FIBER REINFORCED CONCRETE	
CHAPTER IV: Methodology Of Investigation

4.1 General
This chapter deals with the framework of the experimental program including the identification of various materials used, casting procedure, specifications followed and equipments used.

4.2 The Problem of Investigation 
1- Concrete weak in tensile, brittle and limited ductility material.
2- Steel bars however, reinforce concrete against tension only locally.
3- Cracks in reinforced concrete members extend freely until encountering a rebar.
4- Fiber reinforced concrete is used when there is requirement for eliminating small cracks. 

4.3 Objectives of Investigation
Study the improvement due to using fiber reinforced concrete on compressive (fc’), and split tensile (ft’) strength compared to plain concrete by variables percent 0%, 0.25%, 0.5 and 1% of fiber weight of cement content using standard cylindrical test specific. 

4.4 Methodology of Investigation
An experimental investigation will be performed to meet the objectives, where 48 specimens of concrete (150mm diameter x 300 mm height) cylinders were constructed to a full-scale. Local ingredients were used in this experiment. One mix was used with four percentage fiber by weight of cement content following:- 

1- 12 Specimens with 0% fiber weight fraction (control mix).
2- 12 Specimens with 0.25% fiber weight fraction.
3- 12 Specimens with 0.50% fiber weight fraction.
4- 12 Specimens with 1.00% fiber weight fraction.







Flow Chart Of The Experimental Program



4.5 Materials Used In An Experimental
4.5.1 Cement
The cement used in preparing the specimens was Type V (sulfate resisting Portland cement) according to ASTM C150-04. The chemical composition of the cement used shown in Table 4.1. In this study, constant cement content of 330 kg/m3 was used.

Table 4.1: Composition test of Type V Portland cement Used in the Study 

	CHEMICAL ANALYSIS
	RESULTS  (%)

	Silicon Dioxide        SiO2        
	21.34

	Aluminum Oxide     Al2O3      
	3.46

	Ferric Oxide            Fe2O3     
	4.52

	Calcium Oxide        CaO         
	65.35

	Magnesium oxide    MgO        
	2.03

	Sulfur Trioxide         SO3          
	1.86

	Loss on ignition       L.O.I.        
	1.47

	Insoluble residue     I.R.           
	0. 48

	Alkalies (Na2O+0.653*K2O    
	0.32

	Lime Saturation Factor LSF       
	94.04

	Tricalcium Silicate   C3S          
	63.76

	Dicalcium Silicate    C2S          
	13.08

	Tricalcium Aluminate C3A       
	1.52

	Tetracalcium Aluminoferrite C4af 
	13.75

	C4AF+2C3A                            
	16.80

	Chloride CI            
	0.004



   *Adopted from Reference [6].

4.5.2 Coarse Aggregate (10mm and 20mm)
The coarse aggregate used in this investigation is from Riyadh Road in the Eastern Province. The water absorption of the coarse aggregate was found to be 1.5%. Specific gravity of 2.6 determined in accordance with the ASTM C127-84.The chemical composition of the coarse aggregate is shown in Table 4.2. The grading used in this research and the corresponding ASTM limits are shown in Table 4.2.



Table 4.2: Chemical Analysis of Coarse Aggregate*

	Chemica1 Composition
	Percent (%)

	Silicon dioxide (SiO2(
	4.29

	Aluminium trioxide (Al2O3)
	0.20

	Ferric Oxide (Fe 2O3 (
	0.23

	Magnesium Oxide (MgO(
	0.99

	Calcium Oxide (CaO(
	52.50

	Sodium Oxide (Na2O(
	0.031

	Potassium Oxide
	0.087

	Titanium dioxide (TiC2(
	0.1

	Ignition Loss
	41.2

	Total
	99.2



*Adopted from Reference [6]

Sieve Analysis of 20mm Coarse Aggregates
	Passing (%)
	Retained (%)
	Sieve size (mm)

	100.0
	NIL
	12.5

	87.5
	12.5
	9.5

	17.2
	70.3
	4.75

	3.2
	14.0
	2.36



[image: ]
Sieve Analysis of 20mm Coarse Aggregates
	% Passing
	% Retained
	Sieve size (mm)

	100.0
	NIL
	25.0

	94.4
	5.6
	19.0

	38.2
	56.2
	12.5

	6.0
	32.2
	9.5



[image: ]
4.5.3 Fine Aggregate
The fine aggregate used in this investigation was dune sand from Riyadh road. The specific gravity of 2.60.The water absorption is 0.8%. The chemical composition of this sand is shown in Table 4.5.

[image: ]
                           Fine aggregate dune sand

Table 4.3: Chemical Analysis of Fine Aggregate
	CHEMICAL ANALYSIS
	RESULTS (%)

	Silicon dioxide (SiO2)            
	8220.

	Aluminium trioxide (Al2O3)   
	3.78 

	Ferric Oxide (Fe 2O3)           
	 0.79 

	Magnesium Oxide (MgO)     
	 0.81 

	Calcium Oxide (CaO)          
	 3.72 

	Sodium Oxide (Na2O(         
	 0.96 

	Potassium Oxide                 
	 1.05 

	Titanium dioxide (TiC2        ( 
	 029.

	Ignition Loss                         
	2.77  

	Total 
	 96.37



Sieve Analysis Of Fine Aggregate (Sand)
	Passing (%)
	Retained (%)
	Sieve size

	100.0
	NIL
	2.36

	99.7
	0.3
	1.18

	92.1
	7.6
	0.600

	56.5
	35.6
	0.300

	24.0
	32.5
	0.150

	1.8
	22.2
	0.075
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4.5.4 Water
The water used for preparing and curing the specimens was potable water from the laboratory tap. Water content of 165 kg/m3 Chemical analysis of the water is shown in Table 4.5. 

Table 4.5: Chemical Analysis of Water Used for Curing and Preparation of Concrete Specimens

	CHEMICAL  ANALYSIS
	RESULTS (ppm)

	Ph Value
	7.0

	Total Dissolved Solids
	106 

	Sulphate (SO4)
	2 

	Chloride (CI)
	26 



4.5.5 Admixture Conplast (SP423)
Super plasticizer agent (SP423) of 2.8 lit/m3 for all concrete mixes were used to achieve good workability.
[image: clip_image002]
                                 Admixture (SP423)   
4.5.6 Polypropylene Fibers
Commercially available polypropylene fibers is 12 mm length fibrillated chopped was used as shown in picture below. It is complies with the requirements of ASTM C–1116.
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Fig. 4.1 Polypropylene Fibers used in the study.

4.5.6.1 Properties of Polypropylene Fiber*

	Specific gravity
	0.91 g/cm3

	Alkali content
	Nil

	Sulphate content
	Nil

	Air entrainment
	Air content of concrete will not be significantly increased

	Chlorida content
	Nil

	Constituents
	Virgin polypropylene C3H5

	Fiber thickness
	6 Denier, where 1denier = 10 micrometers

	Storage life
	Minimum 12 month from date manufacture

	Young’s modulus (MPa)
	5500-7000 

	Tensile strength (MPa)
	350 

	Melting point (oC)
	160 



         *Adopted from supplier company


4.5.6.2 Polypropylene Fiber Bonding Process in Concrete
Polypropylene Fiber is hydrophobic, meaning it does not absorb water.PF is chemically inert, Thus eliminating the potential for chemical bonding in concrete matrix. Bonding has been shown to occur by mechanical interaction. The bond between the fiber and the concrete depends on the length, geometry, surface and the modulus of elasticity of the fiber.

4.6 Mix Proportions

4.6.1 Concrete Control Mix Proportions 
[28MPa(4000Psi) and (W/C=0.5)]

	Ingredient Batch Weights
kg/m3
	Trial (0.040)*m3 Mix (kg/ m3)
	SOURCE

	Cement-V
	330
	13.2
	Saudi cement co.

	20mm Aggregate
	700
	27.92
	Riyadh Road

	10mm Aggregate
	370
	14.73
	-

	Fine Sand
	770
	30.89
	-

	WATER
	165
	6.76
	SRMCC

	Admixture (SP423)
	2.8
	0.09
	FOSROC



4.6.2 Mix Proportions By Weight, With PF By Weight of Cement Content (W/C=0.5)

	Mix Type
	Cement
	sand
	Coarse aggregate
	Super plasticizer
(SP423)
	Polypropylene Fiber

	0.0% Fiber
Control
	1
	2.33
	3.24
	0.0084
	0

	Fiber 0.25%
	1
	2.33
	3.24
	0.0084
	0.002

	Fiber 0.50%
	1
	2.33
	3.24
	0.0084
	0.0050

	*Fiber 1%
	1
	2.33
	3.24
	0.0084
	0.01



4.7 Concrete Specimens Making

4.7.1 Preparation of Materials
All the materials were proportioned by weight to give the required ratios of water to cement (w/c).
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Fig. 4.2 Materials Weighting

4.7.2 Mixing Process
The mixing process was done using an electrically operated concrete mixer of 0.04 m3 capacity. The concrete making and mixing in the laboratory was done with accordance to ASTMC-192. The batching procedure was as follows:
1) Add coarse, fine aggregate and sand than mixing for about 2-3  
minutes.
2) Add cement than mixing for about 1-2 minutes.
3) Add approximately two-thirds of water slowly and mix for 2-3
minutes.
4) Add fiber with water than mixing for 2-3 minutes.











Fig. 4.3 Materials Weighting

4.7.3 Unit Weight and Workability
The unit weight of freshly mixed concrete was determined in accordance with ASTM C 138-81, using metal cylinders. This test was carried out for all the mixes. The workability of all the mixes was measured by the slump test. 
4.7.3.1 Slump Test 
The slump of the concrete mixes was ranged from 80-150 mm. For concrete mixtures, addition of fibers will result in a loss of slump as measured by ASTM C 143.
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Fig. 4.4 Mold for slump cone 200mm at bottom, 100mm at top and 300mm height From ASTM with Permission


Fig. 4.5 120mm slump with 0% fiber



Fig. 4.6 80mm slp with 1% fiber

4.7.3.2 Air content Test
The determine the air content of freshly mixed concrete by observe the change in volume of the concrete with a change in pressure. 
[image: ]

Fig. 4.7 Standard ASTM air content test equipment
Table 4.6: The air content in concrete mixes

	W/C
	Fiber Weight Fraction (%)
Fraction %
	Air content (%)


	
0.5
	0.0
	2

	
	0.25
	3

	
	0.50
	4

	
	1
	4.5



The results show that the air content in freshly concrete is in acceptable range. The test according to ASTM - C231.
4.7.4 Casting of Specimens




Fig. 4.8 Preparation Of Moulds & Casting of Specimens






4.8. Curing of Specimens

4.8.1 Continuous Water Immersion
The concrete specimens were kept in water tanks continuously immersed under laboratory condition for 7 and 28 days until testing.
4.8.2 Capping of Specimens




4.9. Testing of Specimens

4.9.1 Compressive Strength Testing According To ASTM C 39.
1. 7 – Day Specimens Age
2. 28 – Day Specimens Age
4.9.2 Split Tensile Testing According To ASTM C 496.
1. 7 – Day Specimens Age
2. 28 – Day Specimens Age








4.10.1 Compressive Test Procedure Of 0% Fiber





4.10.2 Mechanism of Failure of Concrete Cylinders under Compression Testing






4.10.3 Mechanism of Failure of Concrete Cylinders under Spilt Tensile Testing





Concrete Mix 28 MPa
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