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Abstract. The microstructure of a material is a key factor in determining its properties and durability. This article highlights
key findings from microstructural investigations of concrete-like composites, focusing on their practical applicability. A
usability function and trends of its classification are proposed in order to demonstrate the potential of various microscopic
techniques in addressing research questions within the field of building materials. In this part of the analysis, various
investigations have focused on aggressive factors that affect the microstructures and might cause corrosion of concrete-like
composites. The findings of this study highlight that the impact of corrosive agents on Portland cement composites cannot be
comprehensively assessed without a detailed investigation of their microstructure. This underscores the pivotal role of
microscopic techniques in the evaluation of concrete-based materials.. Furthermore, the significant progress is expected in the

near future as image analysis becomes increasingly supported by Artificial Intelligence.
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1. INTRODUCTION

The objective of this study is to investigate how
microstructural examinations of building materials contribute
to understanding the mechanisms influencing their overall
performance and long-term durability. Furthermore, this
article examines the utility and effectiveness of microscopic
methods within the domain of building materials science. In
reference to the building materials is not enough to say that the
material fulfil the technical requirements in the given
application at the time of testing. We need to ensure that it will
also meet those requirements in the future; in all service life of
the building, usually over 50 years. There is no other
engineering field where the life cycle of the engineering work
can be measured by the multiple of its creator's lifespan. The
distance to the microstructure damage state in the case of
building materials is equivalent to the time separating us from
a disaster. This is an extremely responsible and complicated
issue. At the engineering level, for instance, more than 30
factors can be mentioned which affect the durability of
concrete [1]. This assessment is based on interim tests,
accelerated aging tests, past experiences, and engineering
intuition. Microstructural investigations appear to be a
promising scientific tool for making such durability
predictions [2]-[4].

Advancements in microscopic techniques not only enhance
the usability of these methods in assessing the current
condition of a material but also enable the prediction of its
future state. Central to these advancements is the ability to
observe microstructures — material structures visible through
microscopy. This article focuses on external aggressive factors
affecting materials and the role of microscopy in
understanding and mitigating these effects. The aim of this
study is to demonstrate the importance of microstructural
investigations of building materials and their value in gaining
knowledge on several processes that influence the macro
performance and durability of building materials. This article
also tries to define the function of usability of microscopic
techniques in the area of building materials.

2. ENGINEERING OF DEFECT INSPECTION

The different types of microscopic techniques in
microstructural investigations of building materials defined
the usability function (Fig. 1).
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Figure 1. Diagram of microscopic visualisation in building materials
engineering based on half a century of expertise

The shape of the postulated function of microstructural
investigation usability (MIU function) was prepared by
analysing the area of the building materials (Fig. 1). The first
stage of the linear progression of the curve is related to the
increasing resolution of the optical microscopy. In this
technique, increasing the resolution within this range does
not require significant effort in sample preparation. The
shape of the MIU function at another stage which is related
to electron microscopy, varies from the first stage. The
usability of increased resolution does not improve
significantly, as it is associated with greater challenges in
sample preparation compared to optical microscopy.
However, the ability to further increase the resolution helped
overcome difficulties and rapidly increase the MIU function
value. Reaching the highest available resolutions for electron
microscopy techniques leads to further difficulties and
limitations, particularly in sample preparation. The third
range of resolution in the MIU function was determined
using atomic force microscopy (AFM). There is a decrease
in usability related to difficulties with sample preparation
and long-lasting scans during observations, but also the
limitations of cases for which high resolutions are used. It
must be noted that, in areas other than building materials, the
shape of the MIU function might be different.

Metrology is the science of measurement. Types of
metrology can be classified depending upon the quantity
under consideration, such as the metrology of length and
angles, but also e.g. force, displacement, time and
acceleration. Therefore, various suitable measurement units
are used. The result of the scanning microscopy is just the
microstructural picture — unique in the sense of details and
accuracy. A routine way is restricted to the measurement of
length and angles — quantities which are expressed in linear
or angular terms. However, the micro- or even the nano-scale
of observation creates the tempting opportunity to investigate
a more fundamental attribute, like durability, or rather more
precisely - a distance from a disaster. Could we predict
collapses before they happen? Could we define a tipping
point of ongoing phase transition? If we could give a positive
answer to these questions a breakthrough in this field would
be achieved. Yet, this still remains a challenge for the future.
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In this paper we attempt to establish the current state-of-the-
art and evaluate the likelihood of discovering how to
measure the “distance from a disaster”. What kind of units
we should use in such a case? As materials become more
complex in the meaning they are more multi-component and
multiphase, then the metrological aspect becomes more
complicated. Thus, the need for more subtle measurement
methods arises, making the measurement process itself a
subject of consideration, as illustrated by the examples
provided in Chapter 4.

There are non-destructive/semi-destructive tests. It makes a
significant difference to be able to state that a structural
element was in good condition but is now unfit for use after
testing, or, conversely, to confirm through non-destructive or
semi-destructive testing that the element remains and will
continue to be reliable [5]-[7].

Concerning the above, a few questions arise.

Images obtained using various microscopic technigues might
be key in discovering the essence of investigated
phenomenon, especially when they are carried at the
elemental level. However, some techniques might be more
efficient than others. This prompts a question: could the MIU
function be a useful instrument for metrological assessment
of microscopic methods?

Regarding composite materials, the phenomenon of synergy
takes place. This means that the composite features are not
simply the sum of the properties of its individual
components. Synergy, as the effect of interaction among
components, could either positively enhance durability or
negatively devastate the microstructure. What types of
microstructures promote positive and negative synergy in
composite concrete-like materials exposed to internal
aggressive factors?

Is there a possible way of assessing the microstructure of
material in the scope of potential failure of investigated
construction element?

The creation of new types of composite materials leads to the
formation of more complicated thermodynamic systems.
These systems cannot be fully tested across the entire range
of possible constituent  proportions  before  being
implemented, which creates a certain area of risk of
unforeseen failures for the end product. There arises a
question: is building material microstructure assessment able
to provide the opportunity to identify semi-stable states
before the material is placed in construction?

3. STRUCTURAL LEVELS IN BUILDING MATERIALS
ENGINEERING

Applications of microstructural research in building
materials engineering can be classified according to the level
of magnification at which the observations are carried as
macro-, micro-, and nano-scale (Fig. 2) [8], [9].
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Figure 2. Structural level in building materials engineering ([8],
updated)

At the macro scale, macroscopic defects in materials, such as
lack of adhesion or cracks, might be observed. The micro-
scale is suitable for observing microcracks and some larger
defects in the microstructure, such as crystallisation of
expansive phases or effects of leaching some constituents
from the material’s matrix. The nano-scale is the level of
molecules and atoms at which, for example, the essence of
adhesion of different materials, or lack thereof, might be
studied. In addition, the nature of concrete-like binders and
the causes of eventual defects should be investigated.
Microscopic methods allow also to indirectly determine the
porosity and pore size distribution in the cement matrix.
Analysis of elemental composition in microareas enables to
assess the Si/Ca and Al/Ca ratios, which provide insight into
the internal structure of the C-S-H phase [10], [11].

The effectiveness of microscopic investigations is largely
attributed to their relative ease of application. Although
microstructural analysis is applicable across various fields,
this study concentrates on building materials, with a specific
focus on concrete.

Tests of building materials mainly focus on their physio-
mechanical properties and on their durability to ensure they
meet the expected service life. The microscopic methods
might be useful in developing new material compositions
with better mechanical properties and durability as well as in
predicting how the addition of new constituents or changes
in the manufacturing process might influence their properties
and durability. In addition, microscopic investigations help
to understand why some additions work better than others
and how to modify them in the expected way. Changes in the
microstructure of materials, particularly concrete-like
materials, result in changes in their technical properties.
Microstructural changes in hardened concrete are mainly
caused by the influence of the surrounding environment and
its aggression. However, some changes might be caused by
the inner factors related to the maturation of concrete, as well
as by the activation of certain aggressive constituents built

within [12]. Figure 3 presents the main areas where
microstructural examination of concrete, such as building
materials, might be useful.
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Figure 3. Usability of microstructural investigations of concrete-like
building materials

Analysing usability of microstructural investigations of
concrete-like building materials three main chapters have
been proposed (Fig. 3):

- effects of aggressive factors on the microstructure of
concrete,

- influence of additional
microstructure of concrete,
- non-Portland cement
engineering.

This paper is focused on the first chapter: “aggressive
action®.

waste materials on the

concretes used in building

4. IDENTIFICATION OF AGGRESSIVE ACTIONS ON THE
MICROSTRUCTURE OF CONCRETE

4.1. Leading mechanisms

Basically, two intrinsic corrosion mechanisms are observed as
effects of external aggressive actions:

- physical mechanism — phase transition of water - freeze/thaw
(Fig. 4), evaporation caused by heat exposure (Fig. 5);

- chemical reaction mechanism conducted with physical
process involving products of reaction:

- the reaction products are non-adhesive and soluble in water
and might be washed out (Fig. 6- 9),

- the reaction products have greater volume then the substrates
which causes inner tension resulting in cracks (Fig. 10-12)..

4.2. Physical mechanism

Some physical processes might cause degradation of the
microstructure of cement composites by expansive phase
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transformation. The main example of this process is freezing
and thawing of water in a porous concrete matrix. Also water
evaporation caused by heating during the exposition of fire,
might be corrosive. This process might be considered as a
physical one as long as the temperature does not reach the
decomposition point of some constituents and only involves
the release of water from the microstructure. In most cases
the first chemical decomposition (of Portlandite) occurs at
temperatures of about 460°C. Therefore, the cement
composites should be chemicaly stable even up to ca. 400°C.

Aggression caused by freeze/thaw

Concrete is a porous material. When the temperature of the
hardened concrete decreases below 0°C, the water which
fills the pores freezes. The temperature of this phase
transformation depends on the concentration of various ions
present in the water solution, as well as on the diameter of
the pores [13]. The smaller the pore diameter, the lower the
freezing temperature. In gel pores with the lowest diameter
(less than a few nanometres), water may never freeze in a
natural environment [14]. Saturated gel pore water can freeze
from -30°C to -80°C [15]. The difference in the freezing
point between the pores is the initial factor of concrete frost
damage. The phase transformation of water from liquid to
solid state is conducted with an increase in volume of
approximately 9% which leads to a high tension in the
microstructure of concrete. When several freeze/thaw cycles
occur, they might affect the formation of microcracks and,
eventually result in the destruction of concrete [13], [16].
Microscopic microstructural investigations might be very
useful for diagnosing the degradation of concrete exposed to
low temperatures. Cracks in the microstructure are easily
visible even at the first stage when their influence on the
compressive strength is not as obvious. Examples of
microstructures in the areas near the surface of concrete
exposed to freez

Figure 4. Effects of freeze/thaw on the microstructure of concrete
(arrows mark degraded areas)

Studies on the influence of curing temperature on the pore
size distribution in concrete and its further durability in
freeze/thaw aggression environments have shown that
samples cured at temperatures ranging from -5°C to standard
curing conditions had compressive strength comparable to
those of the reference samples, as well as similar numbers of
small capillary pores [17]. However, curing concrete at
temperatures below -10°C caused an increase in the porosity
of concrete, mostly in the range of macropores, which caused
a decrease in the compressive strength. Microscopic analysis
combined with mercury intrusion porosimetry (MIP)
contributed to reaching these conclusions.
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Freeze/thaw aggression and microstructure degradation may
also occur in environments where de-icing salts are used.
The mechanism of this type of microstructural degradation is
more complicated than the one previously discussed.
Reviewing the recent progress in the theory of the
mechanism of this type of aggression it has been shown that
the analysed mechanisms included water phase transition and
chloride and sulphate damage [18]. Freeze/thaw
microstructure damage models help to understand how a
wide spectrum of factors might influence the corrosiveness
of this type of aggressive environment. The main role in this
mechanism is the water phase transition; however, damage to
concrete is accelerated by the crystallisation of de-icing salts
in the pore structure which might cause excessive tension
depending on its composition and concentration. Most of the
microcracks that formed during the freeze/thaw cycles ran
parallel to the surface of the tested specimen, which is the
cause of the typically observed scaling effect in this type of
corrosion. Microscopic examination of the microstructure is
necessary for a complete and thorough analysis of this type
of corrosion mechanism.

Fire aggression of cement composites

The exposure of concrete to high temperatures caused by fire
might be highly corrosive. The effect of such corrosion
depends mainly on three factors: the temperature, time of
exposure, and composition of concrete. There are also some
other factors that might be important such as initial humidity,
heating rate, porosity, sample size and shape. Analysing
changes in concrete properties and its microstructure after
heating up to 800°C it has been discovered that corrosion
caused by high temperatures can be divided into three stages:
20-200°C, 200-300°C and above 300°C. In the first stage,
there were observed compressive strength losses caused by
increasing porosity and releasing water bound in the
hydrated phases which is a physical process. In the second
stage, the increasing temperature did not strongly influence
the compressive strength. Increasing the temperature to
values higher than 300°C caused a monotonic decrease in
strength [19]. SEM investigations have shown that, at this
temperature, the rehydration of cement particles continues to
generate new Portlandite and C-S-H phases. Increasing the
temperature up to 800°C resulted in a growing relative
proportion of capillary pores with diameters above 200 nm in
the total porosity. The effects of fire exposure on the
mechanical properties of fibre-cement boards were studied,
and it was discovered that in the temperature range of 300-
400°C, the bending strength decreased rapidly [20], [21]. In
order to find an explanation for this observation, the
material’s microstructure was examined. Microstructural
analysis revealed that within this temperature range, the
cellulose fibres used in the production of fibre-cement
boards were lost due to high temperatures caused by fire.
This loss of fibres is a key reason for the rapid changes in the
mechanical properties. Examples of such changes in the
microstructure of concrete exposed to fire are shown in
Figure 5.
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Figure 5. Effects of fire aggression on the microstructure of concrete
(arrows mark cracks in microstructure) [20]

Using microscopic methods and their ability to access the
porosity, changes of such property might also be a subject of
analysis in a function of thermal load.

4.3. Chemical reaction mechanism and physical
process

4.3.1.Chemical reaction with leachable products

The leaching mechanism is initiated by the reaction of an
aggressive environment causing leaching of the cement
matrix, mainly Portlandite, starting from the surface of the
concrete. Further aggression leads to corrosion of the deeper
parts of the composite, causes loss of the microstructure and
separates the aggregate from the cement matrix. In general,
this process can be divided into two steps — first, a chemical
reaction which generates soluble products, and second, the
dissolution of these products in water and subsequent
leaching thereof from the cement matrix.

Deficit of curing of concrete
Curing fresh concrete is a crucial process, and neglecting it
can lead to a decrease in the concrete's mechanical properties
and durability [22]-[24]. The effects of its progression might
be observed in the microstructure of the near-surface areas of
concrete. Chylinski et al. [25] analysed the changes in the
microstructure of uncured and cured concrete using various
methods and a number of curing compounds. They found
that the tensile strength in the surface areas of the concrete
tested using the pull-off method varied significantly.
Investigations of the microstructure helped determine the
causes of the observed changes in the mechanical properties
of concrete. Allowing the cement matrix to mature with
insufficient amount of water leads to the formation of a more
porous microstructure and an incomplete C-S-H phase.
Moreover, a relatively weak transition zone between the
cement matrix and aggregates is also caused by the lower
amount of Portlandite due to the reduced level of clinker
hydration (Fig. 6).

Figure 6. Effects of deficit in curing on the microstructure of concrete
(arrows mark degraded areas)

Analysing the influence of rapid curing methods including
steam, electric, and microwave curing on the properties and
microstructure of concrete it has been noticed that those
methods succeeded in efficient early strength growth;
however, it was observed that rapid curing might lead to late
shrinkage, causing the formation of microcracks and
increased porosity which might further affect durability [26].
Microstructural investigations were useful in the assessment
of different types of curing compounds and rapid curing
methods as well as in determining their influence on the
porosity and expected durability of concrete.

Acidic corrosion of Portland cement matrix

Acidic corrosion is caused by aggressive acidic solutions that
react mainly with the constituents of the cement matrix,
although some aggregates, such as calcites and dolomites,
might also corrode in acidic environments. The mechanism
of corrosion of the cement matrix generally starts from the
reaction with Portlandite and the leaching of the products of
the reaction, which causes loss of the microstructure.
Investigating the effects of acidic corrosion on the
microstructure of Portland cement mortar and alkali-
activated fly ash-slag composite using sulphuric acid and
acetic acid it is observed that the leaching mechanism
differed for each type of acid [27]. The corrosion caused by
acetic acid caused greater damage than that caused by
sulphuric acid. Microscopic investigations helped understand
the mechanism of corrosion and explain the differences. The
changes were caused mainly by the formation of calcium
sulphate (gypsum) as a product of the reaction of sulphuric
acid with calcium from Portlandite and the C-S-H phase. The
formation of gypsum affects the sealing of the
microstructure, inhibiting further corrosion. However, this
process was not observed in an aggressive environment with
acetic acid because the solubility of calcium acetate is much
greater than that of gypsum. The aggression of acetic acid
solution on concrete and its influence on its microstructure
were studied in [28]. The influence of the water-cement ratio
on the damage to the microstructure of concrete caused by
the aggression of acetic acid as a simulation of corrosion in
agricultural concrete tanks, was studied. Microstructural
investigations helped explain why concrete with a lower
water-cement ratio is more durable in such an environment.
Microanalysis performed using EDX has shown that
exposure to an acetic environment results in the leaching of
calcium ions from the C-S-H phase near the surface. This
process weakens the microstructure, leading to the release of
aggregates due to the deterioration of the transition zone

(Fig. 7).
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Figure 7. Effects of acidic aggression on the microstructure of
concrete (arrows mark degraded areas)

Carbonation of Portland cement matrix

Carbonation is an effect of the aggression of carbon dioxide
on concrete or other Portland cement composites.
Carbonation occurs when carbon dioxide reacts with
Portlandite and forms calcium carbonate in the first stage.
This reaction causes partial sealing of the microstructure and
slows down further processing. However, when concrete is
in contact with water, particularly soluble carbon dioxide, it
becomes more aggressive by forming calcium hydrogen
carbonate which is soluble in water and initiates the leaching
process. Carbonation of Portlandite causes a decrease in the
pH value, which might induce corrosion of the reinforcement
in the presence of Portlandite in the cement matrix [29].
Microstructural investigations may also be useful in this
regard. Examples of the microstructures in the areas near the
surface of concrete exposed to carbonation are shown in
Figure 8.

Figure 8. Effects of carbonation on the microstructure of concrete
(arrows mark degraded areas)

132

Analysing the influence of the addition of different types of
fly ash on the depth of carbonation of concrete it has been
discovered that the addition of fly ash, particularly calcerous
fly ash, might increase the depth of carbonation [30].
Microstructural  investigations helped elucidate this
phenomenon. The addition of fly ash which is an active
material, affects the sealing of the microstructure and
prevents further penetration of carbon dioxide. However,
using fly ash as a part of cement causes a decrease in the
concentration of Portlandite in the cement matrix which is a
source of hydroxide ions, causing an increase in the pH
value.

Reaction of chloride ions with Portlandite

Chloride ions can cause leaching corrosion by forming
soluble chlorides. It is best manifested by the formation of
calcium chloride as a result of the reaction of chloride ions
with Portlandite. The leaching effects observed during
microstructural examinations are very similar to acidic
aggressions [28], [31] Examples of microstructures in the
areas near the surface of concrete exposed to chloride ion
aggression are shown in Figure 9.

Figure 9. Effects of chloride ion transport on the microstructure of
concrete (arrows mark degraded areas)

Chloride ions easily penetrate the porous microstructure of
concrete due to its relatively high diffusion coefficient [32]-
[34]. Preventing this type of aggression is mainly focused on
sealing the microstructure of concrete or adding a sealing
layer on its surface. Material modifications are carried out by
the addition of active materials with pozzolanic properties or
hydraulic binders other than Portland cement, e.g., slag.
Active additives might also help reduce the amount of
Portland cement, which causes a decrease in the
concentration of Portlandite in concrete and often increases
the durability of concrete in chloride environments [35]-
[37]. Some inert materials may also help prevent chloride
aggression; however, their role is limited by their grain sizes.
To effectively seal the microstructure, microfillers must
contain very small particles, preferably at the nanoscale. This
requirement introduces new technical challenges, as these
particles can form needless agglomerates, making even
distribution within the cement matrix difficult. Moreover,
most of them cause problems with the rheology of the
concrete mix due to their high water demand [38]-[40].
There are also some special additives, such as graphene
which, in relatively small amounts, helps decrease the
corrosive effect of chloride ions [37], [41]. In all these cases,
microstructural investigations might be useful in observing
the effectiveness of sealing the microstructure in preventing
chloride aggression and in explaining the mechanism of
corrosion in the examined concrete, which provides insight
into how to improve the material.

4.3.2. Chemical reaction with expansive products

There are several types of aggression causing inner
expansion as a result of chemical reactions, where products
have a higher volume than the substrates. In this paper
examples of corrosive chemical processes which form
products with excessive volume sulphate aggression, alkali-
aggregate aggression, and corrosion of steel reinforcement
have been discussed. Mechanism of this type of corrosion
might be divided into two stages. In the first stage, the
reaction within the inner parts of the cement matrix yield
products of a greater volume than the original substrates. In
the second stage, the products generate inner tension within
the microstructure. As a main result of this type of corrosion,
cracks in the microstructure of cement composites are
observed.

Sulphate corrosion of Portland cement composites

Sulphate corrosion of concrete is mostly related to the
exposure of concrete to marine environments. However,
aggressive sulphate ions may also occur in groundwater,
sewage, or industrial wastewater [42]. The sulphate
corrosion mechanism can be divided into two phases [43]. In
the first phase, sulphate ions react with Portlandite which
affects the formation of gypsum. Gypsum has a larger
volume than Portlandite; however, in most cases, it causes
sealing of the concrete microstructure without excessive
tension that might cause microcracks. The second phase
involves the subsequent reaction of the gypsum formed with
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calcium aluminate which causes the formation of secondary
ettringite. The volume of the formed ettringite is much larger
than that of the substrates of this reaction, which results in
high tension in the microstructure and causes microcracks,
macrocracks and destruction of concrete [44], [45].
Examples of the microstructures of concrete exposed to

sulphate aggression are shown in Figure 10.
8 it 5 "N X

Figure 10. Effects of sulphate aggression on the microstructure of
concrete (arrows mark degraded areas)

Examination of the microstructure of concrete containing
different types of cement and with various water-cement
ratios which were immersed in water containing sulphate
ions revealed that there are two types of sulphate solutions:
one with magnesium sulphate and the other with sodium
sulphate [46]. By analysing the microstructure of corroded
concretes, it was concluded that the formation of secondary
ettringite is usually conducted with the formation of
thaumasite. Cracks in the microstructure created as an effect
of the formation of ettringite allow carbon dioxide to enter
deeper into the microstructure which increases the formation
of thaumasite. It was also discovered that the type of cation
related to sulphate plays an important role. Comparing
magnesium and sodium ions, the magnesium ions reacted in
the near-surface areas with hydroxide ions to form
magnesium hydroxide and magnesium carbonates which
partially sealed the microstructure and limited the diffusion
of aggressive factors deeper into the microstructure. The
observed depth of sulphate corrosion was greater in concrete
immersed in sodium sulphate than in magnesium sulphate.
Studies on the sulphate corrosion mechanism and developing
methods for preventing it would not be possible without a
microscopic investigation of the microstructure.

Corrosion of Portland cement composites caused by alkali
aggregate reaction

Alkali aggregate corrosion occurs when concrete contains
alkali reactive aggregate and some other circumstances
promote this reaction such as appropriately high alkali
concentration, humidity or water saturation and temperature.
There are two main types of alkali aggregate reactions: the
alkali-silicon reaction (ASR) and the alkali-carbonate
reaction (ACR). What links these two types of inner
aggression is that during the process reactive aggregate
grains react with alkalis from the cement matrix and form
products of much higher volume than the subtracts, causing
tension which in turn could result in the formation of cracks
in the microstructure. During the ASR reaction, the
expansive product was silicone gel, and in ACR, it was
mainly magnesium hydroxide [47]. When investigating
damaged concrete structures where cracks occur,
microscopic methods are indispensable for identifying the

cause of cracking as an ASR or ACR through the analysis of
the microstructure and products of the reaction. Sometimes,
cracks might not occur in such a spectacular way, especially
when fine grains of aggregates are reactive. In this case,
silicon gel is leached on the surface of the cement composite
(Fig. 11).
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Figure 11. Effects of alkali-aggregate reaction on the microstructure
of concrete (arrows mark degraded areas)
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Examination of the influence of de-icing salts containing
alkalis and wet/dry cycles on initiating and accelerating ASR
using microstructural observations involving SEM-EDX,
revealed that wet/dry cycles with exposure to NaCl solutions
promote ASR [48].

Damage to Portland cement composites caused by
reinforcement corrosion

Concrete mostly contains reinforcement in the form of bars
or fibres which increases the bending strength of the
composite. Steel reinforcement is the most commonly used
reinforcement method. High pH values in concrete and in
reinforcement covers of appropriate thickness ensure
adequate durability of construction by creating a passive
layer on the surface of the steel elements. However, when
the pH value of the reinforcement cover decreases, for
example, during the corrosion process, the corrosion of steel
begins. The steel corrosion process is well known and
described in the literature [49]. The essence of this process
and one of the most destructive stages is that the corrosion
products of steel have a larger volume than the substrates,
which generates a large pressure between the steel element
and reinforcement cover. This leads to detachment of the
cover which exposes the steel reinforcement and accelerates
its corrosion. Examples of the microstructure of the steel
reinforcement surface received from the corroded concrete
in Figure 1

3um A MeF 2
Figure 12. Surface of ste
concrete (arrows mark products of corrosion)

In the examination of corrosion-affected reinforced concrete
microstructure, focusing on the transition zone between the
steel and the cement matrix, microstructural analysis helped
conclude that the steel-concrete interface plays a crucial role
in the chloride threshold limit, and air voids in the transition
zone cause earlier corrosion [50]. The low water-cement
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ratio of cement paste affects the sealing of the
microstructure, particularly the transition zone, which
prevents the initiation of corrosion, even with a relatively
high concentration of chloride ions in the environment. They
also investigated the influence of the alumina cement paste
coating of steel bars on protection from chloride aggression.
Microstructural analysis has shown that the conversion of
alumina cement increases the porosity of the transition zone
which accelerates the corrosion process in marine
environments.  Furthermore, methods for corrosion
improvement of carbon steel concrete reinforcement by
modifying the steel microstructure were studied [51]. Three
types of low-carbon steel with different grain sizes were
used. The concrete samples with reinforcements were
immersed in water and water with NaCl. The use of
microstructural examinations helped discover that steel with
fine grains passivated faster than the other. However, the
passive layer protects steel with coarse grains against the
chloride solution over a longer period.

5. CONCLUSIONS

The durability and other technical characteristics of building
materials are cast in their microstructures. Microscopic
methods appear to be an effective means for advancing
knowledge and comprehension in this domain. Their high
resolution and wide range of magnification make them a
particularly versatile and practical tool for analysing building
materials. These methods are especially valuable for
identifying the mechanisms behind observed processes,
particularly in concrete-like composites. This study
demonstrates that the effects of aggressive factors causing
corrosion in Portland cement composites cannot be fully
observed or understood without examining their
microstructure, emphasizing the importance of microscopic
techniques in studying concrete-based materials.

The MIU function defined in this paper is not complete due to
the fact that only the shape of a curve is given and the axis of
ordinates, the Y-axis, is neither characterized by values nor
accompanied by an equation. However, analysing the usability
of microstructural investigations serves as a valuable tool for
the evaluation of microscopic methods. While there remains a
need for uncertainty assessment, an initial approach appears
promising. However, the significant progress is expected due
to the fact that image analysis will be supported for Artificial
Intelligence. Exploring the microstructure at higher
magnifications offers significant benefits, but it also presents
challenges. As magnification increases, the analyzed area of
the composite becomes exceedingly small, making it difficult
and uncertain to draw conclusions about the entire element. .
Consequently, scientists often repeat the same analyses across
various regions of the composite to confirm or refute earlier
observations.. There are several tools that help collect dozens
of images from the selected area. However an analysis of each
of them belongs to scholars. To increase the potential of
microscopic methods the automatisation of image analysis
process needs to be carried out. While there are tools or
software available for statistical analysis of an image but they
are far from that what Al might bring in the near future, for
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example, in object identification or in determination of the
type and mechanism of corrosion.

The examples of microstructure in various Portland concrete
scenarios presented in this paper demonstrate that
microstructure is not merely a source of visually appealing
images but serves as a critical diagnostic element. It functions
as an engineering tool that enables the categorization of the
primary mechanisms driving material degradation. With
regard to the questions posed at the beginning of this paper,
microscopical examinations might become a diagnostic non-
destructive or  semi-destructive  tool for  materials
microstructure capable of predicting collapses before they
happen and also of defining a tipping point in ongoing phase
transitions.
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