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Annotation. Formulation of the problem. The aim of work is the choice of optimal technological solutions to
determine operational efficiency of ventilated facades, while reducing the complexity and cost of operation of the
system. Under the operational efficiency of hinged technological insulation systems adopted in the maintenance-free
period of operation, its main figure are preserved, which are due to regulations and which are functionality capable.
Methods. To research the influence of technological factors on the design features of the ventilated facade has
developed a special technique of laboratory research. For the analysis of research results used in the theory of
experimentally-statistical modeling. Results. Given the way the selection of optimal technology solutions unit of
ventilated facades on the basis of experimental and statistical modeling. The main constructional and technological
parameters of the display device of ventilated facades and the size of the air gap were determined. It is shown that
ensuring operational efficiency of ventilated facades for 27 years is possible with the use of a dense insulation (130
kg/m3).1t is possible to significantly reduce the complexity of operating costs and the cost of the device suspended
facades. Scientific novelty. The optimum constructional and technological parameters of ventilated facades that provide
operational efficiency. Practical significance. The total cost of the device and operation of hinged ventilated facade
system, term of conditional operation 25 years, the application of insulation density 150 kg/m® more than 2 times more
economical than a similar facade, but with the density of insulation 80 kg/m’.
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Anortauisi. Ilocmanoeka npoénemu — BUOIp ONTHMAIBHUX TEXHOJOTIUYHMX pINIEHb JUI BHM3HAYCHHS
eKCIUTyaTaliiiHoi e(peKTHBHOCTI BEHTHIHLOBAHWX (pacadiB 3a OTHOYACHOTO 3MEHIIEHHS TPYIOMICTKOCTI 1 BapTOCTI
eKCIuTyaTallii cucTeMH. 3a eKCIUIyaTaliiHy e(peKTHBHICTh HABICHMX TEXHOJOTIYHHX CHCTEM TEIUIOI30JAIii B poOOTi
MPUAHATO OE3pEeMOHTHUM TMepiof eKcIUIyaTamii, MmpH sSKoMy 30epiraroTbcs ii OCHOBHI ITOKa3HMKH, 3yMOBIEHI
HOPMAaTHBHUMH JIOKYMEHTaMH, 110 3[aTHI 3a0e3neunTr QpyHKIiOHaNbHe npu3HaueHHs. Memoouka. J{ns nociipKeHHs
BIUIUBY TEXHOJIOTIYHUX (PAKTOPIB HA KOHCTPYKTHUBHI OCOOJMBOCTI BEHTHJIHOBAHOrO (acaay po3poOJIeHO crHeLialibHY
METOAMKY J1abOpaTopHUX  JOCHiKeHb. Jlns  aHamisy  pe3ysbTaTiB  JOCHDKCHb  BHKOPHCTAHO  TEOPir0
€KCIIePUMEHTAIbHO-CTATUCTUYHOTO ~ MOJENIOBaHHsA. Pesynsmamu. HaBeneHo UULIXM BHOOpPY — ONTHMAaIbHUX
TEXHOJIOTIYHHX PillleHb YJIAIITYBaHHS HABICHUX BEHTUIILOBAHUX (pacaiiB Ha OCHOBI €KCIIEPUMEHTAIBHO-CTATHCTUYHOTO
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MOJICTIOBaHHS. BW3HAYeHO OCHOBHI KOHCTPYKIIIHHO-TEXHOJIOTIYHI TapaMeTpy BIAINTYBaHHSI €KpaHAa HaBICHOTO
BEHTWJIFOBAaHOTO (hacamy Ta po3Mmip mOBiTpsHOrO mnpomapky. Ilokasano, 1o 3a0e3medeHHS eKCIUTyaTaliiHOL
e(eKTUBHOCT]I BEHTIJILOBAHUX (hacajliB MPOTATOM 27 POKiB MOXIIUBE 32 YMOBH BUKOPHUCTAHHS IIUIHPHOTO yTEILUTIOBada
(>130 xr/v’). Tlpu IIFOMY MOJJIBO 3HAYHO CKOPOTHTH TPYIOMICTKICTh EKCIDTyaTaliiHUX BUTPAaT Ta BapTiCTh
yJlalTyBaHHs HaBicHUX (acaniB. Haykoea Hoeu3na. BuzHaueHO OoNTUMaJIbHI KOHCTPYKIIHO-TEXHOJIOTIUHI ITapaMeTpu
HABICHOTO BEHTWIbOBAHOrO (acamy, MmO 3a0e3MeuyroTh eKcIulyaTanidHy edexkTuBHiCTb. IIpakmuuna wyinuicme.
3aranbHa BAapTICTh YJIAIITYBaHHS 1 €KCIUTyaTalii HaBICHOI BEHTWJIHOBAaHOI (acaJHOi CHUCTEMH, NpPH TEPMiHi
eKCIUTyaTalii yMOBHHX 25 POKiB, 32 yMOBH 3aCTOCYBaHHs YTEILTIOBaua HIUIbHiCTIO 150 kr/mM’ Gimbmn Hix yasiui
eKOHOMHIIIIe aHATIOriYHOro hacay, aje i3 MINBHICTIO yTerToBaya 80 Kr/M .

KiouoBi cnoBa: wuasicni eemmunvosani ¢hacaou; excnayamayitina eq@ekmueHicms,  MIHEpAIO8AMHULL YIMeNneay,
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AnHorauns. ITocmanoeéka npoodnemsl — SBISETCS BBHIOOP ONTHMAIBHBIX TEXHOJIOTHMYCCKHX DEIICHUH s

OIIPEETICHUS] IKCIUTYyaTaAlMOHHON > (EKTUBHOCTH BEHTHIMPYEMBIX (acagoB NPH OJHOBPEMEHHOM YMEHBIICHHH
TPYIOEMKOCTH W CTOMMOCTH OJKCIUIyaTanuu cucTtembl. Ilox skcrumyaTanmoHHOM 3(@EKTUBHOCTBIO HABECHBIX
TEXHOJIOTHYECKUX CHCTEM TEIUIOM3OSIIUN B PabOTe MPUHAT OC3PEMOHTHBINM MEPHOA SKCIUTYyaTallH, MPU KOTOPOM
COXPaHSIOTCS €€ OCHOBHBIE [TOKa3aTel, KOTOpbIe 00YyCIIOBIIEHBI HOPMAaTHBHBIMH JIOKYMEHTaMH, U KOTOPBIE CIIOCOOHBI
obecrieunTh (QyHKIMOHANbHOE HazHaueHue. Memoouka. J{i1s MiccieoBaHus BIMSHUS TEXHOJIOTHUECKHX (DAaKTOPOB Ha
KOHCTPYKTHUBHBIC OCOOCHHOCTH BEHTHWJIMpyeMoro (acamga paspaboraHa cCroelMalibHas METOIUKA JabOpaTOPHBIX
nccnenoBaHui. s aHaIM3a pe3yabTaToOB MCCIIEIOBaHUN MCIOIBb30BaHa TEOPHs SKCIEPHUMEHTAIBHO-CTaTUCTHIECKOTO
MojenupoBanus. Pesynvmamet. IlpuBeneHsl myTH BbIOOpa ONTHMAIIBHBIX TEXHOJOTMYECKMX PEUIEHHH YCTpOMCTBa
HaBECHBIX BEHTHJIMPYEMBIX (hacaJoB Ha OCHOBE HKCIIEPUMEHTAILHO-CTATHCTHUECKOTO MoaenupoBaHus. OnpeneneHs!
OCHOBHBIE KOHCTPYKIIMOHHO-TEXHOJIOTUYECKHE MapaMeTphl yCTPOICTBA SKpaHa HABECHOTO BEHTHIIMpyeMoro (acama u
pa3Mep BO3AyIIHOW mpocioiku. [Toka3aHo, 9To oOecledeHrne 3KCILTyaTalmOHHON 3()()EeKTHBHOCTH BEHTHIIMPYEMBIX
dacanoB Ha mpoTsKeHHH 27 JeT BO3MOXHO NMPH MCIOJIb30BAHMM IUIOTHOro yremmurens (>130 xr/m’). Ipu sTom
BO3MOKHO 3HAYUTENIBHO COKPAaTHTh TPYNOEMKOCTh JKCILIyaTal[HOHHBIX PACXOJIOB M CTOMMOCTh YCTPOMCTBA HABECHBIX
¢acanos. Hayunasa nosusna. OnpeneneHsl oNTHMaIbHBIE KOHCTPYKIMOHHO-TEXHOJIOTHYECKUE TapaMeTphl HaBECHOTO
BEeHTHIMpYyeMoro ¢acama, KOTOpble OO0ECIEYMBAIOT  JKCIUIyaTAallMOHHYIO 3(QeKTHBHOCTb. IIpakmuueckas
3nauumocms. OOIAs CTOMMOCTh YCTPOMCTBA M OKCIUIyaTallid HABECHOW BEHTHJIMPYEMOH (hacaJHOi CHCTEMBI, IpU
CpOKe SKCIUTyaTallidl YCJIOBHBIX 25 JIeT, IpU NMPUMEHEHHH YTEIUINTeNs MIOTHOCThIo 150 kr/m® Gonee uem B 2 pasa
SKOHOMHYHEE aHAJIOrHYHOr0 (hacaa, HO C MIOTHOCTHIO yTemmTens 80 Kr/m’.

KnroueBble cil0Ba: nasecnvie eenmunupyemvie @acaovi; IKCHAYAMAYUOHHAS  IPHeKkmusHocmns, MUHEpanlo8amHulil
ymenaumens, SKCHePUMEHMATbHO-CIMAMUCMUYecKue MoOeau, nojicapobe3onacnocms

Introduction. During the last decades the  practice [10, 12, 13, 15]. It should be noted that
exterior walls design and facade insulation  the two variants of systems are most widely
utilization of industrial elements with a  used for thermal insulation of high-rise
ventilated air layers an outer insulation  buildings. The first variant of ventilated facade
enclosing structures of residential and public  construction provides a continuous system,
buildings are used in the construction industry =~ which consists of a facing layer, generally
in Ukraine. The name of hinged ventilated made of composite panels with flammability
facades (HVF) is often used in construction  class of G1, G2 without openings in between,
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and the air motion speed in substructure space
up to 2 m/s [9, 11]. Ceramic granite slabs are
often used at the second variant. In such
systems, the design provides for the opening
between the facing panels. Air speed in the
substructure space, depending on the height,
can be up to 12 m/s and higher, particularly in
the coastal zone [1, 2, 9].

The  primary requirement for  the
construction of facade insulation is to ensure
the operational efficiency during the normative
period of 25 years [8]. Under the operational
efficiency of hinged thermal insulation systems
in this study the exploitation without repair is
accepted. The efficiency is shown by main
parameters, determined due to normative
documents, by which a functional purpose can
be ensured.

One of the components of construction,
which  determines period of effective
exploitation system of thermal insulation is the
mineral wool insulation.

Constructive and technological structure
features of the second variant may result in
moistening of insulation caused by slanting rain
the gaps between the facing plates. Mineral
wool insulation is inclined to the destruction
due to wind emission of fibers from the surface.
It is caused by its fibrous structure.

One way to prevent this process is to find
the optimal constructional and technological
solutions of arranging the screen and securing
the windproof and waterproof membranes on
the surface of insulation in the air space.
Unfortunately, using of these membranes
increases a fire hazard [6, 7, 14]. This is
confirmed by many fires on the facades of
high-rise buildings, both in our country and
beyond its borders, for example in the cities of
Odessa, Kiev, Moscow, Istanbul, and others.

The construction and exploitation of
ventilated facades are characterized by
significant technical and economic expenses
due to the use of high cost components.

Thus, itis significant and needed to select
optimal technological solutions to ensure the
operational efficiency of ventilated facades
without a windproof membrane on basis of
research of facing layer constructive solutions
and optimization of its assembly.
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The aim of research is the selection of
optimal technological decisions to ensure
operational efficiency of ventilated facades
while decreasing labor input and operating cost
of the thermal insulation system.

Results of research. The research was
conducted in three stages. On the first stage of
the research the task was to select the
constructional and technological solutions in
order to reduce the impact of the slanting rain
on the mineral wool insulation, specifically the
amount of moisture which is trapped in the
insulation (Ymoisture, £)-

This is achieved using an experimental
statistical modelling (ESM) by optimizing the
slits sizes, thickness of facing plates and the
size of the air gap. This mathematical method
can considerably reduce the amount of
experiments. Factors and their varying levels
are given:

Factors climatic:

x;— intensity of rain (6 £ 4), mm/min;

x,— rain tilt angle (60 + 30), deg;

Factors structurally-technological:

x3 — thickness of ventilated gap (100 + 60),
mm;

x4— size of the clearance between the screen
plates (7 £ 3), mm;

x5 — thickness of the facing screen elements
(9 £ 3), mm;

xs — density of mineral wool insulation
(80 + 50), kg/m’.

The mathematical processing of the
experimental results is performed in the
program «Compex-2009v1.1». This includes
regression  analysis, assessment of the
importance of the model coefficients and the
adequacy of the obtained model [4, 5].The
regression dependence of moisture mass change
in the mineral wool insulation was obtained
after performing these actions. This dependence
adequately describes the impact of climate,
construction and technological factors on the
amount of moisture trapped in the insulation
through  technological holes (1). The
experimental error was (Ts) e = 0.515:

Yo 355 +3950 +1.37%0¢°
5215 +0.93x°

H.95xs H0ATxixs  +0.79xxs
+0.T8%1%4

-0.39%1x5

(13}

+0.65%:x4  +H0.29%3%4

0.43x:x

-0.55%:%6  —045%3%s  -0.66%ixs  -0.55xxs  +1.01x6"
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Based on the obtained mathematical model,
the following graphs of extreme value function
were constructed (Fig. 1).Graphical analysis of
the mathematical model is presented in the
form of single-factor dependencies. They
present there impact of each factor on the
amount of moisture trapped in mineral wool
insulation on minimum and maximum values of
index zones.

X X X. X Y.
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Figure 1. Single-factor depending on influence of studied
factors on the amount of moisture which falls to mineral
wool insulation

Figure 1 shows that character of influence of
all the six factors on studied parameters are
different. This is indicated by curve slope angle
at each of the graphs. Rain intensity, rain
deflection angle, size of ventilated gap and
value of deformation clearance provide a
directly proportional effect on the amount of
moisture that gets on mineral wool insulation at
the maximums zone of index (top lines on the
graphs). In its turn, the thickness of screen’s
slabs and the density of the mineral wool
insulation are inversely proportional to effect
on studied parameters. Index of intensity was
negligible in investigation of impact factors on
the maximum values of moisture. Each of
factors can change its value by 5-10%.

It is necessary to analyze the amount of
moisture that penetrated the mineral wool
insulation in the zones of minimum values
index (it is the lower line on the graph) to be
able to choose optimal constructional and
technological decisions. First and foremost this
analysis of climatic factors x; and x, has shown
that even with insignificant index values, it is
possible to get moisture on insulation (1-1,5
gr.). It should be noted, that it is almost
impossible to avoid the negative impact of
these factors. Therefore, constructional and
technological decision factors x3, X4, Xs, X¢ are
the most important.
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In the analysis of these factors, it is needed
to observe the following constructional and
technological parameters to obtain the
minimum values of moisture falling on mineral
wool insulation.

Specifically, the distance of the ventilated
gap should be 80-100 mm (larger distance
increases the weight of construction);size of
slits between screen plates - 4-6 mm (in this
case complied with enough air permeability,
while the rain drops size is not more than this
indicator, and due to the surface tension of
water cannot penetrate through joints between
the slabs of screen), the thickness of the
screen's plate — 6-8 mm ( sizes that are used
often); the density of mineral wool insulation is
essentially independent of previous parameters.

On the basis of optimal constructional and
technological parameters of hinged screen
construction with air gap, some research was
conducted to study emission of mineral wool
insulation fibers under the influence of
aerodynamic loads. The research conducted by
authors demonstrated [3] that ventilated facades
systems with paneling of ceramic granite slabs
are characterized by emission of fiber mineral
insulation of different densities, functioning as
thermal insulation layer.

We proved that highest indicator by
emission of mineral wool insulation fibers is
characterized of low density (30-40 kg/m®), and
the lowest if it density is 130-150 kg/m’.In the
second stage conducted a definition of
operational efficiency of hinged ventilated
facades with different densities of mineral wool
insulation are based on research set out in work

[3] for fiber emissions.
Table 1
Results of calculating operational efficiency of the
hinged ventilated facades technological systems for
second climatic zone of Ukraine

Effectiveness effective E. m**K/'W

Density of
mineral

Rpsimarym™® | Term of operation, year

?\'l!u] ) KW
insulation, 1 3 5 7 % 9

{kghm' |

40 3,395
[80 3,498
[150 [3470

After calculating operational efficiencies of
facade systems with mineral wool insulation
various densities without a  windproof
membrane according to the constructive-
technological scheme of hinged ventilated

(2528 |- 8 . -
[3.002 |2900 |2836 |2783 |-
| 3,063 3,130 |3,047 3046 2,790

[ 2981
3,142
3248

[3.187
[3321

[3370
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facades, for the second climatic zone of
Ukraine, such data were obtained (Table 1).

The system of thermal insulation, wherein
used mineral wool insulation density 40 kg/m’
without a windproof membrane keeps its
properties for almost 4 years, subject to the
application of second climate zone of Ukraine
(for example, Odessa), as shown in Table 1.

Therefore, usage mineral wool insulation
with density 40 kg/m’ without a windproof
membrane is inadvisable. Resistance to the heat
transfer becomes less than the required
normative after five years of exploitation. For
the city of Odessa, it is 2.8 m*K/W.

At the same time, our research showed that
the mineral wool insulation with a high density
of 150 kg/m’ does not require any windproof
membrane.

We define the minimum required thickness
of mineral wool insulation according to the heat
engineering calculations and the results of
research on weathering, with the same
composition of the wall (300 mm thick aerated
concrete) for the first climatic zone of Ukraine.

Table 2 shows the results of the calculation
the operational efficiency of facade systems
with single- and double-layer thermal insulation

of different densities.
Table 2
Results of calculating operational efficiency of
technology hinged ventilated facades systems for first
climatic zone of Ukraine

Effectiveness effective E, m™*K/W
Conjectural term of operation, year

of
wool

Density
mineral
nsulation, m*
kg/m'(Thickness)
80 (7T0mm})
E0(30mm)

FL30 20mm)

1 3 h] 7 8 9 1

3974 3,797 | 3618 | 3478 [3.376 |3.312 | 325

3855 | 3,724 | 3,639 |3.606 | 3,523 | 3,502 |3.266

The calculation results demonstrated that
thermal insulation system with mineral wool
insulation of high density, 150 kg/m’, is
characterized by normative value of heat
transfer resistance after 25 years of conditional
exploitation.

Thus, at this density of mineral wool
insulation system, windproof membrane (such
as flammable G2 material) is not needed to
increase fire safety and reduce the risks of
violation of the culture facade production.

When using mineral wool insulation with a
density of 80 kg/m® in 25 years of exploitation
conventional thermal insulation system does
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not correspond regulatory requirements. And
for such a system, regulatory requirements are

maintained for 8-9 years of conditional
exploitation.
Therefore, such  systems can  be

recommended to make wind and moisture
protective membrane, but only of non-
flammable materials (class NG) and especially
for ventilated facades of high-rise buildings.

At the third stage of the research, given the
results shown in Tables 1 and 2, the calculation
of economic indexes was conducted only for
systems with mineral wool insulation with a
density of 80 and 150 kg/m’. Performing the
calculations in a program complex AVK 5
(3.0.0) and analyzing the results, we obtain the
following. The estimated cost of installing 100
m?” of ventilated facades with mineral wool with
a density of 150 kg/m’ without windproof
membrane by 3.4% more expensive than
mineral wool with a density of 80 kg/m’, based
on compulsory use of windproof membrane.

Expenses for repair associated with partial or

complete replacement of mineral wool
insulation, almost identical 57.8% and 56.3% of
the cost of installing a new system,
respectively.

At almost the same cost of the installation of
ventilated facade, with a density of mineral
wool insulation 80 kg/m® with the windproof
membrane than the density of mineral wool
insulation 150 kg/m’ without it. Saving
expenditures of labor the second variant is 22
man-hours on 100 m” of facade installation.
This system completely eliminates a fire hazard
due to the absence of the flammable windproof
membrane.

According to the research results presented
in Table 2 and 3, the repair of facade systems
with mineral wool insulation density of 80 kg/
m’ should be carried out every 9 years, while
the repair time for density of 150 kg/m’ in 27
years.

By defining term efficient operation of
ventilated facades of 25 years, the cost of
installing and operating the system with the
average density mineral wool insulation 80 kg/
m’ will be conditionally 138.048 thousand, and
at 150 kg/m’ — 67.241 thousand. That is, a total
cost of installation and operation hinged
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ventilated facade system when using mineral
wool insulation density of 150 kg/m® more than
2 times economical equivalent of facade, but
mineral wool insulation with a density of 80
kg/m’.

The research proves that the use of mineral
wool insulation of low density 30-50 kg /m’ is
inappropriate. The substantiation of the need to
use windproof membrane with a degree of
flammability (NG) when using mineral wool
insulation from 80 to 120 kg /m’ for extending
the period exploitation of maintenance-free, is
also confirmed by research of other scientists.

In its turn the use of mineral wool insulation
of higher density of 150 kg on m3 and higher
ensures operational efficiency of ventilated
facades at more than 25 years without installing
windproof membrane.

Summary

1. It was found that the minimum moisture
on the mineral wool insulation when using a
screen facing ceramic granite tiles is achieved

ISSN 2312-2676

when the deformation clearance of 4-6 mm,
with a maximum thickness of 6.8 mm screen
finishing and size of ventilated layer is 80-100
mm.

2. To enhance the fire safety of ventilated
facade is possible to arrange them without
windproof membrane. The operational efficien-
cy of insulation mineral wool with density of
150 kg/ m’ is 27 years old, 80 kg/ m® — 9 years,
40 kg/m’ — 4 years.

3. Installation of ventilated facades without
a windproof membrane to reduce their labor
content by 22.0 man-hours on 100 m* of facade
compared with traditional technology with the
windproof membrane. When using insulation of
mineral wool density 150 kg/m’ labor content
operating costs for conventional 25 years is re-
duced by 486 man-hours on 100 m”. The total
cost of installation and repair for normative op-
erational period, at a density of mineral wool
insulation 150 kg/m’ is more economical vari-
ant, in average doubled.
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