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Preface

In the field of Structural Engineeringpmputer aied design and drafting software plays an
important role to assist in the modeling, analysis, design and documenfatarcturesThey
improve the qualityefficiency of design through optimization which is time consuming by
handcalculation. They alsmobilize communication through quick documentation.

This lab manual intends tteachthe studentghe applicatios of computersoftwares in
structural design and analysiich, in this caseonsist ofETABS and SAP2000The basics

of preprocessing, prassing and pogirocessingunits which are thédundamental$éor most

of the finite elemensoftwaresare alsaunder the purview of this cours@ order to prepare
this manual, help fronthe course materials @n equivalent course taught at Bangladesh
University of Engineering and Technology (BUEARd the user manual of concerned software

weretaken.

Shovona Khusru Shafiqul Islam
Debasish Sen Wahid Hassan
Mehsam Tanzim Khan Mithun Debnath

Department of Civil Engineering
Ahsanulld University of Science and Technology

CE 418: Cmputer Aided Analysis and Design



Department of Civil Engineeringgxuﬁ;
AUST BN/

Contents

Fundamentals of the Finite Element MethQd.............cooiiiienii e 1
FEA Software in General amfiTABS .........ccoooiiiiiiiieeeeeeeee e eeenennnnnas 7
|l ntroduction to ETABSOs..Us.er...l.nt.ezr.f.a.c.8
Methodology of Finite Element SOftWare.............ooooiiieeer e 9
BaASIC WOIKIIOW. ...t e et nnne e e e e e e e e eeeeenenees 9
New Model INHIAZATION.........e e 10
Define Material Properties and Frame SECHOMN............coiiiiiiiiieemieiieeeeeeeeeee e 11
BeaM MOUEBIING ... erer ettt e e e e e e e e e e e e s ammme e e e e e e e e e e e e 12
Frame MOAEIING ........ouuii i e e et e e e e e et e mmr e e e e eeaaaaas 13
SIabh MOAEIING. ... e e e 15
Modeling and Analysis of @ BUIlAING.........c.uuuiiiiiiiiiiiiiiee et eevvmmmeai e e e 23
Design Of @ BUIIAING.......ui i eeee e e e ene e e 32
Shear Wall MO IING ... ..cooiiii i e e e e et 37
DeSigN Of WaAter TaANK. ......cccoiiiiiiiiiiiiiemme e e e e e e e e e e e e amanaa e e e e e s 42
RETEIENCES. ...t e e bbb e e 48

CE 418: Cmputer Aided Analysis and Design



Department of Civil Engineerin=o=r
AUST ! !

)

J—"“ >

Fundamentals of the Finite Element Method
History and Introdu ction

The finite element analysis is a numerical technique. In this method all the complexities of the problems,
like varying shape, boundary conditions and loads are maintained as they are but the solutions obtained
are approximate. Because of its divigraind flexibility as an analysis tool, it is receiving much attention

in engineering. The fast improvements in computer hardware technology and slashing of cost of
computers have boosted this method, since the computer is the basic need for the applitato
method. A number of popular brand of finite element analysis packages are now available
commercially. Some of the popular packagesErédBS, SAP2000, ABAQUSSTAAD-PRO, GF
STRUDEL, NASTRAN, NISA and ANSYS. Using these packages one can analygalssomplex
structures.

The finite element analysis originated as a method of stress analysis in the design of aircrafts. It started
as an extension of matrix method of structural analysis. Today this method is used not only for the
analysis in solid mghanics, but even in the analysis of fluid flow, heat transfer, electric and magnetic
fields and many others. Civil engineers use this method extensively for the analysis of beams, space
frames, plates, shells, folded plates, foundations, rock mechaokdempis and seepage analysis of fluid
through porous media. Both static and dynamic problems can be handled by finite element analysis.
This method is used extensively for the analysis and design of ships, aircrafts, space crafts, electric
motors and heatgines.

General Description of the Method

In engineering problems there are some basic unknowns. If they are found, the behaviour of the entire
structure can be predicted. Thasic unknownsor theField variables which are encountered in the
engineeringproblems are displacements in solid mechanics, velocities in fluid mechanics, electric and
magnetic potentials in electrical engineering and temperatures in heat flow problems. In a continuum,
these unknowns are infinite. The finite element procedure esdsicch unknowns to a finite number

by dividing the solution region into small parts callddmentsand by expressing the unknown field
variables in terms of assumegbproximating functions (Interpolating functions/Shape functions)
within each element. Ehapproximating functions are defined in terms of field variables of specified
points callednodesor nodal points. Thus in the finite element analysis the unknowns are the field
variables of the nodal points. Once these are found the field variablgspatiaincan be found by using
interpolation functions. After selecting elements and nodal unknowns next step in finite element
analysis is to assembdéementproperties for each element. For example, in solid mechanics, we have

to find the forcedisplacenent i.e. stiffness characteristics of each individual element.

Mathematically this relationship is of the form

[Kle{ Ge¥ {F}e

Here K]cis element stiffness matrig, Ueishodal displacement vector of the element dfid {s nodal

force vector. Thelement of stiffness matrigir e pr esent t he f orcie@ duwe ctoora
unitdi spl acement i n joc.o oFroduirn anteet hdoidrse catrieonavéai | abl e f
propertiesviz. direct approach, variational approach, weigtggidual approach and energy balance
approach. Anyne of these methods can be used for assembling element properties. In solid mechanics
variational approacks commonly employed to assemble stiffness matrix and nodal force vector
(consistant loads).

Element properties are used to assemble global properties/structure properties to get system equations
[K] { GF}J}Then thg boundary conditions are imposed. The solution of these simultaneous equations
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give the nodal unknowns. Using these nodal valuesiadal calculations are made to get the required
values e.g. stresses, strains, moments, etc. in solid mechanics problems.

Thus the various steps involved in the finite element analysis are:
() Select suitable field variables and the elements.

(ii) Discretizethe continua.

(iii) Select interpolation functions.

(iv) Find the element properties.

(v) Assemble element properties to get global properties.

(vi) Impose the boundary conditions.

(vii) Solve the system equations to get the nodal unknowns.

(viii) M ake the additional calculations to get the required values.

CE 418: Computer Aided Analysis and Design Page2



Department of Civil Engineerinze s

AusT P®
K

A Brief Explanation of a Stress Analysis Problem

The steps involved in finite element analysis are clarified by taking the stress analysis of a tension strip with
fillets (refer Fig.1.1). In this problem stress concentration is to be studies in the fillet zone. Since the problem
is having symmetry about both x and y axes, only one quarter of the tension strip may be considered as shown
in Fig.1.2. About the symmetric axes, transverse displacements of all nodes are to be made zero. The various
steps involved in the finite element analysis of this problem are discussed below:

Step 1: Four noded 1soparametric element (refer Fig 1.3) 1s selected for the analysis (However note that 8
noded isoparametric element is ideal for this analysis). The four noded isoparametric element can take
quadrilateral shape also as required for elements 12, 15, 18, etc. As there is no bending of strip, only displacement
continuity is to be ensured but not the slope continuity. Hence displacements of nodes in x and y directions are
taken as basic unknowns in the problem.

Fillet
>t |
s - ot
b. c

. ——— P — — - — - — - — D,
< —>

< TB >

Fig. 1.1 Typical tension flat
A g 5 9 1317 21 24 29 33 37 41 45
1 4 7 jop3penop2| 25 28 31 c
2 L
3 2 15 | 8 ["114)17)20003| 26 29 32 P
T
3 | 6 | 9 f12);5] 1 >
B 4 L [1°12104] 27 30 33 D
8 12 1690 24 a5 %
522835 40 44 48
Fig. 1.2 Discretisation of quarter of tension flat
Jln
6 10 4 3
/\ -
7 11 1 2
(a) Element no. 5 (b) Typical element

Fig. 1.3
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Step 2: The portion to be analysed 1s to be discretised. Fig. 1.2 shows discretised portion. For this 33 elements
have been used. There are 48 nodes. At each node unknowns are x and y components of displacements. Hence
1 this problem total unknowns (displacements) to be determined are 48 x 2 = 96.

Step 3: The displacement of any point inside the element is approximated by suitable functions in terms of
the nodal displacements of the element. For the typical element (Fig. 1.3 b), displacements at P are

U= ZN,-ui = Ny + Ny, + Nyus + Ny,

and v= Ny,= N+ Nyvy + Novy+ Ny, .(1.2)

The approximating functions IV, are called shape functions or interpolation functions. Usually they are
derived using polynomials. The methods of deriving these functions for various elements are discussed in this
text 1n latter chapters.

Step 4: Now the stiffness characters and consistant loads are to be found for each element. There are four
nodes and at each node degree of freedom 1s 2. Hence degree of freedom in each element 1s 4 x 2 = 8. The
relationship between the nodal displacements and nodal forces is called element stiffness characteristics. It is
of the form

[k], {6}, = {F},. as explained earlier.

For the element under consideration, &, 1s 8 x 8 matrix and o, and F_are vectors of 8 values. In solid

mechanics element stiffness matrix is assembled using variational approach i.e. by minimizing potential energy.
If the load is acting in the body of element or on the surface of element, its equivalent at nodal points are to be
found using variational approach, so that right hand side of the above expression is assembled. This process
is called finding consistant loads.

Step 5: The structure 1s having 48 x 2 = 96 displacement and load vector components to be determined.
Hence global stiffness equation is of the form

(K] {0} = {F;

96 %96 96 x1 96 x 1
Each element stiffness matrix is to be placed in the global stiffness matrix appropriately. This process is
called assembling global stiffness matrix. In this problem force vector F is zero at all nodes except at nodes

45,46, 47 and 48 1n x direction. For the given loading nodal equivalent forces are found and the force vector
Fis assembled.

Step 6: In this problem, due to symmetry transverse displacements along 4B and BC are zero. The system
equation [k] {0} = {F} is modified to see that the solution for {§} comes out with the above values. This
modification of system equation is called imposing the boundary conditions.

Step 7: The above 96 simultaneous equations are solved using the standard numerical procedures like Gauss-
elimination or Choleski’s decomposition techniques to get the 96 nodal displacements.

Step 8: Now the interest of the analyst is to study the stresses at various points. In solid mechanics the
relationship between the displacements and stresses are well established. The stresses at various points of
mterest may be found by using shape functions and the nodal displacements and then stresses calculated. The
stress concentrations may be studies by comparing the values obtained at various points in the fillet zone with
the values at uniform zone, far away from the fillet (which is equal to P/b,f).
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FINITE ELEMENT METHOD VS CLASSICAL METHODS

1. In classical methods exact equations are formed and exact solutions are obtained where as 1n finite
element analysis exact equations are formed but approximate solutions are obtained.

2. Solutions have been obtained for few standard cases by classical methods, where as solutions can
be obtained for all problems by finite element analysis.

3. Whenever the following complexities are faced, classical method makes the drastic assumptions’
and looks for the solutions:

(a) Shape
(b) Boundary conditions
(c) Loading

Fig. 1.4 shows such cases in the analysis of slabs (plates).
To get the solution in the above cases, rectangular shapes, same boundary condition along a side
and regular equivalent loads are to be assumed. In FEM no such assumptions are made. The problem
1s treated as it 1s.

4. When material property is not isotropic, solutions for the problems become very difficult in classical
method. Only few simple cases have been tried successfully by researchers. FEM can handle
structures with anisotropic properties also without any difficulty.

whn

. If structure consists of more than one material, it 1s difficult to use classical method, but finite
element can be used without any difficulty.

6. Problems with material and geometric non-linearities can not be handled by classical methods.
There is no difficulty in FEM.
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(a) Irregular shaper (b) Irregular boundary condition

UITHLD

(c) Irregular loading

Fig. 1.4
Courtesy: S.S. Bhavikatti
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Need for Studying FEM

Now, a number of users friendly packages aglable in the market. Hence one may ask the
guestion O6What is the need to study FEA?06.

The above argument is not sound. The finite element knowledge makes a good engineer better while
just user without the knowledge of FEA may produce more dangerouis ré@suuse the FEA
packages properly, the user must know the following points clearly:

1. Which elements are to be used for solving the problem in hand.

2. How to discretize to get good results.

3. How to introduce boundary conditions properly.

4. How the element properties are developed and what are their limitations.

5. How the displays are developed in pre and post processor to understand their limitations.

6. To understand the difficulties involved in the development of FEA programs and hence tfo need
checking the commercially available packages with the results of standard cases.

Unless user has the background of FEA, he may produce worst results and may go with
overconfidence. Hence it is necessary that the users of FEA package should hakecoledte of
FEA.
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FEA Software in General andETABS
Most of the commonly available Finite Element Analysis (FEA) softwares have two main
features:

1 Graphical User Interface (GUI)
1 Programming Interface

Some softwares come with both of fieatures available while some only have the Gul.
GUI, userdnteract withthe computer through differemindows, icons and menus and which
can be manipulated by a mou$ée programming interface requires users to codeéoact
with the computer ancequires a certain degree of expertise in the programming language.

ETABS is apopular FEA softwaramong Civil Engineeraith main focus on @phical
Userlnterface ETABS stands for Extended Three Dimensional Analysis of Building
Structure.

As it canbe used without the requirement to code, it can be easily used by users who are not
familiar with coding. ETABS is suitable for analysis and designiodfi-storiedbuildings

and its different parts such as beams, columns, slabs and so on. The usee iistesdH
explanatory and the help file provided along with the software guides users along the way.
For these reasons, it is very user friendly and it is being used by Civil Engineers throughout
the world.

In this course, ETABS version 9.6/ be usel and all the following sections will be
described in accordance with this version.
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Introduction to ETABSO BlserInterface

Main Title Bar
Menu Bar
Toolbar

Display Title Bar

cC:. . CcC

Toolbars

*— Main Title Bar

Menu Bar

E ETAES Nonlinear v8.00 Bala - [Unditled)
Fiz Edl Wiow Doire Diaw Stket Srsin Ancho Dimda Desion Opliors Heln |
P [O@ @SS o7& s BABERPM M Rara| ¢+ HE|%. | nrEe-[FlRA.
> e TS B e B e, (Ko g, DheHy @/ |BER<d s ¥, [I-0-/T-E-
? P Plan View - STORY! - Elevation 144 =1 EY
X |
-> E| Display Title Bar Display Title Bar
o (Active Window) (Inactive Window)
=
o Coordinate System used
= Window for Mouse Coordinates ===
o Separator
= Plan View Drawing and
k. Assignments Options
oft Mouse Pointer (Similar Stories Feature)
. Position Current
B Status Bar Coordinates mm Units
R | v i
68 Foirke, 7 Liner. 1 fvsa relected HTZ1.47 'fB25.51 2144.00 [z Ellsloess =lftipn =]

Figure 1: ETABS user interface
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Finite element software generally follows three steps as given below

1. PreprocessingObject based model generation

oI e S S o A A o A e

Define materials
Define geometry
Define elements
Draw ( line, area etc)

Merge points
Load application

2. ProcessingAnalysis / Solution

U Static Analysis
U Dynamic Analysis

3. Post processing

Mesh (convert object baseabdelto element based model)

U Result interpretation ( SFD, BMD, Displacement, Stress etc)
U Design

BasicWorkflow

The following provides a lmad overview of the basic modeling, analysis, and design
processes:

1
2
3
4
5
6
7
8

.Open afile

. Set the units

. Set up grid lines.

. Define story levels.

. Define material anchembermroperties.
. Draw structural objects.

. Assign supports

. Define load cases

9. Assign loads.

10.
11.
12.
13.
14.
15.
16.

Edit the model geometifynecessary
View the model.

Analyze the model.

Display results for checking.
Design the model.

Generate output.

Save the model

CE 418: Computer Aided Analysis and Design
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New Model Initialization

Grid Dimensgions [Flan) Story Dimenzions
t» Urniform Grd Spacing {* Simple Story Data
Murnber Lines in ¢ Direction |47 Mumber of Staries I'Ii
Mumber Lines in ' Direction |47 Tupiczal Story Height Imi
Spacing in X Direction |247 B ottom Stary Height Iﬁi

Spacing in v Direction 24,

" Custom Grid Spacing

" Custom Story Data |

LU nit=
| | Kip-ft -
Add Structural Objects
I ) ) =i
N N | el || =
Steel Deck Staggered Flat Slab Flat Slab with ‘' affle Slab Twwo "wiay or Grid Only
Truss Perimeter Beams Ribbed Slab
ak. I Cancel |
Figure 2: Grid Seleciton
U File >New model
a1l f it is wuniform grid then fil!]l up the
U Input number of grid in X,Y direction
U Take number of stories
0 Change unit to kigt
U Input typical story height
U Input bottom story hght
a I'f the grid is not uniform then go to
U Edit grid
U Check spacing
U Check glue to grid lines
U Input spacing of grid in X,Y direction
0 ok
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Define Material Properties and Frame Section

U Material properties
Y Concrete
Y Modify if need

U Frame section

Y Select all existing property

Delete all

Add rectangular/circle

For Beam

Select reinforcement

Then select beam

Define all frame section in this process

<< << << <

Properties Click to:

Type in property ta find:
[t 4454335

312 |.-’-‘-.dc| Fectangular j
B3

|Impu:urt | Mfide Flange ﬂ

Modity/Show Property... |

Delete Property |

Cancel
Saction Mame cz
Pinpeies FProoeily Modiieis Wl ah=iial
Secton Properties... | St Modhers | mzl
Dimengors
p
Depth [£3] 18
RRERE W
widih [12] o
A= -e—l &
- w
Concrate |
Asnfoe
rncemert. | Dislay Coloe 0
.& I Cancel |

Figure 3: Material Property Initialization
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Beam Modeling

+ Model the following beam and ind the SFD and BMD.

PP TETe T Y \
Py iy §

Figure 4: Beam Model

1. File menu > New Model

no

UseNumber of Grid Lines edit box. Specify the number of grid lines along X and Y
direction.

Define materials and beam section

Draw lines as showm figure by clickingDraw Lines icon fromDraw toolbar

Select the desired point to assign support

Click the Assignmenu >Joint/Point > Restraints (Supports)

Select the desired point to assigad

Assignmenu >Joint/Point load

© © N o 0o &~ w

Selectthe desiredbeamto assigroad

10. Assignmenu >frame/ Line load

11.Analysis > Run Analysis.

12.Go optiorstab and uncheck moment diagram on tension side

13.To showsupport reactioyshear force/Bending moment cli€how Member

Forces/Stress Diagram

CE 418: Computer Aided Analysis and Design Pagel?2
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Frame Modeling

+ Model the following frame and find out bending moment, Bear force and
reactions.

10 ft

4 ft

- L >
5 ft 8 ft

Figure 5: Frame Model

To analyze this frame need to complete the following steps:

1. Click Newicon from main toolbar
2. ChoseDefault.edb from new model initialization window
3. Modify data fromBuilding Plan Grid System and Story Data Definitionwindow as
mentioned below
1 Grid Dimension window
1. No of lines in x direction = 3
2. No of lines in ydirection = 1
Units = kipHt
Story Dimension
1. No of story =1
2. Bottom Story height = 4 ft
1 Click onEdit grid from Custom grid spacingand modify grid data
from Define Grid Data window as required
1 Click Ok

CE 418: Computer Aided Analysis and Design Pagel3
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4, Click EditY Edit St ory Da tnachiingd Stosy daight = 30 ftdrony
Insert New Story window.
5. Click Set Elevation Viewicon form main toolbar and select elevation view
6. Draw lines as showim figure by clickingDraw Lines icon fromDraw toolbar
7. Selects thepoints respectively where supports to be create and sklscs i gn Y
Joi nt / Poi n t/SupportRand selechthesipport condition.
8. Select the point where point load to be createand sklscs i gn Y Joi nt/ Poi
Y F o racden®dify loads fronPoint Forceswindow.
9. Finally click onRun Analysisicon fromMain toolbar.
10.To show deflected shaf@how Deformed Shapécon fromDisplay window.
11.To show shear force/Bending moment cli8kow Member Forces/Stress Diagram
Y Frame/ Pi er /| Sfmm DisbhyddolbaE or c e s
1 SelectComponentfrom Member Force Diagram for Frameswindow
1. MomentY Mo me {8t 3
2. Shea¥ Shear 2
1 To show the valueelectShow values on Diagranon same window
1 To show the local axes of forces sel@tject Fill & Line Local Axesfrom

Set Building View Option window.

CE 418: Computer Aided Analysis and Design Pagel4
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Slab Modeling

Define slab

Y
Y
Y
Y
Y
Y
A

Y

Y

Add new slab

Material: concrete

Thickness:

membrane5 ¢Bending50 [ f or exampl e]
Type: shell

Ok

wall or slab sectioffelement)can have shell, membrane or platpe behavior.

Shelltype behavior means that bothptane membrane stiffness and-ofiplane plate
bending stiffness are provided for the section.

Membrane-type behavior means that onlyphane membrane stiffness is provided for
the section.

Plate-type behavior means that only eaftplane plate bending stiffness is provided
for the section.

Figure 6: ShellElementi subjected to both in plane and out of plane forces (Courtesy:

DIANA FEA Version 10.1 Software Manual)
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Figure 7: Bending Plate Element on thé_eft and Membrane Elementon the Right
(Courtesy: DIANA FEA Version 10.1Software Manual)

When a section has platype or sheltype behavior, use thehick Plate check box to
include or not include thick plate behanidVhen thick plate behavior is included (the
check box is checked), cof-plane shearing deformations are considered in the analysis.
When thick plate behavior isot included (the check box is unchecked), these shearing
deformations are not consideredthe analysis. We recommend that you typically do not
use the thick plate option in ETABS, except when modeling thick footings or mat
foundations.

Mesh:
1. Manual Mesh: Click thedit > Mesh Area

2. Auto Mesh:Click the Assign menu > Shell/Area > Area Ohect Mesh Options
command to access the Area Object Auto Mesh Options form.

Mesh Optimization:

In FEA, higher numbers of mesh@sore number of elementssult in a more accurate
analysis while increasing the computer memory requirement. Thus, it is bigthest
priority to achieve a tradeff between numbers of meshes and memory requiremment.
analysis otomplexstructures requiring high degree of precision, higher number of
meshes should be employed while in ordinary and less complex structuatageisel
lower number of meshes should be used.

CE 418: Computer Aided Analysis and Design Pagel6
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Exact solution
» No. of elements

% Error
AN
Y

FEM solution

e

Figure 8: Graph showing Error Percentage vs. Number of Elements used in FE{S.S.
Bhavikatti)

4+ Model the following slab as ae way andfind M max and Mmin.

24 ft

70 pst
R
VAN

Figure 9: Slab Model- 1
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Open the ETABS Windo
Click Newicon from main toolbar

ChoseDefault.edb from new model initialization window

A

Modify data fromBuilding Plan Grid System and Story Data Definitionwindow as
mentioned below
1 Grid Dimension window
a) No of lines in x direction = 2
b) No of lines in ydirection = 2
c) Units = kipt
d) Story Dimension
No of story = 1
Bottom Story height = 4 ft
e) Click onEdit grid from Custom grid spacingand modify
grid data fromDefine Grid Data window as required
5. Click Define Wall/Slab/Deck Sectionicon to define the slal’hen modify the data
from the Define Wall/Slab/Deck Section windowas mentioned below:
a. Delete sections
b. SelectAdd New Slabfrom Click to option.
c. Modify in Wall/Slab Section window
i. Secti on Slaba me Y
i. Mat er C@GNCY
ii. Membr ame Y
iv. Bendi g Y
v. Ty p eSkell
Click the Draw Area icon from Draw toolbar and draw the area on grid as figure in

clockwise direction.

6. Select the drawn slab by clickif@glect Objectscon from Draw toolbar
7. Click Edi t Y Me sad madifyetteedesh Selected Areavindow as shown
below:
i. Mesh Quads/Triangles intd 4 x 4 [along X and Y direction

respectively

CE 418: Computer Aided Analysis and Design Pagel8
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9. ClickonSel ect Y

where load to be create and sele& s |
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loads fromUniform Surface Loads (70ps) window.

10.Finally click onRun Analysisicon fromMain toolbar.

AUST BR!

Selects the boundary of the slab respectively where supports to be create and select
Y  JYoRestraintsPSapipantsand select the support condition.

Wa l |'Y Seleet (Sla)0Ok  kele@ thecstalh o n

Y Shel |l / Ar admddifyad s

11.To show deflected shape select &i&View window & click Show Deformed Shape

icon fromDisplay window.

12.To show Bending moment click h o w

Me mber

Stresses/Forcefrom Display toolbar.

Forces/ Stress

1 Select Component from Element Force/Stress Contours For Shells

window

13.ComponentY M 11/

M 22

1 To show the local axes of forces sel@biect Fill & Area Local Axesfrom

Set Building View Option window.

Moment M maximum (Ib'|n) M minimum (lb'|n)
M 1-1 330.003 0.773
M 2-2 64.584 12.346

14.To get moment in one direction as it is a one way slab following steps needed to be

performed.

1 Define Wall/Slab/Deck Section > Modify

>Set modifiers (m22 = 0)

Moment M maximum (Ib'|n) M minimum (Ib'|n)
M 1-1 315.00 0.00
M 2-2 0.990 0.990

+ Model a simply supported 10 x10 ft, tw o

way

LL=100 psf and use manual mashing

thickadsy afdbanalyze.

1. Click Define Wall/Slab/Deck Sectionicon to define the slab. Then modify the data
from theDefine Wall/Slab/Deck Section windowas mentioned below:

CE 418: Computer Aided Analysis and Design
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a. Delete sections
b. SelectAdd New Slabfrom Click to option.
c. Modify in Wall/Slab Section window
. Section Name Y Sl ab
i. Material Y CONC
i. Membrane Y 50
iv. Bending Y 50
v. TypeY Shell
Click the Draw Area icon from Drawtoolbar and draw the area on grid as figure in

clockwise direction.

2. Select the drawaslab by clickingSelect Objectdcon from Draw toolbar

3. ClickEdi t Y Me antd motlify ¢haViesh Selected Areavindow as shown
below:

ii. Mesh Quads/Triangles int¥ 10 x 10 [along X and Y direction
respectively]

4. Selects the boundary of the slab respectively where supports to be create and select
Assi gn Y JoRestrairntsPSappantsand select the support condition.

5. ClickonSel ect Y by Wal |Y Selea(BlabpOk o kele@ thecstalh o n
where loadtobe createandselest s i gn Y Shel | / Ar andmddityads Y
loads fromUniform Surface Loadswindow.

6. Finally click onRun Analysisicon fromMain toolbar.

7. To show deflected shape select 8z View window & click Show Deformed Shape
icon fromDisplay window.

8. To show Bending moment clicB how Member Forces/ Stress
Stresses/Forcefrom Display toolbar.

1 Select Component from Element Force/Stress Contours For Shells
window

9. ComponentY M 122 M

1 To show the local axes of forces sel@bject Fill &Area Local Axesfrom

Set Building View Option window.
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+ Model the following slab and find the following items

a) Find thei ve moment of the one way slab
b) Reduce the moment capacity of the slab and fiedHM of the beam.
c) Define the slab as a member and then as a shell, find out the difference.

Given that,

Slab thickness 6 in.
Beam= 10 X 24 in.
LL = 100 psf

Note: Apply restrain against the rotation of the supports about X axis.

3t

3ft

Y 7
() |

) ()
NS N

101t
Figure 10: Slab Model- 2

Slab as a shell:

Maximum bending momer@.86 kft

Slab as a membrane:

Maximum bending momem.68 kft
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100 psf = 0.6 k/ft

/77 ()7

101t
Figure 11: Slab Modeli 2 loading

Check:
UDL on beam = (100 X 10 X 6) / 10 = 600 Ib/ft
= 0.6 kit
Maximum noment= w#/8
= (0.6 X 16) /8
=7.5 kft
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Cc1 C2 GB1/B1 C1 H H
GB2/B3 GB2/B3 15'
GB2/B2
c2 C3|| c2 L
12'
c1 c2l GB1/B1 c1 ]
1 18' i 16' | T 16' 1
GF, 1STF,2ND F 3RDF, 4RTF
Sections
C1=10X10in. C2 =10X15inC3= 12X15in.
ki B1= 10X16 in. B2 = 10X18 in. B3= 10X12 in.
1o GB1= 10X16 inGB2=10X14 in.
Forth Floor
7 Slab thickness= 5 in.
\ Loads
T Foor | DL= 120 psf LL=50 psf Zone =2
10 Material properties
Second Floor “Q T TQi ‘Q T[ n‘-]ﬁ EQ “Q (p Tbi "Q
i O uvyxmm@eni Q
First Floor Stress
18 16' 10 Steel
Ground Floor fy <«
) foGe Concrete
/7777 /77774
Strain

Figure 12: Concrete and Steel Stresstrain Diagram

Required definition, chart / data for modeling (Accorditg48eEXIBENRTEIY §f5-glorado Boulder)
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Sustained Wind Pressure

The sustained wind pressure, gz on a building surface at any height z above ground shall be
calculated from the followingelation:

0z = Cc C1Cz Vb2

Wherg ¢ = sustained wind pressure at height z, KN/m

C1 = structure imprtance coefficient as given in Table 6.2.9

Cc- velocity-to-pressure conversion coefficient = 47.2 10

Cz = combined height and exposure coefficient as given in Table 6.2.10

Vb = basic wind speed in km/h obtained front Sec 2.4.5

Seismic Dead Load
Sebsmic dead load, W, is the total dead load of a building or a structure, including permanent
partitions, and applicable portions of other loads listed below :

a) In storage and warehouse occupancies, a minimum of 25 per cent of the floor live load shall
beapplicable.

b) Where an allowance for partition load is included in the floor design in accordance with Sec
2.3.3.3, all such loads but not less than 0.6 K3hall be applicable.

c) Total weight of permanent equipment shall be included

Method A for time period calculation
For all buildings the value of T may be approximated by the follovangula:
T =G (hy) ¥

Where, = 0.083 for steel moment resisting frames

= 0.073 for reinforced concrete moment resistingeg, and eccent braced steel
frames

= 0.049 for all other structural systems

hn = Height in metres above the base to level n.
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Table 6.2.24 : Response Modification Coefficient for Structural SystemR, (BNBC- 1993)

Py

Basic Structural System(1) Description of Lateral Force Resisting System

a. Bearing Wall 1. Light framed walls with shear panels
System i) Plywood walls for structures, 3 storeys or less
i) All other light framed walls
2. Shear walls
i) Concrete
ii) Masonry
3. Light steel framed bearing walls with tension only bracing
4. Braced frames where bracing carries gravity loads
i) Steel
ii) Concrete(3)
iii) Heavy timber

rbhoObhoOoOOO®

b. Building 1. Steel eccentric braced frame (EBF)
Frame 2. Light framed walls with shear panels
System i) Plywood walls for structures 3storeys or less

i) All other light framed walls
3. Shear walls

i) Concrete
i) Masonry
4. Concentric bracedframes (CBF)
i) Steel
ii) Concrete(3)
iii) Heavy timber

Wommw~N©s

c. Moment Resisting 1. Special moment resisting frames (SMRF)
Frame System i) Steel
ii) Concrete
2. Intermediate moment resisting frames (IMRF), concete(4)
3. Ordinary moment resisting frames (OMRF)
i) Steel
ii) Concrete(5)

B
oo

d. Dual System 1. Shear walls
i) Concrete with steel or concrete SMRF
ii) Concrete with steel OMRF
iii) Concrete with concree IMRF (4)
iv) Masonry with steel or concrete SMRF
v) Masonry with steel OMRF
vi) Masonry with concrete IMRF (3)
2. Steel EBF
i)  With steel SMRF
i)  With steel OMRF
3. Concentric braced frame (CBF)
i)  Steel with steel SMRF
i) Steel with steel OMRF
iiiy Concrete with concrete SMRF (3)
iv) Concrete with concrete IMRF (3)
e. Special Structural See Sec 1.3.2,1.3.3,1.3.5
Systems

B oo P =
cvogolvoonoo ]

Notes : (1) Basic Structural Systemsra defined in Sec 1.3.2, Chapter 1.
(2) See Sec 2.5.6.6 for combination of structural systems, and Sec 1.3.5 for system limitations.
(3) Prohibited in Seismic Zone 3.
(4) Prohibited in Seismic Zone 3 except as permid in Sec 2.5.9.3.
(5) Prohibited in Seismic Zones 2 and 3. Sec 1.7.2.6.
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Table 6.2.25: Site Coefficient, S(BNBC- 1993)
Table 6.2.25
Site Coefficient, §, for Seismic Lateral Forces (1)
Site Soil Characteristics Coefficient,

5

Type Description

51 | A soil profile with either:

a) A rock-like material characterized by a shear-wave velocity greater than 1.0
762m/s or by other suitable means of classification, or

b) Stiff or dense soil condition where the soil depth is less than 61 metres

53 | A soil profile with dense or stiff soil conditions, where the soil depth exceeds 1.2
61 metres
S3 | A soil profile 21 metres or more in depth and containing more than 6 metres 1.5

of soft to medium stiff clay but not more than 12 metres of soft clay

54 | A soil profile containing more than 12 metres of soft clay characterized by a 2.0

shear wave velocity less than 152 m/'s

Note: (1) The site coefficient shall be established from properly substantiated geotechnical data. In locations
where the soil properties are not known in sufficient detail to determine the soil profile type, soil
profile 53 shall be used. Soil profile 5S4 need not be assumed unless the building official determines
that soil profile 5S4 may be present at the site, or in the event that soil profile 54 is established by
geotechnical data.

Table 6.2.22 Seismic Zone Coefficient, ZBNBC- 1993)

Seismic Zone Coefficients, Z

Seismic Zone Zone
(see Fig 6.2.10) Coefficient

(==}
-1
1

L S
oo 2
BN b =
(VLY. By~

Table 6.2.23
Structure Importance Coefficients I, I’
Structure Importance Category Structure
(see Table 6.1.1 for occupancy) Importance
Coefficient
I ¢
I Essential facilities 1.25 1.50
II Hazardous facilities 1.25 1.50
Il Special occupancy structures 1.00 1.00
IV Standard occupancy structures 1.00 1.00
V  Low-risk Structures 1.00 1.00
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