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Abstract: - The main goal of this research is to investigate the effect of using hybrid self-compacting Pozzo-lime concrete on the bending 

behaviour of reinforced concrete beams. To achieve this objective, a set of eight laboratory samples comprised of reinforced concrete 
beams measuring 1400 mm in length and 150 x 250 mm in dimensions were subjected to two-point bending testing. These beams were 

constructed using hybrid self-compacting Pozzo-lime concrete at varying depths. The samples' ultimate strength, ductility, cracking pattern, 

and mode of failure, as well as the load-displacement diagram, are subsequently assessed. The laboratory sample of the P75C25 beam 

exhibited the greatest final strength, hardness, and ductility, according to the findings of this study.   
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I. INTRODUCTION 

Time, cost, and quality are three vital determinants in the implementation stage that significantly influence the 

construction sector. Civil engineers are invariably intrigued by any advancement or progression that enhances these 

three factors (1-4). When these developments become feasible in the construction industry, adequate research should be 

conducted to determine their benefits and drawbacks, and the required steps should be taken to implement them (5-8). 

Due to its special characteristics, self-compacting concrete is one of these developments that can have a significant 

impact on the construction industry (9-11). Engineers from various nations have aspired for many years to develop self-

levelling concrete (self-compacting) that does not degrade in fluidity, strength, or separation. When the concrete mix 

was dry at the turn of the 20th century, the only way to compact it was through the use of heavy impacts (12-15). It was 

feasible in expansive and accessible segments (16-18). In the 1920s, it was determined that an increase in the water-

cement ratio could result in a reduction in the strength of the concrete (19, 20). This trend toward wetter mixes gained 

traction as the use of reinforced concrete became more widespread, and the practical issues associated with dry mixes 

became more apparent (21, 22). The detrimental impact of increasing the water-cement ratio on the permeability and 

durability of concrete was further exposed in subsequent years as concerns regarding the durability of concrete were 

further examined (23). 

  All this caused special attention to be paid to concrete performance and rheology properties as well as compaction 

methods, with the aim of improving its strength and durability properties (24, 25). This research finally led to the 

introduction of self-compacting concrete in Japan. Concrete with high flowability that can fill all the corners of the 

mould and include the reinforcements only under the influence of gravity and without the need to perform any other 

process, without causing separation or water leakage. Investigation of rheology and efficiency shows a high impact on 

determining the properties of self-compacting concrete (26). 

So far, a lot of research has been done in the field of self-compacting concrete, including Saha et al. (27), Afshoon et al. 

(28), Kassimi et al. (29), Nawaz (25), Ashteyat et al. (30) studies, none of which investigated the effect of Hybrid Self-

Compacting Pozzo-Lime concrete. Consequently, research into Hybrid Self-Compacting Pozzo-Lime concrete is still 

in its early stages. Determining the impact of Hybrid Self-Compacting Pozzo-Lime concrete on the ultimate strength, 

ductility, and hardness of reinforced concrete beams is thus the goal of this investigation, which attempts to address this 

scientific gap. Also, this research investigates the pattern of cracking and breaking mode of the reinforced concrete 

beam with Hybrid Self-Compacting Pozzo-Lime concrete. To achieve the goal of this research and to find appropriate 

answers to the research questions, eight samples of reinforced concrete beams with geometric specifications and 

reinforcement details are tested under four-point bending, and the results are examined. 

II. EXPERIMENTAL PROGRAM 

Materials 
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The water utilised in this study satisfies all international standards for cleanliness. The cement used in all the mixing 

plants is medium anti-sulphate Portland cement (type two) from the Karbala cement factory. According to the tests, all 

the specifications of the cement used are entirely in accordance with the required standards in Iraq. 

Also, in this research, concrete from hydrated lime manufactured by Karbala Lime Company, whose specifications are 

according to the Iraqi standard [IQS No. 807/2004], is used. The micro silica used in this research is Mega-Add MS(D) 

manufactured by CONMIX Construction Chemical Company, and its specifications are in accordance with ASTM-

C1240 standards. The aggregates used in the tests were from the same depot all the time, and all the tests needed to 

validate the aggregates, as one of the most important components of concrete, were performed on them. The sand used 

is washed and crushed sand from the mines of Karbala city. Granulation specifications for the sand used in this research 

are shown in Table 1. 

Table 1. Characteristics of fine and coarse aggregate granulation. 

IQS No.45- 1984 Cumulative passing (%) Sieve Size (mm)  

- 100 37.5 Coarse 

Aggregate - 100 25 

100 100 20 

100-90 100 14 

85-50 79 10 

10-0 8.8 5 

- 2.3 2.33 

100 100 10 Fine Aggregate 

100-90 97 4.75 

85-100 91 2.36 

90-75 85 1.18 

79-60 76 0.6 

40-12 40 0.3 

0-10 10 0.18 

 

The super-lubricant used in this research is a light brown liquid, and its physical and chemical characteristics are in 

accordance with ASTM-C494. Figure 1 shows the materials used in this research. 

 

Figure 1. Materials used in this research. 

Mixing plan and mechanical characteristics of concretes 

In this research, two types of concrete, including Hybrid Self-Compacting Pozzo-Lime concrete and ordinary Self-

Compacting concrete, have been investigated, and their mixing plan for one cubic meter of concrete is shown in Table 

2. 
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Table 2. Mix design for 1m3 concrete. 

Mix Binder Sand 

Kg/m3 

Gravel 

Kg/m3 

W/B ratio SP 

C HL SF 

C (Ref.) 450 0 0 800 850 38% 2.5 

P60 220 165 165 700 850 42% 2.5 

 

The compressive strength, tensile strength, and bending strength of laboratory samples that had been hardened were 

assessed in this study. Initial determination of the compressive strength is conducted in accordance with BS EN–12390 

using 100 mm cubes. The subsequent procedure involved conducting the Brazilian tensile strength test on cylindrical 

specimens measuring 200x200 mm in accordance with the ASTM-C496 standard. In the final stage, 500x100x100 mm 

prismatic samples are utilised, and the bending strength is determined using the four-point bending method in 

accordance with the ASTM-C293 standard. The mechanical characteristics of concrete samples are detailed in Table 3. 

Table 3. Mechanical characteristics of concrete samples. 

Mix 

design 

Compressive strength (Mpa) Splitting tensile strength (Mpa) Flexural strength (Mpa) 

Age 7 day 28 day 7 day 28 day 28 day 

Reff 26.7 35.6 3.1 3.7 4.0 

P60 22.3 34.4 2.4 3.0 3.8 

 

Details of reinforced concrete beam laboratory samples 

In this research, eight laboratory samples whose names are shown in Table 4 were made according to the details shown 

in Figure 2. Also, the steps of manufacturing reinforced concrete beam laboratory samples are shown in Figure 3. 

Table 4. Nomenclature of reinforced concrete beam laboratory samples. 

Specification Specimen 

beam constructed using a full self-compacting concert C100(Reff) 

beam constructed using (75%) self-compacting concrete (from height, from bottom) and 

(25%) self-compacting pozzolim concert 

C75P25 

beam constructed using (50%) self-compacting concrete (from height, from bottom) and 

(50%) self-compacting pozzolim concert 

C50P50 

beam constructed using (25%) self-compacting concrete (from height, from bottom) and 

(75%) self-compacting pozzolim concert 

C25P75 

constructed using full self-compacting pozzolim concert P100 

beam constructed using (75%) self-compacting pozzolim concrete (from height, from 

bottom) and (25%) self-compacting concert  

P75C25 

beam constructed using (50%) self-compacting pozzolim concrete (from height, from 

bottom) and (50%) self-compacting concert  

P50C50 

beam constructed using (25%) self-compacting pozzolim concrete (from height, from 

bottom) and (75%) self-compacting concert  

P25C75 
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Figure 2. Geometric specifications and reinforcement details of reinforced concrete beam laboratory samples. 

 

Figure 3. Steps of making laboratory samples of reinforced concrete beam. 

Laboratory setup 

The reinforced concrete laboratory samples were tested in four-point bending using a hydraulic jack. The four-point 

bending test is one of the best and most common beam tests. In this test, the area between two-point loads has constant 

anchorage and zero shear. Therefore, in this area, it is possible to investigate the behaviour of the beam under pure 

bending. In the area between each of the point loads and the closest support to that load, the effect of bending and cutting 

can also be checked. The loading was carried out as a static and uniform load. The displacement of the middle of the 

beam was transferred by the linear displacement transducer (LVDT), the force was transferred to the data recording 

device by the dynamometer, and the experimental deflection of the laboratory samples was taken in the middle of the 

opening. In Figure 4, the laboratory setup is shown. 
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Figure 4. Reinforced concrete beam laboratory setup. 

III. DISCUSSION AND EXAMINATION OF THE RESULTS 

In the issue of usability of reinforced concrete structures, cracking and displacement are among the most critical 

parameters. Creating a crack and opening it in the reinforced concrete member will allow the penetration of moisture 

and destructive ions and will lead to the corrosion of the rebars. Apart from the problem of rebar corrosion, the existence 

of cracks or their creation, especially in reinforced concrete beams and slabs, greatly affects the safety and mental peace 

of users from the appearance point of view. This issue is so important that some researchers have evaluated the effect 

of cracking on rebar corrosion as less necessary in terms of psychological issues compared to its appearance. 

Figure 5 shows the cracking pattern, and Figure 6 shows the load-displacement diagram for the laboratory samples. 

The first sample that was tested was the C100 laboratory sample. For this purpose, the laboratory sample was placed 

under the jack, and loading started. Before the load of 50 kN, the load-displacement graph was linear, and no cracking 

was observed. At a load of 50 kN, the first hairline cracks were observed in the tensile part of the section and the middle 

of the beam opening. After that, with increasing loading, the graph became non-linear and oblique shear cracks were 

observed. Finally, at a load of 130 kilonewtons, after observing the cracks in the compressive part of the cross-section, 

and they became stronger in other terms, the diagram reached its maximum. 

After that, the C75P25 laboratory sample was tested. In this sample, the first hairline cracks were observed at a load of 

40 kN. After that, oblique cracks started to grow, and the load-displacement diagram entered the nonlinear stage. At the 

load of 80 kN and 110 kN, they started to grow and spread obliquely in the right support and the left support, 

respectively. At the final load of 136 kilonewtons, cracks were observed in the compressive part of the section, and 

other cracks became deeper and wider. In this sample, the largest crack was observed in the lower 75% of the beam 

section. 

In the C50P50 laboratory sample, hairline cracks first occurred in the tensile part and the middle of the opening at a load 

of 45 kN. Then, these cracks grew and spread towards the supports. Finally, at the final load of 135 kilonewtons, cracks 

were observed in the compressive part of the section, and at this moment, the cracks became deeper. As seen in Figure 

5, most of the cracks in this sample are vertical and occur in the middle of the opening. Also, in this sample, most of the 

cracks occurred in the lower 50%. 

In the C25P75 laboratory sample, vertical and hairline cracks were first observed in the tensile part of the cross-section 

at a load of 40 kN. At the load of 60 kN, where the load-displacement diagram was almost nonlinear, almost oblique 

cracks were observed. At the load of 90 kilonewtons, cracks were observed on the sides of the right and left supports. 

Finally, at a load of 130 kilonewtons, when deep cracks were observed in the tensile and compressive parts of the 

section, the load-displacement diagram reached its maximum point. 
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In the P100 laboratory sample, the first hairline crack occurred at the load of 35 kN, and hairline cracks appeared in the 

bending opening of the beam, after which the load-displacement diagram entered the nonlinear stage. After that, the 

shear-bending cracks started to grow and expand towards the right and left supports. In such a way that at the load of 

70 and 80 kilonewtons, cracks occurred near the supports. Finally, at a load of 130 kilonewtons, oblique cracks were 

observed in the compressive part of the beam section. 

In the P75C25 laboratory sample, with increasing load, the amount of displacement in the middle of the beam span 

increased linearly until a vertical bending crack was observed at a load of 40 kN. After that, inclined cracks were 

observed at the load of 50, and the load-displacement diagram entered the nonlinear phase. As the load increased, the 

inclined cracks towards the supports started to grow and spread. Finally, at the final load of 142 kilonewtons, cracks 

were observed in the compression part of the section. 

In the P50C50 laboratory sample, the first hairline crack was observed at a load of 50 kN, then oblique cracks were 

observed at a load of 60 kN, and the load-displacement diagram entered the nonlinear phase. After the load reached 80 

kN, oblique cracks were observed in the compressive part of the section. As the loading increased, the cracks grew and 

spread until deep cracks were finally observed in the compressive area at a load of 130 kN. In this laboratory sample, 

most of the cracks were observed in the middle of the beam opening. 

In the P25C75 laboratory sample, vertical cracks were first observed in the middle of the beam. At the load of 40 kN, 

the load-displacement diagram entered the nonlinear region, and at the load of 70 kN, oblique cracks were observed 

around the support on the lower part of the beam, and after that, the cracks grew and spread. At the load of 100 and 110 

kN, oblique cracks were observed near the support, and finally, at the load of 135 kN, deep cracks were formed, and the 

load-displacement diagram reached its maximum. 

 

 

Figure 5. Cracking pattern of reinforced concrete beam laboratory samples. 
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Figure 6. Load-displacement diagram of reinforced concrete beam laboratory samples. 

As shown in Figure 5, the use of Hybrid Self-Compacting Pozzo-Lime concrete in the tension part of the beam section 

or the compression part will not affect the formation, growth, and expansion of cracks because the cracking pattern in 

the laboratory samples is almost the same. In other words, in these samples, the crack first formed in the tensile part and 

the middle of the opening of the laboratory samples, and then it spread towards the supports as the load increased. 

According to Figure 5, in all the laboratory samples, the cracks in the middle of the opening are vertical, and the cracks 

around the support and under the load application points were oblique, which shows that the force transmission 

mechanism and the formation of threads Compressive and tensile in laboratory samples are almost the same. 

Based on Figure 6, the values of final strength, hardness, ductility and depreciated energy of the laboratory samples 

have been obtained and are shown in Table 4. 

As shown in Table 4, the lowest cracking load is related to the P100 laboratory sample, and its value is 35 kN. The 

highest cracking load is related to C100 and P50C50 samples, which is 50 kN. 

Table 4. Values of load and displacement at yield and ultimate point. 

Specimens Yield Point Ultimate Point 

FY (Kn) Ratio of 

FY/ FYReff  

DY 

(mm) 

Ratio of 

DY/ DYReff 

Fu (Kn) Ratio of 

FU/ FUReff 

Du 

(mm) 

Ratio of 

DU/ DUReff 

C100(Reff) 50 1 2.41 1 130.50 1 12.78 1 

C75P25 40 0.8 0.46 0.19 136.24 1.04 8.14 0.64 

C50P50 45 0.9 0.91 0.38 133.38 1.02 8.94 0.7 

C25P75 40 0.8 0.75 0.31 134.76 1.03 8.69 0.68 

P100 35 0.7 3.15 1.31 130.67 1.001 12.69 0.99 

P75C25 40 0.8 0.17 0.07 142.43 1.09 8.05 0.63 

P50C50 50 1 3.21 1.33 130.65 1.001 8.48 0.66 

P25C75 40 0.8 3.50 1.45 135.95 1.04 15.78 1.23 

 

Table 5. Values of Stiffness, ductility and energy dissipated. 

Specimens Stiffness (Fcr/Dcr) Ductility (Du/Dcr) Energy Dissipated 

(Kn.mm) 

C100 20.75 5.30 1121.62 

C75P25 86.96 17.69 950.98 

C50P50 49.45 9.82 897.40 

C25P75 53.33 11.59 854.11 

P100 11.11 4.03 955.99 

P75C25 235.29 47.33 1039.25 

P50C50 15.58 2.64 687.35 

P25C75 11.43 4.51 1321.23 
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Ultimate strength is one of the important parameters for designing reinforced concrete structures. For this reason, its 

value is obtained based on the load-displacement diagram. The ultimate resistance in this research is equal to the 

maximum point in the load-displacement diagram. The final strength values of the laboratory samples of reinforced 

concrete beams are shown in Table 4. 

According to Figure 7, the highest final strength corresponds to the P75C25 laboratory sample, and its value is 142.43 

kN. Also, the lowest value of the last resistance is related to the laboratory samples C100, P100, and P50C50, which is 

about 130 kilonewtons. 

 

Figure 7. Ultimate load values for laboratory samples. 

The hardness of the reinforced concrete beam is its resistance to deformation. The use of special concretes, such as self-

compacting concrete, is one of the ways to increase the hardness of the structure against lateral forces and prevent 

damage to it. In this research, in order to check the initial hardness of the laboratory samples and compare the hardness 

of each sample with other samples, the initial slope of the force-displacement curve has been used as a criterion for 

evaluation between the samples. The bar graph of the hardness of the laboratory samples is shown in Figure 8. 

 

Figure 8. Hardness values for laboratory samples. 

According to Figure 8, the hardness of the P75C25 laboratory sample is 235.29 kN/mm. Also, the lowest hardness is 

related to the P100 laboratory sample. 

Deformation capacity is an important index in the seismic behaviour of reinforced concrete beams, which is defined by 

the displacement ductility factor and as the ratio of ultimate limit displacement to yield limit displacement. To the extent 

that the ductility is high, the structure can withstand large deformations before breaking. In Figure 9, the amount of 
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plasticity of laboratory samples is shown. As can be seen, the P75C25 laboratory sample has the highest ductility value, 

which is around 47.33. According to the recommendations of international regulations, the minimum ductility value of 

reinforced concrete beam should be around 8, which, in this research, the minimum ductility of samples P50C50, P100, 

P25C75, and C100 is not acceptable. 

 

Figure 9. Ductility values for laboratory samples. 

The wasted energy is the area under the load-displacement diagram. To the extent that the depreciated energy of the 

structure is high, it is less damaged during an earthquake. In Figure 10, the amount of wasted energy of the laboratory 

samples is shown. 

According to Figure 10, the highest amount of dissipated energy corresponds to the P25C75 laboratory sample. Its value 

is 1321.23 kN/m, and the lowest amount of dissipated energy equals 681.35, which corresponds to the P50C50 

laboratory sample. 

 

Figure 10. Dissipated energy values for laboratory samples. 

IV. CONCLUSIONS 

Understanding and knowing the bending behaviour of reinforced concrete beams is very complex and vital, and this 

importance will increase if Hybrid Self-Compacting Pozzo-Lime reinforced concrete is used. Many studies and 

experiments have been conducted in the field of examining reinforced concrete beams under bending, but in the field of 

studying the bending behaviour of hybrid self-compacting Pozzo-Lime reinforced concrete beams, the experiments are 

much less and more limited. The main purpose of this thesis is to investigate the behaviour of reinforced concrete beams 

with Hybrid Self-Compacting Pozzo-Lime reinforced concrete under-bending effect. In this regard, the first eight beams 

with a length of 1400 mm were made. After testing these samples, a load-displacement diagram was obtained for them, 



J. Electrical Systems 20-1 (2024):430-440 
 

  439  
 

based on which the final strength, hardness, ductility and depreciated energy were discussed and investigated. Also, the 

cracking patterns in the laboratory samples of reinforced concrete beams were compared with the laboratory results. 

The results of this research are summarised as follows. 

1- The use of Hybrid Self-Compacting Pozzo-Lime concrete in the tension part of the beam section or the 

compression part will not affect the formation, growth, and expansion of cracks. 

2- The highest final strength corresponds to the P75C25 laboratory sample, and its value is 142.43 kN. Also, the 

lowest value of the final resistance is related to the laboratory samples C100, P100, and P50C50, which is about 

130 kilonewtons. 

3- The highest hardness corresponds to the laboratory sample P75C25, whose value is 235.29 kN/mm. Also, the 

lowest hardness is related to the P100 laboratory sample. 

4- The laboratory sample P75C25 has the highest plasticity value; its amount is about 47.33. According to the 

recommendations of international regulations, the minimum ductility value of reinforced concrete beam should be 

around 8, which, in this research, the minimum ductility of samples P50C50, P100, P25C75, and C100 is not 

acceptable. 

5- The highest amount of consumed energy corresponds to the P25C75 laboratory sample, and its value is 1321.23 

kN/m, and the lowest amount of consumed energy equals 681.35, which corresponds to the P50C50 laboratory 

sample. 

6- Considering that the lowest final strength corresponds to the laboratory samples C100, P100, and P50C50 and the 

lowest plasticity value corresponds to the samples P100, P25C75, and C100, it is recommended to use beams with 

such details in the design of structures avoided. 

7- Considering that the highest final strength, the highest hardness and the highest ductility are related to the 

laboratory sample of the P75C25 beam, it can be said that the best way to use Hybrid Self-Compacting Pozzo-

Lime reinforced concrete in the reinforced concrete beam is when This type of concrete should be used for 75% 

of the beam section from the bottom. 
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