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INTRODUCTION TO STAAD PRO

ENGINEERING STRUCTURE AND STRUCTURAL DESIGN:

An engineering structure is an assembly of members or elements transferring the load or resisting external

actions and providing a form to serve the desired function.

The structural design is a science and art of designing with economy and elegance. A durable structure,
which can safely carry the forces and can serve the desired function satisfactorily during its expected

service life span.

OBJECT AND BASIC REQUIREMENTS OF STRUCTURAL DESIGN :

» Serviceability
» Safety

» Durability

» Economy

» Aesthetic beauty

SEQUENCE OF STRUCTURAL DESIGN:

e Design of Slab

e Design of Beam

e Design of Column
e Design of Footiong

e Design of Staircase

Design Process:



Engineering is a professional art of applying the science to the efficient conversion of natural resources for
the benefit of man. Engineering, therefore, requires above all creative imagination to innovate useful

application for natural phenomenon.

The Design of any structure is categorized into two types:
1) Functional Design

2) Structural Design

1) Functional Design:

The structure to be constructed should primarily serve the basic purpose for which it is to be used and must

have a pleasing look.

The following factors comes under Functional Design Whether the structure should be a load bearing
structure or RCC framed structure or a steel structure, whether the roof shall consist of steel roof trusses
and girders or RCC folded plates or a RC beam slab construction, Arrangement of rooms, good ventilation,
lighting, acoustics, sufficient head room, proper water supply and drainage etc.

2) Structural Design:
Once the form of the structure is selected the structural design process starts.

Structural Design is an art and science of understanding the behaviour of structural members subjected to

loads and designing them with economy and elegance to give a safe, serviceable and durable structure.



Structural details of framed structure

The principal elements of a RC building frame consists of:

1) Slab to cover a larger area

2) Beams to support slabs and walls

3) Columns to support beams

4) Footing to distribute concentrated column loads over a larger area of the supporting soil such that

the bearing capacity of soil is not exceeded.

In a framed structure the load is transferred from slab to beam, from beam to column and then to foundation

and soil below it.

Stages in STRUCTURAL DESIGN:
The process of structural design involves the following stages:

1) Structural Planning

2) Action of forces and Computation of loads

3) Methods of Analysis

4) Member design

5) Detailing, Drawing and Preparation of schedules.



STRUCTURAL PLANNING

After getting an architectural plan of the buildings, the structural planning of the building frame is done.
This involves determination of the following:

(a) Positioning and Orientation of Columns
(b) Positioning of Beams.

(c) Spanning of Slabs.

(d) Layout of Stairs

(e) Selecting proper type of Footing.

The basic principle in deciding the layout of component members is that the loads should be transferred to

the foundation along the shortest path.

Positioning and Orientation of Columns:

Following are some of the guiding principles which help in deciding the column positions

(1) Columns should preferably be located at or near the corners of a building, and at the intersections of

beams/walls:

The positioning of columns at the intersection of walls and at the comers of a building is shown in Fig.
Since the basic function of the columns is to support beams which are normally placed under the walls to
support them, their position automatically gets fixed as shown in the figure. The commercial buildings have
normally rectangular pattern of grid type shown in the figure but especially for residential buildings the
said type of pattern for columns does not become possible and different problems that arise are discussed
further.
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Column position for rectangular pattern Building
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2) Select the position of columns so as to reduce bending moments in beams:

When the locations of two columns are very near (eg. as it occurs when the corner of a building and the
point of intersection of walls come very close to each other), then one column should be provided instead

of two at such a position so as to reduce the beam moment.
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(3) Avoid larger spans of beams.

When the centre to centre distance between the intersection of walls is large or where there are no cross
walls, the spacing between two columns is governed by limitations on spans of supported beams, because
spacing of columns decides the span of the beam. As the span (and the length) of the beam increases, the

required depth of the beam, and hence its self-weight, and the total load on beam increases.
W
I y |

Laaldl)

(4) Avoid larger centre to centre distance between columns:

It increases the span and cost of beams and in turn increases the load on the column at each

floor.
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(5) Columns on property line:

Shift the column inside along a cross wall or adopt a combined footing or a strap footing.

Columns on Property line

Orientation of Columns:

(1) Avoid projection of column outside wall:

When the thickness of wall is less than the width of column adopt a T shaped column at junctions or L

shaped column at corners.

(2) Orient the column so that the depth of the column is contained in the major plane of bending or is
perpendicular to the major axis of bending.

Increasing the depth of the column in the plane of bending not only increases the moment carrying
capacity but also increases its stiffness, thereby more moment is transferred to the column at the beam

column junction.

If the difference in bending moment in two mutually perpendicular directions is not large, the depth of the
column may be taken along the wall, provided column has sufficient strength in the plane of large moment.
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Orientation of columns from stiffness and Effective Length Criteria.

Positioning of beams:

(1) Beams shall be provided under the walls or below a heavy concentrated load to avoid these loads directly

coming on the slabs.

The maximum spacing of beams may be limited to the values of maximum spans of slabs given below(for
a LL <5KPa)

Support Condition Cantilevers Simply supported Fixed/Continuous
Slab type One way | Twoway | Oneway | Two way One way Two way
Max. 1.5m 2m 3.5m 4.5m 4.5m 6.0m
recommended

span of slabs

(2) Avoid larger spacing of beams from deflection and cracking criteria.

Deflection varies directly with the cube of the span and inversely with the cube of the depth i.e L%/D?3.

Hence increase in depth D is less than increase in span L which results in greater deflection for large span.

Spanning of Slabs:

It depends on the type of slab i.e., when the supports are only on opposite edges or only in one direction,

then the slab acts as a one way supported slab.

When the rectangular slab is supported along its four edges, it acts as a one way slab when Ly/Lx is >2 and

as two way slab for Ly/Lx < 2.

13



Note: A two way slab is generally economical compared to one way slab because steel along both the spans

acts as main steel and transfers the load to all its four supports.

14



INTRODUCTION TO ETABS

ETABS is an engineering software product that caters to multi-story building analysis and design. Modelling
tools and templates, code-based load prescriptions, analysis methods and solution techniques, all coordinate with the
grid-like geometry unique to this class of structure. Basic or advanced systems under static or dynamic conditions
may be evaluated using ETABS. For a sophisticated assessment of seismic performance, modal and direct-integration
time-history analyses may couple with P-Delta and Large Displacement effects.

Nonlinear links and concentrated PMM or fiber hinges may capture material nonlinearity under monotonic
or hysteretic behaviour. Intuitive and integrated features make applications of any complexity practical to implement.
Interoperability with a series of design and documentation platforms makes ETABS a coordinated and productive

tool for designs which range from simple 2D frames to elaborate modern high-rises.

MODELLING OF STRUCTURAL SYSTEMS

Fundamental to ETABS modelling is the generalization that multi-story buildings typically consist of identical or
similar floor plans that repeat in the vertical direction. Modelling features that streamline analytical-model

generation, and simulate advanced seismic systems, are listed as follows:

Templates for global-system and local-element modelling

Customized section geometry and constitutive behaviour

Grouping of frame and shell objects

Link assignment for modelling isolators, dampers, and other advanced seismic systems
Nonlinear hinge specification

Automatic meshing with manual options

Editing and assignment features for plan, elevation, and 3D views

LOADING, ANALYSIS, AND DESIGN

Once modelling is complete, ETABS automatically generates and assigns code-based loading conditions for

gravity, seismic, wind, and thermal forces. Users may specify an unlimited number of load cases and combinations.
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Analysis capabilities then offer advanced nonlinear methods for characterization of static-pushover and dynamic
response. Dynamic considerations may include modal, response-spectrum, or time-history analysis. P-delta effect

account for geometric nonlinearity.

Given enveloping specification, design features will automatically size elements and systems, design reinforcing

schemes, and otherwise optimize the structure according to desired performance measures.

OUTPUT, INTEROPERABILITY, AND VERSATILITY

Output and display formats are also practical and intuitive. Moment, shear, and axial force diagrams, presented in
2D and 3D views with corresponding data sets, may be organized into customizable reports. Also available are
detailed section cuts depicting various local response measures. Global perspectives depicting static displaced

configurations or video animations of time-history response are available as well.

ETABS also features interoperability with related software products, providing for the import of architectural
models from various technical drawing software, or export to various platforms and file formats. SAFE, the floor
and foundation slab design software with post-tensioning (PT) capability, is one such option for

export. CSI coordinated SAFE to be used in conjunction with ETABS such that engineers could more thoroughly

detail, analyse, and design the individual levels of an ETABS model.

While ETABS features a variety of sophisticated capabilities, the software is equally useful for designing basic
systems. ETABS is the practical choice for all grid-like applications ranging from simple 2D frames to the most

complex high rises.
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BASIC MODES, DRAWING TOOLS, MOUSE POINTERS

Select or Draw

el
+  Draw Joint Objects '-—-

: . o
*  Draw Beam/Column/Brace Objects ™

- \ Draw Beam/Column/Brace (Plan, Elev, 3D)

NN
"L Quick Draw Beams/Columns (Plan, Elev, 3D)

. T /

L=J Quick Draw Columns (Plan) « Draw Tendons ~

F=i &+
. l!:h Quick Draw Secondary Beams (Plan) . Draw Design Strips *

' [X]Quick Draw Braces (Elev) .{i
« Draw Grids

«  Draw Floor/Wall Objects Ej y
«  Draw Dimension Lines F

) I:[ Draw Floor/Wall (Plan, Elev, 3D} A
« Draw Reference Points -
- T:‘, Draw Rectangular Floor/Wall (Plan, Elev)

.FE]! » Draw Reference Planes g
E=3 Quick Draw Floor/Wall (Plan, Elev)

*  Draw Section Cut r?

El Draw Walls (Plan)
« Draw Developed Elevation Definition ')::5'

Draw Wall Stacks (Plan, Elev, 3D) ﬁ
« Auto Draw Cladding

. Drawl_mks\ = Snap Options aa

=1
LE'J Quick Draw Walls (Plan)

' @] Draw Wall Openings (Plan, Elev, 3D)

Quick Model Template Forum

Grid Dimensions (Plan) - Define a Grid System Use the Grid Dimensions (Plan) area of the form to define a grid
line system. Select from two options for defining the grid line system:

Uniform Grid Spacing. Specify the number of grid lines in the X and Y directions and a uniform spacing for those
lines. Note that the uniform spacing in the X and Y directions can be different. This option defines a grid system for
the global coordinate system only. Click the Grid Labels button to control how the grids are labelled. If subsequently

necessary, edit the information using the Edit menu > Edit Stories and Grid Systems command.

Custom Grid Spacing. Define non uniformly spaced grid lines in the X and Y directions for the global coordinate

system. After choosing this option, click the Edit Grid Data button to edit the grid system.
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STORY DIMENSIONS

DEFINE STORY DATA
Use the Story Dimensions area of the form to define the number and height of stories. Select from two options for

defining the story data:

& Simple Story Data: Enter values in the edit boxes to define the number of stories and a typical story height that is
used for all story levels except for the bottom story, which is specified separately. The program provides default
names for each story level (for example, Storyl, Story2 and so on) and assumptions for story level similarity.

& Custom Story Data: After choosing this option, click the Edit Story Data button to access the Story Data form.
Enter values in the Story Data form to define your own story names, story levels of non-uniform height and
customized story similarity. Story level "similarity" can be significant, e.g., when Story2 is a Master Story, and Story1

is similar to Story2, an object drawn on Story?2 typically appears in the same

CREATE THE STRUCTURAL MODEL

L Display Title Tab
(Active Window)

Drawing & Selection
(Similar Stories Feature)

o e S

MATERIAL PROPERTIES

Click the Define menu > Material Properties command to display the Define Materials form or under the Model tab
on the Model Explorer expand the Properties branch and then the Materials branch to see a list of the defined material
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properties (a right-click on the Materials branch will display a context sensitive menu). The Define Materials form
allows for the both the review of existing materials, as well as the definition of new properties. To add a new material,
click the Add New Material button on the Define Materials form. When the Add New Material Property form appears
as shown in Figure 5-4, select a material from the Material Type drop-down list and then a Standard and Grade from
their respective drop-down lists.

Grade Gomela 50 T

QK
[[Gonesl ] oK Cancel

FRAME SECTIONS

Click the Define menu > Section Properties > Frame Sections command, which will display the Frame Properties
form. The Frame Properties form allows for the definition of new sections as well as the review of existing sections.
To make steel frame sections from property files available click the Import New Properties button, or to add user
defined sections click the Add New Property button, both of which will display the Frame Property Shape Type form.

_OK | Canoal

ASSIGNING THE PROPERTIES

In creating the model, the user draws joint, frame, shell, link, and tendon objects. To enable analysis and design,
those objects must be assigned properties, such as material properties, frame sections, wall/slab/deck sections, link
properties, tendon properties, and loads, among others. Note that the assign menu lists the various properties that can
be assigned.
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STRUCTURAL LOADS

The program allows the user to define a variety of structural loads, including dead, live, earthquake and wind loads.
The user then assigns the loads to various structural objects in the model. An unlimited number of load patterns can
be defined. Note that the steel frame, concrete frame, composite beam, composite column, steel joist, concrete shear
wall, concrete slab, and steel connection design manuals describe design combinations in accordance with building

codes.
DEFINE THE LOAD PATTERNS

To add a load pattern, click the Define menu > Load Patterns command or expand the tree on the Model tab in the
Model Explorer and right click on Load Patterns to access the Define Load Patterns form. Complete the following
actions using that form:

1. Type the name of the load pattern in the Load edit box. The program does not allow use of duplicate names.

2. Select a load type from the Type drop-down list.

3. Type a self-weight multiplier in the Self-Weight Multiplier edit box (see the explanation about the self-
weight multiplier that follows).

4. If the load type specified is Seismic or Wind, select an option from the Auto Lateral Load drop-down list.

5. Click the Add New Load button.

REVIEW/CREATE LOAD CASES

A load case defines how loads are to be applied to the structure, and how the structural response is to be calculated.
Analyses are classified in the broad sense as either linear or nonlinear, depending on how the model responds to the
loading. The results of linear analyses may be superposed, i.e., added together after analysis. The results of nonlinear
analyses normally should not be superposed. Instead, all loads acting together on the structure should be combined
directly within the nonlinear load case. After all geometry and load input has been specified for a model, review,
modify, or add load cases using the Define menu > Load Cases command. load case (ETABS automatically generates
a load case for each load pattern defined) and click the Modify/Show Case button to review or modify the load case

definition. Click the Delete Case button to delete the highlighted load case.

20
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SET THE MESH OPTIONS

If your model contains wall objects, or floor objects that have plate bending behaviour such as cast-in-place slabs,
review the meshing options (e.g., maximum mesh size) before running the analysis by using the Analyze menu >
Automatic Mesh Settings for Floors or Analyze menu > Automatic Rectangular Mesh Settings for Walls commands.
The Automatic Mesh Options (for Floors) form is shown in Figure 11-1. Default mesh settings for floors and walls
may be reviewed by using the Assign menu > Shell > Floor Auto Mesh Options and the Assign menu > Shell > Wall
Auto Mesh Options commands, respectively.

21
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MODEL ANALYSIS

Prior to running the analysis, verify what load cases are set to run by clicking on the Analyze menu > Set Load Cases
To Run command. The Set Load Cases to Run form. To add or remove a load case from the analysis, highlight the
load case in the Case column and click the Run/Do Not Run Case button. Both the status and action for each case are
shown in their respective columns. This form also allows the user to set how the Analysis Monitor should be displayed

- the default setting is that it Never Shows.

To run the analysis, click the Run Now button if the Set Load Cases to Run form is still displayed, otherwise click
the Analyze menu > Run Analysis command or the Run Analysis button, . The program will display an "Analysing,
Please Wait" window if the Analysis Monitor has been set to "Always Show" or "Show After." Data will scroll in
this window as the program runs the analysis. After the analysis has been completed, the program performs a few

more “bookkeeping actions” that are evident on the status bar in the bottom left-hand corner of the ETABS window
LOCKING AND UNLOCKING THE MODEL

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, appears closed.

Locking the model prevents any changes to the model that would invalidate the analysis results.
DESIGN THE STRUCTURE

The ETABS design postprocessors include the following:

e Steel Frame Design e Composite Column Design
e Concrete Frame Design e Steel Joist Design
e Composite Beam Design e  Shear Wall Design

22



Concrete Slab Design

Steel Connection Design

23



To perform the design, first run the analysis then click the Design menu and select the appropriate design from the
drop-down menu. The type of design available depends on the type of members used in the model. That is, the user
cannot complete a shear wall design if no shear walls have been included in the model, nor could they do a steel
connection design if no steel members are present. Similarly, the commands used to execute a design depend on
the type of design to be performed. However, each design has commands to address the following:

% Review and/or select overwrites.

« Review and/or select design combinations.

& Start the design or check of the structure.

& Perform interactive design.

« Display input and output design information on the model.
DETAILING PROCESS
ETABS detailing generates two basic types of drawing output:

« Drawing sheet component views of detailed objects, such as steel beam framing plans, steel column schedules,
concrete beam elevations and sections, concrete column schedules, shear wall reinforcing sections and elevations, and

steel connection tables

« Drawing sheets containing the selected component views

24



la. MODELLING OF THE GIVEN STRUCTURE USING STAAD PRO
Aim:
To model the given structure using STAAD pro

Software Used:

STAAD Pro
m 5m 3m 5m 3Jm 4dm 3m 5m 3m 5m 3m
m 5m 5m 5m 5m 5m
3m 5m 3m 5m Bm 4m 3m 5m m 5m 3m
5m 5m 5m 5m m 5m

Layout of the
building

3m 5m 3m 5m 3Jm 4m 3Im 5m 3m 5m 3m

3m 5m Im 5m 3Jm 4m 3Im 5m Im 5m Im

taodel Marme: |E!a_l,l Frarne | Deflning the
Length: m Mao. of bays along length: dlmenS|0nS
Height: m Mo, of bapz along height: | Of the

W idth; m Mo, of bapz along width:

building

Apply Cancel
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1b. Modelling of the given structure using ETABS
Aim:
To model the given structure using etabs

Software used:

Etabs
F (e)
4 7
plan of the
T
model
(1)
P e
143 Story Data X
Master Splice
Story Height Elevation Story Similar To Story  Splice Height Story Color r
m m m
M - BE 5 Yes Nore o )
Storyd 3 12 No Storys No 0
Story3 3 3 No Story No 1} |
Story2 3 & No Storyh No 0 §
Story1 3 k) o Storys No 0
e ) : Storey data
k
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2a. MODEL TESTING FOR FRAMES

Aim:

To test the frames of models of the given structure using STAAD pro

Software Used:

STAAD Pro

B | Properties - Whole Structure
Section  Beta Angle
Ref Section Material
1 Plate Thickness COMCRETE
2 Rect 0.450.30 COMCRETE
3  Rect 0.45x0.45 COMCRETE
Highlight Assigned Geometry
Edit... Delete ...
Values. .. Section Database Define...
Materials... Thickness... ser Table. ..
Assignment Method
Assign To Selected Beams (®) lse Cursor To Assign
() Assign To Edit List () Assign To View
A=sign Close Help

Properties for the frame
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Ref

Description

*

51

Ma support

X
52 Swpn2 &7

Edit Create Delete
Assignment Method
{®) Assign To Selected Nodes
i) Assign To View
() Uze Cursor To Assian
(") Assign To Edit List
Assign Cloze Help

Creating support

STAAD Analysis and Design

Free

Input

++
++
++
++
++
++
++
++

++
++
++
++
++
++
++

<

Design Codes: All Codes

Di=lk Space: 399130124 EB

Current Directory: C:~SPraoV8i SSe~STAAIDNPlugins

File: Structurel . =td

Proces=zing Joint Coordinates.
Proces=zing Hember Information.

Feading Hember Properties

Finished Reading Hember Properties
Processing Support Condition.
Fead-Check Data in Load Cases

U=zing In—Core Advanced Math Solver
Proceszing and setting up Load Vector.

++ Adwvanced Math Solver Factorizing Matriz. .

++ Adwvanced Math Solver Saving displacenent . .

Calculating Member Forces.

Analysis Successfully Conpleted ++
Creating Displacement File (DSP). ..
Creating Reaction File (REA). ..
Calculating Section Forces1-110.
Creating Reaction File (REA). ..
Calculating Section Forces1-110.

O L L L L L L L LTI
0 Error(s), 0 Warning(s), 0 Note(s)

159
(B9
(B9

oo oo

ocoooo

1121

STAAD analysis
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B Structurel - Beam

Geometry Propety Loading Shear Bending  Deflection

Beam MNo = 493
459 459
193~ 095———___ " 305 ~194
Section Forces [ Approximate 2nd order Effect
Dist. Fy Mz
Dist. Fy Mz A m kN him
m - KNm R
7 BRAREERRE 2121 1.0680
3 -3.181 -0.178 Selection Type
3.333333333; -4.241 1.081 Load Case: [1:DL w
3.666666665 -5.301 2.651 :
4 £.382 4505 (®) Bending - Z (C) Bending - ¥
| - () Shear-Y () Shear-Z
Prirt Close

Shear bending of the member

B ' Structurel - Beam

Geometry Propety Loading  Shear Bending  Deflection

Beam Mo = 453
0.002
-
193~ 194
-0.002
Dist. Disp.
Deflection m mm
Pt e oo | ooz |
m mm
2666665666 -0.001 Selection T
5 Yt election Type
3.333333333: -0.001 1.0L i
3 666665666 -0.001 "
@® Global Deflection @ X Dir
4 -0.002
| ()Y Dir
(") Local Deflection () Z Oir

Note: Displacements between end points are calculated based on first order effects only.

Print

Close

Deflection of the member
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2b. Model testing for frames using ETABS

Aim:

X
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To model the given structure using etabs

Software used:

Etabs
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Beam properties
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the loads
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Analysis Complete n
File Name:  E:\Bentley STAAD Pro Vi (SELECTSeries 6) 20.07.11.33 + Crack’mt lab\ETABS \proj...\project 1.EDB

Start Time:  13-06-2019 14:40:08 Hapsed Time:  00:00:00 N
Finish Time:  13-06-2019 14:40:08 Run Status Done - Analysis Complete =
TOTAL NUMBER OF EQUILIBRIUM EQUATIONS = 1138 ~|T
NUMEER OF NON-ZERQ STIFFNESS TERMS = 20e28 :

BASIC STRBILITY CHECE FCOR LINERR LOAD CRSES:
NUMBER OF NEGATIVE STIFFNESS EIGENVALUES SHOULD BE ZERC FOR STABILITY.
({HOTE: FURTHER CHECES SHOULD BE CONSIDERED AS DEEMED NECESSARY,
SUCH AS REVIEWING EIGEN HODES FOR MECHANISHMS AND RIGID-BODY HMOTION)

NUMBER OF NEGATIVE EIGENVALUES = a, OE. AnaIySiS Of the

)
3 y
B
. building
MULTI-STETP LINEZRER STATIC ANALY SIS l4:40:08 5
-
~
CASE: ZARTHQUAKE £
I
USING STIFFNESS AT ZERO (UNSTREZSSED) INITIAL CONDITIONS ;
WNUMBER OF LOARD STEPS = €
WNUMBER OF OQOUTPUT STEFS SAVED = €
I K
BENALYSTIS COMPLETE 201%/0€/13 14:-40:08
W o

Deflection

After loadings
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3A. MODEL TESTING OF FRAMES UNDER STATIC LOADING

Aim:
To test the frames of models of the given structure under static loading using STAAD pro
Software Used:

STAAD Pro

=
Load & Definition s

= 2:LL
2 UNIGY -25 kMNsm
2 UNIGY -20 kMNsm
2 UMIGY -15 kMNsm
Load Envelopes

Loads and
Defination
New... Add... Edit ... Delete...
[] Teggle Load
Assignment Method
Azsign To Selected Entities Use Cursor Ta Assign
Assign To View Assign To Edit List
Assign Close Help
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Wall loadings

Bending moment
in the members of
the building
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Shear force in the

members of the

building

Support reactions
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3b. Model testing on frames under static loading

Aim:
To model the frames under static loading for given structure using etabs

Software used:

Etabs

/
»
»
»
»
»
»
»
%

x J 3] Plan of the model

|4 Define Load Patterns X

Loads Click To:
Self Weight Auto
Load Type Muttiplier Lateral Load Add New Load
Modify Load
i 0
wind load Wind 0 Indian 158751587 ..
eatthquake Seinic 0 151893 2002 S Definin g load
patterns
Cancel
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thell Load Assignment - Uniform H

Load Pattem Mame Live W
Uniform Load Options
Load 25 kN/m? O Addta Existing Loads Shell loading
(®) Replace Existing Loads aSSignment
Direction | Gravity v

() Delete Existing Loads

A B D) E
G (I g g T L
- 25 25 25 25
- 25 25 25 25
E
f 25 25 25 25
n]
- 25 25 25 25
= 25 25 25 25 ASS|gn|ng slab
NN 1. L 1, 1 loads
s 25 25 25 25
. o
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" Frame Load Assignment - Distributed n
|
Load Patterm Name Live ~ ‘
Load Type and Direction Options
@ Forces ) Moments () Add to Existing Loads

Replace Existing Loads
Direction of Load Application Gravity R @ Repl 2
() Delete Existing Loads

Trapezoidal Loads

. 2. 3. 4.
Distance [0 | [0.25 | [0.75 NE |
Load [o | [0 | [0 | [0 | kkN/m
(®) Relative Distance from End-l () Absolute Distance from End-l '
Uniform Load _ Loadings on
Load kMsm QK Close FApply | frame
1 1 1 1 ]
A B (o) E
& (m & (m g (m & (m
20 20 20 20
" 2 2 2 2
- T 20 i 20 T 20 T 20 i
| b 2 2 2h
/ T 20 T 20 T 20 T 20 |
= 2 2 2 2 2h
- T 20 T 20 T 20 T 20 T
—| 3b 2 2 2 2
T 20 T 20 T 20 T 20 T
Beam loads
= 2p 0 e e 20
. T 20 T 20 T 20 T 20 |
—| b b 2h 2h b
- uc} 4 4 4 i
T 20 T 20 T 20 T 20 |
5 L ¥, o L oL A
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Bending
moments on
the floor
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4A. MODEL TESTING OF FRAMES UNDER DYNAMIC LOADING
To test the frames of model of the given structure under dynamic loading using STAAD pro

Software Used:
STAAD Pro

Aim:

Seismic loading

R R VAR

b LT AT L. I.l.l‘! T

LY LA s
P’xﬁ#ﬂﬁ W W

P LAY LA LA N

ALy

VAR LRR VAR LY

kl L N T L NN AN D WA L
A LN R VORI VR l.v.n.F"?//r
Ll

VAR L RR O AR LR R

Pl A T T R Tl L W T - bl

VR ARRARR AR T

S W T A W W A WL W T W

VAR LRRLRRAAR T
CRVRARARRA Y

Seismic
definitions
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Delete. ..
Assign To Edit List
Help

®) Uze Cursor To Assign
Close

Edit ...

Assign

= YRANGEOODFLOAD-25

Load & Definition
D] Pushover Definiticns

D! Wind Definitions
@ Snow Definition

e WEIGHT 5 kN
5 MEMBER WEIGHT
e UNI-10
=-g® FLOOR WEIGHT

Add...

= SELFWEIGHT 1
Sl JOINT WEIGHT

e SELFWEIGHT ¥ -1
e 1393 LOAD X 1

- D ZONEQ.TRF511S515T1DM 0.5 PX0.:

D] Reference Load Definitions
=Ml Seismic Definition (IS 1893 - 2002)
D! Direct Analysis Definition

- Load Cases Details

=[] 1:dead

New...

[ Toggle Load
Assign To Selected Beams

Assign To View

Assignment Method
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4b. Model testing of frame under dynamic loading
Aim:
To model the frame under dynamic loading for given structure using etabs

Software used:

Etabs

Frame Load Assignment - Distributed n“

— e

Load Pattem Name Sesmic ~

Load Type and Direction Options
() Addto Existing Loads

Loadings

AT Y

(® Forces () Moments
(®) Replace Existing Loads
Direction of Load Application Gravity ~
() Delete Existing Loads
-
Trapezoidal Loads ]
. 2. EL 4. | |
Distance |0 | 025 | [0.75 | [1 | &
load [0 | o | o | o [khsm
R
(@ Relative Distance from End-| () Absolute Distance from End-| [

Uniform Load

PR — ok | [ cee | [ romy

[M<] (%] l."q|l [F+] [ts | (%] wa l."q|l [ts | [M+] (%] I."q|l (M=)
iht it it it ih
[Pyl L) Ly [Pyl L)
| (%] | | s | (%] ury | s | | (%] [t 3|
iz} o5 T 5] 5]
(%] | Ly (%] (5]
| (%] | | s | (%] ury | s | | (%] [t 3|
18] bl i 18] 18]
[Pyl L) Ly [Pyl L)
w3 ] L i Ly ] u L Ly W ] 5 s . . . .
% R v, R A Assigning of seismic load
W b v W b
(%] | Ly (%] (5]
W k i W k
| (%] | | s | (%] ur | s | | (%] [t 3|
h t ih| w it ih
[Pyl L) Ly [Pyl L)
w3 [Pyl L) | L [Pyl [F L) L w3 [Pyl [Fe) [Fe]
i h T i i
[Frs [Fs) [Fy [Pyl [Fe)
'

(%] | | s | (%] (M| | s | ("] (%] [t 3|
Y, N,
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"~ Frame Load Assignment - Distributed n-

L

Load Pattem Mame wind ~ t
Load Type and Direction Options
® Forces ) Moments () Addto Existing Loads I
Repl Existing Load
Direction of Load Application | Global-X - Ol f
() Delete Existing Loads
Trapezoidal Loads 5 5 N . o Load i ng on frame
Distance [0 | [0.25 | [o75 |[1 | |
Load [o | o | [0 | [0 [kh/m
(® Relative Distance from End-| () Mbsolute Distance from End-l k
Uniform Load
Load kN/m oK Close Apply
A B D) = =
, i)
& L2 o2 22 o2 2 g2 ez T2 o2 2 g o2 Z el
< 2 < 2 2 2 < 2 < 2
< 2 < 2 2 2 < 2 < 2
c ; 2 2 2I 2 2 2| 22 RI’ 2 2 2I 2 2 2I 2
< 2 < 2 2 2 < 2 < 2
e 2 P 2 2 2 e —
4 g2 o2 g2 o2 2 lp2 ez Ile2 o2 2 g2 o2 2 o2
P 2 2 2 2l 2 - - -
- Assigning of wind load
! < 2 < 2 2 2 < 2 < 2
2 o2 202 o2 2 g2 ez Zle2 o2 2 e o2 Z 2
Fa 2 < 2 2 2 < 2 £ 2
e 2 e 2 2 2 e 2 e 2
5 g2 2 g2 o2 2 ez oz ile2 o2 2 le2 o2 2 e
e 2 e 2 2 2 e 2 < 2
Jd.‘{ 2 e 2 2 2 e 2 P 2
1 L2 &2 2 le2 o2 2 le2 2 g2 2 2 g2 o2 2,le2
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5A. MODEL TESTING OF SHEAR WALL UNDER LATERAL LOADS
Aim:
To test the model of shear wall under lateral loads using STAAD pro
Software Used:

STAAD Pro

A A VA VA VA VA Y A

N A VN Y A Wil Vi Vil

Model of the shear wall building

i | Properties - Whole Structure

T

Section  Beta Angle

Ref Section Materal
1 Plate Thickness COMCRETE
2 BRect 0.60x0.60 COMCRETE
3 Rect0.30x0.23 COMCRETE
Highiight Assigned Geometry Member property of building
Edit ... Delete...
Values... Section Database Define. ..
Materals. .. Thickness... ser Table...

Assignment Method
Assign To Selected Beams (®) Use Cursor To Assign
() Assign To Edit List () Assign To View
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Load & Definition

----- D] wWehicle Definitions
Wind Definitions

- I TYPE1

----- Smow Definition

EREEEE

fe® SELFWEIGHT 1

----- O] Pushowver Definitions

#-[E Load Cases Details
----- Load Enwvelopes

Mew .. Add. .
[] Toggle Load
Azzignment Method

Assign To Selected Entities
Assign To View

Time History Definitions

Reference Load Definitions

: Seismic Definition (IS 1893 - 2002)

=D ZONMEDTRFEI1551ST1DMOSPXO.38F
fee® MEMBER WEIGHT

----- D] Direct Analysis Definition

Edit ... Delete .

Use Cursor To Assign
Assign To Edit List

Load & Drefinition

=L Load Cases Details

; - B

cEBEQZE

WL

WS

: DEADLOAD

: LIWELOAD

1B {DL=L L1 .00 L)
1. 5{DL=LL)y=1 .00 L)
S 15D L=LL}=1.00WLE)

W= Mk =

11 : 1.5{DL=WL*)

12 - 1. 5{DL+{-WW L))
13 : 1.5{DL=WLZF)

14 - 1 5{DL+{-WLZ
15 : 0.50L+1.50/ LX)
16 - 0.900L+1.5(-\WLx)
17 : 0.50L+1.50\LZ)
18 - 0.90DL+1.5(-WLZ)

—=a .-

el

Mew. .. Add. .
[] Toggle Load
Assignment Method

Assiagn To Selected Entities
Assign To View

10 : 1.5{DL+LLF=1 .- L)

Edit ... Dielete .

Use Cursor To Assiar
Assign To Edit List
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Load & Drefinition

19 : 1.2{DL=LL}={W LX)}

20 : 1.2(D L=l Lj={-W L3}

21 : 1. 2(DL+LL}={WLZ)

22 1 1 2{DLsLL)={-WLT)

- [E 23 : DL L)

=[G 24 : DLW LX)

=[] 25 : DLW LZE)

- [E 26 : DL-WWLT)

- [ 27 : DL+0.8LL=0. 80/ L)

- B 28 : DL=0.8LL=0.8(-WLX)

=[G 25 : DL=0.8LL=0.80/NLZ)

=--[E 20 : DL=0.8LL=0.8(-WLZ)

F- B 231 - 1 5D L=LL}=1 ELX=0.3ELZ)
32 : 1.5(0DL+LL}1 . ELX-0 3ELZ)
33 : 1.5(DL=LL}1 . MELX=0 3ELT)
34 : 1.5DL=LL}1.MEL*-0 3ELZ)

35 : 1.5DL=LL}=1.MELZ=0 3ELX})
36 : 1.5(DL+LL}+1.IELZ-0.3EL3)
- 37 : 1.5(0L=LL-1.ELZ+0.3ELX)
Mew ... Add. . Edit ...

[] Togagle Load
Assignmert Method

Assign To Selected Ertities

Assign To Wiew

Delete ...

Use Cursor To Assign

Assign To Edit List

Load & Definition

38
35
40 :
41

BUSHEGN

288

Ee G - - - - G - - - O - - -
iAERRRREREREERR R R R R

KRR

=
i
=

] Teggle Load

1.5(0L=LLH-1 ELS-0.3ELX)

1 5{DL+{EL¥+0.3ELZ))
1 5{DL+{ELX-D.3ELZ))

- 1. 5{DLAEL¥%+0.3ELZ))

- 1.5{DL+EL%-0.3ELZ})

- 1.5{DL+{ELZ+0.3ELX})

- 1.5{DL+{ELZ-0.3ELX))

- 1.5{DL-ELZ-0.3ELX})

- 1. 5{DLAELZ+0.3ELX))

- 0.30L+1.5{EL¥+0.3ELZ)

- 0.30L+1 5{ELX-0.3ELZ)

- 0.9DL-1.5{EL%+0.3ELZ)

- 0.9DL-1.5ELX%-0.3ELZ)

- 0.9DL+1.5{(ELZ+0.3ELX)

. 0.9DL+1.5{ELZ-0.3ELX)

- 0.9DL-1.5{ELZ+0.3ELX)

- 0.9DL-1.5{ELZ-0.3ELX)

- 1 2(DL+LL+{ELX+0.3ELZ))
- 1. 2(DL=LL+{ELX-D.3ELZ))

Add... Edit ...

Assignment Method

Assign To Selected Entities
Assign To View

Delete. ..

LUse Cursor To Assign
Assign To Edit List
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Load & Definition »

e

45 - 1 5(DL-ELZ-0.3ELX)) ~
46 : 1.5(DL-ELZ+0.3ELX))

47 - 0.9DL+1.5(ELX+0.3ELT)

48 : 0.90L+1.5(ELX-0.3ELZ)

45 - 0.90L-1 5{EL%+0.3ELZ)

50 : 0.90L-1.5(ELX-0.3ELZ)

51 :0.90L+1.5(ELZ+0.3ELX)

52 - 0.90L+1.5(ELZ-0.3EL%)

53 : 0.90L-1.5(ELZ+0.3ELX)
54
55
56

- 0.90L-1.5(ELZ-0.3EL%)
: 1.2{DL+LL+{EL%+0.3ELZ)
- 1.2{DL+LL~{ELX-0.3ELZY)
57 : 1.2(DL+LL{EL¥+0.3ELZ)
58 : 1.2(DL+LL{EL%-0.3ELZ))
59 : 1.2(DL+LL+{ELZ+0.3EL)
60 : 1.2(DL+LL+{ELZ-0.3ELX))
61 : 1.2(DL+LL{ELZ+0.3ELx))

R RRAEEERRE R R E

Loading data

=

62 : 1. 2(DL+LL-ELZ-0.3ELx)) Oof |oading

Load Envelopes . h

. v combinations
| New.. | | Add. | Edi ... Delete..
[] Toggle Load
Assignment Method

Assign To Selected Entities Use Cursor To Assigr

Assign To View Assign To Edit List

Assign Close | | Help

Positioning of
shear wall

| nad R - Nier
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5b. Model testing of shear wall under lateral loads
Aim:
To model shear wall under lateral loads for given structure using etabs

Software used:

Etabs
- =- ~=
~- -
R Plan of the
given
building
|4y Define Materials *
Materials Click ta:
M30 grade concrete Add Mew Material...
A000P=i
AB15GreD Add Copy of Material...
I AL16Gr270
LT Modify/Show Material... Deflnlng
material
property
QK
Cancel
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{43 Define Load Patterns
Loads
Sef Weigrt
Load Type Mukipier
Dead Dead 1
Live Live 1
EQx Seismic 1
EQy Seismic 1

Auto
Laterdl Lozd

(31833 2002
151893 2002

Click To:

Aad New Load

Modify Lozd

Moty Lateral Load...

Delete Load

0K

9]

5

Shear walls on
the model

Load
combinations



| 43 Load Combination Data

General Data

Load Combination Name
Combination Type
Notes

Auto Combination

==

| Linear Add

> |

| Modify/Show Notes...

|No

Define Combination of Load Case/Combo Results

Load Name Scale Factor
12 Add
1.2 Delete
12
oK | Cancsl

| 43 Load Combination Data

General Data

Load Combination Name
Combination Type
MNotes

Auto Combination

[Combi

Linear Add

~ |

| Modify/Show Notes._

|Nn

Define Combination of Load Case/Combo Results

Load Name Scale Factar
1.2
Live 1.2
EQ 12
oK | | Cancel

Ad

‘
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Storyg4
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Story2
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Shear force
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6A. MODEL TESTING OF SHELLS, PLATES UNDER STATIC LOADING.

Aim:
To test the model of shells , plates under static loading using STAAD pro
Software Used:

STAAD Pro

Model of a shell

Modelling of the
Shell with plate
thickness
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Load & Definition

--[D] Definitions

Vehicle Definitions

Time History Definitions
Wind Definitions

Snow Definition

Reference Load Definitions
Seismic Definitions
Pushowver Definitions

EEEEEEEE

Direct Analysis Definition
- Load Cases Details
- 1:DL
2% SELFWEIGHT ¥ -1
= 2:LL

B PR -25 kN/m2

Load Envelopes

Loads

Assigning of
load
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B9 kN . _ i}
: late Thickess;HHESHN

Plate Thickness

Plate Thickne:

11.6 ]
538.757 kN

3.781 kN
= 48.507 kNm K=17.191 kN
=-0.000 kNm =538.755 kN P =-12.235kN

7 = 140G 200 kN F =_9.898 kN =156.972 kN

& Thickness
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Reactions at the
supports

Load 3

b [local]

kMmdm
<=-01E3
[ |

0151
0,140

0128

0117

0105

0,094

0.082

0,070

0,059

0,047

0,036

0.024

0.3 Bending

-0.00 moment of the
0.010 plates in the
= 0022 She”

BHEOOCOC DO N N



Shell - Whole St

5 [local]
M A2

<=-0.534
.-EI.EEE
0.518
-0.51
-0.502
-0.495
-0.487
-0.473
-0.471
-0.464
-0.456
-0.448
-0.440
-0.432
0.425
0.417
»=-0.403

Shear force of
the plates in the
shell

N [ OO0 O 0 . e
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