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Abstract: This paper focuses on the thermal performancesassnt of building envelope systems based on heat
loss and heat gain through external walls, skelstamnctural frame, wall openings, roof and groulmbif using a
national energy calculation program. An inspectiase of an educational building, the external empelof which
is analyzed in terms of energy efficiency and Udeal of components, is presented. Findings of thHecorafort
survey which were drawn from the users of studieifiling are also briefly explained. The study cetsiof four
main parts: i) literature review ii) evaluation o$er satisfaction survey, iii) thermal performamssessment of
building envelope by an insulation calculator seite; and iv) a discussion of a proposed model fogusn a
thermally improved external envelope. The findimafsthis study consist of attempts to develop a mmoifgust
external envelope in terms of prevention of thertdtiges, sufficient and proper insulation appimat and
improved enclosure protection against environmefgeiors. The calculation results show that it asgible to
increase the thermal performance of building’s épe and reduce high heating energy demand withomin
changes to facade design. This improved performatsmecreates a more comfortable environment foupants
by upgrading the living standards.

Keywords: Computer based evaluation, Energy efficiency, tigsBuilding, Thermal performance
Introduction

The amount of energy consumption and its environateffects throughout the life-cycle of buildingsgaining
greater importance due to go green act. As tharigasbntributor of the socio-economic developmenthe world
countries, the construction industry plays a sigaift role in energy consumption and energy-relatedronmental
issues and pollution. Buildings appear to be onm@®imajor contributors to restricted nonrenewalergy sources.
Today, numerous investigations are carried out dvade to determine the thermal performance of @ndst
buildings’ envelopes, as well as to improve usemhfort conditions. As part of literature reviewgse studies
particularly investigating thermal performance assgent methods and the optimal conditions of camfor
inspections are reviewed.

When analyzing the design and comfort conditionthefeducation buildings, Conceigdo & Lucio (20@8)ippin
(2005), Kwok & Chun (2003) and Baker (1982) hawedsd on related subjects with thermal comfort étorks.
[1,2,3,4]. We have seen that such research papeducted either with computer modelling and simatator
experimental analysis and measurements of buildingstu also took into account of energy presdovaiand
consumption while providing thermal comfort conaiits [5,6,7,8,9]. The authors dealing with subjditts the
quality of interior air quality and ventilation areviewed as; Clements-Croome, Awbi, Bako-Bird, Koar and
Williams (2008), Tippayawong, Khuntong, NitatwichikKhunatorn and Tantakitti (2008), Sohn, Yang, Kigan
and Park (2008), Becker, Goldberger and PaciukqR0Chedari, Boonsri and Hirunlabh (2000) [10,1111214].
There are also research papers about environmeatafort conditions. On the other hand, Collet daagar
Kowaltowski and Diego Petreche (2007) have aimesaduate indoor comfort conditions with differéachniques
[15] whereas Kriger and Dorig (2008) have focusadtte importance of daylight and natural illumioatiin
creating the optimal conditions of comfort in edima buildings design [16]. There are certain searin which
planning and academic achievement in educatiordingi$ are studied through specific cases such asckia
(2008) Chan (2001), Sleegers, van den Berg ands&g2000), Cooper (1982), Maitreya (1979), and sBfsda
(1968) [17,18,19,20,21,22].
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When aiming to reduce the negative impact of boddi on their occupants and nature, energy regoktmd
environmental policies play a crucial role in tlife Icycle effects of design, construction and operastages.
According to the EU’s Construction Products Direet{23] and the Energy Performance of Buildingsebiive

[24], building and its parts must be energy effitiand fulfill performance requirements over anreguically

reasonable working life. With respect to heat lesaad gains through building envelope, heating emaling

energy expenditure is required to be low as a pirbailding performance today. As a result, grea@phasis is
given to use clean and renewable sources, integrafi active-passive systems in buildings, enefffjgiency of

service systems and building shell.

Since thermal performance of buildings is now aomaoncern, architectural studies focusing on ropti
performing solutions have gained momentum in nevidimg projects. As part of the sustainable devaiept

strategy in the EU integration process, nationgislation and regulations such as Energy Efficiehayw [25],

Turkish Thermal Insulation Requirements for Builghn(TS 825), first published in 1981 and revise@008, [26],
Directive on the Energy Performance of BuildingEEfBTR) [27], and Energy Identity Certificate (EKB)e

introduced or adapted to relevant EU directivesirtprove the energy efficiency of buildings in Tuyke
Furthermore, Turkish Green Building Council (CEIB® is trying to develop a sustainable building asseent
model based on local standards and solutions [28].

Though designing with the environmental performaogeria produces good results and buildings atedr and
certified by various sustainability assessment sotimited data exists regarding the thermal penforce of
building stock in Turkey in terms of energy effie@y and other ecological aspects. New buildingsregeired to
possess at least a "C Class" Energy Certificatdtain a Municipally Approved Architectural Projextd Building
License, demonstrated in Figure 1. On the othedhian such restriction is currently in effect faiisting buildings
aside from being rated until 2017. According to BHR, annual energy consumption of the buildingakelated
and rated within a scale "A to G", considering missions, thermal insulation properties, heatimgling, hot
water, illumination and ventilation system efficogn
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Figure 1: Energy Identity Certificate (EKB) in Turkey [27]

Existing building stock should be renovated to chymyith the latest energy standards. TS 825 IngutaStandard
specifies limited energy consumption and the aad#ptU-values of building assemblies for differelitnate zones
in Turkey. The new regulations have generally begdite effective on newly developed building zoneswever in
most part of the nation, the energy consumptioexédting buildings is above the desired limits.
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Research shows with heat insulation, % 20-50 hawing can be achieved depending on the conditiothef
building. Considering the building stock consisfsnearly 8 million buildings in Turkey, only 4% pmmt has
Energy Identity Certificate (EKB), thus involving @otential for significant energy saving [27,29vésting in
insulation of building envelope is therefore a austble way of rising comfort and air quality foseus while
reducing our reliance on fossil based energy.

Thermal performance of building envelope

As energy conservation is the leading issue oftioue, thermal comfort is a primary aspect in almastypes of
buildings. Heat energy flows through the buildimglesure via opaque and transparent componentsriguction,

convection and radiation. Research maintains thatrain energy losses through building envelopauroet

external walls, roofs and windows [30]. To raisee@all thermal resistance of the entire building edape, heat
transfer and temperature distribution through bogd elements and assemblies should be controffeapplying

insulation as well as thermal bridges, unconditibragr leaks, moisture and dampness. Thermal pediocm
properties expected from a building envelope carebarded as: i) lower heat loss during heatingpdeii) lower

heat gain during cooling period, iii) capability béat storage, iv) lack of air infiltration, v) k@ag inner surface
temperatures of required levels, and last butesnttlvi) lack of thermal bridges [26,31].

Energy efficiency, comfort and indoor air qualissuies are mainly associated with thermal performahbuilding
envelope is in terms of user requirements. Accgrdim American Society of Heating, Refrigeration afi
Conditioning Engineers (ASHRAE) Standards [32],rt@ comfort is defined as "The state of mind which
expresses satisfaction with the thermal environtdiite comfort temperature is a result of the iat&ion between
the users and the built environment they are odagpyThe clothing level, type of activity and eroimental
variables such as air temperature, humidity, aloaity and radiation affect thermal sensation aatisfaction of
occupants [33].

According to national Guidelines for Heat Insulatio Buildings Standard (TS 825), thermal comfertlefined as
the least energy of the human body uses to adayeti to the environmental conditions [26]. Indeemperature
of 19-22 °C and relative humidity of 55-65% areidefl as necessary conditions to maintain optimaifod. In
addition to constant indoor ambient temperature témperature difference between exposed surfackmdoor air
is required to be no greater than £3°C and mairttaimogeneous throughout the year. The highest trerafer
coefficient (U-value) for the external building elents have been limited by the building regulationJ urkey,
further discussed in detail.

Materials and methods

The computer-based design tools offering user-ditiegraphical interfaces including three-dimensionsuals and
animations have become a part of today's archii@atiesign. Over the past 50 years, a variety efggnsimulation
technologies have been developed contributing sigdeand implementation stages of constructionegatsjas well
as improvements to do in the use stage. A compsifemange of simulation data such as; heat tresssan
through building envelope, heating, cooling, vetidn and air-conditioning (HVAC) loads, fuel us€O.

emissions and energy consumption of lighting systean be obtained using these energy simulatiogranos.
Energy simulation tools worldwide used can be cedras Energy Plus, Design Builder, Radiance, TrrRgsux
and Ecotect [34].

The aim of this study is to calculate an estimatd Bmited value of heating energy demand of amsulated
building and to suggest savings alternatives witteubstantially altering the building's structuhe.the present
study, established software of Turkish Autoclavertaied Concrete Association (TGUB) was used to rgdmelata
applying the national Guidelines for Heat Insulatio Buildings standard, TS 825 [35]. The buildisgllustrated
with Google Sketch-up Pro. 2015 3d virtual modgllprogram and thermal calculations are performed GYB
v.4.0 software. Findings from thermal comfort aséusatisfaction survey are also presented irptpger.

TGUB assesses the thermal performance of theibgikhell taking into account its orientation arsdemblies. It
is possible to make a quantitative assessmentitfitogi envelope via TGUB which comprises a caldolatof heat
gain and loss through the envelope, current artdgesl heating energy consumption and the amoficbrdensed
water in architectural components. Thermal load$ emergy needs for heating can be derived for roo#ding
types and all climate regions in Turkey; howevhg program does not include total energy needs asicooling
loads, electricity used for appliances and lightisgvell as C@emissions and cost of fuel etc.
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The considered input parameters are illustratdedgore 2 has been:

. the location and function of the building

. total floor surface area

. the net volume

. the height of the building

. the percentage of transparent surfaces on opadizeess

. geometrical data regarding to surfaces exposedtttoor conditions and ground,
. the operative temperature and relative humiditypsétts

. fuel type

The required physical properties of architecturainponents can be determined either using softwatabdse
based on TS825 standard or by adopting defaulegalOutput data is shown on a monthly basis foryeae period
and lists of results are presented in MS Excelajskeets, shown in Figure 3.
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Case Study

Bursa, the 4tlbiggest city, is located in the northwest of Turkend the south-east cost of the Marmara Sea, in
Marmara region. TS 825 standard divides Turkey ifttor climatic zones depending on average temperatu
degree-days of heating. Bursa locates in the sesmmeland the city’s temperate climate is charastdrivith warm
summers and mild winters. The weather is influenogglaces’ proximity to the Sea of Marmara. Thewvailing
winds are northeaster and southwester.

Uludag University with a campus area of 16 millimA was established 20 km away from the city centet9in5.

Campus area in Figure 4 is surrounded by newlyldpee dwelling zone, Nilufer residential districip west and
eastside, bordered to north by pinewoods and dmuthain highway. Student access from city centerampus is
primarily by public bus and light railway systenathiuns above ground.

For the case study, an existing three-storey dethdsiock, the Faculty of Industrial Engineering Birg is

selected. The subjected building is located inrtbgheast side of the campus and completed in 289&een in
Figure 5, the rectangular floor plan of the builglis placed on northwest — southeast axis. Thd to&a is
approximately 8520m2. There exist 12 classroomapdratories, 2 workshop studios, 1 cafeteria,ctute hall, 1
library, 14 lecturers’ offices, administration adélan’s office in building’s architectural prograimage in Figure 8
demonstrates the open courtyard of the buildirtgaged in the center of its layout where studeatser mostly for
free time. Regarding 2015, the user populationhaf faculty is about 500 people, including 20 teaghand
administrative staff, 350 undergraduate and 128uate students.
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Side View and A-A Section View of the Faculty

Second Floor Plan

Figure 5: Floor Plans, Side View and section view of the Rgcu

Technical data regarding the detailed information application project is obtained from Uludag Umarty
Construction and Maintenance Department. Accordimghe existing drawings, the building does not ehav
basement. Entrance floor is lifted 1.5 m abovedhmind level to form a surrounding plinth wall. @ral floor
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measures 58 m by 43 m and has 4.5 m ceiling heffist. and second floors form a 3 m outer cantildaeing to
SE and NW and are 3.5m high. Shallow column foatiage used for the foundation as seen in A-A sectiew in
Figure 5. Window range on each facade is open wldw breeze through classes and offices in cation with
the windows on atrium wall, seen in Figure 8. Cgamd also provides natural light for long indoothvays.

The school is designed to operate using nonrenewaférgy sources. Space heating is supplied bydigasn
central boiler. Classrooms and offices are natyrathtilated; yet, some units have their own ammditioning (AC)
system optionally installed. Main entrance doomiade of metal frame and single-pane glass. Doubdesdand
covered entrance serves as a wind break betweefafsrooms and outside in Figure 6.
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Figure8: SE Facade of Indusltriél Eﬁain'e'ering Faculty andrOpourtyard

The orientation of the building facade is importamtterms of solar gain, exposure of prevailing dviand the
severity of driving rain. For this case, the traargmcy ratio increase light penetration to thesttamms facing to
NW and SE. On the other hand, uncontrolled sol@osdre and uninsulated external walls lead to @adihg
problems in summer and net losses in winter. Tlbadas comprise of several polyvinyl chlorides (PWi)dow
frames with fixed and operable sashes, double gaand marble sills with a drip edge on the exteside. All
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windows have manually operated blinds and curtdits.external shading device is used to avoid gléme.the

other hand, evergreen trees situated on the netthed southwest site that obstruct strong windspravide shade
for the sun. However trees are measured to betedest a distance of 5 m from the investigated dasaThey
reduce receiving solar gain in winter time (Figdje
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Figure 9: 3d Virtual Perépective of NW and SE Facade of stidal Engineering Faculty

One way ribbed slab is commonly used floor typéhefbuilding. The main body of the external wakbs touilt with

conventional hollow fired clay bricks within the R&Releton frame. No additional thermal insulatioaswapplied

either on the external or on the internal sidehefnasonry walls. The infill brick walls have besgplied to align

with the center of RC columns. As a result halesif the columns lining up along the wall is exgbse outdoor

conditions. Neither those columns, nor inclinedashealls on the right and left side of the cantesvare insulated.
Silicon based paint has applied on cement rendddndinishing of external walls. The roof is constted with

trapezoidal metal sheeting with a slope of 12%.a\igutter system has used to drain water away frenbuilding.

Mineral wool supplies thermal resistance betweenrtiof panels. Table 1 below consists of geométigat data

of building envelope measured through drawings.

Table 1: Area and Volume Size of the Subjected Building

Total Floor Area (m?) 8519,68
Total Gross Volume (m3) 26624
Total Area of Exposed RC Skeleton Structural FréW#/1) (m2) 1461,1
Total Area of Exposed Masonry Wall (WW2) (m?2) 545
Total Area of Exposed Pitched Roof (WR1) (m?) 2110

Total Area of Ground Floor Against Earth (GF1) (m2) 1940
Total Area of Exposed Cantilevered Floor (WF1) (m?) 170,6
Total Window Area (m?) 909

Total Door Area (m?) 9,3

Results and discussion

When assessing the thermal performance of buildmdosure system, a series of field analyses wenducted
using different scales. In this context, externaledope system which mainly comprise of thermadifpeis through
skeleton structural frame and infill masonry watigether with thermal comfort conditions survey presented in
this part.

Thermal performance of buildings is critical coresidg energy saver design approach. Energy efiigienf

building envelope can be improved depending ontktieemo-physical properties of construction materiahd
components. The numerical analysis has been cartieth terms of annual heating energy consumptieat loss
and heat gain through envelope considering R andlUes of building elements and components. ThalRevis a
measure of resistance to heat flow through a dgikiskness of material. So the higher the R-valbhe,more thermal
resistance the material has and therefore therbitti@sulating properties.

U-value is referred to building assembly's capatityesist heat transfer by conduction, convectiod radiation.
Technically it is a measure of the rate of heatdemtion through 1 m3 of a material with a 1°C terapgre
difference across the two opposite faces [26]. lerds the basic data describing patterns of heat gnd loss in
building envelope. In addition to calculate thermebdperties of individual materials, U value is dise a way of
predicting the composite behavior of building eletseand entire assemblies. Table 2 illustrateslithitged and
calculated U-values for the main components oflthidding’s enclosure in temperate climate condigioWhen
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current and limited U-values are compared, resotticate that infill masonry brick wall is unable provide the
required level of thermal resistance accordingatiomal thermal standards, TS 825. That meansxtezral walls
lose a considerable amount of heat and decreasméngy efficiency of the building.

Table 2: Limited and Calculated U-values of External Enpeldor Temperate Climate Region inTurkey

Wall -1 Wall-2 Roof Floor Glazing
Infill Thermal (W/m2K)  (W/m2K)  (W/m2K)
Masonry  Bridge
(W/m2K)  (W/m2K)
Limited by TS 825 0,60 0,60 0,40 0,60 2,4
Calculated 1,15 2,28 0,25 0,61 2,4

Temperate Climate

For obtaining comfort from building envelope, vautim are calculated assuming a set point of 21°@dnghterior
air temperature, 60% the relative humidity, 0;Bdir change rate for indoor conditions. Total hieas through
subjected building elements is calculated accordmgheir unit mass (kg/m3) and thermal condudgfiwglue
(W/mK) based on specifications in TS825. Tableldsitates the impact of R and U-value by giving tie¢ heat
gain and losses.

Table 3: Thermo-physical properties of exposed elementscatalilated heat loss through the building
envelope in existing state

_— Overall Heat
E#\'/Igllgge Thickness |  Resistivity R Transfer Zﬁff;g:gsrge; HeAa)t( boss
P (m) (m2K/W)  Coefficient U .

Elements (W/m?K) A (m2) (WIK)
RC Column,
Beam and Shear 0,30 0,32 3,151 1461 4603,61
walls
\l\lﬂvzlslonry Brick 0.24 0,75 1,342 545 731,39
Low Pitch Metal 0.23 3,96 0,2016 2110 425,38
Roof, Insulated
Ground Floor 275 1,57 0,319 1940 618,86
Slab against earth
Cantilevered RC 0,32 3,204 170,6 546,6
Floor Slab
Windows 2,4 909 2181,6
Doors 55 9,3 51,15

Thermal performance of enclosure is determinedhey dharacteristics of components such as opaqueepts
thermal resistivity and thicknesses as well assparent element’s thermal transmittance and wediflkeimess.
Columns, beams and shear walls have higher theomadluctance factor than the rest of the opaque wall
components due to high thermal conductivity of eete Since resistance to heat transfer R is ttipracal of the
total U-value, the thermal effectiveness of thelvialdiminished by RC structural elements, contiifiog to the
highest heat loss through wall (4603,61 W/K), ahllthermal bridge". Floor slabs are the other dtmat elements
that form a major thermal bridge depending on thal tsurface area on facade.

19 cm exterior brick wall and wall finish have avidieat storage capacity and do not provide a gatgstlegree of
thermal mass; therefore, excessive energy is wsathintain surface and indoor air temperature Glatbns stable
during heating and cooling period. Additionallyrfeice degradation problems are inspected in somts péthe
building envelope most likely originating from lack insulation. Exterior wall, particularly locatintowards the
direction of prevailing wind on the NE and NW faead subjected to moisture accumulation. Imagerntdfanm the
NW facade in Figure 10 demonstrates visible detation in corner sections of wall, window casemamti marble
sill joints.
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Figure 10: Wall Deteriorations Most Likely Originating Fronmd.ack of Insulation and Moisture Ingress

Heat loss and gain through the building envelopsically depends on form, orientation, internal aadar gain,
ambient indoor and outdoor temperature, insuldéeel and thermal properties of elements. An alloeesis added
for infiltration through leaks including badly fitiy doors, windows, damaged structures surfaceTdte.overall
heat loss from a building can be calculated asf![26];

H = Ht + Hv + Hi 1)
Where;

H = overall heat loss (W)

Ht = heat loss due to transmission through wallegdaws, doors, floors and ceiling etc. (W)

Hv = heat loss caused by ventilation (W)

Hi = heat loss caused by infiltration (W)

The overall heat loss H is calculated as 16187.838.W

Annual energy need for heating refers to spaceirfie@nergy; domestic water heating is not includ@enefits
from solar and internal heat gain have taken imcoant. Heating demand occurs for seven monthscanttal
heating is switched off for five months of the yeannual heat demand,@ equal to the sum of monthly heating
energy demand £

Q =2Qn=567.768 kWh (2)
Q =567.768/26624 = 21.33 kWh/m?3 3)
Where;

Q, = annual heating energy demand (kWh)

Qn = heating energy demand per month (kWh)

Q= actual annual heating energy demand per m3 (K\&fh/m

Q' = limited annual heating energy demand per re3tdurS 825 (kWh/ms)

Calculation results for the existing building shielicate that:
¢ Actual heating energy demand per m3 is calculase@ & 21.33 kWh/m3,
« Limited heating energy demand per m3 is calculae®’= 13.81 kWh/m3 due to TS 825.
«  Actual fuel consumption per m3 is calculated a9 Xd.nt
«  Q>Q, means that the actual energy consumptidms(goove the maximum limits (Q’) of TS 825.
¢ The indoor surface temperature of exposed extevals differ more than 3°C from the (indoor) amhien
air temperature.”
¢ Building envelope fails to comply with the TS 82&rsdard.
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User Satisfaction Survey On Indoor Thermal Comfort

Thermal comfort is an important aspect when evalgathe users’ satisfaction. In this context, aveyrwas
conducted to receive users’ view on optimal thermaifort conditions in academic institutions. Intlizd
Engineering Faculty has been climatized (heatinghe time of the survey and 100 people includinglents and
staff joined as respondents. They were asked twdte their appreciation of indoor environment @ints of
heating, cooling, natural ventilation and air-cdiwtiing level of spaces and rate the buildimga scale ranging from
"very satisfied" to "very unsatisfiedDetails were collected about their clothing, warkiactivity and the use of
climate controls such as windows, air conditionifags and radiators. The answers have staticalilyaed in terms
of percentages and and the attained results wesepted with a graph of in Table 4.

The users were asked about the air quality conditio terms of how they feel and what they do twvjste thermal
comfort during winter and summer. Of all the us&%% complained about the low heating level in efinivhile
%41 complained about over-heating in summer. Simdaults were found regarding the use of mechhsictems
individually. 38% of the users were content witimfort conditions of their unit whereas 35% expresdiscomfort
for indoor environment when AC operates.

During the heating season the comfort temperatuegiiomatically controlled by the central heatiggtem instead
of occupants. Building envelope is found to loweceptable indoor air quality for each classroom ttuthe fact
that the users take actions such as opening thdowinswitching on a fan or using AC to make themmfmtable.
The building does not have a mechanical ventilaggatem so windows are opened as the temperaiess; ri
however solar exposure and glare affects visuafaxraspecially for the classrooms on SE facade.

Table 4: User Reviews on Thermal Comfort Level of IndustEiagineering Faculty
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very satisfied 9 7 9
satisfied 31 33 29
neutral 18 22 26
unsatistied 32 28 31
very unsatisfied 9 9 4
noidea 1 1 1

Improvements For Energy Efficiency In The ExistingBuilding Envelope

Thermal performance of building envelope is maimalgsociated with energy efficiency and environmental
sustainability in terms of long-term performancervece life prediction and durability of buildingsd its parts, in
addition to thermal comfort and indoor air qualggues. In this respect, thermal insulation of mekeenvelope is
critical considering climate-sensitive, sustainadiesign approach. Besides, ensuring energy corigarvand
thermal insulation is a legal requirement.
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According to thermal insulation standard, heat dfan characteristics of glazing should give a Useabf 2.4

W/m2K or less. Existing double glazed PVC frameddaws with 20 mm air gap and thermal breaks achikge
limited level and considered to be adequate as agethe insulated roof of the building. In thisesahe majority of
the heat loss occurs at exposed structural frahmerefore, a layering model is presented to imprthamal

performance of RC parts of the external wall In[€gh

Table 5: Proposed wall layering model for RC structurahfea

BUILDING ENVELOPE Thick Thermal Resistivity Heat
COMPONENTS ness | conductivity Transfer
Coefficient
| A R U

(m) (W/mK) (M2K/W) (W/m2K)

RC Skeleton Frame Internal Surface 013

Exposed to Outdoor Conditions Resistance, &/ '

SIS A R e 5| Calcium silicate

M:% : ? gypsum plast 0,02 0,70 0,03

— = RC column 0,25 25 0,1

= Rock wool

= Thermal 0,05 0,035 1,43

= Insulation

= Weatherboard

= Composite Panel | %010 04 0,04

= External Surface

- Resistance, &) 0,08

TOTAL 1,81 0,554

The existing building enclosure has no thermal latsan regulating the transfer of heat by conducti®hermal
bridges through the wall construction especiallyotiyh beams, columns, lintels and cantilever flslabs are
determined to be dealt with as a leading issudl m&sonry wall has applied behind the columnsaassult, half
sizes of the columns are directly exposed to wegtpePlus, RC structural frame has the highesbeggd surface
area among all enclosure elements.

For the external walls, rock wool is chosen ammmon inorganic mineral-based insulate alternativeynthetic
insulates. It is vapors and air permeable mateffgring certain important properties like resistarto fire and
avoidance of ozone depleting chemicals [37]. THeutation results show that with 50mm rock wooldtation, it
is possible to lower the existing U-value from 3,48/m2K to 0,554 W/mz2K for RC wall fabric.

The infill masonry brick wall facing with 50 mm oéck wool thermal insulation is protected by extdreladding,
demonstrated in Table 6. The existing brick wallegi a U value of 1,342W/m2K. External insulatiorgrgules the
main body of external walls and achieves a U-vafu@.448 W/mz2K.

Continued next page
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Table 6: Proposed wall layering model for infill masonryliva

BUILDING ENVELOPE Thick Thermal Resistivity Heat
COMPONENTS ness | conductivity Transfer
Coefficient
I A R U

(m) (W/mK) (M2K/W) (W/m2K)

External Infill Masonry (Brick) Wall Internal Surface 0.13

Exposed to Outdoor Conditions Resistance, &/ '

E=h A A 5| Calcium silicate

= )| gypsum plaster 0,02 0,70 0,03

— Fired Clay Brick

= Masonry Wall 0,19 0,36 0,53

= Rock wool

= Thermal 0,05 0,035 1,43

= Insulation

- Weatherboard

= Composite Pan 0,015 04 0,04

= . External Surface

E \ VY Resistance, i 0,08

TOTAL 2,24 0,448

The building external walls were inspected to hswdace degradation caused by moisture accumulatighere is
no problem as regards changing the appearanceadda by over cladding. The application includasmktss steel
rigid wall ties and 50 mm cavity in between insidatand weatherboard composite panel wall claddiig. air gap
positioned between insulation and cladding providestilation and reduces the risk of condensatiomsulant.
Table 7 illustrates the limited and calculated UW4es for the assemblies of the external enveloperéeand after
insulation.

Table 7: U-values for Limited, Existing and Insulated Erofm Elements, Exposed to Outdoor Conditions

RC

External Infill Columns, Wall-1 %/X::Irfal

Temperate Climate Masonry Wall Beams, Infill Masonry Bridoe
(W/mzK) Shear Walls (W/m2K) w ,mgK)

(W/m2K)

Limited by TS 825 0,60 0,60
Existing 1,342 3,151 1,15 2,28
Insulated 0,448 0,554 0,43 0,53

Annual energy consumption of the building is cad¢ed one more time, considering rock wool insutatpplied
from the outside of wall. Calculation results fbetlayers of proposed wall assembly indicate that:

* The overall heat loss H is reduced from 16187.3B Y/10547.39 W/K.

* Actual heating energy demand per m3 is calculase@ & 10.9 KWh/m3.

* Q'>Q, means that the energy consumption (Q)l@bthe specified limits (Q’)

«  Actual fuel consumption per m3 is calculated ag kg.n?

*+  Q/Q’<0.80, the building is classified within a sedefined as "A" due to TS 825 standard.

» The indoor surface temperature of exposed extevald differ less than 3°C from the (indoor) amlpiein
temperature, which stays within the acceptabletéimi

* The proposed insulated envelope complies with B85 standard.

Conclusions

This paper presents results from heating loadseaedgy demand analysis along with a user satisfastirvey for
an existing building. The selected case is a ugityebuilding built before TS 825 (2008) and is negentative of
uninsulated educational building stock in tempecéiteate region of Turkey. Calculation data is fegnl by TGUB
insulation calculator software which provides useith key thermal performance indicators such asstiwity and
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overall heat transfer coefficient of exposed buiddipartitions. Computed results are given togethih an
envelope layering alternative. This way, the stoffgrs a solution through which the existing enpels thermal
performance is compared with a proposed modelntiegts thermal insulation regulations and reveagitfierence
in annual heating energy demand. By the implemiemtatf the current standard, it is possible to aplgrexisting
building’s thermal performance and comfort levefsogcupants in the use stage. In addition, enviremtal
pollution can be decreased due to considerablycestituel consumption.

Buildings play a crucial role in CCemissions, global warming and depletion of resesir@nd this problem is, in
part, in the responsibility of architects and eegirs. One of the most difficult challenges ahead tetermine how
to improve existing structures since the majorifytliese energy consuming buildings will be too ewgiee to
function in the near future. An additional layertbérmal insulation is one of the most common wiagd has been
tried to influence by national authorities since8Q%es. By applying low-density and lightweight argc or
inorganic insulants on the external side of thdane, transfer of conducted heat can be regu[&8&]d

Briefly, insulating our buildings;

. Reduces space heating and cooling demand and iopatatosts

. Reduces energy consumption, £fnissions and the use of natural resources
. Diminishes temperature fluctuations between expssefhces and indoor air

. Maintains steady and comfortable internal environifier users

. Protects the building enclose from weathering, Bngwa longer life.

In Uludag University campus area, most of the hogd constructed prior to 2008 have not been enrergy
consciously designed. Existing buildings are areshgimilar to a campus plan and researches shotw tha
approximately 25% percent of buildings have "adéglumsulation in the walls according to TS 825nstards.
Unfortunately the figure is disconcerting; yet, ésting in thermal performance of existing buildirgsild result in
major energy savings. Therefore, converting exgstimildings enclosure appears to be a more sublairend
logical alternative than tearing down the wholecktand rebuilding it in short term.

This study aims to provide guidance not only onoketion of existing uninsulated buildings but aisdhe early
stage of design and planning process for the futbogects. For further evaluation of such casesymrehensive
dynamic simulation engines could be used that esatbétailed modelling options related to buildingetope and
daily and hourly interval of fuel use, HVAC and Hiing system savings for multiple zones. Along witte
computer simulations, existing buildings need tarspected in the field to assess the actual thgseréormance of
building envelope. Such performance issues of llingi may have different characteristics than wkas planned
on paper and applied in the construction process tllis may have been particularly changed in timgterm by
the effects of environmental factors.
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