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Analysis and Design of Multi-story Frame by (ETABS V19.1.0 Program) and (Hand calculation

[Moment Distribution Method]); Comparison of results.

f'c=28 MPa (for all structure) & fy=420 MPa (for steel bars).

The multi-story frame plan and elevation are as in following:
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Elevation view of the multi-story frame along (Gride 1).
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a. Create the Structural multi-story frames

Step 1: To define unit and design codes & Grid dimensions and height of stories.

File menu - New model > Select (Built-in setting with: ) -> Display units (Metric SI), (Concrete design code) ACI 318-19- Ok

B Model Initialization
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(O Use Saved User Default Settings
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Following window is display = 1.The grids in x- and y-directions, 2. Spacing between x and y grids, 3. Number of stories.
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Step 2: Define Materials:

Define menu -> Material properties [E, Material Properties...

e f'c =28 MPa (for all structure):
) Define Materials x
Matenals Click to:
‘ R T T ‘ Material Property Data
P ®\ Add Copy of Matenial... | Tk
| Modify/Show Matenal... & | Matidal Narke
Delete Matedal Materisl Type
Directional Symmetry Type 1sotropc ~
Material Display Color - \ Change ]
Material Notes \ Modify/Show Notes...
| ok )
l I Material Weight and Mass
- - @ Specify Weight Denstty O Specify Mass Density
m Material Property Design Data X Weight per Lok W e
- Mass per Unit Volume |2447:319 kg/m?
Material Name and Type
Material Name |Fe=28MPa prectusion Finoety Datw
Modulus of Elasticty, E ( 24870 MPa
ot — e =
Grade [Fe 28MPa | Coefficiert of Thermal £ ' A 0.0000099 ]ic
Design Properties for Concrete Materials > .f\ Shear Modulus, G | 103625 MPa
Specified Concrete C Strength, f'c — MPa _ i
LI ipresine ———— Modify/Show Matenal Property Design Data... |
Shear Strength Reduction Factor |
Advanced Matenal Property Data
T — ® oS | men |
o fy=420 MPa ( for steel bars):
@D Define Materials Material Property Data
Materials Click to: General Data @
A992Fy50 | Add New Matenal... | Material Name [To==1 ]
[ Add Copy of Material... | Material Type d&':,, ~|
(@) [ Modfy/Show b ﬁ Directional Symmetry Type [Griaat o
[ DeeteMstena ] St ol S | o
Material Notes \ Modify/Show Notes...
Material Weight and Mass
- - (@ Specify Weight Density (O Specify Mass Density
ook | Weight per Unit Volume \N[7es\ knme
Cancel | Mass per Unit Volume [8004.772 kg/m?
Material Property Design Data < |, scal Property Data
Material Name and Type Modulus of Elasticity, E U200000 ] | MPa
Material Name [fy=220MPa Coefficient of Thermal Expansion, A 0.0000117 1c
Matenial Type | Rebar. Uniaxial
Grade [fy=220MmPa ] erjesion Propenty Data
Design Pr for Rebar Mk Modify/Show Material Property Design Data... |
Minimum Yield Strength, Fy 420 MPa

Minimum Tensile Strength. Fu
Expected Yield Strength, Fye
Expected Tensile Strength, Fue

@ oK "/

o —
Comm—

Advanced Materal Property Data
| Nonlinear Material Data...

1
Tine Dependert Propeties..

® o S

B .
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Step 3: Defines: Columns, beams

Define menu - section properties - frame sections - ConcCol - add copy of property... (Modify the property of the columns) &
(Modify/Show Rebar...) = ... Ok

Frame Section Property Data . l

General Data (1] Frame Section Property Reinforcement Data
Property Neme Design Type Rebar Materal
Matesial e =20 on vl| e 3 P Longtudngl Bars =420 Vipa G
Notional Size Data | Modfy/Show Notonal Size 3° 4 T M3 Design Only (Beam) Confinement Bars (Tiea) Yy = 420 Mpa ¥l
vty Cr -_— ce .
Notos Modfy/Show Notes ™ . Reinforcement Configuration Confinement Bars Chack/Design
e ® O Reinforcement to be Checked
Shape J O Crevdar soral {{@)rertorcemant o be Desgned
Section Shape ' Concrete Rectangular v o
Section Property Source Cloar Cover for Corfinement Bars ! |mm
Source User Defined Number of Longtudnal Bars Along 3dr Face 3 ]
Nurmber of Longtudnal Bars Aong 2 Face s ]
Lo Longtudinal Bar Size and Area 2 v 3e | e
i Comer Bar Size and Area 2 v|[..]3e ot
Widh |
Confrement Bars
Confinement Bar Sze and Area 10 vl oS
Longtudinal Spacing of Confinement Bars (Aong 1-Axis) 50 Jom
o ‘/ Number of Corfinemert Bors n 3dr [
e T Nummber of Confinement Bars in 2ir [s
[ nckide Automatic Rigd Zone Area Over Column 3 o L( o]

Define menu = section properties = frame sections - ConcBm - add copy of property... (Modify the property of the beams) &

(Modify/Show Rebar...) > ... Ok

‘ Frame Section Property Data

General Data (1]
Pty Mo
Mol (e 228 e vl
Notional Size Data | Modty/Show Notional Size. .
Deplay Color 0] change.
Notes | Modfy/Show Notes...

Shape
== g

Section Property Source

Source. User Defined

Section Dimersions

Show Section Properties .

(] Inckude Automatic Rigid Zone Area Over Column

L

Propety Modfiers

© (555 odten]

Cumently Default

FReinforcement

O [ sow s | 1]

o v

,m Frame Section Property Reinforcement Data

Type Rebar Matenal
) P-M2:M3 Design (Column) Longitudinal Bary v
‘@MJWM (Beam) | Confinement Bars (Ties) ~

Cover to Longtudina Rebar Group Centrod Renforcement Area Overwrtes for Ductle Beams

Top Bare m lmm Top Bara at | End IQ Jm'
Boton Bam | [60 | |mm Top Bars at +End [o | mme
Bottom Bars ot |-End 0 | mm?
Bottom Bars at JEnd [o | ment

\ A Cancel
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N\, Draw Beam/Column (Plan, Elev. , 3D).

! Quick Draw B8/ Colum ns (PilH, B, 30).
r<1

tZ] Quick Draw (SIS [PIEA).

Step 4: Draw Columns and Beams:

e To Draw Columns:

On Plan View - go to story 3 - select (All Stories),

Click on quick draw column icon {I] -> choose (Property: C.............. )=> & draw columns.
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e ToDraw Beams On Plan View - go to story .......... = select (One Story),
Click on quick draw beam icon N -» choose (Property: B .............. )= and draw beams.
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Step 5: Fixing the Ground Floor Joints(Columns): Joint Assignment - Restraints [ x|
Select (One Story) - Select ground floor (Base) joints, Honkates i Shost Beectoen

M Transiation X M Rotation about X
And click on assign - Joints % Joint > restrains §* Restraints.. > Ok [ Trnsition Y |21 Rotation about Y

[ Trensision Z [ Rotation about Z
Fast Restrants

()& & [
1/0.( Close Apply

Page | 6



v
vE

Step 6: Define Static Load Patterns:

Define Load Patterns

Load Patterns...

Add New Load ‘/

Modfy Load
Moddy Latoral Load,

Define menu - Load patterns

Loads

Click To:

Auto
Lateral Load ‘

~ ‘

Type

Dolate Load

Step 7: Assign Gravity Loads:

In this Step, the Line loads will be applied to the model. Make sure that the (One story) feature is enabled and
that the plan View is active.

Now we will assign the line loads to the beams.

Select menu - Select - Properties = Frame section = ........ Ok

Select | Assign Analyze Display Design  Options Tools  Help
'.!g ! » | (%]  Pointer/Window
¥p Deselect > &R poly Shift+ Ctrls O
B8  invert Selection CtrleK WE  intersecting Poly  Shift+CtrleP
| T NE  intersecting Line  Shifts CtrleL Select by Frame Property [+ ]
e .
S — PR % Coordinate Specification » e
TR Object Type... || Clear Fiter
m_(pw| 2] LY Materiat Properties... e
0F  Labels > [#% [Frame sections.\ ] :gor:‘?:nn ~
5% Groups.. CrleG @B Siab Sections.. Pipd
W seores &P Deck Sections... AdmCol
L8 Wall Sections...
b
L SuitA 1@ Tendon Sections... € d00-300
\Q Link/Support Properties.., Ex&'".,.
None
u. Point Springs... SteelBm
Py Line Springs... mgi:g
BB Area Springs... mg::;
- [T wioes
AR 20 v
[ vaﬁ Deseloct 1 Close
H P Frame Loads tetri istri
After that; Assign menu = frame loads 11 - distributed ¢ Distributed... ........ <> Ok.
Assign ‘ Analyze  Display  Design Options Tools Help k3
% Joint PAYE QOVH26 /76 QRAQAARARQ W 3d4rRelf D (O 4§ RED-@- NV
\’ Frame » - X __3DView 1 - X
Y shel »
N Link » Frame Load Assignment - Distributed B
~X  Tendon »
\;’; Joint Loads » Eosd Patiom Natie |‘WU ‘ -
h Frame Loads » | Y% Point.. p o Tt
WG Shell Loads » lg Distributed... (.l ype and Direction mo .
Add to Exsting Loads
2% Tendon Loads » ” Temperature... © Forces O Moments
@ Replace Existing Loads
; . Direction of Load Appication Gravity v
|’Q'| Assign Objects to Group.., f’! Open Structure Wind Parameters... O Delete Existing Loads
E Clear Display of Assigns Trapezoidal Loads 3 3 3
@ conysign Dance [0 3| CEom— IL ]
[ Paste Assigns » lad [0 |[o |[o |[o [knm

@ Relative Distance from End-|

Uniform Load

ot (] Juwn

OK

() Absohte Distance from End-|
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Step 8: Moments @ the face of supports (Columns):

1 1 1) 1
A B (c) (D)
[T . SR Y
22 22 22
L2t g B 1 El1 1]
[T T S

Elevation view (Gride 1) or 3D - select multi-story frame,

Assign menu - Frame u\' feme 3 End length offsets "' EndLength Offsets..

m Analyze  Display
1@ See »

Desigr

iw)

3

Shell

Link

Tendon

Joint Loads

Frame Loads

Shell Loads

Tendon Loads

Assign Objects to Group...
Clear Display of Assigns

Copy Assigns

BE @S LEES .40

Paste Assigns

‘. Section Property...
. Property Modifiers...

<

| ofo Releases/Partial Fiity...
' e Offsets.. Y

v

— RN

!

) S—"

B

Frame Assignment - End Length Offsets

T Insertion Point...

Y5 Local Axes..

% Output Stations...

.‘/{ Tension/Compression Limits...
£ Hinges...

- = =

F§  LineSprings...

.% Additional Mass...

IB Pier Label...

3 Spandrel Label...

Y% Frame Auto Mesh Options...
& Frame Floor Meshing Options...
Moment Frame Beam Connection Type...
ﬂa Column Splice Overwrite..

\won-uumuw
Ausomatic from

O Define
End
& EnddJ I mm
Rodzonefator [0 |
Frame Se¥ Weight Option
3 O Auto
(O Weight Based on Full Length

2

A P ic Property & 2 &
K3 Material Overwiite...
% Column/Brace Rebar Ratic for Creep Analysis...
1 1 1 1
A B C D
\
-
-
-
ar—>X & & & -

S S S —

Story3

Story2

Story1

Base
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Step 9: Check the Model:

To check the Model:  Analyze menu -> check model [¥/] CheckModel.. 3 select all items ... > Ok.

ETABS Ultimate 18,02 - (Untitled) - o x
File Edit View Define Draw Select Assign . Analyae | Display Design Options Tools Help
BVH2¢ /& » Q& & ] cetmod = B-o-nvimi el I-0-T-0-=-C-L-
] Model Explorer * X | [ 45 SetActive Degrees of Freedom... - X
Model Tobles Y
%l W:""' Pepots |5 setLoad Cases To Run. @ Check %
\ 41- Project [ Advanced sapFire Options. 1
1+ Sructure Layout

Sl 2 Propertes % Automatic Mesh Settings fot Floors o D

N

O 4§ Srctursl Objects . Lo Todevance 1 -

D b sy Ml Avtomatic Rectangular Mesh Settings for Walls... 5 - : o

‘, E ) Loads A Analysis Model for Nonfinear Hinges... :

. 1 Named Output hems

% ‘ 14 Named Pits NA  Cracking Analysis Options. o hesis

Pa [ Jorts/dorts wehn Tolerance —

o) b RunAnalysis Fs [ Jorts/Frames witwn Tolerance

@ (3) Model Alive [ Jorts/Shels witn Tolerance

m‘ IE] Modity Undefotmed Geometry Frame Checks m

{ Warnng X
E K Lost Analysis Run Log Frame Ovedaps Thodl bas oo hacked 1o —r——"
A [ Frame Intersections wetn Tolerance

o Lock Model [] Frame itersactons weh Area Edgen e

8 Shel Checks

\ [ Shet Ovedaps

E Other Checks

A Ohck Meshng for A Stores 7

- (2] Orvack Loadng for Mt Stories /

Ohwck for Duphcate Sell Masw
F
ar—>X [ Tom or Extend Frames and Mave Jorts to Fix Problems /
b /7 [ dort Suory Assgrment
Al -
[7] Oreck Selected Otyects Only o
Soect/Dosci B
o) [omd |

Step 10: Run the Analysis: In this step, the analysis will be Run.

Click the Analyze menu =» Run Analysis command or The Run Analysis button,

When the entire analysis process has been completed, the model automatically displays a deformed shape view of the

model, and the model is locked. The model is locked when the Lock/Unlock Model button, a ‘, Appears locked.

Locking the model prevents any changes to the model that would invalidate the analysis results.
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Step 11: Display the Results:

e Make sure that the elevation view (Grid 1) is active.
Display menu -> Force/stress diagrams - Frame/pier/Spandrel/Link force H| IR 1o

Member Force Diagram for Frames/Piers/Spandrels/Links -

Load Case/Load Combination/Modal Case
Case omb O Mode
( D: J V]| [

O Axal Force O Torsion O Inplane Shear
O Shear 22 O Moment 2-2 O Inplane Moment

O User Defined Scale Factc

e Right click on the beam or column between any grid lines to access the diagram for beams and columns
from shown in figure below.

Diagram for Beam B2 at Story Story3 (B3007500) X
.’W.n N Jm ™ Q,ﬁm T -U;!;E] cm Bl
Load Case/Load Combination End Offset Location -
@ Load Case Load Corbination O Modal Case [End]lo2s0 | m
W Y vl | | Ena |[s7500 | m
Length 80000 | m
Component Display Location
Major (V2and M3) v @ Show Max O Scrol for Values
Equivaent Loads
38 1861 39 1851 18.000 khim
C _) at 47500 m
49 5000 49.6000
Vit @ face
She: /
V2 405000k |/
Igsesses:
Woment M3

%WAF

Mpos. n,smm.m\ A S
Sl b

. 0.915 mm
IEnd Jr 3 JEndJt 4 P

Deflection (Down +)

O absolte O Relative to Frame Minirum  (® Relative to BeamEnds () Relative 1o Story Minimum

Done
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e Find reactions:
Elevation view (Plan/Base) or 3D or Grid 1 active,
To find reactions: Display menu - Force/stress diagrams - Support/spring reactions... ‘}« - Ok

ETABS Uhtimate 1802 - =I A
File Edt View Define Draw Select Assign Analyze Display Design  Options Tools Melp
av H S / > QAQAQARAQ W 2drl el D LAY BED-O -

NYymeph ¢l I-B-T 0 -=EB-2

‘— v X | [T Plan View - Base-Z=0(m) Restraint Reactions (Wu) [N kN-m] | =
Model  Daplay Tdies Repots
Model
o P
bR
O B Losd CaseLoad Combiatnodal Cose
i i 3 ® Case © Mode
o 0N Vi <
@ N
fa e Joint Label: 3
® Story: Base
T Fx= 10,0877
Fy = 0.0000
-l Display Reauts for These Companents 46 f:,: z;sgozo::’sa 8 om 4
= L £ 1 My= 17318
oM On (% 8w L x e = 0.0000 =
G Om
19 M 1718 N 1 hw o
ok oo
(@ Restraint Reactions X
i
PortObect 3 Sioey Level Base
1 2 3
at Force, kN 100877 00000 292393
3 Momert, kNm 00000 17318 00000
e
»

" Joint | A | B ] F | = & |
member  AE AB BA BC BF B G H FE EF EA El
DF 0.376 0.624 0.345 0.115 0.54 0.335 0.085 0.285 0.285 0.545 0.24 0.209
FEM -24 24 -54 -66 29 -29
oM 9.024 14.976 10.35 345 16.2 12.40 3.52 10.55 10.55 1581 6.96 6.06
CO.F 348 5.18 749 6.20 8.1 248 7.90 5.27 451 174
. DM -3.25 -5.40 -4.72 -1.57 -7.39 -6.19 -1.76 -5.27 -5.27 -6.28 277 241
COF -138 -2.36 -2.70 -3.09 -3.70 0.77 -3.14 -2.63 -163 -0.38
DM 141 2.34 2.00 0.67 313 2.55 0.72 217 217 1.0 0.48 0.42
COF 0.24 1.00 L17 127 156 031 0.55 1.08 0.70 O.ll
DM 0.47 -0.28 -1.32 -0.81 0.23 -0.69 -1.05
[ [ sos | 805 | 367 S mm—mmm—ml
Calculate positive moments for interior spans as follows: for interior panel, Mpos= 18 x 67/8 —51.74 =29.26 kN.m
-51.74kN.m 18 kN/m -51.74 kN.m
*To find reactions, take moments about point B (@center of column);
yYvvvevvvy
A
6 Rc —18x6x3 =0 -  Re=Rc=54kN B 2
M, at face of support B, C =51.74 — 54 x 0.25 + (18 x 0.25%/2)=38.80 kN.m | £=6.0m 5

Check Mpos + (Maeg)average at face € Mo= 18 X (6-0.5)* /8 =68.06 kN.m >  29.26 +38.8 = 68.06 = Mo = 68.06 kN.m OK

*To find reactions, take moments about point B’ (@face of column);

55Rc’ —18x5.5x2.75=0 >  Rs'=Rc =49.5kN (@face of column)
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