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Ultimate Strength Design Method (S.D.M) 

The assumptions which are used in this method: 

1- Stress in reinforcement varies linearly with strain up to the specified yield strength. The 

stress remains constant beyond this point as strains continue increasing. This implies that 

the strain hardening of steel is ignored. 
2- Concrete sections are considered to have reached their flexural capacities when they 

develop 0.003 strain in the extreme compression fiber. 
3- Strains in reinforcement and concrete are directly proportional to the distance 

from neutral axis. This implies that the variation of strains across the section is linear, and 

unknown values can be computed from the known values of strain through a linear 

relationship. 
4- Tensile strength of concrete is neglected. 
5- Compressive stress distribution of concrete can be represented by the corresponding 

stress-strain relationship of concrete. 

Safety Factors: S.F. 

a- S.F. = Max. Stress / Allowable Stress   (W.S.D.M) 

b- S.F. = Max Load / Service Load           (S.D.M) 

 Load Factors: 

U= 1.2 D + 1.6 L 

U= 1.2 D + 1.6 L +0.5 (Lr or S or R) 

U= 1.2 D + 1.6 (Lr or S or R) + (1.0 L or 0.5 W) 

U= 1.2 D + 1.0 W +1.0 L + 0.5 (Lr or S or R)  

D: Dead Load, L: Live Load, W: Wind Load, S: Snow Load, Lr: Roof Load, R: Rain Loaf. 
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Strength Reduction Factors: 

⋆ Tension …….. Ǿ = 0.9      Mu = Ǿ Mn 

Mu: Ultimate moment capacity. 

Mn: Nominal (Actual) moment capacity. 

⋆ Shear, Torsion ………… Ǿ = 0.75   Vu = Ǿ Vn 

Vu: Ultimate shear capacity. 

Vn: Nominal shear capacity. 

⋆ Compression: 

a- Ǿ = 0.70 for spiral reinforced member like column. 

b- Ǿ = 0.65 for other reinforced member like column. 

 

Stress and Strain Distribution: 

Resultant of concrete compressive force : 

C = fav . b . c 

Where: 

fav: average compressive stress. 

b: the width of section. 

c: the depth of Neutral Axis. 
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C = α fc’ b c 

Where: 

   
                        

                            
  

The location of the resultant is usually represented by βc. 

Where: 

   
                           

          
 

α: 0.72 for fc’ ≤ 30 MPa 

α: decreased by (0.04) for every (7 MPa) increasing in compressive strength of 

concrete. 

α: Value must not be less than (0.56). 

β: 0.425 for fc’≤ 30MPa 

ɣ fc’ = 0.85 fc’ 

C= ɣ fc’ b a 

T = As fs 

Stress Distribution 

Diagram 

Equivalent S.D. 

Diagram 

Strain Diagram 



University of Anbar                                                                                             3rd Class 

College of Engineering                                                                                    Lec.: Mohammed Nawar                                                             

Dams & Water Resources Engineering 

 

 
4 

 

β: decreased by (0.025) for every (7 MPa) increasing in compressive strength of 

concrete. 

β: value must be less than (0.325). 

Equivalent rectangular stress block is used for analysis of reinforced concrete 

sections: 

C = α fc’ b c = ɣ fc’ a b ………(1) 

 

Let  a= β1 . c …….. (2) 

We can find ɣ , β1 , α , β   

a/2 = β . c       ………….  a= 2 (β . c) 

from eq. (2) …….. β1 . c = 2 (β . c) ……. β1 = 2 β …… (3) 

sub. in eq. (1) : 

α fc’ b c = ɣ fc’ a b         ɣ= α c /a         ɣ= α c /2(β c)  
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ɣ= α /2(β1/2)  ɣ= α /β1….. (4) 

From the above equation and from the value of (β, ɣ) we can find the value of (β1, ɣ): 

β1= 2 β …. β1= 2 * 0.425 = 0.85  

ɣ = (α /β1)  = (0.72/0.85) = 0.85 …. (5) 

β1= 0.85 for fc’ ≤ 30 MPa, 

β1: decreased by (0.05) for every (7 MPa) increasing in compressive strength of concrete. 

β1: value must not be less than (0.65). 

β1 = 0.85 – [0.05(fc’-30)/7]   

Analysis and Design of Singly Reinforced Rectangular Beam: 

a- Balance or Under Reinforced. 

 



University of Anbar                                                                                             3rd Class 

College of Engineering                                                                                    Lec.: Mohammed Nawar                                                             

Dams & Water Resources Engineering 

 

 
6 

 

 

 
 

 

b- Over Reinforced Beam: 
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 متطلبات الكود الامريكي للعتبات ناقصة التسليح:
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Design by Ultimate Design Method: 

1- The design of R.C. members means finding the adequate dimensions for these 

members and the reinforcement magnitude to enable the member to withstand 

maximum loads applied on it safety. 

2- Sometime, all dimensions or some of them are determined by architectures.  

3- Complete design for the beam requires determine the shear reinforcement, torsion 

reinforcement and check deflections; check development lengths and points of cuts or 

bend of steel reinforcement. All these details must be put on the beam sketch or 

diagram.   
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Ex.: Design the beam shown for the 

following data: 

fc’ = 20 N/mm2 and fy= 300 N/mm2 

WL= 6 KN/m and WD= 12 KN/m 

ɣc = 24 KN/m3  

Solution: 

1- Find Moment (Mu): 

 

PD = 3 KN PD = 3 KN 

2 m 2 m 
 
3 m 

W self + WL+ WD 
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Table (3) :  ρmin and ρmax values 
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