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ABSTRACT  

In Ghana as well as in the other African countries, policies are made to enhance construction sector. Thus 

POLO VIEWS, a company that bear several upstanding residential building is building apartments like the 

ones proposed in this document. 

The objective of this work is to do a structural analysis, design the bearing structure of the building, draw the 

reinforcement details and estimate the global cost of the structure. In order to achieve that purpose, this 

document is treating different tasks divided in seven (7) chapters. The main part of this work that concern the 

structural design of the building have been done according to European Standards (EN) and the design of the 

elements with the software Robot Structural Analysis professional 2012 except the design of slabs where we 

used Excel spreadsheets labelled by the International  community. 

After calculation, we obtained for the beams located under the ground floor slab a section of 700𝑥1000 mm 

(main beam) and 500𝑥800 (secondary beam). As for the most stressed columns, we got a size of 700𝑥1000 

mm and the less stressed ones are about 400𝑥700 mm. the preliminary sizing of the slabs brought us to 

175mm thickness for all the floor except the ninth floor which is 200 mm because supporting water tanks. 

The geotechnical report suggested that we can use 0.25 MPa for the ground bearing pressure. 

The design calculations came out with a certain amount of reinforcement ratios for the different elements. 

We got a ratio within the range of 3.17% to 3.32% for the most stressed beams located on the ground floor 

slab. Concerning the columns reinforcements, we had about 1.33% for the less stressed and about 2.5 % 

(presence of high moment) for the most stressed. For footings, we got averagely about 0.5%. 

The quantity surveying of this particular building is about 504732406 FCFA, say about 630915 FCFA per 

metre square. 

 

Key words: 

Structural design, Preliminary sizing, Ground bearing pressure, reinforcement ratio. 
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RESUME 

Au Ghana comme partout ailleurs aujourd’hui en Afrique, des politiques sont mises en place pour favoriser 

le secteur de la construction. Ainsi POLO VIEWS, une structure porteuse de projets d’habitation de haut 

standing construit des appartements à l’instar de ceux proposés dans le présent rapport. 

L’objectif de ce travail est de faire une analyse structural, dimensionner la structure portante du bâtiment, 

d’élaborer les dessins de détails des armatures et de calculer le coût de réalisation du gros œuvre. Pour 

atteindre ce but, ce document traite plusieurs tâches subdivisées en  sept (7) chapitres. La partie la plus 

importante de ce travail qui concerne le dimensionnement a été effectuée selon les spécifications de la 

Norme Européenne (EN) et les calculs des éléments structuraux avec le logiciel Robot Structural Analysis 

Professional 2012 sauf les calculs de dalle où nous avons utilisé des feuilles de calcul Excel programmées et 

certifiées par la communauté internationale. 

Après calcul, nous avons obtenus pour les poutres du plancher haut du rez de chaussé, une section de 

700𝑥1000 mm pour les poutres primaires et 500𝑥800 mm pour les poutres secondaires. Concernant les 

poteaux, nous avons obtenus une section de 700𝑥1000 mm pour ceux qui sont les plus chargés et 400𝑥700 

mm pour les moins chargés. Le pré-dimensionnement des dalles nous a permis d’obtenir des épaisseurs de 

175 mm pour les dalles de chaque niveau excepté celui du neuvième niveau  qui est de 200 mm parce qu’il 

supporte des réservoirs de stockage d’eau. Il en est ressortit après les essais géotechniques que la capacité 

portante du sol est de 0,25 MPa. 

Les calculs de dimensionnement nous ont permis d’obtenir pour les poutres les plus sollicités un taux variant 

de 3,17% à 3,32%. Ces taux sont particulièrement élevés en raison de la présence des moments de torsion. 

En ce qui concerne les poteaux, on obtient un taux de 1,33% pour le moins chargé et 2,5% pour le poteau le 

plus chargé (présence de moment assez conséquent). Enfin pour les semelles nous avons un taux moyen de 

0,5%. 

Le calcul du devis estimatif de ce bâtiment nous donne un montant de 504732406 FCFA soit 630915 FCFA 

au mètre carré. 

 

Mots clés : 

Dimensionnement, Pré-dimensionnement, Capacité portante du sol, taux de ferraillage. 
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GLOSSARY OF ABBREVIATION & SYMBOL 

LEMC: Laboratoire Eco-Materiaux de Construction 

IMF: International Monetary Found 

CIA: Central Intelligence Agency 

PW: Polo Views 

EC: Eurocodes 

EN: European Standards 

BS: British Standards 

ULS: Ultimate Limit State 

SLS: Serviceability Limit State RSA: Robot Structural Analysis 

CBS: Concrete Building Structures 

SI: Semelle Isolée (Pad footing) 

POU: Poutre (Beam) 

POT: Poteau (Column) 

Cnom: Nominal Cover 

Cmin: Minimum Cover 

𝑓𝑐𝑘: Characteristic compressive cylinder strength of concrete at 28 days 

𝑓𝑦𝑑: Design yield strength of reinforcement 

𝑓𝑦𝑘: Characteristic yield strength of reinforcement 

𝑓𝑐𝑡𝑚: Mean value of axial tensile strength of concrete 

𝛾𝑓: Partial factor for actions, F 

𝛾𝑐: Partial factor for concrete 

𝛾𝑠: Partial factor for reinforcing or prestressing 

∆𝐶𝑑𝑒𝑣: Allowance in design for Deviation 

𝐸𝑠: Modulus of Elasticity of Steel 

Mf: Modification Factor 

𝐴𝑐: Section of Concrete 

𝐴𝑠: Cross sectional area of reinforcement 

𝐴𝑠,𝑟𝑒𝑞: Required Area of bars 

𝐴𝑠,𝑝𝑟𝑜𝑣: Provided Area of bars 

𝐴𝑠,𝑚𝑖𝑛: Minimum cross sectional area of reinforcement 
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𝐴𝑠,𝑚𝑎𝑥: Maximum cross sectional area of reinforcement 

𝑁𝐸𝑑: Design value of the applied axial force 
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INTRODUCTION 

Ghana is one of the most prosperous countries in West Africa. According to IMF (2014), the population is 

estimated to 26 millions of people and the population growth is about 2.19 per cent (CIA, 2014) [10]. That 

human potential offers a good and interesting market for investors. By the economical means, the growth of 

the country during the past ten years is mostly greater than 5 per cent every year. According to the World 

Bank it was 7.6 per cent in 2013 (quite similar to Germany economic growth rate in 2015) and 4.5 per cent 

(IMF, 2014) the last year [10]. Regarding that impressive economic growth, we can obviously guess the high 

needs of infrastructures (Buildings, routes, highways, bridges, etc.). In other to satisfy that demand, a lot of 

investors such as Polo Views and some others are acting on site to provide enough facilities for the 

population. 

As a finishing student in civil engineering looking for the best experience in civil engineering domain, we 

chose to do our final year internship in that environment full of lessons and challenges. Thus we were hosted 

by CSENG CONSULT, one of the best consultant cabinet acting on the site. Among the projects of building 

designing that we were doing in the office, our attention was brought to a particular one which gather most 

of element design known in structural design activities. The theme of this report which is: 

“ENGINEERING DESIGN OF AN ELEVEN STOREY BUILDING PLUS CAR PARK 

UNDERGROUND TO EUROCODES”, is set to put us in a real condition of a structural design process. 

The specific objectives of this work is to meet the client satisfaction, to comply with the architect’s desires 

and provide the different structural drawings for implementation.  Finally a certain survey will be done to 

give to the client a fair idea about the cost of the first major part which does not include finishing. 

To achieve these specific goals (objectives), the work process went through several specific tasks which are: 

 Presentation of the project; 

 Conceptual design of the building; 

 Preliminary sizing; 

 Structural design; 

 Quantity surveying. 
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CHAPTER 1: ENVIRONMENT AND PRESENTATION OF THE PROJECT 

1.  

1.1. About CSENG CONSULT 

CSENG CONSULT (Civil and Structural Engineers Consultant), a consultant cabinet created in 2006 is 

actually located in Accra (Westlands, LEGON) which provide several services. They provide services in 

Civil Engineering domain (structural design services, structural survey of buildings) and hydraulic services 

(construction of canalisations and drainage system). They are one of the well-known consultant cabinet in 

Ghana regarding the number of project they have undertaken in the whole country. They are actually 

providing consultancy on several project throughout the country. 

1.2.  About POLO VIEWS 

Polo Views (PW) brings its rich experience into the Residential Development market in Ghana. For over 

forty years they have proved their reliability and credibility in the West African sub-region, where their list 

of projects have included the construction of Roads, Bridges, Airports, Seaports, and various building works. 

PW has become a respected building and civil engineering contractor in West Africa, with highly skilled 

management and technical staff. 

In Ghana, their appointed Residential development in Adjiringano is a good to behold. Their recently 

completed POLO COURT, and POLO HEIGHTS projects have been outstanding successes, changing the 

landscape of Accra, and at the same time pleasing both home owners and residents. Repeating this success, 

PW is now undertaken POLO VIEWS. 

1.3. Objectives of the report 

This report is undertaken as an intern in a consultant cabinet (CSENG) and is likely to take the student 

throughout the process of building design. Therefore it is dealing with: 

 Preliminary sizing of the structural members; 

 Design of the structure using Robot RSA professional 2012; 

 Provide drawing for implementation; 

 Design of non-structural elements; 

 Quantity survey of the building. 
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1.4. Presentation of the project 

1.4.1. Site location 

The site of the project is located in the airport zone in Accra. The map below is showing the position of the 

site corresponding to different points such as Accra Mall (Ashampong junction), Polo height and Kotoka 

international airport.  

 

Figure 1: Site Location 

 

1.4.2. Features & specification 

The Polo Views project is located on a 2 acre plot of land overlooking the Polo Height. The project 

comprises four (4) apartment blocks. Each block comprises a basement parking, ground floor, eight (8) upper 

floors, one (1) upper floor supporting water storage tanks and two (2) levels of roof floor. 

The facility has been divided into blocks (Block A, B, C and D) by the introduction of expansion joints with 

blocks B and C being separated by entrance and exit at the ground floor level. Each block is an eleven (11) 

storey frame structure with slabs transferring loads to down stand beams and onto columns have been tied by 

beams at all levels: basement to roof level 2. 

The lift and staircases are centrally located. 

Isolated pad footings have been used for foundation based on soil. Geotechnical parameters are identified in 

the Geotechnical Engineering Survey Report. 
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Figure 2:Perspective View 

1.5. Building geometry 

The building geometry is presented in the table 1.1. It comprises length, breadth and height of each floor. 

Except the basement floor where the parking is, the ninth floor for water tanks and the roof levels, the each 

of other floors are hosting two (2) apartments separated in two (2) wings. From ground floor to sixth floor, 

all the west wing is made by 2 bedrooms apartment (190 m²) and the east wing by 3 bedrooms apartment 

(220 m²). We have two (2) penthouses at seventh and eighth floors. The west penthouse level1 occupy 190 

m² and level 2 spreads over 140 m² and the east one 220 m² at the first level and 150 m² at the second.  

Table 1.1:Building Geometry 

Level Length (L), m Breadth (B), m Height (H), m 

Basement 35.40 24.45 3.6 

Ground 35.40 24.45 3.3 

First to Sixth 35.40 20.50 3.3 

Seventh 35.40 18.90 3.3 

Eighth to ninth 32.50 18.90 3.3 

Roof level 1 17.60 14.15 3.3 

Roof level 2 5.8 8.125 --- 
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The target of this first chapter was to describe the environment in which was held our internship and to 

present briefly the project undertaken. As we could noticed it above, the work was held in a consultant 

cabinet known as CSENG CONSULT principally. Concerning the project itself, it is composed of 4 identical 

buildings and we chose to pursue the work with bloc B. The next chapter will then treat all about the 

preliminary sizing of the building. 
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CHAPTER 2: CONCEPTUAL AND PRELIMINARY DESIGN 

The European standards commonly known as “Eurocodes” EN 1992 (EC2) deals with the design of 

reinforced concrete structures. EC2 allows the calculation of action effects and of resistances of concrete 

structures submitted to specific actions and contains all the prescriptions and good practices for properly 

detailing the reinforcements. 

EC2 consist of three (3) parts [2]: 

 EN 1992-1 Design of concrete structures – Part 1-1 General rules and rules for buildings; Part 1-

2 Structural fire design (CEN,2002) 

 EN 1992-2 Design of concrete structures – Part 2: Concrete Bridges – Design and detailing rules 

(CEN, 2007) 

 EN 1992-3 Design of concrete structures – Part 3: Liquid retaining and containment structures 

(CEN, 2006). 

In this document, the principles of Eurocode 2, part 1-1 are applied to the design of a ten-storey building 

with one underground parking area.  

2.  

2.1. Actions on the building 

Actions have been obtained from EC1 [1]: 

 EN 1991-1.1 Densities, self-weight and imposed loads 

 EN 1991-1.2 Fire actions 

 Ghana building code, August 1977  Wind loads 

The convenient safety factors are taken as in EC2 (Table 2.1)  

Table 2.1: Factors of safety 

Design situations 𝛾𝑐 for concrete 𝛾𝑠 for reinforcing steel 𝛾𝑠 for prestressing steel 

Persistent & Transient 1.5 1.15 1.15 

Accidental 1.2 1.0 1.0 

 

2.1.1. Loading assessment 

The table 2.2 below is grouping the dead loads acting on the building depend on the materials that are going 

to be used. Since our principal material is concrete (density took from EC2), we need some plastering 

(mortar) of 50 mm to make all the surfaces neat. 

Table 2.2:Dead Load calculations 



                 Engineering design of an eleven storey building plus car park underground to Eurocode 

Edem Koami AGBEHONOU 2014-2015 January 2016  
18 

Dead loads Values 

R.C self-weight:  25 (𝑘𝑁 𝑚3)⁄  

Screed (plastering, 50 mm): 1.89 × 50 0.945 (𝑘𝑁 𝑚2)⁄  

Finishing, partitions 3 (𝑘𝑁 𝑚2)⁄  

Ceiling and service loads 0.5 (𝑘𝑁 𝑚2)⁄  

 

Concerning the imposed loads (table 2.3), they are established according to the use of the different areas. All 

the values have been taken from the codes as we can notice it here. For the water tanks we used fresh water 

density combine with the highest tank we have on market which is about 2.5 m. 

Table 2.3: Imposed load 

Imposed loads Values (𝑘𝑁 𝑚2)⁄  References 

Dwelling  2 EC1 (Part 1-1) table 6.2 

Balconies, Parking 2.5 EC1 (Part 1-1) table 6.2 

Stairs 3 EC1 (Part 1-1) table 6.2 

Water storage 25 EC1 (Part 1-1) table A.7 

Open terrace 5 EC1 (Part 1-1) table 6.2 

Lift machine 5 BS 6399:1 table 1- B 

 

2.1.2. Wind load [9] 

According to the EC2, the combination factor is 𝜓1 = 0.5 

The design wind speed Vs should be calculated from: 

𝑉𝑠 = 𝑉𝑆1𝑆2𝑆3               (1) 

Where V is the basic wind speed, 𝑆1is topography factor (table 2.4), 𝑆2 is a factor for ground roughness 

(table 2.5), building size and height above ground, 𝑆3 is a factor for building life (fig 3.1). [9] 

𝑉𝑠 = 29 × 1 × 1.08 × 1.05 

𝑉𝑠 = 32.9 𝑚/𝑠  

The dynamic pressure of the wind “q” above atmospheric pressure may be calculated from: 

𝑞 = 𝑘𝑉𝑠
2                 (2) 

𝑞 = 0.613 × 332 = 0.67 𝑘𝑁/𝑚²  
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Table 2.4: Topography factor S1 
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Table 2.5: Ground Roughness, building size and height above ground factor S2 

 
Figure 3:Factor for building life 
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2.2. Materials 

2.2.1. Concrete 

2.2.1.1. Exposure classes and concrete strength class 

EC2 requires that the structure has to be design such that: 

  50 years design working life, 

 “Normal” supervision during execution, 

 “Normal” inspection and maintenance during use. Quality management procedure to be adopted 

during execution are described in EN13670. [4] 

 Concrete grade C30/37 for columns and foundations, C25/30 for the other elements.[4] 

The nominal cover to reinforcement, 𝐶𝑛𝑜𝑚, is obtained from: 

𝐶𝑛𝑜𝑚 = 𝑚𝑎𝑥{𝐶𝑚𝑖𝑛 + ∆𝐶𝑑𝑒𝑣; 20𝑚𝑚}              (3)  

Since we do not have the assurance that the implementation will be well-done, we are going to take   

∆𝐶𝑑𝑒𝑣 = 10𝑚𝑚. 

𝐶𝑚𝑖𝑛 = 𝑚𝑎𝑥{𝐶𝑚𝑖𝑛,𝑑𝑢𝑟; 𝐶𝑚𝑖𝑛,𝑏; 10𝑚𝑚}             (4) 

Where 𝐶𝑚𝑖𝑛,𝑑𝑢𝑟 (table 2.6) is the minimum cover for durability and 𝐶𝑚𝑖𝑛,𝑏 is the minimum cover for bond. 

Table 2.6:Minimum cover for durability [2] 

 

The following classes have been use for our design: 

 

 XC1 for internal slabs and beams 
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𝐶𝑚𝑖𝑛(𝑠𝑙𝑎𝑏𝑠) = 𝑚𝑎𝑥{15𝑚𝑚; 12 𝑚𝑚; 10𝑚𝑚} ; assuming ∅𝑚𝑎𝑥 = 12 𝑚𝑚 for slabs, 𝐶𝑚𝑖𝑛,𝑏 = 12 𝑚𝑚 

𝐶𝑛𝑜𝑚(𝑠𝑙𝑎𝑏𝑠) = max { 15 + 10; 20} 

𝐶𝑛𝑜𝑚(𝑠𝑙𝑎𝑏𝑠) = 25 𝑚𝑚  

𝐶𝑚𝑖𝑛(𝑏𝑒𝑎𝑚𝑠) = 𝑚𝑎𝑥{15𝑚𝑚; 25 𝑚𝑚; 10𝑚𝑚} ; assuming ∅𝑚𝑎𝑥 = 25 𝑚𝑚 for slabs, 𝐶𝑚𝑖𝑛,𝑏 = 20 𝑚𝑚 

𝐶𝑛𝑜𝑚(𝑏𝑒𝑎𝑚𝑠) = max { 25 + 10; 20} 

𝐶𝑛𝑜𝑚(𝑏𝑒𝑎𝑚𝑠) = 35𝑚𝑚  

 XC1 for columns. 

𝐶𝑚𝑖𝑛(𝐶𝑜𝑙𝑢𝑚𝑛𝑠) = 𝑚𝑎𝑥{25𝑚𝑚; 25 𝑚𝑚; 10𝑚𝑚} ; assuming ∅𝑚𝑎𝑥 = 25 𝑚𝑚 for slabs, 𝐶𝑚𝑖𝑛,𝑏 = 25 𝑚𝑚 

𝐶𝑛𝑜𝑚(𝐶𝑜𝑙𝑢𝑚𝑛𝑠) = max { 25 + 10; 20} 

𝐶𝑛𝑜𝑚(𝐶𝑜𝑙𝑢𝑚𝑛𝑠) = 35𝑚𝑚  

 XC2 for foundation. 

For earth retaining walls and foundations, 𝐶𝑛𝑜𝑚 = 50 𝑚𝑚 is common, due to the difficulty of any visual 

inspection to detect deterioration. 

2.2.1.2. Structural classification 

According to table 2.7 (from EC2, table 4.3N) the recommended structural design class (design working life 

of 50 years) is S4. But some corrections can be made according to the structural members. 

Table 2.7: Recommended structural classification [2]

 

Hence we have: 

 Slabs:  S3 (reduction due to the geometry) 
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 Beams:  S4 (no reduction) 

 Columns: S4 (no reduction) 

 Footings S4 (no reduction) 

2.2.2. Reinforcing steel 

For this design, the grade S500B (medium) of steel reinforcements have been used. 

 

Figure 4: Idealised and design stress-strain diagrams for prestressing steel 

The partial safety factors that are going to be use are: 𝛾𝑠 = 1,15 for ultimate limit state (ULS) and 𝛾𝑠 = 1,0 

for service-ability limit state (SLS) 

𝑓𝑦𝑘 ≥ 500 𝑁 𝑚𝑚2⁄ ;  𝐸𝑠 = 200000 𝑁 𝑚𝑚2⁄ ;  

𝑓𝑦𝑑 =
500

1.15
= 435 𝑁 𝑚𝑚2⁄  

2.3. Conceptual design of the elements 

2.3.1. Conceptual design of slabs 

2.3.1.1. Slab height 

Considering one of the most critical panels on the ground floor slab, here are the calculations leading to the 

height of the concerning slab. For the rest of the building, we are going to consider the same thickness of 

slab. 

 

 

 

 

 

 

 
7125 

4
4

7
7
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Check of the spanning of the panel: 

𝐿𝑦

𝐿𝑥
=

7125

4477
= 1.59 < 2 {

𝐿𝑦: 𝐿𝑜𝑛𝑔 𝑠𝑝𝑎𝑛

𝐿𝑥: 𝑠ℎ𝑜𝑟𝑡 𝑠𝑝𝑎𝑛
            (5) 

 

 

Hence this panel is spanning two (2) ways. 

2.3.1.2. Slab thickness: 

Assumptions: 

 The fire resistance of the building is 1 h 30. Therefore the slab thickness should be greater than 120 

mm, table 5.8 [3]; 

 The slab will be design as a continuous slab; 

 Considering a lightly stressed concrete C25/30, the basic span/effective depth ratios are shown in 

table 2.8 [2]; 

 Class of exposure XC1, table 4.4 N (EN 1992-1-1); ∆𝐶𝑑𝑒𝑣 = 10 𝑚𝑚. 

 

Table 2.8: Basic span/effective depth ratios for reinforced concrete members 

Structural system K Highly stressed concrete Lightly stressed concrete 

Simply supported beams and slabs 1.0 14 20 

End span of continuous beams and slabs 1.3 18 26 

Interior span of continuous beams and 

slabs 

1.5 20 30 

Cantilevered beams and slabs 0.4 6 8 

 

The panel that we are dealing with is at the edge. Then according to the table 3.7 above (lightly stressed 

concrete): 

𝑑 =
𝐿𝑥

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ 𝑟𝑎𝑡𝑖𝑜
=

4477

26
= 172.2 𝑚𝑚            (6) 

The overall depth is given by: 

 

 

ℎ = 𝑑 + 𝐶𝑛𝑜𝑚 + 𝑡 {

𝑑: 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ
𝐶𝑛𝑜𝑚: 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑐𝑜𝑣𝑒𝑟

𝑡: ℎ𝑎𝑙𝑓 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑚𝑎𝑖𝑛 𝑏𝑎𝑟𝑠
           (7) 

ℎ = 172.2 + 25 +
12

2
= 186,7 𝑚𝑚  

For the design, we will consider the overall depth h= 175 mm (find more information in section §4.1). 
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2.3.2. Conceptual design of beams 

 Beam height: 

Assumptions: 

 The fire resistance of the building is 1 h 30. Therefore the beam breadth should be greater than 150 

mm, table 5.6 (EN 1992-1-2); 

 The beam will be design as a continuous beam; 

 Considering a lightly stressed concrete, the basic span/effective depth ratios are shown in table 3.7; 

 Class of exposure XC1, table 4.4 N (EN 1992-1-1); ∆𝐶𝑑𝑒𝑣 = 10 𝑚𝑚. 

 

With an interior span of 7.625 m. By using the formula 6 in relation with the table 3.8 and considering lightly 

stressed concrete: 

𝑑 =
𝐿𝑥

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ 𝑟𝑎𝑡𝑖𝑜
=

7625

30
= 254,17 𝑚𝑚 

The overall depth is given by: 

 

ℎ = 𝑑 + 𝐶𝑛𝑜𝑚 + 𝑡 + 𝑡0 {

𝑑: 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ
𝐶𝑛𝑜𝑚: 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑐𝑜𝑣𝑒𝑟

𝑡: ℎ𝑎𝑙𝑓 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑚𝑎𝑖𝑛 𝑏𝑎𝑟𝑠
𝑡0: 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑙𝑖𝑛𝑘𝑠

 

ℎ = 254,17 + 35 +
25

2
+ 10 = 311,67 𝑚𝑚  

For the preliminary sizing of our beams, we are taking as input of the software a section of 400 × 600 for 

the beams. 

 

2.3.3. Conceptual design of columns 

This part is dealing with the columns design. The column in a structure carry the loads from the beams and 

slabs down to the foundation, and therefore they are primarily compression members, although they may also 

have to resist bending forces due to the continuity of the structure. The analysis of a section subjected to an 

axial load plus bending which is treated in chapter 4 of reinforcement concrete design to EC2 [5], where it is 

noted that a direct solution of the equations that determine the area of reinforcement can be very laborious 

and impractical. Therefore design chart or computers are often use to facilitate the routine design of column 

section. The code distinguish two (2) types of columns: 

 Braced, where lateral loads are resisted by shear walls or other forms of bracing capable of 

transmitting all horizontal loading to the foundations; 
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 Unbraced, where horizontal loads are resisted by the frame action of rigidly connected columns, 

beams and slabs. 

With a braced structure, the axial forces and moments in the column are caused by the vertical permanent 

and variable actions only, whereas with an unbraced the loading arrangements which include the effect of the 

lateral loads must also be considered. 

The most loaded columns are located at the basement. 

As for the preliminary sizing of the columns, we took into consideration: 

 The fire resistance of the building is 1 h 30. Therefore the column size should be greater than 300 

mm, and the axis distance (a) is 25 mm from table 5.2 [2]; 

 Considering a short- unbraced column; 

 Considering a lightly stressed concrete C30/37 and high yield steel reinforcement of 500 MPa; 

 Class of exposure XC1, table 4.4 N (EN 1992-1-1); ∆𝐶𝑑𝑒𝑣 = 10 𝑚𝑚. 

 

Procedure: [5] 

A short-unbraced column satisfy the condition: 
𝑙𝑒𝑥

ℎ
⁄ < 15 and 

𝑙𝑒𝑦
𝑏

⁄ < 15. 

The effective length 𝑙𝑒𝑥 and 𝑙𝑒𝑦 are relative to the XX and YY axis, h is the overall depth of the section in 

the plane of bending about the XX axis, and the dimension perpendicular to the XX axis. The effective 

lengths are specified as 

 𝑙𝑒 = 𝛽𝑙0                (8) 

 𝑙0 is the clear distance between the column end restraints; 𝛽 is a coefficient which depends on the degree of 

end restraints as specified in table 2.9 [5] 

Table 2.9: Preliminary size of columns 

 

In our case, 𝛽 = 1.5 and 𝑙0 = 3.6𝑚. Therefore  ℎ ≥ 360 𝑚𝑚 and 𝑏 ≥ 360 𝑚𝑚. The input sizes are: 

400 𝑥 700 𝑚𝑚; 700 𝑥 1000 𝑚𝑚; 550 𝑥 700 𝑚𝑚. 
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This chapter had to define the different sizes of the different members that are going to be input in the 

different software that we intend to use for our design. Thus we obtained for slabs a thickness of 175 mm and 

several dimensions for both columns and beams. The footings will be generated by the software itself. Now 

we can move to the analysis of the structural calculations. 
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CHAPTER 3: STRUCTURAL  ANALYSIS 

In terms of structural analysis of a building, the following steps can be follow: 

1) Structural framing scheme design 

a) Request for geotechnical and hydrological survey report from supervisor 

b) Print architectural drawings ensuring complete visibility of all components of drawing. 

c) Carefully review architectural drawings, ensuring that 

i) Floor to floor heights are consistent with staircase rise heights; 

ii) A feasible structural scheme can be obtained from architectural concept; 

iii) Gridlines are correctly numbered and correctly add up on both sides of transverse and 

longitudinal directions; 

iv) Sections correctly match with plans and elevations; 

v) All relevant sections and details necessary for structural design and detailing have been 

provided and in sufficient detail; 

vi) Finished floor levels have been provided in plans or/and in sections. Take note of step-

downs in scheme design; 

vii) You note any other items of importance for structural analysis, design and detailing. 

Exercise engineering discretion here! 

viii) Make notes of all information which are not consistent with i) to vii) above to be 

discussed with supervisor and subsequently, project architect if necessary. 

d) Identify all possible columns, beams and shear wall positions: ensure that 

i) No walls or columns are within openings and open spaces unless proposed by the 

architectural drawings 

ii) Beams are concealed by drop ceilings and/or block walls; 

e) Perform preliminary sizing of all structural elements ensuring that 

i) Exposure conditions and fire resistance requirements have been accounted for using 

relevant codes. This will facilitate the choice of cover to rebar for all structural elements. 

ii) Slab thickness and beam depths meet deflection requirements. Provide hand calculations 

in addition to any available computer print out to show this for critical slab panels 

(largest external panels, largest internal panels and cantilevers above 1.5m) and long 

beam spans (spans above 6.5m and cantilevers above 2m). 

iii) Beam depths do not reduce floor-to-floor heights. Where this cannot be avoided after 

careful consideration of  alternatives, discuss with supervisor. 

iv) Beams are concealed by block-walls and/or drop ceilings. Where this cannot be avoided 

after careful consideration of alternatives, discuss with supervisor. 
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v) Column sizes are adequate for vertical load consideration taking into account column 

minimum rebar requirements. Add 30% of dead load to design load for lateral load 

consideration. Ensure that a minimum of 40% residual capacity is maintained for all 

foundation and columns. 

f) Give structural schematic layout with preliminary sizing to draftsman to generate general 

arrangement of all floors and roof. Generate transverse and longituginal sections through the 

entire building as part of general arrangement drawings. 

g) Design structural elements using any verifiable software of choice. Validate results for design of 

key elements with hand calculations making reference to relevant codes where necessary. 

The finite element modeling of the hole structure with Robot structural analysis (RSA pro 2012) is chown in 

the figure3-3 below. Here are the different elements parameters we have used for the modeling. 

 

 

Figure 5 Modeling of the structure: 

Verifications of the model of the calculation contained no errors. 

3.  
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3.1. Loads, load cases and their combinations 

3.1.1. Loads 

As we have shown the loading assessment in the section 1.1 above, refer to that section to know more about 

the loads. It is states in Manuel de formation Autodesk robot structural analysis professional 2011 (pge 60) 

that for the advanced calculations of the structural design, the software takes the self-weight into 

consideration and combine the different load cases according to the designing code (EC2) at the different 

limit states (ULS, SLS). 

3.1.2. Rules for the combination of load cases 

For the ultimate limit state (ULS) only one combination is calculated (general combination): 

𝛾𝐺𝐺⨁ 𝛾𝑄,1𝑄1⨁𝛾𝑄,𝑖∑(𝜓𝑜,𝑖𝑄𝑖) with 𝛾𝐺 = 1,35 and 𝛾𝑄,1 = 𝛾𝑄,𝑖 = 1,5         (9) 

For the serviceability limit states (SLS) the two following combinations are calculated: 

 Characteristic combination: 

𝐺⨁ 𝑄1⨁∑(𝜓𝑜,𝑖𝑄𝑖)            (10) 

 Quasi permanent combination: 

𝐺⨁∑(𝜓2,𝑖𝑄𝑖)             (11) 

3.1.3. Different cases of combination 

The following load combination successively at ultimate limit state and serviceability limit state, table 3.1 

were generated by robot RSA.  

N/B: the numbers from 1 to 11 are the designation of the different loads, respectively, Self weight, Dead 

load, Dwelling areas, Balconies areas, Terraces, Staircase areas, Water storage, East Wind, West Wind, 

North Wind and South Wind. 

3.1.3.1. ULS 

Table 3.1: Load combination at the Ultimate Limit State 

1 1*1.35 + 2*1.35 

2 1*1.00 + 2*1.00 

3 1*1.35 + 2*1.35 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 

4 1*1.00 + 2*1.00 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 

5 1*1.35 + 2*1.35 + 8*1.50 

6 1*1.00 + 2*1.00 + 8*1.50 

7 1*1.35 + 2*1.35 + 9*1.50 

8 1*1.00 + 2*1.00 + 9*1.50 

9 1*1.35 + 2*1.35 + 10*1.50 

10 1*1.00 + 2*1.00 + 10*1.50 
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11 1*1.35 + 2*1.35 + 11*1.50 

12 1*1.00 + 2*1.00 + 11*1.50 

13 1*1.35 + 2*1.35 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 + 8*1.00 

14 1*1.00 + 2*1.00 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 + 8*1.00 

15 1*1.35 + 2*1.35 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 + 9*1.00 

16 1*1.00 + 2*1.00 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 + 9*1.00 

17 1*1.35 + 2*1.35 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 + 10*1.00 

18 1*1.00 + 2*1.00 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 + 10*1.00 

19 1*1.35 + 2*1.35 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 + 11*1.00 

20 1*1.00 + 2*1.00 + 3*1.50 + 4*1.50 + 5*1.50 + 6*1.50 + 7*1.50 + 11*1.00 

21 1*1.35 + 2*1.35 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 8*1.50 

22 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 8*1.50 

23 1*1.35 + 2*1.35 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 9*1.50 

24 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 9*1.50 

25 1*1.35 + 2*1.35 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 10*1.50 

26 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 10*1.50 

27 1*1.35 + 2*1.35 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 11*1.50 

28 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 11*1.50 

 

3.1.3.2. SLS 

Table 3.2:Load combination at the Service-ability Limit State 

1 1*1.00 + 2*1.00 

2 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 8*0.77 

3 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 

4 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 9*0.77 

5 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 10*0.77 

6 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 11*0.77 

7 1*1.00 + 2*1.00 + 3*0.77 + 4*0.77 + 5*0.77 + 6*0.77 + 7*0.77 + 8*1.00 

8 1*1.00 + 2*1.00 + 3*0.77 + 4*0.77 + 5*0.77 + 6*0.77 + 7*0.77 + 9*1.00 

9 1*1.00 + 2*1.00 + 3*0.77 + 4*0.77 + 5*0.77 + 6*0.77 + 7*0.77 + 10*1.00 

10 1*1.00 + 2*1.00 + 3*0.77 + 4*0.77 + 5*0.77 + 6*0.77 + 7*0.77 + 11*1.00 
 

3.2. Results analysis 

3.2.1. Internal forces and moments 

In the case of this report, we are just going to focus on the results of the basement floor. The table 3.3 below 

is giving the maximum forces apply to the columns located at the concerning floor. These values are going to 

be use by the software to design the columns. 

 𝐹𝑋: the axial force  (X-X); 

 𝐹𝑦: the internals forces that acting in the direction of (Y-Y); 
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 𝐹𝑧: the internals forces that acting in the direction of (Z-Z); 

 𝑀𝑋: the rotation around (X-X) 

 𝑀𝑦: the rotation around (Y-Y) 

 𝑀𝑍: the rotation around (Z-Z) 

Table 3.3: Forces and moments acting on the basement columns 

 FX [kN] FY [kN] FZ [kN] MX [kN.m] MY [kN.m] MZ [kN.m] 

Pot 0_01 3734.50 56.89 251.34 5.04 1625.32 172.23 

Pot 0_02 2978.85 24.65 0.22 0.98 162.41 312.17 

Pot 0_03 2062.61 52.20 4.57 1.03 167.72 423.09 

Pot 0_04 2474.30 82.96 3.90 0.42 620.83 494.71 

Pot 0_05 2466.43 -296.16 -23.37 4.74 512.71 401.03 

Pot 0_06 2018.69 -214.42 -3.50 1.91 140.23 313.91 

Pot 0_07 3640.34 -29.32 -25.03 1.77 387.18 103.80 

Pot 0_08 3729.80 -78.64 -66.50 1.85 449.62 141.56 

Pot 0_09 1742.18 2.88 -9.71 1.36 571.15 74.39 

Pot 0_10 1714.35 -47.77 -26.38 2.45 514.55 77.98 

Pot 0_11 3213.92 -68.87 -74.64 0.95 325.09 102.05 

Pot 0_12 3888.67 -59.85 -130.90 8.65 1729.66 180.48 

Pot 0_13 3844.69 -56.13 -522.52 6.83 1865.49 178.17 

Pot 0_14 3974.04 -62.24 32.42 11.99 1887.69 200.03 

Pot 0_15 2854.98 -324.59 79.15 1.31 310.50 416.93 

Pot 0_16 2546.55 318.01 149.51 1.38 791.23 1563.48 

Pot 0_17 1704.51 124.84 80.25 0.75 284.72 802.71 

Pot 0_18 2921.77 -4.48 -6.55 0.50 402.76 34.37 

Pot 0_19 2612.55 1.35 -35.77 1.05 355.54 61.40 

Pot 0_20 1919.34 -40.96 97.32 3.60 660.07 95.91 

Pot 0_21 893.53 -0.12 7.57 0.27 27.86 8.94 

Pot 0_22 930.55 -3.86 130.91 -0.11 274.07 -8.32 

Pot 0_23 1257.05 -4.08 4.03 0.06 86.86 -7.59 

Pot 0_24 2356.87 -19.89 -12.83 0.72 99.84 182.14 

Pot 0_25 2445.35 -131.09 -11.39 1.46 113.43 223.19 

Pot 0_26 1292.98 -43.66 1.64 1.41 152.74 126.25 

Pot 0_27 1868.95 -105.97 -7.79 2.24 408.66 149.13 

Pot 0_28 1901.84 27.59 8.71 1.35 476.13 196.01 
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Pot 0_29 2514.17 -30.55 2.82 0.93 161.00 125.28 

Pot 0_30 1266.09 -64.88 -3.32 1.80 132.27 155.17 

Pot 0_31 2238.46 -23.45 29.44 -0.04 479.89 48.14 

 

3.2.2. Displacements 

The table 3.4 below is giving the envelope of the maximum displacement of the elements of the whole 

structure. We can see that the major displacement is about 7 cm along the axis YY which is lateral. This 

value has been obtained with the combination 25 at ultimate limit state. According to the code, the maximum 

lateral displacement of the storey building due to lateral loads should be less or equal to H/500. The total 

height of the building is roughly 40 m. therefore the limiting displacement is 8 cm which is greater than our 

maximum displacement.  

Table 3.4: Envelop of the total displacement of the nodes 

 UX [cm] UY [cm] UZ [cm] RX [Rad] RY [Rad] RZ [Rad] 

Max 0.8 7 0.2 0.009 0.004 0.001 

Node 287 1147 67 4830 3143 3262 

Case ULS/5 ULS/25 11 ULS/13 ULS/19 ULS/19 

Min -1.1 -1.2 -6.0 -0.006 -0.006 0 

Node 543 1165 1122 2189 4830 4384 

Case ULS/23 11 ULS/17 ULS/13 ULS/17 ULS/13 

 

3.2.3. Deflections 

The following table 3.5 is giving the maximum and the minimum deflection of the building different 

elements. We can notice that the deflections shown in the table is currently occurring on the columns. And 

the deflection on the beams are even less. The major deflection check is going to be handle in the detailing 

calculations in the annex which will show more details about it. 

Table 3.5: Envelop of total deflection of the nodes 

 UX [cm] UY [cm] UZ [cm] 

Max 0.0 0.2 0.2 

Bar 703 1159 659 

Case ULS/13 ULS /17 ULS /19 

Min 0.0 -0.1 -1 

Bar 707 1066 568 

Case ULS /15 ULS /13 ULS /17 
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The main concern of this particular chapter is to ensure that the building is stable. After the analysis, we have 

to do the detailing of all the element of the building. But in the following lines our major concern is about the 

element that are subjected to the highest loads. Thus the chapter 5 is going to show the process of the 

different detailing and provide the results. 
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CHAPTER 4: DESIGN OF MEMBERS 

After showing the results of the analysis the software have made, this chapter is going to deal with the 

structural design of some members (slab, beam, column, pad footing, spread footing, shear wall, retaining 

wall and stairs). In the following lines, we are going to identify one element of each member and design it 

according to the code (EC2).  

4.  

4.1. Slab design 

For the structural design calculations, we are going to perform the design of the ground floor slab which will 

be used for dwellings. As we set it in the section §2.3 the conceptual characteristics of our slabs are: 

 Slab height = 175 mm; maximum diameter of rebar =14mm, high yield tensile (fy=500 MPa); 

concrete grade = C25/30; Structure class: S3; cover = 25mm 

 Loads: dead load = 4.5 kN/m²; imposed load = 2 kN/m² (Dwelling); imposed load = 2.5 kN/m² 

(Balconies). imposed load = 3 kN/m² (Stairs & lobby);  

 As usual the analysis of a slab is conducted panel by panel. A spread sheet certified by Reinforced concrete 

council is available to perform good design of 1 way or 2 way slabs (See annex 3 for the complete 

calculations). 

4.1.1. Design calculation procedure  

a) Loading calculations at ULS:  

𝑊 = 1.35 (𝑑𝑒𝑎𝑑 𝑙𝑜𝑎𝑑𝑠) + 1.5 (𝐼𝑚𝑝𝑜𝑠𝑒𝑑 𝑙𝑜𝑎𝑑)         (12) 

b) Bearing moment calculations: 

As a two ways slab, we have to calculate the bearing moment on both directions. The formulas are as 

follows:  

 Direction (Ox): 𝑀𝑥+ = 𝛽𝑠𝑥+𝑊𝐿𝑥2  ( 𝑠𝑎𝑔𝑔𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡)       (13) 

𝑀𝑥− = 𝛽𝑠𝑥−𝑊𝐿𝑥2  (ℎ𝑜𝑔𝑔𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡)       (14) 

 Direction (Oy): 𝑀𝑦+ = 𝛽𝑠𝑦+𝑊𝐿𝑥2  ( 𝑠𝑎𝑔𝑔𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡)       (15) 

𝑀𝑦− = 𝛽𝑠𝑦−𝑊𝐿𝑥2  (ℎ𝑜𝑔𝑔𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡)       (16) 

The coefficients  𝛽𝑠𝑥+, 𝛽𝑠𝑥−, 𝛽𝑠𝑦+ & 𝛽𝑠𝑦− are shown in table 4.1 
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Table 4.1 Bending moment coefficients for two-way rectangular spanning slab supported by beams: 

 

 

c) Design for steel reinforcement on both directions (x-x and y-y) 

 Coefficient 𝐾 =
𝑀

𝑏𝑑²𝑓𝑐𝑘
≤  𝑘𝑏𝑎𝑙 = 0.167 (𝑙𝑖𝑚𝑖𝑡 𝑜𝑓 𝑛𝑜 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑠𝑡𝑒𝑒𝑙 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡)   (17) 

 

 Lever arm calculation on both directions (x-x and y-y) 

𝑍 = 𝑑 [0.5 + √(0.25 −
3𝐾

3.4
)]            (18) 

 

o Area of bars on both directions (x-x and y-y); top and bottom reinforcements. 

The formula that is used to calculate the area of bars is  

𝐴𝑠 =
𝑀

0.87 𝑓𝑦𝑘 𝑧
              (19) 

 

o Minimum and maximum reinforcement required 

The formula we need to assess the minimum reinforcement required is set in Eurocode 2 [5]. 

𝐴𝑠,𝑚𝑖𝑛 = 0.13% 𝑏ℎ; 𝐴𝑠,𝑚𝑎𝑥 =
100𝐴𝑠

𝐴𝑐
 

o Deflection check [2] 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 =
𝑆𝑝𝑎𝑛

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ
 

𝐿𝑖𝑚𝑖𝑡𝑖𝑛𝑔 𝑑𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 = 𝑀𝑓 ×
𝑙

𝑑
; Where 𝑀𝑓 is the modification factor. 

𝑙

𝑑
= 𝐾 [11 + 1.5√𝑓𝑐𝑘 (

𝜌0

𝜌
) + 3.2√𝑓𝑐𝑘 (

𝜌0

𝜌
− 1)

3/2
]  𝑖𝑓 𝜌 ≤ 𝜌0         (20) 
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𝑙

𝑑
= 𝐾 [11 + 1.5√𝑓𝑐𝑘 (

𝜌0

𝜌−𝜌′
) + 3.2√𝑓𝑐𝑘 (

𝜌′

𝜌
)

3/2
]  𝑖𝑓 𝜌 > 𝜌0        (21) 

𝜌 =
𝐴𝑟𝑒𝑞

𝑏𝑑
;   𝜌0 = √𝑓𝑐𝑘 × 10−3 = 5 × 10−3          (22) 

𝑀𝑓 =
310

𝜎𝑠
;  𝜎𝑠 =

5×𝑓𝑦𝑘×𝐴𝑠,𝑟𝑒𝑞

8×𝐴𝑠,𝑝𝑟𝑜𝑣
                (23);(24) 

When the limiting deflection is too high we can reduce the slab thickness by correcting the 

span/effective depth ratio by the modification factor. 

N/B: See annex for cracking and lapping. 

 

4.1.2. Results 

Recapitulative table 4.2 of the ground floor slab design calculations 

Table 4.2: Dwelling floors reinforcement details 

 X-X Y-Y 

Provided Area Provided Area 

Top layer T10@150 mm 523 mm² T10@150 mm 523 mm² 

Bottom layer T10@150 mm 523 mm² T10@150 mm 523 mm² 

 

Recapitulative table 4.3 of service floor slab design calculations  

Table 4.3: Service floor slab reinforcement details 

water storage 

areas 

X-X Y-Y 

Provided Area Additional Provided Area Additional 

Top layer T12@75 mm 1507 mm² 6T10 T12@100 mm 1130 mm² 6T10 

Bottom layer T12@75 mm 1507 mm²  T12@100 mm 1130 mm²  

Terrace T10 @225 mm 349 mm² T10 @225 mm 349 mm² 

 

4.2. Design for bending of a rectangular beam 

Generally, a beam is a structural element that is capable of withstanding load primarily by resisting bending. 

The bending forces induced into the material of the beam as a result of the external loads. We can identify 

different categories of beams depend on the support condition and the number of support. Thus the 

calculations are different. In the framework of this document, we are going to consider our beams to be 

continuous with no moment redistribution. Our preliminary sizing and considerations of the ground floor 

beams are: 
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 Beam size = 400 x 600 mm; maximum diameter of rebar =20mm, high yield tensile (fy=500 MPa); 

concrete grade = C25/30; Structure class: S4; cover = 35mm 

 Loads: dead load = 4.5 kN/m²; imposed load = 2 kN/m² (Dwelling); imposed load = 2.5 kN/m² 

(Balconies). 

The global design procedure of a continuous beam with no moment redistribution once you get the internal 

forces is as follows: 

a) Check whether compression steel is needed or not by determining (formula 17): 

𝐾 =
𝑀

𝑏𝑑²𝑓𝑐𝑘
<  𝐾𝑏𝑎𝑙 = 0.167 𝑡ℎ𝑒𝑛 𝑛𝑜 𝑠𝑡𝑒𝑒𝑙 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑  

b) Determine the lever-arm, z, from the equation (18) 

𝑧 = 𝑑[0.5 + √(0.25 − 𝐾/1.134)] 

c) Calculate the area of tension steel reinforcement by the formula (19): 

𝐴𝑠 =
𝑀

0.87 𝑓𝑦𝑘𝑧
 

d) Select suitable bar sizes according to the area of reinforcement chart Annex5 

e) Check that the area of steel actually provided is within the limits required by the code, that is 

100
𝐴𝑠,𝑚𝑎𝑥

𝑏ℎ
≤ 4.0% 𝑎𝑛𝑑 100

𝐴𝑠,𝑚𝑖𝑛

𝑏𝑑
≥ 26

𝑓𝑐𝑡𝑚

𝑓𝑦𝑘
%; 

𝑤ℎ𝑒𝑟𝑒 𝑓𝑐𝑡𝑚 = 0.3 × 𝑓𝑐𝑘

2

3  𝑓𝑜𝑟 𝑓𝑐𝑘 ≤ 𝐶50          (25) 

f) If compression steel is required, ie 𝐾 > 𝐾𝑏𝑎𝑙 = 0.167, 𝑥 = 𝑥𝑏𝑎𝑙 = 0.45𝑑 

 Calculate the area of compression steel from: 

𝐴′𝑠 =
𝑀−𝐾𝑏𝑎𝑙𝑓𝑐𝑘𝑏𝑑²

𝑓𝑠𝑐(𝑑−𝑑′)
             (26) 

Where 𝑓𝑠𝑐 is the compressive stress in the steel. 

If 𝑑′/𝑥 ≤ 0.38 the compression steel has yielded and 𝑓𝑠𝑐 = 0.87𝑓𝑦𝑘 

If 𝑑′/𝑥 > 0.38 then the strain 𝜀𝑠𝑐 in the compressive steel must be calculated from the proportions of the 

strain diagram and 𝑓𝑠𝑐 = 𝐸𝑠𝜀𝑠𝑐 = 200 × 103𝜀𝑠𝑐 . 

 Calculate the area of tension steel required from 

 

𝐴𝑠 =
𝐾𝑏𝑎𝑙𝑓𝑐𝑘𝑏𝑑²

0.87 𝑓𝑦𝑘𝑧
+ 𝐴′𝑠

𝑓𝑠𝑐

0.87 𝑓𝑦𝑘
 𝑤𝑖𝑡ℎ 𝑧 = 0.82𝑑          (27) 
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 Check for the areas of steel required and the areas provided that 

(𝐴′𝑠 𝑝𝑟𝑜𝑣 − 𝐴′
𝑠 𝑟𝑒𝑞) ≥ (𝐴𝑠 𝑝𝑟𝑜𝑣 − 𝐴𝑠 𝑟𝑒𝑞)          (28) 

This is to ensure that the depth of the neutral axis has not exceeded the maximum value of 0.45d by 

providing an over-excess of tensile reinforcement. 

 Finally check that the area of steel actually provided is within the limits required by the code 

practice. 

N/B: See the results in the Annex 5. 

4.3. Design of columns 

According to the conceptual design of our columns, we distinguished three (3) types of columns at the 

basement level: 400 𝑥 700 𝑚𝑚; 700 𝑥 1000 𝑚𝑚; 550 𝑥 700 𝑚𝑚. According to the results in chapter 2, we 

are going to show the design calculations of the columns POT0_02, POT0_14, POT0_04 and POT0_16. 

The design of a braced column involves consideration of the following steps: 

a) Determination of the slenderness ratio, λ 

𝜆 =
𝑙0

𝑖
=

𝑙0

√(𝐼
𝐴⁄ )

;             (29) 

Where: lo is the effective length of the column; i is the radius of gyration of the uncracked concrete section; I 

is the second moment of area of section about the axis; A is the cross-sectional area of the column. 

b) Limiting slenderness ratio – short or slender columns 

EC2 places an upper limit on the slenderness ratio of a single member below which second order effects may 

be ignored. This limits is given by: 

𝜆𝑙𝑖𝑚 = 20 × 𝐴 × 𝐵 × 𝐶 √𝑛⁄ ;            (30) 

Where:  

𝐴 =  1/(1 + 0.2∅𝑒𝑓); 𝐵 = √1 + 2𝑤; 𝐶 = 1.7 − 𝑟𝑚;               (31); (32); (33) 

These factors can be calculated but if their respective parameters are not known, A, B and C can respectively 

be taken as 0.7, 1.1 and 0.7. 

c) Failure modes 

Short columns usually fail by crushing but a slender column is liable to fail by buckling. Euler derived the 

critical load for a pin-ended strut as 

𝑁𝑐𝑟𝑖𝑡 =
𝜋2𝐸𝐼

𝑙²
;              (34) 

 

The crushing load 𝑁𝑢𝑑 of a truly axially loaded column may be taken as: 
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𝑁𝑢𝑑 = 0.567𝑓𝑐𝑘𝐴𝑐 + 0.87 𝐴𝑠𝑓𝑦𝑘           (35) 

Where Ac is the area of the concrete and As is the longitudinal steel. 

The mode of failure of a column can be one of the following: 

 Material failure with negligible lateral deflection, which usually occurs with short columns but can 

also occur when there are large end moments on a column with an intermediate slenderness ratio. 

 Material failure intensified by the lateral deflection and the additional moment. This type of failure is 

typical of intermediate columns. 

 Instability failure which occurs with slender columns and is liable to be preceded by excessive 

deflections. 

d) Reinforcement details  

The rules governing the minimum and maximum amounts of reinforcement in load bearing column are as 

follows. 

Longitudinal steel 

 A minimum of four bars is required in a rectangular column (one bar in each corner) and six bars in 

a circular column. Bar diameter not less than 12 mm; 

 The minimum area of steel is given by 

𝐴𝑠 =
0.10 𝑁𝐸𝑑

0.87𝑓𝑦𝑘
≥ 0.002𝐴𝑐;           (36) 

 The maximum area of steel, at laps is given by 

𝐴𝑠,𝑚𝑎𝑥

𝐴𝑐
< 0.08 where As is the total area of longitudinal steel and Ac the cross-sectional area of the column. 

Otherwise, in regions away from laps: 
𝐴𝑠,𝑚𝑎𝑥

𝐴𝑐
< 0.04. 

e) Links 

 Minimum 𝑠𝑖𝑧𝑒 =  0.25 × 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑏𝑎𝑟 𝑏𝑢𝑡 𝑛𝑜𝑡 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 6 𝑚𝑚. 

 Maximum spacing should not exceed the lesser of 20 × 𝑠𝑖𝑧𝑒 of the smallest compression bar or the 

least lateral dimension of the column or 400 mm. this spacing should be reduced by a factor of 0.60.  

(for a distance equal to the larger lateral dimension of the column above and below a beam or slab, 

and at lapped joints of longitudinal bars > 14 mm diameter). 
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 Where the direction of the longitudinal reinforcement changes, the spacing of the links should be 

calculated, while taking account of the lateral forces involved. If the change in direction is less than 

or equal to 1 in 12 no calculation is necessary. 

 Every longitudinal bar placed in a corner should be held by transverse reinforcement. 

 No compression bar should be further than 150 mm from a restrained bar. 

 

N/B: Since we are not using shear walls to resist the lateral loads, in this case the wind loads, our column is 

unbraced and the design changes because of the moment acting in the section. More information can be find 

in the Reinforced Concrete Design to Eurocode [5]. 

The complete results of the columns are shown in Annex6 and here is the recapitulative, table 4.4 

Table 4.4: Recapitulative of the calculated columns 

Designation Size  Longitudinal 

reinforcement 

Transversal 

reinforcement 

Stirrups 

POT0_14 70 𝑥 100 14H20 13H10 26H10 

POT0_02 70 𝑥 40 6H20 12H10 12H10 

POT0_04 70 𝑥 55 8H20 12H10 24H10 

POT0_16 70 𝑥 100 26H20 13H10 65H10 

 

The results in this chapter have been provided by the software. Full calculation results can be find in Annex 

4, 5 & 6. Design of elements to Eurocodes passes throughout a lot of steps that we tried to simplify in the 

current chapter. After the superstructure we are now about to design the elements that are going to transfer 

the loads from the superstructure to the ground. 
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CHAPTER 5: GEOTECHNICAL  ASPECTS OF THE BUILDING DESIGN 

 
This part is dealing with the design of the elements that are going to transfer the loads to the soil. Here our 

concern is about footings and retaining wall since the basement floor is underground.  

5.  

5.1. Design of pad footings 

EC7 presents three alternative design approaches. In this design approach, two sets of load combinations 

must be considered at the ultimate limit state. These two combinations will be used for consideration of both 

structural failure (excessive deformation, cracking or failure of the structure), and geotechnical failure 

(excessive deformation or complete failure of the supporting mass of earth). A third combination must be 

taken when considering possible loss of equilibrium of the structure such as overturning. The partial safety 

factors to be used for these three combinations are given in table 10.1 [5]. 

For simple spread foundations such as strip and pad footings EC7 gives three alternative methods of design. 

 The ‘direct method’ where calculations are required for each limit state using the partial factors of 

safety as appropriate from tables 10.1 and 10.2 [5]. 

 The ‘indirect method’ which allows for a simultaneous blending of ultimate limit state and 

serviceability limit state procedures 

 The ‘prescriptive method’ where an assumed safe bearing pressure is used to size the foundations 

based on the serviceability limit state followed by detailed structural design based on the ultimate 

limit state. 

The first method is going to be use in this document. The design of the footings in the software is given the 

results showing in table 5.1: 

Table 5.1: Typical pad footings reinforcement details 

 AXIS (XX) AXIS (Y-Y) 
Pier 

(transveral) 
Dowel bars Bottom 

reinf. 

Top 

reinf. 

Pier 

(longitudinal) 

Bottom 

reinf. 

Top 

reinf. 

Pier 

(longitudinal) 

SI0_07 25H16 25H16 2H12 25H16 ----- 2H12 8H10 14H20 

SI0_13 11H12 ----- 2H12 14H12 ----- 2H12 6H10 6H20 

SI0_19 18H16 ----- 2H12 15H16 ----- 2H12 7H10 8H20 
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5.2. Design of retaining walls 

There is three (3) types of retaining walls. But our concern in this document is the cantilever retaining wall. 

The walls are going to support a soil material of density 1800 kg/m². The design process may be split into 

these 3 fundamental stages: 

h) Check the stability of the wall 

i) Assess the bearing pressures at the ULS 

j) Design the bending reinforcement using high yield steel, fyk = 500 MPa and concrete class 

C30/37. 

Here are the recapitulative table 5.2 of the retaining reinforcements. See the Annex 8 for the details  

Table 5.2: Retaining walls reinforcement details 

Member Main 

reinforcement 

Area 

[mm²] 

Compression Area 

[mm²] 

Distribution Area 

[mm²] 

Wall H20 @ 175 mm 1795 H10 @ 200 mm 392 H10 @ 200 mm 392 

Heel (Base) H12 @ 150 mm 753 H12 @ 150 mm 753 H10 @ 200 mm 392 

Toe (Base) H12 @ 150 mm 753 H12 @ 150 mm 753 H10 @ 200 mm 392 

 

 
Here, based on the characteristics of the soil given by the geotechnical report, we designed our pad footings 

and retaining walls. Complete calculation result is available in Annex 7 & 8. We obtained a size of 

𝟐𝟓𝟎 𝒙 𝟓𝟎𝟎𝒎𝒎 for the walls. For footings, we concentrated, within the scope of this report, our attention on 

those that are likely to be the most loaded. Thus we obtained   𝟐𝟎𝟎𝟎 𝒙 𝟐𝟓𝟎𝟎𝒎𝒎; 𝟐𝟎𝟎𝟎 𝒙 𝟏𝟕𝟓𝟎𝒎𝒎 and 

𝟐𝟕𝟓𝟎 𝒙 𝟐𝟕𝟓𝟎𝒎𝒎 
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CHAPTER 6: STAIRS AND SHEAR WALLS 
6.  

6.1. Stairs 

The stairs are spanning longitudinally and set into pockets in the two supporting beams. The effective span is 

2.5 m and the rise of the stairs is 1.5 m with 250 mm treads and 150 mm risers. The variable load is 3.0 

kN/m² and the characteristic material strengths are fck = 25 MPa and fyk = 500 MPa. The stairs slab 

thickness is 150 mm. 

The full design calculations are in the Annex 9. Here are the results of the calculations, table 6.1: 

Table 6.1: Stairs reinforcements details 

STAIRS& 

LANDING 

X-X Y-Y 

Provided Area Provided Area 

Top layer T10@ 200 mm 392 mm² T10@ 200 mm 392 mm² 

Bottom layer T12@ 200mm 565 mm² T12@ 200 mm 565 mm² 

 

6.2. Shear walls 

The shear walls in this report are just supporting the lift and the stairs. Basically, we didn’t specify to the 

software to take the columns to be braced. Therefore the columns are taking care of the moment induce by 

the wind loads. Thus we are going to design our shear walls to be supporting only the slabs and the same 

results will be use for the shear wall around the lift. 

The shear walls are mostly designed as a column with one meter width. Thus the design process is same as 

we introduced it for the columns (see section §4.3). Here are the results of the design performed with Robot 

RSA pro. 

Tableau 6.2: Shear walls main reinforcement 

MAIN REINFORCEMENTS Provided Area 
Spacing 

(mm) 

Vertical reinforcement 36HA12 --- 250 

Horizontal reinforcement 30 HA8 --- 250 

U-reinforcement 30 HA8 --- 250 

Transversal reinforcement 144HA8 --- 250 
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Tableau 6.3: Bondary elements reinforcement 

BONDARY ELEMENTS Provided 
Area 

(mm²) 
Spacing 

(mm) 

Longitudinal reinforcement left 
side 

4HA12 452.4 --- 

Longitudinal reinforcement right 
side 

4HA12 452.4 --- 

Pins 30 HA 8 --- 250 
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CHAPTER 7: QUANTITY SURVEY 

This part is dealing with the quantities calculations. Indeed after completing all the calculations above, we 

need to evaluate a preliminary cost of what we did, thus we can find full calculation in annex 11. But here is 

the summary of the preliminary quantity survey. We emphasis here that this quantities evaluations is only for 

the framework of the building plus partitions (Blockwork 15 mm thick). To convert this money from GHC to 

FCFA, we mostly use 6 GHC corresponds to 1000 FCFA.  

Table 6.2: Quantity survey 

QUANTITIES 

N° Designation 
Unit Quantity 

Unit Price 

[GHC] 

Total Price 

[GHC] 

I ESCAVATION   

I.1 Setting out of the building Total 1 500 500 

I.2 Escavation of soil for basement m3 3600 25 90000 

  Subtotal 1       90500 

II CONCRETE & REINFORCED CONCRETE   

II.1 Blinding C16/20 and 5 cm thickness m3 13,8915 420 5834 

II.2 Reinforced concrete C30/37  m3 798,67 680 543097 

II.3 Reinforced concrete C25/30 m3 2069,45 550 1138195 

  Subtotal 2       1687126 

III PLASTERING         

III.1 Total Screed apply on bottom slab m² 5748 35 201180 

III.2 Total Screed apply on top slab m² 5900 30 177000 

  Subtotal 3       378180 

IV WATER PROOFING   

IV.1 Total Protection against moisture m² 1390 95 132050 

V MASONRY   

II.1 Blockwork 15 cm thick m² 11393 65 740538 

  Subtotal 4       740538 

  TOTAL    3028394 

TOTAL OF 504732406 CFA 

 

Hence we got an amount of 504732406 FCFA for the realisation of the structural framework (gather in Slab, Beams, 

Columns, Footings, Retaining walls, Shear walls and stairs) of the building. This amount is does not consider the finishing 

work which includes painting, tiling, doors and windows, etc.  
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CONCLUSION 

The current project had the target to design an eleven storey building plus car park underground and give a 

fair idea of the total cost of implementation. The building located in Accra around the airport have been 

designed using the software Robot Structural Analysis to analyse the superstructure and check the different 

displacements and deflections to meet the code provisions. Thus we had lateral displacement about 7 

centimetres which is less than H/500, the limit provided by the code. The slabs have been calculated using 

Excel spreadsheets. The inputs of the software were the results of preliminary sizing of the different 

elements. The analysis with the software issued the reinforcement detailing of beams, columns and footings. 

The other details have been drawn manually using AutoCAD 2014. 

The design calculations came out with a certain amount of reinforcement ratios for the different elements. 

We got a ratio within the range of 3.17% to 3.32% for the most stressed beams located on the ground floor 

slab. Concerning the columns reinforcements, we had about 1.33% for the less stressed and about 2.5 % 

(presence of high moment) for the most stressed. For footings, we got averagely about 0.5%. 

Finally, no project can be done without having a fair idea about what is going on by economical means. 

Therefore, a quantity survey has been done for the building. The total cost of the implementation of this 

particular building is about 504732406 FCA. 
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ANNEX 1: Building architectural drawings 
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ANNEX 2 General arrangements 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                 Engineering design of an eleven storey building plus car park underground to Eurocode 

Edem Koami AGBEHONOU 2014-2015 January 2016  
iii 

 

 

ANNEX 3 Slab calculations 
 

 Spreadsheet calculations of panel P1: 2 ways slab 
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 Spreadsheet calculations of panel P2: 2 ways slab 
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 Spreadsheet calculations of panel (P3): one way slab 
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 Spreadsheet calculations of panel (P4): CANTILEVER 
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 Maximum spacing, cracking and lapping 

Maximum spacing: 𝒔 ≥ 𝟑𝒉 = 𝟓𝟐𝟓 𝒎𝒎  

Crack control: [2] 

According to the eurocode2, there is no need to control cracks when these conditions are verified: 

 ℎ ≤ 200 𝑚𝑚 

 Minimum and maximum steel percentages in the main direction are verified; 

 The spacing of bars should not exceed   𝑆𝑚𝑎𝑥. 

 

 

Lapping calculation: Conditions mentioned in EN 1992.1.1-2004 (p138) will be applied. The length 

calculations are as follows: 

𝑙0 = 𝛼1𝛼2𝛼3𝛼4𝛼5𝛼6 𝑙𝑏,𝑟𝑞𝑑 ≥ 𝑙0,𝑚𝑖𝑛 

Values of 𝛼1, 𝛼2, 𝛼3, 𝛼4, 𝛼5 are to be picked from table 8.2 EN 1992.1.1-2004 p124 

𝑙0 = 𝛼1𝛼2𝛼3𝛼4𝛼5𝛼6 𝑙𝑏,𝑟𝑞𝑑 ≥ 𝑙0,𝑚𝑖𝑛 

Further details are given in the code. For our calculation we have: 

𝛼1 = 1; 𝛼2 = 0.78;  𝛼3 = 0.7;  𝛼4 = 0.7; 𝛼5 = 0.7; 𝛼6 = 1.4 

𝑙𝑏,𝑟𝑞𝑑 = (∅
4⁄ ) (

𝜎𝑠𝑑
𝑓𝑏𝑑

⁄ ); where 𝑙𝑏,𝑟𝑞𝑑 is the basic required anchorage length, 𝑓𝑏𝑑 is bond stress, 𝜎𝑠𝑑 is the 

design stress of the bars and ∅ is the diameter of the bars. 

Hence 𝑙0 = 245 𝑚𝑚 
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𝑙0,𝑚𝑖𝑛 ≥ 𝑚𝑎𝑥{0.3𝛼6𝑙𝑏,𝑟𝑞𝑑; 15∅; 200𝑚𝑚 } 

𝑙0,𝑚𝑖𝑛 ≥ 525 𝑚𝑚  

The lapping length is then    𝑙0 = 525 𝑚𝑚  
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ANNEX 4 : Images of the software calculations 

 Lateral loads 

 

Figure 6: Wind load 1+ 

 

Figure 7: Wind load 1- 
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Figure 8: Wind load 2+ 

 

Figure 9: Wind load 2- 
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 Displacement Results 

 

Figure 10: Displacement [UX] 

 

Figure 11: Displacement [UY] 
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Figure 12: Displacement [UZ] 

 

Figure 13: Axial forces (Fx) on footings 
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ANNEX 5 : Beams calculation details and reinforcement detailing 

This annex is going to show the calculation report of the beam calculation. Depend on the arrangement of the 

beams on the ground floor slab, here are the calculations related to the beams (POU0_22 & POU0_08) 

followed by their detailing which have been done with Robot RSA. 

 

Figure 14: Beams Arrangement 

a) Report of beam POU0_22 calculations 
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b) Drawings of beam POU0_22 details 
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c) Report of beam POU0_08 calculations 
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d) Drawings of beam POU0_08 details 
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ANNEX 6: Columns calculation details and reinforcement detailing 

This part is dealing with the columns calculations. The notes below have been taken from the software to 

show the consideration and the results issued by this one. Our focus is on four (4) different columns which 

are: POT0_14, POT0_02, POT0_04, POT0_16. The choice of these columns is based on their size and the 

internals forces that they are going to resist. Indeed in the table 4.3 we can notice that the column POT0_16 

is subjected to a huge moment. Thus the detailing will certainly be different from the others. Here are the  

 

Figure 15: Columns position 
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ANNEX 7: Pad footings 

The following footing have been chosen according to columns above. Thus the pad footing SI0_07 is 

supporting the column POT0_14 and same for the others. As for the columns, we are going to show the output 

report of the software and the detailing have also been done with it. 

 

Figure 16: Footings arrangement 
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ANNEX 8: Retaining walls detailing 

 

Figure 17: Retaining wall 

There is three (3) types of retaining walls. But our concern in this document is the cantilever retaining wall. 

The walls are going to support a soil material of density 1800 kg/m². The design process may be split into 

these 3 fundamental stages: 

a) Check the stability of the wall 

b) Assess the bearing pressures at the ULS 

c) Design the bending reinforcement using high yield steel, 𝑓𝑦𝑘 = 500 MPa and concrete class 

C30/37. 

 Stability  

Horizontal force 

It is assumed that the coefficient of active pressure Ka= 0.33, which is a typical value for a granular material. 

So the earth pressure is given by 

𝑃𝑎 = 𝐾𝑎𝜌𝑔ℎ             (37) 
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Where 𝜌 is the density of the backfill and h is the depth considered. Thus at the base 

𝑃𝑎 = 0.33 × 18 × 4.0 = 23.76 𝑘𝑁/𝑚² 

Allowing for the minimum required surcharge of 10 kN/m² an additional pressure of  

𝑃𝑠 = 𝐾𝑎 × 10 = 3.3 𝑘𝑁/𝑚² 

Acts uniformly over the whole depth h. 

Therefore the horizontal force on 1m length of wall is given by: 

𝐻𝑘(𝑒𝑎𝑟𝑡ℎ) = 0.5𝑃𝑎ℎ = 0.5 × 23.76 × 4.0 = 47.52 𝑘𝑁  from the active earth pressure 

𝐻𝑘(𝑠𝑢𝑟) = 𝑃𝑠ℎ = 3.3 × 4.0 = 13.2 𝑘𝑁 from the surcharge pressure 

Vertical loads 

a) Permanent loads 

𝑊𝑎𝑙𝑙 =  0.25 × 3.6 × 25      = 22.5 𝑘𝑁 

𝐵𝑎𝑠𝑒 =  0.5 × 2.5 × 25        = 25 𝑘𝑁 

𝐸𝑎𝑟𝑡ℎ =  1.75 × 3.6 × 18 = 113.4 𝑘𝑁 

TOTAL = 160.9 kN 

b) Variable loads 

𝑆𝑢𝑟𝑐ℎ𝑎𝑟𝑔𝑒 = 1.75 × 10 = 17.5 𝑘𝑁 

The partial factors of safety as given in table7.2 (table10.1 [5]) will be used 
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Table 6.3:Partial safety factors at ULS 

 

 

i) Overturning: taking moments about point A at the edge of the toe, at ULS 

For the overturning (unfavourable) moment a factor of 1.1 is applied to the earth pressure and a factor of 1.5 

to the surcharge pressure 

 𝑂𝑣𝑒𝑟𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 =
𝛾𝑓𝐻𝑘(𝑒𝑎𝑟𝑡ℎ)ℎ

3
+

𝛾𝑓𝐻𝑘(𝑠𝑢𝑟)ℎ

3
        (38) 

 𝑂𝑣𝑒𝑟𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 = 1.1 × 47.52 ×
4.0

3
+ 1.5 × 13.2 ×

4.0

3
 

𝑂𝑣𝑒𝑟𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 = 96.1 𝑘𝑁 𝑚 

For the restraining (favourable) moment a factor of 0.9 is applied to the permanent loads and 0 to the 

variable load 

𝑅𝑒𝑠𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 = 𝛾𝑓(22.5 × 0.625 + 25 × 1.25 + 113.4 × 1.5) 

𝑅𝑒𝑠𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 = 0.9 × 215.413 

𝑅𝑒𝑠𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 = 193.87 𝑘𝑁 

𝑂𝑣𝑒𝑟𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡 < 𝑅𝑒𝑠𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡  thus the criterion for overturning is satisfied. 

ii) Sliding: from equation (39) it is necessary that 

𝜇(1.0𝐺𝑘 + 1.0𝑉𝑘) ≥ 𝛾𝑓𝐻𝑘 for no heel beam         (39) 

For the sliding (unfavourable) effect a factor of 1.35 is applied to the earth pressure and factor of 1.5 to the 

surcharge pressure 
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𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 = 1.35 × 47.52 + 1.5 × 13.2 

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 = 83.95 𝑘𝑁 

For the restraining (favourable) effect a factor of 1.0 is applied to the permanent loads and 0 to the variable 

surcharge load.  With an internal angle of friction of 30°the coefficient of friction µ=0.58  

 𝐹𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 =  0.58 × 1.0 × 160.9 = 93.32 𝑘𝑁 

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 < 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒  thus the criterion for sliding is satisfied and no heel beam is 

required. 

 Bearing pressures at ultimate limit state 

The weight of earth and the surcharge loading exerts a moment about the base centreline that will reduce the 

maximum pressure at the toe of the wall. Hence the effect of the weight of the earth is taken as a favourable  

 

effect (𝛾𝑓 = 1) and the weight of the surcharge load is also taken as a favourable effect (𝛾𝑓 = 0) within the 

calculations below. The unfavourable effects of the lateral earth pressure and the lateral surcharge pressure 

are multiplied by factors of 𝛾𝑓 = 1.35 and 𝛾𝑓 = 1.50, respectively. The bearing pressures are given by 

𝑃 =
𝑁

𝐷
±

6𝑀

𝐷²
              (41) 

Where M is the moment about the base centreline. Therefore  

𝑀 = 𝛾𝑓 (47.52 ×
4.0

3
) + 𝛾𝑓 (13.2 ×

4.0

3
) + 𝛾𝑓 × 22.5(1.25 − 0.625) − 𝛾𝑓 × 113.4 × (1.625 − 1.25) 

𝑀 = 1.35 × 63.36 + 1.5 × 17.6 + 1.35 × 14.06 − 1.0 × 42.525 

𝑀 = 88.39𝑘𝑁 𝑚 

The bearing pressures at toe and heel of wall are: 

Combination 1 

𝑃1 =
(1.35 × (22.5 + 25) + 1.0 × 113.4)

2.5
±

6 × 88.39

2.5²
= 71.01 ± 84.85 

𝑃1 = 156 𝑘𝑁 𝑚²⁄ ; 𝑃1
′ = −13.84 𝑘𝑁 𝑚²⁄  

Combination 2 

𝑃2 =
22.5 + 25 + 113.4

2.5
±

6 × 52.5

2.5²
= 64.36 ± 50.4 

𝑃2 = 114.76 𝑘𝑁 𝑚²⁄ ; 𝑃2
′ = 13.96 𝑘𝑁 𝑚²⁄  



                 Engineering design of an eleven storey building plus car park underground to Eurocode 

Edem Koami AGBEHONOU 2014-2015 January 2016  
lix 

 Bending reinforcement 

i) Wall 

Horizontal force 

𝐻𝑓 = 𝛾𝑓0.5𝐾𝑎𝜌𝑔ℎ2 + 𝛾𝑓𝑃𝑆ℎ            (42) 

𝐻𝑓 = 1.35 × 0.5 × 0.33 × 18 × 4.02 + 1.5 × 3.3 × 4.0 

𝐻𝑓 = 64.15 + 19.8 = 83.95 𝑘𝑁 

Considering the effective span, the maximum moment is 

𝑀𝐸𝑑 = 64.15 × (
0.4

2
+

3.6

3
) + 19.8 × (

0.4

2
+

3.6

3
) 

𝑀𝐸𝑑 = 117.53 𝑘𝑁 𝑚 

 

𝑀𝐸𝑑

𝑏𝑑²𝑓𝑐𝑘
=

117.53 × 106

1000 × 190² × 30
= 0.109 < 0.167 

𝐴𝑠 =
117.53 × 106

0.87 × 169.52 × 500
= 1593.82 𝑚𝑚² 

Provide H20 @ 175 mm centres (As= 1795 mm²) 

ii) Base  

The bearing pressures at ULS are obtained from part (2) of these calculations. Using the figures from (2): 

Pressure: 𝑃1 = 156 𝑘𝑁 𝑚²⁄ ; 𝑃1
′ = −13.84 𝑘𝑁 𝑚2⁄ 𝑃0 = 109.2 𝑘𝑁/𝑚² 

Heel: taking moments about the stem centreline for the vertical loads and the bearing pressures 

𝑀𝐸𝑑 = 𝛾𝑓 × 25 × (
2.5

2
− 0.625) + 𝛾𝑓113.4 × 1.0 − 109.2 × (

1.75

3
+ 0.125) 

𝑀𝐸𝑑 = 1.35 × 15.625 + 1.0 × 113.4 − 77.35  

𝑀𝐸𝑑 = 57.14 𝑘𝑁. 𝑚 

Therefore  

𝑀𝐸𝑑

𝑏𝑑²𝑓𝑐𝑘
=

57.14 × 106

1000 × 344² × 30
= 0.016 < 0.167 

𝐴𝑠 =
57.14 × 106

0.87 × 339.07 × 500
= 387.4 𝑚𝑚² 
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Provide H10 @ 200 mm centers (As=392 mm²), top steel. 

Toe: taking moments about the stem centerline 

𝑀𝐸𝑑 = 𝛾𝑓 × 25 × 0.375 ×
0.5

2.5
− 156 × 0.375 × 0.5 

𝑀𝐸𝑑 = 1.35 × 1.875 − 29.25 𝑘𝑁. 𝑚 

𝑀𝐸𝑑 = −26.72 𝑘𝑁. 𝑚 

Therefore  

𝑀𝐸𝑑

𝑏𝑑²𝑓𝑐𝑘
=

26.72 × 106

1000 × 344² × 30
= 0.0075 < 0.167 

𝐴𝑠 =
26.72 × 106

0.87 × 341.71 × 500
= 179.76 𝑚𝑚² 

 

The minimum area for this, and for longitudinal distribution steel which is also required in the wall and the 

base, is given from table7.3 (table 6.8 [5]) 

Table 6.4: Minimum area of reinforcement 

 

𝐴𝑠,𝑚𝑖𝑛 = 0.0015𝑏𝑑 = 0.0015 × 1000 × 444 = 666 𝑚𝑚² 

Thus, provide H12 bars at 150 mm centres (As = 753 mm²), bottom and distribution steel. Also steel should 

be provided in the compression face of the wall in order to prevent cracking – say, H10 bars and 200 mm 

centres each way. 
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ANNEX 9: Stairs 

The stairs are spanning longitudinally and set into pockets in the two supporting beams. The effective span is 

2.5 m and the rise of the stairs is 1.5 m with 250 mm treads and 150 mm risers. The variable load is 3.0 

kN/m² and the characteristic material strengths are fck = 25 MPa and fyk = 500 MPa. The stairs slab 

thickness is 150 mm. 

Slope length pf stairs =√2.52 + 1.5² = 2.92 𝑚 ; 𝑠𝑎𝑦 3𝑚  

Consider a 1.5 m width of stairs: 

 Load calculation  

  Weight of waist plus steps = (0.15 × 3 + 0.25 × 0.15 × 10/2) × 25 × 1.5 

Weight of waist plus steps  = 23.91 𝑘𝑁 

𝐼𝑚𝑝𝑜𝑠𝑒𝑑 𝑙𝑜𝑎𝑑 =  3 × 0.25 × 10 × 1.5 = 11.25 𝑘𝑁 

Ultimate load, 𝐹 = 1.35 × 23.91 + 1.5 × 11.25 = 49.15 𝑘𝑁  

 Reinforcement calculation 

With no effective end restraint, the bending moment is: 

𝑀 =
𝐹𝑙

8
=

49.15 × 2.5

8
= 15.36 𝑘𝑁. 𝑚 

Bending reinforcement: 

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ = 150 − 25 − 10 − 6 = 109 𝑚𝑚 

𝑀

𝑏𝑑²𝑓𝑐𝑘
=

15.36 × 106

1500 × 109² × 25
= 0.034 < 0.156 

𝑧 = 109[0.5 + (0.25 −
0.034

1.134
) = 78.48 𝑚𝑚 

𝐴𝑠 =
𝑀

0.87𝑓𝑦𝑘𝑧
=

15.36 × 106

0.87 × 500 × 78.48
= 450 𝑚𝑚² 

The maximum allowable spacing is 3ℎ =  3 × 150 = 450 𝑚𝑚 

Therefore we provide: T12 @ 200 mm C/C; Area provided = 565 mm² 

Span-effective depth ratio 
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At the centre of the span: 
100 𝐴𝑠,𝑝𝑟𝑜𝑣

𝑏𝑑
=

100×565

1500×109
= 0.35% 

Which is greater than the minimum requirement of 0.13% for class C25 concrete (table 6.8 reinforced 

concrete design to EC2). 

Deflection check 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 =
2500

109
= 22.94  

𝐿𝑖𝑚𝑖𝑡𝑖𝑛𝑔 𝑑𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 = 20 ×
𝐴𝑠,𝑝𝑟𝑜𝑣

𝐴𝑠,𝑟𝑒𝑞
= 20 ×

565

450
= 25.11 

Secondary reinforcement 

𝑇𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑠𝑡𝑒𝑒𝑙 ≥ 0.2 𝐴𝑠,𝑝𝑟𝑜𝑣 = 0.2 × 565 = 113 𝑚𝑚² 

This is very small and adequately covered by H10 bars at the maximum allowable spacing of 200 mm 

centers, area = 392 mm². 

Continuity bars at the top and bottom of the span should be provided and, whereas about 50% of the main 

bars would be reasonable, the maximum spacing is limited to 400 mm. hence provide, say T12 @ 200 mm 

C/C as continuity steel. 
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ANNEX 10: Shear Walls 
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ANNEX 11: Quantity survey 

Table 11.1: Basement floor survey 

BASEMENT 

N° Designation 
Unit Quantity 

Unit Price 

[GHC] 

Total Price 

[GHC] 

I ESCAVATION   

I.1 Setting out of the building Total 1 500 500 

I.2 Escavation of soil for basement m3 3600 25 90000 

  Subtotal 1       90500 

II FOUNDATION-REINFORCED CONCRETE   

II.1 Blinding C20/25 and 5 cm thickness m3 13,8915 420 5834 

II.2 Reinforced concrete C30/37 for pad footings m3 244,2 680 166056 

II.3 Reinforced concrete C30/37 for shear walls footings m3 60,36 680 41045 

II.4 Reinforced concrete C25/30 for underground beams m3 28,9 550 15895 

II.5 Reinforced concrete C25/30 for underground slab m3 90 550 49500 

II.6 Reinforced concrete C30/37 for underground columns m3 13,13 680 8928 

II.7 Reinforced concrete C30/37 for Retaining walls m3 185,7815 680 126331 

II.8 Reinforced concrete C25/30 for Shear walls (stairs) m3 7,6 550 4180 

II.9 Reinforced concrete C25/30 for Shear walls (lift) m3 14,02 550 7711 

II.10 Reinforced concrete C25/30 for Stairs m3 5,36 550 2948 

  Subtotal 2       428429 

III PLASTERING   

III.1 Screed on bottom slab m² 545 35 19075 

III.2 Screed on top slab m² 545 30 16350 

III.3 Screed on interior face of retaining walls m² 312 30 9360 

  Subtotal 3       44785 

IV WATER PROOFING   

IV.1 Protection around retaining walls m² 312 95 29640 

IV.2 Protection of pad footings m² 277,83 95 26394 

IV.3 Protection of the basement floor slab m² 800 95 76000 

  Subtotal 4       132034 

  TOTAL BASEMENT   695748 
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Table 11.2:Basement floor survey 

GROUND FLOOR TO 6th FLOOR 

N° Designation 
Unit Quantity 

Unit Price 

[GHC] 

Total Price 

[GHC] 

I REINFORCED CONCRETE   

I.1 Reinforced concreteC25/30 for Floor beams m3 74,70 550 41086 

I.2 Reinforced concrete C25/30 for Ground Floor slab m3 95,38 550 52456 

I.3 Reinforced concrete C30/37 for Ground Floor columns m3 30,48 680 20726 

I.4 Reinforced concrete C25/30 for Shear walls (stairs) m3 7,6 550 4180 

I.5 Reinforced concrete C25/30 for Shear walls (lift) m3 14,02 550 7711 

I.6 Reinforced concrete C25/30 for Stairs m3 5,36 550 2948 

  Subtotal 1       129107 

II MASONRY         

II.1 Blockwork 15 cm thick m² 1123,74 65 73043 

  Subtotal 2       73043 

III PLASTERING   

III.1 Screed on bottom slab m² 545 35 19075 

III.2 Screed on top slab m² 545 30 16350 

  Subtotal 3       35425 

  TOTAL FLOOR   237576 
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Table 11.3: 7th Floor survey 

7th FLOOR 

N° Designation 
Unit Quantity 

Unit Price 

[GHC] 

Total Price 

[GHC] 

I REINFORCED CONCRETE   

I.1 Reinforced concrete C25/30 for 7th Floor beams m3 78,55 550 43203 

I.2 Reinforced concrete C25/30 for 7th Floor slab m3 87,50 550 48125 

I.3 Reinforced concrete C30/37 for 7th Floor columns m3 30,48 680 20726 

I.4 Reinforced concrete C25/30 for Shear walls (stairs) m3 7,6 550 4180 

I.5 Reinforced concrete C25/30 for Shear walls (lift) m3 14,02 550 7711 

I.6 Reinforced concrete C25/30 for Stairs m3 11 550 6050 

  Subtotal 1       129995 

II MASONRY         

II.1 Blockwork 15 cm thick m² 389,31 65 25305 

  Subtotal 2       25305 

III PLASTERING   

III.1 Screed on bottom slab m² 500 35 17500 

III.2 Screed on top slab m² 500 30 15000 

  Subtotal 3       32500 

  TOTAL FLOOR       187800 
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Table 11.4: 8th Floor survey 

8th FLOOR 

N° Designation 
Unit Quantity 

Unit Price 

[GHC] 

Total Price 

[GHC] 

I REINFORCED CONCRETE   

I.1 Reinforced concrete C25/30 for 8th Floor beams m3 60,03 550 33017 

I.2 Reinforced concrete C25/30 for 8th Floor slab m3 70,00 550 38500 

I.3 Reinforced concrete C30/37 for 8th Floor columns m3 29 680 19720 

I.4 Reinforced concrete C25/30 for Shear walls (stairs) m3 7,6 550 4180 

I.5 Reinforced concrete C25/30 for Shear walls (lift) m3 14,02 550 7711 

I.6 Reinforced concrete C25/30 for Stairs m3 5,36 550 2948 

  Subtotal 1       106076 

II MASONRY         

II.1 Blockwork 15 cm thick m² 504 65 32760 

  Subtotal 2       32760 

III PLASTERING   

III.1 Screed on bottom slab m² 400 35 14000 

III.2 Screed on top slab m² 400 30 12000 

  Subtotal 3       26000 

  TOTAL FLOOR   164836 
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Table 11.5:9th Floor survey 

9th FLOOR 

N° Designation 
Unit Quantity 

Unit Price 

[GHC] 

Total Price 

[GHC] 

I REINFORCED CONCRETE         

I.1 Reinforced concrete C25/30 for 9th Floor beams m3 55,39 550 30465 

I.2 Reinforced concrete C25/30 for 9th Floor slab m3 48,00 550 26400 

I.3 Reinforced concrete C30/37 for 9th Floor columns m3 14,2 680 9656 

I.4 Reinforced concrete C25/30 for Shear walls (stairs) m3 7,6 550 4180 

I.5 Reinforced concrete C25/30 for Shear walls (lift) m3 14,02 550 7711 

I.6 Reinforced concrete C25/30 for Stairs m3 3,22 550 1771 

  Subtotal 1       80183 

II MASONRY         

II.1 Blockwork 15 cm thick m² 291,3 65 18935 

  Subtotal 2       18935 

III PLASTERING   

III.1 Screed on bottom slab m² 400 35 14000 

III.2 Screed on top slab m² 240 30 7200 

  Subtotal 3       21200 

  TOTAL FLOOR   120317 
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Table 11.6:Roof level 1 & 2  floor survey 

ROOF LV1 & LV2 

N° Designation 
Unit Quantity 

Unit Price 

[GHC] 

Total Price 

[GHC] 

I REINFORCED CONCRETE   

I.1 Reinforced concrete C25/30 for 7th Floor beams m3 18,53 550 10192 

I.2 Reinforced concrete C25/30 for 7th Floor slab m3 18,55 550 10203 

I.3 Reinforced concrete C30/37 for Ground Floor columns m3 8,16 680 5549 

I.4 Reinforced concrete C25/30 for Shear walls (stairs) m3 7,6 550 4180 

I.5 Reinforced concrete C25/30 for Shear walls (lift) m3 14,02 550 7711 

I.6 Reinforced concrete C25/30 for Stairs m3 1,56 550 858 

  Subtotal 1       38692 

II MASONRY         

II.1 Blockwork 15 cm thick m² 6,25 65 406 

  Subtotal 2       406 

III PLASTERING   

III.1 Screed on bottom slab m² 88 35 3080 

III.2 Screed on top slab m² 88 30 2640 

  Subtotal 3       5720 

  TOTAL FLOOR   44818 

 

After applying the corresponding rate (1000 FCFA corresponds to 6 GHC), we got an amount of 504732406 FCFA for 

the realisation of the structural framework (Slab, Beams, Columns, Footings, Retaining walls, Shear walls and stairs) of the 

building. 

 


