrid structure of varying angle configurations. From this  

study they gave the results for varying and uniform angle for different earthquake zones.  

 Deshpande et. al (2015) had done the analysis and comparison of diagrid and conventional structural system. In this study they 

have considered 60 storey diagrid steel building with regular floor plan of 24m x 24m. Stiffness based design methodology was 

used in the analysis in which they had calculated gravitational and lateral loads. All structural members are designed as per IS 

800:2007 considering all load combinations. Dynamic along wind and across wind are considered for analysis and design of the 

structure. For wind load they have done wind load analysis by using IS 875 part III. Based on the analysis and design models are 

prepared by using ETABS software in which diagonal angles ware taken 720 for 1 to 36 floors and 560 for 26 to 60 floors. After 

study they have reached to the conclusion that weight of diagrid structure reduced to greater extent, steel consumption is 28% less. 

Diagrid performs better across all the criterions of performance evaluation, such as, efficiency, expressiveness and sustainability. 

Structure has comparatively less deflection. Due to this structure has more resistance to lateral forces Cost effective and Eco-

friendly. 

 Shah et. al (2016) had done a comparative study of diagrid structure with conventional frame structure. The main objectives of 

this study were to review tall building in India, to compare the performance, to study the critical effect of lateral forces and to 

obtain the response in terms of parameter. In this study they had designed 7 buildings (4, 8, 12, 16, 20, 28, 40 storey) in ETABS 

software. Analysis and design were carried out for dead load, live load, lateral earthquake load and lateral wind load. For earthquake 

loads, both static and response spectrum analysis was done. To consider extreme conditions of lateral loads, the buildings are 

considered to be located in Zone V. Various parameters like fundamental time period, maximum top storey lateral displacement, 

maximum base shear, steel weight, percentage differences in change of steel weight, maximum storey displacement and maximum 

storey drift are considered in this study. It was observed that in diagrid system earthquake forces were predominant up to 16 storey 

and in conventional frame up to 12 storey. This means wind forces were predominant after 16 storey in diagrid system and 12 
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storey in conventional frame system. Therefore diagrid system resists wind forces up to higher heights than conventional frame 

system. 

III. METHODS OF ANALYSIS 

 Equivalent Static Analysis (ESA): 

Linear static analysis is also known as Equivalent Static Analysis. In linear static analysis displacements, strains, stresses, and 

reaction forces under the effect of applied loads are calculated. A series of assumptions are made with respect to a linear static 

analysis: Small Deflections. The use of this method is restricted with respect to High seismic zones and height of the structure, 

Buildings having higher modes of vibration than the fundamental mode, Structures having significant discontinuities in mass and 

stiffness along the height. This is a simplified technique to substitute the effect of dynamic loading of an expected earthquake by 

a static force distributed laterally on a structure for design purposes. The total applied seismic force is generally evaluated in two 

horizontal directions parallel to the main axes of the building. 

 Response Spectrum Analysis (RSA):  

Response spectrum method is a linear dynamic analysis method. In this approach multiple mode shapes of the building are taken 

into account. For each mode, a response is read from the design spectrum, based on the modal frequency and the modal mass. They 

are then combined to provide an estimate of the total response of the structure using modal combination methods. Combination 

methods include the following: Absolute Sum method, Square Root Sum of Squares (SRSS), Complete Quadratic Combination 

(CQC). This method is applicable for those structures where modes other than the fundamental one affect significantly the response 

of the structure. In this method the response of Multi Degree of Freedom system is expressed as the superposition of modal 

response, each modal response being determined from the spectral analysis of single degree of freedom system, which is then 

combined to compute the total response.  

 Wind Analysis (WA): 

Wind is air in motion relative to the surface of the earth. It varies with time and space. Due to the unpredictable nature of wind, it 

is necessary to design the tall structures by considering the critical effects of wind on the structure. Wind force depends upon 

exposed area of the structure. The wind force depends upon terrain and topography of location as well as the nature of wind, size 

and shape of structure and dynamic properties of building. It is very important to consider fluctuating component of wind pressure 

while designing. 

IV. STRUCTURAL MODELLING AND ANALYSIS 

Seismic behaviour of (G+30) storey diagrid structure with different position of diagrid and conventional structure is analysed under 

Zone IV as per IS 1893:2002. Building has been designed to withstand the vertical loads due to dead and imposed loads along with 

earthquake load for the worst load combination. 

 
Fig. 3: Typical Floor Plan 

For the analysis, the following design basis has considered: 
Description Design Data Reference 

Type of frame special steel moment resisting frame Assumed 

No. Of story G+30+Terrace, 30 Assumed 

Floor height 3.5m Assumed 

Plinth height 3m Assumed 

Depth of slab 125 mm Assumed 

Type of slab shell element Assumed 
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Spacing between frame 5m As per plan 

No. Of bays in x direction 11 As per plan 

No. Of bays in y direction 9 As per plan 

Floor dimension in x direction 50 m As per plan 

Floor dimension in y direction 40 m As per plan 

Live load on floor 4 kN/m2 IS 875:P-II:1987 

Live load on terrace 1.5 kN/m2 IS 875:P-II:1987 

Floor finish 1.5 kN/m2 IS 875:P-I:1987 

Water proofing on terrace 4 kN/m2 IS 875:P-I:1987 

Wall Load on beams 13.8 kN/m Calculated 

Parapet load on terrace 5.52 kN/m Calculated 

Concrete grade M30 IS 456:2000 

Reinforcement grade Fe-500 IS 800:2007 

Structural steel grade Fe-490 IS 800:2007 

Thickness of infill wall 230 mm Assumed 

Density of concrete 25 kN/m3 IS 875:P-I:1987 

Density of infill wall 20 kN/m3 IS 875:P-I:1987 

Diagrid angle 650 to Horizontal (Gorle,2016) 

Soil type Hard soil Assumed 

Response reduction factor 4 IS 1893 (P-I):2002 

Seismic Zone IV IS 1893 (P-I):2002 

Zone factor 0.24 IS 1893 (P-I):2002 

Basic wind speed (Vb) 47 m/s IS 875:P-III:1987 

 

              
         Fig. 4: Elevation of Diagrid Building                        Fig. 5: Elevation of Conventional Building 

V. RESULTS AND DISCUSSION 

The comparisons of all four positions of diagrid building for all the three analysis are obtained. And the results of best position of 

diagrid building are compared with conventional building. Results are represented in the form of graph. Here the main emphasis 

is on the displacement results obtained from all three analysis in X and Y direction. 

 Displacement: 

 From the figure 6, 8, 10 it is observed that Model no. 4 i.e. diagrid provided on three faces has less displacement value in X 

direction as compared to other type of structure. And from figure 7, 9, 11 it is observed that Model no. 3 i.e. diagrid provided 

on opposite faces has less displacement value in Y direction as compared to other type of structure. But if we compare result 

of model no.1 i.e. diagrid provided on all faces with model no.2 and model no.3 then it is observed that the difference of result 

is marginal in all the three analysis. Therefore model no.1 can be considered as best position of diagrid structure.  

 From the figure 12, 13, 14, 15, 16, 17 it is observed that Diagrid structure provided with all faces gives minimum displacement 

values as compared to conventional structure for all the three analysis. 
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Fig. 6: Lateral displacement in X direction due to ESA   Fig. 7: Lateral displacement in Y direction due to ESA 

     
Fig. 8: Lateral displacement in X direction due to RSA   Fig. 9: Lateral displacement in Y direction due to RSA 

   
Fig. 10: Lateral displacement in X direction due to WA    Fig. 11: Lateral displacement in Y direction due to WA 

   
Fig. 12: Lateral displacement in X direction due to ESA    Fig. 13: Lateral displacement in Y direction due to ESA 
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Fig. 14: Lateral displacement in X direction due to RSA   Fig. 15: Lateral displacement in Y direction due to RSA 

   
Fig. 16: Lateral displacement in X direction due to WA    Fig. 17: Lateral displacement in Y direction due to WA 

VI. CONCLUSION 

After considering all the results and graphs and their pattern of strengths following conclusion was drawn  

 The lateral displacement in X and Y direction for diagrid structure is significantly less by 45.48% and 41.71%  when 

considering Equivalent static analysis and 45.92%, 42.17%  when considering Response spectrum analysis as compared to 

conventional structure. Hence the overall displacement and of the structure can be effectively controlled by adopting diagrid 

structure. 

 For Wind Analysis, The lateral displacement in X and Y direction for diagrid structure is significantly less by 45.34% and 

41.59% as compared to conventional structure. 

 Diagrid structural system has emerged as a better solution for lateral load resisting system in terms of lateral displacement. 
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