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When determining the resistance to vapor penetration of the vapor barrier layer which is based on the zero balance of moisture
accumulation per year and the value of the allowable increase in moisture content of the material during the period of moisture
accumulation. The temperature and relative humidity of the outside air for the period of the three coldest months of the heating
period or the period with average monthly negative temperatures are usually used in the calculations. Although, the duration
of the moisture accumulation period may not coincide with this period, and the value of the resistance to vapor penetration of
the vapor insulation in the enclosing structures may not be determined correctly. The clarification of the calculation methodol-
ogy was suggested. It is necessary to determine the months, when moisture accumulation occurs in the insulation of the enclos-
ing structure, after determining the average temperature and relative humidity of the outside air during these months and cal-
culate the resistance to vapor penetration of the vapor insulation layer.

Keywords: resistance to vapor penetration, vapor barrier, moisture accumulation, enclosing structures
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p y

Po6oTa npucBsiueHa YTOYHEHHIO METOIMKH BU3HAUCHHS PO3PAaXyHKOBUX [1apaMeTPiB 30BHILIHBOTO MOBITPs (TEMIepaTypu Ta
BIZIHOCHOT BOJIOTOCTI) Ta BEJIMYHUHH OTIOPY MapONPOHUKHEHHIO [1apy napoizossiuii. [Ipu Bu3HaueHH] 0nopy MaponpOHHKHEHHIO
nIapy napoizoJsiLii BUXOJSTh 3 HYJIbOBOTO OajlaHCy BOJIOTOHAKOIIUYCHHS 32 PiK Ta BEJIWYUHU JOMYCTUMOTO IiJABUIICHHS BO-
JIOTOCTI Martepiany MpOTIAroM Iepiofy BOJIOTOHAKOMYEHH. 3a3BUyail BUKOPHCTOBYIOTh Y pO3paxyHKax TeMIeparypy Ta Bij-
HOCHY BOJIOTICTb 30BHIIIHBOTO MOBITPS 33 MEPioj TPHOX HAHOLIBII XOJIOAHUX MICSIIB ONATIOBANBHOTO Iepioay abo mepiomay
i3 cepeIHbOMICSYHIMH BiZl’EMHHMH TEMIIEpaTypaMH. AJie TPUBAIICTh IEPiofy BOJOTOHAKONMYCHHS MOXE HE CIBIIAIaTH 3
LIMM TIEPiOIOM i BEIMYHMHA ONOPY HAaPOIPOHUKHEHHIO NapOoi30JIiLii B OrOpoUKYBaIbHUX KOHCTPYKIISX, 3 YMOBH ITiIBUILCHHS
BOJIOTOCTI Marepiainy MpOTIroM Mepioay BOJOTOHAKOIMYEHHS, MOXKE BU3HAYATUCS HE BipHO. J[yist MiABUILEHHS TOYHOCTI pO3-
paxyHKY IPOIOHY€ETHCSI BHKOPUCTOBYBATH MEPiO MICSILIB, KOJIX BiI0OYBA€THCS BOJOTOHAKOIIMYCHHS B YTEILIIOBAYi OTOPOJIKY-
BasibHOI KOHCTpYKLii. Bysio mpoBeaeHo nepeBipky Ha NPHUKJIAl CYyMiLIEHOTO HOKPUTTS KUTIOBOrO OYAMHKY, OOYI0BaHi rpa-
¢iky 3MiHHE MapIiaNbHOrO TUCKY HacHYeHOI BOsHOT mapu (E) Ta (pakTHYHOTO MapiialbHOTO THUCKY (€) y Micslli pOKy, KOJIH
BiZI0yBa€THCs HAKOITMYCHHS BOJIOTH B OTOPO/DKEHHI (YTEIUIIOBaYi), BHKOHAHO PO3PaXyHKH BOJOTOHAKOIIMYCHHS B LI yTell-
JI0BaYa 3 BU3HAYCHOIO BEJIMYUHOIO OIOPY MAPONPOHUKHEHHIO Mapoi3oisiiii. Bylio 3anporoHOBaHO YTOYHEHHS METOUKH PO-
3paxyHKy. Tak, Ha mouatky, 3a Meroaukor HaBeneHow y JJCTY-H b B.2.6-192:2013, HeoOXiTHO BU3HAYUTH MICSILI KOIHK
BiZI0YBaETHCs BOJIOTOHAKONIMYCHHS B YTCILIIOBAYi OrOPOUKYBaIbHOT KOHCTPYKLii. ITOTiM BU3HAUUTH CEpeIHI TeMIIepaTypy Ta
BIZIHOCHY BOJIOTiCTh 30BHILIIHBOT'O TOBITPS IPOTSITOM LIUX MiCSIIiB Ta PO3paxyBaTH OIip NapONPOHUKHEHHS LIapy Mapoi30Jisiii.

Kurouogi ciioBa: ormip nmaponpoHUKHEHHIO, TapOi30IIsLiisl, BOJIOTOHAKOIMYEHHS, OTOPOIKYBaIbHI KOHCTPYKIIIi
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Introduction

Heat-shielding features of building envelopes mean-
ingfully depend on humidity conditions. The moisture
condition of external enclosing structures may be influ-
enced by many values. One of these values is the vapor
penetration resistance of the vapor barrier layer.
The deterioration of the moisture condition of the fence
is the result of the inaccuracy in determining the latter.
Eventually, it reduces its heat-protective power fea-
tures.

Review of the research sources and publications

Many researchers have been investigating the method
of determining the resistance to vapor penetration of a
part of the enclosing structure located between the inner
surface of the enclosure and the zone (or plane) of
water condensation, or directly the vapor insulation
layer. The most famous researchers who dedicated
themselves to organizing around this issue are
A. Perekhozhintsev, V. Kupriyanov, I. Safin, V. Gaga-
rin, P. Khavanov, K. Zubarev. The results of their work
are set out in [1-6], they propose to solve the problem
of determining the resistance to vapor penetration of the
vapor barrier layer by an analytical or graph-analytical
method. The humidity mode of enclosing structures, in-
cluding the resistance to vapor penetration of structural
layers, considered by researchers Yu. Vytchikov,
M. Saparev, A. Kostuganov, R. Cemy, J. Podébradska,
J. Drchalova, M. Jerman [7-9] and others. The work is
a continuation of the research of the authors [10-13],
who study the temperature-humidity regime of enclos-
ing structures and their impact on the energy efficiency
of buildings in general.

Definition of unsolved aspects of the problem

It is admitted that moisture accumulation per year and
values of permissible increase in moisture content of
material during the period of moisture accumulation are
based on zero balance in the determination of resistance
to vapor penetration of vapor insulation layer [14]. That
is why the amount of moisture that accumulates in the
enclosure during the year is equal to the amount of
moisture removed from the enclosure; the increased
moisture content of the material during the moisture ac-
cumulation period does not exceed the normalized
value. Researchers, who deal with this issue, propose to
use outside temperature and relative humidity in calcu-
lations for the three coldest months of the heating pe-
riod or the period with average monthly negative tem-
peratures. However, the duration of the moisture accu-
mulation period may not coincide with this period.
Therefore, the value of the vapor penetration resistance
of the vapor insulation in the enclosing structures,
based on the condition of increasing the moisture con-
tent of the material during the period of moisture accu-
mulation, may not be determined quite right.

Problem statement

The purpose of the work was to clarify the method of
determining the calculated parameters of the external
air (temperature and relative humidity) and the value of
resistance to vapor penetration of the vapor barrier

layer. Thereby, the method of calculating moisture ac-
cumulation in the fence was used according to the [14]
to manage this issue.

Basic material and results

Modern standards for assessing the thermal and mois-
ture condition of enclosing structures [15] require the
fulfillment of two requirements.

The first requirement is to increase the moisture con-
tent of the material in the thickness of the structure
layer

Aw Aw, @9

where Aw is the increase in moisture content of the ma-
terial in the thickness of the structure layer, in which
moisture condensation can occur, during the cold pe-
riod of the year, % by weight;

Aw, is the permissible increase in humidity of the ma-
terial in the layer of which moisture condensation can
occur, % by weight, set according to table 8 [15] de-
pending on the type of material.

The following condition must be implemented for a
negative or zero annual balance of moisture in the
thickness of the enclosing structures.

The second requirement is zero annual moisture bal-
ance in the thickness of the enclosing structures.

Wap < Wy, 2

where W,,, is the amount of moisture accumulated in
the thickness of the enclosing structure, which con-
densed over the period of moisture accumulation of the
year, kg/m?;

Wy, is the amount of moisture vaporizing from the fence
during the moisture release period of the year, kg/m?.

Vapor permeability resistance of vapor insulation
layer in enclosing structures is determined by analytical
or graphoanalytic method. The graphoanalytic method
allows determining the resistance to vapor penetration
of the vapor insulation layer only from requirement 2
(Figure 1).

Resistance permeability resistance of vapor insula-
tion by the analytical method is determined according
to [15] by the following formulas.

The first requirement

_0.0024-Z,-(¢; - E,,.) _
Pe '50 AWP +tn

R R,; , (3)

e.vi
where Z) is the number of days of the period with neg-
ative average monthly ambient temperatures;

e; — internal air vapor partial pressure, Pa;

E... — partial pressure of saturated water vapor, Pa, in
the condensation plane for the period with negative av-
erage monthly temperatures;

p. — density of the material layer in which condensable
moisture accumulates, kg/m?;

o. — thickness of the layer of material in which conden-
sable moisture accumulates, m;

R.; — resistance to vapor penetration, m? hour Pa, parts
of the enclosing structure located between the conden-
sation zone and the internal surface of the enclosure.
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Figure 1 — Determination of vapor permeable layer resistance of vapor insulation

Value 77 determined by formula
_0.0024-Z,-(E,,.—e;)
R

; “
e.o

where e, — partial pressure of water vapor, Pa, outdoor
air for the period with negative average monthly tem-
peratures;

R..,— vapor permeability resistance, m? hour Pa, part of
enclosing structure located between condensation zone
and external surface of enclosing.

The second requirement
e,—E

1 w.c.year

E

— -R, .,

e.l

e.vi (5)
w.e.year — €o

where E\.cyear — annual average partial pressure of sat-
urated water vapor, Pa, in the condensation plane.

Typically, the resistance to vapor penetration of vapor
insulation is defined by formulas (3) and (4), more fre-
quently than formula (5). Therefore, we consider only
formulas (3) and (4). They have gotten the duration of
the moisture accumulation period and the average par-
tial pressure of outdoor water vapor that is taken as a
period with negative average monthly temperatures.
However, the duration of the period with negative av-
erage monthly temperatures may differentiate from the
period of moisture accumulation in the fence. This may
affect the accuracy of determining the vapor permeabil-
ity resistance of the vapor barrier layer. To verify this
statement, the vapour penetration resistance value was
calculated, the moisture accumulation value was deter-
mined with a certain vapour insulation resistance and
an increase in the humidity of the insulation during the
moisture accumulation period.

The examination was carried out for the combined
coverage (Figure 2) of a residential building in Poltava.

Insulation was taken from mineral wool with density
100 kg/m?. The period of months with negative temper-
atures consisted of three months: December, January,
and February. The average outside air temperature for
these months was 7, = —4.57°C. Accordingly, the rela-
tive humidity was @, = 84.7 %.

Value of resistance to vapor penetration of the vapor
insulation layer, which was determined by formulas (3)
and (4), was R.,/=2.37 m* hour Pa/mg.

Graphs of changes in the partial pressure of saturated
water vapour (£) and actual partial pressure (e) during
the months of the year when moisture accumulates in
the enclosure (insulation) are given in Figure 3.

The results of the calculation of moisture accumula-
tion in the mineral wool layer with a certain value of
the vapor penetration resistance of the vapor insulation
are shown in Table 1.

roofing carpet

insulation

vapor barrier

reinforced concrete

0,12/0,1 !0,0’I

Figure 2 — Design diagram of a combined coating

Table 1 — Amount of moisture that accumulates
in the condensation plane

Month of year Amount of accumulated

moisture W, kg/m?

October 0.0013

November 0.055

December 0.0812

January 0.0909

February 0.0859

March 0.0571
W= 0.371
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Figure 3 — Graphs of changes in partial pressure of saturated water vapour (E)

and actual partial pressure (e):

a) in October; b) in November; ¢) in December;
d) in January: e) in February; f) in March.
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Moisture gain in insulators is Aw = 3.71 %, which ex-
ceeds the allowable value of heat insulation character-
istics of material humidity increase Aw,. Looking at
eable 8 [15], this value is Aw, =2.5 % for mineral wool.
It means that the resistance to vapor penetration of the
vapor insulation is insufficient to implement require-
ment 1 (formula 1). It ought to be explained by the fact
that moisture accumulation lasts six months, and the
duration, which is accepted, when determining the va-
por penetration resistance of the vapor insulation layer
lasts only three months during the period with negative
ambient air temperatures. In order to improve the accu-
racy of calculation of vapor penetration resistance of
vapor insulation according to formulas (3) and (4), it is
proposed to use the period of months when humidity
increases in the insulator instead of a period with nega-
tive ambient air temperatures. The application of this
change requires clarification of the calculation order. In
the beginning, it is essential to identify the months
when moisture accumulation occurs. It is necessary to
figure out the average temperature and relative humid-
ity of the outside air during these months. Afterward, it
is quite important to determine resistance to vapor pen-
etration of vapor insulation by formulas (3) and (4). Ap-
propriate calculations have been made to verify the pro-
posed changes.

To sum up, the period of damp accumulation lasts
from October to March from previous studies.
The average outside air temperature for these months
was t, = —0.73°C. Accordingly, the relative humidity
was ¢, = 82.5 %.

The value of resistance to the vapor penetration of the
vapor insulation determined by formulas (3) and (4), is
R.,=5.03 m? hour Pa/mg.

The results of the calculation of moisture accumula-
tion in the mineral wool layer with a certain value of
vapor penetration resistance of the vapor insulation are
shown in Table 2.

Table 2 — Amount of moisture that accumulates
in the condensation plane

Month of year Amount of accumulated

moisture W, kg/m?

October 0.005

November 0.036

December 0.056

January 0.063

February 0.059

March 0.037
W,p=10.256

Moisture gain in heat insulation material is
Aw =2.56 %. This gain exceeds the allowable value of
heat insulation characteristics of material humidity in-
crease Aw, =2.5 %. This result is most likely due to the
rounding of ambient temperature and relative humidity
values used in the determination R..,; and with rounding

the amount of moisture accumulating in the heat insu-
lation material in different months of the year.
To prevent such a situation, it is proposed to increase
the resistance to vapor penetration of the vapor insula-
tion by 4%. It means that it is necessary to apply an in-
creasing coefficient k;,. = 1,04 in formula (3). Conse-
quently, the formula will take the form

0.0024-Z,-(e; - E,,
Re vi = . (el WC) _Re.i kinc > (6)
PO, 'AWp +n

Using this formula, the resistance to vapor penetra-
tion of the vapor insulation is R.,;=5.23 m? hour Pa/mg.

The results of the calculation of moisture accumula-
tion in the mineral wool layer with a certain value of
the vapor penetration resistance of the vapor insulation
are shown in Table 3.

Table 3 — Amount of moisture that accumulates
in the condensation plane

Month of year Amount of accumulated

moisture W, kg/m?

October 0.005

November 0.035

December 0.054

January 0.062

February 0.057

March 0.036
W= 0.249

Moisture gain in insulators is Aw =2.49 %, that does
not exceed the allowable value of heat insulation char-
acteristics of material humidity increase Aw, =2.5 %.

Conclusions

During the usage of the vapor insulation layer in the
calculation of vapor penetration resistance for the pe-
riod of months with negative ambient air temperatures,
the increase of insulation humidity exceeds the normal-
ized value explained in [15]. This is because the dura-
tion of moisture accumulation is usually longer than the
period with negative ambient temperatures.

It is proposed to use the period of months in formulas
(3) and (4) when moisture accumulation occurs mate-
rial of the enclosing structure of the heat insulation to
improve the accuracy of the calculation.

It is also proposed to use an increasing coefficient
kine = 1.04 (Formula 6).

The implementation of this proposal strongly requires
a change in the calculation method. In the beginning, it
is necessary to determine the months according to the
procedure given in [14], when moisture accumulation
occurs in the insulation of the enclosing structure.
Therefore, determine the average temperature and rela-
tive humidity of the outside air during these months and
calculate the vapor penetration resistance of the vapor
insulation layer by formulas (6) and (4).
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