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ABSTRACT 

 

Reinforced concrete and steel framed structures with various floor systems are being 

used for multistory buildings. So there are alternative options for designers to decide 

structural system for a particular building. A comparative study on RC and steel framed 

buildings with various floor systems is necessary to evaluate better structural system 

regarding overall economy, structural performance, construction time etc. This study 

will be helpful in deciding structural system for multistory industrial buildings. Past 

studies on multistory industrial building structures of Bangladesh are not much enough. 

This limits our ability in making decision about structural system of industrial buildings 

in Bangladesh. To conduct the intended research work, architectural layout plan of a 

six story garments factory is prepared. Following the layout plan, RC structure with flat 

plate and beam-slab floor system is formed. According to same plan, steel structure 

with non-composite and composite floor system is also formed. Structural modeling 

and analysis have been performed by STAAD.Pro. Loads are assigned following 

BNBC 2020. From analytical results, RC structures are designed following ACI 

Building Code 318-19. Steel structures are designed following AISC LRFD 2016. 

Comparisons of structural behavior and cost analysis have been performed for the four 

types of structural system. 

 

 

 



 

i 

 

TABLE OF CONTENTS 

 

ACKNOWLEDGEMENTS ........................................................................................... v 

ABSTRACT .................................................................................................................. vi 

TABLE OF CONTENTS ................................................................................................ i 

LIST OF FIGURES ...................................................................................................... iv 

LIST OF TABLES ......................................................................................................... v 

CHAPTER-1 .................................................................................................................. 1 

 General ............................................................................................................ 1 

 Background of the Study ................................................................................. 1 

 Objective .......................................................................................................... 2 

 Scope of study ................................................................................................. 2 

 Limitations ....................................................................................................... 3 

 .................................................................................................................. 4 

 Introduction ..................................................................................................... 4 

 Dead Loads ...................................................................................................... 4 

 Live Loads ....................................................................................................... 5 

 Floor Live Loads ............................................................................................. 5 

 Wind Loads ..................................................................................................... 5 

 Earthquake Loads ............................................................................................ 7 

 .................................................................................................................. 9 

 General ............................................................................................................ 9 

 Flow chart ........................................................................................................ 9 

 Methodology step .......................................................................................... 10 

3.3.1 Step-1 .................................................................................................. 10 

3.3.1 Step-2 .................................................................................................. 10 

 Live load ........................................................................................................ 10 

 Dead load ....................................................................................................... 10 

 Load Combination ......................................................................................... 11 

 ................................................................................................................ 13 

 RCC ............................................................................................................... 13 

4.1.1 Story Data ........................................................................................... 13 

4.1.2 Grid Data ............................................................................................ 13 

4.1.3 Reinforcement Sizeable ...................................................................... 15 

4.1.4 Load Patterns ...................................................................................... 15 



 

 

 

ii 

 

 ASCE 7-05 Auto Wind Load Calculation ..................................................... 17 

4.2.1 Exposure Parameters .......................................................................... 17 

4.2.2 Factors and Coefficients ..................................................................... 17 

4.2.3 Lateral Loading ................................................................................... 18 

4.2.4 Applied Story Forces .......................................................................... 18 

 ASCE 7-05 Auto Seismic Load Calculation ................................................. 20 

4.3.1 Direction and Eccentricity .................................................................. 20 

4.3.2 Factors and Coefficients ..................................................................... 20 

4.3.3 Seismic Response ............................................................................... 20 

4.3.4 Equivalent Lateral Forces ................................................................... 21 

4.3.5 Calculated Base Shear ........................................................................ 21 

4.3.6 Applied Story Forces .......................................................................... 21 

4.5 Load Cases ..................................................................................................... 23 

4.6 Load Combinations ....................................................................................... 23 

4.7 Grid System Data .......................................................................................... 30 

4.8 Material .......................................................................................................... 31 

4.9 Model ............................................................................................................. 32 

 Design ............................................................................................................ 32 

 Design ............................................................................................................ 33 

 Story Drift Cheek .......................................................................................... 34 

 Irregularity ..................................................................................................... 36 

 Torsional Irregularity ..................................................................................... 38 

 Reinforcement Design ................................................................................... 40 

4.14.1 Column section A ............................................................................... 40 

4.14.2 Column Section B ............................................................................... 41 

4.14.3 Column Section C ............................................................................... 42 

4.14.4 Column Section D ............................................................................... 43 

4.14.5 Column Secttion E .............................................................................. 44 

4.14.6 Ground Floor ...................................................................................... 45 

4.14.7 1st Floor ............................................................................................... 46 

4.14.1 2nd Floor .............................................................................................. 47 

4.14.2 3rd Floor .............................................................................................. 48 

4.14.3 4th Floor ............................................................................................... 49 

4.14.4 5th Floor ............................................................................................... 50 



 

 

 

iii 

 

4.14.5 Roof Top Floor ................................................................................... 51 

4.14.6 Lift Room ............................................................................................ 52 

4.14.7 Top Slab .............................................................................................. 53 

 Steel Structure Design ................................................................................... 54 

4.15.1 Steel Structure ..................................................................................... 54 

 .............................................................................................................. 102 

 Conclusions ................................................................................................. 102 

5.2 Recommendations for future work Effect ................................................... 102 

REFERENCES .......................................................................................................... 103 

APPENDIX ................................................................................................................ 104 

 Schedule of Item Rates ................................................................................ 111 

 Schedule of Rates for Structural Steel Works ............................................. 111 

 

  



 

 

 

iv 

 

LIST OF FIGURES 

 

Figure 1: Building classification category ..................................................................... 6 

Figure 2: Important Factor ............................................................................................. 7 

Figure 3: Seismic Zone map in Bangladesh .................................................................. 8 

Figure 4: Lateral load to stories 90 Degrees ................................................................ 18 

Figure 5: Lateral  load to stories-X .............................................................................. 22 

Figure 6: Frame section property data ......................................................................... 31 

Figure 7: Model RCC structure ................................................................................... 32 

Figure 8: Final result of Design ................................................................................... 33 

Figure 9: Reinforcement Result of Column- Section A ............................................... 40 

Figure 10: Reinforcement Result of Column- Section B ............................................. 41 

Figure 11: Reinforcement Result of Column- Section C ............................................. 42 

Figure 12: Reinforcement Result of Column- Section D ............................................. 43 

Figure 13 : Reinforcement Result of Column- Section E ............................................ 44 

Figure 14: Reinforcement Result of Ground Floor. ..................................................... 45 

Figure 15: Reinforcement Result of  1st Floor. ............................................................ 46 

Figure 16: Reinforcement Result of 2nd Floor. ............................................................ 47 

Figure 17: Reinforcement Result of 3rd Floor. ............................................................. 48 

Figure 18: Reinforcement Result of 4th Floor. ............................................................. 49 

Figure 19: Reinforcement Result of 5th Floor. ............................................................. 50 

Figure 20: Reinforcement Result of Top Floor............................................................ 51 

Figure 21: Reinforcement Result of Lift Room ........................................................... 52 

Figure 22: Top Slab ..................................................................................................... 53 

Figure 23: Model steel structure .................................................................................. 54 

Figure 24: Support on Base.......................................................................................... 55 

Figure 26: Load combination result ............................................................................. 56 

Figure 27: Load combination Reaction........................................................................ 57 

  



 

 

 

v 

 

 

LIST OF TABLES 

 

Table 1: Story Definitions ............................................................................................ 13 

Table 2: Grid Definitions – General ............................................................................ 13 

Table 3: Grid Definitions - Grid Lines ........................................................................ 14 

Table 4: Reinforcement size and dia and area ............................................................. 15 

Table 5: Load Pattern Definition ................................................................................. 15 

Table 6: Lateral load to stories ..................................................................................... 19 

Table 7: Lateral load to stories ..................................................................................... 19 

Table 8 : Calculation base shear. ................................................................................. 21 

Table 9:  Applied story Forces..................................................................................... 21 

Table 10: Load Case Definitions – Summary .............................................................. 23 

Table 11:  Load combination details ............................................................................ 23 

Table 12: Story Drift Cheek EX+ ................................................................................ 34 

Table 13: Story Drift Cheek EX- ................................................................................. 34 

Table 14: Story Drift Cheek EY+ ................................................................................ 35 

Table 15: Story Drift Cheek EY- ................................................................................. 35 

Table 16: EQ+X Direction ........................................................................................... 36 

Table 17: EQ-X Direction ............................................................................................ 36 

Table 18: EQ+Y Direction ........................................................................................... 37 

Table 19: EQ-Y Direction ............................................................................................ 37 

Table 20: EQ+X Direction ........................................................................................... 38 

Table 21: EQ-X Direction ............................................................................................ 38 

Table 21: EQ+Y Direction ........................................................................................... 39 

Table 23: EQ-Y Direction ............................................................................................ 39 

 

Table: C. 1: Schedule of rates for structural steel ...................................................... 111 

Table: C. 2: Schedule of rates for structural steel ...................................................... 115 

 

 

 



 

1 

 

CHAPTER-1 

INTRODUCTION 

 General 

It is well acknowledged that a basic understanding of particular design abilities and methods is 

insufficient for professional success. These techniques are prone to periodic modifications as new 

research becomes accessible and new design methodologies become available. To comprehend 

and stay current with these important changes, as well as to safely engage in innovative design, 

the engineer needs a detailed understanding of basic performance of converted and steel as 

constructions a cost-effective and safe method. As a result, knowledge with modern design 

techniques is important when using this basic idea as a basis. 

 Background of the Study 

For the sake of simplicity, the majority of structures in the world are built of reinforced concrete 

members, also known as RC members. The structural engineer's main job is to design structures. 

Strength must be both safe from collapse and usable in usage. The structure must be adequate for 

all loads that may operate on it in order to be safe. High rise buildings structural systems must 

handle vertical gravity loads, but lateral stresses such as those caused by wind and earthquakes 

must also be considered. Maximum 100-year interval wind forces vary greatly depending on 

location; at ground level, they are typically around 100 kilograms per square meter (20 pounds per 

square foot) at ground level. The major environmental stress for buildings is wind loading, which 

competes with seismic loading. Over a lengthy period of time, they have caused about equal 

quantities of harm. Large destructive earthquakes, on the other hand, are less common than strong 

wind storms. Is taking place somewhere on the planet, despite the fact that many storms are tiny 

and confined. Tropical cyclones (including hurricanes and typhoons) are created in the tropical 

waters, where the most severe of all wind occurs. When these storms hit inhabited coasts, the 

consequences may be disastrous. Many constructions have been damaged as a result of 

earthquakes. Bangladesh has seen an increase in the development of multistory structures in recent  

years. Almost all of these buildings. being built in Dhaka. This research compares the effects of 

lateral force on a residential structure. Although nature offers an adequate environment on our 

planet, it is usually perfectly appropriate to their requirements, convenience, and wants, the 
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planning, design, and construction of structures is fundamentally as ancient as humans. Early 

people could possibly find natural caves made of hollow trees that would provide them with some 

protection from the weather, but they would have to be positioned correctly to fulfill their needs. 

As a result, the building of a structure was born. A concrete structure is often made up of a series 

of frames that are made up of vertical and horizontal components. It's for this reason that it's called 

a frame structure. According to BNBC's definition, a low-rise building is any construction with a 

height of less than 20 meters. A medium rise building is one whose uppermost level does not 

surpass 70 feet and does not exceed 75 feet, with a maximum height of 8 storeys. Any structure 

whose uppermost level exceeds 70 feet or 75 feet, which is often more than 8 storeys, is classified 

as a high-rise building. The structural design of a structure is generally done with earthquake and 

wind loads in mind. 

 Objective 

• To study and compare the effects of lateral force, wind, earthquake on a residential 

structure by using ETABS & STAAD Pro software. 

• To conduct structural analysis of the same building using steel framing with composite 

and non-composite floor systems 

• To compare the structural behavior and cost analysis of the buildings. 

• To perform structural analysis and design of a reinforced concrete framed six storied 

industrial building with various floor systems.  

 Scope of study 

The overall goal of this research is to use ETABS & STAAD Pro software to construct a given 

structure and analyze variations in building capacity. The software ETABS & STTAD Pro was 

used for structural analysis and design. The following codes were utilized for design and analysis: 

ACI code 318, AISC 360-16 and BNBC 2020
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 Limitations 

Due to a lack of time, a thorough overall examination of the structure was not possible. 

Stairs and footings were not included in the design. Because the BNBC 2020 code was 

utilized, the study may be obsolete, and outdated software was used to comply with the 

BNBC 2020 code's suggestion. Because this research was done for a hypothetical 

circumstance, the structure's dimensions were mainly impractical. This research was 

carried out for a residential construction. Other structures were not studied since it 

would result in a lot of variety and take a lot of time. And for the last part there was no 

cost estimation in this investigation. 
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LITERATURE REVIEW 

 Introduction 

The primary duty of a structural engineer is to design structures. The major aims of this 

thesis, from the structural engineer's perspective, are to distribute knowledge on the 

newest concepts, methodologies, and design data to structural engineers involved in the 

design of wind and seismic resistant structures. Recent advancements in seismic design, 

particularly those relating to structures in low and moderate seismic zones, are central 

to the argument. Wind and earthquake Resistant Buildings brings together the design 

features of steel, concrete, and composite structures in one book. The more a structure 

is higher, the more important it is to pick the right structural system.  

The function of the building is a major factor that affects the structural system. Large 

open areas in modern office buildings are required, which may be split with lightweight 

partitioning to meet the demands of different tenants. As a result, the primary vertical 

components are typically placed around the perimeter of the design as much as possible, 

and internally ingroup around the elevator, stair, and service lifts. The floor spaces 

between the external and internal components are leveled, creating a wide column free 

area for office design. The services are arranged horizontally above the partitions in 

each floor and are generally hidden in the ceiling tiles. Because of the increased depth 

required by this area, an office building's usual story height is 3000 mm or more.  

Shear walls for horizontal load resistance are a significant advancement in reinforced 

concrete height rise structural systems. This is the first in a series of important 

advancements in the structural system of concrete high-rise buildings, which will allow 

them to be free of the flat plate system. The broad availability of reinforcing bars and 

the constituents of concrete, stones, sand, and cement has allowed the height of concrete 

buildings to rise during construction due to the creation and refining of these new 

methods, as well as the development of greater strength concrete. 

 

 Dead Loads 

The weight of all materials, suspended loads (such as sanitary and electrical fixtures, 

linings, and fittings), and permanent equipment included into the building or other 
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structure are all included. Its magnitude remains constant during the structure's lifetime. 

Permanent loads are a broader category that includes dead loads as well as force 

established by irreversible changes in structures over time, such as settlement, 

secondary effects of pesters, shrinkage, and creep incinerate. Walls, floors, ceilings, 

stairways, built-in partitions, finishes, cladding, and other similarly incorporated 

architectural and structural components, as well as the weight of cranes, are all 

examples of dead load. The term "dead load" refers to all permanent loads. 

 Live Loads 

A live load is a phrase used in civil engineering to describe a load that can vary over 

time. When individuals walk about in a building, the weight of the load is changeable 

or varies positions. Because it may be moved anywhere, anything in a building that is 

not attached to the structure might result in a live load.  

So, Live loads are the maximum loads predicted for occupancy by the intended use, 

although they must never be less than the loads specified by this section.  

 Floor Live Loads 

These loads are to be considered as the minimum live loads in pounds per square foot 

of horizontal rejection to be used in building design for the occupancies mentioned, and 

loads at least equal to be presumed for applications not specified in this section but that 

produce or accommodate comparable loadings. The real live load shall be utilized in 

the design of such building or sections thereof when it can be ascertained in designing 

floors that the actual live load will be larger than the value. Machine and equipment 

load’s require special consideration. 

 Wind Loads 

Every building or structure, and every component of it, must be built and constructed 

to withstand the wind effects determined in accordance with this division's criteria. The 

shielding effect of nearby structures will not result in any reduction in wind pressure. 

Buildings sensitive to dynamic effects, such as those with a height to width ratio greater 

than five, structures especially vulnerable to wind induced oscillations, such as vortex 

shedding or icing, and structures over 400 feet (121.9m) in height, must be designed in 

accordance with approved government standards, and all structures will have to be 

designed in accordance with approved national standards. Building and foundation 

systems in areas prone to erosion and water pressure due to wind and wave action are 
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free from the restrictions of this section. Buildings and foundations exposed to such 

loads must be designed in accordance with national standards that have been authorized.  

DHAKA wind Speed 65.7 m/s 

 

(Bangladesh National Building Code (BNBC), 2020, p. 3061)  

Figure 1: Building classification category 
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(Bangladesh National Building Code (BNBC), 2020, p. 3195) 

Figure 2: Important Factor 

 

 Earthquake Loads 

The earthquake provision is primarily intended to protect against severe structural 

collapses and loss of life, rather than to reduce damage or retain functionality. As a 

minimum, the structure and its components must be built and constructed to withstand 

the impacts of seismic ground movements as specified in this section. 

 



 

8 

 

 

(Bangladesh National Building Code (BNBC), 2020, p. 3198) 

 

Figure 3: Seismic Zone map in Bangladesh 
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METHODOLOGY 

 General 

ETBAS & STAAD Pro has been used to create analysis and as a design tool. The 

calculations were made using the ACI, BNBC, and AISC codes, and the portal frame 

technique was utilized for analysis using the program ETABS & STAAD Pro. The 

building will be a six-story edge supported slab construction. Its elevation and plan 

have been drawn. Then, for the proposed structure in Dhaka, wind and earthquake loads 

were calculated on chosen beams and columns using BNBC, AISC 360-16 CODE 

(coefficient, wind speed, seismic zone). To verify for variations, necessary comparisons 

were made. 

 Flow chart 
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 Methodology step 

3.3.1 Step-1 

This thesis mainly focuses on the Building Design Beam Column and slab calculation 

check. We will find this with the help of the software Etabs & STAAD Pro. We use 

Etabs & STAAD Pro software. We use load parameters is filling up by using BNBC 

2020 load combination and design procedure. In this case, we need some design 

parameters which are given by BNBC.  

3.3.1 Step-2 

In this model, we have to need some load for checking the analysis. Live load, dead 

load.  

 Live load 

Residential: All other areas except stairs and balconies: 2 KN/m2 or (2x20.89 = 41.78 

psf ~ 42 psf). (Reference BNBC 2020 Page No: 3116)  

Residential: stairs and Exit ways: 4.80 KN/m2 or (4.80x20.89 = 100 psf). (Reference 

BNBC 2020 Page No: 3117) 

Roof live load: 1 KN/m2 or (1x20.89 = 20.89 psf ~ 21 psf). (Reference BNBC 2020 

Page No: 3117) 

 Dead load 

Floor finish:  

Tiles 13mm = 0.268 KN/m2 (Reference BNBC 2020 Page No: 3111)  

Plaster 10mm = 0.230 KN/m2in this case we have used 25mm thickness plaster (25 

x0.230/10) = 0.575 KN/m2 (Reference BNBC 2020 Page No: 3111-3112) 

Ceiling finish:  

Cement Plaster 13mm = 0.287 KN/m2 (Reference BNBC 2020 Page No: 3112) 

 Total = 0.268+0.575+0.287 

=1.13 KN/m2  

= (1.13x20.89)  
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=23.6 psf ~ 25 psf 

Partition wall load calculation:  

Story height = 10 ft, wall thickness = 5 inches, Beam depth= 18-inch,  

wall height = (10-18/12=8.5 ft. 

Wall load = Brick unit weight x wall thickness x wall height 

 =(120 x 5 x 8.5)/12 

=425 lb/ft 

=0.425 kip (we use in this model is 0.5 kip)  

(Units weight of Brick References BNBC 2020 Page No: 3110) 

 Load Combination 

Basic combinations 

1. 1.4(D + F) 

2. 1.2(D + F + T) + 1.6(L + H) + 0.5(Lr or R) 

3. 1.2D + 1.6(Lr or R) + (L or 0.8W) 

4. 1.2D + 1.6W + L + 0.5(Lr or R) 

5. 1.2D + 1.0E + 1.0L 

6. 0.9D + 1.6W + 1.6H 

7. 0.9D + 1.0E + 1.6H 

(Units weight of Brick References BNBC 2020 Page No: 3266) 

1) 1.4 DL 

2) 1.2 DL+1.6 LL+0.5 RL 

3) 1.2 DL+1.6RL+LL 

4) 1.2 DL+1.6RL+0.8 WX+ 

5) 1.2 DL+1.6RL+0.8 WX- 

6) 1.2 DL+1.6RL+0.8 WZ+ 

7) 1.2 DL+1.6RL+0.8 WZ- 

8) 1.2 DL+LL+0.5RL+1.6 WX+ 

9) 1.2 DL+LL+0.5RL+1.6 WX- 
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10) 1.2 DL+LL+0.5RL+1.6 WZ+ 

11) 1.2 DL+LL+0.5RL+1.6 WZ- 

12) 1.2 DL+LL+EX+ 

13) 1.2 DL+LL+EX- 

14) 1.2 DL+LL+EZ+ 

15) 1.2 DL+LL+EX+ 

16) 0.9 DL+1.6WX+ 

17) 0.9 DL+1.6WX- 

18) 0.9 DL+1.6WZ+ 

19) 0.9 DL+1.6WZ- 

20) 0.9 DL+EX+ 

21) 0.9 DL+EX- 

22) 0.9 DL+EZ+ 

23) 0.9 DL+EZ- 

24) DL+LL+RL 

 

 

Earthquake load and Wind Load must be considered for +X, -X, +Y and —Y 

directions. Thus, +EL and + WL above implies 24 cases, and in all, 26 cases as 

per Table 3.6 must be considered. All 26load combinations are analyzed using 

software. 

  



 

13 

 

 

RESULTS AND DISCUSSION 

 RCC 

This chapter provides model geometry information, including items such as story 

levels, point coordinates, and element connectivity 

4.1.1 Story Data 

Table 1: Story Definitions 

 

Story Data Name 
Height 

ft 

Master 

Story 

Similar 

To 

Splice 

Story 
Color 

T1 
MR Top 

slab 
7.5 No None No Yellow 

T1 WT 8 No None No Yellow 

T1 Roof 10 No None No Yellow 

T1 S5 10 No None No Yellow 

T1 S4 10 No None No Yellow 

T1 S3 10 No None No Yellow 

T1 S2 10 No None No Yellow 

T1 S1 10 No None No Yellow 

T1 GF 6 No None No Gray8Dark 

 

 

4.1.2 Grid Data 

Table 2: Grid Definitions – General 

 

Tower Name Type 
Ux 

ft 

Uy 

ft 

Rz 

deg 

Story 

Range 

Bubble 

Size 

in 

Color 

T1 G1 Cartesian 0 0 0 Default 60 Gray6 
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Table 3: Grid Definitions - Grid Lines 

 

Name 
Grid Line 

Type 
ID 

Ordinate 

ft 

Bubble 

Location 
Visible 

G1 X (Cartesian) A 0 End Yes 

G1 X (Cartesian) B 16.6667 End Yes 

G1 X (Cartesian) C 21.5 End Yes 

G1 X (Cartesian) D 30.5833 End Yes 

G1 X (Cartesian) E 46.6667 End Yes 

G1 Y (Cartesian) 1 0 Start Yes 

G1 Y (Cartesian) 2 17.0833 Start Yes 

G1 Y (Cartesian) 3 34.25 Start Yes 

G1 Y (Cartesian) 4 42.4167 Start Yes 

G1 Y (Cartesian) 5 50.8333 Start Yes 

 

Story Diaphragm 
Mass X 

lb-s2/ft 

Mass Y 

lb-s2/ft 

Mass 

Moment 

of Inertia 

kip-ft-s2 

X Mass 

Center 

ft 

Y Mass Center 

ft 

MR Top slab D1 979.58 979.58 70.0882 23.0938 43.8375 

WT D1 2700.06 2700.06 214.2623 23.6393 43.713 

Roof D1 14466.51 14466.51 
6908.323

2 
23.3307 25.2279 

S4 D1 20569.21 20569.21 
9660.679

8 
23.4081 25.3726 

S3 D1 20569.21 20569.21 
9660.679

8 
23.4081 25.3726 

S2 D1 20569.21 20569.21 
9660.679

8 
23.4081 25.3726 

S1 D1 20569.21 20569.21 
9660.679

8 
23.4081 25.3726 
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4.1.3 Reinforcement Sizeable  

Table 4: Reinforcement size and dia and area 

 

Name 
Diameter 

in 

Area 

in2 

#2 0.25 0.05 

#3 0.375 0.11 

#4 0.5 0.2 

#5 0.625 0.31 

#6 0.75 0.44 

#7 0.875 0.6 

#8 1 0.79 

#9 1.128 1 

#10 1.27 1.27 

#11 1.41 1.56 

#14 1.693 2.25 

#18 2.257 4 
 

 

4.1.4 Load Patterns 

Table 5: Load Pattern Definition 

 

Name 
Is Auto 

Load 
Type 

Self Weight 

Multiplier 
Auto Load 

~LLRF Yes Other 0  

Dead No Dead 1  

EQ+X No Seismic 0 ASCE 7-05 

EQ+Y No Seismic 0 ASCE 7-05 

EQ-X No Seismic 0 ASCE 7-05 

EQ-Y No Seismic 0 ASCE 7-05 

FF No Super Dead 0  

Live No Live 0  

PW No Super Dead 0  

Wind load-X No Wind 0 ASCE 7-05 

Wind load-X(1/12) Yes Wind 0 ASCE 7-05 

Wind load-X(10/12) Yes Wind 0 ASCE 7-05 
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Name 
Is Auto 

Load 
Type 

Self Weight 

Multiplier 
Auto Load 

Wind load-X(11/12) Yes Wind 0 ASCE 7-05 

Wind load-X(12/12) Yes Wind 0 ASCE 7-05 

Wind load-X(2/12) Yes Wind 0 ASCE 7-05 

Wind load-X(3/12) Yes Wind 0 ASCE 7-05 

Wind load-X(4/12) Yes Wind 0 ASCE 7-05 

Wind load-X(5/12) Yes Wind 0 ASCE 7-05 

Wind load-X(6/12) Yes Wind 0 ASCE 7-05 

Wind load-X(7/12) Yes Wind 0 ASCE 7-05 

Wind load-X(8/12) Yes Wind 0 ASCE 7-05 

Wind load-X(9/12) Yes Wind 0 ASCE 7-05 

Wind load-Y No Wind 0 ASCE 7-05 

Wind load-Y(1/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(10/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(11/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(12/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(2/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(3/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(4/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(5/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(6/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(7/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(8/12) Yes Wind 0 ASCE 7-05 

Wind load-Y(9/12) Yes Wind 0 ASCE 7-05 

WL No Super Dead 0  

wp No Live 0  
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 ASCE 7-05 Auto Wind Load Calculation 

This calculation presents the automatically generated lateral wind loads for load pattern 

Wind load-Y according to ASCE 7-05, as calculated by ETABS. 

4.2.1 Exposure Parameters 

Exposure From = Diaphragms 

Exposure Category = B 

Wind Direction = 0 degrees 

Basic Wind Speed, V [ASCE 6.5.4] 

 

𝐕 = 𝟏𝟒𝟕. 𝟓 𝐦𝐩𝐡 

Windward Coefficient, Cp,wind [ASCE 

6.5.11.2.1] 
𝐂𝐩,𝐰𝐢𝐧𝐝 = 𝟎. 𝟖 

Leeward Coefficient, Cp,lee [ASCE 

6.5.11.2.1] 
𝐂𝐩,𝐥𝐞𝐞 = 𝟎. 𝟓 

 

Wind Case = All Cases 

Top Story = MR Top slab 

Bottom Story = Base 

Include Parapet = Yes, Parapet Height = 4.9213 

4.2.2 Factors and Coefficients 

Gradient Height, zg [ASCE Table 6-2] 

 

zg = 1200 

Emperical Exponent, α [ASCE Table 6-

2] 
α = 7 

Velocity Pressure Exposure 

Coefficient, Kz; [ASCE Table 6-3] Kz = 2.01(
z

zg for15ft ≤ z ≤ zg 

 Kz = 2.01(
15
zg  for z ≤  15ft 

Topographical Factor, Kzt [ASCE 

6.5.7.2] 

 

Kzt = 1 

Directionality Factor, Kd [ASCE 

6.5.4.4] 
Kd = 0.85 

Importance Factor, I [ASCE 6.5.5] I = 1 

Gust Effect Factor, G [ASCE 6.5.8] G = 0.85 
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4.2.3 Lateral Loading 

Velocity Pressure, qz [ASCE 6.5.10 Eq. 6-15] qz = 0.00256KzKztKdV2I 

Design Wind Pressure, p [ASCE 6.5.12.2.1 Eq. 6-17] p = qGCp,wind + qh(GCp,lee) 

4.2.4 Applied Story Forces 

 

 

 

 

Figure 4: Lateral load to stories 90 Degrees 
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     Table 6: Lateral load to stories 

 

   

Table 7: Lateral load to stories 

 

 
 

Story 
Elevatio

n 
X-Dir Y-Dir 

 ft kip kip 

MR Top 

slab 
81.5 12.379 0 

WT 74 6.159 0 

Roof 66 21.464 0 

S5 56 0 0 

S4 46 22.477 0 

S3 36 21.595 0 

S2 26 20.511 0 

S1 16 19.294 0 

GF 6 0 0 

Base 0 0 0 

Story 
Elevatio

n(ft) 

X-

Dir(kip) 

Y-

Dir(kip) 

MR Top 

slab 
81.5 12.379 0 

WT 74 6.159 0 

Roof 66 21.464 0 

S5 56 0 0 

S4 46 22.477 0 

S3 36 21.595 0 

S2 26 20.511 0 

S1 16 19.294 0 

GF 6 0 0 

Base 0 0 0 
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 ASCE 7-05 Auto Seismic Load Calculation 

This calculation presents the automatically generated lateral seismic loads for load 

pattern EQ+X according to ASCE 7-05, as calculated by ETABS 

4.3.1 Direction and Eccentricity 

Direction = X + Eccentricity Y 

Eccentricity Ratio = 5.3% for all diaphragms 

Structural Period 

Period Calculation Method = User Specified 

User Period  T=0.75 sec 

Long-Period Transition Period, TL [ASCE 11.4.5]  T_L=2 sec 

4.3.2 Factors and Coefficients 

Response Modification Factor, R [ASCE Table 12.2-1]  R=7 

System Overstrength Factor, Ω0 [ASCE Table 12.2-1]  Ω_0=2.5 

Deflection Amplification Factor, Cd [ASCE Table 12.2-1]  C_d=5.5 

Importance Factor, I [ASCE Table 11.5-1]  I=1 

 

Ss and S1 Source = User Specified 

Mapped MCE Spectral Response Acceleration, Ss [ASCE 11.4.1]  S_s=0.5g 

Mapped MCE Spectral Response Acceleration, S1 [ASCE 11.4.1]  S_1=0.2g 

Site Class [ASCE Table 20.3-1] = F - Requires Site Response Analysis   

Site Coefficient, Fa [ASCE Table 11.4-1]  F_a=1.15 

4.3.3 Seismic Response 

MCE Spectral Response Acceleration, SMS [ASCE 11.4.3, Eq. 11.4-1] S_MS=F_a 

S_S S_MS=0.575g 

MCE Spectral Response Acceleration, SM1 [ASCE 11.4.3, Eq. 11.4-2] S_M1=F_v 

S_1 S_M1=0.345g 



 

21 

Design Spectral Response Acceleration, SDS [ASCE 11.4.4, Eq. 11.4-3] S_DS=2/3 

S_MS S_DS=0.383333g 

Design Spectral Response Acceleration, SD1 [ASCE 11.4.4, Eq. 11.4-4] S_D1=2/3 

S_M1 S_D1=0.23g 

4.3.4 Equivalent Lateral Forces 

Seismic Response Coefficient, CS [ASCE 12.8.1.1, Eq. 12.8-2] C_S=S_DS/((R/I)) 

[ASCE 12.8.1.1, Eq. 12.8-3] C_(S,max)=S_D1/(T(R/I)) 

[ASCE 12.8.1.1, Eq. 12.8-5] C_(S,min)=0.01 

[ASCE 12.8.1.1, Eq. 12.8-6] C_(S,min)=0.5 S_1/((R/I)) forS_1=0.6g 

 C_(S,min)≤C_s≤C_(S,max) 

4.3.5 Calculated Base Shear 

Table 8 : Calculation base shear. 

 

Direction 

Period Used  

 (sec) 
Cs 

W  

 (kip) 

V  

 (kip) 

X + Ecc. Y 0.75 0.04381 4268.2496 186.99 

 

4.3.6 Applied Story Forces 

Table 9:  Applied story Forces 

 

Story Elevation X-Dir Y-Dir 

 ft kip kip 

MR Top slab 81.5 3.327 0 

WT 74 8.073 0 

Roof 66 37.419 0 

S5 56 44.34 0 

S4 46 35.62 0 

S3 36 27.035 0 

S2 26 18.747 0 
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Story Elevation X-Dir Y-Dir 

 ft kip kip 

S1 16 10.857 0 

GF 6 1.572 0 

Base 0 0 0 

 

 

Figure 5: Lateral  load to stories-X 
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4.5 Load Cases 

Table 10: Load Case Definitions – Summary 

 

Name Type 

Dead Linear Static 

Live Linear Static 

Modal Modal - Eigen 

WL Linear Static 

PW Linear Static 

FF Linear Static 

EX+X Linear Static 

EX-X Linear Static 

EQ+X Linear Static 

EQ-X Linear Static 

EQ+Y Linear Static 

EQ-Y Linear Static 

wp Linear Static 

Wind load-X Linear Static 

  

Wind load-Y Linear Static 

4.6 Load Combinations 

Table 11:  Load combination details 

 

Name Type Is Auto Load Name SF Notes 

UDCon1 Linear Add No Dead 1.4 Dead  [Strength] 

UDCon1   WL 1.4  

UDCon1   PW 1.4  

UDCon1   FF 1.4  

UDCon2 Linear Add No Dead 1.2 Dead + Live  [Strength] 

UDCon2   Live 1.6  

UDCon2   WL 1.2  

UDCon2   PW 1.2  

UDCon2   FF 1.2  

UDCon2   wp 1.6  

UDCon3 Linear Add No Dead 1.2 Dead + Live + Wind + Snow  [Strength] 
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Name Type Is Auto Load Name SF Notes 

UDCon3   Live 1  

UDCon3   WL 1.2  

UDCon3   PW 1.2  

UDCon3   FF 1.2  

UDCon3   wp 1  

UDCon3   Wind load-X 1.6  

UDCon4 Linear Add No Dead 1.2 Dead + Live - Wind + Snow  [Strength] 

UDCon4   Live 1  

UDCon4   WL 1.2  

UDCon4   PW 1.2  

UDCon4   FF 1.2  

UDCon4   wp 1  

UDCon4   Wind load-X -1.6  

UDCon5 Linear Add No Dead 1.2 Dead + Live + Wind + Snow  [Strength] 

UDCon5   Live 1  

UDCon5   WL 1.2  

UDCon5   PW 1.2  

UDCon5   FF 1.2  

UDCon5   wp 1  

UDCon5   Wind load-Y 1.6  

UDCon6 Linear Add No Dead 1.2 Dead + Live - Wind + Snow  [Strength] 

UDCon6   Live 1  

UDCon6   WL 1.2  

UDCon6   PW 1.2  

UDCon6   FF 1.2  

UDCon6   wp 1  

UDCon6   Wind load-Y -1.6  

UDCon7 Linear Add No Dead 1.2 Dead + Wind  [Strength] 

UDCon7   WL 1.2  

UDCon7   PW 1.2  

UDCon7   FF 1.2  

UDCon7   Wind load-X 0.8  

UDCon8 Linear Add No Dead 1.2 Dead - Wind  [Strength] 

UDCon8   WL 1.2  

UDCon8   PW 1.2  
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Name Type Is Auto Load Name SF Notes 

UDCon8   FF 1.2  

UDCon8   Wind load-X -0.8  

UDCon9 Linear Add No Dead 1.2 Dead + Wind  [Strength] 

UDCon9   WL 1.2  

UDCon9   PW 1.2  

UDCon9   FF 1.2  

UDCon9   Wind load-Y 0.8  

UDCon10 Linear Add No Dead 1.2 Dead - Wind  [Strength] 

UDCon10   WL 1.2  

UDCon10   PW 1.2  

UDCon10   FF 1.2  

UDCon10   Wind load-Y -0.8  

UDCon11 Linear Add No Dead 0.9 Dead (min) + Wind  [Strength] 

UDCon11   WL 0.9  

UDCon11   PW 0.9  

UDCon11   FF 0.9  

UDCon11   Wind load-X 1.6  

UDCon12 Linear Add No Dead 0.9 Dead (min) - Wind  [Strength] 

UDCon12   WL 0.9  

UDCon12   PW 0.9  

UDCon12   FF 0.9  

UDCon12   Wind load-X -1.6  

UDCon13 Linear Add No Dead 0.9 Dead (min) + Wind  [Strength] 

UDCon13   WL 0.9  

UDCon13   PW 0.9  

UDCon13   FF 0.9  

UDCon13   Wind load-Y 1.6  

UDCon14 Linear Add No Dead 0.9 Dead (min) - Wind  [Strength] 

UDCon14   WL 0.9  

UDCon14   PW 0.9  

UDCon14   FF 0.9  

UDCon14   Wind load-Y -1.6  

UDCon15 Linear Add No Dead 1.3 
Dead + Live + Static Earthquake  

[Strength] 

UDCon15   Live 1  
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Name Type Is Auto Load Name SF Notes 

UDCon15   WL 1.3  

UDCon15   PW 1.3  

UDCon15   FF 1.3  

UDCon15   wp 1  

UDCon15   EQ+X 1  

UDCon16 Linear Add No Dead 1.3 
Dead + Live - Static Earthquake  

[Strength] 

UDCon16   Live 1  

UDCon16   WL 1.3  

UDCon16   PW 1.3  

UDCon16   FF 1.3  

UDCon16   wp 1  

UDCon16   EQ+X -1  

UDCon17 Linear Add No Dead 1.3 
Dead + Live + Static Earthquake  

[Strength] 

UDCon17   Live 1  

UDCon17   WL 1.3  

UDCon17   PW 1.3  

UDCon17   FF 1.3  

UDCon17   wp 1  

UDCon17   EQ-X 1  

UDCon18 Linear Add No Dead 1.3 
Dead + Live - Static Earthquake  

[Strength] 

UDCon18   Live 1  

UDCon18   WL 1.3  

UDCon18   PW 1.3  

UDCon18   FF 1.3  

UDCon18   wp 1  

UDCon18   EQ-X -1  

UDCon19 Linear Add No Dead 1.3 
Dead + Live + Static Earthquake  

[Strength] 

UDCon19   Live 1  

UDCon19   WL 1.3  

UDCon19   PW 1.3  

UDCon19   FF 1.3  

UDCon19   wp 1  
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Name Type Is Auto Load Name SF Notes 

UDCon19   EQ+Y 1  

UDCon20 Linear Add No Dead 1.3 
Dead + Live - Static Earthquake  

[Strength] 

UDCon20   Live 1  

UDCon20   WL 1.3  

UDCon20   PW 1.3  

UDCon20   FF 1.3  

UDCon20   wp 1  

UDCon20   EQ+Y -1  

UDCon21 Linear Add No Dead 1.3 
Dead + Live + Static Earthquake  

[Strength] 

UDCon21   Live 1  

UDCon21   WL 1.3  

UDCon21   PW 1.3  

UDCon21   FF 1.3  

UDCon21   wp 1  

UDCon21   EQ-Y 1  

UDCon22 Linear Add No Dead 1.3 
Dead + Live - Static Earthquake  

[Strength] 

UDCon22   Live 1  

UDCon22   WL 1.3  

UDCon22   PW 1.3  

UDCon22   FF 1.3  

UDCon22   wp 1  

UDCon22   EQ-Y -1  

UDCon23 Linear Add No Dead 1.3 Dead + Static Earthquake  [Strength] 

UDCon23   WL 1.3  

UDCon23   PW 1.3  

UDCon23   FF 1.3  

UDCon23   EQ+X 1  

UDCon24 Linear Add No Dead 1.3 Dead - Static Earthquake  [Strength] 

UDCon24   WL 1.3  

UDCon24   PW 1.3  

UDCon24   FF 1.3  

UDCon24   EQ+X -1  

UDCon25 Linear Add No Dead 1.3 Dead + Static Earthquake  [Strength] 
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Name Type Is Auto Load Name SF Notes 

UDCon25   WL 1.3  

UDCon25   PW 1.3  

UDCon25   FF 1.3  

UDCon25   EQ-X 1  

UDCon26 Linear Add No Dead 1.3 Dead - Static Earthquake  [Strength] 

UDCon26   WL 1.3  

UDCon26   PW 1.3  

UDCon26   FF 1.3  

UDCon26   EQ-X -1  

UDCon27 Linear Add No Dead 1.3 Dead + Static Earthquake  [Strength] 

UDCon27   WL 1.3  

UDCon27   PW 1.3  

UDCon27   FF 1.3  

UDCon27   EQ+Y 1  

UDCon28 Linear Add No Dead 1.3 Dead - Static Earthquake  [Strength] 

UDCon28   WL 1.3  

UDCon28   PW 1.3  

UDCon28   FF 1.3  

UDCon28   EQ+Y -1  

UDCon29 Linear Add No Dead 1.3 Dead + Static Earthquake  [Strength] 

UDCon29   WL 1.3  

UDCon29   PW 1.3  

UDCon29   FF 1.3  

UDCon29   EQ-Y 1  

UDCon30 Linear Add No Dead 1.3 Dead - Static Earthquake  [Strength] 

UDCon30   WL 1.3  

UDCon30   PW 1.3  

UDCon30   FF 1.3  

UDCon30   EQ-Y -1  

UDCon31 Linear Add No Dead 0.8 Dead (min) + Static Earthquake  [Strength] 

UDCon31   WL 0.8  

UDCon31   PW 0.8  

UDCon31   FF 0.8  

UDCon31   EQ+X 1  

UDCon32 Linear Add No Dead 0.8 Dead (min) - Static Earthquake  [Strength] 



 

29 

Name Type Is Auto Load Name SF Notes 

UDCon32   WL 0.8  

UDCon32   PW 0.8  

UDCon32   FF 0.8  

UDCon32   EQ+X -1  

UDCon33 Linear Add No Dead 0.8 Dead (min) + Static Earthquake  [Strength] 

UDCon33   WL 0.8  

UDCon33   PW 0.8  

UDCon33   FF 0.8  

UDCon33   EQ-X 1  

UDCon34 Linear Add No Dead 0.8 Dead (min) - Static Earthquake  [Strength] 

UDCon34   WL 0.8  

UDCon34   PW 0.8  

UDCon34   FF 0.8  

UDCon34   EQ-X -1  

UDCon35 Linear Add No Dead 0.8 Dead (min) + Static Earthquake  [Strength] 

UDCon35   WL 0.8  

UDCon35   PW 0.8  

UDCon35   FF 0.8  

UDCon35   EQ+Y 1  

UDCon36 Linear Add No Dead 0.8 Dead (min) - Static Earthquake  [Strength] 

UDCon36   WL 0.8  

UDCon36   PW 0.8  

UDCon36   FF 0.8  

UDCon36   EQ+Y -1  

UDCon37 Linear Add No Dead 0.8 Dead (min) + Static Earthquake  [Strength] 

UDCon37   WL 0.8  

UDCon37   PW 0.8  

UDCon37   FF 0.8  

UDCon37   EQ-Y 1  

UDCon38 Linear Add No Dead 0.8 Dead (min) - Static Earthquake  [Strength] 

UDCon38   WL 0.8  
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4.7 Grid System Data 

 

Figure 4.7. 1 : Grid data system 
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4.8 Material 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Frame section property data 
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4.9 Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure 7: Model RCC structure 
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 Design 

 

Figure 8: Final result of Design 
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 Story Drift Cheek 

Table 12: Story Drift Cheek EX+ 

 

 

 

Table 13: Story Drift Cheek EX- 

 

 

Allowable

 Drift Δf 

(mm)

5.5
Importance

 Factor
1 0.02

Story

 Name

Height 

(m)

Elastic 

Displacement 

⸹ (mm)

Amplified  

Displacement 

Δ (mm)

Story Drift

 Δf (mm)

Allowable

 Drift

 Δf (mm)

Result

MR Top 

slab
2.286 31.291 172.1005 4.367 45.72 Safe

WT 2.4384 30.497 167.7335 -71.643 48.768 Safe

Roof 3.048 43.523 239.3765 41.327 60.96 Safe

S5 3.048 36.009 198.0495 36.5475 60.96 Safe

S4 3.048 29.364 161.502 44.4675 60.96 Safe

S3 3.048 21.279 117.0345 49.643 60.96 Safe

S2 3.048 12.253 67.3915 67.3915 60.96 Unsafe

S1 3.048 0 0 60.96 Safe

GF 1.8288 0 0 36.576 Safe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

Story Drift Check EX -

Deflection 

Amplification 

Allowable 

Drift Δf (mm)

5.5
Importance 

Factor
1 0.02

Story NameHeight (m)

Elastic 

Displac

ement 

⸹ (mm)

Amplified  

Displacement

 Δ (mm)

Story Drift 

Δf (mm)

Allowable 

Drift 

Δf (mm)

Result

MR 

Top 

slab

2.286 31.326 172.293 4.6255 45.72 Safe

WT 2.4384 30.485 167.6675 -41.448 48.768 Safe

Roof 3.048 38.021 209.1155 36.6795 60.96 Safe

S5 3.048 31.352 172.436 32.3125 60.96 Safe

S4 3.048 25.477 140.1235 38.753 60.96 Safe

S3 3.048 18.431 101.3705 42.867 60.96 Safe

S2 3.048 10.637 58.5035 58.5035 60.96 Safe

S1 3.048 0 0 60.96 Safe

GF 1.8288 0 0 36.576 Safe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

Story Drift Check Ex +

Deflection

 Amplification

 Factor (cd)
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Table 14: Story Drift Cheek EY+ 

 

 

Table 15: Story Drift Cheek EY- 

 

 

 

Allowable 

Drift 

Δf (mm)

5.5
Importance 

Factor
1 0.02

Story

 Name
Height (m)

Elastic 

Displacem

ent 

⸹ (mm)

Amplified

  

Displaceme

nt

 Δ (mm)

Story Drift 

Δf (mm)

Allowable 

Drift

Δf (mm)

Result

MR Top 

slab
2.286 28.799 158.3945 2.992 45.72 Safe

WT 2.4384 28.255 155.4025 -2.9865 48.768 Safe

Roof 3.048 28.798 158.389 30.0795 60.96 Safe

S5 3.048 23.329 128.3095 24.7115 60.96 Safe

S4 3.048 18.836 103.598 29.491 60.96 Safe

S3 3.048 13.474 74.107 32.483 60.96 Safe

S2 3.048 7.568 41.624 41.624 60.96 Safe

S1 3.048 0 0 60.96 Safe

GF 1.8288 0 0 36.576 Safe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

Story Drift Check EY+

Deflection

 Amplification

 Factor (cd)

5.5 Importance Factor 1 0.02

Story 

Name

Height

 (m)

Elastic 

Displacem

ent

 ⸹ (mm)

Amplified  

Displaceme

nt

 Δ (mm)

Story Drift 

Δf (mm)

Allowable 

Drift 

Δf (mm)

Result

MR 

Top 

slab

2.286 28.281 155.5455 2.9755 45.72 Safe

WT 2.4384 27.74 152.57 1.078 48.768 Safe

Roof 3.048 27.544 151.492 28.9905 60.96 Safe

S5 3.048 22.273 122.5015 23.7545 60.96 Safe

S4 3.048 17.954 98.747 28.303 60.96 Safe

S3 3.048 12.808 70.444 31.097 60.96 Safe

S2 3.048 7.154 39.347 39.347 60.96 Safe

S1 3.048 0 0 60.96 Safe

GF 1.8288 0 0 36.576 Safe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

0 0 0 Unsafe

Story Drift Check EY-

Deflection

Allowable Drift Δf (mm)
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 Irregularity 

Table 16: EQ+X Direction 

 

 

Table 17: EQ-X Direction 

 

 

 

Ki Ki

Stiffnes s  X1
Ki+1 Kmi

MR Top slab 17565.342 - -

WT 35540.543 2.02 Regular

Roof 90798.659 2.55 Regular

S5 112654.498 1.24 Regular 47968.18

S4 119706.413 1.06 Regular 79664.57 1.50 Regular

S3 123423.125 1.03 Regular 107719.86 1.15 Regular

S2 127358.685 1.03 Regular 118594.68 1.07 Regular

S1 123487.319 0.97 Regular 123496.07 1.00 Regular

GF 393204.876 3.18 Regular 124756.38 3.15 Regular

EQ+X Direction

Story check

K
m

i =
 a

v
g

(K
i-

1,
i-

2,
i-

3)

check

Ki Ki

S tiffnes s  X 2
Ki+1 Kmi

MR Top slab 18618.493 - -

WT 37152.982 2.00 Regular

Roof 92886.654 2.50 Regular

S5 109151.652 1.18 Regular 49552.71

S4 114777.431 1.05 Regular 79730.43 1.44 Regular

S3 117408.927 1.02 Regular 105605.25 1.11 Regular

S2 120823.784 1.03 Regular 113779.34 1.06 Regular

S1 117386.349 0.97 Regular 117670.05 1.00 Regular

GF 382275.337 3.26 Regular 118539.69 3.22 Regular

check

K
m

i 
=

 a
v

g
(K

i-
1

,i
-2

,i
-3

)

S tory check
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Table 18: EQ+Y Direction 

 

 

 

Table 19: EQ-Y Direction 

 

 

 

Ki Ki

Ki+1 Kmi

0.7 0.8

MR Top slab 24338.663 - -

WT 52887.93 2.17

Roof 98625.208 1.86 Regular

S5 123764.669 1.25 Regular 58617.27

S4 133876.067 1.08 Regular 91759.27 1.46 Regular

S3 140130.532 1.05 Regular 118755.31 1.18 Regular

S2 143342.772 1.02 Regular 132590.42 1.08 Regular

S1 152545.426 1.06 Regular 139116.46 1.10 Regular

GF 573250.778 3.76 Regular 145339.58 3.94 Regular

EQ+Y Direction

S tory check

K
m

i 
=

 a
vg

(K
i-

1,
i-

2,
i-

3
)

checkS tiffnes s  Y 1

Ki Ki

S tiffnes s  Y 2
Ki+1 Kmi

0.7 0.8

MR Top slab 23864.747 - -

WT 53459.251 2.24

Roof 98516.885 1.84 Regular

S5 123506.781 1.25 Regular 58613.63

S4 133463.701 1.08 Regular 91827.64 1.45 Regular

S3 139641.984 1.05 Regular 118495.79 1.18 Regular

S2 143814.786 1.03 Regular 132204.16 1.09 Regular

S1 153019.588 1.06 Regular 138973.49 1.10 Regular

GF 557277.036 3.64 Regular 145492.12 3.83 Regular

check

K
m

i 
=

 a
vg

(K
i-

1,
i-

2,
i-

3
)

EQ-Y Direction

S tory check
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 Torsional Irregularity 

Table 20: EQ+X Direction 

 

 

Table 21: EQ-X Direction 

 

 

 

 

 

 

Max drift Avg drift % ABS

MR Top 

slab
14.224 31.326 29.248 1.071 Regular    

WT 14.224 30.485 28.407 1.073 Regular    

Roof 14.224 38.021 31.424 1.21 Irregular 1.0167 0.051 0.723

S5 14.224 31.352 25.469 1.231 Irregular 1.0523 0.053 0.748

S4 14.224 25.477 20.683 1.232 Irregular 1.0540 0.053 0.750

S3 14.224 18.431 15.067 1.223 Irregular 1.0387 0.052 0.739

S2 14.224 10.637 8.93 1.191 Regular    

S1 14.224    

GF 14.224    

   

   

EQ+X Direction

S tory Dx Drifts
Ratio Check Ax

Eccentricity

Max drift Avg drift % ABS

31.291 27.821 1.125 Regular    

30.497 27.028 1.128 Regular    

43.523 32.852 1.325 Irregular 1.2192 0.061 0.867

36.009 26.702 1.349 Irregular 1.2638 0.063 0.899

29.364 21.71 1.353 Irregular 1.2713 0.064 0.904

21.279 15.807 1.346 Irregular 1.2581 0.063 0.895

12.253 9.322 1.314 Irregular 1.1990 0.060 0.853

Ratio Check Ax

EQ-X Direction

EccentricityDrifts
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Table 22: EQ+Y Direction 

 

 

 

 

Table 23: EQ-Y Direction 

 

 

 

 

 

 

 

 

 

 

 
 

Max drift Avg drift % ABS

MR Top slab 15.494 28.799 28.067 1.026 Regular    

WT 15.494 28.255 27.528 1.026 Regular    

Roof 15.494 28.798 26.501 1.087 Regular    

S5 15.494 23.329 21.395 1.09 Regular    

S4 15.494 18.836 17.22 1.094 Regular    

S3 15.494 13.474 12.274 1.098 Regular    

S2 15.494 7.568 6.857 1.104 Regular    

S1 15.494    

GF 15.494    

EQ+Y Direction

Story Dy
Drifts

Ratio Check Ax
Eccentricity

Max drift Avg drift % ABS

28.281 27.948 1.012 Regular    

27.74 27.402 1.012 Regular    

27.544 26.421 1.043 Regular    

22.273 21.33 1.044 Regular    

17.954 17.167 1.046 Regular    

12.808 12.235 1.047 Regular    

7.154 6.836 1.047 Regular    

Ratio Check Ax

EQ-Y Direction

EccentricityDrifts
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 Reinforcement Design 

4.14.1 Column section A 

 

Figure 9: Reinforcement Result of Column- Section A 
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4.14.2 Column Section B 

 

Figure 10: Reinforcement Result of Column- Section B 
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4.14.3 Column Section C 

 

Figure 11: Reinforcement Result of Column- Section C 
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4.14.4 Column Section D 

 

Figure 12: Reinforcement Result of Column- Section D 
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4.14.5 Column Secttion E 

 

Figure 13 : Reinforcement Result of Column- Section E 
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4.14.6 Ground Floor 

 

Figure 14: Reinforcement Result of Ground Floor. 

 

 

 



 

46 

 

4.14.7 1st Floor 

 

Figure 15: Reinforcement Result of  1st Floor. 
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4.14.1 2nd Floor 

 

Figure 16: Reinforcement Result of 2nd Floor. 
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4.14.2 3rd Floor 

 

Figure 17: Reinforcement Result of 3rd Floor. 
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4.14.3 4th Floor 

 

Figure 18: Reinforcement Result of 4th Floor. 
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4.14.4 5th Floor 

 

Figure 19: Reinforcement Result of 5th Floor. 
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4.14.5 Roof Top Floor 

 

Figure 20: Reinforcement Result of Top Floor. 
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4.14.6 Lift Room 

 

Figure 21: Reinforcement Result of Lift Room 
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4.14.7 Top Slab 

 

Figure 22: Top Slab 
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 Steel Structure Design 

4.15.1  Steel Structure 

  

 

Figure 23: Model steel structure 
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Figure 24: Support on Base 
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 Figure 25: Load combination result 
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Figure 26: Load combination Reaction 

 



 

58 

 



 

59 

 

 



 

60 

 



 

61 

 



 

62 

 



 

63 

 



 

64 

 

 



 

65 

 



 

66 

 



 

67 

 



 

68 

 

 



 

69 

 

 



 

70 

 



 

71 

 



 

72 

 



 

73 

 



 

74 

 



 

75 

 



 

76 

 



 

77 

  



 

78 

  



 

79 

  



 

80 

  



 

81 

 

  



 

82 

  



 

83 

  



 

84 

  



 

85 

  



 

86 

  



 

87 

  



 

88 

  



 

89 

  



 

90 

  



 

91 

  



 

92 

  



 

93 

  



 

94 

  



 

95 

  



 

96 

  



 

97 

  



 

98 

  



 

99 

  



 

100 

  



 

101 

 

 

 



 

102 

 

CONCLUSIONS AND FUTURE WORKS 

 Conclusions 

From the stand point of serviceability, RC beam-slab structural system is the most 

suitable one. But other three structural systems are also within allowable limit for 

serviceability criteria. 

 Steel non-composite system is costlier but steel composite system is slightly (0.2-

1.8%) costlier than RC structure. But if effect of construction time duration is 

considered then RC structure may become relatively costlier than steel composite 

system which is beyond the scope of this research.  

Steel structure which is more ductile and attracts less seismic force (only 43-45% of 

RC structure) may be considered as better structural system in seismically active zones.  

Finally, steel structure with composite floor system which optimizes economy, 

serviceability, construction time, fire proofing system and seismic performance may be 

considered as optimum structural system for multistory industrial buildings in 

Bangladesh. 

5.2 Recommendations for future work Effect 

i. Of construction time period, maintenance cost and composite steel column may 

be included for comparative study of steel and RC structures. These were 

beyond the scope of this research.  

ii. Comparative study of steel and RC structure may be conducted for long free 

span with plate girder, hybrid girder, composite plate girder, composite hybrid 

girder, deep lattice girder etc. with three way beam system for single and 

multistory buildings.  

iii. Comparative study about economy and serviceability of open-web joist and 

secondary Ibeam may be conducted.  

iv. The weight of secondary I-beam is about 42-47% of total structural steel. So 

economically effective spacing and span length may be determined by 

comparative study. 

v. Feasibility of pre-cast and pre-stressed RC slab supported on steel beam may be 

studied as composite and non-composite. 
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Appendix B 

 Schedule of Item Rates 

Schedule of item rates is prepared by analyzing rates with the help of standard 

procedure and present practice, using the present market rate of materials and labors. 

 Schedule of Rates for Structural Steel Works 

Schedule of item rates for structural steel works is prepared by rate analysis, following 

PWD item rate analysis procedure and present practice of different structural steel 

fabrication companies. In this case, the present market rates of materials and labors are 

used. 

Table: C. 1: Schedule of rates for structural steel 

 

Item 

No. 
Description of Item Quantity Unit Unit Rate 

Amount 

(BDT) 

1 Mobilization, Demobilization & 

Site Cleaning Works 
11,250.00 sft 10.00 112,500.00 

 

Mobilization and cleaning site before 

commencing actual physical work 

and during contract period and 

demobilization after completion of 

the Works under contract accepted by 

Engineer. 

This work shall also cover all types 

of soil and debris cleaning and 

clearing, cutting or filling, dressing 

the project area on and in the ground 

to an extent that all the events of 

works of the project can be executed 

smoothly in a working environment 

with a particular attention on safety 

and security in all respects, and to 

stockpile the end outcome to a place 

for disposal agreed by the Engineer, 

where, payments are to be based on 

ground area determined by the 

Engineer and be proportionate to the 

percentage progress of work under 

contract as a whole in all respects and 

approved by the Engineer. 

Rate includes bailing out trapped 

   
- 
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water caused by inundation due to 

seepage or rain from working 

platform/foundation trenches. 

1.2 Site Safety Measures 11,250.00 sft 50.00 562,500.00 

1.3 Providing Safety Canopy of at least 3 

meter width  in one layer with proper 

framing and profile sheet (0.5 mm 

thick) etc. all complete  as per 

drawings and design prepared by the 

Contractor and approved  by the 

Consultant. 

   
- 

1.4 Safety Net 11,250.00 sqm 20.00 225,000.00  

Providing water proof safety net on 

the vacant surface of the building 

with proper framing as per drawings 

and design prepared by the 

Contractor and approved  by the 

Consultant.  

   
- 

1.5 Layout/Setting Out 2,250.00 sqm 15.00 33,750.00  

Layout  and  marking  for  earthwork  

in  excavation  in  foundation  

accepted  by  the Engineer-in-charge. 

[Plinth area of the structure shall be 

considered for measurement] 

 
  

 
- 

1.6 Temporary Site Office (10m X 5m) 1.00 job 
 

-  

Construction of a semi-pucca site 

office of approx. 50 sqm for use of 

client, consultant and contractor with 

providing security fencing, false 

ceiling, electrical fittings, toilets (2-

Nos), tea corner etc. The toilets shall 

be finished with local tiles and 

fittings i.e. commode, Pan lowdown, 

Basin, Bibcock, Pillercock etc. shall 

be of standard local materials. The 

contractor shall ensure the supply of 

necessary water and electricity to the 

site office and cleaning, maintenance 

etc is to be done by contractor up to 

the completion of work. as per 

drawings and design supplied by the 

Consultant. 

300.00 sft 500.00 150,000.00 
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The work under item no. 3.5 also 

includes the office shall be furnished 

by 5 KVA stand by generator, 

Computer, uninterruptible power 

supply (UPS), Laser jet 

Printer(minimum 25 ppm) with 

internet facility, one no. 1.5 ton AC 

and supply of furniture,  hard 

standings,  stationeries etc. as 

appropriate to site and all approved 

and accepted by the Engineer. 

Office building would be of 

Employer's property. 

1.00 job 100,000.00 100,000.00 

1.7 Sign Board (2m X 3m) 20.00 sft 500.00 10,000.00  

Providing and maintenance of  

project profile signboard  of standard 

size (usually 2 mx 3m ) accepted by 

the consultant. 

   
- 

2.1 Reinforced Cement Concrete,  M.S 

Reinforcement Works etc. 

    

2.1.1 Reinforced cement concrete works 

with minimum cement content 

relates to mix design f'c = 3500 psi 

at 28 days on standard cylinders as 

per standard practice of Code 

ACI/BNBC/ASTM, Cement 

conforming to BDS EN-197-1-CEM-

I, 52.5N (52.5 MPa)  / ASTM-C 150 

Type – I, best quality Sylhet sand or 

coarse sand of equivalent F.M. 2.2 

and 20 mm down well graded stone 

chips conforming to ASTM C-33, 

making and placing shutter in 

position and maintaining true to 

plumb, making shutter water-tight 

properly, placing reinforcement in 

position; mixing with standard mixer 

machine with hopper, fed by standard 

measuring boxes or mixing in 

batching plant, casting in forms, 

compacting by vibrator machine and 

curing at least for 28 days, removing 

centering-shuttering after specified 

time approved; including cost of 

water, electricity, testing charges of 

materials and cylinders as required, 

other charges etc. all complete, 

approved and accepted by the 

1,300.00 cft 380.00 494,000.00 
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Engineer-in-charge. (Rate is 

excluding the cost of reinforcement 

and its fabrication, placing, binding 

etc. and the cost of shuttering & 

centering) Note: Using water 

proofing admixture (Brand-

BASF/Fosroc) rates where concrete 

is in contact with soil and water 

unless otherwise stated. 

2.3 M.S. Fabrication Work[M.S. 

Reinforcement Works] 

   
- 

 

Grade 72 (RB 500 /RB 500W: 

complying BDS ISO 6935-2:2006) 

ribbed or deformed bar produced and 

marked according to Bangladesh 

standard, with minimum yield 

strength, fy (ReH)= 500 MPa but fy 

not exceeding 450 MPa and whatever 

is the yield strength within allowable 

limit as per BNBC/ ACI 318, the 

ratio of ultimate tensile strength fu to 

yield strength  fy, shall be at least 

1.25 and minimum elongation after 

fracture and minimum total 

elongation at maximum  force is 16% 

and 8% respectively : 

52,515.00 kg 120.00 6,301,800.00 

 

Sub-Total for RCC Super 

structure) 

[Section-1] 

53,815.00 
  

7,989,550.00 
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Table: C. 2: Schedule of rates for structural steel 

 

 
Description of Item Quantity Unit 

Unit Rate 
in figures 
& words 

(BDT) 

Amount 
(BDT) 

  SUPER STRUCTURE  : MAIN FRAME         

  Supply fitting & fixing Rafter, Column, MB, 
SB & CB With Pre Engineered I- section 

45000.0 kg 155.00 69,75,000.0 

  Supply fitting & fixing Pipe and Bracing Pipe 3000 kg 170.0 5,10,000.0 

  Sub-Total for Stell Frame Works) 
[Section-2] 

   
61,320.00  

    74,85000.00            

 


