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𝐴𝐴𝑠𝑠 𝑓𝑓𝑦𝑦 = 0.85 𝑓𝑓𝑐𝑐′ 𝛽𝛽1 𝑐𝑐 𝑏𝑏 + 𝐴𝐴𝑠𝑠′ 𝑓𝑓𝑠𝑠′



𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚 =
3
8

𝛽𝛽1
𝑚𝑚

𝑑𝑑𝑡𝑡
𝑑𝑑

𝑀𝑀𝑛𝑛(𝑚𝑚𝑚𝑚𝑚𝑚) = 𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑦𝑦𝑏𝑏𝑑𝑑2 1 −
1
2
𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝑀𝑀𝑛𝑛𝑚𝑚𝑚𝑚𝑚𝑚 ≥
𝑀𝑀𝑢𝑢
∅

SRRS DRRS

𝜌𝜌𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡 =
3

10
𝛽𝛽1
𝑚𝑚

𝑑𝑑𝑡𝑡
𝑑𝑑

𝑀𝑀𝑛𝑛1 = 𝜌𝜌𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡 𝑓𝑓𝑦𝑦𝑏𝑏𝑑𝑑2 1 −
1
2 𝜌𝜌𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡𝑚𝑚

𝜌𝜌𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡

𝑀𝑀𝑛𝑛2 =
𝑀𝑀𝑢𝑢
∅ −𝑀𝑀𝑛𝑛1

𝑀𝑀𝑛𝑛2 = 𝐴𝐴𝑠𝑠2𝑓𝑓𝑦𝑦 𝑑𝑑 − 𝑑𝑑𝑑

𝐴𝐴𝑠𝑠′ = 𝐴𝐴𝑠𝑠2 ×
𝑓𝑓𝑦𝑦
𝑓𝑓𝑠𝑠′

𝑎𝑎𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡 = 𝜌𝜌𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡 𝑚𝑚 𝑑𝑑

𝑐𝑐𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡 =
𝑎𝑎𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡
𝛽𝛽1

𝑎𝑎 = 𝜌𝜌 𝑚𝑚 𝑑𝑑

𝑓𝑓𝑠𝑠′ = 0.003 𝐸𝐸𝑠𝑠
𝑐𝑐 − 𝑑𝑑𝑑
𝑐𝑐𝑀𝑀𝑛𝑛 = 𝑀𝑀𝑛𝑛1 + 𝑀𝑀𝑛𝑛2

𝑀𝑀𝑛𝑛 = 𝑀𝑀𝑛𝑛1 + 𝑀𝑀𝑛𝑛2

𝐴𝐴𝑠𝑠1 = 𝜌𝜌𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡 𝑏𝑏 𝑑𝑑



Ex1: A beam section is limited to a width b=250mm and a total depth of h=550mm and has to resist a
factored moment of 307 kN.m. Calculate the required reinforcement, Given: f’c=21 MPa, fy=350 MPa

Solution:

𝑚𝑚 =
𝑓𝑓𝑦𝑦

0.85 𝑓𝑓𝑐𝑐′
=

350
0.85 × 21

= 19.607

𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚 =
3
8
𝛽𝛽1
𝑚𝑚

𝑑𝑑𝑡𝑡
𝑑𝑑

𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚 =
3
8 ×

0.85
19.607 1 = 0.0162

𝑀𝑀𝑛𝑛 = 𝜌𝜌 𝑓𝑓𝑦𝑦 𝑏𝑏𝑑𝑑2 1 −
1
2𝜌𝜌𝑚𝑚

𝑑𝑑 = ℎ − 65 = 550 − 65 = 485𝑚𝑚𝑚𝑚

𝑀𝑀𝑛𝑛 = 0.0162 × 350 × 250 × 4852 1 −
1
2 0.0162 × 19.607 = 280.293𝑘𝑘𝑘𝑘.𝑚𝑚

)∅𝑀𝑀𝑛𝑛 = 0.9 × 280.293 = 252.26 < 307 (𝑘𝑘𝑁𝑁𝑁𝑁 𝑂𝑂𝑂𝑂

The section should be designed as a DOUBLY REINFORCED SECTION

250mm

55
0m

m



Assume two layers of tension steel:

𝑑𝑑 = ℎ − 90 = 550 − 90 = 460 𝑚𝑚𝑚𝑚
𝑑𝑑𝑡𝑡 = ℎ − 65 = 550 − 65 = 485 𝑚𝑚𝑚𝑚
𝑑𝑑𝑑 = 65 𝑚𝑚𝑚𝑚

𝜌𝜌𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡 =
3

10
𝛽𝛽1
𝑚𝑚

𝑑𝑑𝑁𝑁
𝑑𝑑

𝜌𝜌𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡 =
3

10
×

0.85
19.607

485
460

= 0.0137

𝐴𝐴𝑠𝑠1 = 𝜌𝜌𝑠𝑠𝑡𝑡𝑚𝑚𝑠𝑠𝑡𝑡 𝑏𝑏 𝑑𝑑 = 0.0137 × 250 × 460 = 1575.5 𝑚𝑚𝑚𝑚2

𝑀𝑀𝑛𝑛1 = 𝜌𝜌 𝑓𝑓𝑦𝑦𝑏𝑏𝑑𝑑2 1 −
1
2𝜌𝜌𝑚𝑚

𝑀𝑀𝑛𝑛1 = 0.0137 × 350 × 250 × 460 × 460 1 −
1
2 0.0137 × 19.607 = 219.786𝑘𝑘𝑘𝑘.𝑚𝑚

𝑀𝑀𝑛𝑛2 =
𝑀𝑀𝑢𝑢
∅ −𝑀𝑀𝑛𝑛1

𝑀𝑀𝑛𝑛2 =
307
0.9 − 219.786 = 121.325 𝑘𝑘𝑘𝑘.𝑚𝑚



𝑀𝑀𝑛𝑛2 = 𝐴𝐴𝑠𝑠2𝑓𝑓𝑦𝑦 𝑑𝑑 − 𝑑𝑑𝑑

121.325 × 106 = 𝐴𝐴𝑠𝑠2 × 350 460 − 65

𝐴𝐴𝑠𝑠2 = 877.577 𝑚𝑚𝑚𝑚2

𝐴𝐴𝑠𝑠 = 𝐴𝐴𝑠𝑠1 + 𝐴𝐴𝑠𝑠2 = 1575.5 + 877.577 = 2453.07 𝑚𝑚𝑚𝑚2

𝑎𝑎 = 𝜌𝜌𝑚𝑚𝑑𝑑 = 0.0137 × 19.607 × 460 = 123.563𝑚𝑚𝑚𝑚

𝑐𝑐 =
𝑎𝑎
𝛽𝛽1

=
123.563

0.85
= 145.368𝑚𝑚𝑚𝑚

𝑓𝑓𝑠𝑠′ = 0.003
𝑐𝑐 − 𝑑𝑑𝑑
𝑐𝑐 𝐸𝐸𝑠𝑠

𝑓𝑓𝑠𝑠′ = 0.003
145.368 − 65

145.368 200000 = 331.716 < 𝑓𝑓𝑦𝑦

𝐴𝐴𝑠𝑠′ = 𝐴𝐴𝑠𝑠2 ×
𝑓𝑓𝑦𝑦
𝑓𝑓𝑠𝑠′

𝐴𝐴𝑠𝑠′ = 877.577 ×
350

331.716 = 926 𝑚𝑚𝑚𝑚2



Use: 3Ø20 for compression:

𝐴𝐴𝑠𝑠′ = 3 × 314 = 942 𝑚𝑚𝑚𝑚2 > 926 𝑚𝑚𝑚𝑚2

Use: 5Ø25 for Tension:

𝐴𝐴𝑠𝑠 = 5 × 490.8 = 2454 𝑚𝑚𝑚𝑚2 ≈ 2453.07

�𝑠𝑠 =
150 − 3 × 25

2
= 37.5 > 26.66 (𝑁𝑁𝑘𝑘
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