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Bond and Development Length: 

 

𝑙𝑑 = 𝑚𝑎𝑥 {
𝑑𝑒𝑡𝑎𝑖𝑙𝑒𝑑 𝑜𝑟 𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛

300 𝑚𝑚
        → 𝑠𝑡𝑟𝑎𝑖𝑔ℎ𝑡 𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 𝑙𝑒𝑛𝑔𝑡ℎ, 𝑆𝐵𝐶 − 18, 25.4.2.1 

𝑙𝑑 =

{
 
 

 
 [
𝑓𝑦Ψ𝑡Ψ𝑒

2.1𝜆√𝑓𝑐′
] 𝑑𝑏                𝑑𝑏 ≤ 20

[
𝑓𝑦Ψ𝑡Ψ𝑒

1.7𝜆√𝑓𝑐′
] 𝑑𝑏                𝑑𝑏 ≥ 22

                                           → 𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛, 𝑆𝐵𝐶 − 18, 25.4.2.2 

𝑙𝑑 = [
𝑓𝑦

1.1𝜆√𝑓𝑐′

Ψ𝑡Ψ𝑒Ψ𝑠

(
𝑐𝑏 +𝐾𝑡𝑟
𝑑𝑏

)
] 𝑑𝑏                                                              → 𝑑𝑒𝑡𝑎𝑖𝑙𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛, 𝑆𝐵𝐶 − 18, 25.4.2.3 

𝑐𝑏 + 𝐾𝑡𝑟
𝑑𝑏

≤ 2.5                                                                                                    → 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡, 𝑆𝐵𝐶 − 18, 25.4.2.3 

𝐾𝑡𝑟 =
40𝐴𝑡𝑟
𝑠𝑛

                                                                                            → 𝑡𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑛𝑑𝑒𝑥,𝑚𝑚 

𝑐𝑏 = 𝑚𝑖𝑛 {
 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑏𝑎𝑟 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑

              
1

2
 𝑐𝑒𝑛𝑡𝑒𝑟 𝑡𝑜 𝑐𝑒𝑛𝑡𝑒𝑟 𝑏𝑎𝑟 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 

                                                                                                    

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑏𝑎𝑟 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 = 𝑐𝑜𝑣𝑒𝑟 + 𝑑𝑠 +
𝑑𝑏
2
                                                                                                               

1

2
 𝑐𝑒𝑛𝑡𝑒𝑟 𝑡𝑜 𝑐𝑒𝑛𝑡𝑒𝑟 𝑏𝑎𝑟 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =

1

2
(
𝑏 − 2𝑐𝑜𝑣𝑒𝑟 − 2𝑑𝑠 − 𝑑𝑏

𝑛 − 1
)                                                                              

 

𝜆 = {
0.75                𝑙𝑖𝑔ℎ𝑡𝑤𝑒𝑖𝑔ℎ𝑡 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒
1.0                            𝑛𝑜𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒

                → 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑎𝑐𝑡𝑜𝑟, 𝑆𝐵𝐶 − 18, 𝑇𝑎𝑏𝑙𝑒 25.4.2.4 

 

Ψ𝑒 = {
1.5               𝑐𝑜𝑎𝑡𝑒𝑑, 𝑐 < 3𝑑𝑏 𝑜𝑟 𝑠 < 6𝑑𝑏
1.2                   𝑐𝑜𝑎𝑡𝑒𝑑, 𝑜𝑡ℎ𝑒𝑟 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠
1.0                                                 𝑢𝑛𝑐𝑜𝑎𝑡𝑒𝑑

                        → 𝑐𝑜𝑎𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟, 𝑆𝐵𝐶 − 18, 𝑇𝑎𝑏𝑙𝑒 25.4.2.4 

 

Ψ𝑠 = {
0.8                𝑑𝑏 ≤ 20
1.0                𝑑𝑏 ≥ 22

                                     → 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑠𝑖𝑧𝑒 𝑓𝑎𝑐𝑡𝑜𝑟, 𝑆𝐵𝐶 − 18, 𝑇𝑎𝑏𝑙𝑒 25.4.2.4 

 

Ψ𝑡 = {
1.3                        𝑡𝑜𝑝 𝑏𝑎𝑟𝑠
1.0                𝑏𝑜𝑡𝑡𝑜𝑚 𝑏𝑎𝑟𝑠

                   → 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟, 𝑆𝐵𝐶 − 18, 𝑇𝑎𝑏𝑙𝑒 25.4.2.4 

 

 

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


2 

 

Eng. Ibrahim Almohanna, 2021  CE 370: Reinforced Concrete Design -1. Tutorial Note #9 

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

 

𝑙𝑑ℎ = 𝑚𝑎𝑥 {
𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛
8𝑑𝑏          
150 𝑚𝑚 

                                              → 𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 ℎ𝑜𝑜𝑘𝑠, 𝑆𝐵𝐶 − 18, 25.4.3.1 

𝑙𝑑ℎ = (
0.24𝑓𝑦Ψ𝑒Ψ𝑐Ψ𝑟

𝜆√𝑓𝑐′
)𝑑𝑏                                      → 𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 ℎ𝑜𝑜𝑘𝑠, 𝑆𝐵𝐶 − 18, 25.4.3.1 

 

𝜆 = {
0.75                𝑙𝑖𝑔ℎ𝑡𝑤𝑒𝑖𝑔ℎ𝑡 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒
1.0                            𝑛𝑜𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒

                → 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑎𝑐𝑡𝑜𝑟, 𝑆𝐵𝐶 − 18, 𝑇𝑎𝑏𝑙𝑒 25.4.3.2 

 

Ψ𝑒 = {
1.2                   𝑐𝑜𝑎𝑡𝑒𝑑
1.0              𝑢𝑛𝑐𝑜𝑎𝑡𝑒𝑑

                                                           → 𝑐𝑜𝑎𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟, 𝑆𝐵𝐶 − 18, 𝑇𝑎𝑏𝑙𝑒 25.4.3.2 

 

Ψ𝑐 = {
0.7      𝑑𝑏 ≤ 36, 𝑠𝑖𝑑𝑒 𝑐𝑜𝑣𝑒𝑟 ≥ 65, 𝑒𝑛𝑑 𝑐𝑜𝑣𝑒𝑟 ≥ 50
1.0                                                                             𝑜𝑡ℎ𝑒𝑟

        → 𝑐𝑜𝑣𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟, 𝑆𝐵𝐶 − 18, 𝑇𝑎𝑏𝑙𝑒 25.4.3.2 

 

Ψ𝑟 = {
0.8     𝑠𝑒𝑒 𝑓𝑖𝑔𝑢𝑟𝑒
1.0                𝑜𝑡ℎ𝑒𝑟

                            → 𝑐𝑜𝑛𝑓𝑖𝑛𝑖𝑛𝑔 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟, 𝑆𝐵𝐶 − 18, 𝑇𝑎𝑏𝑙𝑒 25.4.3.2 

 

 

enclosed along ℓdh within stirrups perpendicular 

to ℓdh at s ≤ 3db, 

 

enclosed along the bar extension beyond hook 

including the bend within stirrups perpendicular to 

ℓext at s ≤ 3db 
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A 400×600 mm cantilever beam, reinforced by 4Ø28, is supported by a 400×600 mm column. 

a) Calculate the required straight development length using the detailed equation assuming Ktr = 0. f’c = 35 

MPa, fy = 420 MPa. 

b) Is the width of the column sufficient to develop the bars straight? If not, design the suitable standard hook 

for the beam-column joint and draw the reinforcement details. 

a) 

𝜆 = 1.0    𝑛𝑜𝑟𝑚𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 

Ψ𝑡 = 1.3                                    𝑡𝑜𝑝 𝑏𝑎𝑟𝑠 

Ψ𝑒 = 1.0                                  𝑢𝑛𝑐𝑜𝑎𝑡𝑒𝑑 

Ψ𝑠 = 1.0                          𝑑𝑏 = 28 ≥ 22 

𝐾𝑡𝑟 = 0                                          𝑔𝑖𝑣𝑒𝑛 

𝑐𝑏 = 𝑚𝑖𝑛 {
 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑏𝑎𝑟 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 = 𝑐𝑜𝑣𝑒𝑟 + 𝑑𝑠 +

𝑑𝑏
2
= 40 + 10 + 14 = 64 𝑚𝑚

1

2
 𝑐𝑒𝑛𝑡𝑒𝑟 𝑡𝑜 𝑐𝑒𝑛𝑡𝑒𝑟 𝑏𝑎𝑟 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =

1

2
(
400 − 2 × 40 − 2 × 10 − 28

4 − 1
) = 45.33 𝑚𝑚

 

𝑐𝑏 = 45.33 𝑚𝑚 

𝑐𝑏 + 𝐾𝑡𝑟
𝑑𝑏

=
45.33 + 0

28
= 1.62 ≤ 2.5 → 𝑂𝐾 

𝑙𝑑 = [
𝑓𝑦

1.1𝜆√𝑓𝑐′

Ψ𝑡Ψ𝑒Ψ𝑠

(
𝑐𝑏 + 𝐾𝑡𝑟
𝑑𝑏

)
] 𝑑𝑏 = [

420

1.1 × 𝜆 × √35

1.3 × 1.0 × 1.0

1.62
] 𝑑𝑏 

𝑙𝑑 = 51.27𝑑𝑏 = 51.27 × 28 = 1435.6 𝑚𝑚 
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b) ld = 1435.6 mm is larger than the column dimensions (600 mm), standard hook should be used. 

 

 

𝜆 = 1.0                                                                                         𝑛𝑜𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 

Ψ𝑒 = 1.0                                                                                                      𝑢𝑛𝑐𝑜𝑎𝑡𝑒𝑑 

Ψ𝑐 = 1.0      𝑑𝑏 = 28 ≤ 36, 𝑠𝑖𝑑𝑒 𝑐𝑜𝑣𝑒𝑟 = 40 ≤ 65, 𝑒𝑛𝑑 𝑐𝑜𝑣𝑒𝑟 = 60 ≥ 50 

Ψ𝑟 = 1.0                                     𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑠𝑖𝑛𝑐𝑒 𝑛𝑜 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 

𝑙𝑑ℎ = (
0.24 × 420 × 1.0 × 1.0 × 1.0

1.0 × √35
)𝑑𝑏 = 17.04𝑑𝑏 = 17.04 × 28 = 477.07 𝑚𝑚  

Room available for hook development = column dimension – end cover = 600 – 60 = 540 mm 

Hook development length = 477.07  mm < available room = 540 mm ➔ OK 

 

Check if 90° hook can be used. 

• Minimum inside bend diameter from SBC304-18, Table 25.3.1 = 8db = 224 mm 

• Minimum straight extension lext from SBC304-18, Table 25.3.1 = 12db = 336 mm 

• Total required hook tail height = bend dia/2 + lext + db = 224/2 + 336 + 28 = 476 mm 

• Available room for hook tail = h – 2 clear covers = 600 - 2×50 = 500 mm  

Available room = 500 mm > required hook tail heigh = 476 mm ➔ 90° hook can be used. 

 

Actually, since the bars are developed into a column, it can be used. That is because a column has greater 

depth than the beam. 

 

Check if 180° hook can be used. 

• Minimum inside bend diameter from SBC304-18, Table 25.3.1 = 8db = 224 mm 

• Minimum straight extension lext from SBC304-18, Table 25.3.1 = 4db = 112 mm > 65 mm 

• Total required hook tail height = bend dia + 2db = 224 +2×28 = 280 mm 

• Available room for hook tail = h – 2 clear covers = 600 - 2×50 = 500 mm  

Available room = 500 mm > required hook tail heigh = 280 mm ➔ Use 180° hook. 
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■■■■ 
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