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Abstract - Diagrid structures are designed with new 
geometric layouts. The flexibility and aesthetic appearance 
make it unique.  In this paper comparing four grid systems 
such as O Grid, Elliptical grid, concentric grid and Forward 
grid with ANSYS workbench 2021 R2. Also the connection 
bracings are provided with three shapes such as H, I and C. 
Analysis with an outrigger with O Grid H, I, C shape is also 
performed. Analysis is mainly used to determine the seismic 
performance of models, energy absorption capacity and 
ductility of the models. After analysis the result obtained that, 
by comparing with other models O Grid models are between 
the forward and elliptical bracing systems, and have 
appropriate load bearing and can absorbed great energy with 
their axial and flexural behaviour. The utility performance of 
OG rid with C section shows better result.  

Key Words: Diagrid Grid, O Grid, Elliptical bracing system, 
Grid bracing system, forward bracing seismic response.  
 

1. INTRODUCTION  

 
1.1 General Background  
 
Diagrid constructions have frames arranged in a triangular 
modular quadrilateral. These triangular members resist 
vertical and lateral loads. Because there are no elements or 
columns. A modular framework consists of larger 
interlocking steels. This system has or does not have vertical 
components, and since the primary load components are 
members, they also have lateral support. Ties are commonly 
used to stabilize a building structure against lateral loading. 
The main function of the struts is to stabilize the structure 
and prevent its collapse. Various fastening systems are 
currently in use. Depending on the shape, the braces are 
diagonal bracings, X-shaped, K-shaped-shaped, elliptical and 
O-shaped. In this paper different bracing systems are 
numerically analysed.  
 

2. NUMERICAL INVESTIGATION USING ANSYS 
WORKBENCH 2021 R2 

 
Numerical modelling of different grid systems like O Grid, 
Elliptical grid, concentric grid and Forward grid with 
different sectional geometries were done using ANSYS 2021 
R2 WORKBENCH, a finite element software for mathematical 

modelling and analysis. The dimension of frame is 
3000x3000mm. Utility performance of different O Grid 
outrigger with H, I, C sections is also performed. The 
dimensions and properties of all the beams and columns of 
all the specimens are same. The size of different section 
geometries are shown in Table 1. The different section 
property are selected from IBC code and the geometries are 
showed in Table 2. 
 

Table -1:  Different Brace Section Geometries. 

 
NAME OF 
MODEL 

COLUMN 
SECTION 

BEAM 
SECTION 

BRACE 
SECTION 

O Grid IPB 160 IPE180 IPE120 

Elliptical 
grid 

IPB 160 IPE180 IPE120 

Angular grid IPB 160 IPE180 IPE120 

Forward grid IPB 160 IPE180 IPE120 

 
 
Table 3 shows the material property of different bracing 
system. Figure 1 shows a typical example of an O Grid with 
an I-section geometry, Figure 2 shows a typical example of 
an elliptical with a C-section geometry, Figure 3 shows a 
typical example of a concentric grid with H-section geometry 
and Figure 4 shows the typical example of forward I- section 
geometry. 

 
Table -2:  Section Property. 

 

Section 
property  

IPB 160 IPE180 IPE120 

Depth 160 180 120 

Width of 
flange 

160mm 91mm 64mm 

Thickness of 
flange 

13mm 8mm 6.3mm 

Thickness of 
web 

8mm 5.3mm 4.4mm 
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Young’s modulus of 
Steel (GPa)  
 

 

200 

   Poisson’s ratio of Steel (ν)  

 

0.3 

   Density of Steel, (kg/m3)  

 

7850 

   Yield Strength ( MPa )  

 

480 

 

 
 

Fig -1: O grid with I-section  
 

 
 

Fig -2: Elliptical grid with C-section  
 
 

 
 

Fig -3: Angular grid with H-section  
 

 
 

Fig -4: Forward grid with I-section  
 

2.1 Utility performance of O Grid in an outrigger 
system  

 
An outrigger is constructed with three storey with O Grid. 
Outrigger with H, I and C sections were modelled. The height 
of each layer is 3000mm and diameter of O Grid is 2616mm. 
The length of beam is 9000mm. for first storey there is three 
O Grids are provided. On the whole structure totally of 9 O 
Grids are there. Figure 5 shows the modelled view of 
outrigger with C section geometry.  
 

 
 

Fig -5: Modelled view of steel with outrigger with C-
section  

 
 
2.2 Loading and boundary conditions  
 
Here a 100mm displacement is given in x-direction. Similar 
loading conditions is given to twelve models. Also the 
support condition is fixed. A remote-displacement is also 
provided. Figure 6 and 7 shows the loading pattern in 
Angular-I section and in an outrigger geometry. 
 

 
Table -3:  Material Property. 
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Fig -6 Loading and boundary condition of Angular grid  
 

 

Fig -7 Loading and boundary condition of O Grid in 
outrigger system  

3. RESULTS AND DISCUSSIONS  
 
The load -displacement hysteresis curves of each model are 
drawn by comparing the load- deformation values of each 
model. Chart 1 to chart 4 shows the obtained values. 
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Chart -1: Load-displacement hysteresis curve of O Grid 
section  
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Chart -2: Load-displacement hysteresis curve of elliptical 
grid section  
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Chart -3: Load-displacement hysteresis curve of angular 
grid section  
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Chart -4: Load-displacement hysteresis curve of forward 
grid section  

The acceptance of different geometries of outrigger will be 
analyzed using ANSYS software. Table 4 shows the results of 
an outrigger systems.  

Table -4:  Results of outrigger system 
 

Name of model Total deformation 
(mm) 

Equivalent 
stress (MPa) 

Outrigger-I 112.03 653.34 

Outrigger-H 112.74 648.37 

Outrigger-C 112.44 751.27 

 
Chart 5 shows ductile characteristics of grid systems. From 
these maximum force value is obtained. 
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Chart -5: Ductile properties of grid sections  

 

Chart-6 shows the energy absorption capacity of each model.  
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Chart -6: Energy absorption capacity of grid systems 

This can be simplified by comparing the maximum force 
value of outrigger-H, outrigger-I, outrigger-C. Chart 7 shows 
the maximum force value of different geometries.  
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Chart -7: Comparison of outrigger with different 

geometries  

4. CONCLUSIONS 
 
This study was mainly used to compare different types of 
bracing with different cross section geometries. When 
analysing, Grid braces are between the forward and elliptical 
systems, and they have adequate load bearings and can 
absorb great energy with their axial and flexural behaviour. 
Unlike other braces, the structure and shape of O Grid 
braces, can be used in any part of the structure without 
removing architectural space and architectural form. O grid 
bracing system has good ductility and stiffness.  
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The result of analytical study with different bracing section 
geometry is shown in following conclusions:  
 

 The load-deflection hysteresis curve of twelve 
models, O Grid with H,I,C-section bracing, elliptical 
grid with H,I,C-section bracing, angular bracing H,I,C 
and forward bracing with H,I,C-section . 

 

 The result showed that forward –H section bracing 
has more ductility and energy absorption capacity, 
also the one with O Grid-C section bracing shows 
comparable result.  

 

 The result obtained from the analysis of outrigger 
shows that Outrigger-C section shows the maximum 
force and equivalent stress. 

 
 Thus this O Grid-C type of bracing can be effectively 

used in engineering structures in seismic prone 
areas which have the ability to withstand lateral 
loads.  
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