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TECHNOLOGICAL ASSESSMENT OF CEMENT MATRIX DETERIORATION 
IN CONCRETE FLOORINGS OF CATTLE BUILDINGS UNDER MANURE EXPOSURE: 

A REVIEW

Vanya Georgieva

ABSTRACT

Concrete floorings in cattle buildings are operated in an environment where the load - bearing capacity of the 
material is related not only to compressive strength but also to the resistance of the cement matrix to manure, urine, 
moisture, organic acids, sulfate compounds, microbiological activity and mechanical abrasion. In this review, a 
technological assessment of the main mechanisms of concrete deterioration under contact with an aggressive 
livestock environment is provided and the requirements for suitable concrete and cement systems are summarized. 
Publications, standards and applied studies related to concrete floors, cement matrix, organic acids, sulfate attack, 
calcium leaching, microbiologically induced corrosion and innovative binder systems were analysed. The data 
show that concrete durability in a livestock environment should be assessed through a set of indicators: compressive 
strength, water absorption, density, porosity, permeability, sulfate resistance, acid resistance, wear resistance and 
reinforcement protection. From a technological point of view, concretes with a low water - cement ratio, a dense 
structure, adequate compaction and curing, as well as sulfate - resistant, slag, pozzolanic or alkali - activated binder 
systems, are considered the most justified. The main limitation in the literature remains the lack of long - term field 
studies in real cattle buildings where chemical, biological and mechanical factors act simultaneously.

Keywords: cement matrix, concrete deterioration, cattle buildings, manure exposure, sulfate attack, organic 
acids, permeability, technological assessment.
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INTRODUCTION

Concrete is used as a basic material for floorings, 
manure alleys, channels and other structural elements in 
cattle buildings. In these facilities the concrete flooring 
is assigned a dual function: a structural function, because 
mechanical loads are carried, and a technological function, 
because hygiene, traction, cleanability and safe animal 
movement are determined by the floor surface. Therefore, 
concrete selection should not be based only on compressive 
strength. The operating environment and the transport 
properties of the material should also be considered [1 - 5].

In livestock buildings concrete is exposed for a 
prolonged period to manure, urine, washing water, 
ammonia, hydrogen sulfide, organic acids, sulfates, 

biofilms and abrasion. This environment is more variable 
than standard laboratory acidic or sulfate solutions 
because chemical, biological and physico - mechanical 
actions are included at the same time. For this reason, 
deterioration of the cement matrix should be regarded as 
an integrated process rather than as the separate action 
of one aggressive agent [6 - 9].

The aim of the present article is to systematize 
and critically assess the technological evidence for 
concrete alteration under contact with manure and 
related aggressive factors. Emphasis is placed on specific 
concrete properties, suitable types of concrete and 
cement, innovative binder systems and the limitations 
that arise when laboratory results are transferred to real 
cattle buildings.

Received 21 June 2026
Accepted 23 September 2026			   DOI: 10.59957/jctm.v61.i6.2026.11



Journal of Chemical Technology and Metallurgy, 61, 6, 2026

1044

LITERATURE REVIEW

The present study was developed as a technological 
and scientific literature review. The analysed sources 
were grouped into six directions: floorings and operating 
environment in livestock buildings [1 - 9], composition 
and properties of concrete and the cement matrix [10 - 25], 
composition and emissions from manure [26 - 43], 
mechanisms of microbiological, acid, sulfate and 
calcium deterioration [44 - 64], mechanical abrasion and 
corrosion manifestations in farm environments [65 - 75] and 
innovative binder systems including alkali - activated 
materials, geopolymers, graphene oxide and cattle 
manure ash [76 - 85].

CONCRETE AND CEMENT MATRIX AS 
TECHNOLOGICAL SYSTEM

Concrete is considered a multicomponent system 
composed of cement, water, fine aggregate and coarse 
aggregate and, when required, chemical and mineral 
admixtures. This system is shown in Fig. 1, and it forms 
the basis on which the properties of flooring in livestock 
buildings are developed [10, 11].

According to BDS EN 206:2013+A2:2021/
NA:2021, the following main types of concrete are 
distinguished and presented in Table 1.

The structure of the matrix is presented in Fig. 2. 
Special importance is assigned to the C - S - H phase, 

calcium hydroxide and capillary pores. The matrix 
is the most sensitive part of concrete during contact 
with aggressive liquids. Its durability is determined by 
hydration products, capillary porosity, the transition zone 
between cement paste and aggregates and the degree of 
pore connectivity [22].

The type of cement used is also of essential 
importance. Table 2 systematizes cement mixtures that 
can be used in the design of concrete floorings for an 
aggressive livestock environment.

FLOOR STRUCTURE AND MANURE EXPOSURE
A conventional concrete floor in a cattle building 

includes a compacted base, a concrete layer and a surface 
layer or screed. This multilayer structure is shown in 
Fig. 3. Under real conditions, the surface layer is most 
strongly exposed to manure, urine, water, cleaning, hoof 
loading and abrasion [7, 16, 24, 25].

To limit the retention of aggressive liquids on the 
surface, the technological requirements for the flooring 
should be considered as a system. Table 3 presents 
minimum practical parameters for floors in cattle 
buildings.

AGGRESSIVE MANURE ENVIRONMENT AND 
MAIN DETERIORATION MECHANISMS

Cattle manure contains a high amount of water, 
organic matter, nitrogen compounds, sulfates, mineral 

Fig. 1. Main components of concrete and their functional roles [10, 11].
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Classification 
criterion

Concrete type / 
designation

Brief technological 
characteristic

Significance for floorings in cattle 
buildings

By density
Normal - weight 
concrete, C

Concrete with normal density, 
most commonly used in 
structural construction.

Basic material for floors, foundations, 
channels, walls and other elements in 
livestock buildings.

By density
Lightweight 
concrete, LC

Concrete with reduced density 
obtained through lightweight 
aggregates.

Limited applicability for floorings 
because lower wear resistance and 
higher porosity are usually observed.

By production 
method

Ready - mixed 
concrete / site - 
mixed concrete

Concrete mixture produced in a 
batching plant or directly on the 
construction site.

Ready - mixed concrete provides 
better control of composition, water - 
cement ratio and uniformity.

By compaction 
method

Compacted 
concrete / self 
- compacting 
concrete, SCC

Compaction reduces air voids 
and improves the concrete 
structure.

Good compaction is mandatory for 
limiting the penetration of urine, 
manure liquid, sulfates and organic 
acids.

By compressive 
strength

C fck,cyl/
fck,cube; LC 
fck,cyl/fck,cube

The strength class is 
determined by characteristic 
cylindrical and cube strength, 
e.g. C20/25.

For floorings in an aggressive 
livestock environment, higher classes 
combined with low w/c and good 
durability are recommended.

By consistency S, F, V, C

Workability and the ability 
of the concrete mixture to be 
placed and compacted are 
indicated.

Suitable consistency ensures good 
filling, reduced porosity and higher 
resistance to the penetration of 
aggressive liquids.

By environmental 
exposure

X0, XC, XD, XS, 
XF, XA

The classes account for the 
risk of corrosion, freeze - thaw 
action and chemical aggression.

For livestock buildings, the classes 
related to moisture, chemical action, 
freezing and reinforcement protection 
are especially important.

Table 1. Types of concrete according to their technological characteristics [20].

components and organic acids. This composition creates 
conditions for chemical dissolution, decalcification, 
microbiological action and an increase in moisture in the 
surface zone of concrete [26 - 37]. These components 
and their possible technological significance for concrete 
are summarized in Table 4.

Biochemical decomposition of manure occurs in 
liquid and gas phases. The schematic representation 
in Fig. 4 summarizes the liquid phase, where urea 
hydrolysis and organic matter decomposition occur, and 
the gas phase, where CO₂, NH₃ and CH₄ are released 
[42, 43].

Dissolved ions, ammonium nitrogen and organic 
products are formed in the liquid phase and the chemical 

activity of the environment is maintained by them. In 
the gas phase, NH₃, CO₂ and CH₄ are released. CO₂ 
participates in the acid - base equilibrium and NH₃ 
is related to ammonium transformations and nitrogen 
losses. In the presence of moisture, biofilms and 
sulfur compounds, similar processes may create local 
conditions for acid and sulfate attack on the cement 
matrix [42 - 45].

The main deterioration mechanisms are acid attack, 
sulfate and sulfuric acid attack, microbiologically 
induced corrosion, calcium leaching, increased 
porosity and mechanical abrasion. Under real operating 
conditions these processes act simultaneously and 
reinforce each other: the protective surface layer is 
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Fig. 3. Typical layered structure of a conventional concrete floor in cattle building and the main exposure zone [7, 16, 24, 25].

Fig. 2. Schematic representation of the cement matrix structure in concrete [22]. 

Table 2. Cement types and applicability for concrete floorings in an aggressive livestock environment.

Cement type Main characteristic Assessment for cattle buildings

CEM I
High clinker and calcium 
hydroxide content.

Suitable only when good protection, low w/c and 
limited aggressiveness are provided.

CEM I - SR
Low C₃A content and increased 
sulfate resistance.

Suitable in the presence of sulfates, urine and risk 
of gypsum and ettringite formation.

CEM II/A - S or 
CEM II/B - S

Portland slag cement.
Suitable for a denser matrix and reduced 
permeability.

CEM III/A or CEM 
III/B

Blast - furnace slag cement with a 
high slag content.

Promising under chemical aggressiveness, but 
curing and early strength must be controlled.

CEM IV and CEM V Pozzolanic and composite cements.
Suitable when resistance to acids, sulfates and 
abrasion is technologically verified.

*CEM - common cement type; SR - sulfate resistant. Source: compiled according to BDS EN 197 - 1 and durability - 
oriented cement literature [18, 23, 24].
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Technological 
parameter

Recommended requirement Purpose in cattle buildings

Compressive strength 
class

At least C30/37 for zones exposed 
to manure and intensive traffic

Higher structural reserve and improved resistance to 
surface deterioration are provided.

Water - cement ratio w/c ≤ 0.45
Capillary porosity and liquid penetration are 
limited.

Compaction and 
curing

Full compaction and sufficient 
curing must be ensured

Air voids, permeability and early surface weakness 
are reduced.

Surface drainage
A technological slope toward 
channels or manure alleys should 
be provided

Retention time of urine, washing water and manure 
liquid is reduced.

Surface texture
A non - slippery but cleanable 
surface is required

Animal safety is supported without excessive 
retention of organic matter.

Chemical protection
Protective coatings or resistant 
binders are required in highly 
aggressive zones

Acid, sulfate and microbial action on the cement 
matrix are limited.

Table 3. Minimum practical technological requirements for concrete floorings in cattle buildings.

Component Approximate content Possible effect on concrete

Water 80 - 90 %
Moistening is maintained and the transport of 
aggressive ions is facilitated.

Organic matter 5 - 10 %
Microbiological activity and formation of organic 
acids are supported.

Nitrogen and 
ammoniacal compounds

0.3 - 0.6 % N; 0.05 - 0.2 % 
NH₃ - N

The pH and chemical activity of the environment 
are affected.

Sulfates 0.05 - 0.3 %
They are related to the risk of gypsum and ettringite 
formation.

Organic acids About 0.5 %
Dissolution of calcium products and loss of surface 
density are caused.

Table 4. Main components of cattle manure and their technological significance for concrete.

removed by wear, diffusion is supported by moisture 
and dissolution, and structural weakening of the cement 
matrix are accelerated by the chemical products of 
manure [44 - 75].

TECHNOLOGICAL EVIDENCE FOR CHANGES 
IN CONCRETE PROPERTIES

Under acid exposure, mass loss, reduced compressive 
strength and alteration of the surface zone are reported; 
the generalized trends are summarized in Fig. 5 [49].

Sulfate attack leads to gypsum and ettringite 
formation, microcrack development and weakening of 
C - S - H phases. The principal stages of this process 

are summarized schematically in Fig. 6. The sequence 
emphasizes that concrete alteration is associated with 
phase transformations, internal stress, microcracking 
and changes in pore connectivity [57 - 61].

Mechanical abrasion should not be considered a 
secondary factor. The technological consequences of 
mechanical wear on flooring surfaces are summarized 
in Fig. 7. Such wear changes surface roughness and 
micro texture, increases the retention of organic matter 
and moisture, and prolongs the contact between concrete 
and the aggressive environment [1, 65 - 68].

The most direct link with cattle manure is provided 
by studies on cementitious and concrete materials 

*Compiled according to livestock flooring and concrete durability literature [7, 16, 24, 25].
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Fig. 4. Main biochemical processes during manure decomposition and the release of aggressive compounds [42, 43].

Fig. 5. Generalized trend of mass loss and compressive strength reduction of cement-based materials under acid exposure [49].
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Fig. 6. Schematic mechanism of sulfate attack in the cement matrix [57 - 61].

Fig. 7. Technological consequences of mechanical wear on flooring surfaces in cattle buildings [1, 65 - 68].
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containing cattle manure or cattle manure ash. Although 
the real action of manure on hardened concrete is not 
fully reproduced by these studies, their results are 
technologically important because changes in thermal 
conductivity, water absorption, density, homogeneity 
and residual strength may be caused by organic and ash 
components [83 - 85].

Innovations and limitations of the current evidence
Studies on increasing concrete durability in an 

aggressive environment show that the resistance of 
the cement matrix can be improved using mineral 
admixtures, alternative binder systems and nanoscale 
modifiers.

The importance of slag, fly ash, silica fume and 
other alternative binders for microstructure densification, 
reduction of capillary porosity and limitation of 
aggressive ion penetration has been emphasized. These 
materials are especially important for concrete floorings 
exposed to moisture, organic acids, sulfate compounds 
and mechanical wear [18, 76, 77].

Geopolymer and self - healing concretes are also 
considered promising technological solutions. Better 

resistance in aggressive environments may be provided 
by these systems because of their lower content of free 
calcium hydroxide, denser structure and potential for 
limiting microcracks. However, their application in cattle 
buildings still requires additional experimental evidence, 
especially under prolonged contact with manure, urine 
and washing water [77, 79].

The use of cow dung ash and chickpea stalk ash 
as eco - friendly alternatives in cement mortars was 
investigated by Jamwal et al. [80]. Although these 
studies were not conducted directly under manure 
contact, the potential for the use of agricultural waste 
products as mineral additives was shown. This approach 
is important for the development of more sustainable 
and economically justified concretes applicable in 
agricultural infrastructure.

As an alternative to traditional Portland cement 
concrete, the application of geopolymer materials in an 
aggressive livestock environment was considered by 
Shcherban’ et al. [49]. Geopolymers are characterized 
by an aluminosilicate structure in which the amount of 
free calcium hydroxide is significantly lower than in 
ordinary cement systems. As a result, the vulnerability 

Fig. 8. Generalized influence of cattle manure ash content on selected physicomechanical properties of cement mortar [80].
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of the material to acid attack, decalcification and surface 
deterioration is reduced.

A particularly promising direction is the use of 
graphene oxide (GO) as a nano additive in cementitious 
composites. Graphene oxide can limit microcrack 
development, improve the bond between hydration 
products and increase the density of the cement matrix. 
The mechanism of action is presented in Fig. 9. The 
addition of graphene oxide supports the formation 
of a more compact microstructure that hinders the 
penetration of water, acids and aggressive ions [81].

While graphene oxide supports the limitation of 
microcracks in the cement matrix, p - GO nanosheets are 
considered an additional protective component against 
acid and sulfate exposure. Penetration of aggressive 
ions can be reduced, and the resistance of the surface 
layer can be increased. As schematically summarized 
in Fig. 10, the modified microstructure may limit ion 
penetration, porosity, microcrack development and acid-
related deterioration of the cement matrix [82].

A large part of the data was obtained under laboratory 
conditions or in analogous environments - sewer systems, 
biogas facilities, silage effluents and acid and sulfate 

solutions. These data prove the mechanisms but the real 
manure environment in cattle buildings cannot be fully 
reproduced by them. Therefore, future studies should 
combine laboratory exposure and field monitoring 
while compressive strength, water absorption, density, 
porosity, abrasive wear, microstructural changes and 
the risk of reinforcement corrosion are measured 
simultaneously.

The selection of a concrete system for floorings 
in cattle buildings should be based not only on the 
compressive strength class but also on resistance to 
moisture, organic acids, sulfate compounds, urine 
and mechanical wear. Suitable, limitedly suitable and 
unsuitable concrete systems for contact with manure 
are summarized in Table 5. A technological assessment 
is made according to the density of the structure, the 
water - cement ratio, chemical resistance and the need 
for additional protection.

From the presented assessment it is shown that 
ordinary concrete with a high water - cement ratio 
and C20/25 concrete without additional protection 
are not sufficiently reliable for prolonged contact with 
manure. Concretes with a higher strength class, low 

Fig. 9. Schematic representation of the mechanism of action of graphene oxide in the cement matrix [81].
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Fig. 10. Schematic representation of the protective effect of p - GO nanosheets on the cement matrix under aggressive 
exposure [82].

Concrete system Assessment Reason
Ordinary concrete with high 
w/c

Unsuitable
Increased porosity, easier penetration of aggressive 
liquids and lower chemical resistance.

C20/25 without additional 
protection

Limitedly suitable
It may be used for experimental comparison, but it 
is not sufficient for prolonged contact with manure.

C30/37 or higher with       
w/c ≤ 0.45

Suitable
A denser structure, better strength and lower 
permeability are provided.

Sulfate - resistant concrete Suitable
The risk of sulfate attack and formation of 
destructive products is reduced.

Slag, pozzolanic and 
composite systems

Promising
The matrix can be densified and the transport of 
aggressive ions can be limited.

Geopolymer and alkali - 
activated concretes

Innovative but requiring 
verification

High chemical resistance is shown, but long - term 
field data for cattle buildings are required.

Table 5. Suitable and unsuitable concrete systems for contact with manure.

w/c, sulfate - resistant cement and mineral admixtures 
are more suitable because porosity and the penetration 
of aggressive substances are limited. Geopolymer and 

alkali - activated concretes have innovative potential but 
their application under real livestock conditions requires 
additional long - term studies.
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CONCLUSIONS

•	 Concrete deterioration in cattle buildings is a 
complex process in which acid attack, sulfate corrosion, 
microbiological action, calcium leaching and mechanical 
abrasion act simultaneously.

•	 Concrete intended for contact with manure 
should not be assessed only by compressive strength. 
Indicators of water absorption, density, porosity, 
permeability, sulfate resistance, acid resistance and wear 
resistance are required.

•	 From a technological point of view, concrete 
mixtures with a class of at least C30/37, w/c ≤ 0.45, a 
dense structure, good compaction, sufficient curing and 
a suitable drainage slope are more appropriate.

•	 Sulfate - resistant, slag, pozzolanic and 
composite cements are more suitable than ordinary 
Portland cement under prolonged contact with a moist 
and chemically aggressive livestock environment.

•	 Innovative systems - geopolymer, alkali - 
activated, self - healing and nano additive - modified 
systems - are promising, but they must be verified 
under real conditions with manure, urine, moisture and 
abrasion.

•	 An integrated experimental program is required 
so that laboratory indicators can be linked to the real 
behaviour of concrete floorings in cattle buildings.
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