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HW – Concrete Beam Design

Lab – Reinforcement Placement 



HW - Concrete Beam Design
Data:
Load and Span

Material properties – f’c,  fy
All section dimensions: h and b

Required:
Steel area - As

1. Calculate the factored load and find 
factored required moment, Mu

2. Find d = h – cover – stirrup – db/2     
(one layer)

3. Estimate moment arm z = jd. For 
beams j ≈ 0.9 for slabs j ≈ 0.95

4. Estimate As based on estimate of jd.
5. Use As to find a
6. Use a to find As (repeat…until 2% 

accuracy)
7. Choose bars for As and check As max 

& min
8. Check that εt ≥ 0.005
9. Check Mu ≤ φ Mn (final condition)
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1. Unfactored dead load on beam from slab

½* Span A  * Slab thickness * 150 pcf
= ½*19*12/12*150
=1425 plf

2. Unfactored dead load on beam from the beam(PLF)(beam selfweight) 

b * h * 150 = 18/12 * 39/12 *150= 731.25 plf

3. Unfactored live load on beam, LL

LL = LLfloor * (Span A) /2 = 45*19/2 = 427.5 plf

4. Total factored beam load, wu

wu = 1.2*DL + 1.6*LL = 1.2 *(1425+731.25)+1.6*427.5 = 3271.5 plf

5. Factored design moment from the loads, Mu

Mu = 1/8 * wu*(Spanbeam) ^ 2 = 1/8* 3271.5*30² = 368.04 ft-k



6. Distance from top beam edge to centroid of flexural steel,d

dc = cover + stirrup bar diameter + 1/2 flexural steel bar diameter
= 1.5+0.375+0.5*1.128
= 2.439 in

d= h – dc =  39 - 2.439 = 36.561 in

Stirrup Bar

Flexural Steel Bar

dccover

d



7. The final calculated area of steel required , As,req

(1) Estimate moment arm Z = jd

Zset = 0.9*36.561 = 32.905”

For beams j ≈ 0.9







 −

=

2
adf

MA
y

u
s

φ

≈ Mu / (0.9 * fy * Zset) 
= 368.04 * 12 *1000 / (0.9*60000*32.905) = 2.486 in² 

ɸ = 0.9

ɸ Mn = ɸ T * moment arm = Mu

T = As * fy

(2) Estimate As based on estimate Z



7. The final calculated area of steel required , As,req

(4) Use a1 to find As2

Z   = d – a/2 
= 36.561- 1.773 /2
= 35.674 in

(5) Compare As1 and As2

|As2-As1| / As2 = | 2.293 - 2.486 |  / 2.293 > 2% 
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As2 = 368.04 * 12 *1000 / (0.9*60000* 35.674) = 2.293 in² 

(3) Use As1 to find a1

bf
fA

a
c

ys
'85.0

= = 2.486*60000/ (0.85*5500*18)= 1.773 in



7. The final calculated area of steel required , As,req

(6) Repeat, use As2 to find a2

bf
fA

a
c

ys
'85.0

= = 2.293 *60000/ (0.85*5500*18)= 1.635 in

(7) Use a2 to find As3

Z   = d – a/2 
= 36.561- 1.635 /2
= 35.744 in
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= 368.04 * 12 *1000 / (0.9*60000* 35.744) = 2.288 in² 

(8) Compare As3 and As2

|As3-As2| / As3 = | 2.288 - 2.293 |  / 2.288 < 2% Pass! As req = 2.288 in²



8. Numberof rebars used

As req = 2.288 in²   N=3

9. Actual, final area of flexural steel used, As, used

As used = Ab * N= 1.000*3 = 3 in² 

10. Minimum required area of steel, As,min

As,min: greater of a and b

=  3 * 5500
60000

* 18 * 36.561 = 2.440 in 

=  200
60000

* 18 * 36.561 = 2.194 in 

√

Choose bars for As and check As min



12. The factor beta_1

β1 is a factor 
to account 
for the 
non-linear 
shape of 
the 
compressi
on stress 
block.

f'c β1
0 0.85

1000 0.85
2000 0.85
3000 0.85
4000 0.85
5000 0.8
6000 0.75
7000 0.7
8000 0.65
9000 0.65

10000 0.65
0.85 ≥ 0.85 − 0.05

𝑓𝑓𝑐𝑐′ − 4000
1000

≥ 0.65

5500

β1 = 0.775

13. Distance to Neutral Axis from top of beam, c

= 2.139 / 0.775 = 2.76 in 
1β

ac =

11. Depth of concrete stress block, a

bf
fA

a
c

ys
'85.0

=

= 3 *60000/ (0.85*5500*18)
= 2.139 in

As used 

Check that t ≥ 0.005 (tension controlled)


Sheet1

				f'c		b1

				0		0.85
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14. Strain in flexural steel, epsilon_t Check that t ≥ 0.005 (tension controlled)

00500030 ..
c

cd
t ≥

−
=ε

= (36.561-2.76) / 2.76 * 0.003

= 0.037

15. Strength reduction factor, phi

ɸ = 0.900500030 ..
c

cd
t ≥

−
=ε



16. Tensile force in the flexural steel, T

T = fy* As = 60000*3/1000 = 180 k 

17. Nominal bending moment, Mn

Mn = fy* As *(d –a/2) 
= 180* (36.561-2.139/2)
= 6388.47 k-in

18. Factored bending resistance, phi Mn

ɸ *Mn = 0.9 * 6388.47/12 = 479.14 k-ft   > Mu = 368.044 k-ft  

Check Mu≤ φMn



Final Report

Due Apr 12th



LAB - Reinforcement Placement 

Description 

This project produces a graphic 
representation of the reinforcing layout 
of a concrete beam.

Goals 

To determine bar diameters and horizontal 
spacing. 
To find the placement and dimensions of a 
shear stirrup. 
To establish proper cover for reinforcement. 
To draw all beam elements in the proper scale 
and location.



Flexural bar #9 
db=1.128”
5 Flexural bars 

Stirrup bar #4 
db=0.5” 

Aggregate = ¾” 

Cover 1.5”

b=15”

h=36”

Sh greater than (Flexural bar)

- For the example beam, determine the required spacing, Sv and Sh, for the bar size used.



b=15”

h=36”

- For the given stirrup size determine the bend radius for a 90° bend. 

Minimum inside bend diameter = 4db

Minimum inside bend radius?
(Flexural bars can’t be set inside the radius )

Flexural bar #9 
db=1.128”
5 Flexural bars 

Stirrup bar #4 
db=0.5” 

Aggregate = ¾” 

Cover 1.5”



Determine put 5 bars in one layer or two layers.

Meet the spacing requirement. 

One layer does not pass!

- Make a sketch showing the proper locations of 
bars and the stirrup including cover. 



- Make a sketch showing the proper 
locations of bars and the stirrup 
including cover. 

Put 5 bars in two layers!

- Draw and dimension the depth of 
the stress block, “a” and the 
distance to the N.A. from the top of 
the beam, “c”

a =7.843”     c =9.227”

- Dimension and label “d” and “dc”. 
y1= db/2

y2= db + Sv + db/2

the centroid y=             = (3y1+2y2)/5 d= h-dc

dc= cover + stirrup bar diameter + y 



Any Questions?

yifanma@umich.edu

Thank You！
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