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Design of Flanged Sections: 

𝑏𝑒 = 𝑚𝑖𝑛{

𝑏𝑤 + 16ℎ𝑓
𝑏𝑤 + 𝑠𝑤

𝑏𝑤 +
𝑙𝑛
4

                         → 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑙𝑎𝑛𝑔𝑒 𝑤𝑖𝑑𝑡ℎ 𝑓𝑜𝑟 𝑇 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛, 𝑆𝐵𝐶304 − 18, 6.3.2.1 

𝑏𝑒 = 𝑚𝑖𝑛

{
 
 

 
 
𝑏𝑤 + 6ℎ𝑓

𝑏𝑤 +
𝑠𝑤
2

𝑏𝑤 +
𝑙𝑛
12

                         → 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑙𝑎𝑛𝑔𝑒 𝑤𝑖𝑑𝑡ℎ 𝑓𝑜𝑟 𝐿 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛, 𝑆𝐵𝐶304 − 18, 6.3.2.1 

ℎ𝑓 ≥
𝑏𝑤
2
    𝑏𝑒 ≤ 4𝑏𝑤                                          → 𝑇 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 𝑙𝑖𝑚𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑠, 𝑆𝐵𝐶304 − 18, 6.3.2.2 

𝐴𝑠,𝑚𝑖𝑛 = 𝑀𝑎𝑥 (
√𝑓𝑐′

4𝑓𝑦
𝑏𝑤𝑑,

1.4

𝑓𝑦
𝑏𝑤𝑑)                                                 → 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑡𝑒𝑒𝑙 𝑎𝑟𝑒𝑎, 𝑆𝐵𝐶304 − 9.6.1.2 

------------------------------------------------------------------------------------------ 

 

𝐴𝑠𝑓 =
0.85𝑓𝑐

′(𝑏𝑒 − 𝑏𝑤)ℎ𝑓

𝑓𝑦
                                   → 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑠𝑡𝑒𝑒𝑙 𝑏𝑎𝑙𝑎𝑛𝑐𝑖𝑛𝑔 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑓𝑜𝑟𝑐𝑒 𝑖𝑛 𝑓𝑙𝑎𝑛𝑔𝑒 

𝐴𝑠𝑤 = 𝐴𝑠 − 𝐴𝑠𝑓                                                            → 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑠𝑡𝑒𝑒𝑙 𝑏𝑎𝑙𝑎𝑛𝑐𝑖𝑛𝑔 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑓𝑜𝑟𝑐𝑒 𝑖𝑛 𝑤𝑒𝑏 
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Design the T beam for the floor system shown below when subjected to an ultimate moment of 250 𝑘𝑁. 𝑚 

Beam span is 4.8 m. 𝑏𝑤 and 𝑑 are given as 300 and 400 𝑚𝑚 respectively (one layer expected). Use f’c = 25 

MPa, fy = 420 MPa, ds=10 mm, and db 28. 

1- Calculate effective flange width be: 

𝑏𝑒 = 𝑚𝑖𝑛{

𝑏𝑤 + 16ℎ𝑓    = 300 × 16 × 100 = 1900 𝑚𝑚

𝑏𝑤 + 𝑠𝑤 = 300 + 2700                = 3000 𝑚𝑚

𝑏𝑤 +
𝑙𝑛
4
  = 300 +

4800

4
                = 1500 𝑚𝑚

 

𝑏𝑒 = 1500 𝑚𝑚 

2- Find, ρ and As min: and As 

Assume steel is yielding and Ø = 0.9. 

𝑅𝑛 =
𝑀𝑢

∅𝑏𝑒𝑑2
=

250 × 106

0.9 × 1500 × 4002
= 1.1574     

𝜌 =
0.85𝑓𝑐

′

𝑓𝑦
(1 − √1 −

4𝑅𝑛
1.7𝑓𝑐′

) =
0.85 × 25

420
(1 − √1 −

4 × 1.1574 

1.7 × 25
) = 0.0028350 

𝐴𝑠 = 𝜌𝑏𝑒𝑑 = 0.0028350 × 1500 × 400 = 1701 𝑚𝑚2 

𝐴𝑠,𝑚𝑖𝑛 = 𝑀𝑎𝑥 (
√𝑓𝑐′

4𝑓𝑦
𝑏𝑤𝑑,

1.4

𝑓𝑦
𝑏𝑤𝑑) = 𝑀𝑎𝑥 (

√25

4 × 420
× 300 × 400,

1.4

420
× 300 × 400) 

𝐴𝑠,𝑚𝑖𝑛 = 400 𝑚𝑚
2 

Use 3Ø28 As provided = 3 × π 282 /4 = 1847 mm2 

As ≥ As min ➔ ✓ 

 

3- Find Neutral axis depth (c) from top fibers assuming steel is yielding and a ≤ hf: 

𝑎 =
𝐴𝑠𝑓𝑦

0.85𝑓𝑐′𝑏𝑒
=

1847 × 420

0.85 × 25 × 1500
= 24.33 𝑚𝑚 

24.33 < 100 ➔ assumption satisfied. Design as rectangular. 

 

http://fac.ksu.edu.sa/ialmohanna/


3 

 

Eng. Ibrahim Almohanna, 2021  CE 370: Reinforced Concrete Design -1. Tutorial Note #6  

http://fac.ksu.edu.sa/ialmohanna/ 

f’c = 25 MPa < 28 ➔ β1 = 0.85 

𝑐 =
𝑎

𝛽1
=
24.33

0.85
= 28.63 𝑚𝑚 

4- Check assumption (steel is yielding) at most top steel layer, dmin  

𝑜𝑛𝑒 𝑙𝑎𝑦𝑒𝑟 → 𝑑 = 𝑑𝑡 = 𝑑𝑚𝑖𝑛 = 400 𝑚𝑚 

 

𝜀𝑚𝑖𝑛 = (
𝑑𝑚𝑖𝑛 − 𝑐

𝑐
) 𝜀𝑐𝑢 = (

400 − 28.63

28.63
) × 0.003 = 0.0.0389 ≥ 𝜀𝑦 

0.0389 ≥ 0.0021 ➔ steel is yielding 

5- Find Ø: 

Check strain at bottom layer 

𝜀𝑡 = (
𝑑𝑡 − 𝑐

𝑐
) 𝜀𝑐𝑢 = (

400 − 28.63

28.63
) × 0.003 = 0.0.0389 

0.0389 ≥ 0.005 ➔ tension control ➔ Ø = 0.9 

6- Check ØMn ≥ Mu: 

∅𝑀𝑛 = ∅𝐴𝑠𝑓𝑦 (𝑑 −
𝑎

2
) = 0.9 × 1847 × 420 (400 −

24.33

2
) = 300.8 × 106𝑁.𝑚𝑚 

∅𝑀𝑛 = 300.8 𝑘𝑁.𝑚 ≥ 𝑀𝑢 = 250 𝑘𝑁.𝑚 

■■■■ 
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Design the T beam for the floor system shown below when subjected to an ultimate moment of 1400 𝑘𝑁. 𝑚 

Beam span is 4.5 m. 𝑏𝑤 and h are given as 375 and 700 𝑚𝑚 respectively. Use f’c = 25 MPa, fy = 420 MPa, 

ds=10 mm, db=36. Sb and Sl = 30 mm. 

1- Calculate effective flange width be: 

𝑏𝑒 = 𝑚𝑖𝑛{

𝑏𝑤 + 16ℎ𝑓    = 375 × 16 × 75     = 1575 𝑚𝑚

𝑏𝑤 + 𝑠𝑤 = 375 + 1625                 = 2000 𝑚𝑚

𝑏𝑤 +
𝑙𝑛
4
  = 375 +

4500

4
                = 1500 𝑚𝑚

 

𝑏𝑒 = 1500 𝑚𝑚 

2- Find, ρ and As min: and As 

Assume steel is yielding, Ø = 0.9, and d= 700 – 90 = 610 mm 

𝑅𝑛 =
𝑀𝑢

∅𝑏𝑒𝑑2
=

1400 × 106

0.9 × 1500 × 6102
= 2.787     

𝜌 =
0.85𝑓𝑐

′

𝑓𝑦
(1 − √1 −

4𝑅𝑛
1.7𝑓𝑐′

) =
0.85 × 25

420
(1 − √1 −

4 × 2.787 

1.7 × 25
) = 0.00714 

𝐴𝑠 = 𝜌𝑏𝑒𝑑 = 0.00714 × 1500 × 610 = 6532.5 𝑚𝑚2 

𝐴𝑠,𝑚𝑖𝑛 = 𝑀𝑎𝑥 (
√𝑓𝑐′

4𝑓𝑦
𝑏𝑤𝑑,

1.4

𝑓𝑦
𝑏𝑤𝑑) = 𝑀𝑎𝑥 (

√25

4 × 420
× 375 × 610,

1.4

420
× 375 × 610) 

𝐴𝑠,𝑚𝑖𝑛 = 762.5 𝑚𝑚
2 

Use 7Ø36 As provided = 7 × π 362 /4 = 7125 mm2 

As ≥ As min ➔ ✓ 
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3- Check number of layers: 

𝑛𝑚𝑎𝑥 =
𝑏 + 𝑆𝑏 − 6𝑑𝑠 + 𝑑𝑏 − 2𝑐𝑜𝑣𝑒𝑟

𝑑𝑏 + 𝑆𝑏
=
375 + 30 − 6 × 10 + 36 − 2 × 40

36 + 30
= 4.56 ≈ 4 

Seven rebars need two layers. Four rebars are in bottom and three are in top. 

4- Find effective depth, d: 

𝑑𝑡 = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑𝑠 −
𝑑𝑏
2
= 700 − 40 − 10 − 18 = 632 𝑚𝑚 

𝑑𝑚𝑖𝑛 = 𝑑𝑡 − 𝑆 − 𝑑𝑏 = 632 − 30 − 36 = 566 𝑚𝑚 

As 1 = 4 × π 362 /4 = 4071.5 mm2   y1 = 68 mm. 

As 2 = 3 × π 362 /4 = 3053.5 mm2   y2 = 134 mm. 

𝑔 =
∑𝐴𝑠𝑖𝑦𝑖
𝐴𝑠𝑖

=
[4071.5 × 68] + [3053.5 × 134]

(7125)
= 96.3 𝑚𝑚 

𝑑 = ℎ − 𝑔 = 700 − 96.3 = 603.7 𝑚𝑚 

Actual d = 603.7 mm is less than assumed d= 610 mm. ØMn must be checked. 

5- Find Neutral axis depth (c) from top fibers assuming steel is yielding and a ≤ hf: 

𝑎 =
𝐴𝑠𝑓𝑦

0.85𝑓𝑐′𝑏𝑒
=

7125 × 420

0.85 × 25 × 1500
= 93.88 𝑚𝑚 

93.88 > 75 ➔ assumption not satisfied. Use decomposition method. 

6- Find Asf and Asw 

𝐴𝑠𝑓 =
0.85𝑓𝑐

′(𝑏𝑒 − 𝑏𝑤)ℎ𝑓

𝑓𝑦
=
0.85 × 25 × (1500 − 375) × 75

420
= 4269 𝑚𝑚2 

𝐴𝑠 = 𝐴𝑠𝑓 + 𝐴𝑠𝑤 → 𝐴𝑠𝑤 = 𝐴𝑠 − 𝐴𝑠𝑓 = 7125 − 4269 = 2856 𝑚𝑚2 

7- Find Neutral axis depth (c) from top fibers assuming steel is yielding and a > hf: 

𝑎 =
𝐴𝑠𝑤𝑓𝑦

0.85𝑓𝑐′𝑏𝑤
=

2856 × 420

0.85 × 25 × 375
= 150.53 𝑚𝑚 

f’c = 25 MPa < 28 ➔ β1 = 0.85 

𝑐 =
𝑎

𝛽1
=
150.53 

0.85
= 177.1 𝑚𝑚 

8- Check assumption (steel is yielding) at most top steel layer, dmin  

𝜀𝑚𝑖𝑛 = (
𝑑𝑚𝑖𝑛 − 𝑐

𝑐
) 𝜀𝑐𝑢 = (

566 − 177.1

177.1
) × 0.003 = 0.00659 ≥ 𝜀𝑦 

0.00659 ≥ 0.0021 ➔ steel is yielding 
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9- Find Ø: 

Check strain at bottom layer, dt 

𝜀𝑡 = (
𝑑𝑡 − 𝑐

𝑐
) 𝜀𝑐𝑢 = (

632 − 177.1

177.1
) × 0.003 = 0.0077 

0.0077 ≥ 0.005 ➔ tension control ➔ Ø = 0.9 

10- Find design moment capacity ØMn 

𝑀𝑛 = 𝐴𝑠𝑓𝑓𝑦 (𝑑 −
ℎ𝑓

2
) + 𝐴𝑠𝑤𝑓𝑦 (𝑑 −

𝑎

2
) 

𝑀𝑛 = 4269 × 420 (603.7 −
75

2
) + 2856 × 420 (603.7 −

155.53

2
) = 1646.05 × 106𝑁.𝑚𝑚 

∅𝑀𝑛 = 0.9 × 1646.05 = 1481.5 𝑘𝑁.𝑚 

ØMn ≥ Mu ➔ ✓ 

■■■■ 
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Assuming tension control condition satisfied, design the T beam shown below when subjected to an ultimate 

moment of 800 𝑘𝑁. 𝑚. Use f’c = 25 MPa, fy = 420 MPa, ds=10 mm, db=36. Sb and Sl = 30 mm. 

Assume d = 530 

1- Find, ρ and As min: and As 

Assume steel is yielding and Ø = 0.9,  

𝑅𝑛 =
𝑀𝑢

∅𝑏𝑒𝑑2
=

800 × 106

0.9 × 700 × 5302
= 4.521     

𝜌 =
0.85𝑓𝑐

′

𝑓𝑦
(1 − √1 −

4𝑅𝑛
1.7𝑓𝑐′

) =
0.85 × 25

420
(1 −√1 −

4 × 4.521 

1.7 × 25
) = 0.0122 

𝐴𝑠 = 𝜌𝑏𝑒𝑑 = 0.0122 × 700 × 530 = 4543 𝑚𝑚2 

𝐴𝑠,𝑚𝑖𝑛 = 𝑀𝑎𝑥 (
√𝑓𝑐′

4𝑓𝑦
𝑏𝑤𝑑,

1.4

𝑓𝑦
𝑏𝑤𝑑) = 𝑀𝑎𝑥 (

√25

4 × 420
× 375 × 610,

1.4

420
× 375 × 610) 

𝐴𝑠,𝑚𝑖𝑛 = 530 𝑚𝑚
2 

Use 5Ø36 As provided = 5 × π 362 /4 = 5090 mm2 

As ≥ As min ➔ ✓ 

2- Check number of layers: 

𝑛𝑚𝑎𝑥 =
𝑏 + 𝑆𝑏 − 6𝑑𝑠 + 𝑑𝑏 − 2𝑐𝑜𝑣𝑒𝑟

𝑑𝑏 + 𝑆𝑏
=
300 + 30 − 6 × 10 + 36 − 2 × 40

36 + 30
= 3.42 ≈ 3 

Five rebars need two layers. Three rebars are in bottom and two are in top. 
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3- Find Neutral axis depth (c) from top fibers assuming steel is yielding and a ≤ hf: 

𝑎 =
𝐴𝑠𝑓𝑦

0.85𝑓𝑐′𝑏𝑒
=

5090 × 420

0.85 × 25 × 700
= 143.72 𝑚𝑚 

143.71 > 120 ➔ assumption not satisfied. Use decomposition method. 

4- Find Asf and Asw 

𝐴𝑠𝑓 =
0.85𝑓𝑐

′(𝑏𝑒 − 𝑏𝑤)ℎ𝑓

𝑓𝑦
=
0.85 × 25 × (700 − 300) × 120

420
= 2428.5 𝑚𝑚2 

𝐴𝑠 = 𝐴𝑠𝑓 + 𝐴𝑠𝑤 → 𝐴𝑠𝑤 = 𝐴𝑠 − 𝐴𝑠𝑓 = 5090 − 2428.5 = 2661.5 𝑚𝑚2 

5- Find Neutral axis depth (c) from top fibers assuming steel is yielding and a > hf: 

𝑎 =
𝐴𝑠𝑤𝑓𝑦

0.85𝑓𝑐′𝑏𝑤
=

2661.5 × 420

0.85 × 25 × 300
= 175.35 𝑚𝑚 

f’c = 25 MPa < 28 ➔ β1 = 0.85 

𝑐 =
𝑎

𝛽1
=
175.35 

0.85
= 206.3 𝑚𝑚 

6- Find effective depth: d, dmin and dt: 

𝑑𝑡 = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑𝑠 −
𝑑𝑏
2
= 620 − 40 − 10 − 18 = 552 𝑚𝑚 

𝑑𝑚𝑖𝑛 = 𝑑𝑡 − 𝑆 − 𝑑𝑏 = 552 − 30 − 36 = 486 𝑚𝑚 

As 1 = 3 × π 362 /4 = 3054 mm2   y1 = 66 mm. 

As 2 = 2 × π 362 /4 = 2036 mm2   y2 = 132 mm. 

𝑔 =
∑𝐴𝑠𝑖𝑦𝑖
𝐴𝑠𝑖

=
[3054 × 66] + [2036 × 132]

(5090)
= 92.4 𝑚𝑚 

𝑑 = ℎ − 𝑔 = 620 − 92.4 = 527.6 𝑚𝑚 

Actual d = 527.6 mm is less than assumed d= 530 mm. ØMn must be checked. 

7- Check assumption (steel is yielding) at most top steel layer, dmin  

𝜀𝑚𝑖𝑛 = (
𝑑𝑚𝑖𝑛 − 𝑐

𝑐
) 𝜀𝑐𝑢 = (

486 − 206.3

206.3
) × 0.003 = 0.0041 ≥ 𝜀𝑦 

0.0041 ≥ 0.0021 ➔ steel is yielding 

9- Find Ø: Check strain at bottom layer, dt 

𝜀𝑡 = (
𝑑𝑡 − 𝑐

𝑐
) 𝜀𝑐𝑢 = (

552 − 206.3

206.3
) × 0.003 = 0.00503 

0.00503 ≥ 0.005 ➔ tension control ➔ Ø = 0.9 

 

 

http://fac.ksu.edu.sa/ialmohanna/


9 

 

Eng. Ibrahim Almohanna, 2021  CE 370: Reinforced Concrete Design -1. Tutorial Note #6  

http://fac.ksu.edu.sa/ialmohanna/ 

10- Find design moment capacity ØMn 

𝑀𝑛 = 𝐴𝑠𝑓𝑓𝑦 (𝑑 −
ℎ𝑓

2
) + 𝐴𝑠𝑤𝑓𝑦 (𝑑 −

𝑎

2
) 

𝑀𝑛 = 2428.5 × 420 (527.6 −
120

2
) + 2661.5 × 420 (527.6 −

175.35

2
) = 968.7 × 106𝑁.𝑚𝑚 

∅𝑀𝑛 = 0.9 × 968.7 = 871.83 𝑘𝑁.𝑚 

ØMn ≥ Mu ➔ ✓ 

■■■■ 
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