fiber reinforced concrete


CHAPTER I : Introduction
1.1 General
1.1.1 Concrete
Concrete is one of the most versatile building materials. It can be cast to fit any structural shape. It is readily available in urban areas at relatively low cost.

Concrete is strong under compression yet weak under tension and a relatively brittle material. As such, a form of reinforcement is needed. The most common type of concrete reinforcement is via steel bars. The advantages to using concrete include high compressive strength, good fire resistance, high water resistance, low maintenance, and long service life. The disadvantages to using concrete include poor tensile strength, and formwork requirement.

1.1.2 Steel Reinforcement Concrete

Tensile strength of concrete is typically 8% to 15% of its compressive strength. This weakness has been dealt with over many decades by using a system of reinforcing bars (rebars) to create reinforced concrete; so that concrete primarily resists compressive stresses and steel bars resist tensile and shear stresses.

The longitudinal rebar in a beam resists flexural (tensile stress) whereas the stirrups, wrapped around the longitudinal bar, resist shear stresses. In a column, vertical bars resist compression and buckling stresses while ties resist shear and provide confinement to vertical bars.

Use of reinforced concrete makes for a good composite material with extensive applications. Steel bars, however, reinforce concrete against tension only locally. Cracks in reinforced concrete members extend freely until encountering a rebar. The need for multidirectional and closely spaced reinforcement for concrete arises.

1.1.3 Fiber Reinforced Concrete

Fiber reinforced concrete is a concrete mix that contains short discrete fibers that are uniformly distributed and randomly oriented. Fiber material can be steel, cellulose, carbon, polypropylene, glass, nylon, and polyester. The amount of fibers added to a concrete mix is measured as a percentage of the total volume of the composite (concrete and fibers) termed Vf. Vf typically ranges from 0.1 to 3%. Aspect ratio (l/d) is calculated by dividing fiber length (l) by its diameter (d). Fibers with a non-circular cross section use an equivalent diameter for the calculation of aspect ratio.

1.2 Durability of Concrete in the Saudi Arabia Country
During the last thirty years, a large number of concrete construction projects have been executed in the Saudi Arabia Country. This is due to the rapid development of the infrastructure facilities in this region which constitutes the most intense area of major construction activity in the world. Even in the coming years, it may continue at a level significantly higher than that in most of the other countries. The Saudi Arabia Country constitutes one of the most aggressive environments for concrete durability in the world. It is characterized by adverse geomorphic and climatic conditions such as severe ground and ambient salinity and high temperature-humidity regimes. During summer, ambient temperatures are frequently in the range of 40-45°C and sometimes reach 50°C. Along the Gulf coast, the humidity is high, particularly at night, the average relative humidity exceeds 80%, reaching 100% at times. The fluctuation in temperature between night and day is between 15-20°C. It is known that direct solar radiation on hardened concrete surfaces may raise the temperature of concrete to as high as 65 to 70°C on a typical summer day in this region. 
The action of these causes in the deterioration of concrete can be observed in the following:-
· Reflective cracking over reinforcement directly after concrete placement due to plastic shrinkage, thermal movements and subsidence stress.

· Expansive cracking due to salt attack with loss of strength and cohesion leading to ease of chloride penetration and eventual corrosion of steel reinforcement.

1.3 The Problem of Thesis
Cracking induced by plastic shrinkage, drying shrinkage and thermal gradient on the surface of fresh and mature concrete due to the severe environmental conditions of the Saudi Arabia Country has been marked as one of the several causal factors of deterioration of reinforced concrete in the area. The large fluctuation in the daily temperature in summer months may reach 50°C and seasonal fluctuations may reach 70°C; particularly when heating of concrete surfaces due to direct radiation of the sun is taken into consideration. The combined effect of frequent drying winds, high temperatures and low precipitation result in excessive evaporation of Gulf waters causing high salinities. These climatic characteristics help in the cracking process of concrete.

1.3.1 Plastic Shrinkage Cracking
This type of cracking is common on exposed surfaces of freshly placed floors, slabs, and other elements with large surface areas as show in Fig.1.1 when subjected to rapid loss of moisture due to low humidity, high temperature, and high wind velocity.When moisture evaporates from the surface of freshly placed concrete faster than it is replaced by bleeding water, the concrete surface shrinks. Tensile stresses develop in plastic concrete, resulting in shallow cracks that are usually short and run in all directions.
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Fig.1.1. Plastic Shrinkage Cracking
1.3.2 Drying Shrinkage Cracking
Restrained drying shrinkage is the most common cause of concrete cracking in the Saudi Arabia Country. Drying shrinkage of concrete is due to the loss of free water from the matrix gel. When concrete dries, it shrinks, and when it is wetted again, it expands. These volume changes do not cause any cracks in concrete structures, if they could take place without any restraint. The cause of cracking due to drying shrinkage is the combination of both shrinkage and restraint, (Figure 1.2) which develops tensile stresses higher than the tensile strength of concrete. 

The magnitude of these tensile stresses is influenced by the following factors [5].
· Rate and amount of drying shrinkage

· Modulus of elasticity and Degree of restraint.
· Creep or relaxation of tensile stresses during shrinkage.
· There are many factors that influence the shrinkage of concrete. These include composition of cement, type of aggregate, water content, and mix proportions. The drying shrinkage is also influenced by the size and the shape of the concrete member, the environment (temperature, wind, and relative humidity), and the time of drying exposure [5].
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Fig.1.2.cracking of concrete due to drying shrinkage cracking [5]
1.2.3  Thermal Gradient Cracking
Temperature changes in concretre are caused by either exposure to weather conditions or direct sun radiation and hydration of the cement. The daily temperatures in the Saudi Arabia Country during summer months may reach as high as 45-50°C. Therefore, heating of concrete surfaces subjected to such high temperatures particularly when direct radiation of the sun is taken into consideration, causes large temperature differentials within the concrete mass leading to acceleratred cracking and deterioration of reinforced concrete structures in this area.The consequences of these cracks are far more severe in the environment of the Gulf coast than elsewhere. Such cracks facilitate the ingress of salt-laden water and moisture which causes disintegration of concrete due to sulphate attack and corrosion. The cracking induced by the temperature differentials has been considered as one of the causal factors of deterioration of reinforced concrete in this area.It is well known that during the hydration of cement some heat is liberated which causes an increase in the temperature of fresh concrete which is more or less plastic. After a maximum temperature has been reached and cooling starts, the concrete contracts and if there is any restraint against this contraction, tensile stress develops [6] which may be enough to cause concrete to crack.
1.4 Thesis objectives
The objectives of this thesis are as follows:

1. The philosophical objective of the thesis is to contribute to the knowledge of the properties of fiber reinforced concrete (FRC), helping to extend the use of the material to structural design.

2. Study of the effect of using polypropylene fiber on concrete compressive and split tensile strength.

3. Assessment of the effect of polypropylene fiber reinforcement in minimizing plastic and drying shrinkage cracks of the concrete.

4. Improve the overall durability and long-term performance of concrete structures.

5. Develop joints between columns and beams by use steel fiber reinforced concrete (specially in joint seismic performance).
1.5 Limitation of thesis
This thesis focuses on use fiber reinforced concrete in cast insitu (not precast), is a limitation, and mainly on structural applications also is a limitation. There are several other possible civil applications, such as sidewalks, structural rehabilitation, channel linings and Airport aprons.

1.6 Importance of study

The target of this research is to contribute to the knowledge of the properties of fiber reinforced concrete (FRC) comparing to plain concrete, helping to extend the use of the materials alternative materials as concrete reinforcements.

1.7 The hypotheses of thesis are: 

1- Eliminate cracks, a homogeneous concrete, lowered permeability and increase split tensile strength, the resistance to shattering, abrasion, and impact forces.

2- The superior method and cost effective alternate to welded wire fabric for secondary reinforcement. 
3- Decreasing the thickness of slabs on grade.

4- FRC (specially SFRC) can improve seismic performance when use in joints between columns and beams.

5- Tie spacing can be increased without significantly sacrificing the improved seismic performance. This causes Easy to cast concrete in joints between columns and beams and produce efficient joints.

1.8 Methodology
Many researchers throughout the world have conducted testing of fiber added to concrete over the past three decades. This thesis aims to add to that body of knowledge by the following steps:-

1- Reviewing literatures: (Boxes, Magazines, Websites, Researches, and References).

2- Case study: selected one type of fibers and make study about it (helix steel fiber).

3- Data collection : by experimental investigation where, one concrete mix made from local ingredients were used to cast and testing (7-day and 28-day curing) of 48 specimens (150mm diameter x 300 mm height)  as the following:-
· 12 specimens with 0.0% fiber weight fraction.
· 12 specimens with 0.25% fiber weight fraction.

· 12 specimens with 0.50% fiber weight fraction.

· 12 specimens with 1.00% fiber weight fraction.

The experimental investigation was done in The Saudi Ready-mix Concrete Company.

4- Results Discussion of Experimental Investigation
5- Analysis and Discussion of Results
6- Conclusion
1.9 Historical background
The use of fibers in building materials to improve their behavior is an old and intuitive concept. Examples include adding straw fibers to sun-dried mud bricks (adobe) and asbestos fibers to pottery to create a composite with a better performance. Recently, research and design of fiber reinforced concrete began to increase in importance in the 1970s, and since those days various types of fibers have been developed such as steel fiber, Synthetic Fibers (Polypropylene, Nylon and Polyester), glass fiber….ect.
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