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Abstract. A total of 20 popular technical and technological schemes of semi-open four-row buildings for dairy cows 
with widths in the range 20.60-31.00 m have been analyzed. The options have been grouped according to the internal 
distribution of the buildings. Their technological flexibility has been determined and a preferred range of widths with 
a maximum has been outlined. For the individual studied options the costs for the technological profile of the floor 
(including the stationary equipment) have been calculated, as well as costs for the construction of the zero cycle, 
the bearing and enclosing constructions of the building have been excluded. For each preferred width, the material 
consumption of the floor profile has been assessed according to the construction indicators: consumption of concrete 
and steel (reinforcement - for reinforced concrete pavement and profile - for technological equipment), related to 1 m2 
of built-up area and one slaughterhouse. A methodology for qualitative assessment of technological flexibility has been 
developed taking into account the impact of these costs. It has been established that the buildings with widths in the 
range of 25.20-25.40 m have the greatest technological flexibility. Buildings with widths in the ranges of 23.20-25.20 m 
and 25.80-28.00 m with equal flexibility also have very good indicators. According to the developed methodology, the 
widths with the same technological flexibility differ in the assessment of the impact of the costs for the floor profile - to 
greater extent for larger width ranges. The buildings with widths of 25.20 m and 25.40 m with maximum technological 
flexibility are practically equivalent, and the differences in estimates taking into account the impact of total costs of 
concrete and steel per 1 m2 built-up area of the floor at widths 23.20 m, 25.80 m and 28.00 m are 2.1-4.0%. For the 
same widths, the estimates, taking into account the impact of the total cost of concrete and steel for one cattle ranch, 
are from 6.5 to 15.9%. The developed methodology is recommended for the practice for assessing the impact of the 
costs of the floor profile on the technological flexibility of buildings with a large capacity for free-box breeding of cows. 
Of the four-row buildings, those with widths in the range of 25.20-25.40 m and width 23.20 m are recommended.
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Introduction

The technological flexibility of the livestock building 
(Dinev, 1988) reflects the possibility in a given width to 
implement the maximum number of technological solutions 
for both new construction and reconstruction of the building. 
When applying future advanced technologies, it must 
allow the accommodation of different production and age 
categories of animals.

The technologically necessary width of the building 
is a consequence of the adopted technical-technological 
solution and is obtained by summing the respective 
dimensions of its defining elements. Literature sources 

offer many options for technological furnishing of buildings 
for cows, as well as modern techniques for mechanization 
and automation of the main technological processes in 
cow farms (Anderson, 2007; Holmes, 2013; Trioliet, 2021; 
Alpha-Mix, 2022; Agritop, 2022a, b; AgroVista, 2022). There 
is a wealth of information on the design and dimensions 
of technological equipment, varying with manufacturers in 
different ranges (Bauer, 2018; Limk LTD, 2021; DeLaval, 
2022; GEA, 2022a, b; Patura, 2022). This significantly 
influences the choice of building widths, which should be 
in accordance with the current zoohygienic norms and 
requirements for animal welfare (in Bulgaria - Technological 
norms, 1982; Regulation No.16, 2006; Regulation No.30, 
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2006; Regulation No.44, 2006; Animal Protection Act, 2008; 
Regulation No.40, 2008).

Based on the world experience and good practices, 
the new buildings in our country are formed wider in 
comparison with the required by the Bulgarian norms food 
paths (3.50-5.00 m), wider technological and fertilizer paths 
(2.50-3.50 m), longer individual boxes (2.50-2.70 m) and 
wider passages (2.40-3.60 m) to cross the rows of boxes. 
The height at the eaves of the buildings is at least 3.50 m 
(Dinev, 2007).

An important element of the buildings is the food 
path, the width of which is consistent with the widely 
used feed dispensers. In the old buildings in our country 
the path with ordinary (high) mangers is widespread. The 
world experience and the Bulgarian practice in recent 
years have proven the advantage of the so-called „feeding 
strips“, which successfully replace the high mangers in the 
buildings for free-box breeding of dairy cows. They are 
formed on both sides of the food path along its length and 
are made of terracotta tiles, granite or epoxy resin (Dinev et 
al., 2017). In world practice, prefabricated or fixed gratings 
made of metal pipes, steel profiles, boards or round wood 
with vertical or inclined restrictive elements between the 
longitudinal ones are used to limit the access of cows to 
the food path (Viebke, 1989; Dimova, 2003; Bauer, 2018; 
DeLaval, 2022; Patura, 2022). There is a variety in their 
design and they can be made as auto-fixers or rear stops. 
The design of the Evolve lock is unique, constructed by 
an elastic system, through which the so-called „feed open 
fence“ is formed (EASYFIX, 2021).

The numerous possibilities for combining the sizes of 
the technological elements in free-box breeding of cows, 
which in turn change in the different options for internal 
distribution of buildings in a certain range according to 
regulatory requirements, predetermines the large variation 
of technologically necessary widths (from 9 to over 40 m) 
(Luymes, 1994; Auman et al., 2003; Dimova, 2003; Pereira 
et al., 2003; Dinev, 2007; Canada Plan Service, 2006; 
Prashaw, 2021, etc.). In new construction, and especially 
in the reconstruction of existing buildings in Bulgaria with a 
capacity of about 100 cows, a two- or three-row distribution 
prevails. Based on studies conducted by local and foreign 
scientists (Palmer, 2000; Auman et al., 2003; Thomas et al., 
2005; Stokes and Gamroth, 2006; Dinev, 2007; Dinev and 
Dimova, 2007, etc.) four-row buildings are recommended 
for a capacity of more than 100-120 cattle places. In 
countries with developed cattle breeding, four-row buildings 
with a capacity of 100 to 200 cows have widths in the range 
of 21-29.30 m (Harms, 1992; Auman et al, 2003; Canada 
Plan Service, 2006). In Germany, there are buildings 
with a capacity of 150 to 190 cows with a width of 20.60 
m (Landwirtschaftliche Betriebsgebäude, 2000). In many 

countries, buildings with a capacity of 200 to 400 cows are 
most often 21.25 to 30.50 m wide (Bickert et al., 2000; LSU 
Ag Center, 2005; Thomas et al., 2005; Stokes and Gamroth, 
2006; Prime, 2019, etc.), and those with a capacity of 500 
cows are usually 26.20 to 31 m wide (Bickert et al., 2000; 
Stokes and Gamroth, 2006).

In the last 20 years, closed buildings have become 
less and less used in the world. Semi-open buildings are 
preferred, the longitudinal walls of which are replaced by 
movable curtains (wind blinds). The buildings have natural 
ventilation, which is further contributed by the constantly 
open slot of the roof along their entire length (Royer, 2003; 
Dinev, 2007; Dinev et al., 2017; Prime, 2019; Albers Dairy 
Equipment, 2021; Cover all, 2021; FRISOMAT, 2021; GEA, 
2022b; Wolf System, 2021).

In order for the buildings to be functional, economical 
and promising, it is essential that the requirements of animal 
husbandry technology and architectural and construction 
requirements are interconnected and observed at optimal 
consumption of construction materials, labor and usable 
area (Dinev, 2007). In this regard, information in literature 
on the quantitative costs of construction materials for 
cattle buildings is scarce. Information about the necessary 
investments for load-bearing and enclosing structures and 
technological equipment predominates, but in most cases it 
concerns the whole building (Auernhammer, 1988; Brehme 
and Bendul, 1993; Gartung et al., 1993; Bickert, 1999; 
Palmer, 2000; Pereira et al., 2003; Holmes et al., 2005).

For the conditions in the small cow farms (up to 80 
cows) in Bulgaria, studies have been made of the costs 
for furnishing the buildings for cows, directly related to 
the technological processes (Dimova et al., 2003; Dinev 
and Dimova, 2006, 2007; Dinev, 2007). In our previous 
publications (Dimova et al., 1995; Dimova, 2001, 2003) 
dependences between the width of the building and the cost 
of the floor profile have been established and mathematical 
models describing them have been developed, but no legal 
attempt has yet been made to link the widths of buildings with 
the cost of shaping the technological profiles of the floors at 
a higher capacity (over 100 cows). There are no studies at 
all on the impact of the cost of floor profile construction on 
the technological flexibility of high-capacity buildings, and in 
particular of four-row buildings for free-range cows.

The purpose of the study is to develop a methodology 
to assess the impact of the cost of building the floor profile 
on the technological flexibility of four-row buildings for free-
boxing of cows.

Material and methods

The object of the study are buildings for free-box 
breeding of dairy cows only with animal feed in the 
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building. A total of 20 modern variant solutions with widths 
of the buildings from 20.60 to 31.00 m with different type of 
food zone and different rows of individual boxes located in 

relation to it have been analyzed (Figure 1). The buildings 
are semi-open (their longitudinal walls have been replaced 
by lifting curtains), but they can also be closed. 

Figure 1. Technical and technological solutions of semi-open four-line freestall barns for dairy cows

The variants are grouped according to the internal 
distribution of the buildings and are marked with A, B, C, 
D and E as follows:

Ai - variants with one row of boxes along the 
longitudinal walls of the building, bilaterally used internal 
food path and double row of boxes on one side;

Bi - variants with two single rows of boxes (along the 
longitudinal walls of the building and internal), symmetrical 
to the central food path;

Ci - variants with two double rows of boxes, located 
symmetrically with respect to the central food path;

Di - variants with double and inner single rows of 
boxes, one-sided in relation to the inner food path and the 
final single row of boxes on the other side;

Ei - variants with two end (next to the longitudinal 
walls) unilaterally used food paths and two double rows 
on the inside of the building, the length of the building 
is divided into two sectors by a centrally located tubular 
fence.

Index (i) indicates the type of food area where:
i = 1 is a designation of a food path with bilaterally 

located food strips (in variant E - one strip to the interior 
of the building) and clamps with occipital restrictive tube;

i = 2 - food path with bilaterally located food strips 
and grid-type auto-fixers;

i = 3 - feeding path with bilaterally located high 
mangers and clamps with occipital restrictive tube;

i = 4 - food path with bilaterally located high cribs and 
lattice-type auto-fixers.

Buildings with skeletal load-bearing structures of steel 
frames with composite wheelbase - 6.00 m are considered. 
The subject of the study are only the technological profiles 
of the floors of the buildings, therefore the construction 
costs for the load-bearing structures are not taken into 
account.

During the development of the technical and 
technological schemes for the variants the minimum 
and maximum sizes of the technological elements 
have been adopted, in accordance with the normative 
requirements in force in our country (Technological 
norms, 1982; Regulation No. 44, 2006) and the specifics 
of mechanization for the main technological processes in 
buildings. Based on world experience and good practices 
(Pereira et al., 2003; Tucker et al., 2004; Thomas et 
al., 2005; Anderson, 2007; Dinev et al., 2017; DeLaval, 
2022; GEA, 2022b; Patura, 2022) it is accepted that each 
cow has an individual box with a width of 120 cm and a 
length of 220-270 cm (single row), 220-250 cm (double 
row). The width of the fertilizer path between the rows of 
individual boxes is accepted in the range of 200-300 cm, 
and the width of the fertilizer path to the food path - 280-
300 cm, 300-350 cm or 350-400 cm, depending on the 
presence of one, two or three rows of boxes on one side. 
In the absence of a high manger, the feeding paths are, 
respectively: final - 350-400 cm, inner - 350-500 cm, and 
their width includes the curbs that separate them from the 
fertilizer path. In the presence of a manger (width of the 
manger 70-80 cm) the width of the path is 250-320 cm 
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(final) and 270-340 cm (inner).
It is customary to distribute the feed with mobile 

equipment - feed trailer - mixer (mixer), moving along the 
food path along the building. To determine the width of 
the path, the dimensions and feed rates of 195 different 
types and models of self-propelled and attached mixers 
cited in the literature were studied (Trioliet, 2021; Alpha-
Mix, 2022; Agritop, 2022a; AgroVista, 2022). Path widths 
are accepted in accordance with the indicators of mixers 
with a minimum capacity of 15 m3 (width 2.30 m, feed 
height 0.82 m) and maximum 32 m3 (width 2.98 m, feed 
height 1.18 m) suitable for farms with a capacity for over 
100 cows. In connection with the feed height of the mixers 
for the versions with high mangers, the minimum and 
maximum heights of the mangers from the food path, 0.55 
and 0.65 m, respectively, have been adopted.

The widths of the technological and fertilizer paths 
are determined for cleaning the fertilizer waste by means 
of stationary equipment (scraper installations), but it is 
also possible to use mobile mechanization (tractor with a 
bulldozer shovel). Buildings with an entirely concrete floor 
have been examined. The delimiters in the rest and dining 
areas are made of steel pipes. When sizing the elements 
for technological equipment, constructive decisions have 
been made according to the norms in force in the country 
for design of reinforced concrete and steel structures 
(Norms for design of concrete and reinforced concrete 
structures, 1987; Norms for design of steel structures, 
1997), as well as publications of our and foreign authors 
(Anderson, 2007; Dinev et al., 2017; Royer, 2003; Thomas 
et al., 2005; Tucker et al., 2004) and company catalogs 
(Bauer, 2018; Limk LTD, 2021; DeLaval, 2022; GEA, 
2022b; Patura, 2022).

By constructing a nomogram according to the 
method of Dinev (1988) the technological flexibility of the 
buildings has been determined, i.e. the number of variants 
was specified, which fit into each width in the range of 
20.60-31.00 m at 10 cm intervals. This is done by forming 
a range for each of the options, entered between the 
minimum and maximum, technologically required widths of 
the building. The width ranges are plotted on the abscissa 
of a coordinate system as steps with a height equal to 
the accepted unit. On this basis, a preferred range of 
widths has been outlined - those in which there is a jump 
in the nomogram as the width of the building increases. 
For each preferred width, the costs for the technological 
profile of the floor (including stationary equipment) 
have been calculated, and the construction costs for 
the construction of the zero cycle, the load-bearing and 
enclosing structures of the building have been excluded. 
For the individual studied variants, an assessment of the 
material consumption has been made according to the 

main construction indicators: consumption of concrete and 
steel (reinforcement - for reinforced concrete pavement 
and profile - for technological equipment), related to 1 
m2 of built-up area and one cattle site. The calculations 
were made for a sector of the building with a length of 
6 m (one composite wheelbase) and a width equal to 
the technologically required minimum and maximum, 
respectively. Thus, in the considered sector at a box width 
of 1.20 m along the length of one row 5 cows can be 
placed. It is accepted that all rows in the separate sector 
are filled, i.e. there are no interruptions for the formation 
of passages.

To determine the costs of concrete and steel, the 
author‘s summarizing formulas have been used, covering 
the individual groups of studied options:

1. Consumption of concrete:
- when feeding cows from a feeding trail with feeding 

strips - variants with feeding zone type i=1 and i=2:

 (1)

where: 
V is the cost of concrete for shaping the technological 
profile of the floor of the building, m3;
F - cross-sectional area of this profile, m2;
l - the length of the surveyed sector of the building (l=6 m);
u - the number of vuts in the floor area;

 - the area of one vuts in the cross profile of the floor, 
m2;
n - the number of single foundations of stands of dividers 
in the rest area and of clamps in the dining area;

 - the cost of concrete for single foundations of stands 
of dividers in the rest area and fixers in the dining area.

- when feeding from ordinary deep mangers - variants 
with feeding zone type i=3 and i=4

 (2)

where: 
w is the number of deep mangers;

 - the cross-sectional area per number of mangers, 
m2.

2. Consumption of steel:
- when feeding cows from a feeding trail with feeding 
strips - variants with feeding zone type i=1 and i=2:

 (3)

where: 
S is the consumption of steel for the technological profile 
of the floor of the building, m3;
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A - the cost of reinforcing steel for the floor profile, kg;
p - the number of rows of boxes;

  - the consumption of steel for one number of interbox 
divider, kg;

 - the cost of profiled steel to strengthen the dividers, 
kg;
r - the number of rows of clamps in the feeding area;

  - consumption of steel for one limiter in the food 
zone, kg.

- when feeding from ordinary deep mangers - variants 
with feeding zone type i=3 and i=4:

 (4)

where:
 is the cost of reinforcing steel per number of 

mangers, kg

The calculated relative costs of concrete and steel 
according to the studied indicators are shown in a table, 
where the respective values for all variants are reflected, 
which fit into the individual preferred technologically 
necessary widths. To assess the material consumption of 
the floor profile, a comparative analysis of the average 
costs for the individual widths was performed (Dimova, 
2001).

Results and discussion

A methodology has been developed that can be used 
to assess the impact of the cost of building the floor profile 
on the technological flexibility of four-row buildings for 
free-range breeding of cows. The methodology consists 
of the following:
1. A coefficient КТ is introduced to assess the 
technological flexibility of the building as the width 
with the maximum number of entered variants ( ) 
receives 10 points ( )
2. The technological flexibility of the other technologically 
necessary widths of the preferred order according to the 
formula shall be assessed:

 (5)

where:
 is a coefficient for estimating the technological 

flexibility of the building at a certain width of the building;
 - the number of possible variants for internal 

distribution at the respective width.
3. To estimate the material consumption of the floor 
profile of the building, the following coefficients shall be 

entered:
- K1 - coefficient for estimating the consumption of 
concrete, related to 1 m2 of built-up area of the floor;
- K2 - coefficient for estimating the consumption of 
concrete related to one cattle site;
- K3 - coefficient for estimating the consumption of steel 
(reinforcement and profile), related to 1 m2 of built-up 
area of the floor;
- K4 - coefficient for estimating the consumption of steel 
(reinforcement and profile), related to one cattle site.
For all studied indicators  is assumed for the 
width with minimum consumption, and the values for the 
other widths are calculated by the formulas:

 (6)

 (7)

 (8)

 (9)

where:
 is the consumption of concrete per 1 m2 of built-up 

area of the floor of the building at the i-th preferred width;
 - the consumption of concrete, related to 1 m2 

of built-up area of the floor of the building with the most 
economical preferred width;

 - the consumption of concrete per capita at the 
i-th preferred width;

 - the consumption of concrete related to one 
cattle place in the building with the most economical 
preferred width;

 - the consumption of steel (reinforcement and 
profile), related to 1 m2 of built-up area ofm the floor of 
the building at the i-th preferred width;

 - the cost of steel (reinforcement and profile), 
related to 1 m2 of built-up area of the floor of the building 
with the most economical preferred width;

  the consumption of steel (reinforcement and 
profile), related to one cattle site at the i-th preferred 
width;

 - the cost of steel (reinforcement and profile), 
related to one place in the building with the most 
economical preferred width.
4. An assessment of the impact of the costs of building 
the floor profile on the technological flexibility of the four-
row buildings for free-box breeding of cows according to 
the following generalizing formulas:

 (10)
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 (11)

 (12)

 (13)

 (14)

 (15)

where:
 is the assessment of the impact of the 

consumption of concrete, related to 1 m2 of built-up area 
of the floor, on the technological flexibility of the building;

 .- the assessment of the influence of the 
consumption of concrete for the floor profile, related 
to one cattle site, on the technological flexibility of the 
building;

 - the assessment of the impact of the consumption 
of steel, related to 1 m2 of built-up area of the floor, on 
the technological flexibility of the building;

 - the assessment of the influence of the 
consumption of steel for the floor profile, related to one 
cattle site, on the technological flexibility of the building.
The results of the study are analyzed and presented in 
tabular and graphical form.

Figure 2 shows the constructed nomogram for 
determining the preferred row widths of the studied four-
row buildings according to the technological flexibility. It 
can be seen that the widths in the range of 25.20-25.40 
m have the greatest technological flexibility, in which 
it is possible to implement 18 variants of technological 
solutions. The ranges of 23.20-25.20 m and 25.80-28.00 
m with the same technological flexibility (16 variants) also 
have very good results according to the studied indicators. 
With 14 possible variants are buildings with widths of 
22.90-23.20 m, and with the least flexibility (2 variants) are 
those with widths of 20.60-21.20 m. Equivalent in number 
of variants are the ranges 21.20-22.30 m and 28.80-31.00 
m (with 4 variants), as well as 22.30-22.60 m and 28.40-
28.80 m (with 8 variants each).

Figure 2. Nomogram for determining the preferred widths of the rows of dairy buildings
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Table 1. Consumption of materials for building the floor profile in four-row buildings for cows with different widths and internal 
distribution

Width of the 
building (L), cm

Amount of 
possible 
options

Option
(designation of the 

TT scheme)

Consumption of concrete Consumption of steel

Vba, m3/m2 Vst.pl., m3/st.pl. Cba, kg/m2 Cst.pl., kg/st.pl.

2060 2 A1 0.1658 1.0246 16.82 103.96
A2 0.1743 1.0770 19.48 120.38

2120 4
A1 0.1654 1.0516 16.63 105.77
A2 0.1736 1.1040 19.21 122.19
A3 0.1720 1.0938 17.03 108.28
A4 0.1802 1.1462 19.61 124.70

2230 8

A1 0.1646 1.1011 16.47 110.18
A2 0.1724 1.1535 18.92 126.60
A3 0.1710 1.1437 16.70 111.70
A4 0.1788 1.1961 19.15 128.12
B1 0.1694 1.1331 17.03 113.96
B2 0.1772 1.1855 19.49 130.38
C1 0.1643 1.0991 15.80 105.73
C2 0.1721 1.1515 18.26 122.15

2260 10

A1 0.1644 1.1146 16.36 110.95
A2 0.1721 1.1670 18.79 127.37
A3 0.1707 1.1573 16.74 113.47
A4 0.1784 1.2097 19.16 129.89
B1 0.1691 1.1466 16.96 115.00
B2 0.1769 1.1990 19.38 131.42
C1 0.1641 1.1126 15.75 107.77
C2 0.1718 1.1650 18.17 123.19
D1 0.1666 1.1296 16.32 110.64
D2 0.1743 1.1820 18.74 127.06

2290 14

A1 0.1642 1.1281 16.30 111.98
A2 0.1718 1.1805 18.69 128.40
A3 0.1705 1.1709 16.67 114.50
A4 0.1781 1.2233 19.06 130.92
B1 0.1689 1.1601 16.85 115.76
B2 0.1765 1.2125 19.24 132.18
B3 0.1750 1.2023 17.22 118.28
B4 0.1826 1.2547 19.61 134.70
C1 0.1639 1.1261 15.65 107.54
C2 0.1716 1.1785 18.04 123.96
C3 0.1701 1.1683 16.02 110.05
C4 0.1777 1.2207 18.41 126.47
D1 0.1664 1.1431 16.26 111.68
D2 0.1740 1.1955 18.65 128.10

2320 16

A1 0.1640 1.1416 16.56 115.25
A2 0.1716 1.1940 18.92 131.67
A3 0.1702 1.1845 16.85 117.27
A4 0.1777 1.2369 19.21 133.69
B1 0.1686 1.1736 16.78 116.77
B2 0.1762 1.2260 19.14 133.19
B3 0.1747 1.2159 17.14 119.32
B4 0.1822 1.2683 19.50 135.74
C1 0.1637 1.1396 15.60 108.54
C2 0.1713 1.1920 17.96 124.96
C3 0.1698 1.1819 15.96 111.09
C4 0.1774 1.2343 18.32 127.51
D1 0.1662 1.1566 16.16 112.45
D2 0.1737 1.2090 18.52 128.87
D3 0.1722 1.1988 16.52 114.96
D4 0.1798 1.2512 18.88 131.38
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2520 18

A1 0.1629 1.2316 16.04 121.24
A2 0.1698 1.2840 18.21 137.66
A3 0.1687 1.2752 16.37 123.76
A4 0.1756 1.3276 18.54 140.18
B1 0.1671 1.2636 16.77 126.75
B2 0.1741 1.3160 18.94 143.17
B3 0.1728 1.3064 16.71 126.30
B4 0.1797 1.3588 18.88 142.72
C1 0.1627 1.2296 15.55 117.52
C2 0.1696 1.2820 17.72 133.94
C3 0.1683 1.2725 15.62 118.07
C4 0.1753 1.3249 17.79 134.49
D1 0.1649 1.2466 15.80 119.43
D2 0.1718 1.2990 17.97 135.85
D3 0.1706 1.2894 16.13 121.95
D4 0.1775 1.3418 18.30 138.37
E3 0.1686 1.2743 16.25 122.88
E4 0.1755 1.3267 18.43 139.30

2540 18

A1 0.1628 1.2406 15.99 121.82
A2 0.1697 1.2930 18.14 138.24
A3 0.1685 1.2843 16.51 125.78
A4 0.1754 1.3367 18.66 142.20
B1 0.1670 1.2726 16.71 127.36
B2 0.1739 1.3250 18.87 143.78
B3 0.1726 1.3154 16.65 126.88
B4 0.1795 1.3678 18.81 143.30
C1 0.1626 1.2386 15.50 118.14
C2 0.1694 1.2910 17.66 134.56
C3 0.1682 1.2815 15.57 118.66
C4 0.1751 1.3339 17.73 135.08
D1 0.1648 1.2556 16.08 122.54
D2 0.1717 1.3080 18.24 138.96
D3 0.1704 1.2984 16.12 122.80
D4 0.1773 1.3508 18.27 139.22
E3 0.1684 1.2834 16.21 123.49
E4 0.1753 1.3358 18.36 139.91

2580 16

B1 0.1668 1.2906 16.61 128.55
B2 0.1735 1.3430 18.73 144.97
B3 0.1723 1.3335 16.93 131.07
B4 0.1791 1.3859 19.06 147.49
C1 0.1624 1.2566 15.42 119.32
C2 0.1691 1.3090 17.54 135.74
C3 0.1679 1.2997 15.74 121.84
C4 0.1747 1.3521 17.86 138.26
D1 0.1646 1.2736 15.99 123.73
D2 0.1713 1.3260 18.11 140.15
D3 0.1701 1.3166 15.99 123.75
D4 0.1769 1.3690 18.11 140.17
E1 0.1627 1.2591 15.78 122.17
E2 0.1695 1.3115 17.91 138.59
E3 0.1682 1.3015 16.11 124.68
E4 0.1749 1.3539 18.23 141.10
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2800 16

B1 0.1654 1.3896 16.09 135.15
B2 0.1717 1.4420 18.05 151.57
B3 0.1706 1.4331 16.39 137.67
B4 0.1768 1.4855 18.34 154.09
C1 0.1614 1.3556 14.96 125.65
C2 0.1676 1.4080 16.91 142.07
C3 0.1666 1.3993 15.43 129.61
C4 0.1728 1.4517 17.39 146.03
D1 0.1634 1.3726 15.51 130.30
D2 0.1697 1.4250 17.47 146.72
D3 0.1686 1.4162 15.84 133.09
D4 0.1748 1.4686 17.80 149.51
E1 0.1617 1.3581 15.48 130.00
E2 0.1679 1.4105 17.43 146.43
E3 0.1668 1.4010 15.75 132.27
E4 0.1730 1.4534 17.70 148.70

2840 12

B1 0.1652 1.4076 16.00 136.34
B2 0.1714 1.4600 17.93 152.76
B3 0.1703 1.4512 16.30 138.86
B4 0.1765 1.5036 18.23 155.28
D1 0.1632 1.3906 15.43 131.49
D2 0.1694 1.4430 17.36 147.91
D3 0.1683 1.4343 15.90 135.45
D4 0.1745 1.4867 17.83 151.87
E1 0.1615 1.3761 15.37 130.95
E2 0.1677 1.4285 17.30 147.38
E3 0.1666 1.4191 15.90 135.47
E4 0.1727 1.4715 17.83 151.89

2880 8

B1 0.1650 1.4256 15.89 137.29
B2 0.1711 1.4780 17.79 153.71
B3 0.1701 1.4693 16.35 141.25
B4 0.1761 1.5217 18.25 157.67
E1 0.1614 1.3941 15.29 132.14
E2 0.1674 1.4465 17.20 148.57
E3 0.1664 1.4372 15.85 136.90
E4 0.1724 1.4896 17.75 153.32

3100 4

E1 0.1606 1.4931 15.13 140.71
E2 0.1662 1.5455 16.90 157.13
E3 0.1653 1.5368 15.56 144.67
E4 0.1709 1.5892 17.32 161.09

Table 1 presents the calculated relative values of the 
material costs for the construction of the floor profile at 
the different preferred widths of the buildings. There is a 
significant variation in the values of the studied indicators 
according to the internal distribution of the buildings and 
the constructive solution of the technological equipment. 
The reason is in the physical nature of the studied object 
- in the widths in the range of 20.60-31.00 m 2 to 18 
variants of technological solutions with different internal 
distribution and different type of food zone are applicable. 
The results show that when choosing the width of a four-
row building, an accurate assessment cannot be made 

only by the nomogram, if the preferred widths have the 
same technological flexibility. For example, according 
to the nomogram in three widths - 23.20 m, 25.80 m 
and 28.00 m, 16 options fit. The data in Table 1 show 
that according to all studied indicators the costs are 
minimum for option C1 and maximum - for option B4, 
as the cost of concrete per 1 m2 of built-up area at C1 
is 0.1637 m3/m2 (at a width of 23.20 m), 0.1624 m3/
m2 (for width of 25.80 m) and 0.1614 m3/m2 (for width 
of 28.00 m) and vary for other variants with the same 
widths up to 0.1822 m3/m2, 0.1791 m3/m2 and 0.1768 
m3/m2 (for variant B4). The cost of concrete per 1 stock 
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place for C1 is 1.1396 m3/st.pl. (at a width of 23.20 m), 
1.2566 m3/st.pl. (at a width of 25.80 m) and 1.3556 m3/
st.pl. (at a width of 28.00 m), and for variant B4 at the 
same widths they are 1.2683 m3/st.pl., 1.3859 m3/st.pl. 
and 1.4855 m3/st.pl, respectively. Data on steel costs 
show a similar change in values at the different widths 
indicated. Thus, for option C1 the costs for 1 m2 of built-

up area are 15.60 kg/m2 (for width 23.20 m), 15.42 kg/m2 
(for width 25.80 m) and 14.96 kg/m2 (for width 28.00 m), 
and for B4 - 19.50 kg/m2, 19.06 kg/m2 and 18.34 kg/m2. 
The cost of steel per 1 stock place in the same widths 
are the following: for option C1 - 108.54 kg/st.pl., 119.32 
kg/st.pl., and 125.65 kg/st.pl.; for variant B4 - 135.74 kg/
st.pl., 147.49 kg/st.pl., and 154.09 kg/st.pl.

Table 2. Assessment of the technological flexibility and material consumption of the floor profile of four-row buildings for cows

Width of the 
building,  

L, cm

Number of
possible
options

Consumption of 
concrete Consumption of steel

Assessment of 
the technological 
flexibility of the 

building, number 
of points

Estimation of the material 
consumption of the floor profile

on the building

Vba,  
m3/m2

Vst.pl.,  
m3/st.pl.

Sba,  
kg/m2

Sst.pl.,  
kg/st.pl. Kт K1 K2 K3 K4

2060 2 0.1701 1.0508 18.15 112.17 1.1 1.026 1.000 1.118 1.000
2120 4 0.1728 1.0989 18.12 115.24 2.2 1.042 1.046 1.116 1.027
2230 8 0.1712 1.1455 17.73 118.60 4.5 1.033 1.090 1.092 1.057
2260 10 0.1708 1.1583 17.64 119.68 5.6 1.030 1.102 1.087 1.067
2290 14 0.1722 1.1832 17.62 121.04 7.8 1.039 1.126 1.086 1.079
2320 16 0.1725 1.2003 17.63 122.67 8.9 1.040 1.142 1.086 1.094
2520 18 0.1709 1.2917 17.22 130.20 10.0 1.031 1,229 1.061 1.161
2540 18 0.1707 1.3007 17.23 131.26 10.0 1.030 1.238 1.062 1.170
2580 16 0.1703 1.3176 17.13 132.60 8.9 1.027 1.254 1.055 1.182
2800 16 0.1687 1.4169 16.66 139.93 8.9 1.017 1.348 1.026 1.247
2840 12 0.1689 1.4394 16.78 142.97 6.7 1.019 1.370 1.034 1.275
2880 8 0.1687 1.4578 16.80 145.11 4.5 1.017 1.387 1.035 1.294
3100 4 0.1658 1.5412 16.23 150.90 2.2 1.000 1.467 1.000 1.345

A clearer idea of the material consumption of 
the floor profile is given by the results of the average 
values of the studied indicators, shown in Table 2. It 
can be seen that with increasing building width the 
relative costs vary, with the costs per 1 m2 - the narrow 
building, and those for one cattle-breeding place - at 
the widest one. With regard to the above example of the 
widths in which it is possible to implement 16 variants 
of technological solutions, the results in the table show 
a difference in the average values. The consumption 
of concrete for 1 m2 of built-up area is the highest 
(0.1725 m3/m2) at a width of 23.20 m, at 25.80 m it is 
0.1703 m3/m2, and at 28.00 m it is the lowest (0.1687 
m3/m2). Expressed in percentages, the differences from 
the lowest value are insignificant - 1.0% (at a width of 
25.80 m) and 2.3% (at 28.00 m), respectively. This is 
not the case with the differences in other indicators. 
The consumption of concrete for one cattle place is the 

lowest (1.2003 m3/st.pl.). At a width of 23.20 m, at 25.80 
m it is 1.3176 m3/st.pl. (with a difference of 9.8%), and 
at 28.00 m it is the highest - 1.4169 m3/st.pl. (with a 
difference of 18.1%). The lowest consumption of steel 
per 1 m2 of built-up area (16.66 kg/m2) was recorded 
at a width of 28.00 m, followed by the consumption 
at 25.80 m (17.13 kg/m2 - difference 2.8%) and that 
at 23.20 m (17.63 kg/m2) - difference 5.8%). For one 
cattle breeding place the most economical solution is 
23.20 m - 122.67 kg/st.pl., followed by width of 25.80 m 
(132.60 kg/st.pl. - difference 8.1%) and width of 28.00 
m. (139.93 kg/st.pl.) - difference 14.1%).

Table 2 also shows the values of the coefficients for 
estimating the technological flexibility and material costs 
adopted in the developed methodology. The difference 
between the coefficients for estimating the relative costs 
of concrete and steel for the floor profile at widths with the 
same technological flexibility can be seen.
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Table 3. Assessment of technological flexibility taking into account the influence of material consumption of the floor profile of 
four-row buildings for cows

Width of the 
building,  

L, cm

Number of
possible
options

Technological flexibility 
according to the 

consumption of concrete

Technological flexibility 
according to the 

consumption of steel

Overall assessment of the 
technological flexibility of the 

building
Тfc

ba Тfc
st.pl. Тfs

ba Тfs
st.pl. Тfba Тfst.pl.

1 2 3 4 5 6 7=3+5 8=4+6
2060 2 2.14 2.20 1.97 2.20 4.11 4.40
2120 4 8.45 8.41 7.89 8.57 16.34 16.98
2230 8 34.85 33.03 32.97 34.06 67.82 67.09
2260 10 54.37 50.82 51.52 52.48 105.89 103.30
2290 14 105.10 96.98 105.55 101.21 210.65 198.19
2320 16 136.92 124.69 131.12 130.17 268.04 254.86
2520 18 174.59 146.46 169.65 155.04 344.24 301.50
2540 18 174.76 145.40 169.49 153.85 344.25 299.25
2580 16 138.66 113.56 134.98 120.47 273.64 234.03
2800 16 140.02 105.64 138.79 114.19 278.81 219.83
2840 12 78.90 58.69 77.76 63.06 156.66 121.75
2880 8 35.40 25.96 34.78 27.82 70.18 53.78
3100 4 8.80 6.00 8.80 6.54 17.60 12.54

Figure 3. Assessment of technological flexibility taking into account the consumption of materials for building the floor profile 
in four-row buildings for cows, referred to 1 m2 of built-up area
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The assessment of technological flexibility taking into 
account the impact of material consumption of the floor 
profile of the studied four-row buildings for cows is reflected 
in Table 3 and Figures 3 and 4. Due to the small difference 
in widths with maximum technological flexibility - 25.20 
m and 25.40 m, material costs do not significantly affect 
the technological flexibility of buildings. The difference 
according to the consumption of concrete for 1 m2 of built-
up area is 1.0%, and for one cattle-breeding site - 0.7%. 
According to the consumption of steel for 1 m2 of built-up 
area, it is 1.0%, and for one cattle ranch - 0.8%. The results 
for the general assessment of the technological flexibility 
of the building are similar, taking into account the impact of 
total costs of concrete and steel - according to the values 
for 1 m2 built-up area of the floor the estimate is 344.24 
(for width of 25.20 m) and 344.25 (for 25.40 m), those for 
one cattle place - 301.50 and 299.25, respectively. The 
difference in widths with less technological flexibility stands 
out more. For example, the estimates of the technological 
flexibility of the widths with 16 possible variants and the 
differences between the higher estimates with the lowest 
(in the given sequence) are the following:

- Estimation taking into account the consumption of 
concrete for 1 m2 built-up area - 136.92 (width of 23.20 m), 
138.66 (width of 25.80 m) and 140.02 (width of 28.00 m); 
difference of 1.3% and 2.3%, respectively;

- Estimation taking into account the consumption of 
concrete for one cattle site - 124.69 (width of 23.20 m), 
113.56 (width of 25.80 m) and 105.64 (width of 28.00 m); 
difference of 18.0% and 7.5%, respectively;

- Estimation taking into account the consumption of 
steel for 1 m2 of built-up area - 131.12 (width of 23.20 m), 

134.98 (width of 25.80 m) and 138.79 (width of 28.00 m); 
difference of 2.9% and 5.8%, respectively;

- Estimation taking into account the consumption 
of steel for one cattle place - 130.17 (width of 23.20 m), 
120.47 (width of 25.80 m) and 114.19 (width of 28.00 m); 
difference of 14.0% and 5.5%, respectively;

- Overall assessment taking into account the impact 
of the total cost of concrete and steel per 1 m2 of built-up 
area - 268.04 (width of 23.20 m), 273.64 (width of 25.80 
m) and 278.81 (width of 28.00 m); difference of 2.1% and 
4.0%, respectively;

- Overall assessment taking into account the impact 
of the total cost of concrete and steel for one cattle site - 
254.86 (width of 23.20 m), 234.03 (width of 25.80 m) and 
219.83 (width of 28.00 m); difference of 15.9% and 6.5%, 
respectively;

Comparing the values in Tables 2 and 3 and the 
graphical images in Figures 3 and 4 for the estimates 
of technological flexibility and the differences between 
different widths with the same technological flexibility, 
a contradiction has been found in the results of the two 
indicators - costs per 1 m2 of built-up area and a cattle 
ranch. At the same time, the larger latitudes received 
higher scores on the first indicator and lower scores on 
the second one. According to our research (Stanev et 
al., 2001) for establishing a criterion for determining the 
construction costs for the construction of cattle farms, it 
has been proven that the cost related to one cattle farm 
should be chosen as such. It assesses both the structural 
and technological solutions of the building, while the 
indicator „cost of materials per unit of built-up area“ shows 
how economical the structural solution is.

Figure 4. Assessment of technological flexibility taking into account the consumption of materials for building the floor profile 
in four-row buildings for cows, referred to one stockplace
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Conclusion 

The ones with the greatest technological flexibility in 
the four-row buildings for free-box breeding of dairy cows 
are those with widths in the range of 25.20-25.40 m, where 
18 variants of technological solutions can be realized. 
Buildings with widths in the range of 23.20-25.20 m and 
25.80-28.00 m with 16 applicable options are also very 
good. With the help of the developed methodology, it has 
been established that the widths with the same technological 
flexibility differ from each other in assessing the impact of 
the cost of building the floor profile on it - to a greater extent 
at larger width ranges. The buildings with widths of 25.20 
m and 25.40 m with maximum technological flexibility are 
practically equivalent, and the differences in estimates 
taking into account the impact of the total cost of concrete 
and steel per 1 m2 of built-up area from the floor at widths 
with very good and uniform flexibility - 23.20 m (268.04 
), 25.80 m (273.64) and 28.00 m (278.81) are 2.1% and 
4.0%, respectively. For the same latitudes, the estimates 
taking into account the impact on technological flexibility of 
the total cost of concrete and steel per 1 stock place are: 
254.86 (for width of 23.20 m), 234.03 (for width of 25.80 
m) and 219.83 (for width of 28.00 m), the differences being 
15.9% and 6.5%, respectively. The developed methodology 
is recommended for the practice of assessing the impact of 
the costs of the floor profile on the technological flexibility 
of buildings for free-box breeding of high-capacity cows. 
Of the four-row buildings, those with widths in the range of 
25.20-25.40 m and widths of 23.20 m are recommended 
- with the highest assessment of technological flexibility, 
taking into account the impact of concrete and steel costs 
related to one stock place.
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