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Development Length (Ld): is the minimum length of 
the bar which must be embedded in concrete beyond 
any section to develop its full capacity

It is also called anchorage length in case of axial
tension or axial compression and called development
length in flexural tension or compression

Deformed bars give a better bond than plain bars due
to surface roughness. fy, f’c, bar diameter, and
concrete cover also influence the bond.



Bond Mechanism



𝜓𝜓𝑡𝑡𝜓𝜓𝑒𝑒 ≤ 1.7

𝑐𝑐𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑑𝑑𝑏𝑏

≤ 2.5

𝐾𝐾𝑡𝑡𝑡𝑡 =
40 𝐴𝐴𝑡𝑡𝑡𝑡
𝑠𝑠 𝑛𝑛

Calculation of Ld (Tension Straight Bars)



(Top Factor: is fresh concrete below bars ≥ 300mm)





Example 1: Figure below shows the cross section of a simply supported beam reinforced with four Ø25 bars that are
confined with Ø10 stirrups spaced at 150mm. Determine the development length for two of bars if the beam is made of
normal-weight concrete, bars are not coated f’c=21 MPa, fy=420 MPa.

𝜆𝜆 = 1 (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶)
𝜓𝜓𝑡𝑡 = 1 (𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)
𝜓𝜓𝑒𝑒 = 1 (𝑁𝑁𝑁𝑁𝑁𝑁 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏)
𝜓𝜓𝑠𝑠 = 1 (𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 ≥ 22𝑚𝑚𝑚𝑚)
𝜓𝜓𝑔𝑔 = 1 (𝑓𝑓𝑦𝑦 ≤ 420)

𝑐𝑐𝑏𝑏 = 𝑚𝑚𝑚𝑚𝑚𝑚

65
75

300 − 150
3
2

= 25

𝐴𝐴𝑡𝑡𝑡𝑡=2× 𝜋𝜋
4

× 102 = 157

𝐾𝐾𝑡𝑡𝑡𝑡 =
40 𝐴𝐴𝑡𝑡𝑡𝑡
𝑠𝑠 𝑛𝑛

=
40 × 157
150 × 2

= 20.933

𝑐𝑐𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑑𝑑𝑏𝑏

=
25 + 20.933

25
= 1.837 ≤ 2.5

𝜓𝜓𝑡𝑡𝜓𝜓𝑒𝑒 = 1 × 1 = 1 ≤ 1.7

𝐿𝐿𝐿𝐿 =
420

1.1 × 1 × 21
×

1 × 1 × 1
1.837

× 𝑑𝑑𝑏𝑏 = 49.88𝑑𝑑𝑑𝑑 = 1247𝑚𝑚𝑚𝑚 ≥ 300𝑚𝑚𝑚𝑚



Example 2: For the cantilever beam with section shown below compute the distance that the main reinforcement
should be embedded straightly in the support. f’c=28 MPa, fy=420 MPa.

𝜆𝜆 = 1 (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶)

𝜓𝜓𝑡𝑡 = 1.3 (𝑦𝑦 ≥ 300𝑚𝑚𝑚𝑚)
𝜓𝜓𝑒𝑒 = 1 (𝑁𝑁𝑁𝑁𝑁𝑁 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏)
𝜓𝜓𝑠𝑠 = 1 (𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 ≥ 22𝑚𝑚𝑚𝑚)
𝜓𝜓𝑔𝑔 = 1 (𝑓𝑓𝑦𝑦 ≤ 420)

𝐴𝐴𝑡𝑡𝑡𝑡=2× 𝜋𝜋
4

× 122 = 226

𝐾𝐾𝑡𝑡𝑡𝑡 =
40 𝐴𝐴𝑡𝑡𝑡𝑡
𝑠𝑠 𝑛𝑛

=
40 × 226
200 × 3

= 15.066

𝑐𝑐𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑑𝑑𝑏𝑏

=
42.72 + 15.066

25
= 2.311 ≤ 2.5

𝜓𝜓𝑡𝑡𝜓𝜓𝑒𝑒 = 1.3 × 1 = 1.3 ≤ 1.7

𝐿𝐿𝐿𝐿 =
420

1.1 × 1 × 28
×

1.3 × 1 × 1
2.311

× 𝑑𝑑𝑏𝑏 = 40.6 𝑑𝑑𝑑𝑑 = 1015 𝑚𝑚𝑚𝑚 ≥ 300𝑚𝑚𝑚𝑚

𝑐𝑐𝑏𝑏 = 𝑚𝑚𝑚𝑚𝑚𝑚

40 + 12 +
25
2

= 64.5

64.5
300 − 64.5 − 64.5

2
2

= 42.72

𝑓𝑓𝑓𝑓𝑓𝑓 𝜓𝜓𝑡𝑡 , 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑦𝑦

𝑦𝑦 = 500 − 40 − 12 − 25 = 423𝑚𝑚𝑚𝑚 ≥ 300



The development length in compression shall be the greater value of (a), (b) and (c) 

Calculation of Ldc (Compression Straight Bars)



Example 3: A reinforced concrete column is reinforced with eight Ø32 bars, which should extend to the footing.
Determine the development length needed for the bars to extend down in the footing. Use normal weight concrete
with f’c=28 MPa and fy=420 MPa. Assume no confinement in the reinforcing steel.

𝜓𝜓𝑟𝑟 = 1.0 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝜆𝜆 = 1.0 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

a 𝐿𝐿𝐿𝐿𝐿𝐿 =
0.24 𝑓𝑓𝑦𝑦 𝜓𝜓𝑟𝑟
𝜆𝜆 𝑓𝑓𝑐𝑐′

𝑑𝑑𝑏𝑏 =
0.24 × 420 × 1

1 × 28
𝑑𝑑𝑏𝑏 = 19 𝑑𝑑𝑏𝑏 = 608 𝑚𝑚𝑚𝑚

𝑏𝑏 𝐿𝐿𝐿𝐿𝐿𝐿 = 0.043 × 420 × 1 𝑑𝑑𝑏𝑏 = 18.06 𝑑𝑑𝑏𝑏 = 578 𝑚𝑚𝑚𝑚

𝑐𝑐 𝐿𝐿𝐿𝐿𝐿𝐿 = 200 𝑚𝑚𝑚𝑚

Use development length Ldc=608 mm
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