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DEVELOPING THE METHOD FOR CREATING THE MAP OF

APPLICATION ZONES OF THE BUILDING ENVELOPE BASED

ON CALCULATIONS OF PROTECTION AGAINST
WATERLOGGING
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Abstract: The main provisions underlying the creation of a method for the balance of moisture transfer have been
given. Based on the balance of moisture transfer, a criterion for waterlogging of the building envelope was derived.
The waterlogging criterion was calculated for 81 localities. The results obtained were plotted on a map of Russia,
as a result of which three zones of application of the building envelope determining where the structure is permitted
to be built were designed. Algorithms for constructing and applying a map of application zones of building
enclosing structures have been presented. The effectiveness of the proposed approach is demonstrated for
determining the balance of moisture transfer in three cities: Murmansk, Vorkuta and Tomsk. It is noted that the
developed method is recommended for implementation in engineering work.
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PABPABOTKA METOJA CO3JAHHUSA KAPTbBI 30H
HPUMEHEHHUSA OI'PAXKIAIOIENA KOHCTPYKIINUHU 3TAHUA
HA OCHOBE PACYETOB 3ALHIUTbI OT IEPEYBJIA’KHEHUSA

K.I1. 3ybapes, I0.A. Canponosa, B./]. @edocees

"HanmoHanbHbIH UccenoBaTebeknii MOCKOBCKHMI TOCYIapCTBEHHBIN CTPOMTENBHBINA yHUBEPCHUTET, T. MOCKBa,
POCCHA

AnHoTanusi: [IpuBeneHBl OCHOBHBIC TIOJIOKCHHUS, JISKAIIME B OCHOBE CO3JaHUS MeToda I0 OamaHcy
Biaromnepernoca. Ha ocHoBe OanaHca BiiarornepeHoca OblUT BBIBEJICH KPUTEPUH MEPEYBIAKHEHNS OTPayKIAIoIIeH
KOHCTPYKIMH. BbUT Ipon3BeeH pacueT KpUTepHst nepeyBiIakHeHus Ui §1 HacelaeHHOro myHKTa. IlomyueHHbIe
pe3ysbTaThl ObLIM HaHECEHbI Ha KapTy Poccum, B pesynbrare 4ero ObUIM MOCTPOEHBI TPU 30HBI IMPHUMEHEHUS
OrpakJaroled KOHCTPYKLUH, ONpEACHISAIoIIne IAe KOHCTPYKLIHIO MOXHO CTpOUTh. IIpMBEIEHBI alropHTMbI
NOCTPOCHUSI U TIPUMEHEHUS] KapThl 30H NMPUMEHEHHUS! OrPaKAAIONINX KOHCTPYKIMHU 3aaHus. D(P(PEeKTHBHOCTD
IpeIaraeéMoro Moaxoja MPOJEMOHCTPUPOBAaHA AN ONpEAeNICHUs OajaHca BJIAroIepeHoca B TPEX rOpojax:
Mypmanck, Bopkyra m Tomck. OTmeueHO, 4YTO pa3pabOTaHHBIM METOJX PEKOMEHAOBAH JJIs BHEAPCHHS B
HWH)XEHEPHYIO padoTy.

KiroueBble c10Ba: BIIaXKHOCTHBIN PEKUM, YPABHCHHUE BJIAronepeHoca, COIpOTUBICHUC MMapONIPOHHUIIAHULO,
TEMIIEpAaTypa, KapTa 30H BJIAXKHOCTHU

1. INTRODUCTION

The design of buildings and structures is a complex
technological process during which various
engineering problems are solved. The main factors
influencing the design are the choice of the optimal
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architectural and planning solution, the use of new
and modern technologies, the calculation of
various structures by temperature and pressure
distribution, etc [1-5].

For the first time, the method of calculating
protection against waterlogging was introduced
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in 1963 in the Russian regulatory document SNiP
II-A.7-62* “Construction Heat Engineering.
Design standards". The calculation method was
based on the differential equation of moisture
transfer proposed by K.F. Fokin [6]:
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where e, E, — water vapor partial pressure and
saturated water vapor pressure, Pa; u — vapor
permeability, kg/(m<s-Pa); & — relative vapor
capacity, kg / kg ; y, — density, kg /m’; T — time,
s; x — coordinate, m.

Equation (1) was solved in stationary and
nonstationary formulations. As a result, formulas

for the required vapor permeability resistance
have been derived.
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Then the moisture transfer balance inequality
which encompasses the comparison of vapor
permeation resistances is used:

R, >R 3)

R = max(R 5 @

where R — vapor resistance, m’ -s-Pa/kg; R,
R, R — required vapor permeation

: 2
resistances, m” -s- Pa/ kg .

If inequality (3) is met, then, according to the
calculation method, the structure is protected
from waterlogging and is allowed to be built.
Otherwise, the enclosing structure does not pass
the waterlogging test [7-9].

The method of K.F. Fokin entered the modern
regulatory framework with the modification of
V.G. Gagarin and V.V. Kozlova. The balance of
moisture transfer according to equation (3) is
reduced relative to the plane of maximum
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moisture. This method has been introduced into

the Russian regulatory = document SP
50.13330.2024  "Thermal  protection  of
buildings”.

Despite the effectiveness of the described
method, its calculations are quite complex for
engineering use. In this regard, development of
the new methods of protection against
waterlogging, which would let the balance of
moisture transfer be assessed in a simplified
manner, remains pertinent. In this article, a
calculation method that provides the possibility
to assess construction of a building envelope
using a map of humidity zones has been
developed.

2. THE PROBLEM

To develop a method for calculating protection
against waterlogging of the external fences of a
building using a map of application zones of
enclosing structures.

3. MATERIALS AND METHODS

3.1.Derivation of a criterion for waterlogging of
the enclosing structure
The analysis of a large number of calculation
results for facade solutions of building walls
showed that there are two most common options
for the location of the plane of maximum
moisture: the plane of maximum moisture is
either in the insulation layer or at the boundary of
the layers [7-9].
The most popular options of locating the plane of
maximum moisture in the walls of buildings are
presented. The location of the plane in the
insulation layer (Figure 1A) and at the boundary
between the insulation and the external plaster
(Figure 1B) have been demonstrated.
Supposing plane of the greatest moisture is
located inside the layer, then the required vapor
permeation resistance is found according to
formula 2 of the system of equations (2).
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Figure 1. The most common options of the
location of the plane of maximum moisture in
the walls of buildings (A — position of the plane
at the junction of insulation layers and external
plaster; B — position of the plane inside the
insulation layer; 1 — outer plaster layer;

2 — insulation layer; 3 — base of aerated
concrete blocks, 4 — layer of internal plaster,
5 — plane of the greatest moisture)

If the plane of maximum moisture is located at
the junction of the layers, the required vapor
permeation resistance is determined by the
formula:

. —F
R — zo(e, — Ey) (5)
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In order for the structure to be built, the
inequality must be satisfied (3).

Let us divide both sides of equation (3) by R :

R req
R

n

<1 (6)

Let us introduce a new criterion / — the criterion
for waterlogging of the enclosing structure:

Rreq
= R .

n

[

(7

We substitute the right side of equation (7) into
the left side of inequality (6):
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<1 (8)

Inequality (8) enables us to draw a conclusion
about the possibility of building an enclosing
structure.

The physical meaning of the waterlogging
criterion / is that it indicates whether the
structure is waterlogged or not.

The decision about the possibility of construction
can be made in accordance with the values of the
following system:

[ <1—- the structure can be built
[ >1- the structure cannot be built

It was found that if the waterlogging criterion / is
less than 1, the structure is protected from
waterlogging, so it may be built. If the
waterlogging criterion / is more than 1, the
structure does not pass the waterlogging test,
thus, it may not be built.

3.2.Calculation of moisture transfer criteria in
different humidity zones in different cities
Let us look at the wall structure (Figure 1).
The physical characteristics of the studied
enclosing structure are presented (Table 1).
To analyze the scope of application of the facade
solution under consideration (Figure 1), 81 cities
located in three different humidity zones have
been considered. The cities and their
corresponding humidity zones adopted for the
study are presented (Table 2).
The waterlogging criterion of the enclosing
structure was determined for each locality
using formula (7), and the obtained values
were plotted on a map of moisture zones. A
map of moisture zones is presented with
plotted values of the waterlogging criterion
(Figure 2).
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Table 1. Physical characteristics of the studied | Naryan-Mar Nizhny Volgograd
enclosing structure Novgorod
Physical parameter \ Value Petropavlov Permian Penza
1. Layer of external plaster sk-
Layer thickness, m 0.006 Kamchatsky
Density, kg / m’ 1260 Ayan Vorkuta Izhevsk
Thermal conductivity, A 0.76 Poronaysk Surgut Ekaterinbur
o g
Wim '€ — b 5 10'93 Yuzhno- Dudinka Orenburg
Vapor permeability, 3.6:10 Sakhalinsk
kg/m:s-Pa Yuzhno- Tomsk Kurgan
2. Insulation made of mineral wool slabs Kurilsk
Layer thickness, m 0.1 Vladivostok Tynda Omsk
Density, kg /m’ 150 Khabarovsk | Novosibirsk
Thermal conductivity, A 0.04 Magadan Kyzyl
W/lmC B 0.042 Anadyr Krasnoyarsk
Vapor permeability, 8.3-10°!! Blag(;l\;ishche Irkutsk
kg /m-s-Pa Erofey Yeniseisk
3. Masonry base made of aerated concrete Pavlovich
: blocks Okhotsk Chita
Layer thickness, m 0.3 Keys Mogocha
Density, kg /m’ 400 Maykop Kirensk
Thermal conductivity, A 0.113 Cherkessk Bodaibo
Wim'C b 0.117 Nalchik Tura
Vapor permeability, 6.9-10°!"! Kursk Lensk
kg/m-s-Pa Vologda Khatanga
4. Layer of internal plaster Cheboksary Yakutsk
Layer thickness, m 0.011 Tobolsk Verklll(oyans
Density, kg / n‘13‘ 1800 Kazan Zyryanka
Thermal conductivity, A 0.76 Syktyvkar Oymyakon
Wim-"C b 0.93 Petrozavodsk | Srednekoly
Vapor permeability, 2.5-10! msk
kg/m-s-Pa Troitsko- Saskylakh
Pechorskoe
Table 2. Cities and their corresponding Urengoy Olenek
humidity zones adopted for the study Dixon Zhigalovo
Zones according to the “humidity zone map” Nikolaevsk- | Kosh-Agach
in accordance with the regulatory document on-Amur
Wet Normal Dry Igarka Rubtsovsk
Murmansk | Kaliningrad Belgorod Aldan Barnaul
Saint Smolensk Rostov-on- Totma Samara
Petersburg Don Ukhta Chelyabinsk
Arkhangels Moscow Astrakhan Abakan
k
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3.3.Plotting the values of the waterlogging
criterion on a map of Russia
Three application zones for the considered
building envelope were obtained. The first zone
(marked green on the map) is the zone where the
balance of moisture transfer (3) is carried out,
here R’7>R". The second zone is a zone where
the moisture transfer balance (3) is not met,
which means that the enclosing structure does not
pass the waterlogging test. The third zone is the
zone where the moisture transfer balance

inequality (3) is satisfied, here R <R’{.

e =

Figure 2. Map of moisture zones with plotted
values of the waterlogging criterion (green and
blue zones show areas in which the structure
has been protected from waterlogging, red zone
displays areas where the structure cannot be

built)

3.4.Algorithm for applying the proposed
approach

To create a map of the application zones of the

building envelope based on calculations for

protection against waterlogging, the following

actions have been taken:

1.The required design has been selected;

2. The criterion for waterlogging of the enclosing

structure has been calculated using formula (7);

3. The values of this criterion have been plotted

on the map of Russian humidity zones for the

cities in accordance with Table 2.

4.3 zones have been defined on the map: the first

green zone and the third blue zone are those

where you can construct a building envelope and

the second red zone is the zone where the
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structure under study cannot be built, since it
does not pass the waterlogging test.

A number of maps of application zones for
various building envelopes are constructed.

To calculate protection against waterlogging
using a map of application zones of building
envelopes, the following measures have been
taken:

I. A map corresponding to the calculated
enclosing structure has been selected;

2. The city in which the calculation is performed
has been chosen,;

3. Ifthe structure falls into the green or blue zone,
it means that it has passed the waterlogging test
and is allowed to be built. If the structure falls
into the red zone, the wall under study does not
pass the waterlogging test, therefore, it cannot be
built.

4. If the structure falls into the red zone (it has
not passed the test for protection against
waterlogging), it is necessary to replace the
structure with another one or install a vapor
barrier on the inner surface of the structure and
re-calculate the protection against waterlogging.

4. RESULTS AND DISCUSSION

Options for constructing a building wall with
parameters in accordance with Table 1 for three
cities, such as Murmansk, Tomsk and Vorkuta
were calculated.

4.1.Assessment of the moisture transfer balance
using the classical method of calculating the
moisture transfer balance

In Murmansk, building envelopes are operated

under conditions A, whereas in Tomsk and

Vorkuta operating conditions are B.

It was found that for all three cities, the position

of the plane of maximum moisture corresponds

to Figure 1 A —the junction of external plaster and

insulation.

Resistance to vapor permeation from the inner

surface to the plane of maximum moisture, as

well as the required resistance to vapor

permeation for Murmansk is:
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R, =5.958-10" m*-s-Palkg

R =0.608-10" m* -s- Pa/ kg

R =3.024-10" m* -s-Pa/ kg
5.958-10° > max[0.608-10°;3.024-10°]

(10)

Let us determine the values of the waterlogging
criterion using the formula (7):

;302410

an

Since the waterlogging criterion is less than one,
the building envelope in Murmansk has passed
the waterlogging rest successfully.

Similar to that, let us determine the same for
Vorkuta:

R, =5958-10" m*-s-Pa/ kg
R =1.469-10" m*-s-Pa/ kg
R/ =-18.612-10° m*-s-Pal kg
5.958-10° > max[1.469-10”;-18.612-10"]
. 1.469-10° _
5.958-10°

(12)

0.247<1 (13)

Since the waterlogging criterion is less than one,
the building envelope in Vorkuta has also passed
the waterlogging test successfully.

The difference between the designs for these two
cities is that in Murmansk the determining
condition for the balance of moisture transfer is

the required resistance to vapor permeation R,
whereas in Vorkuta the required resistance to
vapor permeation is R/.

While performing the calculation for Tomsk, we
get the following:

R, =5.958-10" m*-s-Palkg

R =0.328-10" m*-s-Pa/ kg

R =9.144-10" m* -s- Pa/ kg
5.958-10° > max[0.328-10%;9.144-10°]

(12)
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;_9.144.10°

(13)

It was found that the criterion / is greater than
one, therefore, the wall in Tomsk will be
waterlogged, since the balance of moisture
transfer is not satisfied.

4.2. Assessment of moisture transfer balance
using the proposed approach

We select three cities under study on the map
with areas of application of enclosing structures.
Three cities under study on the map of areas of
application of enclosing structures are presented
(Figure 3).

Figure 3 illustrates that Murmansk is located in
the green zone (which means that it is possible to

build here and R/>R’"), Vorkuta is located in

the blue zone (also allowed to build here and
R">R"), whereas Tomsk is in the red zone (no

construction allowed).

/ R A ey ] i N Joe. 5 :
4 N A } oy, il b =l WL AL
¥ N\ b ¥ i 5 _‘q/’r—f = H 3 autf? |
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Figure 3. Three cities under study on the map
areas of application of enclosing structures
(1 — Murmansk; 2 — Vorkuta; 3 — Tomsk)

A comparison of the classical and proposed
approaches demonstrates the superiority of using
a map with application zones of the building
envelopes. The main advantage of the proposed
method is that there is no need to make
calculations. This method, in comparison with
various methods for assessing the balance of
moisture  transfer, can be applied by
manufacturers of building materials for enclosing
structures. The manufacturer can develop a series
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of maps of application zones for enclosing
structures proposed in this study for their
products and implement them into the
engineering work of design organizations. This
approach will reduce the time spent on designing
buildings and structures, eliminate errors in
calculations, and make decision support for a
particular design more intuitive.

Future work involves a detailed study of three
different zones obtained (Figure 1).

5. CONCLUSIONS

In the current study, a new effective method for
determining the balance of moisture transfer using
a map of application zones of the enclosing
structure based on a newly introduced value,
namely, the criterion of waterlogging of the
enclosing structure, has been developed. The
values of the waterlogging criterion have been
plotted on the map, then three zones have been
identified depending on the value of the criterion
and the determining resistance to vapor
permeation. An algorithm for constructing and
using a map of the applicability of a building
envelope is presented. This method can be used by
engineers when calculating and assessing the
building envelope protection against waterlogging.
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