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Construction waste is one of the most important environmental
concerns in the world. Iran is not an exception to this concern and
more than 20 million tons of construction waste is produced annually
in Tehran alone. To overcome this, researchers suggest recycling
concrete and reusing it for construction and non-construction
purposes. The aim of this paper was to predict the compressive
strength of 28-day concrete with recycled aggregate using support
vector machines (SVM) and multiple linear regression (MLR).
Training and experimental data were developed for the development
of the SVM model using 124 existing datasets from 11 published
references. In the modeling process, an optimal network is considered
to have the lowest mean square error and the highest correlation
coefficient. Therefore, to evaluate the efficiency of the proposed
model, the method of backup vector machines was compared with the
method of multiple linear regression using the k-fold cross validation
method. The results of comparing two 28-day compressive strength
prediction tools including support vector machines and multiple
linear regression using k-fold cross validation technique showed that
support vector machines performed better compared to multiple
linear regression method. Therefore, the support vector machine
method can be mentioned as an effective method for predicting the
28-day compressive strength of recycled concrete.
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EXTENDED ABSTRACT

Introduction

Our country has suitable mines for the preparation of raw materials for making concrete,
the full use and reliance of which on distant targets is dangerous and harmful. Therefore,
the researchers proposed a solution to this problem and the optimal use of recycled
materials and construction debris called recycled aggregate concrete. Recycling waste from
building demolition as recycled aggregate in concrete production can be a good solution to
this problem.

The main purpose of this study was to establish a correlation between the input data
based on a database derived from the results of valid experiments in the field of 28-day
compressive strength for recycled and natural concrete samples and by modeling using
support fragmentation machines and multiple linear regression. The weight of the materials
used in the mixing plan of recycled and natural concrete and the target data (28-day
compressive strength of concrete with recycled and natural aggregate) were established
and the 28-day compressive strength predicted in proportion to the weight of input
materials.

Methodology

To teach the algorithm, experimental data performed in the field of concrete with
recycled aggregate was used. According to these studies, mixing schemes tested by
researchers was used. Therefore, in this study, a total of 124 laboratory samples were
introduced, 99 samples (80%) were used to train and build the model and 25 samples
(20%) were used to test and validate the results. Training and test data selection method
included the range of all sets. The weight of materials used in the mixing plan included
natural and recycled coarse aggregates, natural and recycled fine aggregates, cement, water
and additives of super-lubricant type as input parameters to the neural network and its
output was 28-day compressive strength of concrete. The statistical specifications and limits
of changes in input and output parameters to the proposed models in soft calculations are
presented in Table 2.

Table 2. Statistical specifications and limits of changes in input and output parameters.

28-day
Gravel Sand R e RegyeIed Cement Water additives compressive
Gravel sand
strength
(kg) (kg) (kg) (kg) (kg) (kg) (kg) (MPa)
Mean 781.15  521.54 380.30 31.29 374.51 186.31 0.865 42.88
Max 1514 898 1126.8 668 449 271 49 60
Min 0 0 0 0 300 140 0 17.76
Standard
standard 407.19  249.14 354.57 110.83 44.53 23.92 1.46 8.9
deviation

Results and discussion

The k-fold cross validation method was used to accurately calculate the efficiency of the
proposed models in the training and testing stages.

Therefore, to more accurately evaluate the performance of a model, first the data set was
divided into training and test subsets, and then the prediction model was created with the
training data set and its accuracy evaluated with the test data set.
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Accordingly, the laboratory data set was divided into five approximately equal parts and
based on this method, in each implementation, four parts of the five parts of the data were
used to train the network and the remaining one was used to test the network. For each of
the five parts performed, the average parameters related to network performance in the
training and testing stages were calculated separately. In order to evaluate the accuracy and
efficiency of the proposed model in correct prediction, the average evaluation criteria of R,
MSE and MAE was obtained according to the relations 4 to 6, respectively, and compared
with each other. The model with the highest R and the lowest MSE and MAE was the optimal
and generalizable model.

The correlation coefficient (R) shows the degree of closeness of the predicted values and
the actual values, and the value of this coefficient varies from -1 to +1, and the closer this
value is to one, the greater the indication of the proper performance of the model or
experimental relationship. If the absolute value of the correlation coefficient is greater than
0.8, there is a strong correlation between the two data sets.

Conclusions

Inthis research, using methods based on soft calculations and having a sufficient number
of laboratory data while taking into account the error and uncertainty in the data without
time and cost, the amount of compressive strength for different uses of concrete with
recycled aggregate was predicted. Therefore, in this study, laboratory results of 124 samples
of natural and recycled concrete were used for training and testing in the proposed soft
calculation methods. In the modeling process, the lowest mean square error and having the
highest correlation coefficient simultaneously was considered an optimal network. The
results showed that a high correlation coefficient was present in the 28-day compressive
strength test outputs obtained from the backup machining, so this method was able to
predict the 28-day compressive strength to the desired level.

Moreover, the error rate of the optimized model of the backup machining algorithm in
this paper with this number of tested concrete samples was 20%. According to the available
statistical information from the research results, 95 cases had errors less than 5%, 17 cases
had errors between 5 to 10% and 9 cases had errors between 10 and 20%. Thus, in total,
98% of the results were predicted by the error backup machines method and less than 20%
with laboratory samples. Therefore, it can be stated that the use of the optimal SVM model
introduced in this study is a good method of predicting the 28-day compressive strength of
natural and recycled concrete.

On the other hand, comparison of two 28-day compressive strength prediction tools
including backup vector machines and multiple linear regression using k-fold cross
validation technique showed that backup vector machines performed better than multiple
linear regression method. Therefore, the support vector machine method can be mentioned
as an effective method for predicting the 28-day compressive strength of recycled concrete.
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