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Module Plan and Learning Outcomes

PLAN:

Outline and explain the core concepts of
achieving greater energy efficiency in build-
ings through the effective design of the
components of the building envelope: walls,
roof, flooring, and openings.

Student Learning Outcomes:

e Demonstrate the ability to explain the
relationship between energy efficiency
and the building envelope;

e Demonstrate understanding of building
envelope insulation material options with
their pros and cons;

e Demonstrate understanding of building
envelope insulation installation options
with their pros and cons;

e Demonstrate understanding of thermal
comfort and its various contributing fac-
tors in a building;

e Demonstrate understanding of core
thermal insulation concepts such as
thermal conductivity of a material, U-
value, R-value, and thermal bridge.

Unnnih wywup W ntuntgdwu
wpryntuplbipp

MLUL

RunLpwagnptb] W pwgwwnb) 26Uptph wpwnwphlu
wwuwnnn Ynuuinpniyghwubph® wwwbph, tnnwup-
ph, hwwnwyutph, pwgywsépubnh wpnjntuwybin
Uwhiwagédwu punphhy Upwlugnid wytih UGé E-
uGpgwhilwjnnnipjwup  hwulbine  hhduwywu
hwuluwgnte)ntultpp:

Aruwlunnutph ntunigdwl wpryniupubpp.

e GGUph wpwnwphl wwwnnn Ynuunpniyghws-
utph W Upw EuGpgwhilwinnnijwu Jhol
Enwé Ywwh hwujwgnipntt W pwgw-
innpdwU hdwnntenLu,

e tpdwdtyniuhg UynLetph nhwywu L pwgw-
uwywu Ynndtnph, hugwbu bwl Uyneh pun-
pniejwl swihwlhpubph hwuywgnipnLu,

o btpdwdtynuwgdwl hpwywluwgdwlu hUw-

pwynp wnwppGpwyutph W npwug npwywl
nL pwgwuwywu Ynndtph hwuywgnip)nLl,

e CGluptpnud gbpdwjhu hwpdwpwybwnniejwu
U npwl wnUgynn lnwpwwnbuwly gnpénult-
nh hwulwgnte)ntl,

e CGluptph oGpdwjht yw2unwwuniejwl hhd-
LUwywU hwulwgntejntuubph puywinwd, phug-
whuhp GU' Unieh esEpdwhwnnpnuywlnt-
rinLup, sEpdwihnfuwugdwl nhdwnpniejwl
R wpdtpp, estpdwihnfuwugdwu U wpdtpp W
gGndwhu/gninh Yudpgwyutpp:
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Core Concepts

Building envelope
Thermal insulation

Thermal insulation materials
Key decision factors in selecting thermal in-

sulation materials
R-value
U-value

External thermal insulation
Internal thermal insulation

Warm roofs

Inverted roofs

Green roofs

Cool roofs

Exterior walls
Double-skin facades
Double-glazed facades
Ventilated facades

Masonry walls
Finishing and cladding
Thermal bridges
Ventilation

Rpdbwjwl hwuwgnipynituutpp
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INTRODUCTION

Energy efficiency in buildings can be gained
through various means: passive solutions,
mechanical solutions, and good design of
the building envelope. Other modules deal
with passive solutions and, to some extent,
mechanical solutions. This module address-
es energy efficiency gains through design of
the building envelope. The building envelope
is the collective name for the building ele-
ments that enclose the internal space.
These include the external walls, roof, slabs,
doors and windows (Figure 1). Only enclo-
sed constructions separating heated/cooled
space from outer conditions can be called
the building envelope. Thermal insulation is
required only if a room is a livable space.
For uninhabitable basements or attics, ther-
mal insulation is not necessary.

Figure 1. The building envelope
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Chuptpnud EuEpquwprynibwyGwnniejwl pwpé-
pwgdwup Ywpbh E hwulbp wwppbp dwlw-
wwnphubpny, npnughg GUu wwuhy |pdéndlutpp,
swpunwnpwaghwnwywu nuénwdutpp b 2Euph wyw-
innn  Ynuuwnpniyghwutbph wpnynibwytbn LUw-
huwagénudp: Uy dnnniuubpp JGpwpbpnd Gu
wwuhy [néntdubphu W npn) dwpunwpwaghunw-
Jwl nuénudutppu: Wu Unnninud Ypulwpytup
2tuptiph  EuEpquwpnynilwybnnipjwlu  JGéw-
gnudp wwwnn Ynuunpniyghwubph wpnynituw-
Join 9Gpdwihu  wwounwwunipjwl  Jhengny:
Ctuph wwwnn YnUunpniyghwlbpp wwnthw-
ynud GU pEUph UGpphU wpwépputpp: Mwwnnn
ynUuwnpniyghwutp GU'Y wpwnwphl wwwnbpp,
inwlhpp, hwwnwyubnpp, (pruwpwthwug Ynuuwn-
nnLyghwutpp LY. 1). 3wy £ UpG, np wwwnn
yuwnnn GU Yyngd& Jhwju wju ynuunpnryghwlt-
np, npnup  wnwpwlbgwwnnd B gbnnlg-
ynn/hndugynn Swywil wpunwphu dhowywy)-
nhg: QGpdwjhu ww2wnwwuntpintu  wywhwy-
Jnud £ wju nGwpnid, Gpp 26LUpnd LwhuwwnGu-
Jnud £ dwpnne puwybgnud Ywd Gpyuwpwdwd-
y&w, wupunhwuw gnpéniutnipinil: QGpUwHU
ww2nwwuntpintl sh bwhwwBuynwd puwybih
shwunhuwgnn uyninuEph L dGnUwhwnpybph
hwdwn:
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THERMAL COMFORT AND
BUILDINGS

The building envelope encloses the heating
volume of a building, i.e. the volume that
needs to be climate controlled to create
comfort for the inhabitants. The task of an
architect or a builder is to provide thermal
comfort, including ventilation, with a mini-
mum use of energy. Light and visual comfort
are touched upon in Module 4.

Thermal comfort is a state of mind which
expresses satisfaction with the surrounding
thermal environment.” There are several key
factors which affect an individual’'s experi-
ence of thermal comfort:

o Air temperature;
e Air velocity;
e Air humidity;

¢ Radiant temperature.

Other factors are related to an individual’s
specific conditions, such as:

e Metabolism rate (energy release depend-
ing on activity type, age, gender, etc.);

e Clothing and its thermal value.

In colloquial terms, air temperature is the
degree of hotness or coldness of air, meas-
ured in terms of degrees Celsius (°C) or de-
grees Fahrenheit (°F). Air temperature plays
a key role in a person’s thermal comfort (see
Box 1 for a complete picture of ways in
which heat transfer occurs and affects ther-
mal comfort). Local building design codes
(thermal codes mostly) often regulate ac-
ceptable levels of indoor air temperature.?
Some codes set an absolute standard for it;
other design codes (mostly in the US and
the EU) make it flexible and relative. For ex-
ample, in countries of the former USSR, for
residential buildings (in most cases) the

! ANSI/ASHRAE Standard 55.

GGLLGN L B 26MUU3hL
urvurudesnie3ntuc

Mwuwnn Ynuunpniyghwubpp wwnpthwyned Gu
gtinnigynn  Swywip, wjuphupl® pluwyhgutnh
hwdwp hwpdwpwyBunniejntt wwywhnybint
Uywuwwyny etnnigdwl/hnugdwl  Gupwyw
Swyw|p: dwpunwpwwbwn-lwhiwagdnnh W 2h-
Uwpwnph puunhpu £ UWJwquwaniu EuGpgwéwiu-
uny wwwhnyb] eGpdwjhbu  hwpdwpwybunnt-
pjwl wwjdwuutp (nuwynpnudp b yhgniwy
hwnpdwpwyGwnniejntup pubwnpyywd U Unnneg
4-nLU):

Qtndwjhu hwpdwpwybwnnipyntup dwpnne pu-
ywintdu E, npnd wpunwhwjwnynid £ vhewywjnh
etpdwjhu wwjdwuutbpny pwwpwpywénLpnt-
up"s Uwpnnt' stpdwjht hwpdwpwybunngjwl
unLpjGyinhy puywdwu ypw wagnnud Bu 2ppwi-
yw Jdhowywjph hGnlyw| hhduwywu gnpénllub-
np:

o Onh sGpdwuwnhdwlp,

e Onh wpddwl wpwagntentup,

o Onh hunbwynrpyniup, W

e DwnwqguwrUwl sEndwuwmnhdwup:

Uj| anpénulbpp yEpwptbpnud GU Jwpnnt wuhw-
tnwywl yhdwyubphl, hugwhuhp GU°

o Ujnipwihnpuwlwyniejntup (Jwpnnig otp-
dnipjwl  wlpwwnndp' Ywhpujwd gnpoént-
ubnipjwl wnbuwyhg, wmwnphphg, ubnhg, W
wjLl),

e 3Swgagnunp (Jwpnnt Yynnuhg ognwagnndynn
hwagntuwn, yGpdwy, swdyng L wyy):

fonuwlygwywu (Ggyny wuwé' onh gkpdwuwmnhp-
6wlp onh nwpnipjwl Ywd uwnuntpjwl wuwnh-
dwul E, npp, hhduwywuned, swihynid £ wuwnp-
dwu SGuhnuny (°C) Ywd wuwnhbwl dwpklu-
hwjreny (°F): Onh stpdwuwmhéwup Ywpunp ntp £
Jwwwpned wuhwwnh obpdwjht hwpdwpwyt-
innipjwl hwpgnud (inGu LEpnhp 1-p 9Gpdwithn-
fuwugdwl nmwppGpwyutnh wnwewgdwu W 9bn-
JwjhUu hwpdwpwyGwnniejwl ypw npwug wanb-
gnipjwl  yGpwpbpjwy):  GGuptph - gtipdwjhl

2 RA CN 11-7.02-95 "Building thermo physics of fencing constructions" specifies required values of heat transfer resistance for designing
new fencing constructions and those subject to rebuilding for various purposes. This enables sustainable normalized indoor air
temperature. According to this code, for residential, clinical and childcare institutions the difference between the temperature of the
internal surface of a wall and indoor air temperature must not exceed 4.0°C, 3.0°C and 2.0°C respectively.

«SChuwpwpwywu sepndwdbhghyw 26UpEPh wwwnnn Ynuuwnnpniyghwubnh» 3I3CUL 11-7.02-95 2hLwpwpwywl UnpdGpp uwhdwunwd GU
wwuwnn Ynuuwnpniyghwibph gEpdwihnfuwugdwl  wwhwlgynn nhdwnpnipinibuGph  wpdbpubpp UGpuh onh  Unpdwynpywé
stpdwuwnhéwuny wnwppbp Lpwuwynipjwl Uunp W YEpywnenigynn wwwnnn Ynuunpniyghwubpp Uwhiwgétihu: Cuwn wyn Unpdtph,
puwytih, ythupjwywu W GpEluwutph ubwdph hwdwnp bwhwwnbujwé hwunwwnneentuubpnud ywwnh Uepuh dwybplngeh W ubpup
onh gEpdwuwnhéwuutph tmwppbpnie)niup swbwp £ gbpwquugh 4.0°C, 3.0°C W 2.0°C hwdwwwwnwupuwlwpwn:
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indoor air temperature stipulated in thermal
calculations is +20-+22°C (30-45% humidity
and air velocity of no more than 0.2 meters
per second. The importance of these additi-
onal factors will be discussed below). For
commercial and industrial buildings, the va-
lue of indoor air temperature will vary de-
pending on the types of working regime and
environment.

Air velocity is the speed of movement of an
indoor air mass. The higher the speed of air
movement, the cooler a person will feel.
Even if the indoor air temperature stays
above the required minimum, fast movement
of the surrounding air can cause a feeling of
cooling. If there are openings in the room in
front of each other, air starts to flow through
one opening to another, causing high-speed
convection. At a constant indoor air temper-
ature, the more the speed of air movement,
the stronger the convection in the room;
therefore, that equates to greater heat loss.
On hot days, increased movement of air will
reduce the cooling load on the building. On
cold days, increased movement of air will
increase its heating load.

Air humidity is another key factor in thermal
comfort. Air has the ability to collect vapor.
The vapor quantity in grams per cubic meter
of air is called “absolute humidity”. The abil-
ity of air to collect vapor depends on its tem-
perature. The higher the temperature, the
more vapor it can contain. The maximum
humidity of air expressed in g/m® is reached
when it cannot contain any more vapor.
Such a state is called the “saturation” of air
with water vapor.

For example, if the temperature of air is
+20°C, it can contain a maximum of 17.3
grams per cubic meter of air; if the tempera-
ture is +10°C, the water vapor saturation
point will be 9.4 grams per cubic meter of
air. Typically, air does not contain the maxi-
mum amount of vapor. That quantity of va-
por is expressed as the ratio between the
absolute and maximum humidity of air and is
called “relative humidity”. At the National
University of Architecture and Construction
of Armenia (NUACA, formerly the Yerevan
State University of Architecture and Con-
struction) Energy Efficiency Laboratory,
equipment is available that measures the
relative and absolute humidity of the air.

ww2unwuwuntejwl ntnwjhu UunpdGpp Ywnpguw-
ynpnud GU 2GUph UGpuh onh UjwquwqntUu pnij-
wnpbih  gGpdwuwnmhdwuutppt Jh  nGwpnid
uwhdwubiny hunnwly wnpdbputn, Jjnwu nbwpt-
pnnd (WWUL L GU unpdGpp)' ennubind npwup
6Untt W hwpwpbpwywu? Ophuwy' Uwhuyhu
lUIU GpyputGpnud puwlybih 2G6Uptph hwdwn
2tuph UGpuh onh hwdwpywjhu sGpdwuwnh-
dwUl punniuynud £ 20-22°C (30-45% onh fun-
LUwynipjwdp W 0.2 J/J-hg ng wybl onh 2wnd-
Jwl wpwagnipjwdp (wju ghpénultpp Ypwgw-
npyGu unnnply): Swuwpwlywywl W wpunwnpw-
ywl 26uptph W 2hunipyntuutph hwdwp utpphu
onh ¢Epdwuwnhéwup nwwnwuynd B juwhudwd
w2uwwnwlpwiht Jhpwywjphg, w2uwwnwlph
inhwhg U ntdhuhg:

Onh 2wpddwlu wpwgnipyntup 2Guph UbGpuh
onwjhu qwugywdlbph 2wpddwl  wpwagnt-
pINLUL E: NppwlU pwnép £ onh Jwpddwl wpw-
gnrejntup, wjupwu gnipwn Yqgw dwpnp: Lnyu-
huy Gpp onh UGpuh gEpdwuwnmhdwup UGt £ yw-
hwugynn Udwquwagniuhg, 2ppwlw onh wpwg
wnpdnidp wnpnn E dwpnnt dnin wnwewglbg
gninh qquwgnnnrpntl: WU ntwpnid, Gpp 2G6U-
pnid wnyw U hpwp nhdwg gwnuynn [pLUWpRW-
thwug Ynuuwinpniyghwutbn Ywu pwgwodpubp W
nhwugny wnyw E dhgwughy pwuh, onh 2wnd-
JwU wpwgntejnitup Yupniy dedwunwd £ wnw-
gwgltiny pwpén wpwantpjwup onh Ynuyty-
ghw: LEpuh onh hwuwnwuwnniu sGpdwunhéwlhp
nGwpntd, nppwl UGS E onh wpddwlu wpwgnt-
rInLtup, wjupwl nwdtn £ Yynuytyghwlu 2GUpNLU,
hGwnlbwpwn, wjupwu 2wwn Gu gEpdwynpnLuwn-
utnp: Cng optphu onh 2wpddwl wpwagnLEjwu
JGdwgnudp Ythnppwguh 26Uph onwthnfudwl
pEnuwéplbpp, uwywju gnipn dwdwuwlwp-
swunid yutéwguh gtnnigdwl ptnuywépubnnp:

Onh punuwynipjniup 9bpdwjhu hwpdwpwyt-
innipjwl JGY wj hhduwywl gnpénlu E: Onu hp
Jte Yniinwyned £ gninp2hubn, npnug gpwdwjhlu
pwluwynipintup JGYy punpwlwpn JdGwnp onnud
Ungynud E onh pwgwpéwly hunuwynipintl:
bwhijwé gtpdwuwnhbwlhg' onh gnNpuwyiw-
unwdp tnwpptp E. nppwl pwnép £ oEpdwuwinp-
Gwup, wjupwl 2w gninp2h onp Ywpnn t yjw-
utL: Gpp onp hwagbgwd £ gninp2ny, gpwugynid
E gninpont wnwybiwanyu huwpwynp gpwdw-
Jhu pwuwynieintup  JGY  punpwlwpn  JGwnp
onntd: Uynwhuh hpwypdwyp ynsgynid £ onh hw-
gtigwonipinLl gnwjhu gninp2hny:

Ophuwy® Grt onh gtpndwuwnmphdwup +20°C E, wju
Ywpnn E ywpnibwyt] wewybwantup 17,3 g/u®
gninp2h W Gpp eGpdwumnpdwup +10°C £, www

hwabgywénipntup Ynhwndh 9,4 q/u® gninpont
nGwpntd: Unynpwpwp, onp sh wywnpnibwyned
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Absolute humidity
+100%

Relative humidity = Maximum humidity
In commercial buildings, humidity depends
on whether there are electronics in the room
or air conditioning. Relative humidity is usu-
ally kept between 40-70%, although it can be
higher than 70% on hot humid days or if
there are special requirements for air humid-
ity in spaces with a particular function (librar-
ies, museums, etc.). For residential build-
ings, required relative humidity is set be-
tween 50-60% as per RACNII-7.02-95
"Building Thermo physics of fencing con-
structions".

Radiant temperature refers to the tempe-
rature increase from point heating sources
such as the sun, fireplaces, hot water and
other heating pipes, ovens, electronics, etc.
Radiant temperature is a property of the
heat radiating from a warm object. Radiant
temperature has a greater influence than air
temperature on how we lose or gain heat to
and from the environment. Our skin absorbs
almost as much radiant energy as a matt
black object, although this may be reduced
by wearing reflective clothing. According to
ANSI/ASHRAE Standard 55 on Thermal En-
vironmental Conditions for Human Occupan-
cy, radiant temperature may have a signifi-
cant influence on room temperature.

While the aforementioned four factors are
key for thermal comfort, an individual’s state
could affect the point at which a person feels
thermally comfortable. Two such individual
factors are a person’s metabolic rate and his
or her clothing. Metabolic heat represents
the amount of heat we produce as a result of
our activities. The more intensive the activi-
ty, the more energy we produce and the
greater the heat loss to the environment.
This loss protects us from overheating.

The clothing people wear also has an impact
on energy use in a building. Wearing too
much clothing can cause a person to over-
heat; wearing insufficient clothing can cause
excessive heat loss (which can lead to feel-
ing cold or chilly). The effective solution for
clothing is using layers, which allow a person
to regulate his/her clothing according to the
surrounding temperature and choose the
right, personal thermal comfort level. This
pertains to staff working in industrial and
public buildings in particular.

All of these factors directly affect the energy
consumption of a building. Thermal comfort

wnwyblwagnyu huwpwynn gninp2nt pwuwynt-
rInLtU, wjn huy wwuwndtwnny onntd wnyw gninnp-
2hutGph pwuwyp npnaynwd £ npwGu pwgwpdwy
UL wnwybwagniu punuwyniejwl hwpwpbnnt-
rInLU: «Bwnpunwnpwuwbwnnipjwl W 2hbwpwnne-
rjwlU Iwjwuwnwuh wqqwjihtu hwdwuwnwuh»
(0C3UR, LUwhuyhund® Gpuwlph dwpnwpwwb-
wnntpjwl b 2hbwpwnpnipjwl wyGnwywl hwdwi-
uwpwl) EuEpgwwpnnibwybnniejwl (wWpnpw-
innphwjnud wnyw U uwppwynpndutp, npnup
rnyl GU tnwihu swiht onh hwpwpbphwywu W
pwgwndwy hunuwynipejnLbltpp:

Puiguipdwl) intu]nipjnih
Uwpuhuwy junbunjnipynih

Zwpwpbpuul juntwynipnih = -100%

Ctuptpnud onh hunuwynienitup Ywhpiwé E
wnyw onwthnpudwlu L onnpwydwl hwdw-
ywnahg: Iwpwpbpwywl punuwyniejniup, un-
dnpwpwn, ywhwwuynd £ 40-70%-h uwhdwu-
utGpnud, uwywju Ywpnn E (hubp pwpén, pwl
70% snp, 2ng optphUu Ywu wju nGwptnnid, Gpp
2tuph  $niuyghnuwy] 2whwagnpénudp  wwh-
wugnwd £ wynwhuh huntwynipeintl (gpuwwwh-
ngutp, pwugwpwulbp): FUwyLbh 26LUpGpnLd
hwpwpbGpwywu funuwynip)nltlu pun «Shuw-
nwpwywl  gpdwdhghyw  26uptph  wwwnnn
ynuuwnpniyghwutpph» 338U 11-7.02-95" uwhd-
wuyntd £ 50-60%:

Swnwagwjpdwl skpdwuwmhwup yspwpbpnud £
onh e¢tpdwuwmhdwluh pwpépwgdwlp Gwnw-
guwjrUwl 2unphhy YGwnwihu gtnnignn wnpnLp-
utnhg, hugwhuhp BU UpGqwyp, pnitpuwphltpp,
stnnigdwUu punnnjwyubpp, yGugwnwjhu wnbu-
Upywl W wju: dwnwawjpJwl stpdwuwnh-
dwup punipwagnpnud £ wnnwp opjtyunnhg dwnw-
quwjrynn ¢bpdnieinitup: Uju hpwywuntd wybih
J66 nGp nuh wuhwwh oEpdwjhu hwpdwpw-
Jounnipjwu unipjGynnhy qgquwgnuduGph  Jpuw,
pwu onh ebpdwuwmhdwup, pwuh np Jdwnpnnt
Jw2yp Yywunwd £ gpbpet Unylupwl dwnwagw)-
rwhu Eubpghw, nppwl ul, thwjwwn opjGlywnp:
Rwdwdwju ANSI/ASHRAE uwnwunwnpun 55-p°
twnwagwjpUwlU stpdwunhdwlp Ywpnn £ nLlut-
Uwl qquih wanbgnieinil 2tUph Utpuh onh
stpdwuwnhdwuh thnthnpudwU ypuwi:

JdGpnlgjw| ¢npu gnpénUlbpp wnwugpwjhu Gu
stpdwihu hwpdwpwybunnipjwl hwdwnp, uw-
Ywju Jdwpnnt ynuyptwn yhdwyny £ wywjdwlwy-
npJwé etpdwihu hwpdwpwybwniejwl puyw-
(ntdp: Wuhwwnwlwu gnpénuubphg £ Ujnipw-
thnpuwlwynipjntup W hwagniunp: LjnLpwthn-
hmwlbwynipyntup  swihnpnanud £ gGpdnipjwl
wju pwlwyp, npp Jwpnnt opgwluhguu wpunw-
npnud £ hp gnpénlutniejwl pupwgpniu: bug-
pwl huwntuuhy E gnpéniutnip)nilp, wjbupwl
wwn £ eGpdnipjwl wpunwnpnipintup Jwpnnt
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is the starting point for choosing proper
thermal insulation for a building, physical
design and orientation, and mechanical sys-
tems such as HVAC equipment. The charac-
teristics of a building envelope and its con-
struction type also depend on what kind of
thermal comfort level must be achieved in a
building. There are two models of thermal
comfort: static and adaptive (Figure 2).

Figure 2. Static and adaptive models of thermal
comfort

Realtive Humidity / onh hwpwpbpwlwu funtwyntejncl [%]

9072 & 16 18 20 2= 24 2 2 a0 32 4 B
Drybulb Temperature / unuwywqtnpéywé onh gkpdwumnhéwu [°C)

Operative Tempetature / onh wpnjntuwpwn gpduinhéwu [°C]
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Operative Temperature / onh wpmyntuwnpwpn gEpduinhéwl [°C]

Prevailing Mean Outdoor Temperature /
nnpuh onh wronptwywu Uhght gEpdwuinhéw [*C]

Liwp 2. Epdwjhu hwpdwpwytwnnipjwl unw-
wnhy L hwpdwpynnuywl dnntutpp

The static model of thermal comfort
(PMV/PPD) states that, regardless of loca-
tion and surrounding environment, the ther-
mal comfort zone can be the same for all
occupants. There should be one set indoor
temperature throughout the year, i.e. hu-
mans are not expected to adapt to various

onqwuhqunid, hGnlbwpwp, wjupwl JG& GU
Upw stpdwynpniunnutpp: dGpghulbpu wwown-
wwuntd U opqwuhqup gbpunwpwgnidhg:

Rwgniunp, npp Jdwnpnhy Ypnwd Gu, Unyuwbu
wagnnid E pEupnud EuGpghwjh oguwagnpddwu
Jpw: 2wihwquwlg 2wwn hwagniunp unpnn E
hwugtbgut] gGpunwpwgdwl, wju nGwpnd, Gpp
phs hwagniunnp Yunpnn £t hwugbgub] hunGuuhy
spdwynpniunubph: UprynibwydGun (nuénud E
2Gpunwynp hwgniunh Yphpwnnedp, nph 2unphhy
Jwnpnp Ywnpnn £ ywpgwynpt hp wuhwwnwywu
stpdwjihu hwpdwpwybunniejwl Jwywpnwyp:
“w, hhduwywunid, yGpwpbpnid £ hwuwpwyw-
Jwl b wpunwnpwywu 2ELUptph wouwwnwywag-
Jh hwwnnty hwgnruwnpu:

Pninp wju gnpénuutpp nunnwyhnptu wagnnud
Gu JGuph EuGpgqwoéwpiuh Jpw: SJwdwwwin-
wupuwl eGpdwiht wyw2wnuwwuntejwl puwnnpnt-
rjwlU hwpgnid sEpdwjhu hwpdwpwyGwnniejw
gwulwh dwywpnwyp Gluwybnwhu wwjdwu E:
WU bwl ywuhunpnanid t 2GUph W 2huntpjwl
wnpunwphu wntupp W ynnuunpn2nidp, hugwbu
Lwl Yyhpwnynn stnnigdwl, onwithnpudwlu U
onnpwydwl  hwdwywpqgbph inGuwyutpp:
Ctuph wwuwnn Ynuunpniyghwutph punLpwg-
nGpp, phuswbu bwl npwugnud Yhpwnwd Ujnt-
rEnp Unyuwbu Ywhujwdé Gu Upwlhg, RE hUg-
whuh etpdwjhu hwpdwpwytGunnipintu £ hwp-
ywynp wwwhnyb: Unyw U oEpdwjhu hwpdw-
pwytwniejwl Gpynt Unnk unwwmhy b hwpd-
wnpynnwywu (uy. 2):

Qtpdwihu hwpdwpwybunnigjwl unwwnhy dn-
nGp UwhuwwnBunid £, np wuywhu wnbEnwuphg L
2npwlw  Jdhgwywjphg, gGpdwjht  hwpdwpw-
Jonnipjwu Jdhewywipp Ywpnn E (huGp ungyup
pninp puwyhgubph hwdwp: Cun wnd® wGwp £
npn2qwé (huh 26Uph Utpuh onh npnawyh gtipd-
wuwnhdwl, npu wuthnthnpu wGwnp £Eduw nwnyw
pUpwgpnid: Yw Lpwuwynd E, np Lwhiwwn-
Gujwé s£ Jwpnywug hwpdwnpbgnd wnwnpptp
sGpdwuwnhdwulbphu: PMV-p (Predicted Mean
Vote - Ywlhiwwnbujwsé dhghu Ywpshp) UGpnn E,
nnUu wnwewnpyt| £ LEpphUu Jhewydwnph W Eutpg-
hwjh dhgwqgqwjhu Ysuinpnuh hnjwunwgh ghwn-
Lwywu MNny, O dwugbpp: ULpnnp gnyg E
tnwhu eEpdwhu hwpdwpwytGunnipjwu yGpwp-
Gpjw| Uhghtwgqwd Yunpdhpp® ogunwgnpdtiny
-3-hg (gnLpwn) +3 (nwp) uwlunnwy, npwntn 0-u
hwdwwwunwuhuwunwd £t pnGwwywlu hwn-
dwpwybwnnipjwl wwjdwlubphu®:

Qtpdwihtu  hwpdwpwybwnnipjwu  hwpdwpyn-
nwywu dnnbip, hp hGpehu, gnigwupnid £ hw-
wnwyp, wjlu E' UGpuph onh gGpdwuwnhdwup L
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temperatures. The Predicted Mean Vote
(PMV), a method developed by Dutch scien-
tist Povl Ole Fanger at the International Cen-
tre for Indoor Environment and Energy,
shows the average comfort vote using a
scale from -3 (cold) to +3 (hot,) where zero is
the value for ideal comfort.®

The adaptive thermal comfort model, on the
other hand, states that indoor temperature
and outer climatic conditions are linked;
thus, indoor temperature cannot be constant
through the year. It goes on to say that
humans can adapt to various environments.
The ASHRAE-55 2010 Standard has recently
introduced a prevailing mean outdoor tem-
perature, which is an input variable of the
adaptive model and must be greater than
10°C (50°F) and less than 33.5°C (92.3°F).

RA CN 1I-7.01-2011 "Construction climatolo-
gy" (currently in effect in Armenia) specifies
the climatic parameters to be applied in the
design and construction of buildings and
structures, heating, ventilation, air condition-
ing, and water supply systems, as well as in
the planning and development of urban and
rural settlements.

In Figure 2 above, dry-bulb temperature
(DBT) is the temperature of air measured by
a thermometer freely exposed to the air but
shielded from radiation and moisture. The
dark blue band shows preferable air temper-
ature and thermal comfort attitude, while the
light blue band in the adaptive model shows
the allowed variance. In both displays, the
red dot is the ideal attitude point between
axes.

wpwnwphu Y hdwjwywu wwjdwllbnp thntu-
wuwwygwsé G, wn huly wwwdwnny Ubpuh
onh stpdwuwnphéwup sh Ywpnn putp hwu-
wnwwnntl nmwpyw pupwgpnd: UnnbGlu wdp-
wanpnwd E, np Jwpnhy Ywnpnn GUu hwpdwnpybg
2npwlw dhpwywiph wwpptp wywjdwuutph:
ASHRAE-55 2010 uwnnwlunwnpwp yGpehu wnwnh-
utphtu UGpYwjwgptg gbpwlyzenn Uhghu  wp-
tnwphu onh gtpdwuwmhdwlp, npp hwpdwnyn-
nwywu dnnth wnwlugpwihu gnigwuhu £ L
wbwp £ |huph 10°C-hg (50°F) 33.5°C (92.3°F)
Jhowlwjpnid:

33-ntd  gnpénn  «Chuwpwpwywl  Yhdwjw-
pwuntpntu» 33CL [1-7.01-2011 2hUwpwpwywl
unpdtpp uwhdwunwd U Yhdwjwywu hwpw-
swihtp, npnup Yhpwnynwd GU 2GUpGph W 2hunt-
rinLuutph, gtnnigdwl, onwhnpuntpjwl, onnnp-
wydwu, spnwdwwnwlywpwpdwl hwdwywnpgbnh
Lwhiwgédwl, huswybu bwl pwnwpwjhu W gjnt-
nwywu puwywywiptph  hwwnwlwgsbdwl W
ywnnigwuwwwndwl dwdwuwy:

LY. 2-nuid hunbwydwqbpéywé onh etpdwunh-
dwup (DBT) wju eGpdwuwnnhbwUlu E, npp
swthywé £ onnud wquwunptu inGnunpyws,
pwjg funuwynrpintbhg UL dwnwaqwjpnidhg ww-
cnyuwuywd stpdwswihny: Unig uwniwn dw-
wwytup gnyg £ nmwihu gtpdwjhu hwpdwpws-
Jonnipjwu W onh gtpdwuwnhéwuh Uwhupuwn-
nGlh Jwywnpnwyu nu wpdtpp, huy hwpdwpyn-
nwywu dnnGind wnw pwg Yuwwnijn dwww-
JtGup gnijg £ wnwihu pnywwnpGih 2Gnnudutph
swihp: Gpyne nGwpnwd £ ywpdhp YGnp Jwwnu-
wupnud £ phnbwwywu hwpdwpwybunniejwl
wwjdwuubpp:

® To learn more about research method, see Building and Environment 44, 2009.
REnwagnuinipjwl wju UGpnnp dwbpwdwulnptl Uepywjwgywé E hEnlyw) hpwwwpwydwu JGe. Building and Environment 44, 2009:
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BOX 1. HEAT TRANSFER AND LOSS

Designing and constructing energy efficient bu-
ildings is not possible without understanding the
concept of heat loss, as well as the mechanisms
of heat transfer. There are three types of heat
transfer through an object and between objects
(shown below):

. Convection;
° Conduction;
° Radiation.

_rr—fl Stpdwhwnnpnwywunip)nly

5 7, Conduction 4
A AAIA
Convection 3 7 3 }
unuyblghuk b 3 4
SO
SO

Radiation
BSwnwagw)jpnLd

Convection is heat transfer through physically
moving molecules. Convection takes place both
in fluid and gaseous substances. In a room,
convection appears when warm air masses
move from the floor to the ceiling, meeting cold
air masses. As warm air moves higher, it gets
colder and falls, thus warming again. Convec-
tion is a cycle of air movement and can be ei-
ther forced or free. When air movement is
caused mechanically, i.e. by an electric fan or
the wind, forced convection occurs; however,
when air movement is caused by natural
sources such as the sun, the convection is free.

Conduction is the direct transmission of heat
through a solid matter. It appears in a single body
or between two bodies in contact with each other.
When a person touches a sun-warmed window,
heat transfers into his/her hand through
conduction. The aim of insulation with low-
density materials is to suppress conduction and
convection processes across the sections of a
material. The more porous a material, the less
the heat transfer through conduction. However,
the question of optimization arises because, in
large pores of a material, convection may occur,
increasing heat loss. Such a material can be
structured into open (transferring) and closed
(non-transferring) pores; while porous structures
impede heat transfer, open pores facilitate it.

Radiation is a process of heat transmission
through waves. The ultimate example of ra-
diation is the heating of the Earth’s surface by
the sun. Radiant surfaces may exchange heat

LErbr 1. 26PUUSHL INULL BGY
unrnrusuere

WuhUwp E bwhiwgoétb, W Ywrenigb) EuGpgwwnnnt-
Lwytw 26Up Ywd 2huntp)nil’ wnwlg sGpndwthnfuw-
Lwynipjwl b sGpdwynpniunubph wnwewgdwl UG-
huwUhguubpp hwuywUwnt: OpjGywnh Jheny Ywd
Gpynt opjGywnutph Jhel ebpdwithnpuwugnid hUuw-
pwynp £ Gpbp UGhuwlUhquny (nG'u Ujwnp).

e Lnuytlghw,
e Stpdwhwnnpnwywuntp)ntl,

e DNwnwquwjrnty:

Unuytlyghwt gGpdwihnpuwugnid £ $hghluwbu
wndynn UnGyncuGph dhengny: WU wnknh E nLut-
unwd W henniy, W ququwjhu dhpwywjpGpnid: GGU-
pnud ynudbGlyghwl wnwowlnid E, Gpp onh wmwp
quugywdéltbpnp pwpdynwd GU hwwnwyhg nEwh yGp
b, hwunhwGny uwnlu onh qwuqywdélGphl, uwn-
sned W ypyhu hounwd GU nGwyh hwwnwy: Wuwhund,
ynuyGyghwu onh qwugywéh 2ppwwnnyun £ W Yuw-
nnn £ |phuG hwpywnpjué ywd puwlywl: Gpp onh
cwndnudu wnwwunwd E JGhuwUhynptlu, opphuwy’
pwunt Ywd ElGYwmpwywl hndhwph 2unphhy, www
nhindnid £ hwplunpqwé ynudtlyghw, huy wjl nbuy-
ptpnid, Gpp onh 2wndnidlu wnwowlnwd E puwywl
Gnwluwyny, www nhwnyntd £ puwlwl ynuytyghw:

Qtpdwhwnnpnwywunipyntup whun dwpduh Jdhony
stpunipjwl ninnwyh hwnnpnnidu E: WL Ywnpnn E
wnwowlw| huswybu JGY dwpduh JGg, wjuwbu E| Gp-
ynt dwpdhuutph Jhgol, npnup gunuyncd GU nLnnwyh
2thdwu JUbg: Gpp dwpnp nhwgnid £ wplthg tnwpw-
gwé wwwnnthwuhl, eGpdnieinitlp wwwynitg nGwh
Upw &Grphu E thnhuwugynid gGpdwhwnnpnuyw-
unLpjwdp: Swénp punnipjwdp Ujniebnny stpdwdt-
Ynruwgdwl bywwnwyp sEpdwdtyniuhg Uinieh (wj-
Lwywl ynuytlyghwih b epdwhwnnpnuwywuntejwlu
EplnyeUEph Ywlpuwpgbinidu E: Nppwl swynnytu
E sGpdwdtyniuhg Uyniep, wjbpwlu phs oGpunienLu
Ythnhuwugyh gpdwhwnnpnwywuntpjwdp: Wjuwntn,
pGnplu, wnyw E owywnhdhqugdwl fuunhp, pwuh np
swihhwquwug Swynwnytu Unpbph Swynunhubpnid
wnwewlunid E yYnuyGyghw, npp qquwihnptu gwé-
pwguntd E Unieh oGpdwdGyniupg hwwnynipintult-
np: Swyninhubpp Ujnph Ywrnigywépned (hunid Gu
pwg (hwnnpnwygynn) L thwy (shwnnpnwlygynn):
Swynwnybunipjntup  Unieh  eGpdwhwnnpnwyw-
unrejniup Ujwgbkgunn gnpénu E. pwjg hwnnpnwyg-
ynn oSwynwphubph wrlwjniejniup hwugbgunud E
stndwjhu hnuph JGéwgJdwun:

Swnwaqwjpenidp  wihputph  2unphhy 9Gpdwthn-
huwugdwl gnpéplpwgl E: Hw jwywagneu ophlwly
Jwpnn £ hwunhuwuw| Spyph nwpwgnidp Upbqu-
Uh dwnwaw)RUGpnY: Uwybplnyputpu nitlwy Gu
stpUnLeintl swnwagw)rb UGUp Ujntup Uywwndwdp:
Ophtwy® wwwinn Ynuuwnpniyghwubpp wdwnyw
2ng ontppu Ywuntd GU Swnwagw)pUwl gGnunLp)nL-
Up W, hpGug hGpphl, Swnwgwjenid wju ntwh
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with other surfaces, e.g. the building envelope
absorbs the sun’s heat through radiation during
summer and exchanges it with other objects in-
side a building, including humans. Radiation heat
transfer does not depend on the characteristics of
air; rather, it depends on the characteristics of
radiant surfaces. When radiant energy reaches a
surface, part of it is to be emitted by the surface,
while the other part is to be reflected. The amount
of energy being absorbed by a surface depends
on the emissivity of a surface, and the amount of
energy being reflected from a surface depends
on the reflectivity of a surface.

Reflectivity is inversely linked with emissivity.
The more reflective a surface, the less emissive
it is. There are several methods of increasing
the resistance of a surface’s absorption of radi-
ant energy. On both the outside and inside of a
surface, reflective films may reduce the amount
of radiant heat absorbed by the building enve-
lope. Another solution is the air gap between
material layers of the building envelope; these
may also be closed or ventilated.

INSULATION AND THE BUILDING
ENVELOPE

Insulation Materials

To increase the thermal resistance of a
building (by reducing the heat flow through
the building envelope) its envelope must be
insulated from outer climatic conditions. Us-
ing effective thermal insulation ensures that
a building has the required thermal re-
sistance value.

Choosing what thermal insulation material to
use, however, depends on several factors.
Figure 3 summarizes key decision factors,
including thermal conductivity, availability in
the local market, workability, safety, and
cost. All of these factors must always be
considered.

2Gupnid gwnuynn opjGynutpp L Jwpnhy: dwnw-
gwjprwhu stpdwihnpjuwlgnidp Ywhudwd E ng wjl-
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thnipynitlp JGdwgubint Ywd thnppwgubint hwdwp
huwpwynp E npwlup wwuwb hwdwwwnwupuwlu
hwwynrejnLtuutp niubgnn 26puntpny: Swppbpwy E

Lwl wwwnnnn Ynuuwnpneyghwjh UGpunitd onh 26pwnh

hpwlywlwgnidp, npp Ywpnn £ 1hUG| thwy Yud onw-
thnfuynn:

AUSN1 unuusrnryshuuvere 64
Qeruuvtsuntuusniuc

QEpdwdtYnLupg UynLpbp

Ctuph ¢obpdwjhu nhdwnpniejntup dGdwglbint
hwdwp  (thnppwglbind gtpdwihnfuwlgnidp
wwwnnn Ynuuinpniyghwih dheny) Upw wywwinnn
ynuuwnpniyghwutbpp wbwp £ sGpdwdbyniuwg-
Jwé [hutu: Uprnynibwybwn gpdwdGyniups bjne-
rh UYhpwnnup Uwwuwnnd E GBuph Eubp-
gwuwpnntbwybunniejwU pwpapwgdwlp:

Qtpdwdtyniuhs UjnLph punpnieniup, uwywju,
ywwywds E Jh pwUuh npnphs gnpénulbph htu,
npnup UGpywjwgywé Bu uy. 3-nwd: Wju gnpénu-
utpu GU' Unieh gGpdwhwnnpnwywlntp)niup,
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Thermal
conductivity

QEpdwhwnnpnw-
Jwluntpjntl

Availability in
local market
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nd wnlwjnt-
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Workabiility
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up

Safety, including
human health and
environmental
health
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swlw vhgwyuwj-
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This refers to a material’s ability to
resist or, conversely, conduct heat.
The slower it conducts heat, the
better it is as an insulation material.
Materials with low thermal con-
ductivity are used for insulation
purposes. For buildings, see dis-
cussion of R-value and U-value in the
section below.

The availability of the range of in-
sulation materials may vary from
country to country. Regardless of how
effectively a material insulates and
how inexpensive it is, if it s
unavailable in the local market,
architects or engineers should not
specify it in their plans. They should
base their calculations on materials
available in the local market.

Workability refers to the ease of
handling of a thermal insulation
material, such as its cutting, bending,
attaching, installation, etc. This factor
may have significant impact on labor
time and overall building completion
time.

Safety, including human health and
environmental health, is extremely
important. Health concerns include a
material’s ability to attract mold, in-
sects, and rodents. Also, the
material’s ability to release harmful
chemicals or gases is a consideration
(i.e. during a fire).

The cost of the using an insulation
product is another key factor in the
selection process. Cost considera-
tions should look not only at the cost
of the material itself but also labor
costs and the additional supplies
needed (anchors, glues, etc.).
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ph hwdwp Uwwunwwhwpdwnp £ wyn
Unieh UwpiwwnBunidp npwtGu gGpdwdt-
ynrupg: Iwdwnpyubpp wbwnp E hhduytu
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Unyuwytu dinwhngntenit £ wnwewglntd:
Npwapwy E Unieh wjpGihnipniup, Jwu-
LUwynpwwbu, wjpdwlu puwgpntd wpuw-
UuGwnynn quaqbtph weniuny:

QtndwUtyntuphg UjnLeh puwnpnipjwl Ywnp-
unp gwihwUh? £ npw wpdtipp: Unpdtipp nh-
wnwnybihu hwpywynp £ hhduytp ng dhwju
hupupU UjnLph wpdnnniejwl, wjle wphuw-
nwlph W wjl jpwgnighs Ujniptph (lugw-
pniwlutn, unupbd W wjl) wpdGph Ypw,
npnup hwpywynp Gu wyn Ujnieny stGpdw-
JGyntuphg 26pwn hpwlwuwgubint hwdwp:

Armenia imports a number of insulation ma-
terials and produces some internally, includ-
ing mineral wool from basalt and expanded

33 utpypynd L nEnnd wpunnwnpyned GU inwi-

pwwnbuwy ebpdwdtyniuhs Ujnietp, UGpwnjw)

pwquwiinhg uwnwgynn hwupwjphlu pwdpwly L
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perlite. On the global level, there is a vast
variety of thermal insulation materials. In this
module, we will discuss the main thermal
insulation materials available in the Armeni-
an market. The pros and cons of each will
be discussed.

Another factor that is increasingly receiving
attention is the embodied energy of a mate-
rial. Embodied energy refers to the total
amount of energy used for the extraction,
manufacturing, transportation, and installa-
tion of this material. A material may be an
effective insulator; however, if it takes more
energy to produce it than it will ever save,
the use of that material may be questioned.
To estimate embodied energy, a material’s
lifecycle assessment must be conducted.
The discussion of embodied energy in this
section is aimed at highlighting a relatively
recgnt trend in thinking on building materi-
als.

We will now turn to commonly used insula-
tion materials, some of which are widely
available in Armenia.® The materials dis-
cussed include loose-fill insulation, expand-
ed perlite, mineral wool, extruded polysty-
rene, polyurethane foam, and foam glass.

Loose-fill insulation

Loose-fill insulation is a type of insulation
made of granular or cellular materials, such
as expanded perlite, vermiculite, wood shav-
ings, granulated cork, etc.

Perlite is a naturally occurring, siliceous rock
and is widely used in construction. It is pos-
sible to make both perlite loose-fill insulation
and expanded perlite blocks or slabs. De-
pending on the construction application, per-
lite loose-fill insulation can be either poured
or blown into the space to be insulated. The
advantage of loose-fill insulation is its ability
to insulate hard-to-reach places, as well as
irregularly shaped areas. Another advantage
of loose-fill insulation is its ability to insulate
the inner cavities of light-concrete blocks.

thpGgywé wenhint 2hudwépltn: UWhuwphnod
agnjniejntl nllEU pwqdwwhuh eGpdwdtyniuhg
Uniptn: Unyu dnnnind puliwnpyGine Gup 3w-
jwunwuh 2ntjwinud wnyw hhduwlwu oGpdw-
JGyniupg Ujnipbnp, npwug pbtpnipintuutplu no
wnwybnipntulbnn:

Swpnilwywpwp wénwd £ npwnpniejntup ujne-
rh wwpthwyjwds tubpghwih Uywwndwdp (em-
bodied energy): ‘w Eubpghwjh wju wdpnnow-
Jwl pwlwynipintll £, npu oguwagnpdyt| Ep
nyjw] Uniph wpnynibwhwudwl, dpwydwl,
wntnwthnfudwu b nEnwnpdwlu hwdwnp: Ujniep
ywpnn E [puG] pwywywl wpryntbwydbun obp-
Jwdtyntuhg, uwlwju wju nEwpnid, Gpp Uinieh
wpunwnpdwl Jpw Swhuudbp £ wyblh 2wwn
FuGpghw, pwu wju Ywnpnn £ pubwjbp 2whw-
gnpédwl pUupwgpntd, wjn Ujnipeny stGpuwut-
yntuwgnudp npn2  swithny wulwwwnwywhwnp-
dwp B Mwpthwyywé Eubpghwih nhinwpynwdu
wju Jwunwd pGpwé E nLuwunnuGph Jnwin ujnt-
rtph wpunwnpdwu yEpwpbpjw hwpgwnpnid-
utp wnwwglbint hwdwn®.

Wjdd ynhunwnpytup 33 2ntywynd wnyw W yh-
nwnynn etpdwdtyniuhs Uniebpp®, npnughg
puwnptl Bup wenihnh |gwunipep W thptgwd
wbtnhint vwitpp, hwupwihu pwdpwyp, Epuwn-
nntnugqwd thpthpwwnihunhpnip, thpthpwwn-
LhnipGrwup W thpthpwwwyhu:

Lgywépwjhu gEpdwdtyniuwgnid

Lgywépwjhtu obpdwdtyniuwgnidu hpwywlw-
gynid £ pgowjhl wd hwwnhlwjhu Ujniebnhg,
npnup (gyntd BU Lwhiwwbu wwwnpwunywd
swywih JdGe: Ynwhuh stpdwdtyniups Unetp
GU wtnihwinh, Yepuhynihinh (gwépltinp, thw)-
inh wnwtnutpp, hwwnhywynpywé pugwulbpp L
wju:

MEnthinp pbwlywl YGpwyny wnwowgwd uhih-
ghnudwjhu wwwnp £ W pwjunptu Yyhpwnyned E
2hbuwpwnniejniuncd:  Npwbu  gtpdwdtyniupg
UjnLe’ huwpwynp £ Yyhpwnb) huswtu thpbgywéd
wEnhint [gwujnie, wjbwbu £ thpbgyuwd wbn-
(hnwuwtpp W prnyGpp: Ywpudwé 2huwpw-
pniejwl JGe yppwndwl wnbuwyhg, wybnhnw-
Jhu [ gywépwjhu stpdwutyniuwgnidp Ywpnn E

* Students interested in learning more should visit: http://www.greenspec.co.uk/insulation-introduction.php
Unwyb| Jwupwdwul wwpthwydwé Eubpghwjh yepwpbpjw) Ywp6lh £ wunpwlw] hEnljw| Ywiphg'

www.greenspec.co.uk/insulation-introduction.php

® To learn more about insulation materials available in Armenia see the Thermal Insulation Materials Database developed with the
framework of the UNDP-GEF “Improving Energy Efficiency in Buildings” project, available at www.nature-ic.am.

33-nwd wnyw gtpdwdtyniuhs 2htwpwpwywl Unietph Jwuhb wybihu hdwlwint hwdwn inbu «2EpdwdByniups 2htwpwpwywl
Uinipbph W 2hujwéputph nyjwiubph 2nbGdwpwu» hpwwwpwynwdp, dowywsd b «SEuptph tubpgbunhy wpnniuwybunngjwu
pwnapwgnid» UU2C-QED Spwaph 2pgwlwyubpnud b UeppbnUbih www.nature-ic.am Jw)jphg:
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For attics (that are not used), covering the
attic floor with loose-fill insulation may have
both cost and time benefits. Loose-fill perlite
is also produced in bags making it possible
to insulate not only horizontal but also verti-
cal constructions. The only difficulty is that
this structure must be supported, which can
be done using either wooden or metal risers.
Figure 4 shows a possible solution of flat
roof insulation by using expanded perlite
loose fill and by covering it with a hydro insu-
lation layer.

Ywd thedtl, Ywd 1gyti: Lgywdpwiht gbpdwdt-
yntuwgdwu LU, Jwubwynpwuwbu, wbnhwnwjhu
Jwlupwhwuwhywihu gwunipny stpdwdbynt-
uwgdwl wnwybnipntup nddwn hwuwubh W
wluywunu aduh nbnwdwubph sGpdwdtynLuw-
gnidu E: UGY wy huwpwynp tnmwppbGpwy £ 2wn-
Jwoépwjhu pinyEph ubwdty  hwwnydwsdpubph
gdwdp sEpdwdtyniuwgnedp:

Qtnuwhwpytph hwwnwyutph  (hhduwywuncd
g2whwanpdynn) wwwndp |gywdpw jhu gbp-
Jwdtynwuhgny puliwynud £ gnudwp b dwdwuwy:
Lgywépwjhtu wbnthinp Lwl wpunwnpynud E
hwwnty wwpybpny W huwpwynp £ nupduncd
wjnwhuh sGpdwdtyniuwgdwu ng Jhwju hnpp-
gnuwywl, wj bwl ninnwhwjwg hpwywlw-
gnudp: @EpLu ndjwpnie)ntbl wjl £, np nLnnw-

hwjwg hpwywlwgdwu nEwpnid wuhpwdtwn GU wwnpytpp nmEnwnpdwu nhppnd wywhnn |pw-
gnighg thwjnjw Ywd dEinwnwywu ninnnpnutp: LY. 4-nud uGpywjwgywé £ mwlhph dwdyh otp-
dwdtyniuhg 26punp* hppwlwlwgywd wbnhnh (gywépwjhu gEpdwdtyniuhgny, nph ypw bwhiw-

inbGudwé E opwdbyniuhg 26nwn:

Figure 4. Close-cell perlite loose-fill insulation

e o - - P

There are shortcomings to loose-fill insu-
lation when used improperly. For instance,
low-density loose-fill insulation (small or
granular perlite powder or sand) may in fact
increase heat convection and, in turn, lead
to greater heat loss. Estimates suggest that,
in such instances, heat convection may de-
crease the insulation value of the material by
half. To avoid this convection-related loss, it
is recommended that one use high-density
loose-fill insulation or install additional cover-
ing materials (e.g. fabric or lightweight con-
crete) on low-density loose-fill insulation.

Another disadvantage of using loose-fill in-
sulation is vapor permeability of the material
(i.e. the ability of moisture to pass freely
through the insulation layer). Moreover, if
improperly installed, voids, gaps or fluffing
may occur, which will result in greater heat
loss. All of these problems may be mini-
mized if expanded perlite slabs are utilized.

Ljwp4. dwly Swynnhutpny jgwépwjhu wkrihnhg sEpdwdtyniuwgnid

Hydro insulation /
onwudtynLuwgnid

Loose-fill insulation /
[9Jwdpwjhl gbpdw-
JGynLtuwgnid

Concrete primer /
pGwnnuwjhu
LUwhiwpbpn

Uju nGwpenid, Gpp (gywépwjhu stpdwdtynLuw-
gnudUu hpwywuwgwé £ ng ywwnpwsd Yepwnd,
huwpwynp £ npn2wyh puunhputph wnwewgnt-
Jp: Ophuwy® gwén hunnipjwdp |gdwépwihl
stpdwdtyniuhg Ujnieh (un2npwhwwnhy wywq
ywd wtnhw) nGwypnid nhinynwd £ gGpdwdBynt-
uhg Uineeh 26punnud ynuybyghnu GplnyeUtph
wnwoewgntd, npp hwugbgunud £ 9GpdwdGyniupg
2tnpinh Jheny ebpdwithnpuwugdwl JGdwgdwun:
Yhunwpynedubpp W hw2dwpyutpp gnig Gu inw-
Lhu, np wjnwhuh GplnyeUtpp gptet Yhuny fwih
Jwwpwnpwgunwd EBU Uneh  gepdwdByniupg
hwuwynipjntulbpp: luntuwthGine hwdwnp punp-
hnipn £ wnipdnud Yhpwntp dhohU Ywd pwnép
fuinnipjwdp (gwoépwihlu stpdwdtyniuwgned,
ywd £ gwédp uinnepjwdp | gywdpwjhu sbpdwdt-
Untuh¢p wwwnbl [pwgnighs pwnwurwhu 26n-
wnny, huswyhuhp GU Jwupwrtiwjhu ganpéywbp-
UGpp ywd pwpwy geuEunnwywquwhu Qwnuwhuw-
2Gpuinp:

Lgywépwjhlu etpdwutyniupsubph rbpnienLlu-
utiphg £ winwhuh gEpdwdtyniupg 26pnh gninp-
2wpwthwugtlhnipntup (wjuhupu® ujnteh Uheny
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Expanded Perlite

Expanded perlite (Figure 5) is widely used due
to its low weight and low thermal conductivity.
It can be manufactured with densities as light
as 30kg per cubic meter. In addition to excel-
lent thermal resistance and weight characte-
ristics, perlite is fire resistant, has low vapor
absorption (absorbs less than 3% of air con-
tent of water vapor), and high water absorp-
tion (30% and more in 24 hours sunken into
water). It also reduces noise transmission,
and is ecological and resistant to rot and
termites. The heat transfer coefficient is
0.038-0.058 W/m°C for swelled perlite sand
and 0.06-0.14 for perlite concrete slabs.

Mineral Wool

Mineral wool (i.e. man-made vitreous fiber)
is another material used in construction
worldwide. There are two main types of min-
eral wool: rock wool and slag wool (Fig-
ure 6). Fiberglass is a subtype of mineral
wool. Mineral wool was developed in the 19"
century by melting slag. Rock wool was de-
veloped later. The raw materials used in the
manufacturing of rock wool and slag wool
are completely different.

While rock wool is made of natural rock ma-
terials, the raw material for slag wool is

gninp2h wugubint hwwnyniejniup): Wju nBwpntd,
Gpp UJwlUwwnhw gtpdwdbyniuhg 2Gpnp k-
nunpqwsé £ ng ywwnwd Ytpwny, 2tpunh utip-
unctd wnwewuntd EU onwjhu pwgywépltn W pw-
gwuwubn, npnup JdGéwglunwd GU 2Gpinh dhony
wugunn stpdnipjwl pwuwynieyniup: Wu W y&-
nnu2jw| puunhputpp pwgwnynid Jud Uywqbg-
ynud 6U wju nEwpned, Gpp yhpwnjwé Gu thptg-
Jwé wybn hnwuwitp: 3wpy Eu6L, np 33-nLd wn-
Yw E wbnihinwihu (gwujniph W wtrihinwuw G-
nh wpunwnnnipntu:

®ptgjwé wknhwn

®pbgwd whnhwnp LY. 5) (wjunpEu Yhpwnyned
E hp pGRrW pw2h L gwén gEpdwhwnnpnwywunt-
rjwl wwuwndtwnny: WU Ywpnn £ ywwnpwuwnybg
wlqwd 30 Yg/u® huinnipjwdp: Npwbu hwyt-
(ned” hwpy £ bwl UG, np wErthnp wypynn sk,
ntuh gwép ghgpnuynwhynienil (onhg gnwjhu
gninn2h Ywubint hwwnyneeiniu dhugl 3%), huy
spwlylwunwdp  (puyndnid  opnud 24 dwdny)
pwpap £ 30% W wytih: Wnwhuh Uniehg 2hu-
Jwéplubpp bwl odnwé BU pwpép dwjuwdt-
Ynruhg hwwnynipyniultpny: ®Ppbgywd whnhwnp
LUwl Eyninghwwbu Jwpnip £ W Gupwyw ¢E Jh-
swuwubph W ypénntph waqnbgnipjwlp: GpUwW-
hwnnpnwywuntejwl gnpbwyhgp Ywqunud E
thpbgywsé wbnhnt wjwqgh hwdwp 0.038-
0.058 Jwn/u°C, wbtnhnwgbtdtUnwjhu uwtpph’
0.06-0.14 duwn/u°C:

Swlpwjhu pwdpwy

Rwjwnup hubind bwle npwbu «wphGunwywu
wwwytudwl Jwlpwpeby, hwupwihUu pwdpwyp
JtYy wy| eEpdwdtyniupg Ujnie £, npp Unyuwtu
(wjlwéwyw| Yyhpwnntd E gt wdpnng wphuwp-
hnid: Unjw GU hwlpwjhu pwdpwyh Gpynt hhd-
LUwywu nhw' pwpwdwjht b wwwpwjhu uy. 6):
lowpwdwjhu hhdpny hwupwjht pwdpwyp
unbnéyt| £ 19-pn nupnud’ nwpwdh hwitgdwl
2unphhy, wdGih niz Unyu Yepw dawyyby L
unwgyb] £ wwywpwjhu hwupwihu pwdpwynp:
InwdpwijhU Ujniebpp, npnup ogunwgnpéynid Bl
fuwpwdwhu L wwwpwjhb hwlupwjhu pwdpwyh
utnwgdwl hwdwn, |hnyhu tnwpptp Bu:

Uwwpwjhu hwupwjhu pwUpwyp unwgwd E
plwywl wwwpwunietphg, huy fuwpwdwhu
hwupwjhu pwdpwyh unwgdwl hwdwnp ogunw-
gnpéynd GU GpUwpeh hwigdwlu dwdwlwy
wpunwubnywé wnwbnutpp: GYypnwwlwl bp-
ynputpnud, huswybu Uwl 33-nLd, wwwnpwjihu
hwupwjhu pwdpwyu ntup (wjbu lnwpwénLd, uw-
wju UUUL-nwd, npwbtu gGpdwdtyniupg Ujnip,
wybh 2w yhpwnynid £ uwpwdwjht hwlpw-
Jhu pwdpwyp: Unwgdwl gnpdpupwgp Gpyn
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commonly a blast furnace slag of iron ore. In
European countries, as well as in Armenia,
rock wool is used more often than slag wool
as a thermal insulation material. In the US,
however, slag wool is used more often than
rock wool. The production processes of both
mineral and slag wools are similar. Molten
iron ore, slag, or natural rock is placed into a
centrifugal wheel, which forms fibers.® The
material is then collected and shaped into
mats or blankets. The advantage of mineral
wool is its resistance to moisture absorption.
Rock wool, commonly made of natural bas-
alt, is also inflammable. Mineral wool is sta-
ble to mildew, mold or bacteria growing and
has a long life span.

Mineral wool is widely used in the thermal
insulation of roofs, walls and covers. There
is more than 50 years of research dealing
with health issues related to mineral wool
and its use in building insulation. Its safety
has been attested except in cases when
mineral wool fibers are in direct contact with
human eyes or skin. In such cases, the
worker must thoroughly clean his/her eyes
and skin with warm water.

Studies and experiments state that mineral
wool is non-combustible and only melts in
temperatures above 1,000°C. Due to its non-
combustible characteristics, mineral wool
can be used for chimney and fireplace insu-
lation. There are several mineral wool plants
which produce basalt-based rock wool in
Armenia. Material is also being imported
from other countries and is easy to find in
the Armenian construction materials market.
There are many types of mineral wool
wares, starting from 12-250 kg per cubic me-
ter density and more. While light mats or
blankets can be used in horizontal areas
(with metal or wooden risers), as well as in
ventilated facades, it is recommended that
one use medium and heavy mats (60 kg/m?
and denser) when using plaster or stucco as
the finish material on the facade. Figure 7
shows different types of mineral wool instal-
lation on masonry walls. The mineral wool
heat transfer coefficient is 0.037-0.045
W/m*C:

inhwyh hwupwjhu pwJdpwyutph hwdwnp uncguw-
nhw E: 3wbgywéd Gplwpet hwupwpwpp Yud
wwwnpubpp wbnwnpynud Bu yGuwnpnuwéhg
wwnwnnwd nlubgnn glwuh Jbg: Qquuh wpwg
wuwnywnu hp wnwugph 2nipg bywuwnned E
dwUpwpebltph  wnwewgdwlp®  Wunthbnl
unwgywé Upniep hwywpynid W yGpwthnpuyned
E quuluwthwpetrUutph wd uwitph: Iwupwhu
pwUpwyh npwywl hwwnywuhutphg £ gninp-
2nt Jwudwl uywundwdp nhdwnpGihnie)niunp:
Pwquwnt wwwnpwjhu hntdphg unwgywé hwu-
pwjhU pwJdpwyp Uwbl wjpynn sk, ywyntu Equliw-
quwl uuywjhu gnjugncdutph nt pnppnuh LYwiwn-
dwdp W ntup Qwhwgnpédwl Gplwp dwdybun:

Rwlpwjhu pwdpwyhg 2hudwséplbnp (wjunptu
Uhpwnyntd GU tnwuhputph, ywwnbnh Whwwnwy-
ubph eGpdwdbyniuwgdwu hwdwp: Unjw GU
wyth pwl 50 mwpyw pupwgpntd yuwnwpywd
hGunwagnwnnieintuutp, npnup hwuwnwwnnid G,
nn hwupwjht pwdpwyl wludbwu E dwpnnt
wnnnontejwl hwdwp: Ywlp gpbret pninpp
Jywjnd U hwupwjhu pwdpwy ogunwagnpdtnt
wluywnwugntejwl Jwuhl, pwgwnniejwdp nbw-
ptnh, tpp hwlpwjhlu pwdpwyh Jwupwpebitnp
gunuynd U Jwpnnt Jw2yh Jwd wgpbph hGun
wUudhswywl 2thdwu Jdte: Unwhuh nGwptpnud
w2huwwnnnp/pwlynpp wtwnp £ hhduwynpwwbu
(Jwuw hp Jw2yu no wgpbpp uGUywywihu gtp-
Jwuwinhéwuh gnny:

RGnwgnunniejntuutpp W thnpétpp hwywuwnnid
GU, np hwlpwjhu pwdpwyp sh pruyynid b hwi-
snLd £ 1000°C L wyb| 9Gpndwuinhdwuh nGwpnty:
“w 2unphhy hwupwjhu pwdpwyp Ywpnn £ og-
nwagnpéyt] Jwnwpwluubph eGpdwutyniuwg-
JwUu hwdwn: Unjw BU hwlupwjhU pwdpwlyhg
inwnppbp punniuejwdp 2hujwépubn’ 12-hg 250
Ya/u® puinnipjwup: 33 Zntjwynid wjl ng Jhwju
wnpunwnpyned, wjlk uGpynpyned £ tnwpptp Ywag-
JwytGpwniejntlubph ynnuhg: @GRlW gnpgbpp
ywpnn U ogunnwgnpéyt hnphgnuwywl Jwybkp-
wnrjrutGph ywd onwthnfuynn onwjhu dheuwbtp-
wnny dwywwnubph stpdwdGyniuwgdwu hwdwn,
wju nGwpnud, Gpp pwpép punnipjwdp uwitnp
(60 Yg/u® L wyky) Ywpnn Eu ogunwgnpéyt| wub-
uncp, pun npnud, UdwU funneejwdp uwtGph ypw
huwpwynp £ Uwhiwwntub nEynpwwnhy ujwnw-
2tpwn: LY. 7-nid wywwnybpdwsé Bu pwpywéph
Jypw hwupwjhtu pwdpwyh nbGnunpdwl Gnw-
LUwyutpp: Iwlupwjht pwdpwyh eEpdwhwnnn-
nwywuntejwlU gnpdéwygh Jténie)niuu £ 0.037-
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® The process is very similar to making cotton candy, which is formed by pouring molten sugar into a centrifugal wheel, creating the sugar

fibers.

Qnpéppwgp UJwu E pwngp pwdpwyh wpunwnpnigjwup. hwwéd pwpwnp (gund GU YGUnpnuwhunyu pwthwuhyned, unknétiny

2wpwnh Jwupwpbtp:
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Figure 7. Mineral wool installation: 1 - on masonry wall with plaster and stucco layers; 2 - ventilated facade
system with metal risers and facing panels; 3 - ventilated facade system on masonry wall with metal or
wooden risers and rectangular panels or plastic siding; risers provide an air gap between insulation and fac-

ing layers, which ventilates the insulation layer.

Mineral Wool Insulation /
hwupwjhu pwdpwyh
ntnwnpnid

Llwnp 7. 3wlpwjhu pwdpwyh mEnwnpnudp: 1. 2wpjwéph Yypw' nEynpwnhy ujunuwbpunny, 2. dknw-
nwywu ninnnpnubpny L GpEuywwndwlu uwihyutpny onwthnfuynn dwlwwnnid, 3. Jnmwnw Juwd thwjwn-
jw ntpnnpnutpny W nunnwuyynit wwutubpny juwd Gpiuywundwl uwinhugny onwthnjuynn Gwywwnned,
ninnnpnubpu wwywhnynud B onwjhu pwgwy eEpdwdtyniupg W ywwnnn 26pintph Jhol, npu onwithnjunwd

t sEpdwdtyniupg 26pwnp:
Extruded Polystyrene (XPS)

Another highly effective thermal insulation
material, manufactured in the form of a bo-
ard, is extruded polystyrene (XPS, Figure 8).
This was developed in the 1940s by Dow
Chemical Company. XPS has closed cells
and it is completely homogenous. Extruded
polystyrene is formed after the extrusion
process of styrofoam boards, during which a
special gas is added into the cells along with
air. The final product is highly dense (up to
45 kg/m®), rigid boards with very low weight
and high thermal insulation characteristics
(heat transfer coefficient is 0.029-0.04
W/m®C). XPS can be used to insulate almost
any type of construction except for those
with high levels of chemicals.

XPS products vary in density and sizes and
can be from 10-100mm thick. Standard sizes
are 60x120cm, 120x240cm and 120x270cm;
however, it is possible to produce differently
sized boards. The closed cells of XPS make
it fully hydrophobic, and its smooth surface
makes it hard for moisture to impregnate
into the material.

Despite its effectiveness as a thermal insula-
tion material, XPS has some limitations. It is
vulnerable to some petroleum-based sol-
vents, including paints, adhesives, preplaster
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nntnwgywsd  thpthpwwnihuinhpnu niuh thwy
Swynunhubph Ywrnigywép b wdpnnenyhl hw-
Jwubn E: Epunpnighwih pupwgpntd thpthpw-
wnihuinhpnih JdGe onh htwn JGywntn ubpwpy-
Jnwd £ hwwnniy quq: depsuwwl wpwnwnpwlp
tU hwunhuwuntd fuhwn (Uhusl 45 4g/u®), Ynown,
pwywywl pbelW UL pwpbép sGpdwdbyniuhg
hwuwnynipjnLtuutpny (GpUwhwnnpnwywunt-
rjwlU gnpéwyhgp 0.029-0.04 dwn/U°C) uwbp:
Epunpninugdwé thpthpwuwnihunhpnip Ywpnn,
E oguwagnnéyti gnbiprt gwulwgwd nhwh gbip-
Jwdtyniuwgdwl  wphuwwnwlpubph  hwdwn,
pwgwnnipjwdp wju nbwptph, Gpp JGYnLuwg-
Jnn Yynuuwpniyghwtu gunuynid £ hpwyunwlg
ywd phuhwwbu wuywjinit W Junnwugwynnp uh-
swywjpnid:

Epuinpninwgwé thpthpwwnihuinhpnihg uwi G-
np Ywnpnn GU nluBUw| nwppbp punnienlu W
swihbp® 10Ud-hg Jhuge 100JU hwuwnnipjwdp:
Unwunwpunwgywé swihtpu  Gu' 60x120ud,
120x240uJ W 120x270ud, uwywju huwpwynp E
wnpunwnnt] bwl unwunwnpunubphg nnipu sw-
thGpny uwtp: Epunpninugwéd thpthpwwnihu-
inhnpnih thwy dwynnphubpp yw2unwwunwd Bu
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solutions, etc. It must be protected from
direct exposure to sunlight and bacteria
infestation. Certain types of XPS also are
high-risk flammable materials. These resist
70°C, but melt at 90°C. During burning, XPS
emits dangerous hydrocyanic gas. Thus, it is
advisable to use XPS for outside insulation
only. XPS can be used in the same manner
and with the same installation/application
techniques as mineral wool (Figure 6). Both
imported and produced of local raw materi-
als, XPS is widely available in Armenia.

Figure 8. Extruded polystyrene rigid boards

Liwp 8. Epunpninpugywéd thpthpwwnihunhpn-
Lh Yn2un Jwhwlubp

Polyurethane Foam (PF), sprayed or rigid
boards

Polyurethane Foam (PF) can be both
sprayed and manufactured as boards (Fig-
ure 9). PF is a highly effective thermal insu-
lation material (heat transfer coefficient
0.020-0.029 W/m*°C).

When sprayed, it covers every type of surfa-
ce with special or peculiar angles. A positive
feature of the final product is its seamless-
ness and continuousness. PF is completely
homogenous, like XPS. It has closed cells
filled with inert gas, which resists heat trans-
fer more effectively than regular air.

PF boards can be manufactured in both
standard and irregular sizes, while sprayed
PF can be sprayed layer by layer right on
site at the required thickness. To make
sprayed PF, two components must be mixed
and an inert gas added. It is extremely im-
portant to note that inflammable material
must be used for insulating the edges of
openings such as doors and windows; PF
boards and XPS are not advised. It is, how-

onh Ywunitdhg, huy hwpp, Jhwubn Jwytplny-
rp ndjwpbgunid £ gninp2ne wugnidp Ujnieh
Jhony:

Quwjwd Ujneh wprnynibwybwnniejwlp npwtu
sGpdwdtyniuhg, Epunnpninugywéd thpthpwwn-
thunhpniu ntuph Yphpwndwlu npn2 uwhdwlw-
thwyntdutn: WU wuywjntu £ npny pGugniwjhu
hhdpny |ni6hguGph UYwwndwdp, npnughg Gu
utpytpp, unuhbdubpp, Uwhpiwuwnwihu [nt-
onyrUtpp W wju: WU hwpywynp £ ywpwnww-
UG wplh ninhn GwnwaquwjrRUtnh, huswtu Lwl
Jhowwnlbnh waqnbgnip)nilhg: Epuwnpninug-
qwé  thpthpwwnihunhpnth npn2 - inGuwyutp
Uwl wjpdnn W wpwag pruyynn Ujnetp Gu:
AMwlp nhdwlwjnid U 70°C gGpdwuwnhdwun,
uwlwju hwpgnd Bu 90°C  gGpdwunnhdwuh
nwy: Ypdwl pupwgpnd Epunpninugywéd
thpthpwwnihunhpnip wpwnwubunnud £ ywnwu-
gwynp ghwuwaquwq: Wn huy ywuwndwnny tpuwn-
nninwgyws  thpthpwwnihunhpnihg  gGpdwdt-
yniuwgnudp gwlywih £ UwhwwnmbBub] Jdhwju
wwwnnn Ynuuinpniyghwih wpunwphuhg: Iwyw-
pwygdwl wnbhuuninghwjh wnGuwuyntuhg Epu-
npniwgqwd  thpthpwwnihuinhpnihg  uwitpp
intGnwnpynd BU unyu yGpw, hus hwlpwpwd-
pwyt uwibpp LY. 6): PuswGu L hwlupwpwdpw-
Up, tpuwnpninwgqwéd  thpthpwwnihunhpnip
Unjuwtu (wju mwpwédnid ntuh hwjwuwnwljwlu
2nLjwyniu:

Onthpwuwnihnipbpwl, thgnyh / Ynun uwitp

dnthpwwnihnipbpwut  stpdwdtyniuwgnidp
ywnnn £ hpwywuwgyb] hugwbu wudhswywln-
nGu ntnnid ynuuinpneyghwih ypw thgbine Gnw-
Lbwyny, wjuwbu £ Ywnpnn £ wpunwnpyb] ynown
uw|tph nGupny LY. 9): dpthpwwnihnipbrwun
pwnap wpnniuwybnnipjudp sGpdwdtyniuhg
Ujnp £ (9Epdwhwnnpnwywuniejwl gnpdéwyh-
gp 0.020-0.029 dn/u°C):

®snyph Gnwuwyny hpwlwlwgdwl nbwpnid
wju éwéynd £ JwytGpnyph gwujugwd wu-
hwppenieintU W pwnpn wuyntulubpp: YHYwywl
hwwywuh £ bwl wju, np thgngdh thpthpwwn-
thnipGrwUhg hpwywluwgdwé gbepdwdtyniuhg
26pinu wuywp £ W wlupunhww: bPuswyGu Epuwn-
nninwgywsd thpthpwwnihunhpnip, thpthpwwn-
thnipGrwUup Unyuwbu nluh thwy dwynuinhubn,
wdpnnenyhU hwdwutn £ W igwé E hubpuin qu-
any, npu wybh wprynibwybwn gbpdwdtyniupg
E, pwl unynpwywl onp:

Pnpthpwwnihniptipwuhg uwitpp Ywpnn Bu wp-
wnwnnybp hugwbu  unwlnwpun, wuwbu £

wwwndhpywsd wy gwihbpnd, wjuhtg® thendh
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ever, possible to cover all the insulation area
with sprayed PF layers, forming a tough, rig-
id surface.

PF resists water, moisture, fungi, and in-
sects. Moreover, it does not shrink or settle.
The process of sprayed PF insulation is ex-
tremely fast: it gains its primary toughness in
just a few minutes and gets fully tough within
24 hours. Sprayed PF insulation layers con-
tain no joints; therefore, there is no air leak-
age through the layer. Not only does
sprayed PF insulate the necessary area, but
it also makes it stronger by filling any cavi-
ties (making one strong layer). Studies have
shown that frames or ceilings filled with
sprayed PF are stronger than frames without
sprayed PF insulation.”

Only a trained professional should spray PF.
Application of PF layers require special
spraying equipment and adherence to health
and safety requirements. Ultraviolet shading
during the application and strengthening
process is also necessary. It is also neces-
sary to shield the areas not to be insulated,
especially doors and windows, as the foam
adheres to almost every type of material.
The sprayed areas should be covered by a
tarpaulin or plastered so that the new layer
is protected from ultraviolet exposure and
subsequent degradation. Sprayed PF (as
well as XPS) is flammable; however, special
additional agents may be applied to reverse
this quality. Envisaging insulation using
flammable PF, it is essential to protect it by
using a so-called “15-minute thermal barri-

Gnwluwyny hpwywlwgdwl ntwpnid thpthpws-
wnihnipGewUl  hpwywuwgynd E 26pin wn
2Gpwnnt Jhusl ywhwUugynn hwuwnnipjwl unw-
gnuwdp: - ®pthpwwnihnipbpwup  Gpypwnwnphg
Unie £, W unwlwint hwdwp hwpywynp £ Gp-
Unt pwnwnphsutpp fuwnut] vhdjwug® wyblwg-
uGiny hwwny/hubpn qwq: Iwply £ LG np
wwuwnnthwuutph L nrutph 26wbph 9Gpdwdt-
yniuwgdwlu hwdwp hwpywynp £ Yhpwnbg
swindnn - Unietp,  win huly - wwwdwnny
thpthpwuwnihnipbewuh (Uwl Epunpninugywéd
thpthpwwnihuwnhpnih) Yhpwnndp win inbnw-
Jwubpnud bwhiwwnbuywé sk Iuwpwynp E, uw-
ywju, dwoéyt veyntuwgybihp wdpnne Jwybp-
unyep thpthpwwnihniptpwuh thidwd 26ninnd,
nnpp ywaqunwd £ wdnen, Ynon JwybptGu:

dnthpwwnihnipbrwup spwywyniu £, Yuyniu E
gnihp2nt,  uuywjhu gnjugnwdutph  wqntgnt-
rjwl Uywwndwdp, Bupwyw st Uhowwnlbnh wqg-
nGgnipjwup: UyLGhu' 2whwgnpddwl pUupwg-
pnud s6U nhindnd Lunydwépwihtu GplnyEutn:
®sdwl gnépUpwgp swihwqwug wpwg £ wjl
unwuntd £ hp wnwelwjhU wdpnieintup punw-
Jtup Jh pwuh pnwth pupwgpnid L wdpnngn-
Jhu wunwunwd 24 dwJdjw pupwgpntd: ®snyh
2Gpnu wuywn E, hugh 2unphhy pwgwnwé E
onh hnupp 2Gpuinh JhwgnuduGph Jheny: 3Gnw-
gnunrejnluutnp gnig U iy, np thgnyh Gnw-
Lbwyny hpwwlwgwé thpthpwwnihnipbpwub
Jtyntuwgnidp ng Jhwju wdpnnenyhu wywwnnid
E Jwybplnypep, wjlk wdpwgunid wju® (gyGiny
dwytpnyenid wryw swyninhlubph Uk’

Uhwju hwwnnty ntunignid wugwé dwulwagbunp
Jwpnn £ hpwywlwgUG] thpthpwwnihnipGrwuh
thsdwl wohpuwwnwlputpp: Ppthpwwnihnipbrw-
Uhg gGpdwdtyniupg 26pinh Yphpwendp ww-
hwugnid £ Uwl hwwnnty (thgnn) uwppwynnpned-
ubnph wnywjniejntl, huswbu Lwl wRNnPW W W-
hnipjwl W wuyunwlgnipjwl wwhwuslbnh Yw-
wnwpnid: Upniep thsGine W Ujnteh wunbine pu-
rwgpntd wuhpwdbywn £ Lwl nupnnpwdwunw-
ywantu unygtpnudp: 3wpywynp £ bwl swéyb|
wju inGnwdwubpp, npintn 26pnp thgned sh Lwi-
fuwwntuynid, hwnjwwbu wwwnnithwlubpu no
nnutpp, pwuh np thpthnepp Yuwgned £ Upniptnh
antprb pninp mGuwyutphu: Wuhpwdtwn £ lwl
thgywéd wmbnwdwubpp wwwbp ppGgbUnwhu
unteny wd ujwnwtpunny, npwybugh 26pwnp
sGUupwnyyh  nywnpwdwlunwywagnyl  dwnw-
qwjrlUtnph  wgantgnipjwup, U gynpguh  hp

7 “Spray Polyurethane Foam Alliance Recent News”, accessed July 2013, http://www.sprayfoam.org/index.php?page_id=198
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er’ B e.g. stone panels, thin cement-sand

plaster mixture, other similar covers, etc.

Foam Glass

The last insulation material we will discuss is
foam glass (Figure 10), a highly effective
material with many advantageous characte-
ristics. Foam glass is based on foamed sili-
cate glass masses, which form at 1000°C.
During the foaming process, a gas (com-
monly carbon based) is added and the result
is a homogeneous material with closed cells.
After cooling, foam glass has significant
compressive strength. Foam glass has high
thermal- and sound-insulating characteristics
(the heat transfer coefficient is 0.040-0.080
W/m°C). It is very easy to handle and work
with. The blocks easily adhere, not only to
each other, but also to almost any kind of
material. Regular glass, obsidian, volcanic
sinter, and similar materials can be utilized
as raw materials for foam glass. Foam glass
is available both as blocks or granulated
loose-fill insulation.

Foam glassis an ecological and safe material.
It is resistant to moisture, fungi, insects and
rodents. It has significantly higher longevity,
and is entirely water permeable and vapor
tight. Similar to sprayed PF, it does not shrink
and settle. It is resistant to the majority of che-
mical acids and alkalis. The only complicating
factor regarding mass usage of foam glass in

hwuwyntpejntultnp: OnthpwwnihnipGrwup,
rtplu, winpth Ujnie £, uwywju hwwnny hwyt-
(hedutph 2unphhy hbwpwdnp £ unnwbwy swjp-
Jnn thpthpwwnihnipGewlu (huswbu Lwl Epuwn-
nntnugqwd thpthpwwnihunhpny): WpGh thp-
thpwwnhnipGerwuhg sbpdwdtyniuwgdwl Lw-
puwwntbudwl dwdwuwly hwpywynp £ wjb ww-
b, wjuwybu Yngywéd® «15 pnwybwung gbEpdwjhu
wwnub2ny»®, npu hptuhg UEpYwjwguncd £ pw-
nG uwihyutp, ywd gedGunwywquwiht pwnpwly
2wnwhiw2tpn juwd bWJwlwwnhw wj Swéynype:

dnthpwwwyh

Yhunwpywsd gepdwdtyniuhg Uyniebph 2wnppp
Gapwihwynd £ thpthpwwwyhu (LY. 10), npp
swihwqwug wpryntuwybun Unipe £, pwqdwphy
npwywl  hwwnywuhubpny:  dpthpwwwyhu
ywaguynwd E thpthpwé uhihjwunwihu wwywytb
qwugwdltphg, npnup hwpnid U 1000°C
stpdwunhbwuph wnwly: dpthpdwl pUupwgpnid
fuwnunipnh  Jbp wdGlwgynd £ quwq (hhu-
Uwywunwd wéhuwsduwjhu Ujnebp): dbpsluw-
ywlu wpnyntupp wdpnnenyhtu hwdwubn, thwy
swynwunhutnny Ujnie E: Uwngbintg hGun thpthp-
wwwyhu &tnp E pbpnud qquwih wdpnipinil:
dnthpwwywyhtu odnywé £ pwpénp sepdw W dwy-
LUwdtyniuhs hwwnynipniuutpny (eGpdwhwnnp-
nwywuntejwl ghpéwlyhgp 0.040-0.080
Ywn/d°C), wju 2w nyniphu £ yhpwnthniejwu
inGuwuyjntuhg: ~nYGpp hGniniejwUdp unulé-
gnud BU ng Jdhwju dGyp djnwup, wjilk qpbrt
gwlywgwd wy| Uyneh htwn: Npwbu hnudpwjhu
UjnLe' jwnpnn U oguinwagnnpéybl unynpwywl w-
wwyhu, opuhnhwup W wy UnyUwwnhw UjnLRG-
np: ®pthpwwwyht Yupnn £ wpinwnnyt hug-
wbu pinytph, wjbwbu £ lgwépwjhu sEpdwdt-
ynLuhgh inbupny:

dnthpwwwyphu EYyninghwwbu Jwpnip W wu-
Juwwug Ujnie E: Ywyntu £ punbwynipjwl pw-
thwugdwl, dhpwuwnutGph, ypénnutph, uuyuwjhu
gnjwgntdubph Uywwndwdp, wdpnnenyhu onpwl-
pwthwlg £ L gninpwywyncu, nluh wuhwdt-
Jww Gpywp 2whwagnpédwl dwdytwn: Swhw-
gnpédwl pupwgpnid thpthpwwwynt punLpwaq-
ntpp s6U thnihnpudned, wju sh Gupwnpyyned
Uuwnnywéplbph, hpwyw)niu £, nhdwnpnid E gpk-
et pninp phdhwywUu yunnwugwynp nushgubphu L
rrnLUGNhU: Uhwy gnpénup, npp uwhdJwUwthw-
ynid £ thpthpwwwyne (wjuwdwyw| Yyhpwnnedn,
Upw wndtpl E* thpthpwwwyhu epnuzjwi painp
Uniptbphg wnwytp rwuyu £ Uwlywju hwpy E

® These timelines are determined based on the fire safety norms effective in the the country in quiestion.
Ujn dwuytnutpp uwhdwuynid U° GluGiny ndjw Gpynh hpnbhwjhu wugwnwugnijwu Unpdbnhg:
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Armenia is its high cost, exacerbated by the
absence of local production. Nevertheless,
zero-operation costs compensate for the initi-
al lump-sum expenses.

Figure 11 below summarizes the aforemen-
tioned materials and their characteristics. Stu-
dents wanting to learn more about building
materials and their environmental advantages
and disadvantages are encouraged to visit va-
rious resources available on the internet, such
as www.greenspec.co.uk. A database of insu-
lation materials available in the Armenian
market with their properties featured, as well
as importers and producers, may be used as a

uptL, nn Jhwujwag Swhuubpp thnfuhwuwnnigynid
GU 2whwagnpédwU dwhuubph pwgwywjnLejwup:
LY. 11-p wwphwynd £ yGpnugjwy Ujnietph
puntpwagptpp: WU  nwwunnutpp, npnup
gwlywuntd 5U hdwlw| wybhu sGpdwdtynLupg
Uniptph W Upwug npwlwu nL pwgwuwywl
hwuwynipjntultph  yGpwpbpjwy, Ywpnn Gu
w)gbEl nmwppbp hwdwgwugwjhu nGuniLpuubn,
huswhuhu £, onhuwy* www.greenspec.co.uk Yuwj-
pp: Iwjwuwnwuh 2ntjwynud wnyw gtpdwdtyne-
uh¢ Ujniptiph punipwantnh, npwup wpunwnpnn
U utpypnn puytGpniejntuutnh dwuhlu Ywnpnn Gp
nbnGywuw|  http://www.nature-ic.am/res/pdfs/
publications/EEB-database insulation/ database
arm.pdf hwugtnid wnGnwnpywé 2inEdwpwlhg:

reference  (downloadable from: http:/
www.nature-ic.am/res/pdfs/publications/ EEB- «Gtlptnh  Eutpgbwnhy  wpmynibwytunniejwl
database insulation/  database eng.pdf). pwpépwgntd» UU2G-QEDH/00059937  Spwignh

Datamarts of insulation materials available in
the Armenian market were provided by the
UNDP-GEF “Improving Energy Efficiency in

ynnuhg inpwdwnpywé LU wnjw stpdwdtyniuhg
Ujniebnh udnpubpny gnigwnwhunwyutnp dwn-
tnwpwwbunniejwl W 2huwpwpnipjwl Iwjwu-

tnwlh wggqwjhbu hwdwuwpwuh EuGpgwwnn-
jntbwyGunneejwu  (wpnpwwnnphwihu,  hugwbu
LUwl Iwjwunwuh yEnwywl dwpunwpwaghwnw-
ywu hwdwjuwnpwuh 2pdwkuGpgbinhywh b op-
swyw dhewywnph wdphnupu:

Buildings” project involving the Energy Effici-
ency Laboratory of the National University of
Architecture and Construction of Armenia,
and the Chair of Thermal Energy and Environ-
ment of the State Engineering University of
Armenia.

Water
perme-
ability

Chemical and
environmenttal
resistance

Work-
ability

Additional
materials

Cost of
material*

Flamma-

bility

Perlite 250 Resists up to  Resists alkalis and Easy to Glue 50mm thickness
1 ® 2100 Absorbs  1300°C, non-  acids, ecologically work, yet ’ $7-8.5 per

board +10% . X anchors

combustible  clean brit-tle square meter
. . Resists alkalis and Bags, wood-

Perlite Resists up . ) Easy to ’ $40-50 per

2 loosefill 80-120 =100 Absorbs to 1300°C acids, ecologically work en or metal cubic meter
clean risers
Glue, an-
. . Resists alkali and Easy to chors, wind-
3 wg:ﬁral 15-200 ;8 9 Absorbs E)egbsggo%p acids, ecologically cut and and water ijguj 5rT?eFt)eerr
clean work protective
membrane

Extruded Vulnerable to alkalis

polysty- more and acids,contains Easy to 30 mm
4 rene 28-45 than Resists Eefésgsogp gas. When burned cut and SAL(J:S an- théfznizsrj{;;?

(XPS) 50 emits harmful hyd-  work per

boards rocyanic gases

Polyure- more Easv to 30 mm thick-

thane fo- . Resists up Resists alkalis and y Glue, an- ness $10-12
5 30-120 than Resis-ts 0 . . cut and

am bo- to 250 °C acids, contains gas chors per square

50 work

ards meter

Sprayed more Easyto  Special 10 mm thick-
6 polyure- 30-120  than Resis-ts Resists up Resists alkalis and soray - spravin ness up to $4

thane to 250 °C acids, contains gas pray praying per square

f 50 no joints  machine

oam meter

Foam 120- Resists up Resists alkalis and eyl Glue, an- $300-350 per
7 2100 Resists 0 ’ cut and ’ :

glass 160 to 730 °C acids work chors cubic meter
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Yhpwnk- Lpwgnighg
LhnLpynLu UjnLpbp
. MUWhWNWE - Yneph & fnonfrfjﬂj‘ﬁ“'
Mook 250 Uw- Wk pRNLUGNAL U waawnWU- s pugui- Uty dbunp
1 o 2100 LnLényRUGNHU, ph UGg, uw-
uwtp +10% uncd Uhugle pnLpwlyutn pwnwynt-
o EyninghwwGu Yuiju \
1300°C dwpntn thhupn £ upl® 7-8.5
UUUL nniwn
Yhdwlwynud £
e Yhdwlw- pRNLUGANU L Aninhl E wo- Mwnytp, thwj- UEY JGunn
nthnt Ulw- JnLd £ njw Ywd ub-  funpwlwp-
2 S 80-120 =100 und Uhusl LnéniyRULNhU, fuwwnwlph nwnyW nin- n* 40-50
1300°C Eﬂz]é?]?r?wmbu utip nnpnutp WUUL nnpwn
_ “hdwywynid £ “YnLphu E Unuhua, hugw-
Swlpw- Uiw- rmgfuw rrnLUEphU L dwulwwdwl pnipwyutn, rUul;U iitﬂn |
3 jhUpwd- 15200  dhlsu60 LN Juhuzu InuonypUENNY,  hwdwp Lwp- handwgpu A TR
pwy 3000°C Eyninghwwbu fuwwnwuph ww2unwwu P
dwpntp (0] v7) pwnwurp
2quwjnLu E penL-
) utph W (nLéNnLR- )
Epuwnnpnt Ahdwyw- Ubnh Uwndwdp “YnLphu £ 30 UJ hwu
nwgywd u Yhdw- Jwuliwwn- wnnLpjwl UGy
ytGrh jnud wwnpniuwyned £ Unuhua, hugw-
4 thphpw-  28-45 Ywjnd . Jwl hwdwn JGuinp pwnw-
u 50 dhusl Ujpdwl dw- ut
wnihuwnp- bul £ hus quiq: Mynuwit gw- -, w2huw- pLpwlUED yncupu' 8-10
nnL (XPS) 80°C Uwlwy wpnwUG- 4o e UUL nnpwn
wnnwd E ghwuw-
quq
30 UU hwu-
L Yhdwlw-  hdwhwyned E LY = nnLejwl
wnihnt- ugth VW e nlbnhl U e SWUUSS b, fugw- Y Ut
5 pbpwlt  30-120 L Yuyned ! ERALULNNY & LML py 1y hwdwn : [Ug n
Jwhuwl- pwu 50 £ Uhugle ényrUEphU, Ww- U whuw- pnLpwyutn pwnwynt-
ub 250° C pnibwynid £ quq nwliph UG uphu* 10-12
n R 2 UUUL nniwp
10 JJ hwu-
®dsnyh huw- Yhdwlw-  Hhdwlwynd £ “YnLphu E wnnLpjwlu UGy
6 thpthpw- 30-120 Uyt h Yuynud JjnLd £ prenlUEphU W nt-  thgdwl hw- Swwnncy thgnn  JGwnp pwnw-
wnLhnt- pwl 50 E Jhusl onypUEPHL, ww-  Jwp, wnwlg uwppwdnpnid  Yniupl
nGrwu 250° C pnibwynd Eqwqg  Ywptph Jhusl' 4
UUUL nniwp
Yhdwlwyned £ “YnLphu £
opthpw- Yhdw- ?]':gfuw rrnLUEphU W nt- Jwubwwndwl Unuhia, ugu- El;u lﬂ%fjn
7 r:uufr‘] 120-160 2100 Yuwjned thh ! SnURULNAL, EUn- huwidwip Wup- =N wuhbg e
W £ é Inghwwbu Jw-  juwwnwuph RNLR n no
730°C pnup £ Uty UUUL nniwn

Ujniptiph gEpdwdtyniupg punipwagnptpp: R-

wnpdbp U U-wpdtp

Thermal Insulation Values of Materials:
R-Value and U-Value

Ctuph qUwhwwnn puniewahpp, npp gnyg E
wnwihu npw gapdwihnpuwlbgdwup nhdwnptint
hwuwynipinitup, yngynid £ 2GUph gtpdwjhu nh-
dwnpnieintt jwd eEpdwihnpuwugdwlu nhdw-
nnniejntl: WU Ywpnn £ hwydwnyytp huswbu
wdpnne 2GUph, wjuwbu E npw wnwludhu
ynuuinpniyghwutph (Lwnpptph) hwdwp: 2&p-
Jwjhu nhdwnpniejniup Lpwbwyynd £ R jwunh-
Uwywu wnwnny W ntuh (U?°C/Mn) swithnnwyws-
uncejnil: Cunhwunipn wndwdp, Unieh Jwd
Ynuuwnpniyghwih - gGpdwjht - nhdwnpnieinilp
(unwwnhy sEpdwihnfuwugdwu W Ujneh hwdw-
ubnnipjwl nGwpntd) npnaynid £ hEnlwjw| pw-
uwaéuny.

-165-

Thermal resistance or heat transfer re-
sistance of a building is denoted by its R-
value (m?: °C/W). The R-value can not only
be used to show the thermal resistance of a
whole building, but also that of the compo-
nents of its envelope. In general, the thermal
resistance of a material (with steady state
heat transfer and homogeneity of material)
is calculated by the following formula:

R—6 1
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(6 is the thickness of a material in meters
and A its thermal conductivity in W/m°C).
Calculations for both simple, one-layered
and complicated multi-layered building enve-
lopes are shown in Figure 12. Again, the
calculations are valid for those types of con-
structions with a homogenous structure and
steady state conduction. Steady state ther-
mal conduction is described by Fourier’s law,
and is a form of conduction which happens
when the temperature difference (indoor and
outdoor) driving the conduction is constant,
so that after an equilibration period the spa-
tial distribution of temperatures in the con-
ducting object does not change any further.
For transient conduction (temperature is a
function of time) a calculation with special
PC software is required.

For a multi-layered envelope consisting of
homogenous layers with steady state ther-
mal transfer, the complete evaluation for the
thermal resistance will be:

1
+ Rconst + CZ_

ext

RO = ) (2)

Aint

where R, s IS the same as in (1), a;,; is the
internal film coefficient of heat transfer
W/(m?°C), and a;,, is the external film coef-
ficient of heat transfer in W/(m?-°C). Both of
these film coefficients can be calculated
from the thermal design code. Figure 13
shows the R-value of thermal insulation
materials of 1 cm thickness. Please note

R—6 1
_I’()

Npuintn §-U wnyw| Unieny hpwywlwgwd
ynuunpniyghwih hwuwnnientuu £, J, huly
A-U* Ujnieh gEpdwhwnnpnwywuniejwl gnpéw-
Uhgp, 4wn/J-°C: LY. 12-nd UGpYwjwgywé Bl
wwuwnnn Ynuunpniyghwjh eEndwjhu nhdwnnpnt-
RIwU hwaqwpyutpp hugwbu wwpg® dhw2tipw,
wjuwbu £ pwpn' pwquwtpn Ynuuwnpniygh-
wubph hwdwp: Upyhu' hw2dwnpyutpp 6hown G,
Grt YnUuwnpniyghwjnd wnyw Ujnetpp hwd-
wutn GU, huy yYnbuwnpniyghwl qgulynid E
uinwunhy gtpdwhwnnpnwywuntpjwl wwjdw-
uutGpnud: Unwuwnhy eEpdwhwnnpnuywlnignt-
Up UEpYwjwgywéd £ dnpjth wlununyg b 9Epdw-
hwnnpnwywunipjwu wnbGuwly E, Gpp etpdnt-
rjwl hwnnpndwl  wwwdwn hwunhuwgnn
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sEpdwuinhdwluwihu wnwnppGpnienlup (Ynuuwn-
nnityghwjh utpuhg W npuhg) hwuwnwuwniu E,
wjuwtu np* pEpdnnhtwdhywywl hwywuwpw-
ya2nnreintuhg hGnn ynuunpniyghwjnid gpdwu-
inhdwuh  wnwpwdwywl  pwphujwédnipnLul

wjllu sh thnpuyned:

dnthnpuwywl sEpndwhwnnpnwywuncpjwl nGw-
pnud (Gpp eGpdwunhdwlp $nilyghw £ dwdwl-
wyhg) hwadwpyubph hwdwp wuhpwdt)wn E og-
tnwagnnét] hwwnniy hwpywpywjhu hwdwywng-
swhU 6nwanpbp/gnpéhputn: Pwquwtpun W hw-
Jwubn Ynuuwnpniyghwh punhwuncp eGpdwjhu
nhdwnpniejntup unwwnhy sGpdwihnfuwugdwu
nGwpnid hwdwnpyynid £ hGnlyw) Yepy.
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that R-value varies in former USSR thermal
design codes as well as in EU and US
codes. In western thermal design code, the
R-value is measured per 1inch of cons-
truction (under steady state thermal transfer
conditions), which allows for comparing
materials not only by their thermal
conduction coefficient, but also by resistance
to heat transfer. It is helpful when evaluating
various materials’ energy efficiency.

The higher the R-value, the more energy ef-
ficient the construction. However, there is
another formula to evaluate the thermal re-
sistance of a building. This formula deals
with heat flux through construction (amount
of heat flown through 1 m?in 1 unit of time)
and allows for modeling and calculating of
non-constant thermal resistance for non-
homogenous structures.

_ A- (tint - text)
Q

where A is the surface of heat loss in m?, t;,;
is the internal temperature of air in °C, t,,; is
the external temperature of air in °C, and Q
is the heat flux W.

Ro ,(3)

R-value per cm
(m*°CIW)
°

R-wpdtpp 1 ud
hwumnl.[az)tuu nbw-
pnid (U*-°C/dun)

Perlite

1 Board 0.071-0.167 MEnhnG uw|

2 Perlite. 0.172-0.263 MGnhwint
loose-fill lgwujne
Mineral ) Swlpwjhu

3 wool 0.222-0.270 pwipwy

Epuwinpninwg-

Extruded

4 polystyre- 0.25-0.345 iwn?hfmmr?nnnlf-
ne(XPS) (XPS)
Polyure- ®nthpwwnih-

5 thane foam 0.345-0.500 nipGpwlb
boards uwkn
Sprayed dsnyh

6 polyuretha- 0.345-0.500 thnpthpwwnth
ne foam ninGrwl

7 Foam glass 0.125-0.250 dnthpwwwyh

1 1
Ry = a_b+ R{mbum+ 06_1]’(2)

(2) pwlwdlunid Rynpu,-0 Untjul £, hlg (1) pwl-
waunwd, az;p ubpphu Jwybplunyreh gtpdw-
wnyniejwl gnpdwyhgl EMn/u?°C, huly a,n
wnpwnwphu Jwybplnyprph stpdwwnynipjwl gn-
ndwlhg k, dwn/u?°C: Wju Epynt gnpdwyhgutph
wndtpubpp yGpgynid GU wnbnwjihu ebEpdwjhlu
wwownwuwunipjwl UunpdGphg: LY. 13-p  uGp-
ywjwgunwd £ ybpp LpJwé sbpdwdtyniups Ujne-
rtGnph 1 ud hwuwnniejwl R-h wnpdtpp: 3wpy E
U26L, np R-h hw2dwnyph bjwwndwdp Uninbgnudp
wnwpptpynud £ U3V Gpypubpnd W UUL-nLd nL
GU-nwd: Upldwnjwl 2hbwpwpwlwl unpdGpnud
R-wnpdtpp hwdwnyyned £ unigh 1 nynyd hwu-
nnipjwl hwdwp (unwuinhly estEpdwihnfuwlg-
Jwl wwjdwuubpned), hugp renyyl £ wmwihu hw-
Jedwwn b nmwpptp Unebnp ng Jhwju puwn gbp-
Jdwhwnnpnwywuniejwl gnpbéwlygh, wjllb puwn
stpdwjhU nhdwnpniejwl: Yw hGunwgunud £
tnwnpptp UnLetnh Yyhpwndwdp EUGpquwpnynt-
LUwybwnniejwl guwhwwndwl puunhpp:

hUspwl UGS E YnUuwnpniyghwih epdwjhu np-
dwnpniejwl R-wpdtpp, wjupwl EuGpquuwp-
nntbwybun £ wju: Uwwju wnyw £ JGY wjl
pwuwal, npp  ynuuwnpniyghwih  eGpdwjhl
nhdwnnpniejwl gnpéwlygh wnpdtpp npnanud E
stndwjhu hnuph punniejwdp (Uhwynp dwdw-
uwyned 1 u? dhony wugwé stpunipjwl pwliw-
ynipejniup): Yu pwlwdlp npwd £ hwpygwp-
ywjhu Spwagpbph hhdpniud, npnup pnyp Gu
wnwihu dnnGiwygnptp W hwodwpytby thnhnpuw-
ywu stpdwthnfuwugdwl wwjdwuuGpnud
gwnuynn ng hwdwutn Ynuuinpniyghwih stpdw-
nhdwnpnrejnLup:

A- —_
R = (tg t,)

npwnbn 4-U wju Jwytpbuu E, npnd thnpuwug-
Unwd E gbpunipjnilp, U? t;-p 26Uph Ubpuh onh
stpdwuwnhdwll E, °C, t,-n nnpuh onh stGpdwun-
hdwulu E, °C, WQ-U gtpdwjhu hnuph fuwnnt-
pInLuUp, vwn:

,(3)

R-wpdtpp ogunnwagnpéynid £ hwinywbu wupw-
thwug Yynuuwnpniyghwubph eoEpdwiphu nhdw-
npniejntup  hw2dwnytine hwdwp: Lniuwpw-
thwug YnUuwnpniyghwlubph hwdwp hhduwyw-
unwd yhpwnynud £ R-wpdtph hwywnwpéd hwu-
jwgnip)niup® stpdwithnfuwlbgdwl  U-wpdtpp:
WU punipwagpnud £ YynUunpniyghwih estpdw-
thnfuwlugdwl hwuwnynipyniup: Un huy wwwn-
dwnny, nppwlu UGé £ U-gnpdbwlyhgp, wjlupwl
ynuuwnpniyghwl ng EuGpgwwnryntbwybunn E:
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R-value is used for the thermal resistance of
non-transparent parts of the building enve-
lope. Its opposite characteristic, U-value of
heat transfer, is applied for light-penetrating
structures. U-value evaluates thermal trans-
fer of a structure; the higher the U-value, the
lower the energy performance of a structure.

U—1 4

with R, is the same as in (3). Generally, U-
value is used to describe windows. However,
it is possible to use both R- and U-values
depending on the kind of information needed.

Thermal/cold bridges

Thermal bridges (also called cold bridges)
are a key concept you need to understand
when dealing with the thermal protection of
a building. The building envelope has some
parts that penetrate the insulation layer,
causing that spot not to be insulated (i.e.
insulation is no longer continuous). These
are usually anchors and dowels, as well as
highly conductive corbel elements (columns,
beams, brackets, concrete balcony con-
soles, etc.) that break the continuity of insu-
lation layers. These are called thermal
bridges, as they play the role of a bridge that
allows heat transfer between the room and
the outer environment.

Figure 14 will help you to better understand
thermal bridges. The more thermal bridges
there are in a building, the thicker a thermal
insulation layer should be applied. This
works in a way to reach the required minimal
thermal resistance R-value for a whole build-
ing. In fact, this is an adverse phenomenon,
resembling the anectodic measuring of “ave-
rage in-patient fever level” in a hospital.
Measures other than thicker insulation layers
must be envisaged to replace and fulfil heat
loss through thermal bridges.

As we can see from Figure 14, the thermo-
gram of a building shows increasing heat
loss (red surfaces) in the bearing structures
of the building. This is due to using reinfor-
ced concrete for bearing structures - a mate-
rial with extremely high heat transfer pro-
perties. In the demonstrated model, bearing
structures are not covered with an insulation
layer; therefore, the heat flux expands.

Floor slabs can be thermal bridges when
used in internal thermal insulation

U—1 4

npwntn Ry-U Unijuu E, hug (3) pwlwalnid:
QEpdwjhu/gpnh Judpgwyutn

Spwh Yuwdpgwyutpp (YwU gEpdwjhu Yudnipg-
Utpp) wnwugpwjht hwulwgniejntlltphg L,
Gpp funupp 26Uph gtpdwjhlu Ww2wnwwluntejwl
Jwuhu E: CGEUuph wwuwnn Ynuuwnpniyghwubtpp
wwnnitbwynid U trwnpptp, npnup wugunwd Gu
stpdwdtyniuhg 26pinh Jhgny W wjn tnnGnwdw-
untd ywuwnnn Ynuunpniyghwh gepndwdbyniupg
o6pinh  wlupunhwwnnientup  fuwpuinynwd  E:
Undnpwpwnp, npwup puwphupuuGpu G ud
fugwpnipwyubpp, phugwbu Lwl GpYwpptwnnuG
pwnép eEpdwhwnnpnuywunigjudp  pwpdw-
ywjhu wmwpptpp (uniutp, hGéwulubp, wwhne-
bwyutp, wwuwqwdputp, W wj), npnlp
fuwpuinnud Bu eEpdwdtyniuhg 26pinh wlpun-
hwwnie)niup: Spinh Yuwdpeswy Ywd stEpdwjhu
Ywdpeswy wubny hwuywunwd Gup, np wjnwhuh
wnwnpntph Upgny gtpdnipyntup wupuwthwu thn-
fuwugyned Eutpuhg nGwh nnLpu:

LY. 14-p Yuwwuwh gpnh  Judppwyh quw-
nwthwnph puywidwup: busgpwl wywwnn Ynuu-
wnnpniyghwynid 2w B gpnnh wdpowyubnn,
wjupwl hwuwn 26pnny wbwnp £ hpwwlwglby
stpdwdtyniuhs 26pnp: 2w Ywwnwnyned E, np-
wGugh 26Uph gGpUwjhu nhdwnpnipjwl Uyw-
quagntu wwhwugynn dbénipyniup® R-wndtpn,
Juw wuthnthnpu wdpnne 26Uph hwdwp: bpw-
ywuntd, nw pwgwuwlwl Gplnye £, npu wun-
gwgynwd E quybrnwywu «hhjwlunwungnid
hhywunutph dhghu gtndwuwnhdwlh» swihdwl
htwn: Swpywynp £ Lwhiwwnbub, Jhgngw-
nnudubp, npnup Yypwdtu gnpinh Ywdppwyubnh
hwngp gGpdwdByniupg 2Gpnh hwuwnnipiniup
pwpépwgubint thnfuwnpbu:

huswtGu Jwnpnn Gup wnbulubp LY. 14-nud, 26LUPH
ptnungpwdp gnyg Lt wmwihu  gbtpUnipjwl
Unpnunup  (Ywpuhp hwwnywéplutp) 26uph
Ynpnn hGéwuutph hwwndwépubpnid: Yw wjl
wwuwdwnny E, np hGéwuubpp Gplyweptnnuhg
GU, npu nLup swhwquwug pwnén epdwhwnnp-
nwywuntenil: LEpYwywgywsd Unnbind  hb-
swultpp wywuwnywéd U sepdwdbyniups 2Gn-
inny, wjn huy wwwdwnny uywunynid £ sGpdwi-
JhU hnuph pwpépwgntd:

QtnJwdtynuwgnidp 2GUph UGpuhg hpwyw-
Lwgutnt nwpnid Gpywpepbwnnut Swéyh uw-
t6pp Ywd wwwpgqwdplbph dwélytpp Unyuwbu
nwnunwd U gninh uwdpswyutn: kunhpp huw-
pwynp E néG" menwnptiny sEpdwdbyniuhgh
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(reinforced concrete slabs or balcony slabs).
The problem can be solved by placing an in-
sulation layer in the joint of the floor slab
and bearing structures. However, Armenian
seismic codes do not allow discontinuity of
bearing construction to prevent thermal brid-
ges. An effective solution is insulating the
building envelope from the outside, using in-
sulation through concrete slab consoles
(balconies).

Increasing energy efficiency in existing build-
ings is a major issue for Armenia. Therefore,
it is important to insulate all possible thermal
bridges. In many cases, thermal insulation
from outside is impossible (as it can break
the architectural aesthetics of a building’s
facade). If this is the case, a possible solu-
tion is thermal insulation from inside; how-
ever, insulating floors and ceilings is a com-
plex and expensive option.

2t6pn dwéyh uwh W hGéwuh vhwgdwl wnbnw-
Jwuntd, uwlywju Gpywpeptnnut yupywuh Jh-
wancniejwl huwhinnudu wpgbwéd £33 ubju-
Jhy unpdtpnd: Wn huy wwuwndwnny, 33 hwdwn
unp bwhiwagdynn pEUpEnnid punphnipn Enpynud
LUwhuwwnbub] oGpdwdtyniuhg 26pn’ wpunwphlu-
hg JGynwuwgubiny Lwl pwpdwyubpp (Ww-
n2quwdpltipp):

Cwhwagnpéynn 2Luptph EuGpgwwnpnniuwyb-
nnLpjwl pwpénpwgndp 33 hwdwn wnwlgpw-
Jhu puunhpubphg UGYU E: Cwwn nEwptnnid dwnp-
nwpwwbnwywlu L wj wbuwuyniuutphg
nnpuhg gtpdwubyniuwgdwl  LwhiwwnbGundu
wuhbwp £ (vwpunygnd £ QGUph dwywwnh qb-
nwghinwywu swnpunwpwwbwwywlu Jhwulnt-
rinLtup): Wn nGwpnud 26Lpp sEpdwdGynLuwg-
unwd GU UGpuhg, W hwpywynnp E nLwnpnipiniu
nwndub] huwpwynp gpinh Ywdpgswyubph Jb-
Uncuwgdwup: Iuwpwynn lnmwpptpwyutphg ub-
Up hwwmwyh L wnwuwnwnh stpdwUGynLUW-
gntdu E, npp, uwywju, whuwwnmwunwnp, pwpn b
rwluywndtp gnpéplpwg E:
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Figure 14. Thermal bridges on a thermogram of a building and the insulation types preventing them
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«8npwnh Judpgwynyy. 1. sbpdwdtyniuwgnid Ukpuhg
«Unwlg gnpnh Judpgwyhy». 2. sEpdwdByniuwgnid npuhg, 3. juyt wnjnultp gspdwdtyniuwgnidny
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“Thermal bridge” case in an operating building: no insulation for bridge prevention (reference building for a pilot of the UNDP-GEF “Im-
proving Energy Efficiency in Buildings™ project)

Gyumri, “Mush 2~ district, bld.#2, picture taken in February 2012

«8npwnh Judpgwy» 2whwagnpéynn 26upnid. Judppwyutph yEpwgdwu hwdwp gEpdwdtyniuwgdwl pwgwlwynipynilu
(hEUwyGwnwjhu 26Up «CEUptnh EuGpgwwpnnLUwyGnniejwl pwpapwgnid» UU20-QED Spwagph 2ppwlwlubpnid hpwwluwgywé
gnigwnpwywl bwhuwabh)

p. Qynudph, «UnL 2» pwnwdwu, 26Up 2, thGinpwp 2012p.

“No thermal bridge” case in an operating building: bridges prevented by insulation (pilot building of the UNDP-GEF “Improving Energy
Efficiency in Buildings” project)

Goris, 151a Mashtots Street, picture taken in January 2013

«8npwnh Judpgwyubph pwgwwynipnily 2whwagnpéynn 26upnid. judpgwyubpp yepwgyws Gu gepdwdtyniuwgdwl wpnyynitupnid
(gnrgwnpuywu 2EUp, «&Euptnph Eubpgwwnpnnilwytnniejwl pwpapwgnid»y UU20-QED Spwaghn)

p. Qnphu, Uwpwningh 151w, hniujwp 2013p.

Ljwnp14.8pnh udpgwlutph ptpudngpwdp b nhwughg funtuwthtnt 6wbwuwwphutpp
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Figure 15. Possible methods for building envelope thermal insulation: (1) insulation layer, (2) main layer;
case A - before the main layer, water moisture is trapped between low-dense insulation and high-dense main
layers of a construction; during winter, when environment temperature gets lower than that of dew point (in
certain conditions: +10.8°C), moisture starts to condensate on the surface of the main layer destroying the
building envelope from inside; case B - inside the main layer, the case is similar to A; still, there is a conden-
sation plane between thermal insulation and main layers; case C - outside the main layer; the best possible
solution of thermal insulation; no condensation plane inside the construction; building envelope “breathes”.

| __condensation plane |

Liwp 15. Mwwnnn Ynuunpniyghwubph gpdwdtyniuwgdwu hbwpwynp nmwppGpwyutpp: (1) 2Epdwdt-
Ynruhg 26pw, (2) hhduwlwl 26pin, g&wp A' Ypnn 26pnhg Ukpu, funbwynipyniup hwlyynd £ Yunnygh
gwép nnipjwdp gtpdwdtyniupg W pwpép punnipjuwdp hhduwlwl 26pntph dhgl, duGndw pupwgpntd,
Epp npup onh gEpdwuwmphbwlp gwép E gnnh YEwnhg (npn2 ywjdwubpnud® +10.8°C), junUwynipniup Ynu-
ntUuwgynid £ hhduwwl 26pnh dwybplnyphbu, wjuwhuny pwjpw)tiny 26Uph wwwnn Ynuuwnpniyghwl
Ubpuhg, nEwp B' Ypnn 26pinh Uk, Udwl E nbwp A-hu, Unjuwybu ntup unbwynipjwl Ynunkuuwghw gtp-
dwutyniupg b hhduwwl 26pinkph dhel, p&wp C' Ypnn 26pinhg nnipu, sEpdwdtyniuwgdwl jwywgniyl
hUuwpwynp neéncdu k, gntbup fjunbwynipjwt YnunEuuwghw Yunniygh UGpunid, 26Uph ywwnn Ynuuwmpniy-
ghwl «ugnid bx:

BUILDING-ENVELOPE SYSTEMS
AND THEIR INSULATION

Installation of Insulation Materials

Appropriate insulation should be applied to
all parts of the building envelope (increasing
the insulation value of windows and doors
will be discussed later). To perform the ther-
mal insulation of walls, roofs, and slabs us-
ing the materials discussed above, an ad-
visory handbook of technical solutions was
recegntly developed for architects and build-
ers.

For masonry and concrete walls, roofs, and
slabs there are three possible locations for the
application of thermal insulation material.

GGLLeh MUSN1 unuLUSrNryshuLENre
G4 HrULS 26rUuU3hu
ausSMaULNIE@3NILL

QtpdwdtYyniupg Uyntpkph nEnunpnudp

Ctuph pninp wwwnn  Ynuuwnpniyghwubpp
wbuwp £ stpdwutyniuwgywé |hubl hwdwww-
tnwupiwl eEpdwdtyniuhg Uynietnny: Mwuwnbnh,
tnnwuhpubph W Jhehwpywjhu 6wéyh uwikph
stpdwdtynwuwgnudp  JGpnujwp  Ujnebphg
hpwlywluwgubnt hwdwp wnyw E Swpunwpw-
wbwnutph W UwhiwgénnuGph hwdwp Uwhiw-
nGujwdé upuGdwwnhly [nuéndubph hunphpnw-
nydwlwl dGnuwny®:

CSwnywépubph W Gpywepbnnnut wwwnbpp, Lnw-
Uhputipp, swélytpp W hwwnwyubpp eEpdwdtyne-
uwgynwd BU GpGp hUwpwynp wnwppbpwyny:

® UNDP-GEF “Improving Energy Efficiency in Buildings” project, Advisory handbook on technical solutions for thermal insulation of
envelopes of residential, public and industrial buildings in construction and reconstruction in the Republic of Armenia, Yerevan, 2014
(www.nature-ic.am).

«Qujwunwuh Iwlpwwbwniejntund unp jwnenigynn W JyGpwywnnigynn puwybih, hwuwpwwywu b wpunwnpwywl 26uptph
wwwnnn Ynuunpniyghwubph gbpdwdtyniuwgdwl inbpuuhywywl (neénidubph fjunphpnwndwywu dGnbwpy», wywsé £ «SEuptph
EuGnpgEnhy wpnynitbwyGunniejwu pwpapwgnid» UU20-QES/00059937 Spwagnh 2pgwlwyubnnid (www.nature-ic.am):
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Figure 15 shows these three options as
cases A, B, and C.

o Case A: Insulating material is installed on
the interior side of the building. This is of-
ten employed, especially when reno-
vating buildings, which cannot touch the
building exterior. The main disadvantage
of this option is that the moisture gener-
ated from the temperature difference be-
tween the outside of the building and the
inside of a room condensates on the sur-
face between the insulating material and
the interior of the wall. This can lead to
the formation of mold, which can be
harmful to human respiratory health.

o Case B: Insulating material is placed into
the bearing layer of a structure. This is
possible if masonry is two-layered; an in-
sulating layer may be placed in between
or in a “sandwich”-type three-layer solid
wall. The main advantage of this solution
is that it gives a hard surface in the inte-
rior on which to hang pictures or install
cabinets and closets. There can be prac-
tised, but it is typically not advisable as,
like in case A, it has the potential for
condensation (albeit to a lesser degree).
The main disadvantage is that it results
in a greater loss of interior space.

o Case C: Installing insulating material on
the exterior of the envelope (walls, roofs,
and slabs). The insulation material is pro-
tected from external climatic conditions
by cladding/finishing or, if high density, is
covered by decorative plastering with fi-
ber reinforcement. Various materials can
be used as cladding, including stones,
metals or plastic. In this case, condensa-
tion does not form inside the wall. It also
allows for hard surfaces inside for the in-
stallation of pictures and cabinets. In ad-
dition, it saves a considerable amount of
valuable interior space. For example, in a
regular 36 square meter space, placing
thermal insulation outside can provide up
to 2.4 square meters of additional living
area.’

LY. 15-p UGpJwywgunwd £ huwpwynp A, B, C
tnwpptpwyutpn:

Swppbpwly A. 2Gpdwdtyniups UinLep wnb-
nwnpywé £ wpnwphtu ywwnnn Ynbuuwinpniy-
ghwjh utpuhg: Wu wnwpptpwyp hwiwpu
Yhpwnyned £ wpnbl Qwhwagnpdynn 26UptGph
JyGpwunpngdwl nGwpnid, pwuh np dwp-
nwpwwbGnwywl W wyp unhpubph wywwn-
dwnny huwpwdnp sh (hunwd eGpdwdtynt-
uwgnid Juwuwnwnpb wpnwphuhg: Ipduwywu
pwgwuwywu wagnbgniejntup wju nwnppb-
pnwyny eGpdwdtyniuwgdwl ypw ntup gn-
Lhp2hu, npp Yntwinwyyned £ ynuuwnpniyghwjp
Jdto, ynuntLUuwgynid, www uwngnid W pwj-
pwjnid E YynUuwnpniyghwl ubpuphg: YUnlu-
wnpneyghwih Jte wnw punuwynipinitup Yw-
nnn £ wwwbtwn hwlunhuwlw| pnppnuh
wnwewgdwup, npp Juwunwd B dJdwpnni
2Uswnwywl opgwllubph wnnnentenLlp:

Swppbpwly B. 26pdwdtyniuhsg Ujniep wnk-
nwnnwé E Ynuuwpniyghwih ynnn 2tpinp
JGo: M huwpwynp £ wju nGwpnid, Gpp,
ophuwy, wnyw E GpYyrGpn 2wpyusépny
www, nph 26pinGph Jho wnmbnwnpjwé E
stpdwdGynLuhgp, ywd Gnywpepbunnutb
«bunyhs» Gnw2bpn hné ywuwnbkp: Ypwywu
ynndu wjyu E, np 26Uph UGpuntd wnyw E
whun Jwytpunyp, nph ypw huwpwynn E
wdpwglt| bywnputbp L Ywhnyp: Cunniuwéd
LhuGnY wpwywnhywjnd® wju nwpptpwyp
funphnipn gh nipynud hpwywlwgub), pwuh
nn suwjwé nwpptpwy A-h hwdEdwwn ynu-
nGUuwwnh pwuwynie)ntup wybh phs £, uw-
Jwju b nwnpwéph ynpniunp wybkh JGé:

Swppbpwly C. pdwdbyniuhg Ujntep wnk-
nunpywé £ wwwnnn Ynuunpniyghwih (ww-
nbn, lnmwuhp W dwélytp) wpunwphuhg: Wu
nGwpntd sEpdwdGyniuhg UynLep yw2wnwwl-
Jwé £ wpnwphtu Yhdwjwywl wwjdwulub-
nhg GpGuwwwndwl 26pnny Ywd, Grb wjl
hpwywlwgywé £ pwywywl hunnipjudp W
wupnipjwdp Uniehg, ywwynwd £ nGYnpw-
nhy, Jwlpwpetiwhlu wdpwlwynpndny
ujwnwptpunnyg:  Npwbu  GpGuwywwndwl
Ui’ YwntGlh £ ogunwgnpét] gwulywgwé
Ujne’ ujuwéd wnwpptp pwpwnbuwyubphg
unngywdé uwihyubphg, yGppwgpwéd JGuinw-
nwywu Ywd wyjwundwut uwhyubphg: Wu

"% This estimate is based on the assumption of a 6-meter-by-6-meter room and 10 centimeters of insulation material. The exact thickness
of the insulating material can vary depending on the local climatic conditions and the properties of the insulating material used. For more

information, see your local design codes for thermal insulation.

Uju hwpdwpyp hhyuwé £ 6Ux6U swithbpny ubUjwyh W 10ud dGyniuhg Ujnieh Gupwnpnipiwl Jpw: Utynwuhg Uinieh Ynuyptun
hwuwnientup Ywpnn £ thnthnpudb, Ywhpqwéd nbnwywt Yyhdwjwlywl wywjdwlubphg W oguwgnpdywd dtGyniuhs Upnieh
hwuwnynipintlubphg: WYth Jwupwdwul wnenGyniejntup UepYwjugyws £ Gpypht dEyntuwgdwl Jepwptnjw) bwhiwagddwl UnpdGpnyd:
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Exterior Wall Systems

External walls typically have the largest sur-
face area of the building envelope. There-
fore, while their thermal resistance values
may be lower than those of roofs, they are a
larger area through which heat can be
gained or lost. There are several types of
external walls:

e Masonry or concrete solid walls;
e Ventilated facades;

e Double-skin systems;

e Double-glazing systems.

Masonry or Concrete Solid Walls

Masonry or concrete solid wall systems can
be either load bearing or non-bearing (on
which you can also hang items). If load bear-
ing they must have enough strength to bear
not only the combination of loads from build-
ing constructive parts like slabs and beams,
weather conditions like snow, and furniture,
but also the loads of the insulating layer and
the ones that follow. Non-bearing masonry
and solid walls should bear the loads of the
insulating and finishing layers, as well as
enclosing and enveloping buildings.

The greater the load masonry or a solid wall
can bear, the thicker it must be and the
denser its applied materials."" Non-bearing
walls’ thickness must only satisfy the re-
quired thermal insulation characteristics. It is
even possible to have a building envelope
non-bearing wall, consisting only of a ther-
mal insulation layer with inner and outer fin-
ishing. However, this kind of wall would,
most probably, not meet the structure’s
requirements on overheating.

Ventilated-facade Systems

Ventilated-facade techniques are developing
and their popularity is growing. These are
advisable solutions for humid climates due
to the ventilated air gap between the insula-
tion surface and the finish cladding (Figure
16). Ventilated-facade techniques also pro-
tect buildings from overheating in summer.

nwppbpwyny eEpdwdtynuwgdwl  nbw-
pnud wwwnh UGpund YnunGUuuwwh hwpg gh
wnwewunitd: Unwhuny unwgynid Gu Lbwl
whun dJwybplnyplutpn 2Guptph  Ubpuncd,
Uywnputp L Ywhnyp wdpwgubint hwdwn:
Qtpdwdtyniups 26pinh wpunwphuhg hpw-
Jwlwgdwlu hwpyhtu 26Upnd pubwyynid E
plwyth Jwytpbup: Ophuwy® 36uU? Jwybnt-
uny puwywpwuh nBwpnud ebnpdwdtyniuhg
26nnh wpwwphuhg ntnwnpnidp Ywpnn E
hulwjt UhUgl 2.4U% puwybih Jwytintu™:

Upwnwpht wwwbph hwdwlwpgbp

Undnpwpwp, wpnwphl wwwbpp hwunhuw-
unwd GU wwwnn Ynuunpniyghwubph wnwyb
Jt6 Jwybptuny pwnwnphsubn: Wu nGwpntd,
Gpp wpunwphb wwwbph Lywndwdp ywhwle-
ynn eGpdwjhu nhdwnpnipjwu wpdtGpubpp wyk-
Lh gwén Bu, pwl wmwuhputphup, 2unphhy JG6
Jwytptuh® wpnwphu wwwbnh Jdheny Ywpnn £
wlglb] wyth U6 pwlwynipjwdp stpunip-
jntu: Unyw BU wpwnwphu ywwnbnh Jh pwlhp
inGuwyutn.

e 2wnywépubp Ywd Gpywpeptwnnut hnéd ww-
winkn,

o onwthnfuynn dwywwmwihu hwdwywnabp,
o Gpy2Gpun dwlywuwnwihu hwdwywnpqgkbn,

o Gply2Gpun-wwwyw dwlywunwhu hwdwywn-
abn:

Swpywépubp Juwd GpyupepbninuE ywwbp

Upwnwpht wwwnnn www-2wpjwépubpp ywd
Gpywpeptnnut hné wwwbpp Ywpnn Bu |hubg
ud ypnn, Jwd gynpnn (upnn Bu [hub] Lwl
Ywhunyh): Wu ntwpnud, Gpp npwlp Ypnn Gu,
wbwp £ ntbwy |hubu nhdwlwint ng Jhwju 26U-
phg Gywé hwwpwywu pGnujwsépubphu (Ynuu-
inpnLyinhy Jwubphg, hugwyhuhp Gu éwéytpp W
ujntutpp, Gnwuwlwhu wwjdwuutphg, ophp-
uwy® &jniu, huswbu bwl Ywhnyphg), wjl obp-
Jwdtynwuhg 26pnh W npwlu hGnlnn GpGuywwn-
Jwu p6pinh penujwépubnhu: 2unpnn 2wnywép-
utph W hné wwuwnbph nGwpnid nphwup wbwp E
yptu estEpdwdbyniupg b GpGuwwwndwl 26pnk-
nh, huswbu bwl 26Uptph wwuwnnn Ynuuwnpniy-
ghwutph pGnujwdépltnp:

" In some seismically safe regions (in Russia especially) a multi-storey masonry-bearing wall is made 640 mm or thicker, with additional
thermal insulation and finishing layers, reaching 200 mm in some cases.

Nnpn2 ubjudwuywnwlug gnuinhubpnud, ophtwy® Nntuwunwuncd, pwqdwhwpy wwwnwihtu Ypnn hwdwywnpgny 26Uph wnjniub pwn-
Jwéph hwuwnniejnitup Ywnpnn £ hwulb)] Jhugl 640 UJ, npwl gnidwpwé sbpdwdbyniuhsh W GpEuwwndwl 26pinh hwuwnniginiup, npp

ywpnn £ hwuub] Uhugle 200 Ud:
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Please note that ventilated-facade systems
can also be constructed both as bearing and
as non-bearing. For the former, the risers re-
inforcing the insulation and finishing layers
are fixed to the bearing structures or solid
walls; for the latter, to bearing columns and
beams of the reinforced concrete carcass. In
both cases, joints must be envisaged for the
finishing layer. The thermal insulation layer
should be placed between the main layer of
a wall and the finishing layer, separated
from it by a ventilated air gap.'? A finishing
layer is hung on metal risers, which are fixed
with anchors or brackets to the bearing
structure of the building (or to the columns
and beams if no bearing structure is envisa-
ged). As anchors or brackets are thermal
bridges, optimization of both their secti-
on/profile sizes and installation densi-
ty/compactness is necessary.

OO

00400 I‘I J000100000000000¢

Double-skin and double-glazed facade system

Another variety of a ventilated-facade sys-
tem is double-skin and double-glazed facade
systems. Here, the external wall represents
two skins (usually glass) with a ventilated air
gap (Figures 17 and 18). The ventilation of
the gap can be natural or mechanical. Such
a building envelope does not have a thermal
insulation layer; primarily the air convection
in the gap protects the building from cooling
and overheating. That said, this system re-
quires the use of expensive HVAC systems.

Nppwl 2wwn U Qwpqwéplbph ywd hné wywwnk-
nh ypw waqnnn ptnuwépltpp, wjupwUu Upwlg
hwuwnniejntup W yhpwnjwé Ujnipbph puwnnc-
pjntup Jeswunwd E': 2upnn wwwnbpp Ywpnn
GU nlUGUW| Jhwju wjupwl hwuwnnie|nLu, np-
wbugh pwywpwnytl gtipdwjhl Unpdtph wuw-
hwugutpp: Iuwpwynp £ Unyuphuy nluGuw] wp-
nwphU ¢ynpnn www, npp pwnyugwd Yihuh
dhwju JGY* gGpdwdtyniuhg 26puinhg, UGpuh L
npuh  hwpnwpdwdp: Uwlwju wju nGwpnid
hwpywynn E Uywwh nluGUw, np wjnwhuh
wwuwp, wlbuwu hwyjwlwlwunipjwdp, sh
pwywnpwph 26Upp gGpunwpwgniuhg yw2wnww-
UG L wwhwlgubppu:

Onwthnjuynn swlwwmwjhu hwdwlwnpgbn

Onwthnfuynn dwywwwjhu hwdwywnpqgbph Yh-
pwnnudp optgop qupgwunwd W wénwd E: UG-
ynwuhgh W GpGuywwnnn 2Gpntph Jhple onuw-
thnfuynn onwjhu dhebwtpnp bdwlwwnhw wp-
tnwpht wwwbpp bywwnwywhwpdwp £ nwp-
auncd hpwywuwgut] unuwy Yhdwjh wwjdwl-
uGpnud (UY.16): Onwithnfuynn dwywwwjhu hw-
Jwlwpqgbpp Uywuwnnd GU bwl wybgnLywjhu
stpUnipjwl htnwgdwunp:

wny £ UG, np onwthnfuynn dwywunwjhu hw-
Jwywpqgbpp Ywpnn G Jwenigybp huswbu
Unnn, wjbwbu £ gypnn: Unwehlu nGupnid gbip-
Jwdtyniuhgp W GpGuywwndwl 26pnp wdpwg-
unn nunnnpnuGpp wdpwgynud Gu Ypnn 2wn-
Jwdépubphu Ywd hné wwuwnbnhl, Gpypnpn nbw-
pnud’ GpywpepGnnut jupywuh ypnn upntubphu
L hGéwuubphu: Gpynt nGwpnud £ GpGuwwwn-
Jwl 26punnud wuhpwdtywn £ bwhiwwnbub) nb-
dnpdwghnu Ywpwlubp: Epdwdtyniuhg 2tp-
np wmGnwnpynd £ wwwnh Ypnn' hhduwywu
26pinh W GpGuwwwwndwl 26pinh Jhele W yGpoh-
Uhg wnwUdlwgywd t onwjhU Uhguwobninny '
GnGuywwndwl 26pnb wdpwgynid £ JBnnwnw-
ywl nunnnpnutphu, npnup, hpGug htprhu, uw-
phupuutpny ywd wwhniuwyubpnd wdpwgyned
GU ypnn 26puinhu (Ywd untuEphu L hGéwulk-
nhu, Grt ynpnn 26pn bwhiwwnbujwsd $k): w-
phupuutpp wd wywhntbwyubpp hwunhuwuncd
GU gnnh Jwdpowly, nunh wuhpwdtywn £ ow-
inhdhqwgut] huswbu npwlg hwwnywdph sw-
thtpp, wjbwbu £ tnGnwnpdwl juwnnie)niup:

2 In cases of the absence of masonry or a bearing wall, metal risers can play the role of a structure on which thermal insulation and
internal finishing layers are placed, either within the risers or outside them. However, this complicates wall utilization (pictures, closets,

cabinets).

WU nBwpnud, Gpp wnyw sE Ypnn 26npnn, ywwnnn Ynuunpniyghwih Ubpuh GpGuywwnnudp W JGYniuhgh 26pwnp Ywpnn £ wdpwuwg
dGinwnwywl ninanpnutiphl (npwiig uhgl Ywd npuhg), puyg wju nbwpnud ndywn Yihuh wwnh 2whwagnpénidp Ywnutph, Ywhntph

wupwgntuy):
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The skins used in double-skin facades most-
ly have cladding and shading. In modern
passive buildings, the shading elements may
work automatically, adjusting to the outer
climatic conditions. In intensive sunlight they
automatically close, protecting rooms from
overheating. An effective solution is covering
the cladding with a material that has high
reflectivity. Figure 17 shows a double-skin
facade with non-transparent skins.

There are a number of advantages, e.g. light
weight, making them very effective when
building in seismic zones. As seismic force
is an inertial force, the greater the overall
mass of a building, the stronger the impact
of seismic forces on the building.

Gny2tpwn L EpYy2Epn-wwwyjw Gwywwnwjhu
hwdwlwpgbp

Onwthnfuynn dwywwwjht hwdwlwnpgbph JGy
wj tnwppGpwy BU GpyGpn U Gpb2tpn-wuwjwy-
Jw dwywuwnutpp: Yu nEwpnid wpunwphl ywwnlu
hpGuhg UGpywjwgunwd E Gpynt 26pin (unynpw-
pwn® wwwyh), npnug Jvhole wnyw E onwthnfu-
Jnn onwjhu dhpuwytpwnn (LY. 17 W 18): Uhsuw-
2tpinh  onwthnpunudp Ywpnn £ wwwhnyyby
plwywl Ywd wphGunwywl dnndny: Wuwhuh
wwuwnnn Ynuunnpniyghwl gntup sEpdwdGyniung
2tpwin, W 2Euph hwpdwpwyGunnipjwu wwjdwl-
uGpp nwpjw pupwgpnid  wwwhnyynd Gu
Jhwju onwjhu Jhouwtpunnud wnlyw ynuytby-
ghwjh 2unphhy: Wuwhuph dwywwnwhu hwdw-
ywnabph Yhpwnnidp ywhwugnd £ dwdwuw-
Ywyhg onwihnpudwl, stnnigdwlu b onnpwydwl
hwdwywnpgbph wmGnwnpnud: Gpy2tpn wwunnt-
Uny dswwwnwihb hwdwywnatpp bwl nluGunwd
GU GpGuwywundwl b unybGpnn tnwpptn:

dwdwuwywyhg wwuhy 26Uptpnid uinytpnn mnwnntph ywunuwywngnudp ywwnwpynd £ wyunnn-
Jwwn® GUGnY npup Yiphdwjwlywl ywjdwuutphg: UplwjhU huntGuuhy dwnwagwjpdwl nbGwpnid
npwup wywnndwwn thwyynd BUY uGUywyutpp ww2wnwwutin gGpunwpwgnidhg: Upnyntbwytwn
(nénud Y hup 26pnkph BpGuwywndwU Ujnuetph ywwnndp puwnédp wunpwnwnabhniejwdp Ujne-
rny: LY. 17-nud UbpYwjwgywé £ Gpyptpn dwywunwihu hwdwlwngh ophuwy® ng pwithwughy
wwuwnudny: Hwlp ntuGU Jh 2wnpp wnwybiniejntuutp, huswhupu k£, ophuwy® pErlW pwon, npp
wplnpynud E uGjudhwih wmGuwuyjniuhg, pwuh np ubjudhy nudp hutpghnu £, W nppwl JG6 E
ynuuwnpniyghwjh pwp, wjupwu wybth U666 ubjudhy ptnuwépltp U wgnnid npw Yypwi:

Figure 17. Double-skin facades with non-

transparent skins

y

Ljwp 17.6pY26pw0 Gwwwnwjhu hwdwywnpg ng
pwthwughly ywwntdny

Figure 18. Double-skin facades (double-glazed)

i

sRiEdi

Ljwp 18. Gpy2Gpn-wywlyw twwwnwihu hwdw-
Ywpg
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Roofs

The insulation requirements for roofs are
higher than those for walls and floors. For
instance, for Yerevan’s climate, in accord-
ance with building codes, the required
R-value (for residential buildings) for roofs is
3.23(m%°C/ W), while for walls it is
2.46(m>°C/ W).

Swlhpltn

Swuphpubph Uywwdwdp estGpdwdtynLuwgdwl
wwhwlgubpu wybh fuhun Gu, pwlu wwwnbph
ywd hwwnwyutph: Ophuwy’ Gpuwuh Yhdwjw-
ywu wywjdwulubpnid 2huwpwpwywu UunpdGnpny
Jepuwoéwséybph hwdwn wwhwugynn Ujwqui-
agnyu  gGpdwjhu  nhdwnpnigjwlu  R-wpdbpp
(pLUwyGh 26UpGph hwdwn) Ywaqund E 3.23
(U*°C/dw), wju nbwpenid, tpp Unyl wpdtpp
wwuwnbiph hwdwp 2.46(U*°C/dwn) E:

Figure 19. Types of roofs and their thermal insulation. 1 - Flat roofs, 2 - Pitched roofs
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Llwp 19. Swuhpubph mhybpp b npwlg skpdwdtyniuwgnidp. 1. hwpp nwwuhputp (1° wdpwuwynpué

EPDM [ethylene propylene diene terpolymer] pw

nwup, 2' punpjuwé hwppwabkpun, 3' puinpué gEpdwdt-

Ynruhg, 4' yunnigywéph hedwlutn, 5° gnnpawdtyniups 26pw, 6° wpwuwmwnh punpjué swsly, 7° wnwu-
nuwn), 2. (wlgwynp tnwbppubp (1° Yuiniph ququplwagdh onwithnfunwd 5dd jwjunipjudp pwgwlh dhgn-
gny, 2*' UEYnLupg b GpEuwwwinnn 26pnkph vhgl 500U onwithnjudwl onwlgp, 3° wnwuwnwnl nt dGnlw-
hwpyh wwwh JEyniupg 26pnp inEnwnpnud wewlg punhwwnnwdubph, 4° gnpnpawdByniupg 26pnp wwjw-

hnynud wnwuwnwnh b dEGnUwhwpyh Yywwh hw

dwp, 5° phybph onwithnpunid 250U jwjunipjwdp pugwyh

Udhgngny, 6' UtYnLuhg 26pinp fjuwpupuynid £ ywwnh swyphu hbwpwynp pnpnp nkwptpnid, 7° UGynLupg b
GpGuwwwwnnn 26pnkph Uhgl wnujwql 50Ud onwithnjudwl onwlgp, 8*' junpnwlngh mwpwép gkrnigynn
swywnid, 9° ywwh Juneniguwéph mwppebpwyukn)

There are two main types of roofs: flat and
pitched. Each one has its own benefits, and
for each one the thermal insulation concept
varies (Figure 19).

Figure 20. The differences of a warm roof and an

Warm roof
wnwp nnwlhp

.?—f—GaMemme—————4?
—Thermal ’

~ +Reinforced =+
concrete pavement

Swuhpubpp pwdwuynid U Gpynt hudph® hwpp
L pwugwynp: 3nipwpwlgnip lnGuwyu ntup hp
wnwyGnipyntuutpp, W Gpynwup hwdwp E| 9bn-
Jwubyniuwgdwl wwhwlgubpnp wnwppbpynid
Gu (uy. 19):

inverted roof

insulation

Inverted roof
2ngwnuwuyjwéd tnwlhp

Unwhd, mwuhph htpdtwnhy 26pwnn, gbninbpuwnnpy, sEpdwdtyniuhg 26npn, gninppwdtyniuhg 26pn, Gpyweptunnt Swoéy
Liwp 20.Swp U 2ppwnwuywéd mwlhpubph nmwpptpnipniup
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In terms of thermal insulation positioning,
there are two main types of flat roofs, a
warm roof or an inverted roof (Figure 20).
Both types can be employed in usable and
non-usable flat roofs. An inverted flat roof
consists of the following layers (from top to
bottom):

1. Protective layer (gravel, stone slabs,
concrete panels, pavement, etc.);

2. Geotextile (optional), e. g. polyester or
polypropylene mat;

. Thermal insulation layer;

3
4. Roof sealing acting as a vapor barrier;
5. Leveling course;

6

Reinforced concrete pavement.

A warm flat roof consists of the following
layers (from top to bottom):

1. Protective layer (gravel, stone slabs,
concrete panels, pavement, etc.);

2. Roof sealing acting as a water barrier;

w

Geotextile (optional), e. g. polyester or
polypropylene mat;

Thermal insulation layer;

4
5. Roof sealing acting as a vapor barrier;
6. Leveling course;

7

Reinforced concrete pavement.

Flat roofs are more vulnerable to weather
conditions than pitched roofs because, dur-
ing winter, snow or rain collects on a flat roof
for a longer period of time than on a pitched
roof. That is why, for flat roofs, water drain-
age systems are required.

Another disadvantage of a flat roof is that,
when implementing a thermal insulation lay-
er of a low-density material, wooden or me-
tallic risers have to be used to hold the insu-
lating layer, which may act as thermal bridg-
es.

As for pitched roofs, their insulation solution
depends on whether the space immediately
interior to them is heated or not. In case it is
a heated space (such as a mansard), then
the pitched roof is a part of the building en-
velope. Subsequently, its whole area must
be insulated. For attics that do not need to
be heated, thermal insulation must cover

QtnJwdtyniuhgh nGnwnpwlu inGuwuyjniuhg®
wnyw GU hwppe wmwuhputph Gpyne hhduwywu
nhwy' wnwp L 2ppwnwudwé (UY.20): Gpyn
nhwl £ wpnn BU Yhpwndbl LW 2whwagnpéynn,
W spwhwagnpdéynn wmwuhpuGph hwdwp: Spow-
nwuywdé nwuhpp pwnwgwé £ hGinljw| 26p-
intiphg (npuhg Utipu).

1. wwaunwwlhg 2G6pn (uh6, Ynwhé, puwnb
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their floors, so the rooms underneath are
thermally protected. Loose-fill insulation
from perlite or mineral wool can be used in
non-utilized attics.

ythuh Upwupg, rt d&nUwhwnyp wGwp E otnnig-
Jdh®, rE° ng: Grb dGnuwhwnyp hptuhg ubplyw-
jwgunid Edwluwnnwiht hwnply, www jwuswynp
wnwlhpp wwwnnn Ynuunpniyghw Yhwunhuwlw
b, hEnlwpwn, wbwnp £ sGpdwdtyniuwgyh hp
wdpnne JwyGnpunypeny:huy Grebt dGnuwhwnyp
puwyth ¢£, www ebpdwdtyniuwgut wbwp E

atnuwhwnyh hwwnwyp (JEpghu hwpyh Swéyp)' wwwhnybind oEpdwjhlu ww2wnwwunte)nLu
y&pghu hwnpyh ubbjwyutpph hwdwn: MGnhnny ywd hwlupwjhu pwdpwyny (gywdpwihu stndw-
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There are three types of inverted roofs:

1. Standard inverted roofs, consisting of
only one layer of thermal insulation ma-
terial;

2. Duo roofs, consisting of two layers of
thermal insulation material. The second
layer is placed on the top of the roof
sealing. Depending on the climatic condi-
tions, there may be no need for a vapor
barrier;

3. Plus roofs, when an inverted roof is in-
stalled on top of a warm-roof construc-
tion, in order to protect the roof and im-
prove its durability. This is widely used in
the roof reconstruction of existing build-
ings.

Inverted roofs are easier and quicker to in-
stall than regular warm roofs because they
consist of fewer layers. On an inverted roof,
the sealing, a very important layer, is in-
stalled directly on top of a solid, massive
surface (reinforced concrete cover panel)
free of grooves (with the exception of the
plus roof and the duo roof).

The water (of atmospheric precipitations)
can simply diffuse through a thermal insula-
tion layer or evaporate from a room through
the butt joint into the ambient air. The vapor
sealing of inverted-roof construction struc-
ture should contain a water-vapor transmis-
sion layer that is at least 10 mm thick to re-
duce water-vapor diffusion through the roof.
Figure 21 illustrates possible mechanical
damages which can occur during the exploi-
tation process of a roof.
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gny: Un wwwbdwnny 2ppwnwuywéd wnwluhpp
wbtwp E nluGuw LJwquwaniup 10 JUJ hwuwnnt-
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Figure 21. Possible mechanical damage for various flat roofs
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During the summer, temperatures on a
warm roof sealing can rise up to 70°C; tem-
peratures stay almost stable if an insulating
layer protects the roof sealing, as is the case
with an inverted roof. Thermal shocks
caused by, e.g. hail stones, cannot damage
the sealing of an inverted roof.

Most of the damage in roof sealing already
occurs during construction on top of the roof,
for example storage of materials, falling ob-
jects, etc. In the case of inverted flat roof
constructions, the viscoelastic thermal insu-
lation layer both protects the roof sealing
from mechanical strain and acts as a protec-
tive layer as required by building standards.
Another type of roof, typicaly flat, is the in-
creasingly utilized green roof (Figure 22).

Figure 22. Green roofs

Udwnyw pupwgpnid tnwp tnnwuhph dwéynyrh
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wnwlhpwjhU 2huwpwpniejwl pupwgpnid: Yuw-
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Uwg nwuhpubpp, npnug (wWjlwéwyw| Yhpwnnt-
Up qupquwgb] £ yGpghu wnwulwdjwyubnnid
uy. 22):

Ljwp 22.Ywlwg mwlhputp

An inverted green-roof design holds many
advantages when compared to a warm roof.
The insulation package protects both the
sealing and the root-barrier course from
damages caused by mechanical strain. The
designer must take into account both the

Cnpwnwuywéd Ywluwg wnwuhph Junnigywdpl
wuhwdtdwwn  wyblh Lwwunwywhwnpdwn L,
pwl unynpwlwl wnwp nwlhphup: 2EpJwUt-
ynuhgp Uonwwbu ywownwwunwd £ tnnwlhpw-
Jhu swoéynyep bW hwwwpdwwnwihu 26pnp UG-
fuwuhywywu yuwujwéplubinhg:
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roof’s load-bearing capacity for the substrate
in wet conditions and the possible weight
gain of the plants. For more discussion on
the different types of green roofs, see Mod-
ule 4.

Flat roofs designed for use require a special
protective layer that will cover the insulation
material. Therefore, the thermal insulation
material of a flat roof must be high density
with a compression strength that will bear
the load.

When the protective layer is held on special
risers, the risers themself are thermal bridges
because they are not covered with thermal
insulation material. If this is the case, risers
must be made from either materials with very
low thermal conductivity or must be covered
with additional insulation. Similar to thermal
insulation materials for exploited roofs, XPS,
high-density mineral wool mats, spray PF,
foam glass or expanded perlite slabs can be
used. These materials are dense enough to
bear the load from exploitation.

Cool roofs are highly energy efficient and
can be either flat or pitched. In these types
of constructions, the pavement of the roof is
coated with a material with very high reflec-
tivity (Figure 23). Commonly, the coating is
white but there are many solutions and ma-
terials available in the local market that can
be used as well.

Cool roofs have many benefits, such as redu-
ced building heat gain, as a white or reflective
roof typically increases only 5-14°C above
ambient temperature during the day (compa-
red to 50-90°C for black roofs). It also makes
savings of up to 15% of the annual air-con-
ditioning energy of a single-storey building.

Cool roofs also help to overcome heat-island
effects in urban areas, mainly observed in
large concrete settlements. Large urban ar-
eas covered with cool roofs have improved
thermal comfort. See Module 4 for more dis-
cussion on cool roofs.
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Figure 23. Cool roofs
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Openings: Windows, Doors, Skylights

Openings are the parts of building that are
least insulated. While non-transparent build-
ing envelope parts are covered with thermal
insulation material, it is not possible to use the
same methods and techniques for external
windows and doors. In modern architecture,
the percentage of openings in the building en-
velope sometimes reaches 100%, i.e. the en-
tire envelope is made from glass. Usually hav-
ing the form of a bullet, the perfect example of
one of these buildings is the May Axe tower
(the Gherkin) in London designed by Sir Nor-
man Foster (Figure 24). For these buildings,
thermal insulation methods and technologies
are different than what has been discussed
before (masonry-based constructions).

Figure 24. The May Axe tower in London
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Of course, these are the types of buildings designed to be symbols of a city; therefore, in large-
scale construction of living quarters, such solutions are rare. In large-scale construction, double- or
triple-glazed windows and doors are used. Such window systems, when properly manufactured,
can have an R-value of 1.2 m2q°C/W or higher. In Armenian conditions, this corresponds to the R-
value of a common 50 cm wall in the frequently used “midis” wall systems." It is possible to
increase the R-value of glazing by filling the spaces between glass sheets with inert gases such as
argon and krypton. In addition, special so-called K- or I-glass sheets with low emissivity are used
(Figure 25).

Figure 25. Comparison of double- and triple-glazed windows
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As shown in Figure 25, triple-glazed win-
dows have almost three times better U-value
than double-glazed. However, to make win-
dows more soundproof, it is advisable to
place the middle glaze layer of a triple-
glazed window, slightly off center.' By using
K-glass or I|-glass it is possible to decrease
the U-value of glazing even more. Figure 26
shows the concept of low-emissive glass.
This glass hase a special surface sprayed
with colored metals or semi-conductive ox-
ides of metals, e.g. silver oxide. They reflect
the sun’s radiation and keep thermal energy
inside a room.

While K-glass has a rigid surface and is ori-
ented to keep heat inside the room, I-glass
is more fragile; therefore, additional safety
measures during transportation of I-glass is
necessary. K- and I-glass transmits sunlight
while keeping heat inside the room. In both
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'3 “Midis” is an ancient Armenian method of building load-bearing walls: two layers of tuff placed flat side faced with an interlayer of minor
tuff spalls (break-stone), slag, pumice stone, etc. The stone block-work was affixed with a lime-concrete mixture.

«Uhnhu» pwpywépp Ynnn ywwnbph urenigdwl hwjwlywl wjwlunwywl Gnwuwy k. Gpyne 2wpp ninedt pwnbp, twpwéd ynndny
nGwh nnipu, wpwpp 1gwé nnedh dwup gwpnnuny (fuhpwn), fuwpwdnd, wEdquing W wjiu: Rwpbph 2wppp wdpwygdws t
YnwgbUGUwnwjhu wnwhuny:

1 Georgi Janyan, Thermal Physics of Construction, Yerevan, 1989.

Q. U. QuUjwl, «Chuwpwpwywl sEpndwdhghlyw»
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cases, there is no condensation of the vapor
on the surface of the energy-efficient glass.
K-glass has emissivity of 0.2; I-glass has
0.04. Thus, windows made of I-glass are
significantly more energy efficient. Addition-
ally, l-glass is more transparent than K-
glass.

1 2
OUTSIDE INSIDE

While the energy efficiency of window glaz-
ing is very important, the surrounding frame
must not be forgotten. Window frames can
have up to seven chambers. However, 3- to

wjnwhuh  wwwynt wmbnwthnfudwlu hwdwn
wUhpwdtwn GBU |pwgnighs wuywnwlugnipjwl
Jheongwnnidutp: Gpynt nGwpnid Ef sh nhingnid
wwuwynt dwytpwnyprh ypw gninp2ne ynunbu-
uwgnid: K- wwwynt Yiwubhnipyniup 0.2 £, huy
l-wwwynup® 0.04: 3GnLwpwn, l-wwwynig
hpwywlwgywsé wwwnnithwuubpu wybh Eubp-
gwhlwjnn Bu: l-Fwwywyphu bwl wyth pwithwl-
ghy E, pwl K-wwwyhu:

Uwwyblhwprtrh EuGpquwwpnnitbwybunnie)nt-
Up 2wwn Ywplnp £, uwywju wytwnp £ hwoyh wn-
UG bwl Wwwuwnnithwuph 2ppwuwyh EubGpguwnn-
|ntbwyGunneeiniup: Upnh wywuwunthwuubpp Yw-
pnn U ntuGUw Jhugl jne hughwuh 2ngwuwy-
utp, ppwywlwgywsé wpynwdhuhg Ywd dGunw-
nwuwwuwnhg, uwywju wnwyt hwéwhu hwunh-
wnwd BU 3-6 rughywuh 2ppwluwyutnp LY. 27):
dwdwuwywyhg |nuwdninubph R-wpdbpp qb-
nwquwugntd £ 1.2 U%°C/dun:

nutph W wwuwnithwuuGph wnbGnwnpdwl dw-
Jwlwy hwpywynp £ 26wtpp eGpdwdbyniuwg-
ut® puntuwthGint hwdwp gpnh uwdpgwyut-
nhg: Lniuwdnuinubph L nnutph Ganptpp Ywnpnn
&U |guGL thpthpwwnihnipGrwund, npp, Ytpglw-
Jwlwwbu wunybintg htwnn, wdpwgund E
npwup b wyth yhun £ ywhnod inGnGpnid:

6-chambered frames are more common (Figure 27). Modern windows have a R-value of more than
1.2 m2-°C/W. When installing windows or doors, it is necessary to fill the joints with isolative materi-
al to avoid thermal bridges. The edges of windows and doors may be filled with spray PF, which,
after solidification, adds strength and fixes the window or door in its place.

EE Y,
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BOX 2. BIRDS AND GLASS IN BUILDINGS:
A BIG THREAT BUT WITH SIMPLE SOLU-
TIONS

This box is not about building insulation and
energy efficiency. It is about a very common
part of the building envelope: windows and
glass wall systems. These building elements
can have catastrophic effects on bird popula-
tions.

In the USA and Canada alone, an estimated 1
billion birds are killed each year through colli-
sions with buildings. The primary cause is the
use of glass without adequate measures to
guide birds’ vision. The chart below shows the
estimated number of human-caused bird
deaths per year in the US and Canada. Colli-
sions with glazed buildings is the second-
largest estimated cause.

Collisions occur because most birds do not
perceive glass as an obstacle. Collisions occur
with glass facades of all sizes, in all seasons
and weather conditions, and in every type of
environment (from residential and rural settings
to dense urban cores). Daytime collisions
happen because of either glass reflectivity or
transparency.

From the outside, glass often appears highly
reflective. Under the right conditions, almost
every type of architectural glass reflects the
sky, clouds, or nearby trees and vegetation, re-
producing a perceived habitat familiar and
attractive to birds. Birds fly from the real habi-
tat to the reflected habitat or sky and hit the
glass in between.

This perceived transparency is exacerbated
when windows are installed directly across
from one another or at a corner. Birds perceive
an unobstructed passageway and attempt to fly
through the glass.

Collisions occur also because the illumination
of buildings creates a beacon effect for night-
migrating birds.

New buildings can incorporate bird-friendly de-
sign strategies from inception. However, there
are many ways to reduce bird mortality from
existing buildings, with more solutions being
developed all the time. Architects, designers,
and city planners have many resources at their
disposal to reduce avian deaths.

LErbr 2. ENANFLLENE GY UMUYhL
GGLLGMNIU. UGT UMUuNLULhL MUr2
LnronruLvernd

Unnple UGpYwjwgywéd wnbnGynipintup sh yGpwpt-
pnid 26Uph gGpdwdGyntuwgdwup W EuGpgwpiliwgn-
nnLjwlup, wjp wpwnwpht wwwyjw dwywwnwihu hw-
Jwywpgbphu, npnug wunpwnwpab) Gup wnbpuwnnid:
Uju mhwh YnUunpnLyghwubnu ntuGU wnGwnwih wq-
nGgnLe)nLl prgnLtlUGph ypw:

Uhwju WUL-nd b Ywlwnwjnid tnnwnpGywl J&Gy Jh-
Lhwpn pr¢NLU E uwwnynid pwhudbiny 26Upbphlu: Ipd-
Lwiwl ywuwndtwrp wwywyne Yhpwenidlu B wnwlg
prsnLtllGnh nGunnnientup ntnnnpnnn Uhgngwnnid-
ubph: Unnpl. gpwdhyp gnyg £ nnwhu nwpbGlwl
gpwugywé uwwnlwé prgntlltph Unnnwynp pwliw-
ynrpynLup:

Pwhunidubpu wnwewluntd GU wjl wWwuwnbdwnny, np
pnsnLUUGph UGSwdwulnijniup sh wnbulunid www-
UhUu npwbu wpagbp: MYwlup wnwowunid GU wulwhu
wwwybwwwn  Jwybpbup Swdwihg, Gnwlwywjhu
wuwjdwuubtphg WL gwlulywgwéd puwyth vhpwywpnid,
ujuwd  fungnp, fuhinn pwnuwplbiphg, Ybpgwgpwd
thnpn puwywwnbntphg: 8GpGYwjhu dwdbphu pw-
funtduGpp wwwnwhned GU Ywd wwwyne wunpwnwn-
4GlhnLpjwl, ywd £ pwithwughynipjwl ywwndwnny:

UpwnwphUuhg wwwyht hwwh Gpunwd £ pwupép wun-
pwnwnpéabhnipjwdp: Apbet wdtl wnhwh wwwyh
wunpwnwpauncd £ Gpyhupp, wdwbpp ywd dninwyw
SwnbpU nL pnLuwywunienilp, unknsétiny prsnLllt-
nh hwdwp swunp W gpwyhg dhpwdwjph wwwnytn:
(@ngnLlutpp ujwunwd GU hpwywUu Jhowywinhg nGwh
wunpwnwpadywédp U pwhuynid wwwyniu:

(Gwihwlgbihnigjwl  hunpwdwuynieintlp  wnwyb|
funp £ wjbu nGwpntd, Gpp wwuwnnthwuuGpp nGnwnp-
Jwé GU ninhn JGyp Ujntuh nhdwg Ywd wulyjwu ypw,
pwUh np ergnLLUGPp nnGuunwd GU pYwgjw] Yunt dw-
LUwwwph W thnpénid GU ujwlbw] wwywyne Jheny:

Pwhunidutplu wnwewuntd GU Lwl wju Wwwndwnny,
np pwnwph ghptpwjhu (nyutpp unknénid Gu thwnn-
uh EdEY ghpGpubpp sUynn ersnLLUGNH hwdwp:

Lnp 2hbwpwpnieintup Ywpnn £ hEug uyqphg LUbpn-
UG| prgnLtUUEPh hwdwp wudwnwlg [neéncdutn: Unlw
GU Jwhwanpé ynn wwwytwwwn 26UpGphU pRsNLLULEG-
nh Jwhwgnt pwhuntdubpp thnppwgubine pwanid dw-
LUwwwphuGp, npnup wlupunhww YuwwnwpGugnpd-
ynid GU: dwpwmwpwwbunubpp, nhquyutputpp b pw-
nwpw2hbwpwputpu hpGug dGrphU nLUGU pwqnid
nGunLpultn, npnup Ywpnn GU nunnnieintl nwg
Upwlg wju hwnpgntu:

-184-



Unnniy 6. CGuptnnid Eubpghuyh fjuliwynnnipinilp. wnwnmwphl wwwnnn Ynbuwnpncyghwlbn

Human causes of bird death in Canada and the US (per year)

Habitat Destruction

puwywU dhpwywjnh pwjpwjnid

Collisions with Buildings

26Uptnh hGwn pwhunidutn

Power Lines

ElEywnpwhwnnpnlwl gétin

Hunting

nnu

House Cats

punwuh uuwnniubp

Caollisions with Vehicles

thnfuwnpwdhgngubph hGwn pwhunwdutp
Indirect Pesticide Poisonin
wbGuwnhghnutphg wuninwyh entbwydnpnd
Callisions with Communication Towers

Juwh wpnwpwyubph hGwn pwhunidubn
Nuisance Bird Control

ubptunidnn enrgnLulibph YyGpwgnud

Wind Turbines

hnnUwwnnipphultn

Electrocution

ElGYnpwywunipincu

Scientific Research
ghnwlwl hGwnwgnunipniultn

I Estimated as the most significant cuwn huajupyubph® wnwyt; wankghy
cause but numbers unknown wwwnGwen, ntwetnh puliuyl whwjn b

7_ 174,000,000
__ 120,000,000
_ 118,000,000

“ 80,000,000

Jwdwnpyuwjht wpwybjwgneju

pwlwyutpp pun pninp Wwiwn-

Gwnltph, yepwihnfujwé pun
hGwnlyw| hpwwwpwydwu.

“ 72,000,000

u 50,000,000

Estimated maximum values
for all causes, modified from

2,000,000 The Bird Almanac: A Guide to
R Essential Facts and Figures of
400,000 the World’s Birds, David M.
’ Bird, Key Porter Books (2004)
100,000
20,000

@ngnitbutph wuydwl Jwpnwéht ywwnmwnubp, Ywbwnw bW UUL (nwpblywl)

For more information, visit the sites listed in the
following footnote.

UyGih Jwupwdwul wnbGnGynipjwl hwdwp wjgbitp

hGnljw| Ywjptpp (wugGptul).

The image above is a collection of birds that
have died from colliding with buildings. It is part
of a campaign by FLAP.ORG to raise
awareness about this problem."®

Uju bywnpnd wju prgnLtbulbnh hwywpwédnil E, npnup
Jwhwgnt pwhuntd GU nitbbkgt] 26UpEPh wwwyGwywn
dwlwwubph hGwn: YMw FLAP.ORG Unnuhg Lwhuw-
46nUwé wpowyh Jh Jwul E' nunnywé wju pulnph
LUjwwndwdp hpwabydwu pwnénwgdwhn:15

'S “American Bird Conservancy: Home”, accessed May 2013, www.abcbirds.org; Christine Sheppard, Bird-friendly Building Design, The Plains:
ABC, www.abcbirds.org/newsandreports/BirdFriendlyBuildingDesign.pdf/; “Flap Canada”, accessed May 2013, www.flap.org; “Accopian
Bird Savers”, accessed May 2013, www.birdsavers.com/
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Reading List | Cuptpgwluntpjwl UjnLptn
Q. Qwljwl «Shuwpwpwywl gEpdwdhghywbt, Gplwl, 1989r. [Georgi Janyan, Thermal Physics
of Construction, Yerevan, 1989]

U.Lwpwdjwl, Y4.MNnnnujwl «dwpunwpwwbnwywu-swpnwpwaghunwywl $hghlw» Gplwl
2006pe. [Karlen Karamyan and Vazgen Poghosyan, Physics for Artitecture and Engineering, Yere-
van, 2006]

dancT B. “OcHOBHble NOMOXEHUSA MO NPOEKTMPOBAHUIO NaccuBHbIX JomoB” (Mockea, 2011)

Omutpures A.H., MoHacTeipes N.B. “3HeprocbepexeHne B pEKOHCTPYMPYEMbIX 34aHUsX” Hay4. uag.
(Mockea, 2008)

Benges B.C., Npanuk KO.I., MatpocoB HO.A. “OHeproadppekTMBHOCTL M Tennosawuta 3gaHun”
yyebHoe nocobue (Mockea, 2012)

Technology Roadmap: Energy efficient building envelopes (International Energy Agency, 2013)
http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapEnergyEfficientBu
ildingEnvelopes.pdf

Building Envelope Design Guide http://www.wbdg.org/design/envelope.php

Audiovisual Materials Stuwdwjuwjhu UynLpbp

Integrated Design Strategies for Building Enve- CGuph wwwnnn ynuunpniyghwutnh W dwlwunh

lope and Facade huntbgpjwéd bwhiwgddwl nwqdwywnnieinil-

http://youtu.be/R20-3gcITgA utp http://youtu.be/R20-3gcITqA

Popular Building Envelope & Thermography ¢buph wywuwnn ynuunpniyghwutph W etpdw-

videos apwdbhy wwwnybpdwl hwupwdwwnsblh wnbuw-

https://www.youtube.com/playlist?list=PLk2I ujncetn https://www.youtube.com/playlist?list=

8HLTP1mubVI98VADJqpvhklYKLNm3 PLK2ISHLTP1mubVI98VADJqpvhklYKLNmM3

Discussion Questions Rwpgtip pwbwytatEph hwdwp

1. What factors will you consider in select- 1. P gnpénultp Gp hwayh wnunud 26Uph
ing thermal insulation material for the wwwnn Ynuunpniyghwubnh hwdwn gtp-
building envelope? Jwutynruhg UjnLpbn punpbihu:

2. What are the main components of the 2. Npn°Up BU 2GURh wwwnn Ynuuwnpniyghw-
building envelope? utph hhduwywu pwnwnphgutnp:

3. What are thermal bridges and how 3. b7 BU gpdwjhU Ywdnipgubipp U hugwbu
should they be treated? wGuwp £ Juwnyb npwlug htwn:

4. What is air infiltration and how should it 4. P°Ug £ onh UGppwihwlgnidp U hluswtu
be treated? wbwp E Jwnyb nphw hGuwn:

5. What are key considerations in window 5. NpnlUp U hhylwywl UYwwnwnndutpp
selection and installation? (ntuwdntin punptihu W inGnwnpthu:

6. How are moisture inside the building 6. hPuswb°u GU wwywds 26Uph UGpuNLU fun-
and thermal insulation related? uwyntejntup b eGpdwdByniuwgnedp:

7. What options are available for the instal- 7. h°Ug mwppbpwyutn wu gtipdwjhu ubynt-
lation of thermal insulation? uwgdwl nEnwnpdwlu hwdwn:

8. How can you reduce condensation in- 8. hlswb"u Wwywubgut) gnnpant funwgnt-
side a house? Jdp nmwl UGpuntd:
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