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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). 

 



2 
 

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  



3 
 

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: 

 Chapter one presents general introduction including the problem statement, 

objectives, methodology and out lines.  

 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. 

 Chapter three presents the necessary analysis and design data and parameters 

and explains how to use ETABS program in modeling grid systems. 

 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.  

 Chapter five presents Altadamon tower model and its analysis and design and 

check for wind load 

 Chapter six presents conclusions and recommendations. 
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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/
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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 
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support to centreline 16m are economic). Figure (2.3) shows one way joists with 

wide beams. (Alzanen, 2012).  

  Troughed  slabs  are  popular  in spans  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 

http://www.scaff.com/
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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). 
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                             Figure 2.2: One way joists (Alzanen, 2012). 

           

 

   

  

 

  

 

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). 
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   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 
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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. 

 

 

 

 

 

 

 

Figure2.8: Typical grid considered in Rankine-Grashoff and plate theory 

 (Below grid). 

 

 

 

 

 

 

 

 

 

Figure 2.9: Typical grid floor considered in stiffness method. 

 

 

 

 

 

 

 

Figure 2.10: Plan of grid floor. 
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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.: 

         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. 

 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 A1) 

- 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: 

 Force or flexibility method 

 Displacement or stiffness method 

 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) .It 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.   

 

 

 

 

Figure 3.1: Model unitization 

 

 

 

 

 

 

 

     

         Figuer 3.2: Grid options in new model quick templates 
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Figure 3.3: Define storey levels 

 

 

 

 

 

 

 

Figure 3.4: Define material property 
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Figure 3.5.a: Define section properties &detail rebar 

  

 

 

 

 

 

 

 

 

Figure 3.5.b: Define section properties &detail rebar 
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Figure 3.6: Define slab 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7: Define shear wall 
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-  Draw structures (column, Beams, shear wall, slab) 

 

Figure 3.8: Assign restraints 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9: Auto edge constrain 
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Figure 3.10: Assign diaphragms 

  

 

 

 

 

 

 

 

 

 

  

 

 

Figure 3.11: Define load patterm& wind data 
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Figure 3.12 load combination 

 

 

 

 

 

 

 

 

Figure 3.12: Define load combination 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.13: Enter load values 

 



25 
 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

Figure 3.14: Automatic rectangular mesh setting for floor& wall 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.15: Check model 
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Figure 3.16: Match analysis and design 

 

 

 

 

  

 

 

 

 

Figure 3.17: Success sections in the design test 
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   Figure 3.18: Slab for export from ETABS to SAFE 

 

 

 

 

 

  

 

 

 

 

 

 

        Figure 3.19: Import slab from program ETABS to SAFE 
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Figure 3.20: Design preferences code 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 3.21: Min cover slabs 
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Figure 3.22: Determination of concrete cover for beams 

 

 

 

 

 

  

 

 

  

 

Figure 3.23: Run and display show slab design 
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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/   

Modulus of elasticity 32 kN/    

Poisson ratio 0.2 

Grade of concrete 20 N/    

Grade of steel 415 N/    

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/    

- Finishes +partitions loads= 4 kN/   

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 GS1. 

.  Table 4.2: GS1 model properties 

No Item Dimension 

1 Plane dimensions 12*12 m 

2 Length in x- direction 12 m 

3 Length in y- direction 12 m 

4 Floor to floor height 3.0 m 

5 Number of stories height G+ 2 

6 Total height of the building 9 m 

7 Size of column 230*450 mm 

8 Panel dimension 4m*4m 
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                                      (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 GS1. 

 

 

 

 

 

 

 

 

 

 

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 

1m*1m spacing. Figure 4.2 illustrates the plan and final model of GS2. 
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(a) Plan 

 

 

 

 

 

 

 

 

(b) Final model 

 

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. 

 

 

 

 

 

           

 

 

 

 

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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(a) Plan 

 

 

 

 

 

 

 

 

 

(b) Final model 

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. 
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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. 

 

 

 

 

 

 

 

 

 

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).  
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Figure 4.5: The final model of GS5 

             Table 4.7: The maximum displacements for GS5. 
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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  

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

 

 

 

 

 

 

 

 

 

 

 

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  

Maximum displacement (mm)  Depth(mm)  Width(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):   = 2*380*230=174.800    

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

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

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/   

- Finishes                      = 2kN/   

- Partitions                    = 4.5kN/   
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(b) Live load: 

- For floor                    = 3kN/   

- For roof                     = 1.5kN/   

(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 I I 

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. 

 

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) LLRF 

Story1 C7 32 Col 230*450 DCon11 1215 3000 0.574 

 
Section Properties 

b (mm) h (mm) dc (mm) Cover (Torsion) (mm) 

230 450 54 30 

 

Material Properties 

Ec (MPa) fcu (MPa) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa) 

32000 20 1 415 215 

 

Design Code Parameters 

Ec (MPa) fcu (MPa) Lt.Wt Factor (Unitless) 

32000 20 1 

 

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

Design N  

kN 

Design M2  

kN-m 

Design M3  

kN-m 

Minimum M2  

kN-m 

Minimum M3  

kN-m 

Rebar %  

% 

Capacity Ratio  

Unitless 

828.5418 9.5282 12.8367 9.5282 16.5708 0.87 0.773 

 

Axial Force and Biaxial Moment Factors 

  
Mi Moment  

kN-m 

Madd Moment  

kN-m 

β Factor  

Unitless 

Length  

Mm 

Major Bend(M3) 16.2538 5.4361 1 2430 

Minor Bend(M2) 1.9319 10.6358 1 2430 

 

Shear Design for V2 , V3 

  
Shear V  

kN 

Shear Vc / ɣM  

kN 

Shear Vs / ɣM  

kN 

Rebar Asv /s  

mm²/m 

Major, V2 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 

 

 

 

 

Beam Element Details 

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

Story6 B28 262 BEAM 230*570 DCon2 1000 1000 1 

Section Properties 

b (mm) h (mm) bf (mm) ds (mm) dct (mm) dcb (mm) 

230 570 230 0 40 40 

Material Properties 

Ec (MPa) fcu (MPa) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa) 

32000 20 1 415 215 

Design Code Parameters 

ɣC ɣS ɣM 

1.5 1.15 1.25 

Design Moment and Flexural Reinforcement for Moment, M3 

 

Design  

-Moment  

kN-m 

Design  

+Moment  

kN-m 

-Moment  

Rebar  

mm² 

+Moment  

Rebar  

mm² 

Minimum  

Rebar  

mm² 

Required  

Rebar  

mm² 

Top    (+2 Axis) 0  0 0 0 0 

Bottom (-2 Axis)  81.4648 461 461 201 0 

Shear Force and Reinforcement for Shear, V2 

Shear V  

kN 

Shear Vc / ɣM  

kN 

Shear Vs / ɣM  

kN 

Rebar Asv /S  

mm²/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. 

                   

 

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 storey6. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.13: The displacement applied to the 6SB. 
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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. 

 

 

 

 

 

 

 

 

 

 

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

 

Table4.11: Lateral load to storey in x- direction- 6SB. 
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Figure 4.16: Lateral load to storey in y- direction-6SB. 

Table: 4.12: Lateral load to storey in -y direction-6SB. 
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Table4.13: The design reactions- 6SB. 

 

 

 

 

 

 

 

 

Table 4.1.11forces in the column 

 

Table4.14: Forces in the column- 6SB. 

 

 

 

 

 

 

Table 4.1.12 story forces 
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Table4.15: Story - 6SB. 

 

 

 

 

 

 

 

 

 

 

                Table4.16: Time period and the natural frequency-6SB. 

 

 

 

 

 

 

 

 

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 

in the structure 

23031.36 kN 23850.25 

kN 

+3.5 

Reinforcement  ratio 

of column  

0.874% 0.87% +0.46 

Maximum time period 

in the structure 

3.53901 sec 3.425 sec +3.3 

the natural frequency 

for maximum 

0.28256 cycles/sec 0.273 

cycle/sec 

+3.6 

Design of R.C.C slab 8 dia & spacing 

230mm 

8 dia @ 

spacing 

230mm 

0.00 

 

* 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
st
, 2

nd
, 3

rd
, (height 3.1 m), 4

th
, 5

th
, 6

th
 …18

th
 (height 4 m) and 19

th
 (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 

 

 

The loading was as follows: 

(a) Dead load: 

-unit weight of concrete= 24 kN/   

- Finishes+ partitions      = 6 kN/    

     (b) Live load: 

         -for office = 3 kN/                                                (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 

Material  name concrete 

Type of material Isotropic 

Density of concrete 24 kN/   

Poisson ratio 0.2 

Grade of concrete 30 N/    

 Main Reinforcement grade(fy) 460 N/    

Reinforcement grade(fyv) 250 N/    

Thickness of slab 200mm 
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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. 

 

     

 

(a) Plan of model ALTBT 

 

 

 

 

 

 

 

 

 

 

(b)Final model 

                                          Figure 5.8: Final model of ALTBT 
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Figure 5.9: All sections design check of ALTBT. 
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          (a) Columns moments              (b) axial forces in columns 

    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 

Story1 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 

Ec (MPa) fcu (MPa) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa) 

24855.58 30 1 460 250 

 
Design Code Parameters 

Ec (MPa) fcu (MPa) Lt.Wt Factor (Unitless) 

24855.58 30 1 

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

Design N  

kN 

Design M2  

kN-m 

Design M3  

kN-m 

Minimum M2  

kN-m 

Minimum M3  

kN-m 

Rebar %  

% 

Capacity Ratio  

Unitless 

2010.7393 -56.6097 -42.4828 40.2148 40.2148 0.98 0.202 

 
Axial Force and Biaxial Moment Factors 

 
Mi Moment  

kN-m 

Madd Moment  

kN-m 

β Factor  

Unitless 

Length  

mm 

Major Bend(M3) -18.8623 -6.3057 1 2240 

Minor Bend(M2) 26.3959 -6.3057 1 2240 

 
Shear Design for V2 , V3 

 
Shear V  

kN 

Shear Vc / ɣM  

kN 

Shear Vs / ɣM  

kN 

Rebar Asv /s  

mm²/m 

Major, V2 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                   Figure 5.13: Moments in beam 

   of ALTBT.                                                           of ALTBT.  
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ETABS 2016 Concrete Frame Design 

BS 8110-97 Beam Section Design 

 

 

 

 

 

 

 
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) dct (mm) dcb (mm) 

230 570 230 0 41 41 

 
Material Properties 

Ec (MPa) fcu (MPa) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa) 

24855.53 30 1 460 250 

 
Design Code Parameters 

ɣC ɣS ɣM 

1.5 1.15 1.25 

 
Design Moment and Flexural Reinforcement for Moment, M3 

 

Design  

-Moment  

kN-m 

Design  

+Moment  

kN-m 

-Moment  

Rebar  

mm² 

+Moment  

Rebar  

mm² 

Minimum  

Rebar  

mm² 

Required  

Rebar  

mm² 

Top    (+2 Axis) -2.9183  170 0 170 15 

Bottom (-2 Axis)  1.823 170 9 170 0 

 
Shear Force and Reinforcement for Shear, V2 

Shear V  

kN 

Shear Vc / ɣM  

kN 

Shear Vs / ɣM  

kN 

Rebar Asv /S  

mm²/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 

 
 

Beam Element Details 

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

Story5 B38 1156 B230*760 DCon1 0 1000 1 

 
Section Properties 

b (mm) h (mm) bf (mm) ds (mm) dct (mm) dcb (mm) 

230 760 230 0 41 41 

 
Material Properties 

Ec (MPa) fcu (MPa) Lt.Wt Factor (Unitless) fy (MPa) fyv (MPa) 

24855.53 30 1 460 250 

 
Design Code Parameters 

ɣC ɣS ɣM 

1.5 1.15 1.25 

 
Design Moment and Flexural Reinforcement for Moment, M3 

 

Design  

-Moment  

kN-m 

Design  

+Moment  

kN-m 

-Moment  

Rebar  

mm² 

+Moment  

Rebar  

mm² 

Minimum  

Rebar  

mm² 

Required  

Rebar  

mm² 

Top    (+2 Axis) -23.0756  227 0 227 84 

Bottom (-2 Axis)  0 0 0 0 0 

 
Shear Force and Reinforcement for Shear, V2 

Shear V  

kN 

Shear Vc / ɣM  

kN 

Shear Vs / ɣM  

kN 

Rebar Asv /S  

mm²/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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Figure 5.17.a: Design slab-ALTBT. 

 

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. 
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               Figure5.18: The maximum displacement- ALTBT. 
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 Table 5.3: Storey drifts of ALTBT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.19 maximum story drifts- ALTBT 

 

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 storey2 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. 

 

   

 

 

Figure 5.21 wind load forces x-x direction 

The table 5.1.3 shows wind load forces x-x direction 

 

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

 

Table 5.4: Lateral load to storey in x-direction- ALTBT. 
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Figure 5.21: Lateral load to storey in-y direction-ALTBT. 

Table5.5: Lateral load to storey in y- direction- ALTBT. 
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Table5.6: Time period and the natural frequency- ALTBT. 
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                        CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1  Conclusions: 

 

1- 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. 

2- .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 

3- The percentage difference between the results are as follows:( Table 4.17) 

 +3.5% for maximum axial force 

 +0.46% for reinforcement ratio      

 +3.3% for mximum time period    

 +3.6% for the maximum natural frequency 

 0.00% for reinforcement ratio 

4- 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: 

 

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

2- The optimum model (570mm depth, 380mm width and 1.0m*1.0m spacing 

grid for large span residential and commercial building. 

3- Grids slabs systems instead of the steel truss systems. 

4-  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: 

 

1- Study the analysis and design of the Altadamon grid slab system building 

under the influence of earthquakes. 

2- Study the effect of replacing all floors of Altadamon tower by the optimum 

grid system.  

3- 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 

 

 

 

 

 

 

 

 

 

 

 

                                       

 

Figure 5.1: interfaces of ALTBT. 
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Figure 5.2: basement of ALTBT. 

 

 

 

 

 

 

 

 

 

      Figure 5.3: ground floor slab of ALTBT. 
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Figure 5.4: mezzanine floor slab of ALTBT. 

 

 

 

 

 

 

 

 

Figure 5.5: first floor slab of ALTBT. 
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                 Figure 5.6: 2
nd

 floor slab and 3
rd

 floor slab of ALTBT. 

 

Figure 5.7: typical floors slab of ALTBT. 
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Table A1: imposed floor loads (BS6399:part1:1996, loading for buildings, part1: 

code of practice for dead and imposed loads) 
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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 

 

 

 

 

 

 

 

 

TableA3: building- type factor Kb (BS6399-2:1997, loading for buildings, 

part2:section1, code of practice for wind load). 
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Figure A1: dynamic augmentation factor Cr (BS6399-2:1997, loading for 

buildings, part2: section1, 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) 
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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 A6: factor Sb for standard method  

 

 

   

Table A6: internal pressure coefficients Cpi for enclosed buildings (BS6399-

2:1997, loading for buildings, part2: section2, code of practice for wind load) 
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APPENDIX (B) 

ETABS Summary Report 
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APPENDIX (C) 

 SIMPLE RESULTS    

                       Table C1: story max/ avg displacement 
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Table C2: story drifts 
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  Table C3: story forces 
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Table C4: joint reaction 

 

 

 


