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Bond, Development Lengths, and Hook 

 

 

 

The steel and the concrete should stick together, or bond, so that they will act as a 

unit.  

Even if the bars are completely separated from the concrete over considerable parts 

of their length, the ultimate strength of the beam will not be affected if the bars are 

so anchored at their ends that they cannot pull loose.  
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Q. What factors contribute to bonding of rebar to the concrete.  

Answer: The bonding of the reinforcing bars to the concrete is due to several 

factors, including  

1. the chemical adhesion between the two materials,  

2. the friction due to the natural roughness of the bars, and  

3. the bearing of the closely spaced rib-shaped deformations on the bar surfaces 

against the concrete. 

 

 
 

Figure: Bearing forces on bar and bearing of bar ribs on concrete. 

 

 
 

Figure: Types of bond failures. 
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Consider a cantilever beam. It can be seen that both the maximum moment in the 

beam and the maximum stresses in the tensile bars occur at the face of the support. 

Theoretically, a small distance back into the support the moment is zero, and thus 

it would seem that reinforcing bars would no longer be required. If the bars were 

stopped at the face of the support, the beam would fail. 

The bar stresses must be transferred to the concrete by bond between the steel and 

the concrete before the bars can be cut off. In this case the bars must be extended 

some distance back into the support and out into the beam to anchor them or 

develop their strength. This distance, called the development length (ld ), is shown 

in Figure. 

 
Figure: Development length in a cantilever support. 

 

Development Length:  

It can be defined as the minimum length of embedment of bars that is necessary to 

permit them to be stressed to their yield point plus some extra distance to ensure 

member toughness. A similar case can be made for bars in other situations and in 

other types of beams. 

The design is based on the reinforcement attaining the yield stress, so the 

reinforcement must be properly bonded to the concrete for a finite length in order 

not to slip. This sufficient length to anchor bars near the end of connections is 

referred to as the development length, ld.  

 

The development lengths used for deformed bars or wires in tension may not be 

less than the values computed with ACI Equation 12-1 or 12 in. If the equation is 

written as (ld /db), the results obtained will be in terms of bar diameters. This form 
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of answer is very convenient to use as, say, 30 bar diameters, 40 bar diameters, and 

so on. 
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Example: 
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Example 2  
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Hooks 

When sufficient space is not available to anchor tension bars by running them 

straight for their required development lengths hooks may be used. (Hooks are 

considered ineffective for compression bars for development length purposes.) 

 

 
 

 

Question: Show Details of the standard 90◦ and 180◦ hooks. 

Details of the standard 90◦ and 180◦ hooks specified in Sections 7.1 and 7.2 of the 

ACI Code. Either the 90◦ hook with an extension of 12 bar diameters (12db) at the 

free end or the 180◦ hook with an extension of 4 bar diameters (4db) but not less 

than 2.5 in. may be used at the free end. The radii and diameters shown are 

measured on the inside of the bends. 
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Example: 

Determine the development or embedment length required for the epoxy-coated 

bars of the beam shown in Figure 
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(b) Using 180◦ hooks, note that ψe = 1.2 as required in ACI Section 12.5.2 

for epoxy-coated hooks 

 

 

(c) Using 90◦ hooks, ldh = 26 in. as the 0.8 reduction factor does not apply 

because ties or stirrups are not provided. 
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Development Lengths for Compression Bars 

 
Example: The forces in the column bars of Figure are to be transferred into the 

footing with #9 dowels. Determine the development lengths needed for the dowels 

(a) down into the footing and (b) up into the column if fy = 60,000 psi. The 

concrete in both the column and the footing is normal weight. 

 

 

 


