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ABSTRACT

A study was conducted on description of the sheep houses ( materials,
location, orientation , ...... etc) and its effect on microenvironment in
two housing ( concrete roofing material, Iron sheet roofing material )
in Giza , Egypt.In order to select the appropriate type of housing that
provides the best inside climate throughout making adjustment in
housing.

During the experimental period, maximum temperature was recorded
under Iron sheetand lowest temperaturewas in Concrete.The
maximumprotection from high temperature was given in concrete than in
Iron sheet. Adjustmentof temperature and relative humidity  through
the day was suucceful under concrete than Iron sheet .

1. INTRODUCTION

ousing system is considered as an important factor affecting

animal performance and behavior. It mitigates the climatic

stress, saves labor, controls disease vectors, and harvests the
products. It increases the efficiency of breeding and milk production. In
addition, Allows better control of feed intake and its quality (Wagner
et al.,2003).
Housing and management practices can be a source of stress for sheep
and domestic animals. Climatic conditions have direct and indirect
effects on production and reproduction of livestock. The high
environmental temperature and lack of feed may restrict sexual activity
during some months of the year in the tropics, Hafez (2000) and El-
Sayed (2003).
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Recently, Marai et al. (2006) reported that the common sheep-breeding
season in Egypt is at May—June, during which the climate is hot with
rapid and sudden fluctuations, as these months are at the end of spring
and the beginning of the summer season. During breeding season in
Upper Egypt temperature rises, this difficult weather effect on reducing
the productive and reproductive performance of sheep. This condition let
us to care of searching about the proper housing system. Selecting a
building for the livestock farm should include all the personal
needs of the breeder in addition to the livestock needs. This should
be done at a minimal cost to the farm enterprise. Selecting an
appropriate site for a new animal facility is one of the most
important steps in the animal design process, Martin (1998).

Chaplin etal.,(2000) reported that Cows have longer lying times on
rubber mats than on concrete (Guard,2000).Caw health may be improved
by increased amounts of bedding and by using of rubber mats instead
of concrete .Weary and Taszkun (2000) found a significant negative
relationship between sawdust as bedding on the cow stall and
severity of lesions. Tucker and Weary(2004)indicated that more
sawdust bedding improves cow comfort in stalls with geotextile
mattresses.(Boe, 1990 and Manninen et al., 2002) stated that the goats’
preference shifted towards flooring materials with a lower thermal
conductivity in the cold period. Mattress and solid wood were most
preferred in the cold period, but no difference between mattress and
expanded metal.

1.2Animal housing orientation

Hatem (1994) statedthat the north south orientation, in Egypt, for the
shed will provide better animals’ environment (good protection from
mud and direct sun radiation).

The shading efficiency should not be lower than 85% and the shade
structure should be oriented east-west where the largest area of the
structure should face the prevailing summer winds to allow better
aeration. The distance between two cowsheds should never be shorter
than 15 m to avoid carrying the contaminated air from one cowshed and
spreading it into another one (Hatem et al., 2006; Samer et al., 2008b;
Samer et al., 2008d).
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1.3. Building materials

The building materials can be divided in two categories according to
their function. The first category involves materials, which are mainly
necessary for the structural stability of the building such as bricks,
concrete, asbestos cement,metals,and wood. The second category is
mainly intended for insulation such as cork, peat, glass wool, rock
wool, expanded plastics, and cement wood fiberboard.

There are different types of materials used to provide shade to the
animals and these range- from solid basic concept of housing materials
like iron and asbestos sheets to shade cloths, normally buffer the
extremes of climatic condition to reduce effect of solar radiation on the
sheltered animal by different proportions and protect the animals from
hot or inclement weather (Kamal etal., 2013).Animal housing with solid
walls, made from mud bricks, wattle and daub or concrete, with attach or
flat roof, made of solid materials (white walls being effective reflectors).
Abdel Rahman et al.( 2013)found attached roof with elevated slotted
wooden floor had created better microenvironment, which in turn could
lead to improve milk production, feed intake, feed conversion efficiency
and physiological comfort of the lactating crossbred goats during summer
conditions.

In animal housing the roof plays a primary role in the determination of
the thermal exchanges of the animals (Liberati and Zappavigna, 2004). In
particular, in the hot climate, a high thermal resistance in daily hours can
be helpful in order to reduce the effect of the solar radiation. But by
increasing the thermal resistance the possibility to the animals of
discharging heat through the roof in the night hours is to reduce the
diurnal negative effect of the radiative heat load onto the animals the use
of insulation materials is often recommended. But this is an expensive
solution, the usefulness of which is not ascertained, depending on various
factors: climate, latitude, building geometry and orientation, constructive
solutions, animal physical and spatial parameters (Zappavigna and
Liberati, 2007).

2. Environmental control in animal housing

Animal production is based on the interplay of animal and environment.
The farmer can manipulate both factors in order to reach an optimal
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result. In any microclimate, individual cattle should ideally be able
to select for themselves the microclimate that they find affords the
thermal comfort or least comfort. Microclimate refers to the climate
which the animal is exposed to it directly at any given time or
place. The main natural physical environmental factors affecting
livestock are: air temperature, relative humidity, radiant heat,
precipitation, atmospheric pressure, ultraviolet light, wind velocity and
dust (Hahn,2000).

2.1 Air Temperature and relative humidity

Mclean and Calvert (2007) stated that increasing the air humidity at 35°C
ambient air temperature caused an increase in respiratory activity and
caused insignificant change in heat production. They reported that at
ambient air temperature above the normal accepted range, and high
humidity will progressively reduce the animal's ability to keep cool by
evaporation until, if the air is saturated and as warm as the animal, it will
lose the ability altogether. Very dry air, blow 30 % RH, may dehydrate
the mucous membranes of the respiratory tract and create discomfort
(Sainsbury, 1988).Moreover, Reece (1991) reported that cattle and sheep
appear to be most able to withstand extremes of heat. Open mouth
panting and sweating occur as the temperature rises and they can
withstand temperature as high as 43°C with the humidity above 65 %.
Dixon et al. (2010) found that sheep increasedrectaltemperatureand
decreased feed intake when reaches a mean maximum ambient air
temperature to 30 'C during summer season in Western Australia.

2. MATERIALS AND METHODS
The present study was conducted at the sheep farm, Agricultural
Research Station, Giza, Egypt. Thirty Sheep (3 months to 2years of age)
were housed under each treatment. Different roofing materials were used
for covered area under each treatment in following manner. A: Concrete
shading roof: Layer of concrete of 20 cm thickness, B: Iron sheet shading
roof: Layer of Iron sheet of 0.2 cm thickness fixed to IronFrame.
Thestudy was undertaken both in summer and winter seasons. But as in
Egypt the temperature and relative humidity at the summer season
remain high resulting in high of temperatures which is the main
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concern of the paper and research, so only the data pertaining to the
summer season are provided hare . Data were recorded from 16" July
030" September, 2012.

2.1 Sheep rearing facilities

House A, is roofed by concrete material with 20cm thickness and it is
flat. The walls height was 1.20m and were made of 12cm common brick
and 2cm plaster inside and outside of the wall. The floor was made of
concrete. The houses have no windows, but there are openings for
ventilation (2.3 m high) at all sides. The house has one iron door made of
1.23 cm thickness.(1.2 m high x 1.5 m width).The dimensions of the
house are 4.30 m, 7.0 m, 3.5m, width, length and height, respectively.
House B is roofed by flat Iron Sheet 0.2 cm thickness. The dimensions of
walls, windows and door are similar to that of house A, and the floor is
normal soil. The experiment houses were north south oriented.

Fig.1 Sheep rearing facilities in Giza, Egypt

2.2Experimental procedures

Meteorological data were measuredeach2 hintervals using Tri-sense
device and hygrometer on the 1.5m height from the floor of buildings at
8:00,10:00,12:00,14:00,16:00 o’clock. each three consecutive days every
week for each experiment. Values of the measured meteorological data at
different points inside and outside buildings are showing in table (1).
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Table 1- Meteorological Data Unit
Dry bulb temperature (DBT) °C

Relative Humidity (RH) %

Air Velocity (V) m/s
Wet bulb temperature (WBT) °C
Maximum temperature °C
Minimum temperature °C

Daily temperature ( maximum and minimum ), dry bulb and wet bulb
temperature and relative humidity of inside and outside the two
buildings were recorded at8:00, 10:00, 12:00, 14:00,16:000’clock . by
using thermometer, tri-sens and hygrometer. The instrument were
hangedat equal heights by thread in covered area under each treatment
roof and at equal height in the outside (open area) for outside
conditions records .

Surface temperature of roof materials and walls temperature were
measured by infrared digital thermometerat equal distance
(0.5cm).Appropriate equations of heat transfer were applied to calculate
rates of heat gain and loss from buildings every day during summer
season.

Table 2- Maximum and minimum temperature under different
roof materials inside and outside houses during summer season

Month Concrete roof Iron sheet roof outside

Max. (C) Min. (C) Max. (C) Min. (C) Max. (C) Min. (C)
July 32.40+0.93 26.44+0.32 34.51+0.95 28.34+0.45 40.72+0.23 30.75+0.66
August 32.55+0.39 24.87+0.25 34.10+0.55 26.53+0.28  37.88+0.53 28.47+0.38

September  32.10+0.36 25.93+0.33  34.76+0.58 26.81+0.18  37.32+0.49 28.23+0.22

Mean 32.35£0.93 25.75+0.33  34.46+0.50 27.23+0.15  38.64+0.55 29.15+0.60
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Statistical analysis: A randomize complete design with two factors was
used for analysis all data with five replications. The treatment means
were compared by least significant difference (L.S.D.) test as given by
Snedecor and Cochran (1976)by used ASSISTATprogram.

3-RESULTS AND DISCUSSION
Effect of roof material type on the air temperature (AT, °C)
and relative humidity (RH%) inside the buildings of sheep
during summer season

Figure(3-1) and table (3-1) shows that the maximum air temperatures
were recorded at 12:00 o’clock for the three different conditions. The
data revealed that the concrete roofed house caused a higher reduction
of air temperature than the Iron sheet roofed house , along the
daytime from 8:00 to 16:00 o’clock . This is due to that coefficient of
heat transfer of the concrete roof is lower than that of the Iron sheet roof.

Figure (3-2) shows that the maximum relative humidity (RH %) were
recorded at 12:00 o’clock for three different conditions. The data
revealed that the concrete roofed house caused a higher reduction of
relative humidity than Iron sheet roofed house, along the daytime from
8:00 to 16:00 o’clock. This is due to the interaction between the two air
character, temperature and relative humidity.
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Fig.(3-1)Average inside—outside air temperature for the two types of
Sheep’s housesduring period (16-18, July.2012).
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Fig.(3-2).Average inside—outside relative humidity (RH %) for the
two types of Sheep’s houses duringperiod (16-18, July.2012).

Table (3-1).Average of inside-outside air temperatures and relative
humidity for the two types of Sheephousesonthe experimental during
period (July 16-18, 2012).

Experiment
Time ,hr | House A House B Outside
AT,°C | RH,% AT,°C | RH,% AT ,°C | RH,%
8 30.00 49.11 32.08 56.58 31.35 53.21

10 33.25 52.38 35.87 57.14 34.95 55.45
12 39.20 54.08 43.65 57.03 40.95 56.13
14 39.17 53.75 43.00 56.44 40.15 55.43
16 38.23 51.75 41.89 53.87 39.37 52.00

Mean 35.97%: |52.21P. |[39.30%. |[56.21% |37.35% |54.44%°%
1.85 0.89 2.27 0.60 1.83 0.78

There is no significant difference between three treatments (House A,
House B, outside) in ambient air temperature (AT, °C). there is
significant difference between two treatment (House A, House B) in
Relative humidity (RH,%) and there is no significant difference with
outside Relative humidity .

Figure (3-3) and table (3-2) show that the maximum air temperatures
(AT) were recorded at 12:00 o’clock for the three different conditions.
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the data revealed that the concrete roofed house caused a higher
reduction of air temperature than the Iron sheet roofed house, along
the daytime from 8:00 to 16:00 o’clock ,this is due to that coefficient
of heat transfer of the concrete roof is lower than that of the Iron
sheet roof.

Figure (3-2) shows that the maximum relative humidity (RH %) were
recorded at 12:00 o’clock for three different conditions. The data
revealed that the concrete roofed house caused a higher reduction of
relative humidity than Iron sheet roofed house, along the daytime from
8:00 to 16:00 o’clock. This is due to the interaction between the two air
character, temperature and relative humidity.

Table (3-2).Average of inside-outside air temperature and
relativehumidity for the two types of Sheep houses on the
experimental duringperiod (July 24-26, 2012).

Experiment
Time, hr House A House B Outside
AT, |RH% |AT, |RH, % |AT,°C |RH,
°C °C %
8 35.15 55.00 40.27 | 62.78 37.00 58.12
10 38.10 55.87 43.71 |63.23 40.00 58.80
12 41.28 57.95 43.83 | 64.50 41.65 61.73
14 39.53 57.00 42.07 |64.19 40.77 61.57
16 39.13 55.14 41.95 |60.87 40.00 59.91
mean 38.64P:. | 54.59%. | 42.372. | 62.362: | 39.882b,. | 57.82b.
101 121 0.66 1.08 0.78 181

There is significant difference between two treatments (House A, House
B) in ambient air temperature (AT, °C), and there is no significant
difference with treatment (outside) in ambient air temperature. There is
no significant difference between two treatments (House A, outside) in
relative humidity (RH, %). but there is significant difference between
two treatments (House A, outside) relative humidity (RH, %) with
relative humidity at house B.
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Fig.(3-3).Average inside—outside air temperature forthe two types of
Sheep’s houses during period (24-26/, July, 2012).
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Fig.(3-4) Average inside—outside relative humidityforthe two typesof
Sheep’s houses during period (24-26, July, 2012).

Figure (3-5)and table (3-3) show that the maximum air temperatures
(AT) were recorded at 12:00 o’clock for the three different conditions.
the data revealed that the concrete roofed house caused a higher
reduction of air temperature than the Iron sheet roofed house, along
the daytime from 8:00 to 16:00 o’clock . This is due to that coefficient
of heat transfer of the concrete roof is lower than that of the Iron
sheet roof.

Figure (3-6) shows that the maximum relative humidity (RH %) were
recorded at 12:00 o’clock for three different conditions. The data
revealed that the concrete roofed house caused a higher reduction of
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relative humidity than Iron sheet roofed house, along the daytime from
8:00 to 16:00 o’clock. This is due to the interaction between the two air
character, temperature and relative humidity.
Table (3-3).Average of inside-outside air temperatures and relative
humidity for the two types of Sheep houses on the experimental
during period(Aug.6-8, 2012).

Experiment

Time, h House A House B Outside

AT ,°C | RH, % AT ,°C |[RH,% |AT,°C |RH,%
8 3500 |6335 | 40.10 6534 | 3618 | 6516
10 37.78 63.46 42.38 65.57 39.25 65.87
12 41.80 | ea45 |45.00 42,70 | 67.00
14 41.00 | gpoo | 44.56 67.56 66.24
16 40.57 43.29 67.30 | 4263 1

' 62 .67 : 66.65 41.60 '

mean 39.23> | 63.366° |43.332 66.4842 | 40.793b 66.0542

+1.26 +0.27 +0.87 +0.58 +1.21 +0.54

There is significant difference between two treatments (House A, House
B) in ambient air temperature. And also there is significant difference
between (House A)with (House B, outside) in relative humidity (RH %).

Ambient air Temperature,C
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Fig.(3-5). Average inside-outside air temperature for the twotypes of

Misr J. Ag. Eng., April 2014

Sheep’s houses during period (6-8/8/2012, Aug.).

- 693 -



BIOLOGICAL ENGINEERING

X 100
>
=
h=) 80
€ N
2
c_"'U' 40 =¢=—outside relative humidity, %
& == |nside relative humidity, house A, %
20 T T T T 1
8:00 10:00 12:00 14:00 16:00
Time, h

Fig.(3-6). Average inside-outside relative Humidity for the twotypes
of Sheep’s houses during period (6-8/8/2012, Aug.).

Figure (3-7) and table (3-4) show that the maximum air temperatures
(AT) were recorded at 12:00 o’clock for the three different conditions.
the data revealed that the concrete roofed house caused a higher
reduction of air temperature than the Iron sheet roofed house, along
the daytime from 8:00 to 16:00 o’clock . This is due to that coefficient
of heat transfer of the concrete roof is lower than that of the Iron
sheet roof.

Figure (3-8) shows that the maximum relative humidity (RH %) were
recorded at 12:00 o’clock for three different conditions. The data
revealed that the concrete roofed house caused a higher reduction of
relative humidity than Iron sheet roofed house, along the daytime from
8:00 to 16:00 o’clock. This is due to the interaction between the two air
character, temperature and relative humidity.

Table (3-4).Average of inside-outside air temperatures and relative
humidity for the two types of Sheep houses on the experimental
during Period (Aug. 27-29, 2012).

Experiment
House A House B Outside

Time, h AT ,°C RH, % AT ,°C RH, % AT ,°C RH, %

8 36.14 54.15 39.44 61.25 36.73 57.00

10 37.83 55.46 40.78 63.75 38.29 59.17

12 40.55 57.50 42.85 63.34 41.56 59.45

14 39.76 57.36 42.18 61.67 41.18 58.24

16 39.68 56.05 41.26 60.85 40.06 57.30

mean 38.79%080 | 56.10%062 | 41.30%0.50 | 62.17%058 | 39.56%:0.01 | 58.23%:0.49
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Fig.(3-7).Average inside — outside ambient temperature (AT, ‘C)for
the two types of Sheep’s houses during period (27-29/8, Aug.2012).
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Fig.(3-8).Average inside — outside relative humidity (RH %0) for the
two types of Sheep’s houses during period (27-29/8, Aug., 2012).

There is significant difference between two treatments (House A, House
B) in ambient air temperature and there is no significant difference with
outside ambient temperature. There is significant difference between
three treatments in relative humidity.

Fig.(3-9) and table (3-5) show that the maximum air temperatures (AT)
were recorded at 12:00 o’clock for the three different conditions. the data
revealed that the concrete roofed house caused a higher reduction of
air temperature than the lIron sheet roofed house, along the daytime
from 8:00 to 16:00 o’clock. This is due to that coefficient
of heat transfer of the concrete roof is lower than that of the Iron
sheet roof.
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Figure (3-10) shows that the maximum relative humidity (RH %) were
recorded at 12:00 o’clock for three different conditions. The data
revealed that the concrete roofed house caused a higher reduction of
relative humidity than lIronsheet roofed house, along the daytime from
8:00 to 16:00 o’clock. This is due to the interaction between the two air
character, temperature and relative humidity.

Table (3-5). Average of inside-outside air temperatures and relative
humidity for the two types of Sheep houses on the experimental
during Period (Sep., 3-5, 2012).

Experiment
Time h House A House B Outside
AT, °C RH , % AT, °C |RH,% | AT,°C RH, %
8 33.70 50.65 37.93 53.71 35.06 51.83
10 35.48 53.40 40.55 57.23 37.14 55.26
12 37.05 54.74 41.87 59.67 40.03 56.64
14 37.00 53.23 41.38 60.03 39.75 56.43
16 36.17 51.53 40.65 59.45 38.86 54.80
mean 35.88b 52.71b 40.482 58.022 38.17% 54.99b
+0.62 +0.72 +0.68 +1.18 +0.93 +0.86

There is significant difference between two treatments (House A, House
B) in ambient air temperature. But there is no significant difference at
two treatments (Houses A, House B) with outside air temperature. There
is no significant difference between (House A, outside) in relative
humidity but there is significant difference between (House A, outside)
with House B in relative humidity.
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Fig.(3-9).Average inside-outside ambient temperature (AT, C)for the
two types of Sheep’s house during period (3-5, Sep.2012).
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Fig (3-10).Average inside-outside relative humidity (RH %) for the
twotypes of Sheep’s houses during period (3-5, Sep.2012).

Figure (3-11) and table (3-6) show that the maximum air temperatures
(AT) were recorded at 12:00 o’clock for the three different conditions.
the data revealed that the concrete roofed house caused a higher
reduction of air temperature than the Iron sheet roofed house, along
the daytime from 8:00 to 16:00 o’clock . This is due to that coefficient
of heat transfer of the concrete roof is lower than that of the Iron
sheet roof.

Figure (3-12) shows that the maximum relative humidity (RH %) were
recorded at 12:00 o’clock for three different conditions. The data
revealed that the concrete roofed house caused a higher reduction of
relative humidity than Iron sheet roofed house, along the daytime from
8:00 to 16:00 o’clock. This is due to the interaction between the two air
character, temperature and relative humidity.

There is significant difference between three treatments (House A, House
B, outside) in ambient air temperature (AT, °c) and also in the relative
humidity.
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Fig.(3-11) Average inside-outside ambient temperature (AT, C) for
the two types of Sheep’s houses during period (24-26, Sep., 2012).

Relative humidity , %
Y o)) (o] 8
o o o o

N
o

== outside relative humidity , %
== |nside relative humidity, house A, %

Inside relative humidity, house B, %

8:00

10:00 .
T

ime,

12:00

14:00

16:00

Fig.(3-12)Average inside-outside relative humidity (RH%b) for the
two types of Sheep’s houses during period (24-26, Sep.,2012).

Table (3-6).Average of inside-outside air temperatures and relative
humidity for the two types of Sheep houses on the Experimental
during period (Sep.24-26, 2013).

Experiment
Time h House A House B Outside
AT, °C |RH, % AT ,°C |RH,% |AT,°C |RH, %
8 30.27 47.25 33.86 53.40 31.75 49.23
10 31.08 47.87 35.88 55.23 32.84 50.45
12 32.45 50.00 36.78 56.75 34.50 51.57
14 33.15 49.55 36.07 55.63 34.27 51.35
16 32.25 49.17 35.79 55.12 33.63 50.54
mean 31.84¢ | 48.77¢ 35.682 55.232 | 33.40P 50.63°
+0.51 +0.52 +0.49 +0.54 +0.50 +0.41
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Table (3-7)mean of Ambient air temperature and relative humidity
inside and outside buildings during summer season

month Concrete Iron sheet Outside
AT RH% AT RH% AT RH%
July 38.62P+ | 49.87h+ | 42.112+ | 60.782+ | 40.94%+ | 56.06%+
0.91 1.32 0.81 1.11 0.97 2.19
August 39.54P+ | 66.05%+ 42.802. | 70.532+ | 41.00%+ | 68.04%+
0.93 2.10 0.85 0.79 1.05 1.60
September | 36.65°+ | 49.62°. | 40.25** | 56.13% | 38.34%+ | 51.88°+
0.94 017 0.98 1.64 0.94 0.93
mean 38.74P+ | 55.18%+ | 41.72%+ 62.48%+ | 40.0932 | 58.66%+
0.93 1.2 0.88 1.18 +0.99 1.57
CONCLUSION

the high thermal conductivity of Iron sheet does not enable the roof to
reduce both temperature and relative humidity during the day compared
to concrete material which significantly reduced the negative effect of
environmental variables and can prove to be effective in warding off
the hot and humid environmental condition than Iron sheet.

REFERENCES

Abdel Rahman, I.M.K.; P.K. Nagpaul and B. Singh (2013). Effect of two
different shelter systems on milk yield and composition, feed intake,
feed conversion efficiency and physiological responses in lactating
crossbred goats during summer season.Egyptian J. Sheep and goat
Sci., 8(1):81-87.

Bee, K., (1990). Thermoregulatory behavior of sheep housed in insulated
and uninsulated buildings. Appl. Anim. Behav. Sci. 27, 243-252.

Chaplin, SJ.; G. Tierney; C. Stockwell; D.N. Logue and M. Kelly
(2000).An evaluation of mattresses and mats in two dairy
units.Appl.Anim.Behav.Sci., 66:263-272.

Dixon R.M.; R. Thomas and H.G. Holmes (2010). Interactions between
Heat stress and nutrition in sheep fed roughage diets. J.Agric.Sci.,
132:351-3509.

El-Sayed, Y. M. S. (2003). Studies of physiological and reproductive
performance of goats under different housing systems in newly

Misr J. Ag. Eng., April 2014 - 699 -




BIOLOGICAL ENGINEERING

reclaimed areas. Ph.D. Thesis, Fac. Agric., Cairo Univ., Giza,
Egypt.

Guard, C. (2000).Environmental risk factors contributing to lameness in
dairy cattle. Proc. Conf. The Dairy Housing and Equipment
systems.NRAES-129.Natural Resource, Agriculture, and
Engineering Service.Cornell University, Ithaca, New York, USA.

Hahn, G.I. (2000). Housing and management to reduce climatic impacts
on livestock.,J.Anim.Sci.,52:175-186.

Hafez, E.S. (2000).Reproduction cycles.In: Reproduction in Farm
Animal.7"ed. Lippincott Williams and Wilkins, Philadelphia, USA.

Hatem M.H. ; R.R. Sadek and M. Samer (2006). Effects of shed height
and orientation on Dairy Cows’microclimate, Cooling system
Efficiency and Milk Productivity. Proceedings of XVI CIGR
World congress, pp.413-414.

Hatem, M.H. (1994).Effect of building orientation on the economic and
level of animal comfort of dairy cattle open houses in Egypt.
MisrJ.Agric.Eng., 11:522-534.

Kamal R. ;T. Dutt; B.M. Patel; R.P. Ram; P. Biswas; P.K. Bharti and
SandeepKaswan(2013). Effect of roofing materials on
microclimate in loose house for animals during rainy season.
J.Vet. World; 6(8):482-485.

Liberati, P. and P. Zappavigna (2004).“Performance of ventilated roofs in
hot climate”, International ymposium of the CIGR 2nd Technical
Section, Evora, Portogallo, May 2-6, pp. 1-8.

Manninen, E.; A.M. Rushen; J. Norring and H. Saloniemi (2002).
Preferences of dairy cows kept in unheated buildings for different
kind of cubicle flooring. Appl. Anim. Behav. Sci. 75, 281-292.

Marai, I. F. M.; A. A. El-Darawany; E. A. F. Ismail and M. A. M. Abd EI-
Hafez (2006). Tunica dartos index as a parameter for measurement
of adaptability of rams to subtropical conditions of Egypt.J. Anim.
Sci., 77: 487-494.

Martin, J.G.(1998).Sitting large dairy facilities. Proc. Fourth International
Dairy Housing Conference.January 28-30.chastain, J.P. (Ed.), the
American Society of Agricultural Engineers. St. Louis, Missouri,
USA.

Misr J. Ag. Eng., April 2014 - 700 -



BIOLOGICAL ENGINEERING

Mclean, J.A. and D.T. Calvert (2007). Influence of air humidity of the
partition of heat exchange of cattle. J.DairySci., 78:803-807.

Reece, W.O. (1991). Physiology of Domestic Animals. 345p.

Sainsbury, D. (1988). Livestock Health and Housing. English language
book Society London. pp. 6-79.

Samer, M.; H. Grimm; M. Hatem; R. Doluschitz and T.
Jungbluth.(2008b). Mathematical Modeling and Spark Mapping of
Dairy Farmstead Layout in Hot Climates.Misr J. Ag. Eng., Vol. 25
(3):1026 -1040.

Samer, M.; H. Grimm; M. Hatem; R. Doluschitz and T.
Jungbluth.(2008d). Mathematical Modeling and Spark Mapping of
Shade Structures for Corral Systems in Hot Climates.Proceedings of
CIGR International Conference of Agricultural Engineering, Iguassu
Falls City, Brazil.

Snedecor, G.A. and W.G. Cochran (1976).Statistical Method. lowa State
Univ.Press, Ames.

Silva, F.AS. and C.AV. Azevedo(2009). Principal Components
Analysis in the Software

Assistat-Statistical ~ Attendance. In: WORLD CONGRESS ON
COMPUTERS IN

AGRICULTURE,7, Reno-NV-USA: American Society of Agricultural
and

Biological Engineers.

Tucker, C.B. and D.M.Weary (2004). Bedding on geotextile mattresses:
how much is needed to improve cow comfort? J. Dairy Sci., 87:
2889-2895.

Wagner, A.M.; R.W. Palmer and D.W. Kammel (2003).Factors affecting
stall use for different free stall bases. J.Dairy Sci., 86:2253-2266.

Weary, D.M. and I. Taszkun (2000).Physiology and management. Hock
lesions and free stall design. J. Dairy Sci., 83: 697-702.

Zappavigna, P. and P. Liberati (2007). Analysis of the effects of the
roofing design on heat stress in dairy cow housing.CIGR Workshop
“Animal Housing in Hot Climate”, Cairo, Egypt, April 1-4, 2007.

Misr J. Ag. Eng., April 2014 -701 -



BIOLOGICAL ENGINEERING

2l padla)
AUEY) Alaa Ja1 A gl N 93 adl Aa a o ual) Cil Bale £ o3 S
‘ (V)J}ib JAA;‘ (\)eflaeﬁu daaa
O g5 pdal 5 Opriall e e
sall a8 Aeadiinall oLl ol ge ) Cum (e Al V) Slie Cia o) Al Hall 028y
) Latial) Jal gally il el i) 45dld) Adalal) Ll e il il s (&, a8 5al
il gl elal e g by & sl | eld) Mg g g ddamall Ayl
7 s 4 allas 3 GLe Y Sl e e 55 e Al cy alia aliV 5 o sl sandl)

(A) Slood i gd e oY) Aalaall

(B) zlall (3o it 53 e ALl

Joa AT Al Cog el - 25N Alda)

ol sall Gl a3 Cam LLie W) ol ) el A Sl e Caid) sale g 5 ls Al
Gl 5 (adanl) 55 adlds jo 5 ) jadlda ja- ) Jiae JS AT 204l

Agpustll 4y 51 511 Y

o) sl de ¥

Lo ;¥ 5 Catud) g dai) gl 5 ) ja A jaf

AU gaall (5 giane die i el ) e 5 4005 Lol sae die Sl Ja)a Calas Sl o2a
S 5 Canall an e DA @ll3 5 8 gl IS (e Alial sia Al 2 B (el JS

e F 5l aedl DA e A il pally dalall Al A ol gl clulallo
il e bant o) jal o Jazadl ¢ Slusall

) du ol o3 e Lle Ulas ) &l e e e L e Caad) 138 8 L
s b S o g(apall Jamd DA Canll 138 853 g sl

il 45 jlie Capall diad DA zlall G cind aliel) 550 all da )0 aila.)
LAl

‘_;si ClS 5 N O alaall sl 12:00pm 4elull die 5 ) a4 o ‘;ci :Lxl;.u_\‘
Alig asll lae ol Al il 4 jlie plall Gl nd Aae 5 s da 0
Zlal) sl el 5 ) pal) JEEY) Jalee Cas

G i€ 512:00pm Aol vie zlaall Gl cont Ayl &gl 1l dad e s ¥
el Ajlie plall Sl basad il (& Gpall dad DA 4 455k )
W

Gl 53 iaall ks Jmdl il a5 50l Aa 3 o s ) o3 (e s
oaidl Gl Jie elpal ) zlisy @l zlall caiull 53 il A lae Al Al
Zhall salal sl 551 Al Jaa sl

Balal daals — Ao 3l S - Ao 3l Aaaigl and (V)
B ALl daals — de) )3l A4S - ) gaad) Z LYY and (V)

Misr J. Ag. Eng., April 2014 -702 -



