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Abstract. Windows are the one of the most important elements of a building envelope. Windows with appropriate acous-
tic and thermal properties can guarantee comfort and protection of indoor environment. The sound and thermal insula-
tion of windows are influenced by various factors and one of them is air tightness. The aim of this study was to assess if
airtight typical wooden windows used in Baltic and Scandinavian countries always have both good acoustic and thermal
properties. For this purpose, sound reduction index (characterizes acoustic properties), thermal transmittance (character-
izes thermal insulation properties) and air permeability (characterizes air tightness) of windows were determined in the
laboratory. The results showed that airtight windows have various acoustic and thermal properties. This means that there
is a negligible relationship between air permeability and acoustic properties, also between air permeability and thermal

properties of windows.
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Introduction

Building envelope consist of different elements: windows,
doors, walls and roof. Windows are of high importance
and building indoor environment and living quality of
occupants mostly depend on their properties (Allard,
Olofsso, & Hassan, 2013; Ionescu, Baracu, Vlad, Necula,
& Badea, 2015; Kull, Mauring, & Tkaczyk, 2015; European
Union, 2010; Rodriguez-Soria, Dominguez-Hernandez,
Pérez-Bella, & Coz Diaz, 2014; Rasmussen & Gerretsen,
2014; European Union, 2002; Sadineni, Madala, & Boe-
hm, 2011; Garg, Kumar, & Maji, 2013; Kurra & Dal, 2012;
Mateus, Pereira, & Tadeu, 2013; Konroyd-Bolden & Liao,
2015; Baldinelli et al., 2014; Cuce & Riffat, 2015; Burat-
ti, Barelli, & Moretti, 2013; Granzotto et al., 2017). The
sound and thermal insulation of windows are influenced
by various factors and one of them is air tightness (Ior-
dache & Catalina, 2012; Varshney, Rosa, Shapiro, & Scott,
2013; Park & Kim, 2015; Blasco, Belis, & Den Bleecker,
2011). Therefore, it is important to know the relationship
between air tightness and sound and thermal insulation.
The Iordache and Catalina research showed that the air
change rate is inverse correlated to the sound transmission
loss; the higher the sound transmission loss, the smaller

the air infiltration rate. Also these researchers noticed
that no direct correlation between sound and thermal
insulation could be found: high sound insulation index
values do not always correspond to low transmittance
and vice versa. Park and Kim in their research say that
windows age with time and deteriorate continuously in
performance, and sound insulation performance of win-
dows (single window 2—-4 dB and of dual windows about
10 dB) can be improved by increasing airtightness. Blasco
with colleagues in their research state that if the sound
insulation is less than 37 dB of the glazing, the frame of
window does not have the impact on sound insulation of
window. Several researches have shown dependence of
sound and thermal insulation from air tightness of win-
dows (Blasco et al., 2011; Iordache & Catalina 2012; Van
Den Bossche & Janssens, 2016). Van Den Bossche and
Janssens in their research state that 75% of analyzed win-
dows have an air leakage rate below 1.05 m*/h-m? - this
means that they are airtight. Also several of the tested
windows show an excellent performance (air flow rate is
below 0.1 m3/h-m?). The researchers concluded that if air
tightness is high the sound and thermal insulation are also
high; and in reverse, when air tightness is low — deterio-
ration of sound and thermal insulation occurs due to the

*Corresponding author. E-mail: kestutis.miskinis@ktu.lt

Copyright © 2019 The Author(s). Published by VGTU Press

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


http://creativecommons.org/licenses/by/4.0/

136

gap formed between the outside frame and the window
frame (Granzotto et al., 2017; Park & Kim 2015; Blasco
et al, 2011; Iordache & Catalina, 2012; Van Den Bossche,
Huyghe, Moens, Janssens, & Depaepe, 2012). Most com-
mon defects that gave rise to excessive air leakage were
weather strip discontinuity, poor sash fit and malfunction-
ing hardware (Iordache & Catalina, 2012; Van Den Bergh,
Hart, Jelle, & Gustavsen, 2013). Also researchers noticed
that when windows have low airtightness, there is strong
relationship between airtightness and sound and thermal
insulation (Park & Kim, 2015). The creation of a disconti-
nuity in the gasket resulted in a reduction of the acoustic
insulation in the mid and higher frequencies as the us-
age of no gasket at all clearly impacts reduces the sound
insulation in all frequency range (Blasco et al., 2011). The
air tightness of windows usually is characterized by air
permeability to the length of opening joints (VL) and, as
it is reported by various researches, are different for every
type of windows (Van Den Bossche & Janssens, 2016;
Nurzynski, 2003). Nurzynski in his research says that a
reduction of window air tightness by making a different
kind of slot in the sealing system usually causes a drop in
sound insulation in the range of (500-1600) Hz. Weath-
erstrips acting as a casement supporting element influ-
ence the sound insulation of window. Within an analyzed
group, window systems with more “pliable” weatherstrips
show better acoustic performance. Also results of labora-
tory measurements show that the reduction of window
air tightness causes a significant decrease in their sound
insulation, particularly in the case of windows with high
insulating glazing. The drop of sound reduction index val-
ues is, however, different, even when taking into account
only windows with the same glazing. These researchers
giving air permeability values of airtight windows have
not assessed how it influences both sound and thermal
insulation of windows. The aim of this study was to assess
if airtight windows always have both good acoustic and
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thermal properties. The typical wooden windows, used in
Baltic and Scandinavian countries with double and triple
glass units having high air tightness (V;<0.5 m*/(h-m)),
were chosen from production line. The assessment of win-
dows properties was done by determining sound reduc-
tion index, thermal transmittance and air permeability in
the laboratory conditions and when the performing analy-
sis of obtained results was done.

1. Experimental conditions and test specimens

Properties of windows were determined at the Labora-
tory of Building Physics of Institute of Architecture and
Construction of Kaunas University of Technology. The
measurements were performed in the following sequence:
measurement of thermal transmittance, sound reduction
index and air permeability.

The thermal insulation of windows is characterized by
thermal transmittance (U-value). The measurements of U-
value of windows were performed according to the stand-
ard LST EN ISO 12567-1 (Lithuanian Standards Board,
2010e) in a Guarded Hot Box (Figure 1) constructed ac-
cording to the standard LST EN ISO 8990 (Lithuanian
Standards Board, 1994). The heat flow rate and surface
and air temperatures on both sides were measured for two
hours every minute and average values were calculated to
determine thermal transmittance of the tested windows.
The uncertainty of measured thermal transmittance value
is 2.55% with 95% probability. The sound insulation of
windows is characterized by weighted sound reduction
index (Ry). The was determined in special acoustic test
facilities (Figure 2) in the Laboratory of Building Physics
of Kaunas University of Technology. The acoustic test fa-
cilities satisfy requirements of the standards: LST EN ISO
10140-1 (Lithuanian Standards Board, 2010a), LST EN
ISO 10140-2 (Lithuanian Standards Board, 2010b), LST
EN ISO 10140-4 (Lithuanian Standards Board, 2010c),
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Figure 1. Cross-section of the Hot Box; 1 — Warm guard box; 2 — Protective galvanized pane metal shield for airflow distribution
around metering box; 3, 4 — Electric coil heater; 5 — Metering box baffle; 6 — Metering box; 7 — Surround panel; 8 — Cold side box;
9 — Cold side box baffle; 10 — Cooling unit of cold side box; 11 — Air make-up section of cold side; 12 - opening for window
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Figure 2. Acoustic test facilities: a) layout; b) vertical cross section “1-1"

LST EN ISO 10140-5 (Lithuanian Standards Board,
2010d) and are verified by performing measurements in
Acoustic Laboratory of Building Research Institute, War-
saw, Poland. The maximum sound insulation (R, ) of
separating filling wall with closed opening for window is
75 dB and acoustic test facilities could be used for window
with sound insulation (Rw) up to 55 dB. The acoustic test
facilities consist of source and receiving chambers, whose
volumes are respectively 79.95 m? and 68.56 m?. The
chambers are separated by filling wall with the opening of
dimensions 1500x1250 mm for the windows. The filling
wall consists of two brickwork lines with mineral wool
interlayer. The roof consists of concrete slabs and mineral
wool layer. The concrete floating floors are separated from
surrounding walls by mineral wool interlayer. The mea-
surements according to standards: LST EN ISO 10140-1
(Lithuanian Standards Board, 2010a), LST EN ISO 10140-2
(Lithuanian Standards Board, 2010b), LST EN ISO
10140-4 (Lithuanian Standards Board, 2010c), LST EN
ISO 10140-5 (Lithuanian Standards Board, 2010d) and the
evaluation of results according to standard LST EN ISO

717-1 (Lithuanian Standards Board, 2013) in 1/3 octave
frequency band from 100 Hz to 5000 Hz were performed.
The sound insulation measurements using combination
of three loudspeaker and six microphone positions were
performed. The average value from 18 measurements was
calculated. The uncertainty (reproducibility standard de-
viation) of measurements in 1/3-octave bands with 95%
probability is respectively: for 100-200 Hz - 1.8-2.3 dB,
for 250-500 Hz - 0.8-1.3 dB, for 630-2500 Hz - 0.3—
0.9 dB and for 3150-5000 Hz - 1.1 dB.

The air tightness of windows is characterized by air
permeability to the length of opening joints (VL). The
air permeability is determined according to the standard
LST EN 1026 (Lithuanian Standards Board, 2000) in the
special test rig KS 3025/45 ASD SPS (Figure 3). The air
permeability of windows was measured in the range from
0 Pa to 600 Pa. The values of air permeability are given at
600 Pa pressure in this study because it best indicates air
tightness of windows. The air permeability value is the av-
erage of values measured at positive and negative pressure.
The results are expressed in accordance with standard



138 K. Miskinis et al. Assessment of acoustic and thermal properties of airtight wooden windows used in Baltic...

Figure 3. Test rig KS 3025/45 ASD SPS

LST EN 12207 (Lithuanian Standards Board, 1999). The
expanded uncertainty with 95% probability of measure-
ments is 0.035 m3/(h-m).

The typical wooden Scandinavian (SW) and European
(EW) type windows with double and triple insulated glass
unit (IGU), which are usually used in buildings in Baltic
and Scandinavian countries in the last decade, were cho-
sen for this study (Table 1).

The dimensions of all tested windows are the same -
1230x1480 mm (widthxheight). The thicknesses of the
frames and sashes are in the range of 50-110 mm and
50-90 mm respectively. The frame and sash of both type
windows are made from glued (4 layers) finger-jointed
pine (density 520 kg/m?) and painted with white paints
from both sides. The horizontal lower edge of frame and
sash from outside was covered with painted aluminium
strips (2 mm thickness). There were 6—7 the sash lock-
ing points in both types of windows. The mass of both
types of windows varies in the range of 40.2-43.2 kg for
double glazed windows and 52.7-57.3 kg for triple glazed
windows. 24 of 33 windows are with triple IGU and 9 are
with double IGU. The thickness of glass panes in all IGU
are the same - 4 mm. The thickness of gap between glass
panes varies with 2 mm step from 16 mm up to 22 mm
of double IGU and from 10 mm up to 24 mm of triple
IGU. The 22 of the 33 of IGU are with non-metallic (NM)
and 11 with metallic (M) spacers. The double IGU have
one low emissivity coating (layer of silver) on the inside
glass and triple IGU — two low emissivity coatings: one on
the inside glass and one on the outside glass. The gaps
between glass panes are filled with argon gas (90%) and
air (10%).Weatherstrips are made from EPDM rubber of
tube shape. Two weatherstrips are used in the perimeter
of window in the external and internal position. The 2/3
of the studied windows are European and 1/3 windows —
are Scandinavian. The area of glass/frame is 70% / 30% of
Scandinavian windows and 68% / 32% of European win-
dows. All tested windows had two gaskets in the chan-
nels of the perimeter of frame and sash (Figure 4 and
Figure 5). The same windows were used for all the tests.

Table 1. Tested windows

Window nSlI:?;ei;l IGU Type |[Opening type
WW-1 NM 4-16-4 SW outside
WW-2 M 4-16-4 EwW inside
WW-3 NM 4-16-4 SwW outside
WW-4 NM 4-16-4 SW outside
WW-5 M 4-16-4 EW inside
WW-6 M 4-16-4 EwW inside
WW-7 NM 4-18-4 SW outside
WW-8 NM 4-20-4 EwW inside
WW-9 NM 4-22-4 SwW outside
WW-10 |NM 4-10-4-10-4 |SW outside
WW-11 NM 4-12-4-12-4 |EW inside
WW-12  |NM 4-12-4-12-4 |SW outside
WW-13 M 4-12-4-12-4 |EW inside
WW-14 |NM 4-12-4-12-4 |SW outside
WW-15 M 4-14-4-14-4 EW inside
WWwW-16 |M 4-14-4-14-4 |SW outside
WW-17 M 4-14-4-14-4 EW inside
WW-18 |M 4-14-4-16-4 |EW inside
WW-19 |NM 4-14-4-14-4 |EW inside
WW-20 |M 4-16-4-16-4 |EW inside
WW-21 NM 4-16-4-16-4 |EW inside
WW-22  |NM 4-16-4-16-4 |SW outside
WW-23 |NM 4-16-4-18-4 |SW outside
WW-24 |NM 4-18-4-16-4 |SW outside
WW-25 |NM 4-18-4-18-4 |EW inside
WW-26 |NM 4-18-4-18-4 |EW inside
WW-27 |M 4-18-4-18-4 |EW inside
WW-28 |NM 4-18-4-18-4 |EW inside
WW-29 |NM 4-20-4-20-4 |EW inside
WW-30 |NM 4-20-4-20-4 |EW inside
WW-31 NM 4-20-4-20-4 |EW inside
WW-32 M 4-22-4-22-4 EW inside
WW-33 NM 4-24-4-20-4 |EW inside

2. Results and discussion
2.1. Air permeability

Air permeability to the length of opening joints (V) of
tested windows are given in Figure 6.

As it could be seen from Figure 6 the V| values are
spread mostly in the range from 0.0 m3/(h-m) up to
0.5 m3/(h-m). From the results it can be stated that 21
of 33 windows have low (less 0.2 m®/(h-m)) air perme-
ability and it means that they are very airtight. 12 of 33
windows have air permeability between 0.2 m?/(h-m) and
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a)

b)

Figure 4. Cross section of Scandinavian type window:
a) horizontal; b) vertical

0.5 m3/(h-m) and it is considered as airtight. From the
Figure 6 it can be said that window type and glazing does
not have influence on air permeability of windows. Also it
should be added that two gaskets enable to achieve good
air tightness of windows.

2.2. Sound reduction index

Weighted sound reduction index (Ryy) values and weight-
ed sound reduction index with transport spectrum adap-
tation term (Ryy + C,,) values are given in Figure 7.

From Figure 7 it can be seen that sound insulation of
windows expressed by Ry vary in the range from 32 dB
up to 36 dB (the difference is 4 dB) and Ry, + C, - from
28 to 31 dB (the difference is 3 dB). From this it can be
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Figure 5. Cross section of European type window:
a) horizontal; b) vertical

seen that all tested windows have similar sound insula-
tion. The sound insulation of European type double and
triple glazed windows is from 33 dB to 36 dB (difference
is 3 dB) for Ry and from 28 dB to 30 dB for Ry + C,,
(difference is 2 dB) and of Scandinavian type windows —
respectively is from 32 dB to 35 dB (difference is 3 dB)
for Ry and from 28 dB to 31 dB (difference is 3 dB) for
Ry + C;;. The results show that transport spectrum adap-
tion term (C,,) significantly reduces the sound insulation
of windows - from 4 dB to 6 dB. This shows that both
types of windows have a low sound insulation in low fre-
quency range. From the values given in Figure 7 it could
be said that sound insulation of windows mostly depends
on glazing (number of glass panes, thickness of gap (gas
spaces) between glass panes). Increasing the number of
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Figure 6. Air permeability to the length of opening joins (VL) at 600 Pa pressure
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glass panes (from 2 to 3) and thickness between glass
panes (from 10 mm to 22 mm), better sound insulation
by 4 dB is achieved. Also from the results it can be said
that type of window does not impact (difference up to
2 dB) sound insulation significantly. Therefore, it could
be concluded that sound insulation of windows is mainly
influenced by glass unit.

2.3. Thermal transmittance

The thermal transmittance (U) values are given in Fig-
ure 8. Performance of tested windows is given in Table 2.

From Figure 8 it could be seen that the ther-
mal transmittance (U) of windows varies in the range
from 1.6 W/(m2K) to 0.79 W/(m2K) (difference is
0.81 W/(m?K)). The Uw for Scandinavian windows
varies from 1.6 W/(m?.K) up to 0.87 W/(m>K) (differ-
ence 0.73 W/(m?K)) and for European windows — from
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1.5 W/(m*K) to 0.79 W/(m?K) (difference 0.71 W/m?*K).
As it can be seen from the results, the increment of gap
(filled with 95% argon gas) thicknesses, up to 20 mm
between glass panes, decreases the U value. While with
gap’s thickness over 20 mm the increment of the U-value
appears. Windows with double IGU has about two time
worse thermal properties (higher U value) than the win-
dows with triple IGU. The difference of U value between
double and triple IGU with the gaps of the same thick-
ness are influenced by different number of glass panes, low
emission (LE) coatings and number of gaps. Also from
Figure 8 it can be seen that both type windows U-values
are similar. Both types of windows have better thermal
insulation with non-metallic spacer than with metallic
ones due to the lower linear thermal transmittance (V)
value. The y value of non-metallic spacers varies from
0.034 W/(m-K) to 0.051 W/(m-K) and of metallic spac-
ers — 0.085 W/(m-K).
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Table 2. Performance of tested windows

Window | Type m3/\élL1’-m) W /(lnjl’z,K) Iévé’ R+ Coo
WW-1 SW 0.17 1.60 33 28
WW-2 EW 0.26 1.50 34 30
WW-3 SW 0.16 1.60 33 30
WW-4 SW 0.25 1.30 33 28
WW-5 EW 0.00 1.40 35 30
WW-6 EW 0.39 1.50 33 29
WW-7 SW 0.00 1.40 33 28
WW-8 EwW 0.48 1.30 33 29
WW-9 SW 0.16 1.50 33 28
WW-10 SW 0.19 1.20 34 29
WW-11 EW 0.42 1.10 35 29
WW-12 SW 0.30 1.20 35 28
WW-13 EW 0.00 1.20 34 29
WW-14 SW 0.24 1.20 32 29
WW-15 EW 0.47 1.00 35 29
WW-16 SW 0.00 1.20 34 28
WW-17 EW 0.04 0.98 35 29
WW-18 EW 0.17 0.82 34 29
WW-19 EW 0.35 0.90 35 29
WW-20 EW 0.07 1.00 36 30
WW-21 EW 0.00 0.87 34 29
WW-22 SW 0.04 1.00 33 28
WW-23 SW 0.00 0.95 34 29
WW-24 SW 0.40 0.87 35 31
WW-25 EW 0.24 0.89 35 28
WW-26 EW 0.00 0.93 35 30
WW-27 EW 0.04 0.91 35 29
WW-28 EW 0.12 0.92 36 30
WW-29 EW 0.20 0.83 34 28
WW-30 EW 0.00 0.82 35 29
WW-31 EW 0.00 0.80 35 28
WW-32 EW 0.00 0.89 35 28
WW-33 EW 0.25 0.79 36 30

From the second table it could be seen that windows
with same IGU and spacer in the some cases have the
same airtightness, thermal and sound insulation values
but in some cases they are different. The windows with
double IGU Scandinavian type (WW-3 and WW-4) with
the 4-16-4 have sound insulation (Rw) of 33 dB, but
different airtightness and U value is 0.16 m3/(h-m) and
0.25 m3/(h-m) and 1.60 W/(m?K) and 1.30 W/(m?K).
But with European type windows (WW-5 and WW-6)
with the same IGU also sound insulation values differs.
The values are 35 dB and 33 dB for sound insulation,
0.00 m3/(h-m) and 0.39 m3/(h-m) for airtightness and
1.40 W/(m?K) and 1.50 W/(m?K) for U value. Win-
dows (WW-12 and WW-14; WW-15 and WW-17; WW-
25, WW-26 and WW-28; WW-29, WW-30 and WW-31)
with triple IGU (respectively 4-12-4-12-4, 4-14-4-14-4,

4-18-4-18-4, 4-20-4-20-4) situation is a lit bit different;
sound and thermal insulation values are the close, only air-
tightness varies more. The sound insulation of these win-
dows are in range 32-36 dB, thermal insulation (U-value) -
from 1.2 W/(m?K) to 0.80 W/(m?K) and airtightness is
from 0.47 m3/(h-m) to 0.00 m3/(h-m). From this, it could be
remarked that it is very difficult to determine the relation-
ship between airtightness, thermal and sound insulation
and windows properties.

2.4. Relationship of windows properties

In Figures 9-11 the relationship between the following
parameters: thermal transmittance and air permeability;
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weighted sound reduction index and air permeability;
weighted sound reduction index with spectrum adapta-
tion term of transport and air permeability are given.
The coefficient of determination and Pearson coeffi-
cient for evaluation of the relationship of windows proper-
ties was calculated. The coefficient of determination shows
how close the data are to the fitted regression line as the
Pearson coeflicient shows the strength of relationship be-
tween two parameters. The value of the Pearson coefficient
could be from —1 to 1. If the coefficient value is closer to
—1 or 1 it means there is a strong relationship between two
analyzed parameters and if it is closer to 0 it means there
is no the relationship between them. From Figures 9-11 it
can be seen that there is a negligible relationship between
the thermal properties and the air permeability as well as
the acoustic properties and the air permeability. The coef-
ficient of determination respectively is 0.02757, 0.00225
and 0.02621. The Pearson coefficient is respectively 0.166
and 0.047. From this it can be said that if we have airtight
windows (V| less 0.5 m%/(h-m)), the sound and thermal
insulation of these windows it could not be predicted be-
cause windows with the same air permeability could have
different sound and thermal insulation properties.

Conclusions

1. The results showed that airtight windows have various
both acoustic and thermal properties. The thermal trans-
mittance value of very airtight windows (V} < 0.2) is in
range 1.6-0.82 and sound insulation is in range 33-36 dB.
The thermal transmittance value of the tight windows
(V1 0.2-0.48) is in range 1.6-0.79 and sound insulation
is in the same range. From this could be said that very
air tight and tight windows have the same thermal and
acoustic performance.

2. The sound insulation of windows expressed by Ry,
vary in narrow range and it is from 32 dB up to 36 dB
(the difference is 4 dB) as the thermal transmittance (U)
of windows varies in larger range — from 1.6 W/(m?K) to
0.7 W/(m2K) (difference is about 0.8 W/(m?2-K)). From
this it could be said that the reduction of heat loss does
not give the same reduction in sound insulation. The re-
lationship between sound and thermal insulation is neg-
ligible (0.162). This means that these properties do not
influence each other.

3. The analysis of the study results showed that there
is a negligible relationship (Pearson coeflicient is 0.166)
between air permeability and acoustic properties; further-
more, there is a negligible relationship (Pearson coefficient
is 0.047) between air permeability and thermal properties
of windows. This means that these analysed properties of
windows very insignificantly influence each other.

4. From air tightness values it cannot be said that
windows will have good thermal and sound insulation
properties. These properties are influenced by other fac-
tors such as used glass sheets (thicker glass sheets gives
better sound insulation), used spacers and their thick-
ness (nonmetallic and thicker spacers give better thermal

insulation), and glass coatings (two coatings give better
thermal insulation).
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