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Abstract - Coir fiber reinforced concrete (CFRC) is widely 

used nowadays due to its easily availability, economical and 

enhancement in strength. Many past literatures show strength 

enhancement of concrete when coir fiber is added to it. CFRC 

enhances the tensile properties of concrete. The mechanical 

behavior of CFRC varies with various parameters such as, fiber 

length, its diameter, volume of fiber added etc. It is not effective 

to evaluate the tensile strength of CFRC with existing empirical 

equations. So, a prediction model for split tensile strength is 

necessary for CFRC to predict the strength for any grade of 

concrete using various parameters. The Machine Learning 

models are very effective method for prediction model 

development that have complex relationships. So, this paper 

discusses about tensile strength prediction of various Machine 

learning models like Multiple Linear Regression (MLR), 

Support Vector Regression (SVR), Decision Tree (DT) 

Regression, K Nearest Neighbors (KNN) Regression, Random 

Forest (RF) Regression, etc. of CFRC by collecting data from 

previous existing literatures of CFRC. Among that XGBoost 

shows a better R2 value of 0.95 and a lower Root Mean Square 

Error value of 0.348 MPa when training the data. 
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1.INTRODUCTION  

 
In recent years, there has been interest in the possible application 

of Coir Fibers (CFs) as building materials. It might be possible 

to reduce the adverse environmental effects of construction by 

incorporating CFs into mortar or concrete, which would 

promote a more sustainable and ecologically aware building 

industry [1], [2], [3]. Compared to natural fibers like sisal, flax, 

hemp, and kenaf and synthetic fibers like polypropylene, 

polyvinyl, and nylon fibers, CFs have a lower global warming 

potential of 0.2 kg equivalent CO2 per kg. Furthermore, CFs are 

not expensive and widely available, especially in tropical areas 

of the world [3],[5]. Natural fibers like CFs can be added to 

cementitious composites to improve their mechanical properties 

[3, 6, 7, 8, 9, 10], increase their durability [5, 8, 11, 12], and 

lessen their environmental impact [4, 9, 12]. However, in order 

to fully understand and optimize the performance of materials 

like CF-reinforced mortar (CFRM) and in CFRC, experimental 

studies are required to evaluate the effects of various parameters 

on performance, such as fiber volume fraction, fiber length and 

pretreatment techniques. When mixing, long fibers have a 

propensity to tangle easily, leading to a high porosity and poor 

workability. Conversely, short fibers may not have a long 

enough embedded length to achieve the desired fiber bridge 

effect [3], [4]. So, length and volume of CF are tensile strength 

influencing parameters of CFRC. Oth-er parameters that can be 

influencing are cement, Fine Aggregate (FA), Coarse Aggregate 

(CA), superplasticizers (SP), water, Fly ash etc. Concrete's 

compressive strength is decreased when CF is added without 

any surface treatment [18, 19, 20]. The existence of weaker ITZ 

is the cause. Concrete's compressive strength is in-creased by 

boiled CF, but its tensile strength is decreased [21]. CF's tensile 

strength is decreased by alkali treatment [22]. Thus, whether the 

fiber is treated or not will have an impact. The split tensile 

strength is a mechanical property of concrete. It can be enhanced 

by adding fiber to it. It is experimentally tested by destructive 

testing in Compression Testing Machine as mentioned in 

various standards [13]. It is a destructive type testing. So, a 

prediction model will be more advantageous for CFRC. Many 

prediction models are developed for different other types of 

concrete using machine learning [14, 15, 16, 17]. There are 

many literatures, that predict the strength of various fiber 

reinforced concretes using various machine learning techniques 

and also with different parameters [23, 24, 25, 26, 27]. But 

prediction models for CFRC are absent. The prediction model is 

evaluated based on Coefficient of Regression (R2) and Root 

Mean Square Error (RMSE).  

 

This work focuses on the evaluation of various machine learning 

models developed for CFRC by its R2 values and RMSE values. 

 

2.METHODOLOGY 

The steps involved in this work are, data collection, 

identification of parameters and training of the data. 

2.1.DATA COLLECTION 

The data for training the model are collected from various 

journals [23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35]. The 

data of each literature are collected and converted into same 

units. The data includes quantity of water used, volume fraction 

of fibers, its tensile strength etc. There are 99 data set were 

collected from various past literatures. The statistical summary 

of split tensile strength from collected data is shown in Table 1. 

Here, the data suggests that, the difference between mean and 

median are less. And the standard deviation suggests that, it’s a 

moderately spread data. And shows a slight longer right tail and 

a sharper peak. 
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Table -1: Statistical Summary of Split Tensile Strength 

 
 Values 

Mean 3.497 

Median 3.25 

Standard Deviation 1.434 

Skewness 1.872 

Kurtosis 4.536 

Maximum 8.75 

Minimum 1.4 

 

 

2.2. IDENTIFICATION OF PARAMETERS 

From previous studies, it is understood that, some components 

of cementitious materials will influence more on its compressive 

strength and some will be less. Such highly influencing 

parameters has to be identified for CFRC. The parameters that 

can be added for describing coir fiber are its length and volume 

fraction. Water to cement ratio (w/c), fine aggregates to cement 

ratio, coarse aggregate of 12 mm to cement ratio, coarse 

aggregate of 20 mm to cement ratio, the specific gravity of 

aggregates, silica fume to cement ratio, coir fiber volume, coir 

fiber length used, percentage of superplasticizer, whether the 

coir fiber is treated with any surface treatment materials like 

alkali method, boiling, etc., and its corresponding tensile 

strength are the parameters chosen for training the models. 

There are 12 parameters are chosen for predicting tensile 

strength. The correlation heatmap of the data is shown in Fig 1. 

Here, the values vary from -1 to 1 and is represented with dark 

green and red respectively. 
  

 

Fig. 1: Correlation heatmap of collected data 

 

2.3. TRAINING OF DATA 

The regression models adopted are multi-linear regression 
(MLR) model, decision tree regression (DT) model, Random 
Forest (RF) Regression Model, Support Vector Regression 
(SVR), Artificial Neural Network (ANN), eXtreme Gradient 

Boosting (XGBoost) and k Nearest Neighbors (KNN) 
Regression model. 80% of data collected will be used for 
training and 20% of the data for testing. The hyperparameters 
are selected based on better result of hyperparametric tuning. 
Then the comparison is carried out with the obtained Coefficient 
of Determination R2 value and RMSE value. 

 

3.RESULTS AND DISCUSSION 

The training and testing of data were carried out using Python 

programming. 20% of collected data is used for testing were 

80% for making model. The R2 value and RMSE obtained after 

all regression tests are shown in Table 2. 

3.1. MULTIPLE LINEAR REGRESSION 

The assumption made was, all data are linearly depending on the 

tensile strength and each variable are independent to each other. 

The R2 value obtained after testing was 0.62. The RMSE value 

obtained after testing is 0.814. The predicted value and the 

actual values of tested data were plotted to a graph and is shown 

in Fig 2. This deviation is due to non-linear behaviour of some 

parameter used for generation of the models.  

 

Fig. 2: Actual to Predicted values of MLR 

3.2. DECISION TREE REGRESSION 

Hyperparametric tuning was done to identify the best 

parameters. Eight is deter-mined to be the maximum depth, 

minimum number of leaves needed as 1 and minimum split as 

2. The assumption made was, all data variables are independent 

and strength can be approximated by a series of piecewise 

constant functions. The R2 value obtained after testing was 0.86. 

The RMSE value obtained after testing is 0.388. The predicted 

value and the actual values of tested data were plotted to a graph 

and is shown in Fig 3. 

 
Fig. 3: Actual to Predicted values of DT 
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3.3. RANDOM FOREST REGRESSION 

RF is a machine learning technique that combines many DTs. 

Hyperparametric tuning was done to identify the best 

parameters. Eight is determined to be the maximum depth. The 

number of estimators is 500. And minimum number of leaves 

needed as 1 and minimum split as 2. The R2 value obtained after 

testing was 0.92. The RMSE value obtained after testing is 

0.302. Fig 4 shows the predicted and the actual values of tested 

data. 

 
Fig. 4: Actual to Predicted values of RF 

 

3.4. ARTIFICIAL NEURAL NETWORK 

The hyperparameters identified are alpha as 0.01, maximum 

number of iterations is 500, rectified linear unit as activation 

function and Adam as optimizer. The R2 value obtained after 

testing was 0.67. The RMSE value obtained after testing is 

0.607. The predicted value and the actual values of tested data 

were plotted and is shown in Fig 5. 

 

 
Fig. 5: Actual to Predicted values of ANN 

 

3.5. SUPPORT VECTOR REGRESSION 

Hyperparametric tuning was done to identify the best 

parameters. The parameters identified are regularization 

parameter as 100, width of margin as 0.1 and the kernel function 

is radial basis function. The R2 value obtained after testing was 

0.83. The RMSE value obtained after testing is 0.811. The 

predicted value and the actual values of tested data were plotted 

to a graph and is shown in Fig 6. 

 

3.6. XGBOOST REGRESSION 

The hyperparameters identified are number of estimators as 500, 

maximum depth as 7, percentage of rows used for each tree 

construction is 0.9 and alpha and lambda as 0.1. The R2 value 

obtained after testing was 0.95. The RMSE value obtained after 

testing is 0.348. The predicted value and the actual values of 

tested data were plotted to a graph and is shown in Fig 7. 

 

 
Fig. 6: Actual to Predicted values of SVR 

 
Fig. 7: Actual to Predicted values of XGBoost 

3.7. K NEAREST NEIGHBORS REGRESSION 

The hyperparameters identified are k value as 2, Manhattan 

equation for distance calculation and brute algorithm for 

solving. The R2 value obtained after testing was 0.86. The 

RMSE value obtained after testing is 0.393. The predicted value 

and the actual values of tested data were plotted and is shown in 

Fig 8. The assumption made was, data points that are close to 

each other in feature space are likely to have similar target 

values. 

 
Fig. 8: Actual to Predicted values of KNN 

 

Decision Tree Regression and KNN Regression shows a R2 

value of 0.86 and a RMSE value of 0.388 MPa and 0.393MPa 

respectively. This suggests that both models produced accurate 

tensile strength estimates by successfully capturing the non-

linear connections included in the data. These models' accuracy 

in simulating complex patterns highlights how well suited they 

are for forecasting the mechanical properties of composite 

materials such as CFRC. MLR shows a poor result due to non 
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linear behaviour of parameters. XGBoost shows a higher value. 

This shows bagging and boosting is more applicable in CFRC.  

 

 
Table 2. R2 value and RMSE of various models 

 R2 value RMSE (MPa) 

MLR 0.62 0.814 

DT 0.86 0.388 

KNN 0.86 0.393 

RF 0.92 0.302 

ANN 0.67 0.607 

SVR 0.83 0.811 

XGBoost 0.95 0.348 

 

 

4. CONCLUSIONS 

 
The prediction models are developed and tested the following 

conclusions are ob-tained: 

• Multiple Linear Regression shows a lower R2 value of 

0.62 and higher RMSE value of 0.814 MPa among other 

models. Its due to the non-linear behaviour of parameters. 

• The ensembling machine learning models, RF and 

XGBoost gives better results. XGBoost shows higher R2 

value of 0.95 than all other prediction models with a 

RMSE of 0.348 MPa. Random Forest Regression shows 

a R2 value of 0.92 and a RMSE value of 0.302 MPa. It 

shows the effectiveness of bagging and boosting in 

CFRC. 

• Decision Tree Regression shows a R2 value of 0.86 and a 

RMSE value of 0.388 MPa and K Nearest Neighbors 

Regression shows a R2 value of 0.86 and a RMSE value 

of 0.393MPa.  

• Prediction model developed by Artificial Neural Network 

shows a R2 value of 0.67 and a RMSE value of 0.607 

MPa. And Support Vector Regression shows a R2 value 

of 0.83 and a RMSE value of 0.348 MPa. 

 

ACKNOWLEDGEMENT 

 
We authors would like to thank all the staffs and friends of 

College of Engineering, Trivandrum for their assistance. 

 

REFERENCES 

 
1. S.V. Joshi, L.T. Drzal, A.K. Mohanty, S. Arora, Are natural fiber 

composites environmentally superior to glass fiber reinforced 

composites? Compos. Part A Appl. Sci. Manuf. 35 (2004) 371–

376, https://doi.org/10.1016/j.compositesa.2003.09.016.  

2. M.R.F. Bianchi, R.R.F. Carneiro, M. TeixeiraMarkssuel, M.N. 

Sergio, F. da C.G. Fabio, A.R.G. de Afonso, A Review of the Use 

of Coconut Fiber in Cement Composites, Polymers 1309 (2023) 

1–15, https://doi.org/10.3390/polym15051309.  

3. Mallu, L.L. and Hou, T.C., 2024. Effects of boiling and fiber 

length on the resistivity of coconut-fiber-reinforced mortar. Case 

Studies in Construction Materials, 20, p.e03177. 

4. B. Wang, L. Yan, B. Kasal, A review of coir fibre and coir fibre 

reinforced cement-based composite materials (2000–2021), J. 

Clean. Prod. 338 (2022) 130676 

5. B. Ali, A. Hawreen, N. Ben Kahla, M. Talha Amir, M. Azab, A. 

Raza, A critical review on the utilization of coir (coconut fiber) 

in cementitious materials, Constr. Build. Mater. 351 (2022) 

128957, https://doi.org/10.1016/j.conbuildmat.2022.128957. 

6. N. Sathiparan, M.N. Rupasinghe, B. H.M. Pavithra, Performance 

of coconut coir reinforced hydraulic cement mortar for surface 

plastering application, Constr. Build. Mater. 142 (2017) 23–30. 

7. M. Khan, M. Ali, Improvement in concrete behavior with fly ash, 

silica-fume and coconut fibres, Constr. Build. Mater. 203 (2019) 

174–187 

8. O. Andiç-Çakir, M. Sarikanat, H.B. Tüfekçi, C. Demirci, Ü.H. 

Erdoǧan, Physical and mechanical properties of randomly 

oriented coir fiber-cementitious composites, Compos. Part B Eng. 

61 (2014) 49–54, 

https://doi.org/10.1016/j.compositesb.2014.01.029.  

9. T. Alomayri, A.M. Yosri, B. Ali, S.S. Raza, M. Yaqub, R. Kurda, 

A.F. Deifalla, The influence of coconut fibres and ground steel 

slag on strength and durability properties of recycled aggregate 

concrete: sustainable design of fibre reinforced concrete, J. Mater. 

Res. Technol. 24 (2023) 10027–10039, 

https://doi.org/10.1016/j.jmrt.2023.05.212.  

10. C. Demirdag, ˘ M. Nodehi, A. Bideci, O.S. ¨ Bideci, M. Tuncer, 

O. Gencel, T. Ozbakkaloglu, The use of natural (coconut) and 

artificial (glass) fibers in cement – polymer composites: An 

experimental study, Constr. Build. Mater. 412 (2024) 

11. E.J da Silva, M.L. Marques, F.G. Velasco, C. Fornari Junior, F.M. 

Luzardo, M.M Tashima, A new treatment for coconut fibers to 

improve the properties of cement-based composites Combined 

effect of natural latex/pozzolanic materials, Sustain. Mater. 

Technol. 12 (2017) 44–51 

12. B. Ali, M. Fahad, S. Ullah, H. Ahmed, R. Alyousef, A. Deifalla, 

Development of ductile and durable high strength concrete (HSC) 

through interactive incorporation of coir waste and Silica Fume, 

Materials 15 (2022), https://doi.org/10.3390/ma15072616.  

13. IS 516 (Part-1/Sec1)-2021 Hardened Concrete – Methods of Test 

14. Liu, Y., 2022. High‐Performance Concrete Strength Prediction 

Based on Learning. Computational Intelligence and 

Neuroscience, 2022(1), p.5802217.  

15. Mansouri, E., Manfredi, M. and Hu, J.W., 2022. Environmentally 

friendly concrete compressive strength prediction using hybrid 

machine learning. Sustainability, 14(20), p.12990.  

16. Elshaarawy, M.K., Alsaadawi, M.M. and Hamed, A.K., 2024. 

Machine learning and interactive GUI for concrete compressive 

strength prediction. Scientific Reports, 14(1), p.16694.  

17. Beskopylny, A.N., Stel’makh, S.A., Shcherban’, E.M., Mailyan, 

L.R., Meskhi, B., Razveeva, I., Chernil’nik, A. and Beskopylny, 

N., 2022. Concrete strength prediction using machine learning 

methods CatBoost, k-nearest neighbors, support vector 

regression. Applied Sciences, 12(21), p.10864. 

18. J. Khedari, B. Suttisonk, N. Pratinthong, J. Hirunlabh, New 

lightweight composite construction materials with low thermal 

conductivity, Cem. Concr. Compos. 23 (2001) 65–70 

19. Y.O. Ozkılıç ¨ ’, A.N. Beskopylny, S.A. Stel’makh, E.M. 

Shcherban’, L.R. Mailyan, B. Meskhi, A. Chernil’nik, O. 

Ananova, C. Aksoylu, E. Madenci, Lightweight expanded-clay 

fiber concrete with improved characteristics reinforced with short 

natural fibers, Case Stud. Constr. Mater. 19 (2023), 

https://doi.org/10.1016/j.cscm.2023.e02367.  

20. W. Ahmad, S.H. Farooq, M. Usman, M. Khan, A. Ahmad, F. 

Aslam, R. Alyousef, H. Al Abduljabbar, M. Sufian, Effect of 

coconut fiber length and content on properties of high strength 

concrete, Materials 13 (2020), 

https://doi.org/10.3390/ma13051075.  

21. C. Asasutjarit, J. Hirunlabh, J. Khedari, S. Charoenvai, B. 

Zeghmati, U.C. Shin, Development of coconut coir-based 

http://www.ijsrem.com/
https://doi.org/10.1016/j.conbuildmat.2022.128957


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Special Edition - Volume 09 ICITES -2025                     SJIF Rating: 8.586                            ISSN: 2582-3930                                                     

 

© 2025, IJSREM      | www.ijsrem.com                                 DOI:  10.55041/IJSREM.ICITES004                                     |        Page 5 

lightweight cement board, Constr. Build. Mater. 21 (2007) 277–

288 

22. M. Ali, X. Li, N. Chouw, Experimental investigations on bond 

strength between coconut fibre and concrete, Mater. Des. 44 

(2013) 596–605, https://doi.org/10.1016/j.matdes.2012.08.038. 

23. Karthiyaini, S., Senthamaraikannan, K., Priyadarshini, J., Gupta, 

K. and Shanmugasundaram, M., 2019. Prediction of mechanical 

strength of fiber admixed concrete using multiple regression 

analysis and artificial neural network. Advances in Materials 

Science and Engineering, 2019(1), p.4654070.  

24. Qu, D., Cai, X. and Chang, W., 2018. Evaluating the effects of 

steel fibers on mechanical properties of ultra-high performance 

concrete using artificial neural networks. Applied Sciences, 8(7), 

p.1120.  

25. Sadrossadat, E., Basarir, H., Karrech, A. and Elchalakani, M., 

2022. Multi-objective mixture design and optimisation of steel 

fiber reinforced UHPC using machine learning algorithms and 

metaheuristics. Engineering with Computers, 38(Suppl 3), 

pp.2569-2582.  

26. Awolusi, T.F., Ekhasomhi, A.I., Aluko, O.G. and Akinkurolere, 

O.O., 2022. Performance evaluation of fiber-reinforced 

ferroconcrete composite using response surface methodology-

based model for prediction. 

27. Kulasooriya, W.K.V.J.B., Ranasinghe, R.S.S., Perera, U.S., 

Thisovithan, P., Ekanayake, I.U. and Meddage, D.P.P., 2023. 

Modeling strength characteristics of basalt fiber reinforced 

concrete using multiple explainable machine learning with a 

graphical user interface. Scientific Reports, 13(1), p.13138. 

28. Rajkohila, A. and Chandar, S.P., 2024. Assessing the effect of 

natural fiber on mechanical properties and microstructural 

characteristics of high strength concrete.  Ain Shams Engineering 

Journal, 15(5), p.102666. 

29. Naamandadin, N.A., Rosdi, M.S., Mustafa, W.A., Aman, 

M.N.S.S. and Saidi, S.A., 2020, September. Mechanical 

behaviour on concrete of coconut coir fiber as additive. In IOP 

Conference Series: Materials Science and Engineering (Vol. 932, 

No. 1, p. 012098). IOP Publishing. 

30. Khan, M., Rehman, A. and Ali, M., 2020. Efficiency of silica-

fume content in plain and natural fiber reinforced concrete for 

concrete road. Construction and Building Materials, 244, 

p.118382. 

31. Sathiparan, N., Rupasinghe, M.N. and Pavithra, B.H., 2017. 

Performance of coconut coir reinforced hydraulic cement mortar 

for surface plastering application. Construction and Building 

Materials, 142, pp.23-30. 

32. Ali, M., Liu, A., Sou, H. and Chouw, N., 2012. Mechanical and 

dynamic properties of coconut fibre reinforced concrete. 

Construction and Building Materials, 30, pp.814-825. 

33. Sudarshan D Kore., 2021. Sustainability production of concrete 

using coir fibres. IOP Conference Series: Earth and 

Environmental Science (Vol. 795, No. 1, p. 012006). IOP 

Publishing. 

34. Babafemi, A.J., Kolawole, J.T. and Olalusi, O.B., 2019. 

Mechanical and durability properties of coir fibre reinforced 

concrete. Journal of Engineering Science and Technology, 14(3), 

pp.1482-1496. 

35. Ogunbode, E.B., Egba, E.I., Olaiju, O.A., Elnafaty, A.S. and 

Kawuwa, S.A., 2017. Microstructure and mechanical properties 

of green concrete composites containing coir fibre. 

36. Ali, B., Fahad, M., Ullah, S., Ahmed, H., Alyousef, R. and 

Deifalla, A., 2022. Development of ductile and durable high 

strength concrete (HSC) through interactive incorporation of coir 

waste and silica fume. Materials, 15(7), p.2616. 

37. Yao, Z., Fang, Y., Kong, W., Huang, X. and Wang, X., 2020. 

Experimental study on dynamic mechanical properties of coal 

gangue concrete. Advances in Materials Science and 

Engineering, 2020(1), p.8874191. 

38. Rumbayan, Rilya & Sudarno, & Ticoalu, Adriana. (2019). A 

study into flexural, compressive and tensile strength of coir-

concrete as sustainable building material. MATEC Web of 

Conferences. 258. 01011. 10.1051/matecconf/201925801011. 

39. Salain, I.M.A.K., Sutarja, I.N., Wiryasa, N.M.A. and Jaya, I.M., 

2016, April. Mechanical properties of coconut fiber-reinforced 

concrete. In The 6th International Conference of Asian Concrete 

Federation (pp. 21-24). 

40. Gupta, M. and Kumar, M., 2019. Effect of nano silica and coir 

fiber on compressive strength and abrasion resistance of 

concrete. Construction and Building Materials, 226, pp.44-50. 

 

 

 

 

 
 

 

http://www.ijsrem.com/
https://doi.org/10.1016/j.matdes.2012.08.038

