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Session -1

Brief Introduction and concepts of analysis and design
ETABS: - Extended three dimensional analysis of Building System.
Founded by a company called CSI

CSlI: Computers and Structures INC

Initially the ETABS software was just a program and was developed by a group of people
(Masters Students) in the year of 1975.

Later an official copy of integrated analysis and design software was released in the year
of 1985.

Case Study: - 1st Project worked out using ETABS was Burj Khalifa, ETABS was used to
make the mathematical model of Burj Khalifa. (Total height 828m)

The following are the products of CSI

e SAP 2000

e CSIBRIDGE

e ETABS

e SAFE

e PERFORM -3D
e C(CSICOL

Structural analysis and design concepts

More than to say structural analysis and design it could be called as an art, An art that has
got a history as good as the origin of human beings on this earth. In due course of
civilization for the progressive well being of mankind.

One of the best examples for this art is the construction of pyramids of Egypt in the late
2000 years B.C. which is still a testimony for the modern day architects and designers.

Structural analysis and design in today's world

1. Load acting on the structures is ultimately transferred to ground.

2. In the process of load transferring, various components of the structures are subjected to
internal stress and strain.

Stress=LOAD (P)/AREA (A) & strain=CHANDE IN LENGTH (AL)/ORIGINAL LENGTH (L)
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3. For example load acting on a building will be transferred to ground in t he following
path-way.

Slabs > Beams > Column > Footing > Ground

Definitions

Structural Analysis: - Applying the loads on a structure and assessing the internal stress in
the components of a structure is known as structural analysis

e.g:- SFD & BMD

Structural Design: - Based on the analysis results finding the suitable size or cross section of
a particular type of structural component is known as design of structures .

e.g:- Depth and amount of steel
Type of Structures

1. Masonry

2.R.C.C

3. Steel

Or combination of all the above and is often called as Composite Structures.

Types of structural analysis wise

1. Deterministic Structures: - Structures that could be analysed by using static equilibrium
equations are known as deterministic structures.

The following are the static equilibrium equation:-

e >m=0
e 3H=0
e V=0

e.g:- Consider Simply supported beam with UDL

25 KN/m
No., of unknowns is two Va and Vg
A B No., of SEE is 3
5m Therefore we can solve it manually and
Hence it is a deterministic structure.
Va \&



2. Indeterminate Structures:- Structures that cannot be analysed with the help of Static
equilibrium equation alone is known as indeterminate structure s. (This type of
indeterminate structures are often analysed by matrix method or FEM modulation)

e.g:- 25 KNIm

5m om 5>m

Va Ve Ve

No., of unknowns is 4 (Va, VB, Vc & VD)

No., of SEEis3 (Jm=0,>H=0, 3V =0)
So it cannot be solved with the simple manual calculation, it needs complex method of
analysis like Matrix method of structural analysis or we can also solve this in Staad-Pro or

ETABS, and hence structure like this are called as Indeterminate structures.

Types of Supports:-

1. Simple Support

2. Roller Support O g il

3. Hinged or pinned Support

Q P

4. Fixed Support 2

Wiz

Types of Beams:-

==

1. Cantilever beam

2. Simply supported beam



3. Overhang beam

4. Propped cantilever

AN

5. Continuous Beam

Types of Loading:-

1. Concentrated load or point load

2. Uniformly distributed load (UDL) O Y Y A

3. Uniformly varying load /./r/l/rl/l/l l/l/ﬂ/l/l/l/l

4. General Loading Mm

)

N

5. External moments

Basic Analysis Terms & Examples

Shear Force: The summation of all the vertical forces either to the right or left side of a
beam is called shear force. And the representation of this shear force is k nown as a
shear force diagram (SFD).

Bending moment: The summation of all the moments either to the left or right side of the
beam is known as a bending moments. And the diagram which represents these moments
is known as bending moment diagram (BMD).



Types of Co-ordinate systems:-

1. Global Co-ordinate system: - The Co-ordinate system for entire structure is known
as Global co-ordinate system.

e.g:-

2. Local Co-ordinate System:- The co-ordinate system for individual members are known
as local co-ordinate system.

e.g:-

How to start a software ETA BS 2015

1. Double click on the software icon on the desktop
2. Waite

3. File > New Model or Short cut is (Ctrl + N).

4. Use built-in settings with, a s shown in the figure below : -



| Model Initialization

Initialization Options

"' Use Saved User Default Settings

(7 Use Settings from-a Model
@ Use Buili-in Settings With:

Display Units

Steel Section Database

Steel Design Code

Concrete Design Code

File...

® 2

IH&trk:Sd

| @

| indan

| IS B00:2007

-

|15 456:2000

@

5. Now click ok again in the Grid customizing (or we can customize the grid patterns and
numbers and number of stories) window as shown in the figure below : -

-
|3 New Model Quick Templates

Blank

Grid Dimensions (Plan)

@ Uniform Grid Spacing

Add Structural Objects

Story Dimensions

@ Simple Story Data

Number of Grid Lines in X Direction 4 Number of Stories
Number of Grid Lines in Y Direction 4 Typical Story Height
Spacing of Grids in X Direction 8 Bottom Story Height
Spacing of Grids in Y Direction 8 m
Specty G Labeing Optrs
(") Custom Grid Spacing (") Custom Story Data
pe s for Giid Line Edt Gnd Dats,. | Specify Custom Story Data

P ;
5
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Grid Only Steel Deck Staggered Truss Flat Slab Flat Slab with Waffie Siab Two Way or
Perimeter Beams Ribbed Slab




6. Now a first start up window should show like this, refer figure below:-

T ———— Dipley Design Detading Help
1/ &Y QARQAAQ &4V BED-0- NV mL I-0-Y-@-=-C-[-
~§i Model Explorer - x 2w | v X | [T30 View - X
Mode! | Daglay | Tables | Repots | Detadng
Loyt
et Obects
iamed Output tems
y iamed Plots
2
@
o
=
@
[
3
1 A
~ t

Plan View - Soryd - 2 12 fm) X42 Y201 Z124m) OreStory | Giobat v | Unts

/&> aqaaq ¥ &S BED-O- Yo I-0-FT- @ -=-C-M-
5 [ Tdi Model Bxplorer v X | [({{PlanView~Stod-Z=12(m) | X | [TH30View -
> | Mode' | Duplay | Tatles | Repots | Detaing

- Project
¥ Stucture Layout
Propens

ves
Strucural Objects

s
# Named Output tems
Named Pits

B RE

O

B~ (86

fi% U.S. Defaukts
e Metric St Defaults
Metric MKS Defaults

[

Consistent Units.

Plan View - Soyd -2 = 12 ) One Story Show Units Form.




Click on the units tab from right bottom corner > then click on the consistent units, and as
the following window appears setup the suitable units and click ok, as shown below.

A dd ) | W L

r . i ‘ EX IR
| m Consistent Units s JE
Length Unit m
Force Unit kN

Temperature Unit €

| oK || Cancel ]
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Session - 2
Modeling Generation, Material Properties and basics

Yield Stress of steel: Stress (that is, load per unit cross-sectional area) at which elongation first
occurs in the test specimen (Steel Rod) without increasing the load during the tensile test.

Material Property: Material property of any structural member refers to the engineering
properties, such as cube compressive strength of concrete which decides the grade of concrete
and tensile strength or yield stress of the steel, based on which the steel rebar grade is identified.

Eg: (i) For concrete M-20, M-30, M-40 etc.,

(ii) For Steel Fe 415, Fe 500 etc.,

How to start a new Model in ETABS

Before starting any new model in ETABS it is important to define material type based on which
the structural behavior, analysis, design and results output depends on, the following are the
systematic procedure and methodology to define material property in ETABS 2015.

1. Open ETABS software set up the initial settings like units and code books.

2. Create the required pattern of grid (from the new model quick template) based on the
given architectural plan or import the centre line plan from the AutoCAD in DXF format.

3. Once the grids are ready now we have to define materials, separately for concrete (M-20)
and steel (Fe-415).

(a). For Concrete: - Define ---> Material Properties (Refer figure below)

i £7ABS 2015 Utimat~ o0 - (Untte T T o e
File Edit Mw | Define | Draw Select Assign Analyze Uigplay Design Detailing Options  Help

D& ] 9 [I&  Material Propeties.. EL} PREED (6 AW INEE @ 1 My A [ I-0-F-0-=-C-[-

N | [WiMoallExg [T, Section Propeties ) Vydez=12(m | v x | [[f30view | %

Model | Display |
el b SprRg e »
(#1- Project | 1= .

o £ S Diaphragms.
N T S [y Pier Labels
k3l 431 Spandrel Labels.
(3]
H Group Definitions...
> (+/- Named Pl
X BR  Section Cuts..

|} ®  Functions »
|m} % Generalized Displacements..
izl @7 Mass Source..

(] P&  P-Delta Options..
LE& M Modal Cases..

B Y% Load Patters..

'S & Shell Uniform Load Sets...

g} 198 Load Cases..,

%" Load Combinations...

] =

of & Auto Construction Sequence Case.
Performance Checks . V‘
= —

N

G

it 9

.3 ————
Plan View - Story4 - Z = 12 {n) X54 Y312 212(n) Onestoy v Giobal | Unts... |

228PM |
11/20/2015

w0
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(b). A new dialog box (Define Materials) will open as shown in the figure below

I}

£
| § Define Materials

Delete Maters

Materials Click to:
ot [ Add New Materal.. |
AB15Gr60 | Add Copy of Material... |
| Modify/Show Material... |
|

And click on “Add New Material”

(c). When the new dialog box (Add New Material Property) appears set the required
standards as shown in the figure below and click ok.

rl 1 . " " I 1 i‘
|} Add New Material Property 'il i
Region (Indi= ~| s
Material Type | Conorata - g
Standard (Indian v
Grade [M20 ~)
Lok | [ Cancdl | !
TT T

(d). Next we will get a dialog box as shown in the figure below, in this dialog box check and
set the required material parameters of concrete.

10
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:m Material Property Data -e - ,&T
General Data
Material Name M20
Material Type [conermte ~|
i Directional Symmetry Type [1sotropic -
| el Do ot =
Material Notes [ Modfy/Show Notes.. |

Matenal Weight and Mass

@) Specify Weight Density ) Specify Mass Density
Weight per Uit Volume 25 KN/m?
Mass per Unit Volume [254929 KN-s?/m¢

Mechanical Property Data

Modulus of Blasticty, E 22360680 KkN/m?

Poisson’s Ratio, U 02

Coefficient of Themal Expansion, A 0.0000055 1/c

Shear Modulus, G [9316950 KN/m2
Design Property Data

Advanced Material Property Data
Nonlinear Material Data... | [ Matenal Damping Properties... |
[ Time Dependent Properties... |

Cok ]  [Ge)

(e). similarly click on add new material and set the parameters for steel as shown in the figure

!I Material Property Data 5
General Data ]
i Material Name Fed1s [

A Ca—
Ot Sy T T E———,
Wateral Dipiay Color \ [ Material Property Design Data " L=
Matenal Notes Modfy/Show Notes..

Material Weight and Mass Matenial Name and Type
© Specdy Weight Densty () Spechy Mass Densty Material Name |Fed15
Weight per Unt Vokume 769729 kN/m? Material Type [Steel, Isatropic
Mass per Unt Volume 7843047 KNs¥/m*

RS s Design Properties for Steel Materials == !
Modulus of Blasticty, E 199947979 kN/m? Minimum Yield Stress, Fy 415000 kN/m?
Foisson’s Ratio. U o3 Minimum Tensile Strength, Fu 539500 kN/m?
Coefficient of Themmal Expansion, A ooooom — 1c Bifective Yield e W; iNA
Shear Moduus. G 7690306877 kN/m? Stress

Effective Tensile Strength, Fue 593447.3 kN/m?
»
L

Advanced Materal Propedy Data

[ Noninear Matedal Data.. | | Matesial Damping Propeties... |
ok | [ Concel |
o) —_—— = —
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Once the grid is ready and all the material parameters are defined, next proceed on to make a
model by creating a frame sections as depicted below:-

Define:-

Section Properties ---> Frame sections

=
Select Assign Analyze Display Design Detailing  Optio

e
View | Define | Draw

Edit s Help

& ([ 9 | Material Properties.. adeell D6 4§ WED-@- NV Mk A I-O-F -0 -=-C-[-
(i Model Bf([I,  Section Propertes v |[#  Frome sections.. 1 > % | [T§3-DView - x
o Model [Deplay ]| : )
=1 Model 448 Spring Properties > |&® Slab Sections.. 3
- Profect Deck Sections...
s Diaphragms... &
= ' I
" [4)- Propettieq [y Pier Labels... B Wall Sections,
I§ -Groups |31 Spandrel Labels... N\ Reinforcing Bar Sizes..
o #)- Loads 2
B:E(| b -nemed 0 B3 Group Deinitions.. N Link/Support Properties...
o {+/- Named Pl
b B Section Cuts.. ofF Frome/Wall Nonlinear Hinges...
B} % Functions , |3 PanelZone..
|m] & Generalized Displacements...
E‘ 7 Mass Source..,
| P&  P-Delta Options...
I M Modal Cases...
] Y2 Load Patterns...
Y g Shell Uniform Load Sets...
B 192 Load Cases...
%" Load Combinations... i
b
ol B Auto Construction Sequence Case..
&

Performance Checks...

<

A% %

\/: B Erq m"sﬁ 7 \lllr.’zll“:l:(:}yﬁ ‘

Next Frame properties window will appear as shown below Choose Type: concrete rectangular

P v e 2001 o 255 200

[ s o1 i O i ok |

File FEdit View Define Draw Select Assign Analyze Display Design Detailing Options Help

DV H2a /i » QQaaQ (W M) ey BED-O- NV Mk i7d-i@le I-O-FT-O-=-E-[-

iJmMmﬂﬁphm v % | [TEPianView: T v x | [[H3oview | =
|| Model | Display | Tables | Reports [ Detaiing (
NEE = - il
- Project 14} Frame Properties
X - Structure Layout =
I £5)- Propeties = T
L - Structural Objects St
(71| e Groues Tee  [a -
= - Loads i ym =
E - Named Output tems o gﬁ lé:ﬁ:e ::ange |
= o
5 - Named Plots - s |
Eay 3 Propetties 5/ 5 :
[ Steel Double Angle |
IR} o T el Dila Crannal {
ml ALompBm _ Steel Tube e
[T Stee! Pipe
= Filed Stee! Tube n
E AGravCol |Flied Steel Pipe
ALeEm B Cover Plate
L AlaiCol Joist Secton
ComBe  StesiPlate =
= e————
= SR il Concrste Rectangular
|SWesso  Concrete 1
StealBm  Concrete Encasement Rectangle
SiediCat | Conerate Encasement Crcle
N Precast |
Concrete Tee [ BeottoXMLFk. |
Concrete L
il Coparte Groes
U Concrete Pipe
a“k Cold Formed C {4
s Cold Formed Z
pst Cold Formed Hat Cancel
et ai i R i %
' General 3 N
b
BN
A
¢

Plan View - Base - Z = 0 {m) X-08 Y268 Z0(m) One Stoy. | Giobal ~ | Unts... |
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Next we will get two different beam creating templates, we have to delete the pre programmed
one or we can also edit the same by selecting a particular template (Bea m / Column) and we can
change the properties and parameters. It’s better to create a new on e by clicking on “Add new

property”

As Shown in the figure below:-

14 Frame Properties

Fiter Properties List

Type | Concrate Rectangular x|

Fiter G

Properties

ConcBem
[ —

caachal,

OK Cancel

T

Once we click on the add new property tab, we will see a window as show n below (From that

window we can choose our de sired structural shape)

Choose the required shape (Rectangular) and hit ok. Then it will guide you to the next window
where we set the cross sectional dimensions and rebar diameter, clear c over etc., as shown in

the figure below:

1 xms

e
[3{ Frame Property Shape Type

Shape Type

Section Shape Concrete Rectanguiar

Frequently Used Shape Types
Concrete Steel

ne T 1

Special

<
Section Designer Honprismatic ‘uto Select List General

13
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XN L1 a3 .2TIS NICYY "

| £ il—
m Frame Section Property Data [_Z‘Z*!
General Data
Property Name Beam 200 X 500
o -
Material [M20 o) () 24,
Doy Cotr e .
Notes [ Modfy/Show Notes.. | i
Shape e o ;
Section Shape [Com:ete Rectangular '] A 2
Section Property Source t
Source: User Defined
Property Modifiers 2
Section Dimensions [ ]
R —— Modify/Show Modifiers...
Depth g3 & Cumently Defauhe‘s
Width 02 m
Reinforcement
| Modify/Show Rebar... |
~
. v

By clicking on to Modify/Show Rebar.... we can change the beam reinforcement and cross
sectional configuration, refer figure below.

?m Frame Section Propérrfty Reinforcement Data - — | oo |
Desian Type Rebar Matenal
© P-M2:M3 Design (Column) Longtudinal Bars (15660 =) ()
@) M3 Design Only (Beam) Confinement Bars (Ties)  [A615Gr60 *) (e
Cover to Longitudinal Rebar Group Centroid Reinforcement Area Overwrites for Ductile Beams
Top Bars 0.04 m Top Bars at I-End 0 m?
Bottom Bars 0.04 m Top Bars at J-End 0 m?
Bottom Bars at IEnd 0 m
Bottom Bars at J-End 0 m?
\ E— — W,

14
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The same way we have to se t the parameters and rebar configuration for column as well and
click ok and now our two new customized beams and columns are ready and are ready to be
draw a model (Portal frame).

Make a note that we can create any number of cross sectional property f or beams and columns
of varying dimensions and will listed in the Find this property column which lets you choose the
particular type of property while generating the model.

rm Frame Properties ﬂ

Filter Properties List Click to:
Type [Concrete Rectangular v-] [ Import New Properties... ]
Fiter | [ Add New Property... |
=5 | Add Copy of Property... |
Properties :
FEnd T_’?‘f P_"°P§f_t¥ 4 [7Modtfy/Show Property... ]
Column gaefx 500 y .

\Be 00 X 500 ( Delete Property |
mmmzooxsoo —

| Delete Mutiple Propetties... |

|  Convertto SD Section |
|  CopytoSDSection |

|  BpottoXMLFle. |

(f). Now we have create the sectional property for slabs and wall, the sa me way like how we
created it for beams and columns.

Define-----> Section Properties ------- > Slab Sections

15
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File Edit View]| Define | Draw Select Assign Analyze Display Design Detailing Options Help

L& H| A E  Material Properies.. 3dpRel Dol 2§ DO -0 Im b T4t I-E-F-EO-=-BE-B-
iJ diModel R  Section Properties v | F  Frame Sections.. > % | [T#3Dbview | =
A Model | Display
% |- Tocel 15 Spring Properties » |&»  Siab Sections.. ‘

- Project >

Nl EE N oiephiagms.. &P DeckSections...

. Wall Sections...
N 12 Fropedti % Pier Labels... ﬂ Slssctone:
L Stuctug
51| 5 G T T T T MHorcing Bar Sizes... ‘ ;
= loads | > D
= Named O B3 Group Definitions.. N Link/Support Properties... I
) - Named Pl
] BB section Cuts.. +ft  Frame/Wall Nonlinear Hinges...
I} % Functions s | PanelZone.. ;
| % Generalized Displacements... )
EE ©?  Mass Source.., I

|} PG5  P-Delta Options...
=1
b M Modal Cases...
B 48 Load Pattems...
X &5 Shell Uniform Load Sets...
| 122 Load Cases..
9% Load Combinations...

ﬂ"t B Auto Construction Sequence Case... ;
i Performance Checks, ™ 3/“'
d—b
N I

B
Ee
A
w0

30

View X-13Y33 Z0m) OneStory v |Giobal | Unis..

)

(Next it will display the window as shown below)

f ‘ J
[§{ Stab Property Data R

P

. -
m Slab Properties =

General Data
Property Name
Slab Material

] Modeling Type

Siab Property

Property Notes
[7] Use Special One-Way Load Distribution

» Property Data

o (s 7]

16
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Now the slab definitions and parameters are ready to be used as listed in the table shown

below

<
| J§ Siab Properties

3

%

Slab Property

Click to:

Siab1

Siab 150 mm

| Add New Property... |

| Add Copy of Propetty.., | :
| Modify/Show Property... | .
[ Delete Propety | -

(G). Tow Define the parameters for wall section, First create the property for wall section by

going to

Define ----> material property----> Masonry

As shown below

e
Jrumgoottes o 2@ -®-nviahis -l I-0-7-0
General Data > X {3OView |
Matenial Name Masonl
o o
oS T : _
T Material P Design Data ]
Material Display Color = . [ Material Property Design Da 3
e Modhy/SoonNotes. Material Name and Type
Material Weight and Mass Material Name: | Masonry
© Speciy Weight Densty (©) Speciy Mass Densty Material Type | Masony, Isctropic
Yentag i ome 2E2050 ki Design Properties for Concrete Mterals
kot [21e2453 Ki¥=dt Spectied Compressive Strength, fm 1378952 kNim?
Mechanical Property Data
Modulus of Elasticty, E 3600000000 KN/m
Poisson’s Ratio, U 02
Coefficient of Themal Expansion. A 0.0000081 7.3
Shear Modulus, G 7500000000 i
Design Propety Data
-
]
Advanced Materal Propery Data !

[ Nonlinear Material Dala.. )|

17
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Next go to Define ----> section properties ------ > Wall Sections
. .
m Wall Property Data m
General Data
Property Name Wall
Property Type [ Specifed v/
Modeling Type @m v]
Modiers (Curently Defaut) ( Modiy/Show... J
Display Color - Change...
Property Notes ( Modify/Show... |
Property Data
Thickness 02 m
1 N
—

Now the Grid is ready as per the centre line of the architectural given plan and all the parameters
and definitions are ready for creating portal frames and slabs , now we are ready to draw or
generate the portal frame by following the procedure as mentioned below.

Draw ----- > Draw Beams/ Columns/ Brace Objects or click on this icon Y\ from the left side

Tool bar. The procedure is as depicted in the below figure (Next Page)

File Edit View Define ’rﬂ.?w Telect  Assign  Analyze  Display  Design  Detalling  Options  Help
A - = " N
B H o« # Select Object iSJﬁQVEQ'Qvﬂ\Q;mgW)..m
F | [[BModelbiplorer | | Reshape Object 2| v X {13-DView |
f Model RIS} Draw foint Objects
=1 Model =3
= - Project ‘\( Draw Beam/Column/Brace Objects > ‘ \\ Draw Beam/Column/Brace (Plan, Elev, 30) [
#1- Structure Layout =

~ el [# Draw Floor/Wall Objects * |\ Quick Draw Beams/Columns (Plan, Elev, 30)
B & =
L 1#)- Structural Objects \ Draw Links TL) QUK Drsw Coramne tPran, 07
3 iy "éf Quick Draw Secondary Bears (Plan, 30)
= E.;ﬁd:do . 12 Dawerids il uick Draw Secondary Beams (Plan,
= - Nam utput tems ) o 1! Quick Draw Braces (Plan, Elev, 3D)
< +)- Named Plots £, Draw Dimension Lines LA
= s/ Draw Reference Points
0 £) Draw Reference Planes

[B% Draw Section Cut...
E ‘_A raw Section Cu
L #%  Draw Developed Elevation Definition...
= FH  Draw Wall Stacks (Plan, Elev, 30)...
i

BE AutoDraw Cladding..

23
N “"  Snap Options...
E ‘J}k

18
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After selecting Draw Beam/Column/Brace Objects:

Choose the type of PROPER TY with which you want to generate the portal frame, from the
properties table in the left bottom corner as shown in the figure below.

| daProperties of Object | v X
Type of Line Frame ‘
Property Beam 200 X 500

Moment Releases Continuous

Plan Offset Noma 0

Line Drawing Typ¢ Straight Line

After choosing the particular frame sectional property like beam or column then start drawing

the beam section from nod e to node for beams and on the nodes for columns, use the following
icons

IS| Or

=1
L=J : - To draw Columns. (Either single or multiple)

N

: - To draw beams or quick beams in case of multiple beams in a single shot.

(H). after choosing a particular type of property, try to draw a basic frame as shown in the figure
below.

-

19
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(I). How to Generate Slabs

(i). Slabs: For slabs also we have to define property similar to beams and columns

Define----> section property ----- > slab section----> Add New Property--> t he following window

appears
‘ |} Slab Property Data %
General Data

Property Name Slab 150

Slab Material [MZO '] EJ
Modeling Type lMembtane ']

Modifiers (Curmrently Default) | Modify/Show... |

Display Color Tge...]

Property Notes [ Modfy/Show... |

[] Use Special One-Way Load Distribution

Property Data

Type Slab -
Thickness 015 m

[ox ] [ Cancel

N, : y,

Set all the parameter and properties as shown in the figure above, and the slab is all ready for
generating portal frame module.

If the space frame is ready with beams and columns it is very simple to draw slab s, basically there are
three methods by which you can draw slabs:

1. ID : - To draw irregular slabs or curved slabs.

2. ID : - To draw rectangular slabs, though the slab has got 4 corner points only 2 diagonal
Points are enough to draw a clean rectangular slab.

= : - To quickly draw a slab just by window dragging method, (But make sure you have a

3.
closed beam envelope to create a clean slab boundary) This method is fast and
Suggested one for experienced ETABS user.

20
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(j). How to Generate Walls

To draw walls also first we need to define and create properties for wall, t he following are the
two methods by which we ca n create walls.

(i). IL' | : - To draw walls between two points.

=1
(ii). ILL:'J' : - To quickly draw w alls by window dragging method. (Very well suited for walls

With common cross section and for common walls.

21
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(K). How to Draw a circular slab

Select the particular beam in front of which we need to create circular be am, and use the
replicate ( ctrl + R ) tool as shown in the figure below:-

5 Ultimate 15

File Edit View Define Draw Select Assign Analyze Display Design Detailing Options Help

BVHa¢ |/ al» aQQAQ(H ekl D 2FEEAD-O-0YiMMy 741l I-0-F-O-=-C-[@-

%mmmn Explorer v % | [ dPianView-Storyd-Z=12(m) | v X | [[@3DView | - X
|| Model | Display | Tables | Reports | Detaiing
R[5 Wocel Replicate
Y] {#- Project
{4)- Structure Layout S
i U | il | e[ Sy
S
rs Increment Data
i =
= x 0 m
1] f51- Named Output kems
2 51- Named Plots \ B L £ at
Pa
D Nomber 1
| 1)
i
o [ Peormmmiea ]
]
=1
b
X [T] Delete Original Objects
B [ Mody/Show Replicate Options for Assigns... |
550f 57 options selected
it (k) (Oose] (Ebbinl)
Psh
o
b
A
o
R A__A__A__A A
4 Frames selected X-35 Y147 Z12(m) [AStones v [ Giobal v | unts... |

Next click ok and click on the object snap icon (|A’°'3 ‘ ) to highlight the mid-points and end points,
after replicating the beam should be seen like the figure shown below:-

Now using the irregular shape slab drawing tool ('Q ) and choose the s lab drawing type as 3-
Points as shown in the figure below:-
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_ [[{fPropetties of Object | v X
Property Slab 150

Local Axs 0

Edge Drawing Type Arc (3 Points)

Drawing Control Tyr None <space bar>

Next start drawing the semicircular slab (in two steps, drawing quarter slab span each) as shown
in the figure below, kindly follow the same order:-

(L). How to Draw Circular Wall:-

Drawing circular wall is also similar to that of drawing a circular slab, we have to replicate the
beam in front of which we need to create the circular wall and follow the order as shown in the
figure below:-

EscnapE
/ﬁ:ﬁ/<
“Th =
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Before drawing this circular w all make sure to set the property and the type of wall as 3-point
type one as shown below:-

L
_[ Ji Properties of Ob... ] v X

Type of Area Pier

Property Wall1

Plan Offset Nc 0

Auto Pier/Spa No

Line Drawing ~ Arc (3 Points)
Drawing Contr None <space bar> |

|
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Session - 3
Model Modifying Tools ( EDIT-Tab)

(a) Merge Joints: In case of any complex modeling in the final step while checking your
model by mistake if any of the nodes or joints is not joined properly @ one point, by using
merge joints we can join that particular joints or nodes.

The procedure for using the merge joints option is as shown in the figure below:-
First select the particular joint as shown below

Then click the EDIT tab and click on Merge joints as shown below:-

1y ETABS 2015 Ultimate 15.0.0 - (Unfitfed & T .
File | Edit | View Define Draw Select Assign  Analyze [Display Design Detalling Options
Sy T - = Kk
L | %2 Undo wall Add Cul+Z R 3d plg elf & AR
X O+ Rede trl+Y -Z=12(m) | ~
B ‘Eg,f cut crex b S
L3 :
& copy CtsleC
S B Gt
&-! L Ctrie V
L | | OC  Delete Delete
T
;:g I35  Add to Model from Template »
.
ezl || Qi Edit Stones and Grid Systems...
]
o 4 Add Grid Lines at Selected oints...
o i Grid Options »
EE I ! Replicate. Ctri+R
D | C Extrude >
£!1i :i. Merge Joints.., |
Gl [& Avign Joints/Frames/Edges...  Shift«CtrleM

Finally click ok.
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(b) Align Joints/Frames/ Edges (Short cut: - shift + Ctrl + M) :- A lign tool helps you to make a
smart and aesthetically pleasing models, like inclined strut or a column member etc.,

The procedure to us e Align tool and the completed model is as shown in the figure
below:-

= = y & 3 - 33 -4
e Draw Select Assign Analyze Display Design Detailing Options Help
BV Ha2c /&> aQAQ Wk ¥ REMD-O- 0V imly i@y I-0-FT-0-=-C-[-
| [(diPlan View- Stond -Z=12(m) | - X '

- Structural Objects
= - Groups

B e

- Named Output kems
- Named Plots

4 Jorts. 7 Frames selected X0 Y0 Z0fm) OneSioy  v[Gobal  v] Unis._]
=3

1
12/3/2015

2. Next activate the align command using the shortcut (Shift + Ctrl + M) or from the edit
tab. And enter the distance dimension in the direction you want to move as shown in
the figure below:
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3. After editing all the stories joints one by one the final edited model would be seen
like the model as shown in the figure below:-

.5

(C). Move Joints/Frames/Edges  (Shortcut:- Ctrl + M)

Move joints are al so works the same way as the align tool and the working of which
is as shown below:-

Step 1:- select the particular joint which you want to move

[ €7ABS 2015 Ultimate 3
File Edit View Define Draw Select Assign Analyze Display Design Detailing Options Help

DV H2e /& »QQQRQ (Wil )N 4F READ-O-0Vimki7d @ I-O-T-O-=-C-0-
iﬂMoﬂd&phm v X | [({fPlanView-Stond -Z=12(m) | v x | [[f30view | - x
Mode! | Display | Tables | Reports

- Model
- Project

- Named Output tems
- Named Plots

B~ 6D 5L D 5K B e S| bl

- T

3

%

Plan View - Story4 - Z = 12 {m)

1242AM |
12/3/2015

< 0 % W
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Step 2:- Activate move joint command using the short cut (Ctrl + M) or by clicking on to the edit
tab from the top menu bar an d enter the distance by which you want to move your joints.

f Move Joints/Frames/Shells

Change Coordinates By
Delta X
Delta Y
Delta Z

[ Pick Two Points on Model

Look] [(Oose | (Lo ]

Step 3:- After clicking ok the final model should be seen something like this:-

(D). EDIT FRAMES:- Edit Frames option helps us to make a divisional change or reciprocative
changes in the particular frame member (either beam or Column). Using Edit frame option we
can do following modification s in the model.

(i). Divide Frames:- Divide frames allow you to divide the single frame section into number

of segments, using this options we can divide a particular beam/ frame sections into any number
of divisions.
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Select the member > Edit > Edit Frames > Divide Frames

Next select the member and click on the edit > edit frames > Divide frames and now you should
see the following dialog box

Divide Selected Frames @

@ Divideinto 3 Frame Objects
() Break at Intersections with Selected Frames and Joints
(") Break at Intersections with Visible Grid Lines

Lok ] [ Cese | [ fopi |

Finally after division the divided frames will look like the figure as shown below.

(ii). Joint Frames:- After dividing the frames into several number of p arts or after finishing
drawing any beam member of any framed sections then by using Joint Frames we can easily join
those two members again to make it look like a monolithic structure, refer the figure below.
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Select the member:

Go to edit > edit frames > Join frames

§ ETABS 2015 Ultimate 15810 - (Untth

Anslyse  Display Design Detailing Options  Help

23/Feb/2016

View-Stoy3-Z=9(m} |

- X

b (3/% ReverseFrome Connectivity

F4  Modify/Show Frame Type.,

File [ Edit | View Define Draw  Select Assign

[ 4 Undo Divide Frame CurleZ

_{7 G FRedo Cerisy

< e cut Culex
& copy Chrl+C

NIy s

{g [N Paste. Ctit=V

L K Delete Delete

r

LI

ﬂ B Addto Model from Template »

gz || | A Edit Stories and Grid Systems...

0 5 AddGrid Lines at Selected Joints,..

=] e Grid Options »

E 1il  Replicate.. Ctil-R
(#) Extrude »

G

o 3,  Merge foints..

] &  Align Joints/Frames/Edges,.. ShiftsCirle M
+§%  Move Joints/Frames/Shelis... CrlsM

| —

g [\ edefames
[} edieshets

| [N EdrLinks

et (5  AutoRelabel All

g I

(S5

DI sdeliot D W A G BED-O-OVia it Bl I-E-T-0-=-C-|
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(iii). Reverse Frame Connectivity:- This particular editing tool is used specially to rotate the beam

between two different type of supports or to reverse the local coordinate axes as shown in the
figure below.

Before:- After:-
T A
\\ 2 \/\'{ S -‘\K \;\/ﬁ\\/\’ c}ﬁ‘ \/’
3 \
L R ‘ t\\/ A3
*\R r\/"\'l : s~ 'l/\ i \/” :
R AN 3%
LS '\ ’
S .
- v

(E). EDIT Shells:- Edit shells helps us to deform the shape of the shells/ membrane or slab

element, to the desired shape or dimension, the following are the options we get in the Edit Shell
option:-

(i). Divide Shells: Divide shells allows us to divide the slab or a shell member in to various number
of divided objects as shown in the figure below. In order to use t his divide shells option first we
have to select the slab member and then divide the slab into required number of divisions.

—————— > Step 1: select the slab member
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------ > Step 2: go to EDIT---> Edit Shells ----> Divide Shells

File | Edit | View Define Draw Select Assign Analyze Display Design Detaling Options  Help
3 4 Undo Divide shel CtreZ :':‘a-dnlgalsgqﬂf'::@@-"nvmmh'.‘- 1l I-@-T-@-=-B-[-

F,E (% FRedo Carle Y v x | [[f{3Dview |
.‘," i o CarleX

g Copy Ctils€
BN (1 ¥
N [ Paste. trlsV
LN % Delete Delete
i1
i:!‘ Add to Madel from Template »
s
E>:< m Edit Stories and Grid Systems.., |
0 BIE Add Grid Lines ot Selected Joints. I
o {lf Grid Options v
i 111 Replicate.. CulaR

(¥ Excude ’
o
E o2, Merge Joints..
[ﬂ ES  Algn Joints/Frames/Edges... Shift+CtrieM

#$  Move Joints/Frames/Shells... Cre M
. R
B N Edit Frames v (@ Divde Shels..

T — — GH Merge Shells
i shell 3 -
Ff Expand/Shrink Shells...

------ > Step 3: When the window appears, Enter the number of divisions t o make in both X and Y
direction & click ok. B

Divide Selected Shells

(7) Cookie Cut Floor Objects at Selected Frame Objects

i¥| Bxdend Frames to Shell Edges
(") Cookie Cut Floor Objects at Selected Joints at Degrees
@ Divide Quadrilaterals/Triangles into 2 by 2 Areas
(7) Divide Quadriaterals/Triangles at

] Intersectiona with Visible Grids
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(ii). Merge Shells: If we want to rejoin the divided slab/shell member or if we need to join the
semicircular slab to square edge, then with the help of merge shells we ca n merge these shell

slab sections to make it a sing le member.
(Process:- Select any two slabs and go to EDIT---> Edit Shells

Step 1:- Select two divided shell member

Step 2:- Edit > Edit Shells > Merge shells

485 2015 Ulomote

0~ {Untl

Edit | View Define  Draw  Select

Undo Divide Shell
Redo

Cut

Copy

Paste

Delete

Add to Model from Template

Edit Stories and Grid Systems..

Add Grid Lines at Selected Joints,.,

Grid Options

Replicate..

Extrude

Merge Joints...

Align Joints/Frames/Edges..
Move Joints/Frames/Shells,..

Edit Frames

Shifte

Assign

CtrieZ
Curle Y
Crrl=X

Ctrl+C

Delete

Cul<R

Ctrle M

CerleM

Analyze

WMt d) & 49 RED-@- OV imw i cE

Display Design  Detailing

--> Merge shells)

I-O-T- @-=-C-b-

View-Stond -Z=3(m) |

v X

Divide Shells,

- Edit Shells

 Mesge Shells

Edit Links

Auto Relabel All

Expand/Shnnk Shells.

Spiit Shell Edges

Rermove Joints from Shells

Chamfer Slab Corners...

_]’Tﬂé-ov.ew 1 .

Step 3:- Finally after merging process the slab would be seen like this
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(iii). Expand or Shrink Shells: This option will help us to increase the size of the slab member all-
round its edges, by the specified offset distances.

Step 1:- Select the particular Slab

/i.\_

1 ETABS 2015 Ulbmate 1500 - (Uner .
File Edit | View Define Draw Select Assign Anelyze Display Design Detailing Options  Help

L3 #  Undo Merge Shells CuleZ MR D K A RED-O- NV A HEY I-B-T-0-=-B-n-
%_ & Redo iy P > x | [[{30view | -x
:‘ ter cu Cart=

& cory CtrlC
3‘ [ Paste. Caty
N X Delete Delete
i
;E‘ B0 Addto Model from Template »
D:é AiE it Stories and Grid Systems..
6 42 Add Grid Lines at Selected Joints.
& Grid Options »
= i
i 1l Repiicate.. Cui-R
() Extrude »
=}
E‘v «5,  Merge joints...
Align Joints/Frames/Edges...  ShiftsCtrle M
& &
*§+  Move Joints/Frames/Shelis... CorleM
~
N8 EditFrames » Q> Divide Shells.
oo
# e e =
— T d
|| |2 Edi Links »

S ([ §>  Spit Shell Edges
Pt || G5 Auto Relabel AN > " )

N £>  Remove Joints from Shelts
o
N3 (] Chamfer Siab Comers... 34

—
b <
A
i

&% Modify/Show Siab Edge Type..

Plon View-Sow 1 -2-3v) /01 Modify/Shaw Wall Curve Type. [OneSicy | Globat | Unts. |
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Step 3:- A window will appear in that entre the amount of offset distance, to expand (+) value
and to Shrink use ( - ) value.

n ] 1
Expand/Shrink Shells (=]}
- Offset Value il m ‘
[0k ] [ Cose | [ ety | :

I | |
Step 4:- After clicking ok the s lab would expand like the figure shown below

4

.

(iV). Chamfer Slab Corner: U sing this tool we can give the chamfer edge or a fillet edge to a
particular corner node of a slab.

Process: Select the slab and t he corner and click the Edit > Edit Shells > Chamfer slab corner

Step 1:- select the slab and the particular corner joint

L nu
e
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Step 2:- Click the edit > Edit Shells > Chamfer the slab corner

TABS 2015 Ultimate.

File | Edit | View Define Draw Select Assign Analyze Display Design Detailing Options  Help
[ 4 Undo Selection Delete iz Wiadehot 9 & 49 BED-@- OV oA tEe I-@-TB-=-B-Mn-
\__ 8 Redo Crle Y ‘ X vm—_“ 30view | Y
< ’,‘ Cut ChrleX
& copy ChleC
N pose eV
h K Delete Delete
=
L;‘ Add to Model from Template »
Bl 1D el O ¥
K Aili  Edit Stories and Grid Systems...
o JE Add Grid Lines at Selected Joints, {
o (i Grid Options. » i
g 111 Repicae CuleR T
o @) Extude »
7 o, Mergeloints..
[ S Augn Joints/Frames/Edges...  Shifts CerleM
o5 Move Joints/Frames/Shelis.. CerleM
i~ N Edit Frames » | @ Divide Shelk.
] = Merge Shells
|3 ediesheis ’ \$ =
B B Shells,
| (N editinks R
' O Split Shell Edges
]l e
7 0. Bomobmmnads £ Remove foints from Shelis
el
N | Chamter sub Cornerr..
-E W Rev ait el
> [l ide waltet »
Oal 3
e & Modify/Show Slab Edge Type.
1 Joits, 1 Shets, 4 Edges sclected A1 Modity/Shew Walt Curve Type X6 YR423m

Step 3: Mention the amount of chamfer distance in the dialog box that appears now.

LR |- L
Chamfer Slab pomes l

Chamfer/Fillet Dimension and Type
Chamfer/Fillet Dimension 1

@ Beveled Edge (Charfe)
) Rounded Edge (Fillet)

5
-

Step 4: Finally the chamfer/filleted edged slab would be seen as shown in the figure below.

Chamfer Fillet
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(V). Reverse Wall Local Axes 3: Using this tool we can reverse the local coordinates of the wall
(Shell Element) as shown in t he figure below.

Step 1:- Select the wall by activating local axes coordinates from set display options (Ctrl +W)

Step 2: Go to Edit > Edit Shell s > Reverse Wall Local axes 3

e - . a
Fle Edit | View Define Diaw Select Awign Anslyze Display Design Detaiing  Options  Help
9 Usdoreverewsilocaidhs ez R (W4 D & 48 I NED-O- 0V imw S tEy I-Q-T-0-=-C--
i v Redo Carle ) v x | [[{30view | 3
< lor cu Crlex NS g
@ cony CirleC
\ [ Pose trieV
k % Delete Delete
'ig Add to Model from Template »
D:( Al €de Stories and Grid Systerns..,
0 L Add Geid Lines ot Selected Joints.
o (lf Grd Options »
i 111 Replicate.. CtleR
(@) Eaude »
o
r[:‘ o3, Merge Joints...
E] 5 Angn JontsFrames/Edges.. Shite CardeM
o} Move Joints/Frames/Shells... CerleM
X
N Edit Frames y @ Divide Shels.
# s ’lg Merge Shells
Bl Expand/Shrink Shells.
o N editinks »
Y &> spin Shell Edges
P A5 Auto Relabel Al
3§ ”» Remove Joints from Shelis
o
AN
50y
j; [ Dwide Walls for Openings
4
0 Z;  Moddy/Show Slab Edge Type
1 Frames. 1 Shele. 4 Edgen selocted 20 Modiy/Show Wall Curve Type... [OneSiory _~|Giowwl + | Unts
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Step 3: After Clicking on the “Reverse Wall Local Axes” it will change the local axes 3 of the wall
element as shown in the figure below.

Fig: Local Axes Reversed
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Session -4

How to make typical Stories

(i) If we want to work out the same cross section throughout the entire floor in a single
step, just activate the command “All Stories” From the right bottom corner tab as
shown in the figure below and start modeling in any one story.

File Edt  View ine  Draw Select Assign  Anelyze  Display Design  Detaling Options  Help

(BVH92c /Z & » QA8 WMt d < A8 RED-O- OVimw 78 I-O-F-@-=-C--
| (44 Model Explorer v X | | d4Plen View - Storyd - Z = 12 (m) Area Draw Mode 1 v X |_|'.Es-nm AteaDrawMode | v X
NS
% || i Model
Ry|| = Propeties
;}3 | 3 Stuctursl Objects
T S:Gmee
] S Nemecoumetons
r}:(- 4) Named Plotz
D |
|}
E |
o
I
X
|
#
|
|
]

s | 41 Properties of Object | v X
b Propety Slabl
y| localtes 0
N XOmension frod 0
Y Dimension K rod 0

Pl Ve St 22120 l X16 Y16 Z12m) [BS5om voobs <] Uns |
(ii) Typical Stories & Similar Stories: Most of the time in case o f either apartments or

commercial buildings, there are certain number of stories which will have a uniform
frame sections and load patterns, In ETABS 2015 we have an option to customize
those stories and t o make it a typical one.

Step 1: Go to Edit ----> Edit Stories and grid system ----> in the story data ----> Click on
modify/show storey data.

For example if we want to make storey 2 and storey 3 as a typical stories in the dialog
box that appears when you click the “modify/Show Storey data”, change the
parameters. But make sure that you activate it to similar stories as shown in the
figure below.

9:27 AM
Simdar Stones 12/8/2015
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After clicking it to all stories, in this example we have made storey 2 and storey 3 as a typical

storey,

e e &

Master Splice
Story Height Bevaton  Story Similar To Stoy  Splice Height
m m m
Storyé 3 12 No None No 0
Stoy3 3 ) No Story2 No 0
> Stoy2 3 _ Yes None No 0
Story 3 3 No None No 0
Base 0

Note: Right Click on Grid for Options

So if we assign any type of loading or frame sections to a Master Storey, T he same effect will be
replicated to the adjacent stories due to the activation of similar stories . A typical example of the
working of the similar stories is as shown in the figure below.
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Concept of releasing the moments

In the situations like where it demands a secondary beam or a tertiary beam in any project it
becomes imperative and economical to release moments so that it acts as a simply supported
member instead of including extra torsional moments.

The procedure to release moments is as given below,

Select the secondary or a tertiary beam, go to assign ----- > Frame ----- > Re leases/ Partial fixity, a
dialog box appears in that click to release m33 moments since m33 moment being the worst
case. The schematic representation is shown below.

Frame Assignment - Releases/Partial Fixity |§|

Frame Releases

Release Frame Partial Fixity Springs
| Stat  End Start End
Axal Load M [ kN/m
Shear Force 2 (Mgjor) [] [] kN/m
Shear Force 3 (Minor) [] [] kN/m
Torsion [ I [ ‘ kN-m/rad
Moment 22 (Minor) [ [ kN-m/rad
Moment 33 (Major) 0 0 kN-m/rad

[T No Releases

OK | | Cose | [ Apply |

After the releasing moments the beam should be seen like the figure shown in the figure below
with the two dots at either ends.
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How to Activate and Check out the Local Axis for a particular frame sections

In order to see the local axis o f a particular member, in the 3D view window click somewhere go
to set display option () (Ctrl W) and click[Q#j object assignments ----> Frame assignments--

----> Local Axes. After this local axis will be seen for all the structural frame sections as shown in
the figure below

t View Options J§|@ M e [77]
. = 4] Fe 17 |8

L.t

d  IT-@-T-O-=-E-B-

[] Stiffness Modffiers
] Local Axes

[ Nonlinear Hinges
[”] Hinge Overwrites

[] Area Springs [T] Line Springs
[] Addttional Mass [~] Additional Mass
[] Mesh Options [] Mesh Options

[] Auto Edge Constraints
[] Uniform Load Sets

[~] Foor Mesh Option
[7] Moment Connections

433-D View
Lgf'_’?,.ra_] J Object Assignments [Other Assignmems];

Joint Assignments Frame Assignments

[T] Labels [ Labels

[ Unique Names [7] Unique Names

[] Point Springs [~] Sections

[] Panel Zones [] Property Modifiers

[] Additional Mass "] End Releases

[] Aoor Mesh Option [ Partial Fixity

[T End Length Offsets

Shell Assignments [ insedion Point

| Labels [¥] Local Axes

[7] Unique Names [] Output Stations

[T Sections [] T/C Limits

[7] Material Overarite [~] Column Splices
[] wall Hinges [] Nonprismatic Parameters
[] Material Overarite

[7] Applyto All Windows

[ Set to Default View Options J

[ ok | [ GCose | [ Aeply |

Smart Selection Process

In any complex structures there are various number of the structural members which are called
as the frame section in the language of ETABS, when we have a complex model and if we want to
select a particular frame section in a single click, SELECT tab from menu bar comes in handy. The
procedure is as given below.

Let us consider we have 3 types of beams of varying dimensions say

1. Beam 200 X 500
2. Beam 200 X 600
3. Beam 200 X 750
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With the help of Select tab we can select a particular frame section of a particular dimension as
depicted below:-

S TEE T == - E_— = - = - == = =
i [[Select | Assign Analyze Display Design Detailing Options Help

P ARQAARQ (W zirielk DL F RED -0 N M 14 il I-@-T-D-=-CB-[@-
v X | [[dfPlanView-Storyd -Z=12(m) | v % | [ 43D View - X
[Deaina]
Select by Frame Property (=]

Fiter

Frame Propetties

Beam 200 X 750
1SLB60D
ISWB550

None

SteelBm
SteelCol

[ Select | [ Deselect | [ Close

How to create a spring support

In case of designing a Steel Structures especially truss members and sp ace frame trusses we
might require a type of spring support where in we just need to customize it using joint supports
and restraints option and finally we can assign it to any nodes, Basically spring supports allows
displacements only in vertical direction. The procedure to create a spring support is as given
below:-

First select a joint (point) where you want to assign a spring support, and go to assign---> Joints

------- > Restraints ------> a window appears in which we need to customize the type of supports
with the help of null support option.

Joint Assignment - Restraints E|

Restraints in Global Directions

[¥] Translation X Rotation about X

[V] Translation Y (7] Rotation about Y
[] Translation Z [¥] Rotation about Z

Fast Restraints

L b @ [

Lok | [ Cose | [ Aoy |
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Loading and Analysis
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1. Loadings and loading pattern: By default ETABS will create two types of load cases i.e.

Live Load and Dead load. For any

other type of load cases like for either wind load case or

seismic load case w e can add it here, the procedure for adding load patterns and load

cases are as given below.

Go to Define----> Load Pattern ----> A Window will appear as shown below

.
| 4} Define Load Patterns

Loads

i

Click To:

Add New Load
Modify Load

Auto
Lateral Load

Self Weight
Muttiplier

LCanceI]

| [

oK |

Using this window we can add or delete any
analysis to be performed.

type of load cases based on the requirement and type of

Load assigning patter n: Once we are done with the modeling of the whole structure,

as a dead load we have to assign wall loads on all the

beams and as a Live Load we have to assign a shell uniform load sets (Uniform loads on

2.
next step is to assign loads like
slabs).

3. Uniform loading on s hell: In ord

---> Assign > shell Loads
in the figure be low

er to assign loads (Live loads) on slabs, select the slabs --

> Uniform. A load assigning window will appear as shown

Shell Load Assignment - Uniform |§_}
Load Pattem Name [Live vJ
Uniform Load QOptions
ad 25 KN/m2 (©) Addto BExisting Loads
@ Replace Existing Loads
Direction l@m '] *) Delete Existing Loads
[ ok | [ Cose | [ ooty |
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Care should be taken because sometimes we might have to assign uniform loads on slabs to
serve the purpose of floor finish at that time the Load pattern name should be set to “Dead”.
After assigning the slab loads, ETABS will analyse the loads and it will distribute the loads to the
adjoining beams automatically which we can make out while checking the post processing results
like SFD and BMD for beams.

For example, in a network of beam carrying a square shaped slab the SFD for the adjacent beam
will have a second degree parabola; this is due to the distribution of tri angular (1 part of load
from square slab) load from slabs.

4. Load Combinations: to take care of the partial safety factor it is important to consider
load combinations, t o avoid this problem though ETABS will consider its own load
combination “UDCON2” it’s always preferred to customize your own Load combination so
that you have a full hold on your designs.

The procedure to create load combinations is as given below

Define----> Load Combinations-----> In that window that appears click on add new combo
as shown in the figure below.

J] Load Combinations =

Combinations Click to:

| Add New Combo...

\ Add Default Design Combos... ]

After clicking on Add new combo another window appears as shown below/next page, here we
can enter the safety factor (1 for DL and 1.5 for LL). After all the load assignments and load
combinations are define d next the model is ready to be analysed to see the post processing

results.
|34 Load Combination Data =

General Data
Load Combination Name Factored
Combination Type [Linear Aga ~]
Notes [ Modify/Show Notes... ]
Auto Combination No

Define Combination of Load Case/Combo Results

Load Name Scale Factor
Dead L
i
Lok ] [ Cancel | 45
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ETABS will help us design almost any concrete structures, Using Limit State method according to
the specified codes of practice.

The following are the basic methodology to carry out any concrete frame designs:

L . N o Uk~ W NoRE

= N T =
o U1 A W N L, O

17.

Open a new file

Set the units (m KN)

Set up grid lines

Define storey levels

Define member Properties

Draw structural Objects (Beam, Columns & slabs)
Assign Properties

Define Load Cases

Assign loads

. Do the load combination

. View the model (Extruded View)

. Check your model for any unwanted eccentricities
. Analyze the model (Post processing results)

. Display results for checking

. Design the model

. Generate output

Save the model

View/Revise Preferences

In the view/Revise Preferences tab we have a option to set or check the code of standards
according to which the sections will be designed. In order to access this option, follow the path as
shown in the figure below.

Design  Detailing Options  Help

X

v i (G View/Revise Preferences..

Steel Frame Design ’ WU 4
ConueeFamevesign :

Composite Beam Design » ; fiew/Res

Compoesite Column Design » :

mn

-
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When the View/Revise Preferences option is activated the following window appears where we
can check the code of standards (IS 456 2000) and the same miniature is as shown in the figure
below.

f |1 Concrete Frame Design Preferences for IS456:2000 .. ,~-.——u|&lﬂ
ltem Description
= e -

01 |Design Code 1S 456:2000 selected code.

02 | Multi-Response Case Design Step-by-Step - All

03 | Number of Interaction Curves 24

04 | Number of Interaction Points 1

05 |Consider Minimum Eccentricity? Yes

06 | Consider Additional Momerit? Yes

07 |Consider P-Delta Done? No

08 |Gamma (Steel) 115

09 | Gamma (Concrete) 15

10 |Pattem Live Load Factor 0.75

11 | Utilization Factor Limit 1

Explanaticn of Color Coding for Values
Blue: Default Value

Black: MNota Default Value

Set To Default Values Reset To Previous Values
[ Attems | [ selectedttems | [Lautems | [ Seectedtems |  Red: Valuethathas changed during
the current session
ok | [ cancel ]

View/Revise Overwrites

Using this option we can set the priority or type of design to be carried out i.e., by default
3 types of designs are available as mentioned below:-

1. Ductile: For the consideration of tall structure and seismic designs

2. Ordinary: For norm al residential and low range commercial building design
projects

3. Non Sway: For rigid frame designs (includes both steel and concrete)
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The window that helps you choose these options is as displayed below, In order to
activate view/revise overwrites go to, Design--> Concrete Frame Design--> View/Revise
overwrites, now the following widow appears.

tem Description
This & ether "Ductile”, "Ordinary”, -
2o Joho "NonSway". This tem is used for
01 | Cumrent Design Section Beam 200 X 500 ductilty considerations n seismic
design Program determined vale
b0z |¥raming Type means that t defauls to the highest
03 | Live Load Reduction Factor Ductie ductilty requirement.
04 | Unbraced Length Ratio (Major) NonSway
05 | Unbraced Length Ratio (Minor) 1
- — ]
06 |Top Rebar Area at Left End (1]
07 | Batvem Rebar frea ot Lok End g
08 | Top Rebar Area at Rght End (]
09 | Sctiom Rebar'/ven t Fiaht £ 0
10 | Concrete Cover for Closed Stimup. 20
L
Expianation of Coler Coding for Vales
Blue: All selected tems are program
determned |
Black: Some selected Rems are user
Set To Default Vales Reset To Previous Vales defined
Al , Allems : Red:  Vale that has changed during
| Autems | [ Selectedtems | | Attems | | Selectedtems | aptzbar
| ok | [ cencel |
— = 4

How to Choose and customize Load Combinations

After assigning the Dead Loa d and Live load for any frame sections designs we have to factor it
with a minimum factor of safety (1.5) and this could be done by a process called Load
Combination.

By Default ETABS 2015 will consider a Load Combination with the factor of 1.5 and the default
name for this load combination is “UDCon2” but we need to activate it by clicking on “Add
Default Design Combos”

In order to access this load combination window in ETABS go to;
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Define---> Load Combination s---> the following load combinations window appears as shown in
the next page

7

| 3§ Load Combinations

)

Combinations Click to:

Factored UDConZ [ Add New Combo... ]

3

_Add Default Design Combos...
T 2

[

oK | | Cancel ]A

A

It is always advised to click “Add Default Design Combos” so that ETA BS will Never make a
mistake by not considering it, It’s a default program path way. Furthermore we can even

customize these options by clicking on “Modify of show Combos”.

Meshing of Slabs

After the modeling is complete and all the loads and load combinations are defined just prior to
the analysis (F5) Select all the slabs and click on, Analyze---> Automatic rectangular mesh settings
for floor---> this will display the mesh customizing window as shown below.

By default the size of the meshing will be 1.25, But for better results it’s always advised to set it

to 0.6.

-~

L—Fi Automatic Rectangular Mesh Options (for Floors)

~

x .

Mesh Options
[¥] Use Localized Meshing
[¥] Merge Joints Where Possible

Mesh Size

Approximate Maximum Mesh Size 1.25 m

Important Note

These settings apply to all floortype shell objects in the model that
use auto rectangular meshing.

Reset Defaults

[ ok ] [ Cancel |
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Concrete Design

After all the modeling, assigning loads and load combinations are properly assigned next we have
to analyse the structure to check the post processing results (SFD & BMD) later the model can be
set to Concrete designing by clicking on

Design---> Concrete Frame Design---> Start Design/ Check (Shortcut sft + F6) as shown in the
figure below.

&
lay I Design | Detailing  Options  Help
ilg\‘I Steel Frame Design ’ h},’lmm ﬁ Q,_ﬁ,_ I ’.B“
w3 [0 concrete Frame Design B E, viewRevise Pieferences., fing
[
T Comgposite Beam Design » l—] View/Bevise Ovamwiite
[ ViEWw/ hewnse Uverwiies,,
m Composite Column Design »
Q‘ Select Design Groups...,
{S==  Sted Joist Design »

{ Select Design Combinations..
1 ,‘ m’ ct Des:gn Combinations

Overwnte Frame Desgn Procedure,,

, ;fﬁ ‘Start Design/Check Shift-F6 ]‘

E Shear Wall Decign > |5 . :

| [ I;g Interactive Dedign

| ‘ 9

[IM Seol Cannectinn Necian » len war L

Finally after analyzing and design of the whole structures the completed design model looks like
the sample model as shown in the figure below.

P
File Edit View Define Draw Select Assign Analyze Display Design Detailing Options Help

DVH2c /@) aqaaa@smead @ tdBEd-0-nyimph el I-0-T-0-=-C-0-

= [Tl Mol Explarer o TH3-D View Longitudinel Reinforcing (1 456:2000) v x
LY
| Model [ Duply | Tales | Repors | Detalng| | ‘
% || E-Model
[#)- Project
[#)- Structure Layout
[} Properties
h [#)- Structural Objects
:I; [+ Groups
= ¥)- Loads
e 4)- Named Output fems
f [t}- Named Plots
|
o
(&
|
ey
b
o
allh
o
o
N
5
L
7
N

SFD & BMD Area of Steel (Ast in mmz)
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Design of Shear Wall

Shear Wall are specially designed walls incorporated in the buildings to resist lateral forces that
are produced in the plane o f the wall due to wind, earthquake and other forces. They are mainly
flexural members and usually provided in tall buildings to avoid the total collapse of the tall
buildings under seismic forces.

The following are the steps t o design shear wall in ETABS

1. Complete the model of building with the locations of shear wall and lift cores.

2. Now select only shear wall and click on show selected object only
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3. Define Pier Labels Like P1, P2, P3, P4, P5 and P6, define the pier labels equal to the number
of shear walls and select one by one shear wall and assign that pier label to all shear wall as
shown in the figure below .

4. Again select the previous selection tab and then go to assign---> Shells ---> wall Auto mesh
options, the wall auto mesh window is as shown in the figure below.

Shell Assignment - Wall Auto Mesh Options @
Wall Meshing Options
(") Default: No Meshing for Straight Walls and Auto Rectangular Meshing for Curved Walls
@ Mesh Object into 1 Verical and 1 Horizontal

() Auto Rectangular Mesh
|¥| Add Restraints on Edge if Comers have Restraints

| Advanced - Modify/Show Auto Rectangular Mesh Settings... |

[ ok ] [ cose | [ ooty |

Carefully ensure that t he meshing should be done 1 X 1 (number should be more than 1)
And click on Add Restraints on edge if corners have restraints.
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5. Next step is to design the Shear wall But Before that “Do the LOPD” check.
L:- Live load reduction

O:- Overwrites
P:- Preferences

D:- Diaphragms (If we have in our model)

6. Now go to Design----> Shear wall----> Start design/check (Shft+F10)
Now after the ETAB program runs the analysis and design it displays the longitudinal Ast

as shown in the figure below.
=]
<)
kY
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In order to check the shear Reinforcement in the shear wall go to Design---> Shear wall Design-- -

> Display design info (Sft+Ctrl+F10).
-]
: =
I %
K
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Wind Load Analysis

According IS codes a structures exceeding its height more than 10 meters is considered as tall
structures and often if the n umber of stories is more than six stories it’s better to analyze the
building for Lateral wind load, due to which the moments in the structural members increases
and there by designs the suit able area of steel for that moment.

Once the structure is safe design wise next step is to break the model and add two new load
cases in the “Define load patterns tab” as shown in the figure below.

7
m Define Load Patterns

Loads Click To:
Self Weight Auto
N Load Type - Muttiplier Lateral Load Add New Lozd
SibL Super Dead vi0 ‘ v Modify Load
Dead Dead 1
Live Live 0 \odify Lateral Loa
SIDL [—————
Wind X Wind 0 Indian 1S875:1387
Wind Y Wind 0 Indian 15875:1987 m
[ ok ] [ Cancel |

Next click on one of the wind load cases and click on “Modify Lateral Loa d” the following
window will be displayed

{ Wind Load Pattem - Indian I5875:1987 il .

Exposure and Pressure Coefficients Wind Coefficients
@ Exposure from Extents of Diaphragms Wind Speed, Vb {m/s) 50
(©) Exposure from Shell Objects Temain Category
Structure Class
Wind Exposure Parameters Risk Coefficient (1 Factor) 1
Topograj 3 Factor, 1
Wind Directions and Exposure Widths ReaiT & !
Windward Coefficiert, Cp 08 Exposure Height
Leeward Coefficient, Cp 05 Top Stary Story4 ¥
Bottom Story Base v

[7] Include Parapet

[ ok | [ Cancel |

The entries for this box will be done with the help of IS 875 Part 3
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Page numbers 8, 11 and 14 for the details of terrain category and structure class and co-efficient

of wind pressure Cpe. The wind speed is also given for different cities in m/sec in Appendix — A. IS
875 Part-3 page — 53.

For example average wind speed for Bangalore is 33 m/sec and for Mumbai is 44 m/sec.

After feeding these details for both the load cases that is wind-x and wind-y next step is to
analyze the building and check the maximum joint displacement (Predominantly check for
maximum beam column joint junction) maximum joint displacement in the whole structure
should be less than (H/500), where H= total height of the building in m.

This (H/500) limitation is as per the Lateral Sway Clause mentioned in IS 456 — 2000 page 33
Clause 20.5.
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Seismic analysis in ETAB S-2015

1. Equivalent static Analysis

23/Feb/2016

First create the model and d o the analysis and design as usual (RCC design) and then once the

complete model is checked.

[ Moce! [ty [ Taie [ Fepors [Doains ||

[3§ Define Load Patterns B
Loads Click To:
Seff Weight Auto
Load Tipe Mtipler Lateral Load
e g o
i Dead Dead 15
L L o Mgy Lateral Load
1 R -—
=1
L=
ailh
ekt
d »
Y

Next break the model and s tart defining the load patterns for seismic loads as shown in the

figure below

{'Jj Define Load Patterns: ! E
Loads Click To:
Self Weight Auto
Load Type Mutiplier Lateral Load [ Add New Load l
EQ-Y Seismic v |0 151853 2002 v [ Modify Load ]
Dead Dead 1 '
Live Live 0 ]
£ o 0 1 | Mody Latera Load.. |
EQ-X Seismic 0 151893 2002
0 lisias3 200 [ Deleiei and 1
[ok | [ Concdl |
A EE— i

Next click on one of the load cases, say EQ-X and click on Modify Later al Load to specify the
Seismic load details as per IS 1893 — 2002.
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The modify lateral load window should look like this

r r— T e | Il
[J{ Seismic Load Pattern - Indian 151893:2002 n - =
Direction and Eccentricity Seismic Coefficients
(¥] X Dir [C1 Y Dir Seismic Zone Factor, Z
H X Dir + Eccentricity [ | Y Dir = Eccentricity @ P
[7] X Dir- Eccentricty [ Y Dir - Eccentricity ) =
) User Defined F
e T (—
Sl s = Importance Factor, | 1
Story Range Time Period
Top Story (2) Ppproximate
Bottom Story Base v (") Program Calculated
@ User Defined T= 1 sec
Factors
Response Redudion_ R 5 -
Cancel

In a similar way define seismic loads for both the direction EQ-X and EQ-Y and later, create the
load combination and Envelope and finally run the model. After the structure is analyzed, go to
show tables and make a note of following values:

1. Maximum value of Storey Drift: - should be less than 0.004 or 0 .004 times the storey
height.

2. Maximum Base reaction FZ (Later this value should be compared with Response spectrum
Base reaction)

Now the Equivalent Static method of seismic analysis is over, next perform the Response
spectrum analysis.
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2. Response Spectrum Analysis

In response spectrum analysis, first break the model delete the two load patterns and
load combinations. And follow the following steps:-

Step-1:- Delete the load patterns defined for linear static analysis

Step-2:- Go to Define ---> Function ---> Response spectrum -> Choose Indian Seismic code IS 1893
— 2002, the window should look like the figure shown below.

oject = T T
i I3 Response Spectrum Function Definition - 15 1893:2002 B
opeties
™ [ Define Response Spectrum Functions [ = Function Damping Ratio
of — = .
| Function Name: Response Spectum 0.05
o Response Spectra Choose Function Type to Add
o Parameters Defined Function
RS Function 1 1518932002 X S miZone Fackor?. 036 Period Acceleration
T
oo - —
0 (036 »
Add New Function... 01 (=09 -
055 |=]l03 El
[ s S wo S
12 0.408
16 0.306
Convert o User Defined 13 ~ o2 -
Function Graph Plot Options
© Linear X - Linear Y
(@ LinearX-Llog Y
) Log X- Linear Y
@ logX-logY
i b

Step-3:- Once the function is defined,  next go to Define---> Load Cases ---> Define two new
cases for Spectrum-X and Spectrum-Y load as shown below.

VR s Al IR i [ Load Case Data
| 13 Load Cases s . .n -
General
Load Cases Gickto: Load Case Name Spec X Design... |
Load Case Name Load Cass Type Add New Case.. Load Case Type Fesponme Spoctum >| [ MNetes. |
Dead Linear Static Add Copy of Casal | Exchude Objects i this Growp Not Appicable
Live Linear Static Modfy/Show Casf | Mass Source [Previous Mssc)
SibL Linear Static T m
I .
Spec Y | Response Spectrum ] [ Show Load Case Td)| Load Type Load Name Function Scale Factor )
: ¥ — 8 [aa)
Delte_|
[} Advanced

[ Modéy/Show... |
Modéy/Show... |
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Step 4:- Go to Define---> Mass Source---> and add all those lateral load which it has to consider
for seismic analysis Usually the following 3 loads are considered.

1. SIDL
2. EQ-X/SpecX
3. EQ-Y/SpecY

The mass source window will look like the figure shown below

7 - — ™
Mass Multipliers for Load Patterns
Mass Source Name MsSrct Load Pattern Muttiplier
EQ-Y v i1
Mass Source SDL
‘ EQ-X 1 Modify
0 Gement Sl lass
Additional lass Delete
Specified Load Patterns
[ﬂ Adijust Diaphragm Lateral Mass to lMove Mass Centroid Mass Options.
Jivve Dknctinn tcouninedosbwies from+ ’ [¥] Include Lateral Mass
Wove (rafio to-diaphragm dimension n move direction [ [T] include Vertical Mass
[7] Lump Lateral Mass at Story Levels
[ ok | [ cancel |
—— T— 4

Step 5:- Go to Define---> Modal Mass---> and define the Seismic wave t pes and accelerations the
modal mass editing window should look like as shown in the figure below.

[ 4§ Modal Cases

Modal Cases

Modal Case Name Modal Case Type

Modal - Ritz

RS Modal Case

[4§ Modal Case Data

General
Modal Case Name:
Modal Case SubType
Exclude Objects in this Group
Mass Source

P-Delta/Noniinear Stiffness
@ Use Preset P-Defta Settings
Nonlinear Case

Loads Applied

RS Modal Case

Rtz

| Not Applicable

| MsSre

[Nore

) Use Nonlinear Case (Loads at End of Case NOT Included)

_Mociy/Shnw...

|

Load Type

Load Name

Maodmum Cycles

Target Dyn. Par.
Ratio, %

e ux
Acceleration

Other Parameters
Maxdmum Number of Modes
Minimum Number of Modes

o
lo

T

[ Gt |

|50

E 3 |
%
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Step 6:- Create load combinations and Envelope ---> Save the model ---> Run analysis
Step 7:- Check the following results

1. Maximum storey Drift should be either 0.004 or 0.004 times the storey height.
2. Maximum Base reaction FZ should be greater than or equal to the Equivalent static/ linear
static method.
3. Modal mass participation factor
Sum x and Sum y
0.9 0.9
i.e., at least 90 percent of the lateral loads should be considered.

4. Check the deformed shapes or mode shapes, First 3 modes should be transition that is either
in x direction or in Y direction.

The Response spectrum analysis is satisfying all the above criteria’s then the model is said to be
safe and no corrections to be done

Additional Points and Notes :-

1. Storey drift details and limitations given in
IS 1893-2002 (Part-1) Clause: - 7.11.1

2. For defining the load pattern in equivalent static analysis time period should be calculated
manually the formula for calculating the time period for different type of building is as
given in.

IS 1893-2002 (Part-1), Clause: - 7.6.1 and 7.6.2 in page number — 24.

3. Base reaction comparison details in IS 1893-2002 (Part -1) page — 25 Clause 7.8.2 and
7.8.2.1.

4. For soft storey consideration refer IS 1893 — 2002
Page — 27, Clause — 7.10.1.
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Session 7

Steel Frame Design

The design/ check of steel frames is seamlessly integrated within the program. Automated
designs are the Object level is available for any one of a number of users-selected design codes,
as long as the structures have first been modeled and by the program. Model and analysis data
such as material properties and member forces, are recovered directly from the model database,
and no additional u ser input is required, if the design defaults are acceptable.

The design is based on a set of user-specified loading combinations. However, the program
provides default load combinations for each support design code. If the default load
combinations are acceptable, no definition of additional load combination s is Steel required.

Steel frame design or check consists of calculating the flexural, axial , and shear forces or stresses
at several locations along the length of a member, and then comparing those calculated values
with acceptable limits, that comparison produces a demand/Capacity ratio, which typically
should not exceed a value of one, As per IS 800-2007 clause 9.3.2.2, Page no, 71.

Procedure for steel Design

1. Example 1

Step 1:- Open ETABS as usual, define properties for material and start modeling a steel frame to
the required architectural de signs (make sure all the dimensions) are in m m and N.

Use the following section property to model a basic frame building

For Columns (I section)

Section Dimensions

Total Depth 500 mm
Top Flange Width 500 mm
Top Flange Thickness 25 mm
Web Thickness 13 mm
Bottom Flange Width 500 mm
Bottom Flange Thickness 25 mm
Fillet Radius 0 mm
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For Beams (I section)

Section Dimensions
Total Depth
Top Flange Width
Top Flange Thickness
Web Thickness
Bottom Flange Width
Bottom Flange Thickness
Fillet Radius

For Intermediate beams

Section Dimensions
Total Depth
Top Fange Width
Top Fange Thickness
Web Thickness
Bottom Flange Width
Bottom Flange Thickness
Fillet Radius

170

13

170

,1 37

400

20
13
200

333383

3

=

3

3

mm

3

3

3
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Using all the properties above try to make a framed structure as shown in the figure below (Try

with 5m X 5m Grids)
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Step 2:- Once the model is complete the frames are have to be assigned with loads to all those
members based on requirement and type of building to be designed. After assigning loads the
model should be seen as shown in the figure below.

Step 3:- Perform LOPD (pre analysis settings and check)

L- Live Load reduction

O- Design Overwrites

P- Design Preferences (ensure that the code is set to IS 800-2007)
D- Assigning Diaphragms (If w e have any slabs in our model)

Step 4:- Run Analysis and Design
Short cuts:-
Run Analysis: - F5

Start Design/Check: - Sft + F5

Once the model is analyzed w e can check the forces (SFD and BMD) if w e want to and later we
can proceed to design. Design ---> Steel Frame Design---> Start Design/Check.

Step 5:- Finally check the result in all the steel sections that the PMM ratio or Design Capacity
ratio should be less the 1. As per IS 800-2007 Clause 9.3.2.2, Page No 71.
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2. Example 2

Design of Factory roof truss; Refer the following section trial sizes

Roof Truss section “Circular hollow sections”, the property for the circular hollow section is as
shown in the figure below.

== _ - — - L - — - v
| 41 Frame Section Property Data g
General Data
Property Name
Material [F= 250 ) ()
Display Color [ ] Change...
Notes [ Modfy/Show Notes.. |
Shape
Section Shape [Sred Pipe VJ

Section Property Source
Source: User Defined

Property Modifiers
Section Dimensions
i s e [ Modiy/Show Modfiers...
side Diameter mm Curently Defaut
Wall Thickness 5 mm

And start modeling the truss framework for the following dimensions

1. Storey Heights:-

Story2
=

Story1

Base
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2. In Plan view:-

66
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3. Once the model is complete the model should look like the figure shown below.
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4. Now assign the Maintenance Live loads/ any type of loadings based on the design

requirements.

Story2
Story1
Base
5. Run analysis and Design the steel frame and check for its safety and design outputs
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design is done.

The entire PMM ratio for all the steel sections should be less than 1, and thus the steel frame
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Session 8
Design of Steel Connection

If any structure to be intact it is important that it should have sufficient fixity at the junctions i.e.,
at the beam column junctions, the following are some of the connection design etiquettes as per
I1S-800 : 2007 to be followed while designing any type of fasteners or connection.

1. Ease of fabrication and erection should be considered in the design of connections.

2. In general, use of different forms of fasteners to transfer the same force shall be avoided.

3. Minimum spacing between any two bolts:- The distance between centre to centre of
fasteners shall not be less than 2.5 times the nominal diameter of the fastener.

4. Maximum spacing between any two bolts:- The distance between the centres of any two
adjacent fasteners shall not exceed 32t or 300 mm whichever is least.

Where, t is the thinner plate thickness.
5. Bolt dia., and minimum clearance

e dp=d+ Clearance

e Consider Imm for 12mm to 14mm dia bolts.

e Consider 2mm for 16mm to 24mm dia bolts.

e Consider 3mm for bolt dia of 24mm and above.

The following are the steps to design the bolt type connection in ETABS 2015

Step 1:- First finish off the steel frame modeling, analysis and Design and the structure should be
finalized no more architectural alteration should be there in the geometry of steel structures.
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Step 2:- Now without unlocking the model go to Design----> Steel Connection Design----> Select
design load combination.

Step 3:- Check for Preferences where we get an option to choose the type of connections to be
done and interactive editing options, such as choosing a particular type or dia of bolts,
connecting plate thickness, weld thickness and size of weld etc.,

T T— 22 R e
lay Design Detailing Options Help
pla T SteelFrame Design v mus At T-E-F-0o=-
ew. s u Concrete Frame Design ’
T Compesite Beam Design ’
m Compotite Column Design ’
=% Steel Joist Design 3
"5 Overwnte Frame Design Procedure..
E Shear Wall Design 3
([ steet Connection Design P[0 viewresse prterences. ]
Uf  Live Load Reduction Factors... I View/Revive Overwrites
% [=s
15, Setlateral Displacement Targets,.. m, Select Design Combinations...
as  Set Tine Pesiod Targets.,. .
[ Stert Design/Check Shift+F3 95
e B
B!l, Interactive Design 7 ] 0.0
(I8 Display Desian Info...  Shift-Ctrl+F -
e
/ m Verify All Connections Passed... -
=15 Reset All Overmrites., T [ 55

Delete Design Results.,,

!

A typical Steel connection preferences is as shown in the figure below.

-
4§ Stes! Connection Design Preferences for AISC 360-10 ™
— Description
Beam-Beam | Beam Column | Column-Footing | Bok Types
: [ Plate Depin Sched.. |
Vedical Plate
Vetical Piate (Partial)
Honzontal Plate AI5N
02 |Bok Size M2
03 | Hole Types | so | Proview - Vertical Piate (Ful)
04 Weld Matenal EROXX |
05 |Weld Thickness, {1/16]D (mm) 100 .
06 | Plate Matenal AS92Fy50 o,
07 |Plate Thickness, T fmm) 94 oL
o8 125 5 =
03 | Lev
10 |t
il
A
Explanation of Color Coding for Values L §
Bue  Allselected objects are program detemined R e
Back  Soms selected objects ars user defned e e
Red Value that has changed dumng the curent session
Set to Default Values Reset to Previous Values Connection Type Design Code
| AMtems || Seectedtems | [ Altems |[ Selectediems | | SaDefar. |  [aisC3800 -
Ok | | Cancel
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In this Preferences tab we also get an option to choose the type of connection to be designed,

the type of connections available in ETABS connections are as listed below:-

1.

Beam to Beam connection

Vertical Plate (full)

Vertical Plate (Partial)

Leh

51

Horizontal Plate

Beam to Column connection

Beam Column Shear major axis
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e Beam Column Shear Minor axis

e Beam Column moment major axis

e Beam Column moment minor axis

3. Column to footing connection (Anchor bolts and pedestal type) as shown in the figure
below. Leh s1 Leh

s2 : B
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Step 4:- After setting all the criteria's and type of connections in design connection preferences

go to Design---> Steel Connection design ----> Start design or check after connection our model
will look like the figure shown in the figure below.

03810,
o@,__ﬁgﬁ%r:‘u“'zpfi@,:: \é.;<\ L0381
et T o P ﬂﬁs;f‘v#j

- @ 0.981
{26 TN
=&k
=
% |
Z
/ '
el

The small Dots near all the supports are indicated means this particular connection is done if the
DC ratio is less than 1. Then the design is SAFE / OK.

Step 5:- How to Check connections and overwrites

For Beam to beam Connections:- Right click on the dot of a beam to beam junction the
ETABS will display the connection as shown in the figure below

-
m Connection: B45-CI

23

Designed Connection Designed Parts 3D View

Story Story 1 Web Plate Thickness |34 mm Q Q Q """ o}

5

Beam BA5C| Weld Size 100 1/16mm

Beam Section Beam 400 Bolt Type A325-N

Connection Type BB Number of Bolts 3
Results

Combo Max D/C Ratio Result Design Control

Shear rupture of girder web

[ ovewrtes.. | [ Summay.. | [ Detais... oK |[ Cancel

If the connection is failing click on overwrites and we can alter either bolt dia or the connecting
angle plate thickness and run for analysis and design and check the results.
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For Beam to Column connection:- click on the dot on the beam which is connecting column
then the design of beam column design is show in the figure below.

r
[3§ Connection: 813-CJ

Web plate nipture strengtii at wald

x|

Designed Connection Designed Parts 3D View

Story | Stary3 Web Plate Thickness |125 mm ® aq ""‘ &)

Nt

Beam (B130y Weld Size 100 |1/16 mm

Beam Section | SteelBm Bolt Type A325-N

Connection Type ]ém{cb-MMa;or Number of Bolts 4

Results
Combo Max D/C Ratio Result Design Contral

Overwites.. | [ Summary.. | [ Detais.. |

J

Column to pedestal connection:- Right click on the dot of the column at the base and we
can see the complete anchor bolts connection at the base of the column.

[ Connection: C10-8P

x

Designed Connection Designed Parts 3D View

Story Story1 Base Plate Thickness |25 mm Q Q Q "'1 )

]

Column C10-BP Weld Size 150 1/16 mm

Column Section SteelCol Anchor Bolt Type F1554 Gr 36

Connection Type  |F-B-Moment Number of Bokts

Results

Combo Max D/C Ratio Result Design Control

DSHS2

Also make a note that by clicking on the Details in this table we can see or check out the
complete connection design and number of bolts and bolt dia report completely.
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Session 9

Detailing and BOQ’s

Procedure:-

Step 1:- Complete analysis and design of the project should be done with no further alterations in
the model or the structural geometry. After the complete analysis and design of the project the
final designed model should look like the figure shown below.

0 1%
470 0 17‘J
o 10 77t o
170 1
L") T
179 185 2
A0 g
- 2
2 L 2
| 1700 BE—T70 | 17,
170 017 0
™ 1
ﬁ%ﬂ 0 2h T 01 W%
170 f7g 70
g 1 07 170 h7p 0 170 1{0 170 1
= g @ s g
g 4 g 8 g ®lg g
170100170 § 17070 17p 2307813190 702N OBEIDTO0 [1767000 170
170170170170 17000 1280 4 R@ATS (74789 24B0FO7H0 | 017070701740
s
8 5 g g s 5|8 g
©
5 0 70 170 g _13g
15170 185 L 70348 1 170 0 370
76110 (5300 P 13 o5 9 '9570101
W17 % i 170 = =t
17 170175 eiEL__._ﬁg’T{é' Q 3
® ® =3
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2 -] 8
o ©
u!l% a
_—>Y 3 (=]
oS =)
X
fisl] =]
&y
Step 2:- Go to Detailing ----- > Start detailing, the typical process is as shown in the figure below.
—
lisplay  Design | Detailing | Options  Help
“ # & »|[E] betaingpreferences.. 2
:ﬁ.’m‘r 5 'g’mf’ﬁii:jrgm'; Concrete Component Preferences.. s
nﬁ Steel Component Preferences.. »
&) RebarSeiection Rules... >
‘,i‘ Add/Mordify Sectioris, »
Drawing Sheet Setup..
[ Add Views 1o Drawings.
4 Start Detsiling...
@l showo

[l Cleas Detatling
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Step 3:- Once the detailing process is done, in the left side Model Explorer bar find a tab called
Detailing in that, ETABS will create a fully functional detailed drawings as shown in the figure

below.

T Moddl Explorer v X | [[q ViewTypical Concrete Beam Elevation2 § t- > Sdndn =]

Modei—[ ww l’T;bies | F;epcm | Detaiing L

- Detaiing

=]

=]

&

- Beams

&3 Drawing Sheet Componert Views
£ Standard Details
List of Drawings
Typical Concrete Beam Beva
Concrete Column Typical Ble\|
Column Section-A
& Floor Slab Details
- Siab - Story4
- Siab - Story3
- Siab - Story2 ]
- Slab - Story1 <
- Slab - Base
- Beam Details g
£+ Concrete Beams :
- Schedules and Tables 1

- Column Details 1 |
(- Concrete Column B

- Frame Details
=) Reinforcement Cage Views

(- Columns [

(=) Drawing Sheets

[=-Cover Sheet
Cover Note

(- General Notes

. 1 List of Drawings

.~ Typical Concrete Beam Beva
Concrete Column Typical Bey|_|
Column Section-A

- Floor Framing Plans

£ Concrete Column Schedule
Concrete Column Schedule ™

Concrete Beam Reba) _ g

Framing Plans
"~ Concrete Column Lay
Schedules and Tables 4

800

800

I~ b R

[ - et o032 sy | o —
e T
' e 0261 fe-0211 0102102 (arge ! 0200t or 02Lc2 (amge b
| : —a —: | iy
‘ i
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Ir

L

L3

|

LT N
[ Lo sem
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. a1 [

| e s

| -—zﬂus.u.——lo—mnu—»Liznuecgul-—zmsu 4—L—znnn |
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1.SEE 8EAN SCHEDULE FOR STIRRUR TYRE AND SPACING
2 CONTINUDUS BOTTOM B4R 'F* SHALL BE SALCED AT THE SURFORT 45 NEEDED

£\ Typical Concrate Beam Elevation 2
Ay

Step 4:- We also have a provision to convert these drawings to AutoCAD and thus it helps in
reducing the drafting time as well. The process for converting ETABS generated drawings to
AutoCAD is as given below.

e Right click on the drawing and click on Export View

Model | Display | Tables | Reports | Detaiing |

(=)~ Detailing

£1- Drawing Sheet Component Views
[)- Standard Details
- List of Drawings

- Column Section-A

- Floor Slab Details

|- Slab - Story4

- Slab - Story3

t]- Slab - Story2

- Slab - Story1

- Slab - Base

[=- Beam Details

(=} Concrete Beams

(1 Schedules and Tables

i
o

o 0 e W U

[z1- Column Details
I~ Concrete Column
(=1 Framing Plans

[ Schedules and Tables
[#)- Frame Details

=1~ Reinforcement Cage Views

FJ Beams

[#- Columns

- Typical Concrete Beam Eleva
- Concrete Column Typical Eley

i Concrete Beam Reba

i Concrete Column Lay

Edit View Properties...
Edit View Text..,

Print View.. | .

Export View... & -3
e m————— R
T T [

E LJL-;-ANJJ i L_{L-AL_J_#_;

m
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e After we click on Export View we will see a window as shown in the figure below

| 5§ Export View:Typical Concrete Beam Elevation 2 ? %

Export As
@ Drawing Exchange Format (DXF)
AutoCAD 2000+ Drawing Format (DWG) - Needs AutoCAD

File Location
Target Directory:
C:\Users\Vikas\Desktop | |

File name will be taken from View Title. Existing files with the same
name will be deleted

Start Export Done

| [Ready
|
|

.

e Choose the format in which we want to save our model,

DXF ---> Target Directory ---> Start Export ---> waite for the process to be done until it shows
Ready in the left most box a s shown in the figure above ---> Once the Ready is displayed click on
done.

e After this find a DXF fin e saved on the desktop and open it in AutoCad, the detailed drawings
produced by the ETABS will not be up to standards to execution quality, but with the minimal
editing of it will complete the drawing and thus reduces the drafting time. The Detailed
drawings of ETABS after generating and exporting it in to AutoCad it should look like the
figure shown in the figure.

ZONE B ZONE A

' AS NEEDEDL.

Typical Concrete Beam Elevotion 2
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Introduction to BOQ

ETABS also generates the tentative Bill of Quantities, and there are several methods in which we
can generate the Bill of Quantities, out of all those methods one of the fastest method is as
discussed below.

Let us consider an example o the simple Beam to understand the process of working out BOQ’s in
ETABS.

Details about example Beam

Beam size = 200 X 500 mm

Length = 5m (5000 mm)

M-25 Concrete

Fe 500 Rebar steel

UDL applied on the beam in the form of Live load = 40 KN/m

After combination, analysis and design the Ast of the beam is shown as

£
Longitudinal Ast of Beam:- T 2 0 242 0
iy 802 1134 802 B

Shear Reinforcement:-

B—> N

0.7 0.22 0.77
A
Z
Rebar Percentage:-
0.00% 0.24% 0.00%
e 0.80% 1.13% 0.80% -
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e In order to check the tot al weight of the RCC required to this beam, without unlocking the
model got to Display---> Show tables---> click on,,.

---> Model----> structure data ---> Material List > Material List by element type >
Material list by section

> Material list by Storey.

A typical representation of this is as shown in the figure below
(=[] Tables
=[] Model
i @[] Project Settings
(- Structure Layout

(-] Definitions

- | Loads

(-] Assignments

=[] Structure Data
=¥ Material List

[V Material List by Element Type
-[¥] Material List by Section
- .[¥] Material List by Story
| [#-7] Mass Summary
[#-[] Analysis
(#-["] Design

e Now ETABS will display Material quantity tables as shown in the figure below

[ 43 Material List by Section |
1 of 1 Reload Apply

Section Element Type # Pieces Total Length Total Weight # Studs
m tonf

4 Beam 200 X500 ELEUG 1 5 1.20138 0

e Using Rebar percentages and total RCC weight from above table we can easily workout the

materials required as shown in the calculations below: (same process we have to work out in
SAFE for footings and Slab BOQ's)
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Session 10
Composite Structures

A Composite material is basically a combination of two or more materials, each of which retains
its own distinctive properties. Multiphase metals are composite materials on a micro scale, but
generally the term composite is applied to materials that are created by mechanically bonding
two or more different materials together. The resulting material has characteristics that are not
characteristic of the components in isolation. The concept of composite material is ancient. An
example is adding straw or bamboo sticks to mud for building storage mud walls.

In the current world engineers made an attempt to use the same conventional method called
composite structures in a much more simplified manner. The following are some of the examples
of composite structures of a modern day world.

Ex 1. Reinforced Cement Concrete

* L J L 3
2
* &«
3
B @
£ J L
* - L

Ex 2. Steel Sections embedded into Concrete

Ex 3. Concrete in filled Steel sections either circular or rectangular.
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The Following are the steps to Model and design any composite structures in ETABS.

Ex-1: Model and Design a combined steel and composite column PEB structure as shown n
the figure below.

Sectional Details:-
Columns:-

Type: Composite column

150mm

15mm

3mm
550mm 300mm
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Following are the varying sizes of tapered beams:-

General Data
Property Name
Display Color

Notes

Shape
Section Shape

Nonprismatic Section Segments

Tapered Beam | sectionzas

[ cee.

[ Modfy/Show Notes... |

[] Show Cument Segment Only

2

1
—

Show | Elevation (1-2 Axes)

| Show Aligned at This Cardinal Paint [ 10 (Centroid)

/]

Start Section End Section Length Type Length, mm EI33 Varation  EI22 Vanation
» BE ISLB40D Proportional |1 Paraboic | Linear
1SLB400 ISLB500 Proportional |1 Parabolic Linear
ISLB500 ISLBE00 Proportional |1 Parabolic Linear
I1SLBE00 ISLB700 Proportional |1 Parabolic Linear
ISLB700 ISLB80D Proportional |1 Parabolic Linear

Copy Cument Row and Paste Append

&)
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Purlin Beams (ISA 200)
20mm

200mm

200mm

Finally When the tapered Beams are Over designed, try changing the t apered beams sizes
(Reduce the depths). The changes are as shown below

Revised tapered beam size is as given below:-

[y
1

——t

Show  |Elevation (1-2Axes) v/ Show Aligned at This Cardinal Point |10 (Centroid) v

Start Section End Section Length Type Length, mm El33 Vanation  EI22 Variation
ISLB3D0 ISLB400 Proportional

Parabolic Linear

pu—y
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Final run and design check: Make a note that since we have two different types of materials
like steel tapered beams and steel angles and concrete composite columns we have to run
the design two times in order to check the final design, separately for steel design and one
more run for composite column design. The final sectional details and results are as shown in

the figure below.

First run to check the tapered steel beams and purlins

X

oo
And thus the design is complete
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Ex 2. Assignment design, Assume suitable sections and dimension and try model and designing a
composite staircase as shown in the figure below (Type of Building is commercial type, BBMP

office in yelahanka 4th phase)
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Modelling and design in ETABS.
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