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Design of Spread RC Footings: 

 

 

Step 1: Size of footing and factored net pressure 

𝑞𝑛 = 𝑞𝑎 − (𝛾ℎ + 𝛾𝑠ℎ𝑠 + 𝑞0)                                                                                    → 𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑛𝑒𝑡 𝑠𝑜𝑖𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 

𝐴𝑟𝑒𝑞. =
𝑃𝐷𝐿 + 𝑃𝐿𝐿

𝑞𝑛
                                                            → 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑙𝑜𝑎𝑑 

𝑞𝑛𝑢 =
1.4𝑃𝐷𝐿 + 1.7𝑃𝐿𝐿

𝐴𝑝𝑟𝑜𝑣.
                                                                                              → 𝐹𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑛𝑒𝑡 𝑠𝑜𝑖𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 

Step 2: Check thickness for two-way shear 

 

 𝑑 =  ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑𝑏                                                                                                → 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 

 𝑏0 = 2(𝑐1 + 𝑑) + 2(𝑐2 + 𝑑)                                                                                         → 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠ℎ𝑒𝑎𝑟 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 

𝐴𝑐 = (𝑐1 + 𝑑) × (𝑐2 + 𝑑)                                                           → 𝐴𝑟𝑒𝑎 𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑 𝑏𝑦 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠ℎ𝑒𝑎𝑟 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 

𝑉𝑢 = 𝑞𝑛𝑢 × (𝐴 − 𝐴𝑐)                                                                        → 𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑠ℎ𝑒𝑎𝑟 𝑓𝑜𝑟𝑐𝑒 𝑜𝑛 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 

𝛽 =
𝑐2
𝑐1
                                                                      → 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑜𝑛𝑔 𝑠𝑖𝑑𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑙𝑢𝑚𝑛 

𝛼𝑠 = {

40 𝑓𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 
30 𝑓𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 𝑎𝑡 𝑒𝑛𝑑 𝑒𝑑𝑔𝑒 𝑜𝑓 𝑎 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 
20 𝑓𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 𝑎𝑡 𝑎 𝑐𝑜𝑟𝑛𝑒𝑟 𝑜𝑓 𝑎 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 

                                → 𝑓𝑎𝑐𝑡𝑜𝑟𝑠, 𝑆𝐵𝐶 304 − 18, 22.6.5.3 

𝑉𝑐 = 𝑚𝑖𝑛

{
 
 
 

 
 
 2(

√𝑓𝑐′

6
𝑏0𝑑)

(1 +
2

𝛽
)(
√𝑓𝑐′

6
𝑏0𝑑)

(2 +
𝛼𝑠𝑑

𝑏0
) (
√𝑓𝑐′

12
𝑏0𝑑)

               → 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑡𝑤𝑜 𝑤𝑎𝑦 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ, 𝑆𝐵𝐶 304 − 18, 22.6.5.2  
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Step 3: Check for One way Shear 

𝑉𝑢 = 𝑇𝑟𝑖𝑏𝑢𝑡𝑎𝑟𝑦 𝑎𝑟𝑒𝑎 × 𝑞𝑛𝑢                                                          → 𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑠ℎ𝑒𝑎𝑟 𝑓𝑜𝑟𝑐𝑒 𝑜𝑛 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 

 𝑉𝑐 =
√𝑓𝑐′

6
𝑏𝑑                                                                                                     → 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑜𝑛𝑒 𝑤𝑎𝑦 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 

 

 

Step 4: Design Reinforcement 

𝑥 =
𝐿 − 𝑐2
2

                                                                → 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑓𝑎𝑐𝑒 𝑜𝑓 𝑐𝑜𝑙𝑢𝑚𝑛 𝑡𝑜 𝑡ℎ𝑒 𝑒𝑛𝑑 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 

𝑤𝑢 = 𝑞𝑛𝑢𝑏                                                                                → 𝐿𝑜𝑎𝑑 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 𝑜𝑛 (𝐿) 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

𝑀𝑢 = 𝑤𝑢
𝑥2

2
                                                        → 𝑈𝑙𝑖𝑚𝑎𝑡𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑟𝑒𝑠𝑢𝑙𝑡𝑖𝑛𝑔 𝑜𝑛 𝑡ℎ𝑒 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑞𝑛𝑢 

𝑅𝑛 =
𝑀𝑢

∅𝑏𝑑2
                                                                                                                                                            → 𝑓𝑎𝑐𝑡𝑜𝑟 

𝜌 =
0.85𝑓𝑐

′

𝑓𝑦
(1 − √1 −

4𝑅𝑛
1.7𝑓𝑐′

)                                                                       → 𝑠𝑡𝑒𝑒𝑙 𝑟𝑎𝑡𝑖𝑜, 𝑓𝑜𝑟 𝑑𝑒𝑠𝑖𝑔𝑛 𝑝𝑢𝑟𝑝𝑜𝑠𝑒 

𝜌𝑚𝑎𝑥 = (
0.85𝛽1𝑓𝑐

′

𝑓𝑦
) (
3

8
)                                             → 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑡𝑒𝑒𝑙 𝑟𝑎𝑡𝑖𝑜 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑡𝑜 𝜀𝑡 =  0.005 

𝐴𝑠 𝑟𝑒𝑞. = 𝜌 × 𝑏𝑑                                                                                                              → 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡  

𝐴𝑠 𝑚𝑖𝑛 = 0.0018 × 𝑏ℎ                                                     → 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 , 𝑆𝐵𝐶304 − 18, 24.4.3.2 

𝑠 =
𝐿 − 2𝑐 − Ø

#𝑏𝑎𝑟𝑠 − 1
                                                                                                                      → 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑏𝑎𝑟𝑠 

𝑠𝑚𝑎𝑥 = min(3ℎ, 450)                                           → 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑏𝑎𝑟𝑠, 𝑆𝐵𝐶304 − 18, 7.7.2.3 

 

Step 5: Check for development length ld 

 

Same as in beams 

L 

b 
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Step 6: Design Dowels 

 

𝑃𝑎𝑙𝑙 𝑐𝑜𝑙 = Ø(0.85𝑓𝑐,𝑐𝑜𝑙
′ 𝐴1)                                 → 𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑖𝑛 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑎𝑡 𝑏𝑎𝑠𝑒 𝑜𝑓 𝑐𝑜𝑙𝑢𝑚𝑛 

𝑃𝑎𝑙𝑙 𝑓𝑜𝑜𝑡 = Ø(0.85𝑓𝑐,𝑓𝑜𝑜𝑡
′ 𝐴1)(√

𝐴2
𝐴1
≤ 2)                         → 𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑖𝑛 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 

𝐸𝑥𝑐𝑒𝑠𝑠 𝑙𝑜𝑎𝑑 = 𝑃𝑢 −min(𝑃𝑎𝑙𝑙 𝑐𝑜𝑙, 𝑃𝑎𝑙𝑙 𝑓𝑜𝑜𝑡)                          → 𝑜𝑛𝑙𝑦 𝑖𝑓 𝑃𝑢  > 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙𝑒𝑟 𝑜𝑓 𝑃𝑎𝑙𝑙 𝑐𝑜𝑙, 𝑃𝑎𝑙𝑙 𝑓𝑜𝑜𝑡 

𝐴𝑠 =
𝐸𝑥𝑐𝑒𝑠𝑠 𝑙𝑜𝑎𝑑

Ø𝑓𝑦
                                                                                                                             → 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑑𝑜𝑤𝑒𝑙𝑠 

𝐴𝑠 𝑚𝑖𝑛 = 0.005𝐴1                                                                                                           → 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑑𝑜𝑤𝑒𝑙𝑠 

 

Step 7: Development length of Dowels 

 

𝑙𝑑𝑐 = max

(

 
0.24𝑓𝑦Ψ𝑟

𝜆√𝑓𝑐,𝑐𝑜𝑙
′

𝑑𝑏 , 0.043𝑓𝑦Ψ𝑟𝑑𝑏 , 200

)

                                 → 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 𝑙𝑒𝑛𝑔𝑡ℎ 𝑢𝑝 𝑖𝑛𝑡𝑜 𝑐𝑜𝑙𝑢𝑚𝑛 

𝑙𝑑𝑐 = max

(

 
0.24𝑓𝑦Ψ𝑟

𝜆√𝑓𝑐,𝑓𝑜𝑜𝑡
′

𝑑𝑏 , 0.043𝑓𝑦Ψ𝑟𝑑𝑏 , 200

)

                            → 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 𝑙𝑒𝑛𝑔𝑡ℎ 𝑑𝑜𝑤𝑛 𝑖𝑛𝑡𝑜 𝑐𝑜𝑙𝑢𝑚𝑛 

 

 

 

 

 

 

 

 

 

 

 

 

 

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


4 

 

Eng. Ibrahim Almohanna, 2021 CE 370: Reinforced Concrete Design -1. Tutorial Note #12 

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

Design an 850 mm thick square spread footing supports a square column 400 × 400 mm transferring a 

service axial dead load of 1400 kN and a service live load of 1200 kN. The footing supports also a 500 mm 

soil layer and a 5 kN/m2 top surcharge. Soil Bearing pressure is 300 kN/m2. Soil unit weight is 19 kN/m3.  

Use f’c = 25 MPa, fy = 420 MPa and db= 25 mm 

 

Step 1: Size of footing and factored net pressure: 

𝑞𝑛 = 𝑞𝑎 − (𝛾ℎ + 𝛾𝑠ℎ𝑠 + 𝑞0) = 300 − (24 × 0.85 + 19 × 0.5 + 5) = 265.1 𝑘𝑁/𝑚
2 

𝐴𝑟𝑒𝑞. =
𝑃𝐷𝐿 + 𝑃𝐿𝐿

𝑞𝑛
=
1400 + 1200

265.1
= 9.81 𝑚2 

𝑏 = 𝐿 = √9.81 = 3.13 𝑚 

Use 3.5 m × 3.5 m footing ➔ Aprov = 12.25 m2 

𝑞𝑛𝑢 =
1.4𝑃𝐷𝐿 + 1.7𝑃𝐿𝐿

𝐴𝑝𝑟𝑜𝑣.
=
1.4 × 1400 + 1.7 × 1200

12.25
= 326.53 𝑘𝑁/𝑚2 

Step 2: Check thickness for two-way shear 

𝑑 =  ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑𝑏 = 850 − 75 − 25 = 750 𝑚𝑚 

 𝑏0 = 2(𝑐1 + 𝑑) + 2(𝑐2 + 𝑑) = 2(400 + 750) + 2(400 + 750) = 4600 𝑚𝑚 

𝐴𝑐 = (𝑐1 + 𝑑) × (𝑐2 + 𝑑) = (400 + 750) × (400 + 750) = 1322500 𝑚𝑚2 = 1.3225 𝑚2 

𝑉𝑢 = 𝑞𝑛𝑢 × (𝐴 − 𝐴𝑐) = 326.53 × (12.25 − 1.3225) = 3568.16 𝑘𝑁 

𝛽 =
𝑐2
𝑐1
=
400

400
= 1 

𝛼𝑠 = 40    𝑐𝑜𝑙𝑢𝑚𝑛𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 

𝑉𝑐 = 𝑚𝑖𝑛

{
 
 
 

 
 
 2(

√𝑓𝑐′

6
𝑏0𝑑) = 2(

√25

6
× 4600 × 750)                                         = 5750000 𝑁 = 5750 𝑘𝑁

(1 +
2

𝛽
)(
√𝑓𝑐

′

6
𝑏0𝑑) = (1 +

2

1
)(
√25

6
× 4600 × 750)                = 8625000 𝑁 = 8625 𝑘𝑁

(2 +
𝛼𝑠𝑑

𝑏0
) (
√𝑓𝑐′

12
𝑏0𝑑) = (2 +

40 × 750

4600
) (
√25

12
× 4600 × 750)  = 12250000 𝑁 = 12250 𝑘𝑁

 

 

𝑉𝑐 = 5750 𝑘𝑁  

Ø𝑉𝑐 = 0.75 × 5750 = 4312.5 𝑘𝑁  > 𝑉𝑢 = 3568.16 𝑘𝑁 → 𝑂𝐾 
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Step 3: Check for One way Shear 

The distance the footing extends to each side from the column face =
3.5 − 0.4

2
= 1.55 𝑚 

𝑇𝑟𝑖𝑏𝑢𝑡𝑎𝑟𝑦 𝑎𝑟𝑒𝑎 = (1.55 − 0.75) × 3.5 = 2.8 𝑚2 

𝑉𝑢 = 𝑇𝑟𝑖𝑏𝑢𝑡𝑎𝑟𝑦 𝑎𝑟𝑒𝑎 × 𝑞𝑛𝑢 = 2.8 × 326.53 = 914.23 𝑘𝑁 

 𝑉𝑐 =
√𝑓𝑐′

6
𝑏𝑑 =

√25

6
× 3500 × 750 = 2187500 𝑁 = 2187.5 𝑘𝑁 

Ø𝑉𝑐 = 0.75 × 2187.5 = 1640.63 𝑘𝑁 > 𝑉𝑢 = 914.23 𝑘𝑁 → 𝑂𝐾 

 

Step 4: Design Reinforcement 

 

𝑥 =
𝐿 − 𝑐2
2

=
3.5 − 0.4

2
= 1.55 𝑚 

𝑤𝑢 = 𝑞𝑛𝑢𝑏 = 326.53 × 3.5 = 1142.83 𝑘𝑁/𝑚 

𝑀𝑢 = 𝑤𝑢
𝑥2

2
= 1142.83 

1.552

2
= 1372.83 𝑘𝑁.𝑚 

𝑅𝑛 =
𝑀𝑢

∅𝑏𝑑2
=

1372.83 × 106

0.9 × 3500 × 7502
= 0.77481 

𝜌 =
0.85𝑓𝑐

′

𝑓𝑦
(1 − √1 −

4𝑅𝑛
1.7𝑓𝑐′

) =
0.85 × 25

420
(1 − √1 −

4 × 0.77481

1.7 × 25
) = 0.00188 

𝐴𝑠 𝑟𝑒𝑞. = 𝜌 × 𝑏 × 𝑑 = 0.00188 × 3500 × 750 = 4934.2 𝑚𝑚2 

𝐴𝑠 𝑚𝑖𝑛 = 0.0018 × 𝑏ℎ = 0.0018 × 3500 × 850 = 5355 𝑚𝑚2 

Since As min > As req ➔ use As min 

Using Ø25 ➔ Ab = 491 mm2 ➔ # bars = 5355/491 = 10.9  

Use 11 Ø 25 ➔  As prov = 5400 mm2 ➔ ρprov= 5400/(3500 × 850) = 0.00182 

 

𝜌𝑚𝑎𝑥 = (
0.85𝛽1𝑓𝑐

′

𝑓𝑦
) (
3

8
) = (

0.85 × 0.85 × 25

420
) (
3

8
) = 0.0161 

Since ρprov=0.00182 < ρmax= 0.0161 ➔ steel yielded, and it is tension controlled  

𝑠 =
𝐿 − 2𝑐 − 𝑑𝑏
#𝑏𝑎𝑟𝑠 − 1

=
3500 − 2 × 75 − 25

11 − 1
= 332.5 𝑚𝑚 

𝑠𝑚𝑎𝑥 = min(3ℎ, 450) =min(3 × 850,450) =450 𝑚𝑚 > 𝑠 (𝑂𝐾) 

 

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


6 

 

Eng. Ibrahim Almohanna, 2021 CE 370: Reinforced Concrete Design -1. Tutorial Note #12 

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

Step 5: Check for development length ld 

 

𝜆 = 1.0                   𝑎𝑙𝑤𝑎𝑦𝑠 𝑛𝑜𝑟𝑚𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑖𝑛 𝑓𝑜𝑜𝑡𝑖𝑛𝑔𝑠 

Ψ𝑡 = 1.0    𝑎𝑙𝑤𝑎𝑦 1.0 𝑠𝑖𝑛𝑐𝑒 𝑡ℎ𝑒 𝑏𝑎𝑟𝑠 𝑎𝑟𝑒 𝑎𝑡 𝑏𝑜𝑡𝑡𝑜𝑚 𝑖𝑛 𝑓𝑜𝑜𝑡𝑖𝑛𝑔𝑠 

Ψ𝑒 = 1.0                                                                                        𝑢𝑛𝑐𝑜𝑎𝑡𝑒𝑑 

Ψ𝑠 = 1.0                                                                                𝑑𝑏 = 25 ≥ 22 

𝐾𝑡𝑟 = 0        𝑎𝑙𝑤𝑎𝑦𝑠 0 𝑠𝑖𝑛𝑐𝑒 𝑛𝑜 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑛𝑡 𝑖𝑛 𝑓𝑜𝑜𝑡𝑖𝑛𝑔 

𝑐𝑏 = 𝑚𝑖𝑛 {
 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑏𝑎𝑟 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 = 𝑐𝑜𝑣𝑒𝑟 +

𝑑𝑏
2
= 75 + 12.5 = 87.5 𝑚𝑚

1

2
 𝑐𝑒𝑛𝑡𝑒𝑟 𝑡𝑜 𝑐𝑒𝑛𝑡𝑒𝑟 𝑏𝑎𝑟 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =

1

2
(332.5) = 166.25 𝑚𝑚

 

𝑐𝑏 = 87.5 𝑚𝑚 

𝑐𝑏 + 𝐾𝑡𝑟
𝑑𝑏

=
87.5 + 0

25
= 3.5 > 2.5 → 𝑢𝑠𝑒 2.5 

𝑙𝑑 = [
𝑓𝑦

1.1𝜆√𝑓𝑐′

Ψ𝑡Ψ𝑒Ψ𝑠

(
𝑐𝑏 + 𝐾𝑡𝑟
𝑑𝑏

)
] 𝑑𝑏 = [

420

1.1 × 1 × √35

1.0 × 1.0 × 1.0

2.5
] 𝑑𝑏 

𝑙𝑑 = 30.55𝑑𝑏 = 30.55 × 25 = 763.64 𝑚𝑚 

𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑙𝑒𝑛𝑔𝑡ℎ = 𝑥 − 𝑐 = 1550 − 75 = 1475 𝑚𝑚 > 𝑙𝑑  (𝑂𝐾) 

Step 6: Design Dowels 

𝑃𝑎𝑙𝑙 𝑐𝑜𝑙 = Ø(0.85𝑓𝑐,𝑐𝑜𝑙
′ 𝐴1) = 0.65(0.85 × 25 × (400 × 400)) = 2210000 𝑁 = 2210 𝑘𝑁 

√
𝐴2
𝐴1
= √

3500 × 3500

400 × 400
= 8.75 > 2.0 → 𝑢𝑠𝑒 2.0 

𝑃𝑓𝑜𝑜𝑡 = Ø(0.85𝑓𝑐,𝑓𝑜𝑜𝑡
′ 𝐴1)(√

𝐴2
𝐴1
≤ 2) = 0.65(0.85 × 25 × (400 × 400))(2) = 4420000𝑁 = 4420𝑘𝑁 

𝑃𝑢 = 1.4 × 1400 + 1.7 × 1200 = 4000 𝑘𝑁 

𝐸𝑥𝑐𝑒𝑠𝑠 𝑙𝑜𝑎𝑑 = 𝑃𝑢 −min(𝑃𝑎𝑙𝑙 𝑐𝑜𝑙, 𝑃𝑎𝑙𝑙 𝑓𝑜𝑜𝑡) = 4000 − 2210 = 1790 𝑘𝑁 

𝐴𝑠 =
𝐸𝑥𝑐𝑒𝑠𝑠 𝑙𝑜𝑎𝑑

Ø𝑓𝑦
=
1790 × 103

0.65 × 420
= 6557 𝑚𝑚2 

Use 14 Ø 25 for dowels, As prov = 6874 mm2 
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Step 7: Development length of Dowels 

Ψ𝑟 = 1.0                        𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑠𝑖𝑛𝑐𝑒 𝑛𝑜 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 

𝜆 = 1.0                   𝑎𝑙𝑤𝑎𝑦𝑠 𝑛𝑜𝑟𝑚𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑖𝑛 𝑓𝑜𝑜𝑡𝑖𝑛𝑔𝑠 

Up into the Column: 

𝑙𝑑𝑐 = max

(

 
0.24𝑓𝑦Ψ𝑟

𝜆√𝑓𝑐,𝑐𝑜𝑙
′

𝑑𝑏 , 0.043𝑓𝑦Ψ𝑟𝑑𝑏 , 200

)

 = max (
0.24 × 420 × 1

1√25
× 25,0.043 × 420 × 1 × 25,200) 

𝑙𝑑𝑐 = max(504,451.5,200) = 504 𝑚𝑚 

Down into the footing: 

The same since they have the same fc’ 
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