
Architecture 324
Structures II

Reinforced Concrete Beams
Ultimate Strength Design
(ACI 318-14) – PART III

• Rectangular Beam Design – Method 1
• Rectangular Beam Design – Method 2
• Non-Rectangular Beam Analysis
• T-Beams
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Rectangular Beam Design
Two approaches:

Method 1:
Data:

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

Required:
• Steel area – As

Method 2:
Data:

• Load and Span
• Some section dimensions – h or b
• Material properties – f’c,  fy
• Choose ρ

Required:
• Steel area – As
• Beam dimensions – b or h
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Rectangular Beam Design – Method 1
Data:

• Load and Span
• Material properties – f’c,  fy
• All section dimensions – b and h

Required:
• Steel area - As

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

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

10. Design shear reinforcement (stirrups)
11. Check deflection, crack control, rebar 

development length

𝑀௨ ൌ ሺ𝛾஽௅𝑤஽௅ ൅ 𝛾௅௅𝑤௅௅ሻ𝑙ଶ8

𝑎 ൌ 𝐴௦𝑓௬0.85𝑓௖ᇱ𝑏

𝐴௦ ൌ 𝑀௨𝜑𝑓௬ 𝑑 − 𝑎2

𝑀௡ ൌ 𝐴௦𝑓௬ 𝑑 − 𝑎2
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One-way Slab Design
Method 1

Data:
• Load and Span
• Material properties – f’c,  fy
• All section dimensions:
• h (based on deflection limit)
• b = typical 12” width

Required:
• Steel area – As

First estimate the slab thickness, h.

Try first the recommended minimum. 

Deeper sections require less steel, but of 
course more concrete.
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One-way Slab Slab Design

1. Calculate the dead load and find 
required Mu
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One-way Slab Slab Design

2. Find d based on the estimated h 
and rebar size (guessing #4)

3. Estimate moment arm 
z ≈ 0.95 d 
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One-way Slab Slab Design

4. Estimate As based on estimate of z

5. Use As to find a

6. Use a to find As (repeat…)
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One-way Slab Slab Design

7. Choose bars for As required:

either
choose bars and calculate spacing
or
choose spacing and find bar size
If the bar size changes, re-calculate to 
find new d. Then, re-calculate As…

Check As,min

(for slabs As,min from ACI Table 7.6.1.1)
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One-way Slab Slab Design

8. Check that εt ≥ 0.005
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One-way Slab Slab Design

9. Check Mu ≤ φ Mn
(final condition)

As = As,used
Mn = Tz

10. Add stirrups (no stirrups in slab)

11. Check deflection, crack control,    
and rebar development length
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Rectangular Beam Design – Method 2
Data:

• Load and Span
• Some section dimensions – b or h
• Material properties – f’c,  fy

Required:
• Steel area - As
• Beam dimensions – b and h

1. Estimate the dead load (estimate h and b)
(L/8 ≤ h ≤ L/21, h ≈ L/12 and b:h ≈ 1:2 to 2:3), 
find Mu

2. Choose ρ (equation assumes εt = 0.0075)
3. Calculate bd2

4. Choose b and solve for d (or d and solve b)
5. Revise h, weight, Mu, and bd2

6. Find As = ρ bd
7. Choose bars for As, determine spacing and 

cover, and revise d
8. Check that εt ≥ 0.005 (if not, increase h and 

reduce As)
9. Design shear reinforcement (stirrups)
10. Check deflection, crack control, steel 

development length

𝑏𝑑ଶ = 𝑀௨𝜑ρ𝑓௬ 1 − 0.59ρ 𝑓𝑦/𝑓௖ᇱ𝐴௦ = 𝜌𝑏𝑑
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𝑎 = ρ𝑓௬ 𝑑0.85𝑓௖ᇱ

𝑀௨ = (𝛾஽௅𝑤஽௅ + 𝛾௅௅𝑤௅௅)𝑙ଶ8𝜌 = 𝛽ଵ𝑓௖ᇱ4𝑓௬

Rectangular Beam Design
Data:

• Load and Span
• Material properties – f’c,  fy

Required:
• Steel area - As
• Beam dimensions – b and d

1. Estimate the dead load (self-weight), and 
find Mu (h ≈ L/12 and b:h ≈ 1:2 to 2:3)
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Rectangular Beam Design
Data:

• Load and Span
• Material properties – f’c,  fy

Required:
• Steel area - As
• Beam dimensions – b and d

2. Choose ρ (equation assumes εt = 0.0075)
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Rectangular Beam Design cont.

3. Calculate bd2

4. Choose b and solve for d 
(or d and solve for b)
b is based on form size – matches column size
h ≈ L/12, b:h ≈ 1:2 to 2:3

5. Revise h, weight, Mu, and bd2
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Rectangular Beam Design cont.

5. Revise h, weight, Mu, and bd2

6. Find As = ρ bd

7. Choose bars for As, determine spacing 
and cover, and revise d

If bars do not fit in one layer, d is 
measured to the centroid of the pattern.

Rectangular Beam Design

Jack C McCormac, 1978
Design of Reinforced Concrete,
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𝑥 = ∑𝐀 ൈ 𝑑௫∑𝐀

> 4.87 in2



7. Choose bars for As and determine 
spacing and cover, recheck h and 
weight

Make final check of Mn using final d, and
check that Mu ≤ φMn

8. Check that εt ≥ 0.005 (if not, increase h 
and reduce As)

9. Design shear reinforcement (stirrups)
10. Check deflection, crack control, steel 

development length

Rectangular Beam Design
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d = h – dc = 36” – 2.564” = 33.435”

T Beams

Dimensional limits

Nomenclature

Possible N.A. locations:

Within flange – rectangular

Within stem – non-rectangular
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T Beams - Effective Flange Width, be

Slab on one side:
be least of either (total width) or (overhang + stem)
• Total width: 1/12 of the beam span
• Overhang:  6 x slab thickness
• Overhang:  ½ the clear distance to next beam

Slab on both sides:
be least of either (total width) or (2 x overhang + stem)
• Total width: ¼ of the beam span
• Overhang:  8 x slab thickness
• Overhang:  ½ the clear distance to next beam (i.e. the web on center spacing)
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Non-Rectangular Beam Analysis

Data:
• Section dimensions – b, be, h, (span)
• Steel area - As
• Material properties – f’c,  fy

Required:
• Required Moment – Mu (or load, or span)

1. Find T = Asfy and C = 0.85f’cAc
2. Set T = C and solve for Ac = T/(0.85 f’c)
3. Draw and label diagrams for section and stress

1. Determine b effective (for T-beams)
2. Locate T and C (or C1 and C2)

4. Determine the location of a
Working from the top down, 
add up area to make Ac

5. Find the moment arms (z) for each block of area
6. Find Mn = ∑ Cizi

7. Find Mu = φMn
8. Check As,min < As < As,max

9. Check that εt ≥ 0.005
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T Beam Analysis

Given: f’c = 3000 psi
fy = 50 ksi
dimensions. Use beff = 30”

Req’d: Moment capacity, Mu

1. Find T = Asfy and C = 0.85f’cAc

2. Set T = C and solve for Ac = T/(0.85 f’c)
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T Beam Analysis (cont.)

3. Draw and label diagrams for section & stress
1. Determine b effective (for T-beams)
2. Locate T and C (or C1 and C2)

4. Determine the location of a
Working from the top down, 
add up area to make Ac

5. Find the moment arms (z) for each block
of area

6. Find Mn = ∑ Cizi

7. Find Mu = φMn
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T Beam Analysis (cont.)

ρ max = 0.75 ρ bal

abal = beta cbal = 0.85 (19.07”) = 16.21”

Acbal = (4”) (30”) + (12.21”) (14”) = 291 in2

Cbal = (0.85) (3) (291) = 742k

Tmax = 0.75 Cbal = (0.75) (742) = 556k

Tused = As fy = (10.12) (50) = 506k < 556k ok

Asmin = 200 (bw d) / fy = 200 (14) (30) / 50 000

Asmin = 1.68 in2 < 10.12 in2 ok
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ρ bal


