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ABSTRACT 

In this paper the outcomes of an experimental research on mechanical properties of 

conventional concrete and a concrete incorporated metakaolin (MK) with and without 

steelfiber. One of the ingredients of the concrete mixture was metakaolin; Portland 

cement was partially substituted with metakaolin (MK) as 10% by weight of the total 

binder content. Steel fibers with length/aspect ratios of 60/80 and hook ended was 

embedded into the concrete to make fiber reinforced concretes. Value of water/binder 

ratios (w/b) was 0.35. To know the impacts of MK and steelfiber, the mechanical 

behaviors of the concrete were investigated such as: compressive, flexure, and 

bonding strength of the concretes. At the age of 28 days in room temperature, tests 

were held. The level of the significance of the variance on the hardened properties of 

concrete was achieved through the calculation of the experimental results. 

Keywords: Bonding strength; Compressive strength concrete; Metakaolin; Steel 

fiber; Flexure strength. 
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1. INTRODUCTION 

 

Concrete is the most commonly used building material all over the world because 

of its versatility and availability. Especially reinforced concrete structural elements 

have been indispensable parts of construction works due to the ease in erection and 

relatively lower cost than the other structural materials. The proper adherence between 

reinforcingbars and concrete is the most desired feature because of the fact that 

structural capacity of reinforcedconcrete members depends on the monolithic 

behavior. The prominent component controlling the competence of the bond is mostly 

the quality of concrete. Because the reinforcing steel bars are obtained from a fixed 

manufacturing process and the properties do not significantly fluctuate compared to 

concrete. However, structural concretes have many different characteristics 

depending mainly on the amount and type of the ingredients [1]. It is reported that 

concrete with improved mechanical property has superior adherence with reinforcing 

steel bars [2]. apart from its excellent properties, concrete shows a rather low 

performance when subjected to tensilestress. For this reason, the utilization of fibers 

to provide enhancement in tensile strength behavior of concrete has attracted the 

interest of the researchers [3-9]. Mechanicalproperties of concrete can be improved 

by exploitation of reinforcement with randomlyoriented short separated fibers, which 

obstruct and/or control initiation and propagation of cracks. Fiber reinforced concrete 

(FRC) can keep on resisting much amount of loads even at deflections. The 

characteristics and performance of FRC varies depending on matrix properties as well 

as the fibermaterial, fiber concentration, fiber geometry, fiberorientation, and 

distribution of fiber [8]. in order to enhance the mechanical properties, particularly 

compressive strength, use of some pozzolanic materials has been studied by 

researchers for many years [10-16]. Pozzolans, like silica fume and fly ash, are the 

most usual known mineral admixtures utilized in manufacturing of high-strength 

concrete. These materials grant extra performance to the concrete by reacting with 

Portland cement hydration products to form secondary C-S-H gel, the main function 

part of the paste are providing strength for concrete [17].In previous two decades, 

there has been a growing attraction in the beneficiation of metakaolin (MK) as a 

supplementary cementing material in concrete to enhance its features. MK is an 

ultrafine pozzolana, manufactured by calcination of purified kaolin clay at a 

temperature ranging from 650 to 900 oC to separate the chemically bound water and 
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ruin the crystalline structure [18-19]. Unlike other industrial by-product materials, 

MK needs a thorough process of manufacturing. It has to be carefully refined to 

remove inert impurity and ground to particles of micron size. Research has shown that 

concrete mixtures containing high-reactivity MK present comparable performance to 

the ones with other mineral admixtures in terms of mechanical properties as well as 

permeability and durability properties [20-28]. Moreover, the use of this material is 

also environmentally friendly due to the reduction of CO2 emission to the atmosphere 

by decreasing Portland cement consumption. 

In this study, the integrated impact of MK and steel fiber on mechanical properties of 

concretes was examined through an experimental program. One water/binder (w/b) 

ratio has been applied to manufacture the concretes. For steel fiber reinforced 

concretes, steel fiber with length/aspect ratios of 60/80 was used. The steel fibers were 

supplemented to concrete with 0.25% and 0.75% of the volume of the concrete. The 

mechanical properties of the concretes were measured through compressive and 

flexural tensile strength testing at the end of 28 days of curing. Moreover, adherence 

between reinforcing steel bar and concrete were evaluated by means of bonding 

strength examine at the same age.  

 

 

2. METHODOLOGY 

 

2.1. MATERIALS 

 

2.1.1 CEMENT 

CEM I type Portland cement having specific gravity of 3.14 and Blaine 

fineness of 328 m2/kg was used for making ready the concrete examine 

samples utilized indetermination of mechanical properties. The chemical 

composition of the cement as it is seen in Table 1. 

 

2.1.2 Metakaolin 

The metakaolin utilized in this research is a white powder with a Dr. Lange 

whiteness value of 87. It has a specific gravity of about 2.60, and specific surface 

area (Nitrogen BET Surface Area) of 18000 m2/kg. Physical and chemical 

properties of MK used in this research are also shown in Table 1. The source for 

obtaining the MK is from Czech Republic. 
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TABLE 1.  

Features of Portlandcement and metakaolin. 

Item Portland Cement Metakaolin 

C
h

em
ic

al
 p

ro
p

er
ti

es
 

CaO (%) 62.58 0.5 

SiO2 (%) 20.25 53 

Al2O3 (%) 5.31 43 

Fe2O3 (%) 4.04 1.2 

MgO (%) 2.82 0.4 

SO3(%) 2.73 - 

K2O 0.92 - 

Na2O 0.22 - 

LOI (%) 1.02 0.4 

P
h

y
si

ca
l 

p
ro

p
er

ti
es

 Specific gravity 3.14 2.60 

Fineness (m2/kg) 327* 18000** 

* Blaine specific surface area 

** BET specific surface area 

 

 

2.1.3 AGGREGATE  

    Fine aggregate was a mix of river sand and crushed sand whereas 

the coarse aggregate was river gravel with a maximum particle size of 

22 mm. Aggregates were gained from local sources. Properties of the 

aggregates are given in Table 2. Grading of the aggregate mixture was 

kept constant for all concretes. Figure 1. shows the gradation of 

aggregate. 

 

 

FIGURE 1. Grading of aggregate. 
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TABLE 2. 

Sieveanalysis and physicalproperties of aggregates. 

S
ie

v
e 

A
n

al
y

si
s 

Sievesize, (mm) 

Passing (%) 

FineAggregate CoarseAggregate 

River 

Sand 

Crushed 

Sand 

No I 

(4-16 mm) 

No II 

(16-22 mm) 

31.5 100 100 100 100 

16.0 100 100 100 27.7 

8.0 99.7 100 31.5 0.6 

4.0 94.5 99.2 1.0 0.1 

2.0 58.7 63.3 0.5 0.0 

1.0 38.2 43.7 0.5 0.0 

0.50 24.9 28.4 0.5 0.0 

0.25 5.4 16.4 0.4 0.0 

Fineness modulus 2.87 2.57 5.66 6.72 

P
h

y
si

ca
l 

P
ro

p
er

ti
es

 

Specific gravity 2.79 2.42 2.72 2.73 

Absorption, % 0.55 0.92 0.45 0.42 

 

 

2.1.4 SUPERPLASTICIZER 

Sulphonated naphthalene formaldehyde based high range water-

reducing admixture with specific gravity of 1.19 was employed to 

achieve slump value of 14±2 cm for the ease of handling, placing, and 

consolidation in all concrete mixtures. The superplasticizer was 

adjusted at the time of mixing to obtain the specified slump. 

 

2.1.5 STEEL FIBER 

One sorts of commercially available hooked end steel fibers (Dramix 

60/80) was used for manufacturing of steel fiber reinforced concretes. 

The geometrical properties and aspect ratios of the steel fiber is given 

in Table 3. 

 
TABLE 3. 

Features of steel Fiber 

 
Designation of the 

steel fibre 

Diameter D (mm) Length L (mm) Aspect ratio 

(L/D) 

SF  0.75 60 80 
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2.1.6 STEEL BAR 

    16 mm diameter of reinforcing ribbed steel bars used. The yield 

strength of 420 MPa were used for preparing the reinforced concrete 

samples to be utilized for examining the bonding strength. 

 

 

2.2 . MIX PROPORTION 

A series of concrete mixture with water-to-binder ratios of 0.35 was designed to 

manufacture plain and MK containing concretes. MK modified concretes were 

manufactured by 10% substitute of the cement with MK by the weight. For 

manufacturing of steel fiber (SF) reinforced concretes, a type of (SF) was 

supplemented to the concrete by 0.25% and 0.75% of the total concrete volume. 

Therefore, 6 various sorts of concrete mixtures were made for testing the 

mechanical properties of the concretes. The specification of the concrete mixtures 

are shown in Table 4. the designations of each mix were produced based on 

containing of MK , sort of steel fiber, and volume fraction of steelfiber. For 

instance, 10M 0.75SF name stands for the concrete containing 10% MK and 

0.75% steel fiber (SF). Freshly poured concrete samples were enclosed with 

plastic sheet and stocked in laboratory at 21±2 oC for 24 hours. Then, the samples 

were removed from the mold and transferred to a water tank for curing up to 28th 

day.  
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2.3 . EXAMINING THE SAMPLES 

The concrete samples having different dimensions were used for examining. 

Cubic samples having 150x150x150 mm were used for compressive strength. For 

three point flexural tensile strength testing, prismatic samples with 100x100x500 

mm dimensions were used to ensure 450 mm span length for examining. Bonding 

strength between concrete and reinforcement was examined on cubic reinforced 

concrete sample. To ensure uniform load distribution, a smooth surface is 

required. So, the top surface of the pullout samples were capped with gypsum 

coating. The details and dimensions of the pullout examining samples are  shown 

in Figure 2. For each examine, three samples were used. Each experimental 

variance was defined by averaging the results gained from those samples. All of 

examines were held at the end of 28 day curing period.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2. Details of the bondingstrength examined samples. 
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TABLE 4. 

Plain and steel fiber reinforced concretes containing metakaolin (kg/m3) 

Mix ID 
w/b 

ratio 
Water Cement Metakaolin 

FineAggregate CoarseAggregate SteelFiber 

SP* 

Natural 

sand 

Crushed 

sand 

No I 

(4-16 mm) 

No II 

(16-22 

mm) 

 

SF 

 

 

Control 

I 

0.35 

157.5 450 0 663.1 284.2 568.4 378.9 

0 

19.62 

58.85 

0 

19.62 

58.85 

11.25 

M0-

25SF 
157.5 450 0 663.1 284.2 568.4 378.9 12.5 

M0-

75SF 
157.5 450 0 663.1 284.2 568.4 378.9 13.75 

Control 

II 
157.5 405 45 660.0 282.9 565.7 377.2 10 

M10-

25SF 
157.5 405 45 660.0 282.9 565.7 377.2 11.25 

M10-

75SF 
157.5 405 45 660.0 282.9 565.7 377.2 13 

 

*SP:Superplastizer
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2.4 . TEST METHODS 

The compression test fitting to ASTM C39 [29] was held on the samples by a 3000 

KN capacity testing machine. Three-point flexural tensile strength complying with 

ASTMC293 [30] was implemented to the prismatic samples through 100 kN 

capacity bending frame. Bonding strength of the concretes was found according 

to RILEM RC6 [31]. According to the standard the bonding strength, τ, is 

measured by dividing the tensile force by the surface area of the steelbar 

embedded in concrete (Equation 1). For this examine, a special modified test 

apparatus was established to 600 kN capacity universaltesting machine.  

Ld

F





                                                            (Equation 1) 

Where F is the tensile load at failure (N), d and L are the diameter (mm) and 

embedment length (mm) of the reinforcing steel bar, respectively. In this research 

d and L are 16 mm and 150 mm, respectively. 

 

3. RESULT AND DISCUSSION 

In this paper, the mechanical properties of concrete are investigated the 

results are shown in the Table 5. each compressive strength, bond strength, 

and flexural strength are discussed in the following paragraphs. 

TABLE 5.  

Test results of the compressive, bond, flexural, and tensile strength. 

w/b Mixes Com. Str. 

(MPa) 

Bond Str. 

(MPa) 

Flex. Str. 

(MPa) 

0.35 

0MK0SF 62.7 11.7 5.8 

0MK0.25SF 66 13.1 7.1 

0MK0.75SF 72 16 7.4 

10MK0SF 62.3 12.6 7.1 

10MK0.25SF 72.4 14 7.6 

10MK0.75SF 75.7 16.9 7.9 

 

 

3.1. COMPRESSIVE STRENGTH  

Figure 3.Shows the changes in compressive strength of the plain and MK contained 

concretes with the increase in the quantity of fiber reinforcement. Table 5, shows that 

the plain concretes compressive strength values were between 62.7 MPa and 72 MPa 
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for specified w/b ratios of 0.35, while MK contained ones had compressive strength 

values between 62.3 MPa for the previous and 75 MPa for the latter. The compressive 

strength results revealed that containing of MK had a slight impact on the compressive 

strength of the concretes. Same outcomes have been reported by previous authors [9, 

22-27]. For instance, in the research of Güneyisi et al. [24] concretes containing 5% 

and 15% substitute level of MK yielded relatively recorded a higher value of strength 

than that of plain concretes. As it shown from the Figure 3, Rising the amount of SF 

concluded in ascending of the compressive strength of the concretes without 

depending on the addition of MK. Nili and Afroughsabet [8] stated that 28 day 

compressive strengths of plain concrete produced with w/b ratio of 0.46 were 41.30 

MPa, 46.35 MPa, and 47.25 MPa for steel fiber volume fractions of 0%, 0.5%, and 

1.0%, respectively. Moreover, the impact of steel fiber is also obviously illustrated in 

Figure 3. The higher the percentage of steel fiber, the higher the ascending in 

compressive strength was monitored, especially for MK contained ones. Forinstance, 

the plain concretes made with steel fiber volume fraction of 0.25% and 0.75% had 66 

MPa and 72 MPa, respectively. However MK contained concretes with the same 

parameters and percentage of steel fiber had 72.4 MPa and 75.7 MPa, respectively.  

 

 

FIGURE 3. Effect of steel fiber and MK incorporated concretes on the compressive strength. 
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3.2 . TENSILE STRENGTH  

The tensile strength of plain and MK included concretes were monitored with respect 

to flexure tensile strength. The test outcomes of flexural tensile strength examines are 

presented in Table 5, and figure 4 , respectively, to demonstrate the effectiveness of 

steel fiber reinforcement. It was stated that the main and importance contribution of 

the steel fibers was caused in increasing of flexural tensile strength capacity of the 

concrete [32]. Another distinguishable result from the tensile strength examining is 

that unlike previous results, the contribution MK with increasing SF was observed to 

be better. This condition may be attributed to the distribution of the steel 

reinforcement within the cement matrix. Namely, the short steel fiber, the more 

homogenous distribution may be achieved. Sanal and Özyurt [33] investigated the 

effect of orientation of steel fibers on the mechanical performance of the concretes. 

They reported that, short-cut steel fibers have a tendency to align in the flow direction 

and greater orientation density in the pouring direction resulted in a greater flexural 

toughness. 

 
 
 

 

 
 

FIGURE 4. Effect of steel fiber and MK incorporated concretes on the three-point flexural strength. 
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3.3. BONDIN GSTRENGTH 

Bonding strength of the concretes versus the amount of the steel fiber reinforcement 

is showed in Table (5) and plotted Figure 5. The figure depicted that the ascending in 

the volume fraction of SF concluded in great change in the bonding strength. The 

observation seems to be applicable to 0% and 0.75% use of steel fiber. Nevertheless, 

inclusion of MK to the concretes imparted additional performance in terms of bonding 

strength. For instance, the highest bonding strength for MK modified concretes was 

monitored as 16.9 MPa, while the minimum value for plain concrete was monitored 

as 12.5 MPa. Therefore, 35% improvement in bonding strength capacity was achieved 

by combined inclusion of MK and steel fibers. Baran et al. [34] stated that steelfibers 

improve the pull-out resistance of strands by controlling the crack growth inside 

concrete blocks. They reported that, by this method, the grade of confinement at the 

strand-concrete interface was ascended, which concluded in enhancement in both 

friction and mechanical bond components of the resistance. Their outcomes also 

displayed that more than 30% ascending was acquired in pull-out strength due to fiber 

reinforcement. Being one of the most known mineral admixtures MK is known to 

have comparable contribution to the mechanical and durability performance of 

concretes as silica fume does [22, 24, 25]. However, the studies regarding the effect 

of inclusion of MK on the bonding strength between concrete and steel bars has not 

yet attracted the adequate attention. The former outcomes introduced for silica fume 

included steel fiber reinforced concretes may underlined the impact of usage of MK 

for this purpose. In the research of Chan and Chu [35], the impact of silica fume on 

the bond properties of steel fiber in matrix of reactive powder concrete (RPC) were 

investigated. They carried out pullout tests in their experimental program, with the 

silica fume inclusion as the parent variable. They pointed out that the inclusion of 

silica fume in RCP matrix greatly improve the fiber–matrix bond. Abu-Lebdeh et al 

[36] also brought to light that the quality of matrix has pronounced significance on 

the bonding and tensile strain capacity of steel fibers in high strength concrete. 

Consequently, owing to its superior increment in cemen tmatrix as an outcome of pore 

size refinement [28], MK assured enhancement in the pullout capacity of the 

reinforced concretes. 

Photographic views of the pullout samples examined in this research are presented in 

Figure 6. As it is shown, after failure, the reinforcing steel bars were separated from 
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the concretes without steel fiber, whereas steel fiber reinforced concretes did not 

extricate the steel bars. 

 

 
 

FIGURE 5. Effect of steelfiber and MK incorporated concretes on the bondstrength. 

 

 

 

 
 

(a)                                                                        (b) 
FIGURE 6. Typical failurepatterns of concretes a) without fiberreinforcement and  b) withfiber 

reinforcement. 
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3. CONCLUSION 

The following outcomes are achieved according to the experimental outcomes 

presented above. 

 The use of MK as a substitute material resulted in enhanced mechanical 

properties of concretes compared to plain ones for the given w/b ratios. The 

outcomes show that the incorporating of MK mainly impacts on increasing of 

bonding strength. A slight impact of MK incorporation is recorded for 

compressive and flexural tensile strength. The content of steel fibers also 

contributed to the compressive strength. The steel fibers (SF) provided higher 

compressive strength improvement with ascend in volume fraction. The grade 

of enhancement was more prominent for MK concretes than plain ones. 

 By incorporation of steel fibers significant enhancement in bonding and tensile 

strength capacities of the concretes were observed. The steel fibers with higher 

volume fraction of steel fibers (SF) demonstrated higher development in 

bonding strength. These impacts of steel fiber reinforced concretes may be 

attributed to the dispersion and orientation of the steel fibers within the 

concrete. 
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