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Abstract: Concrete wastes are generally delivered to the landfill sites for disposal. Due to increase 

charges of landfill and shortage of natural coarse aggregate (NCA), recycled coarse aggregate (RCA) 

(resulting from concrete wastes) is growing interest in building engineering. It is sustainable to use 

recycled construction materials to preserve the natural resources and maintain the environmental of cities. 

In the present study, RCA was used as a full replacement of NCA in some specimens of beams to produce 

self-compacting concrete (SCC). The experimental work consists of casting and testing eight rectangular 

simply supported reinforced concrete beams of (1200*180*250) mm for length, width, and height 

respectively with concentric point load as well as tests for control specimens to determine the mechanical 

properties of SCC. Four of these eight beams were tested for flexural and the other four beams for shear 

behavior. The present research includes the following main variables: transverse reinforcement (stirrups 

spacing, 50 mm and 100 mm), coarse aggregate (RCA and NCA) and steel fibers of (Vf = 0.5%). All 

beams have constant longitudinal steel reinforcement ratio=0.008. Experimental results have generally 

showed that ultimate loads (Pu) of beams made with RCA were approximately close to the results of 

beams made with NCA by  percentages (1.08% and 1.11%) for flexural and shear behavior respectively. 

RCA can be used as a full replacement in the future construction industry. The presence of steel fibers 

increases the maximum deflection of beams by 1.55% for flexural and 1.02% for shear behavior. 

Keywords: Self-compacting concrete, Recycled coarse aggregate, Steel fibers 

 

 سلوك العتبات المسلحة الذاتية الرص المحتوية على الياف الحذيذ والركام الخشن المعاد
  

غبٌبب ِب٠خُ اٌخخٍض ِٓ اٌخشسبٔت اٌمذ٠ّت )أمبع خشسب١ٔت( فٟ ِٛالغ راث أسع ِفخٛزت. ٚٔظشا ٌض٠بدة ٚثمً اٌخس١ًّ ٌٙزٖ  الخلاصة:

ت(. اٌّٛالغ ٚٔذسة )لٍت( اٌّظبدس اٌطب١ؼ١ت لأخبج اٌشوبَ اٌخشٓ اٌطب١ؼٟ, ٠خُ اسخخذاَ اٌشوبَ اٌّؼبد حذ٠ٚشٖ )اٌّشخك ِٓ اٌخشسبٔت اٌمذ٠ّ

الا٘خّبَ بٗ فٟ اٌظٕبػبث الأشبئ١ت. ٌزٌه فٟ إٌٙذست اٌّسخذاِت ٠خُ اسخخذاَ اٌشوبَ اٌّؼبد حذ٠ٚشٖ ِٓ اخً اٌّسبفظت ػٍٝ  ٚ٘زا اٌشوبَ صاد

( ٚرٌه لأخبج NCAوبذ٠ً وٍٟ ػٓ اٌشوبَ اٌطب١ؼٟ )( RCAفٟ ٘زا اٌبسث, اسخخذَ اٌشوبَ اٌّؼبد )اٌّٛاسد اٌطب١ؼ١ت ٚاطلاذ ب١ئت اٌّذْ. 

حضّٓ اٌؼًّ اٌّخخبشٞ طش٠مت اٌظب ٚاٌفسض )حسج حأث١ش الأثٕبء ٚاٌمض( ٌثّبْ ػخببث خشسب١ٔت ِسخط١ٍت اٌّمطغ  .راح١ت اٌشصخشسبٔت 

, ببلاضبفت اٌٝ فسٛص راث حس١ًّ ِشوضٞ ازبدٞطٛي, ػشع, ٚاسحفبع ػٍٝ اٌخٛاٌٟ ٍُِ ( 051*081*0011بأبؼبد ) ٚبس١طت الاسٕبد

اسبغ ػخببث ِٓ اطً ثّب١ٔت حُ اخخ١بس . راح١ت اٌشصت ٌخسذ٠ذ اٌخٛاص ا١ٌّىب١ٔى١ت ٌٍخشسبٔت ٌٍّٕبرج اٌخشسب١ٔت فٟ ِشزٍت اٌخشسبٔت اٌّخظٍب

)اٌّسبفت ب١ٓ  ٌمضٌذساست سٍٛن الأثٕبء ٚالاسبؼت الاخشٜ ٌذساست سٍٛن اٌمض. حضّٓ اٌبسث اٌّخغ١شاث اٌشئ١س١ت اٌخب١ٌت: حس١ٍر ا

%(. ػٍّب اْ ٔسبت زذ٠ذ  1,5( ٚا١ٌبف اٌخس١ٍر راث إٌسبت اٌسد١ّت اٌثببخت )RCA   ٚNCAٍُِ(, اٌشوبَ اٌخشٓ ) 011ٍُِ ٚ  51الاطٛاق

اظٙشث إٌخبئح اٌؼ١ٍّت ػِّٛب اْ الازّبي اٌمظٜٛ ٌٍؼخببث اٌّظبٛبت بأسخخذاَ اٌشوبَ اٌّؼبد حذ٠ٚشٖ  . ρ= 1,118طٌٟٛ ثببخٗ اٌخس١ٍر اٌ

 ِمبسبت خذا اٌٝ الازّبي اٌمظٜٛ ٌٍؼخببث اٌّظبٛبت
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اٌشوبَ اٌطب١ؼٟ ٚبٕسبت حغب٠ش بس١طت ٌزٌه ِٓ اٌّّىٓ اسخخذاِٗ وبذ٠ً ػٓ اٌشوبَ اٌطب١ؼٟ فٟ اٌظٕبػت الأشبئ١ت اٌّسخمب١ٍت ز١ث  بأسخخذاَ

%( ٌسٍٛوٟ الأثٕبء ٚاٌمض ػٍٝ اٌخٛاٌٟ . اْ ٚخٛد ا١ٌبف اٌسذ٠ذ صاد ِٓ ل١ّت اٌٙطٛي ٌٍؼخببث 0,00% ٚ 0,18اْ ٔسبت اٌض٠بدة )

 %( ٌسٍٛن اٌمض.0,10%( ٌسٍٛن الأثٕبء ٚ  ) 0,55) اٌخشسب١ٔت بٕسبت ص٠بدة

 
 

1. Introduction 
 

   Concrete is the main construction material that is widely used in all types of civil 

engineering works such as  infrastructure, low and high-rise buildings, and 

installations of defense work, environs defense and local-domestic improvements. 

However, recently the perception of the continued extensive abstraction and use of 

natural resources aggregates is questioned at a wide-reaching level (Lawson et al, 

2001). This is chiefly because of natural aggregates quality depletion and the greater 

awareness of protection of environmental. Considering this, the obtainability of natural 

resources to the future had also been recognized (CSIR, 2000). 

      Today, there are severe shortages of natural resources in current situation. Concrete 

production and utilization are rapidly increased, which result in increased natural 

aggregate consumption as they are the largest component of concrete (Wai et al, 2012). 

Building materials are progressively featured by their sustainable features; a solution of 

these problems is recycling damaged concrete and producing a substitute aggregate for 

concrete structures (Valeria et al, 2009). 

      Recycled coarse aggregate (RCA) reduces impact on landfills, reduces energy 

depletion and provides cost reserves (Huang et al, 2002). On the other hand, there is the 

beneficial use of RCA in concrete building (Eguchi et al, 2006). RCA is made of 

crumpled, arranged, inorganic subdivisions treated from material that is used in 

structure and destruction rubbles (Ravi, et. al, 2013). RCA is defined in (BS 8500-1, 

2006) as the general word for aggregate result from the reusing of inorganic material 

before used in building.  

 
1.1. Self-Compacting Concrete 
 

     Self-compacting concrete (SCC) has been described as "the most revolutionary 

development in concrete construction for several decades". Originally developed to 

offset a growing shortage of skilled labour, it has proved beneficial economically 

because of a number of factors, including: (EFNARC, 2002) 

 faster construction. 

 reduction in site manpower. 

 better surface finishes. 

 easier placing. 

 improved durability. 

 greater freedom in design. 

 thinner concrete sections. 

 reduced noise levels, absence of vibration. 

 safer working environment. 
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The workability of SCC can be characterized by the following properties: (EFNARC, 

2002) 

 Filling ability 

 Passing ability 

 Segregation resistance 

 Filling ability (unconfined flow ability): the ability of SCC to flow into and fill 

completely all spaces within the formwork, under its own weight. 

 Passing ability (confined flowability): the ability of SCC to flow through tight 

openings such as spaces between steel reinforcing bars without compaction. 

 Segregation resistance (stability):  the ability of SCC to remain homogeneous in 

composition during transport and placing. 

  
2. Objective of This Paper 

     The main objective of this research is to investigate both flexural and shear behavior 

of reinforced self-compacting concrete beams by using (RCA) of (10 mm) maximum 

size which is recycled coarse aggregate taken from an old concrete barrier. 

   
3. Research Significance 

 

    Self-compacting concrete (SCC) offers several economic and technical benefits; the 

use of steel fibers extends its possibilities. Steel fibers acts as a bridge to retard their 

cracks propagation, and improve several characteristics and properties of the concrete. 

Fibers are known to significantly affect the workability of concrete (B. Krishna and V. 

Ravindra, 2010). 

  
3.1 The Effect of Fibers On Workability 
      

     Fibers affect the characteristics of SCC in the fresh state. They are needle-like 

particles that increase the resistance to flow and contribute to an internal structure in the 

fresh state. Steel fiber reinforced concrete is stiffer than conventional concrete. In order 

to optimize the performance of the single fibers, fibers need to be homogeneously 

distributed; clustering of fibers has to be avoided. The effect of fibers on workability is 

mainly due to four reasons: 

      First, the shape of the fibers is more elongated than the aggregates; the surface area 

at the same volume is higher. 

     Second, stiff fibers change the structure of the granular skeleton, whereas flexible 

fibers fill the space between them. Stiff fibers push apart particles that are relatively 

large compared to the fiber length, which increases the porosity of the granular 

skeleton.  

    Third, the surface characteristics of fibers differ from that of cement and aggregates, 

e.g. plastic fibers might be hydrophilic or hydrophobic. 

 Finally, steel fibers often are deformed (i.e. have hooked ends or are wave-shaped) to 

improve the anchorage between them and the surrounding matrix. The size of the fibers 

relative to the aggregates determines their distribution. To be effective in the hardened 
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state it is recommended to choose fibers not shorter than the maximum aggregate size. 

Usually, the fiber length is 2-4 times that of the maximum aggregate size (Steffen and 

Joost, 2009). 

  
3.2 The Use of Silica Fume 
 

     Silica fume or microsilica (very fine amorphous silica particles < 1 μm) is studied as 

concrete mineral admixture in the early 1950’s at the Norwegian Institute of 

Technology. However, only in the mid 1970’s, after the advent of superplasticizers, 

silica fume both in practice and in laboratory started in several Scandinavian countries: 

Norway, Sweden, Denmark and Iceland. After then, research work and practical use of 

silica fume in concrete started in many countries outside Europe. Silica fume and 

superplasticizer are complementary materials to manufacture self-compacting concretes 

with great cohesion of the fresh mix. Due to this special behavior, silica fume in the 

presence of superplasticizer can compensate the absence of fine materials, such as fly 

ash or ground limestone in relatively lean cement mixtures (M. Collepardi, et.al, 1981). 

 
3.3 Recycled Coarse Aggregates 
 

     Recycling of demolition rubble is not a new idea and some reported cases of 

recycling demolition waste date back to the 2
nd

 world war. In several countries, 

practicularly in Europe, it is an important process which is used to produce a useful 

sources of aggregate for the construction industry. The increasing price of land in recent 

years has led to high dumping costs at landfill sites, particularly in london. Demolition 

contractors, wishing it dispose of rubble, have found that it is now more expensive to 

dump demolition waste than to recycle it. Some demolition contractors unfortunatly 

resort to fly-tipping i.e. tip rubble illegally on private or public land, to dispose of what 

is a potentially valuable material. To promote recycling, incentives shoud be given to 

demolition contractors by installing recycling plants in urban locations and allowing the 

use of recycled aggregate instead of natural aggregate for some purposes (Margaret 

Mary, 1990), as shown in figure1. 

 

 
Figure 1: Schematic flow of concrete recycling system ( Hirokazu, et.al, 2005) 
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3.3.1 Advantages of Recycled Coarse Aggregates  
 

1- Cost saving. 

2- Environmental saving. 

3- Time saving. 

4- Reduce impact of landfill. 

5- decrease energy consumption. 

 
4. Materials and Experimental Work 
  

     Self-Compacting concrete eight beams of (1200*180*250) mm has been made using 

confident proportions of cement, fine aggregate, coarse aggregate (natural and 

recycled), superplasticizer, silica fume and water. In the program of testing, the 

compressive strength of concrete was kept constant which it is 60 MPa. The mix 

proportion was (1:1.5:1.74) by weight of cement, sand and gravel respectively with 0.35 

water to powder ratio (w/p). Ordinary Portland cement (OPC) type I was used of 500 

kg/m
3
content. AL-Ukhaider natural sand of 750 kg/m

3
 with fineness modulus (2.6) and 

specific gravity 2.63 was used. Natural and recycled coarse aggregate of 870 kg/m
3
 with 

maximum size (10mm) and specific gravity 2.62 and 2.58 respectively was used. 

Superplasticizer content (Glenium 51) was 14 L/m
3
. Silica fume content was 56 kg/m

3
.  

Hooked steel fibers with aspect ratio (80) were used. All beams and control specimens 

have no need to vibrate because they are flow under their own weight. For each concrete 

mix, three cube specimens (150*150*150) mm, three cylinders (150*300) mm and one 

prism (100*100*500) mm have been taken and tested at 28 days. 

 
5. Test Results 

 

As mentioned before, the main aim of this research is to study the flexural and shear 

behavior for the properties of self-compacting concrete beams containing recycled 

coarse aggregate (RCA) as a full replacement of natural coarse aggregate (NCA) in 

some specimens in addition to the specimens of (SCC). 

     According to the test program of this study, the investigation involves eight beam 

specimens tested under incrementally increasing load until failure. Cracking moment, 

ultimate moment, deflection at the center and quadrant of the beams were recorded. 

Also this research presents and discusses crack patterns and modes of failure for all 

beams. 

 
5.1 Results of SCC in Fresh State 
 

     SCC is defined by its behavior in the fresh state, to verify whether concrete meets 

certain requirements which are explained in specifications and guidelines such as 

(EFNARC, 2002). The slump flow, L-box and V-funnel tests used for all mixes of SCC 

are illustrated. Table 1 is based on the results of these three tests and the limitation of 

(EFNARC, 2002). 
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Table 1 tests results of fresh properties for SCC 

Mixture Slump flow test L-box test V-funnel test 

T(sec) D (mm) T500 (sec) H1 

(mm) 

H2 

(mm) 

(H2/H1) 

SCC50/1 680 2.5 88 72 0.82 4 

SCC50/2 720 2 85 82 0.96 3 

SCC50/3 650 3.5 87 71 0.82 6.5 

SCC50/4 680 3 80 75 0.93 5 

SCC100/1 682 3 90 78 0.87 4.5 

SCC100/2 732 2 88 84 0.95 3 

SCC100/3 662 4.5 86 68 0.80 5.5 

SCC100/4 676 3 83 74 0.90 5 

EFNARC, 2002 650-800 2-5 - - 0.8-1 10 

where: 

SCC50/1 Specimen of beam with (SCC) self-compacting concrete/ (50) stirrups spacing/ 

(1) natural aggregate with steel fiber 

SCC 50/2 Specimen of beam with (SCC) self-compacting concrete/ (50) stirrups spacing/ 

(2) natural aggregate without steel fiber 

SCC 50/3 Specimen of beam with (SCC) self-compacting concrete/ (50) stirrups spacing/ 

(3) recycled aggregate with steel fiber 

SCC 50/4 Specimen of beam with (SCC) self-compacting concrete/ (50) stirrups spacing/ 

(4) recycled aggregate without steel fiber 

SCC 100/1 Specimen of beam with (SCC) self-compacting concrete/ (100) stirrups spacing/ 

(1) natural aggregate with steel fiber 

SCC 100/2 Specimen of beam with (SCC) self-compacting concrete/ (100) stirrups spacing/ 

(2) natural aggregate without steel fiber 

SCC 100/3 Specimen of beam with (SCC) self-compacting concrete/ (100) stirrups spacing/ 

(3) recycled  aggregate with steel fiber 

SCC 100/4 Specimen of beam with (SCC) self-compacting concrete/ (100) stirrups spacing/ 

(4) recycled aggregate without steel fiber 

 

     From table 1 it can be noted that all mixes tests satisfy the requirements of 

(EFNARC, 2002) specification and also indicated excellent deformability without 

blocking. It indicates the following results: 

1- The mixes which have recycled coarse aggregate (RCA) have time for both 

slump flow and V-funnel tests greater than the mixes with natural coarse 

aggregate (NCA), but they have diameter smaller than the mixes with (NCA).  

2- The mixes with 0.5% steel fibers addition have time greater than the mixes 

without steel fibers (non-fibrous mixes), but they have smaller diameter than the 

non-fibrous mixes. 

3-  The mixes with 0.5% steel fibers addition have (H2/H1) nearest to the minimum 

value of requirements, because the presence of steel fibers in the mix that make 

the mix more dense.  

4- The mixes which have (RCA) have (H2/H1) smaller than the mixes with (NCA) 

because the crushed texture of (RCA). 

     The causes of the above mentioned points is the presence of RCA and steel fibers 

make the horizontal flow slower because the mixture become thicker and less fluidity. 
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5.2 Mechanical properties results of SCC 

       

     The properties of SCC in the hardened state are important to understand the behavior 

of reinforced concrete beams. The mechanical properties that were studied in this 

investigation are as follows: 

 
5.2.1 Compressive strength (f'c) 

 

     The most important properties of all tests is the compressive strength test because it 

describes the concrete features that are associated with the strength and the essential 

importance of the compressive strength of concrete in structural design. Table 2 shows 

the measured values of compressive strength. 

 

Table 2  Measured values of compressive strength 

Mix     (cube), MPa     (cylinder), MPa    cylinder /    cube 

SCC50/1 61.8 49.5 0.8 

SCC50/2 60.5 48.2 0.8 

SCC50/3 61 49.1 0.8 

SCC50/4 60.2 47.9 0.79 

SCC100/1 61.3 48.1 0.78 

SCC100/2 60.2 47.05 0.78 

SCC100/3 61 47.7 0.78 

SCC100/4 60 47 0.78 

 

     The table above shows that the results of compressive strength of mixes made with 

natural coarse aggregate (NCA) have slight increase than the mixes made with recycled 

coarse aggregate (RCA) by (1.0%) because the recycled aggregate was reacted 

previously. Also, "Figure 2" shows the relationship between compressive strength and 

volumetric ratio of steel fibers. It is obvious from this figure that there are only marginal 

improvements in compressive strength due to addition of steel fibers because the fibers 

act as aggregate of special shape in view of their small percentages in practical material 

(Aliewi, 2006). The mixes made with steel fiber of Vf (0.5%) have slight increase than 

the mixes of non-fibrous concrete by percentages of (1.0%) for flexural behavior and 

(1.2%) for shear behavior. 

 

 

Figure 2: Effect of steel fibers content on the compressive strength for SCC mixes. 
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5.2.2 Splitting tensile strength (ft) 
   

    It is a significant property of hardened concrete which the cracking of concretes is 

almost commonly refers to tension stress that accrued. Table 3 and "Figure 3" below 

show the measured values of splitting tensile strength test of all mixes and the 

predicated values calculated from the equations 1 and 2. 

 

(ACI 363R-1992),     ft(predicated) = 0.59(   )
0.55

                     (1) 

 

(ACI 318M-2011),     ft(predicated) = 0.56 √                            (2) 

where :     and  ft  in MPa. 

 
Table 3: Measured values of splitting tensile strength 

Mix ft (experimental), MPa ft (predicated), MPa 

ACI 363R-1992 

ft (predicated), MPa 

ACI 318M-2011 

SCC50/1 4.11 5.04 3.94 

SCC50/2 2.72 4.97 3.88 

SCC50/3 3.98 5.02 3.92 

SCC50/4 2.65 4.95 3.87 

SCC100/1 3.97 4.96 3.88 

SCC100/2 2.83 4.90 3.84 

SCC100/3 3.94 4.94 3.86 

SCC100/4 2.62 4.90 3.85 

 

Table 3 shows the following: 

 The values of experimental and predicated (ft) of the mixes with steel fibers 

are greater than the same mixes but without steel fibers because the presence 

of steel fibers will increase the ductility of concrete. 

 Both (RCA) and (NCA) have the same effect on the values of (ft). 

 The values of experimental (ft) are approximately close to equation 2. 

 

 
 

Figure 3:  Effect of steel fibers content on the splitting tensile strength for SCC mixes 
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5.2.2 Flexural strength (fr) 
 

     Flexural strength (modulus of rupture) is the maximum tensile stress of concrete 

tested in flexural, and can be calculated from the formula used for elastic materials, (fr = 

MC/I), (where M is bending moment, C is the distance from the neutral axis to the 

outermost fiber of concrete and I is the moment of inertia) by testing a plain concrete 

beam.   Experimental results of this work were compared with the equation adopted by 

(ACI 318M-2011) code as shown in Table 4 and "Figure 4" and the equation is as 

below: 

                                    fr = 0.62√                                      (3) 

where:     and fr in MPa. 
 

Table 4:  Measured values of flexural strength 

Mix fr (experimental), MPa fr (predicated), MPa ACI 

318 M-2011 

SCC50/1 5.45 4.36 

SCC50/2 4.35 4.3 

SCC50/3 4.42 4.34 

SCC50/4 4.31 4.29 

SCC100/1 5.62 4.3 

SCC100/2 4.43 4.25 

SCC100/3 4.55 4.28 

SCC100/4 4.40 4.26 

 

    Table 4 shows that the mixes with steel fibers give values of (fr) greater than the 

mixes without steel fibers because the presence of steel fibers will increase the ductility 

of concrete. 

 
Figure 4 : Effect of steel fibers content on the flexural strength for SCC mixes 

 

5.2.4 Elastic Modulus (EC) 

     It is the most significant elastic property of concrete. It can be obtained by carrying a 

compressive test on concrete cylinders. Table 5 and "Figure 5" explain values of elastic 

modulus for various strength and the theoretical values adopted the following equations: 

(ACI 363R-1992),   Ec= 3320  √    + 6900                     (4) 
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(ACI 318M-2011),     Ec = 4700√                                   (5) 

where:     and Ec  in MPa. 

 

Table 5  Measured values of modulus of elasticity 

Mix EC (experimental), MPa EC (predicated), MPa 

ACI 363R-1992 

EC (predicated), MPa 

ACI 318M-2011 

SCC50/1 36498.27 30258.27 33067.43 

SCC50/2 34607.70 29949.50 32630.32 

SCC50/3 29867.35 30163.70 32933.55 

SCC50/4 28978.64 29877.66 32528.62 

SCC100/1 35200.81 29925.60 32596.46 

SCC100/2 34231.50 29672.88 32238.71 

SCC100/3 25410.80 29829.64 32460.64 

SCC100/4 24257.73 29660.77 32290.06 

 

     Table 5 shows that the mixes with steel fibers give values of (Ec) greater than the 

mixes without steel fibers because the presence of steel fibers will increase the ductility 

of concrete. 

 
Figure 5  Effect of steel fibers content on the elastic modulus for SCC mixes 

 

5.3 Cracking moment (Mcr) 
 

     Cracking moment is defined as the moment at which the first visible surface cracks 

on the surfaces of the member appears. Table 6 and "Figure 6" show the results of 

cracking load and ultimate load. It is clearly shown that the cracking load increases 

when the ultimate load increased. The cracking load to the final load ratio (Pcr / Pu) was 

generally between (9 – 14) %. 

 

Table 6  Cracking loads of the tested beams 

Beam Pcr (kN) Pu (kN) Pcr / Pu (%) Mcr* (kN.m) 

SCC50/1 30 217.5 13.79 7.88 

SCC50/2 25 192.5 12.98 6.56 

SCC50/3 24 201 11.94 6.30 

SCC50/4 20 180 11.11 5.25 

SCC100/1 20 168.5 11.86 5.25 

SCC100/2 18 154 11.68 4.73 

SCC100/3 16 155.5 10.28 4.20 

SCC100/4 13 135 9.63 3.41 

*Mcr = Pcr . L /4 
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Figure 6  Cracking moment for the tested beams 

 
     Table 6  and "Figure 6" show the following results: 

     The effect of coarse aggregate: the cracking moment values of the beams mixed with 

(NCA) were larger than the beams mixed with (RCA) when the other parameters are 

kept fixed because the shape of recycled aggregate is angular.  

     It was already reacting and exposed to tensile stress, so the bonding with the rest of 

concrete component would be little so the cracking moment (Mcr) would be lesser. The 

percentage of these increments is about (24-25)% for both flexural and shear behavior. 

 
5.4 Ultimate Moment (Mu) 

     It is the maximum moment which can be carried out by the beams that are tested. 

Table 7 and "Figure 7" show the results of experimental and theoretical ultimate 

moments as follows: 

 

Table 7 Ultimate moment of the tested beams 

Beam Pu (kN) Mu *(experimental) kN.m Mu **( predicated) 

kN.m 

SCC50/1 217.5 57.10 53.89 

SCC50/2 192.5 50.53 34.79 

SCC50/3 201 52.76 52.12 

SCC50/4 180 47.25 32.42 

SCC100/1 168.5 50.23 52.79 

SCC100/2 154 45.43 30.37 

SCC100/3 155.5 48.82 52.19 

SCC100/4 135 40.44 28.17 

  *Mu = Pu . L /4 ,  ** Mu= φ {As fy (d - 
 

 
 )} ,   a=

     

    ׳     
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Figure 7 : Theoretical and experimental Ultimate moments (Mu) for the tested beams 
 

      It is obvious that the predicated moment values vary between (32.42-53.89) kN.m 

for flexural behavior and between (28.17-52.79) kN.m for shear behavior, while the 

experimental moment results vary between (47.25-57.10) kN.m for flexural behavior 

and between (40.44-50.23) kN.m for shear behavior. 

 
5.5 Load Deflection Behavior 

 

     The structural behavior is normally explained using load versus deflection curves. 

The load-deflection curves in this work are taken at mid-span and quadrant of all the 

tested beams. Table 8 illustrates the maximum deflection in mid-span and quadrant of 

the beam with maximum load, and "Figure 8" shows the load-deflection curves of self-

compacting concrete. 

 

Table 8 Maximum deflection in mid-span and quadrant of the beams 

Beam Ultimate load, kN Maximum deflection at mid-

span, mm 

Maximum deflection at 

quadrant, mm 

SCC50/1 217.5 4.07 2.92 

SCC50/2 192.5 3.74 2.63 

SCC50/3 201 5.97 3.51 

SCC50/4 180 3.01 1.87 

SCC100/1 168.5 3.19 2.25 

SCC100/2 154 2.7 2.02 

SCC100/3 155.5 2.67 1.82 

SCC100/4 135 3.07 2.21 

 

 

A)  Comparison between 

(NCA) and (RCA) with 

steel fibers addition for 

self-compacting  concrete 

(flexural failure)  
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Figure 8 (A,B,C and  D) Load - deflection curves for specimens containing natural coarse aggregate (NCA) 
and recycled coarse aggregate (RCA) 

 

5.6  Crack Patterns and Modes of  Failure 
 

     In this study, four of eight beams are designed with Ф6@50 mm spacing for 

stirrups. This group of beams fails in flexure by yielding of tension steel bars. The 

other four beams are designed with Ф6@100 mm spacing for stirrups and fail in 

shear by diagonal tension cracking. Longitudinal steel bars (3Ф12 mm) for the 8 

beams were hooked at their ends by about 90° to ensure that no bond failure between 

steel bars and surrounding concrete can take place. Table 9 and "Figure 11 and 12" 

show maximum crack width and modes of failure of the tested beams. Crack width is 

measured by a simple gauge (knives) as shown in "Figure 9"which is used to give an 

approximate crack size during visual surveys, this simple gauge has been designed to 

B) Comparison between 

(NCA) and (RCA) 

without steel fibers 

addition for self-

compacting concrete 

(flexural failure)  

 

C) Comparison between 

(NCA) and (RCA) with 

steel fibers addition for 

self-compacting  concrete 

(shear failure)  

D) Comparison between 

(NCA) and (RCA) without 

steel fibers addition for 

self-compacting concrete 

(shear failure)  
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provide inspectors with a low cost alternative for determining the width of cracks in 

a concrete. While the measuring of crack depth by a Digital Caliper,8'' (200mm) as 

shown in "Figure 10", this instrument (provide an accurate depth of cracks) is easy to 

read LCD digits, rolling thump wheel, plus control buttons for zero, on/off and 

inch/mm functions. Range 0-8'' (200mm) with accuracy 0.001mm. 

 

Table 9  Maximum crack width and modes of failure of the tested beams 

Beam Pu , kN Crack width, mm Crack depth, 

mm 

No. of cracks Mode of failure 

SCC50/1 217.5 0.35 1.9 9 Flexure 

SCC50/2 192.5 0.4 2.1 6 Flexure 
SCC50/3 201 0.4 1.7 9 Flexure 
SCC50/4 180 0.65 1.95 9 Flexure 

SCC100/1 168.5 0.15 1.44 4 Shear 

SCC100/2 154 0.25 1.73 4 Shear 

SCC100/3 155.5 0.3 1.61 4 Shear 

SCC100/4 135 0.45 2.4 4 Shear 

 

 

         
                   Figure 9  Crack width measurement                             Figure 10  Digital Caliper 
 

                 
        (a) Natural aggregate with steel fiber                    (b) Natural aggregate without steel fiber 

 

                
        (c) Recycled aggregate with steel fiber                  (d) Recycled aggregate without steel fiber 

 

Figure 11 Crack patterns and Modes of failure for SCC/ flexural behavior 
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            (e) Natural aggregate with steel fiber                            (f) Natural aggregate without steel fiber  

 

                    
 

           (g) Recycled aggregate with steel fiber                            (h) Recycled aggregate without steel fiber 

Figure 12  Crack patterns and Modes of failure for SCC/ shear behavior 

 
6. Conclusions 

 

       Based on the results obtained from experimental work for eight rectangular 

reinforced concrete beams which are made from self-compacted concrete with (NCA) 

and (RCA), besides to their corresponding cubes, cylinders and prisms specimens, the 

conclusions can be illustrated below: 

 
6.1 Fresh Properties of Self-Compacting Concrete SCC 

 

1. The effect of RCA on the fresh properties of SCC: the specimens of RCA gives 

results of fresh properties of SCC approximately close to the other specimens of 

NCA with time increase by percentages of (44.5%, 50.5%) for flexural and shear 

behavior respectively and also with diameter decrease by percentages of (42.5%, 

53.5%) for flexural and shear behavior respectively. 

2.  The effect of steel fiber on the fresh properties of SCC: the use of steel fibers of Vf 

(0.5%) gives time to flow horizontally more than the non-fibrous concrete 

specimens by (20%, 45.5%) for flexural and shear behavior respectively. 

 
6.2 Mechanical properties of self-compacting concrete SCC 

 

1. The results of mechanical properties of SCC with NCA mixes have slight increase 

than RCA mixes by (1.0%, 1.0%, 1.23% and 1.2%) for compressive strength, 

tensile strength, flexural strength and elastic modulus respectively.  

2. The effect of steel fibers on mechanical properties of concrete gives larger values 

than the non-fibrous concrete by (1.02%, 1.5%, 1.1% and 1.03%) for compressive 

strength, tensile strength, flexural strength and elastic modulus respectively. 
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6.3 Cracking Moment (Mcr) 
 

1. The mixes of RCA give cracking moment values smaller than NCA mixes by 

1.25% for both flexural and shear behavior. 

2.  The cracking moment of steel fiber mixes is greater than mixes without steel fiber 

by 1.2% for both flexural and shears behavior. 

 
6.4 Ultimate Moment (Mu 

 

1. The mixes of RCA give ultimate moment values smaller than NCA mixes by 1.1% 

and 1.08% for flexural and shear behavior. 

2. The ultimate moment of steel fiber mixes is greater than mixes without steel fiber 

by 1.13% and 1.2% for flexural and shear behavior. 

 

6.4 Load-Deflection Curves 
 

1. The maximum deflection of RCA mixes is the same as NCA mixes for the same 

parameters. 

2. The maximum deflection of steel fiber mixes has values greater than the non-

fibrous mixes. 

 
6.5 Crack Patterns and Modes of Failure 

 

1. The presence of RCA in the mixes gives the first crack loads and ultimate loads 

come earlier than the other mixes that used NCA. 

2. The presence of steel fiber in the mixes made the concrete more ductile to resist 

first crack and ultimate loads. 

 
7. Brief Conclusion 

 

     It can be used this type of coarse aggregate (recycled coarse aggregate) in the future 

projects as a substitute of natural coarse aggregate because the recycling process 

services to decrease energy usages, reduces raw aggregate depletion, reduces water and 

air pollution by reducing requirements for conventional waste discarding, reduces 

emissions of greenhouse gases, protects and saves environment. It is sustainable using 

of resources so it can preserve the natural resources. 

     This can be obtained by some reservations as follows: 

1. Some researches must be made as it mentioned in the recommendations below in 

order to contain all the branches of this subject which include increase safety factor 

for applied load and decrease factors for strength for bending and shear. 

2. The reaching and obtaining the above advantages of the recycling program need 

support and help from the government and companies in order to preserve the 

environment and save money by giving contribution for this project to construct a 

mass crushing planets for breaking the concrete barriers to produce the substitute raw 

materials in future which is acceptable and high quality from one side and economic 

from the other side. And that entire conclusion had done in this work to have a good 
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quality control in order to let this project to success and to be accepted by 

constructed companies and engineers. 
 

 

8. Recommendations 
 

1. This work can be further extended with other different types of concrete beams such 

as (high strength concrete, reactive powder concrete and hybrid concrete beams of 

normal concrete and Self-compacting concrete). 

2. The use of other types of fibers such as plastic fibers instead of steel fibers. 

3. The effect of using other members such as columns or other variables such as (with 

or without stirrups, shear span to depth ratio and beam size) can be studies. 

4. Studies of self-compacting concrete in flexural and shear behavior by using 

metakaoline instead of silica fume; this is an economic advantage in this country. 

5. The theoretical work by using finite element method can be used in this study of 

normal and self-compacting concrete with recycling aggregate. 
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