
   

  

 

 

 

 الجمهورية الجزائرية الديمقراطية الشعبية

PEOPLE'S DEMOCRATIC REPUBLIC OF ALGERIA 

والبحث العلميوزارة التعليم العالي   

Ministry of Higher Education and Scientific Research  

- University 20 August 1955سكيكدة                                                             5511أوت  02جامعة 

Skikda 

                                                                                    Faculty of Technology  كلية التكنولوجي      

                                                                                  Department of Civilقسم الهندسة المدنية

Engineering                                                                            

 
 

 

 

Thesis submitted to obtaining the diploma of 

Master degree in Civil Engineering 

Option: Structures 
 
 

 

            Calculation of a reinforced concrete building of G+5 for 

residential use 
 
 

 

Presented by : Bouguern rima 
 

 
                         Defended publicly in  : 26/06/2024 

 
 

Board of Examiners 
 

 
President              Pr BOUZIANE Salah                                University of Skikda 

Supervisor            Pr DJEBIEN Rachid              MCA          University of Skikda 

Examiner               PrBOUZRED Hmoudi                            University of Skikda  

 

 

Promotion2023/2024 



 

 

 

Above all, we would like to thank Almighty God for giving us strength and 

courage to complete this work.  

 

We extend our most sincere thanks to our supervisor, Mr Djebien Rachid for 

his support and  his availability, and for directing us throughout this work.  

 

We warmly thank our respective families for all the help and moral support, that 

they gave us throughout our studies. We hope to live up to their hopes and show 

ourselves worthy of their trust and encouragement. 

 

Our thanks also go to the members of the jury for agreeing to examine our 

project.  

 

I thank those whose names do not appear on this page and who helped us in 

some way or another. 

 

 



 

 

It is with the help and grace of GOD that we complete this humble work. 

Dedicates this modest work to our parents for their great love, support and 

sacrifice unwavering. 

 

To our dear friend Aya Grirem for her great help and constant support towards 

us  

 

To our friends: Nardjess; mohamed; islem ; frah ; aya ; and to all those who are 

close to our hearts and who encourage and support us to give the best of 

ourselves. 

 

Bouaouina nourhane & Bouguern Rima   

 

 



Contents 

I.1 Introduction : ........................................................................................................................  

I.2 presentation of the work: ................................................................................................... 1 

I.2.1 Geometric characteristics: .............................................................................................. 1 

I.2.2 Site category: .................................................................................................................... 1 

Table I.2: Site dataI.3 the elements of the work: ................................................................... 1 

I.2.1 Carrier system: ............................................................................................................ 1 

I.2.2 Floor: ............................................................................................................................. 2 

I.2.3 stairs : ............................................................................................................................ 2 

I.2.4 The Balconies: .............................................................................................................. 2 

I.2.5 Masonry : ...................................................................................................................... 2 

I.2.6 The Coverings: ............................................................................................................. 2 

I.2.7 Acroterium: .................................................................................................................. 3 

I.2.8 The Terrace: ................................................................................................................. 3 

I.2.9 The Infrastructure: ...................................................................................................... 3 

I.4 Security And Regulations : ................................................................................................ 3 

I.4.1 Algerian Seismic Regulations (Rpa99 Version 2003): ............................................... 3 

I.4.2 Regulatory Technical Document (D.T.R. - B.C. 2.2) “Permanent Loads And 

Operating Expenses”: .......................................................................................................... 4 

I.4.3 General Information On The C.B.A 93 (The Bael 91 Rules): .................................. 4 

I.4.3.1 Ultimate Limit States (ELU): .................................................................................. 4 

I.4.3.2 Calculation Assumptions At ELU (C.B.A 93 A.4.3.2): ........................................... 4 

I.4.3.3 Service Limit States (ELS) : ..................................................................................... 4 

I.4.3.4 ELS Calculation Assumptions (C.B.A. Regulation 93 A.4.5.1): ........................... 4 

I.4.3.5 Rule Of The Three Pivots: ....................................................................................... 4 

I.5 Action And Requests : ........................................................................................................ 5 

I.5.1 Action (Regulation C.B.A 93 A.3.1): ........................................................................... 5 

I.5.2 permanent Actions G: .................................................................................................. 5 

I.5.3 Qi Variable Action: ...................................................................................................... 5 

I.5.4 Fa Accidental Actions: ................................................................................................. 5 

I.5.5 Solicitations (Regulation C.B.A 93 A.3.2): ................................................................. 6 

I.5.6 Requests For Calculation Of Combinations Of Actions (Regulation C.B.A 93 

A.3.3): .................................................................................................................................... 6 

I.5.7 Calculation Requests With Respect To The Ultimate Resistance Limit States: ..... 7 



I.5.8 Fundamental Combination (C.B.A. Regulation 93 A.3.3.2.1): ................................ 7 

I.5.9 Accidental Combination (C.B.A. Regulation 93 A.3.3.2.2): ..................................... 7 

I.5.10 Calculation Requests With Respect To The Ultimate Service Limit States (C.B.A 

93 A.3.3.3): ............................................................................................................................. 8 

I.5.11 Verification Of Static Balance (C.B.A 93 A.3.3.4): .................................................. 8 

1.5.12 Verification Of Shape Stability (C.B.A 93 A.3.3.5 And A.4.4): .............................. 8 

I.5.11 Material Characteristics: .......................................................................................... 8 

I.5.12 Concrete (CBA .93 (A.2.1)): ...................................................................................... 8 

I..5.12.1 Definition: ........................................................................................................... 8 

I.5.12.2 Concrete Dosage: ................................................................................................ 8 

I.5.12.3 Mechanical Resistance Of Concrete: ................................................................ 9 

I.5.12.4 Characteristic Resistance To Compression (C.B.A 93 A.2.1.1.1): .................. 9 

I.5.12.5 Tensile Strength Of Concrete (BAEL A.2.1.12):............................................... 9 

I.5.12.6 Longitudinal deformation modulus (C.B.A 93. A.2.1.2): ................................ 9 

I.5.12.7 Poisson's Ratio (C.B.A 93. A.2.1.3): ................................................................. 10 

1.5.12.8 Other Properties of Concrete: ..................................................................... 10 

I.5.13 Steels: ........................................................................................................................ 12 

a) Definition ........................................................................................................................ 12 

I.5.13.1 Different Types Of Steel: .................................................................................. 12 

I.5.13.2 Rl Smooth Rounds: ........................................................................................... 12 

I.5.13.3 High Adhesion Steels: ....................................................................................... 12 

I.5.13.4 Welded Mesh: .................................................................................................... 13 

I.5.13.5 Mechanical Characteristics: ............................................................................ 13 

I.5.13.6 Limit Stress Of Steels: ...................................................................................... 13 

I.8.2.8 Ultimate Limit State : ......................................................................................... 13 

I.5.13.9 Service Limit State: .......................................................................................... 14 

1.9 Conclusion: ....................................................................................................................... 15 

II.1. The objective of pre-dimensioning : ............................................................................. 17 

II.2. Pre-dimensioning of elements: ...................................................................................... 17 

II.2.1. The beams: ............................................................................................................... 17 

II.2.1.1.  The main beams : ............................................................................................ 17 

II.2.1.2. The secondary beams : ........................................................................................ 18 

II.2.2. the column : ............................................................................................................. 19 

II.2.3. Floors: ....................................................................................................................... 20 

II.2.4.Joists : ........................................................................................................................ 20 



II.2.5. The parapet : ............................................................................................................ 21 

II.2.6. Balcony : ................................................................................................................... 22 

II.2.7. The Sails : ................................................................................................................. 22 

II.2.8. The stairs : ................................................................................................................ 23 

II.2.9. Platform Beam : ...................................................................................................... 25 

Ⅱ.3. Evalution of the applied loads : .................................................................................. 27 

II.3.1. Inaccessible terrace floor : ...................................................................................... 27 

II.3.2. current slab plan for residential use : .................................................................... 27 

II.3.3. Exterior Walls : ........................................................................................................ 28 

II.3.4. Interior walls : ......................................................................................................... 29 

II.3.5. Balcony : .................................................................................................................... 29 

II.3.6. The Sails : ................................................................................................................. 30 

II.4. Load descent : ................................................................................................................. 30 

II.4.1. Introduction : ........................................................................................................... 30 

II.4.2. Center column : ....................................................................................................... 30 

II.5. Degression of loads : ....................................................................................................... 32 

II.5.1. Introduction : ........................................................................................................... 32 

II.5.2. Center column load degression: ............................................................................. 32 

III.1 Introduction: .................................................................................................................. 36 

III.2 Study Of The Parapet : ................................................................................................. 36 

III.2.1 Intoduction : ............................................................................................................ 36 

III.2.2. Checking the parapet for earthquakes: ............................................................... 37 

III.2.3 Requests: .................................................................................................................. 38 

III.2.3.1 combination of actions : .................................................................................. 39 

III.2.4 Reinforcement calculation: .................................................................................... 40 

III.2.4.1 Determination of eccentricity at ULS(CBA93 A.4.3.5): ............................... 40 

III.2.4.2 The Filling Coefficient :................................................................................... 41 

III.2.4.3 Reinforcement section: .................................................................................... 42 

III.2.4.4 Condition of non-fragility (CBA93 Art A.4.2): ............................................. 44 

III.2.4.5 Distribution frame: .......................................................................................... 44 

III.2.4.6 Verification of the shear force (CBA93 Art A.5.1): ....................................... 44 

III.2.5 Verification at the SLS: ...................................................................................... 45 

III.2.5.1 Calculating the moment of inertia: ................................................................ 46 

III.2.5.2 Calculation of constraints: .............................................................................. 46 

III.3. Floor study: ................................................................................................................... 47 



III.3.1. Intoduction: ............................................................................................................ 47 

III.3.2. The different types of floors:................................................................................. 47 

III.3.3. The compression slab : .......................................................................................... 48 

III.3.3.1 Types of beams : ................................................................................................... 50 

III.3.3.2 Flat rate method: ................................................................................................. 51 

III.3.3.3 Application of the method: .................................................................................. 51 

III.3.3.3 Caquot method (Appendix E.2 of BAEL91): .................................................... 53 

III.3.3.3.1 Assessment and combination of loads : ....................................................... 53 

III.3.3.4 Evaluation of moments on supports : ................................................................ 54 

III.3.3.5 Evaluation of moments in spans : ...................................................................... 55 

III.3.3.6 Evaluation of shear forces :................................................................................. 61 

III.3.4.2 At support : ....................................................................................................... 67 

III.3.4.3 Non-fragility condition : .................................................................................. 69 

III.3.5 Transverse reinforcement: ..................................................................................... 69 

III.3.6 Spacing of transverse reinforcements: .................................................................. 69 

III.3.5 Verification at the SLS : ......................................................................................... 70 

III.3.8 Verification of the shear force (CBA93 A.5.1): ..................................................... 72 

III.3.9 Verification of the deflection (CBA93 B.6.8.4.2.4): .............................................. 72 

III.3.10 Reinforcement detailing : ..................................................................................... 73 

Ⅱ.4. The Balconies : ................................................................................................................ 75 

Ⅱ.4.1. Definition : ............................................................................................................... 75 

Ⅱ.4.2. Primaire slab case resting on two dimensions : .................................................... 75 

Ⅲ.4.2.1  Method of calcultion : ........................................................................................ 75 

Ⅱ.4.2.2. Combination of loads : ..................................................................................... 76 

Ⅲ.4.2.3. Determination of reinforcement : ....................................................................... 76 

Ⅱ.5. Stairs: .......................................................................................................................... 81 

Ⅱ.5.1 Definition: ................................................................................................................. 81 

Ⅱ.5.2. Evaluation of the loads : ......................................................................................... 81 

Ⅱ.5.3.  Combinations of action : ........................................................................................ 82 

Ⅱ.5.4. Calculation of reinforcement : ............................................................................... 83 

Ⅱ.5.5.  Verification SLS : ................................................................................................... 84 

Ⅱ.5.6.Reinforcements distribution : ................................................................................. 85 

Ⅱ.5.7Reinforcement Spacing : ........................................................................................... 85 

Ⅱ.5.8.Verification of shear force: ...................................................................................... 86 

Ⅱ.5.9.  Stair reinforcement diagram : ............................................................................... 86 



Ⅱ.6. Study of the platform screen beam :............................................................................. 90 

Ⅱ.6.1. Load evaluation : ..................................................................................................... 90 

Ⅱ.6.2.  Load on the landing beam : ................................................................................... 91 

Ⅱ.6.3. Reinforcement Design at the Strength ULS : ....................................................... 91 

Ⅲ.6.3.  Condition of non-fragility : BAEL 91 (art A.4.2.1) ................................................. 92 

2.5. Verification S.L.S : ........................................................................................................ 92 

Ⅱ.6.4. Verification of shear force : .................................................................................... 93 

Ⅱ.6.5. Calculates the torsional of the platform screen beam : ....................................... 94 

Ⅱ.6.6. Reinforcement diagram of a platform screen beam : .......................................... 95 

IV.1 Introduction : .................................................................................................................. 98 

IV.2.1 Modeling software : ................................................................................................. 98 

IV.2.2 Modeled elements : .................................................................................................. 99 

IV.2.3 Structure mesh: ....................................................................................................... 99 

IV.2.4 Modeling steps: ...................................................................................................... 100 

IV.3 Classification criteria by RPA 99 version 2003:......................................................... 108 

IV.3.1 Classification of seismic zones: ............................................................................. 108 

IV.3.2 Classification of structures according to their importance :( RPA 99 version 

2003) ................................................................................................................................... 109 

IV.3.3 Site classification : ................................................................................................. 109 

IV.3.4 Classification of bracing systems: (RPA99/Version2003 Art 3.4): .................... 110 

IV.3.5 Classification of the structure according to its configuration: 

(RPA99/Version2003 Art 3.5) .......................................................................................... 110 

IV.4 Presentation of the different methods for estimating seismic forces : ..................... 113 

IV.4.1 The equivalent static method : (RPA99/Version2003 Art 3.5) ........................... 113 

IV.4.2 Modal spectral dynamic method :(RPA99/Version2003 Art3.5) ....................... 113 

IV.4.3 The dynamic analysis method using accelerograms : ........................................ 115 

IV.5 Geometric and Mass Characteristics of the Structure : ........................................... 115 

IV.6 Structure Analysis : ...................................................................................................... 118 

IV.6.1 Principles of Arrangement of Bracing Elements (Walls) : ................................ 119 

IV.6.2 Calculation response spectrum : .......................................................................... 122 

IV.6.3 Results and verifications of dynamic analysis : .................................................. 127 

IV.6.3.1 Verification of behavior for the first three modes : ..................................... 128 

IV.6.3.2 Verification of the specific mass participation : ........................................... 130 

IV.6.3.3 Verification of reduced compressive normal force (RPA99/Version2003 

Art7.1.3.3) : ................................................................................................................... 131 

IV.6.3.4 Tangential solicitations (A.7.4.3.2 RPA99/2003) : ........................................ 132 



IV.6.3.5 Verification of the resultant of seismic design forces : ................................ 133 

IV.6.3.6 Distribution of the resultant seismic forces according to height: ............... 138 

IV.6.3.7 Verification of inter-floor displacements : .................................................... 140 

IV.6.3.8 Justification with respect to the P-Δ effect: .................................................. 142 

IV.7 Conclusion:.................................................................................................................... 143 

V.1. Introduction :............................................................................................................. 145 

V.2. The combinations of actions : .................................................................................. 145 

V.3.  Reinforcement beams : ............................................................................................ 146 

Ⅱ.3.1. Role of reinforced concrete beams : .................................................................... 146 

Ⅱ.3.2. Recommendation : ................................................................................................ 146 

V.4. Reinforcement of the main beams : ......................................................................... 147 

Ⅱ.4.1. Longitudinal reinforcement : ........................................................................... 148 

Ⅱ.4.2. Verification required : ....................................................................................... 150 

Ⅱ.4.3. Transverse reinforcement : ............................................................................... 152 

Ⅱ.4.4. Checking the Arrow : ........................................................................................ 153 

V.5. Reinforcement of secondary beams : ...................................................................... 155 

Ⅱ.5.1. Longitudinal reinforcement : ........................................................................... 156 

Ⅱ.5.2. Verification required : ....................................................................................... 158 

Ⅱ.5.3. Transverse reinforcement : ............................................................................... 160 

Ⅱ.5.4. Checking the Arrow : ........................................................................................ 162 

Ⅱ.6. Reinforcement of the columns: ................................................................................... 163 

Ⅱ.6. the columns : ......................................................................................................... 164 

Ⅱ.6.1 Introduction : ...................................................................................................... 164 

Ⅱ.6.2. Roles of reinforced concrete columns : ............................................................ 164 

Ⅱ.6.3. Solicitations to consider : .................................................................................. 164 

Ⅱ.6.4. Recommendations : ........................................................................................... 165 

Ⅱ.6.5. reinforcement of columns : ............................................................................... 169 

Ⅱ.6.6. Verification required : ....................................................................................... 179 

Ⅱ.6.7. Transverse reinforcement : ............................................................................... 180 

Ⅱ.6.8. Shear force verification : .................................................................................. 181 

Ⅱ.6.9. Buckling Verification : ...................................................................................... 182 

Ⅱ.6.10. Diagram of the reinforcement of column : .................................................... 183 

Ⅱ.7 Calculation of the sails : ............................................................................................ 184 

Ⅱ.7.1. Principles of sails sizing : .................................................................................. 185 

Ⅲ.7.2. Recommendation of RPA99/2003 : ..................................................................... 186 



 Specification for Horizontal Steels (A.7.7.4.2 RPA99/2003) : ............................ 186 

Ⅱ.7.3. Reinforcement of the sails : .............................................................................. 187 

Ⅱ.7.4. Example of Calculation : .................................................................................. 189 

Ⅱ.7.5. Diagram of the reinforcement of the sail : ...................................................... 196 

Study of the Infrastructure .................................................................................................. 198 

VI.1 Introduction : ............................................................................................................... 198 

VI.2 Different types of foundations : .................................................................................. 198 

VI.3 Calculation Combinations : ........................................................................................ 199 

VI.4 Soil Investigation : ....................................................................................................... 199 

VI.5 Selection of Foundation Type : ................................................................................... 199 

VI.6 Calculation of the footing area : ................................................................................. 200 

VI.6.1 Verification of the isolated footing : .................................................................... 200 

VI.7 Study of the raft foundation : ..................................................................................... 201 

VI.7.1 Preliminary sizing of the raft slab : ..................................................................... 201 

VI.7.1.1 The lump sum condition: ............................................................................... 202 

VI.7.1.2 Shear strength condition: .............................................................................. 202 

VI.7.2 Preliminary Sizing of the Rib : ............................................................................ 203 

VI.7.2.1 Lump Sum Condition: ................................................................................... 203 

VI.7.2.1.1 Rib Height: ................................................................................................... 203 

VI.7.2.1.2 Rib Width: ................................................................................................... 203 

VI.7.2.2 Elastic Length Condition: ............................................................................. 203 

VI.7.3 Overflow Calculation : ......................................................................................... 204 

VI.7.4 Punching shear verification (CBA93 A.5.2.4.2) : ............................................... 205 

VI.7.5 Verification of non-lifting (pressure effect) : ...................................................... 206 

VI.7.6 Geometric characteristics of the raft : ................................................................ 207 

VI.7.6.1 Center of gravity of the raft foundation masses : ....................................... 208 

VI.7.6.2 Center of gravity of the building masses (superstructure) : ...................... 208 

VI.7.6.3 Determination of eccentricity : ..................................................................... 209 

VI.7.7 Determination of loads and surcharges : ............................................................ 209 

VI.7.8 Check : ................................................................................................................... 210 

VI.7.9 Justification of foundation stability (A.5.7 RPA99/2003) : ................................ 210 

VI.7.9.1 Verification of soil stress under vertical load : ............................................ 210 

VI.7.9.2 Verification of compression under G+Q±E : ............................................... 210 

VI.7.10 Reinforcement of the raft : ................................................................................. 212 

VI.7.10.1 Evaluation of loads : .................................................................................... 212 



VI.7.10.2 Calculation of requests : .............................................................................. 213 

VI.7.10.3 Calculation of reinforcements : .................................................................. 214 

VI.7.10.4 Longitudinal reinforcement : ...................................................................... 216 

VI.7.10.6 Transverse reinforcement : ......................................................................... 217 

VI.7.10.7 Verification at the SLS : .............................................................................. 217 

VI.7.11 Study of overflow : .............................................................................................. 219 

VI.7.11.4 Verification of the shear force : ................................................................... 220 

Ⅱ.8. Reinforcement of the ribs : .......................................................................................... 222 

Ⅱ.8.1.  Rib loads : ............................................................................................................. 222 

Ⅱ.8.2. Calculation of reinforcement : ............................................................................. 223 

Ⅱ.8.3. Verification required : ........................................................................................... 223 

Ⅲ.8.4. Rib reinforcement diagram : ................................................................................... 227 

 

 



List of figure 

Figure 1.1 : Compressive stress, deformation diagram at the ELS……………………………1 

Figure 1.2 : Compressive stress, deformation diagram at the ELU……………………………2 

Figure1.2 :Stress-deformation diagram (Steel) at the ELU……………………………………3 

Figure II.1 : joist section……………………………………………………………………….4 

Figure Ⅱ.2: Diagram of the parapet…………………………………………………………...5 

Figure Ⅱ.3: Elevation sail cutting……………………………………………………………..6 

Figure Ⅱ.4 : stair plan view…………………………………………………………………....7 

Figure Ⅱ.5: shema of an inaccessible terrace slab…………………………………………….8 

Figure Ⅱ.6 : schema of a current floor slab…………………………………………………...9 

Figure Ⅱ.7: Detail of the components of an exterior wall…………………………………...10 

Figure Ⅱ.8 : Detail of the components of an interior wall…………………………………...11 

Figure III.1: Presentation of the static diagram of the parapet………………………………..12 

Figure III.2 : Internal Forces Diagram……………………………………………..…………13 

Figure Ⅲ.3 : Reinforcement diagram of the parapet…………………………………………14 

Figure Ⅲ.3 : Reinforcement diagram of the parapet…………………………………………15 

FigureIII.4 : Descriptive diagram of a hollow body floor……………………………………16 

Figure II.5 : compression slab……………………………………………………………….17 

Figure III.6 :Reinforcement of the compression slab………………………………………..18 

FigureIII.7 :Beams Type 01…………………………………………………………………19 

FigureIII.8 :Beams Type 02………………………………………………………………….20 

FigureIII.9 : Beams Type03…………………………………………………………………..21 

Figure III.10 : ULS moment diagram - beam Type 3 (current floor)………………………...22 

FigureIII.11 : SLS moment diagram - beam Type 3 (current floor)…………………………..23 

FigureIII.14: ULS moment diagram - beam Type 2(current floor)…………………………...24 

Figure III.15 : SLS moment diagram - beam Type 2 (current floor)…………………………25 

FigureIII.17:SLS moment diagram - beam Type1 (Terrce floor)…………………………….26 

Figure III.16: ULS moment diagram - beam Type 1 (Terrce floor)………………………….27 

FigureIII.18: ULS moment diagram - beam Type 1 (current floor)………………………….28 



FigureIII.19: SLS moment diagram - beam Type 1 (current floor)…………………………29 

Figure III.20 : Diagram of shear forces for type 3 beam (current  floor)……………………30 

Figure III.21 : Diagram of shear forces for type 2 beam (current  floor)…………………….31 

Figure III.22 : Diagram of shear forces for type 1 beam (terrce  floor)………………………32 

Figure III.23 : Diagram of shear forces for type 1 beam (Current  floor)…………………….33 

Figure III.25 : Reinforcement of beams on support (type 2)…………………………………34 

Figure III.24 : Reinforcement of beams on span (type 2)…………………………………….35 

Figure Ⅲ.26 : reinfocement of the beam……………………………………………………..36 

Figure Ⅲ.27: Static diagram of the balcony………………………………………………….37 

Figure Ⅲ.28 : Shema of reinforcement in balconies…………………………………………38 

Figure Ⅲ.29 : Schema bench…………………………………………………………………39 

Figure Ⅲ.30 : Reinforcement diagram of the  stair cutting 1-1………………………………40 

Figure Ⅲ.31 :Reinforcement diagram of the  stair cutting 2-2……………………………….41 

Figure Ⅲ.32:Reinforcement diagram of a platform screen beam…………………………….42 

FigureIV.1 : Modeling software………………………………………………………………43 

FigureIV.2 : Mesh options adopted for our…………………………………………………...45 

Figure IV.3 : Choice of structure type………………………………………………………..46 

Figure IV.4 : Case preferences………………………………………………………………..47 

Figure IV.5 : 3D view of the structure………………………………………………………..48 

FigureIV.6 : Viewed in plan in each direction………………………………………………..49 

FigureIV.7 : Theoretical eccentricity…………………………………………………………50 

Figure IV.8 : Number of Walls………………………………………………………………..51 

Figure IV.9 : Spacing between bracing elements. (AFPS, 0220)……………………………..52 

Figure IV.10 : Redundancy and a broad base ensure better distribution……………………...53 

Figure IV.11 : Asymmetrical arrangement of shear walls should be avoided………………...54 

Figure IV.12 : Arrangement of the bracing shear walls………………………………………55 

Figure IV.13 : Flowchart for Justification of the R coefficient………………………………56 

Figure IV.14 : Flowchart of Normal Force Distribution……………………………………..57 

Figure IV.15 : Calculation response spectrum following X………………………………….58 

Figure IV.16 : Calculation response spectrum following Y………………………………….59 



Figure IV.17 : Behavior of the 1st mode……………………………………………………..60 

Figure IV.18 : Behavior of the 2nd mode…………………………………………………….61 

FigureIV.1 : Modeling software………………………………………………………………62 

FigureIV.2 : Mesh options adopted for our…………………………………………………...63 

Figure IV.3 : Choice of structure type………………………………………………………...64 

Figure IV.4 : Case preferences………………………………………………………………..65 

FigureIV.1 : Modeling software……………………………………………………………....66 

FigureIV.2 : Mesh options adopted for our…………………………………………………...67 

Figure IV.3 : Choice of structure type………………………………………………………...68 

Figure IV.4 : Case preferences………………………………………………………………..69 

Figure Ⅴ.7 : Moment diagrams flexing My to the ULS……………………………………..70 

Figure Ⅴ.8 : Moment diagrams flexing My to the SLS……………………………………...71 

Figure Ⅴ.9 : Moment diagrams flexing My to the ALS……………………………………..72 

Figure Ⅴ.13: solicitation of a columns………………………………………………………73 

Figure Ⅴ.14: Flowchart justifying the State of stress of the sections subjected to compound 

bending………………………………………………………………………………………..74 

Figure Ⅴ.15 : folwchart for calculating reinforcement section according the  state of stress...75 

Figure Ⅴ.16 : Calculation cross section for columns…………………………………………76 

Figure Ⅴ.17 :Diagram of the reinforcement of column………………………………………77 

Figure Ⅴ.18 : Behavior of the veil as a console………………………………………………78 

Figure Ⅴ.19 : Lateral instability of the sails………………………………………………….79 

Figure Ⅴ.20 : Arrangement of vertical reinforcement in the walls…………………………...80 

Figure Ⅴ.21 : Stresses on the bracing sails…………………………………………………...81 

FigureⅤ.22 : Constraints on the sails…………………………………………………………82 

Figure Ⅴ.23 : Constrain diagram……………………………………………………………..83 

Figure Ⅴ.24 :Diagram of the reinforcement of the sail……………………………………….84 

Figure VI.1 Isolated footing…………………………………………………………………..85 

Figure VI.2 Raft surface………………………………………………………………………86 

Figure VI.3 Reinforcement of the slab in x-x direction………………………………………87 

Figure VI.4 Reinforcement of the slab in Y-Y direction……………………………………...88 

Figure Ⅴ : Rib loads in SLS………………………………………………………………….90 



Figure Ⅴ : Rib loads in ULS………………………………………………………………..91 

Figure Ⅴ : Ⅴ.8.4. Rib reinforcement diagram……………….. ……………………………92 



List of Tablue 

Tableau  I.1: Geometry of the structure……………………………….……………………1 

Table I.2: Site dataI.3 the elements of the work…………………………………………….2 

Tab. 1.3: Values of the guaranteed elastic limit fe ……………………………….…………3 

Tableau 1 I.4Mechanical characteristics of the materials used…………...……………….4 

Table II.3.1 : dead loads returning to the inaccessible terrace slab.………………………5 

Table II.3.2 : dead loads due to the current level floor slab………………….…………….6 

Table II.3.3. Evaluation of exterior wall loads………………………………………………7 

Table II.3.4. Evaluation of interior wall loads……………………………………...……….8 

Table II.3.4 Evaluation of balcony loads…………………………………………………….9 

Table II.3.4. Evaluation of sail loads……………………………………………………….10 

Table II.4.1. Load descent of Center column………………………………………………11 

Tab.III.1 Floor stresses………………………………………………..…………………….12 

Tab.III.2 Moment on terrace floor support Type 1……………………….………………13 

Tab.III.3 Moment on current floor support Type 1………………………………………14 

Tab.III.4 Moment on current floor support Type 2………………………………………15 

Tab.III.6 Moment on current floor support Type 3………………………………………16 

Tab.III.7 Moment in span type 3 current floor………………………………...………….17 

 Tab.III.8 : Moment in span type 2 current floor………………………………………….18 

Tab.III.9 : Moment in span type 1 terrace floor…………………………………………..19 

Tab.III.10 : Moment in span type 1 current floor…………………………………..……..20 

Tab III.11 : shear forces for current floor –beams type 02………………………………..21 

Tab III.12: shear forces for terrce floor –beams type 01…………………….……………22 

III.13:shear forces for current floor –beams type 01………………...……………………23 

Tab III.14 : Maximum loads type 1 (terrace floor)…………………………….………….24 

Tab III.15 : Maximum loads type 1 (Current floor)………………………………………25 

Tab III.16 : Maximum loads type 2 (current floor)……………………………………….27 

Tab III.17 :Maximum loads type 3 (current floor)………………………………………..28 

Tab III.18 verification Mut ≤ Mtab………………………………………………………..29 

Tab III.19: Calculate reinforcement for the span…………………………………………30 



Tab III.20 : Calculate reinforcement for the supports……………………………………31 

Tab III.21 : Floor reinforcement…………………....………………………………….…32 

Tab III.22 : Checking the shear force………………………………………….………….33 

Tablue Ⅲ.23: Evaluation of current floor balcony loads………………………..…..……34 

Table Ⅲ.24:Moments and shear force in the landing beam……………..…….…………..35  

Table IV.1. : Center of mass of each floor…………………………….…………….……..36 

Tab IV.2 : Torsional center of each floor……………………………..……………...……..37 

Tab IV.3 : Static and accidental eccentricity………………………………...………..……38 

Tab TV.4 : Restrained eccentricity………………………………..…………………….….39 

Tab IV.5. : Values of T1 and T2 (Table 4.7. RPA)…… ……………….…………….….…40 

Tab IV.6. Zone acceleration coefficient (Table 4.1. RPA)…………………..……………..41 

Tab IV.7 : The vertical loads supported by the bracing system…………………………….42 

Tab IV.8 : Damping Value Table 4.2 RPA…………………………….………………….…43 

Tab IV.9 : Quality factor………………………………………………………………….…44 

Figure IV.10 : Behavior of the first three modes…………………………………….……...45 

Tab IV.11 : Verification of mass participation……………………………..………………..46 

Tab IV.12 : Verification of the reduced normal force…………………...…………..………47 

Tab IV.13 : Verification of Tangential Stresses along X-axis………………………….…….48 

Tab IV.14 : Verification of Tangential Stresses along Y-axis………………………......……49 

Tab IV.15 : Verification of the fundamental period………………………………….………50 

Tab IV.16 :Summary of results……………………………..………….…………………….51 

Tab IV.17 : Distribution of the resultant of seismic forces………………………………..…52 

Tab IV.18 : Overturning moment in both X and Y directions…….……………………….…53 

Tab IV.19 : Stability moment in both X and Y directions. ……………………….……….…54 

Tab IV.20 : Verification of overturning stability…………….…………………………….…55 

Tab IV.21 : Inter-story displacement verification along the X direction…..…..………….…56 

Tab IV.22 : Inter-story displacement verification along the Y direction………..……….…..57 

Tab IV.23 :Verification of displacements at the top following both directions……………...58 

Tab IV.24 : Justification regarding the P-Δ effect according to X…………………….……..59 

Tab IV.25 : Justification regarding the P-Δ effect according to Y……………..………….…60 



Table IV.1. : Center of mass of each floor…………………………………….……..……61 

Tab IV.2 : Torsional center of each floor………………………………………………..…62 

Tab IV.3 : Static and accidental eccentricity………………………………………………63 

Tab TV.4 : Restrained eccentricity…………………………………...…………………….64 

Tab IV.5. : Values of T1 and T2 (Table 4.7. RPA) ………….…………………..…………65 

Tab IV.6. Zone acceleration coefficient (Table 4.1. RPA) ………...………………………66 

Tab IV.7 : The vertical loads supported by the bracing system….…………………………67 

Tab IV.8 : Damping Value Table 4.2 RPA…………………………………….……………68 

Tab IV.9 : Quality factor……………………………………………………………………69 

Figure IV.10 : Behavior of the first three modes………………………..…….…………....70 

Tab IV.11 : Verification of mass participation……………………………..….……………71 

Tab IV.12 : Verification of the reduced normal force…………………………....…………72 

Tab IV.13 : Verification of Tangential Stresses along X-axis..………………….………….73 

Tab IV.14 : Verification of Tangential Stresses along Y-axis……………...…….……..…..74 

Tab IV.15 : Verification of the fundamental period. ………………..……………...………75 

Tab IV.16 :Summary of results…………….…………………………………………….…76 

Tab IV.17 : Distribution of the resultant of seismic forces……………..…………..………77 

Tab IV.18 : Overturning moment in both X and Y directions………..……………………..78 

Tab IV.19 : Stability moment in both X and Y directions.………………………….………79 

Tab IV.20 : Verification of overturning stability………………………………….…………80 

Tab IV.21 : Inter-story displacement verification along the X direction………...…………..81 

Tab IV.22 : Inter-story displacement verification along the Y direction…….………..……..82 

Tab IV.23 :Verification of displacements at the top following both directions………….…..83 

Tab IV.24 : Justification regarding the P-Δ effect according to X…………………………...84 

Tab IV.25 : Justification regarding the P-Δ effect according to Y…………………….……..85 

Tab Ⅲ.1 : Calculation data…………………………………………………………….……..86 

Tab Ⅲ.2 : Summary of the loads for the main beams…………………..…………………….87 

TabⅢ.3. Summary of loads for beams Secondary. …………………………………………..88 

TabⅢ.4 : Design note for secondary beams in span………………………………………….89 

TabⅢ.5 : Design note for secondary beams in support…………………………..…………..90 



Tab Ⅲ.6 : solicitation of the column (35cm * 45cm)……………………………………….91 

Tab Ⅲ.7: Reinforcement of the columns……………………………………………………92 

Tablue Ⅲ.8 : Stresses of the sail……………………………………………………………..93 

Tab Ⅲ.9 : Calculation result………………………………………………………………….94 

Tabl VI.1Geometric characteristics of the raft……………………………………………….95 

Tabl VI.2 Inertia and Center of Gravity of the raft foundation………………………..…….96 

Tabl VI.3 Reinforcement moments of the raft slab……………………………………...…..97 

Tab. VI.4: Verification at the SLS………………………………….……………………..…98 

Tab VI.5: The reinforcements at the SLS………………………………………...………….99 

Tab VI.6 Overflow characteristics…………………………………………….………..…..100 

Tableau VI.1  : Summary of requests…………………..………………………………...…101 

Tablue Ⅵ : verification of the rib of the slab at the SLS in the X-X direction…………..…102 

 



 

List of abbreviations and symbols 

As area of section of steel  

A: sum of the areas of the right sections of a course of transverse reinforcement  

B: area of section of concrete  

D: diameter, stiffness  

E: longitudinal modulus of elasticity  

Eb concrete longitudinal deformation module.  

Ei : instantaneous deformation module (Evj: for the age of(j) days).  

Es: elastic modulus of steel.  

Ev: deformation module differs (Evj: for loading applies at the age of j days).  

F: force or general action.  

G: dead loads  

Q: live loads.  

I : moment of inertia.  

L: length or range.  

M: bending moment usually. 

Mu: moment at the ultimate limit state.  

Mser : computation time at service limit state.  

N: normal loads.  

Q : variable action or load.  

S : section. 

T , v :shear force.  

W: Weight of the structure.  

fcj: characteristic compressive strength of concrete j days old  

ftj characteristic tensile strength of the old days j  

fe28 et fr28: previously calculated quantities a '28 days.  

1: the distance between bare supports (direction of the main beams).  

1’: the distance between bare supports (direction of the seendary beams).  

d : useful height.  

hp : thickness of the slab.  

ht: girder height.  

ho : thickness of the compression slab. 

Lcc: the length of the hollow slab.  

Lx: Distance between two beams  

Ly: Distance between bare supports in the direction of disposition of the beams. If Buckling 

length  

A’: section of compression reinforcement 

A : strain reinforcement section  

Ar : distribution reinforcing section.  

e : Eccentricity of a result or an load in relation to the section center of gravity  

1s: Sealing Length.  

s: spacing of reinforcement in general.  

St : spacing of transverse reinforcement.  



fc : limit of elasticity of the steel 

Sraft: Surface of the raft.  

γь: Concrete safety Coefficient.  

γs: steel Safety Coefficient.  

α : Angle in general, coefficient  

ξbc: Relative shortening of concrete.  

ξs: Deformation of steel.  

η: factor of cracking relative to a reinforcement.  

ϴ : Coefficient without dimension 

λ : twinge μ: Coefficient of friction.  

µ : Poisson coefficient. 

p: reference of two dimensions; in particular reference of steel area to the concrete area...  

σ: General normal stress.  

σbe: Concrete compression stress.  

σε: Tensile stress in the steel. Gadm: eligible stress.  

τυ: eligible tangential stress.  

τs: Adhesion stress.  

ψs: Coefficient of sealing relative to a reinforcement. 

ζ: Percentage of critical damping.  

CT: Coefficient that depends on the bracing system 



ABSTRACT 

 

This project presents a detailed study of a building for residential  use, consisting of a ground 

floor plus (05) floors, which will be located in the wilaya of: SKIKDA This city is classified as 

an average seismicity zone (IIa ) according to RPA99 version 2003.  

The resistance of the structure to horizontal and vertical stresses is ensured by a composite 

bracing system in reinforced concrete.  

The dimensioning and the reinforcement of all the resistant elements were in conformity with 

the Algerian standards (CBA.93 and RPA99 version 2003).  

The calculation of the various forces under the effect of static and dynamic stresses was carried 

out using the software (ROBOT Autodesk 2010).  the infrastructure by calculating the 

foundations. Furthermore, the drawings was carried out by the software AUTO CAD 2013. 

Key words : 

Building, Reinforced concret    
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Résumé 

Ce projet est une étude détaillée d’un bâtiment en béton composé d’un rez-de-chaussée et de 5 

étages supérieurs, qui a été construit dans la wilaya de Skikda, EL-MATCHE, qui est classée 

dans les zones moyen-nement sismiques selon le système sismique algérien.  

En utilisant les règles de calcul et de vérification de l’Algérie (BAEL91, CBA93, RPA99/2003, 

DTR), nous avons calculé les dimensions et déterminé la quantité de ferraillage nécessaire à la 

stabilité du bâtiment. En plus du processus d’abaissement des charges appliquées au bâtiment. 

Nous avons également traité une étude sismique à l’aide d’un programme basé sur la méthode 

des éléments finis (ETABS 20). Les forces résultantes dans les différents éléments structuraux 

ont été calculées à l’aide de deux méthodes, dont l’une est la méthode du spectre de modèle 

d’appariement, et l’autre est la méthode d’analyse par le diagramme d’accélération réelle 

(séisme de Skikda 2020). 

 Cette étude nous a permis de déterminer les dimensions des éléments et la quantité de 

ferraillage nécessaire pour la stabilité et la tenue au séisme. Et aussi une comparaison rapide 

entre différentes méthodes d’analyse sismique.  

Les mots clés : 

 Béton armé, ferraillage, spectre de réponse, analyse d’accélération, résistance, stabilité 

 



General Introduction 

 

Building has always been one of the first concerns of human and one of his privileged 

occupations. To date Construction has enjoyed great growth in most countries and many 

professionals are engaged in construction activities in the building or public works sector. 

 

  A structure must be calculated and designed in such a way that it remains fit for the purpose 

for which it was intended, taking into account its intended life span and cost. 

 It must not be damaged by events, such as: explosion, shock or other phenomena. 

 

 It must resist all actions and other influences that may occur both during Execution and 

during operation and that it has a sustainable durability in terms of maintenance costs. 

Chapter Ⅰ : consists of the complete presentation of the building, the definition of the different 

elements and the choice of materials to be used. 

Chapter Ⅱ : presents the pre-dimensioning of structural elements (talque the columns, 

columns, beams and walls), and non-structural elements (such as floors, etc.). 

Chapter Ⅲ : calculation of the secondary elements (the parapet, the beams, the stairs) is the 

subject. 

Chapter Ⅳ : will focus on the dynamic study of the building, the determination of the seismic 

action and the structure's own dynamic characteristics during its Vibration. The study of the 

building will be carried out by analysing the 3D model of the structure using the ROBOT 

calculation software. 

Chapter Ⅴ : Calculation of structural reinforcement based on the results of the ROBOT2010 

software. 

Chapter Ⅵ: Calculation and sizing of the infrastructure to determine the type of foundations. 

 

 



 

CHAPTER I 

 

PRESENTATION OF THE 

PROJECT 
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Presentation of the project 

I.1 Introduction : 

During the design of the project, the civil engineer takes care of the calculations and 

simulations. He is the one who chooses the materials to use and defines the working methods. 

To do this, it takes into account production costs and manufacturing times.  

I.2 presentation of the work: 
The project that we chose, as part of our end-of-studies project, consists of a ground floor + 5 

floors. Classified in use group 2 (common medium-sized works) according to the classification 

of RPA99/2003 (Article 3.2). 

This work is located in EL-MATCH wilaya of Skikda which are classified as Medium Seismic 

Zone (zone IIa), according to RPA 99/2003 (SEISMIC CLASSIFICATION OF WILAYAS 

AND COMMUNITIES OF ALGERIA) 

 

I.2.1 Geometric characteristics: 
They are represented in the following table: 

Tableau  I.1: Geometry of the structure 

Dimensions of the work (m) 

Total height 18.87 

Floor height 3.06 

Ground floor height 3.06 

Total length of building 25.60 

Total width of the building 21.10 

I.2.2 Site category: 

Table I.2: Site dataI.3 the elements of the work: 
Location at  SKIKDA 

The zone  IIa 

Usage group 2 

The site is S3 

The admissible soil stress 𝜎 = 0.80 𝑏𝑎𝑟𝑠 

Depth of anchorage D=2m 

 

I.2.1 Carrier system: 

Bracing is a static system intended to ensure the overall stability of a structure with respect to 

horizontal effects resulting from possible actions on it (for example: wind, earthquake, shock, 

braking, etc.). It also serves to locally stabilize certain parts of the structure (beams, posts) 

relativelyinstability phenomena (buckling or spilling). 
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The function of the framework is to ensure the stability of the assembly which is stressed by: 

 Our building exceeds four (04) levels or fourteen (14 meters) and is located in (zone 

IIa). 

 Gantry bracing is therefore ruled out (Art.3.4.A.1.b of RPA99/version 2003), therefore 

the choice will be worn on supporting sails (sails and gantries). 

 The gantries must absorb, in addition to the stresses due to vertical loads, at least 25% 

of the effort cutting edge. 

I.2.2 Floor: 

The floors are horizontal elements called “diaphragm” which ensure the functionality of the 

structureand which allow the transmission of forces to the bracing elements. 

 A floor must be resistant to vertical and horizontal loads. 

 A floor must ensure thermal and acoustic insulation of the different floors. 

There are two types of slabs: 

 Solid reinforced concrete slab: it is intended where hollow body floors cannot be made 

(the balconies, bedroom slab and shechoir and stairs). 

 Hollow body slab: all the floors of the ground floor and the 5 floors are made of hollow 

body slab except a small part. 

I.2.3 stairs : 

Are non-structural elements, allowing passage from one level to another with two flights and 

an inter-floor landing. The building has only one type of staircase, a straight staircase in 

reinforced concrete cast on site. 

 

I.2.4 The Balconies: 

These are consolidated areas at the level of each floor, they will be made in solid slabs. 

I.2.5 Masonry : 

The most used masonry in ALGERIA is hollow bricks for this work we have two wall types: 

 Exterior walls: The facades are filled with masonry, they are made up of a double 

partition made of hollow bricks (15+10) thick with an air gap 5 cm thick. 

 Interior walls: 10 cm partition wall. 

 

I.2.6 The Coverings: 

 Cement coating for exterior walls and partitions. 

 Plaster coating for ceilings. 

 Tiled coverings for floors and stairs. 

 Ceramic for kitchen walls and bathrooms. 

 The terrace floor will be covered by waterproof multi-layer waterproofing preventing 

the penetration of rainwater. 
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I.2.7 Acroterium: 

As the terrace is inaccessible, the top level is surrounded by a reinforced concrete parapet with 

a height of 60 cm and thickness of 10 cm. 

The role of the parapet: 

 allow the insulation and waterproofing coverings of the roof terraces to be raised 

vertically on its internal face (watertightness survey). 

 to prevent the flow of rainwater. 

 

I.2.8 The Terrace: 

The terrace of our building is inaccessible. 

 

I.2.9 The Infrastructure: 

This is the part of the construction located below the ground, it contains : 

 The foundations: 

It is the part buried in the ground which transmits the loads and overloads of the construction 

to the ground. The choice of foundation types depends on the type of soil and the size of the 

work. 

I.4 Security And Regulations : 

The stability and durability of the structure depends on the resistance of the different structural 

elements. (posts, beams, sails, etc.) to the different stresses (compression, bending, etc.) 

including the resistance of these elements depends on the types of materials used and their 

dimensions and characteristics. 

The materials provided for the realization of this work as well as the actions and requests must 

be comply with CBA 93 standards (BAEL 91 equivalent) and meet the requirements and 

recommendations of Algerian seismic regulation RPA99. the structure of our building is 

designed with reinforced concrete, which is constructed of concrete and steel. 

 

I.4.1 Algerian Seismic Regulations (Rpa99 Version 2003): 

RPA 99/2003 is a regulatory technical document which sets out the rules for the design and 

calculation of constructions in seismic zones (article 1.1 RPA 99/2003). 

 

These rules aim to ensure acceptable protection of human lives and structures from 

effects of seismic actions through appropriate design and sizing. 

For current works, the objectives thus sought consist of providing the structure: 

 

Of sufficient rigidity and strength to limit non-structural damage and prevent damage 

structural by an essentially elastic behavior of the structure in the face of a moderate earthquake, 

relatively common. 
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Adequate ductility and energy dissipation capacity to allow the structure to undergo inelastic 

displacements with limited damage and without collapse or loss of stability, facing a major 

earthquake, more rare (article 1.2 RPA 99/2003). 

 

I.4.2 Regulatory Technical Document (D.T.R. - B.C. 2.2) “Permanent Loads 

And Operating Expenses”: 

 
This document deals with the “permanent loads” and “operating loads” of buildings, their 

method of evaluation and the values of these loads to be introduced into the calculations. 

 

I.4.3 General Information On The C.B.A 93 (The Bael 91 Rules): 

 
The calculation is based on the theory of limit states. A limit state is a particular state for which 

a condition required for a construction (or one of its elements) is strictly satisfied, and would 

cease to be so in the event of an unfavorable modification of an action. Beyond a limiting state 

the structure (or one of its elements) is decommissioned, that is to say that it will no longer 

respond to the functions for which it was designed. There are two (02) categories of limit states: 

 

I.4.3.1 Ultimate Limit States (ELU):  
Corresponding to the limit: 

 Either static balance of construction (no overturning or tilting). 

 Or the resistance of one of the materials (no breakage). 

 Or stability of form (the ruin of an element of the structure by loss of stability before 

reaching theresistance). 

 

I.4.3.2 Calculation Assumptions At ELU (C.B.A 93 A.4.3.2): 

- The resistance of tensile concrete (to traction) is neglected. 

- Straight sections remain flat after deformation (Navier hypothesis). 

- Concrete-steel adhesion leads to equal deformations, a consequence of non-slip. 

- The stress-strain diagram of concrete and steel is linear. 

- The relative shortening of the most compressed concrete fiber is limited to 3.5‰ in bending 

and 2‰ in simple compression. The relative elongation of the tensest reinforcements, assumed 

to be concentrated in their center gravity, is limited to 10‰. 

- The positions that the deformation diagram of a straight section can take pass at least 

by one of the three pivots A,B,C (the three pivot rule).- We can assume concentrated at its 

center of gravity the section of a group of several tensioned bars or compressed, provided that 

the error thus committed on the unit deformation does not exceed 15‰. 
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I.4.3.3 Service Limit States (ELS) : 

This is the condition that a structure must satisfy so that its normal use and durability are 

ensured, exceeding it will imply a disorder in the functioning of the structure, there are three 

limit states : 

-Service limit state with respect to the compression of the concrete: This limit makes it possible 

to avoid the problem of cracking of concrete which under cyclic load may break or fatigue. 

-Limit state of crack opening: in this state we limit the tensile stress of the steels, we distinguish 

three (03) types of cracking: slightly detrimental, detrimental and very detrimental. 

- Limit state of deformation: any element subjected to stress deforms, it is therefore essential to 

limit any deformation under any type of stress in the structure. 

 

I.4.3.4 ELS Calculation Assumptions (C.B.A. Regulation 93 A.4.5.1): 

 
-The straight sections remain flat and there is no relative sliding between the concrete and the 

reinforcements outside the immediate vicinity of the cracks. 

 

-Steel and concrete are considered linearly elastic materials and are disregarded 

shrinkage and creep of concrete. 

 

-Tensed concrete is neglected. 

 

-There is no relative slip between concrete and steel. 

 

-By convention the ratio n of the longitudinal modulus of elasticity of steel to that of  

concrete or coefficient equivalence to value 15. 

 

-In accordance with usual errors, we do not deduct in the calculations the area of the steels from 

the air of the concrete compressed, we can also assume concentrated at its center of gravity the 

steel air of the cross section of a group of several reinforcements, provided that the error thus 

committed does not exceed 15‰. 

 

I.4.3.5 Rule Of The Three Pivots: 

 
The simplest way to characterize the behavior of reinforced concrete is to think about 

deformations, following their linearity and their measurability. 

The pivot is defined as being a fixed limit deformation point, from which we will determine the 

possible deformations in the section for all stresses. 

According to the analysis of the behavior of concrete-steel materials, we can define three pivots: 

 

-Pivot A: the limit state is defined by reaching the limit elongation of 10‰ of the most tense 

reinforcement: the section is subjected to simple traction, simple or compound bending. 
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-Pivot B: the limit state is defined by reaching the limit shortening of 3.5‰ of the most 

compressed fiber: the section is subjected to simple or compound bending. 

 

-Pivot C: the limit state is defined by reaching the limit shortening of 2‰ at a distance from 

the fiber more compressed equal to 3/7 of the total height h of the section (as results from the 

properties of the similar triangles in the diagram below: these are fully compressed and subject 

to bending compound or simple compression). 

I.5 Action And Requests : 

 

I.5.1 Action (Regulation C.B.A 93 A.3.1): 

The actions of forces and torques due to loads applied to the structure (permanent, climatic, 

operational, seismic, etc.). And the imposed deformations (shrinkage, temperature variation, 

settlement of supports, etc.) 

Actions are classified into three categories based on their frequency of appearance: 

 

I.5.2 permanent Actions G: 

The intensity of which is constant or very little variable over time, they include: 

- The self-weight of the structure. 

- Efforts due to earth or liquids whose levels vary little. 

- Fixed equipment costs. 

- Forces due to permanent deformations imposed on the structure (shrinkage, creep, 

settlement, etc.). 

 

I.5.3 Qi Variable Action: 

The intensity of which varies frequently and significantly over time, we distinguish: 

 

- Operating overloads (DTR B.C.2.2). 

-Climate actions (DTR C.2.47 RNV99). 

- Actions due to temperature. 

 

I.5.4 Fa Accidental Actions: 

These are actions originating from rare phenomena (earthquakes, shocks, explosions, etc.), with 

a very short duration. of application. 
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I.5.5 Solicitations (Regulation C.B.A 93 A.3.2): 

The stresses are forces (normal force, shear force), moments (bending moment, twisting 

moment) calculated from the actions using appropriate methods. 

The calculations are carried out using scientific methods supported by experimental data. 

 

I.5.6 Requests For Calculation Of Combinations Of Actions (Regulation 

C.B.A 93 A.3.3): 

The justifications produced must show for the various elements of a structure and for the entire 

this, that the calculation requests do not cause the phenomenon that we should avoid.We 

designate by: 

-Gmax: All unfavorable permanent actions. 

-Gmin: All favorable permanent actions. 

-Qj: The so-called basic variable set. 

-Qi: (i>1) other variable so-called supporting actions. 

ψ0, ψ1, ψ2 coefficients defined in (C.B.A Regulation 93 A.3.1.3.1) 

I.5.7 Calculation Requests With Respect To The Ultimate Resistance Limit 

States:  

 

I.5.8 Fundamental Combination (C.B.A. Regulation 93 A.3.3.2.1): 

 
During long-term or transitional situations, it is necessary to consider: 

 

   1.35Gmax + Gmin + γQ1Q1 +∑ 1.3ψiQi              

 

with 

-γQl = 1.5 in the general case. 

-γQl = 1.35 in special cases (temperatures, agricultural buildings with low human occupancy 

density, closely limited operating costs or of a particular character). 

 

I.5.9 Accidental Combination (C.B.A. Regulation 93 A.3.3.2.2): 

 
Gmax +  Gmin +  FA +  ψ1iQ1 +  ∑1.3ψ2iQi 

 

With : 

-FA: Nominal value of the accidental action. 

-ψ1iQ1: Frequent value of a variable action. 

-ψ2iQi: Quasi-permanent value of another variable action. 
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I.5.10 Calculation Requests With Respect To The Ultimate Service Limit 

States (C.B.A 93 A.3.3.3): 

 
They result from the following combination of actions called rare combinations: 

 

Gmax +  Gmin +  Q1 + ∑ ψ0iQi 
 

I.5.11 Verification Of Static Balance (C.B.A 93 A.3.3.4): 

 
The static balance of all or part of the structures must be checked for each assembly phase and 

for the complete structure. 

 

1.5.12 Verification Of Shape Stability (C.B.A 93 A.3.3.5 And A.4.4): 

 
The justification of shape stability consists of demonstrating that there exists a state of 

constraints which balances calculation requests, including those of second order, and which is 

compatible with countability and the design strength of the materials. 

 

I.5.11 Material Characteristics: 

 
The characteristics of the materials used in construction will comply with the technical rules of 

design and calculation of reinforced concrete structures CBA 93, the regulation of reinforced 

concrete in limit states namely BAEL 91, as well as the Algerian seismic regulation RPA 

99/2003. 

 

I.5.12 Concrete (CBA .93 (A.2.1)): 
 

I..5.12.1 Definition:  

Concrete is a material made up of a mixture of aggregate (gravel, sand), binders (cement) and 

water. 

in well-defined proportions, for the realization of this work is a common concrete to obtain at 

at the time of implementation a suitable consistency and after hardening of the required 

qualities. 

 

I.5.12.2 Concrete Dosage: 

 

The concrete that we will use includes for 1 m3: 

- Cement: 350 kg/m3 (CPJ42.5). 

- Gravel: 800 L/m3 (D ≤ 25mm). 

- Sand: 400 L/m3 (D ≤ 5mm). 

- Water: 175 L/m3. 
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I.5.12.3 Mechanical Resistance Of Concrete: 

 

I.5.12.4 Characteristic Resistance To Compression (C.B.A 93 A.2.1.1.1): 

 

concrete is characterized by its good compressive strength at the age of 28 days, called 

characteristic value required. When the stresses are exerted on the concrete at an age of j days, 

we have two cases: j ≤ 28 days. 

 

fcj = (
j

4.76 + 0.83j
) fc28: pour: fc28 ≤ 40 Mpa 

fcj = (
j

0.41 + 0.95j
) fc28: pour: fc28 > 40 𝑀𝑝𝑎 

 

j> 28 days 

 

f cj = f c28: Checking the resistance of the sections.                    

 

f cj = 1.1f c28 Evaluation of deformations. 

It is generally given from tests carried out in the laboratory: 

 15 − 20MP a at 28 days 7−→ Average quality concrete. 

 20 − 25MP a at 28 days. 7−→ Good quality concrete. 

 35MP a at 28 days 7−→ Very good quality concrete. 

 

In this study we take: fc28 = 25 MPa 

 

I.5.12.5 Tensile Strength Of Concrete (BAEL A.2.1.12): 

The characteristic tensile strength of concrete at the age of j days is conventionally defined by 

the relationship : 

 

ftj = 0.6 + 0.06fcj en Mpa pour ∶ fcj ≤ 60 Mpa 

 

ftj = 0.275 fcj
2
3 en Mpa pour ∶ fcj > 60 𝑀𝑝𝑎 

I.5.12.6 Longitudinal deformation modulus (C.B.A 93. A.2.1.2): 

 

The longitudinal deformation modulus of concrete is given by the following formula: 

- Instantaneous module: for loads applied before 24 hours. 

Eij = 11000 ∗ (fcj)
1
3 

 

In this study :                   Eij = 11000 ∗ (25)
1

3=32164.195 Mpa 

 

- The deferred module: for long-term loads. 
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Evj = 3700 ∗ (fcj)
1
3 

 

In this study: Evj = 3700 ∗ (25)
1

3=10818.86 Mpa 

 

ftj = 0.6 + 0.06fcj en Mpa pour ∶ fcj ≤ 60 Mpa ftj = 0.275fcj
2

3  en Mpa pour :fcj > 60 𝑀𝑝𝑎 

 

In this study ; ft28 = 0.6 + 0.06 ∗ 25 = 2.1 Mpa 

 

I.5.12.7 Poisson's Ratio (C.B.A 93. A.2.1.3): 

We call Poisson's ratio the ratio of the relative transverse deformation to the relative 

longitudinal deformation. 

ν = 0.2 for the calculation of deformations and for the justifications for ELS (uncracked 

concrete). 

ν = 0 for the calculation of stresses and in the case of ELU (cracked concrete). 

 

1.5.12.8Other Properties of Concrete: 

 

a)  Density (Dtr B.C.2.2): We Have The Following Values: 

- Unreinforced concrete ρ = 22KN/m3 

- Reinforced concrete ρ = 25KN/m3 

 

b)  Expansion Coefficient: 

The expansion coefficient of concrete is of the order of (0.7 − 1.2) ∗10−5, it is of the same 

order as that of steel. In the calculations we adopt as expansion coefficients the value 10−5. 

 

c) Concrete limit stresses: 

d) Limit Stress To Compression ELU (BAEL A.4.3.41) And (C.B.A 93 A.4.3.4.1):  

The stressadmissible compression at the ultimate limit state (ULS) is given by: 

 

σbc =
0.85fcj

θγb
 en Mpa 

With : 

 

−γb = 1.5 for common cases. 

−γb = 1.15 for accidental situations. 

−θ: depends on the duration of application of the loads. 

−θ = 1 =⇒ if the duration of application of the loads is greater than 24 hours. 

−θ = 0.9 =⇒ if the load application duration is between 1 hour and 24 hours. 
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−θ = 0.85 =⇒ if the duration of load application is less than 24 hours. 

a) Limit Stress At Els (C.B.A 93.A.4.5.2): 

The admissible compressive stress in the state service limit (ELS) is given by:   

σbc = 0.6 ∗ fcj 

σbc = 0.6 ∗ 25 = 15 Mpa 

 

b) Stress-Strain Diagrams (C.B.A 93 A.4.3.4): 

Stress deformation diagram for concrete calculation: The stress σbc deformation εbc calculation 

diagram can be used in all cases. It is made up of a parabola arc of the second degree, followed 

by a line segment. This segment extends between the values 2‰ and 3.5‰ 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

Figure 1.1 : Compressive stress, deformation diagram at the ELS 

Figure 1.2 : Compressive stress, deformation diagram at the ELU 
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c) Shear Stress In Concrete At The E.L.U (C.B.A 93 A.5.1.2.1): 

The ultimate shear stress is given by: 

 

- Minor damage cracking : 

τu ≤ (0.2
fcj

γb
 ;5Mpa)=3.33Mpa                        

- Detrimental and very detrimental cracking : 

τu ≤ 0.15
fcj

γb
; 4Mpa = 2.5Mpa 

With: τu is the ultimate shear stress (C.B.A 93 A.5.1.1) 

 

I.5.13 Steels: 

a) Definition:  

The steel material is an alloy of iron and carbon in low percentage, it is characterized by itsgood 

resistance in both traction and compression. Steels for reinforced concrete are soft gradefrom 

0.15 to 0.25 

 

I.5.13.1 Different Types Of Steel: 

 

The steels used to make the reinforced concrete parts: 

 

I.5.13.2 Rl Smooth Rounds: 

Smooth rounds are obtained by rolling mild steel. As their name suggests, their surface does 

not presents no roughness apart from rolling irregularities which are negligible, we use the 

grades FeE215 and FeE235 and standardized diameters 6,8, 10, 12, 14, 16, 20, 25, 32,40 and 

50mm. 

fe = 215 MPa (stress at the elastic limit). 

fu = 330 − 490 MPa (stress at the breaking limit). 

fe = 235 MPa, 

fu = 410 − 490 MPa 

 

I.5.13.3 High Adhesion Steels: 

In order to increase concrete-steel adhesion, reinforcements with a special shape are used. 

Gegenerally obtained by projecting ribs on the body of the frame. We have two classes of 

steel FeE400 and FeE500 and have the diameters of the smooth rounds. 

The steels used in are FeE400 characterized by: 

 

- the elastic limit: 400 MPa. 

- Cracking coefficient: η = 1.6. 

- Safety coefficient: γs = 1.5 lasting situation, γs = 1 accidental situation. 

- Modulus of elasticity: Es = 2.105 MPa (C.B.A 93, A2.2.2). 
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I.5.13.4 Welded Mesh: 

Welded mesh consists of wires crossing perpendicularly and electrically welded to 

their crossing points. 

φ>6 mm: fe = 500 MPa 

φ<6 mm: fe = 520 MPa 

 

I.5.13.5 Mechanical Characteristics: 

among the most important characteristics: the elastic limit fe which is taken from the diagram 

stress-strain of steel. The values are presented in the table: 

 

Tab. 1.3: Values of the guaranteed elastic limit fe 

Types Shade Fe (Mpa) Function 

Smooth rounds Fe E22 

Fe E24 

215 

235 

Current Employment. Lifting Pins 

Prefabricated Parts 

 

HA Type 1 And 2 Bars 

 

Fe E40 

Fe E50 

400 

500 

Current Employment. 

 

HA Type 3 Drawn Wires 

 

 

Fe E40 

Fe E50 

400 

500 

Use In The Form Of Bars 

Straight Or Lattice 

 

Type 4 Smooth Welded Mesh 

 

TSL 

TSHA 

500 

520 

Current Employment. 

 

 

I.5.13.6 Limit Stress Of Steels: 

The mechanical characteristics of steels are given empirically from tensile tests, in 

determining the relationship between σ and the relative deformation ε. 

 

I.8.2.8 Ultimate Limit State : 

σs =
fe

γs
                                                           (1.12)                                     

With: 

γs: safety coefficient. 

such as : 

γs = 1.5 Sustainable situation. 

γs = 1 Accidental situation. 

According to the regulation [BAEL91 Art A.2.2.2], the stress-strain diagram at the ULS is as 

follows: 

 



CHAPTER I                                                                  presentation of the project 
 

14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I.5.13.9 Service Limit State: 

 

State of limiting the opening of cracks (risk of corrosion of the reinforcements), and this is 

why; we must limit thestresses in the reinforcements stretched under the action of service 

requests, and according to BAEL91 rules, we distinguish three cases of cracking. 

- Slightly harmful cracking: no verification required. 

 

- Detrimental cracking: 

 

σss = min (
2

3
fe; 110√nftj     (1.13) 

σs = 201.63Mpa 

With : 

 

f tj: Characteristic tensile strength of concrete in MPa. 

 

η: The cracking coefficient={
n = 1.6m: HA ≥ 6mm
n = 1: for mild steels
n = 1.3: HA < 6𝑚𝑚

 

 

The diameter of the reinforcements closest to the walls is at least or equal to 6mm. 

 

- Very Damaging Cracking: 

𝜎bc = min (
1

2
fe; 90√nftj 

σs = 164.97Mpa 
 

 

Figure1.2 :Stress-deformation diagram (Steel) at the ELU 
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η: The cracking coefficient{
n = 1.6: HA ≥ 6mm
n = 1 for mild steels
n = 1.3 ; HA < 6𝑚𝑚

 

The diameter of the reinforcements closest to the walls is at least or equal to 6mm. 

 

1.9 Conclusion: 

The mechanical characteristics of the materials used in this study are summarized in the table: 

 
Tableau 1 I.4Mechanical characteristics of the materials used 

values Mechanical characteristic Values(Mpa) 

 

 

 

 

 

 

 

 

Concrete 
 

 

 

 

 

 

 

 

Characteristic resistance (fc28) 

 

25 

 

Limit constraint to the ELU: sustainable 

situationaccidental situation 

 

 

14.2 

18.84 

 

 

Limit stress at the SLS (σbc) 

 

15 

 

Instantaneous longitudinal deformation 

modulus Eij 

 

 

32164.195 

 

Delayed longitudinal deformation modulus 

Evj 

 

 

10818,86 

 

 

 

 

 

 

 

 

 

Steel 
 

 

 

 

 

 

Yield strength fe 

 

400 

 

Modulus of elasticity 

 

210000 

 

Calculation constraint at the ELU: accidental 

situation 

current situation 

 

400 

348 

Constraint to ELS 

Minor damage cracking 

Detrimental cracking 

Very damaging cracking 

 

201.63 

164.97 

 



 

CHAPTER II 

 

PRE-DIMENSIONING 
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II.1. The objective of pre-dimensioning : 

The objective of pre-dimensioning is to define the dimensions of the different elements of the 

structure, these dimensions are chosen according to the recommendations of RPA 99/Version 

2003, BAEL 91 modified 99 and CBA 93 

II.2. Pre-dimensioning of elements: 

  II.2.1. The beams: 

The beams are concrete load-bearing elements with built-in steel reinforcement serving as a 

base for transmitting the loads to the columns. 

 The pre-dimensioning of beams is performed according to the formulas of BAEL91 and 

verified using the RPA99-2003: 

 
Lmax

15
≤ hp ≤

Lmax

10
 

 0.3hp ≤ bp ≤ 0.7hp 

With : 

hp : Beam height 

bp : Beam Width  

 L max : maximum range between bare supports of two main beams 

Verifications according to RPA 99/V2003 (art 7.5.1) : 

 bp ≥ 20cm 

 hp ≥ 30cm 

 
hp

bp
≤ 4 

II.2.1.1.  The main beams : 

  They are arranged perpendicular to the girders, the height is given depending on the condition 

of the arrow which is: 

In our case : 𝐿𝑚𝑎𝑥 = 505𝑐𝑚 

Depending on the conditions in  BAEL 91 : 
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505

15
= 33.67cm ≤ hp ≤

505

10
= 50.5cm 

We assume hp=50cm 

0.3 × 50 = 15cm ≤ bp ≤ 0.7 × 50 = 35cm 

We assume bp=35cm 

 Verifications : 

According to the recommendations of RPA 99 (version2003),  

it must meet the following conditions : 

hp = 50 > 20cm………………cv 

bp = 35 > 30cm………………cv 

hp

bp
=

50

35
= 1.42 < 4…………….cv 

Note : 

So we adopt for the main beams of a section : S = (50 × 35)cm2 

II.2.1.2. The secondary beams : 

 They are arranged parallel to the beams, height is given by : 

In our case : Lmax = 420cm 

Depending on the conditions in  BAEL 91 : 

420

15
= 28cm ≤ hp ≤

420

10
= 42cm 

We assume hp = 40 cm 

0.3 × 40 = 12cm ≤ bp ≤ 0.7 × 40 = 28cm 

We assume bp = 35 cm 

Verifications : 

According to the recommendations of RPA 99 (version2003), it must meet the following 

conditions : 

hp = 40 > 20 cm………………………cv 

bp = 35 > 30 cm……………………....cv 

hp

bp
=

40

35
= 1.14 < 4…………………….cv 

50 cm 

35 cm 

40 

cm 

35 

cm 
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II.2.2. the column : 

 The columns are vertical supporting elements with role: 

- support vertical loads. 

- Participate in transverse stability by beam column system to withstand Hz forces. 

 section of the pole is dimensioned as must meet: 

Verifications : 

According to RPA 99/Version 2003, and for zone Ⅱa: 

 Min (b, h) ≥ 25cm 

 Min (b, h) ≥
he

20
 

And he : floor height minus the fallout of the beam  

1

4
<

b

h
< 4 

Takes the choice of architecture (35 × 45)𝑐𝑚2 

 Min (35 × 45) ≥ 25 cm → 35 cm ˃ 25cm……...cv 

 Min (35 × 40) ≥
306

20
→ 35 cm ˃ 17cm………….cv 

 
1

4
= 0.25 <

35

45
= 0.77 < 4…………………..............cv 

According to BAEL 91, we must verify that λ ≤ 50. 

λ =
lf

i
                 , i = √

I

A
        with  I =

b×h3

12
   and   A = b × h 

The column embedded on both sides, therefore : 

 lf = 0.7 × he = 0.7 × 306 = 214.2 cm 

 I =
(35×(45)3

12
= 265781.25cm4 

 A = 35 × 45 = 1575cm2 

 i = √
265781.25

1575
= 12.99 

 λ =
214.2

12.99
= 16.48 < 50……………....cv 

There is no risk of buckling. 

35 cm 

45 

cm 



CHAPTER II                                                                     PRE-DIMENSIONING 

19 

 

So we adopt a section of  S = (35 × 45)cm2 

Remark : 

We did this pre-dimensioning before the RPA99/V2003 verifications. 

 

II.2.3. Floors: 

A floor is a horizontal load-bearing element separating two floors of a building.The floors are 

supported either on walls or beams. 

 Solid slab floors in reinforced concrete 

 Prefabricated floors with prefabricated slabs 

 Floors with hollow slabs and joists. 

Hollow slab floors are used: 

According to CBA93, the floor must be dimensioned according to the following condition : 

ht ≥
L

22.5
 

L : length of the beam between bare supports  

ht: Floor height  

We have : L = 390 cm 

ht ≥
390

22.5
= 17.33 cm 

So we adopt a floor ht = 20 cm 

(16cm hollow slab and 4cm compression slab) 

II.2.4.Joists : 

   The joists are T sections made of reinforced concrete. 

 0.3ht ≤  b0 ≤ 0.6ht 

With : ht=20 cm 

 0.3 × 20 = 6cm ≤ b0 ≤ 0.6 × 20 = 12cm 

We adopt : b0= 10 cm 

Figure II.1 : joist section 
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 b1 ≥ min (
L

2
;

Lmax

10
) 

With : Lmax = 390 cm 

Therefore b = 2b1 + b0 = (2 × 27.5) + 10    →   L =  b – b0 = 65 − 10 = 55 cm 

𝑏1 ≥ 𝑚𝑖𝑛(
55

2
= 27.5 ;  

390

10
= 39 )𝑐𝑚 

We adopt  b1 = 27.5 cm 

 

II.2.5. The parapet : 

 It is a reinforced concrete element, embedded in the terrace floor and whose role is to prevent 

the infiltration of rainwater between the slope form and the terrace floor, its dimensions are 

mentioned in the architectural plans. 

The calculation is done in compound bending. 

h : Parapet height 

h0: thickness of the parapet. 

With : h = 60 cm  and  h0 = 10 cm 

ST =  S1 + S2 + S3 + S4 

ST = (0.6 × 0.1) + (0.07 × 0.1) + (
0.1 × 0.03

2
) 

ST = 0.0685m2 

Self-weight : 

G = (Ɣ × ST) = (0.00685 × 25)

= 1.7125 KN ml⁄   → 0.17125 T ∕ ml 

Q = 1 KN ml⁄   →  0.1 T ∕ ml 

II.2.6. Balcony : 

   The balcony is calculated as a bracket recessed to the beams and subjected to a load  and a 

concentrated operating load at the free end due to the dead weight of guardrail. This console is 

single-bending reinforcement. 

Figure Ⅱ: Diagram of the parapet 



CHAPTER II                                                                     PRE-DIMENSIONING 

21 

 

The calculation is done for a 1m strip. 

According to BAEL 91 

 
ℎ

𝐿
≥

1

10
 

L : Width and equal to = 120cm 

 ℎ ≥  
𝐿

10
=

120

10
= 12 𝑐𝑚 

we adopt        thickness h = 15 cm 

 II.2.7. The Sails : 

   The walls are rigid elements made of reinforced concrete cast on site. They are intended for 

a part of the vertical loads (dead loads and overloads).And on the other hand, to ensure the 

stability of the structure under the effect of horizontal loading (effectearthquake or wind) 

pre-dimensioning of reinforced concrete walls justified by Art 7.7.1 of RPA 99/V2003. 

Elements satisfying condition L ≥ 4a will be considered as sails and in the otherwise, will be 

considered linear elements. The thickness of the veil {a} will be Determined based on the stage 

clearance 𝐡𝐞 and the stiffness at the ends such that The minimum thickness of the sails is a ≥ 

15cm. 

With : 

L : sail length. 

a : The thickness of the sail. 

he: upstairs height. 

a ≥ max (amin;
he

25
;

he

22
;

he

20
) 
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We have :  he=306 cm  

For ground floor and current floor : 

amin = 15 cm 

a ≥
he

25
=

306

25
= 12.25 cm 

a ≥
he

22
=

306

22
= 13.90 cm 

a ≥
he

20
=

306

20
= 15.34 cm 

a ≥ max(12.25; 13.90; 15.34) 

a ≥ 15.34 cm  

we adopt : a = 20 cm  

 II.2.8. The stairs : 

    The stairs are elements constituted by a  succession of steps. They allow the passage walk 

between the different levels of a building. Stairs used in this work are reinforced concrete cast 

on site. 

 Step : It is a portion of stairs which permits ascent & descent. 

 Tread : It is the upper horizontal portion of step upon which the feet is placed. 

 Riser : The vertical portion between each tread on the stair. 

 Handrail : A handrail is a rail that is designed to be grasped by the hand so as to provide 

stability or support. 

 Baluster : It is vertical member of wood or metal supporting the handrail. 

 Newel Post : This is the vertical member which is placed at the ends of flights to connect 

handrail. 

 Run : It is the total length of stairs in a horizontal plane, including landings. 

Figure Ⅱ.3: Elevation sail cutting 
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 Nosing : It is the projecting part of the tread beyond the face of the riser. It is rounded 

to give good architectural effect. 

 String or Stingers : These are the sloping wooden members which support the steps in 

a stair. They run along the slope of the stair. 

 

 

 

 

 

 

 

 

 

 

 

 

 For ground floor and current floor : 

upstairs height : he = 306 cm 

h : hight of rise  

g : width of tread 

Practically : the height h : 14cm ≤ h ≤ 18 cm 

                      The width g : 25cm ≤ g ≤ 32 cm 

We take : h = 17 cm  and g = 30 cm 

BLONDEL formula : 60 ≤ 2h + g ≤ 65 

2h + g = (2 × 17) + 30 = 64cm      → 60 ≤ 64 ≤ 65 ……………. cv 

n : number of risers  

H : floor height  

1.35 0.40 1.3

2.50m 

1.30

m 

Figure Ⅱ.4 : stair plan view 



CHAPTER II                                                                     PRE-DIMENSIONING 

24 

 

h : riser height  

H =
he

2
=

306

2
= 153 

n =
H

h
=

153

17
= 9 counter walking by volley   

𝑛∗ = 𝑛 − 1 = 8 walking 

 Bench inclination: 

L : stride length. 

L′ =  g × (n – 1) = 30 × (9– 1) 

L′ = 240 cm 

L = √L′2 + H2 = √(240)2 + (153)2 

L = 284.62 cm 

α : The tilt nail. 

tan α =
H

L′ =
153

240
= 0.6375       therefore  α = 32.51° 

e : The thickness of the bench and the bearing. 

L

30
=

284.62

30
≤ e ≤

L

20
=

284.62

20
 

9.48 ≤ e ≤ 14.23 

We adopt : e = 15 cm 

      II.2.9. Platform Beam : 
 

 

 

 

L : the length of the beam between bare. 

 The height h of the landing beam must be: 

According to BAEL 91, we have: 

310 cm 
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L

15
≤ h ≤

L

10
 

L = 310 cm  

310

15
= 20.67 cm ≤ h ≤

310

10
= 31 cm 

We adopt : h = 35 cm 

 The width b of the landing beam shall be : 

According to BAEL 91, we have: 

0.3 × h ≤  b ≤ 0.7 × h 

(0.3 × 35) = 10.5 cm ≤  b ≤ (0.7 × 35) = 24.5 

We adopt : b = 30 cm 

 Verification: 

According to RPA99/V2003 : 

 b ≥ 20cm 

  h ≥ 30cm 

 
h

b
< 4cm 

Either : h = 35cm ; b = 30 cm 

 b = 30 cm > 20 cm ………………………cv 

 h = 35 cm > 30 cm ………………………cv 

 
h

b
= 1.16 cm < 4 cm ………………………cv 

 

A section was adopted :   S = (30 × 35)cm2 
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Ⅱ.3. Evalution of the applied loads : 

 II.3.1. Inaccessible terrace floor : 

 

 

 

 

 

 

 

 

Table II.3.1 : dead loads returning to the inaccessible terrace slab. 

Description Weight 

(Kn/𝐦𝟑) 

Thickness (m) ⅡG″ (Kn/𝐦𝟑) 

Protection gravel 1700 0.04 68 

Multilayer sealing 600 0.02 12 

Concrete Slope Form 2200 0.07 154 

Thermal insulation 

(cork) 

400 0.04 16 

Hollow slab 1425 0.20 285 

Plaster coating 1400 0.02 28 

Dead load (G) 

 

- - 5.6 

Live load (Q) 

 

- - 1.00 

 

II.3.2. current slab plan for residential use : 
 

 

 

 

 

 

Figure Ⅱ.5: shema of an inaccessible terrace slab 

Figure Ⅱ.6 : schema of a current floor slab 
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Table II.3.2 : dead loads due to the current level floor slab. 

Description Weight 

(Kg/𝐦𝟑) 

Thickness (m) ⅡG″ (Kn/𝐦𝟑) 

Tiling 2200 0.02 44 

Laying mortar 2000 0.03 60 

Sandbed 1700 0.02 34 

Hollow slab 1425 0.20 285 

Plaster coating 1400 0.02 28 

Distribution partition 75 0.10 75 

Dead load (G) 
- - 

5.3 

live load (Q) 
- - 

1.5 

 

II.3.3. Exterior Walls : 

 

 

 

 

 

 

Table II.3.3. Evaluation of exterior wall loads. 

Description Thickness (m) Weight (Kg/𝐦𝟑) ⅡG″ (Kn/𝐦𝟑) 

Hollow Brick 

 

0.15+0.10 13+9 2.85 

Exterior cement mortar 

 

0.02 18 0.36 

Plaster coating 

 

0.02 10 0.2 

Dead load (G) 

 

- - 3.41 

 

 

 

Figure Ⅱ.7: Detail of the components of an exterior wall 
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II.3.4. Interior walls : 
 

 

 

 

 

 

 

 

Table II.3.4. Evaluation of interior wall loads 

Description Thickness (m) Weight (Kg/𝐦𝟑) ⅡG″ (Kn/𝐦𝟑) 

Hollow Brick 

 

0.1 9 0.9 

Plaster coating 

 

0.04 10 0.4 

Dead load (G) 

 

- - 1.3 

II.3.5. Balcony : 

Table II.3.4 Evaluation of balcony loads. 

Description Weight (Kg/𝐦𝟑) Thickness (m) ⅡG″ (Kn/𝐦𝟑) 

Tiling 

 

2200 0.02 44 

Laying mortar 

 

2000 0.03 60 

Sandbed 

 

1700 0.02 34 

Hollow slab 

 

2500 0.14 350 

Plaster coating 

 

1400 0.02 28 

Dead load (G) 

 

- - 5.16 

 

 

Figure Ⅱ.8 : Detail of the components of an interior wall 
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II.3.6. The Sails : 

Table II.3.4. Evaluation of sail loads. 

Description Thickness (m) Weight (Kg/𝐦𝟑) ⅡG″ (Kn/𝐦𝟑) 

 

Ferroconcrete 

 

0.2 25 5 

Interior cement 

mortar 

 

0.04 18 0.72 

Dead load (G) 

 

- - 5.72 

II.4. Load descent : 

   II.4.1. Introduction : 

         Load descent is the operation of calculating all loads that come to a load bearing element 

from the last level to the foundation. The loads considered concern the dead loads (the weight 

of the element, the weight of the floors, walls of facades..., etc.) and live loads 

Regulatory burdens are generally : 

 Permanent load : It is a question of taking into account the real weight of the elements 

put in place work to construct the building, to standardize and facilitate the procedures 

for calculation, The legislator provided lists of dimensional weights according to the 

materials Used.These lists are available in the D.T.R of dead loads and live loads. 

 Operating load : Every building falls into a regulatory category and must be able to 

withstand the loads and stresses corresponding to (normal) use.It is easy to understand 

that the floor of a residential group is less loaded than the floor of a library. 

 

II.4.2. Center column : 

Choice of the most used column : 
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 Surface of influence : 

S = (3.65 × 2.55) + (3.65 × 3.85) + (3.575 × 2.55) + (3.575 × 3.85) 

S = 46.24m2 

 surface gross : 

S = (2.55 + 0.35 + 3.85) + (3.575 + 0.45 + 3.65) 

S = 14.425m2 

Table II.4.1. Load descent of Center column. 

Lvel Elements G (Kn) → (T) 

1-1 Main beam =4.375 × 7.757 

Secondary beam = 3.5 × 6.4 

Terrace slab = 5.63 

Column = 3.94 × 2.56 

33.141 → 3.3141 

22.4 → 2.24 

5.63 → 0.563 

10.08 → 1.008 

Total  71.25 → 7.125 

2-2 Main beam = 4.375 × 7.757 

Secondary beam = 3.5 × 6.4 

Current slab =5.2 × 46.24 

Column = 3.94 × 2.56 

33.141 → 3.3141 

22.4 → 2.24 

240.448 → 24.0448 

10.08 → 1.008 

Total  306.06 → 30.606 

3-3 Main beam = 4.375 × 7.757 

Secondary beam = 3.5 × 6.4 

Current slab =5.2 × 46.24 

Column = 3.94 × 2.56 

33.141 → 3.3141 

22.4 → 2.24 

240.448 → 24.0448 

10.08 → 1.008 

Total  306.06 → 30.606 
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4-4 Main beam = 4.375 × 7.757 

Secondary beam = 3.5 × 6.4 

Current slab =5.2 × 46.24 

Column = 3.94 × 2.56 

33.141 → 3.3141 

22.4 → 2.24 

240.448 → 24.0448 

10.08 → 1.008 

Total  306.06 → 30.606 

5-5 Main beam = 4.375 × 7.757 

Secondary beam = 3.5 × 6.4 

Current slab =5.2 × 46.24 

Column = 3.94 × 2.56 

33.141 → 3.3141 

22.4 → 2.24 

240.448 → 24.0448 

10.08 → 1.008 

Total  306.06 → 30.606 

6-6 Main beam = 4.375 × 7.757 

Secondary beam = 3.5 × 6.4 

Current slab =5.2 × 46.24 

Column = 3.94 × 2.56 

33.141 → 3.3141 

22.4 → 2.24 

240.448 → 24.0448 

10.08 → 1.008 

Total  306.06 → 30.606 

Center column : G = 1601.55 Kn/m2 → 160.155 T/m2 

II.5. Degression of loads : 

  II.5.1. Introduction : 

     Each floor of a building is calculated for the maximum operating load it is expected to bear. 

however, As it is unlikely that all floors in a same construction are subject to, at the same time 

at their maximum operating load, one reduces the loads transmitted to pillars and foundations 

The law of degression is set by the standards. This law is generally applicable for residential 

buildings. 

 The law on the degression of loads applies to buildings with a large number of levels, 

or occupations of the various levels, can be considered independent. Levels occupied 

by industrial or commercial premises, are not counted in the number of floors involved 

in the law of degression, the charges on these floors are taken without abatement. 

II.5.2. Center column load degression: 
 

Level q 

(KN) 

S 

(𝐦𝟐) 

Q = q×S 

(KN/𝐦𝟐) 

Degression Q (KN) 

Terrace 1 46.24 46.24 Q0 46.24 

5th floor 1.5 46.24 69.36 Q0 + Q1 115.6 

4th floor 1.5 46.24 69.36 Q0 + 0.95(Q1 + Q2) 178.024 

3th floor 1.5 46.24 69.36 Q0 + 0.90(Q1 + Q2 + Q3) 233.512 

2th floor 1.5 46.24 69.36 Q0 + 0.85(Q1 + Q2 + Q3 + Q4) 282.98 

1st floor 1.5 46.24 69.36 Q0 + 0.80(Q1 + Q2 + Q3 + Q4 + Q5) 323.68 
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Ground 

floor 

0 46.24 0 Q0 + 0.75 + (Q1 + Q2 + Q3 + Q4

+ Q5 + Q6) 

0 

Center column : Q = 323.68 Kn → 32.368 t 

 Load Combination : 

Nu = 1.35G + 1.5Q = (1.35 × 1601.55) + (1.5 × 323.68) 

Nu = 2647.61 Kn → 264.761 T 

 Buckling Verification : 

λ =
Lf

i
≤ 50    with : Lf = 0.7 × he   ;  i = √

I

A
   ; I =

b ×h3

12
   ;   A = b × h 

he = 306 cm 

Lf = 0.7 × 306 = 214.2 

A = 35 × 45 = 1575cm2 

I =
35 × (45)3

12
= 265781.25cm4 

i = √
265781.25

1575
= 12.99cm2 

λ =
214.2

12.99
= 16.48 < 50no risk of buckling  

 Condition of Shape Stability : Nu ≥ Nu 

Nu  =  α (
Br  ×  fc28

0.9 ×  γb
 +  Amin  ×

fe

γs
) 

With :  γs = 1.15      ; γb = 1.5    ; fc28 = 25MPa   ; fe = 400MPa 

Br: Reducd section of a column, obtained by reducing its real section 1cm thick over its entire 

periphery  Ⅱ Br = (b – 2cm) × (h – 2cm) Ⅱ 

Br = (35 − 2) × (45 − 2) = 1419cm2 

Amin: Reduced steel section 

A min ≥ {4U; 0.2% B} 

U : Perimeter on my section 
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B : The section of the column 

Amin
     RPA = 0.8% × B  (Zone IIA) 

Amin
    RPA = (0.8 × 10−3) × (35 × 45) = 12.6cm2 

Amin
    BAEL = max {

0.2 × b × h

100
=  

0.2 × 35 × 45

100
= 3.15 cm2

8 × ( b + h )

100
=  

8 × (35 + 45)

100
= 6.4 cm2

 

Amin
     BAEL = 6.4cm2 

So : Amin = max (6.4 ; 12.6) cm2   ; therefore : Amin = 12.6 cm2 

α : Reducing ration taking into account the stability 

λ ≤ 50⟹α =
0.85

1+0.2(
 λ 

35
)

2 

α =
0.85

1 + 0.2 × (
16.48

35
)

2 = 0.814 

Nu = 0.814 (
0.1419 × 25 × 103

0.9 × 1.5
+

0.00126 × 400 × 103

1.15
) 

Nu = 3066.038 Kn⟹    306.6038T 

Nu = 3066.038 Kn > Nu = 2647.61 Kn ……………………..CV 
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Calculation of secondary elements  

III.1 Introduction:  

Non-structural elements are elements which do not have a load-bearing or bracing 

function; their role is to ensure the safety and comfort of users. 

 

The calculation of secondary elements is generally done under the action of permanent 

loads and operating overloads. However, some must be verified under the action of the 

seismic load, such as they must therefore be carried out in accordance with the 

recommendations of the regulations (CBA93, RPA99/2003). 

 

In this chapter, we will approach the calculation of the following non-structural 

elements:  

 

 Hollow body floors. 

 Full slab balconies. 

 The parapet. 

 The stairs and the landing beam. 

III.2 Study Of The Parapet : 
 

III.2.1 Intoduction : 

The parapet is a non-structural safety element which is located at the level of the terrace, 

intended to protect people from falling and to avoid water runoff on the facade. 

 

The parapet is considered as a console embedded in the floor subject to its own weight 

(G), at a lateral force (Fp) due to the seismic effect and a horizontal overload (Q) due 

to the handrail. 
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The surfec of the parpet : 

S=0.0685 m2 

The own weight of the parapet: 

 

G = γ ∗ S = 0.00685 ∗ 25 = 1.7125 KN/ml  

 Permanent load: G=1.7125 KN/ ml 

 Operating expense: Q=1 KN/ml 

 

III.2.2. Checking the parapet for earthquakes: 

 

According to RPA99/V2003 ‹‹art 6.2.3/Page59›› 

𝐅𝐩 = 𝟒 𝐀 𝐂𝐩 𝐖𝐩  

A : Area acceleration coefficient obtained. 

 

Cp:horizontal force factor varying between 0.3 and 0.8. 

 

Wp:Weight of the elements considered. 

 

According to RPA99/V2003 “Tab 4.1”, willaya of Skikda zone Ⅱa seismicity use group 

2: 

Figure III.1: Presentation of the static diagram of the parapet 
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 A=0.15  

According to RPA99/V2003 “Tab 6.1”, element in console: 

 

 Cp=0.8 

 

Weight of the parapet: 

 

 Wp=1.7125 KN/ml 

 

Fp = 4 × A × Cp ×Wp = 4 × 0.15 × 0.8 × 1.7125 = 0.82 KN  →      Fp = 0.082 t  

 

Fp = 0.82 KN < 𝑄 = 1 𝐾𝑁………………………………… . . 𝐶𝑉 

 

Therefore the parapet is stable with respect to seismic action. 

III.2.3 Requests: 

 
-Normal effort: 

NG = 1.7125KN/ml 

NQ = 0 KN/ml 

  

We do not take into consideration the increase coefficients, because the weight of the 

parapet is a weight stabilizer “favorable effect Gmin. 

-Bending moment: The moment due to the permanent load is zero: 

 

MG = 0 KN.m 

-The overturning moment due to the horizontal force: 

 

MQ = Q × h = 1 × 0.6 = 0.6 KN.m 
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III.2.3.1 combination of actions : 

 
 ULS : 

 

NU = NG + 1.5NQ = 1.7125 × (1.5 × 0) = 1.7125KN/ml        → NU = 0.17125 t 

 

MU = 1.35 × MG × 1.5 × MQ = 1.5 × 0.6 = 0.9KN/ml             → Mu = 0.09 t 

 

TU = 1.5 × Q = 1.5 × 1 = 1.5KN/ml                                               → TU = 0.15 t 

 

 SLS : 

 

Nser = NG + NQ = 1.7125KN/ml                                                     → Nser = 0.17125t 

 

Mser = MG +MQ = 0.6KN/ml                                                            → Mser = 0.06 t 

 

III.2.4 Reinforcement calculation: 

 
The calculation section is rectangular with a width b = 100 cm and a height h = 10 cm 

(thickness). We adopt a covering of reinforcements of the type exposed to bad 

weather, so cracking is detrimental. 

 

III.2.4.1 Determination of eccentricity at ULS(CBA93 A.4.3.5): 

 

Figure III.2 : Internal Forces Diagram 
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It is the distance between the center of pressure and the center of gravity of a section, 

according to article A.4.3.5 of the CBA93. We adopt a total calculation eccentricity: 

 

𝑒 = 𝑒1 + 𝑒2such as𝑒1 =
M1

N
+ 𝑒𝛼 

with :  

• M1:Theoretical 1st order moment. 

 • e1: The first order global eccentricity. 

• eα: Additional eccentricity. 

•e2:eccentricity due to second order effects. 

 

So : 

𝑒1 =
Mu

Nu
=

0.9

1.7125
= 0.525m 

 

𝑒𝛼 = max {2m ,
L

250
} = max {2m ,

60

250
= 0.24cm} = 0.02m 

 

𝑒2 =
3 ∗ L2f

10000 ∗ h
∗ (2 + αφ) 

 

With :{

φ = 2                                                                      
Lf = 2 ∗ L0 = 2 ∗ 0.6 = 1.2m                            

α = 10 [1 −
Mu

1.5Mser
] = 10 ∗ [1 −

0.9

1.5∗0.6
] = 0

 

 

𝑒2 =
3 ∗ 1.22

10000 ∗ 0.1
∗ (2 + 0 ∗ 2) = 0.00864 m 

 

The limit state of shape stability will be verified by increasing the real eccentricity with 

an eccentricity due to second order effects. 

 

etot = e1 + e2 = 0.525 + 0.02 + 0.00864 

etot = 0.553 m 
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III.2.4.2 The Filling Coefficient : 

 

Ψ1 =
Nu

b × h × fbc
 

 

Ψ1 =
1.7125 × 10−3

1 × 0.1 × 14.20
= 0.00120 

 

Ψ1 = 0.00120 ≤ 0.80 and  Ψ = 0.00120 ≤
2

3
 

 

ε =
1 + √9 + 12Ψ1

4 × (3 + √9 − 12Ψ1)
 

 

ε =
1 + √9 − 12 × 0.00120

4 × (3 + √9 − 12 × 0.00120)
= 0.166 

 

enc = ε × h 

So : 

 

enc = 0.166 × 0.1 = 0.0166m 

 

We have : 

 

etot = 0.553m > enc = 0.0166 

 

Therefore: The section is partially compressed and the ELU may not be reached (low 

effort), the centerpressure is outside the section. 

 

We calculate our section at simple bending under the effect of a fictitious moment but 

equal to the moment byrelation to the center of gravity of the tension reinforcements: 

 

III.2.4.3 Reinforcement section: 
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We calculate the fictitious moment: 

 

Mufictif = Mu + Nu × (d −
h

2
)    and    Mu = Nu × e 

 

d = 0.9 × h = 0.9 × 0.1 = 0.09 

 

Mufictif = 0.9 + 1.7125 (0.09 −
0.1

2
) = 0.968 Kn.m 

 

 We calculate the reduced moment : 

 

u =
Mufictif

b × d2 × fbc
 

 

u =
0.968 × 10−3

1 × 0.092 × 14.20
= 0.008415 ≤ u1 = 0.391 ⇒ A′s = 0        

 

σs =
fe

γs
=
400

1.15
= 348 Mpa 

 

α = 1.25(1 − √1 − 2u) 

 

α = 1.25(1 − √1 − 2 × 0.0084 = 0.0112 ≤ 0.259 ⇒ pivot A 

 

Bu = 0.8 × α = 0.8 × 0.0112 = 0.00896 

 

As =
Bu × b × d × fbc

σs
 

 

As =
0.0089 × 100 × 9 × 14.20

348
= 0.329 cm         ⇒ 𝐀𝐬 = 𝟎. 𝟑𝟐𝟗 𝐜𝐦

𝟐 

 

Asréel = Asfictif −
Nu

σs
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Asréel = 0.329 × 10
−4 −

1.7125 × 10−3

348
= 0.28 cm2 ⇒ 𝐀𝐬𝐫é𝐞𝐥 = 𝟎. 𝟐𝟖 𝐜𝐦

𝟐 

 

Asréel > 0 

 

III.2.4.4 Condition of non-fragility (CBA93 Art A.4.2): 

 

Asmin ≥ max {
b × h

1000
 ;   0.23bd

ft28
fe
} 

 

 

Asmin ≥ max{10
−4m2  ;   1.08 × 10−4m2} 

 

𝐀𝐬𝐦𝐢𝐧 = 𝟏. 𝟎𝟖𝐜𝐦𝟐 

So: 

We adopt:  𝟒𝐇𝐀𝟖 = 𝟐. 𝟎𝟏𝐜𝐦𝟐 

Spacing: 

St =
100

4
= 25         ⇒ 𝐞 = 𝟐𝟓 𝐜𝐦 

 

III.2.4.5 Distribution frame: 

 

Ar =
As
4

 

So : 

 

Ar =
2.01

4
= 0.50cm2 

 

We adopt 3HA8=1.51cm² spacing e=20cm. 

 

III.2.4.6 Verification of the shear force (CBA93 Art A.5.1): 

 

τu =
Tu
b × h

≤ τ̅u 

 



CHAPTER III                                        calculation of secondary elements 
  

42 

 

We have according to CBA93 (A.5.1.2.1.1): 

 

Detrimental cracking. 

 

τ̅u = min {
0.15fc28
γb

;   4 MPA} = min{2.5 MPA  ;   4 MPA} = 2.5 MPA 

 

τu =
Tu
b d

=
1.5 × 10−3

1 × 0.09
= 0.016 MPA ≤ τ̅u  =  2, 5MP a. . . . . . . . . . . . . . . . 𝐂𝐕 

 

III.2.5 Verification at the SLS: 

 

As cracking is detrimental, we must check the stress of the steels, as well as in the 

concrete: 

 

 The maximum compressive stress of the concrete must not exceed the 

admissible limit: 

σbc ≤ σ̅bc = 0.6 × fc28 = 15 MPA 

 

 The stress in tensioned steels does not exceed the admissible limit: 

 

σs ≤ σ̅s = min {
2

3
fe ; 110√ɳ ft28}………………Cracking is harmful 

 

With : 

ɳ=1.6 

ft28 = 2.1 MPA 

 

So : 

𝜎𝑠 = 𝑚𝑖𝑛 {
2

3
 400 ; 110√1.6 × 2.1} = 𝑚𝑖𝑛{266.67; 201.63} ⇒ 𝝈𝒔 = 𝟐𝟎𝟏. 𝟔𝟑𝑴𝑷𝑨 

We solve the third degree equation: 

𝑧3 + 𝑝𝑧 + 𝑞 = 0 
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With : 

 

e0 ≥
h

6
 

 

e0 =
Mser

Nser
=

0.6

1.7125
= 0.350m          ⇒ e = 35cm 

 

e0 = 0.35 > 0.016⇒Therefore the section is partially compressed 

 

 

c =
h

2
− e0 =

10

2
− 35 = −30cm 

 

C:the distance from the center of pressure and the most compressed fiber of the 

section. 

p = −3c2 + 90A′s
(c − d′)2

b
+ 90As

(d − c)2

b
 

 

p = −3(−0.3)2 + 90 × 2.01 × 10−4 ×
0.09 − (−0.3)

1
= −0.263m2 

 

q = 2c3 − 90A′s
c − d′

b
− 90As

d − c

b
 

 

q = 2(−0.3)3 − 90 × 2.01 × 10−4 ×
0.09 − (−0.3)

1
= 0.05m2 

 

So the equation is : z3 − 0.263 × z + 0.05 = 0 

 

We calculate: ∆= q2 +
4p3

27
= (0.05)2 +

4×(−0.263)3

27
= −1.04 × 10−4 < 0 

 

so : 
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φ = arccos(
3q

2p
√
−3

p
) = arccos (−

3 × 0.05

2 × 0.263
× √

−3

−0.263
)

= arccos(−0.9631) ⇒θ = 164.39° 

 

a = 2√
−p

3
= 2 × √

−(−0.263)

3
= 0.588 

{
 
 

 
 z1 = α cos(

φ

3
) = 0.588 × cos(54.79) = 0.339m

z2 = α cos (
φ

3
+ 120) = 0.588 × cos(174.79) = −0.585

z3 = α cos(
φ

3
+ 240) = 0.588 × cos(294.79) = 0.246m

m 

We adopt : z=0.339m 

 

yser = z + c = {

yser = 0.339 − 0.30 = 0.039m = 3.9cm      0 ≤ yser = 3.9cm ≤ d
yser = −0.585 − 0.30 = −88.5cm                                                           
yser = 0.246 − 0.30 = −5.4cm                                                                 

 

 

We adopt : 𝐲𝐬𝐞𝐫 = 𝟑. 𝟗𝐜𝐦 

III.2.5.1 Calculating the moment of inertia: 

 

I =
byser

3

3
+ 15[As(d − yser)

2 + A′s(yser − d′)
2] 

 

We have: A′s=0 

 

I =
1 × (0.03)3

3
+ 15[2.01 × 10−4(0.09 − 0.03)2] = 2.26 × 10−5m4 

 

I=2.26× 𝟏𝟎−𝟓𝐦𝟒 

 

III.2.5.2 Calculation of constraints: 

K =
Nser × Z

I
=
1.7125 × 10−3 × 0.33

2.26 × 10−5
= 25KN 
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σbc = K × y = 25 × 0.03 = 0.76Mpa ≤ σ̅bc = 15Mpa…… . cv 

 

σs = 15 × K × (d − yser) = 15 × 25 × (0.09 − 3.9) = 22.5Mpa ≤ σ̅s = 201.6Mpa 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III.3. Floor study: 

III.3.1. Intoduction: 

The floors encountered in buildings of various uses or in industrial constructions must 

support their own weight, permanent loads and operating overloads and thetransmit to 

the supporting elements; on the other hand they must isolate the different floors from 

the point of view acoustic and thermal, and contribute to resistance to horizontal forces. 

 

III.3.2. The different types of floors: 

There are several types of floors but the most commonly used are: 

 Hollow body floor 

 Solid slab floor 

 

 

 

 

 

 

 

 

 

 

FigureIII.4 : Descriptive diagram of a hollow body floor 

Figure Ⅲ.3 : Reinforcement diagram of the parapet 
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In our project, the floor is made up of: 

 Prefabricated beams which are arranged according to the small span, they 

provide a function of lift, the distance between axes of two neighboring beams 

is 65 cm. 

 Hollow body which is used as permanent formwork and which also serves for 

thermal and sound insulation. 

 A reinforced concrete compression slab. 

For the calculation of floors, we use either exact methods or approved approximate 

methods by regulation “CBA 93”. 

 

III.3.3. The compression slab : 

The compression slab having a role distribution of vertical loads on the beams, as well 

as to resist the efforts applied to the slab; Reinforcement is planned in a grid. This slab 

has a thickness of 4cm with a spacing of 65 cm between axes of beams.  

The reinforcement section to be provided must satisfied with the following conditions: 

CBA93 Art[B.6.8.4.2.3] 

 Spacing for reinforcements perpendicular to the ribs: 𝑎1 20 cm 

 Spacing for reinforcements parallel to the ribs: 𝑎2 33 cm 

 

 

 

 

 

 

 
 

 

 

 

The reinforcement section in the direction perpendicular to the ribs is given by: 

 

A⊥ ≥
200

fe
  if L ≤ 50cm 

 

Figure 1II.5 : compression slab 
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A⊥ ≥ 0.02L 
200

fe
=
4L

fe
 if   50cm ≤ L ≤ 80cm 

With : 

 L :spacing between rib axes 

 Fe: steel grade FeE400 (𝑓𝑒=400) 

 𝐴⊥:section of reinforcement perpendicular to the ribs. 

In our work, we have: L = 65 cm, therefore:  

50cm ≤ L ≤ 80cm   ⇒ A⊥ ≥ 0.02L 
200

fe
=
4 × 65

400
= 0.65cm2/ml 

We take : 5HA6=1.41cm2/ml , with a spacing of 20 cm. 

 

The reinforcement section in the direction parallel to the ribs is given by: 

 

A∥ ≥
A⊥
2
=
1.41

2
⇒ A⊥ ≥ 0.71 

 

We take : 5HA6=1.41cm2/ml , with a spacing of 20 cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 
The beams are calculated for simple bending. 

 

III.3.3.1 Types of beams : 

The terrace and standard floors have the same dimensions. 

 

Figure III.6 :Reinforcement of the compression slab 



CHAPTER III                                        calculation of secondary elements 
  

48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The methods used for the calculation of continuous reinforced concrete beams are: 

 

 Simplified method. 

 Caquot method. 

 

III.3.3.2 Flat rate method: 

According to BAEL 91 (Art B.6.2.10) 

The method applies to common constructions (residential building, local offices) or the 

load operating load is also equal to two (02) times the permanent load we have: 

Q ≤ max(2G, 5000N/ml ) 

It only applies to deflected elements (beams or slabs calculated in bending in one 

direction) meeting the following conditions: 

 

• The moments of inertia are the same in the different bays. 

• The successive spans of the spans are in a ratio between (0.8 and 1.25). 

• cracking is considered to be of little harm. 

 

 

FigureIII.7 :Beams Type 01 

FigureIII.8 :Beams Type 02 

FigureIII.9 : Beams Type03 
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III.3.3.3 Application of the method: 

 
Type 01 : 

 

𝐐 ≤ 𝐦𝐚𝐱 (𝟐 × 𝐆 , 𝟓𝟎𝟎𝟎𝐍/𝐦𝐥) 

 

Q ≤ max (2 × 5.6 , 5000N/ml) ⇒ Q ≤ 11.20 ,5000N/ml ⇒ 1 ≤ 11.20  cv 

 

Moments of inertia : 

 

We have the same section; therefore, the moments of inertia are the same in the different 

spans ⇒ CV 

 

The report   
𝐋𝐧

𝐋𝐧+𝟏
 : 

 

−0.85 ≤
4.40

3.85
= 1.14 ≤ 1.25 cv 

 

−0.85 ≤
3.85

1.7
= 2.26 ≤ 1.25 cnv 

 

−0.85 ≤
1.7

3.1
= 0.54 ≤ 1.25 cv 

−0.85 ≤
3.1

1.7
= 1.82 ≤ 1.25 cnv 

 

−0.85 ≤
1.7

3.85
= 0.44 ≤ 1.25 cv 

 

−0.85 ≤
3.85

4.40
= 0.87 ≤ 1.25 cv 

 

Cracking: 

cracking is considered to be of little harm. ⇒ CV 

 

Type 02: 
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𝐐 ≤ 𝐦𝐚𝐱 (𝟐 × 𝐆 , 𝟓𝟎𝟎𝟎𝐍/𝐦𝐥) 

Q ≤ max2 × 5.6,5000N/ml ⇒ Q ≤ 11.20,5000N/ml ⇒ 1 ≤ 11.20   cv 

 

Moments of inertia : 

 

We have the same section; therefore, the moments of inertia are the same in the different 

spans ⇒ CV 

 

The report   
𝐋𝐧

𝐋𝐧+𝟏
 : 

 

−0.85 ≤
2.55

3.85
= 0.66 ≤ 1.25 cv 

 

−0.85 ≤
3.85

1.7
= 2.26 ≤ 1.25 cnv 

 

Cracking: 

cracking is considered to be of little harm. ⇒ CV 

 

Type 03: 

 

𝐐 ≤ 𝐦𝐚𝐱 (𝟐 × 𝐆 , 𝟓𝟎𝟎𝟎𝐍/𝐦𝐥) 

 

Q ≤ max2 × 5.6,5000N/ml ⇒ Q ≤ 11.20,5000N/ml ⇒ 1 ≤ 11.20   cv 

 

Moments of inertia : 

 

We have the same section; therefore, the moments of inertia are the same in the different 

spans ⇒ CV 

 

The report   
𝐋𝐧

𝐋𝐧+𝟏
 : 
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−0.85 ≤
2.55

3.85
= 0.66 ≤ 1.25 cnv 

 

There are conditions that are not virified so we use the caquot method. 

III.3.3.3 Caquot method (Appendix E.2 of BAEL91): 

The Caquot method applies to beams, joists and slabs supporting operating loads 

high Q ≥ 2G or Q ≥ 5KN. It is applied when one of the three conditions of the Flat Rate 

method Is not valid. 

 

This method is a simplified continuity method which brings to the theoretical continuity 

method corrections to take into account the variation in the moment of inertia and the 

damping of the loading forces of successive spans. And so it consists of calculating the 

moments on supports from the loading adjacent spans, it will then be necessary: 

Study the different load cases which give the maximum moments and shear forces. 

III.3.3.3.1 Assessment and combination of loads : 

The loads applied: 

Terrace floor: 

G = 5.6 kn/m2 

Q = 1 kn/m2 

 

Current floor: 

G = 5.3 KN/M2 

Q = 1.5 kn/m2 

Load combinations: 

 Terrace floor: 

𝐔𝐋𝐒: q𝑢 = (1.35G + 1.5Q) × 0.65 = (1.35 × 5.6 + 1.5 × 1) × 0.65 = 5.89kn/ml 

𝐒𝐋𝐒: qser = (G + Q) × 0.65 = (5.6 + 1) × 0.65 = 4.29kn/ml 

 

 Current floor: 

 

𝐔𝐋𝐒: qu = (1.35G + 1.5Q) × 0.65 = (1.35 × 5.3 + 1.5 × 1.5) × 0.65 = 6.11 kn/ml 

𝐒𝐋𝐒: qser = (G + Q) × 0.65 = (5.3 + 1.5) × 0.65 = 4.42 kn/ml 
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Tab.III.1 Floor stresses 

Floor G(kn/𝐦𝟐) Q(kn/𝐦𝟐) b(m) 𝐪𝐮(𝐤𝐧/𝐦𝐥) 𝐪𝐬𝐞𝐫(kn/ml) 

Terrace Floor 5.6 1 0.65 5.89 4.29 

Current Floor 5.3 1.5 0.65 6.11 4.42 

 

III.3.3.4 Evaluation of moments on supports : 

According to (Annex E.2 of BAEL 91) We use the formula⇒𝑀𝑎 =
𝑞𝑤𝐿

′3
𝑤+𝑞𝑒𝐿

′3
𝑒

8.5(𝐿′𝑤+𝐿
′
𝑒)

 

The reduced lengths of each span L’: 

 L’=L: For an edge span with simple edge support 

 L’=0.8L :For an intermediate span. 

Tab.III.2 Moment on terrace floor support Type 1 

Span 1 2 3 4 5 6 7 

𝑞𝑢 5.89 

L 4.40 3.85 1.7 3.1 1.7 3.85 4.40 

L’ 4.40 3.08 1.36 2.48 1.36 3.08 4.40 

suports 1 2 3 4 5 6 7 8 

Ma 0 10.60 4.95 3.21 3.21 4.95 10.60 0 

𝑞𝑠𝑒𝑟 4.29 

𝑀𝑎𝑠𝑒𝑟(−) 0 7.72 3.61 2.34 2.34 3.61 7.72 0 

Tab.III.3 Moment on current floor support Type 1 

Tab.III.4 Moment on current floor support Type 2 

 

 

 

Span 1 2 3 4 5 6 7 

𝑞𝑢 6.11 

L 4.40 3.85 1.7 3.1 1.7 3.85 4.40 

L’ 4.40 3.08 1.36 2.48 1.36 3.08 4.40 

suports 1 2 3 4 5 6 7 8 

Ma 0 11.00 5.14 3.33 3.33 5.14 11.00 0 

𝑞𝑠𝑒𝑟 4.42 

𝑀𝑎𝑠𝑒𝑟(−) 0 7.95 3.72 2.41 2.41 3.72 7.95 0 

Span 1 2 3 

𝑞𝑢 6.11 
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Tab.III.6 Moment on current floor support Type 3 

 

 

 

 

 

 

 

 

 

III.3.3.5 Evaluation of moments in spans : 
We use the following formulas: 

 

𝑥0 = 𝐿 −
𝑣𝑤

𝑣𝑒 − 𝑣𝑤
=
𝐿

2
−
𝑀𝑤 −𝑀𝑒

𝑞 × 𝐿
 

 

𝑀0𝑥 =
𝑞𝐿

2
𝑥 −

𝑞

2
𝑥2 

 

𝑀𝑡 = 𝑀0𝑥 +𝑀𝑤 (1 −
𝑥

𝐿
) + 𝑀𝑒

𝑥

𝐿
 

 

Floor type 3 : (current floor) 

 

Span (1.2) :ULS 

 

𝑥0 =
2.55

2
−

0 + 8.28

5.89 × 2.55
= 0.74𝑚 

L 2.55 3.85 1.70 

L’ 2.55 3.08 1.70 

suports 1 2 3 4 

Ma 0 5.85 5.14 0 

𝑞𝑠𝑒𝑟 4.42 

𝑀𝑎𝑠𝑒𝑟(−) 0 4.23 3.71 0 

Span 1 2 

𝑞𝑢 6.11 

L 2.55 3.85 

L’ 2.55 3.85 

suports 1 2 3 

Ma 0 8.28 0 

𝑞𝑠𝑒𝑟 4.42 

𝑀𝑎𝑠𝑒𝑟(−) 0 5.98 0 
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𝑀0 =
5.89 × 2.55

2
× 0.74 −

5.89 × 0.742

2
= 3.94𝑘𝑛.𝑚 

𝑀𝑡 = 3.94 + 0 −
8.28

2.55
× 0.74 = 1.69𝑘𝑛.𝑚 

Span(2.3) :ULS 

𝑥0 =
3.85

2
−
−8.28 − 0

5.89 × 3.85
= 2.28𝑚 

 

𝑀0 =
5.89 × 3.85

2
× 2.28 −

5.89 × 2.282

2
= 10.55𝑘𝑛.𝑚 

𝑀𝑡 = 10.55 − 8.28 (1 −
2.28

3.85
) + 0 = 7.57𝑘𝑛.𝑚 

 

 Beams Type 03 : 

Tableau 1 Tab.III.7 Moment in span type 3 current floor 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Span 1 2 

𝑞𝑢 6.11 

L 2.55 3.85 

L’ 2.55 3.85 

suports 1 2 3 

Ma 0 8.28 0 

𝑋0(ELU) 0.74 2.28 

𝑀𝑡(ELU) 1.69 7.57 

𝑞𝑠𝑒𝑟 4.42 

𝑀𝑎𝑠𝑒𝑟 0 5.98 0 

𝑋0(𝐸𝐿𝑆) 0.74 2.28 

𝑀𝑡(𝐸𝐿𝑆) 1.22 5.47 
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 Beams Type 02 : 
Tableau 2 Tab.III.8 : Moment in span type 2 current floor 

 

 

 

 

  

 

 

 

 

 

Span 1 2 3 

qu 6.11 

L 2.55 3.85 1.7 

L’ 2.55 3.08 1.7 

suports 1 2 3 4 

Ma 0 5.85 5.14 0 

X0(ELU) 0.90 1.96 1.34 

Mt(ELU) 2.47 5.84 0.39 

qser 4.42 

Maser 0 4.23 3.71 0 

X0(ELS) 0.90 1.96 1.34 

Mt(ELS) 1.79 4.22 0.28 

Figure III.10 : ULS moment diagram - beam Type 3 (current floor) 

FigureIII.11 : SLS moment diagram - beam Type 3 (current 

floor) 
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FigureIII.14: ULS moment diagram - beam Type 2(current floor) 

Figure III.15 : SLS moment diagram - beam Type 2 

(current floor) 
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 Beams Type 01 : 

Tab.III.9 : Moment in span type 1 terrace floor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Span 1 2 3 4 5 6 7 

𝑞𝑢 5.89 

L 4.40 3.85 1.7 3.1 1.7 3.85 4.40 

L’ 4.40 3.08 1.36 2.48 1.36 3.08 4.40 

suports 1 2 3 4 5 6 7 8 

Ma 0 10.60 4.95 3.21 3.21 4.95 10.60 0 

𝑋0(ELU) 1.79 2.17 1.02 1.55 0.68 1.68 2.61 

𝑀𝑡(ELU) 9.45 3.32 1.86 3.87 1.86 3.32 9.45 

𝑞𝑠𝑒𝑟 4.29 

𝑀𝑎𝑠𝑒𝑟 0 7.72 3.61 2.34 2.34 3.61 7.72 0 

𝑋0(𝐸𝐿𝑆) 1.79 2.17 1.02 1.55 0.68 1.68 2.61 

𝑀𝑡(𝐸𝐿𝑆) 6.88 2.42 1.36 2.82 1.36 2.42 6.88 

Figure III.16: ULS moment diagram - beam Type 1 

(Terrce floor) 

FigureIII.17:SLS moment diagram - beam Type1 

(Terrce floor) 
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Tab.III.10 : Moment in span type 1 current floor 

 

  

Span 1 2 3 4 5 6 7 

𝑞𝑢 6.11 

L 4.40 3.85 1.7 3.1 1.7 3.85 4.40 

L’ 4.40 3.08 1.36 2.48 1.36 3.08 4.40 

suports 1 2 3 4 5 6 7 8 

Ma 0 
11,00 5,14 3,33 3,33 5,14 11,00 

0 

𝑋0(ELU) 
1,79 2,17 1,02 1,55 0,68 1,68 2,61 

𝑀𝑡(ELU) 
9,81 3,45 -1,93 4,02 -1,93 3,45 9,81 

𝑞𝑠𝑒𝑟 4.42 

𝑀𝑎𝑠𝑒𝑟 0 
7,95 3,72 2,41 2,41 3,72 7,95 

0 

𝑋0(𝐸𝐿𝑆) 1,79 2,17 1,02 1,55 0,68 1,68 2,61 

𝑀𝑡(𝐸𝐿𝑆) 7,09 2,49 -1,40 2,90 -1,40 2,49 7,09 

FigureIII.18: ULS moment diagram - beam Type 1 (current 

floor) 

FigureIII.19: SLS moment diagram - beam Type 1 (current floor) 
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III.3.3.6 Evaluation of shear forces : 

 

We use the formulas: 

Vw =
Mw −Me

L
=
L

2
−
qL

2
 

 

Ve = Vw + qL 

 Beams type 03 : 

 

Current floor (Beams type 03) 

Span 1-2 2-3 

L(m) 2.55 3.85 

qu 6.11 

𝑴𝒂𝑬𝑳𝑼 0 8.28 0 

𝑽𝒘 -4,55 -13,92 

𝑽𝒆 11,04 9,62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tab III.11 :shear forces for current floor –beams type 03 

Figure III.20 : Diagram of shear forces for type 3 beam (current  floor) 
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 Beams type 02: 

Tab III.11 : shear forces for current floor –beams type 02 

Current floor (Beams type 02) 

Span 1-2 2-3 3-4 

L(m) 2.55 3.85 1.7 

qu 6.11 

𝑴𝒂𝑬𝑳𝑼 0 5,85 5,14 0 

𝑽𝒘 -5.50 -11.95 -8.22 

𝑽𝒆 10,09 11,58 2,18 

 

 

  

 

 

 

 

 

 

 

 

 Beams type 01: 

Tab III.12: shear forces for terrce floor –beams type 01 

 

 

 Terrce floor (Beams type 01) 

Span 1-2 2-3 3-4 4-5 5-6 6-7 7-8 

𝑞𝑢 5.89 

𝑀𝑎𝐸𝐿𝑈 0 10,60 4,95 3,21 3,21 4,95 10,60 0 

𝑉𝑤 -10.55 -12.80 -6.03 -9.13 -3.98 -9.87 -15.36 

𝑉𝑒 15,36 9,87 3,98 9,13 6,03 12,80 10,55 

Figure III.21 : Diagram of shear forces for type 2 beam 

(current  floor) 
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Tab III.13:shear forces for current floor –beams type 01 

 

 

 

 

 

 

 

 

 

 

 

Current floor (Beams type 01) 

Span 1-2 2-3 3-4 4-5 5-6 6-7 7-8 

𝑞𝑢 6.11 

𝑀𝑎𝐸𝐿𝑈 0 11,00 5,14 3,33 3,33 5,14 11,00 0 

𝑉𝑤 -10.95 -13.29 -6.26 -9.48 -4.13 -10.25 -15.95 

𝑉𝑒 15,95 10,25 4,13 9,48 6,26 13,29 10,95 

Figure III.23 : Diagram of shear forces for type 1 beam (Current  floor) 
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III.3.4 Reinforcement of beams at ULS : 

According to the calculations of maximum stresses, the following results were 

obtained : 

Tab III.14 : Maximum loads type 1 (terrace floor) 
Terrace floor (Beams Type01) 

Limit states 𝐌𝐭(𝐤𝐍.𝐦) 𝐌𝐚(𝐤𝐍.𝐦) 𝐓𝐔(𝐤𝐍) 

ULS 9.45 10.60 15.36 

SLS 6.88 7.72 / 

 

Tab III.15 : Maximum loads type 1 (Current floor) 

Current floor (Beams Type01) 

Limit states 𝐌𝐭(𝐤𝐍.𝐦) 𝐌𝐚(𝐤𝐍.𝐦) 𝐓𝐔(𝐤𝐍) 

ULS 9.81 11.00 15.95 

SLS 7.09 7.95 / 

 

Tab III.16 : Maximum loads type 2 (current floor) 

Current floor (Beams Type02) 

Limit states 𝐌𝐭(𝐤𝐍.𝐦) 𝐌𝐚(𝐤𝐍.𝐦) 𝐓𝐔(𝐤𝐍) 

ULS 5.84 5.85 11.95 

SLS 4.22 4.23 / 

 

Tab III.17 :Maximum loads type 3 (current floor) 

Current floor (Beams Type03) 

Limit states 𝐌𝐭(𝐤𝐍.𝐦) 𝐌𝐚(𝐤𝐍.𝐦) 𝐓𝐔(𝐤𝐍) 

ULS 7.57 8.28 13.92 

SLS 5.47 5.98 / 

 

The calculation will be done for a T-section subjected to simple bending. 

 

We need to calculate the balanced moment Mtab supported by the compression table to 

determine the neutral axis position. 

 

M − tab = µ0 ∗ b ∗ h ∗ d 2 ∗ fbc 
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With µ being a function of α0 =
h0

d
 

It the following data: h = 20 cm, h0 = 4cm , b0 = 10cm , b = 65cm 

𝑑 = ℎ − (1 +
∅

2
)    With∅ ≤

h

10
 

We have : h = 20cm  ⇒∅ =
20

10
= 2 𝑐𝑚 ⇒ 𝑑 = 2 − (1 + 1) = 18 𝑐𝑚 

III.3.4.1 In span : 

α0 =
0.04

0.18
= 0.222  ⇒ 0.166 ≤ α0 ≤ 0.259 

𝜇0 = 1.14𝛼0 − 0.57𝛼0
2 − 0.07 = 1.14 × 0.222 − 0.57 × 0.2222 − 0.07 = 0.155 

𝑀𝑡𝑎𝑏 = 0.155 × 0.65 × 0.18
2 × 14.2 = 46, 35 𝐾𝑁. 𝑚 

So : 

Tab III.18 verification 𝐌𝐮𝐭 ≤ 𝐌𝐭𝐚𝐛 

Type 𝐌𝐮𝐭(𝐤𝐍.𝐦) 𝑴𝒕𝒂𝒃(𝑲𝑵.𝒎) 𝐌𝐮𝐭 ≤𝑴𝒕𝒂𝒃 

1(current floor) 9.81 46, 35  cv 

2(current floor) 5.84 46, 35  cv 

3(current floor) 7.57 46, 35  cv 

 

So the neutral axis is within the compression zone, and the calculation is performed 

under simple bending with a section (bxh)=(65x20). 

μ0 =
Mu

b × d2 × fbc
; μ ≤ μl ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2μ) 

z = d × (1 − 0.4α) 

As =
Mu

z × σs
 

Terrace floor Type 01 : 

μ0 =
9.45 × 10−3

0.65 × 0.182 × 14.2
= 0.031 ≤ μl = 0.392 ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2 × 0.031) = 0.039 
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Z = d × (1 − 0.4α) = 18 × (1 − 0.4 × 0.040) = 17.72 

As =
9.45 × 10−3

17.72 × 10−2 × 348
= 1.53 × 10−4m4 = 0.15cm2 

Current floor Type 01 : 

μ0 =
9.81 × 10−3

0.65 × 0.182 × 14.2
= 0.032 ≤ μl = 0.392 ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2 × 0.032) = 0.040 

Z = d × (1 − 0.4α) = 18 × (1 − 0.4 × 0.040) = 17.71 

As =
9.81 × 10−3

17.71 × 10−2 × 348
= 1.59 × 10−4m4 = 0.16cm2 

Current floor Type 02 : 

μ0 =
5.84 × 10−3

0.65 × 0.182 × 14.2
= 0.019 ≤ μl = 0.392 ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2 × 0.019) = 0.023 

Z = d × (1 − 0.4α) = 18 × (1 − 0.4 × 0.023) = 17.83 

As =
5.84 × 10−3

17.83 × 10−2 × 348
= 9.41 × 10−5m4 = 0.94cm2 

Current floor Type 03 : 

μ0 =
7.57 × 10−3

0.65 × 0.182 × 14.2
= 0.025 ≤ μl = 0.392 ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2 × 0.025) = 0.031 

Z = d × (1 − 0.4α) = 18 × (1 − 0.4 × 0.031) = 17.77 

As =
7.57 × 10−3

17.77 × 10−2 × 348
= 1.22 × 10−4m4 = 0.12cm2 

 

 

 



CHAPTER III                                        calculation of secondary elements 
  

65 

 

Tab III.19: Calculate reinforcement for the span. 

Type 𝛍 𝜶 𝒁 𝑨𝒔 𝑨𝒔
′  

1(Terrce floor) 0.032 0.039 17.72 0.15 0 

1(current floor) 0.032 0.040 17.71 0.16 0 

2(current floor) 0.019 0.023 17.83 0.94 0 

3(current floor) 0.025 0.031 17.77 0.12 0 

 

III.3.4.2 At support : 

The calculation is performed on a rectangular section with a width b = b0 = 10cm and 

a height h = 20cm. 

μ0 =
Mu

b × d2 × fbc
; μ ≤ μl ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2μ) 

z = d × (1 − 0.4α) 

As =
Mu

z × σs
 

Terrace floor Type 01 : 

μ0 =
10.60 × 10−3

0.65 × 0.182 × 14.2
= 0.035 ≤ μl = 0.392 ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2 × 0.035) = 0.044 

Z = d × (1 − 0.4α) = 18 × (1 − 0.4 × 0.044) = 17.68 

As =
10.60 × 10−3

17.68 × 10−2 × 348
= 1.72 × 10−4m4 = 0.17cm2 

Current floor Type 01 : 

μ0 =
11 × 10−3

0.65 × 0.182 × 14.2
= 0.036 ≤ μl = 0.392 ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2 × 0.036) = 0.045 

Z = d × (1 − 0.4α) = 18 × (1 − 0.4 × 0.045) = 17.67 
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As =
11 × 10−3

17.67 × 10−2 × 348
= 1.78 × 10−4m4 = 0.17cm2 

Current floor Type 02 : 

μ0 =
5.85 × 10−3

0.65 × 0.182 × 14.2
= 0.019 ≤ μl = 0.392 ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2 × 0.019) = 0.023 

Z = d × (1 − 0.4α) = 18 × (1 − 0.4 × 0.023) = 17.83 

As =
5.85 × 10−3

17.83 × 10−2 × 348
= 9.42 × 10−4m4 = 0.94 cm2 

Current floor Type 03 : 

μ0 =
8.28 × 10−3

0.65 × 0.182 × 14.2
= 0.027 ≤ μl = 0.392 ⇒ As

′ = 0 

α = 1.25 × (1 − √1 − 2 × 0.027) = 0.034 

Z = d × (1 − 0.4α) = 18 × (1 − 0.4 × 0.034) = 17.75 

As =
8.28 × 10−3

17.75 × 10−2 × 348
= 1.34 × 10−4m4 = 0.13cm2 

Tab III.20 : Calculate reinforcement for the supports 

Type 𝛍 𝜶 𝒁 𝑨𝒔 𝑨𝒔
′  

1(Terrce floor) 0.035 0.044 17.68 0.17 0 

1(current floor) 0.036 0.045 17.67 0.17 0 

2(current floor) 0.019 0.023 17.83 0.94 0 

3(current floor) 0.027 0.034 17.75 0.13 0 

So we adopt : 

Tab III.21 : Floor reinforcement 

Type 𝑨𝒔 𝒔𝒖𝒑𝒑𝒐𝒓𝒕 𝑨𝒔 𝑺𝒑𝒂𝒏 

1(Terrce floor) 2HA10=1.57 3HA10=2.36 

1(current floor) 2HA10=1.57 3HA10=2.36 

2(current floor) 2HA10=1.57 3HA10=2.36 

3(current floor) 2HA10=1.57 3HA10=2.36 
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III.3.4.3 Non-fragility condition : 

Amin ≥ 0.23 × b × d ×
ft28
fe

 

 In span : 

Amin = 0.23 × 0.18 × 0.65 ×
2.1

400
= 1.41cm2 

Type 1 ⇒A s= 2.36cm2 ≥ Amin = 1, 41cm2 ...........CV 

Type 2 ⇒As = 2.36cm2 ≥ Amin = 1, 41cm2 ...........CV 

Type 3 ⇒As = 2.36cm2 ≥ Amin = 1, 41cm2 ...........CV 

 In supports : 

 

Amin = 0.23 × 0.18 × 0.10 ×
2.1

400
= 0.22cm2 

Type 1 ⇒A s= 1.57cm2 ≥ Amin = 0.22cm2 ...........CV 

Type 2 ⇒As = 1.57cm2 ≥ Amin = 0.22cm2 ...........CV 

Type 3 ⇒As = 1.57cm2 ≥ Amin = 0.22cm2 ...........CV 

III.3.5 Transverse reinforcement: 

∅ ≤ min(
ht
35
; ∅𝑙;

b

10
) 

So : 

∅ ≤ min (
200

35
= 5.71; 12;

100

10
= 10)=5.71mm 

We adopt :∅ = 8𝑚𝑚 
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III.3.6 Spacing of transverse reinforcements: 

 Nodal zone: 

St ≤ min(
h

4
; 12∅) 

So : 

St ≤ min (
20

4
; 12 × 1.2) 

We adopt : St = 5cm 

 Currente zone: 

 

St ≤ min(
h

2
) 

So : 

St ≤ min (
20

2
) ≤ 10cm 

We adopt : St = 10cm 

III.3.5 Verification at the SLS : 

- As cracking is not harmful (not very harmful).......CV 

- The steel used is grade FeE400.......CV 

- la section est rectangulaire (1x0,15)........CV 

- Simple flexion.........CV 

If the condition below is verified, limiting the stresses in the concrete will be 

unnecessary: 

α ≤
γ−1

2
+
fc28

100
Withγ =

Mu

Mser
 

Type 01 : 

In span :𝛼 = 0.040 
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γ =
9.45

6.88
= 1.37 

𝛼 = 0.040 ≤
1.37 − 1

2
+
25

100
= 0.44… . . CV 

In support : 𝛼 = 0.044 

 

Terrce floor : 

γ =
10.60

7.72
= 1.37 

𝛼 = 0.044 ≤
1.37 − 1

2
+
25

100
= 0.44… . . CV 

Current floor : 𝛼 = 0.045 

γ =
11

7.95
= 1.38 

𝛼 = 0.045 ≤
1.38 − 1

2
+
25

100
= 0.44… . . CV 

Type 02 : 

In span :𝛼 = 0.023 

γ =
5.84

4.22
= 1.38 

𝛼 = 0.023 ≤
1.38 − 1

2
+
25

100
= 0.44… . . CV 

In support :𝛼 = 0.023 

γ =
5.85

4.23
= 1.38 

𝛼 = 0.023 ≤
1.38 − 1

2
+
25

100
= 0.44… . . CV 

Type 03 : 

In span :𝛼 = 0.031 
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γ =
7.57

5.47
= 1.38 

𝛼 = 0.031 ≤
1.38 − 1

2
+
25

100
= 0.44… . . CV 

In support :𝛼 = 0.034 

γ =
8.28

5.98
= 1.38 

𝛼 = 0.034 ≤
1.38 − 1

2
+
25

100
= 0.44… . . CV 

Verification at the SLS is not necessary. 

III.3.8 Verification of the shear force (CBA93 A.5.1): 

It is necessary that : 

τu =
vu
b × d

≤ τ̅u 

We have according to CBA93 (A.5.1.2.1.1): 

τ̅u = min {0.20
fc28

γb
; 5 Mpa}=min{3.33 𝑀𝑝𝑎; 5 𝑀𝑝𝑎} = 3.33 𝑀𝑝𝑎 

Tab III.22 : Checking the shear force 

Type vu τu(Mpa) τ̅u(Mpa) τu ≤ τ̅u 

1(Terrce floor) 15.36 0.13 3.33  cv 

1(current floor) 15.95 0.13 3.33  cv 

2(current floor) 11.95 0.10 3.33  cv 

3(current floor) 13.92 0.11 3.33  cv 

 

III.3.9 Verification of the deflection (CBA93 B.6.8.4.2.4): 

 
h

3
≥

1

22.5
⇒

20

3
= 0.06 ≥

1

22.5
= 0.044…….…………….CV 

 
As

b×d
≤

3.6

fe
⇒

2.36

65×18
= 0.002 ≤

3.6

400
= 0.009………CV 

 
h

L
≥

1

15
 (
𝑀𝑡

𝑀0
) 
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Type 01(Terrece)⇒
h

L
=

20

440
= 0.04 ≥

1

15
(
Mt

M0
) =

1

15
(
6.88

10.02
) = 0.04………cv 

Type 01 (Current)⇒
h

L
=

20

440
=0.04 ≥

1

15
(
Mt

M0
)=

1

15
(
7.09

10.32
) = 0.04……… . cv 

Type 02 (Current)⇒
h

L
=

20

385
=0.05 ≥

1

15
(
Mt

M0
)=

1

15
(
4.22

8.18
) = 0.03……… . cv 

Type 03 (Current)⇒
h

L
=

20

385
=0.05 ≥

1

15
(
Mt

M0
)=

1

15
(
5.47

7.91
) = 0.04……… . cv 

All the conditions are verified, therefore: 

Checking the deflection is not necessary 

III.3.10 Reinforcement detailing : 

In our case, the most heavily loaded floor is the type 2 floor, so only one reinforcement 

detailing schema is required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III.24 : Reinforcement of beams on span (type 2) 

Figure III.25 : Reinforcement of beams on support (type 2) 
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Figure Ⅲ.26 : reinfocement of the beam 

 



CHAPTER III                                        calculation of secondary elements 
  

73 

 

III.4. The Balconies : 

III.4.1. Definition :  

 In the use of residential buildings, the balcony is a decorative element, the 

balconies are anchored to the beams and are solicited by simple bending. The 

types to study is represented by the figures below : 

III.4.2. Primaire slab case resting on two dimensions : 

Ⅲ.4.2.1  Method of calcultion : 

 We apply the theory of breaking lines 

 The calculation is done on a 1m wide band of a rectangular working with simple 

bending due to : 

 G : dead loads. 

 Q : live loads.  

 P : load of external walls and parapet wall. 

 

 

 

 

 

 

 

Tablue Ⅲ.4.2.1. Evaluation of current floor balcony loads : 

Description Weight (Kg/𝐦𝟑) Thickness (m) ‶G″ (Kn/𝐦𝟑) 

Tiling 2200 0.02 44 

Laying mortar 2000 0.03 60 

Sandbed 1700 0.02 34 

Hollow slab 2500 0.14 350 

Plaster coating 1400 0.02 28 

Dead load (G) - - 5.16 

Live load (Q) - - 3.5 

 Dead load : G = 5.16 × 1m = 5.16 KN/m. l → 0.516 T/m.l 

 Live load : Q = 3.5 × 1m = 3.5 KN/m. l→  0.35 T/m.l 

 load of external walls P : 1.3 × 1 × 1 = 1.3 KN/m. l→ 0.13T/m.l 

Figure Ⅲ.27: Static diagram of the balcony 
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Ⅲ.4.2.2. Combination of loads : 

 U.L.S : 

qu = 1.35 × G + 1.5 × Q = 1.35 × 5.16 + 1.5 × 3.5 = 12.216 KN/m. l→ 1.2216T/m.l  

pu = 1.35 × P = 1.35 × 1.3 = 1.755 kN/m. l→ 0.1755T/m.l 

 S.L.S : 

qs =  G + Q = 5.16 + 3.5 = 8.66 KN/m. l→ 0.866T/m.l 

ps = P = 1.35 KN/m. l→ 0.135T/m.l 

 Bending moment : 

 U.L.S : 

Mu = 
qu × L

2

2
− pu × L =  

12.216 × 1.22

2
− 1.755 × 1.2 

Mu = 6.698 KN.m  →  0.6698 T.m 

 S.L.S : 

Ms = 
qs × L

2

2
− ps × L =  

8.66 × 1.22

2
− 1.3 × 1.2 

Ms = 7.795 KN.m →   0.7795 T.m 

 Effort tranchant : 

𝑡𝑢 = 𝑞𝑢 × 𝐿 + 𝑝𝑢 = 16.414 𝐾𝑁.𝑚  → 1.6414 𝑇.𝑚 

Ⅲ.4.2.3. Determination of reinforcement : 

Nous considérons le balcon comme un faisceau de console soumis à une simple  

 

 

 

 

flexionand the calculation is done by a strip of 1 ml. 

 U.L.S : 
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 Longitudinal reinforcement : 

fbc =
0.8 × fc28

γs
= 14.2 MPA 

d = 0.9 × h = 0.9 × 0.15 = 0.135 m 

μu = 
Mu

 b. d². fbc
=  

6.698 × 10−3

1 × 0.1352 × 14.2
= 0.0258 < μl = 0.391 

α =  1.25 (1 − √1 −  2μu) = 1.25 (1 − √1 −  2 ×  0.0258 ) = 0.0327  

β = 0.8 × α = 0.8 × 0.0327 = 0.026 

As =  β × b × d ×
fbc
σs
= 0.026 × 1 × 0.135 ×

14.2

348
= 1.432 × 10−4m2 

As = 1.432 cm
2     we adopt 5HA10 = 3.93 cm2 

With : St = 
100

5
= 20 cm 

 Distribution reinforcement : 

According to the article of B.A.8.2.42 of BAEL 91 

Ar = 
As

5
= 

3.93

5
= 0.786     we take 2HA10 = 1.57 

With a spacing of the reinforcements :BAEL 91 A.8.2.42 

St =  min {3ht;  33 cm}  =  min {3 ×  15 cm ; 33 cm} 

We take : St =  33 cm 

 Condition of non-fragility : (Art4.2.1/BAEL91) 

Asmin = 
0.23. b. d. ft28

fe
=
0.28 × 1 × 0.135 × 2.1

400
= 1.63 × 10−4m2 

Asmin = 1.63 cm2 

As = 3.93 cm² > Asmin = 1.63 cm² ………………………………CV 

 Verification of shear stress : 

τu ≤ τu 
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 τu =  min {0.15 × 
fc28

γb
  ;  4 MPa} = min{2.5 MPA ; 4MPA} = 2.5MPA 

 τu = 
tu

b×d
= 

16.414×10−3

1×0.135
= 0.121 MPA 

τu = 0.121MPA < τu = 2.5MPA …………………………………CV 

So : There is no need to provide transverse reinforcements. 

 S.L.S : 

The calculation is done according to the rules of CBA 93 and BAEL 91 modified 

2003,cracking is considered to be detrimental. 

 Neutral axis position : 

by² +  30(As +  As΄) y − 30d(As + As΄)  = 0  

As΄ = 0  

by² +  30As × y − 30d × As = 0  

100y2 + (30 × 3.93)y − 30 × 13.5 × 3.93 = 0 

100y2 + 117.9y − 1591.65 = 0 

∆ =  b2 − 4ac = (117.92) − 4(100 × 1591.65) 

∆ =  −622759.59     ; √∆= 789.151 

{
 
 

 
 
y1 = 

−b − √∆

2a
=
−117.9 − 789.151

2 × 100
=  −4.54

y2 =
−b + √∆

2a
=
−117.9 + 789.151

2 × 100
= 3.36     

 

So : yser = 3.36 

 The moment of inertia : 

I =  
𝑏 

3
 × y3 + 15As(d − y)² 

I =  
100

3
× (3.363) + 15 × 3.93 × (13.5 − 3.36)2 

I = 7325.65 cm4 



CHAPTER III                                        calculation of secondary elements 
  

77 

 

 Determination of the angular coefficient : 

K = 
Mser

I
=  
7.795 × 102

7325.65
= 0.106 

 Verification of constraints : 

 Maximum concrete compression constraint : 

σbc ≤ σbc 

σbc = = 0.6 × fc28 = 0.6 × 25 =  15 MPa  

𝜎𝑏𝑐 = K × y = 0.106 × 3.36 = 0.356 MPA 

𝜎𝑏𝑐 = 0.356 𝑀𝑃𝐴 < 𝜎𝑏𝑐 = 15 𝑀𝑃𝐴 …………………………………CV 

 Maximum steel traction stress : 

σs = min {
2

3
fe ; 110√η × ftj} = min {

2

3
× 400 ;  110√1.6 × 2.1} 

σs = min{266.66 ; 201.63} 

σs = 201.63 MPA 

σs = 15 × k(d − y) = 15 × 0.106(13.5 + 3.36) 

σs = 26.80 MPA 

σs = 26.80 MPA < σs = 201.63 MPA ……………………………....CV 

 Arrow verification : BAEL 91. (Art B.7.5.1) 

h

L
  ≥

 1

16 
 ⇒  

15

120
  ≥  

1 

16
⇒ 0.125 > 0.062 ………………CV            

h

L
  ≥  

Mt

10M0
    ⇒   

15

120
  ≥  

0.75

10
             ⇒     0.125 > 0.075…………….....CV 

𝐴

𝑏×𝑑
<

4.2

𝑓𝑒
  ⇒   

2.51

100×13.5
<

4.2

400
        ⇒          1.859 < 0.011………………CV 
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Ⅲ.4.2.4. Shema of reinforcement in balconies : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure Ⅲ.28 : Shema of reinforcement in balconies 
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III.5. Stairs: 

III.5.1 Definition: 

 A staircase is a succession of steps allowing the passage from one level to another, it can be in 

reinforced concrete, steel or wood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III.5.2. Evaluation of the loads : 

1.1.1. Staircase stringer : 

 Own weight :                  25 ×  0.15/cos32.51° × 1 = 4.446 KN/m 

 Weight of the steps :                       0.17 × 22/2 × 1 =  1.87 KN/m 

 Coating :                                                    0.50 × 1 =  0.50 KN/m 

 Plaster coating (2 cm) :   0.02 × 10/cos32.51° × 1 =  0.237 KN/m  

 Railing :                                                                     = 0.42 KN/m 

Figure Ⅲ.29: Schema bench 
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G1 = 7.47 KN/m    ⇒    0.747 T/m 

1.1.2. Landing :  

 Own weight :                                       25 ×  0.15 × 1 = 3.75 KN/m 

 Coating :                                                      0.50 × 1 =  0.50 NN/m 

 Plaster coating :                                   0.02 × 10 × 1 =  0.20 KN/m  

G2 = 4.45 KN/m   ⇒   0.445 T/m    

Live load : Q = 250 KG/m2 × 1 = 2.5 KN/m   ⇒     0.25 T/m 

 

 
 

 

 

 

 

III.5.3.  Combinations of action : 
 

 stringer Landing 

 

ULS 

qu1 = 1.35 × G1 + 1.5 × Q 

= (1.35 × 7.47) + (1.5 × 2.5) 

= 14.19 KN/m 

qu2 = 1.35 × G2 + 1.5 × Q 

= (1.35 × 4.45) + (1.5 × 2.5) 

= 9.75 KN/m 

SLS qser1 = G1 + Q 

= 7.47 + 2.5 

= 9.97 KN/m 

qser2 = G2 + Q 

= 4.45 + 2.5 

= 6.95 KN/m 

q₁ and q₁ are not close : the equivalent load : qe = 
∑qili

∑ li
 

qeu = 
(14.19 × 2.02) + (9.75 × 1.30)

(2.02 + 1.30)
= 12.45 KN/m   ⇒  1.245 T/m  

qeser = 
(9.97 × 2.02) + (6.95 × 1.30)

(2.02 + 1.30)
= 8.78 KN/m     ⇒   0.878 T/m 
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Mo =
qe × l

2

8
 

T =
qe ×  l

2
 

ULS 
Mou =

qeu × l
2

8
=
12.45 × 3.322

8
= 17.15 KN/m  

Midspan 

(t)  

Mtu =  0.8 × Mou = 0.8 × 17.15 = 13.72 KN/m 

Support 

(a) 

Mau = 0.4 × Mou = 0.4 × 17.15 = 6.86KN/m 

T =
qeu ×  l

2
=  
12.45 × 3.32

2
= 20.66 KN/m 

SLS 
Moser =

qesre × l
2

8
=
8.78 × 3.322

8
= 12.09 KN/m 

Midspan 

(t)  

Mtser =  0.8 × Moser = 0.8 × 12.09 

= 9.67KN/m 

Support 

(a) 

Maser = 0.4 × Moser = 0.4 × 12.09 

= 4.83 KN/m 

 

 ‶.5.4. Calculation of reinforcement : 

   The calculation is made in increments of 1 m in width.  

fbc = 14.2 MPA ; ft28 = 2.1 ; σs = 348 MPA ; d = 0.9 × h = 0.9 × 0.17 = 0.153 m 

μ =  
Mut

b × d × fbc
 

α = 1.25 × (1 − √1 − (2 × μ)) 

β = 0.8 × α 
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As =  β × b × d ×
fbc
σs

 

Asmin = ≥ max {
b × h

1000
;  0.23 × b × d ×

ft28
fe
} 

 

III.5.5.  Verification SLS : 

As cracking is not very detrimental, Crack control is not necessary, and as the section is 

rectangular, subjected to simple bending with steel type FeE400, It therefore remains to be 

verified : σbc ≤ 0.6fc28 = 0.6 × 25 = 15 MPA 

This check may not be carried out if : α ≤
γ−1

2
+
fc28

100
   with   γ =

Mu

Mser
 

γ =  
17.15

12.09
= 1.41  ;       α = 0.445 

 

 

 

So the SLS check is not necessary. 

 Verification of the shaft : 

h

L
≥

1

16
     ⇒   

0.15

3.32
= 0.0451 <

1

16
0.0625…………………CNV 

h

L
≥

Mt

10Mo
     ⇒   

0.15

3.32
= 0.0451 <

0.8Mo

10Mo
= 0.08…………….CNV 

 
𝐌𝐮 

(KN.m) 

b 

(cm) 

d 

(cm) 

μ α β 𝐀𝐬 

(𝐜𝐦𝟐) 

𝐀𝐬𝐦𝐢𝐧 

(𝐜𝐦𝟐) 

Wetake 

(𝐜𝐦𝟐) 

Span 13.72 100 15.3 0.041 0.0523 0.0418 2.55 1.84 4HA10 

=3.14 

support 6.86 100 15.3 0.020 0.0275 0.022 1.37 1.84 4HA10 

= 3.14 

In span α = 0.0523 0.0523 < 0.455 ….CV 

In support α = 0.0275 0.0275 < 0.455 ….CV 



CHAPTER III                                        calculation of secondary elements 
  

83 

 

As

bd
≤

4.2

fe
      ⇒   

3.14

100×15.3
= 2.05 × 10−3 <

4.2

400
= 0.0105 ………….CV 

L = 3.32 ≤ 8 m……………………………………………………….CV 

Since condition (1) and (3) are not verified, therefore the condition must be verified: 

f =  
5 × qser × L

4

348 × EI
 

I =  
b × h3

12
=  
100 × 153

12
= 28125 cm4 

E = 11000√fc28
3

= 32164.195 MPA 

f =  (
5 × 878 × 3324

348 × 32164.195 × 28125
) × 10−3 = 0.1694 

fadm = 0.5 +
L

1000
= 0.5 +

332

1000
= 0.832 

f = 0.1694 < fadm = 0.832…………………………………………..…...CV 

‶.5.6.Reinforcements distribution : 

In span: At = 
As

4
= 

3.14

4
= 0.78         we take ∶ 3HA8 = 1.51 cm2 

In support: As = 
As

4
=

1.84

4
= 0.46     we take ∶  4HA6 =  1.13 cm2 

III.5.7Reinforcement Spacing : 

 Spacing of the main reinforcement : 

st ≤ min{3h ; 33 cm} 

st ≤ min{(3 × 17) = 51 cm ; 33 cm} 

st ≤ 33 cm 

In span:  st = 
100

4
= 25 < 33 𝑐𝑚 ………… CV 

In support: st = 
100

4
=  25 < 33 𝑐𝑚 ………CV 
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 Spacing of distribution reinforcement : 

st ≤ min{4h ; 45 cm} 

st ≤ min{(4 × 17) = 68 ; 45 cm} 

st ≤ 45 cm 

In span : st =
100

3
= 33.33 < 45 𝑐𝑚 …….....CV 

In support : st =
100

4
= 25 < 45 𝑐𝑚 ……….CV 

III.5.8.Verification of shear force: 

          We must check : τu = 
Tu

bd
≤ τu 

τu = min (
0.2 × fc28

γb
 ; 5) = min (3.33 ; 5)  

τu = 3.33 MPA 

τu = 
20.66×103

1000×153
= 0.135 < 3.33 ……………CV 
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III.5.9.  Stair reinforcement diagram :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure Ⅲ.30. Reinforcement diagram of the  stair cutting 1-1 
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III.6. Study of the platform screen beam : 

   The calculation is made by the simple bending of a beam that is simply supported and 

uniformly loaded, the charges are : 

 Its own weight. 

 Weight of masonry. 

 Reaction from the Bearing and Bench. 

  L = 3.10 m ;  h = 35 cm   ; b = 30 cm  

According to the RPA 99 / V 2003 

b = 30 > 20…………………CV 

h = 35 > 30…………………CV 

h

b
=

35

30
= 1.16 < 4…………...CV 

III.6.1. Load evaluation : 

 Own weight of the platform screen beam : 

Gpp = h × b × γ = 0.35 × 0.30 × 25 = 2.62 KN/m 

 Own weight of the masonry wall : 

Gwall = (
he
2
− hp) × G =  (

3.06

2
− 0.35) × 3.41 = 4.02 KN/m 

G = Gpp + Gwall = 6.64 KN/m 

 Reactions : 

R = 
q × l

2
 

U.L.S S.L.S 

Ru = 20.66KN/m Rser = 14.57 KN/m 
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III.6.2.  Load on the landing beam : 

U.L.S : qu = 1.35 × G + Ru = 8.964 + 20.66 = 29.62 KN/m 

S.L.S : qser = G + Rser = 6.64 + 14.57 = 21.21 KN/m 

Table Ⅲ.24 :Moments and shear force in the landing beam : 

 Formulas U.L.S 

𝐪𝐮 = 𝟐𝟗. 𝟔𝟐 

S.L.S 

𝐪𝐬𝐞𝐫 = 𝟐𝟏. 𝟐𝟏 

Isostatic moment 

(KN.m) 
Mo =

qeu × l
2

8
 

35.58 25.47 

Moment on 

Supports 

(KN.m) 

Ma = 0.4 × Mou 14.23 10.18 

Span Moment 

(KN.m) 

Mt =  0.8 × Mou 28.46 20.37 

Shear force 

(KN) 
T =

q ×  l

2
 

45.91  

 

‶.6.3. Reinforcement Design at the Strength ULS : 

b = 30 cm ; h = 35 cm ; d = 0.9 × 0.35 = 0.315 m 

 Longitudinal reinforcement : 

 μ Α 𝛽𝑢 𝐀𝐬 

(𝐜𝐦𝟐) 

We take 

(𝐜𝐦𝟐) 

Span 

« t » 

0.067 

0.067 < 0.391 

As
′ = 0 

0.086 0.068 2.60 6HA10 

= 4.71 

Supports 

« a » 

0.033 

0.033 < 0.391 

As
′ = 0 

0.041 0.033 1.26 2HA10 

= 1.57 
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III.6.3.  Condition of non-fragility : BAEL 91 (art A.4.2.1) 

Amin = 0.23 × b × d ×
ft28
fe

 

In span Amin = 1.14 < 4.71………………………...….CV 

In supports Amin = 1.14 < 1.57……………………………CV 

 Transverse reinforcement : 

Øt ≤ min {
h

35
 ;  
b

10
 ;  Ø1} 

Øt≤ min {
350

35
 ;  
300

10
 ; 10mm} = min{10mm ; 30mm ; 10mm} 

Øt ≤ 10 mm 

Therefore : 

Ø1 = 8 mm 

At =
A1
4

 

In span :  

At =
1.57

4
= 0.392 cm2 

We take : 4HA8 = 2.01 cm2 

In support : 

At =
3.14

4
= 0.785 cm2 

We take : 4HA8 = 2.01 cm2 

2.5. Verification S.L.S : 

α ≤
γ−1

2
+
fc28

100
Withγ =

Mu

Mser
 



CHAPTER III                                        calculation of secondary elements 
  

90 

 

In span : 

γ =  
28.46

20.37
= 1.397 

α = 0.084 

0.084 <
1.397−1

2
+

25

100
= 0.448……………………..CV 

In support : 

γ =  
14.23

10.18
= 1.397 

α = 0.041 

0.041 <
1.397−1

2
+

25

100
= 0.448……………………..CV 

So the SLS check is not necessary. 

 Verification of the shaft : 

 
h

L
≥

1

16
     ⇒   

0.35

3.10
= 0.11 >

1

16
= 0.0625…………………CV 

h

L
≥

Mts

10Mo
     ⇒   

0.35

3.10
= 0.11 >

20.37

10×25.47
= 0.079…………….CV 

As

bd
≤

4.2

fe
      ⇒   

3.14

30×31.5
= 3.32 × 10−3 <

4.2

400
= 0.0105 ………….CV 

L = 3.10 ≤ 8 m……………………………………………………….CV 

III.6.4. Verification of shear force : 

 Concrete Shear Verification : 

τu = 
Tu
bd

≤ τu 

τu =
49.91×10

30×31.5
= 0.485 MPA < τu = 2.67 MPA……………………..CV 

 Verification of areas of application of forces : 

 Edge support :  



CHAPTER III                                        calculation of secondary elements 
  

91 

 

-Verification of longitudinal reinforcement : 

As = 3.14 cm
2 ≥

Tu + Hu
fe
γs

=
45.91 × 10

400
1.15

= 1.31cm2 

3.14 cm2 > 1.31 cm2……………………………….CV 

 

III.6.5. Calculates the torsional of the platform screen beam : 

Tu = 
V × b

2
=  
57.91 × 0.3

2
= 6.886 KN.m 

 Torsional stress calculation : 

τu T = 
Tu

2 × Ω × e
 

e =
h

6
=
35

6
= 5.83 cm 

Ω = (b − e) × (h − e) = (30 − 5.83) × (35 − 5.83) = 705.04cm2 

τu T =
6.886 × 10−3

2 × 705.04 × 5.83 × 10−6
= 0.838 MPa 

e : Hollow section thickness. 

Ω : Contour area drawn halfway through the walls. 

 Calculate the shear stress : 

Tcis = 
Tu
b × d

=
45.90 × 103

30 × 31.5 × 102
= 0.486 MPa 

 Torsional and bending strength : 

τu T
2 + τu T

2 ≤ τu2 

0.8382 + 0.4862 ≤ 2.672 

0.938 ≤ 7.13……………………………………………CV 

 The necessary reinforcements of torsion : 
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- Longitudinal reinforcement :  

A1 = 
U × Tu

2 × Ω × σs
 

U = ((b − e) × (h − e)) × 2 = ((30 − 5.83) × (35 − 5.83)) × 2 = 106.63 cm2 

A1 = 
6.886 × 103 × 106.63

2 × 705.04 × 348
= 1.496 cm2 

        We take : 2HA10 = 1.57 cm2 

- Transverse reinforcement : 

At = 
Tu × St

2 × Ω × σs
 

St ≤ min{0.9 × d ; 40 cm} = min{28.35 cm  ;    40 cm} = 28.35 cm 

St = 25 cm 

At = 
6.886 × 103 × 25

2 × 705.04 × 348
= 0.350 cm2 

We take : 4HA8 = 2.01 cm2 
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‶.6.6. Reinforcement diagram of a platform screen beam : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure Ⅲ.32:Reinforcement diagram of a platform screen beam 
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Seismic and dynamic study 

 

IV.1 Introduction: 

Among the natural disasters that affect the earth's surface, tremors earthquakes are undoubtedly 

those, which have the most destructive effects in urbanized areas. Faced with this risk, and the 

impossibility of predicting it, it is necessary to build structures capable of resisting such 

phenomena, in order to ensure at least acceptable protection of human lives, hence the 

appearance of seismic construction. The latter is based generally on a dynamic study of 

constructions. The latter is generally based on a dynamic study of agitated constructions. 

 

IV.2 Modeling : 

Modeling is the transformation of a real physical problem having an infinity of degrees of 

freedom (DDL) to a model having a finite number of DDL which describes the phenomenon 

studied as reliably as possible, in other words, this model must Reflect with good accuracy the 

behavior and parameters of the original system to 

have: mass, stiffness, damping and response. 

 

One of the modeling methods is finite element modeling. It consists of discretized the structure 

has several elements, the unknowns are determined at the level of nodes. Using the interpolation 

function we sweep the element then the structure. 

 

IV.2.1 Modeling software : 

This software (Autodesk Robot Structural Analysis Professional 2010) allows us to 

automatically determine the dynamic characteristics of a structure (rigidity, displacement, 

effort, response) from a prior three-dimensional modalization is 

appropriate. 
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The model adopted is embedded at the base, it only includes the elements (posts, beams, floor, 

staircase and sails), the rest of the elements are introduced as loading. Vertical loading is 

carried out using gravity loads (G and Q), and the horizontal loading is obtained by applying a 

response spectrum in both directions (X and Y) to have respectively (Vxdyn and Vydyn). 

 

IV.2.2 Modeled elements : 

 

The entire reinforced concrete supporting structure participating in the bracing of the building.  

 

 For reinforced concrete walls, we used ⇒shell type. 

 For hollow-core slabs, we used deck slab ⇒type in one direction. 

 For balconies and stairs, we used ⇒shell type. 

 For the posts and beams, we used ⇒bar type. 

IV.2.3 Structure mesh: 

 

The mesh of the surface elements we opted for the COONS method, with a mesh size of 0.50 

m. square type (rectangular outline). Mesh size adopted allows to mesh the surface elements 

with while having a precision of results and an acceptable calculation time. 

 

 

 

 
 

 

 

FigureIV.1 : Modeling software 
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IV.2.4 Modeling steps: 

 

 Choice of structure type: 

 

For our case, we will study a shell-type structure design as shown in the figure. 

 
 

 

 

 

 

 

 

 

 

 Configuring case preferences: 

 

To define the different parameters such as the materials, units and standards of the case, click 

on the “tool” icon... "case preferences". 

 

FigureIV.2 : Mesh options adopted for our 

Figure IV.3 : Choice of structure type 
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Dimensions :                                                              Strength : 

 

Other :                                                                      Materials :             

   

Standard And Design :                                            charge : 

 

 

 

 

 

 

 

Figure IV.4 : Case preferences 
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Structural Analysis:                                                 Modal Analysis : 

 

 Definition of static loads : 

 

To define static loads (permanent and of operations) of the structure, in the “Loading”... “Load 

case” menu we choose the nature and the name then click on “New” 

 

 

 

 

 

 

 

 

 

 

 

 

 Allocation of charges: 

To load the structure we choose the type of load G (permanent) or Q (operation); We 

select from the drop-down menu: Loads ... define loads ... surface ... load uniform surface 

area. 
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Structural Analysis: 

We must introduce the law: W G + β Q For this, on the drop-down menu click on: Analysis ... 

type of analysis ... mass. 
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 Modal analysis : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Seismic analysis : 

 

 

 

 Combination of loads: 

Loads ... manual combinations... We choose the type of the combination and its nature, Thus 

we introduce the static loads “ELU,ELS” and similarly the seismic combinations “G + Q ± E; 

0.8 G ± E” 
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Construction lines : 
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 Definition of bar elements( posts, beams) : 

This step allows us to introduce the different cross sections of bar elements that exist 

in the structure.... Structure ...features ...bar profiles 

 

 

 

 

 

 

 

 

 

 

 

 

 Definition of surface elements (panels): 

Fromfrom the drop-down menu:...structure...characteristics... Thickness EF 
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 calculation of the structure: After modeling and verification of the structure,if it 

does not presents no error, we proceed to the static calculation.. Analysis  
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IV.3 Classification criteria by RPA 99 version 2003: 

A set of classifications necessary to define the seismic situation studied and the choice of the 

method and parameters for calculating seismic forces. 

 

IV.3.1 Classification of seismic zones: 

 

The national territory is divided into five (05) zones of increasing seismicity, defined on the 

seismic zone map and the associated table which specifies this distribution by province and by 

municipality, namely: 

 

 Zone 0: Negligible seismicity  

 Zone I: Low seismicity 

 Zone IIa and IIb: Moderate seismicity  

 Zone III: High seismicity 

Our construction is located in the Skikda province, therefore in zone IIa (moderate seismicity). 

Figure IV.5 : 3D view of the structure 
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IV.3.2 Classification of structures according to their importance :( RPA 99 

version 2003) 

The minimum level of seismic protection granted to a structure depends on its purpose and its 

significance with respect to the protection objectives set by the community. 

The lists described below are necessarily incomplete. However, they serve to illustrate this 

classification aimed at protecting the community's people, followed by its economic and 

cultural assets. 

This classification recommends minimum protection thresholds that a project owner can only 

modify by upgrading the structure for increased protection, considering the nature and purpose 

of the structure with respect to the objectives targeted. Any structure falling under the scope of 

these rules must be classified into one of the four (04) groups defined below : 

 Group 1A: Vital importance structures 

 Group 1B: High importance structures 

 Group 2: Common or moderate importance structures 

 Group 3: Low importance structures 

Our building is for collective residential use; therefore, it is classified in Group 2 (common or 

moderate importance structure). 

IV.3.3 Site classification : 

Sites are classified into four (04) categories based on the mechanical properties of the soils they 

consist of: 

 Category S1 (rocky site): 

Rock or other geological formation characterized by an average shear wave velocity (Vs) ≥ 

800m/s. 

 Category S2 (firm site) : 

Deposits of very dense sand and gravel and/or consolidated clay over 10 to 20 meters thick with 

Vs ≥ 400 m/s starting from 10 meters depth. 
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 Category S3 (soft site): 

Thick deposits of moderately dense sand and gravel or moderately stiff clay with Vs≥200 m/s 

starting from 10 meters depth. 

 Category S4 (very soft site) : 

Deposits of loose sands with or without layers of soft clay with Vs < 200 m/s in the first 20 

meters. 

Deposits of soft to moderately stiff clay with Vs < 200 m/s in the first 20 meters. 

According to the geotechnical report relating to our building, we are in the presence of loose 

soil category S3. 

 

IV.3.4 Classification of bracing systems: (RPA99/Version2003 Art 3.4): 

 

The purpose of the classification of structural systems is translated in the rules and calculation 

methods by assigning for each category of this classification a numerical value of the behavior 

coefficient R (see Table 4.3 (RPA 99/V2003)). 

 

The classification of structural systems is done taking into account their reliability and their 

ability to dissipate energy concerning seismic action, and the corresponding behavior 

coefficient is set based on the nature of constituent materials, the type of construction, 

possibilities of effort redistribution within the structure, and the deformation capacities of 

elements in the post-elastic domain. 

 

 In our case, the structure is braced by a system consisting of frames and shear walls. 

 

IV.3.5 Classification of the structure according to its configuration: 

(RPA99/Version2003 Art 3.5) 

 

Each building (and its structure) must be classified according to its plan and elevation 

configuration as either regular or irregular, based on the following criteria: 
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a. Plan Regularity 

A building is classified as having regular plan if all criteria of plan regularity (a1 to a4) are met. 

Conversely, it is classified as having irregular plan if any of these criteria are not satisfied. 

 

a1. The building must have a configuration that is substantially symmetrical with respect to two 

orthogonal directions, both for the distribution of rigidities and for the distribution of masses. 

 

a2. At each level and for each calculation direction, the distance between the center of gravity 

of masses and the center of rigidities does not exceed 15% of the dimension of the building 

measured perpendicular to the direction of the seismic action considered. 

 

a3. The shape of the building must be compact with a length/width ratio of the floor plan less 

than or equal to 4. 

 

25.60

21.10
= 1.21 < 4………………CV 

 

The sum of the dimensions of the recessed or protruding parts of the building in a given 

direction must not exceed 25% of the total dimension of the building in that direction. 

 

a4. The floors must have sufficient rigidity compared to that of the vertical bracings to be 

considered as rigid in their plane. In this context, the total surface area of floor openings must 

remain less than 15% of that of the floor. 

 

All criteria of plan regularity (a1 to a4) are met, thus the structure is classified as regular in 

plan. 
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b.Elevation Regularity : 

A building is classified as regular in elevation if all criteria of elevation regularity (b1 to b4) 

are met. Conversely, it is classified as irregular in elevation if any of these criteria are not 

satisfied. 

 

b1. The bracing system must not have discontinuous vertical load-bearing elements, whose load 

is not directly transmitted to the foundation. 

 

b2. Both the stiffness and the mass of the different levels remain constant or gradually decrease 

without sudden loading from the base to the top of the building. 

 

b3. The mass-to-stiffness ratio of two successive levels must not vary by more than 25% in each 

calculation direction. The variation in mass and stiffness from one floor to another is negligible. 

 

b4. In the case of setbacks in elevation, the variation in plan dimensions of the building between 

two successive levels does not exceed 20% in both calculation directions and occurs only in the 

direction of decreasing height. The greatest lateral dimension of the building does not exceed 

1.5 times its smallest dimension. No setback in elevation in both directions. 

 

All criteria of elevation regularity (b1 to b4) are met, thus the structure is classified as regular 

in elevation. 

 

FigureIV.6 : Viewed in plan in each direction 
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IV.4 Presentation of the different methods for estimating seismic 

forces : 

The seismic study involves assessing the effects of accidental action (earthquake) on our 

existing structure. For this purpose, several approximate methods have been proposed to 

evaluate the internal forces generated within the structure. The calculation of these seismic 

forces can be determined using three methods: 

 The equivalent static method. 

 The spectral modal analysis method. 

 The dynamic analysis method using accelerograms. 

IV.4.1 The equivalent static method : (RPA99/Version2003 Art 3.5) 

 

 Principle of the method: 

The actual dynamic forces that develop in the structure are replaced by a system of fictitious 

static forces whose effects are considered equivalent to ground motion in any direction in the 

horizontal plane. 

The equivalent horizontal seismic forces will be considered applied successively along two 

orthogonal characteristic directions chosen a priori by the designer. 

 Modeling: 

The building model to be used in each of the two calculation directions is planar, with masses 

concentrated at the center of gravity of the floors and a single degree of freedom in horizontal 

translation per level, provided that the bracing systems in both directions can be decoupled. 

The lateral stiffness of the load-bearing elements of the bracing system is calculated based on 

the unfissured sections for reinforced concrete or masonry structures. 

 Only the fundamental mode of vibration of the structure is to be considered in the calculation 

of the total seismic force. 

IV.4.2 Modal spectral dynamic method :(RPA99/Version2003 Art3.5) 

 

 Principle of the method: 

In this method, the maximum effects generated in the structure by the seismic forces represented 

by a response spectrum are sought for each mode of vibration. These effects are then combined 
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to obtain the structure's response. The natural modes depend on the mass of the structure, 

damping, and inertia forces. 

 Modeling: 

The building model to be used should best represent the distributions of stiffnesses and masses 

in order to take into account all significant modes of deformation in the calculation of seismic 

inertia forces. 

- For structures with regular plans and rigid floors, the analysis is done separately in each of the 

two main directions of the building. The building is then represented in each of the two 

calculation directions by a planar model, fixed at the base, where masses are concentrated at 

the centers of gravity of the floors with a single degree of freedom in horizontal translation. 

-For rigid floor structures, they are represented by a three-dimensional model, fixed at the base, 

where masses are concentrated at the centers of gravity of the floors with three degrees of 

freedom (two horizontal translations and one rotation about a vertical axis). 

-For structures, whether regular or irregular, with flexible floors, they are represented by three-

dimensional models fixed at the base with multiple degrees of freedom per floor. 

-The deformability of the foundation soil must be taken into account in the model whenever the 

response of the structure depends on it significantly. 

-The building model to be used must accurately represent the distributions of stiffnesses and 

masses to account for all significant modes of deformation in the calculation of seismic inertia 

forces (e.g., contribution of nodal zones and non-structural elements to the building's stiffness). 

-For reinforced concrete or masonry buildings, the stiffness of load-bearing elements must be 

calculated considering the unfissured sections. If displacements are critical, especially in the 

case of structures associated with high values of the behavior coefficient, a more precise 

estimation of stiffness becomes necessary by considering cracked sections. 

So the modeling is essentially based on four criteria specific to the structure and the site of 

installation: 

1. Plan regularity. 

2. Stiffness or flexibility of floors. 

3. Number of degrees of freedom of concentrated masses. 
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4. Deformability of the foundation soil. 

IV.4.3 The dynamic analysis method using accelerograms : 

 Principle of the method : 

This method is based on studying the forces in the structure as a function of time, it requires the 

input of an accelerogram and practically requires the use of a computer.  

The structure is assumed to be subjected to an earthquake that causes ground movements in a 

given direction, defined by the accelerogram. It is represented by a model for which the stiffness 

matrix, the mass matrix M, and the damping ξ are calculated, which is generally assumed to be 

identical for all modes. 

 Application domain : 

It is applied on a case-by-case basis for structures of significant importance by qualified 

personnel, who have previously justified the choices of design earthquakes and behavior laws 

used, as well as the method of interpreting results and the safety criteria to be satisfied 

IV.5 Geometric and Mass Characteristics of the Structure : 

 Center of gravity of masses : 

The masses are considered concentrated at the floor levels, so it is necessary to know the centers 

of mass which represent the points of application of lateral seismic forces. The center of mass 

is determined for each level by considering all elements that have an influence on the stability 

of the building (columns, beams, walls, stairs, shear walls, etc.). 

Xcm =
∑miXi
∑mi

Ycm =
∑miXi
∑mi

 

 

 

 

 

 

 

Table IV.1. : Center of mass of each floor 

Floor 𝑿𝒄𝒎(m) 𝒀𝒄𝒎(m) 
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5 12.65 11.25 

4 12.65 10.53 

3 12.65 10.53 

2 12.65 10.53 

1 12.65 10.53 

Ground Floor 12.65 10.49 

 

 Torsional center : 

The torsional center is the point through which the resultant of reactions from shear walls and 

columns passes. Any normal force exerted at this point will not produce any rotation.The 

position of the torsional center is determined using the following formulas: 

Xct =
∑lxiXi
∑lxi

Yct =
∑lyiYi

∑lyi
 

Tab IV.2 : Torsional center of each floor 

Floor 𝑿𝒄𝒕(m) 𝒀𝒄𝒕(m) 

5 12.65 10.51 

4 12.65 10.49 

3 12.65 10.49 

2 12.65 10.49 

1 12.65 10.49 

Ground Floor 12.65 10.47 

 

 Eccentricity : 

 Theoretical (static) eccentricity : It is the distance between the center of gravity of masses 

and the torsional center along the two axes, and it is calculated as follows: 

etx = |Xcm − Xct|ety = |Ycm − Yct| 

Accidental eccentricity ... (RPA99/Version2003 Art 4.2.7) : 

The Algerian seismic regulations require considering an accidental eccentricity equal to 5% of 

the largest dimension in plan of the level under consideration. 
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eax = 0.05Lxeay = 0.05Ly 

Tab IV.3 : Static and accidental eccentricity 

 

Floor 

Theoretical eccentricity Accidental eccentricity 

𝒆𝒕𝒙(m) 𝒆𝒕𝒚(𝒎) 𝒆𝒂𝒙(𝒎) 𝒆𝒂𝒚(𝒎) 

5 0 0.72 1.265 1.047 

4 0 0.04 1.265 1.047 

3 0 0.04 1.265 1.047 

2 0 0.04 1.265 1.047 

1 0 0.04 1.265 1.047 

Ground Floor 0 0.02 1.265 1.047 

 

Restrained eccentricity : 

To account for the fact that eccentricity must be considered on both sides of the torsional center, 

we must analyze the following four cases and consider the most unfavorable scenario: 

ex = |etx + eax| 

ex = |etx − eax| 

ey = |ety + eay| 

ey = |ety − eay| 

These four cases are considered for the following reasons: 

- To compensate for errors in calculating the center of gravity of masses. 

- To account for non-uniform distribution of loads. 

- To compensate for execution errors. 

The following table summarizes the previous results: 
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Tab TV.4 : Restrained eccentricity 

Floor 𝒆𝒙 = |𝒆𝒕𝒙 + 𝒆𝒂𝒙| 

(m) 

𝒆𝒙 = |𝒆𝒕𝒙 − 𝒆𝒂𝒙| 

(m) 

𝒆𝒚 = |𝒆𝒕𝒚 + 𝒆𝒂𝒚| 

(m) 

𝒆𝒚 = |𝒆𝒕𝒚 − 𝒆𝒂𝒚| 

(m) 

𝒆𝒙𝒓 

(m) 

𝒆𝒚𝒓 

(m) 

5 1.265 1.265 1.767 0.327 1.265 1.767 

4 1.265 1.265 1.087 1.007 1.265 1.087 

3 1.265 1.265 1.087 1.007 1.265 1.087 

2 1.265 1.265 1.087 1.007 1.265 1.087 

1 1.265 1.265 1.087 1.007 1.265 1.087 

GF 1.265 1.265 1.067 1.027 1.265 1.067 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV.6 Structure Analysis : 

The structure we propose to model is a building characterized by its regular shape in plan and 

elevation, braced by a mixed system (frame walls). It presents identical architecture on each 

floor. All of this simplifies the choice of wall positioning. Indeed, the choice of wall positioning 

must satisfy a number of conditions : 

FigureIV.7 : Theoretical eccentricity 
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 The number of walls must be sufficiently high to ensure adequate rigidity while 

remaining within the realms of economic feasibility and ease of construction. 

 

 The positioning of these walls must avoid detrimental torsional forces on the structure. 

IV.6.1 Principles of Arrangement of Bracing Elements (Walls) : 

The primary concern of the structural engineer should be to plan the arrangement of bracing 

walls ensuring overall stability, especially the overall bracing of the buildings. The pursuit of 

simplicity and good regularity in forms, in the distribution of load-bearing elements, is a 

fundamental principle of good seismic design. This not only ensures resistance to horizontal 

forces considered in the calculations but also potentially allows buildings to withstand, without 

excessive damage, the effects of certain exceptional loads. 

 Number of bracing elements : 

The number of bracing elements must be such that under seismic action, their resistances are 

not exceeded nor their displacements excessive. When floors and roofs can be considered 

perfectly rigid in their plane, theoretically, three bracing elements per level are sufficient, 

provided they are non-concurrent and non-parallel; two to resist translations of the diaphragm 

respectively in the x, y directions, and a third producing, with one of the other two, a couple 

resisting vertical axis torsion. 

 

 

 

 

 

 

 

 

However, it is significantly preferable to use a higher number (hyperstatic system): 

- Distribute horizontal loads across multiple elements; 

- Avoid flexibility in the plane of long-span floors; 

Figure IV.8 : Number of Walls 
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- Compensate for potential local failures of weakened elements. 

 Overall torsional resistance : 

To achieve maximum overall torsional stiffness, it is necessary for the elements capable of 

providing torsional stiffness to the structure to be positioned as much as possible towards 

the perimeter of the construction. The construction layout with a single core (staircase, 

elevator), which is traditional in non-seismic zones, is not ideal a priori. 

 

 

 

 

 Bracing width : 

In general, these elements should provide the construction with approximately the same rigidity 

in both the transverse and longitudinal directions in order to form an effective bracing system. 

 

 

 

 

 

 

 

 

 Distribution of vertical bracing elements : 

The distribution should be regular and continuous; the shear walls will preferably be stacked to 

provide the different levels with comparable stiffness in both translation and torsion. 

Figure IV.9 : Spacing between bracing elements. (AFPS, 0220) 

Figure IV.10 : Redundancy and a broad base ensure better distribution. 
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The distribution should be regular and continuous; the shear walls should preferably be stacked 

to provide the different levels with comparable stiffness in both translation and torsion By 

changing the section of the bracing elements from one floor to another, discontinuities are 

created, leading to abrupt variations in the stiffness and resistance of the building. This can 

result in heterogeneities in dynamic behavior, leading to additional stresses and problems with 

the transmission of forces at the local level. 

 

 Arranged symmetrically with respect to the center of gravity of the level : 

In the case of an asymmetrical distribution of bracing elements, the structure is subjected to 

additional forces due to vertical axis torsion during earthquakes. 

 

 

 

 

 

 

 

 The arrangement of the bracing shear walls in our building : 

  

Figure IV.11 : Asymmetrical arrangement of shear walls should be avoided. 
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IV.6.2 Calculation response spectrum : 

Seismic action is represented by the following calculation spectrum : 

Figure IV.12 : Arrangement of the bracing shear walls 
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 A:Zone acceleration coefficient 

 η: Damping correction factor. 

 R: Structural behavior coefficient. 

 T1, T2: Characteristic periods associated with the site category. 

 Q: Quality factor" 

T2: Characteristic period associated with the site category as given by Table (4.7). 

Tab IV.5. : Values of T1 and T2 (Table 4.7. RPA) 

site 𝐒𝟏 𝐒𝟐 𝐒𝟑 𝐒𝟒 

𝐓𝟏(𝐬) 0.15 0.15 0.15 0.15 

𝐓𝟐(𝐬) 0.30 0.40 0.50 0.70 

 

The site category is S3 (soft site), therefore T1 = 0.15 sec and T2 = 0.50 sec. 

 A: Zone acceleration coefficient: 

The zone acceleration coefficient depends on the seismic zone and the building's occupancy 

group. 

Tab IV.6. Zone acceleration coefficient (Table 4.1. RPA) 

 zone 

Group IA IIA IIB III 

1A 0.15 0.25 0.30 0.40 

1B 0.12 0.20 0.25 0.30 

2 0.10 0.15 0.20 0.25 
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3 0.07 0.10 0.14 0.18 

 

In our case, we have an occupancy group 2 in seismic zone IIa, so A = 0.15. 

 Overall structural behavior coefficient: 

Justification of the Load-Bearing Capacity of structural elements regarding vertical and 

horizontal loads: 

 

 

 

 

 

 

 

 

 

 

 

 

 

The vertical loads resisted by the bracing system are provided by Robot Structural Analysis 

Professional 2010 under the combination (G + 0.2Q): 

Tab IV.7 : The vertical loads supported by the bracing system 

 Normal Force 

Floor 𝐍𝐩𝐨𝐬𝐭𝐬 (𝐓) 𝐍𝐬𝐚𝐢𝐥(𝐓) 𝐍𝐭𝐨𝐭𝐚𝐥 

5 -2471.10 -515.42 -2986.52 

4 -2014.49 -425.19 -2439.68 

3 -1614.68 -340.40 -1955.09 

2 -1217.00 -253.50 -1470.50 

1 -822.76 -163.15 -985.91 

Ground Floor -437.15 -63.79 -500.94 

 

Figure IV.13 : Flowchart for Justification of the R coefficient. 
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The shear walls take more than 20% of the loads due to vertical forces; According to the 

modified RPA99 2003;The bracing is of type system 4b, constituted by shear walls. It is 

considered that the horizontal loading is solely resisted by the shear walls. 

Nsails
Ntotal

≥ 0.2 ……… . CNV    

H ≤ 10 Levels   ⇒ H = 18.36m ≤ 10Levels…………… . cv 

 

Therefore, the behavior coefficient :R=4 

 Damping correction factor: 

Given by the formula:  ɳ = √
7

ɳ+ε
≥ 0.7 

Where ξ(%) is the percentage of critical damping depending on the constituent material, 

structure type, and the significance of fillings, given by Table 4.2 (RPA 99/V2003). 

Tab IV.8 : Damping Value Table 4.2 RPA 

 

Fillings 

Frames Shear walls 

 Reinforced concrete Steel Reinforced concrete/masonry 

Light 6 4  

Figure IV.14 : Flowchart of Normal Force Distribution 
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Dense 7 5 10 

 Quality factor Q: 

The structure's quality factor depends on : 

- Redundancy and geometry of its constituent elements 

- Regularity in plan and elevation 

- Quality of construction control 

The value of Q is determined by formula (4-4. RPA 99/Version 2003): 

                                            Q = 1 + ∑𝟏
𝟔𝐏𝐪 

Pq: is the penalty to be applied depending on whether the quality criterion "q" is satisfied or 

not. 

Its value is given by Table [4.4] of the RPA 99/Version 2003. 

Tab IV.9 : Quality factor 

 

 

Criterion q 

 

Pq (following X) 

 

Pq (following Y) 

Minimum requirements for bracing lines 0.05 0 

Plan redundancy 0.05 0.05 

Plan regularity 0.05 0.05 

Elevation regularity 0.05 0.05 

Quality control of execution 0.05 0.05 

Quality control of materials 0.10 0.10 

Q = 1 + ∑𝟏
𝟔𝐏𝐪 1.35 1.3 
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All response spectrum data is known, so: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV.6.3 Results and verifications of dynamic analysis : 

Common to both calculation methods (static and dynamic), the following verifications are 

necessary: 

 Verification of behavior for the first three modes. 

 Verification of mass participation 

 Verification of reduced compression normal force 

Figure IV.15 : Calculation response spectrum following X 

Figure IV.16 : Calculation response spectrum following Y 
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