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Abstract: Precast concrete construction is a construction in which the concrete is cast in molds as per the requirement, treated in
a controlled factory environment, and then transported to the construction site and put in the desired place. Therefore, in this
report the comparison of stability analysis of building by euro and Indian code is been carried out. The methodology used for
manual calculation of stability check is calculation of wind analysis and mass load analysis where firstly, the horizontal load
coming on the structure is calculated. The horizontal load includes the wind load and mass load. The critical direction of both
loads is determined and then applied at floor levels along with the geometrical imperfection load. Second is based on the relative
stiffness of each Stability wall, the floor loads are distributed among the stability walls at each floor level. And finally, the local
stability of each wall is checked. The stability checks for local stability are-
e Overturning check.
o Sliding check.
All the analysis and design are done as per Euro-codes and Indian code. So that at the end the comparison of both can be
carried out. After the same the study finds out that the design of structure from European code is much safer than Indian code
because the study reveals the in European Code, they take more factor of safety into consideration such as mass load is used for
low seismic zone whereas in Indian code there is no such parameter.
Keywords: Stability analysis, wind load, mass load, lateral load, comparison of Euro code and Indian Code, manual stability
analysis.

L. INTRODUCTION
A. Introduction of Building
Sneakerhaven is a residential structure located in Denmark. It is a 4 Story structure and has a basement as well. It contains two
blocks A and C and has a common basement. The dimensions of the Structure are Length =62m, Width =9.8m, and height =12.5m
including a parapet of 0.5m. It is a complete Pre-Cast Concrete structure and, in this study, a full detailed Stability Analysis is
carried out by using different codes i.e., Euro Code and Indian Code to compare the stability from both the codes to know the
differences. The Precast elements mainly include Walls (both interior and Exterior), Slabs, beams, staircase, and some other custom-
made elements, etc. Precast elements are suitable to take the gravity loads, lateral loads (wind and mass load), and handling stresses
and at the same time provide stability to the structure. A precast construction is just like placing and staking the play cards adjacent
to each other and ensuring that it is globally and locally stable.
Structural stability is the most critical concern in the Pre-Cast Structure. That is the reason the possibility of progressive collapse
should be taken care of i.e., if by any means any structural element fails it will result in the progressive collapse of the whole
structure. Also, there should be proper interaction between the precast slab and the pre-cast walls to facilitate and promote the
overall structural behavior and transfer of shear.

B. Obijectives of the Study

1) To know the structure stability of a sneadkerhaven building Denmark by manual calculation using European code and Indian
code.

2) Study and compare stability of structure from both the codes to attain with the differences between both codes.

C. Scope of the Study

The scope of this paper is to find out and compare the stability analysis of building using European code and Indian code and adopt
methodology of wind analysis and mass load analysis for the calculation of manual stability analysis of the building to know what
the difference in using different codes is.
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1. LITERATURE REVIEW
To attain the objectives of the study, there is need to have an idea of the findings and methodology adopted earlier period was felt
desirable. The review of literature of comparison of stability analysis could provide a framework for the present study and serve as a
point of departure for further pragmatic investigation. Findings of the existing literature are:
(Bhavsar*, 2014) In this research the researcher tries to compare EURO standards with Indian standards using structural software in
R.C. buildings, where frames are considered as main structural elements, which resist shear, moment, and torsion effectively. These
frames are subjected to variety of loads, where lateral loads are always predominant. Infrastructures of Gulf countries are always
remarkable as they mostly follow EURO standards for construction development.
(Dr. S.V. Itti, 2015) In this report the researcher focuses on the comparison of the Indian Code (IS) and International Building Codes
(IBC) in relation to the seismic design and analysis of Ordinary RC moment resisting frame (OMRF), Intermediate RC moment-
resisting frame (IMRF) and Special RC moment-resting frame (SMRF). The analytical results of the model buildings are then
compared and analyzed taking note of any significant differences. This study explores variations in the results obtained using the
two codes, particularly design base shear, lateral loads, drifts, and area of steel for structural members for all RC buildings in both
the codes. The discussion in this study will be confined to monolithically cast reinforced concrete buildings. Specific provisions for
design of seismic resistant reinforced members are presented in detail. Provisions of Indian and International Buildings Codes are
identified. Target deflection of the building is achieved at a lower lateral force in SMRF IBC i.e., the concept of lesser force and
more deflection is followed. However, in OMRF, IMRF and SMRF of Indian Code lateral force applied in higher as a result the
deflection on the top of the building exceeds the target deflection? To keep the deflection within the permissible limits we then
increase the column and beam sizes to make the building stiffer and maintain deflection within the permissible limits. This work
aims at the comparison of various provisions for earthquake analysis as given in building codes of Indian Code and International
Building Codes.
(Nourhan Sayed Fouad, 2017) In this the researcher talks about that the structural design of the building includes the calculation of
the applied wind loads as one of the major items in the design process. The available codes data for the listed structures in these
codes extracted from wind tunnel experiments but not cover all the designed structures types. There is a necessity to provide the
designer with design wind parameters considering that the experimental data is costly and not always available. This research aims
to facilitate the necessary wind parameters for the structural design such as pressure distribution, drag coefficient for some building
adopting the Computational Fluid Dynamics (CFD) techniques. The validation of the application of CFD technique with existing
wind tunnel results for some structures is investigated. Then the application of the CFD techniques performed on some structures
such as single span short gable structure with mono and double slopes, trusses, and domes. The basic parameters considered in the
analysis of gable building including roof slops, wind direction. In addition, for gable buildings, the different roof zones coefficients
of pressure assessed to compare the application of CFD technique with the international wind standards and codes of practice. The
obtained results compared with each of the Euro code and ASCE10.
(Nandi, 2014) In this paper the researcher is intended to compare the design of reinforced concrete structure with various
international codes from economical point of view. Three different famous structural building codes have been adopted. These are
the 1S456:2000, BS8110:1985, and Euro Code2:1992. These codes have been compared in the strength design requirements of
structural elements. The comparison includes shear design. Throughout this study elaborated design models and criteria of the
considered codes have been exhibited. Although the principles contained in these codes are basically the same, they differ in details.
(Royl, A Comparative Study of International Structural Building Codes , 2020) In this the researcher attempts to exhibit a
comparative study for the design of reinforced concrete structures. In this research, two International structural codes have been
used to analyze the different processes of strength designs, which are, 1S456:2000 and Euro Code2:1992. This study elaborates the
criteria of codes and exhibits the design of structures. However, the principles in these codes are the same but are different in its
details. This project intends to relate IS 456-2007 and Euro code II. The broad design standards (L/D ratio, stress-strain block
parameters, load combinations and the formula compared along with the area of steel) for vital structural members to get an
overview of how the codes illustrate in correspondence to each other. Emphasis will be put to the results in a tabular and graphical
description for greater clarity and parallel interpretation.
(Tejaswini M L, 2018) In this research paper talks about that reinforced concrete frames are the most used method of construction in
India. With the economic growth, the unavailability of urbanization and horizontal space has increased the cost of land and the
demand for agricultural land. High-rise buildings are more popular in Indian architectural scenes, especially in cities. For high-rise
buildings, not only must the building bear a gravity load, but it must also withstand lateral forces. Many important Indian cities are
high-risk seismic belts. Therefore, strengthening the lateral force construction is a prerequisite in this study the aim is to analyze the
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response of a high-rise structure to lateral loads using static and dynamic seismic loads and static wind loads. This analysis
procedure is based on IS codes for Design analysis of Structures. The results of analysis are used to verify the structure fitness for
use, finally the comparison of all lateral stability checks has been carried for zone 2 and zone 3.

(MD. MAHBOOB RAHMANI1, 2021) In the research paper the researcher talks about modern residential structure which is going
higher and higher these days. The impact of lateral loads in the form of wind/Earthquakes affects the performance of these structures
dramatically. It is often a practice among structural engineers to use shear walls in place of columns. However, the shear walls do
help a lot in resisting the lateral shear but it is often the reason for making the structure unnecessarily stiff. While columns do
improve the ductility of a structure but they are often not capable of resisting the entire shear. Thus, it becomes necessary to decide
the right proportion of shear walls and columns to be used for structures of particular height. Here an attempt had been made to
investigate the seismic performance of different regular and irregular structures of varying height with shear walls by using ETAB
software. Computer models have been analyzed and base line parameters have been decided. Numerical/ analytical studies have
been carried out to investigate the impact of these base line parameters on our problem. Finally, regression analysis has been carried
out to understand the impact of the base line parameter. Here an attempt has been made to study the behavior of different structures
of reinforced concrete with different heights with and without shear walls. Coupled shear walls have also been studied to understand
the comparative merit or demerit of framed structures with shear wall structures. Studies have been carried out on sample model
structures and analysis has been carried out by ETABS software. It has been ensured to consider sample models that represent the
current practices in structural design to include different structural configurations. Models having varied structural configurations
like framed, shear wall, core in core etc. have been taken into consideration. The inherent asymmetry present in the structures has
also been dealt. The results have been tabulated and plotted to study their comparative behavior and interaction with each other. The
findings of the study have been summarized and discussed.

(Singh1, 2015) In this research paper the researcher attempts to design of Water Tanks is subjected to Dead Load + Live Load and
Wind Load or Seismic Load as per IS codes of Practices. Most of the times tanks are designed for Wind Forces and not even
checked for Earthquake Load assuming that the tanks will be safe under seismic forces once designed for wind forces. In this study
Wind Forces and Seismic Forces acting on an Intze type Water tank for Indian conditions are studied. The effect of wind on the
elevated structures is of prime importance as Wind flows relative to the surface of ground and generates loads on the structures
standing on ground. Most of the designers consider the wind effect and neglect the seismic effect on the structure. The Indian
Standard Code IS 875(Part-3) 2003 and IS 1893-2000 for Wind & Seismic effect is used in this study. The Elevated Structure is
designed for various Wind forces i.e. 39 m/s, 44 m/s, 47 m/s & 50 m/s and the same is cross checked with different Seismic Zones
i.e. Zone-11, Zone-Ill, Zone-1V, & Zone-V by ‘Response Spectrum Method” and the maximum governing condition from both the
forces is further used for design & analysis of staging. It is found from the analysis that the Total load, Total moments, and
Reinforcement in staging i.e. Columns, Braces & also for Raft foundation varies for Case-1, Case-2, Case-3 & Case-4.

(B.N1, 2014) In this research paper the researcher talks about the high-rise buildings require high frame structure stability for safety
and design purposes. This research focused on P-delta analysis to be compared with linear static analysis. In this study, an 18-story
steel frame structure with 68.9 m has been selected to be idealized as multi story steel building model. The model is analyzed by
using STAAD.Pro 2007 structural analysis software with the consideration of P-delta effect. At the same time the influence of
different bracing patterns has been investigated. For this reason, five types of bracing systems including X, V, Single Diagonal,
Double X, K bracing with unbraced model of same configuration are modeled and analyzed. The framed structure is analyzed for
Wind load as per IS 875 (part 3)-1987. After analysis, the comparative study is presented with respective to Maximum story
displacement and Axial Force. The present work showed that the “X* bracing in continuous bracing pattern is proved to be more
effective with respect to both Static and P-delta analysis.

(HEHIR, 2005) In this report the researcher uses the methods used for stability calculations of columns, solid shear walls, pierced
shear walls, coupled and uncoupled components, cores, single story structures and multi-story structures have been examined. The
examination performed to ascertain short comings or advantages for different stabilizing components and systems. Analyses were
made of deflection and buckling combining bending and shear for columns, solid shear walls and pierced shear walls. Calculation
methods for single and multi-story structures concerning deflection and buckling due to translation, rotation, or a combination of the
two are analyzed and the results are compared with finite element analyses results. The importance of pure torsion is somewhat
neglected in these methods and therefore a method was devised for including a components torsional resistance in the calculations.
The calculation methods are computer assisted through the use of Mathlab, Mathcad and Excel. Comparisons of results are made
between the calculation methods and Finite Element Analysis performed with a programmed called SOLVIA. Vianello’s method for
calculating critical buckling loads, of columns and solid shear walls, due to bending has proven its worthiness. The method for
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calculating stability of pierced shear walls, according to studied, has proven itself to be in need of improvements. The use of the
polar moment of inertia has proven to give inaccurate results. The result comparison of the single-story structures concerning
translation, rotation and combined rotation and translation show that the calculation methods are satisfactory. Concerning multi
story structures subjected to translation or rotation a question arose concerning the interaction between the stabilizing components
and the floor slabs. The inclusion of a central cores owns torsional resistance into the calculation methods led to improved results.
The results showed that further investigation of the calculation methods concerning stability of tall buildings is advisable and that
specifically methods for determining the interactive behavior of stabilizing systems joined by floor slabs should be researched.
(a F. C., 2016) In this research paper the researcher talks about the moment in which civil engineering is undergoing a phase where
structural projects have been developed with structural systems composed of different and complex elements, some methods and
criteria are used for the purpose of evaluating important aspects with regard to global and local stability. Among them, it is
necessary to mention the parameters of instability o and yz. In this sense, this work has the objective to present the basic concepts of
the instability parameters a and yz in accordance with what is clearly defined in the Brazilian standard ABNT NBR 6118; to present
the results of simulations of models in the Brazilian structural software TQS varying the stress of compression in the columns in
order to relate these values with the stability parameters.
(Alexander M. Belostotskya, 2016) In this research paper the researcher talks about the strength and stability analysis of load
bearing structures of Evolution Tower (high-rise 54- story building) with allowance for actual positions of reinforced concrete
structural members (columns and walls). Finite element method (FEM) is used for structural analysis. The authors present
formulations of problems, governing equations, information about basic three-dimensional finite element models (so-called “design”
(ideal) model, the first “actual” model (taking into account the deviations of positions of columns from the project) and the second
“actual” model (taking into account the deviations of positions of walls from the project)) of the coupled system “Evolution Tower —
foundation” within ANSYS Mechanical software and their verification, numerical approach to structural analysis and corresponding
solvers. Finite element models include mainly 4-node structural shell elements (suitable for analyzing foundation slabs, floor slabs
and load-bearing walls) and three dimensional 2-node beam elements (suitable for analyzing beams and columns), special spring-
damper elements and multipoint constraint elements. Detailed finite element mesh on the bottom foundation slab is agreed with the
location of piles. The advanced model of professor y.u. zaretsky is used for approximation of soil behavior. Construction sequence
and various types of nonlinearities are taken into account. The results of modal analysis, static and dynamic analysis with various
load combinations (gravity load, facade load, dead (constant) loads, temporary loads, wind load, snow load, crown load etc.) are
considered, the results of the regulatory assessment of the strength of structures (obtained with the use of corresponding software in
accordance with design codes of the Russian Federation) are under consideration as well. The corresponding displacements,
stresses, natural vibration frequencies can be used for research and development of the correct monitoring method of the foundation
and load-bearing structures of a high-rise building.

1. RESEARCH METHODOLOGY
After going through above literature, the researcher found that nowadays different countries use their codel provision to make their
structure like- International building code, Indian code, Euro code etc. And it was also found that there is no study has been done so
far which tells about the difference in the results of these codes. So, this study has been conducted to know the difference. For which
we have taken a building in which we will do manual stability analysis by applying both Euro code and Indian code and see the
difference between both the result. The study was undertaken to understand the stability of structure by doing a comparative
analysis of a building using Euro code and Indian code to know whether the structure is stable from both the codes or not and what
new can be found from this study. For this purpose, the below methodology has been used.

A. Method for Data Collection
For the achievement of the objectives of the study, data was collected through secondary source i.e., the company which has made
this building (Ramboll company).

B. Step by Step Procedure in Order to Calculate Stability

1) Selection of Stability Walls

For analysis we take only those walls as Stability walls (that take the lateral loads from floor slabs and transfer it to the foundation)
that are continuous from the top to bottom of the building and they should also not have any openings (due to doors, windows, etc.)
when seen in elevation. Other walls with openings also contribute to load transfer but for the time being we ignore them to be on the
safer side and assume only the walls that are continuous take the load. Also, the length of the wall should not be less than 1 m.
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2) Codes used in the Study

e BS EN 1990 Basis of Design.

e BSEN 1991 1-4 Wind action on Structures.

e BS EN 1992 Design of Concrete Structures.

e 1S 875 PART 3 code of practice for design loads.

e IS 875 PART 1 criteria for earthquake resistant design of structures: general provision and buildings.
e IS 456 2002 code for practice for plain and Reinforced concrete.

3) Load Calculation

e Wind Load

Wind load is the Load that comes on the structure when the wind blows around the building. The Wind load becomes more critical
as the height of the building increases. The magnitude of the wind load on the structure depends on number of quantities like Terrain
height, orographic factor, roughness factor, percentage of openings in the structure, topography etc. The total wind load acting on
the structure can be calculated using EN-1991-(1-4) and IS 875 PART 3.

e Mass Load

Mass Load is the total load of the building. It included both Dead load and Mass Load. It is calculated by measuring the area/length
of the elements (like walls, slabs etc.) from Revit model and multiplying by the unit weight from the Design Basis. Like the Wind
load Mass load is also a lateral load and acts at each floor level. The magnitude of Mass load is Same in both directions as Mass of a
body is a constant quantity.

e Imperfection Load

The geometrical imperfection load in a structure is represented by inclination. This load is generated in a structure due to error in
geometry during construction. it accounts for unfavorable effects of possible deviations in the geometry of the structure and the
position of loads shall be taken into account in the analysis of members and structures. These loads are taken into account in
ultimate limit state and are not considered in serviceability limit state. This Load is calculated and distributed among floors equally
in both directions (along and across the building).

4) Relative Stiffness

A wall will attract the load based on its relative stiffness. So, the Relative Stiffness of Each Wall needs to be calculated. Based on
the relative stiffness the wall will take the load. Stiffness is the ability of a member to resist deformation under bending. It depends
on the polar moment of inertia. Relative stiffness will decide how much Bending moment can a member take. The load is distributed
in all the walls as per their relative stiffness i.e. more the stiffness more loads the wall takes.

5) Polar Moment of Inertia

It is the resistance of an object being distorted by torsion. Greater its value greater is the resistance of an object against torsion.
its value is given by-

L= Zai(Yi = Yo )? + Zoj (X = X0 )°

Where X, and Y is the center of pressure.

6) Stability Check
The walls are checked for
a) Overturning Check
o e=M/N < L/2 (safe)
e is the eccentricity
M is the cumulative value of moment at floor level.
N is the cumulative value of vertical Load
L is the Length of Wall
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b) Sliding Check
e  H<uN (safe)
H is the cumulative horizontal load at that level
u is the coefficient of friction 0.5
N is the total cumulative load

IV.  STRUCTURE STABILITY EURO CODE - SELECTION OF STABILITY WALL

The first step in the Stability analysis is the selection of the stability walls. For analysis we take only those walls as Stability walls
(that take the lateral loads from floor slabs and transfer it to the foundation) that are continuous from the top to bottom of the
building and they should also not have any openings (due to doors, windows, etc.) when seen in elevation. Other walls with
openings also contribute to load transfer but for the time being we ignore them to be on the safer side and assume only the walls that
are continuous take the load. Also, the length of the wall should not be less than 1 m. Discontinuous walls are not taken as stability
wall because at opening there is usually beam column action and high stress concentration.

Revit software is used to check which walls are continuous so as to take them as stability wall. Sections are cut at various walls in
Revit models and seen in elevation to check which walls is continuous Fig 4.3 which shows how walls are selected. The orange
color shows the stability walls. Note that there are no windows, doors in between the walls therefore, walls are numbered with
subscript x and y to show which walls are along and across the buildings. Also, the length of each wall is noted.

A Wind Load

In precast concrete Structures the loads to be carried are vertical loads and Horizontal/Lateral loads.

In Denmark there is rarely any seismic activity, so the dominant lateral loads are the wind Loads. As there is very low seismicity,
they take another load into consideration called The Mass Loads.

Both the wind and the Mass loads act at floor levels in both directions but we are more concerned with the direction in which the
loads will be critical.

Wind load is the Load that comes on the structure when the wind blows around the building. The Wind load becomes more critical
as the height of the building increases. The magnitude of the wind load on the structure depends on number of quantities like Terrain
height, orographic factor, roughness factor, percentage of openings in the structure, topography etc. The total wind load acting on
the structure can be calculated using EN-1991-(1-4). The detailed wind analysis of the structure in consideration (Snedkerhaven) is
carried out in section 4.6 in detail.

As wind load is an area load therefore it is obvious that the wind load will be critical in the direction across the building, because
more area is along this direction. Also, one thing to be noted here is that as Mass load is the Mass of the building so unlike wind
load it is same in both directions.

B. Mass load

Mass Load is the total load of the building. It included both Dead load and Mass Load. It is calculated by measuring the area/length
of the elements (like walls, slabs etc.) from Revit model and multiplying by the unit weight from the Design Basis. Like the Wind
load Mass load is also a lateral load and acts at each floor level. The magnitude of Mass load is same in both directions as Mass of a
body is a constant quantity.

C. Load Path for Lateral Loads

The lateral loads be it wind or mass acts on the floor diaphragm. Floor diaphragm carries half of the lateral load that acts on the
floor above it and half below it. So, the load is transferred from the floor diaphragms to the stability walls that transfer it to the
ground / foundation. The amount of load that a wall attracts depends on its relative Stiffness. In the figure below fig 3.6 shows the
load path that the lateral loads take to reach the foundation.

D. Wind load calculation for sneadkerhaven

Detailed wind analysis is carried out in this section.

Terrain category: 111

Height of building including parapet: 12.5m (height of parapet is 500mm)
The wind analysis is done using EN -1991-(1-4)
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1) Basic wind velocity (V)
The fundamental value of the basic wind velocity, Vy, is the characteristic 10 minutes mean wind velocity, irrespective of wind
direction and time of year, at 10 m above ground level in open country terrain with low vegetation such as grass and isolated
obstacles with separations of at least 20obstacle heights. (cl 4.1 EN -1991-(1-4))

o V. fundamental value of basic wind velocity =24m/s

e V, =Cdir-Cseason-V, (cl 4.2 EN -1991-(1-4))

e V, is the basic wind velocity, defined as a function of wind direction and time of year at 10 m.
o V) is the fundamental value of the basic wind velocity.

e cdiris the directional factor =1

e  cseasonis the season factor=1

The value of cdir and cseason are as per Danish Annex or as per recommended values.
o V- 1x1x24=24mls
o Vp=24m/s

2) Mean wind velocity (Vi )

The mean wind velocity V,(z) at a height z above the terrain depends on the terrain roughness

And orography and on the basic wind velocity, V,, and should be determined using Expression

Vi (Z) =C (Z) 'Co(z) Mo 4.1
Where:

C.(2) is the roughness factor, given in cl 4.3.2 EN -1991-(1-4)

Co(2) is the orography factor, taken as 1,0 unless otherwise specified in 4.3.3 EN -1991-(1-4)
Roughness factor accounts for variability of wind velocity of structure due to height above ground level and ground roughness
The roughness factor cr(z) equals:

Ci(2)= keIn(z/z,) for Zmin< z< Zmax(Cl 4.3.2 EN -1991-(1-4))

Ci(2)=C; (Zmin) for z<zmin

Where,
K is the terrain factor
Z,is the roughness length

* K= 0.19(20Zo1n)™™

Terrain category IlI

[ Zmin=5m

e Z,-:0.3m

o 7 x=200m
Therefore,

e Kk=0.215

e Cr=0.801

From code the orographic factor ¢, -1
Therefore equation 3.1 becomes

3) Vp=mean wind speed =19.22 m/s

e Wind turbulence- (cl 4.4 EN -1991-(1-4))
Turbulence intensity =l,=6,/Vp,
6,is the standard deviation of turbulence

. Oy=k.Vp.K;
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K;is the turbulence factor, the recommended value is 1
e 0,516
Therefore, I,= 0.268 KN/m?

4) Peak velocity Pressure (gp) -
........ (cl 4.5EN -1991-(1-4))
*  p=Celp
C. is the exposure factor calculated by graph 4.2 on code EN -1991-(1-4)
Qpis the basic velocity pressure
qbZO.SXpXVbZ
p is the air density and value are given in national annex. Recommended value is 1.25kg/m*
e (,=360 N/mm?
Exposure factor C, from the graph is around 1.7
Therefore from equation 3.2
* gy=0.67 KN/m?

5) Net Wind Pressure -
........ (cl 4.5EN -1991-(1-4))

The net Pressure on any structure is the difference between the external wind Pressure and Internal Wind Pressure. The Pressure
directing towards a surface is positive and that away from surface is Negative.
External pressure (We)=0,.Cpe
C,els the external pressure coefficient calculated from table 7.1 of EN -1991-(1-4))
From table 3.2 C,=+0.8
h/d =12.5/10.4=1.2
Internal pressure (Wi)=0,.Ci

e C,=-051
Net pressure =W,=W,-W;=0.86
W,=0.86 KN/m?

E. Wind Load Calculation At Each Floor Level

The wind load is calculated along the transverse direction that is across the structure (as wind is dimensioning in this direction)
W=wind force at each level =Ky.yy.Wi.r.LLh

Kj is the importance factor =1.5

W, is the net pressure =0.86

r is the reduction factor that accounts for lack of co-relation in wind pressures in windward and leeward side=0.858

| is the length of the building

h is the height

Also, we know height of each floor is 3 m.

As already mentioned, the wind load is calculated at every floor level and at every floor the effect of wind due to height = half of the
floor height below and above is taken.

Therefore, for ground floor hpanf for 4" floor h,=1.5m

For first, second, third floor h;-3m

For 4™floor, W, - 1.5x1x0.86x0.858x24.2x1.5

W,;=39.4 KN

Note: length is taken as 24.2 m not 62 m because at 4" floor level the floor is not continuous at whole length (see the Revit model
for reference)

For typical floor 1, 2, 3, W1=W,=W, =1.5x1x0.86x0.858x62x3=205.8 KN

W,=102.9 KN

Total wind base Shear =Wy+W; +W,+W;3+W,=760KN

These are the values of wind load at each floor level.
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F. Mass Load Calculations At Each Floor Level

The Mass load is calculated along the longitudinal direction that is along the structure (as Mass is dimensioning in this direction).
Mass Load at each level is measured by measuring the dimension of each element at that level and multiplying it by the unit Mass
by design Basis. Imposed load is also determined from design basis.

The resultant mass load is then calculated by the formula:

1.5% (DL +(2%Imposed Load))

Mass load calculations for Roof -

Total terrace area from Revit Model = 258m?
Dead load from Design Basis Clause =4 KN/m?
Total Dead load of Terrace = 1032 KN

Snow Load =2.5 KN/m?

Imposed Load =2.5x258 = 645 KN

Total Length of the Facade Wall = 2x (24.8+10.4) =70.4m
Thickness of wall =150mm

Height = 3m

Gualiso= 2.78 KN/m?

Total Dead load of Facade Wall =70.4x2.78x3=588 KN
Length of internal Wall =22.6 m

Dead Load = 67.8 KN

Total Load of Roof =67.8+1032+588=1687KN
0.015(DL+ (0.2xIL)) =27.17KN

Similarly, the Mass load for all the floors is calculated. The total Mass load is tabulated in the table on next Page

D.L of floor Imposed load 0.015(DL+(0.2xIL)
Roof 1687KN 545KN 27.17KN
3" floor 4456KN 376KN 68KN
2" Floor 7598KN 1050KN 117KN
1* Floor 7593KN 1023KN 116KN
Ground Floor 9028KN 2084KN 141KN
Basement 2950KN 2950KN 53KN
Total 33312KN 8028KN

Table 4.1 Table showing Mass load on each Floor

This mass load is without imperfection load which will be added in next section.

27.17 kv E>

68 KN

117 KN

-p
=
101 kv P

S3KN_pl

G.L

Fig 4.1 Representation of Mass load on floor levels without geometrical imperfection load

Total Base Shear = (0.015(33312+(0.2x8028)) =524 KN
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G. Geometrical Imperfection Load ((EN-1992-(1-1) Clause 5.2)

The geometrical imperfection load in a structure is represented by inclination. This load is generated in a structure due to error in
geometry during construction.

They account for unfavorable effects of possible deviations in the geometry of the structure and the position of loads shall be
considered in the analysis of members and structures.

These loads are taken into account in ultimate limit state and are not considered in serviceability limit state.

This Load is calculated and distributed among floors equally in both directions (along and across the building).

Geometrical imperfections are represented by inclination 6;

ei: Go.ah.am

0, is the basic value = 1/200

ay is the reduction factor for length /height

om is the reduction factor for number of members

a=2/(L)"? (213<a<1)

o=V 0.5(1 + 1/m)

L is the length or height=12m, m= 3

Therefore,

Oh = 0.6

am =0.81

0i-0.0025

For computation of geometrical imperfection load let us take the whole DL of the building to be on the safer side, as it is the worst
case.

Thus,

Geometrical imperfection load = 33312x0.0025

Geometrical imperfection load =83.3 KN

This is the total geometrical imperfection load and this needs to be distributed equally among all the floors both along and across the
building and applied with the Mass and wind load

Total Gl load =83.3KN

Geometrical Imperfection load per floor =16.66KN
So, the Net Load on the Floor Level including this Geometrical Imperfection Load is:
(a) Wind Load at each level including GI Load:
Roof = 39.8+16.66= 57 KN
Floor 3 =205.8+16.66=223 KN
Floor 2 =205.8+16.66=223 KN
Floor 1 =205.8+16.66=223 KN
GF  =102.93+16.66=120 KN

eT

TS50Kn

333Kn

S33Kn

533K

2AKun

ARRA

Fig 4.2 Representation of wind load on floor levels with geometrical imperfection load

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1291




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue VI June 2024- Available at www.ijraset.com

(b) Mass Load at each level including GI Load:
Roof = 27.17+16.66= 44 KN
Floor 3 =68+16.66=85 KN
Floor 2 =117+16.66=134KN
Floor 1 =116+16.66=133 KN
GF  =141+16.66=158 KN
Basement =53+16.66=70 KN

44 KN

85 KN

134 KN

133 KN

158 KN

FhAE

Fig 4.3 Representation of Mass load on floor levels with geometrical imperfection load.

H. Loads on Stability Wall

A wall will attract the load based on its relative stiffness. So, the Relative Stiffness of Each Wall needs to be calculated. Based on
the relative stiffness the wall will take the load. Stiffness is the ability of a member to resist deformation under bending. It depends
on the polar moment of inertia. Relative stiffness will decide how much Bending moment can a member take. Based on Spanning
direction of the Slabs the following table is used to calculate the relative stiffness (based on wall is bearing or non-bearing)

o Centre of Rigidity

It is the centroid of the Stiffness. When center of rigidity is subjected to lateral loads the floor diaphragm will experience only
translational displacement and no torsion. It can also be defined as the point where entire stiffness of the body acts. It represents the
point where lateral loads act through.

It is denoted by X, and Y,and the calculations are being made in excel Sheet.

X=X Q Xj/ Eaj

Y0= z aiYi/ Eai

e Polar Moment of Inertia
It is the resistance of an object being distorted by torsion. Greater its value greater is the resistance of an object against torsion.
Its calculation is also done in excel sheet its value is given by -
L= Zai(Yi = Yo )? + Zoj (X = X0 )°
Where X, and Y is the center of pressure.

e  Effect of Torsion

The lateral force (red arrow) will act on the center of Pressure of the Structure at a distance of B/2. But it is not necessary that it will
coincide with the center of rigidity. Therefore, eccentricity e is developed in a structure and torsion is produced which generates
coupled moment. Refer fig 4.12. The moment developed in a structure due to this e can be anticlockwise or clockwise depending on
the relative position of center of pressure and center of rigidity. Due to this moment the load on a wall may increase or decrease
depending on the position of the wall relative to the center of rigidity. In fig 4.12 O denotes the center of pressure and R denotes the
center of rigidity. The moment developed due to eccentricity is anticlockwise so the structure ABCD will tend to move to the
position A’B’C’D’, due to which the direction of reaction in the walls above Y, (center of rigidity) and below are shown by orange
arrow. The walls above Y, need to be designed for more load as due to moment the net resultant is more (as it is in the same
direction as that of external lateral load). Similarly, the wall below the net force is less. So, this net force needs to be computed
before checking the local Stability of Walls.
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s3 kN
wall
N 22y

by odoy

Fig 4.4 Plan and Elevation of Wall 22 Y
I.  Local Stability of Wall
The walls are checked for
e  Overturning Check.
e Sliding Check.

Overturning Check
e=M/N <L/2 (safe)
e is the eccentricity
M is the cumulative value of moment at floor level.
N is the cumulative value of vertical Load
L is the Length of Wall

Sliding Check

H<uN (safe )

H is the cumulative horizontal load at that level
u is the coefficient of friction 0.5

N is the total cumulative load

J.  Stability Check
1) Wall 25 parallel to X-Axis

Figure 4.5 stability check wall 25 parallel to x-axis
2) Wall 22,21is parallel to y-axis

stability check
overturning moment WEIGHT ABOVE  M/W Y/2=4.77m

out'a’  40.2KN/M 118.5kN 0.16m a.77m sare

B 237.3KN/M 237N 1.03m a.77m SAFE

" SSL3KN/M 355.46KN 1.48m a.77m sare

%
overturning about 'd’  1029.9KN/M a74KN 1.77m a.77m saFe

SLIDING CHECK sliding load weight friction coff. stabilizing load
ABOUT 'a' 13.9KN 118.5kN 0.5 59.25KN sare
about 'b" 65.7KN 237N 0.5 118.5kN SAFE
about 'c’ 118KN 355.46KN 0.5 177.7kN sare
about 'd" 146.2kN a7aKN 0.5 237N saFE

Figure 4.6 stability check wall 22,21 parallel to y-axis
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K. Stability analysis of sneadkerhaven using Indian code

Wind load calculation with reference to India code-(is 875 part 3)
Detailed wind analysis is carried out in this,

Terrain category: 111

Height of building including parapet: 12.5m (height of parapet is 500mm)
The wind analysis is done using IS 875 Part 3

Assume:
Location: - Raipur
Basic wind velocity (Vp):39m/s (APPENDIX A(Clause 5.2)1S875 Part 3)

Design Wind Speed: -
The basic wind speed ('V, ) for any site shall be obtained from for the chosen structure:
a) Risk level;
b) Terrain roughness, height, and size of structure; and
c) Local topography.
o Vz=vb*k1*k2*k3
K1 risk factor: -1 (IS 875 Part3, Page no: - 11, Table No:-1)

TABLE 1 RISK COEFFICIENTS FOR DIFFERENT CLASSES OF STRUCTURES IN
DIFFERENT WIND SPEED ZONES

( Clawse 5.3.1 )

0:2 091 0% 0% 08

Figure 4.7 Risk Coefficients for Different Classes of Structure in Different Speed Zone

K2 Terrian Height & Structure size Factor (IS 875 part 3, page 12, table no. 2)

TABLE 2 &, FACTORS TO OBTAIN DESIGN WIND SPEED VARIATION WITH HEIGHT IN
DIFFERENT TERRAINS FOR DIFFERENT CLASSES OF BUILDINGS STRUCTURES.

Cluss 3.3.2.2

Figure 4.8 K2 Factors to Obtain Design Wind Speed Variation with Height

K3 Topography factor: -
Angle <=3° K3=1
Or more than 3° k3= (See Appendix c)
Design Wind Pressure (Pz): -
The design wind pressure at any height above mean ground level shall be obtained by the following relationship between
wind pressure and wind velocity IS: 875 (Part 3)
e Pz=0.6*Vz'2
Where;
Pz = design wind pressure in N/ms at height z,
and Vz - design wind velocity in m/s at height z.
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e [=CF*Ae*Pz
e Cf=force coefficient.

!‘s-a a
25 WIND
4 \ 20 b v
20 / NS 0 1 . =
LAN
J 7~ s -
t s e~ — |
—] M—— n F
+o |- |
° 5 a7
0os i ELEVAT!ON
1 | i F=CyPybr

L. Walls Parallel to x axis

Table 4.2 Excel Sheet showing walls parallel to x axis

Z(a'j *xj) Z(ai *-Vi)
Xy =————3265m Jy,=————= 5.18m

Za, Lo,
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I, =%(x,*(y, _J’o)z)"' I(a, * (x, —x0)2)= 356911.4 m*

WINDLOAD IN X-AXIS

SRORY NAME HEIGHT TOTALHEIGHT K2 VB[M/S)  Vz=K1°K2*KP2=0.6°V2*2 Eff. Height  Eff. surcacearea  Cf
ISTFLOOR 3 3 08 3 3198 0614 15 u1 115

NDFLOOR 3 6 082 3 3198 0614 3 24 115 2075,
3RDFLOOR 3 9 08 EI Y] 0514 3 B4 L5 075
ROOF FLOOR 3 39 2mn

Table 4.10 -Showing loads on each floor level in X axis

Geometrical Imperfection load per floor =16.66KN
Wind Load in Directional each level including GI Load:
Roof = 14.5+16.66= 31.16KN

Floor 3 =20.75+16.66=37.41 KN

Floor 2 =20.75+16.66=37.41 KN

Floor 1 =10.38+16.66=27.04 KN

M. Walls Parallel to y axis

Vaeg nr. Relativ stivhed
parallel med -Vzelg a,b.c.deller
| y-aksen Laengde ef

Table 4.3 Excel sheet showing walls parallel to y axis

e, *x, 5aty,
xo—%sz.esm T

J i

56911.4m*
I, =%(a,* (3, - y) )+ Z(a, *(x, - x,)°) = m
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N. Load on Each Walls y-axis
Load On Each Floor are shown below

Table 4.4 showing loads on each floor level
Wind load in y direction at each level including gi load
Roof = 96+16.66=112..66 KN
Floor 3 =137+16.66=153.66 KN
Floor 2 =137+16.66=153.66 KN
Floor 1
O. Local Stability of Wall
The walls are checked for
e  Overturning Check.
e Sliding Check.
Overturning Check
e=M/N < L/2 (safe)
e is the eccentricity
M is the cumulative value of moment at floor level.
N is the cumulative value of vertical Load
L is the Length of Wall
Sliding Check
H<pN (safe )
H is the cumulative horizontal load at that level
u is the coefficient of friction 0.5
N is the total cumulative load
V. RESULT AND DISCUSSION
A. Comparison of Stability Analysis
60
53 523
50
40
329329
Z 30 28 m 1st floor
2. m 2nd floor
20 4 183 3rd floor
34 m Roof
10 -
0 A T T T 1
1S CODE Euro Code

FIG .5.1 Compadsameabantefndnstoac amescbrfioardseel at Wall no.22
AND INDIAN CODE
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45 - 43 43
35 4

215 1 L A 35t Floor
) ——H 1 2nd Floor
15+ 12 1 3rd Floor

11 W 4th Floor
05

15 CODE EURO CODE

FI1G.5.2Comparision chart of wind load on each floor level at Wall no.21

Wall no22 Yaxis

IS CODE EURO CODE
Roof Floor 24.1KN 13.4KN
3rd Floor 32.9KN 52.3KN
2nd Floor 32.9KN 52.3KN
1st Floor 18.3KN 28.2KN

Wall no 21 Yaxis

IS CODE EURO CODE
Roof Floor 1.2KN 1.1KN
3rd Floor 1.7KN 4.3KN
2nd Floor 1.7KN 4.3KN
1st Floor 0.9KN 2.3KN

FIG 5.3 Loads on Each Floor

e The graph shows the wind load on each floor right side shows the wind load on each floor which is fined by applying Euro code
BS EN 1991-1-4 in which we have taken the basic wind speed 24m/s and left-hand side graph represent the wind load on each
floor which is find by applying Indian code IS 875 Part 3 in which we assumed that basic wind speed is 39m/s.

e But after applying the greater value of basic wind speed 39m/s in case of Indian code-based solution the load in the wall is
lesser than the load on same wall calculated on the basis of Euro code.

e It is clear that Euro code provide more factor of safety as compare to Indian code because it provides higher value of load on
the lesser value of basic wind speed.

e Due to which the cost of the same construction project with Euro Standard is more costly than the Indian Standard because of
more construction material. it is because it provides more design load. Which means it gives more concern to safety and
provides more factor of safety as compared to Indian standard.
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B. Stability Check of Walls

Wall no 22
stability check
overturning moment WEIGHT ABOVE M/w L/2=4.77m

overturning about'a’  40.2KN/M 118.5KN 0.3am 4.77m SAFE
overturning about'b'  237.3KN/M 237KN im 4.77m SAFE
Overturning about'C’  591.3KN/M 355.46KN 1.66m 4.77m SAFE
overturning about'd’  1029.9KN/M 474KN 2.17m 4.77m SAFE
SLIDING CHECK sliding load weight friction coff. stabilizing load

ABOUT 'a' 13.4KN 118.5KN 0.5 59.25KN SAFE
about 'b' 52.3KN 237KN 0.5 118.5KN SAFE
about 'c' 52.3KN 355.46KN 0.5 177.7KN SAFE
about 'd’ 28.2KN 474KN 0.5 237KN SAFE

VI. CONCLUSION AND SUGESSTION

A. Conclusion

In this study of comparison of stability analysis of SNEADKERHAVEN building. The stability of the structure is found out by

using different code i.e., Euro code and Indian code where the researcher calculate the stability of structure by manual method using

wind analysis for this study the data is taken from the Ramboll company Gurgaon.

The results of the comparative study led to the following conclusions-

1) In European Code we used basic wind velocity 24m/s where we get and in comparison, to Indian code we used basic wind
velocity 39m/s where we get. Therefore, we found that even after taking less wind velocity in case of European code it provides
high wind load in comparison to Indian code where the wind velocity is higher but still the wind load is low. Which clearly
shows that European code use more factor of safety into consideration while designing of structure that is why it can bear more
loads.

2) From the above study of manual calculation of stability analysis of sneadkerhaven building it has concluded that building is
stable in all the aspect and can resist all the loads which occur in its life span studied from both euro code and Indian code.

3) More factors are considered for stability analysis in Euro code as compared to Indian code such as mass load which is taken
into consideration while doing calculation in euro code for low seismic zone while on other side of Indian code there are no
such parameters.

4) It also been personally observed that calculation from European code is much more complex than Indian code because it
contains more specific terms which makes its complex but despite it make euro code more accurate and more practical.

B. Suggestion

1) Both the codes are good at their level but there are certain parameters which taken into consideration in European code but not
on Indian code. Therefore, if not using Euro code we must take certain parameter of euro code into consideration for safety of
structure example like mass load for low seismic zone.

2) Euro code must be use for big project like construction of dams, highways, railways etc. as they have long life span and
required a high level of safety.
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