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EXPERIMENTAL EVALUATION OF ETICS

ABSTRACT

The paper covers analysis of regulations and
documents regarding the facade thermal insulation,
methodological grounds for the system of regulations
and standards and further development of national
legal framework for design of insulating sheeting for
buildings. This problem is actual for Ukraine where
takes place a large-scale thermal modernization
of existing residential and public buildings. The
paper continues the series on previous scientific
studies of the author with main ones given in the
references. The national system of regulations and
standards on the facade thermal insulation has a
strong methodological structure which includes
both national regulative framework and European
standards. Being combined this way, the system
makes it possible to assess and to design insulating
sheeting for buildings according up-to-date world’s
practice and with regard to climate, technologies
and market of Ukraine. The paper states main
principles for standard setting concerning suitability
assessment of new building envelope. The standard
on constructions of outward walls with facade heat-
insulation with stucco facing what is called ETICS
(Exterior Thermal Insulation Composite System) in
Europe was developed and adopted in Ukraine as
early as in 2008. The author analyses the provisions
from this standard and says those need to be
revised with regard to experience and knowledge
gained since it is in force. The main problems
that arise in the application of facade thermal
insulation in new buildings are identified, the
insufficiency of assessment only in terms of heat
transfer resistance of the structure is proved and

RELIABILITY FACTORS

the need of assessment in terms of air permeability
resistance of the building envelope is provided. The
experimental data regarding the infiltration effect
on the thermal properties of external walls are given.
The consideration and evaluation of ETICS as a
system or as a kit are featured, as well as regulation of
criteria of ETICS thermal reliability are reviewed.
KEY WORDS: thermal modernization, facade
thermal insulation, criteria of thermal reliability,
building envelope, national regulations,  air
permeability.

EKCIIEPUMEHTAABHA OIIHKA IIOKA3-
HUKIB HAAIMHOCTI ETICS

AHOTAIIIA

Crarrsa NpHCBAYEHA aHAAI3y CTAHY HOPMAaTHBHUX
AKTIB Ta ZOKYMEHTIB CTOCOBHO KOHCTPYKIIil pacagHOI
TETIAOI30AALlT, METOAUYHHUX OCHOB CTBOPEHHS CHCTE-
MU HOPM Ta CTAaH/JapTiB, Ta BU3HAYEHHIO HAIIPAMKIB
PO3BHTKY HalllOHAABHOI HOPMATHBHOI CHCTEMH IIPO-
€KTYyBaHHA TEIAOIZOAALIINHOI 060AOHKH O6YJiBEAD.
IIa mpobaema € aKTyaAbHOIO AAf YKpaiHu, Je
MOYHUHAETHCA A1HiCHO MacmTabHa TEpMOMOAepHi3anis
ICHYIOYUX JKHTAOBHX Ta TPOMajCbKHUX OVJAiBEAb.
CTarTs € IPOJOBKEHHAM ITOIIEPEAHIX HAYKOBHX POOIT
aBTOpa, OCHOBHI 3 AKHX HaBeJeHO y 6ibaiorpadii.
BiTumsHAHA cEcTeMa HOPM Ta CTAHAAPTIB 3 PpacajHol
TEIIAOI30AALIl MA€ 4YITKYy METOZOAOTIYHY CTPYKTY-
Py, AKa BKAIOYAE AK HAIIIOHAABHI HOpMAaTHBHI JOKY-
MEHTH, Tak 1 e€Bpomeiicbki. CaMe Take HMOEAHAHHSA
AO3BOAAE 3JIMCHIOBATH OLIHKY Ta IPOEKTYBAHHSA
TeNAOI30AALIIHOT 06oAroHKH OygiBeAb 3a cydac-
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HUMH CBITOBHMH IIPAaKTHKAaMH 3 YpaxXyBaHHAM
KAIMAaTUYHHUX, TEXHOAOTIYHHX, PHHKOBUX YMOB
Ykpainu. B crarri HaBeZeHI OCHOBHI IIOAOKEH-
HA BCTAHOBAEHHA KPHUTEPIiB OLIHKH HIPHAATHOCTI
HOBHX KOHCTPYKTHBHHX IIPHHIHIIIB 1mo6y-
AOBH 3O0BHINIHIX CTIHOBHX OTOPOJKYBaAbHHX
KOHCTPYKLi. B Ykpaini me y 2008 p. 6yB pospo-
6AeHHIl Ta NPUWHATHI CTAaHAAPT Ha KOHCTPYKII
PacagHOi TEMAOIZOAALIT 3 ONOPAJKEHHAM INTYKA-
TypKaMmu, ki y €spomni MaioTs Ha3By ETICS (Exterior
Thermal Insulation Composite System). ABTop mnpo-
BOAHUTb  AHAAI3 IIOAOKEHb I[bOTO CTAaHAAPTY Ta
3a3HAYAETHCA HEOOXIAHICTD HOTO IEperAsagy 3 ypa-
XYBaHHAM OTPUMAHOTO JOCBIAYy Ta HOBHX 3HAaHb, AKI
6yAn oTpuMani g gac ioro 4ii. Busnaueno ocHoBHi
npobAaeMu, AKI BHHUKAIOTh IPH  3aCTOCYBaHHI
KOHCTPYKIiH (acagHol TENAOI3OAALIl NPU HOBO-
My OyaiBHHUITBI, Ta OOGIpyHTOBAaHO HEJOCTATHICTb
OIIHKH TIABKH 34 IIOKAa3HUKOM OIOpPY TeIAOIIepeadi
KOHCTPYKLIl 1 HeobXigHicTb 000B’A3KOBOI OLIHKHU
3a IOKa3HMKOM OHIOpPY TOBITPONPOHUKHOCTI
CTIHOBOI OrOpPOAKYBAABHOI KOHCprKuil’. Hagseaeno
€KCIEPUMEHTAABHI JaHI BIAHBY I1HQIABTpaLii Ha
TEIIAOBI BAACTHUBOCTI 30BHIMIHIX cTiH. Po3ragmyro
ocobauBoCTI po3raagy ta oninku ETICS ax cucre-
MH, 9H AK KOMIIAEKTY, Ta IHTAHHA PErAaMeHTaIii
KpHTEPIiB TenAoBOI HajiliHOCTI 30ipHUX KOHCTPYK-
TUBHUX CHUCTEM.

KAIOUOBI CAOBA: tepmoMogepHizanisa, ¢acaj-
Ha TEIIAOI30AAIIA, KpPHTepli TemAOBOI HaJiilHOCTI,
OrOpPOJKYBAAbHI KOHCTPYKIIi, HaIllOHAABHI
HOpMAaTUBHI JOKYMEHTH, IIOBITPOIPOHUKHICTD

INTRODUCTION

The strategic purpose of the national economy is
to ensure the sustainable use of energy resources.
The successful solution to this problem depends
heavily on the change in energy status of residential
and public buildings with the energy consumption
being up to 40% in the energy balance of the
country. One of effective ways to increase the energy
efficiency of buildings is the use of fagade thermal
insulation (Fig. 1).

As a composite system of the facade, thermal
insulation appeared in the process of reconstruction
of buildings and facilities and was firstly presented in
the national technical publications [1]. In national
construction practice, the fagade thermal insulation
is widely used in new structures, due to the fact
that the principle of facade thermal insulation
[2] makes possible to meet the requirements to
reducing specific heat loss for heating of buildings
while ensuring the necessary thermal reliability of
structures [3] in operation [4 ].

Despite the crisis in the national economy, the
market of thermal insulation materials is constantly
growing. At the same time, more than 40 per cent
of all thermal insulation materials are used for the
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Figure 1 - Facade thermal insulation of modern
buildings

facade thermal insulation. The most widely used one
is ETICS (Exterior Thermal Insulation Composite
System) which applies mainly due to the economic
performance, so ETICS will be the main focus of
this paper. At the same time, the last 5 or 6 years
the share of structures with ventilated air layer
and curtain walls has been growing rapidly in
the national construction area. It should be borne
in mind that the use of facade thermal insulation
structures do not provide high performance of
buildings by default. In [5], there are examples of
how thermal failures of facade thermal insulation
appear, how they are classified and the expenses
due to the occurrence of the failures are given.
This is the reason why the problem of ensuring the
required ETICS operation characteristics is of big
importance in Ukraine.

PURPOSE

Determination of the basic methodological
principles for the development of a regulatory
framework on the normalization of safety indices of
the facade thermal insulation




MAIN PART

In Ukraine, there are two interconnected branches
of regulation and standardization, the national and
European ones. The criteria defining the safety
of structures and buildings are set in the public
construction norms, which are mandatory for all
members of the construction market. And standards
have a voluntary nature, however in case if standards
are referenced in the state building rules, the
requirements of the standards become mandatory.

On Fig 2. there is a system regulating (Fig.2)
the requirements to the structures of facade heat
insulation and it consists of national building rules,
harmonized European standards which set the
design requirements with regard to energy efficiency,
regulations which establish the

standards. The composite system consists of a
supporting part of the exterior wall and a thermal
insulation structure that is placed on the external
surface of the wall and includes such products and
components as a thermal insulation layer, a finishing
coat and means of attaching those to the bearing
element. The list, type and set of products and
components are strictly fixed in the kit and their
quantity may vary according to the demands of a
project.

An important issue is also fire safety requirements,
which are based on the flammability rate of materials
[3] according to the Ukrainian current classification,
which does not agree with the European system yet.
In the existing system of rules and standards there

design requirements for the fagade

DBXN V.1.2-11:2008
Main requirements for buildings and
faciliries, Energy saving

DBXN V.1.6-31:2016
Hear insulation of buildings

heat insulation  structures, and
standards setting parameters for
ETICS and suspended facades. I

Wonms and standards for constructive solutions of heat insulation of butldings I

DBN V.1.2-11-2008 [6] sets the

requirements for the incorporation
of durability parameters of
construction products in the

Structures of exterior walls with facade heat insulation. Requirements for design,

DBN V.2.6-33:2018

arragement and operation

relevant regulatory documents. The

requirements are implemented in
the following building regulations:

Stuctires of exterior walls with facade wsnlation. Classification and general fechnical

ST BV I6-33:7008

Tequirsments

- DBN  V.2.6-31-2016  [7]
establishes  requirements for

DETU B V.2.6-35: 2008
(facade heat wenlation and fimshing indestrial lagging)

heat insulation parameters
of envelope structures and

DSTU B V.2.6-36: 2008 (facade heat insulation and stoceo faciisg) |

buildings [1].

DSTU B V.2.6-88:2009 (feclnical testing. techuical coutrol and monitoring) |

- DBN V.2.6-33:2018 [8] sets
mandatory requirements for

DSTU B EN 13830:2015F (suspended facade, General fechnical conditions) |

.
reliability parameters of facade |:~
heat insulation.  Regulatory

DSTU-N BETAG 17:2013 Evropean techmeal approval mudelines for certification of
msulation kits, Composite systems for the isolation of exterior walls

documents (Fig.3) provide
a detailed description of the
requirements depending on the
class systems.

DSTU B.V.2.6-34 [9] sets ETICS
design classes such as suspended
facades and transparent facades.
DSTU B.V.2.6-88 [10] gives
procedures of technical assessment
and monitoring.

Requirements for ETICS and
their test methods are regulated also
by DSTU B.V.2.6-36 [11] and pr
DSTU-N B ETAG 004.

Classification of systems :
ETICS
Suspended facades

Transparent facades

Figure 2 - System of regulations for fagade thermal insulation

Mandatory requirements for

reliability parameters of facade
thermal insulation

DBN B.V.2.6-33

DSTU B.V.2.6-34

Requirements for suspended
fagcades and their test methods
are prescribed in DSTU B.V.2.6-35
[12], DSTU B EN 13830 [13] and
DSTU-N B ETAG 17 [14].

assessment and
monitoring

Procedures of technical

DSTU B.V.2.6-88

Requirements for ETICS kits and
test methods

Requirements for suspended
fagade kits and test methods

DSTU B.V.2.6-35
prDSTU-N B ETAG 004

DSTU-N B ETAG 17

The framework for design concept
of facade heat insulation is taken
from the approach to composite
system established in European

Figure 3 - Regulations for facade thermal insulation
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are 24 indicators for the fit for use assessment based
on the design concept of facade heat insulation [10].

One of the indicators is the stability of ETICS
thermal-insulating properties. A prerequisite for
energy performance is the thermal reliability
condition, as a house cannot be energy efficient
it its thermal insulation envelope is not reliable
in terms of thermal performance. Changing the
structural principles of the thermal envelope, i.e. the
transition from single-layer brick or concrete walls
to multilayer walls with the fagcade heat insulation
requires a fundamental change in the methodology
for assessing the operational suitability of modern
envelope structures. We introduce the definition
of the thermal failure concept as a key concept of

thermal reliability.

The main criterion of thermal reliability is the
structural property to maintain in time the level of

the resistance to heat transfer [3]

Ran (0) - Ran
Ran (O)

Rr=1- (N),

were Rr is a criterion of heat reliability, Ry, is a
corrected resistance of heat transfer of the structure
w 18 a corrected resistance of
heat transfer of the structure in N cycles of climatic

at the initial stage, R,

effects.

The physical essence of the criterion is to determine
the effectiveness of enclosing structure during the
target service life with possible changes in the state of
the structural elements under the influence of various
(climatic, mounting, operational, etc.) factors [15].

The criterion is experimentally determined by
testing ETICS (Fig.4) for the climatic influences
the effects of high and low
temperatures, soaking with water and with weak
simulate

resistance such as

acidic and alkaline solutions, which

precipitation of the urban environment (Fig.5).

The system of regulations shown
in Fig. 2 establishes the factors of
thermal reliability for structures and
structural systems. DBN V.2.6-33
sets the requirements to structural
systems with fagade thermal insulation
(see Fig.3) and DSTU B.V.2.6-35 and
DSTUB.V.2.6-36 provide therequirements
to kits and their components. Conformity
assessment or determination of fitness
for use are implemented according to
the last standards but this is not always
sufficient - even in case of positive results
of such assessment — for the ensuring of
thermal reliability of end product such as
structural system or the whole building.

ETICS was developed for the heat
insulation of existing buildings with the
external walls made of bricks being at

' 7.
B0
50
40

30 A

20

-20 4

=30 -

Figure 4 - Testing procedure of facade heat
insulation structures with rendering for resistance
to climatic influence

22

T.h

Figure 5 - Tests of resistance to climatic factors:
requirements of DSTU B.V.2.6-36, ETAG 004
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least 510 mm thick or of 320 mm thick concrete a)
panels etc. In Ukraine ETICS is widely applied in
new buildings, for instance, in masonry structures

10,00

) y = 0,0453x0.5%3 %

made of 250 mm thick single bricks having ETICS £
fixed on the external surface without any special 2 *
preparation of joints between the bricks. > £

Determination of resistance to climatic effect E 1,00 |
(see fig. 4,5) is sufficient to find the stability over ¥
time of heat transfer resistance of the composite ‘;’
system because ETICS reveals basically the value of ™ -
this indicator. @

. . . . @

Figure 5 - NIISK has investigated the influences =

of air flows caused by the natural air infiltration 0,10

on ETICS operational characteristics [8]. The 10 100 1000

investigations have been performed for the various Pressure, Pa
systems, including those with concrete blocks bases, b)
ceramic blocks, bricks etc. (Fig.6).

The results of the study indicate the high air
permeability of ETICS when applying it to an
unprepared brick or block masonry surface. With
a pressure drop of 50 Pa only, the outside air flow
through the design system ranged from 1.01 to
2.27 m’ through 1 square meter of the external wall
(Table 1,2).

The experimental data show that in terms of
resistance to air permeability, the structure of the
wall does not meet the regulatory requirements
but in this case the decisive characteristics has not
ETICS but the bearing part of the wall, which ETICS 0.10
is installed to. Accordingly, in terms of resistance to
air permeability ETICS should be considered as a kit
unlike a composite system which should satisty the
requirements of DBN B.2.6-31.

1,00

Mass air permeability, kg/(h

10 100
Pressure, Pa

Figure 6 - Dependency of mass air permeability
from pressure drop in ETICS with 120 mm

In the system of regulations shown in Fig.  thick rock wool and base made of 250 mm thick
2 this metho-dological procedure is provided, ceramic void blocks (a) and loam bricks2(b)
it means that para.6.3.1,
DBN B.2.6-33: 2018 estab-  Table 1 - The investigation results of air permeability of ETICS structural
lishes the follows [6] -  system with 120 mm thick rock wool and base made of 250 mm thick
thermal  characteristics of  ceramic void blocks
composite  system  such as Indicator of filtration mode 0,84
corrected  heat  transfer
resistance, air permeability
and  heat resistance - are Pressure drop, AP Pa 10 20 30 50 70 100
determined according to
DBN B -2.6-31. B.Ut in practice Volume air permeability, mg/(hour'm‘z) 0,27 | 0,43 | 0,63 | 1,01 | 1,32 | 1,91
the given requirements are
not satisfied what leads to
thermal - conditions where Mass air permeability, kg/(hourm’) | 033 | 0,52 | 0,76 | 1,22 | 1,60 | 2,31
it is ignored the special
consideration of ETICS as a
kit or a system when applying Relevant height of building 30,56 38,38 | 39,29 |40,85|43,75| 45,20

apparently certified ETICS.

Standard resistance of air permeability,

CONCLUSIONS 20 | 40 | 60 | 100 | 140 | 200
The developed system (m"- hour -Pa)/kg
of norms and standards

for the regulation of safety
requirements to the facade
thermal insulation takes

Compliance to the standard
requirements

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «<HAYKA TA BYJIBHULITBO» 4(22)'2019



Table 2 - The investigation results of air permeability of ETICS 3.
120 mm thick rock wool and base made of

structural system with

Farenyuk, G.G. (2009).
Fundamentals of ensu-

250 mm thick loam bricks ring  the  buildings
energy performance
Indicator of filtration mode 0,73 and envelope 'S.tructur.es
thermal reliability. Kyiv:
Gama-Print.
Pressure drop,AP Pa 10 20 30 50 70 100 4 Farenyuk GG (2007)
States of the buildings
5 . thermal envelope thermal
Volume air permeability, m /(hour-m’) | 0,63 | 1,1 1,52 | 2,27 | 2,85 | 3,65 failures and experimental
methods for their
. determination. Housing
Mass air permeability, kg/(hour-m’) | 0,76 | 1,33 | 1,84 | 2,75 | 3,45 | 4,42 Renewal, 9, 99-106.
5.  Farenyuk, G.G., &
Air permeability resistance, Oleksienko, O.B. (2013).
y 13,10|15,00| 16,28 |18,17(20,27| 22,61 Thermal deformations
(m - hour -Paj’kg of thermal insulation
. . . materials used in the facade
Standard resistance of air permeability, thermal insulation svstem
y 20 40 60 100 | 140 200 ‘th thin.l dy .
(m - hour -Pa)/kg w1t. t. m-layer ren e'rlng.
Building Constructions,
Compliance to the standard 77,. 39-43. .
requirements ) ) ) ) ) ) 6. Mz}ln. requirements .f.or
buildings and facilities.

into account the European experience, practice of
national construction and thermal modernization
of buildings. This system was designed in 2007-2009
and since it is in force new knowledge has been
generated. This is the reason why it is necessary to
make changes in the relevant norms and standards.
DBN V.2.6-33:2018 needs revision as requirements
to the prefabricated composite systems should be
given in details. DSTU B V.2.6-34: 2008 has lost the
relevance because it repeats the provisions of DBN
B.2.6033: 2018 and contains an outdated classification
of composite systems. DSTU B V.2.6-35: 2008 and
DSTU B V.2.6-36: 2008 should list the requirements
to the composite systems and its components as well
as the test methods for the parameters provided
by these standards. For this purpose the European
approach aimed at assessing the intended use rather
than the compliance of the composite systems should
be used more widely because composite systems of
facade thermal insulation have a significant innovative
component.
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