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Objective

To demonstrate and practice step-by-step on the modeling, static analysis
and design of 5 story reinforced concrete building.

Problem
Part A:

Carry out the modeling, static analysis and design of 5 story reinforced
concrete building subjected to static loads.

Part B:

Use the model from part A to analyze and design for dynamic load
(UBC97 response spectrum load in Y direction).

Part C:

Model, analyze and design Shear Wall.

Material Properties
Strength of concrete (F.) = 4 ksi

Yield strength of main reinforcement (F,) = 60 ksi
Yield strength of shear reinforcement (Fys) = 60 ksi
Young Modulus of concrete (Eo) = 3600 ksi
Loading
Load Cases Type Details
DEAD Dead load Use Self Weight Multiplier
Slabs: 35 psf
SUPERDL Dead load Perimeter Beams: 250 plf
LIVE Live load Slab: 100 psf
UBC97 response spectrum
SPECI (for Part B) Dynamic load | inY direction
C,=0.1,C,=0.1
Slab Section

Reinforced concrete solid slab, thickness = 6 inch

Frame Sections

1 1

T I
e

Column Beam
(C1) (B1)
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3D View of the building

Plan and Elevation View
Plan View at Roof Foor
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Static, Dynamic Analysis and Design of Building with Shear Wall

5/ 58



ETABS Tutorial Example ACECOMS, AIT

Elevation At Grid Lines 2, 3, 4, A, B and C (Shear Wall Not Shown)
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Elevation at Grid Line 1 and D (Shear Wall Not Shown)
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Part A: Modeling, Static Analysis and Design

Step-by-Step Solutio

1. Define Plan Grids and Story Data

FMETABS Nonlincar v8.00 - (Untitled)
Fils Edit Wiew) Defier Orap) Selest Assign Ansbze: Disslay. Desan Ootons: Help

n

D | EEE- /&) B o|pee e 2 |mahfea s v [alz || es ] FE

1= =1 2 e e 2 e e e o |2 = el s eEsn e | T-e] = =-E-|

= i
e
~N
=3

X
L
| Mew Model Initialization
-]

= Do pou want to initialize vour new model with definitions and
L preferences from an existing .edb file’? [Fress F1 Key for help.]
o |
o Defauleds |1 No |
oif? 1

'l

it

L

A

=

i

Ll

r=— ==

FReady ®0.00 Y126.71 Z305.54

Step 1-1: Start ETABS by clicking on the appropriate desktop shortcut or b'y'se'l'ef:ting
ETABS from your Windows Start menu. Select “Kip-in” from drop-down menu box in bot-

tom-right screen and click on B in top tool bar or go to File > New Model in main menu.

Click No to start new model without opening any existing file.

Jinactive — E[ ELDEfL Efkipin 3

v" Click the Default.edb button. This means that the definitions and preferences will be
initialized (get their initial values) from the Default.edb file that is in the same directory
as your ETABS.exe file. If the Default.edb file does not exist in this directory then the
definitions and preferences are initialized using ETABS built-in defaults.

You should create your Default.edb file such that you most commonly click this but-

ton.

v" In some cases you may want to click the Choose .edb button and specify a different
file from which the definitions and preferences are to be initialized. For example, a cer-
tain client or project may require certain things in your model to be done in a certain
way that is different from your typical office standards. You could have a specific .edb
file set up for this client or project which could then be used to initialize all models for

the client or project.

Click the No button if you just want to use the built-in ETABS defaults.
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Building Plan Grid System and Story Data Definition

— Grid Dimengions (Plan]

e |

' Custom Grid Spacing

— Storw Dimension:

& Uniform Grid S pacing G'_Simﬂe S_tory_Data_ — - =
Mumber Lines in > Direction |4— Mumber of Stories |5|—
Mumber Lines in ' Direction |4— _T_\Jp_ic:aEm:Hei_ght_ - _I'V:i—
—e— e = = ===y
Spacing in ¥ Direction W Battom Stary Height lm—
1 Spacing in v Direction WI— ' Custom Story Data Edit Stany [ata... |
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i)z Editrae | [Kipin |
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§TE
i ] = ' Bt
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R (A | = I === N e :
I—H—TI H—H—H o I e [
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Cancel |

Step 1-2: Enter “240” or “20 ft” into Spacing in X Direction and Spacing in Y Direction,
“5” into Number of Stores, select Grid Only from Add Structural Objects and click OK.
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Step 1-3: After clicking OK, ETABS creates Grid System based on the parameters
specified in the previous step and displays in “Plan View” and “3-D View” window.
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Sevein | 0 [ i
|1 htdacs

| Program Files

File name: |ET.&ES_EHD1 Save I

Save as bype: |ETABS Model Files [ EDB)

[~ Open as read-only

j Cancel |

&

Step 1-4: Save the project by clicking on Id or File > Save from main menu,

enter File name = "ETABS_ex01" and click Save.

2. Define Material Properties

Default concrete material (*“CONC”) has been used for this example.

Strength of concrete (F.)
Yield strength of main reinforcement (F)
Yield strength of shear reinforcement (Fys)

Young Modulus of concrete (Eo) =
Define Materials
— Materialz Click ta:

OTHER
STEEL

Add Mew tatenal..

Modify/Show Material... |

[nelete i Eter] |

(] 4 |
Cancel I

Step 2-1: Click on & in tool bar or from Define > Material Properties in main
menu. Select CONC and click on Modify/Show Material to view/revise the

material properties.

4 Ksi

60 ksi
60 ksi
3600 ksi
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Matenal Property Data

— Dizplay Color
Material Hame IEDNE Calar I
— Type of Material — Type of Design
" Oithotropic Deszign IConcrete vI
— dnalyzis Property D ata — Deszign Property Data

Mass per unit ¥ olume IW Specified Conc Comp Strength, Fc |4—
“wieight per unit Y olume IB-EEUE'U5 Bending Feinf. ‘Yield Stress, fy IEU-

Modulus of Elasticity IW Shear Reinf. ield Stress, fys IED—
Faisson's Ratio ID'2 ™ Lightweight Concrete

Coeff of Thermal E xpanzsian IW Shear Strength Reduc. Factor I—
Shear Modulus IF

OF. I Cancel |

Step 2-2: Accept the default properties by clicking Cancel or OK 2 times

3. Define Frame Sections

2 concrete frame sections (“B1” for rectangular beams and “C1” for cir-
cle columns) need to be defined for this example.

1 !

20" 24"

‘4—20"—»‘ Flz"+‘
Column Beam
(C1) (B1)
Define Frame Properties |
— Properties — Click to:
I;_Irlg:r:;;::perw 1o find: IImpu:urt | Axfide Flange j
M Add | Awfide Flange ]
A-GravBm i B
&-GravCal 17 bbb 2
e AT —— E
Add General
P Add Stesl Joist
A-TiChdw 14 —|Add Auto Select List —
.Trwiehd Add 5D Se-:cticun_ I
R LI Add Monprizmatic =

Cancel |

Step 3-1: Click on "X in tool bar or from Define > Frame Sections in main
menu to start frame section definition properties editor. Select “Add Rectan-
gular” from second drop-down menu to add rectangular beam.
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Reinforcing Information for Beams

For concrete beams there are two types of reinforcing information that you
specify. They are rebar cover and reinforcement overrides. Rebar cover is
specified at the top and bottom of the beam. The top cover is measured
from the top of the beam to the centroid of the top longitudinal reinforcing.
The bottom cover is measured from the bottom of the beam to the centroid
of the bottom longitudinal reinforcing.

The reinforcement overrides are specified areas of longitudinal reinforcing
steel that occur at the top and bottom of the left and right ends of the beam.
These overrides are used by ETABS as follows:

In the Concrete Frame Design postprocessor when the design shear in a concrete
beam is to be based on provided longitudinal reinforcement (that is, the shear de-
sign is based on the moment capacity of the beam) ETABS compares the calcu-
lated required reinforcement with that specified in the reinforcement overrides and
uses the larger value to determine the moment capacity on which the shear design
is based.

In the Concrete Frame Design postprocessor when the minimum reinforcing in the
middle of a beam is to be based on some percentage of the reinforcing at the ends
of the beam ETABS compares the calculated required reinforcement at the ends of
the beam with that specified in the reinforcement overrides and uses the larger
value to determine the minimum reinforcing in the middle of the beam.

In the Concrete Frame Design postprocessor when the shear design of columns is
to be based on the maximum moment that the beams can deliver to the columns
ETABS compares the calculated required reinforcement with that specified in the
reinforcement overrides and uses the larger value to determine the moment capac-
ity of the beam.

For any degree of freedom in the frame nonlinear hinge properties assigned to a
concrete member that is specified as default ETABS calculates the hinge force-
deformation properties based on the larger of the calculated required reinforcement
at the ends of the beam (assuming you have run the design through the Concrete
Frame Design postprocessor) and the specified reinforcement overrides.

Static, Dynamic Analysis and Design of Building with Shear Wall 11/ 58
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Rectangular S5ection

Step 3-2: Enter “B1” as Section Name as shown in the above figure and accept the
other data. Click on Reinforcement to specify reinforcement data.

Reinforcement Data

Step 3-3: Select Design Type = “Beam” and click OK 2 times to go back to “Define
Frame Properties” window.

Static, Dynamic Analysis and Design of Building with Shear Wall 12/ 58
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Define Frame Properties

— Properties — Click ta:
Tupe in property to find: Ilmpurt — j
|.-5.-E|:|mme
LAl [ [add 1Awide Plange 7]
A-TriChdw12 =
A-TiLhew/14 R adif S how Bropeit.
A-TrafebB
A-Trw/eb10
A-Trweblz Delete Property |
A-TrafebHSS0 b - - -
A-Trw'ebHSSr
A-Trw/ehPIPE 0k
I - | Lok |
Cancel |

Step 3-4: The “Define Frame Properties” window shows “B1” section added in the
list. Select “Add Circle” from second drop-down menu to add column section.

Reinforcing Information for Columns

For columns the following areas are provided in the Reinforcement Data
dialog box:

Configuration of Reinforcement: Here you can specify rectangular or circular re-
inforcement. You can if desired put circular reinforcement in a rectangular beam or
put rectangular reinforcement in a circular beam.

Lateral Reinforcement: If you have specified a rectangular configuration of rein-
forcement then the only choice available to you here is ties. If you have specified a
circular configuration of reinforcement then you have an option of either ties or spi-
ral for the lateral (transverse) reinforcement.

Rectangular Reinforcement: This area is visible if you have chosen a rectangular
configuration of reinforcement. The following options are available in this area.

Cover to Rebar Center: This is the distance from the edge of the column to the
center of a longitudinal bar. In the special case of rectangular reinforcement in a
circular column the cover is taken to be the minimum distance from the edge of the
column to the center of a corner bar of the rectangular reinforcement pattern.

Number of bars in 3-dir: This is the number of longitudinal reinforcing bars (in-
cluding corner rebar) on the two faces of the column that are parallel to the local 3-
axis of the section.

Number of bars in 2-dir: This is the number of longitudinal reinforcing bars (in-
cluding corner rebar) on the two faces of the column that are parallel to the local 2-
axis of the section.

Bar size: This is the specified size of reinforcing steel for the section. You can only
specify one bar size for a given concrete frame section property.

Circular Reinforcement: This area is visible if you have chosen a circular configu-
ration of reinforcement. The following options are available in this area.

Cover to Rebar Center: This is the distance from the edge of the column to the
center of a longitudinal bar. In the special case of circular reinforcement in a rec-
tangular column the cover is taken to be the minimum distance from the edge of

Static, Dynamic Analysis and Design of Building with Shear Wall 13/ 58
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the column to a circle drawn through the center of all the rebar in the circular rein-
forcement pattern.

Number of bars: This is the number of longitudinal reinforcing bars in the section.

Bar size: This is the specified size of reinforcing steel for the section. You can only
specify one bar size for a given concrete frame section property.

Check/Design: In this area you specify that when a member with this frame sec-
tion property is run through the Concrete Frame Design postprocessor the rein-
forcement is either to be checked or to be designed. If the reinforcement is to be
checked then all information in the Reinforcement Data dialog box is used. If the
reinforcement is to be designed then all information in the Reinforcement Data dia-
log box is used except the bar size is ignored and the total required steel area is
calculated. For design the configuration of reinforcement, lateral reinforcement and
cover is used.

If you specify reinforcing in a concrete column frame section property that is
specified using the section designer utility then the Concrete Frame Design
postprocessor either checks the column for the specified reinforcing or de-
signs new reinforcing depending on the option you selected when you
specified the section.

1 Section Mame |E1| 1
1
— Propertie:
Section Properties... I
Y - - - - = = = = - ¥
| . L
I—Dlmensmns
|  Diamster [t3] |2D' 1
———————————— -
~Concretem—— — — — = = = 1
1 Reinforcement... |
P e —— I_ a Diigplay Color .

Cancel |

Step 3-5: Enter “C1” section properties as shown in above figure, accept other data
and click on Reinforcement button to specify reinforcement data.

Static, Dynamic Analysis and Design of Building with Shear Wall
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—Design Tupe
& Column " Beam

— Configuration of Reinforcement

" Rectangular & Circular

— Lateral Reinforcement
' Ties " Spiral

— Circular Reinforcement

Cover to Rebar Center |2-

MNumber of Bars I8
Bar Size #3 <2
— Check/Design

" Reinforcement to be Checked

' Reinforcement to be Designed

1 1
L Cancel Il

Step 3-6: In Design Type area select Design Type = “Column”. Clicking OK 2
times to finish this step.

Define Frame Properties |

— Properties — Click. to:
Type in property ta find: ||m|:u:|rt Charmel j
|COLUMN

A-TiChdw12 ] |add1wide Flange 7]
A-TiChdu14 =

A-TrwfebB : 1
A-Trweb10
A-Trweb12

A-TrwfebH550 Delete Property I
A-TrwfebHS5r
A-Trw/ebPIPE r-—----

B1 I 0K |:
CEE—- @ -

Step 3-7: Define Frame Properties dialogue shows “C1” section in list. Click OK to
go back to main screen, which completes the Frame Section Definition steps.

Static, Dynamic Analysis and Design of Building with Shear Wall 15/ 58



ETABS Tutorial Example

ACECOMS, AIT

4. Define Slab Sections

Default slab section (“SLAB1”) will be modified by changing only the
thickness value.

Define Wall/5lab/Deck Sections |

— Sechons

— Click to:

DECKA

| 2dd New Deck

[

1~ TMédiTshowSedtion..~ T

| [elete Section | ]

Cancel |

Step 4-1: Click on "= in tool bar or Define > Wall/Slab/Deck Sections menu
command. Select “SLAB1” from list and click on Modify/Show Section.

Wall/5lab Section

5L [

Section Hame

b aterial | CAME b |
T hickness !
I Membrane IE- 1
|
| Bending 61
1
s
& Shell  Membrane ¢ Plate

[ Thick Plate

— Load Distribution
[™ Use Special OneWay Load Distibution

Dizplay Color I_

Cancel I

o]

Step 4-2: Specify Thickness = “6” in Membrane and Bending and click OK 2
times to finish Define Slab Section.

Thickness: Two thicknesses are specified: membrane and bending. Typi-
cally these thicknesses are the same but they can be different. For instance
they may be different if you are trying to model full shell behavior for a cor-
rugated metal deck.

The membrane thickness is used for calculating:

v' The membrane stiffness for full shell and pure membrane sections.

v" The element volume for element self-mass and self-weight calculations.

The bending thickness is used for calculating the plate-bending and trans-

verse-shearing stiffnesses for full shell and pure plate sections.

Static, Dynamic Analysis and Design of Building with Shear Wall
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5. Define Load Cases

2 basic load cases “DEAD”, “LIVE” will be defined first and one more
load cases (“SUPERDL") will be defined for superimposed dead load on
perimeter beams.

Define Static Load Case Names

— Loads — Click To:
= D= = = T = = = Pulir — Temdtom— 7 |LAiNeito
I [SUPERDL  [sUPER DEAD ][0 = ': T 7 TModiyload |
Ild Iopan— — = |BEaD— = =

LIWE LIVE redimCateral Load), I
Delete Load I

ok |

Cancel |

Step 5-1: Click on "E in tool bar or select Define > Load Cases menu. 2 basic load
cases are already added to the list.

Add “SUPERDL" load case by entering "Load" = "SUPERDL", "Type" = "SUPER
DEAD" and "Self Weight Multiplier" = "0". Click Add New Load and click OK to fin-
ish this step.

6. Draw Beam Objects (Frame Members)

Select “Similar Stories” from drop-down menu in bottom-right of screen to
apply all assignments in one floor (current floor) in ‘Plan View” to all similar
stories. Similar floor can be defined from Edit > Edit Story Data > Edit
Story menu

PE VARG Wombnes w00 - ETANS exl]

Fie [3t Wiew Defne O Seect Ausgn Apdboe Digly Desgn Qpboms Heb

Do BS%- o7& 50  08spe l Mt ¢ B 6, lni 884 F @26,
e o L A e e e e - A d.lz-a- -8 E-.

[P P View S T0YS —Fimwation 770 1

ALz

mrogoai=a

N

‘B i¥T |

P Viewr STORTS Elevalon 170 we67 3 e Zron 0

Step 6-1: Back to main screen, activate “Plan View” window by clicking anywhere in
left window. Change “One Story” to “Similar Stories” from drop-down menu in bot-
tom-right screen (to edit multiple stories simultaneously).
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Step 6-3: To add “B1” in all spans in model, draw rectangular selection to cover all

plan in Plan View. “B1” will be added in every span of the entire model.
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Step 6-4: Change back to selection mode by clicking on G in tool bar. To delete
all beams in top-right corner, click on these 2 bays, the selection status in bottom-
left of main screen reports “10 Lines selected” (2 bays x 5 floors). If this report is

s
different, press e and repeat this step again. Press Delete key on keyboard.

7. Draw Column Objects (Frame Members)

The procedure for adding column is similar to adding beams as described
in previous section. Make sure that “Similar Stories” is selected from drop-
down menu in bottom-right of main screen.

Froperties of Object

1 | Froperty cr o
Moment Feleazes ~ ~ |~ Confinuous
Arngle m
Flan Offzet 0
Flan Offzet 1}

L

Step 7-1: Click on
Object” window.

in left tool bar. Select Property = “C1” from “Properties of
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Step 7-2: To add “C1” in all column locations in the model, draw rectangular selec-
tion to cover all plan in the Plan View. Note the change in 3D view.
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Step 7-3: Change back to selection mode by clicking on G in left tool bar. Make
sure that “Snap to Grid Intersections and Points” is active “i* Click on intersection
point between grid line D and 4 while holding Ctrl on the keyboard.
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Step 7-4: “Selection List” window will open showing that points and a columns ob-
ject are in the same location. Click on “COLUMN?” to select only the columns. “5
Lines Selected” (1 column line x 5 floors) message is displayed on the status bar at
bottom-left of screen. Press Delete key on keyboard or go to select Edit > Delete
menu to delete the selected columns.

8. Assign Slab Sections

Slab section will be assigned to all floors in “Plan View” window in one
step by taking advantage of “Similar Stories” feature.
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Step 8-1: Click on L7 in tool bar or select Draw > Draw Areas Objects >
Draw Areas menu Select Property = “SLAB1” from Properties of Object
window.

Static, Dynamic Analysis and Design of Building with Shear Wall 21/ 58



ETABS Tutorial Example ACECOMS, AIT

-'?:‘I. TABS Honhnoar w800 - ETARS _extl]
e EG View Doine Diow fekct Awin Anobos Diclay Desgn Optons Meb

DE B%%- w2 &+ 2EAPA H
bl S e = .

i

&

¢

;‘, AT T TET P (G |

<]

= l" B l" N

w] 4 o) s | ®)

v} N - 1N

= I

|

= 1 -\ -~

—| -t vie1 1 o

F A <L

i

of ===

L L o

Bouble click ;
i ” . ;
ﬁ PR U v, -
w11 e) > e J [ ]

BN 4——— == === N -

Pl Ve - 5TOFYS - Eleryabion 7201 W 78 YEENBY 2T 00 [Simta Sioe: Z][otosal Elven =

Step 8-2: Make sure that “Snap to Grid Intersections and Points” is active i To
draw Slab Object, one click a series of column locations as shown above and dou-
ble click on the column to finish the operation.

Set Building View Options

~ Wiew by Colors of: r— Object Present in Views— —Object Wiew Options—— [~ Yisible in View — Special Frame ltems
{* Objgcts V' Floor [Area) I fvealabels ¥ Story Labels [~ EndReleases
" Sections ¥ wal [ares) ™ Line Lahel: I Dimension Lines [ Partial Fivity
' Malerials v Ramp [4rea] I™ Point Labels IV Reference Lines ™ Mom. Connections
 Groups Selectl ¥ Operings [4rea] ™ Area Sections ¥ Reference Planes [~ Propenty Madifiers
" Design Type V' Al Null Areas ™ Line Sections ¥ Grid Lines [ Nonlinear Hinges
€ Typical Members V' Colurn [Line] ™ Link Sections ¥ Secondary Grids [~ PanelZanes
 White Background ¥ Eeam [Line) ™ fvealocal Axes ¥ Global Axes ™ End Offsats
Black Obiects V' Brace [Line] ™ Line Local Axes W Supports ™ Joint Offsets
Special Effects I Links [Line] —Piers and Spandrels " Spiings ™ Dutput Stations
IV AllNul Lines -
= BbiecrShink _ I Pier Labels i Sl enms
. . ¥ Paint Objects
¥ ObjectFil | " Inwisil ™ Spandrel Labels [~ Diaphragm E stent
W TR=ETEdGE L kn\;: _Et] I Fier Aues =} fute Floor bl esh
inks [Poini
™ Estsion I™ Spandrel Azes [~ Additional Masses
Delaultsl 118 I Cancel |

Step 8-3: Slab sections are applied in all floors. To view slab more clearly, click on
or go to View > Set Building View Options, select “Object Fill” to fill area ob-
jects and select “Apply to All Windows” to applied selected options to all windows.
Click OK.
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Area Object Auto Mesh Options

Floor bMeshing O ptions
(" Default [Auto Mesh at Beams and 'Walls if Membrane - Mo Auta Mesh if Shell or Plate]

" Far Definng Rigid Diaphragm and Mazs Only [Mo Stffness - Mo Yertical Load Transfer)
~

1 ™ Auto Mesh Object into Structural Elements 1
: [w hesh at Beams and Other kMeghing Lines :
| [ Mesh at Wall and Bamp Edges 1
1 v Mesh at Visble Grids 1
: [v Further Subdivide Auto Mesh with b axirmum Element Size of B0 :

Ramp and ' all kMezhing Options
f« Mo Subdivizion of Object

™ Subdivide Object inta wvertical and harizantal
" Subdivide Object into Elements with # aximum Size of

Cancel |

Step 8-4: Click on ’E‘ select all Slabs by clicking on them go to Assign >>
Shell/Area >> Area Object Mesh Options and specify parameter as shown in
above figure

9. Assign Restrains

All nodes at Basement Floor will be assigned to be Hinge automatically. To
change support restraint properties, select support nodes, click on 2 or go
to Assign > Joint/Point > Restraint menu and select support type.
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Step 9-1: Change Elevation View to Plan View by clicking Pl and selecting “BASE”
from list. Click on tight button of the mouse at any joints on this Plan View to open
“Point Information” window.
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| Location Loads I
— ldentifization
Label ICf1
Sty [BASE
I Higid Diaphragm From Area Uniits
Panel Zone MNone 1 —
+ Kip-in h
Restraint us U Uz
2 T
1 Springs Mone
Link Property Mone ﬂl
Mass MNone
Group ALL
ak |
Cancel |

Step 9-2: Click on “Assignments” tab. In “Restraint” shows “ux, uy, uz” that means
all deformation in x, y and z direction are fixed. Click Cancel.

10. Assign Slab Loads

Self weight for slabs and beams are computed automatically which can be
specified while defining load cases and setting "Self Weight Multiplier" = "1"
for "DEAD" load case" (see Step 5-1). Live load (100 psf) will be assigned
in "LIVE" load case. Wall load along perimeter beams (250 plf) and super-
imposed dead load (35 psf) in slabs will be assigned to "SUPERDL" load
case. All steps will be done in Plan View keeping "Similar Stories" selected.
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Step 10-1: Change “Elevation View” to “Plan View” by clicking PR and selecting
“STORY5” from list. Select "Similar Stories" in drop-down menu in bottom-right of
screen.

Plan Yiew - STORYS - Elevation 720
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Step 10-2: Click any area in slab from Plan View. The status bar shows "5 Areas,

Wi
30 Edges selected" (1 areas x 5 floors). Click on & or select Assign > Shell/Area
Loads > Uniform menu. In "Uniform Surface Loads" window, select Load Case
Name = "LIVE", select Unit = "Ib-ft", select Direction = "Gravity", enter Load =

Uniform Surface Loads

ETABS Tutorial Example

F—— === ============—=—-7°
Uit 1
: Load Case Mame [Lve = e =}
FUrfomload—— — — — — | Optians
| | Relf
| Load I-ma | " Aidd to Existing Loads
I I ' Feplace Existing Loads
1 Direction IG[a""it-"' j‘ I ™ Delete Existing Loads
Cancel |

"100" (positive for downward in "Gravity" direction) and click OK.

Step 10-3: Repeat Step 10-1and Step 10-2 to assign “35 psf” to "SUPERDL" load

niform Surface Loads

-
|}
|
|

Uit

Load Caze Mame

[superDL =] || [l =l

— Uriform Load Options
1 Load |35— " Add to Existing Loads
: 1+ Replace Existing Loads
j| Direction IGravit_l,l j" ™ Delete Existing Loads
-

Catcel |

case in all slabs.
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Step 10-4: Click on I or go to Draw > Snap to > Lines and Edges. Move mouse
over perimeter beam wait until red dot appears on that beam then right mouse click.
Repeat this step to select perimeter beam one by one until bottom-left screen dis-

XN VTN 27w [

plays "60 Lines selected” (12 bays x 5 floors).

Elloweal FHlken =
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Frame Distributed Loads

'l
L]
I Load Case Name  [SUPERDL =
I

— Load Type and Direction

& Forces € Moments

Direction IGravit_l,l "l

s~ ==
le-ft =y
Optians

™ &dd to Existing Loads
¥ Replace Existing Loads
" Delete Existing Loads

— Trapezoidal Loads
2

& 4.

Distance IU- IU-25

Jo.7s I

load 0. o

% PRelative Distance from End

Jo. Jo.

 Absolute Distance from End-|

— Uriform Load————— ————

-

Load

[ o ]

Carncel |

Step 10-5: Click on =4 or select Assign > Frame/Line Loads > Distributed. Menu
to specify Load Case Name = "SUPERDL", Units = "lb-ft" and Uniform Load =

"250" and click OK.
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Step 10-6: To display distributed load that just assigned in perimeter beams from
previous step. Activate "3D View" window, select Display > Show Loads >
Frame/Line menu, select Load case = "SUPERDL" and click OK. Click on I'1l to

change back to normal display mode.
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11. View Input Data in Tabular Form

Database Input Tables

FrameH L ihEes:

L
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Step 11-1: Go to Display > Set Input Table Mode, select items to be displayed
and click OK.

Developed Elevations
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Step 11-2: To view each input data, select items from drop-down menu. Click OK to
finish this step.
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12. Run the Analysis

Analysis Options

Full 30 #Z Plane 172 Plane Mo Z Ratation

T I ey L . Ix . ey [ I -I‘

1~ - - |
I T Dynamic &nalysiz | SetDpnarmic Earameterns., I
[T Include P-Delta b RV Parameters. I
[T SaveAccess DB File el Emme. I
Ok, Cancel

Step 12-1: Go to Analysis > Set Analysis Options, select "Full 3D", deselect "Dy-
namic Analysis" (not required for this part of example) and click OK.

mﬁunning ETABS Nonlinear ¥8.00 - ETABS_ex01 [_ (O] x|
[
JOINT oTTPRUOT 15:53:05
ELENENT JOINT-FORCE OoUTPUT 15:53:05
NUMEER. OF JOINT ELEMENTS 3AVED = a0
NUMEER. OF FRAME ELEMENTS 5AVED = 185

ELENENT OUTPUT 15:53:07

COMPLETE

d
I
Ok I 1 arze|

Step 12-2: Click on [k or go to Analysis > Run Analysis, click on Run from Analy-
sis Options "Window" and wait until ETABS displays "ANALYSIS COMPLETE" and
click OK.
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Step 12-3: When Analysis process has been completed, ETABS will display de-

formed shape of the model in active window and model is locked automatically (@
is pressed). When the model is locked, model cannot be modified unless unlock the

model by depressing (8 button. After model is unlocked, all output data will be de-
leted and reanalysis is required to obtain output data again.

13. View Analysis Results Graphically
Deforned Shape |

Load DEAD Static Load
— Scaling

. Auto

" Scale Factor I

v Cubic Curve

(] I Cancel I

Step 13-1: Deformed shape can be displayed by clicking on FF and select load
case from drop-down menu.
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Step 13-2: Deformed shape can be displayed in animation by clicking on Start
Animation. Speed can be adjusted by scroll bar at the bottom of this window. Click

on Stop Animation and click on ['1 to change back to normal display mode.
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Step 13-3: Active "Plan View" window and change to "Elevation View" by clicking
on % and selecting Elevation = "1".
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Step 13-4: Analysis results can be displayed by clicking on ﬁ. Select load cases
from drop-down menu, select "Component” (shear, moment or torsion) and select

"Fill Diagram".
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Step 13-5: Now moment diagrams (3-3) are displayed with positive moment on the
tension side. To display tension in negative side, go to Options and deselect Mo-
ment Diagrams on Tension Side. Right click on the beam between grid line A and

B at roof floor to display analysis result details.

s focea Elren =
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Diagram for Beam B13 at Story STORYS

I ___________ End Length Offsets Display Options——}
@ Dcranror

{ | 1En¢ 10,000 o I
: atic Load Case |DEAD | JEnd: 10.000 " Show Max

Uniform Load [Down +]
0.025

Shear W2
218

Moment M3
-16.691

Deflection [Down +)
0.002

Step 13-6: Loads, shears, moments and deflections for the right clicked beam are
displayed. Select Display Options = "Show Max" to see maximum and location for
each result. Select Display Options = "Scroll for Values" result values at particular
location can be shown by moving scroll bar or entering location in text box. Click

Done to close this window and click on I'1 to change back to normal display mode..

14. Design Concrete Frame Elements

There are many design codes available for concrete frame design. ETABS
will define load combinations according to specified design code automati-
cally after specifying the design codes. Additional load combinations can be
defined and added to the design combo list if required.

Concrete Frame Deszign Preferences

r 1
1 | Design Code & 3 1
| _| PhiBendingl ension 4 a
PhiComprezzionTied 07
PhiCompreszionSpiral 0.7h
PhiShear 085
MHumberlnteractionCurves 24
MHumberlnteractionPaintz 11
Tirme Hiztory Design Ervelopes
EuroMu 0.om
EuraG ammal 15
EuralG ammas 115
Utilization Factor Limit 035

Step 14-1: To select design code, go to Options > Preferences > Concrete Frame
Design menu, select "ACI 318-89" and click OK.
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Design Load Combinations 5election

— Choose Comba:

List of Combos

Design Combos

ETABS Tutorial Example

Load Combination Data
Load Combination Name IDCDNZ‘
Load Combination Type EDD
i~ Define Combination
Case Mame: Srale Fartnn
DEAD Static Load 14
LIVE Static Load 17
SUPERDL Static Load |1.4

Step 14-2: To see load combination for design, go to Design > Concrete Frame
Design > Design Combo. 2 load combinations are defined and selected for design
automatically, select "DCONZ2" and click Show. Load factors are defined according

to specified design code from previous step. Click OK 2 times.
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Step 14-3: Start concrete frame design by clicking on Ed. When ETABS finishes

the design process, required reinforcement in each element will be displayed.

Concrete Beam Desgign Information

Story ISTDHY5 Section Name IE'I
Beam IBW:3
COMEQ STATION TOF BOTTOM SHEAR.

1 Ovenarites I

Summary I FIex.Deta\IsI Shear Details

Cancel

Step 14-4: To see beam design details, right mouse click on particular beam (ex-
ample beam between grid line A and B at roof floor). ETABS highlights the critical
location along the element length (maximum required reinforcement). More details

can be displayed by clicking on button below. Click OK to close this dialogue.
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Concrete Column Design Information

Storw ISTUFW5 Section Name IE1
Calurn Im

COMEQ STATION  LONGITUDINAL MATOR SHEAR MINOE SHEAR

D LOC EBEINFORCEMENT EREINFORCEMENT EREINFORCEMENT
DCONL .00 3.14z2 0.0o0o 0.0o0
DCONL 60.00 3.142 0.000 0.000
DCONL lz0.00 3.142 0.000 [ ]
DCONZ .00 3.142 0.0o0o 0.0o0
DCONZ 60.00 3.1d2 0.000 0.000

DCONZE 20.00

Ovenwrites Interaction

Ok, I Caticel I

Step 14-5: As beam design details, column design details can be displayed by right
mouse clicking on particular column (example column along grid line A between
roof and 4 floor). ETABS highlights the critical location along element length (maxi-
mum required reinforcement). More design details can be displayed by clicking on
button below. Click OK to close this dialogue.

Dizplay Design Reszults

% Design Output Longitudinal Reinforcing

" Design Input I Design Sections j

Catcel |

Step 14-6: To display design input or output in graphic view, go to Design > Con-
crete Frame Design > Display Design Results.

ETABS B |

& Analyziz and design sections match for all concrete frames.

Step 14-7: To display the status on the concrete frame embers that passed the de-
sign, go to Desigh > Concrete Frame Design > Verify Analysis VS Design Sec-
tion.
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Part B: Dynamic Analysis and Design
Step-by-Step Solution

1. Unlock the Model

ETABS |
Fleaze notel
Inlocking model will delete analysis resulkz!
OF. to delete’?
[——-----
! oK |
I ——————

Step 1-1: This model is locked automatically after the analysis process is com-

pleted. To unlock this model, click on @ a message window prompts with a mes-
sage that ‘all analysis results will be deleted if the model is unlocked'.

2. Define Response Spectrum Function

Define Rezpongze 5pectrum Functions

—Response Spectra—— [~ Click to:

Add Spectrum from File... I

Add User Spectrum j

Add User Spectium -
I S8 e 4 Specinr, —
idd LIBCE b
Add BOCATE Spechum
| |Add MBCCIS Spectrum
Add IBC2000 Spectrum
Add MEHRPS7 Spectum
Add EuwroCode8 Spectum X
Cancel

Step 2-1: Click on = or go to Define > Response Spectrum Functions, select
“Add UBC97 Spectrum” from drop-down menu.
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Function Name IFUNC'I
Parameters——————————— == — Define Function
1 . :
Seismic Coefficient, Ca | [0 ! Period Acceleration
Seizmic Coefficient, Cw L ID.1 1 ID. = ID_‘I =
_____ 032 0.25
16 0.25 _ ol |
18 02222
2. 0.2 fndify |
25 016
3 01333 _ Dekre |
Convert ko U ser Defined I el ~lj01143 LI
— Function Graph
f
[
T
I
Dizplay Graph I 0.0,0.0
0k I Cancel |

Step 2-2: Accept built-in “UBC97” response spectrum by clicking OK.

Define Response Spectrum Functions

—Response Spectra——

FLIMCT

r— Click, to:

Add S pectrum from File. . |

Modify/Show Spectrum... |

Delete Spectum |

Cancel I

Step 2-3: “FUNCL" response spectrum function has been defined already, click OK

to end this step.
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3. Define Response Spectrum Cases

.P"} TARS Monkena «8 00 - ETARS _exdll <}
B B8 Vi Dsie Diew Seect ey Aoshos Dugley Desn Ootrs Hel - |
D& @%%. - | PARSSH HAR e NE %, InnEH-[¥ AE
e @ Bs % |
[y | I
5
N I
o s g L i :
e Define Responsze Spectra
= 0.148.070.2% _ 0.080.078.28 0.Z0.870.14 SRl
X B.87p.230. 14 @ 148,178, 14 0. 4B.230.87 1 —Spectra Click bo:
# = - - - \ - - - - — _-I
- i :
™ | e.2apere.z7 | e.eere.e7 | 8.270.070.23 |siof 1 A8 SEEim.. |
= @.118.208. 13 8.138.188. 13 B 1IB.2B@. 1] Do oo oo o
~ - = = =| I edifyShow Spe st . |
= I - | &
2 | es.2im0rp.27 | @.270.870.27 | B.270.B7@.21 |5108)
F‘ | ®.11p.280. 14 2148150, 13 0. 140208, 1B [Velete Spestium |
o = - - -
il - - e =
; | 8.21B.078,28 8.270.878.27 B.28B.878.21 | S108
® [(0.180.280. 14 | @.1490.180.13 | & H0.280.18
8 - - - -
B “ = L Cancel |
¥ 7 8.180.070.2% | 8.220.878.27 | 0.3006.878.17 |5108
X A SFDI0IE [ R MO | B R.2IR0
: =| - -5 - \\ﬁ
B | > Y BAGE
|
Elevvaion Ve - 1 HET066 V.00 ZH5T6 |

Step 3-1: Select working unit to be
Cases and click on Add New Spectrum.

Response Spectrum Case Data

o ooy T o

Spectrum Case Name ISPEU

— Structural and Function Damping

Damping I 005

—Modall:ombiria_tinn__
" COC FSHSSI  ABS GMC

fl I_Iml e [

r— Directional Combination

{* SRSS

" ABS Orthogonal SF I

"~ Modified SHS5 [Chinese)

— Input Rezponse Spectra

Direction Function Scale Factor

u | = o

:-|_|2 [Fuwct =] fad

Uz I j‘

Excitation angle ID

— Eccentricity

Eccentricity B atio IU

Oweride Eccentricities Ovemnde... |

ak. I Cancel I

in”, go to Define > Response Spectrum

Step 3-2: Specify response spectrum case data as shown in above figure and click

OK.
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Define Response Spectra

Step 3-3: “SPEC1” response spectrum function has been defined already in list,
click OK to end this step.

4. Run Analysis

Analysigs Options

Step 4-1: Go to Analysis > Set Analysis Options and click on Set Dynamic Pa-
rameters.

1.000E-07

Step 4-2: Enter Number of Modes = “20" and click OK 2 times.
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™ Running ETABS Nonlinear vB.00 - ETABS_ex01 [_ (O[]
[
JOINT OUTPUT 15:53:05
ELEHNENT JOINT-FORCE OUTPUT 15:53:05

NUMEEE. OF JOINT ELEMENTS SAVED
NUMEER. OF FRAME ELEMENTS SAVED

a0
155

ELENENT OUTPUT 15:53:07

L

: | [Earise] |

Step 4-3: Click on 'F or go to Analysis > Run Analysis, click on Run from Analysis
Options "Window" and wait until ETABS displays "ANALYSIS COMPLETE" and
click OK.

5. View dynamic analysis results

2 main types of dynamic analysis results can be displayed, first the mode
shapes and second the member forces/stresses.

Mode Shape

o |1
Mode Humber |'| Ell 1

— Scaling
{* Auto

 Scale Factor I

¥ Cubic Curve

I
1 Ok, I: Cancel I

Step 5-1: Click on ¥ or go to Display > Show Mode Shape, select Mode Number
and click OK.

FE 1ABS Monknean vIL00 - ETABS estilB

Fie Edt Vew Defre Dpsw Gelsct Muign Acsyte Disgley Dedgn Detoed e

O @SS @ 0 pRRRRH MMM Gw + ¢ R Ir‘:hlﬁt'#' gl
A S S ek S el e e T et e T e - A o e R 1 <l - Bl s
D PSP Vi - SRS < bmviimemt J308 1 S [ E=1}| 9 30 View Wodn 1 Prciond 1. 7078 enconds
N
S 11 B C i
T
w| 4
= [ ] L] L] .
o
o
" [ ] * * -
B
" L E)
b - o
I ! . >—¥ * . .
M I R
Flight Chch,on Prank fot madal companeris Start Arimabon AL | CTTa [P

I -l
Step 5-2: Mode shape can be displayed in animafion Dy clicking Start Animation.
Click on 1 to change back to normal mode.
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Member Force Diagram for Frames

— Component
™ AualForce ) Torsion

" Shear 22 © Moment 2-2
" Shear 33 & Moment 3-3
7 |hplate Shean 0 hplsne Mament

— Scaling
= Auto

" Scals Factar I

W Fill Diagram

5| Ehiow % alues o Diagram

W Include Piers/Spandrels
I |

| Cancel |

Step 5-3: Same as static analysis results, axial force, shear, moment or torsion can
be displayed by clicking on & and selecting “SPEC1 Spectra”. Click OK.

6. Design Concrete Frame

Design Load Combinations Selection

— Chooze Combos

Lizt of Comboz Deszign Combos
DICOMA
DCON2
el | DCOM3
DCOM4
<- Remove |
k. Cancel

Step 6-1: Go to Design > Concrete Frame Design > Select Designh Combo.
ETABS has defined load combination for every load cases automatically as shown
in Design Combos list. Load combinations details can be displayed by selecting
one of them and clicking on Show.
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Load Combination Data

Step 6-2: Scale Factor for each load cases has been defined automatically by
ETABS. Click on OK 2 times and click on E to start concrete frame design.
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Part C: Design of Shear Wall

Step-by-Step Solution

Problem

Add shear wall (12" thick.) to the model between grid line 2 and 3 along grid
line A and D as shown in the following figures. Door openings on the wall
are provided only at the first floor level.

3D View of the building

Plan and Elevation View
Plan View at Roof Foor

Bl

C1

® ® ©
20' 20' 20'
1
C1 C1 C1
@ — ® )
B1 B1
- - —
o o o om
N
C1 C1
@)% ® ®
B1 B1 Bl
f — -
3 = m o0 %‘
C1 C1
C i B1 . B1 . Bl
- - —
3 0 0 m
C1 C1
H—L @ ® ® )
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Story 5 ) B1 B1 B1 1 Story 5 [ 81 ¥ 1 1
~ N
= C1 c1 c1 c1 &N
Story 4 B1 B1 B1 Story 4 - c Bl C1 B1 C1
y c1 c1 c1 c1 :
- y cL c1 c1
t B1 B1 B1 -
Story 3 Story 3 Bl Bl
y c1 c1 c1 c1 -
i
Story 2 B1 B1 B1 S C1 c1 c1
Story 2 Bl Bl
y c1 c1 c1 c1 N
Story 1 B1 B1 B1 S C1 c1 c1
Story 1 B1 B1
y c1 c1 c1 c1 .
Base Y C1 c1 c1
TR Base

Elevation At Grid Lines 2, 3,4,B and C

]
Elevation at Grid Line 1

20 J L 20'

B1

12

C1

Bl

12

C1

B1

12

C1

Bl

12

C1

Bl

L4
)

C1

g

Bl 1 Story 5 ) B1
m O Y c1
Story 4 B1
c1 .
B1 9 C1
Story 3 B1
c1 )
Bl o c1
Story 2 Bl
Cc1
BL y c1
Story 1 B1
C1
N c1
Base

6' 8' 6'

Elevation at Grid Line A

Elevation at Grid Line D

Typical Shear Wall Design Procedure

Following is a typical shear wall design process that might occur for a new
building. Note that the sequence of steps you may take in any particular
design may vary from this but the basic process will be essentially the
same.

1. Use the Options menu > Preferences > Shear Wall Design command
to review the shear wall design preferences and revise them if neces-
sary. Note that there are default values provided for all shear wall de-
sign preferences so it is not actually necessary for you to define any
preferences unless you want to change some of the default preference
values.

2. Create the building model. See the section titled "Modeling Process" in
Chapter 6 for more information.

3. Run the building analysis using the Analyze menu > Run Analysis
command.

4. Assign the wall pier and wall spandrel labels. Use the Assigh menu >
Frame/Line > Pier Label, the Assign menu > Shell/Area > Pier La-
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bel, the Assign menu > Frame/Line > Spandrel Label, and the As-
sign menu > Shell/Area > Spandrel Label commands to do this.

Note that the labels can be assigned before or after the analysis is run.

5. Assign shear wall overwrites, if needed, using the Desigh menu > Shear
Wall Design > View/Revise Pier Overwrites and the Desigh menu >
Shear Wall Design > View/Revise Spandrel Overwrites commands. Note
that you must select piers or spandrels first before using these commands.
Also note that there are default values provided for all pier and spandrel
design overwrites so it is not actually necessary for you to define any over-
writes unless you want to change some of the default overwrite values.

Note that the overwrites can be assigned before or after the analysis is run.

Important note about selecting piers and spandrels: You can select a pier or spandrel
simply by selecting any line or area object that is part of the pier or spandrel.

6. If you want to use any design load combinations other than the default ones
created by ETABS for your shear wall design then click the Design menu >
Shear Wall Design > Select Design Combo command. Note that you
must have already created your own design combos by clicking the Define
menu > Load Combinations command.

7. Click the Design menu > Shear Wall Design > Start Design/Check of
Structure command to run the shear wall design.

8. Review the shear wall design results. To do this you might do one of the fol-
lowing:

1. Click the Design menu > Shear Wall Design > Display
Design Info command to display design information on the
model.

2. Right click on a pier or spandrel while the design results are
displayed on it to enter the interactive wall design mode.
Note that while you are in this mode you can revise over-
writes and immediately see the new design results.

If you are not currently displaying design results you can click the Design menu >
Shear Wall Design > Interactive Wall Design command and then right click a pier or
spandrel to enter the interactive design mode for that element.

1. Use the File menu > Print Tables > Shear Wall Design command to
print shear wall design data. If you select a few piers or spandrels be-
fore using this command then data is printed only for the selected ele-
ments.

2. If desired, revise the wall pier and/or spandrel overwrites, rerun the
shear wall design, and review the results again. Repeat this step as
many times as needed.

3. If desired, create wall pier check sections with user-defined (actual) re-
inforcing specified for the wall piers using the Section Designer utility.
Use the Design menu > Shear Wall Design > Define Pier Sections
for Checking command to define the sections in Section Designer. Be

Static, Dynamic Analysis and Design of Building with Shear Wall 44/ 58



ETABS Tutorial Example

sure to indicate that the reinforcing is to be checked. Use the Design
menu > Shear Wall Design > Assign Pier Sections for Checking
command to assign these sections to the piers. Rerun the design and
verify that the actual flexural reinforcing provided is adequate.

4. Assign these check sections to the piers, change the pier mode from
Design to Check, and rerun the design. Verify that the actual flexural re-
inforcing provided is adequate.

5. If necessary, revise the geometry or reinforcing and rerun the design.

6. Print or display selected shear wall design results if desired.

Note that shear wall design is performed as an iterative process. You can
change your wall design dimensions and reinforcing during the design
process without rerunning the analysis. However, you always want to be
sure that your final design is based on analysis properties (wall dimensions)
that are consistent with your design (actual) wall dimensions.

Define Wall Section

Define Wall/5lab/Deck Sections |

—Sectiohs———————— [ Click to:
DECEK Add Mew Deck ~
PLAME I J

Step 1-1: Click on ™z or go to Define > Wall/Slab/Deck Sections, select "WALL1"
and click on Modify/Show Section.
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Wall/Slab Section
Section Mame IM

b aterial II:EINI: "I

— Thicknesz

tembrane |12-
Bending |12-

— Type
& Shel  Membrane ¢ Flate
[ Thick Plate

— Load Distribution
™ Use Special Onet ay Load Distibution

F==-- Dizplay Color -

[ ok : Cancel |

Step 1-2: Accept the defaults by clicking OK to 2 times.

7. Draw Wall Sections

Columns and beams around wall areas will be deleted before drawing the
wall sections.

P E 1ARS Mok o 00 - E TARS _exdITE_(1T
Ele [t View Defew Oguw Selsct fusign Apsips Diggly Desgn Qpsors Meb .
D @SS o2& 55 28eRR M HMR o ot N8B %, |0l HE £l
X2 o e[ X e n 4, [y WS EEAE . [T-0-F- 8- B,
IE; ™ Plan View - 5TORYS - Elevation 72 = [=] b1
%
N
N ] B C 0
&
il
x| 4 \
o
L —— \
al === 1 1
= ] 1 I :
N 1 1 |
o 1 1 |
- I
0 .| 1 I
B 2. I e * I * 1
'_ | b — -
3 :
" A
4
Bt
i o & * -
]
-_——
20 P, 20 Lines selected 55016 ¥4 51 2720 00 | | Elgoes EHfron =

Step 2-1: Change "Plan View" window to "STORY5" and select "Similar Stories". To
delete all frame objects between grid line 2 and 3 along grid line A and D, draw se-
lection rectangular to cover these areas and press Delete on the keyboard
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PMETADS Nonknear 00D - ETADS_ex01C_01

fde Edt Mew [efre Opsw Select Suign Apshre Diaplsy Desgn Dptiont lelo
DS EES- a2 AL 800 M Rt o| ++ Rk |0l T ] £
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L)

b |

e
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Step 2-2: To assign Wall in "Plan View", select =, select Property = "WALL1" and
click on 2 bays. Walls will be added to all stories as shown in "3D View" window.

8. Define Reference Planes and Lines

Reference planes and lines are required to define additional working planes
other than the real floors (stories). These are useful to define openings,
staircases, ramps etc. This is similar to defining additional grid lines be-
tween the real floors. In this example these features will be used to create
door openings on the wall.

Edit Reference Planes

— Location of Reference Plane [Horiz.]

e |

Delete |
Delete All |

Chanage Units IM A

I
1 Ok Il Cancel |

Step 3-1: Reference plane will be defined to at the top and bottom of door opening.
Go to Edit > Edit Reference Planes, Enter "8 ft" (vertical location of the reference
plane), click Add and click OK.

Static, Dynamic Analysis and Design of Building with Shear Wall 47/ 58



ETABS Tutorial Example ACECOMS, AIT

Edit Reference Lines I
— Location of Reference Ling [ ertical]
A A -
Jo. |25
0. 3, '
I odify |
Delete |
Delete All |
Change Unitz FT A
ok I Cancel I

Step 3-2: Reference lines are required at the left and right side of the door opening.
Go to Edit > Edit Reference Lines, Enter X and Y coordinate as shown in above
figure, click Add twice and click OK.

9. Add Wall Opening

Walls on 1% floor along grid line A will be meshed by using reference plan
and lines that have been defined in the previous step. The area object
(wall) at the door opening will be deleted.

P 1 ABS Honhneas v15.00 - ELABS_edTC_(

Elo Ed View Dol Duw Sekct dssion Aosher Dighy Design Opions Heb
D BYS- o [f& 5 [ pRpep M ultow ¢ NA | %, |0l G £,
1 el o il s St e st e R e - SR L e el 2

[ o iR A= P e

Bl

'm=+%=71]

Elerwbomn Vs - M0 YT 273 [irsrie Flloonae Flfken =

Step 4-1: Change "Plan View" to "Elevation View" by clicking on % and selecting
"A" from "Set Elevation View" window. Draw selection rectangular to cover all walls
in this "Elevation View".
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Mesh Selected Areas |

— M eshing Optionz

& i Mesh Quads/Triangles at

r
|
|

™ Cookie Cut at Selected Line Objects [Haoriz. |
™ Cookie Cut at Selected Points at I Degrees [Hariz. ]

R T e et e N T

— . Intersections with Aighle Grids !
[T Selected Point Objects on Edges

[ Interzections with Selected Line Objects

Areas

[ ox |

Cancel |

Step 4-2: Go to Edit > Mesh Areas, select "Mesh Quads/Triangles at" and select

"Intersections with Visible Grids".

PETABS Monhnoas v8.00 - ETABS ol C_01

e fdt Yew Defre Dymw jelect feogn fpdyee Digley Oesgn Optors Heb

D B%%U- o (&) +50 PAESA A e 0o TA %, |nfH &
i = g T R R | a3 | =

4 Clevation View - A

O ol R A A

| S

Elewation View - &4

Step 4-3: All walls on this side are meshed based on reference plane and line, click

X000 YIIAES ZH020

|

Flloioear =|jken =

on wall at door opening area and press Delete on the keyboard.
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10. Assign Piers Labels

Piers labels are essential for the analysis and design of shear walls.

Select Sections

— Select

DECK
PLAMED

0K I Cancel |

Step 5-1: Select all wall sections, go to Select > by Wall/Slab/Deck Sections, se-
lect "Wall1" and click OK.

—wall Fiers Click to:
IF'-I Add New Name |
ITHONE |
Change Mame |
Delete Name |

' o 1
1 |

——
Cancel

Step 5-2: Go to Assign > Shell /Area > Pier label, Select "P1" and click OK.
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11. Assign Spandrels Labels

Similar to the piers spandrels labels are required by ETABS for proper
analysis and design of shear walls. Normally they are provided over the
openings.

PE 1 ABS Honhnear vB.00 - ETABS_eslTC_U1
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e
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Step 6-1: Click on wall at the top of door opening. Go to Assign > Shell /Area >
Spandrel label.

Spandrel Mames

—'all Spandrels

Click, tex

Add Mew Name I

Change Mame |
Delate Mame |

Cancel |

™ Multistory

Step 6-2: Select "S1" and click OK.
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PMETABS Nonlinear v8.00 - ETABS_ex01C_01 [ 7]
File Edit View Define Draw Select Assign Analyze Diesply Design Options Help ‘
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Step 6-3: Wall over the door opening is labeled as "P1" and spandrel ("S1").

12. Run Analysis

Analysis option has been setup for dynamic analysis from Part B already.
Rerun the problem.

mﬂunning ETABS Monlinear ¥8.00 - ETABS_ex01 M=l 3
;I
JOINT OTTPUT 15:53:05
ELENENT JOINT-FORLCE OUTPUT 15:53:05
NUMEEE. OF JOINT ELEMENTS SAVED = 0
NUMEEER. OF FRAME ELEMENTS 3&VED = 155

ELEMNENT OUTPUT 15:53:07

COMNFPLETE

1 Ok " [Earice]

Step 7-1: Click on ¥ or go to Analysis > Run Analysis, click on Run from Analysis
Options "Window" and wait until ETABS displays "ANALYSIS COMPLETE" and
click OK.
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13. View Shear Wall Results

Load [DcONtCombo =]

— Component Type
" Forces 7 Shresses

— Component
571 513
52 523
r 512 ChAASM
o :
 SMIN

— Contour Ranage
kit IU- GET IU-

— Stress Averaging
* MNone

0 at Al Joints

" at Selected Elements SEtGTDUDS---l

[ Display on Deformed Shape

ok | Cancel I

Step 8-1: Click on ¥ or go to Display > Show Member Forces/Stresses Diagram
> Shell Stresses Forces, select result parameter and click OK.
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Right Click on any Area for detailed diagram MGLUBAL Fllken =l
Step 8-2: Stresses or forces are displayed as color contours, click the right mouse
on any one of these walls. “Area Diagram” at that wall will be displayed. Move the
cursor over this diagram to check the value at desired location. Click X at the top-
right of this window to close this “Area Diagram”.
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14. Design Shear Walls

L ————=============7

1 Dezign Code

ol Hishafy Blosigiio — o= = —
phi-b
phi-c
phi-vnz
phi-vs
Prnax Factor 0.3
Rebar Units in"2
Febar/Length Unitz in"2/Mt
Mumber of Curves 24
MNumber of Points 11
Edge Design PT-Max Q.08
Edge Design PC-Max 004
Section Degign |P-bax noe
Section Degign [P-kin 0.0025
Utilization Factor Limit 055

Step 9-1: To select design code, go to Options > Preferences > Shear Wall De-
sign menu, select "UBC97" and click OK.

Load Combination Data

Load Combination Name IDWALZ’

Design Load Combinations Selection L
Load Combination Type EDD

— Choose Cambo:
. . i~ Define Combination
List of Cambos Design Combos
| [aze Mame Srale Fartnr

Add > DEAD Static Load 14
LIVE Static Load 17
<-F|amove| SUPERDL Static Load 1.4

Shiow |

Cancel_|

Step 9-2: To see load combination for design, go to Design > Concrete Frame
Design > Design Combo. 2 load combinations are defined and selected for design
automatically, select "DCON2" and click Show. Load factors have been defined for
to comply with the selected code. Click OK 2 times.
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Step 9-3: Click on C or Design > Shear Wall Design > Start Design/Check
Structure. After shear wall design is over, ETABS will display “Pier Reinforcing Ra-
tios” as active window.

Uniform Reinforcing Pier Section - Flexural Design [UBC37)

Story ID: STORYZ Pier ID: P1 X Loc: 360 ¥ Loc: 360 Units: Kip-in

Flexural Design for P-M2-M3 (RLLF = 1.000)

Station Required Current Flexural Pier

Location Reinf Ratio Reinf Ratio Combo Pu M2u M3u Ag

Top 0.0025 (0.0064 Dhwiald -348.333 4721645 -2419.155 2880.000

Eattom 0.0025 (0.0084 Dhwiald -419.608 4534.067 2398168 2880.000
Shear Design - First Inadequate Leg or Leg Requiring Most Rebar per Unit Length [EQF = 1.000]

Station Rebar Shear Capacity Capacity
Location in“27ft Combo Pu Mu Yu phi ¥c phi ¥n
Toplegl 0.360 Dwial3 -240.780 76332 RILTI 317415 524.775

BotLeg1 0.360 Dwial3 -288.297 143,406 0E7E 323117 530.477
Boundary Element Check - First Inadequate Leg or Leg Requiring Longest Boundary Zone

Station B-Zone B-Zone
Location Length Combo Pu Mu Yu Pu/Po
Topleg?2 36.000 Dhwidld -167.748 -2312.266 0.764 00164
Baotleg2 36.000 Dhwidld -203.386 2202.242 0.764 00193

Mumber af legs not checked because Pu/Pa < -0.35 [top, bottor] =0, O
Mumber of legs not requiing boundary zones [top, bottom] =1, 1
Murmber of legs not requining boundary zones [top, bottom] =1, 1

Ovenarites... Ok Cancel

Step 9-4: Right mouse click on any wall to open pier section design details, click
OK to close this window.
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ETABS Tutorial Example ACECOMS, AIT

Reinforcement Location for Pier

Uniform Reinforcing Pier Section -Design (ACI 318-99)

Story ID: STORY10 PierlD: PFRONTZ X loc: 900 Y Loc: 800  Units: Kgf-cm

Flexural Design for P-M2-M3 [RLLF = 1_000)
Station Required Current Flexural Pier
Location Heinf Ratio Reinf Ratio Combo Pu M2u M3u Ag
Top 0.0025 0.0047 DAL 9253.895 0.000 7242872 1000.001
Battom 0.0025 0.0047 UDhwal14 10091. 760 0.000 812,358 1000.001
Shear Design
Station Rebar Shear Capacity Capacity
Location cm™2/m Combo Pu Mu Yu phi ¥c phi ¥n
Top Leg1 5.000 DAL 4385713 169450.896 -1786.765 3519.595 £399.595
BotLeg 1 5.000 UDwiAl13 3782292 160138.815 -1726.146 3509.726 E389.726
Boundary Element Check
Station B-Zone B-Zone
Location Length Combo Pu Mu Yu Pu/Po
Toplegl Mot MNeeded UDwiaLl12 11545 206 13952275 -147.560 0.04E7
Batleg1 Mot Mesded UDeiALT2 10831310 -11237.078 128854 0.0438

Top Flexural

Top Shear
Reinforcement

Realnfarcament

Bottom Flexural
Reinforcement

Bottorn Shear
Reinforcement
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Dizplay Design Resultz

' Design Output ISimpIe Fier Longitudinal B einforcing J

™ Design Input

SO0 Pier Reinforcing B atios
SO Pier D/C Ratios

Spandrel Longitudinal Reinforcing
il Fier/Spandrel Shear R einforzing
Spandrel Diagonal Shear Reinforcing
Step 9-5: Spandrel design details or any shear wall design input and/or output in-
formation can be displayed from Design > Shear Wall Design > Display Design
Info.

Reinforcement Location for Spandrel

Spandrel Design

ACI 318-99 Story ID: STORY10 Spandrel ID: 51 ¥ Lloc: #25 Y Loc: 800  Units: Kgl-cm

Flexural Design (RLLF = 1.000)
Station Top Steel Top Steel Top Steel
Location cm”2 Ratio Combo u
Left 1.389 0.06947% LIDwial 11 -335842.411
Right 2.674 0.1339% UDhwial 2 -B44788. 708

Station Bot Steel Bot Steel Bot Steel
Location cm"2 Ratio Combo Mu
Left 0.245 0.0122% UDWALT3 59440.619
Right 0.000 0.0000 N, N/

Shear Design

Station Avert Ahoriz Shear Capacity Capacity Capacity
Location cm”2/m cm”™2/m Combo Yu Phi ¥c Phi ¥s Phi ¥n
Left 2.000 5.000 UDiwiaL 11 3346.801 9583672 5304.000 15487 672
Right 2.000 5.000 LIDhwiaL 1 B260.416 9583672 5404.000 15487 672
Station Adiag Shear Diag Reinl
Location cm*2 Combo Yu Required
Left 1.743 LIDswaL Tl 3346801 Mo
Right 2738 UDwaLT 5250416 Mo
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ACECOMS, AIT

Bottom-Left Flexural Reinforcement

—— Top-Left Flexural Reinforcement

Left Shear Reinforcement
(Vertical)

Right Shear Reinforcement
(Vertical)

Note: Typical Detailing of Shear Wall

Top-Right Flexural Reinforcement
Bottom-Right Flexural Reinforcement

Left Shear Reinforcement (Horizontal)
Right Shear Reinforcement (Horizontal)
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