
Concrete Design-Single RCB                                                                                                                                                     1 

Design of rectangular beam section: 

a. Singly reinforced beam (reinforcement for tension only) 
b. Doubly reinforced beam (reinforcement for both tension 

and compression) 
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Single Reinforced Section 

ACI code provision: 

1.  

ACI code 10.3.5 for non pre stressed flexural member and 

with axial load  

2.  
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*Clear spacing between rows(layers) of reinforcement ≥ 25mm,  

ACI 7.6.2 
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H.W: Show that  

max=0.85β1

fc'

fy
 

εc=εcu=0.003    εS=0.004,  fs=fy       ρ=
As
bd
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Asfy=0.85 fc'b.a]÷bd 

Ast

bd
fy=0.85 fc' a

d
→ max=0.85

fc'

fy
a
d

……. 1  

From strain diagram: 

a=β1c=β1 ….. 2  
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max=0.85
fc'

fy

β1

d
 

max=0.85β1

fc'

fy
 

�
�
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Ex1: For given section calculate moment capacity(Mn) 

fc'=27MPa , fy=400MPa. 



Concrete Design-Single RCB                                                                                                                                                     9 

Solution: 

ρb=0.85*β1

fc'

fy
*

600
600+fy

 

β1=0.85  fc'=27MPa  < 28 MPa 

   under reinforce section(tensile failure) 
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ρmax =0.85*β1

fc'

fy
*

εcu

εcu+0.004
 

ρmin= max
1.4
fy

=
1.4
400

=0.0035,
fc'

4fy
=

27
4*400

=0.00324

 

ρt=0.85*β1

fc'

fy
*

εcu

εcu+0.005
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=0.85*0.85*
27
400

*
0.003

0.003+0.005
=0.0183 

 

0.85fc'b a=As  fy 

a=
As fy
0.85fcb

=
2463*10-6*400

0.85*27*0.3
=0.143m 
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Mn=As fy d-
a
2

=2463*10-6*400* 0.44-
0.143

2
=0.363 MN.m 

or Mn=ρbd2fy 1-0.59ρ
fy

fc'  

=0.01866*0.3*0.442*400* 1-0.59*0.01866*
400
27
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=0.363 MN.m 
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Ex2: For the given applied load and section dimensions find 
As?  

kN/m 
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Solution: 

 

Muext=ØMn= ρ b d2fy 1-0.59ρ
fy
fc'  

d=h-cover-dstirrup – dbar/2=600-40-10-25/2=537mm, (db, ds are assumed) 

Assume  to be checked later 
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(used) and  

ρmax. =0.85β1

fc'

fy
*

εcu

εcu+0.004
 

fc'=35>28MPa→β1=0.85-
fc'-28

7
*0.05 

 

ρmax. =0.85*0.80*
35
300

*
0.003

0.003+0.004
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ρmin.= max
fc'

4fy
=0.00493,

1.4
fy

=0.0047 =0.00493 

ρt=0.85 β1

fc'

fy
εcu

εcu+0.005
=0.85 *0.80*

35
300

0.003
0.003+0.005

 

ρt=0.03>ρ, =0.9 



Concrete Design-Single RCB                                                                                                                                                     18 

Scmin

db=25 mm
25 mm

4
3

max. size of agg
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EX3: For the given applied load calculate (b, d, h and As). 
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Solution: 

 

ρmax.=0.85*β1

fc'

fy
0.003

0.003+0.004
 

for fc'=35→β1=0.85-
(fc'-28)

7
*0.05=0.80>0.65 o.k 
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ρ

 

ρt=0.85*β1

fc'

fy
*

+0.005

ρt=0.85*0.80*
35
400

*
0.003

0.003+0.005
=0.0223 ρ 

ρ <ρt  
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Mu=  ρ b d2 fy 1-0.59ρ
fy
fc'  

ρ
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 bars 

π  

Assume one layer of reinforcment  

min. concrete cover= 40 mm (ACI 7.7.1) 

   N.G
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Ex4: MPa, D.L=self-weight of the beam. 

 Fined max. value of PL? 
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Solution: 

 kN/m 
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ρmax=0.85β1*
fc'

fy
*

+0.004
 

ρmax=0.850*.85*
20
300

*
+0.004

 

 

< ρ <ρmax 

ρt=0.85 β1*
fc'

fy
*

0.003
0.003+0.005

=0.01806>ρ→ =0.9 

Mu= Mn=  ρ b d2fy 1-0.59ρ
fy
fc'  
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Ex5: The same previous example, if PL=40kN fined As 

Solution: 

Let  to be checked later 

Mu=  Mn= ρ b d2fy 1-0.59*ρ
fy
fc'  

ρ= 0.026
0.086

=0.026  (choose min positive value) 
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ρmax.=0.85 β1*
fc'

fy
*

0.003
0.007

=0.0206 

 

To solve the problem  

1- Increase (h) if it’s allowable 

2- Use Doubly reinforced section  

 


