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CRC – a description

Introduction

CRC is an abbreviation of Compact Reinforced Composite – a high performance concrete developed by Aalborg Portland A/S in 1986 and now marketed by CRC Technology. CRC has a very high compressive strength and extremely good durability. The incorporation of steel fibres in the matrix provides ductility, which allows utilisation of closely spaced reinforcing bars and small rebar covers. CRC structures will, because of these properties, often be designed with very slender cross sections. The composition of CRC can be varied with i. e. different types of aggregates and different types and contents of fibres, but a typical composition – which has been investigated in a number of international research projects with regard to behaviour in bending, shear, impact, resistance to corrosion, fatigue, fire resistance, shrinkage and creep – is a mortar with a quartz sand, 4-6 vol.% steel fibres and a water/powder ratio of 0.16. The fibres most often used have a length of 12 mm and a diameter of 0.4 mm. The fibre content is chosen for each project based on the need for especially ductility. The fibre content for balcony slabs has typically been 3 %, in staircases the content has been from 2 to 4% and all CRC JointCast applications have been with a 6% mix. CRC JointCast is a dry-mortar used for repairs or for in-situ cast joints between precast elements produced of conventional concrete. A general description of CRC is available in [1] and [2]. 

Mechanical properties

The standard composition of CRC with quarts sand and 6 vol.% of steel fibres typically has a compressive strength of 140 MPa measured on cylinders at 28 days. The flexural strength is approximately 25 MPa. In design calculations a characteristic compressive strength of 115 MPa is used, and the reinforcement typically has a characteristic strength (yield) of 550 MPa. Young’s modulus of CRC is about 45 GPa. As the stiffness of CRC is only marginally higher than the stiffness of conventional concrete, it is often necessary to pay special attention to deformations in  design of slender CRC structures.

Fatigue tests demonstrate that CRC behaves slightly better than conventional concrete, basically due to an improved ability to redistribute internal stress.

In the table below expected mean values of a number of properties are indicated as a function of the fibre content of the matrix. Interpolation between the values can be used to assess the properties of other fibre contents. The uniaxial tensile strength shown corresponds to the maximum stress that can be transferred in a cracked section. Initiation of cracks occur at stresses of 6-7 MPa depending on the fibre content [3].

	Steel fibre content
	2%
	4%
	6%

	Compressive strength [MPa]
	125
	135
	140

	Flexural strength [MPa]
	16
	20
	25

	Uniaxial tensile strength[MPa]
	6
	10
	14

	Splitting strength [MPa]
	10
	15
	20

	Shear strength [MPa]
	6
	9
	12

	Young’s modulus [GPa]
	42
	44
	46


Durability 

The CRC matrix is extremely dense and has no capillary porosity – only gel pores – which is the reason for a very low permeability. However, CRC will mostly be used in structures with a service load considerably higher than that, which is sustained on a structure of conventional concrete. This made it necessary to perform investigations to demonstrate the rate of penetration of chloride ions on a heavily loaded structure. This is investigated in a special testing rig, where small beams are exposed to chlorides while loaded to a specified deflection.

The results of these investigations are available in [4] and [5], and they show, that even with a high flexural stress in the beams (70 MPa), the rate of chloride penetration is not accelerated compared to beams with no load. The number of micro cracks in the beams is increased at high loads, but the micro cracks have a size, which does not affect chloride penetration. The tests show, that even with a severe chloride exposure it will take more than 100 years before the chlorides penetrate to the reinforcing bars, even with only 10 mm of cover. Further investigation shows that even if a large amount of chloride is introduced into the mixing water when the beams are produced, there will be no corrosion of the reinforcing bars. The reason for this is the lack of capillary porosity in CRC. There is no transport of water or oxygen to initiate the corrosion. CRC has been used for drain covers in the tunnels of the Great Belt Link in Denmark with only 10 mm of cover to the reinforcement, even though the covers are exposed to salt water and are designed for a 100 year service life.

Fire

Structures made of very dense concrete exposed to fire can exhibit a rather severe – sometimes even explosive – spalling. The main reason for this is that the water vapour in the structure produced by heating cannot escape readily enough through the dense matrix. In time the vapour pressure may reach the level of the tensile strength in the matrix, and explosive spalling or delamination may occur. In conventional concrete spalling will often occur as a partial delamination, but especially in materials with high tensile capacity combined with a dense structure, explosive spalling may occur, as the vapour pressure is allowed to build up for longer time before it is released.

This problem can occur, also for CRC, and evaluation of the behaviour of CRC structures exposed to fire have been carried out in several research projects, i.e. a EUREKA-project with participants from Denmark and the UK and a Brite/EuRam project with participants from Denmark, France and Spain. Trials carried out at “Dansk Brandteknisk Institut” (DBI), and the university of Aalborg have shown that the risk of spalling can be eliminated if the CRC-specimen is dried to some extent before the fire test is performed. This can be achieved by accelerated drying (40 – 80°C), or by natural curing of the CRC-specimen over a certain period (3 – 6 months) at ambient conditions. Some of the results mentioned can be found in [6]. When drying is achieved, the behaviour of CRC is even better than for conventional concrete as there is no free portlandite in the CRC matrix, as mentioned in [7].

The heat transferring ability of CRC is not very different from conventional concrete, and therefore the designer can use the same rules for calculations. This has been observed with cone-shaped beams at DBI (the Danish Fire Testing Institute), where the beams were instrumented with thermo-couples, and it has also been confirmed in tests at VTT, Finland, and CSTB, France. These tests were part of a Brite/EuRam project, carried out to investigate the behaviour of high performance concretes exposed to fire. This project was concluded in April 1999.

Anchorage

The bond properties of CRC are of special interest, when the designer looks at load-transferring joints and connections. CRC has some advantages compared to conventional concrete. Basically due to the high amount of silica fume in the binder, which provides a large contact surface between the concrete and the reinforcing bars. Also due to the steel fibres, which provide reinforcement against cracks in the concrete around the reinforcing bars thus making it possible to achieve a very high stress level in the concrete around the reinforcing bars.

Several test results with regard to the bond properties of CRC can be found in [8], [9] and [10]. 

Based on the results of tests, an empirical model to estimate the anchorage strength of a reinforcing bar in a CRC matrix with 6 vol.% of fibres has been developed.
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Where:
τu = shear strength (MPa)


fc  = compressive strength of CRC (MPa)


c  = cover to reinforcing bar


d  = diameter of reinforcing bar


L = embedment length of reinforcing bar


(t =  EQ nAst/dL ( 0.1


Ast = cross section area of the reinforcing bar


n  = number of cross bars

The model is based on trials carried out with pull-out specimens, but a number of bending tests have also been carried out. The CRC-matrix used for joints is called CRC-JointCast.

Besides the applications in slab connections, the bond properties of CRC are used in other applications, such as frame connections, beam connections and for structural concrete repair, where additional reinforcing bars are incorporated into the existing structure and covered with CRC.
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