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Abstract- Advances in construction technology, materials, 

structural systems and analytical methods for analysis and 

design facilitated the growth of high rise buildings. Structural 

design of high rise buildings is governed by lateral loads due 

to wind or earthquake. Recently diagrid structural system is 

adopted in tall buildings due to its structural efficiency and 

flexibility in architectural planning. Diagrid structures 

generally do not require core because lateral shear can be 

carried by the diagonals on the periphery of building. This 

paper presents Analysis and design of 30 storey diagrid steel 

building is presented. A regular floor plan of 18 m × 18 m size 

is considered. ETABS software is used for modelling and 

analysis of structural members. 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. Load 

distribution in diagrid system is also studied for 30 storey 

building. Similarly, analysis and design of 30storey diagrid 

structures is carried out. Comparison of analysis results in 

terms of time period, top storey displacement and inter-storey 

drift is presented in this paper. 
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I. INTRODUCTION 

 

 High rise structures are preferable these days, due to 

population explosion and availability of limited space. Thus 

influencing the residential development of city. High-rise 

buildings became possible with invention of the elevator (lift) 

and less expensive, more abundant building material. 

 

Structural analysis and designing of high rise 

building becomes challenging due to lateral loads induced by 

earth quake or wind pressure. Recently, Diagrid structural 

system is widely adopted for tall steel buildings due to its 

structural efficiency and aesthetic potential of the system.    

II. METHODOLOGY 

 

The methodology adopted is as given below: 

 

1. Literature study  

2.  Modeling of Diagrid and Outriggers Structures for 

different number of stories in ETABS SOFTWARE. 

3. Optimizing angle of inclination for diagrid structure 

and position of outrigger. 

4.  Parametric Study of Different Parameters 

influencing the Stability of the structure. 

 

1. Structural configuration: 

 

- Count of stories : 30 Stories 

-  Storey height     : 3.6 m 

-  Total structure height: 108 m 

-  Dimension of plan: 18 m x 18 m 

 

2. Material Properties: 

 

- Grade of Concrete: M30 

- Grade of steel reinforcement: Fe500 

- Grade of steel sections: Fe345 

 

3. Structural Parameter: 

 

- Floor level Column :1000 mm x 1000 mm (steel column) 

and :450 mm x 450 mm (concrete column) 

- Ground level column:1000 mm x 1000 mm (concrete 

column) 

- Floor level Beam :ISMB-600, ISWB-600 (for diagrid 

structure):ISMB-400, ISMB-500, ISWB-600 

(For outrigger   structure) 

- Ground level Beam:230 mm x 600 mm, 230 mm x 450 

mm  

(For diagrid and outrigger structure)                                      

- Slab thickness: 130 mm 
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- Diagrid section:  475 mm Pipe sections with 25 mm 

thickness 

- Outrigger beam: 2-ISA 200 mm x 200 mm x 25 mm  

(Double angle section) 

- Outrigger belt truss:2-ISA 200 mm x 200 mm x 25 

mm  

(Double angle section) 

- Core wall thickness  : 450 mm 

- Wall thickness   : 230 mm 

 

III. MODELLING OF DIAGRID: 

 

Diagrid is modelled in Etabs software as per the 

specifications of building mentioned above. 

 

 
Fig:   Plan of diagrid building 

 

 
Fig: 3-storey, 4-storey, 5-storey, 6-storey diagrid module. 

 
Fig:1.Two outriggers @ 0.33 and 0.66 height of building, 

2.Two outriggers @ Top and 0.5 height of building, 3.Two 

outriggers @ Top and 0.75 height of building. 

 

1. Load Assigning on Structure 

 

The loads considered for the following study as per IS codes 

are given below. 

 

2. Dead Load 

 

- Dead load on floor: 3.25 kN/m² 

- Floor finish : 1.0 kN/m² 

- Wall load: 0.23 x (3.6-0.6) x 20= 13.8 kN/m 

- Parapet wall load : 0.23 x 1 x 20= 4.6 kN/m 

 

3.Live Load 

 

- Live load on floor:  3.5 kN/m² 

- Live load on roof :  1.5 kN/m² 

  

4. Wind Load 

 

The lateral loads to be applied on the buildings are based on 

the Indian standard IS-875-Part 3: 1987 

 

5. Wind Data 

 

- Wind zone:  4 

- Basic wind speed (Vb) :  50 m/s 

- Terrain category :  3 

- Class of structure : A (since maximum dimension  < 

20 m) 

- Life of structure :  50 years. 
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Hence Dynamic analysis is necessary. 

 

Gust factor method is the only method of determining 

load along wind or drag load presented in IS: 875 (Part-3)-

1987. In case of wind load under dynamic effects the use of 

Gust factor method is suggested by code. 

 

IV. LOAD COMBINATION 

 

The load combinations taken are as shown below: 

 

1. 1.5(Dead Load + Live Load) 

2. 1.2(Dead Load + Live Load + Wind Load) 

3. 1.2(Dead Load + Live Load – Wind Load) 

4. 1.2(Dead Load + Live Load) 

5. 1.5(Dead Load + Wind Load) 

6. 1.5(Dead Load – Wind Load) 

 

V. ASSESSMENT AND COMPARISON OF BUILDING 

PERFORMANCE:  

 

Performance of the building is compared in terms of 

displacement at top storey , Axial force  and Steel 

consumption. 

 

VI. RESULTS AND DISCUSSION 

 

The following results were observed after the 

complete analysis of the modelled structure. The results of 

storey drift, storey displacement and storey forces are 

graphically represented. 

 

 

Table Storey displacement at top of building having two 

outriggers at different locations. 

 
 

 

 

 

 

 

 

 

 

Table Storey displacement at each floor level for building 

having two outriggers at different locations. 

 

 

 

Graph: Outriggers at 2 different locations having storey 

displacement at each floor Vs Number of storey. 

 

Table: For two outriggers at different locations the Axial 

force (kN) developed in column of building. 
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Graph: Building having two outriggers at different 

locations Axial force (kN) in column. 

 

Table: Displacement at top storey (mm) of building having 

different storey diagrid modules. 

 
 

Table: Storey displacement at each floor level for building 

with different diagrid module. 

 
 

 
Graph: Displacement for storey at every floor level for 

building having different diagrid modules. 

 

Table: Top storey displacement for Building with 4-Storey 

diagrid module (67.38°), Building with Two outriggers @ 

0.33H and 0.66H, and building with shear wall 

 

 

 

Graph: Top storey displacement for Building with 4-

Storey diagrid module (67.38°), Building with two 

outriggers @ 0.33H and 0.66H, and building with shear 

wall. 
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Table: Steel material consumption for diagrid and 

outrigger structural system. 

 

 

 

Graph: steel material consumption for diagrid and 

outrigger building with variations. 

 

 
Graph: Natural time period for diagrid, outrigger and 

shear wall structure. 

 

VII. CONCLUSION 

 

The present paper is an effort to investigate the 

behaviour of diagrid system and outrigger system in high rise 

building with 108m height subjected to trapezoidal 

distribution of wind loads. The conclusions depending on the 

analysis results are as follows: 

 

1. Introduction of outrigger with belt truss system and 

perimeter diagrid system in multi storey high rise 

buildings highly improves the structural stiffness and 

makes the structural system effective and efficient 

under lateral load as well and also reduces the lateral 

displacement. 

2. The displacement at top storey of Building with 4-

Storey diagrid module (inclined at 67.38°) decreases 

by 10 % compared to Building having 2 outriggers @ 

0.33 height and 0.66 height. Thereafter, we get the 

conclusion that for perimeter diagrid system of 

normal system. 

3. With provision of the outrigger the stresses in the 

columns are decreased when compared to building 

without an outrigger system. With provision of 

outriggers, the forces are uniformly distributed and 

therefore, there is reduction in column axial forces. 

4. The percentage increase in steel material for 

outrigger structure is 17% more than diagrid 

structure. Therefore, we can conclude that for high 

rise buildings, provision of diagrid structural system 

will be economical. 

5. The paper shows that the performance of diagrid and 

outrigger structural systems is considerably affected 

by the angle of inclination of diagonal members and 

optimum location of outrigger system respectively. 

Therefore, from analysis results, we can conclude 

that the angle of inclination for diagrid structure is 

optimum at 67.38° for 4-storey diagrid module and 

location of outrigger structure is optimum at 0.33 

height and 0.66 height that is 1/3rd and 2/3rd of height 

to which corresponding top storey displacement is 

obtained to be less. 

6. The time period of structures with diagrid is lesser 

when compared to outrigger structure due to 

perimetral diagonal member the stiffness of diagrid 

structure increases (2.1 Sec). Therefore, we can 

conclude that, the diagrid structural system is stiffer 

than the outrigger and shear wall structural system. 

7. Multi storey high rise buildings with perimeter 

diagrid system can be provided for structural 

effectiveness and architectural feasibility for plan. 

When compared to conventional structure, diagrid 

structure consist of inclined column (i.e. diagonal) at 

the perimeter of building. Hence diagrid structure 

provides more feasible system for architectural plan 

and also higher structural efficiency for high-rise 

buildings can be achieved. 
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