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Abstract. Proper modeling of the durability of cementitious composite elements
is necessary to schedule maintenance and servicing of civil engineering structures.
Knowing when the elements need their repair is a high-demand necessity in order
to avoid sometimes very serious damage. It has been very often done using non-
destructive testing (NDT) or other methods suitable for evaluation of the technical
state of the buildings. However, the fact that there is an increasing number of
research topics considering prediction of durability of cementitious composites
structures using soft computing techniques indicates that this approach might also
be effective solution for this purpose.

In this research, the authorswould like to present a review of the latest research
on the modelling of the durability of the cementitious composites with different
admixtures using different machine learning algorithms. In this review, the most
commonly used soft computing techniques for this purpose will be described and
compared. Also, the main potential threats to loss of the durability of these ele-
ments such as wear of the material due to temperature (e.g. frost), mechanical (e.g.
abrasion) and chemical (e.g. chloride concentration) will be recognised. Thanks
to this review, an alternative approach to the evaluation of the technical state of
buildings and its durability will be emphasized.

Keywords: Soft computing techniques · Durability of structures · Neural
networks ·Machine learning

1 Introduction

Concrete structures operate under adverse environmental and exploiting influences that
can cause a decrease in their durability. It is stated that there are three important aspects
that affect the durability of the structures. There are: proper design of cementitious
composite mixture, erecting of the structure should be done fulfilling all of the require-
ments and during lifecycle of the structure it should be used according to its destiny and
maintenance as well as periodic repair should not be neglected [1].

Unfortunately, it is a more difficult task than it looks, due to many variable factors
related to the cementitious composite mixture and the influences during the life cycle [2].
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In many cases, traditional techniques failed because they were costly, time-consuming,
or sometimes impossible to use [3]. Thus, there is a necessity to propose other techniques
which are competitive to e.g. laboratory or in-situ tests.With the acceleration of inventing
novel machine learning algorithms, soft computing techniques have become a powerful
device for solvingmanyconstructionproblems [4]. In this article the authors have focused
on describing well-known usage of machine learning algorithms for prediction of the
mechanical properties of cementitious composites and also for prediction of the potential
threats connected with the environment in which the concrete structures might operate.

2 Soft Computing Techniques

For the purpose of modelling the durability of concrete structures, many different soft
computing techniques are used. Analyzes using these techniques, for the purpose of
finding a solution of the engineering problem, are performed during the training and
testing processes. In this section, the short, schematic description of a few selected
machine learning algorithms is presented.

2.1 Artificial Neural Networks

The most commonly used among others, the artificial neural networks imitating the bio-
logical neural connections in human brain, consist of fundamental units called neurons,
which are grouped in layers. The first layer of the algorithm is an input layer composed
of vectors that represent input parameters. The last layer called the output layer presents
the solution of the scientific problem and consists of output vectors. The layers between
these two are hidden layers consisting of hidden nodes. The layers between each other
are connected and activated by activation functions. The training process is performed
due to the learning algorithms and iterative adjustment of the weight between the nodes
in neighboring layers. The most commonly used structure of the neural network is
multi-layer perceptron which visual presentation is shown in Fig. 1.

Fig. 1. The scheme of the multi-layer perceptron neural network.
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2.2 Support Vector Machine

The Support Vector Machine is a soft computing technique used for analyzing classi-
fication and regression data, which is represented as a map of points in space and the
solution is the hyperplane (lane in 2D, plane in 3D etc.) with the widest possible gap
between the different classes. Each point in this space is described with a support vector
(which is perpendicular to the hyperplane), as is shown in Fig. 2.

Fig. 2. The scheme of the support vector machine.

2.3 Ensemble Models

The ensemble models consist of decision trees which considered as supervised machine
learning algorithm are able to solve both the regression and classification problems. The
structure of such decision tree is consisting of nodes in which the binary decision is
made, and this division is continued till the moment the algorithm will not be able to
separate the data in the node. The most commonly used ensemble model algorithm is
random forest, which consists of many decision trees and is schematically presented in
Fig. 3.



Modelling the Durability of Cementitious Composites Elements 281

Fig. 3. The scheme of the random forest algorithm

3 Prediction of the Properties of Cementitious Composites

The aforementioned soft computing techniques are very often used to predict many
important variables that are very connected or affect the durability of the entire structures.
In this section, examples of such prediction of a few selected properties of elementsmade
of cementitious composites are presented.

3.1 Compressive Strength

The most commonly predicted mechanical property of cementitious composites is com-
pressive strength. This property is also considered to be the most important in the case
of durability because the higher the compressive strength of the concrete, the better the
durability. Therefore, lots of researches are performed in order to analyze this prop-
erty by means of machine learning algorithms. They mostly investigate the compressive
strength of concrete containing ordinary Portland cement using various algorithms such
as neural networks [5], ensemble models [3], and support vector machine [7].

Recently,more often, self-compacting concretes havebeen subjected to studies [5]. In
addition, the researchers tried tomodify themixture of concretes, these ordinary and self-
compacting, by using eco-friendly admixtures. Such predictions weremade successfully
using neural networks for concretes containing ground granulated blast furnace slag [9],
fly ash [10], silica fume [11], granulated rubber [12] and other materials that are wastes,
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but can be incorporated into cementitious composites as a admixture or substitute for
cement, fine aggregate, or coarse aggregate.

Since the beginning of the XX century, the modeling of hardened concrete com-
pressive strength plays a vital role in its technology development [13]. It is promising
that after the laboratory inventions, the newest concrete mixtures, follow the numerical
analyses, which accurately describes the properties of the designed mixtures. What is
also important is the fact that in most of the aforementioned articles the parameters
describing performance of these analyses confirm very high accuracy of these models.

3.2 Flexural Strength

Another commonly predicted property of cementitious composites is the flexural
strength. It is mainly due to the fact that concrete is a brittle material and the poten-
tial threat of cracking could be dangerous to the safety of the structures [14]. Very often,
the flexural strength is evaluated combined with the compressive strength due to the
procedure of the strength tests. First, the beam samples are subjected to the 3-point
bending test, and after the tests the remaining halves from the beams are subjected to the
compression tests. It can be seen, as presented in [8] that using neural networks for the
prediction of the flexural strength of self-compacting mortar can be as accurate as pre-
dicting the compressive strength. Recently, more research has been done to predict the
flexural strength of reinforced concrete beams using the latest soft computing techniques
such as gene expression programming [15]. However, even though the admixtures and
reinforcements strongly affect the mechanical properties, the models presented in the
literature are more often describing the prediction of the compressive strength instead
of flexural strength as illustrated in Fig. 4.

Fig. 4. The number of publications per year describing the prediction of the flexural strength of
compressive strength in the Science Direct database.

According to Fig. 4 there are approximately twice more articles every year covering
the topic of compressive strength prediction in comparison to the articles covering the
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topic of predicting flexural strength. It should be emphasised that when it comes to
durability, fatigue loading during which tensile stresses occur is more dangerous due to
potential threats of early corrosion [16].

3.3 Bonding Strength

The bonding strength of the cementitious composite was successfully predicted using a
a neural network and information on the silica fume content in the mixture, compressive
strength after 28 days and compressive strength after 90 days as input [17]. It has to be
explained that bonding strength is not only the property of the material but also might be
expressed as the adhesion between the two materials. Such prediction, of the two layers,
cementitious composites have beenmade for newly constructed flooring elements where
both layers were made of concrete [18] using neural networks. The interlayer bonding
was also evaluated by means of neural networks for existing concrete elements with
constant thickness of the layers[19], as well as for elements with variable thickness of
the layers, the new one [20] and repaired [21].

In work [17], in which the most accurate model was obtained, the mechanical prop-
erty evaluated was the bond strength of the subsurface layer, which is affected only by
one material, not like in studies [18–21] where it is affected by the substrate and the
overlay. It is a more difficult task to prepare such a model. It is also visible by the higher
values of errors made by the machine learning algorithms, as shown in Fig. 5 for selected
publish articles.

Fig. 5. Values of the mean percentage error to predict the bonding strength of cementitious
composites elements.

The evaluation of the interlayer bonding is important from the durability point of
view. The lower the adhesion, the lower the durability of the element. For this purpose
there is a need to know the adhesion between the layers especially if the competitive
method is destructive and cannot be performed in every place. What is also important is
the fact that it is still possible to obtain more accurate results, compared to presented in
Fig. 5, using other soft computing techniques.
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3.4 Chemical Resistance

Cementitious composite elements are also exposed to different chemical influences,
especially if they are located in coastal zones. These elements are highly affected by the
penetration of chloride ions, and their failure in durability is mainly due to corrosion of
steel reinforcements [22]. Thanks to the machine learning algorithms: neural networks
and ensemble models there is a possibility to predict the chloride surface concentration
[23] and based on experimental curves the depth of chloride ions penetration into the
element can be estimated.

However, even for the most accurate model using gene expression programming
[21], the values of the performance parameters, for example, the linear coefficient of
correlation R2 equal to 0.88, are not the highest among other properties investigated.
Thus, there is still a need to improve the quality of the models presented in order to
predict the chloride surface concentration. The performance of the selected models, in
terms of linear coefficient of correlation, is presented in Fig. 6.

Fig. 6. The performance of selected models for predicting the chloride surface concentration.

The authors suppose that one of the main reasons why these models are not that
efficient is the fact that chloride penetration into the concrete element ismade by different
mechanisms of transport of ions into the material in different zones.

3.5 Abrasion Resistance

In some cases the cementitious composites elements are exposed to various types of
loading. One of these there is an abrasion which in some cases, e.g. concrete floors
might be more important than compressive strength. This is due to the fact that the
resistance to abrasion is primarily responsible for the durability of the concrete surface
[25]. However, on the contrary, the compressive strength is strongly correlated with the
resistance to abrasion and plays a vital role in the prediction of this property [26]. It is
very promising that in [25] and [26] the values of the linear coefficient of correlation
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are very high, close to 1.0. It means that these models using neural networks accurately
predict the abrasion resistance.

Although due to the fact that the abrasivewear of the surface of cementitious compos-
ites can be caused in many different ways, evaluating it only on the basis of the Boehme
test and rotating cutter, could be slightly misleading, and it is the main limitation of these
studies.

3.6 Hygrothermal Resistance

Due to different environmental influences in terms of temperature and humidity the
concrete structures especially the concrete facades exposed outside are predestined to
a physical and chemical damage. It is caused by the corrosion of reinforcing steel and
freezing-thaw processes. In this case, it is important to evaluate, based on the data
obtained from the hygrothermal monitoring system, the corrosion rate and other dete-
rioration of the facade. This can be done by the recurrent neural network and the data
collected consisting of hygrothermal values of temperature and relative humidity [27].

4 Conclusions

In this study, the review of the recent trends in the usage of soft computing techniques
in order to predict the properties and influences affecting the durability of cementitious
composite structures has been emphasized. In terms of the mechanical property, the
most advanced models are presented for prediction of the compressive strength. This
is mainly due to the fact that the quality of the concrete plays a vital role in durability
and the higher the compressive strength, the higher the quality of the concrete. On the
contrary, there are few very accurate models for such properties as bonding strength
and chemical resistance of elements made of cementitious composites. The main reason
for this is the fact that these cases are more difficult because more than one material is
involved, and the phenomena, e.g. chloride ion transport, are difficult to describe. As
the most common soft common technique used, the neural networks have been chosen.
However, there are some other algorithms, e.g. gene expression programming, which in
some cases perform better than neural networks.

Future research consisting of designing novelmodels in order to predict the durability
of cementitious composites structures will be undertaken due to the constant necessity
and their advantage in comparison with laboratory tests or in-situ tests.

Predicting many potential threats to these structures might be beneficial in avoiding
unnecessary damage and costs related to their maintenance.

Thus soft computing techniques are competitive tools for evaluation of the durability
of structures made of cementitious composites.
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