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COURSE CODE: CE 0732-2104 CREDIT:01 

  TOTAL MARKS:50 

CIE MARKS: 30 

Semester End Exam Hours   2 SEE MARKS: 20 

ETABS I (Building Super Structure) 

CLO 1 Understand concepts of Structural Design of Reinforced concrete members. 

CLO 2 Analyze various structural components of building column, beam, stair, shear wall and 

slab. 

CLO 3 Develop intellectual communication skills through working in groups in performing in 

different load assigning (dead, live, earthquake, wind etc.) and various Serviceability 

limit Check. 

CLO 4 Generate the detailing of various structural components of buildings and bridges. 

Course Learning Outcomes (CLOs): After completing this course successfully, the students will be able to- 
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SL Content of Course Hrs CLOs 

1 Modeling of Structure and Material Assigning, Stair Drawing 10 CLO1 

2 Dead, live, Earthquake and wind load assigning 20 CLO3 

3 Load combinations assign, Member Meshing and Assigning Diaphragm 20 
CLO2, 

CLO4 

4 Analysis and Checking 5 
CLO1, 

CLO3 

5 
Serviceability Check (Torsion, P-Delta, Soft-storey, Storey drift and lateral 

displacement) 
10 CLO1 

6 Cost-Effective Design of Building, Reinforcement Detailing of Structure 10 CLO3 

7 Lab Test, Viva, Quiz, Overall Assessment, Skill Development Test (Competency) 10 CLO1 

Text Book: 

1. Design of Concrete Structures by Arthur H. Nilson, David Darwin, Charles W. Dolan (Mc Graw Hill) – 13th edition. 

2. Design of Concrete Structures by Arthur H. Nilson – 7th edition. 

3. Design of Reinforced Concrete by Jack C. McCormac, Russell H. Brown – 9th edition  

4. The American Society of Civil Engineers, code-7-05 

5. User's Guide ETABS® 2016 

6. ETABS User's Manual  

7. Gazetted-BNBC-2020-Enhanced-file-published-by-Dr.-Khan-Mahmud-Amanat-Follow-Design-Integrity-for-Civil-Engg-info.  4 



ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (30 Marks) 

SEE- Semester End Examination (20 Marks) 

Bloom’s Category Tests 

Remember 05 

Understand 07 

Apply 08 

Analyze 07 

Evaluate 08 

Create 05 

SEE- Semester End Examination (40 Marks) (should be converted in actual marks (20)) 

Bloom’s Category Marks  

(out of 100) 

Lab Final 

(30) 

Lab Report 

     (10) 

Continuous lab 

performance 

(30) 

Presentation &  

Viva (10) 

External Participation in 

Curricular/Final Project Exhibition 

(10) 

Remember/Imitation  05          05       02   

  

Attendance 
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Understand/manipulation  05  05 05             03 

Apply/Precision 05   05   

Analyze/Articulation 05   05   

Evaluate/Naturalisation 05        05 05   

Create  05  05 05 

CIE- Continuous Internal Evaluation (100 Marks) (should be converted in actual marks (30)) 
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Week Topic Teaching-Learning 

Strategy 

Assessment 

Strategy 

Corresponding 

CLOs 

1 Basic introduction about ETABS software 
Lecture, discussion, 

Experiment 

Quiz, Lab Test 
CLO1 

2 Modeling of Structure 
Oral Presentation, 

Project Exhibition 

Lab Report 

Assessment, viva 
CLO3 

3-4 Material Assigning 
Presentation, Field 

visit 

Skill Development 

Test 
CLO2, CLO4 

5 
Stair Drawing 

Lecture, discussion, 

Experiment, 

Demonstration 

Quiz, Lab Test 

CLO1, CLO3 

6 Dead and live load assign  
Oral Presentation, 

Project Exhibition 

Lab Report 

Assessment, viva 
CLO1 

7-8 Earthquake and wind load assign 
Presentation, Field 

visit 

Skill Development 

Test 
CLO3 

9 Load combinations assign 
Lecture, discussion, 

Experiment 

Quiz, Lab Test 
CLO2, CLO4 

Couse plan specifying content, CLOs, teaching learning and assessment strategy mapped with CLOs 
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Week Topic Teaching-Learning 

Strategy 

Assessment 

Strategy 

Corresponding 

CLOs 

10-11 Member Meshing and Assigning Diaphragm 
Lecture, discussion, 

Experiment 

Quiz, Lab Test 
CLO1 

12 Analysis and Checking 
Oral Presentation, 

Project Exhibition 

Lab Report 

Assessment, viva 
CLO3 

13 Serviceability Check (Torsion and P-Delta) 
Presentation, Field 

visit 

Skill Development 

Test 
CLO2, CLO4 

 

14 
Serviceability Check (Soft-storey and storey drift) 

Lecture, discussion, 

Experiment, 

Demonstration 

Quiz, Lab Test 

CLO1, CLO3 

15 Cost-Effective Design of Building, Details Discussion 

on BNBC-2020/ASCE-7-05 

Oral Presentation, 

Project Exhibition 

Lab Report 

Assessment, viva 
CLO1 

16 Reinforcement Detailing of Structure (Column, beam, 

stair, slab, shear wall) 

Presentation, Field 

visit 

Skill Development 

Test 
CLO3 

17 Lab Test, Viva, Quiz, Overall Assessment, Skill 

Development Test (Competency) 

Lecture, discussion, 

Experiment 

Quiz, Lab Test 
CLO2, CLO4 

Couse plan specifying content, CLOs, teaching learning and assessment strategy mapped with CLOs 
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Week 1 
Pages 8-16 
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Basic introduction about ETABS software 



Training Outline 

 Understanding Architectural Drawing 

Modeling Building Structure in ETABS 

Materials Assigning  

 Property Assigning  

 Load Assigning  

Model Analysis  

 Serviceability Check  

 Design and Detailing of Building 

 Discussion on BNBC 2020/ASCE-7-05 
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Types of Structural Design 

The entire process of structural planning and design requires not only 

imagination and conceptual thinking but also sound knowledge of practical 

aspects, such as recent design codes and bye-laws, backed up by ample 

experience, institution and judgment. It is emphasized that any structure to 

be constructed must satisfy the need efficiency for which it is intended and 

shall be durable for its desired life span. Thus, the design of any structure is 

categorizes into following two main types:- 

 

Functional Design 

Structural Design 
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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 

building should provide happy environment inside as well as outside. 

Therefore, the functional planning of a building must take into account 

the proper arrangements of room/halls to satisfy the need of the client, 

good ventilation, lighting, acoustics, unobstructed view in the case of 

community halls, cinema theatres, etc. 
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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 behavior of structural 

members subjected to loads and designing them with economy and elegance to give 

a safe, serviceable and durable structure. 
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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 
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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 :- 

 Position and orientation of columns 

 Positioning of beams 

 Spanning of slabs 

 Layouts of stairs 

 Selecting proper type of footing. 
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Position and Orientation of Columns 

Following are some of the building principles, which help in deciding the 

columns positions :- 

 Columns should preferably be located at (or) near the corners of a 

building, and at the intersection of beams/walls. 

 Select the position of columns so as to reduce bending moments in 

beams. 

 Avoid larger spans of beams. 

 Avoid larger center-to-center distance between columns. 

 Edge & Corner columns to be located at minimum distance from 

property line so that footing can avoid eccentricity. 
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Introduction of ETABS 

ETABS is an engineering software product that caters to multi-story building 

analysis and design. 

ETABS stands for Extended Three-Dimensional Analysis of Building System. 

Latest version ETABS 24 

Maximum used version ETABS 16 

16 



Week 2 
Pages 17-23 
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Modelling of Structure 



Skill Details 

● Understanding architectural plan  

● Importing of Floor Plan from Auto-cad 

● Checking distances from grids 

● Inserting Storey Heights 
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Work Procedure 

Open ETABS software 

Creating Grid & Story 

Defining Materials & Section 

Drawing Structural Element 

Assigning Load 

Assigning Diaphragm & Modifier. 

Checking Error 

Analysis & Checking Serviceability 

Creating Load Combination 

Design & Detailing. 
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Part 1 – Modeling the Building 

• Select «File-New Model». Choose «Use Buil-in Settings». Here select Display Units as «Metric SI» (no need to 
select Concrete Design Code as «TS 500-2000» since we will not use design option). 

• First enter the values in the «New Model Quick Template» window for the Uniform Grid Spacing and Simple Story 
Data: 

Next select «Custom Grid Spacing» and click 
here (Edit Grid Data) to make the correction 
for the only span length of 3 m (shown in 
the next slide)! 

Finally select this part to define the slab 
properties (shown two slides after)! Note 
that all slabs are two-way slabs (the loads of 
slabs are transferred to the beams in both 
directions). 
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Part 1 – Modeling the Building 

Correct these values as 8 m. and 13 m. 
to account for 3m span length at the 
mid-span of the structure along the y- 
direction. 

Click OK at the end! 
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Part 1 – Modeling the Building 

• Definition of the slab and structural system properties. After completing the data for all properties, click OK! 

No 
overhangs 
on slabs! 

Unselect - No 
block joist floor 
systems-no ribs! 

All support conditions 
are assumed as fixed at 
the foundation level! 

Rigid diaphragms were assumed 
and assigned for the beam+slab 
systems (rigid body motion-identical 
lateral displacements at all points of 
a slab) 

The additional dead 
load and live load 
are entered here! 

These structural 
properties are 
automatically assigned. 
If not, assign these 
selections! 
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Part 1 – Modeling the Building 

• Consequently, the model will be formed and you should obtain the following (plan and 3-D) views of the model. 
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Week 3-4 
Pages 24-50 
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Material Assigning 



Skill Details 

● Assigning grade of concrete and steel 

● Inserting the value of E, Poison’s ratio and Density of RC 

● Assigning Physical, Geometry (Dimension), Material property of each element 

● Drawing frame Sections (column & beam) 

● Drawing shell sections (Slab and shear wall) 

● Framing of Model 
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Process of Creating Grid System & 

Building Story  

Open ETABS software 

New Model 

Select Use Built-in Settings With 

Choose Require Units and Code 

Click Ok 

From Grid Dimensions Select Custom Grid Spacing 

Edit Grid Data 

Select Grid Data as Ordinates or Spacing 26 



Continue… 

Input Grid Data in X & Y Grid 

Click Ok 

From Story Dimensions Select Custom Story Data 

Edit Story Data 

Input Story Name and Height 

Click Ok 

Again Click Ok 

Grid System & Story Height of Building Completed  27 



Defining Materials 

Click on Define Menu Bar 

Materials Properties 

Add New Materials 

Select Region 

Select Material Type 

Select Standard 

Select Grade if any 

Click on OK 28 



Concrete Materials 

Unit Weight of Concrete (150 pcf) 

Modulus of Elasticity of 

Concrete, 𝐸 =  57000 𝑓𝑐
′  

(f’c in psi) 

Click on Modify/Show Materials 

Property Design Data 

Enter a Name 
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Provide Required Strength of 

Concrete 

Continue… 
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Rebar Materials 

Unit Weight of Rebar (490 pcf) 

Modulus of Elasticity of 

Concrete, 𝐸 = 29000000 𝑝𝑠𝑖 

Click on Modify/Show Materials 

Property Design Data 

Enter a Name 
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Provide Required Strength of 

Rebar 

Continue… 
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Defining Section Properties 

(Frame Section) 

Click on Define Menu Bar 

Section Properties 

Select Frame Section 

Click on Add New Property 

Select Shape 

Provide Section Name 

Select Materials 

Provide Section Dimensions 33 



Click on Reinforcement 

Select Design Type Column/Beam 

Provide Covering 

Select Rebar Materials 

Continue… 

Click on OK 
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Defining Section Properties 

(Slab Section) 

Click on Define Menu Bar 

Section Properties 

Select Slab Section 

Click on Add New Property 

Provide Section Name 

Select Slab Materials 

Select Modeling Type 

Select Type 35 



Provide Thickness 

Continue… 

Click on OK 

Draw column, Beam, Slab & Partition Wall as per architectural 

Drawing. 
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Part 1 – Modeling the Building 

• In the «Property/Stiffness Modification Factors» window, enter the corresponding coefficients (as shown below) 
for the effective rigidities of seismic code. Click OK twice! 

• Similarly define the shear wall with a width of 250 mm. You may do this by simply choosing «Add Copy of 
Property» on «Wall Properties». Here all you have to change is the name (from P35 to P25) and thickness (from 
350 to 250 mm) as shown above. Click OK twice! Now that we have to shear wall sections, namely P25 and P35. 
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Part 1 – Modeling the Building 

• In order to define the slab, select «Define-Section Properties-Slab Sections». Here choose «Slab1» and select 
«Modify/Show Property» in the «Slab Properties» window. In this way, we change the existing «Slab1» section to 
fit our slab properties. You may change the «Property Name» to «d14» to reflect 14 cm slab thickness. Selct C30 
for «Slab Material». «Membrane» should be assigned for the «Modeling Type». Enter slab thickness as 140 mm. 
Here we are not going to modify sectional properties (inertia, etc.) of the slabs, since all we need is the calculation 
of the weight of slab according to its thickness (14 cm) and unit weight of concrete (25 kN/m3) (this load will be 
added to the additional dead load, 1.2 kN/m2 and will be transferred to the beams by ETABS). Click OK twice! 
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Part 1 – Modeling the Building 

• Now we finished defining the sections of columns and beam. At this step we will draw the shear walls which do 
not exist in our model at this stage. The length of shear wall in between A2-A3 (also F2-F3) is 3.25 m and the one 
in between C4-D4 (also C1-D1) is 5.25 m. These lengths are provided in the example. We have to delete the 
columns and beams at these shear wall locations. Besides, we have to form joints at a 0.125 m distance of each 
end (replicate) so as to provide a 0.25 m larger length given above. 

• First select «All Stories» at the bottom right corner. This will enable us to do the same operation in all stories 
when we do it in one story. Then select the region between A2-A3 as shown here. Then simply click «Delete» in 
your computer to delete the beams and columns within this region. You will see the result as you here. 
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Part 1 – Modeling the Building 

• You should do the same operation for the region between axes F2-F3, C1-D1 and C4-D4. Consequently you should 
see your model in 3-D as shown below. Note that the selection should be done starting (clicking first) from top-left 
corner up to bottom-right corner to select only the members within this region. The reverse selection will choose 
all the members that your selection touches. 

You may also 
check all your 
definitions up to 
this stage from 
here! 
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Part 1 – Modeling the Building 

• In order to replicate the nodes by 0.125 m at each end of A2-A3 span, get a closer look at this region by using 
«Rubber Band Zoom». The joints are invisible as default and we should make them visible. You should select 
«Set Display Options»    for this purpose, unselect «Joint Objects-Invisible» and click OK! Select the joint at the 
intersection of A and 3 axes. Then click «Edit-Replicate». In the replicate window, write 0.125 for dy and click OK. 
Then select the joint at the intersection of A and 2 axes. Do the same operation, but write -0.125 for dy. 

New joint is 
formed! 
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First left-click to this 
replicated joint! 

Then left-click to this 
replicated joint! And 

finally right-click to end 
the drawing operation! 

Part 1 – Modeling the Building 

• Do the same «replicate» operation for all F2-F3, C1-D1 and C4-D4 spans. Here in case of C1-D1 and C4-D4 spans, 
you should enter 0.125 and -0.125 in «dx» not in «dy». For example, you should write -0.125 for dx while 
replicating the joint at the intersection of C and 1 axes. In all these operations, you may use «Restore Full View» to 
see full model in plan after each time you zoom to the region that you work on. 

• In order to draw the shear walls, select «Draw-Draw Floor/Wall Objects-Draw Walls (Plan)». Then click on the first 
replicated joint (close to A2) and then the second replicated joint (close to A3). Then right-click to end the 
drawing. 

So that the shear walls at this span is 
formed as you see below: 
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Part 1 – Modeling the Building 

• Repeat the same drawing to form other three shear walls. At the end you should see your model as you see here. 
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Part 1 – Modeling the Building 

• Now that we are ready to assign all sections (that we defined) to the corresponding members. Before that, we will 
assign the «master» and «similar» stories. So that any section assignment which we do for the «master» story will 
also be applied to the «similar» stories. The column and shear wall dimensions change after the 2nd story level. 
Also the column dimensions change once again after the 5th story level. Therefore there will be three groups of 
stories which are (1-2), (3-4-5) and (6-7-8). In each group, one of the stories will be defined as «master» (shown in 
bold) and others as «similar». This will be accomplished by selecting «Edit-Edit Stories and Grid Systems...». In the 
«Edit Story and Grid System Data», you should choose «Modify/Show Story Data». The «Story Data» window will 
pop up which you should modify as you see here. Click OK twice! 

44 



Part 1 – Modeling the Building 

• Let us first assign «B25x60» section to the beams. We have to select all beams first. In order to do that, click 
«Select-Object Type». The «Select by Object Type» window will appear. Here you should choose «Beams», click 
«Select» and «Close». This will select all beams only. Then click «Assign-Frame-Section Property», choose 
«B25x60» section in the following window and click OK! Now «B25x60» section is assigned to all beams. 

 

 
Only beams 

are selected! 
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Part 1 – Modeling the Building 
• Now we will assign column sections. Initially, we will assign «C40x40» section to all columns. Then change the column sections 

in the other similar stories (i.e. stories 1-2 and stories 3-4-5). First let us select all columns in the same way that we selected 
beams by using «Select-Object Type». In the «Select by Object Type» window choose «Columns», click «Select» and «Close». 
Then use «Assign-Frame-Section Property», choose «C40x40» section in the following window and click OK! Now «C40x40» 
section is assigned to all columns. 

• Then in order to choose the columns in other similar stories, first click «Select-Get Previous Selection» which will select all 
columns once again. Then activate «Plan View» on the left side of your screen, if not active already. Choose «View-Show 
Selected Objects Only» which will show you only columns in plan. By using up-down arrows, go to «Plan View - Story1-Z=4 
(m)». Select «Similar Stories» instead of «One Story» at the bottom right corner. Then choose all columns in the plan view by 
using cursor. 

Choose all 
columns here 
in plan view! 
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Part 1 – Modeling the Building 
• Now only the columns in the 1st and 2nd stories are selected. Then use «Assign-Frame-Section Property», choose «C50x50» 

section in the following window and click OK! Now «C50x50» section is assigned to all columns in the similar 1st and 2nd 
stories. If you can not see the new assigned column names on the 3-D view, activate «3-D View» on the right side of your 
screen and simply click in order to refresh view. Now you should be able to see the modified column names. Do the same 
operations for all columns in the similar 3rd, 4th and 5th stories. While doing this, you should go to the «Plan View – Story3 - 
Z=10 (m)» and select all columns in plan view and then assign column section «C45x45» to your selections. Now that the 
assignment of column sections is finished, you may choose «View-Show All Objects» in «Plan View». 

• Now, choose the shear walls at the 1st and 2nd stories from the 3-D view window. Simply click on the shear walls at the 1st story 
and the upper shear wall at the 2nd story will be directly selected. Do this for all shear walls on four sides of the building. 
During this selection, you may need to rotate your 3-D model by using . At the end you should see «8 Shells, 32 Edges 
selected» at the bottom left corner of your screen. Then choose «Assign-Shell-Wall Section». In the «Sheel Assignment» 
window choose «P35» and click OK! 

Do the same operations to select the shear walls at the 
upper similar stories (stories 3-4-5 and 6-7-8) and assign 
«P25» wall section to your selection. Now that we have 
finished assignment of all shear wall sections. 
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Part 1 – Modeling the Building 

• We should assign a pier label for each individual shear wall (each one at four sides of the building). In order to do 
that, first select «One Story» at the bottom right corner of your screen. Then click , select «1» and click OK in 
order to set your view for the frame along 1-1 axes. 

• Then select all shear walls in «Elevation View – 1» and choose «Assign-Shell-Pier Label». On the «Shell 
Assignment - Pier Label» window, choose «P1» and click OK! 

48 



Part 1 – Modeling the Building 

• Then go to the «Elevation View – 4» by using «up-down arrows». Choose all shear walls on 4-4 axes. Then choose 
«Assign-Shell-Pier Label». On the «Shell Assignment - Pier Label» window, choose «Modify/Show Definitions». 
«Pier Labels» window will pop up, here write P2 for «Wall Piers», click «Add New Name» and OK twice! Do the 
same operation for the shear walls on A-A (label: P3) and F-F (label: P4) axes. You can also go to the «Elevation 
View-A» and «Elevation View-F» by using «up-down arrows». You can convert your view on the right side of your 
screeen into 3-D view again by clicking . 
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Part 1 – Modeling the Building 

• Next we will change all support conditions at the bottom of the building as fixed. In order to that, go to the «Plan 
View - Base – Z=0 (m)» from the plan view on the left by using «up-down arrows». Then choose «Assign-Joint- 
Restraints». On the «oint Assignment-Restraints» window simply click fixed support from «Fast Restraints» or 
place a tick for all conditions in «Restraints in Global Directions». Click OK! 
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Week 5 
Pages 51-54 
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Stair Drawing 



Skill Details 

● Drawing landing slab and frames with material assigning 

● Drawing waist slab 
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Skill Details 

53 

To insert a stair in ETABS, you can divide the frame, insert a beam, 

and then replicate the stairs to other floors. You can also watch a video 

tutorial on how to model a staircase in ETABS.  

Steps 

1.Divide the frame so that a beam can be inserted between the columns  

2.Insert the beam at an offset for the landing slab  

3.Select the stairs and replicate them to other floors  

4.View the model in 3D or rendered view  
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Video File (How to insert a stair) 



Week 6 
Pages 56-76 
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Dead and Live Load Assign 



Skill Details 

● Assigning main wall load 

● Assigning Partition wall load 

● Assigning Parapet wall load 

● Assigning floor finished 

● Assigning live loads according to BNBC/ACI guidelines 
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Assigning Load 

Dead Load 

Live Load 

Earthquake Load 

Wind Load 

Load Combination 
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Dead Load 
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Definition of Dead Load 

According to BNBC 2020, Part-6, Chapter-2, Section-2.2.2 “Dead Load is the 

vertical load due to the weight of permanent structural and nonstructural 

components and attachments of a building such as walls, floors, ceilings, permanent 

partitions and fixed service equipment etc.” 

59 



Calculation of Floor Finish Load 

• Clay Tiles    = 0.6  (kN/m2) 

• Cement Plaster (Ceiling) = 0.287 (kN/m2) 

• Cement Plaster (Floor)  = 0.230 (kN/m2) 

 

Total Load     = 1.117 (kN/m2) 

       = 23.3  (psf) 

       ≈ 25  (psf) 
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Calculation of Partition Wall Load 

Wall Load = Equivalent Height of Wall X Weight Per Unit Area of Wall 

 

Equivalent Height of Wall = ( Area of Wall – Area of Window)/ Length of Wall 

      = 
𝐻 𝑥 𝐿 −2 𝑥 ℎ 𝑥 𝑙

𝐿
 

H 

L 

h 

l 

h 

l 

61 



Weight Per Unit Area of Wall : 

 

• Brick masonry work, excl. plaster: burnt clay, per 100 mm  = 1.910 (kN/m2) 

• Cement paster (Both Side)         = 0.460 (kN/m2) 

 

Total Load             = 2.37  (kN/m2) 

               = 49.5  (psf) 

               ≈ 50  (psf) 

 

H 

L 

h 

l 

h 

l 

Continue… 
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Defining Dead Load  

Open ETABS software 

Define 

Load Patterns 

Enter Load Name (Ex.: PW, FF etc.) 

Select Load Type as Super Dead 

Click to: Add New Load 

Ok 
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Assigning Wall Load  

Open ETABS software 

Select Wall Lines 

Assign 

Frame Loads 

Distributed 

Select Load Pattern Name (PW) 

Select Load Type and Direction 

Select Appropriate Option 64 



Continue… 

Input Uniform Load 

Apply 

Ok 
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Assigning Floor Finish Load  

Open ETABS software 

Select Slab Lines 

Assign 

Shell Loads 

Uniform 

Select Load Pattern Name (PW) 

Select Load Type and Direction 

Select Appropriate Option 66 



Continue… 

Input Uniform Load 

Apply 

Ok 
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Live Load 
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Definition of Live Load 

According to BNBC 2020, Part-6, Chapter-2, Section-2.3.2 “Live load is the load 

superimposed by the use or occupancy of the building not including the 

environmental loads such as wind load, rain load, earthquake load or dead load.” 
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Defining Live Load  

Open ETABS software 

Define 

Load Patterns 

Enter Load Name (Ex.: LL) 

Select Load Type as Live 

Click to: Add New Load 

Ok 
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Assigning Live Load  

Open ETABS software 

Select Slabs 

Assign 

Shel Loads 

Uniform 

Select Load Pattern Name (LL) 

Input Load 

Select Direction 71 



Continue… 

Select Appropriate Options 

Apply 

Ok 
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Part 1 – Modeling the Building 

• In this part we will define dead and live loads. The equivalent static seismic forces will not be defined at this stage. 
We should first make a modal analysis and obtain the fundamental vibration periods along the x and y directions. 
This information will be required while we estimate the equivalent static seismic forces. 

• Choose «Define-Load Patterns» and here select «Dead» load. Write «G» instead of «Dead» and click «Modify 
Load». Self weight multiplier is «1» since the weight of the structural members will be calculated by multiplying 
the dimensions of members with the unit weight of concrete (25 kN/m3) and used for the dead loads. Next, select 
«Live» and change its name as «Q» in the same way. Click OK! 
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Part 1 – Modeling the Building 

• Then choose «Define-Load Cases». In «Load Cases» window, select «Dead» and click «Modify/Show Case». «Load 
 Case Data» window will appear. Here change «Load Case Name» as «G» and click OK! Do the same for «Live» load 
 case to change its name as «Q». At the end, you will see the following window. Click OK! 
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Part 1 – Modeling the Building 

• As mentioned before, the self-weight of all structural members are estimated by ETABS and included in the case 
«G». However, the weight of infill walls are not considered in these calculations since infill walls are not 
considered as structural members and not included in our model. We have to assign distributed loads on the 
beams to represent the additional weight of infill walls (8 kN/m on the exterior beams and 6.5 kN/m on the 
interior beams). In order to do this, first change your selection as «All Stories» from the bottom right corner of 
your window. In the plan view, go to the «Plan View - Story1 – Z=4 (m)» using «up-down arrows». Then select the 
beams at the exterior circumference of the building and check all story beams are selected as you do this (since 
«All Stories» is selected) (totally 12*8=96 beams will be selected). Choose «Assign-Frame Loads-Distributed». In 
the «Frame Load Assignment-Distributed» window, write «8» for the «Uniform Load» when «G» was selected for 
the «Load Pattern Name». 

 
In the next stage, select all 
interior beams in the plan 
view. Do the same 
operations to define 
distributed load of 6.5 
kN/m this time. 
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Part 1 – Modeling the Building 

• In the next stage, select all interior beams in the plan view. Do the same operations to define distributed load of 
6.5 kN/m this time. 

• There should not be any infill walls over the beams at the roof level. Therefore, we should delete the distributed 
infill wall loads on these beams. Change your selection preference as «One Story» from the bottom right corner, if 
it is not so (if the distributed loads are shown on your 3D model, you may not see that part where you change 
your selection preference; in that case simply choose «Display-Undeformed Shape»). Go to the «Plan View – 
Story8 – Z=25 (m)» using «up-down arrows». Then select all beams on plan view. Check if only the beams at the 
last story are selected from the 3-D view. If so, choose «Assign-Frame Loads-Distributed» and select «Delete 
Existing Loads» and click OK! This will delete all the distributed loads that are defined on the beams at the roof 
level. 
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Week 7-8 
Pages 78-104 

 

77 

Earthquake and Wind Load Assign 



Wind Load 
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Defining Wind Load  

Open ETABS software 

Define 

Load Patterns 

Enter Load Name (Ex.: Wx, Wy etc.) 

Select Load Type as Wind 

Select Auto Lateral Load as ASCE 7-05 

Click to: Add New Load 

Select Wind Load (Wx or Wy) 79 



Click on Modify Lateral Load 

Select Exposure from Extents of Diaphragms 

Select User Specified from Wind Pressure Coefficients 

Input Windward and Leeward Coefficient (Figure 6.2.6) 

From Wind Exposure Parameters Click on Modify/Show 

Input Direction Angle (For X=0, Y=90) 

Ok 

From Case Select 1 

Continue… 
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From Wind Coefficients Input Wind Speed in mph (Table 6.2.8) 

From Wind Coefficients Select Exposer Type (Section 2.4.6) 

From Wind Coefficients Input Importance Factor (Table 6.2.9) 

From Wind Coefficients Input Topographical Factor (Section 2.4.7.2) 

From Wind Coefficients Input Gust Factor (Section 2.4.8) 

From Wind Coefficients Input Directionality Factor (Table 6.2.12) 

From Exposure Height Select Top Story 

From Exposure Height Select Bottom Story 

Ok 

Continue… 
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Continue… 
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Continue… 
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Continue… 

Exposer A Exposer B 

Exposer C 

84 



Continue… 
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Continue… 
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Continue… 
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Earthquake Load 
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Defining Earthquake Load  

Open ETABS software 

Define 

Load Patterns 

Enter Load Name (Ex.: Ex, Ey etc.) 

Select Load Type as Seismic 

Select Auto Lateral Load as ASCE 7-05 

Click to: Add New Load 

Select Wind Load (Ex or Ey) 89 



Click on Modify Lateral Load 

Select Exposure from Extents of Diaphragms 

Select Required Direction and Eccentricity 

Input Time Period (Section 2.5.7.2) 

Select Story Range 

Input Response Modification Factor ((Table 6.2.19) 

Input System Over strength Factor ((Table 6.2.19) 

Input Deflection Amplification Factor ((Table 6.2.19) 

Continue… 

90 



Input Importance Factor ((Table 6.2.17) 

Select Ss and S1 User Defined 

Input Ss ((Table 6.C.1) 

Input S1 ((Table 6.C.2) 

Input Long-Period Transition Period = 2 

Select Site Class F 

Input Fa ((Table 6.C.3) 

Input Fv ((Table 6.C.4) 

Ok 

Continue… 
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Continue… 
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Continue… 
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Continue… 
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Continue… 
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Continue… 
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Base Shear Calculation 
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Continue… 

The spectral acceleration for the design earthquake is given by the following 

equation:  
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Continue… 
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Continue… 
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Continue… 
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Continue… 
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Continue… 
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Video File (How to insert wind and 

earthquake load) 



Week 9 
Pages 106-119 

 

105 

Load Combination Assign 



Load Combination 
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Assigning Load Combination 

Open ETABS software 

Define 

Load Combinations 

Enter Load Combination Name 

Select Combination Type as Linear Add 

Select Load Name 

Scale Factor 

Click Add New Combo 
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Ok 

Enter Other Load Combination 

Continue… 

Add New Load and Scale Factor 

Ok 
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Load Combination 
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Continue… 
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Continue… 
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Continue… 
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Continue… 
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Load Combination 

(Considering Orthogonal Direction) 

BNBC-1 : 1.4DL 

BNBC-2 : 1.2DL+1.6LL 

BNBC-3 : 1.2DL+1.0LL 

BNBC-4 : 1.2DL+0.8Wx 

BNBC-5 : 1.2DL-0.8Wx 

BNBC-6 : 1.2DL+0.8Wy 

BNBC-7 : 1.2DL-0.8Wy 

BNBC-8 : 1.2DL+1.0LL+1.6Wx 

BNBC-9 : 1.2DL+1.0LL-1.6Wx 

BNBC-10 : 1.2DL+1.0LL+1.6Wy 

BNBC-11 : 1.2DL+1.0LL-1.6Wy 
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Continue…… 

BNBC-12 : 1.2DL+1.0LL+1.0Ex+0.3Ey+1.0Ev 

BNBC-13 : 1.2DL+1.0LL+1.0Ex-0.3Ey+1.0Ev 

BNBC-14 : 1.2DL+1.0LL-1.0Ex+0.3Ey+1.0Ev 

BNBC-15 : 1.2DL+1.0LL-1.0Ex-0.3Ey+1.0Ev 

BNBC-16 : 1.2DL+1.0LL+1.0Ey+0.3Ex+1.0Ev 

BNBC-17 : 1.2DL+1.0LL+1.0Ey-0.3Ex+1.0Ev 

BNBC-18 : 1.2DL+1.0LL-1.0Ey+0.3Ex+1.0Ev 

BNBC-19 : 1.2DL+1.0LL-.0Ey-0.3Ex+1.0Ev 
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BNBC-20 : 0.9DL+1.6Wx 

BNBC-21 : 0.9DL-1.6Wx 

BNBC-22 : 0.9DL+1.6Wy 

BNBC-23 : 0.9DL-1.6Wy 

BNBC-24 : 0.9DL+1.0Ex+0.3Ey-1.0Ev 

BNBC-25 : 0.9DL+1.0Ex-0.3Ey-1.0Ev 

BNBC-26 : 0.9DL-1.0Ex+0.3Ey-1.0Ev 

BNBC-27 : 0.9DL-1.0Ex-0.3Ey-1.0Ev 

BNBC-28 : 0.9DL+1.0Ey+0.3Ex-1.0Ev 

BNBC-29 : 0.9DL+1.0Ey-0.3Ex-1.0Ev 

BNBC-30 : 0.9DL-1.0Ey+0.3Ex-1.0Ev 

BNBC-31 : 0.9DL-1.0Ey-0.3Ex-1.0Ev 

Continue… 
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Load Combination 

(Without Considering Orthogonal Direction) 

BNBC-1 : 1.4DL 

BNBC-2 : 1.2DL+1.6LL 

BNBC-3 : 1.2DL+1.0LL 

BNBC-4 : 1.2DL+0.8Wx 

BNBC-5 : 1.2DL-0.8Wx 

BNBC-6 : 1.2DL+0.8Wy 

BNBC-7 : 1.2DL-0.8Wy 

BNBC-8 : 1.2DL+1.0LL+1.6Wx 

BNBC-9 : 1.2DL+1.0LL-1.6Wx 

BNBC-10 : 1.2DL+1.0LL+1.6Wy 

BNBC-11 : 1.2DL+1.0LL-1.6Wy 
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Continue… 

BNBC-12 : 1.2DL+1.0LL+1.0Ex+1.0Ev 

BNBC-13 : 1.2DL+1.0LL-1.0Ex+1.0Ev 

BNBC-14 : 1.2DL+1.0LL+1.0Ey+1.0Ev 

BNBC-15 : 1.2DL+1.0LL-1.0Ey+1.0Ev 

BNBC-16 : 0.9DL+1.6Wx 

BNBC-17 : 0.9DL-1.6Wx 

BNBC-18 : 0.9DL+1.6Wy 

BNBC-19 : 0.9DL-1.6Wy 

BNBC-20 : 0.9DL+1.0Ex-1.0Ev 

BNBC-21 : 0.9DL-1.0Ex-1.0Ev 

BNBC-22 : 0.9DL+1.0Ey-1.0Ev 

BNBC-23 : 0.9DL-1.0Ey-1.0Ev 
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Part 1 – Modeling the Building 

• In the final stage, let us see how to define a load combination for «1.4G+1.6Q». In order to do that, choose 
«Define-Load Combinations» and click «Add New Combo» on «Load Combinations» window. The «Load 
Combination Data» will pop up. Here, change «Load Combination Name» as «1.4G+1.6Q». «Combination Type» is 
«Linear Add». «G» should already be defined with a scale factor of «1». Change «Scale Factor» which is «1» into 
«1.4». Then click «Add». Change the added load name as «Q» and «Scale Factor» as «1.6». You should see your 
window as follows and click OK twice! Now that the load combination «1.4G+1.6Q» is defined. 

• ANALYSIS: We may now ready to run the analysis by clicking 
should save your model! 

or choosing «Analyze-Run Analysis» after you 
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Week 10-11 
Pages 120-127 

 

120 

Member Meshing and Assign Diaphragm  



Skill Details 

● Meshing the wall and shell 

● Assigning rigid/semi-rigid diaphragm 

● Assigning joint and shell diaphragm 
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Part 1 – Modeling the Building 

• Then choose «Assign-Shell-Wall Auto Mesh Options» and then «Mesh Object into» in the following window. Write 
4 for «Vertical» and 4 for «Horizontal», and click OK! At the end, your 3-D model should be as follows. 
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Defining Diaphragms 

Click on Define Menu Bar 

Diaphragms 

Click on Add New Diaphragm 

Provide Section Name 

Select Rigidity 

Click on OK 
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Continue… 
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Part 1 – Modeling the Building 

• The masses and weights of all stories will be estimated by ETABS by taking total dead loads and a portion of live 
loads. This portion of live loads (n) depends on the type of building (usage of building). In your case, you should 
define this live load participation factor (n) as 0.3 for an office or residential building. This will be done by 
choosing «Define-Mass Source» and selecting «Modify/Show Mass Source». In the «Mass Source Data» window, 
select «Specified Load Patterns» and unselect all other «Mass Source» options. Then, write «1» for «G» «Load 
Pattern» on the right side, click «Add». Next, write «0.3» for «Q» «Load Pattern» on the right side, click «Add» 
and click OK twice! 
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Pages 128-134 

 

128 

Analysis and Checking 



Skill Details 

● Checking and fixing the error 

● Run the model 

● Checking axial force – bending moment diagram 

● Checking torsional force – bending moment diagram 

● Checking slab shear force – bending moment diagram 

● Checking area of reinforcement of each member 
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Part 1 – Modeling the Building 

• After the analysis is completed, you should see the deformed shape of your model on 3-D view as follows. 



Part 1 – Modeling the Building 

• In order to obtain fundamental periods of the structure, activate 3-d view window (if not), click on 
open «Deformed Shape Window». Here choose «Mode» and click OK! 

which will 



Part 1 – Modeling the Building 

You may start animation to understand 
the mode of vibration, which is clearly 

the displacement along the y-direction in 
this 1st mode. This means that a 

dominant portion of mass contributes to 
the movement along y-direction in the 
first mode of vibration! (You may check 
this from the mass percentage of each 

vibration mode from the tables of 
results-no need at this stage!) 

• On the 3-D view window, «Mode Shape» corresponding to «Mode 1» will appear. Here, 

Now that we understand that the first 
mode corresponds to the lateral 

movement along y-direction, this value 
becomes to be our fundamental period 

along this direction. T (Y)=1.123 sec. 
1 

If you click here, you may change the 
mode shape from the first to the second 
mode (which is lateral movement along x 
axis). The period at the top changes into 

a value which will be defined as the 

1 fundamental period along x-axis (T (X)). 
Check next slide! 



Part 1 – Modeling the Building 

• If you start the animation in the second mode, you will see that it corresponds to the lateral movement along the 
x-axis. Therefore, the fundamental period along the x direction, T1

(X)=0.829 sec. 



Part 1 – Modeling the Building 

• In order to obtain story masses, you should choose «Display-Show Tables». On «Choose Tables» window, click 
«Tables-Model-Structure Data-Mass Summary-Mass Summary by Story». In the window that pops up, the mass of 
each story is shown in units of kg. You should calculate weight by using these mass vales (multiply by 9.81 m/s2 

and divide into 1000). 

Now have all the information (addition to those 
given in your projects) to estimate the equivalent 
seismic forces! 



Week 13-14 
Pages 136-146 

 

135 

Serviceability Check 



Skill Details 

● Checking the torsional irregularity 

● Detecting and fixing problems 

● Providing torsional reinforcement in beam 

● Checking the load-deformation behavior of structure 

● Detecting and fixing problems 

● Checking the stiffness irregularities of structure 

● Detecting and fixing problems 

● Checking the storey drift of structure 

● Detecting and fixing problems 
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Serviceability Check 

We will check the following serviceability 

 

Story Drift Check (Section 1.5.6.1) 

Sway Check (Section 1.5.6.2) 

Plan Irregularity Check (Section 1.3.4.2.2) 

See this manual (Gazetted-BNBC-2020-Enhanced-file-published-by-Dr.-Khan-Mahmud-Amanat-

Follow-Design-Integrity-for-Civil-Engg-info) for this adobe section 
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To check for torsional irregularity in ETABS, you can calculate 

the ratio of the maximum story drift to the average story drift at 

two ends of the building. If the ratio is greater than 1.2, the 

structure is considered torsionally irregular.  
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P-Delta analysis is nothing but analyzing a structure by applying loads 

on the deflected form of a structure. A deflected structure may encounter 

significant moments because the ends of the members have changed their 

position. Consider a column of length 'h', which is fixed at the bottom 

and free at the top. 



P-delta Effects 

It is the secondary effect on shear forces and bending moments of 

lateral force resisting elements generated under the action of vertical 

loads, interacting with the lateral displacement of building resulting 

from seismic forces. 

 

Applied load is being modified for the 2nd time 

Primary Moment = Lateral Load (Q) X Moment Arm (h) 

Secondary Moment = Gravity Load (P) X Significant Displacement (Δ) 

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡, 𝜃 =
𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑀𝑜𝑚𝑒𝑛𝑡, 𝑃∆

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑀𝑜𝑚𝑒𝑛𝑡, 𝑄ℎ
 



Continue… 
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A soft-story check in ETABS is a way to determine if a building has a level that is 

more flexible than the levels above or below it. A soft story is a level that is less stiff 

than the levels above it, making it more vulnerable to lateral loads.  

How to perform a soft-story check in ETABS?  

Go to Display in ETABS 

Select Structure Output 

Select Other Output Items 

Select Story Stiffness 

What is the criteria for a soft story? 

A level is considered a soft story if its lateral stiffness is less than 70% of the level 

above it. If there are at least three levels above, it is considered a soft story if its 

lateral stiffness is less than 80% of the average stiffness of the three levels above.  
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To check story drift in ETABS, you can create load combinations, then display the 

story response plot and select the maximum story drift.  

Steps  

• Create load combinations 

• Go to Display 

• Select Story Response Plot 

• Select Show 

• Select Max Story Drift 

• Select EQ 

• Select Step Number 

• Select 1 for X direction and 2 for Y direction 

Explanation 

Story drift is the horizontal displacement of one floor relative to the floor below. The 

story drift ratio is the story drift divided by the story height.  
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Serviceability Limit Check Video 



Week 15 
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Cost Effective Design 



148 

Cost-Effective Design of Building 

● Detecting the failure of member 

● Solving the error in cost-effective way (reducing or increasing the 

member section/increasing concrete/steel grade) 



149 

Details Discussion on BNBC-2020/ASCE-7-05 

Understanding the design procedure, guidelines and detailing 



Week 16 
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Final Design 



Design 

























Column Design 

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑹𝒆𝒃𝒂𝒓 =  
𝑹𝒆𝒒𝒖𝒊𝒓𝒆𝒅 𝑨𝒓𝒆𝒂 𝒐𝒇 𝑹𝒆𝒃𝒂𝒓

𝑨𝒓𝒆𝒂 𝒐𝒇 𝑶𝒏𝒆 𝑹𝒆𝒃𝒂𝒓
 

Require Area of Rebar (in2) for Column Provided Area of Rebar for Column 



Beam Design 

Require Area of Rebar (in2) for Beam 

Provided Area of Rebar for Beam 



Two-way Slab Design 



Shear Wall Design 



Shear Wall Design 

A coupling beam is a load-bearing element that connects 

two separate items, such as shear walls, to improve a 

building's structural integrity. Coupling beams are usually 

short and thick, and are often made of concrete.  

Purpose 

•Lateral force resistance 

•Coupling beams increase the stiffness of a building, 

allowing it to resist lateral forces from wind or earthquakes  

•Energy dissipation 

•Coupling beams act as a source of energy dissipation during 

extreme stress, such as an earthquake  

Importance  

•Coupling beams are a critical element in concrete buildings 

•Coupling beams help buildings maintain structural integrity 

under pressure 

Examples  

•Shear cores in tall framed buildings, which accommodate 

elevator shafts, stair wells, and service ducts 

Coupling beam  



Week 17 
 

168 

Review and Problem solving class 

Special Courtesy:  

Assoc. Prof. Dr. Emre AKIN ADU Civil Eng. Dept. and Erbil 

polytechnique University 



Dynamic Analysis 



Continue… 



Continue… 



Work Procedure 

Open ETABS file 

Select Functions from Define Menu Bar 

Select Response Spectrum 

Choose Function Type as From File 

Click to Add New Function 

Click on Browse 

Select your text file 

Click on Convert to User Defined 

Input a Name 

Click on OK. 



Select Modal Cases from Define Menu Bar 

Add or Modify Modal Case as Eigen 

Click on OK 

Select Load Cases from Define Menu Bar 

Enter Load Case Name as SPEX/SPEY 

Select Response Spectrum as Load Case Type 

Click on Add 

Click on Add New Case 

Continue… 

Select Acceleration as Load Type 

Select U1 as Load Name 

Select your created Function 

Click on OK. 



Defining Earthquake Load  

Open ETABS software 

Define 

Load Patterns 

Enter Load Name (Ex.: Ex, Ey etc.) 

Select Load Type as Seismic 

Select Auto Lateral Load as ASCE 7-05 

Click to: Add New Load 

Select Wind Load (Ex or Ey) 



Click on Modify Lateral Load 

Select Exposure from Extents of Diaphragms 

Select Required Direction and Eccentricity 

Input Time Period (Section 2.5.7.2) 

Select Story Range 

Input Response Modification Factor ((Table 6.2.19) 

Input System Over strength Factor ((Table 6.2.19) 

Input Deflection Amplification Factor ((Table 6.2.19) 

Continue… 



Input Importance Factor ((Table 6.2.17) 

Select Ss and S1 User Defined 

Input Ss ((Table 6.C.1) 

Input S1 ((Table 6.C.2) 

Input Long-Period Transition Period = 2 

Select Site Class F 

Input Fa ((Table 6.C.3) 

Input Fv ((Table 6.C.4) 

Ok 

Continue… 



Thank you 

Questions? 


