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1. Foreword
7KHGHÀQLWLRQRIGDLU\FRZKRXVLQJFKDUDFWHULVWLFVUHTXLUHVWKHXQGHUVWDQGLQJDQGNQRZOHGJHRIYDULRXVLQWHUUHlated subjects such as: ethology, animal husbandry, handling of the animals, optimization of the working conditions,
protection of the people against accidents, ventilation of livestock buildings, properties of materials, landscape
integration, manure management, etc.
This means that, in the majority of the cases, competences of several specialists must be combined to produce a
GHVLJQVROXWLRQWKDWDVIDUDVSRVVLEOHDSSURDFKHVWKHLGHDODQGVDWLVÀHVWKHIDUPHUVGUHDPZKHWKHULWLVWKHGHsign of a new building to house their animals that are in full lactation, in a dry period or in a period of rearing. The
overall cost of the project must also be taken into account, because it has an impact on the production cost of the
milk produced.
)RUWXQDWHO\VFLHQWLÀFOLWHUDWXUHDQGNQRZOHGJHLVFRQWLQXDOO\EHLQJDGGHGWRE\WKHUHVXOWVRIUHVHDUFKZRUNGHvoted to one or more of the aspects evoked above. This allows the designer of livestock buildings to have access to
multiple, varied and invaluable sources of information, which they then include in each step of the design process.
The challenge is then to integrate all this information into the project and produce a coherent design with which
both the user and the designer can be pleased.
This document, which has been compiled by the “Cattle Housing” working group of the International Commission of
$JULFXOWXUDODQG%LRV\VWHPV(QJLQHHULQJ &,*5 KDVKRSHIXOO\FRPELQHGWKHPDQ\VFLHQWLÀFGDWDDQGWKHUDQJHRI
H[SHUWLVHRILWVPHPEHUVLQPDQ\DVSHFWVRIFDWWOHKRXVLQJ,WLVWKHUHVXOWRIDQHQWKXVLDVWLFDQGSURÀWDEOHFROODERration that has been spread out over several years. Indeed, the group has included specialists originating from 10
countries across Europe and North America, who have invested a considerable amount of time and effort to produce
a document which they hope will be useful to all those involved in the design of cattle housing (designers, farmers,
manufacturers etc.). They also hope that it will contribute to place dairy cows in excellent housing conditions and
that it will help to increase the sustainable character of the dairy sector.
It was, for me, a privilege to chair, as well as take part in, the work of the working group and I thank each member
for their devotion to duty and the enthusiasm they have shown throughout the process. I would also like to thank all
those behind the scenes who have, in one way or another, also contributed to the realization of this report.
Josi FLABA
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2. Fundamentals
Table 2.1.2.1: “CIGR-Standard”: dimensions of calves, heifers and cows (for Holstein Friesian) The dimensions refer
to the average size within the weight interval

2.1 BODY DIMENSIONS
2.1.1 BASIC LINEAR DIMENSIONS
Knowledge of the basic dimensions of animals and the space
WKH\UHTXLUHWRSHUIRUPEDVLFEHKDYLRXUVHJO\LQJIHHGing or walking, is fundamental to the design of cow housing. Farmers seldom measure their animals before making
decisions about housing. If successful housing solutions are
to evolve, then farmers should be encouraged to make at
least the basic measurements as outlined in Fig 2.1.1.1 or
EHJXLGHGE\VWDQGDUGGHVLJQÀJXUHVZKHUH
H
L
W

-

Category
of
animals

Weight
(kg)

H
(m)

L
(m)

W
(m)

Age
(month)

Calves

100

0.9

0.84

0.27

3-4

200

1.09

1.17

0.35

5-6

150-249

1.09

1.17

0.35

4-7

250-349

1.19

1.31

0.42

8-11

350-449

1.27

1.42

0.47

12-15

450-549

1.33

1.51

0.52

16-20

> 550

1.38

1.59

0.55

21-24

550-649

1.40

1.69

0.55

> 24

650-749

1.44

1.75

0.60

> 24

750-850

1.48

1.80

0.64

> 24

Heifers

Height at withers
Diagonal body length
Width of chest
Dairy
cows

2.1.3 RELATIONSHIP BETWEEN LINEAR BODY DIMENSION
AND BODY WEIGHT
An animal’s live-weight (mass) and age are often well known
and are commonly used for making judgements about its
VSDFHUHTXLUHPHQWV7KLVSURFHGXUHLVQRWDFFXUDWHHQRXJK
for good design practice, unless there are clearly established relationships between weight and body dimensions.
These relationships vary widely between different breeds
and even between individual animals of the same breed.
Tables 2.1.3.1 and 2.1.3.2 illustrate the range of variation
that can occur.

Figure 2.1.1.1: body dimensions of cows.
2.1.2 CIGR STANDARDS ANIMAL DIMENSIONS
Table 2.1.2.1 “CIGR-Standard” is an overview of existinganimal dimensions of heifers and cows that can be adapted
for practical design work, in the absence of more precise
knowledge of the size of animals to be housed. These “CIGR-Standard” dimentions are especially suitable for Holstein Friesian cows.

Table 2.1.3.1: dimensions of Simmental (Fleckvieh) cows in Austria (Jauschnegg, 1994). Values shown are mean values (average) together with the minimum and maximum values
Weight
(kg)

H
(m)

L
(m)

W
(m)

Min.

Average

Max.

Min.

Average

Max.

Min.

Average

Max.

500

1.20

1.27

1.35

1.37

1.48

1.60

0.38

0.46

0.54

600

1.26

1.33

1.40

1.46

1.57

1.67

0.44

0.52

0.60

700

1.30

1.37

1.43

1.52

1.62

1.73

0.50

0.57

0.65

800

1.32

1.38

1.45

1.54

1.62

1.73

0.54

0.62

0.70
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Table 2.1.3.2: dimensions of cows of various breeds in Austria at 650 kg (Jauschnegg, 1994). Mean values (average) together
with minimum and maximum values
Breed
(cows at 650 kg)

H
(m)

L
(m)

W
(m)

Min.

Average

Max.

Min.

Average

Max.

Min.

Average

Max.

Simmental (Fleckvieh)

1.28

1.35

1.42

1.49

1.60

1.71

0.47

0.55

0.63

Brown Swiss

1.29

1.37

1.46

1.54

1.63

1.72

0.46

0.52

0.58

Holstein Friesian

1.31

1.39

1.48

1.59

1.68

1.78

0.45

0.51

0.57

tain behaviour at a certain time is still not clear. An animal
always tries to proceed from the present situation (existing
YDOXH WRWKHJRDO UHTXLUHGYDOXH 2QO\ZKHQWKHJRDOFDQ
be reached, the behaviour will end in an appropriate way
and welfare will be assured.

In “Aspects of Design” (Chapter 3) the width, length and
DUHD RI WKH VSDFH UHTXLUHG E\ DQ DQLPDO DUH H[SUHVVHG DV
IXQFWLRQVRIWKHGLPHQVLRQV+/DQG:DVGHÀQHGDERYH
This method is adopted in an attempt to ensure that space
provided in the housing design is more closely related to the
actual size of animals to be accommodated.

Functional consequences
In practice, in the absence of actual dimensions, the designer will need to make subjective judgements about the
size of the cows to be housed. To this end Tables: 2.1.2.1,
2.1.3.1 and 2.1.3.2 give guidance. For safety and to accommodate the general increase in the size of cows (for example, sizes that may be associated with breed improvement)
one should base designs on the dimensions of the larger animals in the herd or in the group.

When an animal is motivated, it will perform one or more
behavioural patterns. According to the Hughes & Duncan
(1988) model of foraging behaviour, proper functional conVHTXHQFHV DUH WKH PDLQ UHDVRQ IRU DQ DQLPDO FHDVLQJ WKH
behaviour. Therefore, creating opportunities for appetite
behaviour alone (one part of the total foraging process) is
not enough. This simply strengthens the animal’s motivation but does not allow the animal to achieve satisfaction.
Even the presence of the means to achieve a behavioural
goal is not always enough since providing a food supply for
even a short duration will also strengthen motivation. Only
completing the whole cycle leads to a longer term decrease
of motivation.

2.2 DESIGNING FACILITIES TO MEET ANIMAL NEEDS
2.2.1 BASIC ANIMAL NEEDS AND REQUIREMENTS
In the 1960’s, discussions about animal welfare led to the
basic rights for animals being established (Brambell, 1965).
Certain basic physical needs in relation to housing were reFRJQLVHG7KHVHZHUHWKHULJKWRIDQDQLPDOWRKDYHVXIÀcient freedom of movement to allow it to get up, lie down,
groom normally, turn around, and stretch its limbs, without
GLIÀFXOW\

Predictability and controllability
The predictability and controllability of environmental conditions should be included in any discussion about behavioural needs. They are of crucial importance in evaluating
VWUHVV&RQWURORIHQYLURQPHQWIDFWRUVHJWKRVHLQÁXHQFLQJ
social interactions and feeding times, should be optimal.
The predictability of response to certain behaviour should
be monitored and reviewed regularly so that frustration and
competition in the stock is kept to a minimum

Since then research has been done to clarify behavioural
needs or goals. Works of relevance to the achievement of
behavioural goals, which are important for the animal deserve special mention. Animal motivation and the functional
FRQVHTXHQFHVRIEHKDYLRXUDOSURFHVVHVDUHDQLPSRUWDQWLVsue for a designer of facilities as they may affect animal
welfare.

Social contacts
Cows are gregarious animals living in groups. Each animal
needs physical and visual contacts with other members of
her species to exhibit normal behaviour.

$W SUHVHQW LW LV JHQHUDOO\ DJUHHG WKDW WKH EDVLF UHTXLUHments for welfare of livestock are:

Cows that are familiar with other cows come close together
and groom and lick each other. They lie down close together
and may stay together in the same part of the building for
long periods of time. Cows that are close to calving will,
preferably, be isolated from the herd to give birth in a loose
housing pen with plenty of litter e.g. straw, wood shaving,
sand. When the cow is in the separate pen, she should ideally maintain visual contact with herd members otherwise
she may be stressed (e.g. agitated, bellowing) and this may
lead to calving problems.

1. the provision of readily accessible fresh water and nutriWLRQDOO\DGHTXDWHIRRGDVUHTXLUHG
 DGHTXDWH IUHHGRP RI PRYHPHQW WR H[SUHVV QRUPDO EHKDYLRXU
IUHHGRPIURPIHDUDQGGLVWUHVV
VRFLDOFRQWDFWZLWKKHUGPDWHV
IUHHGRPIURPGLVFRPIRUWSDLQLQMXU\DQGGLVHDVH
VXIÀFLHQWOLJKW
7. complexity and change in their environment to avoid
ERUHGRPDQG
8. avoidance of unnecessary mutilation.

For socially gregarious animals like cows, daily routine is
important to their behaviour and to reduce competition between animals. Daily routine is different according to the
management situation that the animals are in: e.g. on pasture, in a building or in a building with an automatic milking system (AMS) (sometimes called a voluntary milking sys-

Motivation
The cow is stongly motivated to rest, feed, drink and move
around. However, the need for an animal to carry out a cer-
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favourable conditions such as animal overcrowding, high
air humidity, air with too many dust particles, excessive
air movements (draughts) or excessively high air temperature. To prevent diseases, it is advisable to limit the number
of facultative pathogens living in the air because it is not
possible to destroy them completely. Good ventilation and
appropriate animal occupation density are two important
measures to help prevent respiratory diseases.

tem – VMS). On pasture the animals are exhibiting the same
behaviour all together: grazing, resting, drinking, etc. In a
building, the routine is dependent for the largest part on
the times of milking and feed distribution. In a building with
AMS, the milking is spread around the clock and the routine
of activities is less regular. Each cow has her own rhythm.
Stress

To prevent the spread of infection within the herd it is recommended to isolate ill animals as soon as possible and
to have enough room or pens for them. The cohabitation
of animals of various ages and the bringing together of animals coming from different farms represent a situation with
PDQ\ ULVNV $ TXDUDQWLQH SUDFWLFH IDFLOLWLHV DQG PDQDJHment) for purchased animals is advisable to diminish the
risk of disease outbreak. Grouping of cows with regard to
somatic cell count to avoid transmission of infections can
be recommended.

Intelligent animals need a complex and changing environment just as much as they need predictability and controllability. Besides ethological and physiological disturbances,
excessive stress can also have negative effects on the animal’s immune system and make animals more sensitive to
infectious disease. However, boredom (lack of environmental stimulation) can be just as harmful as too much stress.
+RXVLQJ VXEPLVVLYH DQLPDOV LQ D EXLOGLQJ ZLWK LQVXIÀFLHQW
space can create a chronic stress situation because they
fear close contacts with dominant animals and may experience severe aggression from their herd mates.

Control of microbe populations and comfortable housing are
the two important points that help preserve the health of
a dairy cow.

The climatic environment can cause stress since animals
PD\ KDYH GLIÀFXOWLHV PDLQWDLQLQJ WKHLU ERG\ WHPSHUDWXUH
particularly when their environment is at a very high or very
low temperature.

1RZDGD\VDVLJQLÀFDQWSHUFHQWDJHRIDQLPDOVDUHDIIHFWHG
by lameness, mastitis, reproduction disorders, metabolic
disorders (e.g. milk fever, ketosis, etc.) that are responsible
for poor cow longevity in many herds. The impact of these
problems on the cost of producing milk is important and
good house design and management have a role to play in
minimising their effects.

2.2.2 ANIMAL HEALTH
In many cases, concern about welfare is largely about the
physical health of the animals and the economic conseTXHQFHVRIWKHLUKHDOWK+RZHYHUHYHQLIFRQVLGHUDWLRQLV
FRQÀQHG WR WKH YHU\ OLPLWHG LVVXH RI NHHSLQJ WKH DQLPDOV
free from costly diseases, the situation will be far from simple. Disease is generally multifactorial and housing is only
one of many factors involved. Furthermore, housing cannot
be considered as a single factor, since a housing system can
comprise a number of different designs and might include or
H[FOXGHGHWDLOVWKDWLQÁXHQFHWKHLQFLGHQFHRIDFHUWDLQGL
VHDVH:KDWFDQEHGRQHLVWRÀQGRXWKRZVRPHGHWDLOLVLQvolved in the disease, e.g. how does the length of a stall or
the area of the straw yard per animal affect contamination
RI WKH O\LQJ DUHD DQG KRZ GRHV VXFK FRQWDPLQDWLRQ LQÁXence the incidence of mastitis. Even with such information
one must be careful since a different stall design might well
have features that would alter the desired length, or the
incidence of mastitis might rely more on other factors (e.g.
LPPXQHVWDWXVSURGXFWLYLW\PLONLQJHTXLSPHQWRUIHHGLQJ 
than on contamination of the lying area.

Lameness in cattle is related to housing, feeding, breeding
DQGPDQDJHPHQW6SHFLÀFPHDVXUHVFDQUHGXFHWKHSUHYDOHQFHRIODPHQHVVVXFKDVIUHTXHQWÁRRUVFUDSLQJUHJXODUO\
foot bathing and foot trimming, etc.
Mastitis is caused by pathogens living in the environment
but housing may increase the pressure of infection. InaGHTXDWH FXELFOH GLPHQVLRQV FKDUDFWHULVWLFV RI SDUWLWLRQV
lack of space in the resting area in loose housing, etc., may
cause soiling of the resting area resulting in a negative imSDFWRQXGGHUKHDOWK3RRUDLUTXDOLW\LQDEXLOGLQJDQGLQ
WKHUHVWLQJDUHDGXHWRLQDGHTXDWHDLURSHQLQJVSURYLGLQJ
LQVXIÀFLHQW YHQWLODWLRQ FRPELQHG ZLWK KLJK WHPSHUDWXUHV
and humidity of the air, creates optimal conditions for the
development of micro-organisms living in the environment.
In addition, the functioning of the milking machine, and hygiene at milking, are also possible causes of mastitis.

&RQVHTXHQWO\SUHGLFWLQJWKHFRQVHTXHQFHRIDOOWKHGHWDLOV
combined in any one housing system can only be speculative.

Poor reproductive performance may have many causes:
LQDGHTXDWHQXWULWLRQSRRUKHDWGHWHFWLRQSRRUK\JLHQHDW
FDOYLQJDQGGXULQJDUWLÀFLDOLQVHPLQDWLRQDVZHOODVVOLSSHU\
ÁRRUVWKDWDIIHFWKHDWEHKDYLRXU

In unnaturally dense populations of housed farm animals,
the risk of infection will be high. To some extent, this
elevated risk can be counteracted by an increase in activity
RIWKHDQLPDOV·LPPXQHV\VWHPV,WLVDTXHVWLRQRIJHWWLQJ
WKH EDODQFH ULJKW :KDW LV UHTXLUHG LV D OHYHO RI LQIHFWLRQ
that allows animals to develop immunity to disease, but not
such a high level that it causes disease in animals with immunity. Non-infectious contaminants, such as inert dust particles and ammonia gas, can also harm animals by causing
damage to the respiratory defence mechanism. Such agents
can make the animal less resistant to infection and allergies.

Metabolic disorders may be caused by poor nutrition and
LQDGHTXDWH IHHGLQJ PDQDJHPHQW 7KH EXLOGLQJ LV UDUHO\
UHVSRQVLEOHIRUPHWDEROLFGLVRUGHUVEXWLQVXIÀFLHQWGLPHQsions of passages that affect the movements of submissive
animals and the time they stay eating at the feeding barrier
PD\LQFUHDVHWKHIUHTXHQF\RIPHWDEROLFGLVRUGHUV
2.2.2.1 Animal injuries
In loose housing three kinds of injuries are common: teat
injuries, leg or claw injuries and skin injuries. Generally,
WHDW LQMXULHV DUH FDXVHG E\ LQVXIÀFLHQW VSDFH IRU DOO FRZV
to lie comfortably on bedded pack space or in cubicles and
by poorly designed cubicle divisions (partitions) and other
HTXLSPHQW

In dairy production, with high yielding cows, the facultative
pathogens normally living in the air and suspected of cauVLQJUHVSLUDWRU\GLVHDVHVEHFRPHGDQJHURXVRQO\LIWKH\ÀQG
5

Floors have to be designed to prevent leg and claw injuULHVDQGWRFDXVHVXIÀFLHQWZHDUWRDYRLGRYHUJURZWKRIWKH
hoof. It is important to inspect cows’ hooves regularly and
to trim them when necessary. A foot bath can be used as
one part of an effective means of treating and disinfecting
cows’ feet.

bidden. In this respect, new systems have been developed
to improve both the cleanliness of cows and their comfort.
2.2.3 CATTLE BEHAVIOUR
Nowadays, it is not unusual to have groups of cows of about
200 animals living together in the same facility. In such large
groups sub-groups may be formed for ease of management.
In practice, group size depends on management factors such
as herd supervision, milking and feeding. The formation, by
the farmer, of smaller groups within a herd is usually based
on factors such as milk yield (high/low yielders), dry cows,
ÀUVWFDOYLQJFRZVUHSODFHPHQWVGLHWGDWHRIFDOYLQJDJH
of the cows and status of somatic cell count (mastitis) or
other infectious diseases.

Other surface injuries result mainly from aggressive behaviour, often aggravated by too little space being provided
IRU VXEPLVVLYH FRZV WR HVFDSH DQG LQDGHTXDWH HTXLSPHQW
GHVLJQLQVWDOODWLRQRUPDLQWHQDQFH(PSKDVLVRQDGHTXDWH
dimensioning of all areas is therefore essential.
Furthermore, aggressive behaviour is very dependent on the
TXDOLW\RIKHUGPDQDJHPHQWHVSHFLDOO\RQWKHIHHGLQJUHgime and the competence of the stockperson.

In many modern dairy units cows are kept indoors for most
of the year. Therefore, it is important to ensure that, whatever housing system is provided, behavioural needs (e.g.
resting, feeding, drinking and milking) are properly met.

The dehorning (where legally permissible) of animals deFUHDVHVWKHFRQVHTXHQFHVRIDJJUHVVLYHQHVVDQGKHOSVSUHvent animal injuries. Dehorning also diminishes the danger
to stockpersons during animal handling. If animals are not
dehorned, to prevent injuries, it may be necessary to adapt
HTXLSPHQWHJIHHGLQJEDUULHUVDQGWRLQFUHDVHWKHVSDFH
of certain elements of the building, e.g. resting area’s, passageways, etc.

2.2.3.1 Resting
In loose housing systems cows often rest for between 10
and 14 hours per day spread out over 10 to 15 periods. Resting behaviour depends on various factors including times of
IHHGLQJ DQG PLONLQJ IHHGLQJ IUHTXHQF\ DQG PDQDJHPHQW
Resting time is divided into lying time without sleep and
lying time with sleep and total muscle relaxation. For the
latter, the cow should be able to lie down with her head
resting on and supported by the shoulder, so that the neck
muscles can relax (Figure 2.2.3.1.1). To avoid disturbance
and ensure suitable opportunities for resting, enough cubicles or space should be available for each cow.

2.2.2.2 Hygiene
Since dairy farms produce milk for human consumption the
cows must be clean. Dirt on the cow can end up in the milk
and dirty udders will lead to a higher incidence of mastitis.
The udder is not the only part of the cow that should be
kept clean. The cow will exhibit a behavioural need to keep
clean by grooming and a wet, dirty coat will lose much of its
insulating and protective properties.

To avoid competition in communal lying areas, there should
EHHQRXJKVSDFHIRUDOOFRZVWRÀQGDUHVWLQJSODFHDQGWR
lie down together. If cubicles are used there should be at
OHDVWRQHFXELFOHIRUHDFKFRZ$VDFRQVHTXHQFHRILQVXIÀcient lying area there may be an increase in aggression and/
or disturbances of behavioural rhythms (eating and resting
times). In addition, cows that are unable to lie down will
VSHQG VLJQLÀFDQWO\ ORQJHU WLPH VWDQGLQJ DQG ZLOO KDYH DQ
LQFUHDVHGO\LQJUHTXLUHPHQWZKHQWKH\GROLHGRZQ

Cleaning of dirty cows, particularly before milking, is laERULRXV DQG FDQ EH LQHIIHFWLYH &RQVHTXHQWO\ HYHU\ HIIRUW
should be made to prevent cows from becoming excessively dirty. It is most important to keep the lying area clean,
ZKLFKFDQEHDFKLHYHGE\FRUUHFWGHVLJQVXIÀFLHQWXVHRI
bedding material and regular management of the resting
surface. Recommended maximum as well as minimum diPHQVLRQVRIFXELFOHVDQGVWDOOVVKRXOGEHVSHFLÀHGDQGIRU
example, too wide a cubicle will be more easily soiled with
dung. If animals are dirty, they will be uncomfortable and
the development of ecto-parasites in their coat will be increased.
In loose housing, cows should have access to grooming
brushes. In tied housing (where permitted) manual grooming is necessary.
Walking areas should also be kept reasonably dry and clean
since any dirt picked up on the feet will be deposited on
the lying area and will soil the cow. In addition, dirty hind
legs may be in contact with the udder when the cow is lying down. Wet and dirty walking areas will also reduce the
durability of the hoof horn and make the cow susceptible to
foot diseases.
7LHGKRXVLQJV\VWHPVZKHUHDOORZHGJHQHUDOO\UHTXLUHDQ
increased labour input, when compared to cubicle housing,
if it is to be maintained in a clean condition. In tied housing
electric cow trainers, that gives a cow a shock if she arches
her back to defecate or urinate onto the lying area, can
help keep cows clean but may cause stress and has a negative effect on other aspects of cow welfare, inclu-ding heat
detection. In some countries electric cow trainers are for-

Figure 2.2.3.1.1: natural lying positions (according to
Schnitzer, 1971).
Cows prefer to lie on soft material and resting areas should
EHVXIÀFLHQWO\VRIWWRDOORZJRRGTXDOLW\UHVWLQJ
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In cubicle systems the cubicle is an extremely important
element of the cows’ environment, affecting positively or
negatively its comfort, cleanliness and health. Cubicles
must be designed to ensure that they are comfortable for
cows that are standing, lying down, changing from standing
to lying, or lying to standing and to ensure that the cows
remain clean and healthy during the housing period. Cubicles must be comfortable enough to encourage cows to
use them mainly as a lying place for as long as possible (10
to 14 hours a day). The maintenance of the cubicle needs
special attention to prevent dirty cows and mastitis. The
XVHRIDGHTXDWHEHGGLQJPDWHULDOLVLPSRUWDQWWRNHHSWKH
lying surface clean and comfortable and to prevent injuries
that may arise if the lying surface is aggressive to the skin
of the cows.

lie down, then stops and gets up again and stands on all four
feet again. Another example of abnormal rising behaviour is
where a cow tries to rise like a horse, i.e. not on her knees
but with her front legs straight.
The natural getting up movements of cattle is shown, seTXHQWLDOO\LQ)LJXUH

With AMS the cows are milked according to their own rhythm
DQG D FRQVHTXHQFH RI WKLV LV WKDW WKH UHVWLQJ SHULRGV YDU\
from cow to cow depending on when each cow decides to
go for milking and/or feeding or drinking.
In tied housing systems the cows’ movement and natural
behaviour is restricted. Because many activities take place
in the same area, the tie-stall will always be a compromise
in order to meet different demands of the animal. There
DUHVHYHUDOH[DPSOHVRIFRQÁLFWLQJLQWHUHVWVHJFRZVOLNH
WRKDYHDVRIWVXUIDFHWROLHRQEXWSUHIHUWRVWDQGRQÀUP
JURXQG RU VWDOOV PXVW EH VKRUW WR SUHYHQW WKH FRZ IURP
defecating on the bed but not so short that they disrupt
lying behaviour. Any head restraint needs to allow for ease
of rising and reclining, feed and water access, and comfortable resting.
Lying down and rising behaviour
The natural lying down behaviour begins when the animal
sniffs at the ground while it slowly moves forward in search
of a suitable place to lie down. When the cow has found a
suitable place, it moves its head from one side to the other
to examine the place. Then it bends its front legs, kneels
DQGÀQDOO\FDUHIXOO\PRYHVRQHKLQGOHJXQGHULWVERG\DQG
OLHVRQLW7KHO\LQJGRZQEHKDYLRXUUHTXLUHVHQRXJKVSDFH
so that it can be carried out in a normal way. The head and
body of a mature cow may thrust forward 0.6 - 0.7 metres
during both the lying down and rising process, as a means of
counter balancing the motion.

Figure 2.2.3.1.2: natural rising behaviour of cattle.

:KHQ WKH FRZ ZDQWV WR JHW XS LQ D QDWXUDO ZD\ LW ÀUVWO\
rises to its knees and then, at the same time as throwing its
head forward raises the hind part of its body with its front
leg knees functioning as a rocking point. This movement is
one of the greatest physical activities of cattle. Natural lying down behaviour is the reverse of the movements of the
natural rising behaviour, although animals often move their
hind part slightly side wards inducing a more diagonal lying
position.

2.2.3.2 Feeding
Cows spend 5 to 9 hours a day eating depending on their
diet. Each feeding period (10-15 per day) lasts for approximately 30 to 45 minutes.
The feeding system should, therefore, be designed to avoid
competition, frustration and aggression. The important factors are space per animal, feed availability, barrier design
and time to access. Self locking barriers can avoid competition and are useful for animals’ observation and treatment.
Any restriction in the number of places may result in lowUDQNLQJDQLPDOVUHFHLYLQJLQVXIÀFLHQWIHHGDQGDVDFRQVHTXHQFHWKH\SURGXFHOHVVPLON

Under unrestricted conditions, cows often carry out lying
down and rising activities in one continuous movement.
When cows are kept indoors their movements may be hamSHUHGE\VSDFHVKRUWDJHDQGRUKDUGDQGVOLSSHU\ÁRRULQJ
Lying down and rising movements may be interrupted at different stages or the movements may be carried out abnormally. Where cows exhibit abnormal lying down/rising beKDYLRXULWVIUHTXHQF\LQFUHDVHVZLWKDJH(DFKO\LQJGRZQ
rising procedure may last for several mi-nutes instead of
the usual 15 - 20 seconds and 5 - 6 seconds, respectively. At
the same time there is a higher risk that the cow will injure
herself. An example of abnormal lying down behaviour is
where the cow bends one or both knees as she is about to

2.2.3.3 Drinking
Cows drink up to 130 litres of water in 10 - 15 visits to the
drinker each day (Castle and Thomas, 1975). The consumption of water depends on the dry matter percentage of the
ration, the milk yield and the temperature of the environment (Figure 3.4.2.2).
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animal buildings there is also a higher incidence of respiratory disease.

2.2.3.4 Locomotion
Floors should provide a sure footing for the cow to move
around without fear of slipping or falling. Any slips that
occur during, or as a result of confrontations, can bring the
DQLPDOV LQWR D VWDWH RI FKURQLF VWUHVV 6OLSSHU\ ÁRRUV FDQ
also cause cows to reduce their movement, grooming activiWLHVDQGPRXQWLQJDFWLYLWLHV6OLSSLQJRQÁRRUVLVRQHRIWKH
PDLQFDXVHVRIODPHQHVVLQGDLU\FDWWOH0RYHPHQWGLIÀFXOties can cause irregular hoof wear and lameness. Floors with
JRRG WUDFWLRQ LPSURYH FRZ FRQÀGHQFH ZKLOVW ZDONLQJ DQG
will lead to more natural locomotion and behaviour.

2.2.4.2 Light
Illumination is important in housing, since animals need to
see so they can behave normally, e.g. move, feed, or lie. It
is also important for the stockpersons, so they can inspect
and care for their animals.
The duration of light exposure has an effect on growth performances in heifers and on milk production of dairy cows.
Heifers reach puberty earlier and obtain higher growth rates
when exposed to a regime of 16 hours of daylight when compared to much shorter lengths of daylight (Tucker et al.,
2008). Increased day lengths improve milk production in
dairy cows. Especially during autumn and winter months (in
the northern hemisphere), 16 hours light per day, obtained
SDUWLDOO\E\DUWLÀFLDOOLJKWLQJOHDGVWRDQLQFUHDVHRIPLON
production by 7% to 15% in comparison with no additional
OLJKW HJ5HNVHQHWDO0LOOHUHWDO )XUWKHUmore, after calving, exposing dairy cows to a longer period
of light brings on oestrus earlier (Hansen, 1985). However,
it is important to maintain a minimum period of darkness,
with the optimum duration of darkness being 6 hours per
day, needed to stimulate correct hormone cycles.

2.2.3.5 Stereotypical behaviour
The cow behaves in a way that can accommodate most
situations that arise in nature. However, if cows encounter
situations that they cannot resolve they may be adversely
stressed. For example, if a cow stands beside a dominant
and aggressive cow its natural response would be to walk
away. However, if the cow is unable to do this, she might
become very distressed.
Because of their lack of freedom to behave naturally, tied
cows sometimes exhibit stereotypical behaviour, such as
tongue-playing, bar biting and leaning. Even loose housed
cows can exhibit stereotypical behaviour when faced with
different stressful situations or if they are housed in poorly
designed facilities.

Next to the duration of light exposure, light intensity is important (see par. 2.3.8). Research in this area is still ongoing
and recommendations might change in future. The area of
controlled day length lighting is changing so up-to-date information should be obtained when developing designs and
management practices for controlled lighting.

2.2.4 ENVIRONMENT AND HEALTH
2.2.4.1 Air quality and ventilation
In well ventilated buildings, by natural ventilation, the air
LVJHQHUDOO\RIJRRGTXDOLW\DQGLVQRWWKHFDXVHRIUHVSLUDtory diseases in adult cattle. In general, natural ventilation
RI EXLOGLQJV DOORZV DLU TXDOLW\ WR EH PDLQWDLQHG DW D ORZ
economic cost.

2.2.4.3 Noise
Noise can have a negative impact on animal welfare
:D\QHUW HW DO  6FKlIIHU HW DO   0HDVXUHV
should be taken to avoid noises that can produce fear in
animals (banging of self locking feeding barriers, doors,
PDFKLQHU\HWF HTXDOO\FRQWLQXDOEDFNJURXQGQRLVHV HJ
fans, heat exchangers, etc.) may have the same effect.

In many livestock buildings, animals are densely stocked,
ÁRRUVPD\EHFRYHUHGZLWKIDHFHVDQGXULQHRUXQGHUÁRRU
slatted tanks may hold stored slurry and there can be large
TXDQWLWLHVRIGXVW\IHHGDQGEHGGLQJ$VDFRQVHTXHQFHWKH
air in these heavily occupied buildings can be contaminated
with inorganic dust, spores, moulds, bacterial and viral organisms, gases, vapours and other pollutants. Airborne particles may cause infections, allergies and other responses,
while gases and vapours may be poisonous, asphyxiants or
irritants. These aerial pollutants may be very small or inYLVLEOHDQGPD\QRWVPHOODQGWKXVDUHGLIÀFXOWWRGHWHFW
However, they are easily inhaled.

In milking parlours the level of noise must be as low as possible (milking machine, vacuum regulators, barriers, fans,
radios, etc.) and the milker should not have to shout excessively to be heard.
2.2.5 THE STOCKPERSON
7KH ZHOIDUH RI FRZV ZLOO EH LQÁXHQFHG E\ WKH WUHDWPHQW
they receive from the stockperson. It is important that the
presence of humans does not cause fright or induce stress
reactions. The good stockperson will adopt a caring, friendly and predictable attitude towards the animals.

ln cattle buildings, the most dramatic effect of poor air
TXDOLW\RFFXUVZLWK\RXQJFDOYHVGXULQJWKHÀUVWWZRPRQWKV
of life. Good calf management practice includes feeding
QHZ ERUQ FDOYHV JRRG TXDOLW\ FRORVWUXP PLON LPPHGLDWHO\
after birth. This provides immunity while the calf grows and
develops its own protection system. lt is also important that
young calves are not exposed to massive challenge of airborne infectious agents from older animals, especially durLQJWKHÀUVWPRQWKVRIOLIH7KLVLVWKHPDLQUHDVRQZK\
young calves and adult dairy cows should preferably not be
KRXVHGLQWKHVDPHEXLOGLQJIRUWKHÀUVWWZRPRQWKV$GXOW
cows are more resistant and able to tolerate such aerial
contaminants. However, while adult cows seldom exhibit
clinical symptoms of respiratory disease, their production
performance or general health status might be diminished.
Little is known about such relationships, but it is clear that
amongst people working for prolonged periods in intensive

The attitude of the stockperson and how the cows are handled is especially important during milking because he/she
is in close contact with the cow. The time needed for a cow
going from the collecting yard into the milking parlour is
QHJDWLYHO\ LQÁXHQFHG E\ WKH DWWLWXGH RI WKH VWRFNSHUVRQ
The number of defecations in the milking parlour goes up
if the stockperson has an unfriendly attitude to the cows
(Waiblinger et al., 2003). Finally the milk production goes
down if milking is carried out by an unfriendly person. Facilities that are convenient and helpful for the stockperson
to perform the necessary task and where they are properly
trained can result in improved cow care and handling procedures.
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While a high level of mechanisation will lessen the burden
on the stockperson, it can be counter-productive. In highly
mechanised housing systems, for example, the animals may
not regard the stockperson as the one who brings the food
but as the one who carries out veterinary treatments that
sometimes are painful for them. In such situations it is imSRUWDQWIRUWKHVWRFNSHUVRQWRÀQGRWKHUZD\VLQZKLFKKHU
his presence will elicit a positive response from the cows.
6WRFNSHUVRQV LQYROYHG LQ PDQDJLQJ GDLU\ KHUGV UHTXLUH DQ
aptitude and training to develop the necessary skills in the
XVHRIHTXLSPHQWDQGIDFLOLWLHVWRFRPSOHWHWKHMRE

minimum night temperature is important in helping reduce
any heat stress during the day. Another important factor is
the duration of any exposure to high temperatures.
The animal housing system is also relevant. In a cold climate,
loose housed cows can better adapt if they can lie down on
DGU\OLWWHUHGÁRRUDQGKDYHWKHSRVVLELOLW\RIJURXSLQJWRgether and choosing the more protected sites. This is not
possible for tied cows, which are therefore more susceptible to rapid temperature decreases and to draughts. Loose
housed animals can better adapt in a hot climate by using
VKDGHGDQGZHOOYHQWLODWHGDUHDVDQGZLOOEHQHÀWIURPDFcess to an external yard, when one exists, especially during
the night.

2.3 ENVIRONMENTAL REQUIREMENTS
2.3.1 INTRODUCTION

2.3.3 AIR RELATIVE HUMIDITY

Dairy cows, like all living creatures, have a continuous exchange, in terms of energy and mass, with the surrounding
environment. In this activity, the most important factors
IRUSURGXFWLRQDUHWKRVHLQÁXHQFLQJWKHWKHUPDOH[FKDQJH
(sensible and latent heat) and respiration. Therefore, the
main environmental parameters to be controlled, in order
WR RSWLPLVH DQLPDO KHDOWK DQG ZHOIDUH DQG FRQVHTXHQWO\
production are: air temperature, air relative humidity, radiant temperature, air velocity, noxious gas concentration,
dust concentration and micro-organism concentration.
Other important environmental characters to be considered
along with thermal exchange are light and noise (see also
2.2.4).

$LU UHODWLYH KXPLGLW\ 5+  LQÁXHQFHV WKHUPDO H[FKDQJHV
EXWDOVRPRUHJHQHUDOO\LWLQÁXHQFHVWKHDQLPDOVKHDOWKDQG
welfare. Cows can compensate for reduced capability in
their ability to dissipate metabolic heat in a sensible way
(i.e. when the air temperature approaches the skin temperature) by increasing heat dissipation in a latent way (i.e.
through respiration and evapotranspiration). This ability is
very helpful in a hot climate, and becomes the main method
of heat dissipation where the temperature is over +25°C. A
high RH value will seriously restrict the evaporative heat
loss if it is associated with a high temperature. RH has no
SUDFWLFDOLQÁXHQFHZKHQWHPSHUDWXUHUHPDLQVEHORZ&
2YHUWKLVYDOXH5+RIKDVVLJQLÀFDQWLQÁXHQFHRQSURduction (Figure 2.3.3.1).

0DQ\ VWXGLHV KDYH EHHQ FDUULHG RXW WR GHÀQH WKH FULWLFDO
values of such parameters, but variability of the experimental conditions (animals and treatments) and the different
animal response under test conditions compared to real
IDUPLQJ PDNH LW GLIÀFXOW WR GHÀQH VFLHQWLÀFDOO\ ULJRURXV
thresholds. Therefore, it is more advisable, for our purposes, to make a reference to simple, although approximate,
values of practical use.
2.3.2 AIR TEMPERATURE
:KHQ GHÀQLQJ WKH VXLWDEOH OLPLWV IRU DLU WHPSHUDWXUH ZH
KDYH WR GLVWLQJXLVK EHWZHHQ WKH UHTXLUHPHQWV RI WKH DQLPDOVDQGWKRVHRIPHQDQGRUHTXLSPHQW,QIDFWWKHKXPDQ
response is not the same as that of the animals, especially
in cold climates, where cows can tolerate much lower air
temperatures than men.

Figure 2.3.3.1: milk production variation (%) in relationship
to air relative humidity (RH) and temperature, at an air
speed of 0.5 m/s (Baeta et al., 1987).

For instance, dairy cows, especially the highly productive,
FDQ WROHUDWH ZKHQ DGHTXDWHO\ IHG DQG SURWHFWHG IURP
draughts, very low temperatures (down to –20°C or lower
for Holstein cows) without a decrease in milk production
RIFRXUVHWKHIHHGHIÀFLHQF\ZRUVHQV 7KHUHIRUHLQDFROG
climate, it is most important to avoid excessive air movement around the animals. However, some operations (scrapLQJ ÁXVKLQJ DQG HVSHFLDOO\ PLONLQJ  DQG VRPH HTXLSPHQW
(i.e. drinkers), together with stockman comfort and safety,
UHTXLUHWKDWWKHSUREOHPRIIUHH]LQJLVJLYHQGXHFRQVLGHration.

Excessive air dryness can be dangerous as well. At RH values below 40% dust generation increases and mucous membranes of the upper respiratory tract will become dry. In a
very hot and dry climate the risk of dehydration should be
considered too. In cold climate, high relative humidity can
have negative effects not only by increasing the heat loss,
since the hair coat becomes wet and its insulating property
is reduced, but also by favouring the transmission and multiplication of micro-organisms.
Furthermore, when the internal surfaces of the building
PDLQO\WKHÁRRUV DUHFRQVWDQWO\ZHWLWLQFUHDVHVWKHDQLmals dirtiness and wetness. It may also result in deterioration of building construction. (For practical reference see
Figure 2.3.6.1.1).

Opposite to this, in a warm climate, cows start reducing
their milk production from about +21°C upwards with a
PRUHVLJQLÀFDQWHIIHFWIURP&UHVXOWLQJLQDUHGXFWLRQ
of about 2.5% per degree up to 27°C, –3.5% between 27°C
and 29°C and –5% over 30°C. The threshold value is however
very dependent on milk yield. The more productive cows
are the more sensitive to heat stress. In a hot climate, as it
is practically impossible to keep the internal temperatures
at the optimal level for production, the main goal is to keep
the inside to outside temperature gradient as low as possible (when positive), whatever the temperature level. The

2.3.4 RADIANT TEMPERATURE
Next to air temperature, temperature of the surrounding
surfaces can affect thermal behaviour of animals, as this
LQÁXHQFHVDQ\KHDWH[FKDQJHGWKURXJKUDGLDWLRQ7KHDP9

ELHQW WHPSHUDWXUH FDQ WKHUHIRUH EH EHWWHU GHÀQHG DV D
combination of the air temperature and the surface temperature of the building elements (generally the average of
them). Heat exchange from a cow with the buildings surfaces, through radiation, largely depends on the difference in
their surface temperature and the distance from the facing
bodies. Therefore, it is important to prevent animals being
too close to, or surrounded by, very cold or very hot building surfaces.
A similar effect can be produced on animals by solar radiaWLRQERWKGLUHFWO\DQGLQGLUHFWO\LHUHÁHFWHGE\WKHVN\
and any other nearby or surrounding bodies. Direct solar
UDGLDWLRQLQKRWFOLPDWHVFDQKDYHVHYHUHFRQVHTXHQFHVRQ
animal production and welfare, and must be avoided wherever possible.
Figure 2.3.6.1.1: graph representing limits of similar animal productive response as a function of air temperature
and relative humidity at an air speed of 0.5 m/s.

2.3.5 AIR VELOCITY
By moving air layers around an animals body convective
heat transfer and evaporation rate can be increased. This
DFWLRQKDVDQHJDWLYHLQÁXHQFHLQFRROFRQGLWLRQVEXWDYHU\
SRVLWLYHHIIHFWLQKRWFRQGLWLRQV7KHHIIHFWLVKDUGWRTXDQtify because it depends on many factors such as hair length,
body mass, air temperature and so on. An increase of 1 m/s
RIDLUYHORFLW\DWORZWHPSHUDWXUHVPD\EHHTXLYDOHQWWRDQ
air temperature decrease of 1.5°C to 2°C for animals with
winter coat and between 3°C and 4°C for animals with summer coat. In hot conditions, the effect of air movement is
less relevant, about 1°C for the same air velocity increase.
The release of sensible heat tends to vanish as air temperaWXUHHTXDOVWKDWRIDQLPDOVNLQ+RZHYHULQDKRWFOLPDWH
(more than 25°C), increase in air velocity at animal level
can increase heat dissipation in a latent form, independently of air temperature.

$QRWKHUDSSURDFKFRQVLVWVRIXVLQJDXQLTXHLQGLFDWRUFDSDble of estimating the combined effect of air temperature
and humidity on heat stress. The most commonly used is
the Temperature Humidity Index (THI) given by the formula:
THI = DBT + 0.36 DPT + 41.2
Where DBT is the dry bulb temperature (°C) and DPT is the
dew point temperature (°C).
A more practical version is:
THI = (1.8 T + 32) – [(0.55 – 0.0055 RH) x (1.8 T –26.8)]

The effect of the air velocity is non linear. It tends to decrease as the limit of the body transpiration is nearly
reached.

Where T is the air temperature (°C) and RH is the air relative humidity (%).

2.3.6 COMBINED PARAMETERS

,WJLYHVDVOLJKWGLIIHUHQFHFRPSDUHGWRWKHSUHYLRXVHTXDtion, but is still acceptable for practical purposes.

2.3.6.1 Air temperature and humidity

The upper critical limit varies between 69 and 75, but a
value of 72 is commonly used. The decrease in milk production is generally estimated as 2% per unit over the critical
threshold. The more productive cows are, the more sensitive they are to high values. Another effect of high THIvalues is shown in Fig: 2.3.6.1.2.

A combination of the parameters, air temperature and relative humidity, is generally considered to be a more effective
approach to determining the appropriate environmental
conditions for animal production.
A simple solution of this type can be expressed (Figure: 2.3.6.1.1) by an empirical determination in a Cartesian graph showing limits of similar animal productive
response to the various possible combinations of the two
parameters. (Only the productive losses referred to the high
WHPSHUDWXUHVDUHEDVHGRQVFLHQWLÀFLQYHVWLJDWLRQVIRUWKH
low temperatures the limits are an indication).

Figure 2.3.6.1.2: relationship between monthly average
maximum temperature-humidity index (THI) and conception rate for 16,878 services performed in lactating dairy
cows in Australia (after Morton et al. 2007).
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SUHVHQWLQODUJHTXDQWLWLHVGXVWFDQFDXVHLUULWDWLRQRIWKH
respiratory tract and mucous membranes and permanently
damage the lung alveoli, as well as facilitate the spread of
microorganisms. In general the concentration of dust in cow
houses is not very high (acceptable optimum 0.5 to 1.0 mg/
m3), especially in loose houses. Even so, at such concentrations the number of particles is still high (in the range of 105
to 106 particles per m3) and is therefore capable of carrying
numerous bacteria and viruses. In cattle buildings a proper
ventilation is again an important factor for risk reduction,
but the most effective way to obtain a low dust concentration level is to prevent formation by using hygienically perfect forage and bedding material.

2.3.6.2 Air temperature, humidity and velocity
The combination of air temperature, air relative humidity
DQGDLUYHORFLW\LVDQDGHTXDWHLQGLFDWRURIPLONSURGXFWLRQ
losses induced by heat stress. Figures 2.3.6.2.1 shows the
potential milk yield losses at different levels of air temperature and velocity when relative humidity is 60 %. For
example, at 30°C and 2.5 m/s the decrease of milk production is about 10 %.
Among the physiological indicators, the respiratory rhythm
has revealed to be a more immediate sign of heat stress, but
the rectal temperature has generally been found to be more
related to the productive variations.

In housing for cows, air hygiene problems may be relatively
easy to solve. Because cows can tolerate cold conditions,
high ventilation rates can be applied to dilute and remove
contaminated air from buildings. Designers must ensure
WKDWÀ[WXUHVDQGHTXLSPHQWLQWKHEXLOGLQJVFDQDOVRWROHUate cold or below freezing temperatures. For human safety
UHTXLUHPHQWVVHHSDU
2.3.8 LIGHT
The standards for illumination of cattle barns are generally based on achieving good working conditions for the
VWRFNPDQ 6XFK LOOXPLQDWLRQ PD\ EH SURYLGHG E\ DUWLÀFLDO
or natural light. Because natural light is suitable for animal welfare, it is often recommended to provide an area
of translucent material in the roof or walls. A distinction
should be made for the design of buildings in countries with
high levels of solar radiation where animals are housed all
the year. It is important to prevent solar radiation from
over-heating the cow lying area in summer.

Figure 2.3.6.2.1: milk production variation in relation to
air temperature and speed, at RH = 60% (after Baeta et al.,
1987).
2.3.7 AIR QUALITY

The duration of light exposure has an effect on growth performance of heifers and on milk production of dairy cows
(see par. 2.2.4.2).

The air in buildings that are heavily stocked can be contaminated with inorganic dust, spores, moulds, bacterial and viral organisms, gases, vapours and other pollutants.

Light intensity is also important both for animals and huPDQV ZRUN TXDOLW\ DQG VDIHW\  7KH PLQLPDO OLJKW LQWHQsity for cattle at which they can still recognise objects (e.g.
feed) is 5 lux. As cows might eat at night, this should be the
UHFRPPHQGHGLQWHQVLW\$VXIÀFLHQWOLJKWLQWHQVLW\WRHQDEOH
DGHTXDWHREVHUYDWLRQRIFDWWOHLVOX[EXWDPLQLPXPRI
150 lux is recommended. For the living area (resting, walking, etc.), the light intensity should ideally be between 150
and 200 lux during the day, while the levels for other parts
of the building depend on the type of activity, which is being
carried out there (see par. 3.11.6.3).

The noxious gases that are found in the highest elevated
concentration are ammonia, carbon dioxide and hydrogen
VXOSKLGH )RU WKRVH JDVHV VSHFLÀF UHFRPPHQGDWLRQV IRU
maximum admitted concentrations are shown in the table
below (adapted from CIGR 1984).
Table 2.3.7.1: recommandations for maximum gas concentration (CIGR 1984)
Gas

Max. concentration ppm

Carbon dioxide

3000

Ammonia

20*

Hydrogen sulphide

0.5

2.3.9 NOISE
&DWWOHDUHPRUHVHQVLWLYHWRKLJKIUHTXHQF\QRLVHVWKDQKXmans. So mesures should be taken to avoid those that can
produce fear or stress in cows (self locking feeding barriers,
JDWHVGRRUVHTXLSPHQWVPDFKLQHU\HWF $QLPDOVZLOOEH
calmer and easier to handle if noise levels are reduced. Especially in the milking parlours the level of noises must be
as low as possible (milking machine, barriers, fans, etc.)
and the milker should avoid shouting or speaking too loudly.
Clanging and banging metal parts should be silenced with
rubber pads.

* in cowsheds 10 is preferably recommended

To avoid a high gas concentration measures such as proper
YHQWLODWLRQIUHTXHQWUHPRYDORIVOXUU\RUJRRGXULQHGUDL
QDJH FKDUDFWHULVWLFV RI WKH ÁRRU HWF VKRXOG EH DGRSWHG
Dangerous situations may occur, especially when manure is
agitated before and during the emptying of manure pits. In
this situation, doors and windows should be kept open as
PXFKDVSRVVLEOHRUWKHZRUNHUVDQGWKHDQLPDOVVKRXOGEH
evacuated from the building.

The limits for humans seem to be valid for cattle too. For
WKHKXPDQDUHGXFWLRQRIG%LVHTXLYDOHQWWRDSHUceived noise reduction. The noise level in cattle houses including the milking centre must not exceed 65 dB(A) continuously and 80 dB(A) for shorter exposure.

Dust is often an ignored physical contaminant of the air but
may be dangerous, not only for animals, but also for human. The smallest dust particles are the most dangerous. If
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2.4 SUSTAINABILITY AND PRODUCTION SYSTEMS
2.4.1 GENERAL DEFINITION
In agriculture, just like any other industry, modern society
UHTXLUHVSURGXFWLRQV\VWHPVWREHVXVWDLQDEOH6XVWDLQDELOity means different things to different people, but a freTXHQWO\TXRWHGGHÀQLWLRQLV
“Sustainable development is development that meets the
needs of the present without compromising the ability of
future generations to meet their own needs.” (WCED, 1987)
Thus, the concept of sustainability encompasses economic,
social, and ecological issues. It is intended to be a means of
FRQÀJXULQJ FLYLOL]DWLRQ DQG KXPDQ DFWLYLW\ VR WKDW VRFLHW\
and its members are able to meet their needs and express
their greatest potential in the present, while preserving biodiversity and natural ecosystems, and planning and acting
IRUWKHDELOLW\WRPDLQWDLQWKHVHLGHDOVLQGHÀQLWHO\7KLVLQter-generational concept of sustainability is important and
national and international legislation and policy agreements
are providing a framework where sustainability can be realised on this long-term time framework.

Figure 2.4.2.1.1: demolition of a cattle building: Mixture
of old building materials has to be sorted due to contemporary environmental regulations.

established in the future according generally accepted
rules (e.g. ISO) in order to compare ecological properties
of buildings. This will include costs and ecological impacts
and might be helpful to manage this complex topic sustainability.

2.4.2 SUSTAINABILITY AND AGRICULTURAL BUILDINGS
– PRACTICAL ASPECTS WHEN CONSTRUCTING A DAIRY
BUILDING
Even if aspects of sustainability regarding livestock buildings are rather complex, an attempt should be made to
WUDQVODWH WKH GHÀQLWLRQ RI VXVWDLQDELOLW\ LQWR WHUPV RI DJULFXOWXUDOEXLOGLQJV:LWKLQWKLVFRQWH[WWKUHHPDMRUÀHOGV
FDQ EH LGHQWLÀHG EXLOGLQJ PDWHULDOV DQG GHVLJQ HQYLURQmental aspects and socio-economic aspects including animal welfare and health.

2.4.2.2 Environmental Impacts
A sustainable building strategy should consider “environment” as an entity. This includes emissions as well as resources and rural neighbourhood.
Low emission rates (gases, noise, odours, particles and
germs): The design and construction of a dairy building can
FRQWULEXWH WR ORZHU HPLVVLRQV (J DSSURSULDWH ÁRRULQJ
may lead to lower ammonia emissions (chapter “Flooring”).
Odours can be avoided when considering location and technical design of manure storage facilities. In some countries
covering of storage tanks is mandatory because of environmental effects.
Energy saving: Energy saving concepts are a “must” and
have been practiced in dairy farming for a long time. Dairy
facilities can re-use energy from milk cooling to warm up
(drinking) water or heat buildings. There are three main categories for energy saving technology: milk cooling systems,
HQHUJ\HIÀFLHQWPRWRUVYDULDEOHVSHHGYDFXXPSXPSVDQG
HQHUJ\HIÀFLHQWOLJKWLQJ
Renewable energy production: When constructing a new
building, especially when herd size is “upscaled”, solar enHUJ\UHTXLUHPHQWVVKRXOGEHFRQVLGHUHGLQPLQLPXPDVDQ
option (orientation of building, slope of roof),
Water resource management: When constructing a new
dairy building, attention should be paid to reduce contaminated water run-off. Concepts of separating rain water
from clean surfaces apart from those of soiled areas can
be implemented easily, if a new construction is planned.
For instance switching between separate pipes for clean
and contaminated water, if storage areas (roughage, solid
manure) are clean and out of use for certain periods. It is
much easier to install a second pipe before the building is
ÀQLVKHG,ISRVVLEOHFOHDQUXQRIIZDWHUDQGJUH\ZDWHUFDQ
EH FROOHFWHG LQ D VWRUDJH WDQNEDVLQ WR ÁXVK DUHDV ZLWKLQ
the building for cleaning purposes.
Other environmental impacts: Rural neighbourhoods are
more and more concerned about particulate matter from
livestock housing. It is a good practice to involve neighbours
in an early stage in the planning of a cattle building, if impacts can be expected. Impacts maybe not only gaseous
emissions, but noise and odours as well as intensive lighting

2.4.2.1 Building Materials and Design
Recycling of building materials
Problems with asbestos or partly with insulation materials indicate the importance of considering recycling and
demolition of buildings even when you build a new one. Of
course, no one will think of demolition (Fig. 2.4.2.1.1) when
constructing a new dairy housing facility, but duration of
use and technical innovations change much faster than decades before. Limited resources imply that even raw materials should be sorted out and recycled. Recycled concrete
consist of 25 % granulated concrete material to replace
gravel and thus reduces necessity of dumping concrete from
demolished buildings. Mixed granulates of concrete, bricks
and stones can be added to concrete as well and maybe
used for pavement.
Re-Use or Conversion of Farm Buildings
New constructions should consider future change of building
purposes. Depending on the height of truss and absence of
additional frames at the feeding table, dairy houses can be
used as storage facility, riding hall or industrial building in
WKHIXWXUHLIWKHIDUPLVQRORQJHUHFRQRPLFDOO\HIÀFLHQW
Expandability
Within the farm development plan, a new building should be
constructed to be expanded easily in the future, even if it
seems to be not necessary at present. This includes the site
plan as well, especially in countries with limited farm land.
For the building itself it is worth to think about “interfaces”
of expansion. E.g. how to continue with truss, walls, alleys,
as well position of manure pit joints.
Lifecycle-Analysis:
To assess impacts of buildings, lifecycle analysis may be
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fare on a high level as a priority for organic livestock farming
and may go beyond Community welfare standards…” The
holistic approach of organic farming comprises land related
livestock production, preventive animal health management and low external input like soja. Starting as a niche
production system in several countries, organic became
more and more important within the last decade. Consumer
demand pushed the development of organic farming, especially when credibility of conventional livestock production
was in a crisis (BSE, FMD). In several European countries organic farming schemes were established to support research
and organic farming topics. “The organic sector amounts to
an estimated 7.6 mio ha in 2008, i.e. 4.3% of EU-27 utilised
agricultural area (UAA). In the period 2000-2008, the average annual rate of growth was 6.7% in the EU-15 and 20.0%
in the EU-12” (EU 2010). In 2007 2.7% of the cattle herd is
organic in the EU. In 2007 there were 2.4 mio heads of certiÀHGERYLQHDQLPDOVWKHODUJHVWSURGXFHUVEHLQJ*HUPDQ\
Austria, the United Kingdom and Italy. Germany is the largest dairy producer with more than 0.1 Mio cows. However,
WKH 0HPEHU 6WDWHV ZLWK WKH ODUJHVW VKDUH RI FHUWLÀHG RUganic cows in the total number of cows are Austria (15.6%),
Denmark (9.6%) and Italy (3.2%) illustrates the proportion of
organic dairy production within the EU-28 countries.

of a building. In this context, special regard should be given
to appearance and acceptance of the planned cattle buildLQJ 5RRÀQJ FRORXUV DQG PDWHULDOV SOD\ DQ LPSRUWDQW UROH
and can easily being adapted during the phase of planning.
This topic is not only related to the adaption to the landscape, it means acceptance by the neighbourhood as well.
2.4.3 SOCIO-ECONOMIC ASPECTS, ANIMAL WELFARE AND
HEALTH
In this section one should pay regard to support preventive
DQLPDOKHDOWKE\GHVLJQLQJFDWWOHEXLOGLQJVWRIXOÀO RURYHUIXOÀO  DQLPDO QHHGV ,W LV HYLGHQW WKDW IUHVK DLU LQVLGH D
dairy house is needed to prevent respiratory diseases, but
in agricultural practice, compromises are more often visible than best practice. Information how to include animal
health prevention can be found in each chapter of this reSRUWÁRRULQJFOLPDWHKDQGOLQJIDFLOLWLHVMXVWWRPHQWLRQD
few. One aspect besides that, which is not included, might
be the need of cattle to be exposed to fresh air and sun as
well as the need for grazing as a natural behaviour for ruminants. Farm label schemes like in Switzerland (RAUS) or
production according organic farming rules consider those
needs and provide animals with access to pasture and exercise yards. This may be health preventive, for example
the exposure to sunlight (UV-radiation) stimulates vitamin D
synthesis of dairy cows.

The labeling of products from organic production systems
is worthy of particular mention, as such organic produce
is available in most countries. In order for a product to be
FHUWLÀHGRUJDQLFWKHIDUPRIRULJLQPXVWEHLQVSHFWHGE\D
credible third party state or private organisation to verify
WKDWDOOWKHUHTXLUHPHQWVRIWKHFHUWLI\LQJFRQWUROERG\DUH
adhered to. While sustainability of production would be enshrined in the goals of organic systems the term organic is
not synonymous with sustainable on the broader sense outlined above which includes issues like food supply.

A good working environment for the stockpersons contributes to the “socio-economic welfare, work safety” of the
human labour. Chapter worker safety explains the standards
DQG UHTXLUHPHQWV 0RWLYDWHG VWRFNSHUVRQV DUH PRUH OLNHO\
to handle animals well.
0RQLWRULQJWRROVOLNHYLGHRDQGDVWDEOHRIÀFHZKLFKFDQEH
used as observation room, facilitate herd management and
reduce costs.
2.4.4
APPROACHES
SYSTEMS

TO

SUSTAINABLE

If a farmer considers working according to the rules of
organic farming, he has to think about different aspects
concerning cattle housing. National regulations on organic
farming may differ from country, but as a general agreement
to provide a worldwide standard on producing organically,
the Codex Alimentarius of FAO/WHO has been elaborated in
order to harmonize standards and to facilitate international
trade. The Codex Alimentarius can be seen as a minimum
standard on organic farming. One major player in organic
production is the EU, setting a standard on organic farming,
which is mandatory for all producers within the 27 member
states as well as setting a standard for those countries who
are importing organic products to the EU.

PRODUCTION

2.4.4.1 Label Schemes
Food Assurance Schemes: Many food assurance and labelling
systems have been developed to inform the consumer about
the type of production system used. These range from simSOHFRXQWU\RIRULJLQODEHOVWRODEHOVJXDUDQWHHLQJVSHFLÀF
TXDOLW\DWWULEXWHVRIWKHSURGXFWHJ/DEHO5RXJHLQ)UDQFH
LQGLFDWHVDJXDUDQWHHGOHYHORIVXSHULRUTXDOLW\6XFKODEHOV
can encompass the goals of promoting sustainable producWLRQ+RZHYHUWKHFRQVXPHULVRIWHQLQÁXHQFHGE\VWURQJ
retail brands that may not in fact encompass the principle
of sustainable production as a primary concern.

Codex Alimentarius of IFOAM “Guidelines for the Production, Processing, Labelling and Marketing of Organically Produced Foods” includes relevant phrases for cattle housing:
• “All mammals must have access to pasture or an open-air
exercise area or run which may be partially covered, and
they must be able to use those areas whenever the physiological condition of the animal, the weather conditions
and the state of the ground permit.”
• “Livestock housing must have smooth, but not slippery
ÁRRUV7KH ÁRRU PXVW QRW EH HQWLUHO\ RIVODWWHG RUJULG
construction.”
• “The housing of calves in individual boxes and the tethering of livestock are not permitted without the approval
of the competent authority.”

Label production as special production systems are often
connected with limitations of fertilizer and pesticides to
reduce environmental impacts on ground water or other
environmental systems like soil, air etc, An example for an
environmental label was the dutch “Green Label”, where
parts of dairy cattle buildings like alleys should reduce ammonia emission by minimum 50 %.
2.4.4.2 Organic Farming

7KH LQÁXHQFH RQ WKH GHVLJQ RI GDLU\ FDWWOH EXLOGLQJV E\
organic farming systems from relevant regulations, for
example codex Alimentarius and other EU directives, are
compared in Table 2.4.4.2.2. Note: there may be local variations to these regulations in different countries.

The basic idea of organic farming is a sustainable food production within the farm cycle (EC directive of organic farming 889/2008). “Housing conditions should meet animal wel13

3. Aspects of design

Table 2.4.4.2.2: comparison of standards on organic farming regarding cattle housing.
FAO/WHO
“Codex Alimentarius”

EU-Organic farming 889/2008

Flooring

Must not be fully
slatted

Max. 50% slatted
ÁRRU

Dehorning

By exception

By exception

Group housing of
calves

-

Starting 2nd week
of life

Stocking density
indoor

-

4.5 m²/dairy cow

Stocking density
outdoor

-

6 m²/dairy cow

Exercise yard

Either exercise
yard or pasture is
mandatory

Access to grazing areas and
exercise yards
mandatory

Nowadays, two major housing systems for dairy cows are in
use in most countries: tied housing systems for small herds
and loose housing systems for middle sized herds to very
large sized herds. Tied housing restricts the cows freedom
of movement and many activities (standing, lying, feeding,
milking, etc.) take place at the same location. In contrast
to this, loose housing allows cows to move freely and usually
comprises a lying area, a feeding passage or area, a standing
and walking (exercise) passage or area, and a milking area.
At present tied housing systems are less popular than in
the past because they are less comfortable for the cows
and very intensive in labour for feeding, milking and manure management. However, tied housing systems are still
favoured by many smaller herds where the labour force is
limited and probably only provided by the owner. This is because of tradition, familiarity with the system and the regular intimate contact with the cows and the majority of work
occurring in, or near, one building. Loose housing systems
provide more comfort for both the stockperson and animals
and thus can improve production and welfare. Therefore,
loose housing should be preferred whenever possible.

Besides that, typical differences between organic and conventional managed dairy houses are:
• Access to a partly uncovered exercise yard is often realized by designing an outside feeding table (separate roof)
connected by an open passage way to the lying area in
RUGHUWRIXOÀOWKHOHJDOUHTXLUHPHQWVHIÀFLHQWO\
• Depending on the national organizations, housing of
KRUQHGFRZVZRXOGUHTXLUHDQH[WUDVSDFHWRWKHDERYH
PHQWLRQHG 7DEOH   VSDFH UHTXLUHPHQWV RI DSproximately 25 % as well as feeding racks with appropriate access.

3.1 LOOSE HOUSING SYSTEMS
3.1.1 INTRODUCTION
Three major types of loose housing systems will be considered: cubicle systems (free-stalls), straw yards and sloped
ÁRRUV\VWHPV
Cubicle systems (free-stalls): Cubicles are individual spaces
where cows are provided with a reasonably clean, dry and
resilient bed upon which they can lie. The cubicle must have
dimensions that allow the animal to lie down and rise up
without injury and to rest comfortably. The cow is free to
enter and leave the cubicle at will. Since cubicle houses can
work with very little bedding material they often produce
slurry manure. With liberal use of bedding material they
can also produce solid manure. Properly designed cubicles
should ensure that cows move backwards as they stand up
and thus deposit the faeces and urine into the access/dunging passages rather than on the cubicle bed. However, a
comfortable resting position for the cow may still result in
VPDOOTXDQWLWLHVRIIDHFHVRQWKHUHDUSDUWRIWKHFXELFOH

Note : tied housing are no longer allowed in some countries.

Straw yards (straw courts, bedded packs, compost packs):
Straw yards are unobstructed bedded lying areas for a group
of cows, that may accommodate all or only part of the herd.
%HGGLQJLVVSUHDGRQWRSRIDÁRRUZLWKOLWWOH  RUQR
gradient. Soiled bedding accumulates in a deep layer which
is removed when necessary. Regular grooming of the pack
including removal of manure and addition of fresh bedding
adds to cow comfort and cleanliness. The layout and dimensions of the bedded area must be such that each animal
has enough space to rest without being disturbed by other
cows, and to allow them to circulate easily to feeding and
drinking facilities.
$ UHFHQW PRGLÀFDWLRQ RI WKHVH V\VWHPV LQ WKH 86 LV FDOOHG
the composting barn. With this system a deep layer of small
particle dry bedding material is placed in the resting area.
The pack area is agitated at least twice a day with a tractor
with a mounted tooth type cultivator implement or rototiller. This incorporates manure into the bedding and also
OLIWV DQG ÁXIIV WKH PL[WXUH WR HQFRXUDJH DHURELF GHFRPposition (composting) of the material. Truck loads of fresh
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3.1.2 CUBICLE SYSTEMS (FREESTALL)

bedding are added when the moisture content of the pack
becomes high enough that bedding sticks to the cows. The
barn also serves as a manure storage area and typically the
bedding and manure are allowed to build up for 8-12 months
before cleanout and land application of the composted manure. These barns are built with high roofs to accommodate
machinery, manure pack build-up and insure good natural
ventilation with curtain sidewalls. The lower walls surrounding the pack will usually have 1.0 m or higher concrete
or timber retaining walls to enclose and support the deep
pack. A feed alley and feeding fence run along one side of
the pack area.

The cubicle is an extremely important element of the cow’s
environment, affecting positively or negatively its comfort,
cleanliness and health. Cubicles must provide a clean, comfortable and secure lying space for cows. Cows should be
able to enter and leave cubicles easily and lie-down and rise
without interference. Animals must be able to express their
natural lying positions (see Section 2.2.3.1). Additional considerations are freedom from injury, cleanliness, bedding
UHTXLUHPHQWVODERXUHIÀFLHQF\DQGGXUDELOLW\
Partitions: they separate adjacent resting spaces (cubicles)
and serve to control the position of cows without unduly
restricting their movement. Cubicle partitions of various
shapes may be supported in a variety of ways i.e. by freestanding vertical posts or cantilevered from the cubicle
front assembly etc.

6ORSHG ÁRRU V\VWHP 6ORSHG ÁRRUV DUH XQREVWUXFWHG EHGGHG O\LQJ DUHDV IRU JURXSV RI FRZV 7KH ÁRRU ZLOO KDYH D
gradient of 10% to 16% and the activity of the cows causes
VRLOHGEHGGLQJWRPRYHGRZQWKHÁRRUWRWKHERWWRPRIWKH
VORSHZKHUHLWLVFROOHFWHG7KHVORSHGÁRRUV\VWHPLVRIWHQ
QRWUHFRPPHQGHGIRUGDLU\FRZVEHFDXVHLWLVPRUHGLIÀcult to manage hygiene and udder health compared to other
systems. So, this system is more often used for beef cattle
(CIGR design recommandations of beef cattle housing, 2002)
and heifers aged over 12 months until around 24 months,
i.e. prior to calving, and will not be discussed in this document.

Bases: permanent or semi-permanent materials form the
ERWWRPEDVHRUÁRRUVRIFXELFOHV&RPPRQO\XVHGPDWHULals include concrete, clay and stone-free subsoil.
Bedding: any substance or material that is used to improve
cow comfort and/or hygiene. Two types of bedding can be
GLVWLQJXLVKHG D  ORRVH PDWHULDO VXFK DV VWUDZ VDZGXVW
wood chips or sand either as a deep layer (200 mm) placed
directly on the base of the stall or a thin layer over a mat
RUPDWWUHVVRUE PDWHULDOVÀ[HGWRWKHEDVHRIWKHFXELFOH
such as rubber mats or various synthetic mattresses.

In certain countries, out-wintering-pads (OWP) have become an alternative method of accommodating cattle to
conventional sheds. The OWP provides a drained lying and
ORDÀQJDUHDRXWGRRUVIRUWKHDQLPDOVRQDEHGRIZRRGFKLSV
The OWP is operated at a much lower stocking rate than
FRQYHQWLRQDO DFFRPPRGDWLRQ +RZHYHU WKH HIÁXHQW SURduced from an OWP has a high concentration of pollutants.
8QGHUQHDWKLQDGUDLQDJHV\VWHPWKHHIÁXHQWLVFRQWDLQHG
E\FOD\VRLORUDSODVWLFOLQHUDQGWKH HIÁXHQW LVFROOHFWHG
and stored before being recycled onto a suitable crop etc.
The woodchip bed retains most of the nutrients produced by
the livestock and these woodchips are also recycled where
appropriate. In colder climates windbreak fences or hedges may also be incorporated to provide additional shelter.
&RQFHUQIRUXGGHUKHDOWKFOHDQOLQHVVDQGPLONTXDOLW\PDNH
these systems more suitable for drier warmer climates. Seasonal grazing herds may use these as over wintering lots for
non-lactating cattle.

Kerb (curb): usually forms a step (max. 200mm) that separates the cubicle area from manure in the access/dunging
passage.
Neck rail RIWHQ D PHWDO WXEH ULJLG QHFN UDLO  RU ÁH[LEOH
strap that is placed across the top rail of the cubicle partition to encourage cows to move backward on rising and
prevents them from standing too far forward. Sometimes a
head rail is used to prevent cows going to far ahead in the
FXELFOH VHÀJXUH 
Brisket boards or tubes HOHPHQWV SODFHG RQ WKH ÁRRU DW
the front of the cubicle. They aid the cow in positioning herself in the cubicle while resting or standing and may retain
any bedding stored at the front of the cubicle.
Bedding retainers: often formed of boards or pipes (posVLEO\0'3(EXWQRWVWHHO 7KH\DUHÀ[HGWRWKHÁRRUDFURVV
the rear of cubicles to retain bedding (particularly sand) in
the cubicle. This may also be formed by extending the kerb
DERYHWKHÁRRU7KHOHQJWKRIVWDOOSURYLGHGIRUWKHFRZWR
rest in must be extended to account for the thickness of the
retainer or extended kerb.

The cubicle comprises several elements :
neck rail
cubicle partition or division plus support post (to the left)
brisket tube or board
slightly sloping base with bedding or a mattress for cow
comfort
kerb to aid separation of the cow from the access passage
Figure 3.1.2.1: elements of a cubicle.
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,IWKHEHQHÀWVRIWKHV\VWHPDUHWREHUHDOLVHGSURSHUFRQditions must be maintained so that cows use the cubicles.
Poorly designed cubicles may lead to cows lying in passages
or elsewhere. Wet and contaminated cubicle beds are likely
to contribute to an increased incidence of mastitis. ConseTXHQWO\ FDUHIXO DWWHQWLRQ WR WKH GHVLJQ RI FXELFOHV LQFOX
ding their relationship to other elements of the housing, and
their maintenance by the farmer is most important.

rear kerb, side partitions, brisket tube, neck rail and cubicle front. Lunge space may be included within the cubicle
space (non space sharing cubicles, closed front cubicles) or
outside the cubicle (space sharing cubicles or open front
cubicles) with the cow able to extend her head and neck
forward outside her cubicle into an alley or outside space or
into the front of a facing cubicle.

It is recommended that the cubicle be inspected and
groomed at least twice a day and fresh bedding added when
necessary. Usually this is done when cows are collected for
milking. In buildings with AMS, where cows visit the milNLQJVWDWLRQZKHQHYHUWKH\ZDQWWKLVWDVNLVPRUHGLIÀFXOW
and must be done throughout the day. AMS managers may
choose to make several trips throughout the day around the
barn inspecting cows and also taking care of cubicles when
WKH\DUHHPSW\$QDOWHUQDWLYHLVWRTXLHWO\ZRUNRQDIHZ
cubicles at a time in an effort to reduce the number of cows
that are interrupted during their chosen rest time.

Figure 3.1.2.1.1: natural movement of a rising cow.

3.1.2.1 Design considerations

3.1.2.2 Space sharing cubicles

The cubicle must be long enough to allow appropriate positioning of the neck rail to allow the cow to enter the cubicle, lie down, rest comfortably without any injury and rise
XSDJDLQDQG\HWEHVKRUWHQRXJKWROLPLWPDQXUHDQGXULQH
falling onto the cubicle bed. A shorter length of the cubicle
or a neck rail moved closer to the kerb will tend to prevent
soiling of the rear of the cubicle, which is important to good
udder health. However, too short a length can cause cows
to refuse to use the stalls, to stand partially in the stalls
or to lie over the kerb with the risk of injury and soiling of
the udder from manure in the passage. Cubicle length and
neck rail placement should accommodate the longest cows
in the herd (see Table 3.1.3.5.1 values for positioning of the
neck rail).

If cubicles are too short to permit the cows to lunge forward,
the cows must share the space on the cubicle to the side or
from the cubicle in front of her to rise up more easily. Sharing head space may be a solution for existing cubicles that
are not long enough but when designing new buildings it is
advisable to use the recommended dimensions for cubicles
so that the cows are not forced to share space.
Head-to-head cubicles offer the opportunity to use space
in the opposite cubicle to gain lunging space, providing the
fronts of the cubicles are properly designed. In this case
lunging space is not really restricted for each cow.

The cubicle must be wide enough for the cow to lie comfortably, but narrow enough to discourage the cow from turning around. In addition, the cubicle should accommodate
the natural rising behaviour of the cow. The cow should not
come into hard contact with the cubicle partition or the
neck rail in such a way as to cause injury. This is particularly
important while the cow is in the act of lying down, since
the last stage in this movement is uncontrolled by the cow.
As a cow rises from a lying position she lunges her head
IRUZDUGWRWUDQVIHUWKHZHLJKWIURPKHUKLQGTXDUWHUV6KH
WKHQUDLVHVKHUKLQGTXDUWHUVEHIRUHUDLVLQJKHUIURQW7RDFcommodate this natural forward transfer of weight the cow
thrusts her head forward by between 0.5 m and 0.9 m as she
lunges. If the forward movement is restricted because the
cubicle is too short or the cow lies too far forward, because
of an incorrectly placed or missing brisket board, then the
FRZ ZLOO KDYH GLIÀFXOW\ LQ ULVLQJ &XELFOHV WUDGLWLRQDOO\ GR
not provide enough lunging space in comparison with space
used for this movement in pasture (from 1.20 m to 1.40 m
for head space plus lunge space).

Figure 3.1.2.2.1: ways of providing space for a rising cow.
The unobstructed openings beneath or above the lower rail
at the front of some models of cubicle partitions allow the
cow to lunge forward into a neighbouring cubicle when rising. This should be considered as a possible help, but this
DGGLWLRQDOVSDFHFDQQRWWRWDOO\FRPSHQVDWHIRULQVXIÀFLHQW
lunging space because, effectively, it has to be taken from
the opposite lying area.

The space needs of a cow with respect to lying and rising
consists of:
• body space, i.e. the space from the rear of the cow to
the front of her carpal joint
• head space, i.e. space in front of the cow occupied by
KHUKHDGZKLOHO\LQJDQG
• lunge space, i.e. the additional space necessary for the
thrust of the cow’s head as she lunges forward during
rising.

Side head sharing cubicles allow cows to lunge through an
opening to the side of the cubicle partition into the adjoining cubicle and may be used to make existing short stalls
more cow friendly. However, side lunging is not normal cow
behaviour, but cows have demonstrated an ability to learn
this manoeuvre, but it can reduce cubicle usage if the cow
does not adapt to this. As cows prefer to lunge forward, it
LVEHWWHUWRSURYLGHVXIÀFLHQWOHQJWKWKDWZLOODOORZIRUWKLV
rather than use this type of cubicle in new construction.

6SDFHUHTXLUHGIRUDUHVWLQJDQLPDO ERG\DQGKHDGVSDFH 
VKRXOGEHLQFOXGHGZLWKLQ WKH FXELFOH VSDFH DVGHÀQHG E\
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3.1.2.3 Cubicles without space sharing
If space sharing is not provided for, then individual cubicles will need to be long and wide enough to accommodate
normal cow movement, particularly rising. Cubicles long
enough to accommodate the body space plus the head space
RIWKHO\LQJFRZUHTXLUHDEULVNHWWXEHRUERDUGWRSUHYHQW
the cow from lying too far forward in the cubicle. The neck
rail will discourage the cow from moving too far forward
when standing and when the cow enters the cubicle.
3.1.2.4 Cubicle partition
The cubicle partition extends from the front of the cubicle
to less than 300 mm and ideally no more that 200 mm from
the passage (to prevent cows from walking along the rear of
WKHFXELFOHEHGV 7KHSDUWLWLRQVKRXOGEHVXIÀFLHQWO\KLJK
to discourage turning around.
Cubicle partitions should have three unobstructed open
areas as shown below:
• head zone (i)
• zone for controlling lying position (ii) (it will be small
enough to prevent cows from lying under the partition,
\HWODUJHHQRXJKWRDYRLGWUDSSLQJOHJV DQG
• zone for pelvis freedom preventing injury to hips and ribs
(iii).

Figure 3.1.2.4.3: cubicle without space sharing.

3.1.2.5 Basic cubicle dimensions
All the following dimensions are related to the cow’s body
dimensions, L & H (in metres) discussed in Section 2.1.
Cubicles Width (CW)
This is calculated from formula (1) and represents the clear
unobstructed distance between cubicle partitions.
CW = 0.83 H (1)
Cubicle Resting Length (CRL)
This is calculated from formula (2).
CRL = 1.06 L (2)

Figure 3.1.2.4.1: three zones of freedom in cubicles. (Note:
H = Height at withers).

Head Space (HS)
This is the length space that should be allowed for the head
of the cow when the animal is lying down. It is related to
height of withers, H.

Note: Figure 3.1.2.4.2 (below) shows dimensions for cubicles with head-to-head space sharing. Also note that the
shaded cow on the right is shown lunging forward to rise
from a lying position and using the space in front of her i.e.
from the cubicle opposite. Whereas, Figure 3.1.2.4.3 shows
dimensions for a cubicle without space sharing.

HS = 0.48 H [All types of cubicles] (3)
Head and Lunging Space (HLS)
This is the length of unrestricted space that should be allowed for the lying cow when lying down and for forward
lunging of the cow when rising. It is related to height of
withers, H.
HLS = 0.65 H [All types of cubicles] (4)
Overall Cubicle Length (CL)
This is an important value in the design of cow housing. It is
obtained by adding the values of CR to the values HS or HLS
respectively. Formula (5) is for head to head cubicles and
formula (6) for all other types of cubicles.
CL1 = 1.06 L + 0.48 H = CRL + HS [Head to head, space sharing] (5)

Figure 3.1.2.4.2: head to head cubicles with front space
sharing.

CL2 = 1.06 L + 0.65 H = CRL + HLS [Non space sharing] (6)
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bedding material will tend to reduce the amount of bedding
material dragged into the dunging passage.

Neck Rail Height (NRH)
The neck rail height is obtained by the formula:

The use of bedding alone, on a concrete base without kerb,
is unlikely to give a comfortable, resilient bed, unless large
amounts of material is used (for instance more than 3 kg
SHUFRZHYHU\GD\RIGU\VWUDZZLOOEHUHTXLUHG &XVKLRQV
or mattresses, formed by sandwiching bedding material between layers of plastic fabric, have been used successfully,
but moderate additions of bedding on top are still necessary. Rubber or plastic mats, or carpeting materials, seem
to be less satisfactory when their thickness is under 30 mm
and their density too low. Cubicles should be inspected
twice-daily and wet bedding and manure should be removed. Clean, dry bedding should be added at least twice a
ZHHNRUPRUHIUHTXHQWO\)UHTXHQWUHPRYDORIPDQXUHIURP
passages is also necessary. If the cleanliness of cubicles is
neglected and they become excessively wet or soiled with
manure, then infectious bacteria populations may exceed
critical values. This will give rise to an increase in the rate
of udder infection.

NRH = 0.80 to 0.90 H (7)
Neck Rail Distance (NRD)
The horizontal neck rail distance from the kerb is obtained
by the formula:
NRD = CRL + 0.10 (8)
Typical Cubicle Sizes (CIGR standard)
Table 3.1.3.5.1 shows calculated examples for three different cow sizes based on the CIGR-standard (see Section 2.1).
To avoid injury to larger cows, cubicle dimensions should be
based on the average size of the 10% largest animals in the
herd. The stock person will need to give some attention to
the smaller animals in the herd to overcome any problems
should cubicles prove too big for them.

The cubicle base should be raised above the access/dunging
passage by a kerb that is 150 mm high (exceptionally this
FRXOGEHLQFUHDVHGWRPPPD[LPXP 7KHÀQDOKHLJKW
and construction should allow for a particular method of
PDQXUHUHPRYDOWREHXVHGHJVFUDSLQJRUÁXVKLQJ/RQJ
DFFHVVGXQJLQJSDVVDJHVDQGORZVFUDSLQJIUHTXHQFLHVPD\
UHTXLUH D KLJKHU NHUE WR NHHS PDQXUH IURP RYHUÁRZLQJ
LQWR WKH FXELFOH GXULQJ VFUDSLQJ )UHTXHQW VFUDSLQJV SUHYHQWRYHUÁRZLQJLQWRWKHFXELFOHV7KHNHUEVKRXOGEHKLJK
enough to discourage a cow from lying only partly in the cubicle. A kerb that is too high may cause udder injury and can
cause too heavy loads on the rear claws and legs when cows
enter and leave the cubicle or stand partly in the cubicle.

Table 3.1.2.5.1: cubicle minimum width (CW), cubicle resting length (CRL), head space (HS), head and lunging space
(HLS), cubicle length (CL1 and CL2), neck rail height (NRH)
and neck rail distance (NRD) according to formulas (1) to (8)

Animal
size
(kg)

L
(m)

H
(m)

CW
(m)

CRL
(m)

HS
(m)

HLS
(m)

CL1
(m)

CL2
(m)

NRH
(m)

NRD
(m)

550649

1.69

1.40

1.16

1.79

0.67

0.91

2.46

2.70

1.121.26

1.791.89

650749

1.75

1.44

1.20

1.85

0.69

0.94

2.54

2.79

1.151.30

1.851.95

750850

1.80

1.48

1.23

1.90

0.71

0.96

2.61

2.86

1.181.33

1.902.00

CW
CRL
HS
HLS
CL1
CL2
NRH
NRD

When cubicle bases are made of less permanent materials,
such as clay, then hollows (created by the activities of the
FRZ ZLOOQHHGWREHÀOOHGSHULRGLFDOO\$UHODWLYHO\ÁDWVXUface allows the cow to lie-down and rise more easily and to
lie more comfortably.
3.1.3 STRAW YARD SYSTEMS

= Cubicle Width (free space) = 0.83 H
= Cubicle Resting Length = 1.06 L
= Head Space = 0.48 H
= Head and Lunging Space = 0.65 H
= Cubicle Length (space sharing) = CRL + HS
= Cubicle Length (non space sharing) = CRL + HLS
= Neck Rail Height = 0.80 to 0.90 H
= Neck Rail Distance = CRL + 0 to 0.10

3.1.3.1 Space requirements for resting and moving
Generally, straw yard systems are undivided bedded lying
areas where animals realise all different kinds of behaviours
VXFKDVVWDQGLQJO\LQJDQGUHVWLQJH[HUFLVHHWF7KLVXQLTXH
area can be subdivided leading to two major subsystems:
two area systems with a lying and a feeding area, and multiple area systems in which more than one area is provided
for lying, feeding and exercise. In the latter case, any of the
areas may be provided as uncovered outside yards.

Note: Pre-fresh cows (gestating cows) and post-fresh cows
FRZVZLWKELJXGGHU UHTXLUHPRUHURRPDQGLWLVDGYLVDEOH
to provide larger cubicles for these two groups of cows.

In straw yard systems, for an individual cow the minimum
VSDFHUHTXLUHPHQWFDQEHGHÀQHGDVWKHVSDFHUHTXLUHGIRU
UHVWLQJSOXVWKDWUHTXLUHGWRDOORZIUHHDFFHVVIURPWKHUHV
ting area to feeding and drinking areas. Free access implies
that cows can move without the risk of injury or aggressive
LQWHUDFWLRQV7KHWRWDOVSDFHUHTXLUHPHQWGHSHQGVRQPDQ\
different factors.

3.1.2.6 The cubicle base and bedding
7KH FXELFOH EDVH WRJHWKHU ZLWK DQ\ EHGGLQJ RU ÁRRULQJ
must provide a comfortable, cushioning, clean and dry surface. The base must support the cow and resist hollowing
caused by the cow’s claws when it lowers and rises. The
base should be constructed and maintained to provide the
desired slope for drainage. A base that slopes downward
from 2 % to 4 % from front to rear encourages the cow to lie
with her head toward the front of the cubicle and provides
drainage to the rear of the cubicle.

Empirical values exist for the individual space of cows.
Figure 3.1.3.1.1 shows the space for a standing animal. It
consists of the ground projection of the slightly enlarged
body plus a larger tolerance area around the head. Figure
3.1.3.1.2 is for the lying animal, while Figure 3.1.3.1.3
shows the dynamic space needed for rising, which is about 1
m longer than the normal lying length.

7KHFKRLFHRIEHGGLQJPDWHULDOPD\LQÁXHQFHVHOHFWLRQRID
PDQXUHKDQGOLQJDQGVWRUDJHV\VWHP7KHXVHRIDVKRUWÀQH
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One might assume that in closed loose housing, with a lying
area adjacent to a feeding passage (two area systems), the
minimum lying area corresponds to the body area of the lying animal plus tolerance space surrounding the head. For
the normal Friesian cow these areas are 2.2 m² and 3.5 m²
respectively, totalling 5.7 m². However, experience suggests
that a greater lying area may be necessary to avoid wet
bedding, so that values from 6.5 m² to 7.0 m² are generally
recommended.

On the basis of experience the following method of calcuODWLQJ PLQLPXP VSDFH UHTXLUHPHQWV LV UHFRPPHQGHG7KH
YDOXHV/DQG+XVHGDUHWKRVHGHÀQHGLQ6HFWLRQDQGDOO
areas are in m² per cow.
Lying Areas (LA)
The space for lying and rising is calculated in accordance
ZLWK WKH FRZ·V OHQJWK DQG WKH GLVWDQFH UHTXLUHG WR VZLQJ
LWV KHDG ZKLOH ULVLQJ PXOWLSOLHG E\ WKH ZLGWK UHTXLUHG IRU
the cow to lie comfortably, i.e. [ 0.85 (L + H) ] x H. To alORZ VXIÀFLHQW VSDFH IRU PRYHPHQW EHWZHHQ O\LQJ DQLPDOV
and to avoid disturbance of resting cows’ additional space
LVUHTXLUHG7RVDWLVI\WKLVVSDFHUHTXLUHPHQWZRXOGPHDQ
providing an additional area of between 1.38 and 1.65 times
the above lying area, depending on the type of housing.
1RWHWKDWWKHPLQLPXPO\LQJDUHDUHTXLUHPHQWFRUUHVSRQGV
to the actually available area for cattle. The total area is
generally a little bigger, considering that some transition
areas between the different zones of the system might be
spoiled so that cattle could not rest properly on these parts
of the bedded yard.
%DVHGRQWKHDERYHWKHPLQLPXPO\LQJDUHDUHTXLUHPHQWV
LA1 and LA2 respectively, are given by the following formulas for:

Figure 3.1.3.1.1: individual space required by a standing
cow.

• Two area, bedded lying area, systems (see Figure
3.1.3.1.4
LA1 = 1.65 H [ 0.85 (L + H) ] [Two area bedded] (9)

Figure 3.1.3.1.2: minimum space required by a lying cow.
If unbedded, freely accessible areas (a multiple area system) are provided for other activities, such as feeding, exHUFLVLQJ ORDÀQJ UXPLQDWLQJDQGJURRPLQJWKHQWKHEHGded area can be reduced by up to 20 %. This is because
FHUWDLQEHKDYLRXUDODQGVSDWLDOQHHGVDUHVDWLVÀHGRXWVLGH
WKHO\LQJSODFHLHLQWKHORDÀQJDQGIHHGLQJDUHD

Figure 3.1.3.1.4: two area straw yard systems.
• Multiple area, straw yard (see Figure 3.1.3.1.5)
LA2 = 1.38 H [ 0.85 (L + H) ] [Multiple area straw yard
systems] (10)

Figure 3.1.3.1.5: multiple area straw yard systems.
Figure 3.1.3.1.3: dynamic space required for rising.

19

Step depth (SD)
SD = 0.85 L (11)
The step depth (0.85 L) represents the optimal design to
prevent any injuries and slipping when cows go from the
feeding or dunging alley to the bedding area. Experience
shows that cows can manage situations with 2 or 3 steps
having 300 mm height and 400 mm depth (see Section
3.1.4.3. as well).
Table 3.1.3.1.1 shows the calculated lying and total areas
for different types of systems based on 3 different sizes of
cow sized according to the CIGR standard (see Section 2.1,
Table 2.1).

)LJXUHDQLPDOÁRZLQUHFWDQJXODUVWUDZ\DUGV

3.1.3.3. The connection between lying areas and adjacent passages

Table 3.1.3.1.1: minimum lying areas as determined for
dairy cows from formulas (9) and (10)
Animal size

A step is generally provided between a strawed yard lying
area and adjacent passages. The height difference between
WKH ÁRRU RI O\LQJ DUHD DQG ÁRRU RI SDVVDJHV GHSHQGV RQ
WKHIUHTXHQF\RIEHGGLQJUHPRYDOIURPWKHO\LQJDUHD7KH
height will vary from 250 mm (or even 0 mm) for a 1 month
FOHDQLQJLQWHUYDO0RUHWKDQRQHVWHSPD\EHUHTXLUHGZLWK
individual steps being 200 to 300 mm high and at least 400
mm deep. Attention must be paid to the fact that a long
cleaning interval might adversely affect the health states of
the udder. Regular removal of the bedding is recommended
(every 6 to 8 weeks).

Lying area’s

Weight
(kg)

L
(m)

H
(m)

LA1
m²/cow

LA2
m²/cow

550-649

1.69

1.40

6.07

5.07

650-749

1.75

1.44

6.44

5.39

750-850

1.80

1.48

6.81

5.69

LA1 = 1.65 H [0.85 (L + H)] and LA2 = 1.38 H [0.85 (L + H)]

Passages can be slatted if the straw bedding is chopped or
ground. With slatted passages additional space needs to be
provided, as a wide step, between the bedded lying area
and the passage. This is to prevent bedding being dragged
onto the slats by the cows’ claws. The minimum width of
this step should be at least a cow’s body length (L) as deÀQHGLQIRUPXOD  $QDOWHUQDWLYHVROXWLRQQRWUHTXLULQJ
DVPXFKVSDFHLVWRÀ[DZRRGHQEHDPEHWZHHQWKHSDVsage and bedded area at the edge of the step.

1RWH 7KH VSDFH UHTXLUHPHQW LV FDOFXODWHG IURP WKH ERG\
size and is a minimum. It can be larger according to yield,
straw amount and management etc.
3.1.3.2. Shape of straw yards
The bedded area in straw yard systems should serve as the
resting area. While its shape can vary to some extent it will
affect the space available for the cows. Since cows prefer to
lie down along the peripheral walls of straw yards, a rectanJXODUVKDSHLVSUHIHUUHGWRDVTXDUH )LJXUH 7KH
best shape is determined from a consideration of the feeding space and lying space for one cow (Figure 3.1.3.2.2).
The distance from the bedded yard to the feeding area
should be short and direct. The maximum distance between
a feeding passage and the back wall of a straw yard should
be about 10 m. This will minimise the risk of injury due to
cows treading on each other.

Another recommendation to consider, particularly with a
slatted feed stance, is to limit the locations along the feed
alley where access can be made between the resting and
feeding area.
In normal straw yards, exits to outside areas (exercise yard,
collecting area, passages to pasture) should be located
across as wide an opening as possible, or through a scraped
passage.
3.1.3.4 Bedding management and use
In straw yard systems, straw is spread over the whole resting area. To keep animals clean 1.0 to 1.2 kg/day/m² is
UHTXLUHG,WLVYHU\LPSRUWDQWWRXVHFKRSSHGVWUDZRI
to 300 mm in length. Long straw gives a wet litter with more
dirty animals. Fresh straw must be added daily and it must
be dry and free of mould. The surface temperature of the
EHGGHGDUHDLVLQÁXHQFHGE\WKHTXDQWLW\RIVWUDZVSUHDG
every day. Using too much straw (> 1.2 kg/day/m²) increases
the surface temperature of the bedding area and has a posiWLYHLQÁXHQFHRQWKHGHYHORSPHQWRIPLFURRUJDQLVPVOLYLQJ
in the environment and on the infectious pressure exerted
on the udder. Therefore, too much straw can be bad for the
udder health (somatic cell count and clinical mastitis).

)LJXUHDQLPDOÁRZLQVTXDUHVWUDZ\DUGV
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almost impossible to avoid a certain percentage of hock injuries.
The use of deep bedding reduces hock injuries considerably
and improves cow comfort, cleanliness, udder health and
PLONTXDOLW\ VRPDWLFFHOOFRXQW HWF
Poor cubicle design, installation and management can result
in poor cubicle usage. Problems can also arise if heifers are
not trained to use the cubicle system before calving.
The optimal sizing of cubicles, passages etc. and positioning of drinkers, automatic feed dispensers etc. need special care and attention to detail.
Figure 3.1.3.4.1: effects of straw quantity per day and accumulation time on temperature of the litter.

&RQVWUXFWLRQ LV FRVWO\ DQG LV VSHFLÀF IRU GDLU\ FRZV  ,W LV
GLIÀFXOWWRFRQYHUWIDFLOLWLHVIRUDQRWKHUW\SHRIFDWWOHDQG
to adapt to another breed, or where new regulations are
introduced.

Below 0.7 kg/day.m², animals are too dirty and the risk of
poor udder health increases.

The level of investment is higher (manure storage capacity)
than for the straw systems, but the annual costs for bedding
and for labour are generally lower.

,QDGHTXDWHPDQDJHPHQWRIWKHEHGGLQJDUHD ODFNRIEHGding material, overcrowding etc.) can reduce the cleanliQHVVRIFRZVDQGDIIHFWPLONTXDOLW\ VRPDWLFFHOOFRXQW DQG
increased mastitis.

3.1.4.2 Straw yard systems

3.1.3.5 Straw use
The demand for straw will vary depending on the layout,
PDQDJHPHQWUHTXLUHGFOHDQOLQHVVRIWKHFRZVDQGFOLPDWH

7KH V\VWHP LV FRPIRUWDEOH IRU DQLPDOV SURYLGHG DGHTXDWH
space, use of bedding material and the management of bedGHGDUHDVDUHRSWLPDO$GHTXDWHPDQDJHPHQWRIWKHEHGded area is needed to prevent udder health problems.

The table below shows the approximate range of straw demand for bedding material depending on type and layout of
the housing system:

The cow has more freedom than in the cubicle system and
OHDUQVYHU\TXLFNO\KRZWRXVHLW7KHSRWHQWLDORIFRQÁLFWV
among cows is greater.

The following management practices will help to reduce
straw use:
• XVHROGVWUDZZKLFKLVGU\DQGRIJRRGTXDOLW\
• decrease the stocking density (less animals per unit lying
area)
• provide alternative areas for cows to use (multiple area
systems)
• provide a feeding area separate from the dunging passage
• VFUDSHWKHGXQJLQJSDVVDJHDWIUHTXHQWLQWHUYDOV
• EHGWKHÁRRUPRUHIUHTXHQWO\ WZLFHSHUGD\
• feed cows with diets that produce drier faeces.

For the same number of animals the system needs more
UHVWLQJVSDFHWKDQWKHHTXLYDOHQWFXELFOHV\VWHP7KHOHYHO
of investment is lower than for the cubicle system, but the
annual costs of the bedding (unless produced on the farm)
and for the labour is higher.
7KHV\VWHPLPSOLHVWKHXVHRIYHU\ODUJHTXDQWLWLHVRIVWUDZ
or other bedding material. The spreading of straw, manually
RU PHFKDQLFDOO\ QHHGV D ORW RI WLPH DQG DGHTXDWH HTXLSment and storage area (in open air or under a roof).
The system implies:
• a minimum slurry storage capacity,
VSHFLDO KDQGOLQJ HTXLSPHQW IRU EHGGLQJ PDWHULDO VROLG
manure and slurry,
VSHFLDOHTXLSPHQWWRVSUHDGVROLGPDQXUHDQGVOXUU\

Table 3.1.3.5.1: typical bedding use in different housing arrangements.
Straw use
(kg/day.m²)

System
characteristics

1.0 - 1.2

Two area straw
yard systems

0.7 - 1.0

Multiple area straw
yard systems

Generally speaking, somatic cell count is higher than for
cubicle system.
Conversion of building for another type of cattle is possible
and relatively easy to do.

3.1.4 ADVANTAGES AND DISADVANTAGES OF THE LOOSE
HOUSING
3.1.4.1 Cubicle systems
Compared to the straw yard systems, cubicle systems can
function with less bedding material (straw, sawdust, comSRVW VDQG HWF  EXW WKH\ QHHG DGHTXDWH PDQDJHPHQW WR
keep a high level of animal cleanliness. Furthermore, it is
21

3.2 TIED HOUSING

Stall length (SL)

3.2.1 INTRODUCTION

7KLVLVFDOFXODWHGIURPHTXDWLRQ  
SL = 0.92 L + 0.3 (3)
Table 3.2.2.1 shows stall lengths based on CIGR-standard
data (see Section 2.1.2, Table 2.1.2.1).

Tied housing restricts the cows’ freedom of movement. Tie
stalls will always be a compromise in order to meet different demands, because many activities take place in the
same area. The same location is used for standing, lying, social interactions, feeding, drinking, milking and defecating/
XULQDWLQJ 7KLV VLWXDWLRQ LV GLIÀFXOW WR PDQDJH EXW WKHUH
are some points of good practice and husbandry, that will
contribute to designing tie stalls that are more suitable with
respect to animal welfare. This section aims to summarise
WKRVHSRLQWVZLWKVSHFLDOUHJDUGWRVWDOOGLPHQVLRQVÁRRULQJ
and tie systems.

Stall width (SW)
The stall width must ensure the comfort and safety of adjacent animals and guarantee that all animals can lie simultaQHRXVO\(TXDWLRQ  VKRZVWKHUHTXLUHGVWDOOZLGWK
SW = 0.86 H (4)
Table 3.2.2.1: stall length (SL) and stall width (SW) based
on CIGR standard dimensions for cows.

Tie stalls should only be used when animals can graze outdoors or can exercise in an open yard throughout the summer and have the opportunity for periodic exercise in an
open yard in the winter (ideally every day).

Animal size

3.2.2 DIMENSIONS OF TIE STALL ARRANGEMENTS
The length of standing space for the cow is important. A
standing or stall length that provides for all the needs of the
cow for standing, reclining/rising, resting, feeding, drinking
and milking is sometimes referred to as a “short length.”
Longer standings (medium and long standing lengths) appear
to offer no advantage to the cow and if not cleaned regularly often also result in dirtier cows. Therefore, this document recommends, so-called, short stall standing lengths.

Length

Weight
(kg)

H
(m)

L
(m)

SL
(m)

SW
(m)

550

1.35

1.61

1.79

1.15

650

1.40

1.69

1.85

1.20

750

1.44

1.75

1.90

1.25

850

1.48

1.80

2.00

1.30

Dunging and walking passage width (DW)
The dunging and walking passage must provide enough
space for routine tasks (milking, cleaning, help at parturition) to be easily carried out. In addition there must be
enough space for individual cows to move out of and into
their standings and for all animals to be driven in and out of
the building. It should correspond to the length of an animal
(DW = 1.45 L) and must not be less than 2 m.

Figure 3.2.2.1 shows a cross section of a short standing tie
stall.
Solid manger walls (separation between the standing surface and the feed manger) must not be higher than 32 cm
and not thicker than 12 cm. Flexible manger walls (rubber
belts) are recommended, because they do not impair the
forward lunge of the cow when rising. They must not be
higher than 42 cm and the upper board must not be sharpedged and should be cut at every stall.

Rows of stalls
To accommodate different sizes of cows, tie stalls may need
to be of different sizes. One might consider the following
options when installing rows of stalls.

All dimensions in chapter 3.2.2 are expressed in metres and
LQWHUPVRIWKHERG\GLPHQVLRQV/+ :DVGHÀQHGLQ6HFtion 2.1.

For small units, provide:
• A tapered arrangement, so that the stall length at one
end of the row can accommodate the mean of the 25%
smallest cows in the herd while at the other end the stall
length can accommodate the mean of the 25% largest
cows in the herd. The same procedure can be applied to
the widths of stalls provided. This approach is unlikely to
prove satisfactory if cows and heifers are mixed.

Manger width (MW)
Value (1) and (2) below show manger width (MW) for animals
of different body dimensions. An appropriate manger width
PXVWJXDUDQWHHWKDWDVXIÀFLHQWIRGGHUVXSSO\UHPDLQVDWtainable for the animal.

For larger units, provide:

MW = 0.60 [For animals up to H = 1.4 +/- 0.05] (1)
MW = 0.50 [For animals up to H = 1.3 +/- 0.05] (2)

• 5RZVRIVWDOOVRIDGMXVWDEOHOHQJWKEXWÀ[HGZLGWK

Figure 3.2.2.1: longitudinal section of a “short standing” tying stall (All dimensions are expressed in cm.).
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3.2.4 THE SYSTEMS AND FACILITIES FOR RESTRAINING
THE ANIMALS

3.2.3 STALL FLOORS AND BEDDING
&RZVQHHGDVRIWDQGFOHDQO\LQJDUHDWKDWDIIRUGVVXIÀFLHQW
grip to prevent the animals from slipping when rising and
reclining. Thin hard rubber mats (0.02 m thick) without any
EHGGLQJPDWHULDOGRQRWPHHWWKHVHUHTXLUHPHQWV6DZGXVW
or shavings are not recommended, because they can cause
skin irritations and lesions. Where above 2.5 kg straw bedding per animal per day is used as the only bedding material, large amounts of straw is often dragged into the dunging
passage. It is then labour intensive and relatively expensive
to clean every day.

A number of different tie systems are currently used in pracWLFHDQGIUHTXHQWO\QHZRUPRGLÀHGGHVLJQVDUHGHYHORSHG
In principle tying devices must:
• allow normal rising, standing, lying-down and lying behaviour
• allow normal feeding behaviour
• be non injurious to the animals
• allow the animal freedom of movement whilst preventing it from getting too far into the feed manger and from
dirtying the lying area
• allow movement of at least 600 mm in longitudinal direction and 400 mm in transverse direction (parallel to
the manger) and offer the animals enough freedom in
vertical line.
• should also reduce agonistic behaviour with the neighbouring cows while feeding.

Soft foam rubber or plastic mats (“animal comfort mats”)
more than 0.03 m thick, should be preferred to conventional hard rubber mats. Ground or chopped straw (0.4 – 0.8
kg per animal and day) should be spread on every rubber
mat to keep the lying area drier. Cow mattresses (soft twoOD\HUPDWWUHVVHVRUPDWWUHVVHVÀOOHGZLWKVKUHGGHGUXEEHU 
were initially developed for cubicles. These designs have
been successfully used in tie stalls, but hollows/holes can
be created by the cows’ hooves remaining in the same place
for long periods. Mattresses with pre-sown tubes are preferDEOHWRV\VWHPVZLWKORRVHUXEEHUÀOODQGDOVRPRUHGXUDEOH
cover materials are recommended in tie stalls.
The stall can also be restricted by a board, pipe or round
timber (bedding retainer) at the back edge and covered by a
mix of straw and other organic material made by the farmer
himself (like a cubicle). Thereby, animals have a comfortable bed and only 0.3 kg to 1 kg straw per animal per day
LVQHHGHG)XUWKHUGHWDLOVFRQFHUQLQJÁRRULQJDUHGHVFULEHG
in Section 3.1 (see 3.1.3.6 The cubicle base). It is important to avoid steps which are too high (max. 0.25 m at the
back edge of the standing). If necessary the dunging passage
must be raised.

Figure 3.2.4.1: spatial arrangement of neck and head rails,
partitions and water bowls.

The earth bonding of metal meshes (concrete reinforce) is
recommended under the stall and manger areas. This is to
eliminate possible stray voltage problems.

The provision of partitions between standings will restrict
diagonal standing and lying. Cantilever dividers do not have
a post that extends into the base of the lying area. They
are the most suitable for animal comfort and for the installation of new base and bedding concepts. Partitions should
not be higher than 0.7 H and should not exceed a length
of 0.42 L (i.e. for cows 0.70 m). Flexible textile-straps are
SUHIHUUHGIRUWKLVSXUSRVH7KH\FDQEHÀ[HGIURPSURMHFWing metal brackets and can even replace a solid partition.
Figure 3.2.4.2 shows spatial arrangement of partitions.

Dunging and walking passages must not be harmful to claws.
They should also provide good traction for the cow when
walking or standing, especially when animals are using them
e.g. for going to pasture. Dunging passages can either have
VROLGÁRRUVDQGEHVHSDUDWHGIURPWKHO\LQJDUHDE\DVWHS
or the gutter can be covered by a grate. As well as being
kinder to the claws, grates must provide a good throughput
of dung. The clear distance between bars (“spacing”) should
not exceed 40 mm and the bars should at least have a width
of 25 mm. The surface must be even and free of burs. Grids
with a honeycomb design or metal grids with rubber coating
have a favourable effect for animal claw comfort.

)LJXUHÁH[LEOHWH[WLOHVWUDSZLWKRXWVROLG
partition (Schick, 2000).

Figure 3.2.3.1: design of grates for tie stall housing.
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be pushed upwards, e.g by the cow, uncovering the metal
stick (see Figure 3.2.7.2).

3.2.5 CALVING AND NURSING BOXES
Separate calving boxes should also be available in tie stalls.
Additional nursing boxes are recommended. Further design
recommendations are given in chapter 3.10.
3.2.6 WATERING
7KH DEVROXWH PLQLPXP UHTXLUHPHQW LV WKDW D ZDWHU ERZO
should be mounted at every second stall division. However,
this means that cows share the water bowls which can be
stressful for submissive cows, can limit their water intake
and reduce milk yield. Therefore the provision of a bowl in
every stall is preferred. Recommended position of the water
ERZOLVVKRZQLQÀJXUH
3.2.7 COW TRAINERS

Figure 3.2.7.2: covered cow trainer (AK Milchviehproduktion Voitsberg, 2004)

Allowing the cow freedom of movement, may result in a
considerable proportion of faeces being deposited on the
lying area. Maintaining a clean lying area is labour intensive
DQGUHTXLUHVVLJQLÀFDQWDPRXQWVRIOLWWHU2WKHUZLVHWKHUHsult will be a greater probability of dirty animals or infected
teats. To prevent this, electric cow trainers, that force the
cow backwards as she defecates, are sometimes used.

• The “Aktorik” uses a sensor controlled mechanical-pneumatical metal bow to force the cow backwards (see Figure 3.2.7.3). The main disadvantage of this system is its
high price.

The use of trainers raises serious welfare concerns and the
following points need careful attention if cows are not to be
unduly stressed:
• the cow trainers must be located very carefully at a minimum height of 50 mm above the withers, when the cow is
in a normal standing position (see Figure 3.2.7.1)
• the trainers must be adjusted to suit each individual animal in its stall
• the trainers must be switched off whenever the cow is
in heat (oestrus), is calving or when the cow is being
handled in any way
• it is recommended that cow trainers be used, i.e.
switched on, only once a week. It is claimed that this
will not lead to dirtier cows
• special devices (with low discharge energy, time switch,
automatic cut off) must be used. Do not use devices designed for pasture fences.
Figure 3.2.7.3: mechanical-pneumatic system (“Aktorik”).
The use of cow trainers constrains certain behaviours (mainly oestrus and grooming behaviour) and limits the movePHQWRIFRZV&RQVHTXHQWO\WKHFRZPXVWEHSURYLGHGZLWK
regular and substantial opportunities to exercise and the
animals may need to be regularly and thoroughly cleaned
and groomed by the herdsman. In certain countries electric
cow trainers are forbidden.

3.3 FEEDERS
3.3.1 INTRODUCTION
The feeding space is an important part of the building as
it may be used by the animals for between 5 to 9 hours a
day. Feeding barriers and mangers for cattle should provide
access to a large volume of feed, prevent bullying and feed
ZDVWDJHDQGEHQRQLQMXULRXVWRWKHDQLPDOV&RQÀJXUDWLRQV
that do not cause discomfort or injury, while offering maximum forward reach and limiting sideways reach to reduce
bullying, are the most suitable. When the feeding area is
outside the building it should be protected with a shelter.

Some alternatives to the electric cow trainer has been developed:
• The covered cow trainer is a form of electric cow trainer
that is covered by a plastic or wooden cover, which can

3.3.2 NUMBERS OF FEEDING PLACES
Ideally all animals should be able to eat at the same time.
This means that a feeding place should be available per animal. However, if feed is permanently (day and night) available for the animals, up to 2.5 animals per feeding place
can be tolerated. If less places than the number of animals
are available at the feeding barrier, a self locking barrier
should not be used.

Figure 3.2.7.1: correct adjustment of an electric cow
trainer.
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Table 3.3.3.3.1: calculated cattle place lengths for various
sizes of animal

3.3.3 GENERAL DIMENSIONS
3.3.3.1 Forward reach length
In order to get additional food, cows will press their shoulders against the feeding barrier, which may cause injuries.
The fodder should be within the normal reach of the animal (Figure 3.3.3.1.1). The reach depends on the size of
WKH DQLPDOV DQG WKH FRQÀJXUDWLRQ RI WKH IHHGLQJ EDUULHU
In general, the greater the height difference between the
feeding stance and manger, the greater the reach. However,
to reduce the waste of feed the height difference should be
limited to between 15 and 20 cm. Research has shown that
inclining the barrier by up to 20° towards the manger (i.e.
away from the cow) increases the volume of food within
reach of the cow whilst reducing the risk of injuries. The
separation wall between manger and animal should, preferably, be less than 15 cm thick but not more than 20 cm
thick.

Weight
(kg)

W
(cm)

CS
(cm)

550

50

65

650

55

71

750

60

78

850

64

83

3.3.3.4 Feed stalls
Physical separation between adjacent cows, when they are
at the feed barrier, can reduce competition and aggressive
interactions especially for subordinate cows. This can reVXOWLQLQFUHDVHGGU\PDWWHULQWDNH:KHQWKHÁRRURIWKH
cow standing is elevated cows are not disturbed by scrapers in the feed stance passage and stand dry and clean during eating. This will hopefully result in better foot health
(Figure 3.3.3.4.1). Using rubber mats on the cow standing
can also help. The access passage/feed stance should be
wide enough for two cows to pass each other without hindrance.

Figure 3.3.3.1.1: reach curve for cows.
3.3.3.2 Crib or feeding table
Cribs limit pushing the fodder out of reach (Figure 3.3.3.2.1).
They should be at least 60 cm deep at a height of 20 cm.
0DQJHUV DUH PRUH H[SHQVLYH WKDQ ÁDW IHHGLQJ WDEOHV DQG
QHHG PRUH ODERXU WR EH ÀOOHG DQG FOHDQHG :KHQ IHHGLQJ
silage the concrete should be protected against aggressive
silage juice (e.g. polyester or epoxy resin coating).

Figure 3.3.3.4.1: feed stall (dimensions in cm).
3.3.3.5. Feeding table
The width of the feeding tractor passage depends on the
feeding system. However, where feed is delivered to the
trough (manger) using a mixer wagon, the tractor passage
width needs to be at least 4m. Where two feed barriers
face each other (in a building or between two buildings) the
distance between them needs to be at least 5 m to allow
DGHTXDWHVSDFH
Where the feed will be presented to the cattle using a conveyor the ‘tractor’ passage can be limited to the width of
the conveyor. However, where an automatic feeding device
is used, additional space may be needed at the head of the
device to allow for the safe discharge or loading of the forage on/off the conveyor belt.
3.3.4 FEEDING BARRIER DESIGN
3.3.4.1 Post and rail barrier

Figure 3.3.3.2.1: feeding table and manger.

The withers of cattle are particularly sensitive and prone
to injury, which means that positioning of the top rail is
crucial. If the height of the top rail is lowered, so the risk of
injury increases. Advantages of the rail barrier are low cost
and easy access for cows. Waste of feed and no restrictions
to sideways movement, which may encourage bullying, are
the main disadvantages. On this basis a post and rail barrier
should not be recommended for dairy cows. However, if it
is installed the neck rail must be easy to adjusted. DimenVLRQVDUHJLYHQLQWKHÀJXUHEHORZ

3.3.3.3 Feeding space per animal
The spacing between cattle places (CS) is given by the following formula:
CS = 1.3 W
where W = width of chest of the animal
+HQFH WKH WRWDO OHQJWK RI EDUULHU UHTXLUHG FDQ EH GHWHUmined. See the table below.
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Figure 3.3.4.1.1: post & rail barrier dimensions. The dimensions are only appropriate for dehorned cows.

Figure 3.3.4.4.1: dovetail barrier, construction details.

3.3.4.2 Diagonal bar barrier

3.3.4.5 Self locking barrier

This type of barrier forces cattle to angle their heads to
gain access. The angle of the bars helps prevent food wastage as the animals cannot throw food over their backs and
cannot move straight back out of the barrier with food in
their mouths. Sideways movement is limited to some exWHQWWKRXJKQRWHTXDOO\RQERWKVLGHV)RUPD[LPXPUHDFK
and minimum feed wastage, the bars should be angled at
60°. Dimensions are given below.

Self locking barriers are often preferred because they allow
cows to be constrained. This constraint offers the following
management advantages:
• cows can be held for about 30 minutes after milking
to prevent them from lying down on bedding until the
sphincters of the teats have closed
• cows can be held for observation, veterinary attention,
DUWLÀFLDOLQVHPLQDWLRQGXULQJFOHDQLQJDQGPDLQWHQDQFH
activities
• wastage of feed, such as hay, is reduced
• feed competition is reduced.
Dimensions of a typical design are given below. The barriers are often mounted vertically, but there would probably
be advantages in inclining the barrier at 20° as for the free
access designs. Noise can be reduced when sliding bars are
supplied with plastic stoppers.

Figure 3.3.4.2.1: diagonal barrier dimensions.
3.3.4.3 Tombstone barrier
The tombstone barrier overcomes problems with bullying by
limiting sideways reach and movement. However, vertical
tombstones limit sideways reach excessively and thus limit
the volume of feed within reach of the animal. Optimum
sideways reach is achieved by splaying the tombstone at an
angle of 7°. The cantilevered design of the tombstone barULHUUHTXLUHVDKHDY\FRQVWUXFWLRQ$VZLWKWKHRWKHUEDUULers described, the tombstone should be angled towards the
manger as shown below.

Figure 3.3.4.5.1: typical self locking barrier.
3.3.5 DEVICES FOR MOVING THE FEED

3.3.4.4 Dovetail barrier

Moving feed automatically to the feeding barrier may help
UHGXFHWKHODERXUUHTXLUHGWRNHHSVXIÀFLHQWTXDQWLWLHVRI
food in front of the animals. This may allow more animals
to feed from the same length of the feeding barrier for
more time. Where stock are fed silage in blocks, mechanical beams can be used to gradually push the blocks towards
the feed barrier and hence the animals. However, there is
a risk of fermentation in the silage blocks if they are not
FRQVXPHGTXLFNO\HQRXJK6RNHHSLQJDOLPLWHGDPRXQWRI
silage in the passage is advisable.

Of the designs discussed here, the dovetail barrier provides the best access to feed without causing injuries or
feed wastage. The splayed partitions prevent bullying while
allowing optimum reach and construction is lighter than
a cantilevered design. The barrier may be constructed in
wood on site at relatively low cost, or purchased in prefabricated steel sections. Dimensions of the dovetail barrier
are shown below.

An alternative system (Figure 3.3.5.1), instead of moving
the feed to the feeding barrier, the feeding barrier (and
FRQVHTXHQWO\ WKH DQLPDOV WRR  PRYHV WR WKH IHHG 7KLV LV
similar to a self-feeding silo where the feeding gate is often
moved by the animals. However, the lack of height difference between feeding table and feeding area and the adGLWLRQDOODERXUIRUÁRRUFOHDQLQJDUHWKHPDLQGLVDGYDQWDJHV
of this system.

Figure 3.3.4.3.1: splayed, inclined Tombstone barrier dimensions.
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Figure 3.3.6.1: example of a hay rack with diagonal barrier.

3.3.7 BALE FEEDERS
Large round or rectangular feeders may be used for hay and
silage. The amount of waste food depends on the design of
the feeder. The bottom of the feeder should be closed up to
a height of 40 cm. Angled feed bars or a tombstone barrier
reduce the amount of hay or silage pulled out of the feeder
and wasted. Bale feeders can be easily moved by a tractor
and are suited for use in paddocks and pastureland.

Figure 3.3.5.1: self-feeding silo with feeding gate moved
by the animals.
For more conventional systems i.e. a forage wagon, an automatic ‘butler’ machine can be used several times a day
along the feeding barrier to push the silage up to the barrier
and even distribute supplementary feed. Another automatHGV\VWHPLVLOOXVWUDWHGLQÀJXUH+HUHDÁH[LEOHPDW
LVÀ[HGWRWKHIURQWRIWKHIHHGEDUULHUDQGIHHGSODFHGRQ
it. The mat is then raised to keep feed in front of the stock
at all times.

Figure 3.3.7.1: an example of mobile bale feeder.

3.3.8 CONCENTRATE FEEDERS
Milking cows need additional nutrients which are not, or
cannot, be supplied exclusively through feeding forages.
Traditionally cows are fed concentrates in the milking
SDUORXU EXW IRU SK\VLRORJLFDO UHDVRQV ODUJH TXDQWLWLHV RI
FRQFHQWUDWHV FDQQRW EH FRQVXPHG LQ VXIÀFLHQW TXDQWLWLHV
in the relative short milking time. Therefore, feeder stations, out-of-parlour-feeders (OOPF’s), are used where the
concentrates can be easily and safely accessed by the cows
WKURXJKRXWWKHGD\7KHDQLPDOVDUHLGHQWLÀHGE\DQHOHFWURQLF GHYLFH WUDQVSRQGHU  VRPHWLPHV À[HG DURXQG WKHLU
necks, as they enter the computer controlled individual
feeders and it dispenses part of their daily ration, if they
are due to have some concentrates. The recommended
number of animals per station is about 25 – 30. There are
several commercial models available, but to protect a cow
using a feeder against aggressions the feeder should have a
self closing rear gate or a front exit. Unfortunately OOPF’s
are costly, so, in some cases farmers incorporate the concentrate in a total mixed ration (TMR) rather than use concentrate feeders.

)LJXUH  D ÁH[LEOH IHHG SXVKLQJ V\VWHP 6FKLFN
2000).
3.3.6 HAY RACKS
A hay rack normally consists of two main compartments:
one in which the hay is placed and one into which the animal pulls the hay before eating. Vertical bars spaced at 14
to 18 cm apart separate the two compartments. A manger
at the base of the eating compartment collects hay dropped
by the animal avoiding feed losses. The cattle gain access
to the feeding compartment through a feed barrier. Because
the sloping base of the hay compartment ensures that the
hay always falls against the vertical bars forward reach is
QRWDOLPLWLQJIDFWRU&RQVHTXHQWO\WKHUHLVQRQHHGIRUWKH
barrier to be inclined. Any of the barrier designs discussed
above may be used. A typical design is shown below.
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+RZHYHU 0H\HU   FDOFXODWHV ZDWHU UHTXLUHPHQW DV
a function of milk production, ambient temperature and
weight of the animal, according to the following formula:
Water intake (kg/day) = -26.12 + 1.516 * average ambient
temperature (°C) + 1.299 * milk production (kg/day) + 0.058
* body weight (kg) + 0.406 * Na intake (g/day).
&DOFXODWLRQVXVLQJWKLVHTXDWLRQVKRZWKDWDFRZSURGXFLQJ
40 kg of milk per day at temperatures above 25°C result in
DZDWHUUHTXLUHPHQWRIRYHUOLWUHVSHUGD\

Figure 3.3.8.1: concentrate feeder.
3.4 DRINKERS
3.4.1 INTRODUCTION
Water is very important for dairy cows and lack of water
ZLOOVLJQLÀFDQWO\DIIHFWPLONSURGXFWLRQSDUWLFXODUO\LQKLJK
yielding cows producing 10,000 litres or more per lactaWLRQ &RQVHTXHQWO\ JRRG TXDOLW\ ZDWHU PXVW EH SURYLGHG
YLDDGHTXDWHUHOLDEOHDQGUHDGLO\DFFHVVLEOHGULQNLQJIDFLOLties. The following gives guidance as to how this might be
achieved.

Figure 3.4.2.2: water requirement as a function of milk
production and ambient temperature (weight of the cow:
650 kg) [Meyer, 2004].

3.4.2 DRINKING WATER REQUIREMENTS
3.4.3 POSITION OF THE HEAD AND COW BEHAVIOUR

(YHU\GD\DGDLU\FRZGULQNVODUJHTXDQWLWLHVRIZDWHU+RZ
much she drinks depends on various factors such as milk
production, average dry-matter content of the feed, stage
of lactation and ambient temperature. Castle and Thomas
(1975) assume that two of these factors, milk production
and dry-matter content of the feed, play a dominant role
in determining water intake. They developed the following
IRUPXODIRUSUHGLFWLQJZDWHUUHTXLUHPHQWV )LJXUH 
y = 2.53x1 + 0.45x2 - 15.3 (± 8.31)

When a cow is drinking naturally (watering place), its muzzle is inserted at between 30 mm and 40 mm into the water
and its head is inclined at an angle of between 55° and
75° (Boxberger, 1975) (see Figure 3.4.3.1). This is because
ERYLQHV DUH VXFWLRQ GULQNHUV WKHUH VKRXOG EH QR LQÁX[ RI
air during the drinking process, and the nostrils must at the
same time remain free. A minimum water depth of 0.60 –
0.80 m should therefore be adhered to. About 10 litres of
water are consumed in each drinking event, which lasts one
to two minutes. However, in a natural position, a cow can
drink between 18 and 25 litres (max. 25, ALB Bayern 2000)
of water per minute. Metzner (1978) suggests that in order
for a cow to drink naturally from a drinker (trough or bowl),
a water surface area of 0.06 m²/cow should be allowed.

ZKHUH \ ZDWHUUHTXLUHPHQWNJGD\
x1 = milk production kg/day
x2 = dry-matter content of feed %
&DOFXODWLRQVXVLQJWKHHTXDWLRQVKRZVWKDWDFRZSURGXFLQJ
25 kg of milk per day and being given feed containing 40%
GU\PDWWHUKDVDGDLO\ZDWHUUHTXLUHPHQWRIDSSUR[LPDWHO\
66 kg.

Figure 3.4.3.1: position of the head during drinking.
Tests recording the behaviour during drinking showed that
a trough height of 0.60 m and dimensions of 1.39 m x 0.95
m led to markedly longer use of the trough (27.3 sec) with
a higher consumption per drinking event than in the case
of a smaller trough placed lower down (1.26 x 0.68 m at
0.30 m) (Pinheiro, 2004). This also resulted in a higher total
consumption per day (80 litres, grazing and 17% dry-matter
content in pasture forage). Cows prefer to drink from a
WURXJKUDWKHUWKDQIURPÁRZLQJZDWHURUDERZO

Figure 3.4.2.1: water requirement as a function of milk
production and dry matter content of feed [Castle and
Thomas, 1975].
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Troughs should provide the cows with a water level at a
KHLJKW RI  + QRUPDOO\ DERXW  P  DERYH WKH ÁRRU
The water level should be between 0.07 m – 0.08 m (AlbBayern, 2000) below the top of the trough, to avoid excessive spillage and splashing of adjacent areas.

3.4.4 WATER QUALITY
Water has a certain smell, colour and taste. Although subjective, these measures can give a good indication of the
TXDOLW\ RI GULQNLQJ ZDWHU $ PRUH DFFXUDWH DVVHVVPHQW RI
ZDWHUTXDOLW\UHTXLUHVWKHPHDVXUHPHQWRIFHUWDLQSK\VLFDO
chemical and bacteriological parameters, e.g. suspended
solids, pH and biochemical oxygen demand.

In all cases the water trough should have a water stop valve
so that it can be easily emptied, cleaned and maintained.
Troughs with a tipping mechanism facilitating cleaning are
ideal.

7KHGHVLJQDQGPDLQWHQDQFHRIGULQNHUVZLOODIIHFWWKHTXDOity of the water. The water in the drinkers may become polluted with faeces, urine, feed, detritus, algae and other
RUJDQLVPV WKDW ZLOO UHGXFH ZDWHU TXDOLW\ 7URXJKV DQGRU
water bowls should be designed so they can be easily emptied and cleaned on a regular basis. The functioning and
cleanliness of watering facilities should be checked daily.

To reduce soiling of water troughs, a guard rail (distance
barrier) or step may be used. These and other features are
illustrated in Figure 3.4.5.1.1.
3.4.5.2 Water Bowls
Bowl type drinkers should provide a minimum surface area
RIPðDQGDZDWHULQOHWÁRZUDWHRIOLWUHVPLQXWH
7KH LQOHW ÁRZ UDWH VKRXOG QRW EH UHVWULFWHG E\ WKH ZDWHU
supply pipework, or inlet nozzle.

About water temperature: cows prefer (drink most water)
when the water temperature was +17°C (Andersson, 1984).
With water temperatures less than +10°C, the cows yield
0.8 kg less milk per day (Himmel, 1964). Therefore, the
ideal temperature for drinking water is between 10°C and
20°C.

In tied housing stalls, water bowls should be located so that
the water level in bowls is at a height of 0.55 H above the
ÁRRU 7KLV GULQNLQJ IDFLOLW\ LV QRW UHFRPPHQGHG IRU ORRVH
housing.

3.4.5 DRINKING FACILITIES – GENERAL REQUIREMENTS
Any drinker (trough or bowl) should:

Certain drinkers are available, which are a compromise between water bowls and water troughs. Typically they have
D ODUJH VXUIDFH DUHD DQG WKH LQOHW ÁRZUDWH PD\ EH XS WR
20 litres/minute. These drinkers, however, may have some
disadvantages that need to be considered when selecting
WKHPHJWKHZDWHUPD\EHWRRVKDOORZRUWKHZDWHUÁRZ
PD\DSSHDUWRRWXUEXOHQWDWKLJKLQÁRZUDWHV

•
•
•
•

be easily accessible
be of the correct size
provide water at the correct height
allow each animal to consume water at a minimum rate
of 10 litres/min
• limit water movement so that cows do not gulp air instead of water.
• be designed so as to prevent fouling with faeces
• be easy to clean.

3.4.5.3 “Ball drinker”
Description:

3.4.5.1 Water troughs
The principle is always the same with different variations.
The drinker sits in an insulated tank with water level regulator inside (ball cock). The drinking cow can access the water
through an opening, closed with a ball or a cap.

For loose housing systems, water troughs with a minimum
usable capacity of about 150 - 200 litres are recommended.
7KHODUJHTXDQWLW\ RIZDWHUKHOGLQWKHWURXJKVZLOODOORZ
WKHDQLPDOVWRGULQNTXLFNO\(YHQLIWKHZDWHUVXSSO\ÁRZ
rate is low, this size of trough will allow cows that may consume up to 20 litres water/minute to drink regularly. A water trough 2.5 m long, 0.4 m wide and 0.4 m deep should
EHVXIÀFLHQWWRVDWLVI\WKHZDWHUUHTXLUHPHQWVRIFRZV
Per cow, a trough length of 0.05 m (winter) and 0.10 m
(summer) is suggested. There should always be two troughs
available per group of animals, regardless of the size of the
group, since, in certain circumstances, a dominant cow may
occupy one of the troughs for a fairly long time.

Advantages:
• frost-proof and mechanically simple construction
• OLWWOHPDLQWHQDQFHUHTXLUHG
• mostly used in pastures.
Disadvantages:
• hygienically unsatisfactory: the state of cleanliness and
GLIÀFXOWWRFOHDQ
• balls have to be pushed aside. For younger or weaker
animals this can be a problem. Access can be restricted
in freezing conditions.
3.4.6 FREEZING
To prevent freezing, the water supply system and drinker
should be protected from frost. This may be done in a variety of ways, some of which might provide the additional
EHQHÀWRIPDNLQJZDWHUDYDLODEOHWRWKHFRZVDWDSUHGHtermined temperature. To frost-proof underground supply
pipes, depending on climatic zone, they should be laid at
approximately 0.8 m - 1.2 m deep.

Figure 3.4.5.1.1: cross section of a water through with a
distance barrier (or alternatively with a step).

Passive systems using, for example, ground heat (see Figure
3.4.6.1) might be appropriate in some climates. In others,
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heating systems using electricity, gas or some other fuel
input will be necessary. Ball drinkers are frost-proof and
hence often used in outdoor situation.
Among the heating systems that might be used to give frost
protection are:
• low voltage direct electric heating of the water in the
drinker
• low voltage electric wrap-around heating of supply pipes,
valves and the body of the drinker
• continuous circulation of heated water through the drinker/drinkers.

Figure 3.4.7.1: position of a trough in a passage.
In a housing system with both bedded and un-bedded (solid
RUVODWWHG ÁRRUDUHDVGULQNHUVVKRXOGEHSODFHGRYHUWKH
un-bedded area. This will avoid wetting of the bedding due
to spillage or splashing (see Figure 3.4.7.2).
Section

Plan

Figure 3.4.6.1: cross section of a anti-frost water trough.

Figure 3.4.7.2: trough in a housing system with littered/
bedded area.

3.4.7 ACCESS/LOCATION OF DRINKERS

3.4.8 NUMBER OF BOWLS/DRINKERS

Troughs 2.00 m to 2.50 m in length and 0.40 m to 0.45 m in
width should be located in passages at least 3.50 m wide.
When several cows are drinking at the same time this will
DOORZVXIÀFLHQWVSDFHIRURWKHUDQLPDOVWRSDVVEHKLQGWKHP
(see Figure 3.4.7.1 and Section 3.4.7.1).

7KHQXPEHURIZDWHUERZOVSURYLGHGVKRXOGEHHTXLYDOHQW
to 15% of the number of dairy cows, i.e. approximately one
bowl for every 7 cows. Even in a small herd this can mean
WKDW D ODUJH QXPEHU RI ZDWHU ERZOV DUH UHTXLUHG HJ 
ERZOV IRU  FRZV DQG LW PLJKW EH GLIÀFXOW WR SODFH DOO
bowls in a satisfactory location.
3.4.9 TECHNICAL SPECIFICATIONS
See Table 3.4.9.1.
7DEOHDUHDG\UHFNRQHUIRUZDWHUÁRZE\GLIIHUHQW
pipes dimensions

Dimension

0D[LPXPZDWHUÁRZUDWH OLWUHPLQ

Standard
steel
pipe size
(inch)**

Plastic pipes
(polyethylene)
D (mm)

Pipe length (m)

GS

P

GS

P

GS

P

GS

P

GS

P

GS

P

0.5 “

20

21

33

16

23

14

18

11

15

10

14

9

12

0.75 “

25

43

60

36

40

28

33

24

27

23

24

21

23

10

20

30

40

50

60

Pipe material

1“

32

96

114

66

78

57

66

45

51

42

48

39

45

1.25 “

40

195

204

144

144

120

114

96

96

90

84

84

84

1.5 “

50

300

375

210

258

180

210

150

174

132

156

129

150

2“

63

510

660

420

480

330

390

285

330

270

300

240

270

D = outer diameter
GS = galvanized steel
P = plastic pipes
*Initial water pressure 300 kPa, 50 – 70 kPa pressure drop
in the pipe

**Internal diameter
***External diameter
Example: 32 mm external diameter polyethylene (plastic)
pipe of 40 m length gives 51 litre/min.
30

a non-slip surface, regulations for water protection, the
method of cleaning to be used, whether bedding material
is available etc. The aggressive nature of the environment
LPSRVHG RQ WKH ÁRRU VXUIDFH UHVXOWLQJ IURP WKH FKHPLFDO
composition of manure and feed residues necessitates exWUD GHPDQGV RQ WKH TXDOLW\ RI PDWHULDOV XVHG ,Q DGGLWLRQ
the mechanical impact of cleaning systems can place extra
loadings of the structure. In response to the special strucWXUDO GHPDQGV SODFHG RI ÁRRU V\VWHPV VHYHUDO FRXQWULHV
KDYHGHYHORSHGQDWLRQDOVWDQGDUGVIRUWKHVSHFLÀFDWLRQRI
ÁRRUFRQVWUXFWLRQIRUXVHLQFDWWOHKRXVLQJ7KHVHVWDQGDUGV
cover issues such as structural detailing and construction
SUDFWLFHUHLQIRUFHPHQWVSHFLÀFDWLRQDQGFRQFUHWHTXDOLW\

3.5 FLOORING
3.5.1 INTRODUCTION
Floor surface provides interface between animal and house
and it is of critical importance to the satisfactory performance of the facility as it is the part of the building with
which the animal comes into closest and continuous contact. Floors are multifunctional elements and this can lead
to some compromises in their design.
7KH ÁRRU PXVW EH VWURQJ HQRXJK WR VXSSRUW DOO WKH ORDGV
IURPDQLPDOVDQGHTXLSPHQWZKHUHDSSOLFDEOH,QDGHTXDWH
ÁRRULQJLQZDONLQJDUHDVFDQOHDGWRFODZDQGOHJGLVRUGHUV
which is very common, and disturbed natural behaviour by
the cow. Surfaces that are too rough can cause abrasions
and a rapid wear of animal claws. A surface, which is too
slippery or which has too large a slope, can cause injury reVXOWLQJIURPIDOOLQJRUUHGXFHWKHIUHTXHQF\RIDQLPDOPRYHment so affecting natural behaviour and locomotion. Hard
ÁRRUVFDQFRQWULEXWHWRMRLQWRUFODZLOOQHVVOLNHODPLQLWLV
,QFDVHRIVODWWHGÁRRUVWKHJDSZLGWKVKRXOGEHOLPLWHGWR
SUHYHQWFODZGDPDJH+RZHYHUHIÀFLHQWGUDLQDJHZLOOUHTXLUHPLQLPXPJDSGLPHQVLRQV$GGLWLRQDOO\XQVDWLVIDFWRU\
K\JLHQHRZLQJWRGLUW\DQGZHWÁRRUVXUIDFHVFDQUHVXOWLQ
increased incidence of diseases like mastitis and infectious
GLJLWDO GHUPDWLWLV &RQVHTXHQWO\ IURP WKH DQLPDO SRLQW RI
YLHZWKHÁRRULQJVVKRXOG

3.5.4 ANIMAL FLOOR INTERFACE
Many ailments in animals are multi-factorial in nature and
WKHÁRRUFDQEHFRQVLGHUHGWREHDPRQJVWWKHPRVWXVXDO
factor contributing to problems with the health of the feet
and legs of dairy cattle.
Flooring contributes directly, through its physical properties, or indirectly, for example, by allowing (because of
SRRUFOHDQQHVV GLVHDVHYHFWRUVWREHKDUERXUHGRQWKHÁRRU
surface. Claw disorders in cattle have been linked with the
IUHTXHQF\RIFRQWDFWZLWKIDHFHVDQGXULQHDQGWKHÁRRU·V
ability to cause injury through damage to, or destruction of,
the physical structure of tissue. Additionally, bone, muscle
and ligament damage can be caused by the animal slipping.

• give an appropriate grip but must not be too abrasive
• EHVXIÀFLHQWO\VRIWEXWQRWWRRKDUG
• be kept clean and dry.

These effects will be primarily related to the important
ÁRRUFKDUDFWHULVHVRI

Other factors, such as environmental policies, must also
be considered e.g. the need to control ammonia emissions
IURP OLYHVWRFN KRXVHV LV LQÁXHQFLQJ QHZ ÁRRU GHVLJQV LQ
some countries.

•
•
•
•
•

slip resistance (friction, or slipperiness)
hardness (or softness)
abrasiveness
surface texture (roughness and grooves/pattern)
VXUIDFHSURÀOH VORSHRUJUDGLHQW 

3.5.2 FLOORING SYSTEMS
3.5.4.1 Slip resistance
'LIIHUHQW IXQFWLRQDO DUHDV FDQ EH LGHQWLÀHG LQ DQLPDO DFcommodation facilities which include feeding areas, resting
DUHDVDQGFDWWOHWUDIÀFURXWHV6SHFLÀFÁRRUGHVLJQVPD\EH
selected for these different functional areas, e.g. passages
ZLWK D VODWWHG FRQFUHWH ÁRRU D UXEEHU PDW FRYHUHG VROLG
ÁRRU LQ IHHGLQJ DQG FROOHFWLQJ DUHDV FRPELQHG ZLWK PDWtresses in cubicles or sand or straw bedded resting areas.

The slip resistance is a function of the friction between the
FODZDQGÁRRUVXUIDFH)ULFWLRQFRHIÀFLHQWLVDQXPEHUEHtween zero and one, and describes the degree of resistance
to solid bodies to slide over each other, the greater the fricWLRQFRHIÀFLHQWWKHJUHDWHUWKHVOLSUHVLVWDQFH7KHUHTXLUHG
FRHIÀFLHQWRIIULFWLRQ LHWRSUHYHQWVOLSSLQJ IRUPRYLQJ
FRZVLVGHSHQGHQWRQWKHFRZEHKDYLRXULHLIWKHDQLPDO
LVZDONLQJVWUDLJKWDKHDGWXUQLQJÁHHLQJ DFFHOHUDWLQJ RU
stopping (decelerating) etc, as well as starting from a stanGLQJ SRVLWLRQ 7KH PD[LPXP UHTXLUHG FRHIÀFLHQW RI IULFtion, at the push-off stance phase, ranges from 0.3 to 0.85
for various situations (van der Tol et al., 2005). In walking
DUHDVFRHIÀFLHQWRIIULFWLRQRIDERXWLVUHFRPPHQGHG
IRUGU\DQGFOHDQFRQFUHWHÁRRUVLQRUGHUWRDYRLGH[FHVVLYH
surface abrasiveness. For non-abrasive materials (e.g. soft
ÁRRUVVXFKDVUXEEHUÁRRUV DJUHDWHUFRHIÀFLHQWXSWR
or more, is advisable.

2I WKH VROLG ÁRRUV WKRVH FRQVWUXFWHG RI FRQFUHWH DUH
WKH PRVW FRPPRQ ZLWK VROLG ZDONLQJ DUHD ÁRRUV W\SLFDOO\
FOHDQHGE\PHFKDQLFDORUYHKLFOHVFUDSHUVRULQVRPHUHJLRQVDQGFRXQWULHVFRPELQHGZLWKDÁXVKLQJV\VWHP0DVWLF DVSKDOW LV VRPHWLPHV XVHG DV D FRQFUHWH ÁRRU FRDWLQJ
5XEEHUPDWVRQVODWWHGRUVROLGFRQFUHWHÁRRUVDUHEHFRPLQJDPRUHFRPPRQZDONLQJDUHDVXUIDFHÁRRUFRPELQDWLRQ
Pre-cast concrete slats, above a slurry pit or channel, are
WKHPRVWFRPPRQW\SHRIVXVSHQGHGÁRRUGHVLJQEXWSUH
cast solid concrete elements, grooved or not, are in use
as well. Sometimes mechanical scrapers or cleaning robots
DUHXVHGRQVODWWHGÁRRUVLQRUGHUWRLPSURYHÁRRUFOHDQOLQHVV&OHDQÁRRULQJLQZDONZD\VDORQJFXELFOHVLPSURYHVWKH
cleanliness in the cubicles as well, resulting in lower udder
DQG WHDW FRQWDPLQDWLRQ ZKLFK PD\ HQKDQFH PLON TXDOLW\
and reduce mastitis occurrences.

$FRHIÀFLHQWRIIULFWLRQRQFRQFUHWHÁRRUVZLWKLQWKLVUDQJH
WRLVKDUGWRDFKLHYHXQGHUSUDFWLFDOFRQGLWLRQV
the real slip resistance will be dependent on several facWRUVVXFKDVWKHVOXUU\FRDWLQJRQWKHÁRRUDQGZHDULQJRI
WKH ÁRRU PDWHULDO FDXVHG RYHU WLPH E\ JULQGLQJ DQG SR
OLVKLQJDFWLRQRIPHFKDQLFDOFOHDQLQJHTXLSPHQWDQGDQLPDO
PRYHPHQWV 8QIRUWXQDWHO\ VROLG KDUG ÁRRUV VXFK DV FRQFUHWHRUPDVWLFDVSKDOWZKHUHVOXUU\LVIUHTXHQWO\VFUDSHG
particularly during dry and warm weather conditions, can
EHFRPH YHU\ VOLSSHU\ EHFDXVH RI GULHG VOXUU\ RQ WKH ÁRRU
VXUIDFH,QVSLWHRIWKLVIUHTXHQWVFUDSLQJLHDWOHDVWÀYH

3.5.3 STRUCTURAL REQUIREMENTS
:KHQ VSHFLI\LQJ ÁRRUV IRU GDLU\ FRZ KRXVHV WKH GHVLJQHU
must take into account a range of factors e.g. the loadings
LPSRVHGE\DQLPDOVDQGHTXLSPHQWWKHDELOLW\WRSURYLGH
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infectious digital disorders can be reduced and behaviour
can be improved where cows are accommodated on softer
VXUIDFHV&RYHULQJVODWVDQGVROLGKDUGÁRRUVZLWKPDWHULDOV
that provide a soft contact surface, such as resilient rubber
mats or coatings, can improve the animals natural behaYLRXUDQGZHOIDUHDQGPD\UHVXOWLQLQFUHDVHGSURÀWDELOLW\
6ODWWHGÁRRUVHVSHFLDOO\KDUGÁRRUVZLWKJUHDWYRLGUDWLRV
and wide gaps, can increase the pressure on the feet causing claw injuries.

or six times a day, particularly where automatic scrapers
are used, is generally recommended because scraping lesVHQVWKHUHGXFWLRQRIWKHFRHIÀFLHQWRIIULFWLRQFDXVHGE\
surface slurry build-up as well as enhancing hygiene and reducing ammonia emission. When using mechanical scrapers
it is recommended to use plastic or rubber blades to help
SUHYHQWH[FHVVLYHVPRRWKLQJRIWKHÁRRUVXUIDFH
7KH FRHIÀFLHQW RI IULFWLRQ PHDVXUHG LQ D SDUWLFXODU SODFH
will depend on the method of measuring. One type of friction measuring device often used is a skid resistant tester (SRT), which can only be used with reliability on hard
ÁRRULQJDQGQRWRQVRIWÁRRULQJVXFKDVUXEEHU7KHUHFRPmended walking area SRT value, for clean and wet concrete
ÁRRUVVKRXOGEHLQWKHUDQJHWR

3.5.4.4 Surface texture – Roughness
6XUIDFHWH[WXUHRIÁRRUVLVDFRPSOH[PHDVXUHWKDWGLFWDWHV
its anti-skid performance and includes micro-roughness as
well as macro-roughness.

3UDFWLFDOO\DQDGHTXDWHSDVVDJHZD\FRQFUHWHVXUIDFHÀQLVK
can be obtained by light brushing of the hardening concrete
surface.

Micro-roughness provides a safe frictional connection between the claw and the surface. It is reduced over time but
these effects can be counteracted by using concretes with
JUHDWHUVWUHQJWKLQFRUSRUDWLQJFRXUVHDQGÀQHDJJUHJDWHV
as well as by applying ‘shake-on’ toppings of crushed aggregates that are resistant to polishing.

2OG FRQFUHWH ÁRRUV ERWK VROLG DQG VODWWHG WKDW KDYH EHcome slippery can be reconditioned to provide better slip
UHVLVWDQFH'HSHQGLQJRQWKHW\SHRIÁRRUGLIIHUHQWWHFKQLTXHVFDQEHXVHGVXFKDVDFLGHWFKLQJEODVWLQJEXVKKDPPHULQJURXWLQJ VWULSPLOOLQJ JURRYLQJDQGÁRRUFRYHULQJ
HJ UXEEHU  7KH HQG UHVXOW GXUDELOLW\ DQG FRVWEHQHÀW
vary depending on the method used and workmanship. In
JHQHUDOIRUVROLGÁRRUVURXWLQJJURRYLQJDQGFRYHULQJDUH
preferable when trying to improve the slip resistance and
long term durability of the surface. When routing, creating
3 mm deep grooves, maximum, is recommended. Grooving
does not improve friction of the surface between grooves,
but can help the claw to get grip, in particular when a
foot is sliding. Furthermore, grooving will last longer. Floor
covering with rubber (mats) can be recommended because
WKLVZLOOHQKDQFHVOLSUHVLVWDQFHDQGJLYHDVRIWÁRRU8QIRUtunately rubber is relatively expensive. However, particuODUO\LQKHUGVZLWKFODZGLVRUGHUVWKHEHQHÀWFDQEHFRQVL
GHUDEOH3RO\XUHWKDQHRUHSR[\UHVLQÁRRUFRYHULQJVVKRXOG
not be used where mechanical scrapers are used.

$GHTXDWH URXJKQHVV LV QHFHVVDU\ WR HVWDEOLVK D VDIH IULFWLRQDOFRQQHFWLRQEHWZHHQWKHFODZVDQGWKHÁRRUZKHQWKH
VXUIDFHLVVRLOHGRUZHW2QVPRRWKZHWVXUIDFHVDÀOPRI
OLTXLG VOXUU\RUZDWHU PD\OLHRQWKHVXUIDFHDQGWKHFODZ
FDQQRWFRPHLQWRFRQWDFWZLWKWKHÁRRUVRVOLSSLQJRFFXUV
7KHVH HIIHFWV DUH DQDORJRXV ZLWK VPRRWK W\UHV DQG DTXDplaning in a motor car. If the surface has a texture or dense
JURRYHVWKDWDOORZWKLVOLTXLGÀOPWREHVTXHH]HGDZD\UD
SLGO\ WKHQ WKH FODZ ZLOO FRPH LQWR FRQWDFW ZLWK WKH ÁRRU
before a slip occurs. This is analogous to the tread in a car
tyre.
6XUIDFHSURÀOH²6ORSHRUJUDGLHQWRIWKHÁRRU
6ORSHZLOOKDYHDQREYLRXVHIIHFWRQGUDLQDJHIURPWKHÁRRU
RQÁRRUFOHDQOLQHVVDQGRQWKHFRPIRUWRIDQLPDOVVWDQGLQJ
ZDONLQJDQGO\LQJ6WHHSVORSHVZLOOREYLRXVO\DOORZOLTXLGV
to drain rapidly and might prove an aid to cleanliness, by
HQVXULQJWKDWVRLOHGEHGGLQJ´ÁRZVµGRZQWKHVORSH+RZever animals may not be able to stand, walk or lie comfortably on steep slopes.

3.5.4.2 Abrasiveness
$OOÁRRUVPDGHRIFRQYHQWLRQDOPDWHULDOVZLOOEHDEUDVLYHWR
VRPHH[WHQW,QGHHGIRUPRVWKRRIHGDQLPDOVÁRRUVQHHGWR
be abrasive to some extent to keep the claw in good condiWLRQDQGSUHYHQWRYHUJURZWK2QWKHRWKHUKDQGÁRRUVWKDW
are too abrasive can lead to unnatural shape of the claws
and abrasion injuries to those parts of the body that come
LQWRFRQWDFWZLWKWKHÁRRUHJLQZDONLQJDUHDVWKHFODZV
in resting areas knees, hocks and teats.

Floor slopes in passageways should not exceed 1:40 (2.5 %).
In pens where animals are lying the slope used will depend
on the type of bedding and manure management system utiOLVHG6ORSHGÁRRUV\VWHPVZKLFKUHO\RQWKHPRYHPHQWRI
animals to transfer soiled bedding to the manure collection
area, are not recommended for dairy cows. However, for
\RXQJ VWRFN VORSHG ÁRRU V\VWHPV FDQ EH XVHG DQG VORSHV
RI EHWZHHQ  DQG  DUH UHTXLUHG WKH JUHDWHU VORSH LV
recommended when the pen is more than 5 m deep (i.e.
distance parallel with the slope). In facilities where straw
remains in the pen, a slope of 1:20 (5%) will ensure excess
OLTXLGLVGUDLQHGWRDSSURSULDWHFKDQQHOV

Within reason, the cattle have the ability to adapt to the
rate of claw wear, the more wearing the more the claw
grows and vice versa. Clearly problems will occur where
claw growth does not keep pace with claw wear. Conversely, where claw wear is low, regular foot trimming will be
UHTXLUHG7RRPXFKZHDUPD\DOVRFDXVHODPHQHVVDQGWKH
animal may prove harder to handle. It is also likely that
there will be different wear rates when cattle are moved
from housing to grazing, and back again.

Slats or slat units at different levels can cause excessive
point forces on the animal’s sole. Therefore, it is important
that individual slats or slats cast in groups are placed evenly
and level. This is achieved more easily with slats cast in
groups, so this form of slat construction is preferred.

3.5.4.3 Hardness
7KHKDUGQHVVRIÁRRUPDWHULDOVPD\EHXQDYRLGDEOHLIWKH\
are to perform functions such as load bearing, resistance to
corrosion and damage, while being practical and economic
in use. However, cattle prefer to stand and walk on softer
VXUIDFHVUDWKHUWKDQFRQFUHWHÁRRUV7KHLQFLGHQFHRIQRQ
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3.5.4.6 Cleanliness, health and ammonia emission

3.5.5.1.1 Grooves

3URSHUOLTXLGGUDLQDJHDQGFOHDQLQJPDQDJHPHQWRIZDONLQJ
areas is of considerable importance for good hygiene and,
indirectly, for good claw and udder health. It is also a way
of reducing ammonia emissions from walking areas. Other
methods that can be employed to reduce ammonia emission are:

In order to provide slip resistance for cattle walking in all
directions, grooves can be formed in the solid concrete.
For instance a diamond pattern at an angle of 60/120 degrees (shown below) with grooves 10 mm wide and at least
6 mm deep with a distance of 80 mm apart, can grasp the
claw when sliding or it is about to slide. On the other hand,
JURRYHVFDQPDNHWKHÁRRUVXUIDFHFOHDQLQJE\VFUDSHUVPRUH
GLIÀFXOW3UHIHUDEO\WKHJURRYHVVKRXOGEHFXWRUPLOOHGLQ
cast-in-situ concrete when the concrete has hardened. The
grooves should not exhibit sharp edged transitions.

• /LTXLGGUDLQLQJÁRRUVHJVROLGÁRRUVORSHGWRZDUGDSSURSULDWH FKDQQHOV ´'XWFK JURRYHG ÁRRU V\VWHPµ VHH
Section 3.5.5.5)
• 6FUDSLQJSDVVDJHVZLWKVROLGDVZHOODVVODWWHGÁRRUVDV
OHDVWÀYHRUVL[WLPHVDGD\
• :DVKLQJGRZQWKHÁRRUVZLWKZDWHU HIÀFLHQWEXWH[SHQsive)
• 5HPRYH WKH VOXUU\ IUHTXHQWO\ IURP WKH FKDQQHO XQGHUQHDWKVXVSHQGHGÁRRUV
• Chill the slurry in slurry tanks and channels
• Adding acid (e.g. sulphuric acid) to the slurry pit
3.5.5 FLOOR MATERIALS AND FLOOR TYPES
$OO PDWHULDOV XVHG LQ WKH FRQVWUXFWLRQ RI ÁRRUV VKRXOG EH
non-toxic to cattle and be resistant to, or protected against:
• chemical attack and deterioration
• climatic conditions, e.g. extremes of temperature, frost,
solar radiation
• effects of pressure washers, etc.
• effects of gnawing, digging or other animal behaviours.

Figure 3.5.5.1.1.1: grooves in diamond pattern.
Making impressions in fresh concrete will often lead to irregularities, burrs and a convex surface between the grooves,
which increase the risk for claw injuries and digital disorders and are not recommended.

 6ROLGFRQFUHWHÁRRUV
&RQFUHWHXVHGIRUÁRRUVLQFDWWOHKRXVHVPXVWEHGHVLJQHG
to cope with the loads imposed by the animals and vehicles
that are used during feeding and cleaning operations. The
surfaces must be resistant to mechanical damage (abrasion,
chipping etc.) and chemical attack (manure, feed residues,
FOHDQLQJFKHPLFDOVDQGGLVLQIHFWDQWV 7KHÁRRUPXVWSURvide an impermeable barrier to ensure the safe collection of
DQ\HIÁXHQWVSURGXFHG

 0DVWLFDVSKDOWÁRRUV
Asphalt is a mixture of bitumen and ballast (coarse material
and aggregate of different particle size). Mastic asphalt is
a type of asphalt where the aggregate is enclosed entirely
in the bitumen, resulting in a pore-free and impermeable
ÁRRULQJ7KHVNLGUHVLVWDQFHRIPDVWLFDVSKDOWLVORQJODVWLQJ
when compared with concrete surfaces and performs well in
clean and damp conditions.

There are various national standards regarding the
VSHFLÀFDWLRQ RI FRQFUHWHV IRU XVH LQ WKH ÁRRUV RI FDWWOH
EXLOGLQJV 7KH VWDQGDUGV XVXDOO\ KDYH GLIIHUHQW VSHFLÀFDWLRQV GXH WR ÁRRU ORDG DQG DUHDV VXFK DV IHHGLQJ DUHD
ZDONLQJ DUHDV DQG O\LQJ DUHDV $GHTXDWH FRQFUHWH TXDOLW\
in feeding (including construction of the feeding table) and
walking areas, is 28 day cube strength of 40 MPa and water/
cement ratio of the fresh concrete less than 0.50. In laying
DUHDVHJLQFXELFOHVWKHFRQFUHWHTXDOLW\FDQVRPHWLPHV
be less, for instance a cube strength of 30 MPa and water/
cement ratio of 0.55.

0DVWLFDVSKDOWGRHVQRWUHTXLUHDQ\FRPSDFWLRQDQGFDQEH
use on different function areas, such as stalls and passageways. In loose housing systems the use is normally in walking
areas. It can be used in new as well as in old buildings with
H[LVWLQJ ZRUQ FRQFUHWH ÁRRUV +RZHYHU RQ PDVWLF DVSKDOW
ÁRRUVLQFUHDVHGDEUDVLRQRIFODZVFDQRFFXUZLWKLQFUHDVLQJ
ÁRRUDJH'RQRWXVHPDVWLFDVSKDOWÁRRUVLQH[WHUQDORSHQ
sunny positions or in hot climates.
1RUPDOO\ PDVWLF DVSKDOW ÁRRUV DUH FDVW RQWR D VROLG FRQFUHWH ÁRRU ZLWK D VSHFLÀF JODVVÀEUH IDEULF LQ EHWZHHQ
The asphalt layer is usually 30 mm thick, with a maximum aggregate size of 8 mm. The material used should
be acid resistant and lime free ballast. Bitumen content
and type i.e. viscosity can vary. In a cold environment the
viscosity should be greater than in a warm environment to
DYRLG FUDFNLQJ$OVR XVLQJ D KDUG SRO\PHU PRGLÀHG ELWXmen, type E, increases the chemical stability. A grain size
of 2/4 is recommended when used with crushed aggregates
with added round aggregates (approximately 20 %). A surIDFHÀQLVKRIURXQGJUDQXODUVDQG VHDRUQDWXUDOVDQG ZLWK
JUDLQVL]HPPFDQEHÁRDWHGRQLW0DVWLFDVSKDOW
ÁRRULQJ FDQ EH PDGH ZLWKRXW DQ\ MRLQWV HYHQ ZKHQ ODUJH
ÁRRU DUHDV DUH UHTXLUHG +RZHYHU EHFDXVH RI VKULQNDJH
GXULQJFRROLQJWKHXVHRIKRWSRXUHGOLTXLGVHDODQWVDWWKH

:KHUHWKHFRQFUHWHPD\FRPHLQFRQWDFWZLWKVLODJHHIÁXent, aggregate should be crystalline and contain no limestone. For constructions that may be exposed to frost, e.g.
in uninsulated buildings in a severe climate, the percentage of air entrained in the fresh concrete should typically
EH7KHFRQFUHWHÁRRUVKRXOGEHSURYLGHGZLWKPHVK
RU HTXLYDOHQW UHLQIRUFHPHQW DQG DSSURSULDWH PRYHPHQW
joints (expansion and contraction) in accordance with national standards. Floors in areas used by vehicles should not
be less than 150 mm thick. Where access is limited to animals alone, this can be reduced to 100 mm minimum, but
this would not be a general recommendation as the use of
WKHÁRRUPD\FKDQJH
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MRLQWVZLWKEXLOGLQJHOHPHQWVÀWWLQJVDQGÀ[WXUHVLVUHFRPmended. The application of hot mastic asphalt is a skilled
operation and specialist contractors should be employed.

7KHGHÀQLWLRQRIWKHWHUPVXVHGLQWKHWDEOHDUH
Preferred Width (I) the width of a single slat or solid portion between voids in multi-rib slats (a
panel consisting of parallel slats).
Spacing (S)
the clear distance between solid portions of slats. The minimum and
PD[LPXP ÀJXUHV LQ WKH UDQJH VKRZQ
indicated the shortest and longest distances (measured across any shape of
void).
9RLG5DWLR  
WKH XQREVWUXFWHG ÁRRU DUHD WKURXJK
which waste can pass expressed as a
SHUFHQWDJHRIWKHWRWDOÁRRUDUHD

 5XEEHUÁRRUV
7RLPSURYHWKHDQLPDOÁRRULQWHUIDFH VHH6HFWLRQ 
and to get appropriate slip resistance, resilient rubber can
be used as surface material in the form of mats or as a
coating. When assembling, the possibility of expansion due
to temperature differences should be considered. To avoid
animals in loose housing systems lying down in passages, the
resting area should be more comfortable than the passages,
e.g. the mats in passageways should be harder than mats
RU PDWWUHVVHV LQ WKH FXELFOHV 7KHUH DUH VSHFLÀF PDWV IRU
walking areas on the market, both for solid and for slatted
ÁRRUV %HVLGHV FXELFOHV LW LV SRVVLEOH WR XVH UXEEHU ÁRRUV
in areas such as passages to the milking parlour, collecting
yard, holding lanes and feeding areas. However, using more
DEUDVLYHÁRRUPDWHULDOVHOVHZKHUHIRULQVWDQFHLQRXWGRRU
exercise yard or in cubicle passages, may prevent potential
problems with claw over growth. Nowadays, mats of rubber
mixed with wearing material enhancing claw wear are commercially available. Note: where a manure scraper is used
RQUHVLOLHQWUXEEHUÁRRUVLWPXVWEHPRGLÀHGWRUHGXFHZHDU
and damage.

With regard to lactating dairy cows (i.e. increased excreta
water content) the spacing between the slats is the most
important parameter to increase the drainage capacity.
In the table, a spacing of between 25 – 35 mm is recommended, the greater the void ratio the better the drainage
FDSDFLW\+RZHYHULQUHVSHFWRIWKHDQLPDOÁRRULQWHUIDFH
the smaller the spacing the better it is for animal claw comfort. This means at the chosen void ratio both narrow slats
and slots are preferred. For instance at chosen void ratio of
 H[FOXGLQJEULGJHVRIVODWWHGÁRRUHOHPHQWV IRUODUJH
drainage capacity, a rib/gap ratio of 90/30 mm is preferred
to a rib/gap ratio of 120/40 mm. In the case of young stock
and dry cows, or when using a lot of bedding materials in
resting areas, both the void ratio and the spacing have siJQLÀFDQWLQÁXHQFHRQWKHGUDLQDJHFDSDFLW\

 6ODWWHGÁRRUV
Slat design has improved over time, with modern facilities
using multi-rib or “gang” slats rather than the single or
WZLQ VODWV WKDW ZHUH XVHG LQ WKH SDVW7KH UHVXOWLQJ ÁRRUV
are more uniformly level and potentially provide a better
surface in terms of comfort for the animal. The length of
slatted elements provided by manufacturers has increased
over time and units are now available up to 4.8 m or longer.
There are variations within the range of slat types produced
by different manufacturers in terms of gap dimension and
YRLGUDWLRDQGWKLVZLOODOVRLQÁXHQFHWKHFRPIRUWDVSHFWRI
WKHDQLPDOÁRRULQWHUIDFHDVZHOODVWKHGUDLQDJHFKDUDFteristics and eventual cleanliness of the animal. The later is
DOVRLQÁXHQFHGE\IHHGW\SHDQGWKHYHQWLODWLRQV\VWHPXVHG
in the building. The table below shows the recommended
GLPHQVLRQVIRUGDLU\FDWWOHÁRRUV

,W LV DQ LQFUHDVLQJO\ IUHTXHQW SUDFWLFH WR XVH PHFKDQLFDO
VFUDSHUVRQVODWWHGÁRRUVLQSDUWLFXODULQSDVVDJHVEHWZHHQ
FXELFOHV,QVXFKFDVHVWKHGLPHQVLRQVRIWKHVODWWHGÁRRU
should be different to those shown in the table, i.e. wider
ribs, smaller spacing and lower void ratio. In order to avoid
problems with the manure scraper, the scraper blades are
usually diagonal (5o) relative to the slots.
7KHXVHRIIXOO\VODWWHGFRQFUHWHÁRRUVIRUFHUWDLQDQLPDOV
is restricted or not recommended in some animal welfare
FRGHVHJWRWDOO\VODWWHGÁRRUVVKRXOGQRWEHXVHGIRUFDO
ving cows, cows with young calves or calves of less than 4
weeks of age.

7DEOHUHFRPPHQGHGGLPHQVLRQVRIVODWWHGÁRRUV
(without scrapers) for dairy cattle. Note the preferred void
ratio is valid for single slats or for elements when calculating the areas between beams as slots. When including the
bridges as solid, the preferred void-ratio should be reduced
E\DERXWRQHÀIWK PLQXVLHSUHIHUUHGYRLGUDWLRLV
effectively reduced to 15 - 20 %)
Type of animal

Preferred
width (I)
(mm)

Preferred
spacing (S)
(mm)

Preferred
void ratio
(%)

Calves and young
stock < 400 kg

70-120

20-25

18-25

Heifers and cows
> 400 kg

80-160

25-35

18-25

 'XWFKJURRYHGÁRRUV\VWHP
Concerns regarding the emission of ammonia from cattle
EXLOGLQJVKDYHOHGWRWKHGHYHORSPHQWRIVRPHQRYHOÁRRU
V\VWHPV2QHVXFKGHVLJQ´JURRYHGÁRRUV\VWHPµKDVEHHQ
developed in The Netherlands and is used at present for
ZDONLQJDUHDVLQGDLU\FRZIDFLOLWLHV7KHJURRYHGÁRRUV\Vtem consists of solid, level pre-cast concrete elements coYHULQJDPDQXUHSLW7KHÁRRULVVFUDSHGZLWKDPHFKDQLFDO
VFUDSHU7KHWRSVXUIDFHRIWKHÁRRUFRQVLVWVRIDVHULHVRI
parallel grooves 35 mm wide and 30 mm deep and placed at
PPFHQWUHWRFHQWUH7KHZLGWKRIWKHVROLGÁDWDUHD
(i.e. area between the grooves) is 125 mm which is similar
WRWKHULEZLGWKRIDVODWWHGÁRRU7KHÁRRUHOHPHQWVDUH
m long and the adjacent edges of the abutted elements are
tapered which forms a self-discharging perforation at the
EDVHRIWKHJURRYHVIRUWKHXULQHGHSRVLWHGRQWKHÁRRU WRWDODUHDRISHUIRUDWLRQVLVRIÁRRUDUHD )DHFHVDUH
removed by a mechanical scraper to an opening at the end
of the passageway. To ensure the grooves remain clean and
to prevent the perforations becoming clogged, the blade
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RI WKH VFUDSHU LV ÀWWHG ZLWK D WRRWK VKDSHG UXEEHU VWULS
+RZHYHUWKH'XWFKJURRYHGÁRRUV\VWHPGRHVQRWLPSURYH
WKH DQLPDO ÁRRU LQWHUIDFH ZKHQ FRPSDUHG ZLWK VFUDSHG
WUDGLWLRQDO VODWWHG FRQFUHWH ÁRRUV 3UHIDEULFDWHG UXEEHU
coating between the grooves instead of concrete is however
a development used, for example, in Denmark in order to
provide a softer footing.

Cows are observed during milking. Information needed for
management may be collected by visual observations or
electronic devices. Cows may be sorted for various purposes
before milking or as they leave the parlour. Handling and
treatment facilities may be provided. Auxiliary areas in the
milking centre may be dedicated to a variety of uses. In
fact, the milking centre is the major management hub of
the dairy farm and plays an important role in implementing
the farm management programme.
&RQVHTXHQWO\ GHFLVLRQV UHODWHG WR PLONLQJ FHQWUH OD\RXW
and construction are more than just decisions related to
milking parlour selection and design. In fact, a milking centre is an integral component of the facilities on a dairy farm
DQGLVDNH\HOHPHQWLQWKHEXLOGLQJVDQGHTXLSPHQWZKLFK
comprise the tools that allow the dairy farmer to carry out
the essential aspects of a management plan and to provide
an animal-friendly environment. Thorough planning is essential to ensure that all the components are workable and
economically feasible and that they contribute to the management plan of the farm. Of special interest is the correct
position of a milking installation in the building, assuring
HDV\ KDQGOLQJ RI HTXLSPHQW HIÀFLHQW ÁRZV DQG IDVW EXW
TXLHWFRZWUDIÀF

)LJXUHGXWFKJURRYHGÁRRUV\VWHP

$VWLHGVWDOOKRXVLQJLVJUHDWO\GHFOLQLQJLQVLJQLÀFDQFHSDUWLFXODUO\LQWKHFDVHRIQHZEXLOGLQJVWKHEXLOGLQJUHTXLUHments for milking in them will not be discussed here.

3.5.5.6 Floor material comparisons

3.6.2 ELEMENTS OF A MILKING FACILITY

$OOÁRRUPDWHULDOVKDYHGLIIHUHQWDGYDQWDJHVDQGGLVDGYDQtages and when decision making, weighing the pros and cons
RI HDFK FDQ EH GLIÀFXOW +HQFH WKH WDEOH EHORZ PD\ KHOS
ZKHQVHOHFWLQJDSSURSULDWHÁRRUPDWHULDOVDQGWKHUHVXOWLQJ
characteristics.

A milking centre is a complex facility comprising variRXV FRPSRQHQWV WKDW KDYH WR LQWHUDFW HIÀFLHQWO\ 6PRRWK
operation depends on correct layout, sizing and arrangement (Figure 3.6.2.1):
• collecting yard
• HQWUDQFHSUHVHOHFWLRQ $06 DQGLGHQWLÀFDWLRQ
• milking facility:
- milking parlour
- cleaning facilities
PHFKDQLFDOHTXLSPHQW YDFXXPSXPSHWF
• exit, possibly with post-selection, additional facilities
(weighing, footbath)
• selection and treatment area (vet, calving, etc.): crush,
management rail
• working chutes
• RIÀFHZLWKKHUGPDQDJHPHQW
• DQQH[ URRPV HTXLSPHQW HJ YDFXXP SXPS VWRUDJH
toilet, etc.)
• milk room (bulk tank, cleaning facilities)

7DEOH  UHODWLYH HVWLPDWH RI ÁRRU PDWHULDO FKDUacteristics
Slip
resistance

Softness

Abrasiveness

Durability

Concrete

*

**

****

Mastic
asphalt

***

***

***

Rubber

****

****

*

The more *’s, the greater the degree of the particular chaUDFWHULVWLF0D[LPXPLVÀYH ·V1RQHRIWKHPPHDQVSULQFLpally no degree at all of the particular characteristic.

3.6 MILKING FACILITIES
3.6.1 INTRODUCTION
A milking centre consists of a milking parlour, for the milking
RSHUDWLRQDFROOHFWLQJ\DUGWRDVVHPEOHWKHJURXSRIFRZV
WREHPLONHGDQGDUHDVGHGLFDWHGWRRWKHUHTXLSPHQWSHUsonnel needs and environmental control. A milking parlour
is the primary component of the milking centre. Animal welfare, elimination of interruptions to work and unergonomic
working positions, as well as faster milking while maintainLQJPLONTXDOLW\DUHPDMRULVVXHV
Figure 3.6.2.1: schematic view of the components of a
milking centre.

But a milking centre is more than just a place to milk cows.
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3.6.3 MILKING PARLOURS

3.6.3.4 Parallel (side by side) stalls

The milking parlour type and size is important, not only in
the context of the overall farm operation, but also in the
design and layout of the milking centre.
3.6.3.1 Individual stalls (tandem parlour, auto tandem parlour)

Side-opening parlours have the advantage of individual
cow handling and high performance per milking point.
However, there is a greater distance between udders compared with the herringbone or parallel parlour. This is an
important consideration in more mechanized parlours. As
mechanization is added to a parlour, more stalls are needed
LQWKHSDUORXUWRNHHSWKHRSHUDWRUDQGWKHHTXLSPHQWEXV\
resulting in an excessively long pit. Automating the entry
and exit system (auto tandem), thus making work easier for
WKHRSHUDWRUDQGERRVWLQJPLONLQJHIÀFLHQF\LVSRVVLEOHEXW
H[SHQVLYH%HFDXVHRIWKHKLJKVSDFHUHTXLUHPHQWRILQGLvidual stalls, any expansion will be limited.

Parallel parlours are a more recent introduction, ranging
in size from double 6 to double 40 and larger. Cows stand
parallel to each other i.e. at 90° to the operator’s pit, reTXLULQJWKHRSHUDWRUWRDWWDFKWHDWFXSVIURPWKHUHDUE\
reaching between the hind legs. Cows are physically separated from one another by dividers, actuated as individual
cows enter. The advantage of the side by side parlour is the
rapid exit. However, as with herringbone stalls, a slow milking cow can hold up an entire side.
3.6.3.5 Rotary parlour

3.6.3.2 Herringbone stalls

Rotary parlours are for medium to large dairy herds and
PLONSURGXFHUVZKRUHTXLUHKLJKWKURXJKSXWSHUIRUPDQFH
There are two different types of rotary parlour, according
to the entrance route:
• herringbone/tandem position: the cow has to turn on
entry to achieve a herringbone or tandem position. The
operator works inside the rotating platform (Figure
3.6.3.5.1)
• radial position: the cow stands with its head facing into
the centre of the parlour. The operator is on the outside.
This arrangement makes entry easier for the cows, and
WKLVLVUHÁHFWHGLQVRPHZKDWKLJKHUWKURXJKSXWSHUIRUmance.

Herringbone parlours remain popular because of their low
cost and good performance. They often range from double
4 to double 12, although larger herringbones e.g. double 20
and larger, are used on some dairy farms. Herringbone stalls
are adaptable to mechanization. When mechanization is
added to the parlour, e.g. automation of the entry and exit
gates, more stalls can be added increasing the productivity
of the operator. However, this should not result in a very
long pit. A slow-milking cow, holding up an entire batch,
can seriously affect cow throughput in larger herringbones.
Slow-milking cows may be culled or may be segregated in a
group by themselves to be milked separately. Herringbone
SDUORXUVFDQHDVLO\EHH[SDQGHGSURYLGHGVXIÀFLHQWVSDFHLV
available or allowed for in the design stage.
3.6.3.3 Rapid Exit stalls
With rapid exit stalls, all the cows in a group move directly
out of the milking stalls via individual gates or by removing the barrier in front of the cows (see Figure 3.6.4.1.4
- Figure 3.6.4.1.5) 7KH UHVXOWLQJ EHQHÀW RI GHFUHDVLQJ
RYHUDOO H[LW WLPH FDQ EH MXVWLÀHG IRU ODUJHU SDUORXUV VD\
double 10 herringbones or parallell and larger. However,
WKHEXLOGLQJKDVWREHVLJQLÀFDQWO\ZLGHUWRDFFRPPRGDWH
cow exit routes. In parlours with the rapid exit feature, cow
exits should lead to return lanes on both sides of the parlour. Thus, provision for sorting and treating cows, if included, may need to be duplicated on both sides.

Figure 3.6.3.5.1: example of a rotary parlour with cows
taking up a herringbone position and a central operator
location. The diameter of the parlour depends on the position of the animals and the number of the stalls. As can be
seen, the residual areas outside the rotary parlour can be
used for various associated needs (tank room, separation,
etc.).
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3.6.4 DESIGN OF PARLOUR SURROUNDINGS

Parallel parlour

3.6.4.1 Dimensions

Length depends on the number of milking stalls. The width
GHSHQGV RQ H[LW DUHD DQG QXPEHU DQG ZLGWK RI UHWXUQ
lanes. (Figure 3.6.4.1.3 - Figure 3.6.4.1.5).

The parlour dimensions depend on the type and number of
places provided. Dimensioning should take account of ease
of access and exit for the cow, keeping the cow in the correct position for milking and a logical working routine. The
following descriptions give examples of the approximate
space needed for milking parlours.
Herringbone parlour
Length depends on the number of milking stalls. Different
designs allow for cow presentation to the pit (operator) to
be at different angles (e.g. 30°, 50° or 90°), which will
affect the overall length and width of the parlour. Exit
VSDFHUHTXLUHGGHSHQGVRQWKHW\SHRIH[LW LHWRWKHVLGH
or straight ahead). In larger parlours with two and more
operators, the working passage (pit) should be enlarged accordingly (Figure 3.6.4.1.1 - Figure 3.6.4.1.2).

Figure 3.6.4.1.3: parallel milking parlour, standard exit
and two return lane (after DPC 54):
MPW = total milking parlour width: 2PW + 2RW + 2CPW + OW
Width and lenght of the parlour correspond to measurements given in Figure 3.6.4.1.1. except:
CPw = cow platform width: 245 cm
FL = length of entrance funnel area: 305 - 365 cm
CPL = cow platform length: 70 -75 cm per milking stall (depending on stall manufacturer)
HAW = collecting yard (holding area) width: 670 - 740 cm

Figure 3.6.4.1.1: herringbone milking parlour, standard
exit and one return lane (after DPC 54 Milking Parlor guideline, 2014):
MPW = total milking parlour width: 2PW + RW + 2CPW + OW
PW = personnel lane/race width: 70 - 90 cm
RW = return lane/race width: 80 - 100 cm
CPw = cow platform width: 150 - 185 cm
OW = operator platform (pit) width: 185 - 245 cm
MPL = total milking parlour length: FL + EL + CPL + XL
FL = length of entrance funnel area: 245 - 365 cm
EL = entrance area length: 60 cm
CPL = cow platform length: 90 - 115 cm per milking stall +
105 - 190 cm (depending on stall manufacturer)
XL = length of exit turning area: 120 - 165 cm
HAW = collecting yard (holding area) width: 490 - 620 cm
HAL = holding area length is related to number of cows to be
held and holding area width (allow 1.4 m2 per cow)

Figure 3.6.4.1.4: parallel milking parlour, rapid exit and
one wide return lane (after DPC 54):
MPW = total milking parlour width: 2PW + 2XW + 2CPW + OW
Width and lenght of the parlour correspond to measurements given in Figure 3.6.4.1.3 except:
CPw = cow platform width: 180 - 200 cm
WRW = wide return lane witdth: 160 - 200 cm
XW = exit area width: > 300 cm

Figure 3.6.4.1.2: herringbone milking parlour, standard
exit and two return lanes (after DPC 54 Milking Parlor
guideline, 2014):
MPW = total milking parlour width: 2PW + 2RW + 2CPW + OW
Width and lenght of the parlour correspond to measurements given in Figure 3.6.4.1.1.

Figure 3.6.4.1.5: parallel milking parlour, rapid exit and
two wide return lane (measurements above)(after DPC 54).
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3.6.4.2 Mechanization

3.6.5 PARLOUR ENTRANCE AND EXIT: COLLECTING YARDS

Milking parlour mechanization depends on parlour size,
available labour, initial investment and personal preference.
Automatic cluster removers (ACR), are considered standard
HTXLSPHQW LQ PRVW SDUORXUV QRZDGD\V 2WKHU DVSHFWV RI
mechanization to be considered include crowd (backing)
gates and power operated entrance and exit gates.

Voluntary and unassisted cow movement is desired for good
HIÀFLHQF\LQWKHPLONLQJRSHUDWLRQ3UREOHPVZLWKFRZHQtrance and exit consume operator time as well as interrupting the operator’s routine.
Avoid steps or steep ramps (more than 10%) before a parlour
HQWUDQFH ,I UHJXODWLRQV UHTXLUH D VWHS LW VKRXOG EH NHSW
below 200 mm in height.

3.6.4.3 Arrangement and equipment
In general, static milking parlours are located in a separate
building from the cow housing. This cuts down potential
IRUSROOXWLRQRIWKHPLONLQJHTXLSPHQWE\GXVWPLFURRUJD
nisms and smells from the housing area and helps protect
HTXLSPHQWIURPHIIHFWVRIZHDWKHU SDUWLFXODUO\IURVW $OVR
working conditions are better in a separate area.

Doors and walls at the parlour entrance and exit hinder cow
movement. A ramp that extends the operator’s pit a distance of between 3.0 m and 3.5 m into the collecting yard
ZLOODOORZWKHRSHUDWRUWRJHWEHKLQGGLIÀFXOWFRZVZLWKRXW
chasing them away from the parlour entrance. The ramp
will need to be fenced on either side. Tapering the fence
down to around 300 mm wide allows the operator to pass
through and also serves to provide a funnel entrance to the
parlour. Gates added along the sides of the ramp can be
used to direct different groups of cows to different sides of
the parlour. These gates can also be used to close off access
to the parlour.

Milking parlours have to be provided with acid-resistant,
QRQVOLSÁRRULQJLQWKHDQLPDODQGRSHUDWRUDUHD7KHFRZ
standing area should have a slight gradient, of 2%, directed
DZD\IURPWKHRSHUDWLQJDUHDDQGDÁRRUOHYHOLQOHWWRIDcilitate cleaning of the area by hosing down or using a high
pressure cleaner.

)RUWKHFROOHFWLQJ\DUGDOORZ²PðFRZ7KHÁRRU
surface should preferably slope at between 2 – 5% away from
the parlour. In hot climates, a cooling system (fans etc.) can
be very useful. Pushing systems in the collecting yard (backing or crowd gates) may help improve parlour throughput.
Parlour feeding may improve cow entry, but hinders cow
exit. Parlour feeding is not recommended since cows do
not spend enough time in the parlour to consume the feed
needed for high milk production. If grain is fed to improve
cow entrance, feed the same amount to each cow, about
²NJ$YDLODEOHHTXLSPHQWDOORZVDÀ[HGDPRXQWRI
feed to be dispensed to each cow.

$SSURSULDWHO\ VL]HG DQG PRLVWXUH SURRI OLJKW ÀWWLQJV DUH
necessary to illuminate the working area with a minimum
of 200 lux in general areas and up to 500 lux in the pit. The
lighting should be arranged so that the udders are not in
shadow.
Moisture given off by the animals and washing water make
for high air humidity in milking parlours. Effective ventilation, if necessary forced ventilation, should be ensured
HVSHFLDOO\LQVXPPHU7KHÁRRUDUHDIRUWKHRSHUDWRUVKRXOG
be heated in winter in cold climates. The temperature in
the milking parlour, dairy and plant room must avoid frost.

Provide return lanes from the parlour to the housing unit.
A single return lane, where one group of cows crosses over
the front of the parlour to exit, is common when sorting,
handling, restraint and treatment areas are provided in the
milking centre. In double-8 and larger herringbone parlours,
exiting of cows is improved by having two return lanes, sideby-side.

The walls should be covered with material that is hygienic
DQGPDNHVWKHPHDV\WRFOHDQHJKLJKTXDOLW\SDLQWV\Vtem, PVC-sheet or ceramic tiles etc.
3.6.4.4 Design factors affecting parlour performance
Parlour type and size: Milking parlours are available in various types and sizes. Parlour size is dependent on herd size,
milk yield, number of cows etc. A large range of helpful
information is available from advisory services. Parlour type
LQÁXHQFHVEXLOGLQJVL]HFRZWUDIÀFWRDQGIURPWKHSDUORXU
milking routines and degree of mechanization.

Lanes should be one-way passages. Lanes can be hosed
down or hand scraped. Return lanes outside the building,
which are less common, can be wide enough to scrape with
a tractor.
The width of return lanes for parlours with rapid exit stalls
and parallel parlours should be at least 2.5 m and are generally 3.0 m. If cows are to be sorted while exiting the milking centre, these wider lanes should be narrowed to oneway passage width for that purpose.

Cow Entrance: Size and layout of the collecting yard affects
cow entry time. Holding times of more than one hour per
milking must be avoided in today’s higher producing herds.
Cows should enter the parlour straight ahead. Turning at the
entrance can slow cow movement, interrupting the operator. If cows must be turned, it should be done at the exit
rather than at the entrance. The holding pen should be as
open to the parlour as regulations allow, with good lighting
between the pen and the parlour.

To reduce soiling of the wall surface, rub rails may be attached to walls running along the side of a lane. Mount rub
rails about 0.65 * H high, positioned so as to keep cows at
least 10 cm away from the wall.

Cow exit: Lighting in the exit alley should be bright and uniform. Cows do not like the contrast of crossing from a well
lit parlour platform to a dark exit alley. A rapid-exit lane of
DWOHDVWPLVDGHTXDWHIRUFRZVWRPRYHIRUZDUGDQG
turn towards the resting and feeding area. An alley that is
WRRQDUURZZLOOQRWDOORZWKHFRZVVXIÀFLHQWURRPWRFOHDU
IURP XQGHU WKH UDLVHG IURQW RI WKH VWDOOV ZKHUHDV DOOH\V
that are too wide may allow cows to stand in the lane without turning to leave the parlour.

3.6.6 OTHER AREAS
Besides a milking parlour and collecting yard, a milking centre may include a milk room, a utility or machine room, a
VWRUDJHDUHDDORXQJHDUHDIRUSHUVRQQHODQRIÀFHDWRLOHW
and an animal handling and treatment area (see also Figure
3.6.4.1.3).
The milk room may contain the bulk tank (or access ports
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of a bulk-headed tank), a milk receiving assembly, inline
FRROLQJHTXLSPHQWDQGIDFLOLWLHVIRUFOHDQLQJVDQLWL]LQJDQG
VWRULQJPLONLQJHTXLSPHQW6L]HWKHPLONURRPWRDOORZIRU
future expansion of milk storage capacity. The milk room
should be located in the least sunny area with good access
for the milk collecting tanker.
7KHXWLOLW\URRPKRXVHVWKHPHFKDQLFDOHTXLSPHQWDVVRFLated with the milking system (vacuum pump, pulsator controllers), the system for cooling the milk (condensing units,
KHDW H[FKDQJHUV  DQG UHODWHG HTXLSPHQW ,Q DGGLWLRQ WKH
utility room can house water heaters and a heat exchanger
to heat water and the rest of the milking centre. Provide a
large access opening or overhead door directly to the outVLGHWRIDFLOLWDWHHTXLSPHQWUHSODFHPHQW
Figure 3.6.7.1.2: two-stall system, space requirement 3344 m². The layout plan does not include head-end service
facilities (control, cleaning), as these depend very much on
the manufacturer.

Provide a separate room for storing cleaning compounds and
supplies, spare parts, medical supplies and similar products.
1DWLRQDOUHJXODWLRQVPD\UHTXLUHVHSDUDWHFOHDUO\ODEHOOHG
storage areas for medication for use in lactating and nonlactating cows.

&RZWUDIÀFDQGVWDOOGHVLJQ

The personnel area includes toilet facilities as well as lockers, showers, washing facilities and a lunch and resting area.
$QRIÀFHVKRXOGEHSURYLGHGIRUVWRULQJWKHUHFRUGVDVVRFLated with day-to-day management of the herd (milk production, breeding, veterinary), and other farm records and
ÀOHV

Cows are encouraged to enter the AMS either to consume
food at a feeding area beyond the AMS or to use the robot.
A distinction is made between free and controlled cow trafÀF7KHQDWXUHRIWKHFRZWUDIÀFHVVHQWLDOO\GHWHUPLQHVWKH
VWDOOGHVLJQ&RQWUROOHGFRZWUDIÀFPHDQVOHVVGULYLQJZRUN
for the operator, but on the other hand access to the feedLQJ DUHD LV UHVWULFWHG (IÀFLHQF\ RI RSHUDWLRQ LV LQFUHDVHG
ZLWK VHOHFWLYH FRQWUROOHG FRZ WUDIÀF ZKHUH ´LQWHOOLJHQWµ
electronic entrance gates allow direct access to the feeding area. This is also the most expensive solution, though.
The layout of the passages and gates must be designed so
that low ranking cows have easy access to the feeding and
milking area. As there is continuous access to the feeding
area round the clock, it is not essential to provide a feeding
place for each animal. What matters is that feed should be
available for most of the day.

Sorting, handling, restraint and treatment of animals is often incorporated into the milking centre. Each room or area
must be given special attention and careful thought based
on the functions to be served, spatial arrangements and relationship to the overall milking centre.
3.6.7 SPECIAL REQUIREMENTS OF AN AUTOMATIC MILKING
SYSTEM (AMS)
3.6.7.1 Systems
There are two different systems: single-stall and multiple
stall. Single-stall systems are recommended for groups of
WRODFWDWLQJFRZVWZRVWDOOV\VWHPVIRUXSWRDQG
three-stall systems for up to 120. Greater numbers of stalls
KDYHQRWSURYHGSUDFWLFDODVWKHFRZWUDIÀFFUHDWHVERWWOHnecks at the entrance. However, in 2010 DeLaval developed
a fully automatic rotary parlour, which incorporated AMS robotic units in an attempt to speed up milking and increase
FRZÁRZDQGPDNHVELJJURXSVRIFRZVSRVVLEOH

)UHHFRZWUDIÀF
The cow is free to choose whether to enter the AMS, the
feeding area or the lying area. The stall design is relatively
unaffected. This solution is therefore also suitable when
converting buildings. The AMS location must be attractive
to the cow, i.e. readily accessible.
&RQWUROOHGRUVHOHFWLYHO\FRQWUROOHGFRZWUDIÀF
With such systems, partitions, lanes and one-way or control
JDWHVDUHXVHGWRGLUHFWWKHFRZWUDIÀF%HIRUHHQWHULQJWKH
feeding area each cow has to pass through the AMS, where
milking authorisation is checked by pre-selection. This type
of system works best in cubicle systems with two or fourrow cubicles (Figure 3.6.7.2.1). In selectively guided cow
WUDIÀFWKHDQLPDOVFDQHQWHUWKHIHHGLQJDUHDGLUHFWO\YLD
electronic entrance gates if they are not scheduled for milking.
3.6.7.3 Separation pen
When using an AMS it is advisable to provide a separation
pen. Post-selection enables cows that have not been milked
DQGDQ\FRZVUHTXLULQJWUHDWPHQWWREHVHSDUDWHG7KHVH
paration pen should be provided with lying areas and a supply of water and feed for longer-term occupancy.

Figure 3.6.7.1.1: single-stall system, space requirement 1622 m², with entrances and exits and a control room. (The
exact dimensions depend on the manufacturer).
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3.6.7.4 Milk storage and cleaning

3.7 CLIMATE CONTROL

7UDQVSRUWLQJWKHPLONIURPWKH$06WRWKHEXONWDQNUHTXLUHV
VRPHVSHFLDOPHDVXUHVIRUTXDOLW\UHDVRQV

3.7.1 GENERAL
One important aspect of building design is the control of
HQYLURQPHQWDOSDUDPHWHUVZKLFKLQÁXHQFHWKHDQLPDOSURduction and welfare as described in Chapter 2.3. This can
be achieved by employing a ventilation system that uses appropriate opening geometry and orientation. Other relevant
aspects are: the thermal properties of the constructive materials, the building shape and orientation, the location etc.

• pipe routes should be kept short, i.e. milk tank should be
located near the AMS.
• pipes should be insulated in order to prevent frosting.
Extra space should be allowed in the dairy for a buffer
tank (reserve storage to cover the interruption during milk
SXPSLQJWRWKHPLONWDQNHUDQGVXEVHTXHQWFOHDQLQJRIWKH
storage tank).

Considering inside temperatures occurring in a cold climate,
the housing systems can be categorized as either cold housing or warm housing.

When considering the size of slurry storage, it should be
borne in mind that cleaning of the AMS produces a greater
volume of washing water.

,QFROGKRXVLQJLQGRRUWHPSHUDWXUHVDUHDOORZHGWRÁXFWXDWH
FORVHO\WRRXWGRRUWHPSHUDWXUHV9HQWLODWLRQLVVXIÀFLHQWWR
maintain indoor temperatures within 3°C to 6°C above the
outdoor temperature. Usually this is accomplished through
unregulated natural ventilation with appropriately sized
ridge and eave openings along with adjustments in door
DQGZDOORSHQLQJV7KHUHJXODUDLUH[FKDQJHUHTXLUHGGXULQJ
cold weather, to control moisture, makes insulation unnecessary. Condensation on the underside of the roof can be
considered as a management tool or signal for the farmer
that excess moisture build up is occurring and additional
openings must be provided for a better air exchange.
Warm housing applies to insulated and closed buildings,
with well controlled ventilation. These animal houses
are designed to provide a relatively uniform environment
WKURXJKRXW WKH ZLQWHU DQG FRQVHTXHQWO\ WKH\ QHHG FDUHful management of ventilation by proper regulation of the
openings. Tie stall houses, where indoor temperatures are
to be maintained at least above freezing, remain the principal example of this type of housing for dairy animals. In
these buildings condensation problems can arise when the
insulating properties of the shield has a discontinuity (i.e.
thermal bridges).
6RPH DQLPDO EXLOGLQJV GR QRW ÀW LQWR HLWKHU WKH ZDUP RU
FROGFDWHJRU\,QEHWZHHQKRXVLQJRUPRGLÀHGHQYLURQPHQW
housing is obtained when the indoor temperatures in winter
are kept above freezing by some degree of insulation and
by partially closing the openings during extreme weather. A
typical case is a sidewall open building with insulated roof
when the opening surface is restricted by means of closing
panels or materials (i.e. straw bales).
In this way, a potentially cold barn may not be operated and
managed as a cold barn, and problems of excess moisture
build-up and a high relative humidity can arise unknown to
the stockpersons because surface condensation is prevented
from forming by insulation.
3.7.2 VENTILATION

)LJXUHVHOHFWLYHO\JXLGHGFRZWUDIÀFZLWKVLQJOH
stall system.

Ventilation is a process by which outside air is brought into
a building where it collects moisture, heat, dust and other
contaminants. Therefore, ventilation is the main instrument
for controlling the internal environment parameters: air
WHPSHUDWXUHDLUKXPLGLW\DLUTXDOLW\7RWKLVSXUSRVHDXQLform distribution of air inside the building is an important
UHTXLUHPHQWRISURSHUYHQWLODWLRQ7KHDLUH[FKDQJHFDQEH
realised by natural processes or by means of mechanical
devices.
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3.7.2.1 Natural ventilation
Natural ventilation is by far the most common system for
the air exchange used in dairy buildings. It works in two
ways: by thermal buoyancy (stack effect) and by wind action.

V

3.7.2.1.1 Thermal buoyancy

)URPWKLVHTXDWLRQWKHIRUPXODIRUWKHDUHDRIWKHRSHQLQJ
can be derived:

In addition to the temperature gradients the air exchange
depends on the openings geometry (size, shape and position). An important factor is the vertical distance between
the lower and the upper openings. A typical case is that of
EXLOGLQJVZLWKULGJHDQGHDYHRSHQLQJVZKHUHWKHDLUÁRZ
can be calculated (as for chimneys) using the following formula:

2 gH'T
§ 1
1
Ti ¨ 2  2
¨A
© i Ao

(m³/s)

where: H = height of the opening (m) (difference between
the outlet and inlet)

N FRHIÀFLHQWRIUHVLVWDQFHRIWKHRSHQLQJ
A = area of the opening (m²)

Thermal buoyancy is due to different air densities generated by air temperature difference indoors to outdoors.
Therefore, its action is relevant only in a cold climate and
particularly in closed insulated buildings (warm housing).
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This ventilation system is only suited for buildings that are
not wider than 4 times the average height. During summer parts of the wall opposite to the open front have to be
opened, in order to increase the ventilation rate by transYHUVHDLUÁRZ

·
¸
¸
¹

where: V = Ventilation rate (m³/s)
Cd FRHIÀFLHQWRIGLVFKDUJHRIWKHRSHQLQJV 
0.6)
g = acceleration of gravity (m/s²)
H = height difference between the lowest and the
highest openings (m)

¨7 WHPSHUDWXUHGLIIHUHQFHLQVLGHRXWVLGH .
Ti = absolute inside temperature (K)
Ai = = area of inlet openings (m²)
A0 = area of the outlet openings.
(As shown in Figure 3.7.2.1.1.1).

)LJXUHYHQWLODWLRQÁRZGULYHQE\VWDFNHIIHFW
during winter and summer in an open front young stock
house.

)RUWKHEHVWHIÀFLHQF\$i = 2A0 up to = 3A0

3.7.2.1.2 Wind action
The pressure exerted by the wind on the building surfaces
GHWHUPLQHV DQ DLU ÁRZ JRLQJ IURP WKH ZLQGZDUG RSHQLQJV
to the leeward. Therefore, the ventilation depends on the
wind speed and the geometry and orientation of the vertical openings, with the contribution of the open ridge being
negligible.
A formula for calculating the air exchange is:
V=E*A*Vw
where: V = volume of ventilation (m³/s)

$ ZLQGZDUG RUOHHZDUGLIHTXDO RSHQLQJDUHD Pð 
Vw = wind velocity (m/s)
E = effectiveness of the opening (0.5-0.6 for perSHQGLFXODUZLQGVIRUGLDJRQDOZLQG
a value of 0.35 is normally recommended for
agricultural buildings).

Figure 3.7.2.1.1.1: sketch building showing open ridge and
side openings.
In the case of open front houses in which the three other
sides are completely closed (e.g. mono-pitch calf housing),
the incoming and outgoing air have to pass through the same
opening. In this case the colder air (normally the outside
DLU ÁRZVWKURXJKWKHXQGHUSDUWDQGWKHZDUPHUWKURXJK
the upper part of the opening. For rectangular openings the
DLUÁRZE\WKHUPDOEXR\DQF\FDQEHFDOFXODWHGE\WKHHTXDtion:

The wind action is generally the most important factor of
natural ventilation. However, the control of the ventilation
LVGLIÀFXOWGXHWRWKHYDULDELOLW\RIWKHZLQGVSHHGDQGGLrection. Hence Automatically Controlled Natural Ventilation
41

To calculate the air exchange, an experimental determinaWLRQ RI WKH HIIHFWLYHQHVV FRHIÀFLHQW RI UHGXFWLRQ RI WKH
ZLQG VSHHG  RI WKH PDWHULDO RU FODGGLQJ LV UHTXLUHG 7KH
JUHDWHUWKHFRHIÀFLHQWRIUHGXFWLRQWKHODUJHUWKHDUHDRI
protected air inlet must be in order to obtain the same ventilation rate as with a free opening.

$&19 V\VWHPVKDYHEHHQGHYHORSHGLHDXWRPDWHGFRQtrol systems using mechanical opening or closing of ventilaWLRQÁDSVRUZLQGRZVZKLFKDUHDFWLYDWHGE\WHPSHUDWXUH
sensors and possibly air speed sensors.
A simple solution to control the air velocity inside the
EXLOGLQJLVRIIHUHGE\WKHXVHRIZLQGEUHDNVLHSHUIRUD
ted surfaces capable of reducing the wind speed to values
steadier and more suitable for animals. Windbreaks are of
different kinds e.g. timber planks (spaced boarding), perforated metal or plastic nets.

A simple solution to estimate how much larger the protected air inlet must be is to use a multiplying factor. This facWRU 0I FDQEHGHULYHGIURPWKHUHVLVWDQFHFRHIÀFLHQW N 
through the formula:

Mf

3.7.2.1.3 Combined effect of thermal buoyancy and wind
In special situations, e.g. absence of wind associated with
cold days, thermal buoyancy is the prevailing source of air
exchange. In most cases wind effect will dominate, particularly with large side openings. In intermediate situations
(no one dominating), buoyant and wind induced ventilation
rates cannot be simply added, because of interaction between the two effects.

In case the resistance factor is not known, the multiplying
factor can be estimated as the reverse of the porosity (e.g.
for common wind breaking net the factor is 3 - 5 according
to a porosity of respectively 30 or 20 %).
Another possibility of obtaining a reduced and more uniform
air movement inside the building consists of adopting slotted or perforated roofs. However, this solution must be considered only as integrative, not alternative to the windows,
VXLWDEOH IRU YHU\ ODUJH EXLOGLQJV RU EXLOGLQJV ZLWK LQVXIÀcient opening area and where the air diffusion in the inner
space would be problematic.

Figure 3.7.2.1.3.1 shows the results of a theoretical calculation applied to a typical dairy house for different temperature gradients and wind speed values. It can be seen that
the action of the thermal buoyancy becomes negligible with
temperature gradients lower than 10°C and wind speed
higher than 1 m/s and, in any case, when the wind speed
is higher than 2 m/s (with vents/windows fully opened and
without windbreaks).

7KH ÁRZ DQG WKH GLVWULEXWLRQ RI WKH IUHVK DLU LQVLGH WKH
EXLOGLQJLVPRUHHIÀFLHQWZKHQWKHEXLOGLQJVDUHQDUURZDQG
with the main axis oriented perpendicular to the prevailing
wind direction. In Figure 3.7.2.1.4.1 some typical schemes
are shown. Buildings larger than 18 m span should have additional intermediate openings over the roof (e.g. cases b,
GDQGJ KRZHYHUFDVH D LVJHQHUDOO\QRWDJRRGVROXWLRQ
due to the risk of condensation and bad distribution of the
fresh air. Buildings with shed shaped openings (case e) and
ZLWKRXW ZLQG GHÁHFWRUV DUH WR EH DYRLGHG VLQFH RSSRVLWH
winds can prevent the exit of exhaust air. Buildings with internal walls (case f), or other obstacles (case h) obstructing
WKHDLUÁRZDUHQRWDGYLVDEOH)RUODUJHEXLOGLQJVRULQFD
ses of non-uniform air distribution, additional roof openings
LH VORWV  RU PHFKDQLFDO YHQWLODWLRQ DUH UHTXLUHG %XLO
dings with a mono-pitch roof (c), though fully opened at one
VLGHUHTXLUHDQRSHQLQJRQWKHRSSRVLWHZDOOLIODUJHUWKDQ
8-10 m (especially in a warm climate). In any case should
not be larger than 12 m. Tunnel shaped buildings (i) should
KDYHDGHTXDWHODWHUDORSHQLQJVLQDQ\FDVHWKH\VKRXOGEH
QRWWRRORQJWRDOORZDQHIÀFLHQWORQJLWXGLQDODLUÁRZ
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Figure 3.7.2.1.3.1: ventilation rates in a typical dairy house
30 m long with continuous non-protected openings for different temperature gradients (difference between inside
and outside temperature) and different wind speeds (m/s).
In the calculated model the wind direction is constant and
perpendicular to the opening.

Bearing in mind that the ventilation by wind is the most
UHOHYDQWIDFWRUDQHTXDOO\LPSRUWDQWIHDWXUHLVEXLOGLQJRULentation. However, since the wind direction and intensity
are variable, it may be appropriate to have openings in the
windward walls, especially in larger buildings.

To correctly determine the combined effect of the two seSDUDWHPHFKDQLVPVUHTXLUHVDTXLWHFRPSOH[SURFHGXUH

When wind speed is low, passage or access doors kept open
can give a substantial contribution to the air exchange and
distribution. Internal air speed and distribution are also deSHQGHQWRQWKHVKDSHRIWKHLQOHWYHQWVVLQFHWKHDLUÁRZ
entering can be directed upwards or downwards by varying
WKHYHQWÁDSVRULHQWDWLRQ7KHDELOLW\WRGRWKLVLVLPSRUWDQW
to avoid cold air draughts close to the animals.

&RQWURORIWKHDLUÁRZ
Inlets should be designed and positioned to avoid cold air
draughts around the animals. Therefore, adjustable hinged
ÁDSVDWWKHHDYHVRUGLIIHUHQWW\SHVRIZDOOFODGGLQJVXFK
as spaced boarding, louvered plastic coated steel sheeting
or polypropylene mesh can be used in cold houses. In areas
where strong winds occur, windbreaks should be provided on
the upwind openings. Therefore a reduction of the air speed
is obtained depending on the porosity (ratio of void to the
total opening area), structure and material used.
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side air and to maintain the concentration of contaminants
at minimal levels. The minimum rate depends on weather,
design conditions, number and type of animals in the building, their age and size, and whether the building is intended to be cold or warm.
7KHDPRXQWRIDLUÁRZUHTXLUHGFDQEHFDOFXODWHGXVLQJWKH
formula: V = X'x-1
ZKHUH 9 YROXPHRIDLUUHTXLUHG PñK
X = amount of contaminants or noxious gases pro
duced per hour inside the building (g/h)

'x = difference in the content of these elements
(g/m³) between the internal and the external
air.
*HQHUDOO\WKHYDSRXULQWKHDLULVWKHJDVWKDWÀUVWUHDFKHV
the critical level. As the air temperature lowers, the ventilation rate should be increased to avoid too high relative
humidity. But for closed insulated buildings in a very cold
FOLPDWHRUZKHQVOXUU\LVPL[HGXQGHUVODWWHGÁRRUVRWKHU
noxious gases can exceed the recommended threshold.
7R REWDLQ DQ HIÀFLHQW VWDFN HIIHFW WKH RSHQ ULGJH VKRXOG
EHSURWHFWHGZLWKEDIÁHVZKLFKZLOOKHOSFUHDWHDVXFWLRQ
effect by the wind. Furthermore, to avoid draughts around
the animals building side openings not protected by windEUHDNVVKRXOGEHORFDWHGDWOHDVWPDERYHWKHÁRRU:KHQ
outside air temperature is very low and the resting area is
just below the openings the risk that cold air will drop onto
WKH DQLPDOV VKRXOG EH SUHYHQWHG E\ SRVLWLRQLQJ GHÁHFWLQJ
EDIÁHVDERYHWKHVWRFN

Figure 3.7.2.1.4.1: buildings with different types of natural
ventilation.

With natural ventilation, the minimum ventilation is more
GLIÀFXOWWRFRQWURO+RZHYHUZKHQPHFKDQLFDOYHQWLODWLRQ
is used, the control system and capacity of the fan(s) should
be matched to the ventilation rate that is calculated for the
particular housing situation.

3.7.2.2 Mechanical Ventilation
In dairy housing, mechanical ventilation is seldom adopted
due to its cost and since dairy cows can tolerate wide temSHUDWXUHÁXFWXDWLRQV7KLVV\VWHPLVPRVWRIWHQDVVRFLDWHG
with warm housing (where ventilation must have a high degree of control) and can be suitable where the volume of air
to be exchanged is small (as in the case of warm barns in
cold climate or small closed spaces) and if the energy price
is low.

3.7.2.4 Hot climate summer ventilation
Summer ventilation rates should generally be as high as possible in order to eliminate the heat produced by the animals. It is desirable to keep the internal temperature as
low as possible at the same time as increasing the air speed
inside the building to assist removal of animal heat by convection and transpiration. This result should be obtained by
maximising opening area in all four sides of the building
(taking care to avoid draughts if the outside air temperature
drops).

A solution introduced in the USA is the “tunnel ventilation”
that is realised by installing large propeller fans, with poWHQWLDOO\KLJKÁRZUDWHVLQRQHHQGZDOORIDEDUQUHVXOWLQJ
LQORQJLWXGLQDODLUÁRZIURPDQLQOHWORFDWHGLQWKHRSSRVLWH
end wall. Some investigations showed it is possible to reduce the differentials of temperature between indoor and
RXWGRRUGXULQJWKHKHDWRIWKHGD\IXUWKHUPRUHDFRROLQJ
air stream can be produced at the animal level. However
WKLV VROXWLRQ LV VXLWDEOH RQO\ LQ VSHFLÀF KRXVLQJ FRQGLWLRQV
(buildings not too large or long and with right shape) and
UHTXLUHVDQDFFXUDWHGHVLJQ

During the hottest hours of the day the temperature difference between the inside and outside is often too low (often
negative due to internal evaporation) making thermal buoyancy totally ineffective. So the wind effect becomes the
only source of air exchange, through the vertical ope-nings
exposed to the wind.

An intermediate solution between natural and mechanical
ventilation, as already mentioned, is automatically controlled natural ventilation (ACNV).

In very hot periods it is extremely important to utilise the
PD[LPXPEHQHÀWIURPWKHIDOOLQQLJKWWLPHWHPSHUDWXUH

3.7.2.3 Cold climate winter minimum ventilation

The air volume per animal inside a building (static air volXPH  FDQ SOD\ D LPSRUWDQW UROH RQ DLU TXDOLW\ ZKLOVW WKH
PLQLPXPYHQWLODWLRQUDWHÁXFWXDWHVXSRUGRZQ5HGXFLQJ
the ventilation rate and starting or increasing production
of air contaminants increase the concentration of air contaminants. In large volume buildings the increase is slower
compared to small volume buildings (Figure 3.7.2.5.1). Ad-

3.7.2.5 Minimum air volume

$ PLQLPXP UDWH RI YHQWLODWLRQ LV UHTXLUHG LQ DQLPDO KRX
sing even in a cold climate regardless of outside temperature. This minimum rate is necessary both with warm or
cold housing. In addition, the minimum ventilation should
be continuous in order to obtain appropriate dilution of in43

Another goal is to minimise solar gain, both as direct radiation (bearing upon the animals) and indirect (affecting the
internal environment through the openings and the transparent surfaces). Direct solar radiation can be avoided by proYLGLQJ VXIÀFLHQW DQG DSSURSULDWH VKDGHG VSDFH LQ DGGLWLRQ
to ensuring proper orientation of openings and any transparent building surfaces. Generally, rectangular shaped buildings should be positioned with the main axis running eastwest to reduce solar radiation. In such a situation, one long
wall is always shaded and the opposite receives inclined sun
rays (so less effective) and can be partly shaded by the roof
overhangs. The East and West walls (gable ends) receive the
suns rays at right angles and have the smallest area and can
be shaded by trees or other buildings. Plastic nets and mature trees can help provide shade in external yards.

ditionally, the variation in gas concentration during the day
is reduced. It means that concentration of gas, dust and
micro-organisms and its variability during the day can be
reduced by dilution (buffer effect). Furthermore, the inertial action of the air mass can help to maintain the climatic
parameters in a steady state.
The gas concentration in non-steady state conditions can be
calculated by:
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The use of insulation in the most exposed surfaces is another way of reducing radiation onto the animals from building surfaces heated by the sun (in practice the roof). In adGLWLRQXVLQJUHÁHFWLQJPDWHULDOVRUFRORXUVRQVXQH[SRVHG
surfaces can be useful too, but these properties decrease
with time from deterioration. Very high and sloped roofs
can be an alternative to insulated ones for reducing the raGLDWLRQÁRZRQWRWKHXQGHUO\LQJDQLPDOV

where: c = Gas concentration after time t
t = time (h)
X = amount of gas produced (m³/s)
V = ventilation rate (m³/s)
ca = gas concentration in the outside air (ppm )
c0 = gas concentration in the building at the
beginning (t=0) (ppm)
vol = air volume of the building (m³)

It may also be important to prevent radiation being emitted
from surfaces that surround the building (mainly the paved
ÁRRUV  WKDW DUH H[SRVHG WR WKH VXQ 7KLV FDQ EH DFKLHYHG
E\VKDGLQJWKHVHDUHDVRUVLPSO\E\DYRLGLQJSDYHGÁRRUV
wherever possible.
Ventilation is another important way for reducing heat
stress as this can increase the heat loss from the animals’
body, both by convection and transpiration. Therefore,
opening up a building as much as possible so that it acts as a
sunshade can be very useful in hot weather. When openings
cannot be created in summer, or obstructions to openings
cannot be removed, consider adding supplementary cooling.
Overall, appropriate building orientation is a fundamental
aspect of design. To this purpose both the sun and the wind
exposure must be considered together in order to provide
protection from solar gain and good ventilation. Often a
compromise between the two will provide an optimal solution.

Figure 3.7.2.5.1: the smaller the building volume the faster
the carbon dioxide (CO2) is increasing after reducing the
ventilation rate from 160 m³/h to 50 m³/h per cow.

A positive effect can be obtained by adopting a lying surface
with high thermal conductivity, i.e. the use of sand (or soil)
as a litter instead of straw or synthetic mattresses can sigQLÀFDQWO\LPSURYHWKHDQLPDOV·KHDWGLVVLSDWLRQ

3.7.3 REDUCING HEAT STRESS
Heat stress is one of the biggest problems to be faced in
warm climates, especially with the high yielding cows. The
possibilities of minimizing its negative effect through the
building and plant design and management can be divided
into two categories: the “passive” and “active” tools.

3.7.3.2 Active tools
The active tools, considering mechanical ventilation, can
be:

3.7.3.1 Passive tools

a) increasing air speed through fans directed towards the
animals
b) air cooling through water evaporation (adiabatic cooling)
c) animal cooling by the misting or sprinkling of water upon
their body and blowing air with fans.

The passive tools are related to the design and management
of the building structure. The most important goal is maximising the natural ventilation, not only in terms of air exchange, but also in terms of air speed close to the animals.
This can be achieved by proper sizing, positioning and orientation of the openings. Orientation towards the prevailing
summer winds, while avoiding obstructions that restrict or
GHÁHFWWKHZLQGÁRZLVSUHIHUDEOH$PLQLPXPGLVWDQFHRI
20 m from trees or other buildings should be maintained,
but this value has to be increased if the upwind structure
is longer than 25 m or higher than 6 m (e.g. 30 m if longer
than 120 m or higher than 9m). Generally, an elevated site,
but not too exposed, is preferred for the location of the
building.

a) The air moved by fans around to the animals increases
the heat loss from their body, both by convection and transpiration (see Chapter 2.3). This practice is effective from
a temperature of 23-24°C upwards. The fans can be of two
types: “low volume (small diameter) and high velocity” with
horizontal axis, and “high volume and low velocity”, with
YHUWLFDOD[LV7KHÀUVWW\SHKDVWREHRULHQWHGWRZDUGVWKH
animals. It produces a higher air speed (the effect decrea44

wait there. Another choice is the resting area, where great
FDUHPXVWEHSDLGWRDYRLGJHWWLQJWKHÁRRUZHW*HQHUDOO\
the fans are activated when the air temperature reaches
23-25°C and the sprinklers operate from 25-27°C upwards.

sing with the distance) and involves a smaller area. Ideally,
they should be oriented in the same direction as the prevailing summer breezes. Normally, this is the most effective
system if fans are positioned high enough to prevent any
“screen” effect caused by animals crowding together. In the
second type, fans are generally suspended just below the
roof, and produce a lower air velocity and cover a bigger
area as they are suspended at a greater distance from the
ÁRRU7KLV V\VWHP FDQ EH VXLWDEOH IRUODUJH DQG QRQOLQHDU
spaces (i.e. resting area, holding pens) provided that there
are no obstacles at ground level to reduce the effect.

3.8 FACILITIES FOR CALVES AND REPLACEMENT HEIFERS
3.8.1 INTRODUCTION
In dairy farming, calves are usually weaned (separated from
their mother) close to birth. The calves will be housed either individually or in groups, depending on the management system chosen by the farmer. Calves can be housed
in individual pens for a few days or for several weeks (2 to
8 weeks).

$V PHQWLRQHG LQ &KDSWHU  WKLV FRROLQJ WHFKQLTXH LV OL
mited to the maximum rate of natural heat dissipation by
transpiration from the animals’ skin. So the evaporation of
additional water can be exploited to increase the cooling
EHQHÀW

Regulations in the European Union (EEC Directive 91/629,
(8 'LUHFWLYH   OD\ GRZQ PLQLPXP UHTXLUHPHQWV ZLWK
respect to calf housing that must be met by the facilities and
PDQDJHPHQWV\VWHPVDQGWKHHTXLSPHQWIRUYHDOFDOYHV

b) The adiabatic evaporative cooling is realised by fogging
water (with high pressure misting devices) in front of fans
blowing air towards the animals. In this way the evaporation of the water brings a reduction in the air temperature.
The potential to absorb water vapour is greatest when the
UHODWLYHKXPLGLW\LVWKHORZHVW7KHUHIRUHWKLVWHFKQLTXHLV
VXLWDEOHIRUGDLU\KRXVLQJRQO\LQGU\FOLPDWHV7KHEHQHÀW
of air temperature reduction becomes marginal at ambient
KXPLGLW\EH\RQGLQIDFWRQRQHKDQGWKHUHOHDVHRI
sensible heat is increased, but on the other hand the natural
transpiration is reduced. The advantages of this system are
that a substantial reduction of the temperature can be obtained in dry climates with a minimum use of water and that
it is suitable in areas where sprinklers cannot be used for
WKHULVNRIZHWWLQJWKHÁRRU LHOLWWHUHGVXUIDFHV 2QWKH
RWKHUKDQGWKHHIÀFLHQF\FDQEHUHGXFHGLIWKHHYDSRUDtion of water is not complete, since droplets can create an
insulated layer to the hair coat. Furthermore under windy
conditions the cooling effect can be dispersed outside the
building by the wind.

The most important features of the directives are:
• individual housing is forbidden after the age of 8 weeks,
except for veterinary reasons
• WKHZLGWKRILQGLYLGXDOFDJHVPXVWEHHTXDOWRWKHKHLJKW
DWWKHZLWKHUVDQGWKHOHQJWKHTXDOWRWKHOHQJWKRIWKH
animal multiplied by 1.1
• partitions between cages must be open to permit sight
and tactile contact between animals
• for group of animals, the free area per animal must be
1.5 m² with a live weight less than 150 kg, 1.7 m² with a
live weight above 150 kg but less than 220 kg and 1.8 m²
with a live weight above 220 kg
• WKH SHQ DQG WKH HTXLSPHQW PXVW EH EXLOW VR WKDW HDFK
animal can stretch, rest, stand up and groom without any
GLIÀFXOWLHV
• OLWWHUPXVWEHSURYLGHGIRUDQLPDOV\RXQJHUWKDQZHHNV
• calves should not be restrained, except when they are in
groups and then only for one hour during feeding
• LIDUWLÀFLDOYHQWLODWLRQLVXVHGDIDLOVDIHDQGDODUPV\Vtem must be installed
• keeping the animals permanently in the dark is forbidGHQ1DWXUDORUDUWLÀFLDOOLJKWLQJPXVWEHSURYLGHG
• calves must be fed twice a day
• FDOYHV PXVW UHFHLYH DGHTXDWH ÀEUH DQG HQRXJK LURQ LQ
their diet
• calves older than 2 weeks must have permanent access
to fresh water.

c) Misting or sprinkling water onto the animals with low
pressure nozzles and blowing air on their body by fans to
increase the evaporation seems the most effective solution
for reducing heat stress in dairy cows, especially in hotKXPLG FOLPDWHV :LWK WKLV WHFKQLTXH QRW RQO\ WKH QDWXUDO
mechanisms of heat dissipation by the animals’ body are activated, but an important supplementary effect is obtained
through the evaporation of the additional water sprayed
upon the animals’ skin (it can reach up to 10 times the natural evaporation). However, the amount of water sprayed on
the body surface is critical, as is the air velocity around
the animals’ body. The use of misting (drops of small dimensions) has the advantage of saving water and reducing
ZHWWLQJRIWKHÁRRUV+RZHYHUVSULQNOLQJ GURSVRIELJJHU
dimensions) is more effective because it produces greater
evaporation and has a longer term effect.

These regulations are not enforced on farms with less than
6 calves and where the calves remain with their mothers to
receive milk.
The type of housing for replacement heifers will depend on
a range of factors including geographic location, availability
of straw, size of the unit and on the housing system used for
the dairy cows.

The design of these systems (concerning the choice of the
nozzles or sprinklers, their density and position, the type
and position of fans) and their optimisation (duration and
interval of watering) are complex to determine. They depend on: climate (air temperature, relative humidity and
speed), animals (breed, production, hygiene and health)
DQG KRXVLQJ DUHD LQYROYHG W\SH RI ÁRRU FDSDFLW\ RI WKH
manure pits, etc.).

3.8.2 HOUSING SYSTEMS FOR CALVES
3.8.2.1 Individual housing – hutches
Generally, unless using a prefabricated hutch, the size of
the hutch should be as follows: length 2.0 m, width 1.5 m,
height 1.5 m. In addition, hutches should have an outdoor
run of more than 2 m² surrounded by either metal wire
netting or fencing. There should also be a means of supporting a bucket for milk and other dry feed, and possibly

For the latter aspect, experience has shown that extending
the treatment to areas outside the feeding alley should be
considered. Another point is the waiting area in front of the
milking parlour, where the animals are particularly stressed
because of the lack of space and the length of time they
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a hay rack. Litter should be provided such as straw, wood
shavings, sawdust, shredded newspapers etc. and should be
thick enough to provide a favourable lying environment. It
must be dry and clean. Litter should be removed immediately after the calf has left the hutch.

WKHZDOOVDQGKDUGZRRGIRUWKH SHUIRUDWHG ÁRRU7KHÁRRU
must be covered with a thick layer of dry and clean litter.
Bucket supports, for feed and water, should be provided on
the front.

Figure 3.8.2.1.1: individual housing-hutch.
Figure 3.8.2.2.1: individual calf pens.

Use of transparent or clear plastic type material in the construction of a hutch should be avoided in order to prevent
the possibility of the ‘green house effect’ heating the hutch
(i.e. potentially causing heat stress). Therefore, synthetic,
RSDTXH DQG UHÁHFWLYH PDWHULDOV OLJKW FRORXUHG PDWHULDOV 
are recommended. They may also be built from wood panels
and plywood.

3.8.2.3 Group housing
Group housing gives the opportunity for calves to socialise
and to develop with animals of a similar age. It also gives
the possibility for calves to develop their immunity against
a wide range of micro-organisms.

The opening must not be oriented towards the direction of
the prevailing wind, so preventing wind (draughts) and possibly rain entering the hutch. In many areas of Western Europe a south-east orientation is the most suitable.

3.8.2.4 Collective hutches
The collective hutches are designed typically to house a
group of between 2 and 6 calves. The hutches are made of
synthetic materials, or wood, and have, for example, space
for 4 calves with an indoor area of 10 m² and an outdoor run
ORDÀQJIHHGLQJ RIWRPð

Hutches should be placed on well drained ground, but due
regard should be paid to local water legislation. This may
mean placing on soil with a sand layer of 15 cm. After use,
the sand should be removed to reduce the risks of contamination. If the hutches are placed on concrete, for ease of
management and to help make cleaning and disinfecting
HDVLHULWLVQHFHVVDU\WRFROOHFWOLTXLGUXQRIILQDQDSSURpriate storage facility to prevent pollution and to comply
with local regulations.

The inside of the hutch is provided with litter and some hay
may be put in a rack. Roughage is distributed at a feeding
barrier and anti-freeze drinking device is recommended.

When the weather is hot, it is advisable to provide shade to
the hutches (a physical screen, trees or other buildings) in
order to avoid the negative effects of high temperatures.
During the winter it could be useful to take measures to
SUHYHQWWKHFRQVHTXHQFHVRIYHU\ORZWHPSHUDWXUHV
3.8.2.2 Individual housing - pens
A nursery pen is a part of a building that is exclusively reserved for newborn calves. However, it is recommended
WKDWFDOYHVDUHSXWLQWRLQGLYLGXDOSHQV DWOHDVW WKHÀUVW
or 3 weeks of age, where they can be monitored more easily. In organic farming, housing of calves in individual pens
are restricted, e.g not allowed from one week of age.

Figure 3.8.2.4.1: collective hutch with outdoor run offering
shade, which is important.

Common pen size is in the range 0.90 - 1.00 m x 1.50 PKRZHYHUWKHVL]HVKRXOGUHÁHFWWKHVL]HDQGDJHRI
WKHFDOI3HQVSDUWLFXODUO\LIWKH\KDYHDSHUIRUDWHGÁRRU
and liberal bedding, should be raised from the surface or
ground, approximately 300 mm, as this will aid drainage and
the removal of urine, and to allowed regularly cleaning of
WKHÁRRU,QFROGEDUQVWKHWKLFNQHVVRIWKHOLWWHUPXVWEH
increased to prevent draughts around the calves.

:LWKFROOHFWLYHKXWFKHVÀ[HGRQFRQFUHWHWKHRXWGRRUUXQ
VKRXOGKDYHDQRQVOLSVXUIDFHDQGPXVWEHFOHDQHGWR
2 times a week. Manure and soiled bedding have to be removed manually or the hutch has to be moved to another
position by tractor.
%HGGHGVORSHGÁRRU
6ORSHG ÁRRU V\VWHPV DUH QRW UHFRPPHQGHG IRU FDOYHV
younger than 6 months.

Dismountable pens are available commercially, or can be
made by the farmer himself i.e. with plywood panels for
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tion. The surface should not be too rough but should prevent slipping.

3.8.2.6 Straw yard with bedded lying area
These facilities are extremely suitable for young animals, if
VXIÀFLHQWVWUDZDQGSURSHUYHQWLODWLRQLVSURYLGHG

:LWKUHVSHFWWRODERXUFRVWVWKHFRQFUHWHÁRRUPD\EHUHSODFHGE\DVODWWHGÁRRUSURYLGHGWKDWWKHVSDFLQJEHWZHHQ
slats is appropriate for the age of animals being housed and
meets any the local regulations.

When the calves are housed for several months it is absoOXWHO\HVVHQWLDOWKDWDQ\SDVVDJHVSURYLGHDÀUPIRRWLQJVR
that their hooves remain strong and are kept in good condi-

Table 3.8.2.6.1: characteristics of pens for group housing
Duration of the stay

Animal
dimension

Fully bedded
(m²/calf)

H (m) L (m)

Lying area and passage on
FRQFUHWHRURQVODWWHGÁRRU
Lying area
(m²/calf)

Depth of the
passage (m)

Trough lenght
per calf (m)

Up to weaning
< 100 kg

0.90

0.84

1.6

1.2

1.0

0.35

From weaning to
3 – 5 / 6 months
(100 – 250 kg)

1.09

1.17

Not recommended
to prevent excessive
hoof growth

2.5-3.2

1.4-1.5

0.45

3.8.2.7 Cubicle house

table system to provide a good environment to the calves
and to prevent diseases and mortality.

Cubicles need a good management for calves younger than
6 months.

a) Bedded pack

)XOO\VODWWHGÁRRU

For calves housed on a deep litter of straw (bedded pack)
cold housing is the recommended system to provide a good
environment to the calves. An open front with appropriate
orientation, depending on prevailing wind and exposure to
the sunrise is preferred. Movable curtains or screens, positioned on the opposite wall, are necessary to prevent
draughts during the cold months and heat stress during the
summer.

)XOO\ VODWWHG ÁRRUV DUH QRW UHFRPPHQGHG IRU GDLU\ FDOYHV
and replacement heifers.
3.8.2.9 Tie stalls
Tying stalls are forbidden by an EU directive and are not recommended in the countries where they are not forbidden.

E 6ODWWHGÁRRU
3.8.3. FEEDING FACILITIES
$OWKRXJKIXOO\VODWWHGÁRRUVDUHQRWUHFRPPHQGHGLIFDOYHV
DUHKRXVHGRQDVODWWHGÁRRUKHDWLQJDQGPHFKDQLFDOYHQWLlation may be necessary in a cold climate to provide a good
environment for the calves. Insulation of the walls and the
roof, in combination with the above, may help prevent low
temperatures and high relative humidity of the air. During
hot days, mechanical ventilation and thermal insulation can
also help maintain an acceptable temperature in the house.

Housed calves can be fed manually or by an automatic milk
feeder.
,QWKHFDVHRIPDQXDOIHHGLQJFDOYHVVKRXOGEHKRXVHGLQ
groups of 8 to 10 maximum and should be fed at least twice
DGD\%DUULHUVRURWKHUGHYLFHVFDQEHÀ[HGDWWKHIHHG
trough/pen front to separate the calves and help avoid competition. Calves should be held in this way for a maximum
of one hour. Alternatively they can be fed using buckets.

3.8.5 HOUSING SYSTEMS FOR REPLACEMENT HEIFERS

In the case of automatic milk feeder, calves can be housed
in groups of about 30, but it is recommended to have groups
of about 10 calves. In general each automatic milk feeder
has at least 2 milk dispensers (teat), and each milk dispenser can accommodate up to about 30 calves. The calves
VKRXOGEHDUUDQJHGLQJURXSVRIHTXDODJHVRDVWRSUHYHQW
hierarchic and health problems within the group. Calves receive milk replacer according to their needs or ad libitum.
In automatic systems calves often wear a transponder collar
RUHDUWDJGHYLFHVRWKDWWKHPDFKLQHLGHQWLÀHVWKHPDQG
monitors and records the milk consumed etc. The automatic
milk feeder should be installed at a dry, clean, frost free
and easily accessible place.

Generally all housing systems described in Chapter 3.1 and
3.2 can also be used for heifers. Often the housing system
for replacement heifers is adapted to the system in which
the cows will be housed later on.
Cubicle houses can be used for heifers where no or only
small amounts of straw are available. Where straw is available for bedding, typical systems include facilities with
bedded lying areas and solid unbedded or slatted feeding
VWDQGVDQGDFFHVVSDVVDJHZD\V)DFLOLWLHVZLWKVORSHGÁRRUV
depend on the animals to move the fouled bedding down
the slope for collection, may be suitable for heifer rearing, but not when bulling. Tethering in stalls is still used in
some countries, as a management system for heifers, but
this method of housing is not recommended.

3.8.4 VENTILATION
Natural ventilation and cold housing are recommended for
raising calves. In some cases warm housing is the most sui47

%HGGHGKRXVHZLWKVORSHGFRQFUHWHÁRRU

3.8.5.1 Bedded house with concrete or slatted feeding
stand

7KLV KRXVLQJ V\VWHP LQYROYHV WKH IUHTXHQW UHPRYDO RI PDQXUHEXWGDLO\VWUDZUHTXLUHPHQWVFDQEHDVORZDVWRNJ
SHUDQLPDOSHUGD\7KHÁRRULVODLGZLWKDVORSHRIWR
The system operates on the principal that the movement of
the animals will transfer the manure down the slope where
it is removed by scraping. A cross section of a typical layout
LVVKRZQLQ)LJXUH0LQLPXPVSDFHUHTXLUHPHQWV
are given in Table 3.8.5.2.1.

In this type of facility the animals come to feed on an area
of solid concrete or an area covered with slats. In the case
of solid concrete the area is cleaned by an electric, hydraulic or tractor powered scraper. Where a tractor is used, additional gates could be useful to keep the animals on the
bedded area during cleaning. The design has the advantages
WKDW ORZHU TXDQWLWLHV RI VWUDZ DUH UHTXLUHG DQG WKDW WKH
geometry of the feeding stand does not change as the manure builds up over the housing period. Straw usage is in
the order of 4 to 6 kg per animal per day. However, both
OLTXLGDQGVROLGPDQXUHLVSURGXFHGZLWKWKHV\VWHP,IVODWV
are used in the feed stand it is important to minimize the
TXDQWLW\RIVWUDZHQWHULQJWKHWDQNVWRDYRLGSUREOHPVZLWK
slurry agitation. A cross sectional view is shown in Figure
3.8.5.1.1. An outdoor exercise yard could be offered as an
additional exercise area, so that a multiple area system
LV DYDLODEOH 0LQLPXP VSDFH UHTXLUHPHQWV IRU KHLIHUV DUH
given in Table 3.8.5.1.1.

)LJXUHEHGGHGKRXVHZLWKVORSHGFRQFUHWHÁRRU

Table 3.8.5.2.1: minimum space requirements for heifers
LQEHGGHGKRXVHZLWKVORSHGÁRRU EDVHGRQ&,*5VWDQGDUG
dimensions for Holstein heifers)
Animal size

Figure 3.8.5.1.1: bedded house with concrete feeding
stand.
Table 3.8.5.1.1: minimum space requirements for heifers
in bedded house with concrete or slatted feeding stand,
short or long stand (two area system)
Animal
weight
(kg)

L
(m)

H
(m)

W
(m)

PW
PW
LA1
LA2 Total
long short long short area
(m) (m) (m²) (m²) (m²)

TL
(m)

150249

1.17 1.09 0.35 2.24

1.40

3.00

3.40

4.00

0.42

250349

1.31 1.19 0.42 2.58

1.57

3.80

4.30

5.10

0.50

350449

1.42 1.27 0.47 2.83

1.70

4.50

5.10

6.10

0.56

450549

1.51 1.33 0.52 3.06

1.81

5.10

5.90

7.00

0.62

> 550

1.59 1.38 0.55 3.23

1.91

5.60

6.40

7.70

0.66

Lying
area

Weight
(kg)

L
(m)

H
(m)

W
(m)

m²/
animal

150-249

1.17

1.09

0.35

3.00

250-349

1.31

1.19

0.42

3.80

350-449

1.42

1.27

0.47

4.50

450-549

1.51

1.33

0.52

5.10

> 550

1.59

1.38

0.55

5.60

3.8.5.3 Cubicle house
A cubicle house provides an animal with an individual safe
lying area. The system is widely used for dairy cows and the
KRXVHW\SHSURYLGHVDFOHDQO\LQJDUHDZLWKRXWWKHUHTXLUHment for huge amounts of bedding material. Further aspects
of design of the cubicle base are given in Chapter 3.1.
Major limitation with cubicles for heifers is the fact that as
DQLPDOVL]HLVFKDQJLQJLWLVGLIÀFXOWWRRSWLPL]HWKHGLPHQsions of the cubicle. As young cattle are more agile than
older ones, cubicles must be narrower to prevent heifers
from turning around in the cubicle and to getting stuck or
making the cubicle too dirty. Table 3.8.5.3.1 shows the minLPXPVSDFHUHTXLUHPHQWVEDVHGRQ+ROVWHLQ)ULHVLDQKHLIHUV
in cubicle houses.

Long stand =

is designed/dimensioned for two directions
WUDIÀFEHKLQGHDWLQJDQLPDORQWKHSDVVDJHway
Short stand = the length of the (feeding) stand (passage
width) is dimensioned/designed only for eaWLQJDQLPDOLHWUDIÀFEHKLQGHDWLQJDQLPDO
is calculated to be on the bedding area
PW long : passage width, long stand = 1.2 L + 2.4 W
PW short : passage width, short stand = 1.2 L
LA1 long : lying area, long stand = (H + W) (1.05 L + 0.48
H + W)
LA2 short : lying area, short stand = LA1 + (1.2 W x 2.4 W)
TL :
trough length = 1.2 W
Total area : lying area + feeding stand area, dependent of
passage width
48

Table 3.8.5.3.1: minimum space requirements for heifers in cubicle houses
Animal size

Length

Weight
(kg)

L
(m)

H
(m)

CW
(m)

CRL
(m)

HS
(m)

HLS
(m)

CL1
(m)

CL2
(m)

150-249

1.17

1.09

0.90

1.24

0.52

0.71

1.76

1.95

0.87-0.98 1.24-1.34

250-349

1.31

1.19

0.99

1.38

0.57

0.77

1.95

2.15

0.95-1.07 1.38-1.48

350-449

1.42

1.27

1.05

1.50

0.61

0.83

2.11

2.33

1.02-1.14 1.50-1.60

450-549

1.51

1.33

1.10

1.60

0.64

0.86

2.24

2.46

1.06-1.20 1.60-1.70

> 550

1.59

1.38

1.15

1.68

0.66

0.90

2.34

2.58

1.10-1.24 1.68-1.78

CW =
CRL =
HS =
HLS =
CL1 =
CL2 =
NRH =
NRD =

Cubicle Width (free space) = 0.83 H
Cubicle Resting Length = 1.06 L
Head Space = 0.48 H
Head and Lunge Space = 0.65 H
Cubicle Length (space sharing) = CRL + HS
Cubicle Length (non space sharing) = CRL + HLS
Neck Rail Height = 0.80 to 0.90 H
Neck Rail Distance = CRL + 0 to 0.10

NRH
(m)

NRD
(m)

Passageways and the dimensions and rules in this section
should not be confused with more specialized animal movement or holding lanes, especially those that need to move
RUGLUHFWFRZVLQDFRQWUROOHGVLQJOHÀOHSDWK7KHVHDUHXVXally part of special features or activities such as entrance
and exit lanes, holding lanes, places where animals are diverted as part of their trip to or from the milking centre.
Also management or palpation rails, crushes and portions of
other areas designed and used for close work with the cow
WKDWUHTXLUHVPRUHSRVLWLYHFRQWURO VHH&KDSWHU 

3.8.5.4 Tie stalls
Heifers can also be housed in tie stalls. This may be especially useful where the main herd are housed in tie stalls.
However tie stalls are not recommended for heifers. Detailed of design of tie stalls is given in Chapter 3.2.

Some general parameters to consider when designing and
building passageways include:

3.8.5.5 Outdoor yard and pasture

• guide animals direction of travel as appropriate
• minimize cow injury from protruding objects, pinch
points or other items/areas of potential injury
• avoid planned or unplanned openings in walls or fences
that can entrap errant body parts of the cow (leg, tail,
teat, head, tongue, etc.)
• obvious smooth transitions in lane width or directions
with minimal sharp changes in directions
• DGHTXDWHZLGWKIRUQXPEHUDQGVL]HRIDQLPDOVWKDWDUH
being moved at the same time
• gates or doors hinged to allow them to guide animals in
the direction of desired movement and not interfere with
ÁRZ
• special attention to areas where animals might become
excited while being separated from herd mates or moved
to a new place. Side heights, openness of sides and construction may need to be altered to discourage attempts
to jump over, climb up or become entangled trying to
escape
• addition of swinging gates that can aid the worker to direct animal in desired direction
• in areas where animals may be crowded along side walls
consider rub rails mounted at a height to keep cows
pin bones from being forced against the wall or caught
against vertical posts. This will improve cow comfort and
also minimizes damage to the wall or fence.

$QLPDOZHOIDUHDQGKHDOWKDUHSRVLWLYHO\LQÁXHQFHGE\SURviding an outdoor exercise yard and/or pasture. Special atWHQWLRQVKRXOGEHSDLGWRWKHVL]HDQGWKHÁRRULQJVXUIDFHRI
the exercise yard. An outdoor yard for heifers up to 200 kg
should have at least 2.2 m² per animal, for heifers up to 400
kg, 3.1 m² and up to 600 kg, 3.7 m². However, two or three
times this area is often provided.

3.9. SPACE FOR ANIMAL CIRCULATION
3.9.1. PASSAGEWAYS
Passages connect different function areas such as areas for
resting, feeding and watering as well as different units in
the overall dairy facility such as milking centre, dry cow
area, maternity, young and growing cattle and areas for
treating and handling. Many of these areas are open to continuous cow access as opposed to ones that may be only
used when a worker is present and moving cows. The following recommendations are for hornless cattle. However,
FDWWOH ZLWK KRUQV UHTXLUH DERXW WKH VDPH SDVVDJH VSDFH
unless the horns are extreme in size.
Passageway design, construction and maintenance should
consider the needs of the animal and the workers.

3.9.2 PASSAGEWAY FENCE AND WALL HEIGHT

The following discussion relates to design and construction
of passageways throughout the normal living and working
areas of a dairy system. The information may be helpful
ZKHQFRQVLGHULQJPRUHVSHFLDOL]HGFRZPRYLQJDQGFRQÀQing areas that direct cows into or out of milking parlour
stalls, scales, footbaths or veterinary/management holding
GHYLFHV +RZHYHU LW LV HVVHQWLDO WKDW DGGLWLRQDO UHTXLUHments or experiences available from manufacturers and
VXSSOLHUVRIWKHVSHFLDOL]HGHTXLSPHQWDQLPDOKHDOWKDQG
management experts and users are considered.

The minimum height of any passage fence or wall within a
typical housing system or herd movement passageway (PH)
UHTXLUHGLVHTXDOWRKHLJKWRIWKHDQLPDO +  VHH(TXDWLRQ
1). This assumes that even if workers are present and directing cows from place to place it is done in a calm, nonaggressive manner and that the animals are not fearful. Areas
where cows may be moved and held for veterinary treatment, separation from the herd and may be in a more exFLWHGVWDWHUHTXLUHVSHFLDOL]HGGHVLJQZLWKDWWHQWLRQJLYHQ
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6LQJOHÀOHWUDIÀFSDVVDJHZD\

to height to discourage jumping, open spaces in sidewalls or
fences that may tempt animals to try and go through them.
Passage Height (PH) = H

Often, these passages connect rest area, milking centre,
selection gates, as well as treatment, handling, calving and
ZHLJKLQJ IDFLOLWLHV ZLWK HDFK RWKHU DQG PD\ UHTXLUH PRUH
care and knowledge in design and construction than in more
free open movement areas. Adjustments of some dimensions based on experience of designer, recommendations
RI HTXLSPHQW VXSSOLHUV KHUG KHDOWK SURIHVVLRQDO DQG WKH
owner should be considered. Sometimes cross passages in
cubicle sections consist of one way passageway, but it is not
recommended. Additionally, due regard should be paid to
DQLPDOV LQ ODWH SUHJQDQF\ 7KH PLQLPXP VLQJOH ÀOH WUDIÀF
SDVVDJHZD\ZLGWKLVJLYHQLQ(TXDWLRQ

(1)

Race fence height in handling facilities should be 1.15H (see
Chapter 3.10).
3.9.3 PASSAGEWAY WIDTH
All passages must be of minimum width that allows adeTXDWH DFFHVV DQG UHGXFHV DJJUHVVLYH EHKDYLRXU 7KH WRWDO
area that allows the animal to behave normally must be
FRQVLGHUHG ZKHQ SODQQLQJ WKH SDVVDJHZD\V WKH SDVVDJHways often serve more than just circulation purpose, as well
as other activities, such as feed intake, drinking and social
and sexual behaviour. Size of the animal group and kind of
animal are other parameters when determining the design
of passageways.

6LQJOHÀOHWUDIÀFSDVVDJHZD\ZLGWK :3$  :



7ZRZD\WUDIÀFSDVVDJHZD\
These passages allow animals meeting and passing each
other, as well as passing animals that use different facilities
in the passageways such as cubicles, feeders and drinkers.
Therefore, one must plan the passageways to allow adeTXDWHVSDFHIRUDQLPDOVDQGIDFLOLWLHVWRIXQFWLRQSURSHUO\
and exhibit normal behaviour. Common passageways are
along feeding table and cubicle rows, and cross passages.
Design and installation of these passageways must account
IRU À[HG DQG PRYLQJ VSDFH IRU DQLPDOV QRUPDO HDWLQJ DQG
GULQNLQJ EHKDYLRXU EDFNLQJ DZD\ IURP HDWLQJ RU GULQNLQJ
EDFNLQJRXWRIDQGWXUQLQJDZD\IURPFXELFOHRUFKDQJLQJ
direction in the passageway. Different kinds of two way pasVDJHVDUHVKRZQLQÀJXUHDQGWKHPLQLPXPZLGWKRI
WKHVHSDVVDJHZD\VDUHJLYHQLQ(TXDWLRQV²

It is thus, for example, that when the building welcomes
groups with a great number of animals per group (200 and
more), it is desirable to increase the width of different
walkways in order to facilitate the circulation of animals. If
WKHJURXSRIGDLU\FRZVFRQVLVWRIERWKÀUVWFDOYHUVZKLFK
considered as being part of the dominated animals, and
multiparous cows (dominating animals), as well it is desirDEOHWRLQFUHDVHWKHZLGWKRIWKHSDVVDJHZD\VWRDOORZÀUVW
calve heifers to easily use and reach the resting areas, feeding areas, drinking places, the milking robots, etc.. Groups
including animals in late pregnancy, as well as certain straWHJLHV RI IHHGLQJ DOVR UHTXLUH DQ H[SDQVLRQ RI ZDONZD\V
width. When the circulation passageways are comparatively
ORQJ LW LV UHFRPPHQGHG WR LQFUHDVH WKH ZLGWK DQG FURVV
alleys should be planned in cubicle sections at least every
30 m.

7ZRZD\WUDIÀFSDVVDJHZD\ZLGWK :3%  :



Passageway type B (Figure 3.9.3.1.) is aimed only to allow
two animals to pass each other or walk side by side and
holds no facilities, e.g. cubicle houses cross passages without any drinking vessels.

The increase of the width of the alleys must be realized by
the designer of the building that will have to call upon his
personal experience and to his capacity to pull the conclusions of the realized observations in recent buildings. The
farmer will have in addition to mark his agreement on the
proposed solutions, while putting in relation advantages and
cost supplements.

6LQJOH VLGHG ZDWHULQJ WZR ZD\ WUDIÀF SDVVDJHZD\ ZLGWK
(WPC) = 1.5L+3.6W
(4)
Passageway type C is often a cross passageway with a water
trough on one side in a cubicle compartment. The passageway width includes the water trough, which is assumed to
be 0.4 m wide.
'RXEOH VLGHG FXELFOH WZR ZD\ WUDIÀF SDVVDJHZD\ ZLGWK
(WPD) = L+1.8W (5)
)HHGLQJ DQG FXELFOH WZR ZD\ WUDIÀF SDVVDJHZD\ ZLGWK
(WPE) = 2L+1.3W (6)
6LQJOH VLGHG IHHGLQJ WZR ZD\ WUDIÀF SDVVDJHZD\ ZLGWK
(WPF) = L+3.6W (7)
WPE and WPF are essential for well functioning animal trafÀFDQGEHKDYLRXUVXFKDVRHVWUXVEHKDYLRXUVRFLDOLQWHUDFtions, etc.. The passageway width must be designed varied
mainly in view of animal group size (mainly dependent on
number of cubicle rows), feeding strategy (i.e. restricted or
ad libitum feeding) and access to outdoor exercising area.
7KH SDVVDJHZD\ ÁRRU TXDOLWLHV FDQ DOVR EH IDFWRUV FRPLQJ
into play. For instance, if the passageway along a feeding
WDEOH KDV VRIW ÁRRULQJ DQG WKH SDVVDJHZD\ DORQJ FXELFOH
URZV KDV KDUG ÁRRULQJ OLNHO\ WKH DQLPDO ZLOO UHVLGH PRUH
IUHTXHQW LQ WKH SDVVDJHZD\ DORQJ WKH IHHGLQJ WDEOH WKDQ
otherwise, because they prefer to walk and stand on soft
ÁRRU

Figure 3.9.3.1: illustrating of passageways according to equation (2)
– (8), table 3.9.3.1. and equations
3-8.
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$ :6LQJOHÀOHWUDIÀFSDVVDJHZD\ZLGWK
% :7ZRZD\WUDIÀFSDVVDJHZD\ZLGWK
C = 1.5L+3.6W Single sided watering two way cross passageZD\ZLGWKLQFOZDWHUWURXJK
' /:'RXEOHVLGHGFXELFOHWUDIÀFSDVVDJHZD\ZLGWK
( /:)HHGLQJDQGFXELFOHWUDIÀFSDVVDJHZD\ZLGWK
) /:6LQJOHVLGHGIHHGLQJWZRZD\WUDIÀFSDVVDJHZD\
width
* /:6LQJOHVLGHGFXELFOHWUDIÀFSDVVDJHZD\ZLGWK
Note: animls in pregnancy need more space

6LQJOH VLGHG FXELFOH WZR ZD\ WUDIÀF SDVVDJHZD\ ZLGWK
(WPG) = L +1.3W (8)
Passageway type G is rare in dairy cattle cubicle houses, but
will be found in special layouts, occasionally.
Table 3.9.3.1: minimum passageway width recommendations with regard to animal category and weight (body dimensions) in centimetres
Category of animal

Weight
(kg)

H
(m)

L
(m)

W
(m)

Width of passageways (cm)
A

B

C

D

E

F

G

Calf

100

0.90

0.84

0.27

50

95

225

135

205

180

120

Heifers

150-249
250-349
350-449
450-549
> 550

1.09
1.19
1.27
1.33
1.38

1.17
1.31
1.42
1.51
1.59

0.35
0.42
0.47
0.52
0.55

65
75
85
95
100

125
150
170
185
200

300
350
380
415
435

180
205
225
245
260

280
315
345
370
390

245
280
310
340
355

165
185
205
220
230

Dairy cow

550-649
650-749
750-850

1.40
1.44
1.48

1.69
1.75
1.80

0.55
0.60
0.64

100
110
115

200
215
230

450
480
500

270
285
295

410
430
445

365
390
410

240
255
265

3.9.3.3 Passageway corners and curves
$WFRUQHUVRISDVVDJHZD\VDQLPDOVQHHGVXIÀFLHQWVSDFHWR
DYRLGFRQWDFWZLWKERXQGDU\IHQFHVZDOOVRUUDLOV5HTXLUHG
additional space is due to the angle through which the catWOHPXVWWXUQWKHZLGWKRIWKHSDVVDJHZD\DSSURDFKLQJDQG
leaving the turn, and other cows occupying space going in
the same or opposite direction. Minimum extra space at 90o
and 180o FRUQHUV UHVSHFWLYHO\ LV VKRZQ LQ (TXDWLRQ ²
Sharp turns on hard surfaces, expected speed of animal
movement and crowding increase the risk of hoof injuries,
VOLSV DQG IDOOV DQG UHGXFH FRZ WUDIÀF ÁRZ 8VH DV JHQWOH
and smooth a turn as possible. Sharp inside or outside angles should be avoided. Sharp turns, especially complete reverses in direction, 180o, should be avoided. However, when
moving animals up very steep slopes switch back type paths
DUH RIWHQ UHTXLUHG WR SURYLGH ORZHU VORSHV  $OVR ZKHQ
renovating existing buildings compromises are sometimes
necessary because of limited space.
Curve/entrance/exit B (90o corners) = 2W
Curve C (180o corners) = 2.3W

Table 3.9.3.2: minimum space at corners in one way passageways in centimetres
Category
of
animal

Weight
(kg)

H
(m)

L
(m)

W
(m)

A
B
C
(cm) (cm) (cm)

Calf

100

0.90

0.84

0.27

50

55

60

Heifers

150-249
250-349
350-449
450-549
> 550

1.09
1.19
1.27
1.33
1.38

1.17
1.31
1.42
1.51
1.59

0.35
0.42
0.47
0.52
0.55

65
75
85
95
100

70
85
95
105
110

80
95
110
120
125

Dairy
cow

550-649
650-749
750-850

1.40
1.44
1.48

1.69
1.75
1.80

0.55
0.60
0.64

100
110
115

110
120
130

125
140
145

(9)
3.9.4 DOORS

(10)

Doors obstruct animal movement and circulation if narrower than the passageway width. The framework around the
door, hinges or latches can also protrude such that animals
bump off them or catch them. This can cause serious injury
WR WKH FRZ LPSHGH DQLPDO ÁRZ DQG FDXVH GDPDJH WR WKH
door. Doors that can be arranged so the sides of the passageZD\JRWKURXJKWKHGRRULVGHVLUDEOH6LQJOHÀOHGRRUVQHHG
WREHDWOHDVWWKHVDPHZLGWKDVVLQJOHÀOHSDVVDJHZD\V,Q
broad passages, it is advisably to accommodate more than
one animal in the doorway. Therefore door width can be
GHWHUPLQHG IURP (TXDWLRQ  ZKHUH Q LV WKH QXPEHU RI
animals to be accommodated in the doorway.

C

Figure 3.9.3.2: corner minimum width in one way passageZD\ $ 'RWWHGOLQHVVKRZDQRSWLRQWRLPSURYHFRZWUDIÀF
in a rectangular turn. Curves of 180o should be avoided to
DOORZEHWWHUDQLPDOÁRZDQGPLQLPL]HLQMXU\

Door width (DW) = n(1.8W)
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(11)

hence prevent potential contamination of the milking parlour etc. Clearly, where access to the special needs unit is
located on the normal exit route from the milking parlour, it
will be easier to divert special needs cows as they are leaving the milking parlour. However, the sorting activity, using
for instance a sorting gate, should be far enough away from
the parlour exit so that the milking routine is not disrupted.
Also, areas where intensive and potential distressing treatments are performed should be located so cows travelling
to and from milking parlour, or the holding area, are not
distracted.

3.10 SPECIAL NEEDS FACILITIES AND ANIMAL HANDLING
3.10.1 INTRODUCTION
A modern dairy cow unit should include facilities for both
treating and handling the animals and taking care of animals
with special needs. The facilities can be divided up into areas for animals that need special optimized housing conditions or particular treatment or handling. Special needs
groups or categories of cows and heifers may be:
• early and late dry cows
• DW ULVN ODFWDWLQJ FRZV VXFK DV ODPH FRZV ROGHU FRZV
slow milking and convalescent cows
• sick cows
• WUDQVLWLRQFRZVDQGKHLIHUVLHDERXW²ZHHNVSUH
calving until about 2 - 3 weeks post-calving.

Sorting cows on the exit route from the parlour can lead
LQWR VHYHUDO GLVWLQFW DUHDV 7KH ÀUVW VWRS PD\ EH D VKRUW
term holding pen where animals are held long enough for a
TXLFNH[DPLQDWLRQDQGWUHDWPHQWEHIRUHUHWXUQLQJWRWKHLU
housing group or being directed to another area with facilities for longer term holding or treatment. Animals, which
are not treated immediately and returned to their normal
housing area, may be moved to an intermediate holding
area whilst awaiting a visit by a veterinarian, hoof trimmer
or breeder before being returned to their housing group. A
WKLUGJURXSPD\UHTXLUHVHSDUDWLRQIURPWKHLUXVXDOPLONLQJ
group for several milkings due to the nature of the treatPHQW RU FRQYDOHVFHQFH UHTXLUHG $QLPDOV LQ WKHVH DUHDV
should have access to water, feed and comfortable resting.

Transition cows and heifers may be divided into:
• FORVHXS RUSUHIUHVKRUSUHSDUWXP FRZVDQGKHLIHUV
i.e. cows and heifers from 21 – 28 days pre-partum up to,
but not including, calving
• heifers and cows giving birth
• fresh (or post-fresh or post-partum) cows and heifers,
i.e. cows and heifers from calving to 14 – 21 days postpartum.

3.10.3 HOLDING PENS
,QVPDOOHUKHUGVLWPD\EHGLIÀFXOWWRMXVWLI\DVSHFLDODUHD
IDFLOLWLHV DQG HTXLSPHQW IRU VSHFLDO QHHGV FRZV$V KHUGV
become larger and management demands for improved cow
care increase, such facilities are easier to justify and are
PRUHLPSRUWDQWEXWLWVKRXOGEHWDNHQLQWRFRQVLGHUDWLRQ
even in a smaller herd planning.

Selection gates from the return lane often divert cows
needing attention after milking. Cows may be diverted into
a stacking lane that runs parallel to the return lane or to
a holding pen or sorting pen. As a minimum, a sorting pen
should be sized to hold one side of the milking parlour, except where automatic or manual sorting takes place as cows
exit the parlour. Animals in holding pens should have access
to water and feed, and allow cows to lie down. Headlocks
are important if the pen will be used for initial examination
and simple treatment.

Above that, herd treatment, or treatment and checking of
DVSHFLÀFDQLPDOVXFKDVLQMHFWLRQVGHZRUPLQJFODZWULPPLQJDQGLQVHPLQDWLRQUHTXLUHIDFLOLWLHVDQGHTXLSPHQW
Handling and special needs facilities are of importance not
only for animal care and welfare but also for biosecurity,
risk management and worker safety. Special needs animals
can be both a source of disease as well as some of the most
VXVFHSWLEOH DQLPDOV WR GLVHDVHV 7KH DELOLW\ WR TXDUDQWLQH
incoming stock and to isolate sick animals is crucial. A place
QHDU ZRUNLQJ DUHDV WR GLVLQIHFW HTXLSPHQW VKRXOG EH SURvided. Worker safety considerations should include a means
of escape from aggressive animals, minimizing entrapment
hazards between worker and animals, as well as safe and
FRPIRUWDEOHÁRRULQJDQGJRRGOLJKWLQJ

3.10.4 HOUSING OF TRANSITION COWS
Transition heifers and cows in special needs facilities can be
housed in either cubicles or loose housing (bedded yard).
Irrespective of their normal housing system, it is essential
that these animals have an optimized environment to live
LQLQFOXGLQJSURSHUYHQWLODWLRQH[FHOOHQWÁRRUVXUIDFHDQG
hygienic conditions, heat stress control, and extra space for
resting and moving. Provide for smaller group sizes to reduce social stress, and danger and transmission of infection.
It is recommended to design transition facilities to accommodate 25 to 35 % more animals than would be estimated
using uniform calving, or correspondingly when estimated
using calving seasons.

3.10.2 LOCATION
Special needs housing areas can be located in several sepDUDWH KRXVHV EXW LW ZLOO LQFUHDVH ODERXU UHTXLUHPHQW DQG
UHTXLUH PRYHPHQW RI DQLPDOV /RFDWLRQ LV PRVWO\ GHSHQGent on whether it will be used for lactating or non-lactating
cows and heifers and hence should be near the target group.
If special needs facilities are located away from the main
milking centre, it may create a need for a ‘hospital’ pen
near the milking parlour. However, where there is a risk of
disease spread from such stock, the facilities should be isolated and hence positioned at a reasonable distance away
from the main herd and housing etc.

&RZV QHHG VSHFLDO DWWHQWLRQ GXULQJ WKH ÀUVW  WR  ZHHNV
after calving. Providing a separate group and extra attention will typically result in improved performance throughout their lactation. Post-partum cows are about 5 - 6 % of
the milking herd. Provide the best environment possible for
these cows to relieve the stress of the calving process.
3.10.5 CLOSE-UP AND CALVING PENS
Systems used for close-up and maternity animals vary and
can include:

It is usually best to locate special needs facilities in a building close to the milking centre so that cows have a short
distance to travel to the parlour and back. Alternatively, the
vacuum and milk lines can be extended into the facility to
enable cows to be milked within the special needs unit and

• cubicle sections, or bedded yards, for large numbers of
pre-fresh animals with adjacent individual calving pens,
where cows are put only during calving. This necessitates
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round the clock observation to prevent cows from calving
in the cubicle section.
• small bedded pens for 6 – 10 cows. The cows stay in this
area through calving (“group calving pens”). The mother
and calf are removed from this area as soon as possible
following calving to individual pens or other appropriate
facilities.
• small bedded pens for 6 – 10 cows and adjoining individual calving pens where cows are put only during calving.
• combination of a cubicle section, small bedded pens for
6 – 10 cows (“buffer pens”) as an intermediate position,
and individual calving pens.

their calves will be kept together for a few days before being separated. Individual calving pens can also facilitate
good hygiene practices and be safer for the stockman. The
purpose of “buffer pens” is to aid management and movements of cows to and from individual calving pens and reduce the risk of a cow giving birth in the cubicle section.

General recommendations:

(ICPA) = 2Lx2L, with the shortest side = 1.85L

Calving should not take place in cubicle sections because of
hygiene, worker safety, risk of injury and loss of calves (e.g.
because of scrapers) and disturbed colostrum intake etc.
Ideally, the cow and calf should be in a pen on their own
so that the calf can take on colostrum and not be disturbed
E\RWKHUVWRFN$GGLWLRQDOSHQVZLOOEHUHTXLUHGLIFRZVDQG

Group calving pen area

The number of individual calving pens should be calculated
DFFRUGLQJWRHTXDWLRQ  DQGJURXSFDOYLQJRUEXIIHUSHQV
DFFRUGLQJWRHTXDWLRQ  
Individual calving pen area
(1)

(GCPA) per cow = 1.6(1.85Lx1.2H) (2)
The shortest side of group calving pen is dependent on the
planned number of cows (See Table 3.10.5.1).

Table 3.10.5.1: minimum calving box dimensions for groups and single dairy cows
Weight
(kg)

H
(m)

L
(m)

W
(m)

Single box
Area Side*
(m²) (m)

Group box
Area
(m² per cow)

Shortest side (m)
FRZVFRZV!FRZV

550-649

1.40

1.69

0.55

11.4

3.1

8.4

3.1

5.3

7.5

650-749

1.44

1.75

0.60

12.3

3.2

8.7

3.2

5.5

7.8

750-850

1.48

1.80

0.64

13.0

3.3

9.0

3.3

5.7

8.0

*shortest side
Individual box area = 2Lx2L
Shortest side
= 1.85L
Group box area per cow = 1.6 (1.85Lx1.2H)
with the shortest side for:
FRZV /
4 - 10 cows = 1.7 x1.85L
> 10 cows = 2.4x1.85L

&DOYLQJ SHQV VKRXOG EH ZHOO HTXLSSHG DV VKRZQ LQ )LJXUH
3.10.5.1 and 3.10.5.2.

Figure 3.10.5.1: using revolving feeding gate as a wall in
individual calving pens to create a temporary stall for delivery assistance or clinical examination and treatment.

To give newly delivered cow access to tepid water, in a
bucket or corresponding facillity, encourage drinking in order to remedy dehydration owing to delivery strain.
In order to have satisfactory hygiene at birth giving, all bedding material should be taken away and (individual) calving
SHQVDQGSHQÁRRUHVSHFLDOO\VKRXOGEHFOHDQHGSURSHUO\
To avoid direct contact between recumbent cow (as well as
QHZERUQFDOI DQGURXJKKDUGFRQFUHWHÁRRUQHZEHGGLQJ
material in abundance should be brought. However, the cow
when working with delivery moves new bedding material
HDVLO\7KHUHIRUHDVRIWSHQÁRRUVXUIDFHDVUXEEHUÁRRULQJ
underneath the bedding is recommended.

Figure 3.10.5.2: example of design and equipment of individual calving pens.
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3.10.6 TREATMENT AND HANDLING FACILITIES
Treatment and handling facilities may consist of:
• palpation or management rail: front and rump rails for
DUUDQJLQJ FRZV LQ D ORQJ KHUULQJERQH ÀOH EHIRUH SDOSDtion or insemination
• VLQJOH ÀOH UDFH ZLWK UDLVHG ZDONZD\V EHVLGHV FDWZDON 
for giving injections among other things
• Parallel double races and sorting gates to sort animals
into two groups
• crush with head gates and kiosk. Let at least about 1 m
free space on both side as working area
• wide passages or rectangular catch pens with headlocks
along one side can be used to temporarily lock up several
cows for neck and head access
• claw trimming crate permanently installed or portable. A
FUXVKFDQEHHTXLSSHGIRUWULPPLQJRSHUDWLRQV
Palpation rail is placed near and parallel to the return lane
from the milking parlour. The design and dimensions are:
•
•
•
•
•
•
•

lane width = 0.7L
head space = 0.7L
lane length per cow = 1.3W
rail height
rear rail = 0.7H
lower front rail (at throat) = 0.7H
top front rail (at neck) = 1.1H

Figure 3.10.6.1: dimensions of palpation rail unit shown by
plan and side view, respectively (after MWPS, 7th edition,
2013).

and shown in Figure 3.10.6.1. and Table 3.10.6.1.

Table 3.10.6.1: dimensions of palpation rail
Animal

Dairy
cow

Weight
(kg)

H
(m)

550-649
650-749
750-850

L
(m)

W
(m)

Lane
width
(m)

Head Length
space (m per
(m)
cow)

Rear

Rail height (m)
Front
lower

Front
top

1.40 1.69 0.55

1.20

1.20

0.70

1.00

1.00

1.55

1.44 1.75 0.60

1.25

1.25

0.80

1.00

1.00

1.60

1.48 1.80 0.64

1.30

1.30

0.85

1.05

1.05

1.65

A crush is used to secure and immobilise animals whilst they
are being treated. The basic features are shown in Figures
3.10.6.2 and 3.10.6.3. Among the more important and desirable features are:
• a race without any corners leading to the crush, preferably, a curved race just before (behind) the kiosk and
crush
• unobstructed personnel passes in the race for emergency
use
• the crush should be “walk-through”, preferably with a
self-locking head-gate
• in the crush the cow should be accessible from each side
of the crush and from behind (kiosk)
• DVKHOIRUDWDEOHQHDUWKHFUXVKIRUYHWHULQDULDQ·VHTXLSment and materials.
• availability of hot and cold water.
• DGHTXDWH DUHD OLJKWLQJ IRU FRZ DQG ZRUNHU PRYHPHQW
and excellent task lighting where close observation and
animal treatment occurs.
• availability of electricity for instruments and tools.

Figure 3.10.6.2: example of a treatment unit layout.
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• Market cow and dry off group. Many dairies also have
an area that can be used for holding market cows. This
area may also be used to hold dry off cows for a day or
two whilst they get a reduced ration to help lower milk
production before milking is stopped. This pen should
provide for water, feed, resting and access to a loading
chute
• Isolation group. Animals suspected of having a contagious
disease should be completely separated from the rest of
the cows to minimize the likelihood of spread of the disease. In many cases, the best way to handle this may
be to move the cow to an unused barn away from the
milking animals. For biosecurity reasons, it is necessary
to prevent incoming infections to the herd. It is of vital
importance to have facilities that make it easy for service personnel and visitors to have a wash and to change
clothes or dress in protective clothing. They should use
entrance doors leading directly to places at which service
will be done resulting in a minimum of contact with the
herd
• Foster cow group. Organic/ecological, but also conventional, dairy farms sometimes use foster cows to which
the calves have access to suckle for up to weaning at 8
to 10 weeks of age. There are different selection criteria for foster mothers as well as management and housing systems for the cow and calves. The foster cow and
calves can be kept single or grouped in cubicles or bedded pens. Figure 3.10.7.1 shows an example layout for
grouped cows kept in cubicles. The foster cow section is
often located near or in the calving section

Figure 3.10.6.3: example of a compact treatment unit,
which can be placed in a corner or an attached annexe,
which is especially useful for smaller herds. (After Bickert
et al, 2000).

Figure 3.10.6.4: crush for dairy cows.

3.10.7 FACILITIES FOR OTHER SPECIAL DAIRY COWS
Facilities for other groups of special cows can be considered, especially in larger herds. It may be:
• Sick cow group. An area to treat and handle “downer”
cows and other serious health problems is also needed.
A pen for one cow should be sized as an individual calving pen, and with gate partitions, water bowl and feed
trough. The pen should include a lockup and gate arrangement that allows one worker to catch easily a cow
for close examination (see Figures 3.10.5.1). It is convenient to have easy access to these from outside the
building for humans and safe delivery or removal of cows
that are not mobile
• Special attention group. Many times, it will enhance the
performance of the dairy if there is a group of cows that
are kept separate from the mainstream cows because of
some other special needs. This would include lame, injured, and slow or hard milking cows. They are typically
housed in cubicles but may be on a bedded area
• Treated cow group. Any lactating cow that has non-saleable milk should be kept in a separate group to lower the
risk of getting this milk into the bulk tank

)LJXUH  FXELFOH V\VWHPV IRU ÀYH IRVWHU FRZV DQG
their calves. The calves often prefer to lie down in front
of the cows, which is the reason for the layout (after Norrbom, 2001).
3.11 HUMAN/WORKERS SAFETY AND HEALTH
3.11.1 INTRODUCTION
Stockmen working in animal housing and associated handling facilities are exposed to a number of potential risks
and health hazards. Many stockmen work alone, handling
big, sometimes dangerous animals as well as large groups
of animals. Several work tasks involve daily lifting, carrying of heavy loads and awkward working postures, which
may cause overload injuries on the worker’s musculoskeletal system. Other potential risk factors contributing to
accidents as well as to physical health problems and physiological stress for the worker is the fact that they operate
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When a cow is, for example, frightened or is suffering pain,
she might demonstrate kicking behaviour. Cows generally
kick forward or out to the side and this should be considered
when designing handling facilities and when in the milking
parlour.

in an environment where they are exposed to airborne particles, gases and noise. The work environment is partly the
same environment, which is provided for the animals, and it
should be noted that there is a strong relationship between
the animal welfare issues and the handling of the work environment problems in cattle houses.

Special attention should be taken to cows with newborn
calves and dairy bulls. A cow with a newborn calf can be
PRUHGHIHQVLYHDQGGLIÀFXOWWRKDQGOH'DLU\EXOOVE\WKHLU
nature, are more aggressive than cows and should never be
considered as safe. Some dairy bulls seem calm and gentle but can react unexpectedly, resulting in injuries or even
death of their handlers.

Some risk factors are common to a wide range of farming
activities, i.e. use of machinery (tractors and so on), ladders and suspended platforms, transit areas and electric
or heating plants, supply storage, chemicals manipulation,
KHDY\ORDGVOLIWLQJRUPRYLQJ6RPHDUHVSHFLÀFWRWKHDQLmal breeding activity. Only these ones will be treated in
this chapter and just for the aspects regarding the housing
design and management (e.g. not the workers behaviour or
HTXLSPHQWXVH 

3.11.3 MOVEMENT OF CATTLE
:KHQWKHUHLVDQHHGWRPRYHRUKDQGOHFDWWOHDQGVSHFLÀF
(loading) ramps or chutes are used, they should be shaped
DQGVL]HGVRDVWRIDFLOLWDWHWKHÁRZRIDQLPDOV VHH&KDSWHU
3.10). They should ideally have solid side walls to prevent
animals from seeing outside distractions and also reduce
and prevent escape attempts. The animals will be calmer
and less stressed, which may lead to a reduced need for
human intervention and therefore accidents. Cattle tend to
move more freely from a dark to a more bright area. A spotlight directed on a ramp will often help to keep the animals
moving, provided the light does not hit them directly in
the eyes. Furthermore, illumination should be uniform and
diffuse. Distractions should be prevented, such as a chain
KDQJLQJGRZQLQDQHQWUDQFH6SDUNOLQJUHÁHFWLRQLQDSXGGOHVKRXOGEHDYRLGHGDVZHOODVDPRYLQJUHÁHFWLRQRQD
sheet of metal or bars of shadow across an otherwise sunlit
alleyway. Dark colours can create shadow effects. Bright
colours such as white and light yellow have been proven
satisfactory.

3.11.2 ANIMAL HANDLING
Stockmen may work carefully with animals most of the
time. However, accidents or injuries might occur because
of preoccupation, impatience, haste or anger. During these
moments, especially, a stockman needs to understand and
anticipate animal behaviour in order to avoid dangerous situations and minimise the risk of accidents. Therefore, handling facilities should be designed appropriately and related
to animal behaviour.
Regarding animal handling, a major part of their reactions
can be explained by the characteristics of their vision. CatWOHKDYHDEURDGQHDUO\SDQRUDPLFÀHOGRIYLVLRQ7KLVLPplies that, except for small blind spots at the nose and the
rear, cattle are able to see all the way around them. Therefore, cattle should be approached from the side or the front
in order to prevent startling reactions. Cattle also have a
poor depth perception, probably poor acuity over 3 - 4 m
distance and dichromatic seeing (green and blue). However,
they have good seeing in darkness vs. human. Rapid changes
in light intensity or at shadows may cause an animal to balk.

&DWWOHDUHVHQVLWLYHWRFKDQJHVLQW\SHDQGWH[WXUHRIÁRRUV
DQGIHQFHV&KDQJHVLQW\SHRIÁRRULQJFDQFDXVHEDONLQJ
7KH VDPH W\SH RI LI SRVVLEOH QRQVOLS ÁRRULQJ VKRXOG EH
used throughout a facility. Drains should be located outside
main drive alleys, chutes and crowd pens.

Another aspect of cattle behaviour to be taken into account is the fact that they have a so called ‘Flight Zone’
(Figure 3.11.2.1). Deep penetration into the ‘Flight Zone’
can cause panic and escape attempts. Handlers should be
aware of this and where necessary remove themselves from
the ‘Flight Zone’, particularly if the animal becomes aggressive. To move an animal forward: the handler should
stand in the shaded area position ‘B’, behind the ‘Point of
Balance’, at the shoulder. The person should keep out of the
‘Blind Spot’ at the rear of the animal. To stop movement:
the handler should back off to position ‘A’. To make an animal back up: the person should stand in front of the ‘Point
of Balance’. To make an animal turn left or right: the animal
should be approached head on. Several factors can reduce
an animal’s ‘Flight Zone’ and therefore improve handling
DQGKXPDQDQGDQLPDOVDIHW\VXFKDVIUHTXHQWFRQWDFWZLWK
people, a history of gentle handling and a calm environment.

3.11.4 MILKING
The problems associated with milking relate mainly to poor
provision of spaces and facilities in terms of ergonomics. Of
particular importance is the shape of the parlour pit that
must have:
• A depth of between 0.75 – 1.00 m commensurate with
the height of the operator, (if necessary ‘duck boards’ or
PDWVFDQEHXVHGWRHIIHFWLYHO\UDLVHWKHÁRRUOHYHORUD
QHZÁRRUFRXOGEHLQVWDOOHG  6HHWDEOH

Table 3.11.4.1: recommended milking parlour depth depending on the type of milking equipment
Height of the
operator (m)

Figure 3.11.2.1: the ‘Flight Zone’ of cattle (Grandin,
1999a).
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Herring bone par- Side by side milklour or tandem
ing parlour depth
depth (m)
(m)

< 1.55

0.75

0.85

1.56 to 1.65

0.80

0.90

1.66 to 1.75

0.85

0.95

1.76 to 1.85

0.90

1.05

1.86 to 1.95

0.95

1.15

> 1.95

1.00

1.25

• An extended cow standing or a recess at the base of the
pit wall that allows the milker’s feet be placed below the
edge of the cow standing so that the milker can stand
closer to the cows and avoid stooping or bending their
back too much.
The edge of the pit should be protected with a kerb, or rail,
to prevent animals falling in, but, if possible, should be soft
RUÁH[LEOHWRDYRLGFUXVKLQJRIKDQGVE\FRZVDOWHULQJWKHLU
position. In addition, injuries might occur also because of
kicking cows during milking. The use of anti-kicking devices
(e.g. a leg restraint) might be used especially when cleaning
or examining the udder and teats.
Figure 3.11.5.1: principal components of a cattle handling
system (after Borg, 1994).

The access stair to the pit must have non-slip steps, be
FOHDQDQGIUHHRIRWKHUPDWHULDOVLIWKHVWDLULVQRWSODFHG
EHWZHHQZDOOVLWVKRXOGEHHTXLSSHGZLWKDKDQGUDLO

3.11.6 HOUSING ENVIRONMENT

7KHÁRRUDUHDPXVWEHQRQVOLSGUDLQHG VORSH DQGNHSW
clean. Any obstacles should be removed and drain holes
should be covered in a proper way. The walls should be
painted with light colours.

3.11 6.1 Air quality
It has been known for decades that farm workers suffer
health risks due to inhalation of gases and airborne particles
GXVW  7KH SDUWLFOHV PD\ EH OLTXLG GURSOHWV RU VROLG 7KH
respiratory problems connected to gases range from mild
irritations of the respiratory track to lethal effects. For the
PRVW IUHTXHQW FRPSRQHQWV LQ WKH DLU HQYLURQPHQW LQ OLYHstock buildings there are statutory threshold limit values,
which differ from country to country. It should be noted
that the threshold limits for humans should be slightly lower
than those recommended for animal welfare (see Section
2.3.7).

Collecting yards should be provided with personnel refuges
RU ¶VTXHH]H JDS· HVFDSH URXWHV IRU SHUVRQQHO VKRXOG WKH
need arise.
Injuries of muscles, tendons, nerves and joints can be
FDXVHGE\WKHPLONLQJHTXLSPHQWVXFKDVPLONLQJFOXVWHUV
DQG GLIÀFXOW UHVWULFWHG ZRUNLQJ SRVLWLRQV SRVWXUH  GXULQJ
milking.
3.11.5 INSPECTION AND TREATMENT OF STOCK

Table 3.11.6.1.1: limits for concentration of the toxic gases
(ppm)

Special facilities should be provided for veterinary and
other such treatments, e.g. insemination, dehorning, hoof
trimming and medication. Feed mangers may incorporate
locking barriers that can be used to secure cows singly or in
groups. However, in large herds separate handling and holGLQJIDFLOLWLHVZLOOJHQHUDOO\EHUHTXLUHGIRUYHWHULQDU\DQG
RWKHUWUHDWPHQWV7KHEDVLFUHTXLUHPHQWVRIDV\VWHPDUH

Exposure

NH3

CO2

H2S

Prolonged

10

2500

2.5

Short

20

5000

10

Table 3.11.6.1.2: current safe maximum exposure limits
recommended in Australia (Cargill et al., 2002)

• collection alley to move cattle from their housing, pasture or feedlot to the holding pen
• sorting pens. Opening off the collection alley or holding
pens, or after the working area
• holding pens to hold either the whole herd or groups of
30 – 50 cattle
• crowding pen to move small groups of 8 – 10 cattle into
the working area
• VLQJOHÀOHUDFHDWOHDVWPORQJWRKROG²FDWWOHDW
once
• loading chute
• crush, preferably a “walk-through” type and with a selflocking head-gate
• options such as scales, calf crush or table, belly clipping
FUXVK FUXVK HTXLSSHG IRU FODZWULPPLQJ DFFHVV NLRVN
IRU DUWLÀFLDO LQVHPLQDWLRQ DQG J\QDHFRORJLFDO H[DPLQDWLRQVVKHOIQHDUWKHFUXVKIRUYHWHULQDULDQ·VHTXLSPHQW
and materials, the availability of electricity as well as
hot and cold water near the crush.

Pollutant

Maximum safe
concentration

Ammonia

10 ppm

Inhalable particles

2.4 mg/m3

Respirable particles

0.23 mg/m3

Respirable endotoxins

50 EU/m³

Total airborne bacteria

1.0 x 105 cfu/m³

The main way to reduce risk is through proper ventilation,
which should be substantially increased during agitation,
PL[LQJRUSXPSLQJRIVOXUU\XQGHUVODWWHGÁRRUVLQDGGLWLRQ
it is advisable to reduce the likelihood of gas production
WKURXJK IUHTXHQW UHPRYDO RI PDQXUH IURP WKH EXLOGLQJ ,W
must be emphasised that it is dangerous to enter any manure tank without either using a self-contained air supply or
WDNLQJ DSSURSULDWH SUHFDXWLRQV LH WHVWLQJ WKH DLU TXDOLW\
SURYLGLQJFRQVWDQWDQGDGHTXDWHYHQWLODWLRQRIIUHVKDLUDV
well as using a harness and lifeline on the person entering
the tank.

For more information on the design of cattle handling facilities, the CIGR report “Design recommendations of beef
cattle housing” (2002) should be consulted.

Dust in animal houses is generated inside the buildings and
arises primarily from the animals bedding and feed materi57

sound level as halving if a reduction of 10 dB(A) occurs). It
is fairly easy to reduce the sound level of ventilation fans
and other mechanical noise generators. Maximum noise level recommendations and regulations differ from country to
country, but it can be recommended not to exceed 65 dB(A)
continuously and 80 dB(A) for shorter exposure periods.
Furthermore, it is important to reduce noise when handling
cattle in order to improve animal movement and to make
FDWWOH KDQGOLQJ VDIHU (TXLSPHQW RSHUDWHG ZLWK K\GUDXOLFV
VKRXOGEHHQJLQHHUHGIRUTXLHWQHVV,WLVDOVRUHFRPPHQGHG
WRLQVWDOOÀ[HGHQJLQHVLQDFDELQRULQDVHSDUDWHVSDFH HJ
pumps, milking pulsator).

als. The airborne particles are often carriers of biologically
active material like endotoxins, pathogens and allergens
that can be utterly disease provoking. Again, proper ventilation is an important factor for risk reduction. But, the most
effective way to obtain a low dust concentration level is
to prevent formation by using hygienically impeccable forage and bedding materials. The use of masks is sometimes
necessary (e.g. handling of forage and bedding materials).
Biological agents (bacteria, viruses, fungi etc.) represent
a potential risk when involving contact with animals and
their biological materials (secretions, blood, urine, abortion
products, manure etc.). Therefore, in addition to the use of
DSSURSULDWHSURWHFWLYHHTXLSPHQWLWLVQHFHVVDU\WRSURYLGH
appropriate veterinarian facilities and consider the environmental hygiene of farms and stables (i.e. biosecurity).

3.11.7 ANCILLARY ACTIVITIES
Spaces properly sized and shaped must be provided for different housing activities.

3.11.6.2 Flooring
7UDIÀFURXWHVGDQJHUDUHDVDQGSDVVDJHZD\V
7KHÁRRUPXVWEH
The internal transit areas must be located and sized so that
pedestrians and vehicles can use them safely, without risk
to workers nearby. The size should be determined according
to the number of users and the need for manoeuvring space
RIWKHPHFKDQLFDOHTXLSPHQWDQGDVDIHGLVWDQFHIRUSHGHVtrians should be provided. Roof overhangs and aerial cables
should be well marked and positioned at least 1 m, or more,
above the highest vehicle.

1RWVOLSSHU\SDUWLFXODUO\ZKHQZHWDQGVORSHG
- Free from holes, hollows or protrusions,
- Draining into an appropriate drainage system (with appropriate channels and gutters properly arranged),
- Properly sloped for drainage purposes, 1 – 2 % (but not too
steep so as to increase the slip risk),
+ROHVREVWDFOHVRUVWHSVPXVWEHDGHTXDWHO\FRYHUHG

'DQJHUDUHDVPXVWEHLQGLFDWHGDQGHTXLSSHGZLWKGHYLFHV
WR SUHYHQW DFFHVV E\ XQDXWKRUL]HG SHUVRQV IXUWKHUPRUH
appropriate measures to protect workers authorized to enter must also be taken.

3.11.6.3 Lighting
,QJHQHUDOZRUNSODFHVPXVWKDYHVXIÀFLHQWQDWXUDOOLJKW,Q
DGGLWLRQWKH\PXVWEHHTXLSSHGZLWKGHYLFHVWKDWDOORZIRU
DUWLÀFLDOOLJKWLQJRIDGHTXDWHLQWHQVLW\DQGDUUDQJHGDVWR
avoid shadows and glare. The lighting systems must be kept
LQDJRRGVWDWHRIFOHDQOLQHVVDQGHIÀFLHQF\

3.11.7.2 Doors and gates
Doors and gates capable of being opened from either side
(i.e. swinging doors) should be transparent or have transparent panels, with indicative signs at eye level on both
sides. If the transparent surfaces of the doors and gates are
not made from resistant materials, they must be protected
against breakage and cleaned regularly.

Table 3.11.6.3.1: light level recommendations

Areas

Minimum
lighting (lux)

Recommended
lighting (lux)

Transit and
simple activities

100

150

Intensive work

150

300

Precision works
(i.e. milking)

300

500

Interventions of
SDUWLFXODUGLIÀFXOW\
(e.g. medical
treatment)

500

1000

Sliding or folding doors should have a security system that
prevents them from being derailed or falling.
0HFKDQLFDOO\RSHUDWHGGRRUVDQGJDWHVVKRXOGEHÀWWHGZLWK
an emergency stop and be possible to open manually in case
of power failure.
‘Man-gates’ should be present all around the cattle living
areas. ‘Man-gates’ are generally small passages between
two posts, approximately 30 to 50 cm apart, in the fence
or a feeding barrier. A person can easily go from one area to
another (without necessarily using a gate or a door, or having to climb over a feeding barrier or fence) but can also
easily escape from unexpected, potentially dangerous situation.

In places where there are risks of damage to the lighting
V\VWHPRUSRZHUIDLOXUHDQHPHUJHQF\OLJKWLQJRIDGHTXDWH
intensity must be provided. Flourescent lamps have a lower
ULVNRIÀUHWKDQLQFDQGHVFHQWRQHV

3.11.7.3 Walls, windows and skylights

3.11.6.4 Noise

Walls should preferably have light colours. Windows, skylights and fans should be safe and easy to access or be
closed or adjusted by workers. Avoid the use of control deYLFHVUHTXLULQJVWDIIWRHQWHUDUHDVZKHUHORRVHDQLPDOVPD\
be present.

1RLVHFDQEHGHÀQHGDVXQZDQWHGVRXQGRUUDSLGDQQR\LQJ
pressure vibration in the surrounding air. Ventilation fans,
grinders, vacuum pumps and mechanical feeding and manure systems generate noise. High sound levels are a real
stress factor. Exposure to noise will be able to cause temporary deafness and permanent hearing loss after a variable
period if the level is over 85 dB(A). (The unit, dB(A), is exponential and the human sense of hearing will perceive the

3.11.7.4 Emergency routes and exits
Routes and exits must not be obstructed by objects so that
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they can be used at any time without hindrance. Minimum
height is 2.2 m.

• Entry of manure pits should be avoided. If a manure pit
LVHQWHUHGZLWKHYHQDVPDOOTXDQWLW\RIPDQXUHSUHVHQW
WKHSHUVRQVKRXOGEHHTXLSSHGZLWKDUHVSLUDWRUDKDUness and lifeline, and should be supervised by a second
person prepared with an emergency plan
• The insertion of traps or closing devices into a pipeline
can be useful to block the rise of harmful gases
• 3HRSOH VKRXOG QRW VPRNH RU XVH DQ QDNHG ÁDPH QHDU
slurry pits, or in poorly ventilated areas with manure
present.

:KHUH H[LWV DUH HTXLSSHG ZLWK GRRUV WKH\ PXVW KDYH DQ
opening to the sense of the exit and, if closed, should be
easy to open, particularly in an emergency.
Routes and exits must be marked by special signs and must
EHHTXLSSHGZLWKHPHUJHQF\OLJKWLQJRIDGHTXDWHLQWHQVLW\
which is operational in the event of electrical failure.
3.11.7.5 Services
Rest rooms, changing rooms, showers and toilets must be
provided close to the place of work. Toilets should be furnished with washbasins with hot water and provided with
soap and a means of drying.
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)LUVW DLG NLWV ÀUH H[WLQJXLVKHUV DQG SURWHFWLRQ HTXLSPHQW
etc. should also be provided.
3.11.7.6 Manure handling
When handling manure, especially when dealing with slurry
SLWVVWDIIDQGDQLPDOVPD\EHH[SRVHGWRVHYHUDOGDQJHUV
The most important ones are routinely generated gases
LQ FRQÀQHG VSDFHV VXFK DV WDQNV VLORV DQG SLWV 6WRULQJ
pumping, mixing and spreading slurries can release large
amounts of these gases. The gases of major concern are:
• Hydrogen sulphide: is a toxic gas which smells like rotten
eggs at low concentrations. At high concentrations it decreases the human sense of smell. The gas can cause dizziness, unconsciousness and at high concentrations (>200
ppm) death. Hydrogen sulphide is especially released
when pumping or agitating slurry
• Carbon dioxide: is a heavy odourless gas that is released
when pumping or agitating slurry. Only extremely high
concentrations (70,000 ppm or 7% and over) could have
severe health effects. Mostly, incidents and accidents involving carbon dioxide are connected with asphyxiation
GXHWRR[\JHQGHÀFLHQF\UDWKHUWKDQWKHGLUHFWHIIHFWRI
carbon dioxide itself
• Ammonia: is lighter than air. It can irritate eyes and the
respiratory tract at low concentrations (5 ppm)
• 0HWKDQH LV DQ RGRXUOHVV OLJKW DQG ÁDPPDEOH JDV 0H
thane is generated when manure is stored under anaerobic conditions. Its major danger is related with explosion
in improperly ventilated spaces.
Because of the exposure to these dangerous gases and potential asphyxiation or even drowning due to unconsciousness and falling into slurry pits, the following rules should
be employed when handling manure:
• Slurry channels and pits must be protected from fall hazards with barriers or covers resistant to the expected
loads
• The underground manure tanks must be protected by a
perimeter fence at least 1.80 m high with lockable gates
together with appropriate warning signs (i.e. “Danger –
manure storage”). The sampling points must be protected by anti-fall barriers. Children should not be present
during manure handling, but if they are they should be
properly supervised
• :KHQPDQXUHLVVWRUHGXQGHUVODWWHG ÁRRUVDQGZLOOEH
mixed, staff should not stay in the building and stock
should also be removed from the building, or if this is
not possible all air outlets (doors, windows etc.) should
EHZLGHRSHQWRLQFUHDVHGDLUÁRZVDQGUHPRYHJDVHWF
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