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Abstract:

External Thermal Insulation Composite Systems (ETICS) have entered the Turkish market in
late 1990s. However, there is no information regarding their durability. This study presents the
field inspection results conducted to assess the durability of extruded polystyrene (XPS) based
ETICS, when exposed to degradation agents originating from atmosphere, occupancy, design,
and construction in Istanbul, Turkey. Initially, the exposure environment of Istanbul was
determined. Subsequently, a survey form was prepared to be filled out by ETICS suppliers and
contractors to determine the location of buildings with ETICS in Istanbul and to obtain data
regarding ETICS installation. Data describing the state of the building facades with ETICS was
gathered through field inspection. Observed defects were classified according to the origin of
the degradation agents, i.e. external and internal degradation agents and the presence, type
and intensity of the defects. Results of field inspection of the 44 buildings with XPS based
ETICS indicated that when exposed to external degradation agents of Istanbul, the state of the
facades having an exposure life of 1 to 7 years proved to be virtually without defects. However,
when the effects of internal degradation agents, i.e. improper use of occupants, improper design
and defective construction are considered, a quite number of defects such as delamination, drill
holes were observed at the facades.

Keywords: Durability, degradation, defect, external thermal insulation composite systems, field
inspection.

1. Introduction

Building construction sector is one of the major constituents of Turkish
economy. According to the latest study conducted by Turkish State Institute
of Statistics, there are about 6.6 million residential buildings in Turkey, ~11%
of which are located in Istanbul (State Institute of Statistics, 2000). The
buildings in use consume 34.5 % of the total energy of the nation, and 80%
of this energy is consumed for heating. Therefore, the energy used in the



operation of buildings is one the main issues of the sustainable building
strategy of Turkey in order to conserve energy and sustain societal well
being. A policy has been developed in governmental level to promote
energy efficiency and a standard titled “TS 825 - Conservation Rules of Heat
Effects for Buildings” was activated in 1970 to insulate the new buildings and
to retrofit the existing building stock. This standard has been revised in the
years of 1979, 1985 and 1998 in terms of decreasing the U values of the
building envelope. A regulation regarding thermal insulation of buildings was
also enforced in 2000 aiming the promotion of energy efficiency in Turkey.
Recently a new revised standard TS 825: 2009 Thermal Insulation
Requirements for Buildings was ratified. In accordance with the new
standard, the existing regulation was revised as well. Subsequent to the
implementation of the TS 825:1998 standard, external thermal insulation
composite systems (ETICS) have entered to the Turkish construction market
and their market shares have been significantly increasing since the given
date.

Even though the government issued policies to promote energy efficiency
since 1985, correct design and proper installation of the system by the
designers and contractors required some time. Partial application of external
thermal insulation system at a building; only onto facade(s) where highest
heat loss occurred, and omitting some components such as mechanical
fasteners, rendering mesh required for proper installation were among the
common examples seen during the initial periods of the system application
as demonstrated in Figure 1. The building in Figurel has been built in 1996
in Istanbul, Turkey, when the TS 825:1985 standard was in force, but there
was no thermal insulation at the exterior walls. Subsequent to the
implementation of the TS 825:1998, interestingly, only an extension of the
facade has been insulated, and the remaining parts left thermally
uninsulated. No defects were observed at the thermally insulated part of the
facade during the inspection performed at winter 2008, but the shapes of the
mechanical fasteners were clearly visible. As stated by the facility manager,
mechanical fasteners have not been used at the initial installation and after
some time, some of the thermal insulation boards have been detached from
the substrate. These detached boards has been replaced with new boards
and covered with new base and finish coats. Additionally, mechanical
fasteners have been applied onto the new and existing finish coats and then
the facade has been painted. Therefore, the shapes of the mechanical
fasteners were visible during the inspection.

A comprehensive literature review analyzing the implementation and use of
ETICS revealed that commercial and technical development of modern
ETICS occurred primarily in the post-World War Il Germany. In the North
America, ETICS became widely available after the oil crisis of the early
1970s and in Turkey after the implementation of TS 825: 1998 standard. In-
situ performance investigation of substantial numbers of multi-storey
buildings with ETICS has been started as early as 1975 in Germany and in
the early 1990s in the North America. Results of these inspections
concluded that even ETICS which were in good condition were not entirely
free of defects and failures. The vast majority of these defects and failures
had derived, almost without exception, from either faulty detailing or faulty
installation. Hence it had been concluded that the durability of ETICS was
dependant on the workmanship quality during the construction and
subsequent maintenance processes (CMHC, 1991; CMHC, 1993; Crandell
et al; 1996; Brown et al, 1997; Williams et al, 1998). In spite of several
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investigations dating back to the year of 1975 in the countries where ETICS
are widely used, presently there is no research regarding the long-term
performance of ETICS in the conditions of Turkey, especially in terms of their
durability, apart from other performance requirements such as indoor
environmental comfort.

Thermally Thermally
uninsulated part insulated part

Figure 1. An example to the thermal insulation applications carried out
during the initial periods of becoming a common practice — the left hand side
of the facade is thermally uninsulated and the other part is insulated

Extruded polystyrene (XPS) and expanded polystyrene (EPS) are the two
materials that have been widely used in Turkey in the ETICS applications.
The use of rock wool or glass wool is limited but increasing lately.
Considering that there is no research regarding the performance of ETICS in
the conditions of Turkey, a research was conducted based on in-situ visual
inspections and focusing on the durability of XPS based ETICS when
exposed to degrading agents originating from atmosphere, occupancy,
design and construction conditions in Istanbul, Turkey. This study presents
the methodology and results of the aforementioned field inspections aiming
to contribute to the appropriate application and maintenance of XPS based
ETICS in Turkey.

2. Methodology

The ISO 6241:1984 standard (ISO, 1984) indicates that performance of a
building component, covering the durability performance as well, can be
assessed when exposure environment, exposure time, building use and the
state of the components are established. In this study, initially, the data on
the exposure environment of Istanbul, and the data on inspected buildings
comprising building use, exposure time and description of the ETICS
assembly were gathered. The data regarding the state of the facades with
ETICS were then gathered through in-situ inspections. Following
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subsections provide information on the methods used to obtain the data and
the method conducted to assess the durability of ETICS.

2.1. Exposure environment

Durability of a building component is mostly yielded by complicated chemical
and/or physical processes governed by a great number of degradation
agents. The I1SO 6241:1984 standard classifies these agents according to
their nature as (i) internal and (i) external to the building. In general,
external to the building the origin of the agents is either the atmosphere or
the ground, whereas internal to the building the origin is related to
occupancy or design and installations. Furthermore, degradation agents are
grouped under the headings of mechanical, electromagnetic, thermal,
chemical and biological agents according to their nature. The origin of the
most relevant agents affecting the durability of building’s external
components is usually the atmosphere. These are freeze-thaw, temperature
and moisture differences and wind under mechanical agents; solar radiation
under electromagnetic agents; temperature under thermal agents; and
precipitation, humidity, normal air constituents and air contaminants under
chemical agents.

In order to describe the exposure environment of Istanbul and to provide
some quantitative information on agents originating from the atmosphere,
the following data were determined: (i) annual maximum, mean and
minimum air temperatures (°C); (ii) annual maximum, mean and minimum
relative humidity values (%); (iii) annual solar radiation sum on a vertical
surface namely on an external wall surface (kWh/m2); and (iv) annual driving
rain sum on a vertical surface (mm). Values of air temperature (°C) and
relative humidity (%) were obtained from Turkish State Meteorological
Service. Annual solar radiation sum on an external wall surface (kWwh/m2)
and annual driving rain sum on a vertical surface (mm) were derived from
calculations conducted with WUFI 4, a pc software allowing the calculation
of the transient heat and moisture transport in building elements when
exposed to climatic conditions of a particular location (Kiinzel, 1995).

As agents related to occupancy, design and installation can affect the
durability of building components, these were also considered in the study.
Information relevant to the given agents was obtained from facility managers
of the buildings.

2.2. Data collection on buildings with ETICS

Initially, a survey form was prepared and thereafter sent to particularly XPS
based ETICS suppliers and contractors to determine the locations of
buildings in Istanbul that have been thermally insulated with ETICS and to
obtain data regarding ETICS installation. Table 1 presents the format of the
survey form used in the collection of building information. Based on the
results of the survey, an inventory of the building stock was prepared. The
survey also provided data about the buildings, i.e. building use, historical
data - date of construction of the building, date of ETICS installation,
performed maintenance date(s), and description of the components of the
ETICS assembly and the substrate. Specifically, historical data provided
information regarding the exposure time of the components under the given
exposure environment. Subsequently, buildings were visited and
permissions from facility managers and/or property owners were sought to
conduct field inspections for the assessment of the long-term performance of
these buildings’ ETICS applications.
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Table 1. Format of the survey form used in the collection of building information

Historical data (exposure time)

Components of the ETICS assembly and substrate

Building
site and
number of | Building ETICS Maintenance | Finish | Base Thickness | Adhesive/ Substrate
inspected construction | installation | date (s) coat coat of thermal | mechanical
buildings date date and insulation fastening

mesh (cm)

2.3. Durability assessment

Data describing the state of the building facades, which have been thermally
insulated with ETICS, were gathered through field inspections conducted
during fall and winter seasons of 2008. Field inspection of a building was
conducted as the following. Initially, the orientation of each facade was
determined to define the facades exposed to highest solar radiation and
driving rain loads as agents external to the building. At each facade of the
building, ground floor areas were carefully examined by naked eye and
upper floor areas with binoculars. The state of each facade was recorded
with a general photograph. Additionally, photographs of each defect, if any,
at the inspected facade were taken. The location of the defect(s) was also
marked on the general photograph of the facade. The aforementioned
methodological manner was conducted for each facade of the building and
eventually for the whole building stock.

In order to describe the state of the facades, the first attempt was made to
classify them according to the presence, type and intensity of the defects.
However, at the duration of field inspection of the buildings with ETICS, it
became apparent that the defects should also be classified according to the
origin of the degradation agents; i.e. defects due to external and internal
degradation agents. Hence, for the study, initially, defects are classified
according to the origin of the degradation agents and then the presence,
type and intensity of the defects. The following describes the assessment
groups. Assessment group 1 covers the defects that may have occurred
due to the external degradation agents (originating from the atmosphere).
The state of the facades is further classified according to the presence and
type of the defects, and their intensity. For the study, the sub classification
which has previously been offered at a similar study conducted by Kiinzel et
al (2006) was used. Kiinzel et al (2006) offered three condition levels for the
classification of the state of the facades, as the following: (i) virtually without
defects - no visible defects or small groove cracks hardly visible at a normal
distance, (ii) minor defects - few cracks, e.g. starting at window corners,
longer groove cracks or isolated cracks along insulation board joints, hardly
noticeable, only visible at closer examination, (iii) major defects - frequent or
longer cracks, for the most part along insulation boards joints and/or
blistering or delamination of coatings, clearly visible.

Assessment group 2 covers the defects that have occurred due to internal
degradation agents; i.e. occupancy, design and construction. State of the
facades in terms of these defects was classified as either “with defects” or
“without defects”. Reliable information related to the causes of these defects
was obtained from the facility managers.

3. Results

3.1. Exposure environment

Istanbul is located at a temperate climate region. Its longitude is 28.95° East
and its latitude is 41.03° North. According to the data obtained from Turkish
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State Meteorological Service, the annual mean, maximum and minimum
temperatures experienced in Istanbul are 14.3, 31.5 and -3.5 °C,
respectively. The annual mean, maximum and minimum relative humidity
values in Istanbul are 76, 100 and 41 %, respectively. Table 2 presents the
values of annual sun radiation sum on a vertical surface (kWh/m2) and
annual driving rain sum (mm) according to eight cardinal directions.
Observation of Table 2 reveals that SW and W facades of buildings in
Istanbul are exposed to the highest amount of solar radiation; while NW
facades of buildings are exposed to the highest value of driving rain.

Table 2. Values of sun radiation sum on a vertical surface (kWh/m®a) and
driving rain sum (mm/a) according to eight cardinal directions

Orientation  Sun radiation sum - kWh/m®a Driving rain sum - mm/a
N 389 140
NE 327 80
E 338 105
SE 384 140
S 619 120
Sw 1078 120
w 1170 170
NW 810 200

3.2. Buildings with ETICS

Figure 2 displays the locations of the building sites, which have been
investigated. Briefly, nine building sites and 44 buildings were inspected
during this study. All of the inspected buildings were residential buildings.
Regarding ETICS, mineral based finish and base coats with fiberglass mesh
were commonly applied on either 3 or 4-cm thick extruded polystyrene
(XPS) thermal insulation boards, which had been adhered and mechanically
fastened to brick/block infill walls or reinforced concrete structural members
as the substrates.
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Figure 2. Location of inspected buildings with ETICS in Istanbul
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3.3. Durability assessment of buildings with XPS based ETICS
Classification of the state of the facades of 44 buildings with XPS based
ETICS according to the assessment groups are provided in Table 3.
Additionally, construction dates of the inspected buildings, installation dates
of XPS based ETICS, maintenance dates, if any, and the exposure time of
ETICS are provided at the same table.

Code of Date (year) Assessment groups
bg|ld|ng 0 © .S Group 1
site/ = T B Group 2
w S g dueto )
Number of 5w C 2 ovternal due to internal
buidings o8 5 8 8583833383885 82 _ s agents
attheste 2 2 32 2 3 2 QIS8R &8s ¥
D
BS-A/5 1 C E without
— Exposure of
defects
components
Virtually
BS- B/4 2 C E without Without defects
— L fects
vialy gt
BS- C/1 4 c E without P
thermal
defects . .
insulation
© .
Virtually
BS-D/2 5 E M without Without defects
defects
Virtually .
BS-E/3 5 C E without ~ \Vith defects
Drill holes
defects
c Virtually
BS-F/ 2 5 without ~ vith defects
E Delamination
defects
With defects
Virtually Exposure of
BS-G/ 3 7 c E without thermal
defects insulation, drill
holes, etc.
© .
Virtually
BS-H/ 1 7 E without Without defects
defects
Minor
C defects .
BS-I/ 23 12 Mainly Without defects
E M M small
cracks
C: Construction date of building/s; E: Installation date of ETICS; M: Date of maintenance

In building site A (BS-A), there are eight-storey high five residential
buildings, which have been built in the year of 2007 and have been
retrofitted with ETICS in the year of 2008. No defects originating from the
external degradation agents were observed at all inspected facades of these
buildings, hence all of these five buildings were classified as “virtually
without defects” under assessment group 1. However defects resulted from
internal degradation agents — i.e. assessment group 2 — were observed at
most of the facades. In terms of these types of defects, Figures 3a and 3b
demonstrate examples at a wall-pipe interface and a wall-closet interface,
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respectively. A closer examination of the wall-pipe interface revealed the
fiberglass mesh while whole components of the ETICS could be observed at
the wall-closet interface. It is considered that the interfaces have been
imperfectly designed and the penetrations have been defectively installed.
Additionally, Figure 3c illustrates delamination due to impact loads at ETICS
at the ground floor level of building at BS-A.

In BS-B, four of the several buildings, which are nine to ten-storey high, have
been thermally insulated with XPS based ETICS in the year of 2006, nine
years after the initial construction. Limited numbers of isolated cracks such
as small groove cracks that are hardly visible with binoculars were observed
during inspection. Therefore, the facades of these buildings were classified
as ‘virtually without defects’ and “without defects” under the assessment
groups 1 and 2, respectively.

(©)

Figure 3. Examples of the defects observed at BS-A: (a) delamination at
wall-pipe interface, (b) wear off at wall-closet interface, (c) delamination due
to impact load.

In BS-C, buildings have been constructed in the year of 1991; only one
building has been thermally insulated with XPS based ETICS in the year of
2004 and no maintenance work has been carried out since the given date.
No defects due to external degradation agents were observed during the
inspections and hence, all the facades of the building were classified as
‘virtually without defects’. However, it was observed that during the renewal
of window frames and sills by the owner of the apartments, some parts of
the thermal insulation boards have been left exposed to the environment due
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to improper construction work (Figure 4), and hence the facades were
classified as ‘with defects’ under the assessment group 2.

Figure 4. Exposure of thermal insulation material due to renewal of window
frame and sill at BS-C

In BS-D, ten-storey high two buildings have been constructed and thermally
insulated in the year of 2003, and maintenance work has been carried out
during the summer months of 2008, i.e. 2-3 months prior to the field
inspection. Therefore, no defects due to external and internal degradation
agents were observed, hence all the facades were classified as “virtually
without defects’ and “without defects” under the assessment groups 1 and 2,
respectively.

In BS-E, there are eight-storey high three buildings, which have been
constructed in the year of 1999. ETICS have been installed in the year of
2003 and no maintenance has been carried out since then. During the
inspection, only a single isolated defect due to external degradation agents,
i.e. a crack at the interface of reinforced concrete beam and brick infill
(Figure 5a), was observed at one facade and therefore all the facades were
classified as ‘virtually without defects’. On the other hand, use related
defects such as drill holes that have not been repaired after the removal of
mounted items like lighting fixtures, security cameras, etc. were observed at
several facades (Figure 5b), and hence the facades were classified as ‘with
defects’ under the assessment group 2.

BS-F stationed 15-storey high two buildings, which have been constructed in
the year of 2003 with ETICS. Apart from 1-2 isolated cracks at window
corners (Figure 6a), there were no defects due to external agents and hence
all facades were classified as ‘virtually without defects’. In terms of internal
degradation agents, delamination problems caused by the impact of falling
tiles from the upper portion of the walls and during the replacement of the
missing tiles, were observed as explained by the facility manager of the
buildings, and therefore the facades were classified as ‘with defects’ (Figure
6b).
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() (b)
Figure 5. Examples from BS-E: (a) crack at floor beam-infill wall interface,
(b) drill hole that has not been repaired after the removal of a security

camera

(b)
Figure 6. Examples from BS-F: (a) isolated crack at window corner, (b)
delamination problems that have been occurred due to the impact of falling
tiles

In BS-G, three buildings of five to six-storey high have been built in the year
of 1991 and have been thermally insulated with XPS based ETICS in the
year of 2001. No maintenance work has been carried out since the given
date. No defects due to external environmental agents were observed
during the inspection and all facades were classified as ‘virtually without
defects’. In terms of internal degradation agents, several defects such as
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delamination due to defectively installation of an air-conditioning unit, drill
holes etc were observed. Figure 7 presents an example of these types of
defects; i.e. wearing off the finish coat and exposure of thermal insulation
material to the atmosphere at the window sill due to improper detailing and
construction.

Figure 7. Exposure of thermal insulation material to the atmosphere due to
wearing off the finish coat at BS-G

In BS-H, there is one building, which is 12-storey high. The building has
been constructed in the year of 2001 with XPS based ETICS, and no
maintenance has been carried out. Only at the north facing facade of the
building, a few number of small groove cracks hardly visible at a normal
distance were observed and hence all facades of the building were classified
as ‘virtually without defects’. No defects due to the effects of internal
degradation agents were observed at the facades of BS-H.

BS-I comprised five to six storey-high 23 buildings. XPS based ETICS have
been installed during the initial construction and regular maintenance work
has been carried out at every 4 to 5 years. During the inspection, longer
groove cracks were observed at most of the facades of 23 buildings in terms
of the effect of external degradation agents. Therefore the facades were
classified as ‘minor defects’ under the assessment group 1. An example
facade with this type of defect is provided in Figure 8. In terms of internal
degradation agents, 23 buildings were observed to be defect free.

4. Conclusion

Field inspections conducted to investigate the long term performance of
ETICS in Istanbul covered 44 buildings located in different regions of
Istanbul. In these ETICS applications, mineral based finish and base coats
with fiberglass mesh were applied onto 3 or 4-cm thick XPS thermal
insulation boards, and the exposure times of ETICS, as given in Table 3,
ranged from 1 to 12 years.
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Figure 8. Example to the cracks observed in most buildings at BS-I

When exposed to external degradation agents of Istanbul, it is observed
that, the state of the facades of the buildings with ETICS having an exposure
life of 1 to 7 years proved to be “virtually without defects’, even when facing
directions of increased solar exposure and wind-driven rain load. However,
the state of the facades of the buildings with ETICS having an exposure life
of 12 years bared ‘minor defects’. No apparent relation was observed among
the intensity of the defects observed and the orientations of the facades that
define the severity of exposure conditions, which cover the condition of
being protected by other buildings as well. Investigations carried out on the
interior surfaces of the facades with minor defects revealed that these
defects had not caused any visible defects at the interior surfaces of the
walls or had not decreased the thermal comfort of the interior space as
expressed by the users. This suggests that such defects do not have any
influence on the moisture or thermal performance of the XPS based ETICS
when exposed to the external degradation agents of Istanbul for a maximum
of 12 years. It is observed that maintenance of ETICS was not a common
practice in buildings with ETICS as well.

When the effects of internal degradation agents, i.e. improper use of
occupants, improper design and deficient construction are considered, a
quite number of defects were observed at the facades. Delaminations due
to impacts, faulty penetration of service system components and/or
penetration/drill holes left untreated after the removal of items mounted onto
the facade surface were the examples observed in relation with the improper
use of occupants. Lack of specific mesh at the locations susceptible to
increased loads such as the corners around windows and inattentive
construction operations during the renewal of other facade components such
as window frames or other facade claddings were the examples observed in
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relation with improper design and deficient construction. These types of
defects increase the risk of vulnerability of the components in the assembly
to premature deterioration and thus adversely affect the long-term
performance of the assembly. This suggests that architects, contractors and
users should be educated for appropriate detailing, construction and use of
building elements with ETICS, respectively. Facility managers should be
informed as well to conduct regular maintenance work in order to repair
these types of defects.

The study presented here covered only the buildings with XPS based
ETICS. As future work, a similar study, covering field inspections of buildings
with EPS based ETICS to evaluate their durability in Istanbul, Turkey and to
perform a comparative assessment of the durability of XPS and EPS based
ETICS is planned.
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istanbul’da uygulanan di s cephe isi yalitim sisteminin
dayaniklih ginin de gerlendiriimesi

Glindmuzde binalardaki enerji korunumu ©6nemli oranda Isitma enerjisi
korunumu ile saglanmaktadir. Ulkemizde de, binalarda is1 kayiplarinin
azaltimas! ve vyakit tasarrufu saglanmasina yoénelik ilk calisma TSE
tarafindan Subat 1970 tarihinde TS 825-Binalarda Isi Etkilerinden Korunma
Kurallari adi altinda yayinlanmis ve Haziran 1979 ile Nisan 1985 tarihlerinde
revize edilmistir. Tlrkiye'deki binalarda birim alani veya hacmi isitmak igin
harcanan enerjinin Avrupa Ulkelerindekilere gére 2-3 kat daha fazla olmasi
nedeniyle 1985 tarihli ‘Binalarda Isi Yalitimi Kurallari’'ni belirleyen TS 825
Standardi da revize edilmis ve yeni standart, Haziran 2000 tarihinden
itibaren zorunlu uygulamaya girmistir. 1985 tarihli Bayindirlik ve iskan
Bakanhgi ‘Binalarda Isi Yalitimi Yonetmelidi’ de Haziran 2000 tarihli yeni
standartla paralellik saglayacak sekilde revize edilerek Haziran 2000'den
itibaren yurarlige girmistir. Ginimizde binalarda isitma enerjisi korunumu,
Haziran 2000 tarihli standardin 6ngordigu 1sil gegirgenlik katsayisini
saglayan, dogru malzemeler ve dogru katmanlasma modeliyle tasarlanmis,
dogru uygulanarak gerekli bakim ve onarimi yapilan isi yalitimh bir bina
kabugu ile saglanabilmektedir.

istanbul’da 2002 yilinda yiriitillen bir calisma, Haziran 2000 tarihli standart
ve yodnetmeligin gecerli oldugu doénemden o©nce insa edilen binalarda,
toplama malzemelerle olusturulan siva kaplamall is1 yalitimli dis duvar
sistemlerinin kullanildigini, bu uygulamalarda yanhs tasarim ve hatali
yapimdan kaynaklanan ¢ok cesitli hasarlarin olustugunu, toplama s yalitim
sisteminin dis duvardan isi kayiplarini azaltma islevini yerine getiremedigini
ve sonug olarak bu sistemin gercek hizmet sartlar altinda uzun dénem
performansinin yetersiz kaldigini ortaya koymustur. Toplama sistemde
olusan hasarlar nedeniyle, 1990’larin sonundan itibaren, Haziran 2000'de
yurdrlige giren standart ve yonetmelik ile birlikte artan oranda, basta
Istanbul olmak Uizere tiim Turkiye’'de, ‘paket dis cephe 1si yalitim sistemleri’
agirlikh olarak konut binalari olmak (zere binalarda uygulanmaya
baslamigtir. Paket sistem; ‘sisteme 6zel bilesenleri ilgili ulusal standartlarda
verilen yontemlere gore test edilerek Uretilen, katmanlagsmasi benzer sekilde
tasarlanarak egitimli isgiler tarafindan uygulanan ve kullanim sirecinde bir
bitin olarak performans gosteren kompozit bir sistem’ olarak tarif
edilmektedir. Ancak, paket sistemin ulkemizdeki gercek hizmet sartlan
altinda dayaniklihgini ortaya koyan bir calisma bulunmamaktadir. Bu
calisma, Istanbul'daki mevcut binalarda uygulanmis olan haddelenmis
polistren (XPS) 1s1 yalitim malzemesi esasli paket dig cephe 1si yalitim
sistemlerinin gercek hizmet sartlari altinda dayanikhhdini degerlendirmek
amaciyla gerceklestirilmistir.

ISO 6241: 1984 standardinda bir yapr elemanin dayanikhliginin
degerlendirilmesi icin; yapi elemaninin maruz kaldigi ¢cevresel etmenlerin,
cevresel etmenlere maruz kaldigi sirenin, yapi elemaninin islevinin ve
mevcut durumunun belirlenmesi gerektigi belirtiimektedir. Cevresel etmenler
ise oOncelikle (i) ic ve (ii) dis etmenler olarak ikiye ayriimaktadir. Bina
elemanlarini etkileyen dis cevresel etmenler agirhlikli olarak donma-
¢6zlinme, rizgar, gines 1sinimi, sicaklik, yagis ve gazlar gibi atmosferik
etmenlerdir. i¢ cevresel etmenler ise tasarim, uygulama ve kullanim ile iligkili
etmenlerdir.

Calismada, dncelikle atmosferik dis ¢evresel etmenlere iligkin veriler Devlet
Meteoroloji Isleri Genel Mudurligii ve WUFI 4 yaziliminin veritabanindaki
verilerden yararlanarak derlenmistir. Buna gére; Istanbul'da gériilen yillik
ortalama, en yiiksek ve en diisiik hava sicakliklari sirasiyla 14,3 C°, 31,5 C°
ve -3,5 C° yillik ortalama, en yiiksek ve en diisiik bagil nem sirasiyla %76,
%100 ve %A41'dir. Gunes 1simini binalarin en c¢ik gilineybati ve bati
cephelerini, rizgarla itlen yagmur ise kuzeybati cephesini etkilemektedir.

Durability of external thermal insulation composite systems in Istanbul, Turkey 1 47



Bina elemanlarini etkileyen ve agirlikli olarak kullanim ve bakim-onarim
kaynakli ic cevresel etmenlere iligkin veriler ise, malzeme (ureticileri ve
yikleniciler ile baglantt kurularak ‘paket sistem uygulanmig binalar
envanterinin  olusturulmasi sonrasinda bina igletme gorevlileri ile
gorusulerek derlenmistir. Uygulamalarin mevcut durumlarinin
belirlenmesinde gdérsel inceleme ydnteminden yararlaniimis ve paket dis
cephe vyalitim sistemi uygulamalarinin Istanbuldaki uzun dénemli
dayanimini ortaya koymak (izere genel bir degerlendirme yapilmistir.

Farkh yaslardaki dig cephe is1 yalitim uygulamalarinin mevcut durumunu
tespit etmek lzere yapilan gorsel incelemeler, 2008 yilinin sonbahar ve kig
aylarinda dokuz bina grubunda, toplam 44 binada gerceklestirilmistir. Bina
gruplarinin iki tanesi Istanbul’un Avrupa yakasinda, digerleri Anadolu
yakasindadir ve incelenen tiim binalar konut binalandir. Incelenen
binalardaki paket sistem uygulamasi; dibel ve yapistirici ile betonarme
taslyici sistem bilegenlerine ve tugla dolgu duvarlara tespit edilen 3 veya 4
cm kalinhdindaki haddelenmis polistren isi1 yalitim levhalarindan ve bunlar
Uzerine uygulanan cam elyafindan siva teli, astar ve mineral esasli siva
katmanlarindan olusmaktadir. Uygulamalarin yaglari 1 ile 12 yil arasinda
degismektedir.

Genel degerlendirmeye esas olan incelemelerde, binalarin tim cepheleri
zemine yakin katlarda ¢iplak goz ile, Ust katlarda ise dirbin ile incelenmis,
cephelerin genel gérinimi ve gorulen her hasar fotograf ile kayit altina
alinmigtir. Goriilen hasarlarin gruplanmasinda éncelikle hasara neden olan
etmenin kaynagina gore, diger bir anlatimla 1ISO 6241: 1984 standardinda
belirtildigi gibi dis ya da i¢ ¢cevresel etmen kaynakli hasarlar olarak gruplama
yapiimistir. Dig ¢evresel etmen kaynakli hasarlarin gruplanmasinda Kiinzel
vd.lerinin kullandidi; hasarin varlidina, tipine ve yogunluguna dayall Ug¢
gruptan olusan siniflamadan yararlaniimistir. Buna gore; (i) gorunir higbir
hasarin olmadidi veya normal uzakliktan zor secilen kicik cizgisel
catlaklarin oldugu durum ‘hemen hemen hasarsiz’, (i) ancak yakin
incelemede gorulebilen, pencere kenarlarindaki veya isi yalitim levhalari
arasindaki sinirli sayida catlaklarin oldugu durum ‘az hasarlr’, (iii) uzun ya
da sik catlaklarin oldugu, siva veya astar tabakalarinda kabarmalarin ya da
kopmalarin oldugu durum ise ‘cok hasarl’ olarak siniflandinimistir. g
cevresel etmenlerden kaynaklanan hasarlar ise hasarin varligina bagh
olarak (i) hasarli ve (ii) hasarsiz olmak lizere iki gruba ayriimigtir.

44 binanin dig cevresel etmenlerin etkisi acisindan incelenmesi sonucunda;
1 ile 7 yas arasindaki 21 paket sistem uygulamasinin ‘hemen hemen
hasarsiz’ oldugu, 12 yasindaki 23 paket sistem uygulamasinin ise ‘az
hasarl’ oldugu gorulmustir. Az hasarli uygulamalarin i¢ yuzeylerinde
yapilan gorsel incelemede hasarlarin i¢ ylizeyde gozle goérilebilen herhangi
bir hasara yol agmadidi belirlenmis, kullanicilarla yapilan gérismelerde de
ic ortam 1s1l konfor kosullarinda bir degisime neden olmadigi 6grenilmigtir.
Bu dogrultuda paket dis cephe s yalitim sistemlerinin Istanbul'un
atmosferik kosullarinda 12 yila kadar 1sil ve nemle iligkili performansinda
azalma olmadigi sdylenebilir.

Binalarin uygunsuz kullanim, hatali tasarim ve yapimi kapsayan i¢ ¢cevresel
etmenlerin etkisi agisindan incelenmesinde; yiizey kaplamasinda ayriima ve
kopma, 1sI yalittm malzemesinin atmosfer kosullarina maruz kalmasi,
matkap delikleri gibi cok sayida hasar ile karsilasiimistir. Bu tip hasarlar ayni
zamanda sistemi olusturan bilesenlerde erken yaslanma ve dolayisi ile uzun
doénemli performansinda azalma riskini arttirmaktadir. Bu dogrultuda
mimarlarin, yuklenicilerin ve kullanicilarin sirasiyla uygun detaylandirma,
yapim ve kullanim konusunda bilgilendiriimelerinin  6nemli oldugu
sdylenebilir. Ek olarak uygulamalarin diizenli bakim-onariminin yaygin
olmadigi dikkate alindiginda, isletme gorevlilerini bu tarz hasarlari onarmak
Uzere dizenli bakim yaptirilmasi gerektigi konusunda bilgilendirilmeleri de
6nem tasimaktadir.
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