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1. Introduction
With fiber reinforcement, an advantage is obtained in both these respects. Very slender structures are possible. 

2.  Fiberreinforced concrete
2.1 Concrete and fiber material
Victor C. Li [3] describes "multiple cracking" as the condition in which the fibers, after incipient cracking, whereby new cracks occur.

	CRC-binder
	940 kg

	Sand 0–0,25 mm
	170 kg

	Sand 0,25–1 mm
	340 kg

	
	

	Sand 1–4 mm
	776 kg

	Fibers
	240 kg

	Water
	150 kg

	
	

	Total
	2616 kg


Table 2.1  Content of 1 m3 CRC.

Steel fibers are available in different sizes. In the experiments on which the calculations are based, fibers from the company Bekaert in the sizes 0.15 × 6 mm, 0.15 × 13 mm and 0.40 × 12 mm (diameter × length) are used.   
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(1)
When test results for CRC are used, the measured compressive strength is used. When calculating the adhesion of the fibers, the approximate compressive strength fc=140 MPa is used.
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(2)

It is first assumed that the fibers lie in three mutually perpendicular directions with the same reinforcement intensity in the three directions. Furthermore, it is assumed that the fibers behave perfectly-plastic when the matrix is pulled out. Since the fiber volume in relation to the matrix volume is Vf, the fiber area per unit of area in each of the three directions ⅓ · Vf. The tensile strength is therefore given by (1) in the case considered.

Figure 2.1  Principle of pull-out tests on smooth reinforcement
In (2), ft,c denote the tensile strength of the concrete, c the cover layer and k0 and k are constants. For the actual fiber lengths, the size (2c + df) can with good approximation always be calculated greater than l. With the assumptions made, the adhesion strength is the same for the other two fibers, which is shown in Table 3.1
	Fiber 0,40×12 mm

	Fibercontent
	k0
	l
	df
	fc
	T [N]
	τ [MPa]

	3%
	1,92
	3,0
	0,40
	140
	50,74
	13,46

	4%
	1,92
	3,0
	0,40
	140
	50,74
	13,46

	
	
	
	
	
	
	

	Fiber 0,15×6 mm

	Fibercontent
	k0
	l
	df
	fc
	T [N]
	τ [MPa]

	3%
	1,92
	1,5
	0,15
	140
	9,51
	13,46

	4%
	1,92
	1,5
	0,15
	140
	9,51
	13,46


Table 2.2 Pull-out force and adhesion strength with varying fiber content.

A guideline for the magnitude of the adhesion in normal concrete is that for smooth iron, an adhesion strength of approx. 1/10 of the compressive strength can be applied. 

3. Result of experiments
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Figure 3.1  Anchorage length as function of max. load
It is noted that the compressive strength fc in Figure 3.1 as mentioned is set to 140 MPa, which is the compressive strength of the fibrous matrix, notwithstanding that the Densit material without fibers may have a slightly lower compressive strength, however according to [6] min. 120 MPa.    
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