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Abstract 
 

The features of livestock buildings functional organization and planning were investigated, the factors forming the building for different 

livestock maintenance were established. Proposals and recommendations for the design of small-volumetric cattle-breeding cooperative 

and blocked buildings have been developed. The formation of new types and the nomenclature of livestock cooperative buildings with 

various types of animals, the pattern of possibility such buildings cooperation and blocking was proposed. The possibility of model ob-

jects formation, based on the main optimization criterions was found theoretically. The buildings arrangement planning modelling and 

determination have become possible to computerize due to compound algorithms for calculation of small-volumetric cattle-breeding 

building, block-schemes and developed functional and technological blocks. 

 
Keywords: cattle-breeding small-volumetric cooperative buildings, planning methods, principles of cooperating and blocking, the algorithm of program 

composition, unification of volumetric-planning decision and modeling planning structure. 

 

1. Introduction 

Cattle-breeding small-volumetric cooperated and blocked build-

ings are new types of buildings that have begun to spread recently 

[1]. The main feature of small-volumetric cattle-breeding build-

ings is their small capacity and small size. To ensure the effective-

ness of their design decisions, several different functions (areas of 

specialization) such as cooperated or blocked should be combined. 

The design of such buildings requires the development and im-

plementation of a methodology that considers their particularities 

and differences and promotes the acquisition of the most appropri-

ate options. 

2. Page layout 

Cattle-breeding buildings and structures design should be based 

on general provisions of agricultural production, accurate calcula-

tions of the natural and economic characteristics of a particular 

farm and the prospects for its development [2]. Cattle husbandry is 

formed on the basis of factors combination (Fig. 1) and design 

decisions. 

In practice, indicated above factors determine the type of cattle-

breeding building. The design decision of buildings is dictated by 

technology, sanitary and veterinary requirements, environmental 

protection requirements, economic criteria and aesthetics. Plan-

ning should consider the technological requirements the utmost 

with the best economic indicators and buildings architectural 

treatment [3]. 
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Fig. 1: Factors influencing on cooperative livestock building formation 
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When developing layout draws for production zones of small agri-

cultural enterprises and husbandry farms, it is necessary to provide 

for economically efficient the main agricultural buildings and 

structures cooperation and blocking on one land plot and organiza-

tion of common facilities for service and maintenance purposes 

(Fig. 2). 

Cattle-breeding cooperative

block building
(cattle, swine, horses, goats, sheep)

Ground and

feeding area

Feed processing

building
Root crop, ensilage and

bedding storage

Treatment

facilities

Fuel store
Farming equipment

shed
 

Fig. 2: Process scheme of farm production area functional links 

The rational formation of cooperative buildings is in the both oc-

cupied area and the functional and technological links reduction to 

the technically possible minimum. Thus the following basic prin-

ciples should be considered (Fig. 3): 1) the principle of functional-

ity: the buildings of one purpose can be cooperated or blocked; 

herewith it is necessary to achieve the minimum possible func-

tional and technological links; 2) compactness, when located 

closely buildings with the same space-planning decisions are 

blocked; in addition, it is necessary to achieve  minimum com-

pactness ratio (the ratio of the outer walls perimeter to the usable 

area); 3) zoning, when blocked buildings located in one functional 

zone can be separated into separate subzones; 4) considering the 

microclimate, when buildings with different cattle are combined, 

but with close parameters of the internal microclimate. 

Therewith, the following principles are considered:  blocking is 

possible on the basis of the identified blocking elements and due 

to the construction technological design or blocking is impossible 

due to constructive inexpediency, according to veterinary, fire and 

sanitary requirements. [4, 5, 8]. 

The cooperative building of the main purpose should be formed, 

considering the internal climate of the houses, necessary for the 

normal life of grouped cattle. For example, adult livestock can be 

kept with horses, since the basic regulatory parameters of the mi-

croclimate for these animals are in the same range of values [5, 11, 

13]. 

There are two types of blocking: horizontal, when groups of build-

ings are grouped in a horizontal direction; vertical, when individu-

al buildings are combined into one multi-storey building. For the 

short-term, the block-section type is the most rational among the 

horizontal types of blocking when the planning sections are coop-

erated by a flexible space-planning structure to create a blocked 

building. 

The matrix of cattle-breeding buildings possible blocking and 

possible blocking of auxiliary premises was developed based on 

the above mentioned principals, considering zootechnical, sanitary, 

fire and technological requirements, and conducted experimental 

and theoretical studies (Fig. 4). Veterinary buildings can be 

blocked to each other, except for quarantine. The hospital and 

dispensary can be blocked to some of the main production build-

ings. Buildings or premises for veterinary purposes, combined in 

one block, as a rule, should have separate entrances, while the 

veterinary point can be blocked with any production building, with 

the exception of the milking room or milk storage room. The iso-

lator, when it is blocked with other veterinary objects, should be 

fenced and have a separate entrance to its yard. 

Principles of cattle building
cooperating and blocking

Functionalities,

whereby the interconnected buildings of

one purpose are cooperated and blocked,

herewith it is important to achieve as low

engineering and technical solutions as

practicable

Zoning,

when there are blocked the buildings

which are situated in the same

functional area and it can be divided

into separate subareas

Considering the microclimate,

when buildings with different cattle

but with the similar parameters

of inner climate, are blocked

ñooperation
and blocking

are impossible

àccording
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requirements

àccording to

fire-fighting

requirements

àccording to

found block

elements

àccording to

sanitary

requirements

ñooperation
and blocking
are possible

due to

constructio-

nability

due to

construction

inexpediency

Compactness,

when closely-pitched buildings with the

similar massing are blocked, herewith it

is necessary to achieve the compactness

minimum coefficient

 
Fig. 3: Principles of cattle buildings cooperating and blocking 

The second subgroup of service premises can be combined with, 

for example, the economic-energy unit (boiler room, maintenance 

point, agricultural equipment shed, disinfection facilities, trans-

former substation). 

Premises for cattle artificial insemination can be cooperated with 

buildings of the main production purpose. 

Most of the storage buildings and structures (root house, feedstuff 

store, sheds etc.) tend to be blocked with the feed room. When 

designing such a room, it is necessary to adhere to technological 

and fire safety requirements [5]. 

Objects of auxiliary purpose (administrative-economic, household 

premises, food, municipal services, etc.) can be blocked with the 

construction of the main production purpose. It is possible to 

block them with a dairy department, a maintenance point, a warm 

parking for tractors and cars, that is, with most service, storage 

and auxiliary buildings of the livestock enterprise. The choice of 

an option depends on the general layout, the terrain, architectural 

and building requirements, the position of the main entrance to the 

enterprise, etc. It is important to consider that the buildings archi-

tectural proposals should be organically combined with the overall 

composition of the enterprise, with its urban design features and 

the functional purpose of each building and structure individually 

and combined. 

Cooperation and blocking of small-sized live-stock buildings of 

the main purpose (cowsheds, pigsties, stables, goat sheds, sheep-

folds) and with auxiliary facilities (feed room, root house, service 

depot, agricultural machines shed etc.) have been considered for 

the first time. The capacities of livestock farms have been deter-

mined and unified nomenclature of cattle-breeding cooperative 

buildings has been proposed. The formation of new livestock co-

operative buildings has been carried out based on analysis of state 

design standards, technological design norms (GSN and Depart-

mental Norms of Production Engineering), design experience and 

construction. The design of a cooperative and blocked main pro-

duction building should be carried out on the basis of the proposed 

typology of cooperated buildings (Fig. 5).  
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Fig. 4: Principles of cooperation and blocking of buildings  

and structures matrix:  
 

1 – blocking is possible according to constructionability; 2 – the same on 

the basis of the detected blocking elements; 3 – cooperation is possible on 
the basis of zoning; 4 – the same for functional and technological expedi-

ency; O, Ø – blocking is impossible because of the constructive and tech-

nological inexpediency; Δ, *, + – cooperation is impossible according to 

veterinary, fire-fighting and sanitary requirements 

In forming the typology, the enterprise production requirements 

were considered primarily. For example, if a farm specializes in 

the dairy production, then livestock is managed properly: cows – 

for milk, swine – for meat, horse – for in-farm transportation. All 

these animals are in the appropriate ratio [5]. 

The maximum number of livestock, which can be combined, was 

determined according to the engineering design code, based on 

both the normative and measured microclimate indicators stand-

ards of cattle-breeding small-volumetric cooperative buildings. 

Increasing the livestock number in the room significantly affects 

the deterioration of the room internal climate, and therefore, in the 

entire building as a whole [8]. In this case, livestock buildings 

blocking is impractical. 
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Fig. 5: Typology of livestock small-volumetric cooperative cattle-breeding 

buildings for farms 

Unification of massing for livestock buildings, that is, cooperating 

a large number of such planning elements, such as a horse stable, a 

horse stall, to one cooperative functional-technological block was 

based on the building rational planning, planning elements place-

ment, their capacity, ensuring sufficient feeding area, normal pas-

sageways and driveways for maximum mechanization of feed 

distribution and cattle manure removal.  

On the basis of functional-technological units, it is possible to 

form cattle-breeding building design decision, but as the task is 

multifunctional, the layout may be different, therefore it is better 

to use computer technology. 

To determine the parameters of the service premises of the coop-

erative and blocked building, the algorithm for calculating the 

total area and production area of the livestock building and the 

block diagram of the SPACE program (Fig. 6) was developed. 

With the help of compiled algorithms for calculating the parame-

ters of a low-volumetric cattle-breeding building and control-

flowcharts, it became possible to simulate and determine the plan-

ning structure of rooms on a PC [15]. 

It is proposed to form the model of the cooperative livestock 

building object on the basis of dividing the “building block” sys-

tem into components of types B (space-planning organization) and 

F (functional-technological structure). When creating quality 

standards models, the separate livestock buildings design process 

analysis was carried out, then objects properties hierarchical 

scheme was constructed and its research was carried out. The 

main criteria for the blocked buildings planning decisions optimal-

ity include: "livestock and human flows", "functional relation-

ships" and "compatibility". 
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Fig. 6: Block diagram for cooperative and blocked buildings determining 

planning parameters using PC 

The criterion "livestock and human flows" describes the function 

=
nn

ijij krF1 ,  

where rij
n –is the movement frequency of a type "n" user between 

rooms i and j;  

kn – the relative importance of the building type "n" user. 

The criterion "functional relationships" describes the function 

=
ll

ijij kФF2 ,  

where Фij
l = 1, if the relationship exists, Фij

l = 0 if the relationship 

does not exist;  

kl – weighting factor for assessing the relative importance of type 

"l" links. 

The criterion "compatibility" describes the function  

=
mm

ijij ksF3 ,  

where Sij
m – is the value (1 or 0) to determine buildings compati-

bility according to the type of obstacle "m"; km – a weight value to 

assess the relative importance of an obstacle such as "m" [7, 9, 14]. 

Functional and technological links of separated livestock buildings 

with auxiliary buildings and premises were considered in the final 

layout design. In the cooperative livestock building reference lay-

out developing process, a variant selection of the space-planning 

decision was carried out considering the areas and significant 

values of connections and all the building components relative 

position were determined (Fig. 7). 
The formation of the space-planning decision of live-stock build-

ings is determined by the farm direction and specialization, the 

production processes technology, the biological type and size of 

animals, the system of their maintenance, feeding methods, water-

ing, manure removal, etc. At the same time, the climatic condi-

tions of the construction area, the internal climate parameters pro-

duction facilities, the ensuring maximum efficiency in the use of 

investment, the possibility of enterprise further development and 

specialization, the maximum use of the enterprise capacity by 

means of buildings reconstruction and modernization should be 

considered. 
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Fig. 7: Layout of the livestock buildings planning structure: 
a – the scheme of output configuration; b – reference layout diagram;  

c – the planning scheme of the cooperated cattle-breeding building;  

1 – pigsty; 2 – cow shed; 3 – stable; 4, 14, 24 – farm equipment;  
5, 12, 23 – bedding storage; 6 – artificial insemination point;  

7, 15, 26 – staff room; 8, 20 – feed processing room; 9 – compound feed 

storage; 10, 18 – ventilation chambers; 11, 19 – switchboard room;  
13, 22 – forage storage; 16 – milk storage and milk equipment washing 

room; 17 – hay storage; 21 – root storage; 25 – harness room;  

27 – weight room; 28 – service point; 29 – fire tanks; 30 – water tower;  

31 – manure storage 

Floor area should be calculated depending on the rational planning 

and placement of individual functional and technological elements 

(stalls, boxes, sections, boar pens, box stalls, passages, canals, 

feeding troughs, drink troughs, etc.). 

When choosing a space-planning decision for the pigsty, age of 

animals should be considered, and therefore it is necessary to di-

vide them into gender and age groups, to change feeding methods, 

to increase the boar pens size. Therefore, premises rational plan-

ning, machines placement, their capacity, ensuring sufficient feed-

ing area, normal passages for maximum mechanization of feed 

distribution and manure removal are of great importance. 

Blocking of buildings for reproduction of livestock and young-

stock breeding is acceptable. Blocked rooms, insulated by walls, 

should have separate exits to the outside. 

The choice of livestock space-planning decisions depends on the 

cattle system, the placement of individual technological elements 

(stalls, boxes, cages, feeding troughs, water troughs, passages, 

manure removal trays, etc.), as well as a milking system for cows. 

Design and construction of buildings for keeping sheep is carried 

out considering the systems of their keeping in accordance with 

in-house process engineering standards-agro-industrial complex. 

When pasture-stall system, lightweight three walled sheds are 

built for keeping cattle on winter pastures. Sheepfolds, roofs, or 

lightweight vaulted sheepfolds with low walls without garret 
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floors are built for youngsters and for caraculs in areas with long 

winters and in areas with an estimated outside air temperature not 

lower than −20 ° C, but with large fluctuations and strong winds. 

The lambing part of sheepfolds is closed.  

The choice of space-planning decisions of goat sheds depends on 

the age and sex characteristics of the animals. 

The space-planning decision of stables is determined by the sex, 

age, size and purpose of the animals [5]. 

When designing cooperative livestock buildings, it should be fo-

cused on the plan compactness, functional zoning clarity and 

premises interconnection, architectural and planning design flexi-

bility that allows to transform the room for its multifunctional use, 

periodic capacity and redevelopment increase due to changes in 

function, the possibility of new forms of maintenance organizing 

and developing, availability of summer space for seasonal expan-

sion and interaction with the environment. These qualities provide 

the building space-planning structure optimality, its work high 

efficiency, convenient maintenance of animals. Space-planning 

decisions of buildings and structures should be carried out consid-

ering the possibility of their easily refocusing as for new technolo-

gies according to market requirements [10]. 

3. Conclusions  

On the basis of the conducted research, the farm functional plan-

ning organization features were established; the factors forming 

the livestock buildings were determined. Proposals and recom-

mendations for the design of low-volumetric livestock cooperative 

and blocked buildings were developed. It is proved that the coop-

eration and blocking of low-volumetric buildings is possible if it 

does not contradict the technological process conditions, construc-

tive decision, safety, veterinary and zootechnical, sanitary and fire 

safety rules and it is relevant for technical and economic consider-

ations. In general, the cooperation and blocking of livestock build-

ings should ensure: rational interchangeable arrangement, individ-

ual premises connection and insolation, paths reduction for both 

animals and service personnel; work organization advanced tech-

nologies and methods introduction; planning decisions flexibility 

that allows to change the premises structure considering the oper-

ating conditions and ease of use; labor costs reduction for the 

buildings construction and operating costs per unit volume; im-

provement in both construction and performance. On the basis of 

the conducted research, the formation of new types and the no-

menclature of livestock cooperative buildings with various types 

of animals, the pattern of possibility such buildings cooperation 

and blocking. 

The proposed method of cooperated and blocked livestock build-

ings modeling and planning structure on the basis of the main 

optimization criteria are defined that allows to form the space-

planning decisions of such buildings with the functional and tech-

nological connections maximum reduction. 

References  

[1] Uhnivenko AM, The reasons constraining the development of beef 

cattle breeding in Ukraine and areas of its growth, Kyiv, 
Vydavnychyy tsentr NUBiP Ukrayiny (2013), 

http://journals.nubip.edu.ua. 

[2] Loyon L, Burton CH, Misselbrook T, Webb J, Philippe FX, Agui-
lar M, Doreau M, Hassouna M, Veldkamp T, Dourmad JY, Bonma-

ti A, Grimm E, Sommer SG, Best available technology for Europe-

an livestock farms: Availability, effectiveness and uptake, Journal 
of Environmental Management (2016), 166. 

https://doi.org/10.1016/j.jenvman.2015.09.046 

[3] Nesterenko SV, Khazin VY, Podsyekin YuM, Osoblyvosti 
funktsionalno-planuvalnoyi orhanizatsiyi terytoriyi fermerskoho 

hospodarstva, Resursoekonomni materialy, konstruktsiyi, budivli ta 

sporudy, Vol. 22, Rivne: NUVHP, (2011), 749-752 
[4] Li Rong, Dezhao Liu, Erling F. Pedersen, Guoqiang Zhang “Effect 

of climate parameters on air exchange rate and ammonia and me-

thane emissions from a hybrid ventilated dairy cow building”, En-

ergy and Buildings, Vol. 82 (2014), 632-643. 
https://doi.org/10.1016/j.enbuild.2014.07.089 

[5] Chayan Kumer Saha, Guoqiang Zhang, Peter Kai, Bjarne Bjerg 

“Effects of a partial pit ventilation system on indoor air quality and 
ammonia emission from a fattening pig room”, Biosystems Engi-

neering, Vol. 105, Issue 3 (2010), 279-287. 

https://doi.org/10.1016/j.biosystemseng.2009.11.006 
[6] Khazin VY, Budivli i sporudy ahropromyslovoho kompleksu: 

navch. posib., K. : Vyshcha shkola (2006), 255 p. 

[7] Olivera Ecim-Djuric, Goran Topisirovic “Energy efficiency optimi-

zation of combined ventilation systems in livestock buildings”, En-

ergy and Buildings”, Vol. 42, Issue 8 (2010), 1165-1171. 
https://doi.org/10.1016/j.enbuild.2009.10.035 

[8] Ehab Mostafa, Richard Hoelscher, Bernd Diekmann, A.E. Ghaly, 

Wolfgang Buescher “Evaluation of two indoor air pollution abate-
ment techniques in forced-ventilation fattening pig barns”, Atmos-

pheric Pollution Research, Vol. 8, Issue 3 (2017), 428-438. 

https://doi.org/10.1016/j.apr.2016.11.003 
[9] Ronja Vitt, Lutz Weber, Werner Zollitsch, Stefan J. Hörtenhuber, 

Johannes Baumgartner, Knut Niebuhr, Martin Piringer, Ivonne An-

ders, Konrad Andre, Isabel Hennig-Pauka, Martin Schönhart, Gün-

ther Schauberger “Modelled performance of energy saving air 

treatment devices to mitigate heat stress for confined livestock 

buildings in Central Europe”, Biosystems Engineering, Vol. 164 
(2017), 85-97. https://doi.org/10.1016/j.biosystemseng.2017.09.013. 

[10] Ji-Qin Ni, Claude A. Diehl, Shule Liu, Igor M. Lopes. John S. Rad-

cliffe. Brian Richert “An Innovative Ventilation Monitoring System 
at a Pig Experimental Building”, Int. Symp. on Animal Environ. & 

Welfare (2015), Chongqing, China, 58-65. 

[11] Wathes CM, Phillips VR, Holden MR, Sneath RW, Short JL, 
White RP, Hartung J, Seedorf J, Schroder M, Linkert KH, Peder-

sen S, Takai H, Johnsen JO, Koerkamp PWGG, Uenk GH, Metz 

JHM, Hinz T, Caspary V, Linke S, “Emissions of aerial pollutants 
in livestock buildings in Northern Europe: Overview of a multina-

tional project”, Journal of Agricultural Engineering Research. – No. 

70, (1998), 3-9.  
[12] Bunton B, O'Shaughnessy P, Fitzsimmons S, Gering J, Hoff S, 

Lyngbye M, Thorne P, Wasson J, Werner M, “Monitoring and 

modeling of emissions from concentrated animal feeding opera-
tions: Overview of methods”, Environmental Health Perspectives, 

Vol. 115, Issue 2 (2007), 303-307 https://doi.org/10.1289/ehp.8838. 

[13] Hartung J, Phillips VR, “Control of Gaseous Emissions from Live-
stock Buildings and Manure Stores”, Journal of Agricultural Engi-

neering Research, Vol. 57, Issue 3 (1994), 173-

189.https://doi.org/10.1006/jaer.1994.1017 
[14] Nesterenko SV, Osnovy modelyuvannya kooperovanoyi i bloko-

vanoyi budivli za dopomohoyu kompyuternoyi tekhniky, Komunal-

ne hospodarstvo mist: Seriya «Tekhnichni nauky ta arkhitektura», 
Vol. 99, Kharkiv, KhHNAMH, (2011), 494-499. 

[15] Avstorske svidotstvo № 79514. Kompyuterna prohrama dlya 

vyznachennya parametriv vyrobnychykh prymishchen kooper-
ovanoyi i blokovanoyi tvarynnytskoyi budivli «SPACE» / SV 

Nesterenko. – reyestr. 01.06.18,− Byul. № 49. 

 
 

 

http://journals.nubip.edu.ua/index.php/Tekhnologiya/%0barticle/viewFile/3174/3098
https://doi.org/10.1016/j.jenvman.2015.09.046
https://doi.org/10.1016/j.enbuild.2014.07.089
https://doi.org/10.1016/j.biosystemseng.2009.11.006
https://doi.org/10.1016/j.enbuild.2009.10.035
https://doi.org/10.1016/j.apr.2016.11.003
https://doi.org/10.1016/j.biosystemseng.2017.09.013
https://doi.org/10.1289/ehp.8838
https://doi.org/10.1006/jaer.1994.1017

