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ABSTRACT 
Dominant cracking models for flexural elements are mostly based on assuming that a virtual tie 
forms around the reinforcement and the resulting expressions are derived from this assumption. 
The main difference in existing code formulations is that present in EN 1992-1-1:2004 in which 
the bond term for crack spacing is affected by factor k2 which is equal to 0.5 for bending and 1.0 
for tension. This paper shows this to be an oversimplification of the problem. An improved 
proposal is made to account for this effect. But cracking in flexure is different from cracking in 
tension in other ways. One of them is the effect of curvature on the increase of crack width with 
cover. It will be shown that this effect, accounted for only in the comments of MC 2010, is very 
significant. Also, evidence of the effect of bad bond or good bond conditions on crack spacing, 
affecting mainly flexural members, will be given.  
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1. INTRODUCTION 
In the following paragraphs, some ideas regarding modifications needed in current design code 
formulations to account for differences between members in flexure and members in tension will 
be given. These involve the variation of stresses within the effective tensile area, the effect of 
curvature on the effect on crack width of casting position. 

2. EFFECT OF VARIATION OF STRESSES 
EN 1992-1-1:2004 recognizes a difference between the flexure and tension in the calculation of 
crack spacing. Crack spacing is, of course, related to the transfer length, which is a concept 
referring to the crack formation phase and may be defined as the minimum distance from an 
already formed crack at which a new crack can form. This distance is governed by the force that 
needs to be transmitted to the effective tension area around the reinforcing bars to reach a tension 
stress in the most tensioned fibre equal to the tensile strength (fctm). At the end of the transfer 
length behaviour is assumed to be linear elastic. The force transmitted to concrete along the 
transfer length is limited by the bond strength. In an element in tension, the force would be equal 
to the effective tension area times fctm. In bending, however as the stress is variable the force would 
be smaller. EN 1992-1-1:2004 assumes that the full tensioned area of concrete is affected in this 
way and proposes a reduction by a factor of 2 in the value of the transfer length in flexure with 
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respect to tension. This is too much, because not all the tensioned area is “effective”. A better 
estimate for this reduction is given in Eq. (1) for a rectangular cross section, where h is the section 
height and hc,ef is the height of effective area. 

,c efh h

h
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The introduction of this correction results in the limit of (h-x)/3  to the value of the effective height  
included in EN 1992-1-1:2004 and MC 2010 to be redundant (x is the depth of the neutral axis of 
the fully cracked section). 

3. EFFECT OF CURVATURE 
It is well known and experimentally verified [1][2] that crack width increases with cover, and in 
general with distance to the closest reinforcing bar, due the closure of secondary cracks. This 
happens both in tension and flexure. In flexure, however, there is an additional increase due to 
curvature, so that the crack width measured at the concrete surface at the tensioned reinforcement 
level is smaller than that measured at the most tensioned fibre. This effect can be accurately 
accounted for by multiplying the crack width computed at the reinforcement level by the factor 
of Eq. (2), where d is the effective height. For large covers and large reinforcing ratios this effect 
is very significant. As an example, in a bh=52x60 rectangular beam with 60 mm of cover and 
340, taken from reference [3], the increase is 23%. 
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4. EFFECT OF CASTING POSITION 
In ULS, it is well recognized that bars cast in poor position need longer anchorage and lap lengths. 
Even though cracking is also related to bond, to the knowledge of the authors, casting position 
has never been proposed as a factor affecting crack spacing. Recent investigations [4] show that 
it is, and corrections should be introduced to account for it. The failure to recognize this effect, 
may, in fact, be responsible for a significant amount of the scatter observed when comparing 
experimental data to models since casting position is seldom reported in the literature. This topic 
needs further investigation. A research program focused in this effect is currently underway at 
UPM. 

5. CONCLUSION 
Current code formulations need to be revised in order to account for differences in cracking 
behaviour in tension and bending as summarized in the paragraphs above. MC 2020 is  good 
opportunity for this.  
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