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Abstract: Modernist architecture is one of the most significant movements which serve as grounds
for contemporary creations. At the beginning of the 20th century, the impact of new structural and
building technologies allowed designers to find new ways of architectural expression. It is rooted
in thought-out composition and simplicity which serve as a background for the exposition of struc-
ture. The geometrical interplay of a building’s elements highlights the impressively thin structures
and raw surfaces of novel building materials. Nowadays, in selected regions, the architecture of the
Modernist Period is neglected or loosely refurbished. As an effect of this phenomenon, buildings
are demolished or deprived of aesthetical values. Thus, this article aims at showing an overview of
sectional research on good practice. We base the study of on-site design implementations of several
modernist architecture refurbishments and focus on technology and design assumptions with opti-
mised thermal modernisation. The paper reveals a set of examples for the refurbishment of mod-
ernist architecture, with calculations of heat energy coefficients of the initial and design phase. The
presented thermal modernisations aim at adjusting buildings to new requirements concerning en-
ergy without any loss of initial architectural expression.

Keywords: modernist architecture; thermal refurbishment; monument preservation; energy reduction;
architectural up-cycling

1. Introduction

The need for post-war modernist architecture preservation is a relatively new con-
cept (especially in Poland, where socialist architecture is still neglected), which arose to-
gether with an increase of awareness on sustainability and appreciation for iconic solu-
tions [1,2]. The Modern Period, based on a separation between past and present or en-
lightenment and individualism [3], made a significant impact on European society. The
architecture responding to logical engineering [1] offered more than living and workspace
[4]. Nowadays, we admire the interplay of forms and proportions, intelligent space man-
agement, and the beauty rooted in modesty [5,6]. Though occasionally problematic, mod-
ernist buildings require skillful preservation highlighting their qualities.

As Giulian and Bucchignani [7] indicate, the post-war modernist architecture initially
was not planned for durability in many cases—especially in the socialist countries where
the building techniques, economy and low quality materials and bad craftsmanship lead
to many faults of ready buildings (i.e., problems with insulation, overheating, sound-
proofing, structural joints and reinforcement protection). Thus, nowadays these buildings
are perceived as badly ageing and easy to demolish [4]. Post-war modern architecture is
a fragile heritage. Most of the buildings in Poland were made of low-quality materials
without precision or proper attention to detail. In the minds of people, they represent the
creation of the faulty political and economic system. The public does not value this herit-
age, and some historians and architects neglect it. Architectural values of the Modernist
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Period in Poland require a sensitive eye, imagination and knowledge to see the initial
ideas due to the damages in these buildings—done in the process of careless maintenance
and renovation (most of which took place in the 1990s and the 2000s).

Also, a misconception of initial ideas and the apartment crisis in Europe after WWII
led to building a lot and poorly [8]. There are a lot of issues involved in the preservation
of modernist architecture, starting from novel changes in the lifestyle of users [7], through
imperfect technology of flat roofs [1], lack of shading [2], to excessive energy consumption
[9]. Especially the latter is crucial in terms of European Union policies, like the New Eu-
ropean Bauhaus [10] or Renovation wave [11]. Moreover, the European Green Deal initi-
ative aims at the reduction of greenhouse gas emissions by 55% by the year 2030, and
totally by 2050 [12]. All recalled documents highlight that refurbishment investment must
be sustainable [9]. According to Sonnleithner [13] and European Union recommendations
[10] of high quality, such an approach is advisable, for it favours architectural recycling,
instead of raising new, and at occasions redundant, buildings [7,14]. Also crucial may be
the economic aspect, bringing substantial savings [14].

The refurbishment issue of modern architecture is present in scientific discourse.
Seen from many angles, it always shows a local reference. A good example is an elabora-
tion of Mulfarth et al. [2] on tall buildings from Sao Paulo; Urbanik and Tomaszewicz's [1]
article on flat roof renovation in Wroclaw; and Peters’ [14] publication on housing in Den-
mark. Yet, Pikas et al. [9] indicate that lack of knowledge is one of the barriers to the ren-
ovation of modernist (standardised) apartment buildings. The literature insufficiency is
understandable, for each region (climatic zone) requires different handling the refurbish-
ment design. Therefore, each published case study provides valuable information for un-
derstanding the complex issues of renovation (whether successful or not) and allows for
the exchange of knowledge. Sonnleithner [13], pp. 5 states: “In the search for goal-oriented
approaches to solutions and specific action steps, the development of new concepts and
research into previously unknown facts are essential. The experience and familiarity with
previous activities, experiments, initiatives and projects from history are valuable. Partic-
ularly in the field of building renovation [...], a look into the past might help to ensure a
>>clear view<< of possible solutions for the future.” Thus, in the article, we present a prac-
tical (implemented) approach from Wroclaw (Poland) regarding the renovation of a few
modernist buildings. In this way, we add another portion of practical knowledge into the
discourse. The crucial aspect of the presentation is to propose solutions not interfering
with the architectural and aesthetic values of modernist architecture.

The article aims at presenting designed and implemented solutions for the thermal
renovation of modernist architecture. This aspect is especially valid because 75% of build-
ings in Europe are not energy efficient [11]. Moreover, the literature describes successful
modernist implementations where energy consumption decreased significantly, i.e., Bra-
zilian cases by Mulfarth et al. [2]. In general, our goal was following Boza-Kiss et al. [15],
p. 7. “decarbonizing the European building stock” —at least a part of it.

2. Materials and Methods

The case studies for the article are the works of the architectural office VROA Archi-
tekci co-owned by one of the authors of this publication. Lukasz Wojciechowski is the co-
author of all the presented projects (as listed in each case). There were several criteria for
case studies selection. First of all, these are the examples aiming at keeping the material
and formal integrity of modernist architecture —the main goal of the renovations is not to
interfere with the original modernist expression of the buildings. We call this aspect ar-
chitectural criteria. In this respect, the cultural value of the renovated building was crucial
[13]. High aesthetics is as important as sustainability and functionality [10,15,16]. Other
selections criteria were affordability [10], availability of materials, and building solutions
that maintain the high quality [13]. The cost issue is crucial for as Nowogonska and
Mielczarek [17], p. 1 state: “Unfortunately, due to the higher costs of renovation and the
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need to supervise work in historic buildings, many valuable buildings are damaged.” To
summarise, the criteria are as follows:

e  architectural:

preservation of the modernist character of a building,
importance of a building to culture,

functionality,

aesthetics,

high quality;

e  sustainable:

O O O O O

o  reducing energy use,
o affordable,
o  and material availability (local products).

Based on the above, the selected case studies are as listed:

o A housing block section by Nankiera Square [18], original design (1969): Wtodzimi-
erz Czerechowski, Ryszard Natusiewicz, Anna and Jerzy Tarnawski; renovation de-
sign (2015): Agnieszka Hatas, Grzegorz Kaczmarowski, Marta Mnich, and Lukasz
Wojciechowski.

o  The complex of the residential towers with the commercial pavilion at Grunwaldzki
Square [19,20], original design: Jadwiga Grabowska-Hawrylak, Krzysztof Sasiadek
(1968-1978), renovation design (2012): Mnich, Marek Lamber, Natalia Rowinska,
Lukasz Wojciechowski, Agnieszka Hatas, Hubert Rozewicz, consultants: Jadwiga
Grabowska-Hawrylak, Andreas Wolf.

o  The restaurant pavilion by the Centennial Hall (UNESCO heritage object) [21], orig-
inal design (1913): Max Berg; renovation and extension design: Agnieszka
Chrzanowska, Marta Mnich, Lukasz Wojciechowski, Wojtek Chrzanowski, in collab-
oration with Andrzej Chrzanowski, Juliusz Erdman, Grzegorz Kaczmarowski, Da-
nuta Katarasiniska, Agata Kurto, Natalia Rowinska, Sebastian Stanistawski.

All buildings are located in Wroclaw (Poland). Selected projects took place in the
range of the last ten years.

Thermal refurbishments respond to local law regulations based on the local climate.
Citing Climate-data.org [22], conditions in Wroclaw, Poland, are mild and warm, with
average temperatures yearly of 10.0 °C, and 700 mm of rainfall. The average temperature
ranges between 20.1 °C in July and -0.4 °C in January.

First we made a literature and documents review to institute requirements and meth-
ods for modern architecture preservation (see the introduction section). Second, we re-
viewed existing design documentation [19-21]. To make the article universal, we summa-
rised the local climate based on recent data from Climate-data.org [22]. Next, based on
current documents like European Union policies [10-12], commissioned energy audits by
Bilka [23], and Zurawski [24]-external auditors, also our calculations, we have established
the required thermal coefficients for all partitions. Audits were performed by local, li-
censed professionals, to provide a high quality of elaboration. In calculations, they in-
cluded the initial structure of compartments and afterwards designed solutions. Accord-
ing to Sonnleithner [13, pp. 6], high quality of investment is as important as, following
present law demands. The thermal modernization followed Polish thermal regulations—
so-called Ordinance Minister of Infrastructure from 2002 [25], and standard [26] these reg-
ulations refer to general building solutions. However the renovated heritage-listed build-
ings are excluded from energy efficiency requirements.

The law novelty is crucial as Boza-Kiss et al. [15], p. 11 indicate: “the theoretical con-
sumption of a new building today is about 40% less than for dwellings built before 1990”.

We compared data before and after planned remodeling based on the figures in-
cluded in energy audits for each building, done before and after the refurbishment process
(first two examples). For other cases, we made before and after calculations. All values
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before and after presented in this article are based on pre-design and post-design calcula-
tions. We plan to evaluate buildings further after compilation of all construction works.
Presentation of each implementation follows the scheme:

location,

authors of original project and refurbishment,
history,

renovation assumptions,

remodeling solutions,

calculations of energy savings.

O 0O O O O ©

There are several factors recalled in the article. Shape factor A/V means, after
Lylykangas [27], p. 4: “the ratio between the outside surface area of the thermal insulation
in the building envelope (A) and the heated volume (V).”

In this article, European Standard PN-EN ISO 6946:2017 [26] defines the thermal
transmittance U. Its value should be as low as possible and is the reciprocal of the thermal
resistance of the entire partition [26]:

1

Rtot

U

w
Gz
where:

W-unit: Watt;
m—unit: meter;
K—unit: Kelvin;

U-thermal transmittance [% K];
2,K

Thermal total resistance R;,; determines the following formula [26]:

R;,—total thermal resistance |

m? x K
Riot = Rsg+ Ry + Ry + -+ Ry + R [ W |
where:
. . . m2+K
Rg;—is the internal surface resistance [T] ;
m2+K

R; + R, + --- + R,—are the design thermal resistance of each layer o 1;

n—is a total number of the designed layers

2
. . m<x*K.
R,.—is the external surface resistance |: " 1;

Surface resistance values depend on air convection through the compartment and are
as follows: for Rsi-upwards: 0.1; downwards: 0.17; horisontal: 0.17; for Rse-upwards: 0.04;
downwards: 0.04; horizontal: 0.04, and R the design thermal resistance of layer determines
formula:

where:
d-thickness of the layer [m]
A-the design thermal conductivity of material [W/mK];

The internal temperature adopted is equal to or above 16°C. The design did not con-
tain air layers over 0.3 m. Therefore, we used a simplified method of calculations accord-
ing to European Standard PN-EN ISO 6946:2017.
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3. Results
3.1. The Block-of-Flats by Nankiera Square-Completed

Wiodzimierz Czerechowski, Ryszard Natusiewicz, Anna and Jerzy Tarnawscy were
the authors of the initial design implemented in 1969, which was refurbished by Ag-
nieszka Hatas, Grzegorz Kaczmarowski, Marta Mnich, and Lukasz Wojciechowski in 2015
[18]. The complex by Nankiera and Nowy Targ (the New Market) squares occupies lines
of the previous historic buildings (demolished during WWII), typical for this part of
Wroclaw Old Town. Yet, the past urban tissue replaces now late-modern layouts of free-
standing elongated blocks and core buildings (Figure 1). The design was an architectural
and political manifestation of freedom from social realism doctrine. However, it still was
an element of socialist propaganda and social engineering. Hence, the Old Town area was
then occupied by residents of the elite, while blocks were supposed to serve the working
class. The thermal modernization of residential substances is valuable, because over 120
million buildings of this type exist in the European Union [15], pp. 12. Initially, the build-
ings had an open plan with movable partition walls. Reinforced structure supplemented
brick so-called ‘zreanska’ and aerated concrete blocks, while the ceilings were constructed
from hollow core slabs and slab-on-grade cinder blocks. There were no thermal insula-
tions, and plaster covered the fagades. Glass tiles surfaced the inter-widow stripes, which
were reminiscent of op-art graphics. The plinths at the service points on the first floor finished
with pebbles fixed in mortar, and glass blocks covered the windows in the staircases.

Figure 1. The blocks by Nankiera square—original and refurbished with recreated details (photog-
raphy by the curtesy of Patryk Kusz /VROA Architekci).

New development founded the municipal company called ‘Revitalizations of
Wroclaw’ (in the Polish language ‘Wroctawskie Rewitalizacje’; no longer existing). The
renovation included one section of the building and serves as an example for other parts
governed by local housing associations. The main goals were thermal modernization and
reconstruction of the original block’s appearance. However, adding layers, i.e., insulation
to the facade, would cause a change in the initial depth of the windows” mounting and
would affect in disadvantageous ‘puffing’ of the architecture. Therefore, the original
depth of openings was a priority, and the small windows occupy space on the external
wall surface (Figure 2). Other glazed elements mount 15 cm deep into the facade (also
according to the original solution). Flashings, balustrades and glass tiles in the strips be-
tween the windows are as close to the original ones as possible. The cladding from pebbles
covers the ground floor area as in the original. The ironwork has a graphite colour, and
the gable elevation composition crowns a newly designed neon above the entrance to the
service point (Figure 1).
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Figure 2. The blocks by Nankiera square —elevation and section. 1. The designed external wall: sil-
icone plaster 1.5 cm, EPS polystyrene 15.0 cm, aerated concrete blocks 24.0 cm, internal plaster 1.5
cm. 2. The depth of the window fixing changed with insulation to preserve the original ratio. 3. The
designed roof slab: 2x roofing felt, levelling layer 2.0 cm, slag concrete slabs in decline 8.0 cm, ven-
tilation gap 10.0, the blow of mineral wool granules 20.0 cm, prefabricated channel slabs 24.0 cm,
internal plaster 1.5 cm (drawn by the Authors).

We gave detailed original and implemented sections for compartments, and the heat
transfer coefficients through partitions—initial and design phase comparison is shown in
the below juxtaposition (Table 1) [18].

Table 1. The thermal modernisation building solutions for the block by Nankiera square [elaborated
by the Authors based on [18].

The Thickness of the The Design Thermal Conductivity Heat Transfer Coefficients through

N Name of the L iti
° ame of the Layer Layer [em] of a Material Partition [% K]

The existing external wall (before the mal modernisation)
1 The external plaster 2.0 0.82
The existing brick ‘zeranska’/aerated concrete blocks (porous

2 concrete blocks possible) 240 0-105 039
3 The internal plaster 15 0.70
The designed external wall
1 The silicone plaster 15 0.7
2 The EPS polystyrene 15.0 0.038
3 The aerated concrete blocks 24.0 0.105 0.15
4 The internal plaster 15 0.7
5 The silicone plaster 15 0.7
The existing roof slab
1 2x roofing felt (bituminous felt and tar paper) - -
2 The levelling layer 2.0 14
4 The slag concrete slabs in decline 8.0 1.70 034
5 The ventilation gap 5.0-30.0 0.161 ’
6 The prefabricated channel slabs 24.0 0.18
7 The internal plaster 15 1.70
The designed roof slab
1 2x roofing felt (bituminous felt and tar paper) - -
2 The levelling layer 2.0 14
4 The slag concrete slabs in decline (existing) 8.0 1.70
5 The ventilation gap (existing) 10.0 0.15 0.04
6 The mineral wool granules injected into the ventilation gap 20.0 0.038
7 The prefabricated channel slabs (existing) 24.0 0.18
8 The internal plaster 1.5 1.70

! Averaging 15 cm; value from PN-EN ISO 6946:2017.
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3.2. The Fagades of Residential Buildings at Grunwaldzki Square—Project, Completed

Jadwiga Grabowska-Hawrylak and Krzysztof Sgsiadek designed the complex of res-
idential buildings with commercial pavilions, plaza and parking spaces (1968-78). Reno-
vation and thermal modernisation was performed by Marta Mnich, Marek Lamber, Nata-
lia Rowinska, Lukasz Wojciechowski, and Agnieszka Hatas in 2012 with consultations
from Jadwiga Grabowska-Hawrylak and Andreas Wolf [19,28]. The document so-called
“The Study of the Conditions and Directions of Spatial Development in Wroctaw’ protects
the complex as a heritage structure of contemporary culture. Also, the List of Monuments
of the City of Wroctaw includes this development, so design documentation was subject
to approval by the Monument Conservator.

The complex consists of six sixteen-story residential towers and service pavilions par-
tially accessible from a raised platform above the garage. A characteristic element of the
existing urban layout is a modular 6x6ém grid, which supports all build substances. The
following distinctive element of the project is the fagcades of residential high-rise buildings,
made of individually planned, oval, reinforced concrete prefabricated elements. They are
attached to a reinforced concrete skeleton structure of the so-called ‘H-frame’ type. The
space between the prefabricated elements of the facade and the external wall is filled in
with loggias. Pots with greenery were supposed to complete this solution, yet this element
was omitted in the initial stage of construction [29], (Figure 3).

The renovation aimed to improve the functioning of selected elements of the initial
design. This need resulted from new functional requirements not present or predictable
in the 1970s. The complex lacked services on the ground floor, required separation of pe-
destrians and traffic, supply zones and utility yards adjacent to apartment houses. The
design included the original proprietary assumptions and consistently used them when
expanding, i.e., all additional cubatures were kept in the original 6x6m grid. They also
adapted to the existing heights of service pavilions and the pedestrian platform [19].

The most complicated task was to improve the thermal parameters of the residential
buildings and their adaptation to the applicable regulations while maintaining the specific
architectural values. The concept assumed the necessity of fully preserving the character
of the fagcade made of prefabricated reinforced concrete elements. Thus, external insula-
tion was applied only on the outer walls in the background and gable walls and ceilings.
In the case of other parts of the building, the designers proposed inner thermal insulation
(Figure 4). This approach enabled the preservation of the initial concept. The facade carv-
ings highlight the colour scheme with white prefabricated elements against a dark back-
ground. This decision comes from in-depth analyses of the initial design and consultations
with the architect Jadwiga Grabowska-Hawrylak [19].

The leading assumption of the renovation concept of reinforced concrete facade ele-
ments was to restore them to their original appearance. The architects aimed at repairing
defects and protection against further destruction and corrosion. It was necessary to
strengthen the connections of prefabricated elements with the building structure. The con-
ceptual design assumed cleaning of the prefabricated concrete elements, e.g., by sand-
blasting, repairing and filling the existing damages. The wall surfaces are painted a light
grey colour (Figure 2). The existing clinker tiles are no longer visible, screened with insu-
lation and plaster due to the low budget of the renovation. However, Jadwiga Grabowska-
Hawrylak confirmed that she did not plan tiles in the original design of the towers. This
solution restores the shade of the light-ash architectural concrete used in the original pro-
jects and protects the surface from the harmful effects of weather conditions. However,
the assumptions are unfulfilled. The oval prefabricated elements were plastered, which
deprived them of the concrete texture. The background wall was covered with paint which
is too lightly coloured. We present detailed original and implemented sections for compart-
ments (Table 2) and the changes in their heat transfer coefficients (under the table), [19].
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Figure 3. The renovation concept of the fagades of residential buildings at Grunwaldzki square—a
pre-refurbishment condition in 2007 and remodelling visualisation (photograph by the Authors).

Table 2. The thermal modernisation building solutions for the residential buildings at Grunwaldzki
square [elaborated by the Authors based on [19].

The Thickness of the Layer The Design Thermal Conduc- Heat Transfer Coefficients

No Name of the Layer [em] tivity of a Material through Partition [% K]
The existing external wall (between windows)
1 The clinker tile 2.0 0.67
2 The ventilation gap 2.0 0,00 0.39
3 The aerated concrete blocks 24.0 0.105 '
4 The internal plaster 15 0.7
The designed external wall (between windows)
1 The silicone plaster 1.5 0.7
2 The mineral wool 8.0 0.035 0.21
3 The aerated concrete blocks 24.0 0.105
4 The internal plaster 15 0.7
The existing roof slab
2x roofing felt (bituminous felt
and tar paper) i i
2 The levelling layer 2.0 1.4
3 The slag conc1jete slabs in de- 8.0 1.70
cline 0.34
4 The ventilation gap 5.0-30.0 0.16
5 The prefabricated channel 240 0.18
slabs
6 The internal plaster 1.5 1.7
The designed roof slab
2x roofing felt (bituminous felt
and tar paper) i i
2 The levelling layer 2.0 1.4
3 The slag concr.ete slabs in de- 8.0 1.70
cline
4 The ventilation gap 10 0.15 0.04
5 The mi.neral wool g.ran.ules in- 20.0 0.038
jected into the ventilation gap
The prefabricated channel 240 018
slabs
7 The internal plaster 15 1.70
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Figure 4. The fagades of residential buildings at Grunwaldzki square—elevation and section. 1. The
designed external wall (prefabricated): repaired and painted white prefabricates 6.0 cm, external
void, mineral wool 8.0 cm, internal walls made of asbestos removed and replaced with light concrete
blocks 12.0 cm, internal plaster 1.5 cm. 2. Insulation of loggias—-mineral wool. 3. The designed exter-
nal wall: silicone plaster 1.5 cm, mineral wool 8.0 cm, aerated concrete blocks or reinforced concrete
wall 24.0 cm, internal plaster 1.5 cm (between windows). 4. The designed roof slab: 2x roofing felt,
levelling layer 2.0 cm, slag concrete slabs in decline 8.0 cm, ventilation gap 5.0-30.0 cm, blown-in
mineral wool granules in the air cavity 20.0 cm, prefabricated channel slabs 24.0 cm, internal plaster
1.5 cm (drawn by the Authors).

3.3. The Commercial Pavillon by Grunwaldzki Square—Project, Not Completed

The building is a part of the mentioned residential complex. Jadwiga Grabowska-
Hawrylak, Krzysztof Sasiadek (1968-78) performed the original design, while Marta
Mnich, Lukasz Wojciechowski, Hubert Rézycki (2020) drew renovation plans [20]. The
pavilion occupies a plot near Grunwaldzki bridge among several commercial spots ele-
vated on a pedestrian platform. The two-story building with a basement has a reinforced
concrete structure. Its characteristic spaceship-like facades constitute precast decorative
elements with external spiral stairs. The steps wrap around the cylindrical shaft of me-
chanical ventilation. Glass covers the ground floor facades, divided into three sections
with aluminum frames. Above there is the characteristic ornament of an extended curved
precast panel with openwork. Circular openings form a repetitive rhythm. Other external
walls are opaque and made from aerated concrete, fixed with ceramic tiles and trapezoidal
metal sheets (Figure 5), [20].

To preserve the initial character of the building, the design of thermal modernisation
assumes the internal isolation of opaque walls with mineral boards, the so-called “Multi-
por” of 5 cm. Concrete pillars—part of the “H-frame” structure—are isolated externally
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with a 15 cm layer of Styrofoam boards. The project assumes cleaning of the precast dec-
orative covers and external walls to the original white colour of the concrete. The pavil-
ion’s flat roof slab received an additional thermal layer of 20 cm from Styrodur and re-
quired sealing. Architects proposed to keep the original and leaky aluminum frames with
glazing by creating an internal glass wall. The solution provides proper thermal condi-
tions, enabling the preservation of the modernist character. Old and new fagades will di-
vide a gap for cleaning and the accumulation of passive heat. The aluminum frames on
the second floor replace new ones resembling the original (Table 3), (Figure 6), [20].

Figure 5. The commercial pavilion by Grunwaldzki Square— the existing condition (photograph by
the Authors).

Table 3. The thermal modernisation building solutions for the commercial pavilion at Grunwaldzki
square [elaborated by the Authors based on 20].

No

The Thickness of The Design Thermal Conduc- Heat Transfer Coefficients

Name of the Layer the Layer [cm] tivity of a Material through Partition [% K]
The existing prefabricated walls
1 The reinforced concrete prefabricates with an internal void 15.0 (5+5+5) 174011417 138
of 5.0 cm
The designed walls (decorative)
1 The reinforced concrete I.)refabric.at.es with an internal void 15.0 174011417
of 5.0 cm—cleaning, fulfilling subsidence
2 The internal isolation of Multipor type boards 5.0 0.040 0.5
The Heradesign type boards in natural color on a wooden 25 .
grid )
The existing roof slab
1 3x jute felt paper (waterproof insulation) - -
2 The cement screed 1.0 1.4
3 The sloped roof panels (channelled, reinforced concrete) 25.0 0.18
4 The ventilation gap 5.0-30.0 0.16 0.045
5 The slag wool 6.0 0.045
The structural ceiling (reinforced concrete beams and
6 . 30.0 1.7
trough slabs, reinforced concrete)
The designed roof slab
1 The EPDM film - -
2 The Styrodur 20.0 0.035
3 The vapor-permeable foil - -
4 The cement screed 1.0 1.4
5 The sloped roof panels (channelled, reinforced concrete) 25.0 0.18 0.036
6 The ventilation gap 5.0-30.0
7 The slag wool 6.0 0.045
8 The structural ceiling (reinforced concrete beams and 30,0 17

trough slabs, reinforced concrete)
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Figure 6. The commercial pavilion by Grunwaldzki Square—section. 1. The designed wall: rein-
forced concrete prefabricates with an internal void of 5.0 cm—cleaning, fulfilling subsidence 15.0
cm, internal isolation of Multipor-type boards 5.0 cm, and Heradesign-type boards in natural color
on a wooden grid 2.5 cm. 2. The designed roof: EPDM film, Styrodur 20.0 cm, vapor-permeable foil,
cement screed 1.0 cm, sloped roof panels (channeled, reinforced concrete) 25.0 cm, ventilation gap
5.0-30.0 cm, slag wool 6.0 cm, and structural ceiling (reinforced concrete beams and trough slabs,
reinforced concrete) 30.0 cm (drawn by the Authors).

3.4. Renovation and Extension of the Restaurant Pavilion in the Centennial Hall Complex—
Completed

Max Berg designed the original complex of the Centennial Hall (1913, now under
UNESCO protection), while the remodeling and extension (2007-2010) project had the fol-
lowing authors: Agnieszka Chrzanowska, Marta Mnich, Lukasz Wojciechowski, Wojtek
Chrzanowski, in collaboration with Andrzej Chrzanowski, Juliusz Erdman, Grzegorz Ka-
czmarowski, Danuta Katarasinska, Agata Kurto, Natalia Rowinska, and Sebastian
Stanistawski [21].

The pavilion dating to 1913 served as a temporary restaurant and was burnt during
WWIL The surviving structure served as an office building in the late 1940s. In 2009 there
was a competition held to rebuild and create an extension for a new function as a confer-
ence center (Figure 7). The winning concept assumed the preservation of existing and
original pavilion elements. Preservation included:

e  decorative structural pillars,
e  acentral lobby with oval skylight,
e  ahorizontally composed facade across the Centennial Hall.

Two new and fully glazed wings extend the preserved structure. Cubatures accom-
modate an auditorium and multifunctional room, while the central part contains a foyer
and restaurants, and above—on the mezzanine—office rooms. All technical equipment,
storage rooms, service areas, and sanitary areas occupy the underground floor. While the
original structure is part load-bearing brick masonry and partly reinforced concrete. It
required strengthening of both walls and foundations and a partial change of existing
slabs. The new structure was also added, made from steel and founded separately, in the
two-story part of the building. The first floor has a light steel structure suspended from
the beams of the slab over the floor. The skylight occupying the building’s central part is
a lightweight structure, as are the new extensions. Plate girders of variable height crown
these parts. They have cast foundations of monolith reinforced concrete due to the high
levels of groundwater. Opaque walls of existing and new extensions received original ma-
terials and colouring. A light-grey structural plaster covers them, polished into an even
surface. Preservation of the original composition of facades was a key factor —the columns
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lean against the external wall. Thus, the remodeling assumed internal insulation. The
method also allowed the original depth of the windows to be kept [21].

Due to the high (then) costs of internal thermal insulation systems, the architects pro-
posed individual solutions. These consist of internal gypsum-cardboard walls, vapour
barrier foil, mineral wool boards on a steal support sub-structure (8 cm width), a ventila-
tion gap, and dimpled foil. Mentioned layers cover an external wall plastered from the
outside. The roof slab is insulated transitionally from the exterior (Table 4), (Figure 4),
[21].

Figure 7. Renovation and refurbishment of the restaurant pavilion of the Centennial Hall complex
in Wroclaw —windows and glazed curtain wall (photographs by the Authors).

Table 4. The thermal modernisation building solutions for the restaurant pavilion in the Centennial
Hall complex [elaborated by the Authors based on 21].

The Thickness of the Layer The Design Thermal Conduc- Heat Transfer Coefficients

No Name of the Layer [cm] tivity of a Material through Partition [% K]
The existing external wall
1 The external plaster 2.0 1.70
2 The full brick wall 32.0 0.77 1.38
3 The internal plaster 1.5 1.70
The designed external wall
1 The thin-layer plaster 0.3 1.70
’ The external cement-lime plas- 20 1.70 036
ter
3 The masonry brick wall 32.0 0.77
4 The dimpled foil - -
5 The ventilation gap 2.0 -
6 The mineral wool 8.0 0.038
7 The vapour barrier foil - -
The existing roof slab
1 The existing wooden struc- ) ) )
ture—for dismantling
The designed roof slab

1 The SBS modified tar paper - =
2 The underlay felt paper - -

The hardboard of mineral 5.0-20.0 (avg. 12.5) 0.038

wool—for inclination
4 The hardboard of mineral 18.0 0.038
wool 0.04
5 The vapor barrier - -
The trapezoidal sheet T55x18
6 - -
0.75cm

7 The steel structure 30.0 -
8 The fittings gap 112 -
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4. Discussion

The article focuses on the thermal modernisation of modernist architecture while pre-
serving its original aesthesis and composition. This heritage deserves upcycling aiming at
the reduction of energy consumption and adjustment to nowadays living standards. We
present and analyse case studies of implemented thermal refurbishment designs, which
preserve the initial aesthetics of buildings. Selected designs come from the portfolio of one
of the article’s authors. Another element of the research is the study of energy audits used
to establish energy savings. They were as follows:

We calculated exemplary (presented in the article) heat transfer coefficients through
construction partitions for the block by Nankiera reduction. We used a simple proportion
formula to calculate the thermal transmittance U reduction-between initial and designed
values:

initial U — 100%
the designedU — x%

And

the designed U * 100%
initial U

Afterwards, we obtained the final value by subtracting x from 100%. The outcome
was as follows:

e  external walls—61.53%
e  roof—88.2%.

e  Bilka [23] conducted the external energy audit for the initial and design phases.
It concerned modification of possible building compartments, ventilation,
change of form of heating, etc. The Author [23] analyzed different variants and
selected the best one for the investor and the design studio. Based on this docu-
ment, the shape factor A/V was (and is) 0.47. Improvements of mentioned pa-
rameters influenced calculated thermal power of the heating system, which ini-
tially was 46.66 [kW], and after designed refurbishment achieves 17.52 [kW].
The annual heat demand index to heat the building (without taking into account
the efficient heating system and heating interruptions) was 224.54 [kWh/(m2
year)] and is 74.57 [kWh/(m2 year)], [23]. The Author shows other savings from
decreasing heat transfer coefficients for windows—avg. 37%, doors and gates—
34.6%, the slab over a passage—91.6%. We expect these parameters once all the
construction works are finished according to the recommendations. Data from
our calculations and external audits show substantial improvement in building
energy performance. At the same time, due to the preservation of the initial
structure and adding heat isolation and new coatings, the cost is low. The heat
transfer coefficients, through construction partitions, were reduced by a range
of 34.6% to 91.6% (dependent on the element).

¢  The calculated thermal power of the heating system was reduced by a range of
26.6-62.4% (dependent on the case study).

e  The annual heat demand index to heat the building (without taking into account
the efficient heating system and heating interruptions) reduced by a range of
33.4%-66.8% (dependent on the case study).

These numbers prove that a thermal refurbishment of modernist heritage buildings
holds great potential to reduce overall energy consumption in the built environment.
Moreover, we show the building solutions that led to the substantial reductions.

For the commercial pavilion at Grunwaldzki square, the values of the heat transfer
coefficients” decrease are as listed:

e  external walls—46.15%;
e  1roof—88.2%.
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As in the previous case for the residential blocks at Grunwaldzki Square, the energy
audit was conducted by Zurawski [24]. It considered both the pre-design and post-design
states, including heating and ventilation cases. Initial shape factor A/V was (and is) 0.26,
and the heat transfer coefficients through partitions construction (if construction finishes
according to plan), should be reduced by: wooden windows —48.4%; steel doors (commu-
nication) —57.4%; the slab over a passage (boards) —79%.

It will influence the calculated thermal power of the heating system, which initially
was 425.83 [kW] and after refurbishment achieved 313.20 [kW]. The annual heat demand
index to heat the building (without taking into account the efficient heating system and
heating interruptions) was 158.92 [kWh/(m2 year)] and will be 105.90 [kWh/(m2 year)],
[24]. The data show improvement in building energy performance.

For the residential buildings at Grunwaldzki Square, values of the heat transfer coef-
ficients” decrease are listed:

e  external walls—63.78%;
e 100f—20%.

For the restaurant pavilion in the Centennial Hall complex the changes are the fol-
lowing;:
e  external walls—73.91%;
e  Roof was re-designed.

5. Conclusions

As stated in the paper, thermal insulation is a crucial issue in the renovation process
of modern fagades. For instance, the thickness of the insulation layer can change a depth
ratio of a wall and a window. The incorrect proportion has a damaging effect on the formal
expression of architecture. Some available insulating systems may be more effective than
traditional insulations, but new solutions are usually still too expensive to apply and
therefore are rejected by clients—as was the case in all the analysed examples. The archi-
tects need to consider not only the low budgets offered for the insulation of post-war
buildings, but mainly the reluctance of the public and clients to treat them as a proper
heritage buildings.

We believe that a substantial number of buildings from the Modern Period deserve
renewal. They need inclusion in the architectural and cultural heritage of European cities.
What is more, minding that many of that substance is residential, it can fulfil its purpose
for years to come. We hope that the article can become part of the discussion and an example
of practical solutions in line with sustainable striving and current European Union policies.
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