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Design of Short Columns: 

 

 

 

 

Ø𝑃𝑛 = Ø0.8[0.85𝑓𝑐
′(𝐴𝑔 − 𝐴𝑠𝑡) + 𝑓𝑦𝐴𝑠𝑡]               → 𝐷𝑒𝑠𝑖𝑔𝑛 𝐴𝑥𝑖𝑎𝑙 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 𝑆𝐵𝐶 − 18, 22.4.2 

𝐴𝑔 =
𝑃𝑢

0.4(𝑓𝑐
′ + 𝑓𝑦𝜌)

                                                                                                          → 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑟𝑖𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒 

𝐴𝑔 =
𝑃𝑢

0.6𝑓𝑐
′
                                                                                                                          → 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑟𝑖𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒 

𝑑𝑠 𝑚𝑖𝑛 = {
10 𝑚𝑚            𝑖𝑓 𝑑𝑏 < 32 𝑚𝑚
12 𝑚𝑚            𝑖𝑓 𝑑𝑏 ≥ 32 𝑚𝑚

                                            → 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑇𝑖𝑒𝑆 𝑖𝑧𝑒 𝑆𝐵𝐶 − 18, 25.7.2.2 

𝑠𝑚𝑎𝑥 = 𝑚𝑖𝑛 {
16𝑑𝑏                               
48𝑑𝑠                               
𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 

                   → 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑜𝑓 𝑡𝑖𝑒𝑠𝑆𝐵𝐶 − 18, 25.7.2.1 

𝑒 =
𝑀𝑛

𝑃𝑛
                                                                              → 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑓𝑜𝑟𝑐𝑒 𝑓𝑟𝑜𝑚 𝑐𝑜𝑙𝑢𝑚𝑛 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 

𝐾𝑛 =
𝑃𝑛

𝑓𝑐
′𝐴𝑔

                                                                                                                                            → 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑖𝑛𝑔 𝑃𝑛 

𝑅𝑛 =
𝑃𝑛𝑒

𝑓𝑐
′𝐴𝑔ℎ

                                                                                                                                        → 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑖𝑛𝑔 𝑀𝑛 

𝛾ℎ = ℎ − 2 × 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑐𝑜𝑣𝑒𝑟                                → 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑏𝑎𝑟𝑠 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑𝑠 𝑜𝑛 𝑜𝑝𝑝𝑠𝑖𝑡𝑒 𝑠𝑖𝑑𝑒𝑠 

𝛾 =
𝛾ℎ

ℎ
                                                   → 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑏𝑎𝑟𝑠 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑𝑠 𝑜𝑛 𝑜𝑝𝑝𝑠𝑖𝑡𝑒 𝑠𝑖𝑑𝑒𝑠 𝑑𝑖𝑣𝑖𝑑𝑒𝑑 𝑏𝑦 ℎ 
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Design the section and reinforcement of a short square tied column to support an axial service dead load of 

620 kN, and a service axial live load of 220 kN, Assuming ρ = 2%. Calculate the number of 20 mm diameter 

steel bars required. Use f’c = 28 MPa, fy = 420 MPa. 

1- Find ultimate load on column: 

𝑃𝑢 = 1.4𝐷𝐿 + 1.7𝐿𝐿 = 1.4 × 620 + 1.7 × 220 = 1242 𝑘𝑁 

2- Find initial trial size: 

𝐴𝑔 =
𝑃𝑢

0.4(𝑓𝑐
′ + 𝑓𝑦𝜌)

=
1242 × 103

0.4(28 + 420 × 0.02)
= 85302.2 𝑚𝑚2 

Alternatively: 

𝐴𝑔 =
𝑃𝑢

0.6𝑓𝑐
′

=
1242 × 103

0.6 × 28
= 73928.5 𝑚𝑚2 

ℎ = √𝐴𝑔 = √85302.2 = 292.07 𝑚𝑚 

use 300 mm × 300 mm ➔ Ag = 90000 mm2 

3- Determine long reinforcement: 

𝐴𝑠𝑡 = 𝜌𝐴𝑔 = 0.02 × 90000 = 1800 𝑚𝑚2 

𝐴𝑏 = 𝜋
𝑑𝑏

2

4
= 314 𝑚𝑚2 

# 𝑏𝑎𝑟𝑠 =
1800

314
= 5.7  

use 6Ø20 

𝐴𝑠𝑡 𝑝𝑟𝑜𝑣 = 1884𝑚𝑚2 

4- Determine tie reinforcement: 

𝑑𝑠 = 10 𝑚𝑚            𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑑𝑏 < 32 𝑚𝑚 

𝑠𝑚𝑎𝑥 = {

16𝑑𝑏                                                     = 320 𝑚𝑚
48𝑑𝑠                                                     = 480 𝑚𝑚
𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑙𝑢𝑚𝑛 = 300 𝑚𝑚

 

use Ø10 @ 300 mm 

5- Check the maximum load capacity, ØPn > Pu: 

Ø𝑃𝑛 = Ø0.8[0.85𝑓𝑐
′(𝐴𝑔 − 𝐴𝑠𝑡) + 𝑓𝑦𝐴𝑠𝑡] 

Ø𝑃𝑛 = 0.65 × 0.8 × [0.85 × 28 × (90000 − 1884) + 420 × 1884] = 1502 𝑘𝑁 

ØPn= 1502 > Pu =1242 kN ➔ design is safe for axial load 

■■■■ 
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Short rectangular tied column of size 360×240 mm2 was designed to support an ultimate load of 950 kN and 

an ultimate moment of 120 kN.m. Using the interaction diagram attached, and assuming the steel 

reinforcement is placed adjacent to two opposite ends of the section as shown in the Figure, Calculate the 

number of 25 mm diameter steel bars required. Use f’c = 28 MPa, fy = 420 MPa. 

 

1- Find nominal loads on column: 

𝑃𝑛 =
𝑃𝑢

Ø
=

950

0.65
= 1461.5 𝑘𝑁 

𝑀𝑛 =
𝑀𝑢

Ø
=

120

0.65
= 164.62 𝑘𝑁. 𝑚 

2- Find, e, Kn, Rn, and γh: 

𝑒 =
𝑀𝑛

𝑃𝑛
=

164.62

1461.5
= 0.12632 𝑚 = 126.32 𝑚𝑚 

𝐾𝑛 =
𝑃𝑛

𝑓𝑐
′𝐴𝑔

=
1461.5

28 × (360 × 240)
= 0.604 

𝑅𝑛 =
𝑃𝑛𝑒

𝑓𝑐
′𝐴𝑔ℎ

=
1461.5 × 126.32

28 × (360 × 240) × 360
= 0.212 

𝛾 =
𝛾ℎ

ℎ
=

252

360
= 0.7 

3- use interaction diagram: 
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ρ = 0.04 and compression controlled, Ø = 0.65 

𝐴𝑠𝑡 = 𝜌𝐴𝑔 = 0.03 × 240 × 360 = 3456 𝑚𝑚2 

𝐴𝑏 = 𝜋
𝑑𝑏

2

4
= 491 𝑚𝑚2 

# 𝑏𝑎𝑟𝑠 =
2592

491
= 7.03  

use 8Ø25 

𝐴𝑠𝑡 𝑝𝑟𝑜𝑣 = 3928𝑚𝑚2 
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4- Determine tie reinforcement: 

𝑑𝑠 = 10 𝑚𝑚            𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑑𝑏 < 32 𝑚𝑚 

𝑠𝑚𝑎𝑥 = {

16𝑑𝑏                                                     = 400 𝑚𝑚
48𝑑𝑠                                                     = 480 𝑚𝑚
𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑙𝑢𝑚𝑛 = 240 𝑚𝑚

 

use Ø10 @ 200 mm 

 

■■■■ 
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