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Abstract: Increasing light concretes compressive force, because of its benefits, can increase its 
applications in constructions. Thus in this experiment effect of microsilis application, fibers and 
different types of steel bar application in different directions to direction of compressive force and 
different size aggregate application studied. Results showed that fiber application prependicular to 
compressive force direction increased compressive force much more than fiber application parallel to 
compressive force direction. Also ribbed steel bar perpendicular to the direction of force increased 
concrete compressive force much more than other bars treatments. Microssilis application also 
increases compressive force of concrete. Small size concretes also resulted higher compressive force in 
concrete. 
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INTRODUCTION 

 
In the recent decades, regarding the fast increase of high buildings, large structures with high efficiency of 

concrete with respect to its high strength and low weight are needed. So light concretes have been used recently 
in construction (Chen and lieu, 2005). light concrete includes advantages as high resistance, more compressive 
strength, less expansion coefficient against heat and less thermal and sound conductivity regarding its weight in 
comparing to heavy concrete (Alshihri et al, 2009). The dense of this concrete ranges from 1400 to 2000 
kilogram per cube meter, while the dense of those concrete with average weight is 2400 kilogram per square 
meter. But a light concrete is a brittle one and when it has high compressive strength, its frangibility rate would 
be higher. So the improving of concrete against frangibility is one of the important cases in improving of light 
concrete efficiency (Chen ad Liu, 2005). One ignorant case regarding the infrangibility of concrete is how a 
crack is made in concrete.  Under the specific conditions of force applying, we need to understand the response 
of a concrete structure in order to use some strategies to control the cracks and identify the resulted dangers by 
these cracks (Tasdemir et al, 1981). Identifying the response of concrete against compressive stress is of the 
most importance. Because researches have shown that primary cracks in structures are caused by tensile stress 
which is resulted by compressive tension and because the concrete is weak in term of tensile, the primary cracks 
which are the starting point of concrete breaking are the result of the lack of sufficient resistance with respect to 
tensile (Tasdemir et al, 1998, Nat raja et al, 1999). As it has been reported the compressive strength of concrete 
is about 1/15 of compression strength. So in most cases the concrete must be strengthened in term of it 
compressive strength (Carmona et al, 2007). However, the existence of compressive strength of concrete has 
been ignored. (Tasdemir et al, 1998).The crack caused by the compressive force is appeared when tensile stress 
is produced as the compressive fore is applied at the same time (Leppanen, 2006). This tensile stress is created 
along side with the applying compressive force (Nouille and Brooks, 1997) and causes to produce cracks equal 
to the pressure axis in the concrete (Rodeon and chemant, 1999). Finally, this tensile stress causes the concrete 
to be scabbed and crushed. 

This crushing depends on the compressive behavior of concrete and the researches have shown that the 
width of the cracks is increased when tensile stability is decreased so the crack creation is mainly caused under 
the influence of tensile stress (Leppanen, 2006). The first cracks in bending stress is appeared in the place of the 
maximum time of bending in which the tensile stress goes beyond the tensile strength of the material (Carmen et 
al, 2007), so strengthening of the concrete in term of its tensile has great influence on its strength. The 
researchers have reported that resistance against tensile is one characteristic of concrete (yankelevsky et al, 
2008). One method in strengthening of concrete is the use of fibers with steel bars. Based on the reports, the 
typical strengthened concrete with steel fiber with the volume less than 2 percent of these fibers, causes the 
improvement of concrete including its resistance (Chen and Liu, 2005) because adding steel fibers increases the 
mechanical characteristics of concrete, specially its strength caused by increase of tensile and bending solidity 
and also concrete resistance against the creation of cracks which cause concrete breaking (Nataraja et al, 1999). 
So according to the conducted researches, it has been revealed that steel fibers increase the tensile strength of 
light concrete (kayali et al, 1999). Researches about the placing direction of these fibers have shown that 
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damage in the concretes strengthened by steel fibers that are placed vertically on the tension direction is less. On 
the other hand, due to the disconnection of joint between fiber and concrete, when compressive force is applied 
vertically on the placing direction of fibers, damage is more even than the concrete which has not been 
strengthened (Reden and Chomant, 1999). Steel bars have been noticed in the recent decays because of the 
increase of concrete resistance against earthquake. Regarding these steel bars, the placing direction and tube 
shape are  the factors which influence the concrete resistance (Susantha et al, 2001). There are some repots 
indicating that compressive strength is mainly under the influence of characteristics and volume of aggregates 
(Chai et al, 2003). Because large and small aggregates occupy 70-80% of the volume of the concrete and has 
more affect on concrete resistance (Al hosaimy, 2009), so with the increase of aggregate resistance, the 
resistance of concrete is increased, too .However, in the most cases, aggregates are the weakest part of concrete 
(Lo et al, 2007). So another issue that must be considered is the size of aggregates. Because based on the 
reports, large structure have less resistance (aggregates) and adding them to concrete result in a brittle concrete 
in comparing to small strictures (Mier and Vliet, 2002). Also regarding those aggregates, when there would be 
more pores, the involvement of concrete with aggregate is increased and so the resistance of concrete is 
improved 9Lo et al, 2007). On the other hard, the concrete resistance against the creation and development of 
cracks during the process of breaking depends on tenacity among the parts of concrete (Reinhard and Xu, 1999). 
Studies have shown that some additives increase tenacity among cement particles and aggregates. So the tensile 
strength is increased (Tas demir et al, 1998). For example, some researchers have shown that the involvement 
creation between the strengthening steel and encompassing concrete is necessary (Fang et al 2006). 

So in the new technology of concrete adding some mineral additives are very important (Pu, 1999). Based 
on the preceding statements, this experiment aims to study the effect of the use of the bars with various shapes 
and steel fibers with different exposure directions, and the effect of different size of aggregates on the resistance 
of concrete and also the effect of the use of some additives on concrete resistance against compressive force. 

 
MATERIAL AND METHODS 

 
The cement used in this experiment was Portland type 1 produced in the cement factory of Tehran and with 

a special volume of 315 gram per cube centimeter and Blaine surface of 3454 gram per square centimeter. In 
this experiment, volcano pumice aggregates were used. Aggregates diameter used in this study was 6-2, 10-6 
and 16-10 millimeter, special weight of these aggregates after being derived in Avon was 710 kilogram per cube 
meter and water absorption ratio these aggregates was 37 percent. Because aggregates size is one of the factors 
being studied in this research, so the ratio of aggregate weight to the whole of the concrete has been used. 
Because the aggregates occupied with small size is less than big aggregates with respect to similar weight unit. 
So in order to neutralize the effect of aggregate with different amount in the concrete made with those aggregate 
with different diameters, the weight unit was used. For this purpose, the weigh ratio of aggregate was computed 
by using a sample of concrete with 75 percent of aggregate volume and 16mm of diameter to the whole of 
concrete. The resulted number of 38 was the percentage of the aggregate weight to the whole weight of 
concrete. In this condition the concrete weight of 1650 kilogram per cube meter was obtained. The resulted 
compressive strength for this concrete after 28 days was Mpa 15.2. Cement water ratio was 0/44 for all 
combinations. In this study, the length of steel fibers used in the experiment was 50 mm and their diameter was 
0/8 mm. (Balendran et al, 2002). Steel bars used in this study ware 30mm long and diameter of 0/3mm. In the 
experiment conducted by steel bars, different shapes of steel bars ware used that are referred in the following 
experiment. The superficial special weight of aggregate must be less than 2/6 or it mustn't go beyond 2200-2600 
kilogram cube meter. The samples used in experiment were cylinders with 150 per 300 mm. In order to apply 
compressive strength, a compressor machine with a capacity of KN 3000 was used. 

 
The First Experiment: 

In the first experiment, the effect of the additives of micro silica and fiber in different directions to the 
direction of applying compressive force and aggregates with different sizes was studied. 

The factors which were studied are: 
A (the use of micro silica): al: the use of micro silica a2: not use of micro silica. 
B (the use of fibers in different directions) - b1: the use of fibers perpendicular to the direction of force-b2 

the use of fibers paralell to the direction of force–b3 no use of steel bar 
C (different sizes of aggregates): c1: 2-6mm c2: 10-6mm c3: 10-15mm 
In the second experiment, the effect of the additives of micro silica and different types of steel bars in 

different directions to the direction of applying compressive force and aggregates with different sizes was 
studied. 

 A (the use of micro silica): al: the use of micro silica a2: not use of micro silica. 
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B (the use of steel bar in different directions) - b1: the use of simple steel bar perpendicular to the direction 
of force-b2 the use of simple steel bar to the direction of force- b3 the use of ribbed steel bar perpendicular to 
the direction of force –b4 the use of ribbed steel bar to the direction of force –b5 not use of steel bar 

C (different sizes of aggregates): c1: 2-6mm c2: 10-6mm c3: 10-15mm 
In these experiments a completely randomized design with 3 times of repetitions was used. Statistics 

analyses by using the M-stat software were conducted. 
 

RESULTS AND DISCUSSION 
 
The variance analysis of the studied aspect for the data obtained in the experiment showed that all the three 

factors of  the use of micro silica and the use of steel fibers in different direction and different sizes of aggregate 
were influential on the compressive strength of concrete (table 1). 

 
Table 3-1: data analysis table in experiment 1 

Source Degrees of freedom Mean square for compressive strength 
replication 2 4.689 
Fiber 2 446.259** 
Micro silica 1 51.511** 
Fiber* micro silica 2 4.134 
Granule size 3 32.031** 
Fiber* granule size 6 0.509 
Micro sillica* granule size 3 0.401 
Fiber* granule size* microsilis 6 0.464 
Error 46 5.71 
C.V (%)  13.90 

 
Comparing the means of compressive strength affected by the use of fiber in different directions indicated 

that the use of steel fiber perpendicular to the direction of force caused the increase of the compressive strength 
of concrete but the use of steel fiber to the direction of force had no remarkable effect on the concrete resistance 
(table 3-2). So as it was revealed the direction of fibers placing to the applied force had the most important role 
of the effect of these fibers on the concrete resistance. Some other researchers have reported that creation of 
crack in the strengthened concrete by the steel fibers placed vertically on the direction of applying tension is less 
but on the other hand, due to the disconnection of the joint between fiber and concrete, when compressive force 
is applied perpendicular to the direction of fibers placing, the damage is more than even a concrete which isn't 
strengthened (Redom and Chermant, 1999). So strengthening the concrete based on the direction of the fiber 
placing indicates that fibers by strengthening the tensile resistance of concrete increase the compressive strength 
of concrete. Other researchers have also reported that one of the important aspects of mechanical efficiency of 
the concrete strengthened by steel fibers is its tensile behavior, especially the response of opening the crack 
against the tensile stress (Barragan et al, 2003). Using steel fibers increases the resistance of concrete against the 
crack creation (Zhang et al, 2001). Some other researchers have shown that when compressive force was 
applied in a specific amount the samples made by pure concrete were broken but those ones strengthened by 
steel fibers making 6 percent of concrete volume stayed healthy in balanced stress (Wang et al, 2008) . As 
shown before under the influence of compressive force, this is tensile stress that finally results in concrete 
breaking (Leppanen, 2006). 

 
Table 3-2: mean comparisions of concrete compressive strength 

Treatments (fibers direction) Compressive strength 
Fibers perpendicular to the compressive force direction 22.17a 
Fibers parallel to the compressive force direction 14.7b 
No fibers 14.71b 

 
In this experiment, the use of micro silica cased the 10% increase of concrete resistance (table 3-3). Other 

researches have shown that the joint of cement and aggregate is one of the weakest points in concrete, and the 
mechanical characteristics of this point. In the concretes strengthened by silica fume, the cracks usually spread 
through the aggregates, but in the concretes without this material, cracks are usually developed around big 
aggregates and result in a curved path (under this condition adding aggregate creates weak paths which cause 
cracks spreading) because the combination of Hydroxide is made in the joint of cement and aggregate in the 
concrete. Crystals of Ch are not only large but also contain directions. So compressive strength of Ch crystals is 
low. As well as Ch, crystals of mono phosphate have also been identified in this place. Researches have shown 
that calcium silica Hydrate h-s-c is less density. The content of silica fume in the joint is composed by dense 
Csh and there is no sediment of Ch. On the contrary, in the joint of Hsc in the concrete with high strength there 
are direct relationship between aggregate and cement paste so because of this firm linkage, the mixture of paste 
and aggregate roles as a mixed material. Under this condition the complete breaking of all parts and components 
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is occurred (Tasdamir et al, 1998). It should be noticed that the use of additives of silica results in the increase of 
concrete tensile strength. 

 
Table 3-3: mean comparisions of concrete compressive strength 

Treatments (micro sillis application) Compressive strength 
Micro sillies application 18.042a 
Control 16.35b 

 
On the other hand, findings showed that in use of tiny aggregate increases the resistance of concrete in this 

experiment, the high resistance of concrete was related to the use of aggregates with 2-6mm diameter (table 3-
4). The tiny aggregates can increase the resistance of concrete because they compose the weakest part of 
concrete (Lo et al, 2007) and based on the existed reports large strictures have less resistance (aggregates) and 
adding them to concrete produces brittle concrete in comparing to small structures (Mier and Vliet, zon) Finally, 
regarding the numbers of tables it was observed that use of steel fiber with aggregates of 2-6mm diameter and 
silica resulted in the 50% increase of concrete resistance in comparing to the lack of fiber and micro silica and 
aggregate with the diameter of 14-18mm application. 

 
Table 3-4: mean comparisions of concrete compressive strength  

Granule size Compressive strength 
2-4mm 18.917a 
4-8mm 17.517b 
8-12mm 16.483c 
12-16mm 15.867d 

                                       
Table 3-5: means of concrete compressive strength                          

Bar Microsilica 2-4 4-8 8-12 12-16 
1 1 26.2 23.7 22.4 21.7 
 2 22.3 21.7 20.1 19.3 
2 1 16.9 15.7 14.6 14 
 2 15.6 14.1 13.5 13.2 
3 1 16.8 15.7 14.8 14 
 2 15.7 14.2 13.5 13 

 

The Findings Of Second Experiment: 
The variance analysis of the studied aspect showed that the use of steel in the different directions, the use of 

micro silica and aggregates with different sizes had remarkable affect on the compressive strength of concrete. 
 

Table 3-6: data analysis table in experiment 2 
Source Degrees of freedom Mean square for compressive strength 
Replication 2 6.04 
Bar 4 108.359* 
Micro silica 1 124.89** 
Bar* micro silica 4 8.479 
Granule size 3 41.531** 
Bar* granule size 12 0.323 
Micro silica* granule size 3 0.844 
Bar* granule size* micro silica 12 0.150 
Error 78 3.983 
C.V(%)  12.93 

 
The obtained results of comparing the means of the studied aspect showed that among the various kinds and 

directions of steel bars used in this experiment, just the application of the ribbed steel bars perpendicular to the 
direction of force applying caused a remarkable increase of compressive strength in concrete (table 3-7). The 
results obtained in the experiment indicate that the use of steel bars results in the increase of compressive 
strength when tensile strength is increased. Other researchers have shown that in compressive and tensile 
strength the cycloid of tensile tension is similar with respect to its shape (Fantili et al, 2009). The lack of other 
treatments effect is probably due to the use of simple steel bars which has no effect on the involvement between 
different components of concrete. Regarding the lack of interference among the simple bars. The ribbed bars 
placed to the direction of force applying don't have any effect on the increase of tensile strength and the 
compressive resistance of concrete. Based on this, other researchers have reported that the interference between 
steel bars and concrete is complicated phenomenons that have great effect on the reaction of the components of 
strengthened concrete and structure (Fang et al, 2006). The linkage between steel and concrete includes 3 
mechanisms: incorporation, friction and mechanical interference. The effect of chemical incorporation is less 
and frictional forces never occur unless the incorporation and relocation between strengthened bars and concrete 
happen. Both mechanisms are necessary for the flat bars. For the shaped bars, the mechanical interference of the 
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ribs located in the concrete causes the increase of linkage among the different components of concrete. Because 
the compressive strength applied by the ribs spreads through the whole of concrete (Wang and Lin, 2003). 

 
Table 3-7: mean comparisions of concrete compressive strength  

Treatments (bars application in different direction to exerted force) Compressive strength 
the use of simple steel bar perpendicular to the direction of force 14.91b 
the use of simple steel bar to the direction of force 13.86b 
the use of ribbed steel bar perpendicular to the direction of force 19.17a 
the use of ribbed steel bar to the direction of force 14.54b 
no use of steel bar 14.71b 

 
In this experiment, the use of micro silica caused the 12% increase of compression resistance of concrete 

(table 3-8). On the other hand,  by comparing the means of the effect of the different sizes of aggregates on 
compressive resistance showed than tiny aggregates increases the resistance of concrete. 

 
Table 3-8: mean comparisons of concrete compressive strength 

Treatments (Micro silica application) Compressive strength 
Micro silica application 16.46a 
control 14.42b 

 
Based on the table, the simultaneous use of ribbed steel bars perpendicular to the direction of force 

applying, micro silica and aggregates with diameter of 2-6mm causes a 40% increase of compressive strength in 
comparing to the lack of steel bar and micro silica application and aggregate with diameter of 14-18mm (table 
3-9). 

 
Table 3-9: mean comparisons of concrete compressive strength  

Treatments (Granule size) Compressive strength 
2-4mm 16.97a 
4-8mm 15.68b 
8-12mm 14.86bc 
12-16mm 14.25c 

 
Table 3-10: means of concrete compressive strength 

bar Micro silica 2-4 4-8 8-12 12-16 
1 1 17.107 16 15.3 14.3 

2 15.9 14.3 13.3 13.1 
2 1 16.7 15.6 14.5 13.7 

2 15 12.3 11.8 11.3 
3 1 22.3 22 20.5 19.7 

2 18.7 17.3 16.9 16 
4 1 16.3 15.3 14.5 14.1 

2 15.2 14.1 13 13.3 
5 1 16.8 15.7 14.8 14 

2 15.7 14.2 13.5 13 

 
REFRENCES 

 
Alhozaimy, A.M., 2009. (Effect of absorption of limestone aggregates on strength and slump loss of 

concrete), Cement & Concrete Composites, 31: 470-473. 
Alshihri, M.M., A.M. Azmy and M.S. El-Bisy, 2009. (Neural networks for predicting compressive strength 

of structural light weight concrete), Construction and Building Materials, 23: 2214–2219. 
Balendran, R.V., F.P. Zhou, A. Nadeem and A.Y.T. Leung, 2002. (Influence of steel fibres on strength and 

ductibility of normal and light weight high strength concrete), Building and Environment, 37: 1361-1367.  
Barragan, B.E., R. Gettu, M.A. Martın and R.L. Zerbino, 2003. (Uniaxial tension test for steel fibre 

reinforced concrete––a parametric study), Cement & Concrete Composites, 25: 767-777. 
Bobet, A., 2000. (The initiation of secondary cracks in compression), Engineering Fracture Mechanics 66 : 

187±219. 
Carmona, J.R., G. Ruizand, 2007. (Mixed-mode crack propagation through reinforced concrete), 

Engineering Fracture Mechanics, 74: 2788-2809. 
Chen, B., and J. Liu, 2005. (Contribution of hybrid fibers on the properties of the high-strength lightweight 

concrete having good workability), Cement and Concrete Research, 35: 913-917. 
Chi, J.M., R. Huang, C.C. Yang and J.J. Chang, 2003. (Effect of aggregate properties on the strength and 

stiffness of lightweight concrete), Cement & Concrete Composites., 25: 197-205. 
Fang, C., K. Lundgren, M. Plos and K. Gylltoft, 2006. (Bond behaviour of corroded reinforcing steel bars in 

concrete), Cement and Concrete Research, 36: 1931-1938. 



Aust. J. Basic & Appl. Sci., 5(12): 2600-2605, 2011 

2605 

Fantilli, A.P., H. Mihashi and P. Vallini, 2009. (Multiple cracking and strain hardening in fiber-reinforced 
concrete under uniaxial tension), Cement and Concrete Research, 39: 1217-1229. 

Kayali, O., M.N. Haque and B. Zhu, 1999. (Drying shrinkage of fibre-reinforced lightweight aggregate 
concrete containing fly ash). Cement and Concrete Research, 29: 1835-1840. 

Leppanen, J., 2006. (Concrete subjected to projectile and fragment impacts: Modelling of crack softening 
and strain rate dependency in tension), International Journal of Impact Engineering, 32: 1828-1841. 

Lo, T.Y., W.C. Tang, and H.Z. Cui, 2007. (The effects of aggregate properties on lightweight concrete), 
Building and Environment., 42: 3025-3029. 

Nataraja, M.C., N. Dhang, and A.P. Gupta, 1999. (Stress±strain curves for steel-®ber reinforced concrete 
under compression), Cement and Concrete Composites., 21: 383-390. 

Pu, X., 1999. (Investigation on pozzolanic effect of mineral additives in cement and concrete by specific 
strength index), Cement and Concrete Research, 29: 951-955.  

Redon, C. and J. Chermant, 1999. (Damage mechanics applied to concrete reinforced with amorphous cast 
iron fibers, concrete subjected to compression), Cement & Concrete Composites., 21: 197 ~204.  

Reinhardt, H.W and S. Xu, 1999. (Crack extension resistance based on the cohesive force in concrete). 
Engineering Fracture Mechanics, 64: 563±587. 

Susantha, K.A.S., H. Ge and T. Usami, 2001. (Uniaxial stress–strain relationship of concrete confined by 
various shaped steel tubes), Engineering Structures., 23: 1331-1347. 

Tasdemir, M.A., C. Tasdemiry A.D. Jefferson, F.D. Lydon, and B.I.G. Barr, 1998. (Evaluation of Strains at 
Peak Stresses in Concrete: A Three-Phase Composite Model Approach). Cement and Concrete Composites., 20: 
301-318. 

Van Mier, J.G.M. and M.R.A. Van Vliet, 2002. (Uniaxial tension for the determination of fracture 
parameters of concrete: state of the art), Engineering fracture Mechanics., 69: 235-247.  

Wang, X. and X. Liu, 2003. (A strain-softening model for steel–concrete bond), Cement and Concrete 
Research, 33: 1669-1673. 

Wang, Z., Y. Liu, and R.F. Shen, 2008. (Stress–strain relationship of steel fiber-reinforced concrete under 
dynamic compression), Construction and Building Materials., 22: 811-819. 

Yankelevsky, D.Z., M. Jabareen, and A.D. Abutbul, 2008. (One-dimensional analysis of tension stiffening 
in reinforced concrete with discrete cracks), Engineering Structures, 30: 206-217. 

Zhang, J., H. Stang, and V.C. Li, 2001. (Crack bridging model for fibre reinforced concrete under fatigue 
tension), International Journal of Fatigue., 23: 655-670. 

 


