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Abstract Authors

The term "diagrid structure,” whichParvez Patel
is short for "diagonal grid,” refers to @epartment of Civil Engineering (Str)
particular kind of architectural structuraKhaja Bandanawaz University
system. It is distinguished by diagond&alaburagi, India.
members that create a grid-like pattern garvezpatel2419@gmail.com
the building's fagade (often in the form of
diagonal beams or columns). Usually usé&dofessor Nadeem Pasha
in place of conventional vertical columnd)epartment of Civil Engineering
these diagonal components produce a mddeaja Bandanawaz University
open and attractive appearance. Kalaburagi, India.
nadeem@kbn.university
Around the world, there is a
substantial increase in the construction of
tall structures, and these buildings are
affected by lateral loads due to wind or
earthquake. There are several construction
techniques available to withstand these
lateral stresses. Among them, the diagrid
structural system has gained popularity for
tall buildings due to its unique geometric
configuration, offering both structural
efficiency and aesthetic appeal. Currently,
the latest trend in diagrid structures involves
using diagonal grids at specific angles
around the building's perimeter and across
its height in modules. Unlike traditional
orthogonal structures, diagrids employ
triangulated grids in place of vertical
columns at the periphery, making them
more efficient in providing stiffness against
lateral loads. As a result, these systems are
increasingly favoured for the design of tall
buildings.

In this work, we analyse a G+15-
story RCC building with a regular floor plan
of 30mx30m situated in seismic zones IV &
V. With the objective to investigate a G+15
story, 10 models were made, of which 1 is a
bare frame, 4 are diagrid angles that are
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analyzed in zone 4, and the same 5 models
are analyzed in zone 5. We employ the
Etabs 2020 software for structural
simulation and analysis, considering wind
loads based on IS 875 part 3 and seismic
factors according to IS 1893(Part 1): 2002.
Through a comparative assessment of the
results from both the diagrid and
conventional building analyses, we evaluate
story displacement, story drift, base shear,
and time period. This study provides
insights into the performance of diagrid
structures compared to traditional methods
in the context of lateral load resistance and
overall structural stability.

Keywords. Bare Frame, Diagrid Structural
System, Optimal Angle, Story

Displacement, Story Drift Ratio, Base
Shear, Time Period, ETABS.

. INTRODUCTION
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The global expansion of tall buildings in dengebpulated cities is on the rise, driven
by ongoing urban expansion, increased availabibtyrentable spaces with minimized
environmental impact, cost-effective constructiomnd the imperative to safeguard
agricultural land. Among the innovative concepts @esigning these tall structures, the
Diagrid — characterized by diagonalized grid stnes — has gained prominence. Along with
increasing stiffness, the Diagrid also uses axalion to successfully offset lateral forces
(such wind and seismic loads) and gravity loadds Hhnchitectural style makes use of a
unique type of space truss that has a perimetet grade of triangle-shaped pieces,
sometimes adopting diamond-shaped modules. The ‘tBiagrid” itself stems from the
fusion of "diagonal" and "grid," signifying a piogeng approach. A pivotal consideration for
the success of the diagrid structural system lneshe judicious selection of appropriate
materials for its construction.

1 Diagrid Structural System: The word ‘diagrid’ is derived from ‘diagonal-gridit is a
structural system with triangular modules and withvertical columns. In this system, a
triangular module is formed by connecting two bsaagth one beam. These braces resist
lateral loads through axial action, handling corspren and tension alternatively and
simultaneously, similar to trusses. By adjusting eam span and the angle between
braces, various configurations of triangular modutan be achieved, allowing for the
construction of free-form shaped buildings usinedent node angles and shapes.

Figure 1. Exampleof Diagrid Structural System

Diagrids are commonly positioned along the perimete building to resist most
of the lateral forces acting on the structure. TWirategic placement helps the diagrids
efficiently handle all lateral forces coming froinet building's periphery. Shear forces
and overturning moments in diagrids are resistedtigy axial action of the slanted
columns, compared to conventional constructions diepend on the bending of vertical
columns. As a result, there is no need for a sépashear rigidity core in diagrid
structures.

Moreover, diagrids can effectively counteract giawwnal forces acting on the
structure through axial action. They can be cowegtdi using various materials such as
steel, reinforced concrete, timber, or compositeteneds, but steel diagrids are
commonly used due to their strength and flexibility
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2. Diagrid Structural System Module Geometry

» Diagrid Optimal Angle: The diagrid's diagonal elements are designed tdladoth
shear and moment forces. The most suitable angl@dsitioning these diagonals
depends on the height of the building. In a typimailding, columns are optimally
placed at a 90-degree angle to maximize bendindityg while diagonals, set at
around 35 degrees to optimize shear rigidity. Tdwal diagrid angle usually falls
within the range of 60 to 70 degrees, striking &amee between these two angles.
Additionally, as the building height grows, the iopdl diagrid angle tends to increase
accordingly.

» Diagrid Module Dimensions: There are primarily two module dimensions:

» Height: The number of floors built within a single diagridodule, which
normally ranges from 2 to 6 levels, affects theydais vertical height.

» Base of the Module: The diagrid's formation is normally determined ity
elevation and the best angle it can take.

II. LITERATURE SURVEY

1 Ravi Sorathiya(2017): They studied on “diagrid structure of multistoryilding” This
literature study proposes an innovative approaah uiilizing diagrid structures to
improve the design of tall buildings. The study lexgs structures with different
heights—G+24, G+36, G+48, and G+60 stories—whilepkag a constant 18 m 18 m
plan size. This is done by using stiffness-basquagehes. implementing STAAD Pro.
With the aid of advanced software, precise strattorodels are built, and analysis is
carried out in line with RCC standards (IS 456:2080d seismic load combinations (IS
1893(Part 1):2002). The study compares diagridcsiras’ performances to those of
conventional designs by examining factors suchystiisplacement, drift, and bending
moments. The ideal diagrid angles (63° and 69°) iherease structural stiffness and
decrease displacement, drift, and bending momemsidentified through wind and
seismic analyses. Importantly, the study, which cdfer an aesthetically pleasing
substitute for high-rise constructions, also redogm the aesthetic attractiveness of
diagrid systems, which is significant. In conclusidhe results highlight the structural
and financial benefits of stiffness-based diagedigns. The study suggests using diagrid
structures because they have the ability to imprtateral and gravitational load
resistance while providing an appealing designooptor modern tall buildings.

2 Sahil.M .Kaspate (2022): They studied on “Comparative Analysis between Déagnd
Normal Frame Structure with Contrasting Paramet@isd study compares a standard
concrete building to a steel diagrid structure thattuated at a 60-degree angle along the
building's exterior and has an inner core made.@f.® columns, beams, and slabs. The
diagrid's diagonal members effectively transfeedalt loads through axial action, as
opposed to the conventional system's vertical cokjmvhich bend when under lateral
loads. An eleven-story RCC building with a 16 mrlan dimension that is located in
seismic zones V and lll is taken into account i dnalysis. STAAD.Pro software is used
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for structural modeling and analysis, and IS 1888(R): 2002 seismic concerns are
taken into account. Comparing several charactesistsuch as node displacement,
bending moment, story drift, shear pressures, sgteinent area, and economic factors,
results are provided. Notably, the study shows, tiatseismic zone V's soft soil
conditions, the composite diagrid frame is noti¢gabore cost-effective than the bare
frame construction, with cost savings ascribedmproved steel and concrete sections.
Zone lll exhibits comparable trends in a varietysofil types, highlighting the diagrid
system'’s financial benefits.

3. Deepak P Hittalmani (2019): They studied on “Wind Analysis and Comparative $tud
of High-Rise Building Having Diagrid and Outrigg8tructural System by Gust Factor
Approach” This examination of the literature offeasthorough investigation of the
analysis and design of a 30-story diagrid steakstire, taking into account a typical floor
plan of 18 m by 18 m. The study analyzes structpesformance under dynamic wind
loads along wind and across wind directions usifigAES software. Each structural
member complies with IS 800:2007 requirements, laad combinations are carefully
taken into account. The goal of the study is toomhtice an outrigger that combines a
perimeter diagrid system with a belt truss systemntrease structural stiffness and
lateral load resistance while minimizing lateradglacement. In comparison to structures
with outriggers, study results show that addingeanpeter diagrid system resulted in a
10% decrease in top story displacement. With tleeafioutriggers, there is a noticeable
reduction in stress in the columns, resulting immare uniform force distribution.
Economically, the diagrid structural system perfermell since it uses 17% less steel
than the outrigger system. Improved performancehswn by the diagonal members'
optimal inclination for diagrid constructions (68°3 and the clever positioning of the
outriggers at 0.33 and 0.66 heights. Due to tha@reser diagonal elements' increased
rigidity, diagrid systems have shorter time scalks.addition to highlighting their
stiffness, load-resisting capacities, and econorability, this research offers valuable
insights into the efficiency and effectiveness iaigtdid and outrigger structural systems in
multi-story high-rise buildings.

4. Mahdi Heshmatia, Alireza Khatamia, and Hamzeh Shakiba (2020): They studied on
“Seismic performance assessment of tubular diagricctures with varying angles in tall
steel buildings” This examination of the literatwiers a thorough investigation of the
analysis of 36-story diagrid structures, all femtgrconsistent story heights of 4.0 meters.
These symmetrical, uniformly planned buildings héugays that are 6.0 meters in length
in each direction. The internal frames are belieizeble pin-connected and predominantly
support gravity loads, whereas the outer frame® ltawsistent diagonal angles of 53°,
69°, 76°, and 79°. A frame inside of a tube-in-taleegrid structure with a diagonal slope
of 69° is taken into consideration. The diagridistures are divided into modules with a
height of 2, 4, 6, and 8 stories. In addition ten&#orm dead load of 5 KN/m2, a live load
of 3 KN/m2, and a partition load of 1 KN/m2 are aftiplied to the floors. All archetypes
are created using SDS (short-period spectral aeatiele) of 1.0g and SD1 (one-second
spectral acceleration) of 0.6, in accordance whih §DC Dmax standards of FEMA
P695. Steel grade 50 with Fy = 345 MPa and Fu =MBa is used to build the diagonal
parts, whereas steel grade 250 with Fy = 250 MidaFan= 400 MPa is used to build the
beams. Response spectrum analysis is used for ise@mlysis in accordance with
ASCE/SEI 7-16 guidelines. The results of nonlingatic analyses show that the interior
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tube can act as a backup load-resisting system wWieeperimeter tube reaches its yield
point when diagonal angles are smaller than thésleeocore. Additionally, the majority

of diagrid systems show the ability to withstandgé& deformations without abrupt
systemic collapses. The internal diagrid tube gbksovides an additional level of

protection for the core diagrid structures and essfully delays the development of
damage states. When subjected to seismic shockgyridli constructions function

satisfactorily, with the majority of mean defornuais falling within acceptable

tolerances. Inclusion of the inside diagrid tubgraves force distribution, especially in
models with higher diagonal angles, and deformatiare spread uniformly along the
height of the structure. The distribution of resildrifts further confirms the stable
behavior of the diagrid system during rare eartkgea

Shith B. Panchal and Dr. V. R. Patel (2020): They studied on “Comparative Analysis
between Diagrid and Normal Frame Structure with t@&sting Parameters”. They
conduct a study to assess the seismic performahn8é-story diagrid structures with
varying diagonal angles. This evaluation involvé@ tuse of pushover analysis and
nonlinear time history analysis. Additionally, toderstand how the diagrid core affects
the behavior of these structures, interior graigmes were replaced with diagrid
frames. Pushover analyses' findings show thatpagared to conventional diagrids, the
diagrid core can improve the hardening behavidhefstructures when the angles of the
perimeter panels are smaller or equivalent to tledske core. Furthermore, under lateral
stress conditions, core diagrids show the potentiamaintain safe margins between
damage states. Then, nonlinear time history analysse performed to assess a humber
of factors, such as the distribution of hinges witthe structures, energy loss, inter-story
drift ratios, residual drift, and inter-story drifthe bulk of the models appeared to operate
effectively when subjected to uncommon ground nmstiorhroughout the height of the
various structural components, hinges were eveislyilouted, and diagrid constructions
demonstrated their potential to experience conalderdeformations during uncommon
earthquake events. Diagonal members dissipataegnéicant percentage of the input
energy, and the diagrid core effectively contriloute energy dissipation as the slope of
the outside diagonals was more than that of themeeéer tube. Overall, the diagrid
constructions performed during earthquake motionan acceptable manner, with the
majority of mean deformations staying within acedp¢ bounds. The inclusion of the
internal diagrid tube enhanced the force distrinutiespecially in models with higher
diagonal angles, and deformations were dispergedghout the height of the structures.
The distribution of residual drifts further suppeaftthe diagrid system's dependable
performance in the presence of infrequent earthegiak

.OBJECTIVES

To analyse a (G+15) story diagrid structure for Wand seismic forces by equivalent
static method.

To compare the wind and seismic performance fowveotional building and Diagrid
structure in different zones.

To determine the various optimum angle of inclioatof diagrid system at which the
building performs its best under the influence afidvand seismic forces imposed on it.
To investigate the building response in terms a&febshear, displacement, story drift and
time period.
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5. To compare the results for base shear displaceratnt drift and time period and to
check which structural system is efficient.

IV.METHODOLOGY

This study commences by creating a three-dimeakioondel of a reinforced concrete
building structure. The assessment and designeostitucture take into account Dead Load
(DL), Live Load (LL), Wind Load and Earthquake LoéflL) as per Indian standard codes.
Utilizing the Etabs software, all the relevant Isaare considered. The square shape of a
high-rise building for the diagrid and conventioralilding is compared with the Etabs
software.

1. In this thesis the work is done to know the behawiowind & seismic forces on bare
frame building and building with different angleaiagrid.

2. G+15story building is selected for the wind &seisranalysis with the Etabs software.

3. Total 10 models are prepared, out of which oneaig frame and others are 4 different

models with different angle of diagrid which is §z&d in zone 4 and 5

The loading is applied as per IS codes.

Equivalent static analysis is performed using E&adisvare.

The results obtained in terms of story drift, des@ment, time period and base shear is

discussed.

o U1 A~

V. DESCRIPTION OF MODELS
1 InthisProject Total Ten Modelsare Prepared

* Modd-01: Regular G+15 story conventional RC framed build{ing bare frame) in
seismic zondV.

* Modd-02: G+15 story RC framed structure in seismic zonenith no columns at the
outer edges using concrete sections with diagrifieasrof 52°.

* Modd-03: G+15 story RC framed structure in seismic zonenith no columns at the
outer edges using concrete sections with diagresrof 62.48°.

* Modd-04: G+15 story RC framed structure in seismic zonenith no columns at the
outer edges using concrete sections with diagrifiesrof 68.66°.

* Modd-05: G+15 story RC framed structure in seismic zonenith no columns at the
outer edges using concrete sections with diagrgesrof 72.64°.

* Modd-06: Regular G+15 story conventional RC framed build{hg., bare frame) in
seismic zonéev .

* Modd-07: G+15 story RC framed structure in seismic zonenith no columns at the
outer edges using concrete sections with diagrigieasrof 52°.

* Modd-08: G+15 story RC framed structure in seismic zonenith no columns at the
outer edges using concrete sections with diagresof 62.48°.

* Modd-09: G+15 story RC framed structure in seismic zonenith no columns at the
outer edges using concrete sections with diagriesrof 68.66°.

* Modd-10: G+15 story RC framed structure in seismic zonenith no columns at the
outer edges using concrete sections with diagrifesrof 72.64°.
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2 Moded Geometry and Structural Data

SI.No | Description Values

1 Plan Dimension 30mx30m

2 Total number of story 16

3 Each story height 3.2m

4 Footing end condition Fixed support
6 Span between two successive columns 5m

7 Number of bays in x & y direction 7

8 Depth of Slab 150mm

9 Size of RCC Column 600x600mm
10 Size of RCC Beam 300x550mm
11 Concrete grade used M40

12 Rebar grade used Fe500

13 Diagrid member 300x550mm
14 Diagrid angle considered B@2.48, 68.66and 72.62

3. Detailsof Load Applied, Wind and Seismic Parameters

* Load Details

Dead Load = Self Weight of Structure

Live Load on Floor = 3.5kN/Afrom (IS 875 PART-2)
Floor Finish on Roof and Floors = 1krfim

Wall Load = 12kN/m (for 230mm wall).

* Wind and Seismic Load Detail

» For Seismic Zone IV M oddl

« Wind Load Details: From (IS 875 PART-3)

Basic Wind Speed () =

Risk Co-efficient = 1
Terrain Category = 3

Topography Factor = 1

Importance Factor = 1

44m/s

« Seismic Data: From (IS 1893 PART-1 2016)
Type of Structure = Special RC Moment Resistingriga

Zone Factor = 0.24

Type of soil = Medium
Response Reduction Factor =5
Importance Factor = 1.2

> For Seismic ZoneV Modd

« Wind Load Details: From (IS 875 PART-3)

Basic Wind Speed () =

Copyright © 2024 Authors
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Risk Coefficient =1
Terrain Category =
Topography Factor =
Importance Factor =

« Seismic Data: From (IS 1893 PAR-1 2016)
Type of Structure = Special RC Moment Resistingrie
Zone Factor = 0.2
Type of soil = Mediur
Response Reduction Factor
Importance Factor = 1

4. Modd Generation

Figure 2: Plan of Multi-Story RC Bare Figure 3: Plan d Multi-Story Diagrid
Frame Buildin Building
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Figure 4: Elevationof and 3D View of RBare Frame Buildin

e 2Story Modd
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Figure5: Elevation ad 3D View of Diagrid Building with Diagrid Angle 5:

o 3Story Modée
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Figure 6: Elevationof Diagrid Building ind 3DView of Diagrid Building with Diagric
Angle 62.48°
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Figure 7: Elevationof Diagrid Building ind 3D View of Diagrid Building vith Diagrid
Angle 68.66°

 5Story Model

Copyright © 2024 Authors Page | 195



Futuristic Trends in Construction Materials & Citahgineerin
e SBN: 978-93-5747-992-9
IIP Series, Volume 3Book &, Part 3, Chapter 2
ANALYSISF HIGHRISE BUILDING WITH
DIAGRID STRUCTURE SUBJECTED TO LATERAL LOADIN

AN W A W S A WAV W AV . ¥ Y
i/ \|/ \/ \\i \|/ \|/ \
I- \/ \/ \ \ .. ¥

o & & & & &

Figure 8: Elevationof Diagrid Building ind 3DView of Diagrid Building vith Diagrid
Angle 72.64°

VI.ANALYSISRESULT AND DISCUSSION

For the investigation of every one of the ten gstrree models seismic and wind loe
are applied. The Evaluation of the all the tencitite models is finished by utilizing ETAE
2020 programminglhe evaluation effects along w displacements, story drifts, time peri
and base shear of all constructing models are sgpbphd as compare

1 Windloadin ZonelV and Zone V

» Displacement: Story displacement is defined as it is the disptea® of considere
floor with reference tcihe base of a structure, usually the base of alibgilbeing
aground.

Deflection limit is H/500 where -is height of structure as per clause 5.6.1 Inc

standard -800:2007
Allowable deflection is 54.4/500 = 0.108m = 108

Graph 1. Story Displacement in Mm for Model 1to 5 DuetoWind Load Along X & Y-
Dir in Zone IV
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STORY DISPLACEMENT IN ZONE IV

o)
Ln

DISPLACEMENT IM mm
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—— M1l —— (2 ——MI] —e—N] —a—N5

The graph represents displacement relative to stly for all models. The
graph indicates that model M1 displays the largisplacement compared to all
model and is equal to 23.507 at story 17. The dagtructural system was
implemented in models M2, M3, M4, and M5. As a tggn M2, the displacement
decreased by 79% compared to M1. From the abowrdison in the diagrid models
the model M2 with 52angle is having the least displacement when condparether

diagrid models IN Zon&v

Graph 2: Story Displacement in Mm for Model 6to 10 Dueto Wind Load Along X & Y-
Dir in Zone V

STORY DISPLACEMENT IN ZONE V

DISPLACEMENT IN MM

NO OF STORY
—p— e = VT = VIE i 1T i 1D

From the Chart it is Observed That: The graph represents displacement relative to
each story for all models. The graph indicates thadel M6displays the largest
displacement compared to all model and is equ&3t653 at story 17. The diagrid
structural system was implemented in models M7, M8, and M10. As a result, in
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M2, the displacement decreased by 80% compared 10 BMom the above
observation in the diagrid models the model M7 avihg the least displacement
when compared to other diagrid models IN Zdhe

 Story Drifts: It is outlined because the quantitative relationnafvement of two
successive floors to height of that floor. Thetdwtio is shown below for bare frame,
and diagrid structure using the wind load. The tdvélues shall not exceed
0.004timestory height, as per 1.S. 1893:2016.

Graph 3: Drift Ratio for Model 1to 5 Dueto Wind Load Along X & Y-Dir in Zone IV

STORY DISPLACEMENTIN ZONE V
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According to graph the story drift is maximum foodel M1 when compared
to all other models. The highest value of storjtavas observed in model M1 at'3
story.and is equal to 0.001018. Since the diagnactiral system was implemented
for the model M2 M3, M4, & M5. Hence story driftluas go on decreasing. Among
diagrid structural systems the model M4 with 68.86gle is performing least against
drift ratio values, due to the presence of diagonambers around the periphery of
the structure which increases strength, durabdig stiffness of the structure. From
the above observation we came to know that theridiagructural model M4 with
68.66 angle shows least results against drift, when @egp with all other models
for wind load in zondV.

Graph 4: Drift Ratio for Model 6to 10 Dueto Wind Load Along X & Y-Dir in Zone V
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STORY DRIFTIN ZONE V

FT RATIO

DRI

NO OF STORY
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From the Chart it is Observed That: The story drift is maximum for model M6
when compared to all other models. The highestevalustory drift was observed in
model M6 at &' story. Since the diagrid structural system was émgnted for the
model M7 M8, M9, & M10. Hence story drift values gm decreasing. Among
diagrid structural systems the model M9 with 68.86gle is performing least against
drift ratio values, due to the presence of diagonambers around the periphery of
the structure which increases strength, durabdig stiffness of the structure. From
the above observation we came to know that theridiagiructural systemM9with
68.66 angle shows least results against drift, when @eypwith all other models

for wind load in zonéV .
2 Seismic AnalysisResultsin ZoneIV& V

* Displacement

Graph 5: Story Displacement in Mm for Model 1to 5 Dueto Seismic Load Along X &
Y- Dir in Zone IV
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STORY DISPLACEMENT IN ZONE IV

DISPLACEMENT IM M

NOOF STORYS

—— 1 —e—M2 ——M3 —e—NE —g— M5

From the Chart it is observed that: The graph represents displacement relative to
each story for all models. The graph indicates thatlel M1 displays the largest
displacement compared to all model and is equdlBt@é22 at story 17. The diagrid
structural system was implemented in models M2, M3, and M5. As a result, in

M3 with Diagrid angle 62.48 the displacement decreased by 52.17% compared to
M1. From the above observation in the diagrid med#le model M3 with
62.48angle is having the least displacement when cordparether diagrid models.

Graph 6: Story Displacement in Mm for Model 6 to 10 Dueto Seismic Load Along X&
Y- Dirin Zone V
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From the Chart it is Observed that: The graph represents displacement relative to
each story for all models. The graph indicates thatlel M6 displays the largest
displacement compared to all model and is equd2t@83 at story 17. The diagrid
structural system was implemented in models M7, M8, and M10. As a result, in
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M8 with Diagrid angle 62.48 the displacement decreased by 53% compared to M6.
From the above observation in the diagrid modedsniodel M8 with 62.48angle is
having the least displacement when compared ta dibgrid models.

* Story Drift Resultsfor Seismic Analysisin ZonelV& V

Graph 7: Drift Ratio for Model 1t05 Dueto Seismic Load Along X & Y-Dir in Zone IV
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From the Chart it is Observed that: The story drift is maximum for model M1
when compared to all other models. The highestevalustory drift was observed in
model M1 at 5th story. Since the diagrid structwgdtem was implemented for the
model M2 M3, M4, & M5. Hence story drift values goen decreasing. Among
diagrid structural systems the model M3 with 62.4Bgle is performing least against
drift ratio values, due to the presence of diagonambers around the periphery of
the structure which increases strength, durabditg stiffness of the structure. From
the above observation we came to know that theridiagructural systemM3 with
62.48 angle shows least results against drift, when @egp with all other models
for seismic load in zonk/ .

Graph 8: Drift Ratio for Model 6t010 Dueto Seismic Load Along X & Y-Dir in Zone V
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From the Chart it is Observed that: The story drift is maximum for model M6
when compared to all other models. The highestevalustory drift was observed in
model M6 at 5th story. Since the diagrid structwygdtem was implemented for the
model M7 M8, M9, & M10. Hence story drift valuesggpon decreasing. Among
diagrid structural systems the model M8 with 62.4Bgle is performing least against
drift ratio values, due to the presence of diaganambers around the periphery of
the structure which increases strength, durabditg stiffness of the structure. From
the above observation we came to know that theridiagiructural systemM8with
62.48 angle shows least results against drift, when @egp with all other models

for seismic load in zon& .

» Base Shear: Base shear is the force that is generated at the bathe structure
especially due to seismic forces. The base shaheifunction of mass and stiffness
of the structure therefore, base shear increasestrastural stiffness and mass
increases.

Graph 9: Base Shear in Kn for Model 1to 5 Dueto Seismic Load Along X And Y-
Direction in Zone IV
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From the above Chart it is Observed that: The graphical representation indicates
that model M1 has the lowest base shear comparatittee other models and is equal
to 3655.2404 Kn. In model M2, M3, M4, & M5 due toet presence of diagonal
members around the periphery of the structure #se Ishear is increased compare to
bare frame structure.

Among these diagrid models M5 demonstrates the dowase shear and is equal to
6258.98KN because as the angle of inclination afdinal member is increased then
the base shear is goes on decreased. In model éMBage shear has been increased
by 40% compare to the bare frame model.

Graph 10: Base Shear in Kn for Model 6 to 10 Dueto Seismic Load Along X and Y-
Direction in Zone V
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From the above Chart it is Observed that: The graphical representation indicates
that model M6 has the lowest base shear comparatittee other models and is equal
to 5482.8606 Kn. In model M7, M8, M9, & M10 due tlee presence of diagonal
members around the periphery of the structure #se Ishear is increased compare to
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bare frame structure. Among these diagrid model® BMdmonstrates the lowest base
shear and is equal to 9388.4766kN because as tile ahinclination of diagonal
member is increased then the base shear is gogscozased. In model M10 the base
shear has been increased by 41.66% compare tatbdérame model.

 Time Period: The time taken (in seconds) by the structure topteta one cycle of

oscillation in its natural mode of oscillation isdwn as its time period. In the seismic
risk assessment and mitigation, the estimatiorunfi@mental period of buildings is
an important aspect both for design of new buildiagd performance assessment of
existing ones. Depending on mass and stiffnessfuth@amental period is a global
characteristic describing the behavior of buildungder seismic loads. In order to
estimate the lateral loads acting on a structures, first necessary to determine the
period of vibration.

Graph 11: TimePeriod in Sec for Model 1to 5 using Seismic Load in Zone IV
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From the above Chart it is Observed that: The time period for model M1 is highest
and is equal to 2.57 sec and M2 and is equal t878.0east compare to the all
models. From the diagrid structural models, the M2 performing the least
fundamental time period as the base shear is lugkhfs model hence the stiffness
increases it may lead to reduces the fundamenta fperiod. From the above
observation we can say that the time period for M2 been decreased by 57.63%
when compare to M1 bare frame model. As per theraesults we came to know
that the M2 has the least fundamental time per@tté this model is performing best

against all models in zon¥.

Graph 12: TimePeriod in Sec for Model 6 to 10 using Seismic Load in Zone V
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From the above Chart it is Observed that: The time period for model M6 is highest
and is equal to 2.567 sec and M7 and is equal 2691least compare to the all
models. From the diagrid structural models, the M7 performing the least
fundamental time period as the base shear is lugkhfs model hence the stiffness
increases it may lead to reduces the fundamemat tperiod.From the above
observation we can say that the time period forHd3 been decreased by 57% when
compare to M6 bare frame model. As per the aboselteewe came to know that the
M7 has the least fundamental time period hencentiodel is performing best against
all models in zonéV .

VII.CONCLUSION

1.

2.

All ten models in the investigation showed storgpitacement and story drift values that
stayed within permitted limitations.

In response to wind and seismic study, using diagnigles of 62.48° and 68.66° at all
levels gives the diagrid structural system mordfngtss, which reflects less story
displacement, less story drift, and shorter timeogis.

If the seismic zone shifts from IV to V, the dispément rises by more than 33%. With
an expanding seismic zone, building model displasgmses. At the roof, displacement
is quite high, while at the base, it is very low.

From a wind speed of 44 m/s to 50 m/s, the dispi&ce increases by more than 30%.
With an expanding seismic zone, building model ldispment rises. The displacement is
very high at roof and very low at base.

When comparing zone IV to zone V, the story dmiftreases by more than 35%. The
story drift goes up as the seismic zone factorsrisedd zone V indicates the greatest
amount of story drift.

There is an increase of more than 31% in the sdafyy With a rise in wind speed, the
story drift increases. and zone V indicates thatgs amount of story drift.

Effective resistance against lateral loads: Diadrgplays better resistance to lateral loads
because of the diagonal columns on its periphesyaAesult, inner columns relax and

Copyright © 2024 Authors Page %20



Futuristic Trends in Construction Materials & Citahgineering
e-ISBN: 978-93-5747-992-9
IIP Series, Volume 3, Book 5, Part 3, Chapter 2
ANALYSIOF HIGH-RISE BUILDING WITH
DIAGRID STRUCTURE SUBJECTED TO LATERAL LOADING

only support gravity loads. whereas the inner anterocolumns of a conventional
building are both designed for lateral and gralogds.

Aesthetic appeal: Diagrid buildings have a moreeafipg appearance than conventional
ones, which is significant for high-rise structures

As a result, one can use diagrid construction fghdr lateral load resistance and
this becomes important for seismic zone IV or Vdihen results and comparison with
conventional buildings.

By comparing the results of this work to the wodone by Mahdi Heshmatia,
Alireza Khatamia, Hamzeh Shakiba on the topic $8e¢ performance assessment of
tubular diagrid structures with varying anglesatl steel buildings” which was analysed
by considering ASCE standards, resulted that fitenom angle of diagrid is 8o 75
And this work which is carried out using IS start¥ahas found that optimum angle of
diagrid is 68 to 70 which agrees with the referred.

The models analysed by using diagrid structuraiesyss found to be stiffer than
the conventional models and are more resistamtéod! forces.

VIII.FUTURE SCOPE OF WORK

1.

2.
3.
4

For diagrid construction, higher level buildingsndae explored in R.C.C symmetrical
buildings.

Different angel studies for an asymmetrical tallding with a diagrid structure.

Analysis of the diagrid structure with and withdls outer column’

Diagrid structures can also be studied in stedtings.
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