
Structure II Recitation 3/15
Concrete Beam Analysis



Before we start …

Today’s Tasks:

Homework Example (Concrete Beam Analysis) (15 Questions)

Lab Session (Flexural Strain)

Reminder:

Tower Testing: 3/20, Wednesday!!!!!(Remember to sign up for your testing order)







Q1: Flexural Steel Bar Diameter (db)
Look at Table A.2, for my situation: 
Bar Size Number = #7, db = 0.875 in

Q2: Stirrup Bar Diameter
Look at Table A.2, for my situation:
Stirrup Bar Size Number = #3, Answer = 0.375 in

Q3: Distance from the Lower Beam Edge to Center of 
Flexural Steel (dc)

dc 
= Concrete Cover +  Stirrup Bar Diameter + db/2
= 1.5 + 0.375 + 0.875/2 
= 2.3125 in 

Q4: Distance from the Top Beam Edge to Center of 
Flexural Steel (d)

d = Section Height - dc = 20 - 2.3125 = 17.6875 in
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Q5: Minimum Required Area of Steel (As min)
Calculate the two formulas and choose the bigger one:

(3 x (fc’)0.5/ fy) x b x d = 3 x 80000.5 / 60000 x 14 x 17.6875 = 1.107412 

200 / fy x b x d = 200 / 60000 x 14 x 17.6875  = 0.825

Since 1.107412 > 0.825, As min = 1.107412 in2

Q6: Actual Area of Flexural Stress (As)

As = cross sectional area x the number of bars 
As = (0.6) x 5 = 3 in2

Check if As > As min, 
For my situation, It’s a Pass!

(fc’, fy, b, number of bars given from question, d from Q4) 

Get area from Table A-2



Q7: Depth of Concrete Stress Block (a)

a = (As x fy) / (0.85 x fc’ x b) 
= (3 x 60000) / (0.85 x 8000 x 14)
= 1.89 in 

Q8: Factor Beta 1 (β1)
β1 = 0.85 - 0.05 x ((fc’ - 4000) / 1000) (or look at the table)
= 0.85 - 0.05 x ((8000 - 4000) / 1000) =  0.65

Q9: Distance to Neutral Axis from Top of the Beam (c)
c = a / β1 = 1.89 / 0.65 = 2.9 in

Q6
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Q10: Strain in Flexural Steel (εt)
εt = (d - c) / c x (0.003) = (17.6875 - 2.9) / 2.9 x 0.003 =  0.0152

Q11: Strength Reduction Factor (Φ)
Check if εt is bigger than 0.005,
Since my εt is bigger, its tension - controlled, Φ = 0.9

Q12: Tensile Force in the Flexural Steel (T)
T = As x fy = 3 x 60000 / 1000 = 180 k

Q4

Q6

Q9

Covert Unit (pounds to kips) 



Q13: The Nominal Bending Moment (Mn)
Mn = T x (d - (a / 2)) = 180 x (17.6875 - 1.89 / 2) = 3013.6 k-in

Q14: The Factored Bending Resistance (ΦMn)
ΦMn = 0.9 x 3013.6 = 2712.2 k-in

Q15: The Factored Design Moment (Mu)
Mu = ΦMn = 2712.2 / 12 = 226 k-ft

Covert Unit (in to ft) 

Q10 Q13
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We good?



Lab Session:
Calculate β1, a, c, εt, Bending Moment

Moment: 
T x Moment Arm = (As x Fy) x (d - a/2)
As = cross sectional area (#6) x number of bars 

Calculate Moment 


