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A step-by-step procedure for modeling and analysis of frame structure using ETABS is
explained through a simple example. Subsequently an example of seismic analysis of regular
frame structure and irregular frame structure are solved manually and through ETABS.

Example

A plan of five storey reinforced concrete (RC) frame structure is considered for modeling and
analysis using ETABS.

Beam sizes 300%450 mm Storey Height 3.2m.
Columns sizes  300x450 mm Live Load 3 kN/m?
Slab thickness 120 mm Floor Finish Load 1 KN/m?
Concrete grade M25 Steel Fe415
| 5m 5m 5m 5m
A
4m
A\ 4
A
4 m
A\ 4
A
YA 4m
> v 1 1 1 1 1
X
Fig. 1 Plan view of building Elevation of Building

Earthquake parameters considered are:

Zone: V Importance Factor 1 Medium soil,
Response Reduction Factor: 5

Site Specific Time history and response spectrum: Passport Office Site

Step by step procedure to learn ETABS

1) Modeling using ETABS.
2) Comparison of total DL and LL.
3) Time period and Mode participation factor of building in X and Y direction.
4) Seismic force calculation as per IS: 1893(Part 1) - 2002.
a) Static method
b) Dynamic method
5) Site specific response spectra
6) Site specific time history
7) Design under gravity and seismic load
8) Performance based design using pushover analysis
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Step 1: Modeling using ETABS

1) Open the ETABS Program
2) Check the units of the model in the drop-down box in the lower right-hand corner of the

ETABS window, click the drop-down box to set units to KN-m Kipin

Kip-ft

EM-mm |

3

K.gf-rm

K.af-m

F-ram

3) Click the File menu > New model command (i
k.- -

Hew Model Initialization (I | E—

Do wou want o initialize vour new model with definitions and
preferences from an exigting .edb fle? [Presz F1 Key for help.]

E]  Defauleds | No |

e

Note: we select No because this first model you will built

4) The next form of Building Plan Grid System and Story Data Definition will be
displayed after you select NO button.

Building Plan Grid System and Story Data Definition

Grid Dimenzions [Plan) Story Dirmenzions
o Uniform Grid Spacing {* Simple Story Data
Humber Lines in » Direction |57 Mumber of Staories |57
Murmber Lines in* Direction |47 Typical Story Height |327
Spacing in > Direction |57 Bottorn Stary Height |327

Spacing in Y Direction 4

" Custom Story Data |

™ Cusztom Grid Spacing

nits
| | FM-m -
Add Structural Objects
I—H——I H—H—H ] T | [ T
] | HiE
L I} ﬂ o | I 2 =< ss%es
I—H—TI —H— o I - ra
Steel Deck Staggered Flat Slab Flat Slab with Wwatfle Slab Two 'Way or Gnd Only
Truzs Perimeter Beams Ribbed Slab
] | Cancel |

Set the grid line and spacing between two grid lines. Set the story height data using Edit
Story Data command

ETABS-2
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Story Data I_|—[
Label Height E levation kaster Stom Similar To Splice Paoint | Splice Height
E STORYS 3.2 1E6. es Mo 1}
5 STORY4 3.2 128 Mo STORYS Mo 1}
4 STORY3 3.2 3. Mo STORYS Mo 1}
3 STORY?2 3.2 6.4 Mo STORYS Mo 0
2 STORY 3.2 3.2 Mo STORYS Mo 1}
1 BASE 0.
Unitz
li Change Unitz KM-m -

5) Define the design code using Options > Preferences > Concrete Frame Design
command

Dimensions) Taolerances. ..

Colors ¥ Cutput Decimals...

Windows ¥ Steel Frame Design...

Set Calculator Memory, . Concreke Frame Design...
Composite Beam Design. ..

v Show Tips ak Startup
Shear Wall Desian...
v Show Bounding Plane
Reinforcement Bar Sizes. ..
+  Momenk Diagrams an Tension Side Live Load Reduckian. ..
+ Sound
@ Lock Maodel

Auto Save Model, ..

Show Berial Yiew \Window

v Show Eloating Property wWindow
Shiow Crosshairs
v Enhanced Graphics. ..

Reset Toolbars

ETABS-3
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This will Display the Concrete Frame Design Preference form as shown in the figure.

Concrete Frame Design Preferences e}

Deszign Code Indian 15 456-2000
Murber of Interaction Curves 24
MNumber of Interaction Points 11
Cansider Minimum Eccentricity ez
Gamma [Steel] 1.15
Gamma [Concrete) 15

Pattern Live Load Factor 0.75
|tilization Factor Limit 0.95

Cancel

6) Click the Define menu > Material Properties

Define Materials L !

E
VI R
E wallfslab/Deck Sections. ..
"-\E

b aterials Click. b
_ _ Add New Material. |
Link Properties. .. OTHER
STEEL i g
Frame Monlinear Hinge Froperties. .., Modity/S how Material_ |

Add New Material or Modify/Show Material used to define material properties

Material Property Data

Dizplay Color
Material Mame 25 Calar li
Type of Material Type of Design
e |zotropic " Orthotropic Design

Analyziz Property Data Dezign Property Data (Indian 15 456-2000)

Mass per unit Wolume 24007 Conc Cube Comp Strength, fck 25000

‘wheight per unit % alurne 235616 Bending Reinf. vield Stress. fy 415000,

Moduluz of Elasticity 25000000, Shear Reinf. vield Strezs, fus 415000.

Poisson's Ratio 8.2 [ Lightweight Concrete

Coeff of Thermal Expanzion 3.300E-06

Shear Modulus 10416666.7

aE. I Cancel
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7) Define section columns and beams using Define > Frame section

Define
I-'i Material Properties. ..

E wallfslabjDeck Sections. ..
& Link Properties. ..

Frame Monlinear Hinge Properties. ..

Define Frame Properties L )

Properties Click ta:

Tuvpe in property o find:

E 5

| Irport | A4fide Flange j

Add 1"wide Flange -
C3004450 | g J

e odifS how Property... |

Cancel

Define beam sizes and click Reinforcement command to provided concrete cover

Rectangular Section Reinforcement Data
Dezign Type
Section Name B30 450 £ Colurnn i
Froperties Property Modifiers Faterial Concrete Cover to Rebar Center
Section Properties... | Set Modifiers... | M5 hd Tap 0.04
Dimensions STEEL ,7
Battam 0.04
p
Depth (3] 0.45 5
Wwidth [12] 03 Reinforcement Overrides for Ductile Beams
+ Left Right
Top |0 o,
| Bottam |0 o
Concrete

Reinfarcement... |

[ ok ]

Digplay Color .

Cancel |

Define column sizes and click Reinforcement command to provided concrete cover and
used two options Reinforcement checked or designed

Rectangular Section

Reinforcement Data

g i
Section Name |C300:450 Beam
Configuration of Feinforcement
Properties Froperty Modifiers M aterial & Fectangular  Circular
Section Properties. .. | Set Modifiers... | 25 hd -
Lateral Reinforcement
Dimensions STEEL i+ Ties &
P
Depth [t3] a3 5 Rectangular Reinforcement
Width (12] 0.45 " " Cover to Rebar Center 0.045
MNumber of Bars in 3-dir 2
3 *
Mumber of Bars in 2-dir 3
. - .
Bar Size 16d -
‘ ‘ Correr Bar Size 16d -
Cancrete
. Check/Design
Reinforcemert. . | .
Display Color ’_ i~ Reinforcement to be Checked

[ox ]

i* Reinforcement to be Designed
Cancel |

(o ]

Cancel
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8) Define wall/slab/deck

Define
I-'"_E“ Material Properties. ..

B

E Wallislab/Deck Sections. ..
N; Link Properties. ..
Frame Monlinear Hinge Properties. .. | HodieShow Sedtion. ]

Define Wall/Slab/Deck Sections

Frame Sections...
= Sectiong Click. ta:

| i New Deck |

0K
Caticel

To define a slab as membrane element and one way slab define using special one way load
distribution

Wall/Slab Section —_

Section Hame 5120

td aterial 25 h
Thickness
tembrane o1z
EBending 012
Type
& Shell t+ Membrane i Plate
-

Load Distribution
[ Use Special One-way Load Distribution

Set Modifiers... Drizplay Color I_
]9 I Cancel |

9) Generate the model

Draw beam using Create Line Command and draw column using Create Column
command

[:3 Select Object , Draw Lines (Plan, Elew, 30)
_'K Reshape Object Y| Create Lines in Region or at Clicks (Plan, Eley, 300

[”] Draw Poink Objects
Draw Line Objects

Draw Area Objects

.:,] Draw Developed Elewation Definition. . Properties of Object

e o _ Type af Line Frame
+ Bran HEnsiEn Hne Property B 300450
. Draw Reference Point Moment Feleazes Continuous
Snap to b Plan Offzet Marmal .

ETABS-6
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Slab is created using 3 options in which 1% draw any shape area, 2" draw rectangular area
and 3" create area in between grid line

Draw
[?g Select Object L7 Draw areas (Plan, Elev, 30)
_‘K Reshape Object [ Draw Rectangular Areas (Plan, Eley)

‘&% Draw Point Objects B2l Create Areas at Click (Plan, Elew)
o - == Draw Walls {Plan)

Draw Line Objects b
== Create Walls in Region ar ak Click (Plan)

EH oraw Wind oS
%I Draw Doors

Draw Area Ohjects

.:,} Draw Developed Elevation Definition. .

#2 Draw Dimension Line Propertias of Object

> Draw Reference Paint Property 5120
Local Axis Q.

Snap ko k

inear v3.5.0 - final static snd dynamic anahysis

Cle [t Wew Qefine Dpaw  Jelect  fssion  Apshze Disgley Design  Qptions e
D B%%-| |2 (& v | 2222 L M MBoea ++ (%WB | %. N | F | E .
M| aleE E e o || v i 0. |l e Ntk A g e IO T |®- B~-

10) Define various loads (Dead load, live load, Earthquake load)

Define
FE Material Properties... Define Static Load Case Rames
?1 Erame Sections.. .
&2 wallislab/Dack Sections. .. Lioads Cck: Tex
£ Link Properties.... I
i Load Type Muligies  Lateral Load e Loa
Frame Nonlinear Hings Properties...
[DEAD) o0 =1 | -~ Modiy Load
LIVE LVE 1]
FF DEALD i}
Saction Cuks. ..
Dedete Load
¥ Response Spectrum FUnctions. ..
h_ Tires History Functions. ..
k| Static Load Cases, .
) Besponse Spectrum Cases. .. E

Skatic MorlinesrPushaver Cases. ..
Add Seguential Construction Case

ETABS-7
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Dead Load: self weight multiplier is used 1 to calculate dead load as default.
Live load or any other define load

1% select the member where assign this load than click the assign button.

Assign

+5
-
-

Uniforrm. ..

“E Tempetrature, .,

shellfarea r

Uniform Surface Loads S

Units
'—:'hE’"JIErE’E' Loads Load Case Hame |LI\.-"E j |KN-m ﬂ

“0 Group Mames., .. Unifarm Load

wisting Loads

Clear Display af Assigns S Load 3 o
= Exizting Loads

Copy Assigns Direction | Grrawvity :l' ~ Delete Existing Loads
ak. | Cancel

Assign point load and uniform distributed load

Select assigning point or member element than click the assign button

Assign
. . £ [
JoinkPoint (-%4|Force. ..
. I .
Frame/Line p wws @round Displacement. ..
H-E Temperature. ..
Joint/Poink Loads
A Uitz
»
FramEl“:InE ERES Load Case Hame |DEAD ﬂ |KN-rr| LI
1 Loads Options
- Force Global 3¢ (0] ¢~ Add to Existing Load
0O Group Mames... ce Io T,:'Srmg oLa sd
Force Global v o. . eplace Existing Loads
. . - ]
QIEEII’ Dlspla';.-' af ,l:l,ss";ns Fores Global = [ — Delete Existing Loads
c Assi Moment Global 22 [0
opy Assigns
Foment Global v 'Di
Moment GlobalZz= [0 Cancel
Assign
X Paint...
; 28| Cictributed. ..
Frame/Line = | RS

u; Temperakture...

Open Structure Wind Parameters. ..

Frame Distributed Loads

Frame/Line Loads Urits
Load Caszse Hame DEAD j KM-m LI

| Load Type and Direction Options
¢ Add to Existing Loads

o Group Mames...

' Forces 7 Moments

f* HReplace Existing Loads
. . Direction Gravwvity -
Clear Display of Assigns ! © Delsts Existing Loads
i Trapezoidal Loads

Copy Assigns ! 2 2 £
Distance |0 S 075 1.
Load jo. |o. jo. Jo.

& Relative Distance from End-l ¢ Absolute Distance from End-l

Unifarm Load

Load 0] oK | Cancel
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11) Assign support condition

12)

Drop-down box in the lower right-hand corner of the ETABS window, ok
Select only bottom single storey level to assign fixed support using (& Goer

assign > Joint/Point>Restrain (Support) command lOreStoy  v)

Assign
Assign Restraints

JninkPaoink )'( Diaphragms. ..
izt Panel Zone... Fiestraints in Global Directions

by R estraints (Supports)...

v Tranglation = v Rotation about =

) ) T ) )
Joint Boint Loads '“"n‘-"" PETE SDINIE.,. v Tranzlation v v Rotation sbout v
i Link Properties. ., . )
a Iv Translation 2 Iv Rotation about 2
%+ Additional Poink Mass. ..

b Group Mames. .. Fast Restraints

Clear Display of Assigns

Copy Assigns ok | Cancel |

In building, slab is considered as a single rigid member during earthquake analysis. For
that, all slabs are selected first and apply diaphragm action for rigid or semi rigid
condition.

Define o
I Hoteial Properties.

T .
I Erame Sections... Diaphragms Click to:
E \WallfSlabfDeck Sections. .. :
E . ] Add Mew Diaphragm |
h Link Properties. .. HOKE
Frame Monlinear Hinge Properties., .. Diaphragm Data | [

Diaphragms. ..

Diaphragm

Rigidity
f+ Rigid " Semi Rigid
Ok, I Cancel

13) Mass source is defined from Define > mass source command. As per IS: 1893-2002,

25% live load (of 3 kN/m?) is considered on
all floor of building except at roof level.

Mags Definition
©° From Self and Specified Mass
=¥ S
T Fi

nd Specified b ass and Loads

Drefine b ass Multiplier for Loads
Load b uiltiplier

DEAD -

LIVE 025 Add

FF ! td odify
Delete

ETABS-9
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14) Run analysis from Analysis > Run Analysis command

Analveze
Set Analysis Options. ..
Zheck Model, ..

(Y Fun Analysis

v Zalculake Diaphragm Centers of Rigidity

Step 2: Comparison of total DL and LL

Dead Load

Weight of slab = 5x12x20x0.12x24 = 345 kN

Weight of beam = 5x0.3%0.45x%(12x5+20x4) x24 = 2268 kN
Weight of column = 5x0.3x0.45%(3.2-.45) x24 = 891 kN
Total weight = 6615 kN

Live Load
Live load = 4x12x20x3+1x12x20x1.5 = 3240 kN

Floor Finish Load
FF = 5x12x20x1 = 1200 kN

In ETABS, dead load and other loads are shown from table as shown in figure.

Display Choose Tables for Display

[1 Show Undeformed Shape Edit
Show Loads r

MODEL DEFINITION [0 of 63 tables zelected]
O Building D ata

O Property Definitions

[ Load Definitions

[ Point Azzsignments

[ Frame Aszzignments

FF show Deformed Shape... EI
&
&
=
=
#-[1 Area Assignments
=
=
+
+
&
+

ﬁ Show Mode Shape. ..
ﬁ Show Member EorcesfStress Diagram 3

y Show Energy fvirkual Work, Diagram.. .

O Input Design Data
O Design Dverwrites
O Optionsz/Preferences Data
[ Miscellaneous Data
ANHALYSIS RESULTS [1 of 26 tables szelected]
O Displacements
BJ] Reactions
Support Reactions
=-0 Modal Information
#-[ Building Modes
= Building Modal Infarmation
=0 Building Dutput
- Building Output
#-[J Frame Output
#-[J Area Output
#-]1 Objects and Elements

Show Story Response Plats. ..

Shiows Tables. ..

| Support Reactions I

| Story | Point | Load Fx F FZ
Surmmatiar 0.0, Baze DEAD .00 .00 BR3Y.30
Surmmatiar 0.0, Baze LIVE .00 .00 3240.00
Surmmatiar 0.0, Baze FF .00 .00 1200.00
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Step 3: Time period and Mode participation factor of building in X and Y
direction.

e Static time period base on the IS 1893 is 0.075H""® = 0.6 sec

e Dynamic time period as per ETABS analysis is 0.885 sec in X direction and 0.698 sec in
Y direction

Time period is shown in ETABS from Display > Show Mode Shape

m ETABS Honlinear v9.5.0 - final static and dynamic analysis

File  Edit Miew Define Draw  Select Assign Analvze Display Design  Opkions  Help

O = Eﬁ Eﬁ < gj? =] . }E [1 Show Undeformed Shape

Show Loads 3

—_—— — ——  —— — FF show Deformed Shape. ..
B ™1 3-0 \iew Mode 1 Period 0.8850 seconds £ | —

=% Show Member Forces/Stress Diagram 3

y Show Energyvirtual Wark Diagran. ..

A
J
N

i,

Show Story Response Ploks., ..

A
N

JA
A
Y
I\

Show Tables. ..

i

N
:"T
LA
AN

Y.
s

3

R

Mass participation factor is shown from Display > Show Table > Model Information >
Building Model Information > Model Participating Ratio.

Modal Participating Mass Ratios

Edit  View
Modal Participating Mass Ratios ﬂ
Mode Period X Uy Uz SumUX SumlY SumlZ RX

4 1 0.884954 85.0817 0.0000 0.0000 85,0817 0.0000 0.0000 0.0000
2 0697934 0.0000 53.5026 0.0000 85.0817 83.5026 0.0000 9941582

3 0 E49635 0.0000 0.0000 0.0000 85.0817 83.5026 0.0000 0.0000

4 0.2916EE 49,7863 0.0000 0.0000 94,8686 83,5026 0.0000 0.0000

5 0224333 0.0000 10,4317 00000 94,8686 93.9343 0.0000 0.3093

E 0.210513 0.0000 0.0000 0.0000 94,8686 93,9343 0.0000 0.0000

7 0.1730E3 33883 00000 0.0000 93,2568 93,9343 0.0000 0.0000

g 0127575 0.0000 38521 0.0000 98,2568 97,7863 0.0000 0 2607

9 0125375 1.3785 0.0000 0.0000 99,6353 97,7863 0.0000 0.0000

10 0121334 0.0000 00000 00000 99,6353 97,7863 0.0000 0.0000

11 0.103887 03647 0.0000 0.0000 100.0000 97,7863 0.0000 0.0000

12 0.088617 0.0000 1.7181 0.0000 100.0000 93,5044 0.0000 0.0000
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Bending moment and shear force diagram is shown from Display > Show Member Forces >

Frame/Pier/Spandrel Forces command

Display
{1 show Undeformed Shape

Member Force Diagram for F... &

EQY Static Load
151893 Spectra

|DEAD Static Load |

Load
Component
i Axial Forcy

 Moment 2-2
i MMoment 3-3

" Shear 2-2

7 Shear 3-3

" Scale Factor

Options
v
I

Fill Driagram

Include

™

m X ) ﬁ

5 .»QD

L J... ¥

L4

8 4«&. :
HAVARY.

Frames

Shiow Loads

Supportfspring Reactions. ..
Erame/Fier)Spandrel Farces...

£
_H_
o
2
o
i
in
p
m
b
L
&
4
2
[E)

= show Mode Shape...
Show

i FF show Deformed shape. ..

ﬁ' Show Energyfvirtual Work Diagram. ..

IForces. ..

Shell Stresses

Showe Story Response Plots. ..

Showe Tables. ..

3 .m.a'

Wk
3

3

ATy
iy

Q%.@"/Q? A
SRV N /\Q N \./‘

s
S/
D

A» T AL
Wia%

S AGIAAN
| A ADT

WO
s

Ei e

7

.. )/ﬂ‘d\ \ .OI/ X R =y
R

{
/ 4.., | i e
NN

i

S

: 'w»? -

e

| \%\/«%\

7

s LS
N

‘\s
V%
A

A

Shear Force Diagram for Dead Load

Bending Moment Diagram for Dead Load

Select any beam or column member and press right click to shown below figure

gram

™ Moment 3-3 Dia

g
g
x
g
H
&
-]
w
H
S
2
7
[
7

at

Diagram for Beam B16

)

ets [Lacation]

End Length Offse

I-End: | 0160 (0.150)

J-End | 0160 [4.850]

JEZnzz

o
O
—
-t
@ B
M =
' m
-
k=
L]
=
=
w g B
= o
= i
= [
—— 5
[ =
(=]
LZd
=]
[}
P
= =
r =]
[}
= = = g =
E b o G
= - — =
o = = o
R 2 %
O i
i
3 5 T
=
23> 5| £ <
22z 8 &
= 5 o =1
S5 2 = & = =z
& & B o o Z.o 53
£ I = = £ £3
@ | 22 pg o gads Ly
& R 2%a 5o T %
[==- ..} [ | En T (=W

at 2500

" Relative to Beam Minimum &+ Relative to Beam Ends ¢ Relative to Story Minimum

" Absolute

Uriits | EM-m -
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Step 4: Seismic force calculation as per IS: 1893(Part 1) - 2002.

(a) Static Method
Define static load from Define > Static load command

Define
:E: Material PrDDErtiES. - Define Static Load Case Hames ! I
'E'I Frame Sections... Loads Click Tox
. Self wWeight Auto

E "."'."E",llSlEll:IJIDEEk EECtIDI'IS. i Load Type Muitiplier Lateral Load Add New Load
W Link Properties. .. SE:EE = |? 151883 2002 | Moy Load

Frame Monlinear Hinge Properties, .. B'E’ED g Modfy Lateral Load...

1513
Diaphragms. .. OUAKE 0 151893 2002 Delete Load
Section Cuks, ., Cancel

E Response Spectrum Funckions. ..
W) Time Histary Functions. ..

Skatic Load Cases, .,

Press modify lateral load to shown below figure and assign various value as per 1S 1893.

1S1893:2002 Seismic Loading

Direction and E coentricity Seizmic Coeffizients
{+ » Dir Y Dir Seizmic Zone Factor, £
I.d-\- H I."_" 1 gresasesannssnnnnanes, -
# Dir+ Eccen’y Y Dir + Eccen & &+ Per Code 01E =

{ = Dir-Eccen™ Y Dir-Eocen | | e

" User Defined
Soill Tepe Il -

Q Importance Factor, | 1.
Time Period
(" Appraximate

{# Pragram Calz

" Uzer Defined

Story Range
Taop Stary STORYS :"
Bottom Story BASE -

Factors Cancel
Fesponze Reduction Factar, B |5
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(b) Dynamic Analysis Method

The design response spectra of IS 1893-2002 given as input in the Define menu > Response
Spectrum Functions. Response spectra load cases are define in Response Spectrum cases

Define
L) )
@; Erame Sections... FResponse Spectra Choose Function Type to Add
=|-: WwhallfslabfDeck Sections... [UBC57 Spectram =
k% Link Properties. .. NEHRPS7 Spectum  «
. . . O EuroCodel S pectrum
Frame Monlinear Hinge Properties. .. MZ54203 Spectum

Chinese2002 Spectrum
S

Diaphragms. ..

MECC2005 Spectrum =~
TElete Spechm

Section Cuts,.,

E Response Spectrum Functions. ..
A Time History Functions. ..

[i.:l‘ Static Load T - R O ——
R Atk Lna s EIS:S (: Define Response Spectra 7'
E PEsponse opectrum Lases. ..,

ak. I Cancel |

Spectra Click. to:
Static Monlinear/Pushover Cases. .. Add New Spectum... |
Add Sequential Construction Case Modify/S how Spectrum... |
PEH' Load Cu:uml;inati-:uns. o Delete Spectrum |
Add Default Design Combos. ..
DK
Cancel

Special Seismic Load Effects...

@ Mass Source..,

The damping value is specified which is used to generate the response spectrum curve. 5%
damping factor and 9.81 (g) scale factor is assigned as shown in Figure

) Response Spectrum 151893:2002 Function Definition

Response Spectrum Case Data

Function Damping Ratio

Function Mame 151892 0.05
e = L oe Parameters Define Function
Structural and Function Damping Seismic Zone Factor, 2 016 Period  Accaleration

D amping 0.05 Soil Type I M

todal Combination
f« COC " SRSS (" ABS ™ GMC

[ e[

Directional Cormbination

f+ SASS
T
™ ABS I

" Moditied SRSS [Chinese) ]

12
14 )
: 16 0136
Carwvert to User Defined e {01209 -

Function Graph

Input Rezponze Spectra

Direction Function Scale Factor
Ul f1Is1e:z «|  [osE

uz 11893 «| 0881

Uz | j | Display Graph (0332, 04)
Excitation angle 0. Cancel
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Step 5: Site Specific Response Spectra

Site specific response spectrum is define from Define > Response Spectrum Function >
Spectrum from File.

Define
i

I Erame Sections... Responze Spectra Choose Function Type to Add

E wallfslab/Deck. Sections. .. [(6C57 Sremr
pecirum -
S pectium from File -

E\E Link Properties, .,
O] U=zer Spectrum

Frame Monlinear Hinge Properties. .. UEBLC94 Spectium =
UEBCI7 Spectrum
BOCASE Spectrum

Diaphragms. .. MECCIS Spectm

| Lwi IBZ2003 Spectrum

MNEHRFP37 Spectrung =
LTelete T pecifm

Seckion Cuts, .,
ancel |

o ]

E Response Speckrurm Funckions. ..
) Time History Functions. ..

Response Spectrum Function Definition

[i.:" Static Load Cases, .,
[—] Response Spectrum Cases...

Function Mame

|PASSPORT

Function D ahping R atio

Drefing Function

Static Monlinear/Pushover Cases, ., Period Acceleration
|1.000E-03 |0.1533 add

kadify
Delete

Add Sequential Constkyction Case

Bl Load Combinations. ..

Response Spectrum Function Definition

cooooooe

(0 F (i [E] b
Function Hame unction Grapl

Function File

Filz Mame

Header Lines to Skip

Response Spectrum Case Data
| Wiew File

Function Graph

I Spectrum Caze Mame PASSPORT

Structural and Function Damping

The damping value is specified which is
used to generate the response spectrum
curve. 5% damping factor and 9.81 (Q)

scale factor is assigned as shown in o mlic L SRss o ﬂalis £ SMe
Figure

Drirectional Combination
Define Response Spectra et
f+ SRSS

Spectra Click to: 7 ABS

" Modified SRSS [Chiness)

%1 833 gdilloneelin S | Input Response Spectra

| M odify/Show Spectrun.. | Direction Function Scale Factor
| U1 |PassPORT »| o381

Cramping 0.05

b odal Combination

Delete Spectium

uz |PassPoORT »|  [0.9Ed

oK. vz | 2
Excitation angle 0.
Cancel
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Step 6: Site Specific Time History

Site specific time history is define from Define > Time History Function

Define

[FE. Material Properties. .

"-_r']; Frame Sections. ..

E Wallfslab/Deck Sections, ..
ﬁ Link Properties. ..

Frame Monlinear Hinge Properties. ..

Ciaphragms. ..

Section Cuks...

E Response Spectrum Functions.
E Time History Funckions. ..

[I.:L Skatic Load Cases...
B Response Spectrum Cases. ..
Bfw] Time History Cases...

Skatic Monlinear [Pushover Casess’!,
&dd Sequential Canskructiop

Time History Function Definiiion

Function File

File Mame

c:\program filez\computers and structureshetabs
Fubirne: hiztorg functionstaravlds-1.th

Header Lines ta Skip a
Prefix Characters per Line ta Skip |0
MHumber of Points per Line 1

Convert to User Defined | Yiew File |
Define Time History Cases ]
History Cases Click. to:

Add Mew Histary...
b cfif/ Shuow History.. |

Define Time History Functions

Functionz Chooze Function Type to Add

Sine Function j
Fi:nchion from File
C zer Function
Sine Function
Coszine Function
R amp Function
Sawtooth Function
Triangular Function

Uzer Periodic Function
Lrelete Funchion

ak. I Cancel

Tire History Function Definition

Function Name [TPaSSPORT

D efine Function
Tirne W alue
|-2.220E-04

-2, 310E-04
-2.150E-04
-1.860E-04
-1.480E-04

Modal Damping

Damping for all Modes 0.05
Damping Override Dptions
" Specify Modal Damping Dwerrid

t* Mo Damping Overides/Delete/Overides

History Case

Options

AnalysisType Modal Damping I odifydShow. .

m Murnber of Dutput Time Steps '3@37
e Output Time Step Size '17
Start from Previous Histomy I—LI

Delete Histary

| -
—>
Load Azsignments
Laoad Function Scale Factar Arrival Time Angle
accdi1 = |[TPassPOF ~|[0.9e
acc dir 2 TPASSPORT [0.981
M adify Delete
(1] | Cancel |
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Run the analysis and various curves is shown from Display > Show Story Response Plot

Display
[1 Show Undeformed Shape
Show Loads »

FT show Deformed Shape. ..
ﬁ Show Mode Shape...
H Show Member Eorces/Stress Diagram »

i{ Show EnerguMirtual \Wark Diagram. .

Show Sk

sponse Plaks, ..

Show Tables...

m Story Forces/Response for Lateral Loads

File

Story Number

Stary 5

Storny 4

Story 3

Stony 2

Storp 1

B aze I
0.00E+00 202E-04 4.04E-04 £.06E-04 8.08E-04
Maximum Story Drifts
| Stary1 | 0.0005343

Additional Mates for Printed Output

Dizplay I

Done

ETABS-17

Set Story Range

STORYS -
Bottom Stary | BASE -
Shov Al

Static Loads/Response Spectra

Top Stary

Case

Plat Digplay Colorz

Glabal #-Direction  Calor

Globalv-Direction Color [N
Show
r
~
" Diaphragm Ch Displacement
" Diaphragm Drifts
" Mamirmurm Stary Displacements
{* Mawmirurn Stary Driftz

Story Shears

Story Overturning Moments

B

Stony Stiffness
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Step 7: Design under Gravity and Seismic Load

Design is carried out using different combination. ETABS have facility to generate
combination as per IS 456-2000.

Define Load Combinations LS | E—

Combinations Click. to:

Add New Combo... |

Define
€ Material Properties. ..
Ifr']; Frame Sections...
E Wallislab/Deck Sections. ..
E . i
h Link Propetties. ..
Frame Monlinear Hinge Properties, ..

‘ Modify/Show Combo... |

Delete Combo |

Ok
Cancel

Diaphragms. ..

Section Cuts. ..

Load Combination Data

E Response Spectrurn Functions. ..
Ah] Time Hiskory Functions. ..

Load Combination Hame DCOM2

[i.;" Static Load Cases. ..
[~ Response Spectrum Cases. .,

@ Time Hiskory Cases. .. Load Combination Type |-E-DD

Skatic MonlinearPushowver Cases., .,
D efine Combination

Add Seguential Construckion Case

L Case Mame Scale Factor
+E Load ':I:Irl'llgirlEltil:lrIS. o DEAD Static Load L
: ECQI> Static Load -1.5
&dd Defaulk Design Cambos. . FF Statis | oad 09
Conyert Combos ko Monlinear Cases., .,
Special Seismic Load Effects, ..
@ Mass Source...

Select assigning combination for Design from Design > Concrete Frame Design > Select
Design Combination
Design

Steel Frame Design

I

B N Concrete Frame Design
T Composite Beam Design elect Design Camba, .,
5

Steel Jnist Design
E Shear Wall Design

Display Design Info...

Yerify Bnalysis vs Design Section. ..

Reset All Concrete Overwrites, .,
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Design Load Combinations Selection

Chooge Combos

List of Combos Design Combos
DCOMZ DCEOMT -
DCOMZ20 DComM10
DCOM3 Add -» DEOMM
DCOM4 DCOmM12
DCOMG DCOM13 E
DCOME DCOM14
DCOMT DCOmM1S
DCOME = DCOMTE
DCOMA DCOMT?

DCOmM1E ~

Ok, | Cancel |

Design is carried out from Design > Concrete Frame Design > Start Concrete Design

Design
T steel Frame Design »  Select Design Combao...

8 Concrete Frame Design

? Composite Bearn Design
&5 Skeel oist Design
E Shear Wall Design

Skart Design/Check of Structure

Inter active Concrete Frame Design

Display Design Info...

Yerify Analysis vs Design Section, ..

Reset All Concrete Owerwrites, ..
Delete Concrete Design Resulks. ..

Various results in form of percentage of steel, area of steel in column beam is shown from
Design > Concrete Frame Design > Display Design Information

Display Design Resulis .

* Design Output | Rebar Percentage j

Longitudinal B einforcin

£ Design Input Shear Reinfarcing
Caluran P-#-M Interaction B atios
Beam/Column Capacity B atiog

ok, |Column/Beam Capacity Ratios

eneral Renfarcement Details
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A B C D
0.29%.00%.29%  0.29%0.00%.29% 0.29%.00%.29% 0.299%.00%.29%  sToRYSs
0.29%.29%.29% | 0.29%.29%.29% 0.29% 299, 29% 0,299, 29%, 29%
il il # # #
= = = = =
(=] = = = =
0.29%.29%.29% | 0.29%0.29%.29% 0.29%.29%.29% 0.299%.29%.29% | sTORYA4
0.29%.29%.29% | 0.29%.29%.29% 0.29% 299, 29% 0,299, 29%, 29%
il il # # #
= = = = =
(=] = = = =
0.29%.29%.29% | 0.29%.29%.29% 0.29%, 290, 29% 0.29%.29%.29% | sTORY3
0.29%.29%.29% | 0.29%.29%.29% 0.29% 299, 29% 0,299, 29%, 29%
il il # # #
= = = = =
=] [=] [=] [=] [=]
0.29%.29%.29% | 0.29%.29%.29% 0.29%, 290, 29% 0.29%.29%.29% | sTORY?Z
0.29%.29%.29% | 0.29%.29%.29% 0.29% 299, 29% 0,299, 29%, 29%
il il # # #
2 2 = = =
L) = = =
0.30%.29%.31% |N\0.29%.29%.29% | 0.29%9.29%.29% | 0.31%.29%.30% |sToRY1
L 0.29%), 29%.29% \ESHE. 2999, 29 %, 0.29% 299, 29% 0,299, 29%, 29%
r il # # #
b, = = = =
(=] (=] (=] (=]
] [=] [=] [=] [=]
BASE
O x oh m nu]
0.30% 0.29% 0.31%
0.29% 0.29% 0.29%
= S
[=] =
o a3
=y [=]
M
(mm] > X [mm]
Select any beam member and left click to shown below figure
Concrete Beam Design Information {Indian IS 456-2000)
Story STORYT SectionMame 300450
Beam [E16
COMEQ STATION TOF EOTTOM SHEAR.
I Lac STEEL 5TEEL STEEL
LCON1S 2.500 o.o0oo 0. o000 0. 000 -~
LCON1S 2.970 o.o0o00 0. o000 0.000
LCON1S 3.440 o.o0o00 0. o000 0.000
DCON1S 3.910 o.o0o00 0. o000 0.000
DCON1E 4,380 0.000 0.000 0.000 =
DCON1E 4 0.000 aon (n[u]a] b

Owenwrites

Surmnnary I FIe:-:.DetaiIsI ShearDetaiIsI

Envelope I

[ox ]

Cancel I
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Flexure detailing of beam element is shown in Figure

™ Concrete Design Information Indian IS 456-2000
File:

Indian IS 456-2888 BEAM SECTION DESIGN Type: Ductile Frame Units: HH-m ({Flexural Details)

Lewel x| STORYA L=5.86848
Element x| B16 D=8.458 B=08.308 bf=@_3080
Section ID : B3POX4SO ds=0. 0888 dct=0.848 dcbh=8. 848
Combo ID :| DCOH1E E=2%00808080. a8 fc=25000. 088 Lt.Wt. Fac.=1.888
Station Loc : 4.858 fy=415000.000 fys=415000.06808
il
Gamma{Concrete): 1.588
Gamma{Steel) : 1.158

FLEXURAL REIHFORCEHWEWT FOR HMOMEWT, H3
Required  +veMoment -veMoment RegularMin SeismicHin

Rebar Rebar Rebar Rebar Rebar
Top (+2 Axis) 4._241E-B4 B.888 4 241E-084 3.984E-84 3 .90LE-84
Bottom (-2 Axis) 3.904E-04 5.967E-85 8.868 3.904E-84 3 .904E-84
Design Moments, Hu3d
Design Design
+yeloment]| -weMoment
8.757 -59.1086

Shear detailing of beam element is shown in Figure

™ Concrete Design Information Indian IS 456-2000
File

Indian IS 456-2808 BEAM SECTION DESIGH Type: Ductile Frame Units: KNH-m ({Shear Details)

Level : STORYA L=5.86808
Element : B16 D=8.450 B=8.30808 bf=8.388
Section ID :| B3068X458 ds=8.888 dct=0.848 dcbh=0.848
Combo ID : DCOH18 E=2500880800. 088 fc=250080. 0848 Lt.Wt. Fac.=1.8688
Station Loc :| 4.85%0 fy=4158080. 088 fys=4150800. 088
Gamma{Concrete): 1.5088
Gamma({Steel) = 1158
SHEAR DESIGH FOR U2,U3 3

Rebar Design Design

Asuyss Uu Pu

3.325E-84 643908 8. 888

Design Forces
Factored Capacity
Uu Up
46491 33.891

Capacity Homent {(Left)
Long.Rebar Long.Rebar Cap.Moment Cap.MHoment
As{Bot) As(Top) Mpos Mneg
3.9084E-84 4_@35E-|A4 Sh_ 670 5&.398

Capacity HMoment (Right)
Long.Rebar Long.Rebar Cap.Moment Cap.Homent

As{Bot) As{Top) Mpos HMneq
3.984E-84 4 _Z241E-B4 55.398 59.1846
Design Basis
Lt .Wt.Reduc Strength Strength Area
Factor fu fck Ag
1.866 4158680.868 250060.0808 A.135
Concrete Capacituy
Conc.Area Tensn.Rein Ast Allowable Allowable CompFactor DepthFactr Strengh
AcC Area Ast % TauC{HPa) Taul Delta k Factor
8.123 3.984E-B4 a.317 A.395 395 .831 1.8688 1.6888 1.0888
Shear Rebar Design
Design Stress Conc.Cpcty Uppr.Limit RebarArea Shear Shear Shear
Uu 1] vc uymax Asu/s Uc Us un
64_ 390 523 .407 395,831 3186.888 3 .325E-84 L8 _ 589 492680 o7 .789
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Concrete Column Design Information (Indian IS 456-2000) ]l

Stary STORYT Section Mame IC300:4450
Calirnn |E'I

COMED ATATION  LONGITUDINAL MAJOR SHEAR MINOR SHEAR

In LOC EREINFORCEMENT EREINFORCEMENT EREINFORCEMENT
DCON1S 0.000 0.00l 0.0on0 0.0on0 s
DCON1S 1.375 0.00l 0.0on0 0.0on0
DCON1S 2.750 0.00l 0.0on0 0.0on0
DCOW20 0.000 0.00l 0.0on0 0.0on0
DCOW20 1.375 0.00l 0.0on0 0.0on0
h
Owenmrites |mteraction Summary | ShearDetaiIs| B/C Detailz Envelope

] 4 | Cancel |

Pu-Mu interaction curve, Flexural detailing, shear detailing and beam/column detailing is
shown in figure.

Interaction Surface for section C300X450 (Indian IS 456-2000)

Edit
P b3 b2
1 1422 3735 0 0 -\\
2 <1357 8333 237262 0 }
3 -1189 6562 40,415 0 /
4 10151306 b 2717 0 o
5 8347131 59,2889 0
g -650, 2563 61,2191 0
7 509 5157 57 4622 0
8 -363 5744 h0.2178 0
9 2184327 A7.8615 0
10 -40 0338 18 5262 0
11 97,4248 0 0
12 3D Wiew
13 =
14 275 - Plan 3d | MM
15
16 25 g Elevation P3| P2
17
Curve 1
Ange D CIKICAC __ Done_|
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M concrete Design Information Indian IS 456-2000

File

Indian IS 456-20888 COLUMH SECTION DESIGH Type: Ductile Frame Units: KH-m ({Flexural Details)

Level : STORYA L=3.2@88
Element HELH | B=8.458 D=8.388 dc=8. 845
Section ID : C3BBX458 E=250008008.08 fc=250008. 080 Lt.Wt. Fac.=1.888
Combo ID : DCOHZA@ fy=415086.008 fys=L415860.080
Station Loc : 2.758 RLLF=8.9683
Gamma{Concrete): 1.588
Gamma{Steel) : 1.15@ . =
2 - }—
AXIAL FORCE & BIAXIAL MOMENWT DESIGH FOR PU, MZ, H3 . . .
Rebar Rebar Design Design Design
fArea % Pu Mu2 Mu3
8.8 8.8808 178.238 -5 .726 -11.838
Factored Biaxial HMoments
Hon-Sway Sway Factored
Hns M= Hu
Hajor Bending{M3} 3.896 —14.236 -18.348
Hinor Bending{M2) 2.847 -7.579 —4.733
Slenderness Effects and Minimum Biaxial HMoments
EndMoment = EndHoment Initial Additional Hinimum Hinimum
M1 M2 Homent Homent Moment Eccentrcty
Major Bending(M3) 3N .916 -18.348 15,814 1.408 2.365 a.828
Minor Bending({M2) 25.97/1 -4.733 13.689 8.994 2.424 a. 821
Biaxial Lengths and Length Factors
K L
Factor Length
Major Bending({M3) 1.888 2.7508
Hinor Bending({M2) 1.08a 2.75@

m Concrete Design Information Indian IS 456-2000
File:
Indian IS 456-28688 COLUMH SECTIOH DESIGH Type: Ductile Frame Units: KH-m ({Shear Details)

Level : STORYA L=3.2488
Element HELH | B=8.458 D=8.3088 dc=0. 845
Section ID : C3BBX4SA E=25000800.80 fc=25000.008 Lt.Wt. Fac.=1.0888
Combo ID : DCOMZB fy=415080. 0008 fys=4150800.068 . .
Station Loc : 2.759 RLLF=8.983
3 - |—
Gamma{Concrete}): 1.5688
Gammaf{ Steel) : 1.1%8 * * *

SHEAR DESIGH FOR V2,03

Rebar Design Design Shear Shear Shear
Asu/s Uu Pu Uc Us Un
Hajor Shear{U2} 8.6880 24 674 257 .451 66 .938 a.688 h6.938
Hinor Shear{U3) 8.880 23.918 257 .451 68 .846 8.888 68846

Design Forces
Factored Factored Capacity

Uu Fu up
Hajor Shear(U2) 19.955 118.238 24 674
Minor Shear{U3) 14 . 477 118.238 23.918

Capacity Shear
Shear Long.Rebar Long.Rebar Cap.Homent Cap.HMoment Cap.Moment Cap.Homent
Up As{Bot) As{Top) MposBot MnegTop MnegBot MposTop

Hajor Shear(U2) 24,674 8.800 8.800 41.183 41.183 41.183 41.183
Minor Shear{U3) 23.918 6.800 6.800 63.981 63.981 63.981 63.981
Design Basis
Shr Reduc Strength Strength Area
Factor fuy fck Ag
1.800 415080.800 25000.000 8.135
Concrete Shear Capacity
Conc.Area Ast Allowable Allowable CompFactor DepthFacty Strengh
fic % TauC{HPa) TauC Delta k Factor
Major Shear{u2) 8.115 8.471 B.475 474786 1.229 1.0688 1.0888
Hinor Shear(U3) 8.122 .44y B8.461 461.111 1.229 1.0688 1.0888
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Step 8: Performance based design using pushover analysis

Design is carried out as per IS 456-2000 than select all beam to assign hinge properties from
Assign > Frame/Line > Frame Nonlinear Hinges command

Assign

Framez/Lins

*0 Sroup Mames...

Clear Display of Assigns

Frame MonLinear Hinges. ..

Pier Label. ..
Spandrel Label. ..

Moment and shear (M & V) hinges are considered for beam element and axial with biaxial
moment (P-M-M) hinges are considered for column element as shown in Figure

ik it S—

Frame Hinge Diata Frame Hinge Data

Hinge Property Relative Distance Hinge Property Flelatlve Distance

Drefanilt-Pha b4

Add
Default-r3 1. Diefault-Phb
Defaultvz 0. o
Defaultv2 1. Modify M adify
Delete Delete

ok | Cancel ok | Cancel |

. o tingeFraperty ataor > SroRve3 poam ]
Frame Hinge Property Data for B10-STORY1-H1 - M3 L .

Paint toment/SF Fiotation/SF
. . E- 0z -0.025
Paint toment/SF Ratation/SF - 0.2 -0.015
E- 02 -0.035 53 -1.1 -0.015
] E- = 0.
D- 0.2 002 r i} o
G 1.1 -0.02 E 1. 0.
B- q i} C 1.1 0.015
8] 0.2 0.015
4 u. 0. E 0.z 0.025
B 1. 0. ——
C 11 0.0z Secaling for Maoment and R otation
. . Positive Megative
D 0.2 0.02 ic r Moment SF | |
E 0.2 0.035
- Rotation SF | [
Scaling for Moment and Fotation Acceptance Criteria [Plastic Rotation/SF) = =
Pagitive Hegative Positive licasive
| | Immediate Ocoupancy | |
r NETEBE? Life Safety [ [
| Fiotation SF | | Collapse Prevention | |
Acceptance Criteria [Plastic Rotation/SF) #wial Load - Displacement Felationship
Pozitive Megative D efinesShow Interaction. I

i (* Proportional to Moment - Rotation

" Elastic - Perfectly Plastic
Cancel

Immediate Occupancy |

Lie Safety [ |

Callapse Prevention | |
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Defining static nonlinear load cases from Define > Static Nonlinear/Pushover command.
For push over analysis first apply the gravity loading as PUSHDOWN shown in Figure and
subsequently use lateral displacement or lateral force as PUSH 2 in sequence to derive
capacity curve and demand curve as shown in Figure. Start from previous pushover case as
PUSHDOWN for gravity loads is considered for lateral loading as PUSH 2.

Static Nonlinear Case Data

Static Monlinear Caze Mame |F'USHDD\.-\-"N
Optiong
= Load to Level Defined by Pattern Minimum S aved Steps I'li
" Puszh to Digp. kMagnitude b axirmum Hull Steps |507
d tdamimum Total Steps 200
b4 onitar l—_l Ii ’Wl b aximum [terationsStep Imi
Start from Previous Case ’—_l Iteration Tolerance IW
v Sawve Positive Increments Only Event Tolerance IDD‘Ii
tember Unloading Method Geometnc Monlinearity Effects
|L|n|c|ad Entire Structure j F-Delta j
Load Pattern Active Structure
Load Scale Factor .-’-'-.c:tl'-.-'e Group
|FF ] |1 Stage

DEAD
LIVE bd adify
Fodify
Insert
Delete
Delete

[ Loads &pply to Added Elements Dnl_l,l

Ok, I Cancel |

Pushdown a gravity load cases

Static Nonlinear Case Data

Static Nonlinear Case Mame |PUSHZ
Options
" Loadto Level Defined by Pattern Minimum S aved Steps 10
f* Puszh to Dizp. M agnitude Imi M aximurm Mull Steps |5E|7
v Uszz Conjugate Displ. for Contral M aximum Total Steps 200
b aritar ,@ ’7 IW' b aximum Ikerations/Step Imi
Start from Previous Caze l—_l Iteration Talerance IW
v Sawe Positive Increments Only Ewent Tolerance IDD'Ii
tember LUnloading kethod Geometric Monlinearity Effects
|L|n|u:|ad Entire Structure ﬂ |F'-Delta d
Load Pattern Active Structure
Load Scale Factor Active Grouo

[E@= = Stage  [all <]

bd odify : modh
Delete M
Delete

[ Loads Apply to Added Elements Only

Ok | Cancel |

Push?2 lateral load cases
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Run the Pushover analysis from Analysis > Run Static Nonlinear Analysis command.

Analyze
Set Analysis Options. ..
¥ Run Analysis FS

ﬁp Run Construction Sequence Analysis

v

"9 F.un Skatic Monlinear anal

Review the pushover analysis results from Display > Show Static Pushover Curve
command.

PUSHOVER CURVE - CASE PUSH2 (N

Fil=

Displacement

Static Monlinear Case PUSHZ -

Flot Type
i Resultant Base Shear vs Monitored Displacement
.§ i~ Capacity Spectrum Color
3
=4
g os |
[==] ’7
v .
TR L e e 3 [ |
25 BO. F5 1000 1250 1500 175 200, 225 26800 <10
Cursor Lozation [1.787E-01 . 15.21) ra
FPerformance Paint [+.0] i
Performance Point [Sa.5d) | |
Performance Paint [T eff, Beff]
Additional Notes for Printed Output ,7
| 'S ' 'S 'S
Override Axiz Labelz/Range... | Reszet Default Colors |
| Dizplay Dake
MIPUSHOVER CURVE 25|
File
Step Displacement Base Force A-B B-I0 ID-LS LE-CP CP-C C-D D-E E TOTAL
0 0.0000 0. 0000 818 2 L] 1] 0 1] 1] 0 820
1 0.0200 459.9547 190 70 L] 1] 1] 1] 1] 0 20
2 0.0381 T18.15%16 132 [i1i] L] 1] 1] 1] 1] 0 820
3 0.0427 G16.5428 714 106 L] 1] 1] 1] 1] 0 §20
4 00478 §45. 0795 [Tt} 94 38 1] 1] 1] 1] 0 &20
5 D.0831 936.7935 6E6 88 46 1] 1] 1] 1] 0 &20
6 0.0862 939.7776 672 32 50 66 1] 1] 1] 1] 820
1 0.151%& 965. 8489 660 42 18 100 1] 1] 1] 1] 820
8 0.1896 97,9493 654 46 4 112 1] 4 1] 1] 820
9 0.2188 279, 0762 694 16 L) 112 1] 1] 1 0 20
10 0.215% 919, 1o 86 6943 1] L) 112 1] 1] 1 0 820
11 0.220%8 935.445% 694 E1] L) 108 1] L L) 0 §20
12 0.2234 944.1318 654 46 4 L1 1] 2 16 0 &20
13 0.1778 -173. 1125 820 1] L] 1] 1] 1] 1] 0 &20
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Capacity spectrum, demand spectrum and performance point are shown in Figure

PUSHOVER CURVE - CASE PU =

File

w3 Spectral Displacement

Spectral Acceleration / g

200 40, B0 0. 1000 1200 140 160, 180. 200 %103

Cursor Location
Performance Point [+.01)
Performance Paint [Sa,5d)

Performance Paint [T eff Beff]

Additional Motes for Printed Cutput

[1.587E-01 , 1.152E-02

Oweride Aszis Labels/R ange... |

Static Monlinear Casze PLSHZ -

Plat Type
" Resultant Baze Shear ve Monitored Displacement

{* Capacity Spectum Colar

Demand Spectum

Seismic Coefficient Ca ’157
Seizmic Coefficient Cv ’227
v Show Family of Demand Spectra Color N
Damping R atioz
|0.05 01 [015 |0.2
v Show Single Demand S pectrum Colar |
[Wariable Dariping)
v Show Constant Period Lines at Colar |
05 [1. [15 |2

Darnping Parameters

Inherent + Additional D amping 0.05

Structural Behawior Tupe

A B ~C O User

Reset Default Colors |

Dane |

E!PIJEHIJUEll CAPACITY/DEMAND COMPARISON 2
File
Step Teff Beff Sd{C) SaiC) Sd{D}) SaiD) ALPHR PF*i
L] o937 0o.050 0. oo 0. 000 0.051 0.235 1.000 1.000
1 o937 0o.050 o015 LU L 0.0%1 0.235 o821 1.299
2 1.034 0.09% 0. 030 o.112 0.047 o1 o821 1.280
3 1.000 0.117 0.034 0.118 0.046 0.162 0.821 1.274
4 1.116 0.141 o.038 on.122 0.045 0.146 0. %20 1.268
5 1.406 n.232 0. 067 0.136 0.048 n.097 0.8%16 1.247
1 1.432 n.237 0. 069 0136 0.04%8 0. 094 0. 818 1.246
T 1.928 n.292 o.124 0.134 0.0%9 0. 064 0. 853 1.229
] 2.150 0.309 0. 154 0.131 0. 066 o.057 0. 858 1.230
9 2,307 0.318 0.178 0.135 0.07r1 0.053 0.860 1.230
10 2.385 0.331 o.178 0n.126 0.073 n.052 0. 862 1.228
11 2,317 0.333 o.18%0 0n.128 0.073 n.052 0.863 1.228
12 2.382 0.334 0. 182 o.129 0.073 on.052 0. #6d 1.227

Show the deform shape from Display > Show Deform shape

At various stages hinge formation is shown with change the

value in step box. Step 4 is shown in this Figure.

Deformed Shape S | S

Load

Step

Scaling
O Auto

{* Scale Factor 10.

[+ Cubic Curve

Ok I Cancel |
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llustrative Example

For the illustration purpose the data is taken from SP 22 for analysis of a 15 storey RC

building as shown in fig. 1(a). The live load on all the floors is 200 kg/m? and soil below the

building is hard. The site lies in zone V. All the beams are of size 40 x 50 cm and slabs are 15

cm thick. The sizes of columns are 60 x 60 cm in all the storeys and wall alround is 12 cm
thick.
Analysis of the building

(a)

(b)

Calculation of dead load, live load and storey stiffness: Dead loads and live loads at each
floor are computed and lumped. Stiffness in a storey is lumped assuming all the columns
to be acting in parallel with each column contributing stiffness corresponding to K. =
12EI/L?, where I is the moment of inertia about bending axis, L is the column height, and
E the elastic modulus of the column material. The total stiffness of storey is thus ZK.
The lumped mass at all floor level is 52.43 (t-sm) and at roof level is 40 (t-sm). The
values of I, K. and 2K, for all the floors / storeys are 1.08 x 10°® cm*, 9024 t/m and
180480 t/m, respectively. The value of modulus of elasticity of column material
considered is 1880000 t/m?.

For undamped free vibration analysis the building is modeled as spring mass model. As
the building is regular one degree of freedom can be considered at each floor level. Total
degrees of freedom are 15. So mass and stiffness matrix are having size 15 x 15 given as
in Table 1.

Table 1: Stiffness and mass matrix

Stiffness matrix [K] Mass matrix [m]
360960 -180480 0O 0000000000CO0CO 524300000000000000
-180480 360960 -180480 000000000000 052430000000000000
0-180480 360960 -180480 00000000000 005243000000000000
0 0-180480 360960 -180480 0000000000 00052.4300000000000
00 0-180480 360960 -180480000000000 000052.430000000000
000 0-180480 360960 -18048000000000 0000052.43000000000
00000-180480 360960 -1804800000000 000000524300000000
000000-180480 360960 -180480000000 000000052430000000
0000000-180480 360960 -18048000000 000000005243000000
00000000-180480 360960 -1804800000 000000000524300000
000000000-180480 360960 -180480000 000000000052.430000
0000000000-180480 360960 -180480 00 0000000000052.43000
00000000000-180480 360960 -180480 0 00000000000052.4300
00000000000 0-180480 360960 -180480 000000000000052.430
000000000000 0 -180480 180480 0000000000000040.00
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The first three natural frequencies and the corresponding mode shape are determined
using solution procedure of Eigen value problem i.e. Det([k] - o® [m]) = {0}. Time periods
and mode shape factors are given in table 2.

(c) The next step is to obtain seismic forces at each floor level in each individual mode as per
IS 1893. These calculations are shown in Table 3.

Table 2. Periods and modes shape coefficients at various levels for first three modes

Mode No. 1 2 3
Period in seconds | 1.042 0.348 0.210
Mode shape coefficient at various floor levels
YL 0.037 0.108 0.175
L 0.073 | 0.206 | 0.305
o3 0.108 | 0.285 | 0.356
L 0.143 0.336 0.315
5" 0.175 | 0.356 | 0.192
oe” 0.206 | 0.342 | 0.019
" 0.235 |0.296 | -0.158
g 0.261 | 0.222 -0.296
g 0.285 | 0.127 -0.355
1o 0.305 |0.019 | -0.324
11 @ 0.323 | -0.089 | -0.208
b1z @ 0.336 | -0.190 | -0.039
13 0.347 | -0.273 | 0.140
14 @ 0.353 | -0.330 | 0.283
15 0.356 -0.355 | 0.353

As per clause 7.8.4.4 of 1S 1893, if the building does not have closely spaced modes, the peak
response quantity due to all modes considered shall be obtained as per SRSS method. In this
example as shown below, the frequencies in each mode differ by more than 10%, so building
is not having closely spaced modes and so, SRSS method can be used.

Mode | Time period Natural frequency 2t/ T
1 1.042 6.03

2 0.348 18.06

3 0.210 29.92

The comparison of storey shear using SRSS method and CQC method is shown in table 3.

As per clause 7.8.2 of IS 1893 the design base shear (Vg) shall be compared with base shear -

(V) calculated using a fundamental period Ta . When Vg is less than Vg, all the response
quantities (e.g. member forces, displacements, storey forces, storey shear and base reactions )
shall be multiplied by Vg/Ve.
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For this example

Ta=0.075 h %" for RC frame building

Ta=0.075 (45)*"° = 1.3031 sec

For hard soil Sa/g = 1.00/T, = 1/1.3031 = 0.7674

Ve =An W

W =514.34 x 14 + 392.4 = 7593.16 t

An=(Z1S)/(2RQ)

Z =0.36 (for zone V)

1=1.0

R = 5.0 (considering SMRF)

An=(0.36 x 1 x0.7674) / (2 x 5.0) =0.0276

Base shear Vg = 0.0276 x 7593.16 = 209.77 t

Base shear from dynamic analysis Vg = 229.9 t

So, Vg >VB, response quantities need not required to be modified.
The storey shear distribution along the height is shown in fig. 1 (c).

Table 3: Calculation of Seismic forces

Floor |Weight|  Mode coefficients Wik Widi?
No. | Wi(t) | ¢, G2 | dis | Wi | Wid | Wids | Widn? | Widi® | Widia®
1 |514.34| 0.037 | 0.108 |0.175| 19.030 | 55.548 | 90.009 | 0.704 | 5.999 | 15.751
2 1514.34| 0.073 | 0.206 | 0.305| 37.546 |105.953|156.873 | 2.740 | 21.826 | 47.846
3 [514.34| 0.108 | 0.285 | 0.356 | 55.548 |146.586| 183.104 | 5.999 | 41.777 | 65.185
4 |514.34| 0.143 | 0.336 | 0.315| 73.550 [172.817|162.016 | 10.517 | 58.066 | 51.035
5 1514.34| 0.175 | 0.356 |0.192 | 90.009 |183.104| 98.752 |15.751 | 65.185 | 18.960
6 [514.34| 0.206 | 0.342 |0.019 |105.953|175.903| 9.772 [21.826|60.159 | 0.185
7 1514.34| 0.235 | 0.296 |-0.158|120.869|152.244| -81.265 |28.404 | 45.064 | 12.839
8 [514.34| 0.261 | 0.222 |-0.296|134.2421114.183|-152.244|35.037 | 25.348 | 45.064
9 1[514.34| 0.285 | 0.127 |-0.355|146.586| 65.320 |-182.590(41.777 | 8.295 | 64.819
10 |514.34| 0.305 | 0.019 |-0.324|156.873| 9.772 |-166.645/47.846| 0.185 | 53.993
11 |514.34| 0.323 | -0.089 [-0.208|166.131|-45.776 |-106.982|53.660| 4.074 | 22.252
12 |514.34| 0.336 | -0.190 [-0.039|172.817|-97.724 | -20.059 | 58.066 | 18.567 | 0.782
13 |514.34| 0.347 | -0.273 | 0.140|178.475|-140.414| 72.007 |61.930| 38.333 | 10.081
14 |514.34| 0.353 | -0.330 | 0.283|181.561|-169.731| 145.557 | 64.091 | 56.011 | 41.192
15 1392.40| 0.356 | -0.355 | 0.353|139.694|-139.301| 138.517 | 49.731| 49.452 | 48.896
Total 1778.890 588.486 | 346.824 |498.085|498.346|498.886
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Mode 1 Mode 2 Mode 3
Mode participation factor Py = ¥ Widi / = Wi(ik2 3.571456 1.180878 | 0.695197
Modal mass Mk = (( Wi(ik)2/ ( Wi(ik2 6353.23 694.91 241.37
% of total mass = Mk / ( Mk 83.67 % 9.15 % 3.18 %
Time Period (TK) 1.042 Sec | 0.348 Sec | 0.210 Sec
Sa/g 0.9596 2.5 2.5
Z=0.36 (zone V), 1 = 1.0,
R =5.0, Hard soil
Design horizontal spectrum value Ak = (Z 1 Sa) / (2 R g) | 0.0345456 | 0.09 0.09
Base Reaction 219.44 62.54 21.72
Table 3: Calculation of Seismic forces (Continued)
Floor Qi = Adik PWi; Vic= 2 Qi Combination of storey shear
No. Qil Qi2 Qi3 Vil Vi2 Vi3 SAV SRSS CQC
1 [2.348 5903 |5.631 |219.497 |62.543 [21.699 |303.741 |229.263 229.911
2 146328 (11260 |9.815 [217.149 |56.640 |16.068 [289.857 [224.989 |225.523
3  16.854 15579 |11.456 [212.516 |45.379 |6.253 |264.148 [217.397 |217.745
4 19.075 18.366 |10.137 |205.662 [29.800 |-5.203 |240.665 [207.875 |208.027
5 11106 |19.460 |6.178 |196.586 |11.433 |-15.340 [223.360 |197.515 |197.521
6 |13.073 |18.694 |0.611 |185.480 |-8.026 |-21.519 |215.026 |186.897 |186.828
7  |14.914 16180 |-5.084 [172.406 |-26.721 |-22.130 |221.258 |175.863 |175.763
8 [16.564 |12.135 |-9.525 [157.492 |-42.901 |-17.045 |217.440 [164.119 |163.973
9 [18.087 16.942 |-11.424[140.928 |-55.037 |-7.520 [203.486 |151.481 [151.230
10 ]19.356  [1.038  |-10.426 [122.841 |-61.979 [3.903 [188.724 |137.646 [137.233
11 20498 |-4.865 |-6.693 [103.484 |-63.017 |14.330 [180.833 |122.007 [121.423
12 21.323  |-10.386 |-1.255 [82.985 |-58.152 [21.024 [162.162 |103.491 [102.803
13 22.022  -14.923 4505 [61.661 |-47.766 |22.279 [131.707 |81.118 80.450
14 22402 -18.038 9.107 [39.639 |-32.843 [17.773 [90.257 |54.460 53.949
15 |17.236  |-14.804 |8.666 [17.236 |-14.804 |8.666 |40.708 |24.318 [24.075
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Above mention 15 storey example solved in ETABS is describe follow:
(1) Generate model: Material properties are assign as per Indian Code. Beam, column and slab

are define as per given above dimension. 3D model of 15 story building is shown in Fig. 2.
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Fig. 2 3D model of 15 storey building
(2) Static analysis load case: Loading parameters are defined as per Indian Code as shown in Fig.
3 and 4. Consider dead load and live load as a gravity load in vertical downward direction
and earthquake load as lateral load in horizontal direction. Earthquake load is defined as per
IS 1893-2002.

Define Static Load Case Names —_

bodify Lateral Load...

EQY QAEE ] 151853 2002

Loads Click To:
Self Weight Auto
Load Type Multiplier Lateral Load Add Hew Laad |
[EC juake  ~|Jo 151893 2002~ T
DEAD DEAD 3
LIVE LI*E 0 |

Delete Load

Cancel

Fig. 3 Define static load case
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Ciirection and E ccentricity Seizmic Coefficients
= Dir = v Dir Seizmic Zone Factor, =
" » Dir+ Eccen™ % Dir + Eccen > 036 -
" = Dir- Eccen™' N Dir - Eccen >
i Uszer Defined
Soil Type | -
g Importance Factor, | 1.
Time Period
7 Approximate
= Program Calc
" Uszer Defined
Story B ange
Tap Stam STORY1S -
Eottom Storyg BASE -
Factors Cancel
FReszponse Reduction Factor, R |5

Fig. 4 Define a seismic loading as per 1S: 1893-2002
(3) Dynamic analysis: IS 1893 response spectrum curve for zone V is shown in Fig. 5. The
damping value of 5% is specified to generate the response spectrum curve. The scale factor
of 9.81 (i.e. g) is assigned as shown in Fig. 6.

Response Spectrum 151893:2002 Function Definition L Response Spectrum Case Data
Function Damping Fiatia
Function Name 151833 0.05 Spectrum Case Name 151893
Parameters Define Function Structural and Function D amping
Seismic Zone Factor. 2 0.3 Period Acceleration Damping nns
Sail Type 1 - S — Modal Combination
01 09 & COC ¢ SASS ¢ ABS ¢ GMC
04 £||03 F eS| I I
06 0
08 045 NEE|
1 03 Directional Combinatian
1.2 03
1.4 0.2571 = SRSS
Corvvert 1o User Defined e - A - = o —
Function Graph ¢ Modified SRSS [Chinese 1
Input Response Spectra
; Direction  Function Scale Factar
THE u1 [151893 - [o.9a1
T
vz |is1es3 - [oset
uz | Jv |
Excitation angle 0.
i Eccentricity
Ece. Ratio (&1l Diaph.) O
Display Graph 5000 Overide Diaph. Eccen. Override
Cancel ok ] Cancel |

Fig. 5 1S 1893 response Spectra Graphs Fig. 6 Response Spectra Case Data

(4) The design acceleration time history for passport office site is given as input in Define menu
> Time History Function. The time history load cases are defined from the Time History
Cases option as shown in the Fig. 7. The acceleration time history of Passport office site as

defined in ETABS is shown in Fig. 8.
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Functions Choose Function Type to Add History Cases Click to:

[Sine Function 1 Add Mew History.. |

Click to: MModify/Showe History. . |

Add Mew Function... |

D elete Histary |

radifps/Show Function. . |

Cancel

Delete Function |

o ]

Cancel |

Fig. 7 Time History Options

Tirme History Function Definmtion

[ = cticrn Mame IFPass
D =Ffilre Functicm
Time o ElLe
=N -2 =2=20e-0a
O.03 SZ. F10E -0
[=N=T=] -2 s0E -DOa
[=N=t=] -1 . =SE0E -Oa
(= -1 aS0E -0
(=0 =] -1 OS0E -O-d
(= E=] -2 S00E -0S
o= -9 S00E -0OS
[==F1 — |- =s0E-0a =
Function Grash
o e
HH
.....
|
1
}
e L
I
f
=
H |
1
-t
|
Cancel

Fig. 8 Time History Graphs

Time history case data is defined for simplicity of analysis. Number of output time steps is
300. Linear analysis case and two direction acceleration load case are considered. The scale
factor 9.81 i.e. gravitational acceleration (m/sec?) and 5% damping are defined as shown in

Fig. 9.

Modal Damping

Time History Case Data

History Case Name FaSSPORT D amping for all Modes [C.oH
Options Damping O verri de Options
AralysisTypo Modal Damping T ot 75 howe. ¢ Specify Modal Damping O-werri des
- . + Mo Damping Overides D elete Owerrides
Linear - Mumber of Output Time Steps 300
Modal Damping Overrid
Output Time Step Size [ EEE SR (RIS
Start from Previous Histon - =
[ =il
Load assignments
Load Function Scale Factor  Arival Time Angle
[acedii1  ~|[Pass ~|[o==
ace di 2 PaSS 0.981
ok | Cancel |
Add tModify | Delete |
ok | Cancel |

Fig. 9 Time History Case Data
(5) Mass source is defined in modeling as shown in Fig. 10. As per IS: 1893-2002, 25% live load

(of 200 kg/m?) is considered on all floor of building except at roof level.
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(6) In building, slab is considered as a single rigid member during earthquake analysis. ETABS

has a facility to create rigid diaphragm action for slab. For that, all slabs are selected first and

apply diaphragm action for rigid or semi rigid condition.
i Y 7
|:Mj| . S T
LIVE ns ﬁ
Delel: . L]\-\-\EJ
o La:;al Mal Slmyl:L:nv:: ®7|—_‘ =) £ =) i
Fig. 10 define mass source Fig. 11 Rigid diaphragm in plan
Results of Static and Dynamic analysis
I 1 1 T Y Y W
L W Y
(L T RN N N
| A W W LN
I ! | h L KN N . Y
L7 | [ | Vh R R | v !
(. | [ | R Y N
L [ | L Y
(. [ [ | ! [ A R,
[ 7 [ | 1 [ A
r r 7 ! 1 Y T |
I R N T T
Ny N N T AT Y [ W W
r S N N T A A R SN .
ErT 11 E~77 Sa v
1.1097 sec 0.3712 sec 0.2243 sec
Fig. 12 Time Period of different mode
Table 4 percentage of total seismic mass
Mode Period Ux Uy Uz
1 1.109689 836450 0.0000 0.0000
2 0.371229 91628 0.0000 0.0000
3 0.224343 32049 0.0000 0.0000
Table 5 Base reaction for all modes
Mode Dir Fi F2 F3
1 U1 2109.86 0.00 0.00
2 U1 £35.94 0.00 0.00
3 U1 22243 0.00 0.00
Al Al 2221.54 0.00 0.00
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Compare manual static and dynamic results with ETABS static and dynamic results

Table 6. Periods and modes shape coefficients at various levels for first three modes

Manual analysis ETABS Analysis
Mode No. 1 2 3 1 2 3
Period in seconds | 1.042 0.348 0.210 1.109 0.371 0.224
Mode shape coefficient at various floor levels
o 0.037 0.108 0.175 0.036 0.109 0.175
0" 0.073 0.206 0.305 0.073 0.206 0.304
3" 0.108 0.285 0.356 0.109 0.283 0.356
L 0.143 0.336 0.315 0.143 0.336 0.315
5" 0.175 0.356 0.192 0.175 0.356 0.195
6" 0.206 0.342 0.019 0.206 0.342 0.023
o 0235 |0.296 | -0.158 |0.234 |0.297 | -0.154
g 0.261 0.222 -0.296 | 0.261 0.224 -0.290
g 0.285 0.127 -0.355 | 0.283 0.129 -0.354
b0 0.305 0.019 -0.324 10.304 |0.023 | -0.327
by @ 0.323 -0.089 -0.208 | 0.322 -0.086 | -0.213
b2 @ 0.336 -0.190 -0.039 | 0.336 -0.186  -0.045
(13 (n 0.347 -0.273 0.140 0.345 -0.270 | 0.134
(14 (n) 0.353 -0.330 0.283 0.351 -0.327 | 0.277
(15 (n) 0.356 -0.355 0.353 0.356 -0.354 | 0.351

Table 7. Compare the time period, mass participation and base reaction

Mode Time period (sec) Pegsgtrﬁs Ic\);a'ggtal Base reaction (kN)
Manual | ETABS | Manual | ETABS | Manual | ETABS
1 1.042 1.109 83.67 83.64 | 2194.40 | 2109.86
2 0.348 0.371 9.15 9.16 | 625.43 635.94
3 0.210 0.224 3.18 3.20| 217.21 222.43
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Passport office Site

Static Analysis Dynamic Analysis Time History Analysis
Story No. Story Shear (kN) Story Force (kN) Story Shear (kN) Story Force (kN) Stor(yks)h ear Stozyks;a e

Manual ETABS | Manual | ETABS Manual ETABS Manual ETABS ETABS ETABS
15 303.55 325.46 303.55 325.46 243.10 252.87 243.10 252.87 114.15 114.15
14 650.00 673.89 346.46 348.43 544.60 545.14 301.50 292.27 250.58 136.43
13 948.73 974.33 298.73 300.44 811.10 801.74 266.50 256.60 378.82 128.24
12 1203.27 | 1230.33 254.54 256.00 | 1034.90 | 1015.87 223.80 214.13 495.44 116.62
11 1417.16 | 1445.43 213.88 215.10 | 1220.00 | 1191.48 185.10 175.61 598.18 102.74
10 1593.92 | 1623.21 176.76 177.78 | 1376.40 | 1338.91 156.40 147.43 686.07 87.89
9 1737.10 | 1767.20 143.18 143.99 | 1514.80 | 1468.49 138.40 129.58 759.32 73.25
8 1850.23 | 1880.98 113.13 113.78 | 1641.10 | 1586.46 126.30 117.97 819.05 59.73
7 1936.84 | 1968.09 86.61 87.11| 1758.60 | 1695.82 117.50 109.36 866.9 47.85
6 2000.48 | 2032.09 63.64 64.00 | 1868.90 | 1799.56 110.30 103.74 904.69 37.79
5 2044.67 | 2076.53 44.19 4444 | 197510 | 1901.64 106.20 102.08 934.11 29.42
4 2072.95 | 2104.97 28.28 28.44 | 2078.70 | 2003.54 103.60 101.90 956.48 22.37
3 2088.86 | 2120.97 15.91 16.00 | 2173.90 | 2099.83 95.20 96.29 972.71 16.23
2 2095.93 | 2128.09 7.07 7.12| 2249.80| 2177.58 75.90 77.75 983.34 10.63
1 2097.70 | 2129.86 1.77 1.77 | 2292.60 | 2221.55 42.80 43.97 993.82 10.48
0 2097.70 | 2130.00 0.00 0.00 | 2292.60 | 2221.60 0.00 0.00 993.82 0
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No. of Story
[#o]

Story Shear (kN)

Manual static story shear
----- ETABS static story shear
- = = Manual dynamic story shear
- - = ETABS dynamic story shear

--------- ETABS Tune lustory story shear
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TORSION ANALYSIS OF BUILDING
EXAMPLE: A four storeyed building (with load 300 kg/m?) has plan as shown in Fig. 1 and
is to be designed in seismic zone I11. Work out the seismic shears in the various storeys of the
proposed building. The foundation is on hard soil and importance factor is 1.0 (Data from
SP-22:1982)
As building is having height 12 m and is in zone 11, earthquake forces can be calculated by

seismic coefficient method using design spectrum.

(2) Lumped mass Calculation
Total weight of beams in a storey =27 x 7.5x 04 x05%x24=972 t
Total weight of columns in a storey = 18 x 3 x 0.4 x 0.6 x 2.4 =31.10t
Total weight of slab in a storey = (22.5 x 15 + 15 x 15) x 0.15 x 2.4 =202.5t
Total weight of walls = (22.5+15+75+30+15+15-6x0.6 -8 x0.4) x 0.2 x 3 x 2.0
=117.8t
Live load in each floor = (22.5 x 15+ 15x 15) x 0.3 x 0.25=42.18 t
Lumped weight at floor 1, 2 and 3 = Dead load + Live load
=(97.2 +31.10 + 202.5 + 117.8) + 42.18 = 490.8 t
Lumped weight at roof floor = Dead load
(97.2 + 31.10/2+ 202.5 + 117.8/2 ) = 374.17 t
Total weight of building W = 490.8 x 3 + 374.17= 1846.57 t
(b) Base shear calculation:
Base shear Vg = Ay W
An=(Z1S)/(2RQ)
Z =0.16 (Zone 1)
1=1.0
R =5 (considering SMRF)
T =0.075 x h*™
= 0.075 x 12°"° = 0.4836 sec
S.J/g = 1/0.4836 = 2.07
An=(0.16 x 1.0 x 2.07) / (2 x 5) = 0.033
Vg = 0.033 x 1846.57 = 60.94 t
(c) Shear force in various storeys

Calculation of storey shear distribution along height is shown in Table 1.
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(d) Calculation of eccentricity
Assuming mass is uniformly distributed over the area
Horizontal distance of center of mass
Xm= (15 x 22.5 x 7.5 + 15 x 15 x 22.5) / (15 x 22.5 + 15 x 15) = 13.5 m
Vertical distance of center of mass
Ym=(15x 225 x 11.25 + 15 x 15 x 7.5) / (15 x 22.5 + 15 x 15) =9.75 m
As columns are of equal size their stiffness are also same. So horizontal distance of center of
rigidity,
Xi=(4x75+4x15+3x225+3x30)/18=13.75m
Vertical distance of center of rigidity,
Y, =(5x75+5x15+3x225)/18=10m
Static eccentricity in X direction = e5j = X;— X, = 13.75-13.5=0.25m
Design eccentricity in X direction =1.5x 0.25+ 0.05x 30=1.875m

Or =025-15=-125m
Static eccentricity in Y direction = &5 = Y, - Y, = 10.00 — 9.75 = 0.25m
Design eccentricity in Y direction =1.5x 0.25+0.05x22.5=15m

Or = 0.25-1.125=-0.875m
The center of mass and center of rigidity and design eccentricity are shown in Fig. 2.
Total rotational stiffness Ip = Z(Ky y* + Ky x?)
K, = Stiffness of one column in X direction = 12 EI / L
=12 x 1880000 x (0.6 x 0.4%/12)/3% = 2673.78 t/m
K, = Stiffness of one column in Y direction = 12 EI / L®
=12 x 1880000 x (0.4 x 0.6%/12)/3% = 6016.00 t/m
Ky y* = 2673.78 x (5(10%) + 5(2.5%) + 5(5%) + 3(12.5%)) = 3008002.5
Ky x* = 6016.0 x (4(13.75%) + 4(6.25°) + 4(1.25%) + 3(8.75%) + 3(16.25%))

=11674799.0

I, =3008002.5 + 11674799.0 = 14682802.5
(e) Torsional due to seismic force in X direction
Torsional moment T at various floors is considering seismic force in X direction only is
shown in Table 3.

Torsional shear at each column line is worked out as follows using following equation:
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V= (T/lp) x Y x Ky
Kxx =5 x Ky (for column line 1, 2, 3)
= 3 x Ky (for column line 4)
Kyy =4 x Ky (for column line A, B, C)
=3 x Ky (for column line D, E)
Additional shear due to torsional moments in columns at various floor levels are shown in
Table 4.

(F) Torsional due to seismic force in Y direction

Torsional moment T at various floors is considering seismic force in Y direction only is
shown in Table 5.

Torsional shear at each column line is worked out as follows using following equation:

Vy = (T/lp) x X x Kyy

Additional shear due to torsional moments in columns at various floor levels are shown in
Table 6.

As per the codal provisions only positive values or additive shear should be considered. This

shear is to be added in to shear force resisted by columns due to seismic force in respective

directions. Y
§ i 4
E B ¥ B ¥ ] 3
o)
[q\]
[e\]
I
S
N ¥ % # -
®
o
l T . . » 1 X
A B C D E
!< 4@75m=30m——
Fig. 1 Example
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Fig. 2 Position of Center of Mass, Center of Rigidity and Design Eccentricities

D GRS

T
[}\ /r I’ 1

Fig. 3 Plan and 3D view of modeled building in ETABS

Table:1 Storey shear at various floors (manual)

Floor Wi t hi m Wihi2 Qi t Vit

1 4908 |3 4417.20 2.32 60.94

2 490.8 |6 17668.80 9.30 58.61

3 4908 |9 39754.80 20.93 |49.30

4 374.17 | 12 53880.48 28.37 | 28.37
1157212.80
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Table: 2 Storey shear (tone) from ETABS

Edit  Wiew
Floor | Weight | height | Storey
Story Load Loc P
Of eaCh Shear 4 STORY4 DLO25LL Top J570.30
Storey STORY4 DLO25LL B ottom 3881.34
STORY3 DLOZELL Top 844577
l 48755 300 5990 STORY3 DLO25LL B ottom 875681
2 48755 600 5766 STORYZ2 DLOZ25LL Top 13321.23
STORYZ2 DLO25LL B ottam C 136325
3 48755 900 4870 STORY1 DLO25LL Top 18196.70
4 388 13 1200 2854 STORY1 DLOZ25LL B ottom )‘ Ad5E07.74 >
18507.74 - 13632.27 =4875.5 kN (seismic
weight of first storey)
Set Storp Range
Story Humber
Story 4 Top Story STORY4  w
Bottom Story | BASE -
Sy & Static Loads/Responze Spectra
Case Ex “
Select Diaphragm
Story 2
Flot Dizplay Colors
Story 1 Global ¥-Direction Colar
Global *-Direction Color [N
Showy
Base () Lateral Loads to Diaphragms

0.00E +00 1.50E+02 2.93E+02 4.43E+02 () Lateral Loads to Staries

Story Shears () Diaphragm CM Dizplacement

[ Storp 4 [ 285,54 () Diaphragm Drifts
() Magimum Stary Dizgplacements
) Masimum Story Drifts
(%) Stamy Shears

Additional Motes for Printed Output

) Stary Overturning Moments
[ Display | [ Done | () Stomy Stiffress

Fig. 4 Storey shear (kN) in ETABS for earthquake in X direction

Center Mass Rigidity
Edit Yiew
Center Mazs Rigidit W
Story Diaphrac|MassX  |MassY [XCM [YCM |CumMassX |[CumMassY |[XCCM [YCCM |XCR YCR
b [STORYS 0 IT33651 3733691 13608 (9854 3733691 | A7A3RA1 13R06 (9884 1337k 8,760
STORY3 0 4906002 | 4906002 | 13640 9889 AR3ISES3  |BRA 9643 13626 (9874 13410 8776
STORY?Z 0 4906002 | 4906002 |13640 9883 13h45E36 13540696 (13631 (9879 13457 5.802
STORY 0 4906002 | 4906002 |13640 (9883 18451638 |1B4R1R98 (13633 (9882  135RD 9,864

Fig. 5 Centre of mass and centre of rigidity at each storey in ETABS
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Table: 3 Torsional moment due to seismic force in X direction

Torsional moment in gi=15m eqi = -0.875m
Storeyl T, 60.94x 1.5=91.41 |-53.32
Storey2 T, 58.61x 1.5=87.92 |-51.28
Storey3 Ts 49.30x 1.5=73.96 |-43.14
Storey4 Ty 28.37x 1.5=4256 |-24.82

Table: 4 Additional shear due to seismic force in X direction

ETERDCS-Nirma Uni. 25-29 May 2009

Column First storey Total Second storey Total Third storey Total Fourth Storey Total

line (shear in one column) shear (shear in one column) shear (shear in one column) shear (shear in one column) shear

. Torsional from . Torsional from . Torsional from . Torsional from

Direct Shear V, Total ETABS Direct Shear V, Total ETABS Direct Shear V, Total ETABS Direct Shear V, Total ETABS

1ly=10 3.39 +0.83 4.22 16.79 3.26 0.80 4.06 16.30 574 +0.67 3.41 13.63 1.58 +0.39 1.97 7.86
m (-0.49) 2.90 ' (-0.47) 2.79 ' (-0.39) 2.35 (-0.23) 1.35

2y=25| 3.39 +0.21 3.60 16.80 3.26 0.20 3.46 16.45 274 +0.17 2.91 13.70 1.58 +0.10 1.68 7.92
m (-0.12) 3.27 ' (-0.12) 3.14 ' (-0.10) 2.64 (-0.06) 1.52

_ 3.39 -0.42 2.97 16.80 -0.40 2.86 16.55 -0.34 2.40 13.75 1.58 -0.19 1.39 7.96

3y=5m 3.26 2.74

(+0.24) 3.63 (+0.23) 3.49 (+0.20) 2.94 (+0.11) 1.69

4y= -0.62 2.77 9.48 -0.60 2.66 8.28 -0.51 2.23 7.36 -0.29 1.29 4.10
15m | >3 [Gose) | a7 326 035 | 361 274 75029y | 3.03 198 017y | 175
62.18 59.81 50.28 29.00

60.17 59.87 =7 86 57.58 4873 48.43 57 98 27.85
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Fig. 6 Shear force (kN) in column line 1 and line 2 due to earthquake force in X direction
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Fig. 7 Shear force (kN) in column line 3 and line 4 due to earthquake force in X direction
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Table: 5 Torsional moment due to seismic force in Y direction

Torsional momentin | eqi=1.875m ggi =-1.25m
Storeyl T, 60.94 x 1.875=114.26 | -76.18
Storey2 T 58.61 x 1.875=109.90 | -73.27
Storey 3 Tj 49.30 x 1.875=92.45 | -61.64
Storey4 T, 28.37 x 1.875=53.20 | -35.47

Table: 6 Additional shears due to seismic force in Y direction

ETERDCS-Nirma Uni. 25-29 May 2009

Column First storey Total Second storey Total Third storey Total Fourth Storey Total

line (shear in one column) shear (shear in one column) shear (shear in one column) shear (shear in one column) shear

. Torsional from . Torsional from . Torsional from . Torsional from

Direct Shear V/, Total ETABS Direct Shear V, Total ETABS Direct Shear V, Total ETABS Direct Shear V, Total ETABS

Ax= +2.57 5.96 13.44 +2.48 5.74 12.88 +2.08 4.82 10.87 +1.20 2.78 6.25
1375m | 3| () | 167 326 | (165 | 161 274 1 (139) | 135 158 | (og0) | 078

Bx= +1.17 4.56 13.485 +1.13 4.39 13.16 +0.95 3.69 11.00 +0.54 2.12 6.38
625m | > (078 | 261 326 575y | 251 214 T 063) | 211 158 036 | 122

Cx= 3.39 -0.23 3.16 13.514 396 -0.22 3.04 13.40 574 -0.19 2.55 11.11 1.58 -0.11 1.47 6.50
1.25m (+0.16) 3.55 ' (+0.15) | 3.41 ' (+0.13) 2.87 (+0.07) 1.65

Dx= -1.23 2.16 9.707 -1.18 2.08 8.99 -0.99 1.75 7.69 -0.57 1.01 4.33
g7sm | >3 [ (w082 | 421 326 T (079) | 4.05 214 T 3066) | 3.40 158 ™ 038) | 1.96

Ex= 3.39 -2.28 1.11 9.721 3.26 -2.20 1.06 9.15 974 -1.85 0.89 7.77 158 -1.06 0.52 4.40
16.25m ' (+1.52) 491 ' (+1.46) 4,72 ' (+1.23) 3.97 ' (+0.71) 2.29
64.48 62.03 52.15 30.00

59.87 57.58 48.43 27.85
58.63 56.36 47.42 27.28
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Fig. 8 Shear force (kN) in column line A, B and C due to earthquake force in Y direction
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Fig. 9 Shear force (kN) in column line D and E due to earthquake force in Y direction
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