CHAPTER 1, INTRODUCTION

Insulating buildings, such as walls, roofs and fois an important matter for reducing
the rate of heat flowing into (in time of summendafrom (in time of winter) the
houses. To reduce the heat flow efficiently we #th@elect the proper insulation by

accounting for the purpose, environment, ease dlirey and installation, and the cost

[1].

North Cyprus, Lefkga is characterised by a mediterranean climate andtense solar
radiation. Such a climate imposes extreme solioitatto the various components of a
building and often creates totally unaffordablecdisfort situations [2]. To face this
problem, the use of effective roof insulation mater should be used to prevent

comfort.

The place of a building, air temperature, wind clien, humidity etc. climate members
value are known to be effective components thatigeoenergy efficiency. Therefore
according to the bioclimatic requirements of themale region positioned of the
building, the building should be directed when thnefit or protected from the sun,

wind and space organization should be done acaptdithe criteria of the direction.

One of the design parameters of a building forndiisctly related with the climatic
parameters. This can be understood by the diffetistricts from different architectural

design samples [3].

The building’s roofs are one of the most problematirameters in the TRNC. In our
observation the reason of building roofs appeagddhst visible unit that has the least
care taken care least. Same evaluation is validcomfi materials [4]. This paper

describes a detailed study carried out on perfoc@aomparison of water and heat

insulation materials on southern directed hip raoficosia.



CHAPTER 2, THE SUN

2.1 Solar Radiation

Solar radiation drives atmospheric circulation.c8irsolar radiation represents almost
all the energy available to the earth, accountorgsblar radiation and how it interacts
with the atmosphere and the earth's surface isafmedtal to understanding the earth's
energy budget. Solar radiation reaches the easthface either by being transmitted
directly through the atmosphere ("direct solar atidn"), or by being scattered or
reflected to the surface ("diffuse sky radiationAbout 50 percent of solar (or
shortwave) radiation is reflected back into spaebjle the remaining shortwave
radiation at the top of the atmosphere is absobyetthe Earth's surface and re-radiated
as thermal infrared (or long wave) radiation [5].

Figure 2.1, a schematic of the global shortwaveiatamh budget, illustrates the
effectiveness of clouds in intercepting and scamterradiation. Because of the
effectiveness of clouds in this process, changeglatal cloud cover can play a

significant role in changing the Earth’s climaté. [6
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Figure 2.1 The global average shortwave radiation budget sigwie distribution of
solar radiation in the atmosphere and at the seifiélc



2.2 Available solar radiations on the earth

The amount of energy that is received from the rsys that strike the surface of our
planet is referred to as insolation. The amounemérgy that reaches the surface of
Earth is by and large subject to climatic condsgiosuch as seasonal temperature
changes, cloudy conditions, and the angle at wéidar rays strike the ground.

Because our planet revolves around the sun in akshaped orbit with its axis tilted at
approximately 23.5 degrees, the solar declinatioglea (i) shown in Figure 2.2
constantly varies throughout the revolution, grdiguehanging from +23.5 degrees on
June 21-22, when Earth’s axis is tilted towarddtme, to -23.5 degrees by December 21-

22, when Earth’s axis is tilted away from the sun.
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Figure 2.2 Solar Declination 23.5° [7].

Earth’s axis at these two seasonal changes, rdféaeas the summer and winter
equinoxes, is 0 degrees.

The solar declinations described above result fseasonal cyclic variations and solar
variations in insolation. For the sake of discussfave consider Earth as being a sphere
of 360 degrees, within a 24-hour period Earth estdt5 degrees around its axis every
hour, commonly referred to as the hour angle. thesdaily rotation of Earth around its
axis that gives the notion of sunrise and sunset.

The hour angle (H) (shown in Figure 2.3) is thelantgrough which Earth has rotated
since midday or the solar noon. At the noon houenvthe sun is exactly above our
heads and does not cast any shadow of verticattsbjgne hour angle equals 0O degrees.
By knowing the solar declination angle and the hangle we can apply geometry and
find the angle from observer’s zenith point looketgthe sun, which is referred to as the
zenith angle.(Z) (shown in Figure 2.4)



The amount of average solar energy striking thdéasarof Earth is established by
measuring the sun’s energy rays that impact perpelad to a square meter area, which
is referred to as the solar constant(s). The amoluebergy outside Earth’s atmosphere
measured by satellite instrumentation is 1366 Wagtssquare meter (W/n Because

of the scattering and reflection of solar rays wileey enter the atmosphere. Solar

energy loses 30 % of its power; as a result orearckunny day the energy received on
Earth’s surface is reduced to about 1000%//m
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Figure 2.3Solar hour angle [7].
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Figure 2.4Zenith angle [7].

The net solar energy received on the surface othBaralso reduced due to cloudy
conditions and is also subject to the incoming armdlradiation [7].



CHAPTER 3, CLIMATE

The sun drives weather and climate. This incluagnly visible light but also infrared

rays, which we detect as heat and ultraviolet raylsich we cannot detect without
special equipment. receiving the sun’s rays eightutes after they leave the Sun.
Partly because of Earth’s distance from the suty, artiny portion less than one two-
billionth-of the Sun’s radiation reaches Earth. fThas been enough to sustain life

throughout Earth’s history [8].

3.1 Climate Sensible Buildings

Climate sensible and energy efficient buildingsetakivantage of natural energy flows
(such as heat, light and breezes) to maintain caatfle conditions, which require less
heating, cooling and lighting than poorly desigriexines. There are many resources
available that encompass general house principalsyell as technical specifics of
house design. This information file is a useful iidd to available information, as it
contains tools, and considers aspects of creatingnargy efficient home specific to

Perth, Western Australia:

3.1.1 The Building Envelope and Passive Design fBerth’s Temperate Climate
3.1.1.1 The Orientation

To appreciate why houses should be orientatedparticular direction, it is important
to understand the seasonal and daily changes nmgyeflew. When we see the Sun’s
position changing in the sky it is of course thetE#hat is moving, not the Sun. While
recognizing this, for convenience, in this inforioatfile we will refer to it as the Sun’s
'movement’. By appreciating how the Sun’s moventierdughout the day varies from
season to season, we can predict the performars@asfequipment and buildings. We
will know when the Sun is shining on them and fowhong.

The seasonal variation in the times of sunrisesamet, and the variation in the Sun’s
altitude are caused by the Earth’s axis beingdtitean angle to the plane of its rotation



around the Sun. In Figure 3.1, we $leat the Earth’s axis of rotation is tilted (inaioh

at 23.5 degrees) to its plane of revolution arotih@Sun, and constantly points to one

direction in space.
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Figure 3.1Earth’s axis of rotation is tilted (inclined at.23legrees) to its plane of
revolution around the Sun, and constantly point® direction in space [9].

3.1.1.2 Using the Sun Angles

Sun Angles are used to determine the best orientér houses and other buildings so

that they make the best use of the Perth’s availabhlight, or solar access. As shown

previously, the Sun rises earlier in the summerthmwthan it does in the winter months,

and its position in relation to the horizon (ali&) also changes throughout the year.

Figure 3.2(a), Figure 3.2(b) shows the path of $um's movement, in relation to a

house, during mid summer and mid winter.
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Figure 3.2(a)Sun's movement in mid summer Figure 3.2(b) Sun's movement in mid
[9]. winter [9].

As can be seen in Figures 3.3, the majority of lreaitsfer occurs through the roof, as
well as the west and east facing walls of the Imgjdin contrast, during winter it is the
north facing walls that are exposed to the mostigiimn Efficient houses use designs
with good solar access and landscaping that tatkesnéage of the seasonal changes in

the Sun's movement.

Whilst windows facing north are ideal, windows whiare less than 20 degrees east or
west of north will still allow the Sun to enter tlugh them in winter, whilst excluding
much of the summer Sun if your eaves are well desigas shown in Figure 3.3
Windows facing east or west are more difficult tmde during the summer months
without the use of landscaping. South facing winslawll lose heat during winter and
gain some heat in the late afternoon and earlyiegeduring the summer months in

temperate latitudes such as Perth.
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mplete shading from
e October to late February

Figure 3.3Eave design for north facing windows, which exclsdenmer Sun in the
southern hemisphere [9].



To calculate the ideal overhang required for eanestiply the distance from the eaves
line to the base of the window by 0.4 for shadirggrf October to February and 0.7 for

shade from September to March [9].

3.2 Climate and the Effects of Solar Energy
3.2.1 Desert Cities and the US Southwest

In Arizona, we live in a desert environment thagsishe definition of extremely arid
and semi-arid land. Over one-third of the worlsigiface and an estimated 25% of the
population live in similar conditions. Desert c#isurvive in an environment which is
characterized by: 1) aridity and scarcity of natuesources, such as water, and 2)
extreme climatic conditions manifested by high temapures and heat. Other typical
conditions of such arid region we can perceive@®daunities. These are: 3) abundant
energy in the form of solar radiation and light afidplentiful clear sky conditions
attributing to the large diurnal temperature swargl blackbody radiation (see Figure
3.4).
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Figure 3.4Desert Regions of the World [10].

Desert cities vulnerability strengthens their needurvive in harmony with the natural
environment. To sustain and support populationvgtand urban sprawl, desert cities
must transform it self by moving toward innovatiuban development that integrates

new technologies into the building, transportatiofrastructure and social fabric of the



community. Desert cities have the opportunityaketthe lead and serve as models for

the solution to urban ecology problems of our time.

3.2.2 Climate Specific Design

Houses should be designed to suit their environsnéntthe home-building industry,
we have accepted that design and construction brusesponsive to varying seismic
risks, wind loads and snow loads. We also consater conditions, frost depth,
orientation and solar radiation. Yet we typicalggnore the variances in temperature,
rainfall, exterior and interior humidity and th&iteraction.

The Habitat Congress Building America houses argigded for a specific hygro-
thermal region, rain exposure and interior climaféis means that the building
enclosure and mechanical systems that are reconedendhis package are generally
suited to the Hot-Humid climate region. Notice thétile there are similarities between
regions, there are also differences. It is cold dng in Wyoming; it is cold and
somewhat wet in Wisconsin. Local climate may alsided significantly from the
regional climate descriptions, and if so, the ddfeces must be addressed when

implementing the house design provided here.

3.2.3 Building for a Hot-Humid Climate

A Hot-Humid climate is defined as a region thateiges more than 20 inches of annual
precipitation and where one or both of the follogvoonditions occur:

a 67°F (19.5°C) or higher wet bulb temperature 3@00 or more hours during the
warmest 6 consecutive months of the year, or

a 73°F (23°C) or higher wet bulb temperature f&00, or more hours during the
warmest 6 consecutive months of the year.

The intense solar radiation in this climate impasésrge thermal load on the house that
can increase cooling costs and affect comfort. Mogsis a significant problem in this
climate, more so in those areas that receive name 40 inches of annual precipitation.
The ambient air has significant levels of moistunest of the year. Because air
conditioning is installed in most new homes, coldfaces are present on which

condensation can occur. Controlling the infiltratiof this moisture-laden air into the
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building envelope and keeping moisture away frortd curfaces are major goals of
design and construction. Housing types vary gredthpughout all of the different

climate zones.

3.2.4 The Type of Climates

Mixed-Humid

A mixed-humid climate is defined as a region thateives more than 20 inches of
annual precipitation, has approximately 5,400 meatiegree days ( 65°F basis ) or less
and where the monthly average outdoor temperattwps below 45°F during the

winter months.

Hot Humid

A Hot humid climate is defined as a region thaerees more than 20 inches of annual
precipitation and where one or both of the follogvoccur:
* a 67°F or higher wet bulb temperature for 3,000nmre hours during the
warmest six consecutive months of the year; or
« a 73°F or higher wet bulb temperature for 1,500nmre hours during the

warmest six consecutive months of the year
Hot Dry
A hot dry climate is defined as a region that reegiless than 20 inches of annual
precipitation and where the monthly average outdemperature remains above 45°F
throughout the year

Mixed- Dry

A mixed- dry climate is defined as a region theteaives less than 20 inches of annual

precipitation, has approximately 5,400 heating degrays ( 50°F basis) or less, and
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where the monthly average outdoor temperature dbepsw 45°F during the winter

months.

Marine

A marine climate meets all of the following criteri

* -A mean temperature of coldest month between 2AtF6&°F

« -A warmest month mean of less than between 72°F

» -At least four months with mean temperatures 0@F5

e -A dry season in summer. The month with the heayescipitation in the cold
season has at least three times as much pre@pitasi the month with the least
precipitation in the rest of the year. The coldssegais October through March in
the Northern Hemisphere and April through Septemlverthe Southern
Hemisphere [11].

3.3 Cyprus Climate

The Figure 3.5, acquired by NASA's Terra satetite30 January 2001, shows the three
distinct geologic regions of the island. In thetcanand western part of the island is the
Trodoos Massif, a mountain range whose surface laymostly basaltic lava rock, and
whose maximum elevation is 1953 m (6407 ft). Rugnin a thin arc along the
northeast margin of the island is Cyprus's secoodntain range, a limestone formation
called the Kyrenia Range. The space between thasges is home to the capital
Nicosia, visible as a grayish-brown patch nearith@ge's center (see Figure 3.6) [12].
Cyprus land is on the latitude of 34-35 North amhditude of 32-34 East. [13].
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Figure 3.5The map of Cyprus was acquired by NASA’s Tertalege on January 30,
2001. Image courtesy Jacques Descloitres, MODISI Daam [12].
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Figure 3.6North Cyprus Map [14].

Cyprus has an intense Mediterranean climate mabkedtrong seasonal differences.
Summer lasts from June to September, while theewistretches from November to
March. Spring and autumn area short and are clesirzetl by rapid changes in climate
and on equally fast transformation of local plafe. ISummers are hot and dry, but not
humid. The central plain is usually the hottesthwémperatures averaging 99°F (37°C)
in Nicosia. Winters are mild, and the weather \grigith average temperatures a cool
41°F-59°F (5°C-15°C) shown in Figure 3.7 The higheaches of the Trodoos
Mountains experience several weeks of below-frapmight temperatures in the winter.

Rain generally occurs between October and Marckh average annual rainfall of
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about 20 inches (51 cm). The island’s agricultsrdependent on this rainfall, which is
often unreliable.

The mountain areas receive far more rain than,Mbeaoria Plain. Average annual
rainfall in Nicosia, for example, is only 14 inché36 cm), while in the Trodoos
Mountains, it can be nearly 40 inches (102 cm).[15]

NICOSIA

==Rainfall == [Vlax temp. = Ava. temp == [\lin.temp
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Temperature (°C)
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Figure 3.7 Nicosia maximum, minimum and average temperaturesyiear [16].
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Figure 3.8Lefkosa sun path diagram with the overheated period [17].

3.3.1 North Cyprus Prevailing Wind Direction

The prevailing wind direction is westerly and thare occasional easterly gales in the

winter (see Figure 3.9) [18].
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3.4 Types of Roofs

The most commonly used types of roofs are showsigare 3.10

The flat roof is built either absolutely flat or with a sligHbpe. It is the type most of
likely to eventually leak. The rafters serve ashboegiling joists and roof joists, and
therefore they are often larger than those usedhiers types of roofs. The insulation is
placed between the ceiling and roof dect, and esp@Ece must remain between it and
the roof deck.

A gable roofis possibly the most commonly used type. It isdifitcult to build, sheds
rain and snow, and permits insulation to be plaoetiveen ceiling joists, allowing a

large area to be ventilated.

A hip roof has four sloping sides. The main roof is mucle ltke gable roof, but the
ends are sloped and shingled, eliminating the getude

A shed roofis a single sloping surface. It is built like et roof but has slope.
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A dutch or modified hip roof has the ridge extended to procedure a small aértic

surface, which usually contains a louvre.

The gambrel roof is a variation of the gable. It has two slopedfames, each with
different pitches. This provides more space ormstteond floor for living area. Dormers
are frequently added to provide light and ventiati

The mansard roofresembles both the hip roof and the gambrel radfas two sloped
surfaces on each side of the building. Therefodoés not have a gable end. Dormers

are frequently added.

The pyramid roof slopes from eachside of the building to a centéntp It eliminates
the need for a gable end [19].
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Figure 3.10Types of Roofs [19].



18

3.5Materials for Roofs and Walls

Construction materials suitable for summer thermedtection are materials that
guarantee a very slow temperature permeationasdow a thermal conductivity as
possible. These are materials that insulate watlwhich, alongside their low thermal
conductivity, also have a high bulk density anchiégecific heat storage capacity. With
many materials, e.g. steel, high density standsoirtrast to low thermal conductivity.
Materials with a high density are generally badilators. Ideal construction materials
from the point of view of slow temperature permeatare timber and timber based
materials, followed by wood fibre or cellulose siseand plasterboard. With these
construction materials, which are used in modambér frame constructions, correct
planning and configuration makes it possible talga®mbine low energy standards

with effective summer thermal protection (see FegBirll).

Figure 3.11Calculation of the coefficient of thermal condudinvof building materials
[20].

3.5.1 Roof Surfaces

In the loft space the significance of constructinaterials is somewhat different: The
pitch of the roof means that it absorbs more Hea the walls. Drawing off heat from
the airspace beneath the roof covering does natitmas well as with a ventilated

facade.

For this reason, temperatures under the roof cogemay reach up to 80°C. In addition,
the roof surface, which conducts heat, is awkwaldlge in relation to the space

contained beneath it. With the exception of pldmiard on the interior side, a roof seen
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from the airspace below the roof covering condatgely of insulating material. There

is hardly any storage mass.

Here it is particularly important that amplitudeppuession and phase displacement are

achieved with an insulating material with a lowrthal conductivity.

3.5.2 Cellulose and Wood Fibre Insulation Products

Measurements in a roof construction by the TNO tDelHolland in summer '97 show

clear differences in the behaviour of roofs fitteith different insulation materials.

At the same k-value, the roof insulated with celdd sheeting displays a significantly
slower temperature conductivity than the one irtedlavith mineral insulating material.

The roof insulated with wood fibre insulation perfs even better.

The observed build up of room temperature over riogeof days is avoided by the

ventilation of the rooms. In the trials in Hollatite rooms were not ventilated.

The findings of the TNO indicate clearly that siatidn calculation and temperature
behaviour of the roof are in practice comparabhel eonfirm the advantages of wood

fibre and cellulose insulation sheeting for sumthermal protection.

The natural construction materials timber, timbasdd materials, wood fibre and
cellulose fibre insulation batts, together withgtéaboard, provide the opportunity in
modern timber frame construction to employ reducedhponent cross sections to
create low energy standards and guarantee a cail®rtbalanced living climate in

summer [20].
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CHAPTER 4, INSULATION MATERIALS

Insulation acts as a barrier to heat flow and seesal to keep your home warm in
winter and cool in summer. A well insulated andIvdelsigned home will provide year
round comfort, cutting cooling and heating billsugyto half.

Climatic conditions will influence the appropridevel and type of insulation. Establish
whether the insulation will be predominantly needeckeep heat out or in (or both).
Insulation must cater for seasonal as well as daifjations in temperature.

Passive design techniques should be used in cdigoneith insulation. For example,
if insulation is installed but the house is notgedy shaded, built up heat can be kept in
by the insulation creating an ‘oven’ effect. Dratigbaling is important, as draughts can

account for up to 25 percent of heat loss frommadnm winter.

4.1 Choosing Insulation
Insulation products come in two main categorieswk land reflective. These are
sometimes combined into a composite material. Tlaee many different products

available,

To compare the insulating ability of the productaiable look at their R-value, which
measures resistance to heat flow. The higher thalte the higher the level of
insulation. Products with the same R-value will yide the same insulating

performance if installed as specified.

Bulk insulation mainly resists the transfer of cooéd and convected heat, relying on
pockets of trapped air within its structure. Iterthal resistance is essentially the same

regardless of the direction of heat flow through it

Bulk insulation includes materials such as glasslywwool, cellulose fibre, polyester

and polystyrene. All products come with one MaldRavalue for a given thickness.
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4.2 Where to Install Insulation

Roofs and ceilings work in conjunction when it cane insulation.

> Install insulation under the roofing materiaréoluce radiant heat gain.

> Install insulation in the ceiling to reduce heatin and loss. In most cases ceiling

insulation is installed between the joists.

Verandah roofs should be insulated in hot climatkesre outdoor living spaces are used
extensively, to reduce radiant heat gain. Headwil under verandahs not only affects

the space below but can affect conditions insieéehtbuse.

Save up to 45 percent on heating and cooling eneitiyroof and ceiling insulation.
[21]

4.3 Ceilings and Roofs

Tiled roofs without sarking can have it added gaiithe roof is being re-tiled. If the
tiles are to remain in place and access is availabthe roof space, double sided foil or
foil batts can be added between the rafters osésydirectly under the tile battens. [22]

4.4 Heat Insulation Materials Used

4.4.1. Glass Wool Batts

Glasswool batts are made from melted glass spunanthat of fine fibres. They are
easy to cut and install, commonly sold in DIY paelssrolls or bath. It should not be
compressed or moistened. It can cause irritatioearwprotective clothing during

installation. [21]

-Features: With excellent rebound property, when reaches #stilation, will rebound

almost to the original level in 24 hours after beepacked.
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-Usage:Heat preservation for steel structure building. tHesulation for wall and roof
of house to save energy
for indoor partition wall, Train compartment Spéa&pecification can be made upon on

request.

- Standards: According to GB STANDARDS, EN13162, EN13172, ISO2@D00.
(see Figure 5.1) [23].

-Pack: Vacuum packing

Figure 4.1Glass Wool Batts 3D picture [23].

Table 4.1 -Glass Wool product specification. [23]

Product Length (mm) \Width (mm) Thickness (mm) [Density (kg/m3)
Glass wool Batts [1200-4800 600-1200 25-200 10-48

R value ( Thermal Resistance) Data Sheet

Density(kg/m®) 10 [12 fia Jie |18 oo |pa |32 |48

Thermal Conductvity
0.044 [0.043 |0.041 |0.039 |0.038 |0.037 |0.036 |0.034 |0.033

(w/m.k)

25 0.64 0.66 [0.68 [0.69 [0.74 [0.76
Thickness 50 1.14 [1.16 [1.22 [1.28 [1.32 |1.35 |1.39 |1.47 [1.52

100 2.27 [2.33 .44 256 [2.63 [2.70 [2.78 [2.94 [3.03
(mm) 150 3.41 [3.49 [3.66 [3.85 [3.95 |4.05 J4.17 [4.41

200 455 l4.65 |4.88 |5.13 |5.26 [5.41 [5.56




4.4.2 OSB(Oriented Standard Boards)
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Physical and mechanica
Specification

characteristics

Standard

Specification

-Some chipboard uses rec
-Reusable

-High embodied energy

-Likely to use wood from non FSC sources

ycled wood

-Large quantities of VOC's released as part of rtienufacturing process (see Figure

5.2) [24].

Table 4.2General properties of OSB used in the study [25].

Formaldehyde contesnt EN 120 in conformity with EBL
mg/100g) and the
ordinance
on the prohibition of
chemicals

Combustibility DIN 4102 T1 B 2 (normal incendiary)

(classification)

Density DIN 52 361 600 kg/m3

Moisture content EN 322 9+-3%

Swelling in  thickness DIN 52 364 <10 %

(mean value)

Thickness tolerance 1) EN 300 +— 0,8 mm unsanded
surface

Tolerance of length andEN 300 +-3 mm

width 1)

Squareness (DiagonaEN 300 2 mm for each 1000 mm (in

Difference) 1) length

Thermal conductivity DIN 4108 T2 0.13 W/m K
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Dimensional changechange of relative humidity 0.30 %
length/width from 30 to 85 % at 2Q1C
Vapour diffusion resistanceDIN 52615 15 mm 18 mm 22 mm
factor
1-factor 190/270--160/220--
300/380
sD value (m) 2.8/4.0 --2.7/3.8 --6.3/8.2
Binders/glue surface layer modified melamine resin
core layer formaldehyde-free with
PUR

Figure 4.2 OSB(Oriented Standard Board3ID picture[24].

4.4.3 Polystyrene Foam Board

White rigid material formed by the fusion togetlugrexpanded beads of polystyrene.
Also available in a pre-compressed form that iserflaxible and resilient.

Availability:

In sheets a few millimetres thick. In slabs fronmi. Also shaped forms for special
insulating jobs. As tiles. Density normally 16-4@/k3.

Applications:

Lining of walls and skin roofs, insulation of flabofs and concrete floors. Wall and
ceiling tiles. Insulation of cold water pipework.

Comments:

Attactive appearance. Good thermal insulation. fRelly low softening point. Attacked

by some organic solven{26].
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Rigid boards that retain air but exclude watehds high R- value per unit thickness,
suitable where space is limited. It is easy toand install and can be rendered. It is

greater structural strength and moisture resistdrare EPS. [21]

-Material : Polystyrene  Measures 1.22 x 2.44m, for Lorsgitlg Indoor Signs,
Available in Various Colors

-Color : white, black ,yellow. Green, blue, red (colons austomers request)
-Character: The surface is entirely polystyrene foam

2. Lightweight but durable and easy to cut and form

3. Perfect for signs, displays and dramatic inestettering

-Fabrication: Mounting, Repositioning Vinyl, Direct Digital Primigy, Direct Screen-
printing, Painting, Knife Cutting, Saw Cutting, Rimg, Die Cutting, Embossing,

Forming Curves, Framing
-Specifications: Thickness: 2mm, 3mm, 5mm, 7mm, 9mm, 10mm

density range: 80 gsm or upward

2 Special sizes available upon requests (seed-3) [26].

-Thermal Conductivity: 0,030 W/mK [27].

Figure 4.3 Polystyrene Foam Board 3D picture [27].
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4.5 Water Insulation Material Used

In most climates, insulation is included in thefregstem to improve comfort and to
minimize energy use. In addition, roof insulatioray decrease the range of thermal
expansion of the structure. For low slope roof ayst, the best location is usually
above the structural deck. For conventional menwraof systems, the insulation is
under the membrane. For protected membrane rotérags the insulation is above the
membrane.

Except in protected membrane roof systems, rigaf mosulation usually provides in
low slope systems both the insulation for the bngdand a substrate to which the
roofing membrane is applied. Therefore roof insafatmust be compatible with and
provide adequate support for, the membrane and otwodtop materials and permit
limited rooftop traffic, such as for roof inspectiand maintenance.

For protected membrane roof systems, the only appransulation is extruded,
expanded polystyrene. It is resistant to water watien, but it is vulnerable to attack
from high heat and ultraviolet radiation. For rogfiareas without adequate strength to
support ballast, a proprietary system is availab@wnposed of tongue and groove
expanded, extruded polystyrene panels with a tiex| mortar cap, to protect against
sunlight [28].

4.5.1 YalteksPOLISER 200-C
YALTEKS POLISER 200-C is a high performance modiflatuminous waterproofing
membrane reinforced with Glass Fiber tissue. Bitumie modified with APP

(AtacticPolypropylene) which provides an excellelatsticity. (see Figure 5.4) [29].

Table 4.3Yalteks water insulation features [29].

CHARACTERISTICS | STANDARDS UNIT VALUES
Bituminous Sheet ASTM D6509/97 - APP Modified
Thickness EN 1849-1 mm >19
Roll Length UNI 8202/03 m 15

TS 11758-1
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Roll Width UNI 8202/04 m 1

TS 11758-1
Weight UNI 8202/07 kg./ m2 >2.4
Surface - - Polyethylene or

Fine sand

Cold Flexibility EN 1109 °C -10
Heat Flow DIN 52123 °C 120

TS 11758-1
Water Impermeability | prEN 1928 - Absolute
Fire Resist prEN ISO °C 250
(Flammability)

11925-2

Figure 4.4 Yalteks water insulation material picture [30].
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CHAPTER 5, EXPERIMENTAL STUDY

5.1 Experimental Procedure

The experimental study relates to the effects dewand heat insulation materials on
hip roofs in TRNC. The study consists of two stagte first stage tests the effects of
water insulation material on hip roofs was. Theoselcstage was continued by covering
heat insulation material over water insulation mateAt the second stage the effects of
heat insulation material on hip roofs was testedde Btudy was continuously done
between the months of December and January.

At the first stage two hip roofs were compared witater insulation material in the
month of December. Both roofs were studied orrtSeuth facade. The reason for this
is the South facade takesmore solar radiation ttaays the other facades. The roof with
water insulation material is named L1 the roof with water insulation material is
named L2. The test roofs were constructed on tdheMechanical Engineering Solar
Laboratory Building in NEU, Lefkga. The solar laboratory is on the roof terracehef t
M.E department. The roofs were placed next to ediolr and the data machine was put
in the middle of these two hip roofs.

At the second stage two hiproofs were compared Wwéht insulation material on
January month. Both roofs were studied on theitrsfacade. The plan of the roofs is
shown in Figure 5.1
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Figure 5.1 The plan of L1 and L2 hip roofs.

The section of roofs is shown in Figure 5.2, 5.8, 5.7 and the 3D Picture of the roofs
are shown in Figure 5.4, 5.5, 5.8, 5.9

As it is shown on Figure 5.2, 5.3, 5.6 and 5.7 @dfrhas water insulation material and
L2 hasn’t water insulation material on its soutbaide at the first stage. On Figure 5.4,

5.5, 5.8 and 5.9 L1 roof has heat insulation malkeaind L2 hasn't heat insulation
material on its south facade.
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Figure 5.2 A-A section for roof L1 at the first stage.
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Figure 5.3A-A section for roof L2 at the first stage



Figure 5.4 3D picture of roof L2 at the first stage.
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Figure 5.53D picture of roof L1 at the first stage.
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Figure 5.6 B-B section for roof L1 at the second stage.
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Figure 5.7B-B section for roof L2 at the second stage.



Figure 5.83D picture of roof L2 at the second stage.
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Figure 5.93D picture of roof L1 at the second stage.
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5.2 The Materials Used on the Hip Roofs

MDF; is a pressed wood .The dimension of MDF 200200 cm and the

height is 1.5 cm

Glass wool; is a heta insulation material 200 c200 cm and the height is 8
cm.

Stud and plate materials are made by wood. Stu@rmsion is 10 cm x10 cm
and the height of stud is 33cm The plate matefiati®a x 20 cm and the height
IS 2 cm.

Rafters are made by wood. The dimension of ratéréam x10 cm

The OSB material is a heat insulation material lteeg OSB is 1.5 cm.

Yalteks water insulation material The height oftgks$ is 1 cm.

Polystyrene Foam Board is a heat insulation matér@&aheight of this material

is 5 cm.

Roof battens are wooden materials. The dimensiaherh are 2 cm by 5 cm

Roof tiles has 4 cm height.

5.3 Roof Construction Stages

The NEU Design Department provided us with the f mnstruction materials. Then

the workers who are working in the University heljgsto construct the roofs.

Firstly 200cm x 200 cm palettes were put on roofaiee than 200 cm x 200 cm
MDF material were cut on palettes
After that 20cm x 20cm plate was fixed at the meddf the 200cmx200cm
medium density fibreboard (MDF). Than 10x10 anctB8height stud was fixed
on to the purlin.

The rafters were fixed from stud to the corners mdtle points of the MDF-.
Glass wool heat insulation material was layed ativéoMDF.

OSB was cut off and ploughed on tortfters.

Yalteks water insulation material was screwed onthe OSB. Yalteks
wasmapplied on four sides of L1. For L2 Yalteks wpplied all facades except

the south facade. Data were taken for ten day isyptbsition at the first stage.
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« The roof tiles were put above the roof battensbioth L1 and L2. This data
were taken for eleven day by this position atfits stage.

« The difference from stage one; L1 four sides weneeced with polyester foam
board heat insulation material. This heat insafattomes above the yalteks
water insulation material.

Stage two;
» After Polystyrene Foam Boareat insulation 2 cm x 5 cm roof battens were

ploughed above to the foam board.
+ Three side of L2 is covered by Polystyrene Foanr@baat insulation material

except the south facade.
« The difference between L1 and L2. L2 hasn’t gotyBlgrene Foam Boardn

it's south facade.
+ The roof tiles were put above the roof battensboth L1 and L2. This data

were taken for twenty one days in this positiothatsecond stage.

In TRNC roof slope angle is taken %33 in the Aretitre Office. The reason of that
both hip roofs height are taken 33 cm. In FiguE05s shown each 100cm the height

goes 33 cm up.

33 cm

100 cm |

Figure 5.10The roof slope angle of the hip roofs

5.4 The Control Unit

The Control Unit displays all flue gas measuremeamtsto 6 parameters simultaneously

per page, as well as all instrument diagnosis gredating information. The Analyzer
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Box can be controlled by the Control Unit or thrbuilpe software. The Control Unit
can operate the analyzer box remotely using stdndalles 6’, 16’ and 65’, custom
lengths up to 3,000’, or with Blue tooth 2.0 up3®5’' away (testo 350S only). The
integrated printer provides a record of the emissidata. You operate the instrument
with userdefined function keys, the keypad. The/8580 Control Unit has a multi probe

input and an integratetl pressure probe.

/
/

Figure 5.11All the data’s were measured by the data machine.

Figure 5.12The control unit 350/454 [31].
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These 6 parameters are;
Temperature with surface, immersion, penetratiorgraprecision probes
* Humidity with ambient air conditions, duct andemnce probes, material moisture
probes and pressure dew point probes
* Velocity and volume flow with vanes, hot wire,thulb probes and Pitot tubes
* Indoor Air Quality using CO2 probe and comfordéprobe
* Pressure with differential/absolute/low/high mw® probes
e rpm

* Current, voltage

5.4.1 Operate the Instrument with the Control Unit

You operate the instrument by pull-down menu drivaaiections. Customize the
function keys with the most needed functions yosirée i.e. “Pump” or “Zero”. The
keyboard allows quick alphanumeric input, with thesor keys or optional by touch

screen pen.The Control Unit is used for simple desgaagement as well.

5.4.2 The Display

The Control Unit displays all flue gas measuremeptso 6 parameters simultaneously
on one screen [31].

Sample Pump indicator Measurement locati®ox(Bus )name Display page
Analyser box(003)
Control Unit (00

Fault indication &

program status
\L s [FORGNE e

78.9 21.54|-————-
17

Status bar

T+ 0 »[CoE ¥
8 8.8 8.5
eem [HO eem [HOE pprﬂ
/;St/upl Zogm | Tz rintil:unction bar
Measurement variab Display next
range of
User defined function keys function keys

Figure 5.13The display of control unit screen [31].
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5.4.3 Control Unit 350/454 Charge Status

Control Unit 350S contains non-rechargeable baserWWhen the Analyzer Box is
plugged into AC, the display will show the chargghe Analyzer Box. A fully charged
Analyzer Box is approximately 10 volts [32].

5.4.4 Nicr-Ni PROBE

Table 5.1Features of Nicr-Ni PROBE [32].

Air probes lllustration [Meas. Accuracy Conn. Part
Range t99 no.

Thermocouple, made2000 mm @ 0.8 mm | Class 1 55 Please | 0644

of fibre-glass -200... +400 order 1109

insulated °C adapter

thermal pipes, pack 0600

of 5 1693

Insulation: twin
conductor, flat, oval,
opposed and covered
with fibre-glass, both
conductors are
wrapped together
with fibre-glass and
soaked with lacquer
please order adaptef

Figure 5.14Nicr-Ni probe [32].

5.4.5 Ordering Data for System and Accessories

« Control unit displays measurement data and contiteés measuring system,
0563 0353 incl. built-in printer, pressure measwem80/200 hPa, 1 user
defined probe socket, programmable measurementsnardory space for
250,000 readings, connection for Testo data ba§,terminal plug

e Touch screen with pen (available only with originadler) 0440 0559
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For easy input of text and values
» Logger, measures and saves (max. 250,000 readings) user defined probe
sockets, alarm output/event trigger socket, staaitivolder
» Alarm/trigger cable
» Recharger for control unit or logger (with 4 stamtleechargeable batteries)
Rechargeable batteries are rechargednaily
* Testo rechargeable battery pack NiMH for contrat,uagger
e Mains unit 230 V, for control unit, logger and asgbutput box
For mains operation and to recharge testo rechllgeattery packs in instrument [32].
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N

Figure 5.15The picture of the hip roofs stages.
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Figure 5.16 Arrangement of small scale models of roof L1 a2d L

5.5 First Stage of Experimental Study
5.5.1 The arrangment of termocouple cable at therBt stage

While the roof material layers were being done Iy workers thermo couple cables
were put on each of the layers of materials to mneathe temperature. The thermo
couple cables are arranged by this numbers at bdlbe/temperatures of each material
were taken every 10 minutes. The outdoor temperaivas measured by the data
machine but we made a mistake and we lost the outédmperatures. We took outdoor
and solar radiation temperatures from the metegyoluffice in Lefkaa. There were

four thermo couple cables for each of the hip roBfsth of the hip roof south facades

roof material temperatures were measured by tineoswuple cables.
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Stage one Thermo couple cables for L1,

L1 Thermo couple cables arrangement;

* No:1 Inside temperature

* No:2 Above the OSB

« No:3 Above Yalteks (water insulation)
* No:4 Above the roof tile.

Stage one Thermo couple cables for L2;
L2 Thermo couple cables arrangement;
* No:1 Inside temperature
* No:2 Above the OSB
* No:3 Under the tile
* No:4 Above the tile.

5.5.2 The arrangment of termocouple cable at the send stage

At the second stage for L1 (with heat insulatioogfrfour thermo couple cables are
used. The arrangment of the thermo couple cab&estown at below. For L2 (without
heat insulation) hip roof also four thermo coupébles were used.The arrangment of
thermo couple cables are shown below.

5.6 Second Stage of Experimental Study

Stage two Thermo couple cables for L2;

L1 thermal couple cables arrangement;

* No:1 Inside temperature
* No:2 Above yalteks water insulation
* No:3 Above polystyrene foam board
» No:4 Above the roof tile.
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Stage two Thermo couple cables for L2;
L2 Thermo couple cables arrangements;
* No:1 Inside temperature
* No:2 Above OSB
* No:3 Above yalteks water insulation
* No:4 Above the roof tile

In the Experimental study the thermo couple cablessrs were mounted at different
points of the roofs and the temperatures were decbcontinuously every ten minutes.
The figure 5.17 below shows thermo couple cablegwsed on each layer of hip roofs.
The collected data was then analysed to find tfez&@feness of the insulating material

used.

Figure 5.17The roof tiles were put above the roof battendfuh L1 and L2. Thermo
couple cables were put to the layers of both hgisron their south facades.

5.7 The Negative Conditions

The Mechanical Engineering Department had beenruwaestruction when we started

our experimental study. So that the workers whoveseking there effected our data.
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Because they use vibration machines or they arkingakurround the roofs. The other
negative condition was that the electricity conimecivas interrupted sometimes. Also
reading the data machine is so difficult. For exkmip | want to read 11th day

information from the data machine without takingnprl must go through every 10

minutes from the first day to the 11th day. Theeotlproblem was the weather
conditions. When we were doing our experimentat\stut was winter season. The
weather was rainy and we were working outside. Assalt of these problems | needed

to go to the University to check the control unieey day.

5.8 The calculations

5.8.1 Heat Loss Calculation

The heat loss calculation were done for one hodagttime and one hour at night time
for the first stage . The heat loss is calculate@b=>".A.U.AT(W) formula.

@°=Heat Loss(W)

A.=Area(m?)

U=Heat Conduction CoefficiedV/m2K)
AT=Heat DifferenceATin-ATout (K)

The data of 18/12/2008 between 12:00-13:00 day &k between 00:00-01:00 night
time the heat loss were calculated at the firgjestadhe area of L1 and |12 south facade
are 1 m2Heat conduction values\))lW/mK are found from resources The heat
conduction coefficient (U)W/m2K values are calcathtby dividing Heat conduction
values L)W/mK tothe thickness of the materials. We took one hodiagttime and one
hour at night time heat loss or gain for both staggecause by this way we can see the

sun effects to the insulation materials clearly.

5.8.1.1 Heat loss calculation in day time at therfit stage
The table below shows that the day time heat l6$lseoL1 and L2 roofs on the date of
18/12/2008 between 12:00-13:00 at the first stage.
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Table 5.2The Heat loss L1 hip roof (with water insulation)the daytime at the first
stage.
DATE 18.12.2008
TIME 12:00-13:00
ROOF TYPE | DIRECTION | THICKNESS(m) | AREA (m?) HEAT HEAT
L1 (has water CONDUCTION | CONDUCTION
insulation) VALUE COEFFICIENT
()W/mK (U)W/m2K
Roof Tile South 0,4 1 0,9 2,25
Roof Tile South 0,2 0,1 0,17 0,85
Battens
Yalteks (water South 0,1 1 0,17 1,7
insulation)
OSB South 0,15 1 0,13 0,86
Rafter South 0,1 0,18 0,17 1,7

@°=3 . A.U.AT (W)

Y. AU=1m? x 2.25 W/m2K + 0.1 m? x 0.85W/m2K0.1 m? x 1.7 W/m?K + 0.1 m? x
0.86 W/m?K + 0.18 m2 x 1.7 W/m2K =5.2 W/K

AT=ATout-ATin=5.25°C
°C = K-273.15
5.25°C=K-273.15
K=5.25°C +273.15

AT =278.4 K

@°=y . A.UAT (W)
y.A.U=5.2 W/K
@°=5.2 W/K X 278.4 K
@°=1447.68W
W=PXT

Joule=Watt x Second

Joule =1447.68Wx60 Second =86.860Joule
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Table 5.3The Heat loss L2 hip roof (without water insuladian the daytime at the first

stage.
DATE 18.12.2008
TIME 12:00-13:00
ROOF TYPE | DIRECTION THICKNESS(m) | AREA (m?) HEAT HEAT
L2 (hasn't CONDUCTION | CONDUCTION
water VALUE COEFFICIENT
insulation) (MW/mK (UWYW/m2K
Roof Tile South 0,4 1 0,9 2,25
Roof Tile South 0,2 0,1 0,17 0,85
Battens
OSB South 0,15 1 0,13 0,86
Rafter South 0,1 0,18 0,17 1,7

2°=y . A.UAT(W)

Y.AU=1n?x 2.25 W/m2K + 0.1n? x 0.85 W/m2K +1n?x 0.86 W/m2K + 0.18 x 1.7

W/m2K =3.5 W/K

AT=ATout-ATin=9.41°C
°C =K-273.15
9.41°C=K-273.15
K=9.41°C +273.15
K=282.56

@°=y A.U.AT (W)
>.A.U=3.5 W/K

@°=3.5 W/K x 282.56 K
@°=988.96W

W=PxT

Joule=Watt x Second
988.96W x 60=59.337Joule




5.8.1.2 Comments for roof L1 and L2 at the first sige in day time;
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The day hours between 12:00-13:00 hours the L1 heait loss is 86.860 Joule. In
addition to this L2 roof at the day hours betwe@r0Q-13:00 hours heat loss is 59.337
Joule.lIt is understood from the result L1 roof Heas is more than L2 heat loss at day

time.

5.8.1.3 Heat loss calculation in night time at thérst stage

The table below shows that the night time heat &dgbe L1 and L2 roofs on the date
of 18/12/2008 between 00:00-01:00 at the firstestag

Table 5.4The Heat loss L1 hip roof (with water insulatiom)the night time at the first

stage.
DATE 18.12.2008
TIME 00:00-01:00
ROOF TYPE | DIRECTION THICKNESS(m) | AREA (m?) HEAT HEAT
L1 (has water CONDUCTION | CONDUCTION
insulation) VALUE COEFFICIENT
(MW/mK (WW/m2K
Roof Tile South 0,4 1 0,9 2,25
Roof Tile South 0,2 0,1 0,17 0,85
Battens
Yalteks (water South 0,1 1 0,17 1,7
insulation)
OSB South 0,15 1 0,13 0,86
Rafter South 0,1 0,18 0,17 1,7

@°=y . A.UAT(W)
T.AU=1m? x 2.25 W/m2K +0.Im2 x 0.85 W/m2K +1n? x 1.7 W/m2K +1n? x 0.86
W/m2K +0.18n? x 1.7 W/im2K =5.2 W/K

AT=ATin-ATout=4.68°C




°C = K-273.15

4.68°C=K-273.15

K=4.68°C +273.15

K=277.83

@°=3 . A.U.AT (W)

3 .A.U=5.2W/K

@°=5.2 WIK x 277.83 K
@°=1444.71 W

Joule=Watt x Second

1444.71 x 60=86.682 Joule

52

Table 5.5The Heat loss L2 hip roof (without water insulajiom the night time at the

first stage.
DATE 18.12.2008
TIME 00:00-01:00
ROOF TYPE | DIRECTION THICKNESS(m) | AREA (m?) HEAT HEAT
L2 (hasn't CONDUCTION | CONDUCTION
water VALUE COEFFICIENT
insulation) (MW/mK (UWYW/m2K
Roof Tile South 0,4 1 0,9 2,25
Roof Tile South 0,2 0,1 0,17 0,85
Battens
OSB South 0,15 1 0,13 0,86
Rafter South 0,1 0,18 0,17 1,7

@°=y . A.UAT(W)

Y.AU=1nm? x 2.25 W/m2K + 0.2% x 0.85 W/m2K + Inm? x 0.86 W/m2K + 0.18? x 1.7

W/m2K =3.5 W/K
AT=ATin-ATout=2.85°C

°C = K-273.15

K=2.85"C+273.15

K=276
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@°=y . A.U.AT (W)
Y.A.U=3.5W/K

@°=3.5 W/K x 276K
@°=966W

W=PXT

Joule=Watt x Second
966 x 60=57.960 Joule

5.8.1.4 Comments for roof L1 and L2 at the first sige in night time;

The night hours between 00:00-01:00 hours the Idf heat loss is 86.682 Joule. In
addition to this L2 roof at the night hours betw@&00-01:00 hours heat loss is 57.960
Joule. It is understood from the result L1 roofthieas is more than L2 heat loss at
night time.

5.8.1.5 Heat loss calculation in day time at the send stage

The table below shows that the night time heat édgbe L1 and L2 roofs on the date
of 08/01/2009 between 12:00:00-13:00 at the sestagk.

Table 5.6 The Heat loss L1 hip roof (with heat insulation)ie day time at the second

stage
DATE 08.01.2009
TIME 12:00-13:00
ROOF TYPE | DIRECTION THICKNESS(m) | AREA (m?) HEAT HEAT
L1 (has heat CONDUCTION | CONDUCTION
insulation) VALUE COEFFICIENT
(MWImK (UYW/m2K
Roof Tile South 0,4 1 0,9 2,25
Roof Tile South 0,2 0,1 0,17 0,85
Battens
Yalteks (water South 0,1 1 0,17 1,7
insulation)
Foam board South 0,5 1 0,03 0,06
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(heat

insulation)

0SB South 0,15 1 0,13 0,86
Rafter South 0,1 0,18 0,17 1,7

2°=> . A.UAT(W)
3 A.U=1 mx2.25 W/m2K +0.1m2x0.85 W/m2K +1m?x1.7 W/m2K +1n?x0.06 W/m2K
+1 m2x0.86 W/m2K +0.18m2x1.7 W/m2K =5.26 W/K

AT=ATout-ATin=7.23°C
°C = K-273.15

7.23°C =K-273.15
K=7.23°C +273.15

K=280.38

@°=Y . A.UAT (W)
y.A.U=5.26 W/K
@°=5.26 W/K x 280.38K

@°=1474W

Joule=Watt x Second

1474 x 60=88.487 Joule

Table 5.7 The Heat loss L2 hip roof (without heat insulation)the day time at the

second stage

08.01.2008

DATE

TIME 12:00-13:00
ROOF TYPE | DIRECTION THICKNESS(m) | AREA (m?) HEAT HEAT
L2 (hasn't CONDUCTION | CONDUCTION
heat VALUE COEFFICIENT
insulation) (MWImK (UYW/mz2K
Roof Tile South 0,4 1 0,9 2,25
Roof Tile South 0,2 0,1 0,17 0,85
Battens
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Yalteks (water South 0,1 1 0,17 1,7
insulation)

0SB South 0,15 1 0,13 0,86
Rafter South 0,1 0,18 0,17 1,7

2°=y . A.UAT(W)
y.A.U=1 mx2,25 W/m2K +0,1m2x0,85 W/m2K +1n?x1,7 W/m2K +1m?x0,86 W/m2K
+0,18m?x1,7 W/m2K =5,2 W/K

AT=ATout-ATin=11,91°C
°C = K-273.15

11,91°C =K-273.15
K=11,91°C +273.15
K=285.06

@°=> . A.U.AT (W)
Y.A.U=5.2 W/K

@°=5.2 W/K x 285.06K
@°=1482W

W=PXT

Joule=Watt x Second
1482W x 60=88.920 Joule

5.8.1.6 Comments for roof L1 and L2 at the secondage in day time;

The day hours between 12:00-13:00 hours the L1 heait loss is 88.487 Joule. In
addition to this L2 roof at the day hours betwer0@-13:00 hours heat loss is 88.920
Joule. It is understood from the result L1 rooftheas is less than L2 heat loss at day

time.




5.8.1.7 Heat loss calculation in night time at theecond stage
The table below shows that the night time heat &dgbe L1 and L2 roofs on the date

of 08/01/2009 between 00:00-01:00 at the secomngpbsta
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Table 5.8 The Heat loss L1 hip roof (with heat insulation)the night time at the

second stage.

DATE 08.01.2009
TIME 00:00-01:00
ROOF TYPE | DIRECTION THICKNESS(m) | AREA (m?3) HEAT HEAT
L1 (has heat CONDUCTION | CONDUCTION
insulation) VALUE COEFFICIENT
(MW/mK (U)W/m2K
Roof Tile South 0,4 1 0,9 2,25
Roof Tile South 0,2 0,1 0,17 0,85
Battens
Yalteks (water South 0,1 1 0,17 1,7
insulation)
Foam board South 0,5 1 0,03 0,06
(heat
insulation)
OSB South 0,15 1 0,13 0,86
Rafter South 0,1 0,18 0,17 1,7

@°=y . A.UAT(W)
T .A.U=1nPx2,25 W/m2K +0,1mx0,85 W/m2K +1mex1,7 W/m2K +1m2x0,06 W/m2K
+1 m2x0,86 W/m2K +0,18mx1,7 W/m2K =5.26 W/K

AT=ATin-ATout=6.95"C
°C = K-273.15
6.95°C=K-273.15
K=6.95°C+273.15

K=280.1

@°=y . A.U.AT (W)
y.A.U=5.26 W/K
@°=5.26 x 280.1K




@°=1473W
Joule=Watt x

Second

W=1473W x 60=88.399 Joule
Table 5.9 The Heat loss L2 hip roof (without heat insulajiom the night time at the

second stage
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DATE 08.01.2008
TIME 00:00-01:00
ROOF TYPE | DIRECTION THICKNESS(m) | AREA (m?3) HEAT HEAT
L2 (hasn't CONDUCTION | CONDUCTION
heat VALUE COEFFICIENT
insulation) (MW/mK (UYW/m2K
Roof Tile South 0,4 1 0,9 2,25
Roof Tile South 0,2 0,1 0,17 0,85
Battens
Yalteks (water South 0,1 1 0,17 1,7
insulation)
OSB South 0,15 1 0,13 0,86
Rafter South 0,1 0,18 0,17 1,7

2°=y . A.UAT(W)
y.A.U=1mx2.25 W/m2K +0.1mex 0.85 W/m2K +Imex1.7 W/m2K +1m?x0.86 W/m2K
+0.18m?x1.7 W/m2K =5.2 W/K

AT=ATin-ATout=0.41°C
°C = K-273.15

0.41°C =K-273.15
K=0.41°C+273.15

K=273.56

@°=y . A.U.AT (W)
y.A.U=5.2 W/K
@°=5,2 x 273.56
@°=1422.51W
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Joule=Watt x Second
1422.51Wx 60=85.350 Joule

5.8.1.8 Comments for roof L1 and L2 at the first sige in night time;

The night hours between 00:00-01:00 hours the Ldf heat loss is 88.399Joule. In
addition to this L2 roof at the day hours betwe®r00-01:00 hours heat loss is 85.350
Joule. It is understood from the result L1 roofthieas is more than L2 heat loss at

night time.

5.9 One day evaluation at the first stage and secoistage

The chart of 18-12-2008 at the first stage Chdrtid. shown that L1 with water
insulation roof inside temperature is more thanwighout heat insulation material
inside temperature. That means L1 roof which i=luseTRNC widely keeps the inside

roof temperature warmer all the day.

The chart of 21-01-2009 is shown in Chart 1.2 Lthwheat insulation roof inside
temperature higher at night time than L2 withoutathénsulation material roof.

According to this L2 without heat insulation ma#tnioof inside temperature is higher
L1 with heat insulation material at day time and ib&ide roof temperature is lower

than L1 at night time.
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5.10 The Average for the first stage and second gt

Chart for the average of the first stage is showrChart 1.3 that L1 (with water
insulation material) roof inside temperature ish@gthan L2 (without water insulation

material) inside temperature.

The average of the second stage Chart 1.4 showi.thaith heat insulation material
roof inside temperature is higher than L2 withoetathinsulation material roof. That
means heat insulation material provides heatigaivinter.
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5.11 Result of the Experimental Study

The calculation results were shown that when thening hour at the first stage the
date of 18-12-2008 between 12:00-13:00 L1 heat igdiower than L2 heat gain. When
the night hour at the first stage the date of 18028 between 00:00-01:00 L1 heat
gain is higher than L2.

At the second stage the date of 08-01-2009 betwW@d)0-13:00 at day time. L1 heat
gain is lower than L2. When the night hour of 08209 between 00:00-01:00 at night
time L1 heat gain is higher than L2.

The experimental study conducted at Near East WsityeMechanical Engineering,
Solar Labarator, Nicosia, TRNC. We choose roofemals which are used in TRNC.
The two separate pyramid roofs we placed on 208ck00Ocm MDF, then layered
Glasswool on them to provide insulation from theuyrd. Then 5x10 rafters were fixed
on to the MDF. The rafters are covered by OSB amr &des. The OSB material has
low heat conductivity. It helps to provide heatulaion. Then the four sides of L1 roof
was covered by Yalteks water insulation material an L2 three sides except south
facade was covered by water insulation materiatnTitwof tile batons are fixed onto the
water insulation material for both roofs. Finallyof tiles are fixed above the Yalteks.

Data is taken from both roof's south facades feveh days.

At the first stage between 18-12-08 and 28-12-0&hase the data from 19-12-08 for
an example to evaluate the first stage. The roathvhas water insulation (L1), its
temperature was higher than the roof which hasatewinsulation material (L2) in the
day time and night time. Then we chose the data £8-01-09 which is in the second
stage. L1 roof which has heat insulation roof terapge is higher in the early hours
and night hours than L2, which hasn’t heat insatatmaterial and L1 temperature is
lower than L2 at the noon hours. It is understdwd in winter months, water insulation
material should be used with heat insulation onrttod. Heat insulation material keeps
roof inside temperature at maximum level when thiside temperature is low in night

time hours.
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It is understood that during winter days heat iasoh material keeps heat-in, in the
coldest hours in the day and protects the builfliogn unnecessary solar radiation when
the air temperature is higher.

In the first stage each of eleven day average shioatd 1 is higher than L2.

In the second stage each of twenty one day avetages that L1 is higher than L2.

The results show that if the water insulation matersed with heat insulation material
it is effective to provide heat comfort in buildexgWe researched the answer to our
question which is “Do the South facade of roofs chéeat insulation material?”.
According to the south facade of pyramid roofgsltunderstood that during the winter
days heat insulation material keeps heat-in innigét time and prevents the heat gain
in the day time.

During the summer days heat insulation materiatguts the building summer sun in

the day time and prevents the heat loss in the tilgle.

5.1.7 Discussions

To provide building heat comfort, possible by usimglding roof insulation which are

suitable for TRNC climatic conditions energy andremmical possession.

When we choose heat and water insulation matemnalsnust be careful about these

points:

a) When we choose heat insulation and water ineualataterials we should choose
a material, which has low heat conductivity. Furnthere the heat insulation
material vapour diffusion index, density, heat stmice and resistance for
mechanical effects are important. These featuresnatierial should be thought

where the material is used.

b) Water and heat insulations to be usedtbeget the project design stage to make

insulation materials effective and have econonso#ltions.
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c) The most important thing with insulations is to done them. Especially
applying heat insulation to stop heat transfer awd reduce the risk of

condensation, by covering the whole structure.
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CHAPTER 6, CONCLUSIONS

The aim of this study was to evaluate the effeétisip roofs water and heat insulation

materials which are appropriate for Northern CypNisosia climate.

Today the energy sources have been nearly exhawastédthis causes us to use
new/alternative sources in a radical way. In tlistext not waisting the existing energy
resources is of great importance. In TRNC buildingisich are built and under

construction have been using insulation materiatsitis seen that they aren’t enough
to make energy disposition. Especially water arat ivesulation is to have an important

role. Using heat-prevention insulation on buildipgsvides large heat disposal.

Before the experimental work, water and heat ingramaterials, which are used on
TRNC hip roofs are analysed. It is worked on thatlsdacade of the both two stages of
experimental studies. The reason is that the dagtide takes the sun’s radiation in an

efficient way.

In the experimental study, two hip roofs, calledarid L2, are built. At the first stage
L1 roof’s four sides have yalteks water insulatioaterial. On L2 three sides of the roof
have yalteks water insulation material (exceptshigth facade). The data was taken for
eleven days from the south facade of L1 and L2th&tsecond stage four sides of L1
were covered in polyester foam board heat insulati@terial and three sides of L2
were covered in polyester foam board heat insulatiaterial (except the south facade).
The reason for covering the other facades bothpfdofs with foam board insulation
material is to provide decreasing the heat loss.ddta was taken twenty one days from
the south facade of L1 and L2.

The result of the first stage was that, considetirggaverage between sunrise to sunset
and the average between sunset to sunrise, Lleinsaf temperature was higher than
L2 inside roof temperature. The result of the sdcetage was that considering the
average between sunrise to sunset L1 roof insidpdeature was lower than L2. For L2

the average between sunset to sunrise, L1 ingileakature is higher than L2.
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It is understood from the data that yalteks watsulation material has a very little
effect to provide heat insulation. If yalteks waiesulation material is used with
foamboard heat insulation material it provides dficient heat insulation. The
foamboard heat insulation material, which has ldvwesat conduction value of (0.030
W/mK), provides high heat insulation.

In this way the question ‘Does the south facadmofs need heat insulation material?’
was answered. According to the data; hip roofstsdatade’s need heat insulation
material the same as the other facades, othertweseobf will loose large amounts of

energy.

An alternative for the hip roofs, which haven't goam board heat insulation material
Is the use of covering heat insulation materiale Tovering heat insulation material
works with a mechanical system, which can open eode. The roof pool cover
systems can be given as an example for that. @jlichof system is used as prevention
from the bad weather conditions, and harmful UViaadn and is effective at
decreasing infrared radiation. For L2 hip roofp tan be closed by the covering heat
insulation material at day time to provide not tirgheat and open at night to provide
heat loss in summer. For winter the covering hestilation material open to provide
heat gain at day time and it can be closed by tvering heat insulation material to
provide not to loss heat at night time.

As a conclusion, TRNC building’s hip roofs should drientated to the south facade,
where the architectural spaces are used oftenhbémefit from the summer sun, in
winter providing natural climatization with heasuration material and to spare no cost

of labour with design knowledge.
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