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Many buildings in the present scenario have irregular configurations both
in elevation and plan. This in future may be subject to devastating
earthquakes. It is necessary to identify the performance of the structures to
withstand disaster for both new and existing buildings. Now a days
openings in the floors is common for many reasons like stair cases, lighting
architectural etc., these openings in diaphragms cause stresses at
discontinues joints with building elements. Discontinuous diaphragms are
designed without stress calculations and are thought-about to be adequate
ignoring any gap effects. Earthquakes are natural dangers under which
catastrophes are primarily caused by destruction or fall of structures. In the
current situation, the majority of buildings are planned and erected on the
premise of looks which occurs to disregard the underlying concepts of
earthquake resistance, where researchers come across several buildings
having uneven shapes both in height and plan.

The present work cites to portrait the behaviour of G+11 multi storeyed
with diaphragm having opened under non-linear static (Pushover) analysis
utilizing ETABS to achieve these outcome various models with various
proportion of diaphragm openings are analyzed and contrasted for seismic
parameters like maximum story displacement, base shear, maximum story
drifts, as well as pushover results.

Keywords: Diaphragm Discontinuity, Pushover Analysis, Maximum Story

displacement, Base Shear, Story Drifts and Pushover results.

I. INTRODUCTION behavior of multi-storey framework structures

during powerful seismic movements relies on the

In multi-storied framework structure, damages from arrangement of mass, rigidity, strength in both the

earthquake usually starts at sites of structural flaws  vertical as well as horizontal lines of buildings. In

present in the horizontal load bearing frames. This few instances, these vulnerabilities may be caused by

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,

distribution, and reproduction in any medium, provided the original work is properly cited



Amit Chauhan et al Int J Sci Res Civil Engg. January-February-2024, 8 (1) : 31-45

gaps in rigidity, strength or bulk along the
diaphragm. Such gaps between diaphragms often are
linked with abrupt changes in the frame shape along
length of the structure. Structural engineers have
acquired trust in the construction of structures in
which the divisions of mass, rigidity and strength are
largely consistent. There is a less trust about the
construction of buildings having uneven physical
shapes (diaphragm discontinuities) (diaphragm
discontinuities).

According to 1S-1893:2002: Diaphragms with sudden
gaps or differences in stiffness, which encompasses
some these having cut-out or uncovered sections
larger than 50 percent of the total contained
diaphragm surface, or changes in functional
diaphragm rigidity of more than 50 percent through
one level to the next. In structural engineering, a
diaphragm is indeed a structural device used to
transmit horizontal stresses to shear walls or
frameworks mainly through in-plane shear stress.
Lateral pressures are typically wind and seismic
stresses. Two main kinds of diaphragm are stiff and
pliable. Flexible diaphragms withstand transverse
pressures based on the region, independent of the
elasticity of the parts that they are transmitting force
to. Stiff diaphragms transmit weight to frameworks
or structural walls based on their elasticity and their
position in the construction. Flexibility of a
diaphragm effects the spread of lateral pressures to
the vertical components of a lateral force resisting

parts in a building.

OBJECTIVES OF THE RESEARCH
e To develop the RC framed structural model with

varying percentage of diaphragm discontinuities.

e To study the influence of varying percentages of

shear walls on performance of RC framed

structural model with diaphragm discontinuities.

e To investigate variation in storey drifts, story
displacements, base shear and story shear under

the earthquake load and gravity loads.

e To formulate recommendations for choosing
diaphragm discontinuity based on the results of
the analysis performed.

e The models have developed as per static analysis
as per IS 1893-2016 (Part 1).

II. LITERATURE REVIEW

To provide a detailed review of the literature related
to diaphragm discontinuity in its entirety would be
difficult to address here. A brief review on
diaphragm discontinuity of previous studies is
presented here. This literature review focuses on
recent contributions related to diaphragm and past
efforts most closely related to the needs of the
present work.

Amruta Murali and Reni Kuruvilla (2023) research
paper presented the seismic behaviour of a 20 storied
building with different slab openings using response
spectrum analysis in ETABS. The analysis was
considered on parameters such as base shear,and
story drift and compare them with the regular model.
Results stated that the story drift reduced for slab
opening at the center up to 53.22% compared to the
corner and 64.19 % compared to the periphery
position for 1% of slab opening. The base shear
reduced for slab opening at the center upto 46.64 %
compared to the corner and 58.91% compared to the
periphery position for 1% of slab opening. Slab
opening at the center was found to be more effective
in resisting lateral forces. The base shear of the
regular building was less compared to the base shear
values of the diaphragm having openings. Maximum
story drift of a regular building was less compared to
the maximum story drift values of the diaphragm

having an opening.

Y. Nanda Kishore et.al (2023) objective of the
research paper was to investigate the behaviour of
G+15 multi storeyed with diaphragm having opened

under non-linear static (Pushover) analysis utilizing
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ETABS to achieve these outcome various models
with various proportion of diaphragm openings were
analyzed and contrasted for seismic parameters like
maximum story displacement, base shear, maximum
story drifts, as well as pushover results.

Modal Analysis results stated that there are some
unusual modes when diaphragm discontinuity
modelled. However, the mass participation for those
modes is found to be negligible. Provision of
diaphragm opening alters the seismic behavior of the
buildings. Models with symmetrical opening in both
directions expressed similar response for all the
parameters while models with change in the
symmetry behaved different. The influence of
diaphragm openings on the seismic response of
multi-storied buildings played a major role in
reducing the Maximum story displacement, story
drift and base shear, hence attracting lesser seismic

forces than the conventional structure.

Rohan V. Thakar and Jigar Zala (2022) research

paper presented analysis to compare the influence of

rigid and flexible diaphragm using the finite element
software Midas gen. Rectangular, L shape, U shape, T
shape were employed, as well as storey variation G+5,
G+10, G+15. Each model examined both with and
without a shear wall in place. IS 1893:2002 response
spectrum analysis was used to analyse response
quantities like storey drift, storey displacement,
fundamental natural period, and column axial force.

Comparing the response in terms of fundamental
natural period of all buildings, fundamental period
was larger when flexible diaphragm is used, whereas
rigid diaphragm underestimate the natural period of
the building in shear wall or without shear wall
resisted structure. In shear wall resisted structure
ignoring the diaphragm flexibility cause large
underestimate of storey drift, storey displacement,
and Fundamental natural period. The response in
terms of storey drift flexible diaphragm structure
will give higher drift in middle storeys, as the height
increases percentage difference between rigid and

flexible diaphragm also increases in all shapes.

III. METHODOLOGY

Steps of the Modelling and Analysis

Step 1: Research paper from different authors was summarized in this section who have focused towards

analyzing multi storey high rise structures considering seismic loads with different zones and different

condition in diaphragm irregularity.

Step 2: In order to initiate the modelling of the case study, firstly their’s need to initialize the model on the

basis of defining display units on metric SI on region India as ETABS supports the building codes of different

nations. The steel code was considered as per IS 800:2007 and concrete design code as per 1S 456:2000.
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I3 Model Initialization X

Inttialization Options
() Use Saved User Default Settings ﬂ
() Use Settings from a WModel File... ﬂ

(®) Use Built-in Settings With:

Display Units Wetric: SI w ﬂ

Region for Default Materials India w o

Steel Section Database Indian W

Steel Design Code 15 800:2007 v €

Concrete Design Code IS 4562000 ~ | €)
oK Cancel

Fig 3.1 Model Initialization

Step 3: ETABS provides the option of modelling the structure with an easy option of Quick Template where
the grids can be defined in X, Y and Z direction. Here in this case, 6 bays in considered in both X and Y
direction with a constant spacing of 4m making the model symmetrical in nature. G+11 storey structure is

considered with typical storey height of 3 m and Bottom storey height of 3 m.

3 Mew Model Quick Templates *
Grid Dimensions (Plan} Story Dimensions

@ Uniform Grid Spacing @ Simple Story Data
Number of Grid Lines in X Direction I:I Number of Stories
Number of Grid Lines in ¥ Direction D Typical Story Height m
Spacing of Gids in X Diecton m Battom Story Heigt m
Spacing of Grids in Y Direction m
Specify Grid Labeling Options Grid Labels...

O Custom Grid Spacing O Custom Story Data

Specify Custom Story Data

Add Structural Objects.

I I H o [ [
I 1T I [ [

I 1T I 1 [

| |\ ; I 1T I P 1.

= e e

I 1T I . [

|l ‘I\ I 1T I [ [

I 1T I [ [

H, o g T [

Blank Grid Only Steel Deck Staggered Truss Flat Slab Flat Slab with Waffle Slab Two Way or
Perimeter Beams Ribbed Slab

OK Cancel

Fig 3.2 New Model Quick Template
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E ETABS Ultimate 21.0.1 - (Untitled) [TRIAL LICENSE - NOT FOR COMMERCIAL USE] - X
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Project
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= Loads
[ Named Output fiems
K71 Named Plots
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=
L
il
i

ya L sx Ny

g
& -
Plan View - Story12 - Z = 36 (m) X53 Y22 Z36(m) OneStery v | Global ~ | Unis

Fig 3.3 Grid Plan
Step 4: Next step is to define the material properties of concrete and steel. Here in this case study, M30
concrete and rebar HYSD 415 is considered and its predefined properties are available in the ETABS
application.
[ Material Property Data w

General Data

Material Name M30

Material Type Concrete v
Directional Symmetry Type |sotropic
Material Display Color Change

Material Notes Modify/Show Notes...

Material Weight and Mass

© Specify Weight Density () Specify Mass Density
Weight per Unit Volume 24,9926 kN/m?
Mass per Unit Volume 2548 538 kg/m*

Mechanical Property Data

Modulus of Blasticty, E 27386.13 MPa
Poisson’s Ratio, U 0.2

Coefficient of Thermal Expansion, A 0.000013 1/
Shear Modulus, G 11410.39 MPa

Design Property Data

Modify/Show Material Property Design Data...

Advanced Matenial Property Data
Nonlinear Material Data... Material Damping Properties...

Time Dependent Properties

Modulus of Rupture for Cracked Deflections
© Program Default (Based on Concrete Slab Design Code)

() User Specfied

OK Cancel

Fig 3.3 Defining Properties of Concrete M30.
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General Data
Matesial Name
Matenal Type
Directional Symmetry Type
Materal Display Color
Material Notes

Material Weight and Mass
(®) Speciy Weight Densty

[vsD415-]
Rebar v

| Uniaxial

o

Modiy/Showe Notss. _ |

() Specy Mass Densty

: 31-45

Weight per Unit Volume 769729 kN/m?

Mass per Link Volume 7849.047 kg/m?
Mechanical Property Data

Modulus of Basticity, £ MPa

Coefficient of Thermal Expansion. A 0.0000117 1C

Design Property Data
Madify/Show Material Property Design Data...

Advanced Material Propedy Data
Nonlinear Material Data. | Material Damping Properiies .
Time Dependent Propeties
| OK Cancel

Fig 3.4 Defining Properties of Rebar HYSD 415

[ E Material Property Data X |
|
‘ General Data
‘ Material Name Fe45
Material Type Steel v
Directional Symmetry Type Isotropic v
Material Display Color = Change...
Material Notes Modify/Show Notes...
Material Weight and Mass I
© Specify Weight Densty O Specify Mass Densty
Weight per Unit Volume 76.9729 kN/m?
Mass per Unit Volume [7845.047 kg/m? |
Mechanical Property Data
Modulus of Blasticity, E 210000 MPa
Poisson’s Ratio, U 03
Coefficient of Themmal Expansion, A 0.0000117 1c
Shear Modulus, G 80769.23 MPa
Design Property Data
Modify/Show Material Property Design Data...
‘ Advanced Material Property Data
Nonlinear Material Data... Material Damping Properties.

OK Cancel

Fig 3.5 Properties of Steel
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Step 5: Defining section properties for Beam, Column. Beam size of 450x300mm, Column size of 500x300mm

and Slab size of 200 mm is considered in the study.

- >

File Edit View Define Draw Select  Assign
O H2« Fla» age
YLK

Model Explorer
Model  Display Tables Reports
£ Model
Project
Structure Layout
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i Struciural Objects
1 Groups
= Loads
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n Named Plots

[licfs]

i B H A E

s

I3 Frame Section Praperty Data

I-0-T-@O-=-C-—-

k

Flan View - Story12-Z = 36 m)

File Edit View Define Draw Select  Assign

CvH2¢ e » aqa

EE SRS
Model Explorer

Model Display Tables Reports

B Model

Project
Stnucture Layout

/Ll ]

o1 Properties

LN Structural Objects
el Groups

e Loads

5] Named Output fems
e Named Plots

C oo

i B A E]

s

It

General Data
Material M30 MR
Notional Size Data Modiy /Show Notional Size
Display Color [ Change
Notes Madiy/Shaw Nates.
Shape
Section Shape Concrete Rectangular ~
Section Property Source
Source: User Defined Property Modfiers
Modfy/Show Modfiers
Section Dimensions Cumertly Defat
Depth 450 mm
Width mm
Modiy/Show Rebar.
oK
Show Section Froperties Cancel
[ Include Automatic Rigid Zone Area Over Column
¥
N
X198 Y10.1 Z36 m) One Story Global Units
R COMMERCIAL USE] - X
I3 Frame Section Praperty Data —
I-O-T-0-=-E-—=-
General Data
Material M30 M
Notional Size Data Modiy/Show Netional Size...
Display Color I Change
Notes Modiy/Show Notes
Shape
Section Shape Conarete Rectangular hd
Section Property Source
Source: User Defined Property Modfiers
Modify/Show Modfers
Section Dimensions Curenty Defak
Depth 500 mm
Wicth 300 mm
Wodty/Show Febar
oK
Show Section Froperties Cancel
[ Include Automatic Rigid Zone Area Over Column
g
N
X198 Y10.1 236 (m) One Story Global Units

Flan View - Story12 -2 = 38 m)

Fig 3.6 Defining Properties of Column
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rE Slab Property Data X 7
General Data
| Property Name Siab
Slab Material M30 v
Notional Size Data Modify/Show Notional Size...
Modeling Type Shel-Thin v
Modifiers (Cumently Default) Modify/Show...
Display Color - Change...
Property Notes Modify/Show..
Property Data
Type Slab it
Thickness 200  mm
OK Cancel

Fig 3.7 Defining the Properties of slab
Step 6: Assigning Fixed Support at bottom of the structure in X, Y and Z direction in both the considered

cases.
a
File Edit View Define Draw Select Assign Analyze Display Design Options Tooks Help
BEVH20c /a6 »aqQQQ @/ et 5 & 49 RED-@- NV a7 sy I-Q-T -0 -=-C-=-
Rl W R ACS A
E Model Explorer -x ]_}'__.thnhé tve | - x 3D View - x|
% Model Daplay Tables Repots
Rie
& Proect

\ & Stucture Layout
ko1 | @ Propemes
L 4+ Structural Objects
i & Groups "
= & Losds X x X * X X X
1] Named Output Rems B
3| NP
D <X . b
|}
E Restraints in Global Dwrections
@ Transiation X @ Rotation about X o)
= X X @ Torsiston Y @) Rotation about Y X,
. @ Trerslaton Z (8 Rotation about Z
B ok T X
Y Daao
H L X oK Cose Aosly X
i
2 X X X x X X X

*x X . X X X X

| \,

49 Joints selected <« | » | Unts.

Fig 3.8 Assigning Fixed Support
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Step 7: Defining Load cases for dead load, live load and seismic analysis for X and Y Direction.

A pefine Load Patterns X
Loads Click To:
Self Weight Auto
Load Type Mutiplier Lateral Load Add New Load
EQY Seismic v 0 IS 1893:2016 Modfy Load
Dead Dead 1
Li Li 0 -
EQ X Seismic 0 IS 1833:2016 [ Mody Lateral Load.
EQy | o |
EQ Y Seismic IS 1893:2016 PR
0K Cancel
- EEE——
Fig 3.9 Defining Load Cases
Step 8 Defining Seismic Loading as per IS 1893: 2016 Part I.
E Indian 15 1893:2016 Seismic Loading >
Direction and Eccentricity Seismic Coefficients
X Dir (1 Y Dir Seismic Zone Factor, £
¥ Dir + Eccentricty [ ¥ Dir + Eccentricity @ PerCode 016 »
¥ Dir - Eccentricty [ Y Dir - Eccentricity |
() User Defined L
ccc. Rt (A D -
1 c- Ratia (Al Diaph.) Site Type I v |

Overwrite Eccentricities

Story Range
Top Stony
Bottom Staory

Factors

1 Response Reduction, R

Crverwrite ..
Story12 -
Base w

Importance Factor, |

Time Period
() Approximate
(@) Program Calculated
(") User Defined

0K

Cancel

=

——

Fig 3.11 Seismic Loading as per IS 1893-2016.
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Step 9: Conducting the model check for both the cases in ETABS

a
File Edit View Define Draw Select Assign Analyze Display Design Options Tools Help
BVH2¢c Z & » aQQQQ @ et 5608 i< 1-0-T 0 -=-C-=-
R B A AT A ) T
[y e | il =~ S : - - x
:{ ”""“W"‘“’ Tables Repots Length Tolerance for Checks 1 .
o ?\:Rmm Joirt Checks
N & Properies . 3 8 Jonts/Jonts wthn Tolerance
::‘ ;:::—aoom, (8 Jonts/Frames within Tolerance
%i -y ) (8 Jots/Shels witin Tolerance
!x oo P
: @ Frame Ovedaps
D 18 Frame Intersections wttin Tolerance
m} @ Frame Intersections wth Avea Edges.
0] 5 Shel Checks
B St Ovedens
o Other Checks
E {8 Check Meshing for Al Stones
@ (@ Check Loadng for Al Stones.
(8 Check for Dupicate Sef Mass.
\ For
E @ Trm or Extend Frames and Move Joints to Fox Problems
‘ () Jort Story Assigrment
Z
T
1 -—% . oK )
|
Plan View - Story12- 2« 384 m) X34Y142384m) e Story o Unts.
Fig 3.13 Model Check
Step 10: Analyzing the structure for dead load, stress analysis and displacement.
A ,
File Edit View Define Draw Select Assign Analyze Display Design Options Tools Help
EVH2c /2 )» aQQRQ W 1M Q4§ RED--NVakPdstils I-B- T -0 -=-0-=-
i SN A
[y [ Hosmom | o x | [0 Ve Resaart O g D BT -x]
—- Model Daplay Tables Repots
Model
+ Project
# Structure Layout
¥ Propemies
# Structural Objects
Groups
Loads
# Named Output tems
# Named Plots

Max = 102212 (175,175, 3] Mo = 0,001 2t [9.3333, 93333 276} < | » [Unes |
Fig 3.14 Stress Analysis for Dead Load
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ANALYSIS RESULTS:
TABLE 1: MODELLING
No of story G+11
Plan area 20X20 m2
Number of Bays in X-Direction 16
Number of Bays in Y-Direction 7
Size of Beam 300 mmX350 mm
Size of Column 600 mmX900 mm
Each story height 3m
Bottom Storey height Im
Thickness of Slab 150mm
Thickness of wall 230 mm
Support Type Fixed
Floor Diaphragm Rigid
= Case| == Casell = Case IV
40
30
20
10
0
0@*\\ & S @:\é PSRN N P ) e)<<\‘>c} Gl
s & & & & & & & F & ° O@é‘ Q'\§

Storey

Fig 1 Storey Displacement in mm

Inference- Story displacement is the absolute value of displacement of the storey under action of the lateral

forces. One can expect higher total displacement values as we move up the structure. Marginal differences

were visible on the values of storey displacement as the results proved that all the case structures were found
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stable and while comparison storey displacement was marginally lower for case IV with wider opening

diaphragm when compared to case I of conventional structure.

== Case| == Casell Case lll == CaselV

0.00125
0.00100
0.00075
0.00050
0.00025
0.00000

N Q > > A © o > v N $ >

2?\ Q.‘;\ Ke'* &Qﬁ Ke‘* @\Q Q.‘\Q Q.‘\Q Q.‘\ Q.‘\Q Q.‘\Q Q\oo e’\\e’

6‘@ & &° &° &° S & & & & & S &
=) =) =) =) =) =) 0@\) o
Storey
Fig 2 Storey Drift

Inference- Storey drift is the difference of displacements between two consecutive storey's divided by the
height of that story. As per Indian standard, Criteria for earthquake resistant design of structures, IS
1893(Part 1): 2016, the storey drift in any story shall not exceed 0.004 times storey height. So the values of
storey Drift were maxikun at second floor while the maximum resistance was visible for the case I which is a

conventional structure.

w= Case| == Casell Caselll == CaselV
2000
1500
1000
500
0
AN N » & 6\ NS (§3 o > Q. > 00\ 4,2}
@ @ @& @& & @& & & & @ &b N8
O <O O ) ) O O <O O O ) & &
5} =) =) =) =) =) =) =) =) =) =) > &
IS 4
Storey
Fig 3 Storey Shear in kN
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Inference- Storey shear is the lateral force acting on a storey due to the forces such as seismic and wind force.

Buildings having lesser stiffness attract lesser storey shear and vice versa. storey Shear was the least for Case

IV due to wider opening of the diaphragm followed by Case III, Case II and conventional structure.

IV. CONCLUSION

Storey displacement

Story displacement is the absolute value of
displacement of the storey under action of the lateral
forces. One can expect higher total displacement
values as we move up the structure. Marginal
differences were visible on the values of storey
displacement as the results proved that all the case
structures were found stable and while comparison
storey displacement was marginally lower for case IV
with wider opening diaphragm when compared to
case I of conventional structure.

Storey Drift

Storey drift is the difference of displacements
between two consecutive storey's divided by the
height of that story. As per Indian standard, Criteria
for earthquake resistant design of structures, IS
1893(Part 1): 2016, the storey drift in any story shall
not exceed 0.004 times storey height. So the values of
storey Drift were maxikun at second floor while the
maximum resistance was visible for the case I which
is a conventional structure.

Storey Shear

Storey shear is the lateral force acting on a storey
due to the forces such as seismic and wind force.
Buildings having lesser stiffness attract lesser storey
shear and vice versa. storey Shear was the least for
Case IV due to wider opening of the diaphragm
followed by Case III, Case II and conventional

structure.
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