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ABSTRACT

The consequences of lateral loads like earthquake loads, wind loads and blast forces are the highest considerations subject now a days. Provide enough strength and stability in counter to the lateral loads is one of the most difficult challenges faced by designers. To safeguard the structure against lateral loads provides shear wall in the structures as counteract object of lateral forces. The present papers describes the performance of shear wall for different positions in building plan configuration. The design and analysis of the building with RCC shear wall is carried out using software ETABS. Earthquake load and the various parameters like response factor, reduction factor, importance factor and Zone factor are taken from BNBC 2020. The target of this thesis is to determine the appropriate positions of shear wall in the building to get better strength and stability of the structure. To achieve the goal in four places were analyzed. Therefore, one model without shear wall and other three with shear walls in different positions. There are 10 storied building has been considered. Effects of varying positions of shear walls and comparison of the results of displacements, drift and rebar percentages is presented. Shear wall structure is an efficient seismic resistance structural system. Shear wall give stiffness & strength laterally and can easily control horizontal displacement. Shear wall plays an important role when two or more walls are attached. The results are optimal for seriously considering all of the factors.
CHAPTER 1
INTRODUCTION

1.1. Introduction

Bangladesh has her own building codes which is called BNBC. It was published in 1993 for the first time. There are many town centers have developed haphazardly causes of without proper guidelines. A strong earthquake affecting major town center like Dhaka, Chittagong and Sylhet etc. May result in damaged of massively.

Bangladesh is located in a close to the plate boundaries of the north moving Indian plate and the Eurasia plate to its north and east which is technically very active region. Therefore, in structural seismic impact consideration has become a very serious complication to building owners, engineers, architects and developers.

A building is constructed by specific performance objectives under the actions of the frequent seismic events that, it may experience for lifetime of this building. For this reason, very strong and emergent update method is needed to the evaluate this criteria achievement.

The engineers must have to need analyzed the building models accurately with demand by BNBC.To exceed a specific limits state and any kind of shaking May imposed and building can be sustained.ATC-40, FEMA-356 are proposed a number of methods for more rational analysis of the structure under the seismic loading. These are simplified non-linear static analysis capable of simulating the degradation of the structure.




1.2. Objectives:

The objectives as follows:
i.	To analysis the structural elements under earthquake and wind load.
ii.	To determinate RCC shear walls strength to withstand earthquake load.


1.3. Methodology

The research was conducted for the measurements which size of (75ft * 60ft). It will be located in Sylhet city.
 Firstly, we made the design of 10 stories building. It’s a high rise building.so, supporting of shear walls is good for building. Our next step was set the columns & beam then, shear walls in different positions in this building as corner shear wall, side shear wall and middle shear wall. Total used number of shear walls is 12.
First set up in 4 corners which length is (3ft * 3ft), the set up in 4 middle segment of each side walls which are all 6ft length, and then at last set up in the middle segment of the building 4 sites which length is also 6ft.

Basically, analyzed the value of drift, displacement for set the shear walls for different positions of this structure. All the data input and analyzed used by ETABS 9.6 software.
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	FINAL RESULT





Figure 1.1: procedures of work.



1.4. Ground of study:

City: Sylhet, Bangladesh.
Wind speed: 61.1 m/s / 220 km/hr. / 136 mile/hr.
Exposure type: B
Wind word co-efficient: 1.5
Seismic zone: 04
Seismic zone factor: 0.36
Reduction factor= 6



CHAPTER 2
LITERATURE REVIEW
[bookmark: _TOC_250004]2.1 General:

Push over analysis has been sketched last 10-15 years to use of the non-linear static analysis from 1970. To estimate the strength of seismic demand actually follows this process and also tests the adequacy of new structural designs. Computational simplicity and effectiveness of analysis give several guidelines. (ATC-40 and FMEA 356) and also different types of design codes are used.

In the M. Mouzzoun et.al (2013) paper, mentioned of 5 story of seismic performance. Again, according to moroccal seismic code RPS2000.Calculate the dynamic properties of building materials and then analyzed for the first time. Fundamental period, natural frequencies, deformation modesetc. When analyzed in another building for the 2nd time caught the plastic hinges. Analysis performed by SAP2000. Result was, under several earthquake building stay in very great threat but, at the intermediate level it performs well.

In the A.kadid at.al (2008) paper, there was three kinds of framed buildings were analyzed used by SAP2000. The type of building was 5 story (low rise), 8 story (mid-rise) and 12 story (high rise). For the weak column and strong beam buildings were in great threat point due to Boumerdes earthquake.

In the MS Nivedita N. Raut at.al (2013) paper, a analyzed was performed that time about multi story buildings in urban India. Which are constructed mainly the basis of masonry most. The result was, most of the member of plastics hinges has beam than column. Displacement and base shear compared in verities places as like roof, ground, only frame and bar frame etc. In FEMA (356) journal, published their analyzed information and standard of non-linear pushover analysis.

[bookmark: _TOC_250003]2.2 Provision for Earthquake Load in BNBC

Bangladesh national building code BNBC provides two methods for determination of seismic lateral forces on primary framing systems. It has different provisions for analysis procedure & calculates of earthquake load.

2.2.1 Equivalent Static Force Method

An identical static load at different levels ratio to mass at level what is refers, the dynamic earthquake effect. For ground response there are 3 types of state provided by BNBC (0.075g, 0.015g and, 0.25g).

The total design base shear for a seismic zone is given by, V = W (2.1)

V =ZIC/ R

 Where, Z = seismic zone co-efficient I = Structural importance co-efficient.
C = Numerical Coefficient = 1.25S/ T2/3(2.2) S = Site Coefficient T = Time Period 

Where,                                                                                                                                                             Ct(hn) 3/4 (2.3) Where, Ct = 0.083 for moment resisting frame = 0.073 for reinforced concrete frame and eccentric braced still frame = 0.049 for all other structural analysis.
hn = Height in meter above base level n
R = Co-efficient in response change.
W = Total seismic dead load.

For base shear V, Lateral force is considered.
V = Ft + ∑ I  		 (2.4)
Where,
Fi = Lateral force applied at the first story and
Ft =Concentrated lateral force considered at the top of the building and addition to the force Fn.
2.2.2 Dynamic Response Method
2.2.2.1 Response spectrum method

There are two types of spectrum to be used in dynamic analysis according to BNBC. Site specific design spectra: if the geologic, tectonic, seismologic and soil characteristics associated with the specific site then chance for development.
Normalized response spectra:
[image: ]The normalized response spectra is only used when site specific design is absent. For getting different soil types and 5% of critical damping from the curves of normalized response spectrum.


Figure 2.1:  Normalized Response Spectra for 5% Damping Ratio (Adopted from 
BNBC 2020).

2.3 Selection of Lateral Force Method in BNBC

The Equivalent static force method and the dynamic reaction method Restrictions given below:
The following structures are used by the equivalent static force process:

I. All Structures, regular or irregular, in Seismic Zone 1 and Structure
Importance Category 4 in Seismic Zone 2, without case b (iv) below.
II. Regular structures should less than 75 meters in height with lateral force
Resistance provided by structural systems listed in BNBC without case b (iv) below.
III. Irregular structures should not more than 20 meters in height.

The dynamic response method can be used for all category of structure, but will be
used for the structure of the following types.

IV. Structures 75 meters or more in height except as permitted by case a (i) above.
V. Structures having a stiffness, weight or geometric vertical irregularity of
type I, II, III as defined in BNBC.
VI. Structures over 20 meters in height in Seismic Zone 3 not having the
same structural system throughout their height.
VII. Structures regular or irregular, located on soil type S4 as defined in BNBC.


[bookmark: _TOC_250000]2.4. Nonlinear Static Analysis Procedure
There are two methods are available for the analysis of concrete building.
Elastic or linear
In elastic or non-linear
Demand capacity ratios are used in code static lateral force procedure, code dynamic force procedure, code dynamic lateral force procedure and elastic procedure.
History analysis is considered too complex and invalid at the time of drawing. To estimate the maximum displacement, capacity spectrum and pushover curve are used.
The capacity demand and performance are the required of displacement coefficient.
About those elements discussed according to ATC-40.



2.4.1. Capacity
The individual components are very essential for the over all capacity as like strength and deformation of a structure. the pushover procedure used a series of sequential elastic limits. Some form of non-linear analysis. The displacement capacity is calculated of a superimposed approximately. To reduce resistance the mathematical model of the structure is modified. How the structures behave after exceeding their elastic limits that capacity curves approximately.

2.4.2. Demand (Displacement)
During an earthquake procedure ground motion can be changed for horizontal displacement and pattern of the structures that may vary with time.
To do judged impractical to determinate structural design requirements. At every time-step of motions tracked.
As a condition of design, lateral displacement is easier for direct use. Estimate the maximum expected response of the building during the ground motion time which called displacement demand of a structure.

2.4.3. Seismic Zone
Bangladesh is divided into four seismic zones as per BNBC 2020. The table below shows
The values of zone coefficients of Bangladesh.
Table 2.1: Seismic Zone Factor Z

	Zone
	1
	2
	3
	4

	Z     
	0.12
	0.20
	0.28
	0.36




[image: Seismic risk zonation of Bangladesh (BNBC, 2015) | Download Scientific  Diagram]


Figure 2.2: The seismic Zone Map of Bangladesh.






2.4.4 Seismic Source Type 
As per ATC-40 (1996), three types of seismic source may be defined as shown in Table 2.2 
Table 2.2: Seismic Source Type (ATC-40, 1996)
[image: ]
2.4.5. Near Source Factor   

Not available Current data pertaining to the active faults close to Dhaka city. Estimate the seismic source distance from a specific site it is not possible to being considered in this thesis. But it may be safely assumed that all the sources are located at distance more than 15 km and the Table 2.3 (ATC-40, 1996) may be used to consider the Near-Source effects for the present study.


[image: ]

1. The near source factor may be used on the linear interpolation of values for distance other than those shown in the table.   

2. The minimum distance between the site and the area described by the vertical projecting of source on the surface shall be taken from The closest distance of the seismic source (i.e., surface projection of fault plane). The surface projecting need not a depths of 10km or greater include portions of the source. The maximum value of the near-source factor considering all sources will be used for design.

2.4.6 Seismic Coefficients
For every earthquake hazard level, the structure is assigned a seismic coefficient CA in accordance Table 2.4 (ATC-40, 1996) and a seismic coefficient CV in accordance with Table 2.5 (ATC-40, 1996). Seismic coefficient CA represents the effective peak acceleration (EPA) of the ground. A factor of about 2.5 times the mean value of peak response of a 5 percent-damped short-period system in the acceleration domain by represents CA. The seismic coefficient CV represents 5 %-damped response of a 1- second system CV divided by period (T) defines acceleration response in the velocity domain. These coefficients are dependent on soil profile type. The product of seismic zoning coefficient-Z, atrocity of earthquake-E and near source factor-N (ZEN). The soil profile types are classified in Table 2.6.



[image: ]
1. The value of E mention the product, ZEN, should be equal to the serviceability earthquake value 0.5&the design earthquake for 1.0and 1.25 for the maximum earthquake.
                                                                                                                                                                                    2. CA should be determined of Seismic coefficient by linear interpolation for values of the product ZEN other than those shown in the table.
[image: ]

1. The value of E mention the product, ZEN, should be equal to the serviceability earthquake value 0.5 and 1.0 for the design earthquake, and 1.25 for the maximum earthquake.                                                   
2. CV should be determined of Seismic coefficient by linear annoyance for values of the product ZEN other than those shown in the table.
[image: ]

SA (Soil profile) is not applicable to site in Dhaka. SA type SE also include any soil profile with more than 10 feet or soft clay defined as a soil with PI > 20, WMC ≥ 40 and Su < 500 psf.

2.4.7 Frame Element Description
In SAP2000, a frame element is modeled as a line element having linearly elastic properties and nonlinear force-displacement characteristics of individual frame elements are modeled as hinges represented by a series of straight line sections. A generalized force-displacement characteristic of a non-decadent frame component.
[image: ]







Figure 2.3: Force deformation for push over hinge.

2.4.8 Building Performance Levels and Ranges
Under any particular event the Performance of a building is dependent on a wide range of parameters. These parameters are defined (ATC-40, 1996; FEMA 356, 2000) qualitatively building gain safe during and after the event; the cost and feasibility of restoring the building to pre-earthquake condition; the duration of time the building is expelled from service to effect of economic, architectural, or historic impacts on the larger community. These performance characteristics are directly related to the extent of damage that would be sustained by the building. The federal emergency management agency in its report ‘pre-standard and commentary for the seismic rehabilitation of buildings (FEMA-356, 2000) defines the structural performance level of a building is select from four abstract of structural execution levels and two medium structural execution ranges. The discrete Structural Performance Levels are:

· Immediate Occupancy (S-1)
· Life Safety (S-3)
· Collapse Prevention (S-5)
· Not Considered (S-6)
The intermediate Structural Performance Ranges are:
· Damage Control Range (S-2)
· Limited Safety Range (S-4)

[image: ]

Figure 2.4: Building Performance Level (ATC-40)


By FEMA. Acceptance criteria for performance within the damage control structural performance range may be obtained Immediate Occupancy (IO) and Life Safety (LS) structural performance Levels. Acceptance criteria for performance. The performance levels and ranges, as per FEMA are described is the sections that follow:
1. Immediate Occupancy Structural Performance Level (S-1)                                                                                   2.  Damage Control Structural Performance Range (S-2)
3. Life Safety Structural Performance Level (s-3)                                                                                                       4. Limited Safety Structural Performance Range (S-4)
5. Collapse Prevention Structural Performance Level (S-5)
CHAPTER 3
Modeling of Structures

3.1General Description of Structure

This is a 10 storied building designed for Sylhet city. The structural elements under earthquake and wind load are considered. The strength of RCC shear wall in different positions in this building is determined in this study.

3.2    Load used
· Earthquake load= as per BNBC 2020
· Wind load=  as per BNBC 2020
· Slab load = 84 psf.
· P.W= 450 lb-ft (on outer beam).
· P.W= 45 psf (on floor slab).
· F.F= 30 psf.

3.3. Model geometry
The structures analyzed are 10 storied building. Geometry of these structures are same.

3.4. Column and beam size
The following sizes of columns and beam are used in the study:
Column:
C1= 22" * 22"
C2= 25" * 25"
C3= 28" * 28"
Beam: 12" * 12"



Table 3.1. Building frame systems (with bracing/ share wall)
	Seismic Force–Resisting            System
	Response reduction factor, R
	System Over strength Factor, Ω�
	Deflection Amplification Factor, 𝑪�

	1. Free braced frames, instant registration connections at columns.
	8
	2
	4

	2. Free braced frames, Non-moment-resisting, connections at columns.
	7
	2
	4

	3. Special steel concentrically braced frames.
	6
	2
	5

	4. Ordinary steel concentrically braced frames.
	3.25
	2
	3.25

	5. Special reinforced concrete shear walls
	6
	2.5
	5

	6. Ordinary reinforced concrete shear walls
	5
	2.5
	4.25

	7. Ordinary reinforced masonry shear walls
	2
	2.5
	2

	8. Ordinary plain masonry shear walls
	1.5
	2.5
	1.25



N: B: used reduction factor, R= 6 for special reinforced concrete shear walls.

3.5. Building Modeling 
[image: E:\all load\model 1 pic\3d pic.PNG][image: E:\all load\model 1 pic\plan view.PNG]
Figure 3.1: Column layout plan & 3D view



[image: E:\all load\model 2 pic\plan view.PNG]









[image: E:\all load\model 2 pic\3D   view.PNG]











3.2: Corner shear wall&3D view.
[image: E:\all load\model 3 pic\plan view.PNG]
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Figure 3.3 Side shear wall& 3D view.
[image: E:\all load\model 4 pic\plan view.PNG]
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Figure3.4: Middle shear wall &3D view.

CHAPTER 4
Analysis & Result
4.1. General:
To get a final result do analysis is very essential. Software based thesis work completion is not possible without analysis. Varieties kinds of analysis need to be summarized. A final result outcomes from the summarization of the analysis.  

4.2. Analysis Basis:.	
1. Displacement check
2. Drift check 
3. Rebar percentage(%) check
4. Variation in the current data
5. Compare displacement, drift & rebar percentages of every model.

4.3. Explanation of displacements:

In this figure 4.1 and 4.2 the displacement for model number where, no shear wall is been used. From grid number 1 we got the maximum displacement value 6.326of X direction & Y direction 5.056. In this figure 4.3 and 4.4 using shear wall at the corner position. Here in X direction got maximum displacement 5.441 & Y direction maximum displacement 4.245.  In this figure 4.5 and 4.6   using shear wall at the side position. Here in X direction got maximum displacement 3.126& Y direction maximum displacement 3.007. In this figure 4.7 and 4.8   using shear wall at the middle position. Here in X direction got maximum displacement 2.489& Y direction maximum displacement 2.222. 
From this above figure can easily defined that, if shear wall used at the middle position the least happens of displacement.
4.4. Displacements of X direction (EQX) & direction (EQY).
4.3.1. Displacement without shear wall
[image: ]
[image: ]Figure: 4.1.Displacement of X direction.
Figure: 4.2. Displacement of Y direction

4.3.2: Displacement with corner shear wall:
[image: E:\all load\model 2 pic\displacement X.PNG]



	









Figure 4.3: Displacement of X direction
[image: E:\all load\model 2 pic\displacement Y.PNG]








Figure 4.4: Displacement of Y direction


4.3.3: Displacement with side shear wall:
[image: E:\all load\model 3 pic\displacement X.PNG]


	







Figure 4.5: Displacement of X direction

[image: E:\all load\model 3 pic\displacement Y.PNG]













Figure 4.6: Displacement of Y direction	
4.3.4: Displacement with middle shear wall:


[image: E:\all load\model 4 pic\displacement X.PNG]












Figure 4.7: Displacement of X direction
[image: E:\all load\model 4 pic\displacement y.PNG]















Figure 4.8: Displacement of Y direction
4.1. Table of displacement

	
	
	

	Models
	X direction(EQX)
	Y direction(EQY)

	Without share wall
	6.326
	5.056

	with corner share wall
	5.441
	4.245

	with side share wall
	3.126
	3.007

	with middle share wall
	2.489
	2.222

	
	
	


	




















Figure 4.9: Graph of displacement.

4.2. Table of drift:
	Models
	X direction(EQX)
	Y direction(EQY)

	Without share wall
	0.006967
	0.005481

	with corner share wall
	0.005959
	0.004565

	with side share wall
	0.003145
	0.002883

	with middle share wall
	0.002457
	0.002064




Figure 4.10: Graph of drift.



	





4.3. Table of rebar percentage (%)

[image: ]



Figure 4.11: Graph of rebar percentage (%).












CHAPTER 5
CONCLUSIONS

5.1. CONCLUSIONS 

The performance of the reinforced concrete structure were investigated using the shear walls at different position. As a result of work that was completed in this study. From the limited study of various 2D and 3D models of the shear wall building frames, displacements,  drift and rebar percentages at the middle positions shear walls yield very good results.  If shear wall use in the middle position can be found better stability of the structure.

5.2. Limitations of the work

· It has a low stiffness and energy dissipation capacity.
· For more accuracy need to changing column and beam size repeatedly.
· Input data & combinations of load check repeatedly.

5.3. Future scopes of the work 

· To know the overall condition of Bangladesh can be analyze the other 3 seismic zone at the same process in future.
· Further studies can be performed on composite and steel structures.
· For more accuracy in the seismic analysis “Time History Analysis ‘’ can be done.
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Displacement
X direction(EQX)	Without share wall	with corner share wall	with side share wall	with middle share wall	6.3259999999999943	5.4409999999999998	3.1259999999999999	2.4889999999999999	Y direction(EQY)	Without share wall	with corner share wall	with side share wall	with middle share wall	5.056	4.2450000000000001	3.0070000000000001	2.222	



Drift
X direction(EQX)	Without share wall	with corner share wall	with side share wall	with middle share wall	6.9670000000000053E-3	5.9590000000000094E-3	3.1450000000000046E-3	2.4570000000000026E-3	Y direction(EQY)	Without share wall	with corner share wall	with side share wall	with middle share wall	5.4810000000000076E-3	4.5649999999999996E-3	2.8830000000000032E-3	2.0640000000000012E-3	



Rebar percentage(%)
C1	without shear wall	with corner shear wall	with side shear wall	with middle shear wall	2.5099999999999998	0	1	1	C2	without shear wall	with corner shear wall	with side shear wall	with middle shear wall	2.8699999999999997	2.52	4.55	1	C3	without shear wall	with corner shear wall	with side shear wall	with middle shear wall	3.22	2.46	2.71	1.75	
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Table 2.2: Seismic Source Type (ATC-40, 1996)

Seismic source definition

Seismic Maximum R
Slip rate,
Source Seismic Source Description moment
. SR(mm/yr)
Type magnitude, M
Faults that are capable to produce
large
A magnitude events and which have a M=7.0 SR=5
high
rate of seismic activity
Not
B All faults other than types A and C | Not applicable R
applicable
Faults that are not capable to
producing
C large magnitude events and which M<6.5 SR<2

have

a high rate of seismic activity
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Table 2.3: Seismic Source Factor

Seismic Closed distance to known seismic source
Source <2km 5km 10 km >15km
Type Na Ny Na Ny Na Nv Na Ny
A 15 |20 ] 12 | 16 | 10 | 12 | 10 | 10
B 13 16 ] 10 | 12 | 10 | 10 | 10 | 10
10 |10 ] 10 | 10 | 10 | 10 | 10 | 10
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Table 2.4: Seismic Coefficient Ca (Adopted from ATC-40)

Soil Profile
Type Shaking Intensity, ZEN'?

0075 015 020 030

S 0.08 015 020 030

Sc 0.09 018 024 033

So 012 022 028 036

S 0.19 030 034 036

Sr Site-specific geo-technical investigation required to determine Ca
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Table 2.5: Seismic Coefficient Cv (Adopted from ATC-40)

Soil Profile
Type Shaking Intensity, ZEN'?

0075 015 020 030

So 0.08 015 020 030

Sc 03 025 032 045

So 018 032 040 054

S: 026 050 064 084

S Site-specific geo-technical investigation required to determine Ca
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Table 2.6: Soil Profile Type (Adopted from ATC-40)

Average soil properties for top 100 Tt of soil profile
Soil Profile | Soil profile | Share Wave [ Standard_penetration | Undrained _shear
Type name/Generic velocity, Test, N or Ny for | strength, Sy(psf)
description Vs(ft/sec) cohesion less  soil
layers(blow/ft)
STy Hard rock Vs> 5,000 Not Applicable
Ss Rock 2500 < Vs <|Not Applicable
5,000
Sc Very dense soil [ 1200 < Vs <|N>50 Su> 2,000
and rock 2,500
S Stiff soil profile | 600 <Vs<1200 | 15<N<50 1,000 < Sy=2,000
5 Soft soil profile | Vs <600 N<50 Su<1,000
Sr Soil requiring site-specific evaluation
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