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ABSTRACT:

One of the targets of EU Directives on the energy performance of buildings is to reduce the energy consumption of the
existing buildings by finding efficient solutions for thermal rehabilitation. In order to find the adequate solutions, the first
step is to establish the current state of the buildings and to determine their actual energy consumption. The current paper aims
to present the energy demands of the existing buildings with bearing structure of large precast concrete panels in the city of
Timisoara. Timisoara is one of the most important cities in the west side of Romania, being on the third place in terms of size
and economic development. The Census of Population and Housing of 2011 states that Timisoara has about 127841 private
dwellings and 60 percent of them are collective buildings. Energy demand valuesesfstiteg buildings with bearing

structure of large precast concrete panels in Timisoara, in their current condition, are higher than the accepted values
provided in the Romanian normative, C107. The difference between these two values can reach up to 300 percent.

1. INTRODUCTION km? on urban areas as far as population density in Romania
is 92 inhabitants/ k(The Census, 2011).
1.1. General Instructions
) ) ) In urban areas, more than 60 percent of the inhabitants live in
According to The Census of Population and Housing  coiective buildings. Most of the collective buildings have
of 2011, in Romania, from the total of 20121641 peqring structure of large precast concrete panels and were built
inhabitants, 54 percent live in urban areas. Romania petween 1962 and 1992. It is estimated that Romania has

has a surface of 237500 krand the urban areas  gnproximately 57000 buildings with bearing structure of large
represent approximately 10 percent of this surface, precast concrete panels (Pescari, 2015).
meaning that the population density is 153 peoples/
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The current paper aims to present the energy desraind The second standard project, T770-IPCT emergedsatution
the existing buildings with bearing structure ofgla to the 1977 earthquake. Compared to the T744-IPCJegiro
precast concrete panels in the city of Timisoara. the thickness of the structural layer of the pameds higher. It
Timisoara is one of the most important cities ia tiest  was the first time when the panels and buildinggeneral were
side of Romania, being on the third place in terfrize ~ designed taking into account the seismic hazard.
and economy.
The third standard project, T1340-IPCT, is considdarme be a
The Census of Population and Housing of 2011 stateombination between T744-IPCT and T770-IPCT. The
that the city of Timisoara has about 127841 privateonfiguration of the panels was similar to T744-IP@dnels
dwellings. Most of these dwellings are residerttialises  but the thickness of the panels was higher. Thirsl tstandard
and apartments in different types of collectiveldings.  project was the last attempt of buildings with lregustructure
In Timisoara, the collective buildings represend@h60  of large precast concrete panels in Timisoara.
percent from the total number of dwellings. Also, in addition to these three standard projeinpsed by
IPROTIM and used in Timisoara, there were severhkrot
Even though Timisoara is considered a modern cityprojects, called special standard projects. Thet mesd special
most of the buildings dates since 1962. Then, taenm project was the T863-IPCT project. The only diffaren
goal was to build as faster as possible and toigeoas between this one and the three standard projectgioned
many dwellings as possible. In order to satisfyrtheds above is the typology of the section. T863-IPCT m®wn to
of that time period, the easiest way was to budthg  have extremely large rooms compared to other spsgias of
precast elements. Therefore, all the collectivddings  projects. Were used large panels, most of them avidngth of
built during 1965-1992 are buildings with bearing4.40 m while for the other three project the latgemnels had
structure of large precast concrete panels. only a length of 4.00 m, except for the project GIRPCT
design in 1977, for which the interior panels hatergth of
5.10 m (Botici A, 2014).
2. BUILDINGSWITH BEARING STRUCTURE
OF LARGE PRECAST CONCRETE PANELSIN All the standard projects are divided in typologgctions
TIMISOARA depending on the specific needs of each zone. fdrereone
standard project has ten or more different horialorand
According to the Development Site Plan of the cityvertical sections. These sections are called “Rtics® or Db
between 1972 and 1985, in Timisoara were builsection”.
approximately 4200 buildings of five storeys with
precast panels. The number of buildings was estaddi  As stated above, in Timisoara were three types retglent
using the Development Site Plans, and was verlfigd standard projects, but depending on the sectionldgp, in
counting the buildings from each street. It wasckle  Timisoara are more than 50 different sections, @5etion for
only 60 percent of total number of streets in Tmai®, each of the three standard projects.
therefore 3640 is an estimated number, and ther erro
might be somewhere between 50-100 buildings. The

buildings were built using standard projects depetb 3. ENERGY BALANCE PARAMETERSOF THE
by IPCT and used in all of the Romanian cities. Aler BUILDINGSWITH BEARING STRUCTURE OF LARGE
while, these projects were adapted for different PRECAST CONCRETE PANELS

conditions required by each city.

In order to evaluate the energy balance, the fitsp is to
For Timisoara, the standard project IPCT was matlifie determine the geometrical parameters: the envalopensions,
and adapted by IPROTIM. the heated floor area and the thermal parametergshef
The Development Site Plan from which was estabtisheenvelope. The thermal parameters refer to the thlenransfer
the stock of buildings with bearing structure ofgla  resistance/heat transfer coefficient, building pqent and
precast concrete panels in Timisoara, was design kglimate data (Mc001, 2006).
IPROTIM.

The energy balance was made using the Romanian tieema
According to the work plan, in Timisoara were adapt According to this, the area of the envelope elemenas
three standard projects: T744-IPCT, T770-IPCT andalculated considering the interior dimension of #lements.
T1340-IPCT. Therefore, the heated floor area is the sum ofl@lrs areas

bounded by exterior walls. For the vertical envel@lements
The first standard project was T744-IPCT, which wasvas took into account the geographical orientafion each
used between 1962 and 1977. T744-IPCT took intexterior wall, exterior doors and windows. Also, ander to
account only vertical loads and for this reason theerform the energy balance for different typolodybaildings
precast panels were relatively too large and tlekless ~ with bearing structure of large precast concreteefs were
of the structural layer of the panel was too louscAthe  used two hypothesis: first is that the staircaskeiated for all
reinforcement area was too low (Botici A, 2012), {Biot the buildings and the second refers to the geograph
A, 2014). orientation, so the main facade is facing westosdary facade

is facing east and the lateral fagcades are fadintprmand south.
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The evaluation was made using the exterior clidata 3.1.1. Geometrical parameters. The analysed building has
in Timisoara area. It was considered an exteriortavi 27.42 m length, 10.00 m width and height of 15.06 m
temperature of -I%C and a heating period of 197
days/year (Tudor, 2010) (Moga, 2009). According to the Romanian methodology and using the
hypothesis that the staircase is heated, the hda@darea is
Was analysed the first typology for each standard271.42 r(254.28 rifloor) and the heated volume is 3436.98
project, thus: m®. The envelope elements are: exterior walls, wirglow
exterior doors, roof terrace and the floor above timheated
- For the standard project T744-IPCT, it was chdsen basement.
typology Db1l. This one was the most used for Ta4d|
even though it was designed in 1962, has undergoriEne envelope elements have the following dimensions
several changes over time;
- Exterior walls: west fagade 251.7%;reast facade 274.23m
- For the standard project T770-IPCT, it was chdben south facade 62. 48%mand north fagade 62.48m
typology Pb4. The first typology for T770 was Pibiit - Windows and exterior doors: west facade 110.34emst
this typology was not used in Timisoara. The Pb2 facade 87.84 fsouth fagade 20.50%mand north facade
typology was a combination between Pbl and the 20.50 nf;
standard project T744-IPCT. Only a few buildings ever - Roof terrace 254.28
built using the Pb2 typology. The most used typplfay - Floor above the unheated basement 25428 m
T770-IPCT project in Timisoara was the Pb4 typology.
3.1.2. Thermal parameters: The thermal parameters refer to
- For T1340-IPCT was chosen the standard typologythe thermal transfer resistance/heat transfer icteit for each
This type of standard project was a combinatiowbeh  element of the envelope and to the climate data. &tterior
T744-IPCT and T770-IPCT and it was used to create walls are made from precast panels composed bg tlifierent
connection building to link two buildings togetrmr the  layers with different functions.
street corner.
The interior layer is the structural layer made reinforced
3.1. Thestandard project T744-1PCT concrete with a thickness of 110 mm. The secondr)agiso
known as the middle layer of the panel is the tlaiimsulation
The buildings made using this standard projecttaee |ayer with a thickness of 100 mm made of autoclaselbilar
most common prefabricated buildings in Timisoatae T concrete. The last layer with the protection roladm of
typology Dbl is the most representative typology fo concrete has a thickness of 60 mm.
T744-1PCT, being considerate the skeleton for th&4¥7
IPCT project (Catalogue type, 1970). The roof is also from precast panels and is madig@br more
) S ) layers. The most important layers from the therneaistance
This type of precast building is a five storey starle  point of view are the reinforced concrete layerrwi30 mm
with an unheated storage basement. The roof is afjckness, the autoclaved cellular concrete layin 00 mm
uncirculated terrace roof. The building has 4 apertts  thickness and the protection concrete layer with mn
on each storey, 3 apartments with 2 rooms and fhickness. The others layers from the roof arenthterproofing
apartment with 3 rooms, except for the ground floor|ayer with 6 mm thickness and the support layer enfram
which has 4 apartments with 2 rooms, as it carebe cement plaster. The floor above the unheated bateise
figure 1. composed of two layers, 130 mm reinforced condaster and
20 mm parquet layer and it was not provided witkriiel

B . s ‘ : insulation layer.

5 ? All the windows of the building were changed to disuglazed
B 1 windows. The thermal resistance and heat transfefficient
| 'w FErT for each element of the envelope are presenteaabie 1.

. I Element R-value U-value

: [m?K /W] [W/m?K]
Exterior walls 0.450 2.222

Figure 1. The standard project T774-IPCT Db1; Terrace roof 0.620 1.612

horizontal section of the current floor on the left Floor above 0.297 3.367
horizontal section of the ground floor in the migldind ba_S‘ﬂmem

vertical section on the right Windows and
exterior doors 0.380 2.631

Table 1. Thermal parameters for T744-IPCT Dbl
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3.2. Thestandard project T770-IPCT 3.22. Thermal parameters: Like T744-IPCT, the exterior

walls are from precast panels. The interior lagehe structural
This type of project was designed and adopted #fr |ayer, made of reinforced concrete with a thicknefs§25 mm.
1977 earthquake. The most representative typology f The second layer located in the middle of the pasethe
this standard project was Pb4. Like T744-IPCT Dhis t thermal insulation layer made of 85 mm of EPS. €kterior
type of precast building is also a five storey slee  |ayer made of concrete with a thickness of 60 mra tre
with an unheated technical basement used for storagprotection role. The stratification presented whs originally
The roof is an uncirculated terrace roof. The bodchas  planned in the project and it was used only foewa buildings.
4 apartments on each storey, 4 apartments witto@isp  Afterwards, the stratification was changed: the rrie
except the ground floor, which has 3 apartments, fsulation layer was changed to an autoclaved legltoncrete
apartments with 3 rooms and 1 apartment with 4 om jayer or to a combination between EPS and minecallwFor
as it can be seen in figure 2 (Catalogue type, 1978)  the energy evaluation, was considered almost tie shermal
resistance for all used panels. The roof, the flabove the
unheated basement and windows are the same deefprdject
T744-1PCT Dbl. The floor over air has the same gumétion
like the floor above the unheated basement. Thetgefthe
thermal transfer resistance and heat transfericieft for each
element of the envelope are presented in table 2.

Element R-value U-value
[m?K /W] [W/m?K]
Figure 2. The standard project T770-IPCT Pb4; Exterior walls 0.979 1.021
horizontal section of the ground floor on the left, Terrace roof 0.620 1.612
horizontal section of the current floor in the nigldnd
vertical section on the right Floor above basement  0.297 3.367
) ) Floor over air 0.297 3.367
3.21. Geometrical parameters. This type of precast :
building has 27.87 m length, 14.20 m width and heig | Windows and 0.380 2.631
of _15.00 m. Accordi_ng to the Romqnian n_ormative anc‘i exterior doors
using the hypothesis that the staircase is heated,

heated floor area is 1685.8G (831 nf for ground floor

and 338.70 A upper floor) and the heated volume is Table 2. Thermal parameters for T770-IPCT Pb4
4435.40 M. The envelope elements are: exterior walls,

windows, exterior doors, roof terrace, floor ovér (&

the floor above the secondary building entrance)tae  3.3. The standard project 1340-1PCT

floor above the unheated basement. ) ) ) ) o
This type of project is not common in Timisoara. eTh

The envelope elements have the following dimensions Prefabricated building made using this typology known as
the corner buildings because the project is a coation

B Exterior walls: west facade 303.6&:meast between T744 and T770 used to enclose a cornerirniégor
facade 339.20 fnsouth facade 137.18%mand configuration (the apartments and the staircasieisame with
north facade 137.18%n T770 configuration, the dimensions of the panetsthe same

- Windows and exterior doors: west facade with T744 panels’ dimensions and the layers offhaels are

129.48 rf; east facade 113.012nsouth facade almost similar with the layers of the T770 panels.
36.72 n3 and north facade 36.72m

- Roof terrace 338.70 M Like the other two types of project, T1340-IPCT lsoaa five

- Floor over air 7.70 fa storey structure with an unheated technical basemsed for

- Floor above thé unh’eated basement 331.00 mStorage. The roof is an uncirculated terrace rdodtglogue
type, 1978).

Unlike the other two types of buildings presentéd\e, this
one does not have a regular configuration.

The building has 4 apartments on each storey, Arapats with
2 rooms, except the ground floor, which has onbpartments
with 2 rooms, used as an office room and a dryemiaas it can
be seen in figure 3.
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4. ENERGY DEMANDS

- L
o -1-35 4.1. Energy demands of buildings with bearing structure of
% ’\g large precast concrete panels

A For the energy consumption evaluation of existingldings
was used the Romanian software tool Doset-PEC designd
used for buildings energy evaluation. It was depetb by
DOSETIPMEX from Timisoara, in accordance with Ronaani
normative requirements. To evaluate the energy ddmathe
. . software mentioned above needs the following infdiom: the
33.1.  Geometrical parameters: This type of precast noated floor area, the heated volume, the dimensiothe
building does not have a regular configurationréf®@e o 60pe elements; the thermal resistance of dafeat of the
the dimensions of the building are:  21.79 m lengthenyeiope, the type of the windows, the number babitants,

10.58 m width on one side and 17.18 m length, 10160 (¢ heating system, the climate data and the exteinperature
width on the other side. This dimension are preseir (Prada, 2009).

figure 4. The height of the building is 15.00 m
According to the Romanian normative and using the Tnerefore:
hypothesis that the staircase is heated, the hédlaied

area is 1275 M(255 n¥/ floor) and the heated volume is
3279.30 M The envelope elements for this type ofihe
building are: exterior walls, windows, exterior dso
roof terrace, floor over air (is the floor aboveeth
secondary building entrance) and the floor abowe th
unheated basement.

Figure 3. The standard project T1340-IPCT; horizbnta
section of the current floor on the left, horizdrgaction
of the ground floor on the right

-The heated floor area, the heated volume, thmemsion of
envelope elements, the thermal resistancechf @ament of
the envelope and the type of the windows were d®etrin

chapter 3 for each type of typology;

-The number of inhabitants is used to evaluateehergy
for domestic hot water. Were considered 2 persamnsohe
apartment which is equivalent with an occupancyeinaf
0.077 for Timisoara according to Romanian normative;

The envelope elements have the following dimensions
- Exterior walls: west facade 225.08;reast
facade 224.54 fnsouth fagade 135.25%mnd
north facade 174.25%n
- Windows and exterior doors: west facade
80.34 nf; east F1|‘nac;ade 80.88%rand south
facade 39.00
- Roof terrace 255.00 M Project T74St')'lp cT T77F?I;'ECT 1340-IPCT|
- Floor over air 7.70 ) :
- Floor above the unheated basement 25500 m|  Heating
[kWh/mPyear] | 281.90 240.80 212.90

3.3.2. Thermal parameters. The characteristics of the | Domestic hot

- It was used the climate data for Timisoara, olvhis in
climate zone 2. The obtained results are presentedle 4.

envelope elements of this typology are the samie thit water 73.40 70.10 74.60
characteristic of the T770-IPCT Pb4 envelope element [kW.h/mlzyear]

except for the thermal insulating layer from thetical Lighting

panels (walls), where, instead of the EPS layeB®f | [KWh/m’year] 11.00 11.00 16.10
mm, it was used an 80 mm layer of mineral wool. Total energy

consumption 366.30 321.90 303.60

The mineral wool layer is affected by condensatiod | [KWh/myear]
by aging. The thermal transfer resistance and heat . ) )
transfer coefficient for each element of the enpelare  Table 4. Annual energy consumption for differeidipgies of

presented in table 3. buildings with bearing structure of large precasiaete panels
in Timisoara
Element R-value | U-value _ . )
[M2K /W] | [WImK] As it can be seen in table 4, the greatest diff@emetween the
Exterior walls 1.140 0.877 three types of projects are on energy consumptiohdating.
Terrace roof 0.620 1612 Such differences are due to the different therrasistances of
Floor above basement 0.297 3.36[7 the elements of the envelope.
Floor over air 0.297 3.367 As it was described above, the terrace roof, tberfabove the
Windows and exterior 0.380 2.631 technical basement, the windows and the exteriarsitave
doors the same thermal resistance. The only differencesaa the
composition of the exterior walls. The low thermadistance of
Table 3. Thermal parameters for 1340-IPCT the exterior wall for the building built in compfiae with T744-
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IPCT project, Dbl, has a significant impact on thebuildings built in compliance with the standard jpots are
energy consumption for heating. higher than the accepted values provided in C10mative.

According to table 4, the energy consumption faatimg  In table 4 are presented the heating demand vdhreshe
accounts for about 75 percent from the total energgtudied buildings, the accepted heating demand esalu
consumption. The energy demand for heating are9p81. stipulated in C107 normative and the ratios betwéea
kWh/myear for the standard project T744, Db1, 240.8Cenvelope area and the heated volume (A/V).

kWh/mfyear for the standard project T770, Pb4 and

212.90 kWh/rfyear for the standard project 1340. The Heating d d Accepted
heating energy for each building built accordingttie eaurrg er?an heating
three standard projects are 345700 kWh/year, 405940 Standard | Ratio va ug_s((j) demand
kWhlyear and 271447 kWh/yeavhich means 100.50 project AV bSt.Llj d.'e values
kWh/mPyear, 91.53 kWh/ryear and 82.77 kWhfiyear. le:]' ! 'ngs [kWh/m®yea
4.2. Heating energy demand according to Romanian [ mryear] r]
normative and the heating energy demand of the
buildings with bearing structure of large precast T744,Dbl | 0.41 100.58 23.00
concrete panels

) . . T770,Pb4 | 0.43 91.52 25.50
In Romania, the thermo technical calculation and th
verification of heating energy consumption in tresign T1340 0.45 8277 26.00
phase of a building is made according to C107 code

which is the Romanian normative on thermo-technical
calculation of structural components of buildin@107,
2005).

Table 5. Heating demand values

5. CONCLUSIONS
The C107 normative establish a maximum value for

heating demand depending on the ratio between th@ Timisoara, more than 60 percent of the inhabtdive in
envelope area and the heated volume of a buildioth  collective buildings. Most of the collective buildjs have
for new buildings and foexisting ones, as seen in the pearing structure of large precast concrete pamelswere built
chart below (figure 4). between 1962 and 1992. It is estimated that Timéisdms
approximately 3640 buildings with bearing structwfelarge
precast concrete panels which were built usingettstandard
projects: T744-IPCT, T770-IPCT and T1340-IPCT between
1962 and 1992.

QM(kWhim=an)
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Nowadays, the energy demands for such buildingsemehigh
and this causes important financial problems feritthabitants
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The total high energy demand is due to the hightitga
demand. To evaluate the energy demand, first wealysed the
geometrical and thermal parameters and then waswachthe
energy balance for each standard project. For @& raccurate
The line 1 from the chart above represents thepaede E\Jﬁg‘i?ggn‘ was considered an age of 30 yearshioanalysed
Eg?;'rzg Jd;nmug:]; \l/alggi {0;:%3'?;:'[:?:ebuz'ldr'ggrsggs tFoIIowing the evaluation, was concluded that thating energy
accepted heating (’1emand values for residenti&dibhgs Q:onsumption Is respons.,ible for about 75.percen’nore from
designed after January 1, 2011 (NP062, 2002) total energy consumptionFor example, if the total energy
' ’ : demands for T744 standard project, Dbl, is 366.8M/k?
r}/gear, the heating energy demand represents 28Waniyear.

Figure 4. The accepted heating demand values for
residential buildings

It can be seen that the maximum acceptable heati
demand value for existing buildings is 48.5 kWh/ear,
therefore the values of heating demand for theyagdl
80
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heating demand. The maximum accepted value is 486107, 2005, Romanian normative on thermo-technical
kWh/mPyear or lower, depending on the ratio betweercalculation of structural components of buildings.

the envelope area and the heated volume. The beatin

demand values for collective buildings with bearinglndicative NP 060-02, 2002, Standard on hydro-tieeseiting
structure of large precast concrete panels in Tiams energy performance of existing residential buildémyelope in
are much higher than the accepted values. order to carry out thermal "Indicative NP 060-02.

The heating energy for T744 standard project, D1, Mc001, 2006, Methodology regarding the evaluation of
100.50 kWh/riyear, for T770 standard project, Pb4, isbuildings energy performance.

91.53 kWh/myear and for T1340 standard project is
82.77 kWh/myear. The maximum accepted values for
this three projects are 23 kWhHlyear, 25.50
kWh/mPyear and 26 kWh/fyear.
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