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Abstract:  Preserving the old forms and structural details in case of renovation of
buildings is a primary issue. The structure of traditional wooden windows,
as eyes of the building, defines the character of the facade, the street view
and also influences the character of the whole townscape. With the new
building energy regulations energy awareness became conspicuous, which
is current requirement during the energy crisis of the XXI. century at national
and international levels as well. This paper investigates all the renovation or
replacement methods of historic windows should be considered.
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1. Introduction

The building stocks of the city center of Budapest and other Hungarian cities were
mainly built at the turn of the century or before, and a significant amount of them have
impressive fagades. Beside them, in the country there are many castles, palaces, and
country houses with different architectural style. According to the data released by the
Hungarian Central Statistical Office in 2003, residential buildings can be grouped
according to the date of construction as the following: 10% in 1989 and 17% in 1980-
89.23% in 1970-79, 15% of 1960-69, 12% in 1945-58, 12.5% in 1920-45, and 10.5%
were built before 1920. It means nearly one million historic structures, and the renovation
of their fenestrations is a main priority, with often preserving the inner appearance.

Instead of preserving the old forms, new characterless windows are often installed in
historic buildings. The main functions of windows is to let the light in, provide air
exchange and, secondly, they have to fulfill thermal and acoustic requirements. Since
windows are complex structures, and they are exposed to climatic effects, their
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renovations have to be executed with attention. The owners have to be aware of the fact
that although the reconstruction usually takes longer than the installation of a new
structure, but the payback period is significantly shorter. [1]

Unfortunately, due to lack of expertise, the proper renovation of historic windows is
not common, since manufacturers suggest that new products with advantageous
characters are better and more modern in all cases. Old structures are often taken out and
replaced by plastic windows; however, they would have been renovated and restored in
many cases. The replacement causes serious damage to the character of a historic
building, as well as contributes to a large amount of waste, that — from sustainability
aspect — should be reused to avoid environmental contamination. [2]

2. Historic windows

The evolution of windows looks back hundreds of years. In the Baroque the windows
were usually single-layered. During the classicism outward-inward opening windows
with double glass layers were also applied. Since about 1855 double glazed windows with
inward-inward openings appeared, but they were developed to a perfect level later in
Historicism. During Secession, beside the technical knowledge, there was no limit for
formal variations (Chart 1). We can conclude that these windows are style carriers, i.e.
they are connected to certain architectural styles. Based on the size and forms, the age of
a window can be determined with 10-20 years accuracy.

1%
580 000 m*

B plank-framed windows before 1868
= double sash windows between 1868-1920
double sash windows between 1920-1944

u double sash windows after 1944

1%

432 000 m? w other windows (HUFA, PVC)

Figure 1. Windows supposed to be renovated in Hungary [3]

In Hungary the historic windows can be grouped as plank-framed and double sash
windows. (Figure 2). The plank-framed windows are usually found in historical
buildings, and during a renovation the original forms should be saved. The double sash
windows are found in a significant number of houses in Budapest and other larger cities,
where the forms are the integral part of the historic cityscape. Therefore, it would be
important to develop a reconstruction technology that keeps the old forms and structural
design, and also meets the new technical requirements.

60



C. Tombély — Acta Technica Jaurinensis, Vol. 10, No. 1, pp. 59-69, 2017

£ B ////// 14

®

Tz,

®

20
60

T

4

fme———————

~
o~

0 N2

=

45

T

Plank-framed window Double sash window

Figure 2. Details and sizes of plank-framed and double sash windows [4]

3. Calculation of thermal performance of windows and doors

During a reconstruction, decreasing the heat loss at surfaces increases the effect of
thermal bridges. If the exterior walls are thermally insulated, the thermal bridges at beams
above fenestrations increases. Therefore, during a renovation, instead of dealing with

details, a holistic approach is necessary /5/.

Roof, slabs:
5-10%

Roof, slabs:

20-30%
Fagade:

30-40%
Fenestrations:

Fenestrations: 50-60%
20-40%

Ground floor, =1 : Ground floor, basement:
basement: 3.89%
10-15%

Figure 3. Heat loss at different surfaces [6,7]
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Normally, doors and windows show less resistance to heat flow than other parts of the
building. /8] During calculations the additional heat loss at thermal bridges is taken into
account with the linear thermal transmittance, therefore the resulting heat transfer
coefficient of a wall with windows /9/:

AwallUlayer + lel//j
J

U, = 1
e 1 ()

The heat transfer coefficient of a single pane window - Uy, ;1 — can be calculated by the
following formula (Figure 4.):

AU+ AU+ sy,

] [W/m2K] [10,11] 2)
" A, + A,

U

where:

Uy.1 [W/m?K] heat transfer coefficient of the whole window structure

Ag [m?] surface of the glass pane (the smaller from the inner and outer panes)

Us [W/m?K] heat transfer coefficient of the glass pane

Ar  [m?] area of the frame (inner side if the window is closed, or from the outer
side the larger value from the common area of the frame and the
window sash)

Ur [W/m?K] heat transfer coefficient of the frame

[ ¢ [m] Perimeter of glass pane (larger one from the inner and outer perimeters)

V. [W/mK] linear thermal transmittance of the glass pane
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Figure 4. Different surfaces of window structures
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For double paned windows - including the double sash fenestrations - the external and
internal structures as well as the effect of the air gap in-between must also be considered.
The heat transfer coefficient - Uy, — can be calculated by the following formula:

Uu,,= 1 ! [W/m?K] [12] 3)
U - Re + Rairgap - Ri +
Where: w.e w.i
Uy [W/m*K] heat transfer coefficient of the whole window structure
Uy [W/m?K] heat transfer coefficient of the outer window structure
Uy [W/m?K] heat transfer coefficient of the inner window structure

Re; Ri [m?K/W]  thermal resistance of the internal and external glazing, not
considering the other layer (these should be considered, if they are
used independently)

Rairgap[ M?K/W] thermal resistance of the airgap

In order to achieve accurate results of calculations for a certain structure, the following
conditions must be considered:

* Precise geometric survey
* Determination of the correct specifications based on available literature.

4. Methods of value-added renovations of historic windows

The requirement (which is required for the heat transfer coefficient) was "k" < 3.0
[W/m?K] for windows and balcony doors between 1979 and 1991. A double sash window
in good condition or a composite window can fulfill this requirement. This value may
degrade due to the effect of filtration as function of deterioration. However, even if the
filtration is decreased, i.e. the window is air-tight, better than this value cannot be reached.
There was no requirements for the heat transfer coefficient of windows between 1991 and
2006. From 2006 September the TNM 7/2006 regulation provides mandatory
requirements for heat transfer coefficients of windows and doors, the values are listed in
following table (Figure 5.):

Type of fenestration (W/I']nmzal’;,)
Glazed fenestration on facade (wooden or PVC frame) 1.60
Glazed fenestration on facade (metal frame) 2.00
Fenestration on facade, if its area is smaller than 0.5 m? 2.50
Glass wall on facade 1.50

Figure 5. Heat transfer coefficients of different types of windows and doors [13]
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Therefore, in case of renovation of historic windows and doors, the goal is to fulfill the
energy requirements of the new regulation, i.e. the heat transfer coefficient for
fenestrations with wooden frames should be Uy, <1.6 W / m?K.

In case of existing windows these values are cannot be reached only by increasing the
air tightness. More serious intervention is needed not only at joints, but also at the whole
structure.

The heat transfer coefficient of a window with two glass panes without shadings
(without shutters or blinds) — if it not warped and the seal is in good condition — is about
2.2 W/m?K. It largely depends on the size of the glass surface relative to the wooden
frame, since the wooden frame itself has very good thermal insulation capability. Thus,
in case of a 50% glass/frame ratio, the Uy, is 2.05 W/m?K, while if the glass is 65% or
more, it is 2.35 W/m?K. [2] Beside this, the filtration has a significant impact as well, i.e.,
heat loss associated with outgoing air. In many cases, it is more important than insulating
glazing, therefore it is important to seal the joints to avoid filtration/74/.

Possible methods of value-added renovations are the following:
4.1. Installing additional glass pane

An additional glass pane to the existing window sash can be a solution. In this case the
existing window sash has to be in good condition structurally, or it should be strengthened
to bear the increased burden.

|
|
|
!
—

Figure 6. Additional glass pane to an existing window sash, point by point
and linear (stiffer) fixing [15]

4.2. Modification of an existing window sash

Structural modification of an existing window sash can make it possible to install an
insulating glazing with two or three glass layers. In this case the window sash also has to
be in good condition structurally, or it should be strengthened to bear the increased
burden.
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new profile
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final fixing screw

Figure 7. Modification of an existing window sash, with possible strengthening in
case of installation of insulating glazing with two or three glass layers [15]

4.3. Making a new window sash with insulating glazing to the existing frame

The most common solution in case of double sash windows is to replace the glass panes
of the internal window sash with insulating glazing. However, in this case, the increased
weight of the glazing can be a problem. In most cases limited layer thicknesses (e.g. 3-6-
3 mm) and thicker sash profile than the original one, but thinner than the ones being usual
today can lead to a compromise. The suspensions should also be strengthened, and in case
of bigger windows, it might be necessary to strengthen the frame as well. (Figure 8).

Similar but perhaps even more combined solutions can be applied in case of plank-
framed windows.

new window sash

with insulating glazing
(3-6-3 mm),

sealed profile 50/60

repleced, stronger mounting

new window sash with insulating glazing
(3-6-3 mm), sealed profile 50/6

Figure 8. Retrofitting of a double sash window with replacement
of the inner window sash with insulating glazing [15]
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4.4. New window sash with insulating glazing installed into the existing frame
structure

In case of multi-apartment buildings, if the fenestrations are not renovated in the same
time, the replacement of the internal window sashes or the internal glass panes are the
only acceptable methods of renovation. This corresponds to the theoretical solutions. The
outer structure may remain in its original condition. However, it is questionable, what the
heat transfer coefficient of the new interior sash should be, and how it should be achieved.

Figure 9. Existing frame structure

+ frame overlay and new window sash with insulating glazing [15]

4.5. Low-e glass

In case of the retention of existing windows, and the glass panes of the internal sash are
replaced with a glass pane with hard low-e coating (low-radiation, invisible, with a thin
layer of silver), and it is sealed at joints, we can significantly reduce radiated heat loss
between the two glass layers . The low-e glass with hard coating (pyrolytic) is not
vulnerable, therefore it can be used as a single layer, thus, the original sash structure does
not require any changes. The new window Uy, value will be around 1.8 to 1.9 W/m?K,
which almost meets the required 1.6 W/m?K limit. This case is the least expensive
solution, since the window is not modified, and the appearance does not change //6].

A more efficient result can be achieved by a special glazing developed in Western
Europe. It has a total thickness of 10 to 14 mm (3-4-3, 3-7-4) and it applies Histoglass
D10, D14 glass panes, and the Uy, is between 1.3-1.5 W/m?K (Figure 7.) . This would
result in minimal increase of the window sash, but it can be installed into existing
windows sash as well, since the size of groove of the opening sash is usually 10 to 15
mm. In order to increase the thermal performance, the inner window sash can be
strengthened, and with a 4-16-4 glazing the Uy, can achieve 0.9-1.0 W/m?K (Figure 10.).
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original state 3-4-3 glazing, low-e, gas filling
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Figure 10: Isotherms of a double sash window after renovation [17]

From structural and aesthetic point of view, these are also the best solutions. In this
case the entire original window structure is retained, and the outer window sash provides
an additional thermal insulation. Thus, the three layers of glass - the glazing outside and
the inner double layers - already have a significantly better heat transfer coefficient than
a new single pane window.

4.6. Increased thermal insulation requirements

In case of the renovation of a 2 layers window, if air-filled insulating glazing is placed
into the exterior as well as into the interior window sash, the Uy, <0.8 W /m?K value can
be approached, which is a requirement for the windows of passive houses. With some
exceptions, the suitable air tightness can also be achieved by rubber profiles at joints.
However, it can cause complete airtightness in interior spaces, therefore ventilation is
inevitable. In passive houses heat recovery ventilation is successfully applied.
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Figure 11. D10 Histoglass glazing - The Gate House - Hope Valley [18]

5. Summary

It is important to emphasize that the renovation of windows should be along with the
thermal insulation of exterior walls. From the aspect of energy consumption it is
important to consider the whole building, including slabs, floors as well as walls, since
these are also significant cooling surfaces (Figure 3.). In case of historical buildings
additional exterior thermal insulation often cannot be applied on facades, since it would
cause the disappearance of the character of fagade. (Figure 11.). In all cases, all the
renovation or replacement methods of historic windows should be considered, since
maintaining the appearance of historic buildings is a main priority.
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