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Design and Analysis of Reinforced Concrete (RC) Section of Beam in Bending at 

Ultimate Limit State (ULS) according to  

Eurocode 2 (EN 1992) 

 

1. Singly Reinforced Concrete Rectangular Section 

 

Design: 

 Given: dimensions, fck, fyk, MuR 

 Required: Ast 

Steps: 

 Calculate K = MuR / fckbd2 

                 K ≤ 0.167 (compression steel is NOT required) 

 

 Calculate z = d  0.5 + �0.25 −
�

�.���
 

 

 Calculate Ast = MuR / 0.87fykz 

 
 

 Chose the number and diameter of bars. 
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Analysis: 

 Given: dimensions, fck, fyk, Ast 

 Required: MuR 

Steps: 

 Assume steel yields (fst = 0.87 fyk)           find s & x: 

Equilibrium: Fcc = Fst  

                                        s = (0.87 fyk Ast / 0.567 fck b) 

                                        x= s / 0.8 

 

 Check if steel yields ( check if fst = 0.87 fyk) 

x ≤ 0.617 d 

 

 If steel yields calculate MuR  = Fst z = 0.87 fyk Ast (d – s/2) 
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2. Doubly Reinforced Concrete Rectangular Section 

 

Design : 

 Given: dimensions, fck, fyk, MuR 

 Required: Ast, Asc 

Steps: 

 Calculate K = MuR / fckbd2 

                 K > 0.167 (compression steel is required) 

 

 Check if compression steel yields ( check if fsc = 0.87 fyk) 

If d’/d ≤ 0.171 d         

 

 Calculate Ast & Asc: 

Compression steel: 

Asc = (K – Kbal) fckbd2 / 0.87 fyk (d-d’)               where Kbal = 0.167 

Tension steel: 

            Ast =  [ Kbal fckbd2 / 0.87 fyk zbal ] + Asc                 where zbal = 0.82d 

 

 Chose the number and diameter of bars. 
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Analysis: 

 Check if compression steel yields ( check if fsc = 0.87 fyk) 

If d’/d ≤ 0.171 d            

 

 Assume tension steel yields  

Equilibrium: Fst = Fcc . Fsc 

                                        s = [ 0.87 fyk (Ast - Asc) / 0.567 fck b ] 

                                        x= s / 0.8 

 

 Check if tension steel yields ( check if fst = 0.87 fyk) 

If x/d ≤ 0.617 d           fst = 0.87 fyk 

 

 If tension steel yields calculate MuR  = Fcc (d – s/2) + Fsc (d – d’)  

                                                         MuR =0.567 fck b s (d – s/2) + 0.87 fyk Asc (d – d’) 
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3. Reinforced Concrete Flanged Section 

 

Design: 
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Analysis: 

Case s ≤ hf : 

Steps: 

 Assume steel yields (fst = 0.87 fyk)           find s: 

Equilibrium: Fcc = Fst  

                                        s = (0.87 fyk Ast / 0.567 fck bf) ≤ hf                The stress block does lie within the flange 

 

 Calculate Lever arm z: 

z = d – s/2 

 

 Calculate MuR  = Fcc z = 0.567 fck bf s z 

                                         

Case s > hf : 

Steps: 

 Calculate Fcf = 0.567 fck bf  hf 

 Calculate Fst = 0.87 fyk Ast 

 If Fst > Fcf             s > hf 

 Fcw = 0.567 fck bw (s - hf) 

For equilibrium: 

Fcw = Fst - Fcf                s 

 Calculate MuR = Fcf z1 + Fcw z2 = Fcf (d - hf /2) + Fcw ( d - hf /2 -  s/2) 
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Reinforced concrete design I: https://www.youtube.com/@eng-aim  
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