
Structure II Recitation 3/29
Concrete Beam Design



Before we start …

Today’s Tasks:

Homework Example (Concrete Beam Design) 

Lab Session (Reinforcement Placement)

Reminder:

Final Report Due Date: 4/12!!!!!!!!!!



Designing the steel bar number and actual area 



DL, LL

Required Moment Mu

Required Area A req

Determine Bar Number 

Calculate a, β1, c, εt

Calculate final T, M



Q1: Unfactored Dead Load on Beam from Slab
Volume of the Slab x Density / Beam Span 

Density of concrete =  150 pcf 
(0.5 x 18 x 35) x (11 / 12) x 150 / 35 = 1237.5 PLF

Q2: Unfactored Dead Load on Beam from Beam (Beam Self Weight)
Volume of the Beam x Density / Beam Span  

(33 x 20 x 35 / 122) x 150 / 35 = 687.5 PLF

Q3: Unfactored Live Load on Beam
Tributary Area x Floor Live Load / Beam Span 

95 x (0.5 x 18 x 35) / 35  = 855 PLF

(0.5 x Slab span x Beam span) x Slab Thickness 

Covert Unit (in to ft) 

Covert Unit (in to ft) 
Span A

Beam Span

Top View:

(h x b x Beam Span)



Q4: Total Factored Beam Load (wu)

wu 
= 1.2 x (DL (Slab) + DL (Beam)) + 1.6 x (LL)
= 1.2 x (1237.5 + 687.5) +1.6 x (855) 
= 3678 PLF

Q5: Factored Design Moment from the Loads (Mu)

Mu = wu x L2 / 8 = (3678 x 352/ 8) / 1000 = 563.19375 ft-k

Q1 Q2 Q3

Q4 Covert Unit (pounds to kips) 



Q6: Distance from Top Beam Edge to Centroid of Flexural Steel (d)
Look at Table A-2 to get the dimensions of the steel bars first,
For my situation:
#7 Flexural Bar, diameter = 0.875 in
#3 Stirrup Bar, diameter = 0.375in 

d = Section Height - (Concrete Cover + Stirrup Bar Diameter + Flexural Bar Diameter / 2)

33 - (1.5 + 0.375 + 0.875 / 2) = 33 - 2.3125 = 30.6875 in
 



Q7: The Final Calculated Area of Steel Required (As req)
Estimate the moment arm z with z = 0.95 x d (slab situation)
z =  0.95 x 30.6875 = 29.153

Mn = Mu / Φ = As x fy x z  (Replace z with (d - a/2) to get As)

As = Mu / (Φ x fy x z) 
= 563.19375 x 1000 x 12 / (0.9 x 60000 x 29.153) 
= 4.293 in2

Use As to get a:
a = As x fy / (0.85 x fc x b) = 4.293 x 60000 / (0.85 x 4500 x 20) = 3.367 in

Use a to get new As:
As = Mu / (Φ x fy x (d - a/2))
 = 563.19375 x 1000 x 12 / (0.9 x 60000 x (30.6875 - 3.367/2)) 
= 4.315 in

Check if it’s within 2% accuracy:
(4.315 - 4.293) / 4.293 = 0.005 < 0.02, It’s a pass!

As req = 4.315 in2
Moment Arm

Q5 Covert Unit (ft-kips to in-pounds) 

Repeat until As is within the 2% accuracy

Q6



Q8: Number of Rebars Used 
Use Table A.2 to find the cross sectional area of the flexural bar,

As req / Cross sectional area of the flexural bar = 4.315 / 0.6 = 7.1916

Round up 7.1916 = 8 rebars 

Q9. Actual, Final Area of Flexural Steel Used (As used)

As used 
= Cross sectional area of flexural steel x number of rebars 
= 0.6 x 8 = 4.8 in2

Q7

Q8



Q10: 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 45000.5 / 60000 x 20 x 30.6875 =  2.0586

200 / fy x b x d = 200 / 60000 x 20 x 30.6875  = 2.0458

Since 2.0586 > 2.0458, As min = 2.0586 in2

Q6



Q11: Depth of Concrete Stress Block (a)

a = (As x fy) / (0.85 x fc’ x b) 
= (4.8 x 60000) / (0.85 x 4500 x 20)
= 3.7647 in 

Q12: Factor Beta 1 (β1)
β1 = 0.85 - 0.05 x ((fc’ - 4000) / 1000) 
= 0.85 - 0.05 x ((4500 - 4000) / 1000) =  0.825

Q13: Distance to Neutral Axis from Top of the Beam (c)
c = a / β1 = 3.7647 / 0.825 = 4.5633 in

Q9



Q14: Strain in Flexural Steel (εt)
εt = (d - c) / c x (0.003) = (30.6875 - 4.5633) / 4.5633 x 0.003 =  0.01717

Q15: Strength Reduction Factor (Φ)
Check if εt is bigger than 0.005,
Since my εt is bigger, its tension - controlled, Φ = 0.9

Q16: Tensile Force in the Flexural Steel (T)
T = As x fy = 4.8 x 60000 / 1000 = 288 k

Q6

Q9

Q13

Covert Unit (pounds to kips) 



Q17: The Nominal Bending Moment (Mn)
Mn = T x (d - (a / 2)) = 288 x (30.6875 - 3.7647 / 2) = 8295.88 k-in

Q18: The Factored Bending Resistance (ΦMn)
ΦMn = 0.9 x 8295.88 / 12 = 622.19 k-ft

Q15 Q17

Q16 Q6 Q11

Covert Unit (in to ft) 





Lab Sessions:

Goal:
1. Determine minimum spacings (SH, SV)
2. Determine bend radius (90 degree)
3. Calculate d & dc
4. Calculate a & c 
5. Make a sketch of the beam section



Fc’ = 3000 psi
Fy = 60000 psi
d, agg max = 3/4 in

Stirrup = #4
Flexural Bar = #9 
Steel Bar Number = 4

Concrete Cover = 1.5in
Section Width = 15 in
Section Height =  36 in

ac

Spacing

1”

15”

#4

#9
36”


