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ABSTRACT

The research reviewed the structural systems used for buildings with long
spans. The use of the grid slabs for long spans was studied using the finite element
method. The primary objective was to carry out a parametric study of the effect of
spacing and depth of ribs for grid slabs used in long spans. A three — storeys building
was selected and analyzed under dead loads using Structural Analysis Program
(ETABS). The grid slabs were used as a distribution of fixed width ribs with varying
spacings and the depths which were varied until suitable depth and spacing was
obtained based on the results of the vertical displacements. This was considered to be
the optimum grid system. A six- storeys concrete building, of known results, was
then analyzed and designed using the optimum grid system (ETABS). The dead and
live loads and wind loads were applied to the building and the results were checked
by comparing them with published results. The comparison showed close agreement
between the results.

This confirmed the accuracy of the optimum grid system. The case study
building was chosen as Altadamon tower (ALTBT). The steel truss system used in
long spans was replaced by a concrete grid slabs system which was analyzed and
designed using the optimum grid system (ETABS). The dead, live and wind loads
were applied to the selected building (ALTBT). The design results were verified and
checked according to BS 8110 requirements, thus confirming the correctness of the

proposed grid system.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction:

Grid systems consist of beams spaced at regular intervals in perpendicular
directions, monolithic with slab. They are generally employed for structural reasons
for large spans such as auditoriums, theatre halls and show rooms of shops where
column free space is often the main requirement. The sizes of the beams running in
perpendicular directions are generally kept the same. From study of literature, it can
be understood that the economy of a grid slab is not only affected by the geometry,
but also the design parameters.

The following are some of the parameters that affect the overall cost of grid floor:
1- Size of grid floor and spacing of ribs (in x and y directions)

2- Grade of concrete and grade of steel

3- Live load on the slab

4- Thickness of slab, width of rib and depth of rib

However, the structural design is controlled by thickness of slab, width of rib and
depth of rib. Hence, the study of their effect on the cost of the grid floor is important.
(Ponnada, M.R., 2014).

Approximate methods, such as equivalent static analysis, Rankine and Grashoff
method and analysis by plate theory were previously used to analyse grid floor
systems. (Halkude and Mahamuni, 2014).



Accurate matrix and numerical methods such as the stiffness method and the finite

element method are frequently used nowadays. (Halkude and Mahamuni, 2014).

The finite element analysis can be extended to non linear analysis including static

and dynamic nonlinear analysis (response spectrum method or time history method)

The analysis is usually carried out using package programs such as ETABS.

1.2 Research problem statement:

As stated above the structural design of grid systems is controlled by the thickness of
slab, width of rib and depth of rib. Accurate analysis based on the finite element
method is to be used to evaluate the effect of these on the cost of the grid. Package
computer program systems such as ETABS are to be used to carry out a parametric
study of the effect of factors which enables the evaluation of cost reduction and

choice of the optimum combination of spacing and depth.

1.3 Research Objectives:

1- To present a review of the different types of grid system slabs that are used in
large span buildings.

2- To study the use of numerical methods of analysis and design of grid slabs.

3- To carry out a parametric study of the effect of spacing and depth of ribs.

4- To obtain an optimum grid system based on a parametric study using ETABS for
grid slabs.

5-To perform the analysis and design of Altadamon tower, as a case study, using the

optimum grid system and ETABS.

6- To verify the accuracy, according to the British standards, of the analysis and

design results obtained.

1.4 Methodology:

Firstly, a comprehensive literature review based on references and published papers



were carried out. The review included ribbed and grid slabs.

Secondly, the necessary analysis and design data and parameters were obtained and
the theoretical background and how to use ETABS in modeling grid systems was
studied.

Thirdly, the parametric study was carried out based on selected grid systems applied
on a three floors building and a six floors building under gravity and lateral loads.
Fourthly, the application of the optimum grid system obtained to analyze and design
the case study building, and to check for wind load.

Finally, conclusions and recommendations were drawn and the research thesis was

prepared.

1.5 Thesis of Outlines:

e Chapter one presents general introduction including the problem statement,
objectives, methodology and out lines.

e Chapter two presents literature review including grid slabs and ribbed slabs,
types of grid systems, how to use grid systems and a review of previous
research work.

e Chapter three presents the necessary analysis and design data and parameters
and explains how to use ETABS program in modeling grid systems.

e Chapter four presents the parametric study based on variable spacing and
depth of ribs applied on a three floors building and six floors building under
gravity and lateral loads.

e Chapter five presents Altadamon tower model and its analysis and design and
check for wind load

e Chapter six presents conclusions and recommendations.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction:

Ribbed slabs are made up of wide band beams running between columns with
narrow ribs spanning the orthogonal direction normally the ribs and beams are the
same depth. A thin topping slab completes the system. (https://aww.concrete

centre.com> floors, December 2017)

A grid slab is a type of building material that has two-directional
reinforcement one the outside of the material, giving it the shape of the pockets on a
waffle as shown in Figure (2.1).( khorajiya et.al)

An assembly of intersecting beams placed at regular interval and interconnected to a
slab of nominal thickness is known as grid floor or waffle floor. These slabs are used
to cover a large column free area and therefore are good choice for public assembly
halls. The structure is monolithic in nature and has more stiffness. It gives pleasing
appearance and the maintenance cost of these floors is less. Construction of the grid
slabs is cost prohibitive. By investigating various parameters, the cost effective
solution can be found for the grid slabs, for which proper method of analysis need to
be used. There are various approaches available for analyzing the grid slab system.
(Bhatia and Golait, 2016), (Halkude and Mahamuni, 2014), (Halkude et. al., 2015).

Grid slabs are generally employed for structural reasons for large spans such
as auditoriums, theatre halls and show rooms of shops where column free space is

required and the ceiling is advantageously utilized for concealed architectural


https://aww.concrete/

lighting. The sizes of the beams running in perpendicular directions are generally
kept the same. From study of literature, it can be understood that the economy of a

grid slab is not only affected by the geometry, but also the design parameters.

The following are some of parameters that affect the overall cost of grid
floor: Size of grid floor and spacing of ribs (in x and y directions) ,Grade of concrete
and grade of steel, Live load on the slab and thickness of slab, width of rib and depth
of rib. However, the structural design is controlled by thickness of slab, width of rib
and depth of rib. Hence the study of their effect on the cost of grid floor is important.
(Santhosh et. al, 2016), (Halkudev et. al, 2015), (Halkude and Mahamuni,
2014),(Sathawane and Deotal).

2.2 Historical back ground:

2.2.1 Types of one way ribbed slab:

As stated by Alzanen, 2012 in his comparison between hollow block slabs
and flat slabs in design and cost carried out by introducing voids to the soffit of a
slab reduces dead weight and increases the efficiency of the concrete section. A
slightly deeper section of one way joists is required but these stiffer floors facilitate

longer spans and provision of holes.

Such floors are economic in the range 8 to 12m. The saving of materials tends
to be offset by some complication in formwork. Polystyrene moulds has made the
choice of trough profile infinite and largely superseded the use of standard T moulds.
Ribs should be at least 125mm wide to suit reinforcement detailing. Figure (2.2)

shows such one way joists (Alzanen, 2012).

One way joists with wide beams as with solid slab arrangements, has a
relatively wide, shallow cross section which reduces the overall depth of floor while
permitting longer spans. Used in car parks, offices, where spans in one direction are

predominant and live loads are relatively light, slab spans up to 10m(centre line



support to centreline 16m are economic). Figure (2.3) shows one way joists with
wide beams. (Alzanen, 2012).

Troughed slabs are popular inspans up to 12m as they combine the

advantages of ribbed slabs with level soffits. Economic depths depend on the widths

of beams used. The Figure (2.4) shows troughed slab. (Alzanen, 2012).

As stated by Alzanen, 2012 and (www.Scaff.com> decking> trough, 2017)

advantages, disadvantages and features of one way ribbed slab are:

Advantages are: medium to long spans, Light weight, holes in topping easily
accommodated and large holes can be accommodated.

Disadvantages are: higher from work costs than for other slab systems slower and
slightly greater floor thickness.

Features are: one way spanning ribbed slabs can achieve longer spans than
traditional flat slabs, reduces concrete volumes, potential for reduction in slab
thickness and weight, good quality finish achievable for exposed soffits subject to
specification, light weight and easy to fix and strike and detailed take off service

available.

2.2.2 Types of grid slabs:

As present Khorujiya et.al Diagrid grid slab as shown in Figure (2.5),
orthogonal grid slab as shown in Figure (2.6), and three- way grids for
triangular& hexagonal areas as shown in Figure (2.7).

As presented by Rajkumar and Venkateswarlu, 2017 and Bhatia and Golait, 2016 the
advantages, features, uses and benefits of grid slabs are:

Advantages of grid slab are: grids are very efficient in transferring concentrated
loads and in having the entire structure participate in the load carrying action, reduce
the depth to span ratio of rectangular grids and reduction in depth towers, structural
and other cost by reducing the height of the building.

Features of grid slab are: They are used on flat sites, no beam excavation is

required, no controlled or rolled fill is used, Courd board slab panel/void formers are

6
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used, Slab panels are on 1 meter grids (approximately), Trench mesh or individual
bars can be used and there is minimal concrete volume.

Uses of grid slab are : grid slabs can be used as both ceiling and floor slab used in
the areas where number of columns are provided i.e., it is basically used in the areas
which has huge spans, used for specialized projects that involves clean rooms, spaces
requiring seclusion from low frequency vibration or those needing low floor
deflections, the concrete grid slab is often used for industrial and commercial
buildings while wood and metal waffle slabs are used in many other construction
sites, This form of construction is used in airports, parking, garages, commercial and
industrial buildings, residences and other structures requiring extra stability and the
main purpose of employing this technology is for its strong foundation characteristics
of crack and sagging resistance. Grid slab also holds a greater amount of load
compared with conventional concrete slabs.

Benefits of grid slab are: all elements of the space grid contribute to the load
carrying capacity, loads are distributed more evenly to the supports, this can reduce
the cost of the supporting structures especially when heavy moving loads may be
applied to the space grid (e.g. overhead cranes),deflections are reduced compared to
plane structures of equivalent span, depth and applied loading, assuming that the
structural elements are of similar size and the open nature of the structure between
the two plane grids allows easy installation of mechanical and electrical services and

air-handling ducts within the structural depth.

Figure 2.1: Grid slab system (khorajiya et.al).



Figure 2.3: One way joists with wide beams (Alzanen, 2012).
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Figure 2.4: Troughed slab( Alzanen, 2012).

Figure 2.5: Diagrid grid slab (khorajiya et.al).

Figure 2.6: Orthogonal grid slab (khorajiya et.al).



Figure 2.7: Three way grids for triangular& hexagonal areas (khorajiya et.al).

2.3 Previous studies:

Bhatia and Golait, 2016 Studied the response of flat slabs grid slabs systems
in conventional RC Buildings: They stated that: the analysis can be performed on
the basis of external action, the behavior of structure or structural materialsand the
type of structural model selected. Based on the type of external action and behavior
of structure, they further classified the analysis follows: equivalent static analysis,
nonlinear static analysis, response spectrum method and time history method.

,Halkude and Mahamuni, 2014, stated that grid system is highly redundant structural
system and therefore statically indeterminate. Various approaches available for the
analysis of grid floor frame were listed as follows: Analysis of grid by Rankine-
Grashoff method which is an approximate method. It is based on equating
deflections in either direction at the junctions of ribs. This method is suitable for
small span grids with the spacing of ribs not exceeding 1.50 m. In this method the
slab is considered as simply supported on edges as shown in Figure (2.8). Bending,
torsion moments and shears are obtained per unit width of slab strip. Plate Analogy
method which is rigorous method of analysis. This is based on Timoshenkos
analysis of orthotropic plate theory considering plane stress analysis. As in Rankine-
Grashoff method, in this method also the analysis is done by considering the grid
simply supported on edges as shown in Figure (2.8). Bending, torsion moments and

shears are obtained per unit width of slab strip. Stiffness method which method is

10



based on matrix formulation of the stiffness of the structure and gives closed form
solution. By using this method the analysis can be done by considering rigid supports
as well. Various application softwares are available to carry out analysis by this
method. Halkude and Mahamuni,2014, their work while analyzing grid floor frame
by stiffness method, the simple supports were considered at closer distance so as to
simulate the support conditions similar to Rankine-Grashoff method and plate

theory- as shown in Figure (2.9).

Santhosh et al, 2016 stated that ETABS was used to analysis the R.C moment
resisting frame structure of ground+ five storeys(G+5) considering the gravity and
lateral loads. The following conclusion was drawn from theis work:
i.  Maximum time period is 3.53901sec for model 1 in the structure

ii.  For maximum time period the natural frequency is 0.28256 cycles/sec

iii.  Maximum axial forces in the structure is 23031.36 kN

iv.  Maximum diaphragm drift is 0.0077

v. Design of R.C.C column size 230*450 mm (reinforcement 8no,s @12dia )

0.874% reinforcement
vi.  Designs of R.C.C slab 200mm thickness 8 mm dia 230mm spacing.

Chowdhury and Singh, 2010, stated that: some designers apply Rankine Grashoff
theory for design of waffle slab. In this method, waffle slab is assumed to be simply
supported on all four edges. Figure (2.10) shows plan of grid floor and displacements
at the centre of the slab in x and y directions are assumed to be compatible”.They,
also stated that Finite Element Analysis (FEM) is used for many real life waffle
structures, having complicated boundary conditions. To arrive at the correct solution.
However, accuracy of the solution is restricted by availability of the right kind of
plate element in the finite element library and degree of mesh refinement. It has been
often found that despite the best meshing; the results obtained have either an upper or
lower bound solution compared to exact analysis. "Additionally, intense labour
involvement in development of the mathematical model, preparation of input data
and extraction of design parameters for final design often makes the analysis
expensive and time consuming. Clearly, these factors do not make FEM an automatic

choice".
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Mallick and Bhushan(1983) had furnished solutions to the problem of analysis by
considering the waffle slab as grillage beam, providing an approximate solution to
the system, wherein they had clearly stated that their approach may only be used for

preliminary design and that it must be substantiated by a detailed computer analysis.
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CHAPTER THREE

LOADS ON GRID SYSTEMS AND METHOD OF
ANALYSIS AND DESIGN

3.1 Introduction:

Loads in buildings are higher than those in ordinary buildings, in order to
increase the value of loads and the high impact of lateral loads.Therefore, the types
of materials used. Review of the loads that are exposed to high buildings and loads in
terms of type and value in addition to explaining how calculation of wind loads on

high buildings, it willalso explain how to use the ETABS program.

3.2 Loading: (Smith and Coull, 1991)

Loading on tall buildings differs from loading on low- rise buildings in its
accumulation into much larger structural forces, in the increased ignificance of wind
loading, and in the greater importance of dynamic effects.The collection of gravity
loading over a large number of stories in a tall building can produce column loads of
an order higher than those in low- rise buildings. Wind loading on tall building acts
not only over avery large building surface, but also with greater intensity at the
greater heights and with a larger moment arm about the base than on a low- rise
building. Although wind loading on a low- rise building usually has an insingnificant
influence on the design of the structure, wind on a high- rise building can have
adominant influence on its structural arrangement and design. In an extreme case of a
very slender or flexible structure, the motion of the building in the wind may have to

be considered in assessing the loading applied by the wind.
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In earthquake regions, any inertial loads from the shaking of the ground may
well exceed the loading due to wind and, therefore. Be dominant in influencing the
buildings structural from, design, and cost. As an intertial problem, the buildings
dynamic response plays a large part in influencing and in estimating the loading on

the structure.

3.2.1 Gravity loading: (Smith and Coull,1991)

Although the tributary areas and therefore the gravity loading. Supported by the
beams and slabs in a tall building do not differ from those in a low- rise building.
The accumulation in the former of many stories of loading by the columns and walls
can be very much greater. As in a low- rise building.:

o Dead loading is calculated from the designed member sizes and estimated
material densities. This is prone to minor inaccuracies such as differences between
the real and the designed sizes, and between the actual and the assumed densities.

o Live loading is specified as the internsity of a uniformly distributed floor load

according to the occupancy or use of the space. In certain situations such as in

parking areas, offices and rooms, it should be considered for the alternative worst
possibility of specified concentrated loads.The magnitudes of live loading specified
in the codes are estimates based on a combination of experience and the results of
typical field surveys. There are differences between the live load magnitudes in the

codes of different countries.

3.2.2 Wind load: (Smithand and Coull,1991)

The lateral loading due to wind or earthquake is the major factor that causes
the design of high- rise buildings to differ from those of low-to medium rise
buildings. For buildings of up to about 10 stories and of typical proportions, the
design is rarely affected by wind loads. Above this height, however, the increase in
size of the structural members, and the possible rearrangement of the structure to
account for wind loading, incurs a cost premium that increases progressively with
height.
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With innovations in architectural treatment, increases in the strengths of
materials and advances in methods of analysis, tall building structures have become
more efficient and lighter and, consequently, more prone to deflect and even to sway
under wind loading. This served as a spur to research. This has produced significant
advances in understanding the nature of wind loading and in developing methods for
its estimation. These developments have been mainly in experimental and theoretical
techniques for determining the increase in wind loading due to gusting and the

dynamic interaction of structures with gust forces.

The foreword of BS 6399-2 makes it clear that, like CP3-V-2, BS6399-2 is
intended for use only for sites in the UK.Nevertheless, many countries accept designs
assessed to the current UK standard, so the relevant procedure is given. This is
explained in more detial below. Only the basic wind speed and climate factors are
unique to the UK, so there is need to obtain the relevant site wind speed, Vs, for the
overseas site. This is the hourly- mean wind speed at 10m above open level ground
appropriate to the geographical location of the site. This is a standard meteorological

parameter, so should be available from the local meteorological authority.

If given a gust wind speed compatible with CP3-V-2, it should be treated as
follows:
- Take the gust speed to be the effective wind speed,Ve, for H= 20m in country
terrain, in the standard method.
- Determine Vs by dividing the gust speed by the terrain- and- building factor for the
reference terrain in appendix A (Table A5)
- Determine the appropriate value of Sb for the relevant effective height and site

location, from Table 4 and multiply by Vs to obtain Ve.

- Basic wind speed Vb= 44.704 m/s

- Site in town Hr=20m

- Building type factor Kp=1 ('see appendix A Table A3)

- The dynamic augmentation factor ~ Cr=0.064 (see appendix A Figure Al)
- Direction factor Sd=0.85 (see appendix A Table A4)

- The terrain and building factor obtained= Sb ( see appendix A Table A5)
- Internal pressure coefficient Cpi =-0.3 ('see appendix A Table A6)
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3.3 Numerical methods of analysis: (Lui,Y., 1998)
The main numerical methods of structural analysis are:
e Force or flexibility method
e Displacement or stiffness method
e Finite element method
The method, mostly used and adopted here is the finite element method. The basic
concepts finite element method are as follows:

The finite element method (FEM), is based on the idea of building a
complicated objet with simple blocks, or, dividing a omplicated object into small and
manageable pieces. Application of this simple ideal can be found every where in
every day life as well as in engineering.

FEM in structural analysis procedures is as follows:

- Divide structure into pieces(element with nodes).

- Describe the behavior of the physical quantities on each element.

- Connect (assemble) the elements at the nodes to form an approximate system of
equations for the whole structure.

- Solve the system of equations involving unknown quantities at the nodes (e.g.,
displacements).

- Calculate desired quantities (e.g., strains and stresses) at selected elements
Invention of programs that work on the analysis and design of high buildings
contributed to save time and effort and high a ccuracy in the results. These programs
work on the system of finite elements, where the origin is divided into small
elements in the form of a network and examples of these programs are (SAP,
ETABS, STAAD prog) .1t is worth mentioning that the elements for columns, beams
and ties are know in these programs as frame elements, and those for slabs, shear
walls and ramps as shell elements.In this research analysis and design has been
carried out using ETABS.

3.4 ETABS computer program:
3.4.1 General (Ali, 2016)

The special features of the ETABS program greatly reduce the amount of
input required. This includes the definition of beams and columns as a simple grid

system rather than a complex materix of nodes and elements. The in herent
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assumption of rigid floor system in ETABS makes it idea for defining floor systems
in high rise buildings.

3.4.2 ETABS features: (Ali, 2016)

ETABS is special purpose computer program for the linear and non- linear
static and dynamic analysis of buildings. ETABS offers a comprehensive 3-D
analysis and design for multi storey building structures. A complete suite of windows
graphical tools and utilities are included with the base package, a modeler and a
post. Processor for viewing all results, including mode shapes, forces diagram and
deflected shapes. The ETABS buildings may be un-symmetrical and non-rectangular
in plan. The program considers a building system as an assemblage of vertical frames
interconnected at eash storey level by horizontal floor diaphragms. The vertical
frames are idealized as an assemblage of column, beam, brace and wall elements
inter connected by horizontal floor diaphragm slabs which may be rigid or flexible in

their own plane.

3.4.3 Basic process:

The following provides abroad over view of the basic modeling, analysis, and
design processes: Figure 3.1 shows the model unitization, Figure 3.2 shows grid
options in new model quick templates, Figure 3.3 shows the define storey levels,
Figure 3.4 shows the dfine material property, Figure 3.5.a and 3.5.b shows the define
section properties& detail reber, Figure 3.6 shows the define slab, Figure 3.7 shows
the define shear wall, Figure 3.8 shows assign restraints, Figure 3.9 shows the auto
edge constrains, Figure 3.10 shows the assign diaphragms, Figure 3.11 shows the
define load patterm& wind data, Figure 3.12 shows the define load combnation,
Figure 3.13 shows the enter load values, Figure 3.14 shows automatic rectangular
mesh setting for floor& wall, Figure 3.15 shows check model, Figure 3.16 shows
macth analysis and design, Figure 3.17 shows success sections in the design test,
Figure 3.18 shows the slab for export from ETABS to SAFE, Figure 3.19 shows
import slab from program ETABS to SAFE, Figure 3.20 shows the design

preferences code, Figure 3.21 shows the main cover slabs, Figure 3.22 shows
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determination of concrete cover for beams and the results are obtained in similar

Figures as shown in chapter five and Figure 3.22 shows run and display show slab
design.
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Figure 3.1: Model unitization

—

: 2
New Model Quick Sm];]))e Story Custom Story
Templates i Data
~ 75 x A
e ==
i e Vo Gt Terps L
G Dimensons () Sory [erens hes
| Undorm Grd Speong 1) Sephe Stecy Date
. Custen Grd Spaceg 8 Caatzrs Sury Das
Specty Dots for Gad Les | ERGAIDutn. | Seecty Cuton S Dty | E® Son Can.

449 Strecturs| Decte

NacC

Bank GOy

Staggeret Tiies FutSid Flat Sob wit Watfe Hab Two \vax o1

oK | Cancdl
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CHAPTER FOUR

PARAMETRIC STUDY

4.1 Introduction:

The parametric study was based on analysing a three storey building using six
storey combinations of different depth, width and spacing of ribs. The analysis was
carried out using ETABS. Frame elements were used for columns and beams and
shell elements were used for slabs. The optimum model obtained from the study was
used to analyse and design a six storey building. The lateral stability under wind load

was checked.

4.2 The Three Storey Building (TSB) Data:

The material and geometric properties of the 3- story building are presented
in Table (4.1).

Table 4.1: Material and geometric properties of 3- storey.

Material name concrete
Type of material Isotropic
Mass per unit volume 2.4 KN/m3
Modulus of elasticity 32 kN/mm?
Poisson ratio 0.2

Grade of concrete 20 N/mm?
Grade of steel 415 N/mm?
Thickness of slab 200 mm
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The loading on the building, dead load only, was as follows:
- Own weight from slab is calculated, based the variable dimsions, taking the unit
weight of concrete as 24 kN/m3

- Finishes +partitions loads= 4 kN/m?

4.3TSB Grid System (1) Building (GS1):

4.3.1 GS1 Model:

GS1 model was composed of a grid with 0.38 m depth, 0.23 m width and
2m* 2m spacing. The information shown in the Table (4.2) was used in the analysis

by the ETABS program. Figure (4.1) illustrates the plan and final model of the GSL1.

. Table 4.2: GS1 model properties

No | Item Dimension

1 Plane dimensions 12*12m

2 Length in x- direction 12m

3 Length in y- direction 12m

4 Floor to floor height 3.0m

5 Number of stories height G+2

6 | Total height of the building 9m

7 Size of column 230*450 mm
8 Panel dimension 4m*4m

31




(a) Plan

(b) Final model

Figure 4.1: Plan and final model of GS1.
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4.3.2 GS1 Analysis Results and Discussion:

The dead load was applied to CB1 and the displacements were found as

shown in Table (4.3). The maximum displacement was found to be equal to
4976.13 mm (4976.13mm > L/250=48mm) which is not acceptable. Therefore,

the spacing was changed from 2 meters to 1 meter and the depth reduced

resulting in Grid system (2) building (GS2).

Table 4.3: Maximum displacements for GSL1.

TABLE: Joint Displacements

Story *  label - UniqueName~ Load Case/Combo - U - uwy - vz
Story3 35 126{Combl -0.000006413 -D.DDDDDGSSI-
Story3 3 119{Combl -0.000006411 2313 -4916.14
Story3 37 132|Combl -0.000006411 -2.313 -4916.14
Story3 M 123|Combl -0.000006412 1313 -4765.774
Story3 36 129{Combl -0.000006412 -1.313|  -4765.774
Story3 25 96{Combl 5.986| -0.000006562|  -4672.023
Story3 45 156{Combl -3.986| -0.000006562|  -4672.023
Story3 30 111|Combl 3.26| -0.000006561)  -4668.881
Story3 40 141|Combl -3.26| -0.000006561|  -4668.881
Story3 23 89[Combl 6.152 2,394  -4660.186
Story3 27 102{Combl 6.152 -2.394  -4660.136
Story3 43 143{Combl -6.152 2,394  -4660.186
Story3 47 162|Combl -6.152 -2,394|  -4660.186
Story3 2 108|Combl 3.39 3.099 -4659.838
Story3 i1 114{Combl 3.39 -3.099|  -4659.838
Story3 39 138{Combl -3.39 3.099| -4659.838
Story3 41 144{Combl -3.39 -3.099]  -4659.838
Story3 4 93|Combl 74 1291 -4436.43
Story3 26 99|Combl 74 -1.291 -4436.43
Story3 44 153{Combl -14 1.291 -4436.43
Story3 46 159{Combl -14 -1.291 -4436.43

4.4 TSB Grid system (2) Building (GS2):

4.4.1 GS2 Model:

GS2 model was composed of grid with 0.38m depth, 0.23m width and

Im*1m spacing. Figure 4.2 illustrates the plan and final model of GS2.
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Figure 4.2: Plan and final model of GS2.
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4.4.2 GS2 Analysis Results and Discussion:

The dead load was applied to GS2 was found to be equal to 4063 mm

(4063mm > L/250= 48mm) which is not acceptable. Therefore, the spacing was

changed from 1 meter to 0.5 m with the original depth of GS1. This resulted in Grid

system (3) building (GS3).

Table 4.4: The maximum displacements for GS2.

TABLE: Joint Displacements

Story T label -~ Unique Name ~ LoadCase/Combo-T UX ~  UY ~ uz |
Storyl 139 550{Combl 1.947 -0.492-
Storyl 73 262|Combl -1L.876 -1.07 -4063.608
Storyl 81 286|Combl -2.455 0.817 -4063.6
Storyl 147 574|Combl 137 1,394 -4063.439
Storyl 131 511|Combl 1528 -0.715 -3955.969
Storyl 26 301|Combl -1.458 -1.149 -3955.964
Storyl 54 325|Combl -2.036 1.04 -3955.962
Storyl 134 535|Combl 0.951 1474 -3955.827
Storyl 115 430{Combl -0.542 1073 -3848.448
Storyl 112 406|Combl 0.035 -0.754 -3848.439
Storyl 140 553|Combl 2,169 -0.237 -3840.529
Storyl 74 265|Combl -2.243 -0.815 -3840.522
Storyl 80 283|Combl -2.677 0.362 -3840.516
Storyl 146 571|Combl 1.736 1.139 -3840.451
Storyl 107 391|Combl -1.12 1.148 -3748.834
Storyl 120 445|Combl 0.613 -0.823 -3748.827
Storyl 104 367|Combl -0.542 -0.968 -3743.326
Storyl 123 469|Combl 0.035 1.293 -3748.817
Storyl 24 355|Combl -1.6 1,266 -3726.333
Storyl 127 431|Combl 1.093 -0.941 -3726.833
Storyl 98 337|Combl -1.022 -1.23 -3726.83
Storyl 128 499|Combl 0.515 1355 -3726.765

4.5 TSB Grid System (3) Building (GS3):

4.5.1 GS3 Model

GS3 model was composed of grid with 0.38m depth, 0.23 m width and

0.5*0.5 mm spacing. Figure (4.3) illustrates the plan and final model of GS3.
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Figure 4.3: plan and final model of GS3.
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4.5.2 GS3 Analysis reuslts and Discussion:

The dead load was applied to GS3 and the maximum displacements were
found as shown in the Table (4.5). The maximum displacements was found to be
equal to 5.553mm which is acceptable but may not be economical due to the
additional quantiy of material required. This model is equivalent, in meterial
quantity, to amodel with adepth of 1520 mm(4*380mm) for agrid of 2m*2m
spacing.This was taken as Grid System(4) building (GS4).

Table 4.5: The maximum displacements for GS3.

TABLE: Joint Displacements
Story 1 label -  UniqueName ~ loadCase/Combo T UX + LY ~ vz

Storyl 142 3177 Comhl -0.0004354 -0.0003?65-
Storyl 158 3241|Comb1 -0.0004554|  0.0003765 -5.553
Storyl 484 4545|Combl 0.0004554| -0.0003765 -5,533
Storyl 500 4609|Combl 0.0004554|  0.0003765 -5.553
Storyl 107 3077|Combl -0.001| -0.0003637 -5.515
Storyl 133 3141|Comhl -0.001| 0.0003687 -5.515
Storyl 509 4645|Combl 0.001] -0.0003637 -5,315
Storyl 525 4709|Combl 0.001) 0.0003687 -5.515
Storyl 143 3181|Combl -0.001| -0.0003419 -5.513
Storyl 157 3237|Comhl -0.001{ 0.0003419 -5.513
Storyl 485 4549|Combl 0.001) -0.0003419 -5.513
Storyl 493 4605|Combl 0.001) 0.0003419 -5.513
Storyl 113 3081|Comhl -0.001| -0.0003338 -5.31
Storyl 132 3137|Comhl -0.001)  0.0003338 -5.41
Storyl 510 4649|Combl 0.001) -0.0003338 -5.51
Storyl 524 4705|Combl 0.001] 0.0003338 -5.51
Storyl 167 3277|Comhl -0,0003393 -0.0004191 -5442
Storyl 183 3341|Combl -0.0003993|  0.0004191 -5.442
Storyl 459 4445|Combl 0.0003993| -0.0004191 -5.442
Storyl 475 4509|Combl 0.0003393| 0.0004191 -5442
Storyl a3 3861|Combl 2.21E-10)  -0.000364 -5.337
Storyl 3 3925|Comb1 -2.21E-10)  0.000364 -5.337
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4.6 TSB Grid System (4) Building (GS4):

4.6.1 GS4 Model:

GS4 model was composed of grid with 1.52m depth, 0.23m width and
2m*2m spacing. Figure (4.4) illustrates the final model of GS4.

Figure 4.4: The final model for GS4.

4.6.2 GS4 Analysis Results and Discussion:

The dead load was applied to GS4 and the maximum displacements were found as
shown in Table (4.6). The maximum displacement was found to be equal to 4.145
mm which is acceptable but the depth is large and will reduce the height of the floor
so it impractical. Hence the equivalent model of 760 mm (2*380mm) depth with
1.0m*1.0m spacing was considered as Grid System (5) building (GS5).
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Table 4.6: The maximum displacements for GS4.

TABLE: Joint Displacements

Story -7 Label - Unique Name - Load Case/Combo -T Ux - uy |~ UZ .l
Story3 33 114|Combl -1E-10 -1.1?E-1EI'-
Story3 28 33|Combl 0.001 -1.168E-10( -3.958
Story3 38 129|Combl -0,001|  -1.168E-10| -3.958
Story3 32 111|Combl -1E-10 0.0003251| -3.945
Story3 34 117|Combl -1E-10( -0.0003251| -3.945
Story3 ] 22|Combl 0.002 -0.001  -3.701
Story3 7 26|Combl -0.002 -0,001  -3.701
Story3 12 46|Combl -0.002 0.001] -3.701
Story3 13 50|Comb1l 0.002 0.001| -3.701
Story3 23 84|Combl 0.002 -1.152E-10[ -3.538
Story3 43 144|Combl -0.002|  -1.152E-10| -3.338
Story3 i1 107|Combl -9.949E-11 0.001] -3.493
Story3 35 120|Combl -9.949E-11 -0.001| -3.493
Story3 22 81|Combl 0.003 0.0002665 -3.363
Story3 24 87|Combl 0.003| -0.0002665 -3.363
Story3 42 141|Combl -0.003 0.0002665| -3.363
Story3 44 147|Combl -0.003| -0.0002665| -3.363
Story3 27 96|Combl 0.001 0.001] -3.331

4.7 TSB Grid System (5) Building (GS5):

4.7.1 GS5 Model:

GS5 was composed of grid with 0.76 m depth, 0.23 m width and 1.0m*1.0 m
spacing. Figure (4.5) illustrates the final model of GS5.

4.7.2 GS5 Analysis Results and Discussion:

The dead load was applied to GS5 and the maximum displacements were
found as shown Table (4.7). The maximum displacement was found to be equal to
7.676 mm which is acceptable with a reduced depth but with the same material
quaintly. Thus a further reduction in depth from 760mm to 570mm (1.5*380mm)
was considered as Grid System (6) building (GS6).

39



Figure 4.5: The final model of GS5

Table 4.7: The maximum displacements for GS5.

TABLE: Joint Displacements

Story - Label -~  Unique Name ~ Load Case/Combo -~ Ux - uy - uz -l
Story3 93 293|Combl -5.372E-10 -7.7738-10|  -7.676
Story3 a0 254|Combl 0.002]  -7.774E-10 -7.559
story3 106 332|Comb1 -0.002|  -7.773E-10 -7.559
Story3 92 290|Combl -5.372E-10 0.001 -7.552
story3 94 296|Comb1 -5.372E-10 -0.001 -7.552
Story3 79 251|Combl 0.002 0.001 -7.387
Story3 81 257|Comb1 0.002 -0.001 -7.387
Story3 105 329|Combl -0.002 0.001 -7.387
Story3 107 335|Comb1 -0.002 -0.001 -7.387
Story3 69 221|Combl 0.003 -7.776E-10 -7.274
Story3 117 365|Comb1 -0.003 -7.775E-10 -7.274
Story3 91 287|Combl -5.373E-10 0.001 -7.249
Story3 95 299|Comb1 -5.374E-10 -0.001 -7.249
Story3 62 218|Combl 0.003 0.001 -7.029
Story3 70 224|Comb1 0.003 -0.001 -7.029
Story3 116 362|Combl -0.003 0.001 -7.029
Story3 118 368|Comb1 -0.003 -0.001 -7.029
Story3 78 248|Combl 0.002 0.001 -7.008
Story3 82 260|Comb1 0.002 -0.001 -7.008
Story3 104 326|Combl -0.002 0.001 -7.008
Story3 108 338|Comb1 -0.002 -0.001 -7.008
Story3 58 188|Combl 0.004)  7.774E-10 -6.856
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4.8 TSB Grid System (6) Building (GS6):

4.8.1GS6 Model:

GS6 model was composed of grid with 0.57 m depth, 0.23 m width and
1.0m*1.0m spacing. The figure (4.6) illustrates the final model of GS6.

4.8.2 GS6 Analysis Results and Discussion:

The dead load was applied to GS6 and the maximum displacements were
found as shown in Table (4.8). The maximum displacement was found to be equal to
7.936mm which is acceptable with less material quantity.

Figure 4.6: The final model of GS6.
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Table 4.8: The maximum displacements for GS6.

A B D E F G

TABLE: Joint Displacements

Story -T  label =~  Unique Name ~ Load Case/Combo  ~ UX |~ uy |- uz |-l
Story3 93 447|Combl -1.308E-09 —2.133E—DB-
Story3 a0 408|Combl 0.002 -2.134E-09 -7.802
Story3 106 486|Comb1l -0.002 -2.133E-09 -7.802
Story3 92 444|Combl -1.308E-09 0.001 -7.801
Story3 94 450|Combl -1.308E-09 -0.001 -7.801
Story3 79 405|Combl 0.002 0.001 -7.571
Story3 81 411|Comb1l 0.002 -0.001 -7.571
Story3 105 483|Combl -0.002 0.001 -7.571
Story3 107 439|Combl -0.002 -0.001 -7.571
Story3 63 375|Combl 0.004 -2.134E-09 -7.531
Story3 9l 441|Combl -1.308E-09 0.001 -7.531
Story3 95 453|Comb1l -1.309E-09 -0.001 -7.531
Story3 117 519|Combl -0.004 -2.134E-09 -7.531
Story3 90 438|Combl -1.309E-09 0.002 -7.191
Story3 96 456/Combl -1.31E-09 -0.002 -7.191
Story3 58 342|Combl 0.005 -2.134E-09 -7.19
Story3 128 564|Combl -0.005 -2.134E-09 -7.19
Story3 63 372|Combl 0.004 0.001 -7.165
Story3 70 378|Combl 0.004 -0.001 -7.165
Story3 116 516/Combl -0.004 0.001 -7.165
Story3 118 522|Combl -0.004 -0.001 -7.165
Story3 73 402|Combl 0.002 0.001 -7.162

4.9 Selection of Optimum Model:

The Table (4.9) shows the maximum displacement values for all TSB Grid Systems

GS1 and GS2 result in not acceptable displacements and are excluded.

Table (4.9): The maximum displacements of building models.

Case study Spacing(m) Section of beam
Depth(mm) | Width(mm) | Maximum displacement (mm)

GS1 2 380 230 4976( Not acceptable)

GS2 1 380 230 4063 (Not acceptable)

GS3 0.5 380 230 5.553

GS4 2 1520 230 4.145

GS5 1 760 230 7.676

CB6 1 570 230 7.936
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From the Table (4.9) can be seen that minimum the displacement results in GS4 and
is equal 4.145mm, therefore, for the depth of 1520mm. But this depth is very large
and impractical, and GS4 is excluded. The other grid systems, resulting in safe

displacements, are compared by weight, based in the material volume, as follows:
Volume per m squared for:

GS3 (depth 380mm): V5= 2*380*230=174.800 m?

GS5 (depth 760mm): V5=1*760*230=174,800 m?

GS6 (depth 570mm): V,=1*570*230=131,100 m?

The values above show that GS6 (depth 570mm spacing 1.0m*1.0m)) results in 25%
saving in materials compared to the other two. So GS6 was considered to be the
optimum grid system. For further verification this gird system was used to analyse

and design a six storey building as shown in following section.

4.10 Testing Optimum Grid System:

4.10.1 Building Data and Model:

The data for the six stories building is the same as the structural data for the three
storey building the validity of the optimum grid system was checked by analyzing
and designing a six storeys building (6SB). The lateral stability of the model under
static and dynamic wind load was also checked. The results of the analysis and

design of the 6SB were presented by Santhosh et. al, 2016.

The building was analyzed and designed for different combinations of dead, live and

wind loads as required codes.
The loading was as follows:

(a) Dead load:
- Unit weight of concrete= 24kN/m?3
- Finishes = 2kN/m?
- Partitions = 4.5kN/m?
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(b) Live load:

- For floor = 3kN/m?
- For roof = 1.5kN/m?
(c) Wind load:

The wind load coefficients were as shown in Table (4.10).
Table 4.10: Wind coefficients as per is: 875. 198.

Wind speed(vb) 44m/s
Terrain category Il
Structure class B
Risk coefficient k1 factor 1
Topography k3 factor 1
Windward coefficient 0.8
Leeward coefficient 0.5

The six storey's building (6SB) was idealized by a model composed of grid with
0.57m depth, 0.23m width and 1.0m*1.0m spacing. Figure (4.7) illustrates the final
model of the 6SB.

Figure 4.7: The final model of the 6SB.
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4.10.2 Discussion of results:

The analysis and design results show that the building, safely, resists the

applied loads. All building members (columns, beams, slabs) sections passed the

design check as shown in Figure (4.8). For example Figure (4.9) shows the results of

edge column C7 section design. The column was designed for (a) axial forces and

biaxial moments. The section satisfied the code requirements. The section was also

checked and designed for shear. As an example of beam section design, Figure (4.10)

shows the results of beam B28 design. In Figure (4.11) shows the moments (Mx and

My) resulting from analysis of slab. Figure (4.12) shows the slab design. All sections

satisfied the design requirements.

>

ETABS 206

|| Abconcetefames pasesthe desin check

=

|ETABS 216

Analysis and design sections match for dl concrete frames,

Figure 4.8: All sections design check.
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ETABS 2016 Concrete Frame Design

BS 8110-97 Column Section Design

Column Element Details

Level Element Unique Name Section ID  Combo ID  Station Loc Length (mm)
Storyl Cc7 32 Col 230*450 DConll 1215 3000

LLRF
0.574

Section Properties

b(mm) h(@mm) dc(mm) Cover (Torsion) (mm)
230 450 54 30

Material Properties
E; (MPa) fcu (MPa) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa)
32000 20 1 415 215

Design Code Parameters
E. (MPa) feu (MPa) Lt.Wt Factor (Unitless)
32000 20 1

Axial Force and Biaxial Moment Design For N, M2, M3

Design N Design M; Design M3 Minimum M Minimum M3 Rebar % Capacity Ratio
kN kN-m kN-m KN-m kKN-m % Unitless

828.5418 9.5282 12.8367 9.5282 16.5708 0.87

0.773

Axial Force and Biaxial Moment Factors

Mi; Moment Madg MOment B Factor Length
kN-m kN-m Unitless Mm
Major Bend(M3) 16.2538 5.4361 1 2430
Minor Bend(M2) 1.9319 10.6358 1 2430

Shear Design for V,, V3

Shear V Shear V¢ / yu Shear Vs / Yu Rebar Asy /s
kN kN kN mm?2/m
Major, V» 24.4937 199.8856 36.4317 492.09
Minor, V3 3.3575 211.7782 31.6795 962.79

Figure 4.9: Column (c7- 6SB).
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ETABS 2016 Concrete Frame Design

BS 8110-97 Beam Section Design

E

4

Beam Element Details

Level Element Unique Name Section ID Combo ID  Station Loc Length (mm)

Story6 B28 262 BEAM 230*570 DCon2 1000 1000

LLRF

Section Properties

b (mm) h (mm) bt (mm) ds (mm) dct (mm) dcp (Mm)

230 570 230 0 40 40

Material Properties

E; (MPa) fcu (MPa) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa)

32000 20 1 415 215

Design Code Parameters

Yc ¥s Ym

15 1.15 1.25

Design Moment and Flexural Reinforcement for Moment, M3

Design Design -Moment = +Moment Minimum Required
-Moment = +Moment Rebar Rebar Rebar Rebar
kKN-m kN-m mm? mm? mm? mm?
Top (+2 Axis) 0 0 0 0 0
Bottom (-2 Axis) 81.4648 461 461 201 0

Shear Force and Reinforcement for Shear, V,

Shear V Shear V¢ / Yu Shear Vs / Ym Rebar Ag, /S
kN kN kN mm?/m
5.3459 55.7074 48.76 492.09

Figure 4.10: Beam (B28-6SB).
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Figure 4.11.a: Slab moment at x-x Figure 4.11.b: Slab moment at y-y

direction- 6SB. direction- 6SB.

! Choosa Display Type - Rainforeing Dimetion and Location
Denign Basis | Finite Elemant Based | () Direction 1 - Top Rebar
Display Type | Enveloping Flssural Rminforcement - (") Direction 1 - Bottom Rebar
[ Impose Minimum Reinforcing 1) Direction 2 - Top Rebar
@ Dimction 2 - Bottom Rebar
Contour Range
Minimum 0  mm¥m Show Rebar Above Specified Value
Maximum o mtAn () None
@ Typloal Unform Reinforcing Specified Balow
Contour Averaging at Nodes.
() Noene
@ by Objects Typical Uniform Reinforcing
() by Selmcted Groups ~ Set Groups,., 18) Define by Bar Size and Bar Spacing

() Define by Bar Ares and Bar Spacing

Rebar Averaging At Peaks
|| Average Al Peaks

(V] Max. Averaging Width (m)

[ oK | [ Close | [ Aeply |

Figure 4.12: Design of slab- 6SB.
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4.10.3: Analysis of Building under lateral wind load:

"To ensure the capability of the building to resist side loads (wind load) the
designed building was subjected to wind load. Static and dynamics analyses were
carried out. The results obtained were compared with the results present a by
(Santhosh et.al, 2016). Figure (4.13) shows the storey displacement. The maximum
displacement was found to be 15.7mm which is less than the allowable displacement
(H/500=36mm) and is, therefore, acceptable. Figure (4.14) shows the maximum
storey drift (0.005306) is at storey®6.

Maximum Story Displacement
Legend

—— A-Dir
g {-Dir

Storys

Story5

Storyd

Story3

Story2

Story 1

Base T T T T T T T T T 1
oo X0 40 60 80 100120 140160 18580 200

Displacement, mm

Ma»: (15. 7311259, StoryEs); Min: (0, Base)

Figure 4.13: The displacement applied to the 6SB.
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Maximum Story Drifts

Legend
—a— X-Dir
—a— Y-Dir

Stonyd —

Siornys —

Storyd

Sitory3

StoryZ —

Storyl —

Base T T T T T T T T T 1
000 060 120 1.80 240 3.00 3.60 4. 20 4 .80 540 6.00 E-3

Drift, Unitless

Max: (0005308, Storyg); HWin: (0, Base)

Figure 4.14: Maximum story drifts for 6SB.

The lateral loads applied to stories in x- direction were given in Table (4.11) and
Figure (4.15). The maximum lateral load in storey5 is equal to (54.9839kN). Also the
lateral loads applied to storey in y- direction are given in Table (4.12) and Figure
(4.16). The maximum lateral load in storey5 is equal to (55.973kN).

The Table (4.13) shows the maximum design reactions in the story base- 6SB, Table
(4.14) shows the maximum forces in the column in story6- 6SB, Table (4.15) shows
the maximum story forces were found axial force in the structure equal 23850.3kN
and moment in x equal 143101.5 kN-m the Table (4.16) shows the maximum time
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period were found equal 3.425sec and the maximum natural frequency equal
0.273cyc/sec.

Auvto Lateral Load fo Stories

EEM T T T T T T T T T 1
OO0 6O 120180 24 0 300 360 42 0 480 540 GO0

Force, kKM

Max: (54 9339209 StoryS); Min: (0, Basee)

Figure 4.15: Lateral load to storey in x direction-6SB.

Table4.11: Lateral load to storey in x- direction- 6SB.

Story Elevation Location *-Dir -Dir
m kN kN
Story6 18 Top 28.3716 0
Storyd 15 Top 0
Storyd 12 Top 53.34MN 0
Story3 9 Top 532108 0
Story2 [ Top 532108 0
Story1 3 Top 26.6054 0
Basze 0 Top 0 0
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Auto Lateral Load o Stories

Base T T T T T T T T T 1
o0 &0 120180 24 0 300 FG.0 42 0 4850 540 &60.0

Force, kKN

Max: (S5. 97301, StoryS5);, Min: (0, Base)

Figure 4.16: Lateral load to storey in y- direction-6SB.

Table: 4.12: Lateral load to storey in -y direction-6SB.

Story Elevation Location #-Dir -Dir
m kN kN

Story6 18 Top 0 28.882
Story5 15 Top 0
Stonyd 12 Top 0 h 2997
Story3 9 Top 0 hd 168
Stony2 b Top 0 h4 168
Stony 3 Top 0 27.084
Base 0 Top 0 0
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Table4.13: The design reactions- 6SB.

_Ston | lointlabel -'| UniqueName T|loadCasefComi Y| FX | FYv| R -| MX*| MY'| MZ -
Base 1 Sluls 1 80749 39509 ®40.56%2 3sm| -785m)  0.0054
Base 2 10fuls 1 0.9567) -5.6363| 1378.8832, 5.594| -0.93% 0.0012
Base 3 15(uls1 09567 -5.6363| 13788832 5598 093% 00012
Base 5 Bluis1 13.1481| -0.3326| 1568.7527] 0.3311|12.7674]  0.0005
Base § 3|uls1 133481 0.3326] 15687527 03311 1276740 0,000
Base 1 8luls1 80T 39509 %4056%2 -391| 78577  0.0054
| Base 8 S0juls 1 09567) 5.6363| 13788832 5598 0.93%| 00012
Base 3 57juls1 18003 06527 2448.4| 06487 17557 (0.00002134
Base 10 B4luls1 18003 -0.6527| 2448432 0.6487] 17557 -0.00002134
{Base 1 Tluls1 -18003) -0.6527| 2443432 0.6487| -L7557] 0.00002134
Base 12 7luls1 -18003| 0.6527 2448432 -0.6487 -L7557| -0.00002134
‘Base 1 8uls1 09567 56363| 13788832 55938 0.93%8  -0.0012
1Base L 9uls1 13.481) -0.3326| 1568.7527]  0.3311) 127674  -0.0005
-Base 15 luls1 131481 0.3326] 1568.7527 0.3311| 1276740 0.0005
1Base 16 106{uls 1 B0749| 39509 B4056%2 -39 7857 -0.0054
Table4.14: Forces in the column- 6SB.

Story 1] Column | UnigueName - | oad CasefCombcT| StationT| P v| w2 | W] T | m2c| M-
Sty [C1 Tuks1 26] 3738 853071 49358 00804 -59.316) 1115116
Sty |02 2uks1 26| S86165| 0805 7L 0.045 %4.8668! 25,0462
Stogf  |C3 16iuks 1 262 -S886165| 20805 TLG08| 0145 ml 5.4
Stof |4 Djuks] 26) U738 853071 4935840 00804 -5336( 1115116
Sty (S P 26) 65366%8) 14387 S3%1 00061 -10.6322) 1R37H
Stoy  |C6 Wuk1 260 6536638 146387 9391 D061 10.6322) 183375
Sty |7 Sjuk1 26] 3738 853071 493584 00804 39316 1115116
Stof  (C8 81 260 -S86165| -08N5|-TL7608 0015 848668 250482
Sty {C9 5k 1 26] 108306 02373 -16.15%| 00005 134451 47.9%5
St |C10 53luks 1 260 -108305 40.37| 16.45%  0.0005) 184451 479985
Ston  [CU salum 260 106306 4037 16,156  0.0005 -134451 479945
St (12 M1 26) 108305 40237|-16.15%| D005 184451 4796
Stogf  [CB THjus 1 262 SRR6165| 208115)-7L7608|  D0M45| 848668 -5.0462
Stoyf  (C4 Rjuis1 260 6536638 1446387 0311 00061 -10.6322) 1833735
Sty [CI5 Bjuk1 26] 6536638 146387 931 00061 10.6322) -1R337S
Stonf  (CI6 %luks 1 26 317358 853074935840 00804 593206 L1516
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Table4.15: Story - 6SB.

TABLE: Story Forces
Story - Load Case/Combo .7 Location ~

P MX -
| 238502500 1431015054

Storyl  [ult Bottom

Storyl  |ult Top 23683.3261 142099.9566
Story2  |ult Bottom 19875.2091 1192512545
Story2  |ult Top 19708.2643]  116249.7057
Storyd  |ult Bottom 15900.1673 95401.0036
Storyd  |ult Top 15733 2425 94399 4548
Storyd  |ult Bottom 11925.1254 71550.7527
Storyd  |ult Top 11758 2006 70549 2039
Storyd  |ult Bottom 7950.0836 477005018
Storys  |ult Top 7783.1588 46698.953
Storyé  |ult Bottom 3975.0418 23850.2509
Storyg  |ult Top 3808.117 228487021

Table4.16: Time period and the natural frequency-6SB.
TABLE: Modal Periods and Frequencies

Case * Mode ~ Period ~ Frequency -
Sec cyc/sec
Modal 1 3.425 0044
Modal 2 2 224 0079
Modal 3 1.74 0. 128
Modal 4 1.141 0. 131
Modal 5 0. 693 0133
Modal G 0 656 0172
Modal 7 0. 578 0. 207
Modal () 051 0. 221
Modal 9 0. 335 0. 222
Modal 10 0321 0273
Modal 11 8] 0]
Modal 12 8] 0]

Table (4.17) shows a comparison of the results of the dynamic analysis of the six
story's building -6SB model with the results of Santhosh et.al, 2016. The comparison

shows that there is very close agreement between results.
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Table 4.17: Comparison between Santhosh et.al, 2016, results and 6SB results

for dynamic.

The description Santhosh et.al, 2016 | 6SB Difference (%)
Maximum drift 0.0077 mm 0.0053 mm | ------- *
Maximum axial force | 23031.36 kN 23850.25 +3.5
in the structure kN
Reinforcement ratio | 0.874% 0.87% +0.46
of column
Maximum time period | 3.53901 sec 3.425 sec +3.3
in the structure
the natural frequency | 0.28256 cycles/sec 0.273 +3.6
for maximum cycle/sec
Designof R.C.Cslab |8 dia & spacing|8 dia @ |0.00

230mm spacing

230mm

* Very small figures, thus not Suitable for comparison.
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CHPTER FIVE

ANALYSIS AND DESIGN OF ALTADAMON
BUILDING TOWER (ALTBT) USING OPTIMUM
GRID SYSTEM

5.1 Introduction:

The optimum grid system developed in chapter four was used to analyze and
design ALTBT. The steel truss floors were replaced by grid floors reinforced

concrete.
5.2 ALTBT building data and model:

Islamic Altadamon tower headquarters (Khartoum -almugran) building
consisting of 19 floor overall height of 75.95 m; (two basements, ground, mezzanine,
1%, 2" 3 (height 3.1 m), 4™, 5™ 6™ ...18™ (height 4 m) and 19" (height 4.85 m) is
constructed from reinforced concrete and steel . The lateral stability of the model
under static and dynamic wind load must be checked .The drawings in the appendix
from Figure (5-1) to Figure (5-7) show the interfaces and horizontal sectors of the

building.

Due to limited computation capacity five similar floors were taken from
(ALTBT), and the steel system was changed to grid slab as shown in Figure (5-8).
The validity of the grid system was checked by analyzing and designing the five
storey's building (ALTBT). The lateral load stability of the model under static and
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dynamic wind load was also checked. The building was analyzed and designed for

different combinations of dead, live and wind loads as required by codes.

The material and geometric properties of 5- story model are presented in Table (5.1).

Table 5.1: Material and geometric properties of 5-story model

Material name concrete
Type of material Isotropic
Density of concrete 24 KN/m3
Poisson ratio 0.2

Grade of concrete 30 N/mm?
Main Reinforcement grade(fy) 460 N/mm?
Reinforcement grade(fyv) 250 N/mm?
Thickness of slab 200mm

The loading was as follows:
(@) Dead load:
-unit weight of concrete= 24 kN/m3

- Finishes+ partitions =6 kN/m?
(b) Live load:
-for office = 3 kN/m? (see Appendix A Table A1)

(c) Wind load: BS-6399-95
Highest wind speed in Khartoum town= 100mph (see Appendix A Table A2)

The 5- storey model was analyzed and designed using ETABS. The results of the

analysis and design are presented and discussed in the following section.

5.3 Presentation and discussion of results:

The analysis and design results show that the building, safely, resists the
applied loads. All building members (columns, beams, slabs) sections passed the
design check of ALTBT as shown in Figure (5.9). Figure (5.10) a shows columns

moments and Figure (5.10) b show axial forces in columns of ALTBT. As an
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example Figure (5.11) shows the results of edge column C5 in story 1 section design.
The column was designed for (a) axial forces and biaxial moments. The section
satisfied the code requirements. The column section was also checked and designed
for shear. Figure (5.12) shows shear forces in beams and Figure (5.13) shows
moments in beams of ALTBT. As an example of beams section design Figures (5.14)
and (5.15) show the results of beam (31) and beam (38) design respectwely. Figure
(5.16) shows the moments (Mx and My) resulting from analysis of slab. Figure
(5.17) shows the slab design. All sections satisfied the design requirements as can be

seen for the Figures.

(b)Final model
Figure 5.8: Final model of ALTBT
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| AFconcrete frames gessed the desgn check.
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ETABS 2016

Analysis and design sections match for all concrete frames,

N

-

Figure 5.9: All sections design check of ALTBT.
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(b) axial forces in columns

(a) Columns moments

Figure 5.10: Columns moments and axial forces in columns of ALTBT.
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ETABS 2016 Concrete Frame Design

BS 8110-97 Column Section Design

Column Element Details

Level Element Unique Name Section ID Combo ID Station Loc Length (mm) LLRF
Storyl C5 29 FSec6 uls 1 0 3000 0.558
Section Properties
b (mm) h(@mm) | dc(mm) Cover (Torsion) (mm)

800 800 58 30
Material Properties
E; (MPa) feu (MPa) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa)
24855.58 30 1 460 250
Design Code Parameters
E. (MPa) feu (MPa) Lt.Wt Factor (Unitless)
24855.58 30 1
Axial Force and Biaxial Moment Design For N, M2, M3
Design N Design M, Design M3 Minimum M, Minimum Ms Rebar % @ Capacity Ratio
kN kN-m kN-m kN-m kN-m % Unitless
2010.7393 -56.6097 -42.4828 40.2148 40.2148 0.98 0.202
Axial Force and Biaxial Moment Factors
Mi; Moment Madg MOment B Factor Length

kN-m kN-m Unitless mm
Major Bend(M3) -18.8623 -6.3057 1 2240
Minor Bend(M2) 26.3959 -6.3057 1 2240

Shear Design for V,, V3
Shear V Shear V¢ / yu Shear Vs / Ym Rebar Asy /s
kN kN kN mm?/m
Major, V, 19.3245 838.0349 237.4389 1472
Minor, V3 52.5276 867.4256 237.4389 1472

Figure 5.11: Column (C5-ALTBT).
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Figure 5.12: Shear forces in beams
of ALTBT.
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Figure 5.13: Moments in beam
of ALTBT.




ETABS 2016 Concrete Frame Design

BS 8110-97 Beam Section Design

]

.T.I_'

Beam Element Details

Level Element Unique Name Section ID Combo ID Station Loc Length (mm) LLRF
Story5 B31 816 BEAM 230*570 uls 1 1385.9 13821.7 1

Section Properties

b(mm) h(mm)  bf(mm) ds (mm) det (Mm) deo (MM)
230 570 230 0 41 41

Material Properties
E: (MPa) feu (MPaQ) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa)
24855.53 30 1 460 250

Design Code Parameters

Yc ¥s Yv
15 1.15 1.25

Design Moment and Flexural Reinforcement for Moment, M3

Design Design -Moment = +Moment Minimum Required
-Moment = +Moment Rebar Rebar Rebar Rebar
KN-m kN-m mm? mm? mm? mm?
Top (+2 Axis) -2.9183 170 0 170 15
Bottom (-2 Axis) 1.823 170 9 170 0

Shear Force and Reinforcement for Shear, V,

Shear V Shear V¢ / Yu Shear Vs / Yu Rebar Asy /S
kN kN kN mm?2/m
32.9567 43.4171 48.668 423.2

Figure 5.14: Beam (B31- ALTBT).
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ETABS 2016 Concrete Frame Design

BS 8110-97 Beam Section Design

2
A
-

Beam Element Details

Level Element Unique Name Section ID Combo ID Station Loc Length (mm) LLRF
Story5 B38 1156 B230*760 DConl 0 1000 1

Section Properties

b (mm) h (mm) bt (mm) ds (mm) det (mm) dep (MmM)
230 760 230 0 41 41

Material Properties
E: (MPa) feu (MPaQ) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa)
24855.53 30 1 460 250

Design Code Parameters

Yc ¥s Ym
15 1.15 1.25

Design Moment and Flexural Reinforcement for Moment, M3

Design Design -Moment = +Moment Minimum Required
-Moment +Moment Rebar Rebar Rebar Rebar
kN-m kN-m mm? mm? mm? mm?2
Top (+2 Axis) -23.0756 227 0 227 84
Bottom (-2 Axis) 0 0 0 0 0

Shear Force and Reinforcement for Shear, V,

Shear V Shear V¢ / Yu Shear Vs / Ym Rebar As, /S
kN kN kN mm?/m
90.8023 59.0111 66.148 423.2

Figure 5.15: Beam (B38- ALTBT).
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Figure 5.16.a: Slab moment at(x-x) direction- ALTBT.

Figure 5.16.b: Slab moment at(y-y) direction- ALTBT.
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Choose Display Type Reinforcing Direction and Location
Design Basis [ﬁme Element Based v] (") Direction 1 - Top Rebar
Display Type | Enveloping Flexural Reinf ~| () Direction 1 - Bottom Rebar
[7] Impose Minimum Reirforcing (©) Direction 2 - Top Rebar

i o @ Direction 2 - Bottom Rebar
Minimum o mm¥m Show Rebar Above Specified Value
Maximum '  mm¥m © None

@ Typical Uniform Reinforcing Specified Below
Corntour Averaging at Nodes

) None
@ by Objects Typical Uniform Reinforcing
() by Selected Groups @ Define by Bar Size and Bar Spacing
(") Define by Bar Area and Bar Spacing
Bar Size Spacing {mm)
R
Bottom 12 +| 150
Rebar Averaging At Peaks
[] Average At Peaks
V] Max_Averaging Width {m
ok | [ Cose | [ Aeaty |

Figure 5.17.a: Design slab-ALTBT.

T16@150 BW
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T12@150BW

Figure 5.17.b: Reinforcement for two way slab ~ALTBT.
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5.4 Analysis of ALTBT Building under lateral wind load:

To ensure the capability of the building to resist side loads (wind load) the
designed building was subjected to wind load. Static and dynamics analyses were
carried out. Table (5.2) and Figure (5.18) show the storey displacement. The
maximum displacement was found to be 5.613mm which is less than the allowable
displacement (H/500=40mm) and is, therefore acceptable.

Table (5.3) and Figure (5.19) show the storey drifts- ALTBT. The maximum storey
drift equal to 0.000359mm is at storey4.

Table 5.2: Maximum displacement of storys-ALTBT.

TABLE: Story Max/Avg Displacements
Story |7 Load Case/Combo -7 Direction ~ Maximum + Average - Ratio -

Storys  |DConl3 Y 2.613 3.097) 1812
Storys  |DConld 2753 0995 2.766
Storyd  |DConl3 4,249 2321 1831
Storyd  |DConld 1987 0.685 2.902
Story3  |DConl3 2817 1528 1844
Story3  {DConld 1.248) 0407 3.067
Story2 |DConl3 14320 0.778) 1.839
Story2  |DConld 0586  0.183] 3.262
Storyl |DConl3 0352  0.1%] 1.792
Storyl |DConld 0.132)  0.038] 3.508

ol e - s e e s e
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Maximum Story Displacement

Storys -
Legend
g X-Dir
—g—Y-Dir

Storyd —

Story3 —

StoryZ -

Stonyl -

Base T T T T T T T T T 1

D00 o0B0 120 180 Z40 300 360 420 480 540 600
Displacement, mm

Max: (5836548, StoryS)y, Min: (0, Base)

Figure5.18: The maximum displacement- ALTBT.

68




TABLE: Story Drifts

Table 5.3: Storey drifts of ALTBT.

Story -! Load Case/Comk-T Directiol - Drift -
Story5 DConl3 Y 0000342
StoryS DConl3 » 0.00015
Storyd [DConil3 Y 0.000359
Storyd DConl3 X 0.000148
Story3 DConl3 Y 0000348
Story3 DConl3 X 0.000133
Story2 DConil3 Y 0000271
Story2? DConl3 b 0000096
Storyl DConl3 Y 0000117
Storyl DConl3 b O0.00003 7
Maximum Story Drifts
SitoryD

Sitoryd

Story3d

StoryZ

Storyl

Kax: (0.000355, Storyd);

Legend
—a— }-Dir
—a=—{-Dir

40 ao

Kin: (0, Base)

T
200

240 280 320
Drift, Unitless

360 400 E-5

Figure 5.19: Maximum story drifts-ALTBT.
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The lateral loads applied to stories in x- direction were given in Table (5.4) and
Figure (5.20). The maximum lateral load in storey?2 is equal to (93.619kN). Also the
lateral loads applied to storey in y- direction are given in Table (5.5) and Figure
(5.21). The maximum lateral load in storey2 is equal to (186.122kN).Table (5.6)
shows the maximum time period equal 4.842sec and the natural frequency for
maximum equal .0297 cyc/sec.

Agrto Lateral Load to Stories

Bicryh —-{

Siorryd "

IS dcrry s 2=

Siory —{

Sioery —{

o 10 =0 a0 a0 =0 a0 o a0 VP v
Force, kM

(29 504373, Balw asn Story2 and Stary3)
Max: (B3 &18873, Story2k: Fin: (0, Oases)

Figure 5.20: Lateral load to storey in x-direction-ALTBT.

Table 5.4: Lateral load to storey in x-direction- ALTBT.

Story Elevation Location X-Dir f-Dir
m kN kN
Storyh 15 Top 46.8095 0
Stonyd 15 Top 93615 0
Stony3 1 Top 93615 0
Story2 7 Top ESE ¢
Stony 3 Top 46.8095 0
Base 0 Top 0 0
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Awuvto Lateral Load to Stories

Base

T T T T T T T T T 1
o Pein ] 4k [=11] 8y A1 1200 140 180 180 el a ]
Force, kN

Ma=: (135 121935, Story2); Min: (0, Base)

Figure 5.21: Lateral load to storey in-y direction-ALTBT.

Table5.5: Lateral load to storey in y- direction- ALTBT.

Story Elevation Location X-Dir Y-Dir
m kN kN

Storyh 15 Top 0 53.061
Storyd 15 Top 0 186.122
Story3 11 Top 0 186.122
Soy2 |7 Top 0
Story 3 Top 0 93,061
Base 0 Top 0 0

71




Table5.6: Time period and the natural frequency- ALTBT.

TABLE: Modal Periods and Freguencies

Case NMode FPeriod Fregu=snoy
Sec cwCc/isec

rodal 1 A 842 0053
MModal = 4. 516 OO 7
hModal 3 4 503 o_o0s9
MModal <1 2381 o123
MModal S S48 o131
MModal LS 2.8 o._133
MNModal I 2.5 o172
MModal =] 2. 33 o207
MModal 9 1.85 o =221
MModal 10 1. 25 .23
MNModal 11 O 7Fra7F 0239
hodal 12 0627 0_297F




CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions:

The parametric study of grid systems with different combinations of depth and
spacing showed that from the grid system resultting in safe displacement and
reasonable depth, is the 570mm depth, 230mm width and 1.0m*1.0m spacing
(optimum grid system) gives the largest saving in weight(25%). This compared
to the other two safe systems.
.There is very close agreement between the optimum grid system results and
known published results, which confirms the validity of the use of the optimum
grid system
The percentage difference between the results are as follows:( Table 4.17)

e +3.5% for maximum axial force

e +0.46% for reinforcement ratio

e +3.3% for mximum time period

+3.6% for the maximum natural frequency

0.00% for reinforcement ratio

For Altadamon towr (ALTBT), the steel truss system was repleced by the
optimum grid system. Five storeys of the building were analyzed and designed
using (ETABS). The validity of the results was verified according to BS8110
requirements thus, confirming the validity of the use of the grid slab system for

large span slabs.
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6.2 Recommendations:

As aresult of this study it is recommended to use:

The concrete grid slab for large span floors of residential building .

The optimum model (570mm depth, 380mm width and 1.0m*1.0m spacing
grid for large span residential and commercial building.

Grids slabs systems instead of the steel truss systems.

For industiral building structural analysis program (ETABS) in the analysis

and design to ensure the efficiency and stability of the building.

For further studies it is recommended to:

Study the analysis and design of the Altadamon grid slab system building
under the influence of earthquakes.

Study the effect of replacing all floors of Altadamon tower by the optimum
grid system.

Study the use of pre-stressed ribbed beams and compare with the grid system.
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APPENDIX (A)

ALTBT Structural Summary Sheets and Design
Tables
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Figure 5.1: interfaces of ALTBT.
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Figure 5.3: ground floor slab of ALTBT.
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Figure 5.5: first floor slab of ALTBT.
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Figure 5.7: typical floors slab of ALTBT.
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Table Al: imposed floor loads (BS6399:part1:1996, loading for buildings, part1:

code of practice for dead and imposed loads)

Table L. Minimum imposed floor loads

Type of Examples of specifie use Uniformity Concentrated load
activity/occupancy for distributed load kN
part of the bullding or KN
stricture
A Domestic and residential | All usages within self-contained dwelling units 15 14
nctivities Communal areas (inciuding kitchens) in blocks of
(Al so0 category ) flats with Binated use (See note |) (For consumal
asvas in other blocks of fats, soe C) and below)
Bedrooms ad dormitories except those in hotels | 15 15
andd motels
Bedrootms in hotels and motels 20 15
Hospital wards
Toilet aroas
Billsard rooms 20 b
Communal kitchens except In Rats covered by 2 i
note |
Baloonles Singhe dwelling 15 14
units and
commuanal arvas
in blocks of flas
with Henfted s
(Sev nole 1)
Goest houses, Same a8 rootss to which | 1L5m nin concentrated
residontial clibs | they give scomss bt | at the outer edge
and comentnal with a minkmum of 3.0
arvas in blocks of
Mats excopt a8
coverod by note |
Hotels andl motels | Satoe as rooms to which | 1.5m run concentrated
they give acoess bt at the outer odge
with a mindmam of 4.0
— s s 8 M - - 3
HOMees and work areas | Operting theatres, Xuy roows, utility moms 20 45
Pk covered elsewhere Work roctns (light industrial) without storage }J.) 15
Offics for general use 25 7
Hasking hulls an ar
Rifchens, ksundries, laboratoties a0 5
Rooms with mainframe computers or similsr an 4
OJpment
Machinery halks, clreulation spaces therein i W
Progection rootns 50 To be determined for
spocific use
Factories, workshops aned similar buildmgs a0 40
(goneral indhstrial)
Foundnes 20 To be determined for
spocific uso
Catwulks — 10 at | m centres
Habeanis Sae 48 roatrs to which | 1Mm run concentrated
they gy secoss but al the outer odge
with a minknum of 4.0
Fly gallenies 45 kN nin distriboted |~
undformly over width
Ladders - 1.5 nang foad
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Table A2: wind speed in the area:
Ministry of Science and Technology- Meteorological Authority- Khartoum
LAT: 1536 NLONG: 3233ALT: - 38M ABOVE M.S.L

TYPE OF DATE: - ANNUL HIGEST WIND SPEED (GUST) M.P.H

Year HS I WIND SPEEL
(NP
g=]:: e
 E=3:52] EE |
1000 k=2
1001 &6
 =2e ) 61
1003 36
1004 35
1005 76
1006 pil |
10w 1=
1008 E [=]
1000 R
ZO00 ER
Z00T T
ZTOUZ BT
003 E
Z00S 57
005 40
006 e

TableA3: building- type factor Kb (BS6399-2:1997, loading for buildings,
part2:sectionl, code of practice for wind load).

Table 1 — Building-type factor K,

Type of building Ky
Welded steel unclad flames 8
Bolted steel and reinforced concrete unclad frames 4
Portal sheds and similar light structures with few internal walls 2
Framed buildings with structural walls around hifts and stawrs only 1

(e.g. office buildings of open plan or with partitioning)

Framed buildings with structural walls around hfts and stairs with additional 0.5
masonry subdivision walls (e.g. apartment buildings), bulldings of masonry
construction and timber-framed housing

NOTE The values of the factars Ky and C, have been derived for typical building structures with typical frequency and damping
characteristics, under typical UK wind speeds, without accounting for topogeaphy or terrain roughness effects, More accurate values
of these factors may bo derived using Annex C when the building characteristics are not typical, or when the effects of topography and
terrain roughness need to be taken into account.
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Limits of applicability
(shaded region outside scope of this part)
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Figure 3 — Dynamic augmentation factor C,

Figure Al: dynamic augmentation factor Cr (BS6399-2:1997, loading for
buildings, part2: sectionl, code of practice for wind load).

Table A4: values of direction factor Sd (BS6399-2:1997, loading for buildings,
part2: section2, code of practice for wind load)

Table 3 — Values of direction factor Sy

Direction ¢ Direction factor S3
0" North 0.78
30° 0.73
60° 0.73
90" East 0.74
120° 0.73
150° 0.80
180° South 0.85
210° 0.93
240° 1.00
270° West 0.99
300° 0.91
330° 0.52
360" North 0.78

NOTE Interpolation may be used within this table,
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TableA5: Factor Sb for standard method (BS6399-2:1997, loading for buildings,
part2: section2, code of practice for wind load).

Table 4 — Factor S, for standard method

Site in country or up to 2 km into town Site in town, extending = 2 km upwind from the site
Effective height Closest distance to sea upwind Effective height Closest distance to sea upwind
H. i H, ¥
m < 0.1 2 10 = 100 m 2 10 = 100
<2 1.48 1.40 1.35 1.26 <2 1.18 1.15 1.07
5 1.65 1.62 1.57 1.45 5 1.50 1.45 1.36
10 1.78 1.78 1.73 1.62 10 1.73 1.69 1.58
15 1.85 1.85 1.82 1.71 15 1.85 1.82 1.71
20 1.90 1.90 1.89 1.77 20 1.90 1.89 1.77
30 1.96 1.96 1.96 1.85 30 1.96 1.96 1.85
50 2.04 2.04 2.04 1.95 50 2.04 2.04 1.95
100 2.12 2.12 2.12 2.07 100 2.12 2.12 2.07
NOTE 1 Interpolation may be used within each table.
NOTE 2 The figures in this table have been derived from reference [5)
NOTE 3 Values assume a diagonal dimension a =5 m.
NOTE 4 If H, > 100 m use the directional method of Section 3.

Table A6: internal pressure coefficients Cpi for enclosed buildings (BS6399-
2:1997, loading for buildings, part2: section2, code of practice for wind load)

Table 16 — Internal pressure coefficients C; for enclosed buildings

Type of walls Cpl

Two opposite walls equally permeable; other [aces impermeable
— Wind normal to permeable face  [+0.2
— Wind normal to impermeable face |-0.3
Four walls equally permeable; roof impermeable -0.3
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APPENDIX (B)

ETABS Summary Report

ETABS 201~

intagralad Bulding Dasign Sollwars

Summary Report
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Table 1.1 - Story Data

Table 1.2 - Grid Systems

Table 1.2 - Joint Coordinates Data
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Table 2.1 - Material Properties - Summary

ebar Tl ale T

g
beam 780*230 conc Rectangular
!uncr!e

FZec2 conc Rectangular

oncrete

FZecd conec Rectangular

oncrete

FSect cone Rectangular

oncrete

FSect conc Rectangular

oncrete

FSec10 conc Rectangular

oncrete

F3ec12 conc Rectangular
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Table 2.3 - Shell Sections - Summary

Table 2.4 - Reinmforcimg Bar Sizes

Table 4.1 - Load Patterns

Table 4.5 - Load Cases - Summary

Linear Static

Linear Static |
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Table 4.6 - Load Combinations

VWAL .
OH1.2041.20W

e | iz s
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APPENDIX (C)

SIMPLE RESULTS

Table C1: story max/ avg displacement

Table 5.4 - Story Max/Avg Displacements

oe | Dead | X | UL 05
L e
|
|
. - k ) ——
! 1
g
1 1
I
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Storys Or+1.

AT

2L+1.2

W

Story4 O=+1.20L+1.2
e

Story3 O+1.2L+1.2

W

0.9

.G

0.3

o.a

0.5

0.3
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Table C2: story drifts

Table 5.5 - Story Drifts

20+1.2 2W "“ o.6E-05 ll 30,9945
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Table C3: storv forces

Table 5.7 - Story Forces

i oy (-1 op = = i
{ Story! Ve op - |
H ory! win ap H
i ory-: winay op - - - H
i ory. il op . i
i ory: + op - i
i Story! ap - :
Storys Dt 2Lad 20y Top 101627 -47 6724 -0.2112 3563874 TS037.9852| -158258
H ory: ser op - - H
H ory. 5 I op i
i oy on op - . - i

Story4 Dend Top 1674, B8.6773 | -03062 -seent |77 g’ I -238370

1 -l - -
o n op - - R -
Y o - 4 -

Storya wit Top |264a8.7032 13.3987 | -0.6632 -9.9066 2 -403860

Storya WWALL ULT Top 264487032 13.3087 | -0.8632 -0.0000 phg -403880

Storya Dol 21 2N Top 22191 06 |-130.8308| -0 6372 | 1061.6020 166046 200 | 330932

Story4 mor Top | 10494.7 94609 | -0,4020 69022 A -202329

Story4 stability Top 14140.8149 -181.90098 -0.3233 1408 0724 & % -218624

Storya oCcont Top uooo.:uae; 12.14B3 | .0 5406 .7.8363 o ~336130
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Table C4: joint reaction
Table 5.8 - Joint Reactions

e OO TSI DT S O

3 65 0% e 071 0264 75178 | 04741 | 30758 D028

ad  0.2BRE
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