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Flexural analysis and design of beams 
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Phase 1: uncracked section

Phase 2: Linear cracked section

Phase 3: Nonlinear cracked section

Nominal strength
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𝑛 − 1 𝐴𝑠 = 10308

ഥ𝑦 = 342 𝑚𝑚

𝐼 = 6.48 𝑥 109 𝑚𝑚4

Part # A (𝑚𝑚2) ത𝑦 (𝑚𝑚) 𝐴ത𝑦 (𝑚𝑚3)

1 250x650=162500 650/2=325 52812500

2 10308 600 6185010

sum 172808 58997510

Part # I’’ (𝑚𝑚4) 𝐴 (𝑚𝑚2) 𝐷 (𝑚𝑚) 𝐴𝐷2 (𝑚𝑚3) 𝐼′′ + 𝐴𝐷2 (𝑚𝑚4)

1
1

12
250 ∗ 6503 = 5.72 ∗ 109 162500 342-325=17 2.8 ∗ 106 5.72 ∗ 109

2 0 10308 600-342=258 0.69 ∗ 109 0.69 ∗ 109

sum 6.48 ∗ 109

250 mm

650 mm 600 
mm

3𝜙25

ത𝑦 =
Σ𝐴𝑦

Σ𝐴
𝐼 = Σ 𝐼′′ + 𝐴𝐷2
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ഥ𝑦 = 342 𝑚𝑚

I = 6.48 x 109 mm4

250 mm

650 mm 600 
mm

3𝜙25
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250 mm

650 mm 600 
mm

3𝜙25

Part # A (𝑚𝑚2) ഥ𝑦𝑖 (𝑚𝑚) 𝐴ത𝑦 (𝑚𝑚3)

1 250 ത𝑦
തy

2
125ത𝑦2

2 11781 600 7068583

sum 250 ത𝑦+11781 125ത𝑦2+7068583

Part # I’’ (𝑚𝑚4) 𝐴 (𝑚𝑚2) 𝐷 (𝑚𝑚) 𝐴𝐷2 (𝑚𝑚3) 𝐼′′ + 𝐴𝐷2 (𝑚𝑚4)

1
250 ∗ 195.33

3
- - - 0.62 ∗ 109

2 0 11781 600-195.3 1.93 ∗ 109 1.93 ∗ 109

sum 2.55 ∗ 109

B

H

𝑛𝐴𝑠 = 8 ∗ 3 ∗
𝜋

4
∗ 25 2

ത𝑦 = 195.3 𝑚𝑚

𝐼 = 2.55 x 109 mm4

ത𝑦 =
Σ𝐴𝑦

Σ𝐴
= ത𝑦 =

125ത𝑦2 + 7068583

250 ത𝑦 + 11781
→ 125 ത𝑦2 + 11781ത𝑦 − 7068583 = 0

→ ത𝑦 = 195.3,−289.5
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ത𝑦 = 195.3 𝑚𝑚

𝐼 = 2.55 x 109 mm4

250 mm

650 mm 600 
mm

3𝜙25
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ത𝑦

𝑓c
′

𝑓𝑠

a

0.85 𝑓𝑐
′

𝑓𝑠

𝐶 =

𝑇 =

𝑎 = 𝛽1 ത𝑦

𝛽1 = 0.85 − 0.05
𝑓𝑐
′ − 28

7

0.65 ≤ 𝛽1 ≤ 0.85

𝐶𝑎𝑛 𝑤𝑒 𝑎𝑝𝑝𝑙𝑦 𝑡ℎ𝑒 𝑓𝑙𝑒𝑥𝑢𝑟𝑒 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 ? ?

𝑓𝑜𝑟𝑐𝑒 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑢𝑖𝑚 𝑎𝑛𝑑 𝑠𝑡𝑟𝑎𝑖𝑛 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛
𝑎𝑛𝑑 𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ

Force equilibrium
𝑇 = 𝐶

𝐴𝑠𝑓𝑆 = 0.85 ∗ 𝑓𝑐 ∗ 𝑎 ∗ 𝐵

𝑎 =
𝐴𝑠𝑓𝑆

0.85 𝑓𝑐 𝐵

Nominal strength 
𝑀𝑛 = 𝐹𝑜𝑟𝑐𝑒 ∗ 𝑎𝑟𝑚

𝑀𝑛 = 𝐴𝑠𝑓𝑦 ∗ 𝑑 −
𝑎

2

ത𝑦

𝜖𝑐

𝜖𝑠
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250 mm

650 mm 600 
mm

3𝜙25
𝐴𝑠 = 1472𝑚𝑚2

a

0.85 𝑓𝑐
′

𝑓𝑦

𝐶 = 0.85 𝑓𝑐
′𝑎 𝐵

𝑇 = 𝐴𝑠𝑓𝑦

ത𝑦

𝜖𝑢=0.003

𝜖𝑠
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a

0.85 𝑓𝑐
′

𝑓𝑦

𝐶 =

𝑇 =

ത𝑦

𝜖𝑢

𝜖𝑦Similar triangles: 
ϵu
തy
=

ϵy

d − തy
→ തy = d

ϵu
ϵu + ϵy

… 3

a = β1തy … 4



9/21/2020 14

ത𝑦

𝜖𝑢

𝜖𝑡

𝑑

Table A4

CH9 & CH 22 in the ACI code 2019
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Known beam 
dimensions 

Calculate the required 
reinforcement 

Force equilibrium and 
Nominal strength

𝑎 =
𝐴𝑠 𝑓𝑦

0.85 𝑓𝑐
′ 𝐵

𝑀𝑢 = 𝜙𝑀𝑛 = 𝜙𝐴𝑠𝑓𝑦 𝑑 −
𝑎

2

Reinforcement ratio 
and Nominal strength 

𝑀𝑢 = 𝜙𝑀𝑛 = 𝜙𝜌 𝑓𝑦 𝐵 𝑑2 1 − 0.59
𝜌 𝑓𝑦

𝑓𝑐
′

Unknown beam 
dimensions

Set the reinforcement ratio
0.5𝜌𝑚𝑎𝑥 < 𝜌 < 0.75 𝜌𝑚𝑎𝑥

Calculate 
𝑀𝑢

𝜙𝑏𝑑2
= 𝜙𝜌 𝑓𝑦 1 − 0.59

𝜌 𝑓𝑦

𝑓𝑐
′

Find an adequate section 
(B,d) 

d=[1.5-3]B
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250 mm

500 
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