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Abstract 
 
The reinforced concrete beams contained PET waste particles analysis and 

testing is described in this paper. In current world, waste material reduction 

is a major role of engineers. Concrete beams are manufactured using a 

recycled materials in recent days. Current used formula’s for predicting 

reinforced concrete beams shear and flexural behaviour are not appropriate 

for recycled materials as indicated in previous studies. For deleted data 

retrieval, an effective recovery technique is proposed at first in this work 

using a Multi Objective Cuckoo Search Algorithm (MOCSA) and for 

suggesting recycled material reinforced concrete beams shear and flexural 

performance. For this purpose, utilized the outcomes of previous experiments 

and for anticipating recycled material concrete beam’s shear and flexural 

behavior’s, new expressions are established. Consequently, comparison is 

made between experimental computations. For experimental data, high 

accuracy is produced by proposed formulas as shown in this study. 

 
Keywords: Multi Objective Cuckoo Search Algorithm, waste materials, 

reinforced concrete beams, par, shear strength, Flexural resistance. 
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1 Introduction 
 

The development of day by day utilization of various sorts of plastic 

holders, for example, polyethylene terephthalate (PET) is seen over the 

world, went with huge amount of related squanders. This sort of squanders is 

considered as one of genuine dangers to the land and water. Plastic materials 

are non-biodegradable in nature, and consuming isn't an answer for devour 

such waste since this procedure will deliver risky compound gases into the 

air  Siddique et al. [1] reviewed recycled plastic in concrete and their waste 

management.  

Kumar et al. [2] performed experimental investigation of Graphene-Paraffin 

Wax nanocomposites for thermal energy storage for building applications. 

Hannawi et al. [3] discussed physical and mechanical properties of mortars 

containing PET and PC waste aggregates waste management. 

Thermo mechanical properties of functionalized graphene and carbon nano 

tubes for their synergetic effect were calculated. These properties can be 

effectively used in bio, structural, sports, electrical and other applications 

Mohammed et al. [4] shows the modelling of mechanical properties of 

concrete containing “PET” waste management aggregation. With respect the 

compressive quality of PET waste solid, this property is considered as the 

essential property concentrated by the previous analysts. Test outcomes The 

way toward reusing plastic compartments is by all accounts a decent answer 

for salvage nature against contamination. Be that as it may, utilizing 

corrupted plastics to make another item is viewed as not efficient, and there 

is a requirement for different techniques for reusing. Utilizing plastic 

squanders related to the next structure materials, for example, concrete has a 

guaranteed future in development on the grounds that significant properties 

of the new composite are presently comprehended through numerous 

research facility tests. 

Process parameters were optimized by using EDM on CNT-reinforced 

carbon fibre nano composite using grey relational analysis. 

Siakia et al. [5]Waste polyethylene terephthalate as an aggregate in concrete. 

One of the strategies for reusing is the utilization of plastic holders as a total 

substitution, strands or destroyed particles in cement or workmanship 

squares. On the off chance that the way toward reusing is hill effectively, a 

unique sort of auxiliary lightweight cement or squares can be created. 

Distinctive mechanical properties of cement containing PET waste are surely 

known through numerous test tests and conditions were proposed for 

mechanical properties of versatile modulus parting and flexural rigid 

qualities.  

It shows the shapes and size of which are depend on the properties of 

nanostructure that, by and large, the expansion of PET waste particles to 

concrete isn't useful for the compressive quality upgrade. Be that as it may; 

the issue of the conduct of basic individuals produced using concrete  
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containing PET squanders is new and investigates in this setting are 

constrained.  

Albano et al. [6] shows the influence of content and particle size of waste 

pet bottles on concrete behavior at different w/c ratios for the study of waste 

management. Scarcely any number of examination works are accessible in 

the writing manage some auxiliary properties of cement containing PET 

waste as destroyed particles, filaments, or strips.  

Analysis of shape and size  and the thermodynamic properties  which 

Explores in this setting ought to be kept on featuring the significant auxiliary 

properties of cement, containing distinctive plastic squanders.  

Baldenebro and Lopez [7]  done the experimental study of simulation 

and model prediction of recycled PET  strip reinforced concrete flexion 

members. A straightforward model for ascertaining load-redirection reaction 

of shafts fortified with nonstop reused PET strips, up to 1%, was created .  

It shows the shapes and sizes and effect on the thermal conductivity of 

nano structures. Now a days they widely used in, bio, structural, sports, 

electrical and other applications. 

Nibudey et al. [8] They found that strengthening plain solid pillar with 

PET strips lead to expanding flexural splitting pressure and lessening the 

comparing redirection concentrated direct shear conduct of cement 

strengthened with PET waste strands. 

Marthong et al. [9] In proportions up to 3%, plain concrete ae added with 

PET fibers at 20.3% increment with 35 aspect ratio. A 27.25% shear 

enhancement is shown by test results related with 1% fiber addition having 

50 aspect ratio. Observed 7.35% enhancement in ratio maximum 

compressive strength and fibre type. Slip deformations are not measured by 

any technique and steel bars effect provided to shear plane are investigated. 

Based on PET fiber volume ratio and cube compressive strength, maximum 

shear stress is computed using expression proposed by researchers. 

The effect of carbon nano fillers  on the mechanical and interfacial and 

properties of epoxy based nano composite. now a days they widely used in, 

bio, structural, sports, electrical and other applications. 

Rahal et al. [10] The reinforced concrete beam-column connections with 

PET fibers behave our are searched by conducting tests. From post-consumer 

PET bottles, obtained 0.5% and 1.0% manually cut fibers using concrete 

weight with 25 aspect ratio and are added with concrete mixtures.  

Ignjatovic et al. [11] show the shear behave our of recycled  aggregate 

concrete beams, At first, concrete reinforced with PET fiber’s mechanical 

properties are evaluated by conducting tests and it is used for selecting 

optimum fiber content.  

Fabricated graphene epoxy nano composite reinforced with amine for 

their thermo mechanical characterization. Furthermore they have been used 

in bio, structural, sports, electrical and other applications. 
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Chaboki et al [12] At Dregion, exterior reinforced concrete beam-column 

joints with 0.5% fibers behave our is studied under cyclic coding. Three 

exterior beam column joint having deficiency cases, namely column weak in 

shear (CWS), beam weak in shear (BWS) beam weak in flexure (BWF), are 

studied for strengthening is PET fibres. 

It shows the effect of functionalization of mechanical properties of multi 

walled carbon nano tubes (MWNT). Now a days they widely used in, bio, 

structural, sports, electrical and other applications. 

Rezaiee et al [13] For BWF, 27%, for BWS, 10% and for CWF, 10% 

increase in load resistance capacity is produced by adding PET fibre. The 

fibre bridging action minimizes macro cracks, which leads to overall 

displacement and toughness enhancement. Inclusion of PET enhances, 

connections energy dissipation potential and lateral stiffness. 

Yang et al. [14] The recycled aggregates concrete beam’s shear strength 

are measured using some available techniques like Manufactured as well as 

examined eighteen laboratory samples for this purpose. At three-volume 

contents of 0%, 20% and 100%, used recycled aggregates. Further, in all 

beams, longitudinal reinforcement ratio is 1.38%. 

The thermal and mechanical properties of graphene and its hybrid 

polymer nano composite for structural application. Recycle aggregates usage 

will not decrease shear strength as indicated in results. However, cracks' 

pattern has substantial effect on these aggregates. The RAC beams shear 

behave our is studied in another investigation where attention is paid on 

transverse reinforcement spacing. Under four-point bending test, 

manufactured and tested the nine simple supported beams.  

  Until entire failure, loading is performed. With respect to volume, at0%, 

50% and 100%, concrete mixes are introduced with recycled aggregates. 

Further, considered three stirrup ratios like 0%, 0.14% and 0.19%. 

Specimens manufactured using recycled aggregates of 50% and 100%, shear 

strength and behave our are like that of manufactured using natural 

aggregates as shown in outcomes.  

Ashraf et al [15] shows the structural analysis and probabilistic design 

approach for Concrete beams with recycled aggregate and steel fibre’s 

behave our is examined by Reinforced concrete beams which are 

manufactured using steel fibres and coarse aggregates shear properties are 

studied in this paper. Produced twenty-seven specimens are having various 

stirrup spacing for this purpose. At 0%, 50% and 100% replacement values, 

in concrete mixes, employed a recycled aggregates. 

At 0%, 1% and 2%, in beams, steel fibres are used. In test measured the 

tension strain and beams, mid-span deflection, shear capacity and maximum 

deflection. Comparison is made between experimental outcomes and 

standard requirements like CSA, ACI, and CEB-fib model code. Specimens 

are enhanced by steel fibres as shown in results. 

The reinforced concrete beams containing recycled aggregates flexural 

and shear performance cannot be predicted effectively by proposed standard  
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formula’s as illustrated in previous studies. So, there is a need to enhance 

related requirements as indicated. In this present article, for proposing an 

appropriate equation, employed a Particle Swarm Optimization Algorithm, 

which determines recycled aggregate reinforced concrete beam’s 

performance. 

Utilized the previous experimental findings for this purpose. For 

computing general expressions, various parameters like ratio of specimens 

span width to height, transverse reinforcement spacing, rebars yield 

resistance, beam length, specimens cross-section area, longitudinal 

reinforcement ratio and concrete’s comprehensive strength are given as 

input. 

In predicting recycled aggregate reinforced concrete beam’s shear and 

flexural performance, an important parameters is recycled coarse as shown in 

results. 

 

2 Proposed Methodology 
 

The recycled coarse aggregated reinforced concrete beam’s shear and 

flexural resistance are predicted using proposed new formulas in this study. 

A proposed methodology diagram has been given in figure 1. 

 
Figure 1 Proposed Methodology Diagram 

 

 

2.1 Selection of Input Parameters and Target Value  
 

This study assess, recycled aggregates reinforced concrete beams shear 

and flexural resistance. Various input parameters are used for this purpose 

and are described as, 

1- Flexural strength: longitudinal reinforcement’s ratio, longitudinal rebars 

yield strength, concrete compressive strength, cross-section width and 

height, beams length, recycled aggregate contents. 



 
 

 

 

 

11933 Mohit Verma
 

 

2- Shear strength: concrete compressive strength, stirrup spacing, shear 

reinforcements, longitudinal yield strength, and shear rebars area, ratio of 

span width to specimen height, cross-section width and height, recycled 

aggregate contents. The reinforced concrete beams containing recycled 

aggregate’s shear and flexural resistance values are consequences of 

output and mainly focused in this research. 

 

2.2 Formulation to Predict the Flexural Resistance of Recycled 
Aggregates Concrete Beams  
 

Based on research, employed a fifty-eight experimental consequences for 

proposing a formula for forecasting recycled aggregate reinforced concrete 

beam with various recycled aggregates value’s flexural performance. 

Comparison is made between computed ultimate flexural resistance and 

experimental outcomes based on standard requirements. 

The recycled aggregate concrete beam’s flexural resistance are not 

anticipated considerably by suggested standard expression as indicated. So, 

there is a requirement to correct required relation expression, which is a 

major focus of this study. Standard expressions are used for computing 

absolute errors between numerical consequences and experimental outcomes 

as illustrated in Figure 2. The standard requirements weakness are shown by 

this facts. 

Recycled aggregate concrete beam’s ultimate flexural resistance is 

estimated using introduced new formula in this part. Flexural new expression 

is given by,  

       
       

       
      (      )

      (1) 

Using proposed HFPGFGA algorithm, computed these values. Constant 

values of these coefficients are assumed and assumed to ful fil various 

parameters influence. So, HFPGFGA is used for computing these 

parameters. Obtained parameter values are   (              )are -0.06, 

0.48, -1.22, 0.65, 0.06, -0.42, 0.42, 2.87, -1.83 and -47.94. 

In addition, for every power and coefficient, minimum value is -20 and 

maximum value is 20. At last, constant coefficients minimum value is -100 

and maximum value is 1. 
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Figure 2 Absolute Error of Flexural Capacity between Numerical and Experimental 

Outcomes A) ACI B) CSA C) Eurocode 

 

2.2.1 Proposed Multi Objective Cuckoo Search Algorithm 
(MOCSA) 
 

For result optimization, resultant features are applied with cuckoo search 

optimization algorithm.  

Multi objective cuckoo search algorithm (MOCSA) 

For single objective optimization, in original Cuckoo Search, following three 

idealized rules are utilized: 
 

 At a time, one egg is laid by every cuckoo and in a randomly selected 

nest, it is dumped. 

 Best nests having high eggs quality (solutions) will carried over to next 

generations.  

 There will be a fixed available host nests count, and with a probability 

    ,   -, an alien egg can be discovered by a host. 

 In this situation, host bird can either throw egg away or abandon nest so 

as for building a completely new nest in a new location.  

First and last rule needs to be modified for incorporating multi 

objective needs, for multi objective optimization problems having   

different objectives.  

 At a time, K eggs are laid by every cuckoo and in a randomly chosen 

nest, they are dumped. Egg k corresponds to solution to kth objective. 

 With a probability    , every nest will be abandoned and built a new 

nest having K eggs based on similarities/ differences of eggs. Some 

random mixing is used for generating diversity.  
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For simplification, a fraction     of n nests are replaced using new nests 

with new random solutions in new locations for approximating last 

assumption. For objective maximization, solution’s fitness or quality should 

be proportional to every objective function and non-dominated solution can 

be sought. 

A randomization process corresponds to first rule as in mathematical 

perspective. So, using Levy flight or random walk, new solutions can be 

generated randomly. At the same time, over solutions, which corresponds to 

crossover operation and performed the localized random permutation. There 

are K solutions generated using expression (2) for every nest. 

In essence, elitism is formed by second rule for passing best solutions to 

next generation and algorithms proper convergence is ensured by selection of 

those best solutions.  

In addition, third rule is assumed as mutation, where discarding of worst 

solutions are done for generating new solutions based on solutions similarity 

with other solutions. Via Levy flights combination and solutions differential 

quality, mutation is a vectorized operator as implied by this. 

In a combination, unique features work for ensuring proposed 

algorithm’s efficiency. The Multi objective Cuckoo Search Algorithm 

(MOCSA)’s basic steps are summarized according to these three rules as 

listed in Table 1. A Levy flight is performed to generate new solutions 

 (   )to cuckoo   as,  

  
(   )    

( )        ( )  (2) 

Levy    , where, step size is represented as ( ) , which is related with 

interested problem’s scales, however, in most condition    ( ). Below 

mentioned expression is used for accommodating difference among solution 

quality. 

    .  
( )
   

( )
/   (3) 

Where, constant value is represented as   , difference between two 

random solutions are represented using a term in bracket. It indicates that, 

similar eggs are having less chance to be discovered and based on their 

difference probability, new solutions are generated. Entry-wise multiplication 

is represented using product  . A random walk is provided by Levy flights, 

for larger steps, from Levy distributions, their random steps are derived.  

              (     )  (4) 

It has infinite mean and variance. Here, a random walk process is formed 

by cuckoo’s consecutive steps/jumps. A power-law step-length distribution 

having a heavy tail is obeyed by this random walk. In addition abandoned a 

worst nest’s fraction pa for building new nests at new locations using mixing 

and random walks.  

Based on difference/ similarity between host eggs, random permutation 

is used for performing solutions/eggs mixing. The step size s samples 

generation is not trivial by Levy flights. Summarization of a simple scheme 

presented as follows.  
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    .  
( )    

( )/     ( )     
 

| |(  ⁄ ) .  
( )    

( )/   

  (5) 

Where, from normal distributions, u and v are derived. That is, 

   (    
 )    (6) 

 
Table 1Multiobjective Cuckoo Search Algorithm 

 

Objective function   ( )     ( ),   (       )
  is 

initialized 

Initial population of n host nests    is generated and every 

with  eggs where, user preference factors called features is 

represented as   

While (t<MaxGeneration) as well as stopping criterion 

Using Levy flights, cuckoos are obtained randomly 

Evaluated and checked if it is Pareto optimal solution 

Among n (let it be  ), a nest is selected randomly 

For nest  ,  solutions are computed 

If nest  ’s solutions are dominated by nest  ’s new solutions 

New solution set of nest   replaces nest   
End  

Fraction    of worse nests are abandoned  

Best solutions with non-dominated set is maintained 

best solutions represents Optimal nests 

Sort and current Pareto optimal solutions is computed 

End 

Post processed results are obtained 
 

For parameter’s appropriate value computation, limits are not created by 

choosing this range. For this, some MOCSA parameters are defined as, 

Fitness function is assumed as Mean Absolute Error (MAE) and it is defined 

by,  

    
 

 
 ∑ |   (    

       
       

      (    
 
   

  )
      )|             (7) 

New formula produces a MAE value of 15.01 based on introduced 

coefficients. Also, 4.97e-06 is produced as a proposed formula’s MAE value 

based on introduced coefficients. Fitness function’s minimum value are 

computed using this MOCSA algorithm. Figure 2 demonstrates the results. 

 

2.3 Predicting the Shear Resistance of Recycled Aggregates 
Concrete Beams 
 

Based on research, employed a ninety-four experimental consequences 

for proposing a formula for forecasting recycled aggregate reinforced  
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concrete beam’s shear behaviour. In this paper, expressions are proposed 

using specimens properties and Table 3 and 4 illustrates the comparison 

between numerical outcomes and experimental outcomes according to 

standards requirements. 

The recycled aggregate concrete beam’s shear strength cannot be 

computed accurately using standard formulas as shown in these tables. So, 

proposed expressions for them should be enhanced, which is a major 

objective of this research. This confirms standard requirements weakness.  

Reinforced concrete beams having transverse reinforcement’s shear 

resistance can be computed using below mentioned expression as per 

ACI318. 

                                    (8) 

There are two different states. Following expression is used for computing V, 

if specimens are not utilizing stirrup. 

      
    

                   (9) 

Otherwise, following expression is used for computing V: 

       
    

        
       

 
                       (10) 

The   to    values are computed using this MOCSA algorithm. Fitness 

function used for this purpose is defined as, 

    
 

 
∑ |*

        
     

    
     

        
     

    
     

          

  
   

+| 
                   (11) 

Based on introduced coefficients, MAE values are computed. Proposed 

shear capacity formula’s error value is computed using a MOSCA algorithm. 

Between experimental value and numerical results, a small error is obtained, 

which indicates proposed formula’s effectiveness in forecasting recycled 

aggregates reinforced concrete beam’s shear capacity. 

 

2.4 Sensitivity Analysis  
 

Study about division of uncertainty in mathematical system or model’s 

output (numerical or otherwise) and allocation of that to various uncertainty 

sources in its inputs is termed as sensitivity analysis. Uncertainty propagation 

and uncertainty quantification is greatly focused by uncertainty analysis. In 

deal condition, in tandem, sensitivity and uncertainty analysis should run. On 

recycled aggregates concrete beam during literature review, data are 

collected from laboratory experiments.  

Relative maximum bending capacity and shear resistance are included in 

gathered parameters. Under the assumption, concrete mixture is affected by 

all parameters, developed an initial statistical model. All parameters are 

considered as output and input variable. Between parameters like ratio of 

span width to specimens height, transverse reinforcement spacing, rebars 

yield resistance, beam length, specimens cross-section area, longitudinal 

reinforcement’s ratio, concrete’s comprehensive strength, correlation is 

measured using a multiple regression analysis. Null hypothesis are tested via  
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p-values comparison for evaluating input variables significance after 

completing initial analysis. 

 
3 Experimental Results 
 

The recycled aggregates reinforced concrete beam’s shear and flexural 

resistance are assessed in this study. As described below, employed various 

input parameters for this purpose and it includes, Shear strength and Flexural 

strength. 

 

 
 

Figure 3 Mean Absolute Error of Using Proposed MOCSA and Existing PSO 

Algorithm in Estimating Proposed Formula Parameters for Flexural Resistance of 

Recycled Aggregate Concrete Beams 

In an effective manner, fitness function’s minimum value can be 

computed using proposed MOCSA algorithm than existing PSO algorithm. 

Figure 3 demonstrates the results. 

 
 

Figure 4 Comparison on Experimental Flexural Resistance Outcomes  
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Figure 4 illustrates the results. The recycled aggregates concrete beam’s 

flexural resistance cannot be predicted adequately by all standards as 

indicated in that figure. But, high fitting with experimental consequences is 

exhibited by proposed formula.  

 

 
Figure 5 Mean Absolute Error for Computing Shear Capability 

 

The MOCSA error is lower than PSO and MOCSA’s accuracy in 

proposing shear equation is better than PSO’s accuracy as indicated in 

figure5.  

 
Figure 6 Comparison on Experimental Flexural Resistance Outcomes  

 

Figure 6 demonstrates the results. The recycled aggregates concrete 

beam’s sufficient shear performance cannot be anticipated as shown in this 

graph. High accuracy is shown by authors proposed expression in 

experimentation. 

From literature, for collected input parameters, p-value comparison is 

shown in bar diagrams of figure 7 and recycled aggregates reinforced  
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concrete beam’s maximum shear and flexural capacity are proposed using 

this. For creating a t statistic with n-2 degrees of freedom, correlation is 

transformed for computing p-value, where, row’s count of X is represented 

as n. An asymptotic normal distribution of        ((   ) (   ))  
forms base for confidence bounds with approximate variance equal of 

  (   )  

 
Figure 7 Global Sensitivity Analysis of Factors Affecting Concrete Beam's Behavior 

According To P-Value A) Flexural Resistance and B) Shear Strength 

 

On output target value, high influence is shown by a parameter having 

low p-value as indicated in figure 7. When compared with recycled coarse 

aggregates' contents, on maximum flexural resistance, high influence is 

shown by height, effective cross-section depth, longitudinal rebars ratio, 

concrete compressive strength as indicated in that figure.  

On recycled aggregates reinforced concrete beam’s shear capacity, 

effective cross-section depth and height, stirrup crass-section area, stirrup 

spacing, transverse rebars yield strength and concrete compressive strength 

has substantial influence relative to recycled coarse aggregates value, strong 

presumption against null hypothesis is indicated by this.

 
Figure 8 Correlation Value Between Factors Affecting Concrete Beam's Behavior 

According to Pvalue A) Flexural Resistance and B) Shear Strength 



 
 

 

11941 Mohit Verma
 

 

Correlation between various input parameters and RC beams behaviour 

with recycled coarse aggregates is assessed and the same is illustrated in 

figure 8. Considerable correlation between other concrete particles parameter 

and recycled coarse aggregates is exhibited. So, RC beam’s flexural strength 

is affected by influence parameters as shown in figure 8a. 

In addition, on RC beam’s shear capability, recycled coarse aggregate’s 

same effective influence is observed as indicated in figure 8b. So, in 

requirements, important property to be considered is recycled coarse 

aggregate contents and also in reinforced concrete beams with recycled 

coarse aggregates, in predicting shear and flexural resistance, it should be 

considered. Further, proposed requirement’s weakness is indicated in results. 

 
4 Conclusion  
 

The recycled coarse aggregated reinforced concrete beam’s shear and 

flexural resistance are predicted using proposed new formulas in this 

research work. For doing so, utilized 152 experimental outcomes and new 

expressions are established using MOCSA algorithm. 

For studying very general cases, ratio of specimens span width to height, 

transverse reinforcement spacing, rebars yield resistance, beam length, 

specimens cross-section area, longitudinal reinforcement ratio and concrete’s 

comprehensive strength are given as input. New formulas can be computed 

using a MOCSA algorithm in a powerful way as indicated in obtained results 

while satisfying experimental consequences. The recycled aggregate concrete 

beam’s flexural and shear capacity value can be forecasted accurately using 

the proposed relationship.  
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