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ABSTRACT

The article is focused on the general and instru-
mental survey of historical translucent structures
in the Pushkin State Museum of Fine Arts in 2018.
It is shown that they don’t complying with the cur-
rent requirements, neither in heat transfer resistance
nor in air permeability. The improvement recom-
mendations have been developed. It is noted that
in case of preservation of metal window frames
(according to the requirements of the law on pro-
tection of cultural heritage sites) the large-scale
computer calculations should be performed to de-
termine the best ways of window restoration.
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In 1990-2000, many people lamented, see-
ing the destruction of entire quarters of old build-
ings in many large and small Russian cities. Often
the sites “necessary” for new construction were
simply burned out. In their place the elite hous-
ing, huge shopping and entertainment malls, of-
fice centres appeared, and the spirit of the old cities
was lost. For example, the charming cosy places
of Zamoskvorechye in Moscow, two-three-storey
buildings with amazing balconies in Kazan (when
preparing for its millennium anniversary) and many
others disappeared. (By the way, many cast iron bal-
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conies appeared later (some say) in the dachas of
rich Tatarstan officials.)

Fortunately, the situation has changed dramat-
ically — today there is just a boom of construc-
tion restoration. In Moscow alone, more than 300
old buildings were renovated in 2017. Externally,
they look beautiful, according to ancient drawings
and photographs, and inside the amazing halls are
furbished up.

Unfortunately, very often on the renovated fa-
cades “false teeth” can be found — plastic windows
(mostly white), which in no way fit into the beauty
of buildings of the 18" — early 20t centuries: be-
cause then there were no window structures made
of PVC profiles.

This is due to the fact that one of the re-
quirements for modern reconstruction (in addi-
tion to restoring the old facade) is to increase the
energy efficiency of old buildings to current indica-
tions. And it is very difficult to do this with old win-
dows for several reasons:

— Modern window technologies provide very
high indicators of thermal and luminous efficacy of
structures, which even at the beginning of the 20t
century, the engineers and the architects could not
dream of;

— All technologies of old windows produc-
tion are lost — to replace the rotten and lost parts of-
ten needs to “reinvent the wheel”;

— Full restoration of historical translucent struc-
tures with bringing their characteristics to the mod-
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ern level will be much more expensive than the
windows, which domestic builders used to install
in typical modern buildings.

That is why there are many restored old build-
ings with white PVC windows in almost all cities
(for some reason most of all in St. Petersburg [1]),
which should not be. By the way, it is in St. Peters-
burg very often at night the old windows and
stained-glass doors are stolen (so that there is noth-
ing to compare with, probably).

It is difficult to find interesting domestic publi-
cations on the restoration of historical translucent
structures (on the Internet for such a request you
get a lot of proposals not for reconstruction, but for
replacement of windows). The authors were able
to find only one such article [2]. At the same time,
our colleagues abroad understand the importance of
preserving the historical heritage. In particular, His-
torical Windows of New York, Inc., is successfully
functioning in the not so old New York.

Probably, it is necessary to establish the super-
vision over the restoration of translucent structures
in complex works on old buildings and to change
the price approach to these works — the quality
restoration of windows cannot be cheap.

The authors had the opportunity to participate
in the survey of historical translucent structures of
the major building of the Pushkin State Museum of
Fine Arts in the first half of 2018, and to develop
recommendations for their improvement.

The works were carried out as part of the restora-
tion works for this site under the general name
“Complex reconstruction, restoration and adapta-
tion to modern museum technologies of the major
building of the Pushkin State Museum of Fine Arts
(Moscow, Volkhonka Str., BId. 12)” [3].

The museum was built on the initiative of
Ivan V. Tsvetaev by architect Roman I. Klein. Most
of the funds for its construction were donated by the
Russian philanthropist Yuri S. Nechaev-Maltsov.

The Museum of Fine Arts named after Emperor
Alexander III (so it was called before the Revolu-
tion) was opened in a solemn ceremony on May 31
(June 13), 1912 (Fig. 1).

Today, after the transfer to the Museum of
many unique collections (including famous col-
lectors, Moscow OIld Believers merchants
Sergey 1. Shchukin and Ivan A. Morozov), it is
the largest collection of foreign art in the Russian
Federation.

The major building of the Museum is recognized
as a cultural heritage site of federal importance and
is subject to the state protection.

Many engineering structures have not been re-
paired since the building was put into operation (that
is, more than 100 years), have become relatively un-
usable and, mainly, do not comply with the require-
ments of current construction regulations.

Due to the fact that a decision was made to es-
tablish Volkhonka Street and the adjacent streets
of the Museum Quarter, the nearby buildings were
handed over to the Pushkin State Museum of Fine
Arts, where, like in the major building, large-scale
reconstruction is being performed.

The goals of our work were to survey the ex-
isting historic windows on the first floor in order
to identify the possible causes of condensate forma-
tion and to develop anti-condensation recommen-
dations and a set of measures to modernize exist-
ing windows.

In the light openings of the first floor of the ma-
jor building there are windows with steel sashes

Fig. 1. The Museum of Fine Arts named after Emperor Alexander III before opening in 1912
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Fig. 2. Historical windows in the major building of the
Pushkin State Museum of Fine Arts:

a — view from the outside, b — metal bonding (‘“ladder”)
between external and internal sashes

Fig. 3. Condensate formation on the inner surface of trans-
lucent cladding

made at the beginning of the last century (Fig. 2).
They are external and internal massive steel sashes
with a single glass thickness of 6 mm, spaced by
0.5 m. Most of the translucent first floor struc-
tures installed around the perimeter of the building
have the dimensions of about 1560 (width) x 3740
(height) mm.

E

Fig. 4. Corrosion effect on one of the imposts of the inner
frame (a) and the main (vertical) mullion
of the inner frame (b)

Historical windows installed in the major build-
ing of the Pushkin Museum of Fine Arts as well as
most other its structures are the cultural heritage
sites and their replacement is impossible under the
protection terms.

The surveys were conducted several times
in different periods of the year — from February
to June 2018. When conducting a visual examina-
tion on February 26, at the external air temperature
t.=—15 °C, the internal air temperature #; =+ 20 °C
and the relative humidity of the internal air (52—
63)%. In almost all rooms on the inner surface of
all windows, there was abundant condensation from
top to bottom, flowing down to the window sill and
even to the floor (Fig. 3).

The condensate on the interior surfaces
of translucent structures is absolutely unac-
ceptable in the premises where the works of art are
exhibited. In addition, moisture on the windows and
slopes contributes to the appearance of mildew and
fungi on the inner slopes of windows, which is also
not useful for paintings — they can also be infected.

The survey of historical translucent structures re-
vealed the following (Figs. 4 and 5):

— Structures are made of iron, repainted mul-
tiple times, but never (judging by their condition)
treated with special anti-corrosion compositions;

Fig. 5. Elements of historical translucent structures
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external frame
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Fig. 6. Dimensions of external frame parts of historical
translucent structure

— External and internal frames are made of suf-
ficiently material-intensive corner iron, U-bars, T-
bars, I-beams and shaped profiles;

— Ordinary transparent glass with a thickness of
6 mm is installed on external and internal frames;

— Translucent structures are installed in light
openings without thermal insulation layers;

— The basic vertical imposts of window struc-
tures are very massive, and there are very strong
corrosion processes inside;

— Under the blind casing on the internal frame
structures, which are made with the use of suffi-
ciently massive corner iron, the extensive corro-
sion damage is detected (probably the inner an-
gle elements are to be replaced — they are almost
decayed);

— In order to provide natural ventilation of exhi-
bition premises in the early last century in translu-
cent structures the ventilation windows were pro-
vided, which — in addition to exclusively original
fittings — today (with the equipped air conditioning
systems in the near future) are completely useless
and even harmful.

According to the results of field surveys of his-
torical translucent windows, their basic general di-
mensions and dimensions of structural details were
obtained (in Fig. 6 the elements of the external
frame are shown).

As a result of numerous field surveys of histor-
ical windows of the first floor of the major build-
ing of the Pushkin Museum of Fine Arts, it became
clear that it is necessary to carry out additional in-
strumental surveys and calculations for develop-
ment of reasonable recommendations for restora-
tion of historical translucent structures!.

Detailed measurements of historical win-
dows (Fig. 6) will be extremely useful for restora-
tion works.

The NIISPh of RAACS (Russian Academy of
Architecture and Construction Sciences) proposed
to conduct a field survey of the existing structure
in one of the premises of the Pushkin State Mu-
seum of Fine Arts at sub-zero z, (which was carried
out on 26.02.2018 at ¢, = — 15°C), and the evalua-
tion of numerous possibilities of reconstruction of
historical translucent structures by means of com-
puter modelling.

In order to determine thermally homogeneous ar-
eas of the examined translucent cladding and to de-
tect infiltration areas, a field survey was conducted
using thermal imaging filming by the NEC TH-910

I They are in a terrible condition: Rust (almost on all
structures), slits, inoperable fittings, etc.

Fig. 7. Thermograms of upper (a) and lower (b) parts of unshadowed historical translucent
structure at 7, =—15 °C and £, =+ 20 °C
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Fig. 8. The values of air permeability of the premises at
positive and negative Ap

series thermal imager, in accordance with the rele-
vant requirements [4, 5]. Some thermograms of the
examined structures are shown in Fig. 7.

To determine the reduced R, heat transfer re-
sistance of translucent structure, a full-scale test-
ing was carried out using heat flow and temperature
meters in accordance with national standards [6].
The measurements were carried out within the pe-
riod from 28.03.18 to 02.04.18. To perform the cal-
culation, the period with the established temperature
differential was selected: 28.03.18 23:00-29.03.18
04:00. During this period 7, and ¢ were —10 and
+ 19.6 °C respectively. The testing result is: R, =
(0.37-0.39) m? °C/W.

Table 1. Dependence of Temperature in the Air
Layer of Translucent Structure on Height

Height, m Temperature, ° C
2.9 9.5
1.5 7.0
0.76 4.8

The temperature distribution in the interglass
space of the historical translucent structure is given
in Table 1.

The testing of the historical translucent cladding
for air permeability was carried out in the utility ser-
vice room of the restoration workshop. The doors
and other possible air infiltration areas were sealed
before the testing. The “Blower Door” complex was
installed in the doorway. The testing was carried out
according to national standard [7]. Positive and neg-
ative differential air pressure Ap equal up to £ 60
Pa respectively were set during the full-scale test-
ing. At each Ap value air permeability measure-
ments were made. Then, on the basis of the obtained
data, the air permeability values of the window at
different Ap were calculated (Fig. 8 and Table 2).

As aresult of the conducted surveys of historical
translucent structures, it became obvious that they
do not comply with the current requirements, nei-
ther on heat transfer resistance nor on air permeabil-
ity. In case of preservation of metal window frames
(according to the requirements of the law on protec-

Table 2. Air Permeability of Translucent Cladding at Positive Pressure Differential Ap

Air permeability
. M ir flow,

Ap, Pa Volume air flow, m*/h aé:j(g/]:) " by volume, m3 / (h - m?) by masfl’lzl;g a
15 16 19.1 2.7 33
20 18 21.5 3.1 3.7
25 20 23.9 3.4 4.1
30 23 27.5 3.9 4.7
35 33 39.5 5.7 6.8
40 33 39.5 5.7 6.8
45 35 41.9 6.0 7.2
50 40 47.8 6.9 8.2
55 44 52.6 7.5 9.0
60 47 56.2 8.1 9.6
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tion of cultural heritage sites) the large-scale com-
puter calculations should be performed to determine
the best ways of window restoration.

The authors express deep gratitude to the staff
of the NIISPh (A. Verkhovsky, S. Potapov, V. Bryz-
galin and E. Dalichik) and GC ROBITEX, LLC
(N. Rumyantsev and I. Istomina) for assistance
in carrying out field surveys of historical translu-
cent structures of the Pushkin State Museum of Fine
Arts.
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