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Abstract - The Diagrid structures are used nowadays in the
construction of tall structures due to their effective resistance
against lateral forces. When the height of structure increases
then the consideration of lateral load is very much important.
For that the lateral load resisting system becomes more
important than the structural system that resists the
gravitational loads. The Diagrid structure takes both the
gravity load and lateral loads as axial loads due their inclined
configuration Here a tall diagrid structure is modelled with
different storey modules and its performance against seismic
loading is analysed and compared. The seismic loading is
applied in the form of base excitation. The modelling and
analysis is done using Finite Element Analysis of Structures
[FEAST] software. The data of Bhuj Earthquake is used for
applying base excitation. 36 and 60 storey building is used for
the analysis and corresponding top storey displacement and
frequencies are noted. Also the diagrid pipe cross section is
changed and also parametric study on varying pipe diameter
is done. From the result it was found that the 4 storey module
performed the best against seismic forces and circular pipe is
better compared to square hollow section. With the increase in
pipe diameter it showed a decrease in top storey displacement.

Key Words: Diagrid structure, Storey module, Lateral
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1. INTRODUCTION

Earthquake-resistant structures are structures designed to
protect buildings from earthquakes. While no structure can
be entirely immune to damage from earthquakes, the goal
of earthquake-resistant construction is to erect structures
that fare better during seismic activity than their
conventional counterparts. According to building codes,
earthquake-resistant structures are intended to withstand
the largest earthquake of a certain probability that is likely
to occur at their location. This means the loss of life should
be minimized by preventing collapse of the buildings.

Transient response analysis is the most general method for
computing forced dynamic response. The purpose of
transient response analysis is to compute the behaviour of a
structure subjected to time varying excitation. The transient
excitation is explicitly defined in a time domain. All the
forces applied to the structure are known at each instant of
time. In transient analyses the structural response is

computed at a number of subsequent time instants. In other
words, time histories of the structural response to a given
input are obtained ad a result. The important results
obtained from a transient response analysis are
displacements, velocities and accelerations of points and
forces and stresses in elements.

The lateral loading due to wind and earthquakes is the major
factor that causes the design of high rise buildings. These
lateral loads are resisted by exterior structural systems or
interior structural systems. A diagrid structure is an exterior
structural system in which all perimeter vertical columns are
eliminated and it consists of only inclined columns on the
facade of the building.

In this study the analysis on various diagrid framed models
are studied based on the number of stories stacked per
module, change in cross section and variation of diagrid
member diameter. Transient Response is done for carrying
out the analysis.

2. MODELLING OF DIAGRID STRUCTURES

For the analysis, diagrid structures with following
properties are takenl1l.

Basic plan dimension: 36 x 36 m

Storey Height : 3.6 m

Number of stories : 36 and 60 nos

Diagrid building models : 2 storey module, 4 storey module,
6 storey module, 12 storey module and Conventional
building.

2.1 Material Properties

For the analysis steel members are used. The material
properties include modulus of elasticity, Poisson’s ratio and
mass density. The properties of the members are shown in
Table-1.

Table -1: Material properties of steel members

Properties Steel members
Modulus of elasticity 2e+11 N/m?
Poisson’s ratio 0.3
Mass density 7850 kg/m3
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2.2 Diagrid Models

The plan and elevation of the diagrid buildings are shown in

Fig-1 and Fig-2
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2.2 Earthquake data

For the analysis the earthquake time histories of Bhuj
earthquake is taken from COSMOS virtual data center [11],
The earthquake time histories consists of Time vs
Acceleration graph as shown in Fig-1. The input data is

applied for

50 seconds.
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Fig-3 Bhuj Earthquake time histories

2.2 Member Dimensions

The member dimensions for the 36 storey and 60 storey
diagrid models are shown in Table-2

Table -2: Member sizes for diagrid structure!)

[d] [e]
Fig-1 36 storeyed Diagrid models. [a] 2 storey module,[b] Storey Diagonal Interior Beams
4storey module,[c] 6storey module, [d] 12 storey module, Columns Columns (Same for
[e] Conventional building all storeys)
38000 mm 36 Storey | 375mm pipe 1500x1500mm | B1 & B3 =
section with ISMB 550
8%0 2“%13 B3 B3 B3 83 12mm
] B1L thickness(from B2=ISWB
g 83 B—i-?f B1 5 B /57183 19th to 36t 600
g BT pe [P B1 Bt B1p1 B BT | storey)
IS B3 ; _82—. B3 .
] B1 — ol B1 450.mm pipe
TR Al W A section with
- B3— g7 —— - —xi 25mm
g B2 g1g13182 Bl | o thickness(from
§ g wl B1 i .S 1stto 18th
7] E Bl - - - ) storey)
[=; =1 ST
g § B2 o v--"'L_l = N B1 !g3 60 Storey | 750mm pipe 1800x1800mm
2 _ 81 /1 BiB1p1Bl 1| . Bi section with
2 B1 /] |B BY Negs 25mm
3 B3§,.]B1 B1 B1 Br— 83 thickness
B3 B3 B3 B B B3
Fig-2 Plan of the model
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3. ANALYSIS ON DIAGRID STRUCTURE

3.1 Transient Response Analysis on 36 and 60
storeyed diagrid structure

For the analysis of structure transient response method is
adopted. 36 storeyed conventional building and diagrid
buildings with 2 storey, 4 storey,6 storey and 12storey are
taken for the analysis. The force is applied at the base and
the top storey displacement is calculated for the structure.
For carrying out the analysis Finite Element Analysis Of
Structures (FEAST) software is used. The Time vs
Acceleration (Fig-2) graph data is taken and force is
calculated for the application of the earthquake force. The
force is calculated using the equation :

F=mA
where,
F - Force
m - Mass of the structure
A - Acceleration

The force is applied at the base node of the structure which
is connected to the supports of structure by rigid links. The
boundary condition is applied for the base node by
restricting X,Y and Z direction rotations and Y and Z
translations while X direction translation is made free as
shown in Fig-4.

Translation

I ux |o
¥ Uy |o
M Uz |0

Rotation

M Rx |p
I+ Ry |D
MRzo

Apply
Cancel

Fig-3 Boundary Conditions

Also a damping of 5% is provided for the structure. After
applyig the boudary conditions the force is applied in the X-
direction. Then the transient response analyis is done for the
structure. The topmost node is selected for the analysis for
calculating the top storey displacement. The top storey
displacement and frequency is obtained for the structures.
Similar to that of the 36 storeyed diagrid building 60
storeyed diagrid building is also analysed.

3.2 Comparitive analysis on circular section
diagonal member and square section diagonal
member

A comparitive analysis on the performance of diagrid
structure when the diagonal column member of the
structure is changed from circular section to square section
is done. The member size for the square section is adopted
by matching and optimising the section modulus for the
circular and square sections. The members are shown in Fig
4. Members with same section modulus possess same
strength.

Fig-4 Member Sections

The section modulus for circular section is :

5= mirat-m Y i —dy )
41 32d.,

Also the section modulus for the square section is :

2 EF‘{
S=— - —
& &H

From these equations the square hollow section diagrid
member size is found out by trial and error to match the
section modulus of circular pipe. The obtained square
diagonal member section size is tabulated in Table-3.

Table- 3: Square Section diagonal member sizes

Diagonal Columns Interior Columns Beams
287mm Hollow B1&B3 =
section with 12Zmm ISMB 550
i th
thickness(from 19 B2= [SWB

h
to 36% storey) 1500x1500mm | 600

344 mm Hollow
section with 25mm
thickness(from 1st

to 18t storey)
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Similar to that of the 36 storey circular section diagonal
member transient response analysis is done for the square
section diagonal member structure and the top storey
displacement and frequency is calculated.

3.3 Response of structure with varying pipe
diameter

The 60 storeyed diagrid structure with circular section is
taken for the study. The diagonal column pipe diameter is
increased by 2mm for the 750mm pipe and the following
pipes with diameter of 752mm,754mm and 756mm having
25mm thickness is studied. The response of the structure
with the following pipe diameter is found out using the
transient response analysis.

4. RESULTS AND DISCUSSIONS

From the transient response analysis done on the structures
the following results have been obtained.

4.1 Response of 36 and 60 storeyed diagrid
structure.

On carrying out the transient response analysis on the 36
storeyed building it was found that compared to the normal
conventional building with vertical columns the diagrid
member showed better resistance against earthquakes.
Based on the obtained result graph is plotted for the top
storey displacement and frequency as shown in Fig 5 and Fig

6.
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Fig-5 Top Storey displacement of 36 storeyed diagrid
structure
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Fig-6 Frequency of 36 storeyed diagrid structure

The top storey displacement of conventional building was
the highest with 0.1985m and for the diagrid structure with
4 storey module shows least displacement of 0.1206m
followed by 6 storey (0.1314m), 2 storey(0.1426m) and 12
storey(0.1547m) modules. The least frequency was also
shown by conventional building with 0.214448Hz and
maximum by 4 storey diagrid module with 0.555803Hz
indicating that the 4 storey module possess better resistance
against seismic action. Also from the displacement and
frequency results for the 36 storeyed diagrid building 4
storey module can be taken as the optimum, since it shows
the lease top storey displacement.

Similarly on conducting the analysis on 60 storeyed diagrid
structure the result obtained is shown in Fig-7 and Fig-8.
From the results it was found that, for the 60 storeyed
diagrid structure also the least top storey displacement was
shown by the 4 storey module with 0.0959mm and
maximum frequency of 0.295706Hz  followed by 6
storey(0.1502m),12 storey(0.1609m) and 2 storey
module(0.2589m). From these results it can be confirmed
that the 4 storey module is the optimum storey module
showing the best performance against earthquake.

Top Storey Displacement
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Storey Module
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Fig-7 Top storey displacement of 60 storeyed diagrid
structure
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Fig-8 Frequency of 60 storeyd diagrid structure
4.2 Result of cirular and square diagrid structure
The comparitive result of diagrid structure having diagonal

member as circular section and square section is shown in
Fig-9.
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Fig-9 Comparison of top storey displacement for circular
and square section diagonal member

From the results it was found that the circular section
possess better resistance against earthquake and shows the
lower top storey displacement. On comparing the top storey
displacements in the case of 4 storey module of both the
square and circular section members there is 7% increase in
top storey displacement when circular section is replaced by
square section. Square member showed a displacement of
0.1289m while the circular section has only 0.0959m And
hence for the diagrid structure the circular section diagonal
member is better compared to square section.

4.2 Top Storey Displacement with varying pipe
diameter.

On carrying out analysis on diagrid structure with varying
pipe diameters the following data is obtained as plotted in
Fig-11. The member with 750mm pipe diameter showed a
displacement of 0.0959m, 752mm(0.0945m),754mm

(0.0928m) and 756mm(0.0913m). From the result it was
found that with every 2mm increase in pipe diameter there
is a 2% decrease in top storey displacment. So as the pipe
diameter increases the top storey displacement decreases.

Top Storey Displacement
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Fig-10 Top storey displacement with variation in pipe
diameter.

CONCLUSIONS

Based on the results obtained the following conclusions
has been made:
e The diagrid member is effective in reducing the
response of structure during ground motions.

e There is a reduction of 40% top storey
displacement when the conventional vertical
columns are replaced by diagrid members.

e Thecircular pipe shows 7% more resistance against
ground motion than diagonal member with square
section. So circular diagonal member is having
better resistance against seismic action.

e The parametric study by changing the pipe
diameter shows that with the increasing pipe
diameter the top storey displacement is reducing.
There is 2% reduction in top storey displacement
with every 2mm increase in pipe diameter.
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