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What are we going to Learn today?

● Check if the amount of steel in the beam is enough to bear that Tension

● Find the maximum moment capacity of a beam with the help of Ultimate Strength Method

● Check if the beam section is under Tension control



Concrete Beam Analysis



Q#1 Calculate flexural steel bar diameter, db

d steel bar = bar size number x ⅛”

d steel bar  =     9             x ⅛”

(given)

d steel bar  =  9/8 = 1.125” 



Q#2 Stirrup bar diameter

d stirrup = bar size number x ⅛”

d stirrup =          4           x ⅛”

(given)

d stirrup = 4/8 =  0.5”



Q#3 Distance from lower beam edge to center of flexural steel, dc

dc  =  1.5 + d stirrup  + (0.5 x d steel bar)  

(concrete cover
to protect steel 
from weather )

(Ans#2)

dc

(0.5 x d steel bar)  

d stirrup 1.5” concrete cover 

(Ans#1)

dc  =  1.5” + 0.5”  + (0.5 x 1.125)”  

dc  =  2.5625”  



Q#4 Distance from top beam edge to center of flexural steel, d

d =  h    -     dc 

(Ans#3)(given)

d = 33”   -   2.5625”

d = 30.4375”

dc

d h



Q#5 Minimum required area of steel, As min

(Ans#4)(b, given)(fy, given)(f’c, given)

(b, given) (Ans#4) (fy, given)

As min :  greater of (a) and (b)

 = 1.918

 = 1.724

 = 1.918



Q#6 Actual area of flexural steel, As

As = number of bars x bar area 

(given) (given in the ASTM standards)

As =      5        x  1 

As =      5 



Q#7 Depth of concrete stress block, a

=

(Ans#6) (b, given)(fy, given) (f’c, given)

= 3.774



Q#8 Calculate factor beta_1 

1
=

=

(f’c, given)

= 0.775



Q#9 Distance to Neutral Axis from top of beam, c

1
c =  a/ 

(Ans#7) (Ans#8)

= 3.774 / 0.775

= 4.869



Q#10 Strain in flexural steel, epsilon_t

= 0.0157

= ((30.4375 - 4.869) x (0.003)) / 4.879

(Ans#4) (Ans#9) (Ans#9)

> .0005  (Hence under Tension control)



Q#11 Strength reduction factor, phi

Since the member is under Tension 
control, we use phi = 0.9 as our strength 
reduction factor



Q#12 Tensile force in the flexural steel, T

(Ans#6) (given)

= (5 x 60000) / 1000

(convert to ksi)

= 300



Q#13 The nominal bending moment, Mn

= 300 ( 30.4375 - (3.774/2))

(Ans#4)

(Ans#7)

(Ans#12)

= 8564.7



Q#14 The factored bending resistance, phi Mn

= phi x Mn

(Ans#11) (Ans#13)

= 0.9 x 8564.7

= 7708.23



Q#15 The factored design moment, Mu

= (phixMn) / 12

(Ans#14)

= 7708.23 / 12

= 642.3525



Any Questions?
Contact: gehlot@umich.edu


