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regarding the design and energy requirements of an
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Abstract

In Romania, the energy performance design of buildings and related facilities is made on
the hypothesis of standardized conventional climate data determined based on statistical
average values. The Romanian territory is divided in five different climate zones that
have different exterior climate parameters. This paper evaluates to what extent the energy
demand vary in case of a residential building already built in the climatic zone II if it
transposed to each of the other four climatic zones of Romania. Thus, the study starts
from a baseline case of an energy-efficient building, designed and built in compliance
with the principles of the passive house standard, in Timis County. Also, another purpose
of this study is to establish U-values for the envelope elements, necessary to achieve the
passive house standard for each of the five climate zones, in the conditions of the
architecture and building services chosen for the already built house in the climate zone
II. The energy performance calculations indicate different energy requirements for each
of the five climatic zones, except the results for the climatic zone III and IV which are
very similar. This paper emphasizes de particularity of the energy efficient design related
to the climatic zone and the need of a careful planning in order to obtain the desired

energy efficiency at a cost optimal level.
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1. Introduction

One of the current global problems is the need to reduce the energy
consumption in order to prevent conventional natural resources depletion and
environmental pollution. According to the statistics of the International Energy
Agency (IEA) for energy balance for 2004-2005, the major part of the total final
energy use globally is in the building sector (residential and commercial) (IEA, 2008).
Thus, the energy consumption in the building sector represents an important category
of the total energy consumption at a global level. At the level of the EU, the residential
sector accounts for about a quarter of the final energy consumption, according to
another important document issued by the European Commission (EC, 2014). The
gradual reduction of the energy need in the European Union represents a necessary
strategy in order to reduce the greenhouse gas emissions and also European Union
dependency on the imported energy. The building sector is identified as the one with
the highest potential for reducing the energy consumption. In 2006, the estimated
potential for energy saving was 27% for residential and 30% for commercial buildings
(EC, 2006). The European Union published the Energy Performance of Buildings
Directive EPBD as a legislation regarding the energy performance of the buildings for
the European member states and aims to promote improvements in the energy
efficiency of a building (EBPD, 2010).

In Romania, the highest percent of the total energy consumption of a building is
registered for heating. This fact proves the high potential for the implementation of
energy efficient solutions in the rehabilitation of existing buildings and also the
importance of developing more accurate standards and energy efficiency solutions for
the design and construction of the new buildings.

Throughout the world, different approaches of energy efficient buildings exist
with the attempt of providing validation for low energy buildings (Dequaire, 2012).
Were developed several energy efficient buildings standards and requirements on

energy and energy efficiency. These standards and requirements have the purpose to
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guide building norms and standards in each country and contribute to the
implementation of the necessary actions. Due to the diversity of climatic conditions,
available technologies and practices among European Union countries, the manner and
extent of implementation of energy efficiency in buildings are regulated in each
country.

An already well known energy efficient design standard is the passive house
concept. In order to achieve the passive house standard, a house must have an annual
heating/cooling requirement for at most 15kWh/m2/year and a total energy footprint of
less than 120kWh/m2/year (Feist, 2007). A passive house combines high-level
comfort with low energy consumption. Passive components like insulation,
advantageous orientation, heat recovery, air tight envelope are the key elements. The
high level of thermal insulation, heat recovery system and solar gains provide a
comfortable indoor environment without the need of a conventional heating system.
Thus, a passive house doesn’t need to be heated actively to a large extent and the
additional necessary heat is frequently supplied by heat pumps (Ochs 2012).

This paper presents aspects related to the design using passive house design
procedure of an energy efficient building in Romania, focusing on the particularity of

the Romanian climatic conditions.

2. Method

2.1. Details for the residential building subjected to energy demand evaluation

2.1.1. Architectural aspects and energy efficient design

The residential building subjected to study was designed and built applying

passive house measures and is situated near the city of Timisoara. The construction of

the house was finalised in 2011 and ever since is continuously monitored through a

complex monitoring system that registers data related to energy consumption and
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comfort parameters. The studied residential building is a semidetached house with a
treated floor area of approximately 140 m?. Fig. 1 shows the geometry of the studied

house.
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Fig. 1. Horizontal architectural plans for the studied house (ground floor, first floor)

From an architectural perspective, the house presents a compact form indicated
by the thermal envelope surface area to volume (A/V) ratio of 0.89 m*m? and by the
heat loss form factor of 2.77. The heat loss form factor is an alternative to the A/V
ratio and describes the ratio of the thermal envelope surface area to the treated floor
are. Achieving a heat loss form factor of < 3 is a useful guideline when designing an
energy efficient house such as the passive house (BRE Trust). Also, the building has
considerable glazing surfaces for the south oriented facades in order to assure solar
heat gains during the cold season.

The U-values of the enclosure elements are below the value of 0.15 W/(m?K)

recommended by the Passive House Institute. The use of external insulation provides a
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major advantage in reducing thermal bridges at geometric junctions. The vertical
surfaces were complemented with general thermal insulation consisting of polystyrene
plates of 300 mm thickness, while only 150 mm of thermal insulation was provided for
the upper part of the parapet. The roof system is a non-traffic terrace with a slope of
2%, which incorporates 425 mm thick thermal insulation. Table 1 contains information
related to the characteristics of the envelope elements of the house. The ground floor
was insulated with polystyrene plates of 400 mm thickness. Polystyrene plates of 150
mm thickness were applied from the foundation beams upwards in order to reduce heat

losses through ground.

Table 1. Characteristics of the envelope elements

Envelope Surface area Total thickness U-value
element [m?] [m] [W/(m?K)]
Exterior walls 158.55 0.588 0.10
Ground floor 86.70 0.887 0.09
Roof terrace 96.60 0.924 0.08
Floor over air 6.80 0.680 0.07
Windows 41.87 - 0.90

In the construction phase of the house, an airtightness test was performed using
the Blower Door procedure obtaining an air change rate of 0.60 h'!. The passive
heating strategy of the house is based on the passive solar design and ventilation
through a canadian well. The passive cooling strategy during summer is also based on
the ventilation through the canadian well, solar protection and shading systems and
night ventilation by opening windows.

The building is equipped with an efficient system providing ventilation,
heating, cooling and domestic hot water. The system consists in a heat recovery
ventilation unit that features an underground heat exchanger for fresh air input, an air-

water heat pump, a 2.5 square meter solar collector. The heat is distributed in the
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living areas through fan convectors mounted in the ceiling. All equipment installed in
the building uses electricity thus facilitating an accurate and clear evaluation of the
building’s total energy consumption.
The monitoring process was initiated in 2012. Figure 2 shows a recent diagram
obtained from the measurements of the passive house monitoring system during a

year. This graph shows the daily mean temperature inside the house and the daily

mean exterior temperature for a year of monitoring.
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Fig. 2. Temperature measurement for the passive house

Analysis of the graph in Figure 2 shows that the interior air temperature is
maintained at values between 20°C and 22°C for the winter months, indicating
adequate thermal comfort. Yet for the summer months, there were days when the daily
mean temperature was higher than recommended, meaning the house slightly
overheated during the sunny summer days. The causes of the overheating are the lack
of shading systems for the windows and of an active cooling system, the house being
cooled during the night through windows opening and during the day through the
Canadian well. Despite the overheating of the house during the summer days, the users

of the house did not claim any major discomfort.
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2.1.2. Structural characteristics of the house

As Romania is a highly active seismic country special structural requirements
and detailing are imposed by codes. The structural system of the house was designed
in conformity of P100/2006 (P100, 2006) Romanian standard, which is a more severe
as equivalent European code EN 1998-1. Based on these requirements the structure
was designed for a peak ground acceleration of ag = 0.16g, corresponding to the
location of the house. The structural system of the house is a commonly used system
in Romania and is composed of masonry structural walls of 250-mm-think ceramic
hollow bricks, confined with reinforced concrete horizontal and vertical ties to meet

seismic regulations.

Fig. 3. Pictures from the construction site of the residential house

The infrastructure consists of isolated concrete blocks connected with
foundation beams that facilitated the thermal insulation of the entire ground floor. The
roof of the house is a non-traffic terrace with structure of wooden beams. Figure 3

shows pictures taken during the construction of the structural system of the house.
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2.2. Climatic parameters used to determine the energy performance of the building

The climatic parameters represent essential values in order to assess the energy
performance and efficiency of a building and its equipment. Thus, the values for
specific climate parameters are needed to assess the energy performance of new and
existing buildings and also sizing the energy efficient envelope and equipment of the
building. Information related to the climate data used in the energy use for space
heating and cooling computation in Romania is presented in the Romanian
methodology Mc001 (Mc 001, 2006). The first classification on climate zones was
made using the weather parameters specific to the years 1961-1988. The update of the
climate data implied the analysis of the weather parameters for two representative
climate intervals 1961-2008 and 1994-2008. Currently, the Romanian territory is
divided in five climate zones characterised by conventional exterior temperatures used
for the buildings heating load calculation. For the purpose of this paper five

representative towns for each climate zone were chosen (Table 2).

Table 2. Representative locations for each climate zone

Climatic zone City
I Constanta
1T Timisoara
I lasi
v Targu Mures
\% Sfantu Gheorghe

The monthly average temperatures and intensity of global solar radiation for
each location were used in the energy requirements calculations performed by quasi-
steady-state method.

Figure 4 shows a graph with the variation of the monthly average exterior

temperature during the year. We can observe the temperature differences between the
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five cities and also the close values for the temperatures in lasi and Targu Mures.
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Fig. 4. Monthly average exterior temperature [°C]

Similar to Figure 4, Figure 5 presents the variation of the total solar radiation
intensity during a year. The values for Constanta are the highest for almost the entire
year.
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Fig. 5. Monthly average intensity of solar radiation [W/m?]

A comparative presentation of the average annual temperature and the
maximum and minimum values of the parameters used in the calculations, for each

location for the five climatic zones, are presented in Table 3.
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Table 3. Climate parameters values for the studied climatic zones/cities

Climatic zone /city

|
Constanta

1
Timisoara

I
lasi

\Y}
Targu
Mures

Vv
Sfantu
Gheorghe

Annual average
temperature [°C]

12.4

11.4

10.3

9.4

7.7

Maximum
monthly average
exterior temp.
[°C]

23.8/July

22.5/July

19.8/July

20.6/July

18.9/July

Minimum
monthly average
exterior temp.
[°C]

1.4/Jan.

0.0 /Jan.

-2.1/Jan.

-2.5/Jan.

-3.7/Jan.

Maximum
monthly average
intensity of total
solar radiation
[W/m?]

136.6/Sept.

127.8/Sept.

122.1/Sept.

122.2/Sept.

128.7/Sept.

Minimum
monthly average
intensity of total
solar radiation
[W/m?]

70.7/Dec.

58.2/Dec.

56.5/Dec.

48.1/Dec.

53.6/Dec.

Thus, for the calculations the monthly method was applied using the dedicated

software tool Passive House Planning Package PHPP.

2.2. Evaluation of the energy requirements for the studied house using PHPP in case

of the five climatic zones in Romania

The first prerequisite on the road of realising a passive house consists in a well-

planned and documented design. Throughout time, the Passive House Institute has

presented different passive house building techniques and specific details that are
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suitable for the Central European Climate. However, it is not enough to solely apply
those solutions for buildings situated in other climatic conditions. A more detailed
design is necessary by performing simulations using the specific climatic conditions.
As presented earlier in this paper, in Romania can be identified five climatic zones,
each one characterised different exterior parameters such as temperature and solar
radiation. At the moment of the planning and design of the house discussed in this
paper, the energy use evaluation was performed for the climatic zone II, using the
specific climate data for exterior temperature and solar radiation for the city of
Timisoara. To achieve the desired energy efficiency, the design was performed using
the dedicated software tool Passive House Planning Package PHPP which is one of the
most frequently used design tools for passive houses and was developed by W. Feist at
the Passive House Institute in Germany. Passive House Planning Package PHPP is
based on European standards related to thermal protection of buildings and energy
performance calculations. PHPP is an Excel-based energy modelling tool that can be
used to design a passive house or to verify whether a building meets the Passive House
standard. The main advantage of the PHPP software is that all components for the
thermal envelope and the building services can be optimized to achieve the entire
maximum technical potential of the respective component (CEPH, 2011). The thermal
properties of the building envelope were required for computational analysis. Along
with the thermal properties and areas of the building components, parameters related
to the activities of occupants, window and wall orientations, shading and ventilation
are also necessary.

For the purpose of this study, the energy demand of the residential building was
also evaluated in the situations of the other four locations corresponding to the climate
zones of Romania. Therefore, for the same calculation model, different climate data
was used in order to assess the energy requirements in each of the other four locations.
Table 4 presents the results obtained from the PHPP simulations for each of the
climate scenario. As expected, for the first location, Constanta, the energy

requirements are the lowest due to the fact that the exterior temperature and solar
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radiation intensity are higher than for the second location, Timisoara, which represents
the location for which the house was designed for in the first place. The results for the
third location, lasi, and forth location, Tg. Mures, show close values for the energy
requirements. For the fifth location, Sf. Gheroghe, the energy requirement is the
highest, bear in mind that the weather parameters for this town are the most

disadvantageous.

Table 4. Results of the energy performance simulation using Passive House Planning Package

Climatic zone Heating energy Specific primary energy | Frequency of overheating at
demand 25°C during summer
[kWh/m?/year] [kWh/m*/year] [%]
I 10.4 99 30.6
Constanta
1 15.0 106 15.4
Timisoara
11 19.6 114 11.7
lLasi
v 20.6 115 7
Targu Mures
\%
Sfantu 23.4 119 2.4
Gheorghe

The energy requirements of the building transposed in each of the five climate
conditions vary from one location to the other. The highest difference is between the
results for the first location and the results for the fifth location, which are the
extremes in terms of weather parameters values. The lowest difference is between the
results for lasi and Targu Mures.

Regarding the frequency of overheating, for the climatic zones IV and V the risk
reduced even though shading and systems were not considered in the calculation for
neither of the scenarios. The Passive House Institute recommends a limit of less than
10% of the total number of occupied hours in a year for the frequency of overheating
events when indoor temperature is higher than 25°C. For the other three climatic zone,

the frequency of overheating exceeds the 10% limit, especially in the situation of the
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climatic zone I. In these cases, summer shading devices are required in order to

maintain a comfortable climate inside the house during the summer sunny days.

2.3. Required U-values to achieve the passive house standard for each of the five

climatic zones

The results of the PHPP evaluations show on one hand that the efficiency
measures applied for the climatic zone II are not enough to achieve the passive house
standard in the climatic zones III, IV and V for the studied house. On the other hand, it
can be concluded that in the situation of climate zone I for the location Constanta, the
energy efficiency measures might be less restrictive if the purpose is solely to achieve
heating energy demand under 15 kWh/m?. Thus, other series of PHPP simulations
were performed with the purpose of achieving the passive house requirement for each
climate scenario. For this purpose, the U-values of the envelope elements were
improved or reduced until the heating energy demand was <15 kWh/(m?year) for all
situations. For each location, maximum U-values were defined that are necessary to

achieve the passive house standard (Table 5).

Table 5. U-values necessary to fulfil the passive house requirements in the five climatic zones

Climatic zone/city Average U-value
[W/(m2K)]
I Constanta 0.216
II Timisoara 0.178
III Iasi 0.155
IV Targu Mures 0.149
V Sfantu Gheorghe 0.139
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The obtained U-values are relevent only for the situation of the studied
residential building. The requirements might be more or less restrictive depending on

the architecture/geometry of a building, orientation and also building equipment.

3. Conclusions

The purpose of this paper was to assess the influence of the climatic zone on the
energy requirements of a residential building designed as a passive house. For this
purpose, a case study was developed on the energy efficient residential house built in
Timisoara. The house was subjected to simulations in PHPP using different climate
scenarios corresponding to the five climate zones of Romania. The results indicated, as
expected, the lowest energy demand for the climatic zone I scenario and the highest
energy demand for the climate zone V scenario. The difference between the results for
the climate zone I and climate zone II scenarios is noticeable, although in both cases the
house fulfils the passive house requirement of heating demand less than 15
kWh/(m?year). The scenarios for climate zone III and IV have close results for energy
requirements but a significant growth is noticed compared to the baseline case scenario.
For the climate zone V scenario the difference from the baseline case scenario is even
more noticeable. These results of the PHPP simulations lead to the conclusion that the
residential house, as designed to achieve the passive house standard for climate zone II,
easily fulfils the criteria for climate zone I but for the climate zone 111, IV and V requires
additional energy efficiency measures. For the studied house, maximum U-values are
defined necessary to achieve the passive house standard in each of the five climate
conditions. Compared to the baseline case scenario, these U-values can be achieved
through an increase in the thermal insulation thickness or use of more efficient
materials, use of highly energy efficient windows. For the climate zone I scenario, the
energy demand results indicate that it is possible to increase the U-value compared to

the baseline case scenario and still fulfil the passive house heating demand criteria.
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As a future development of this study, specific solutions and energy efficiency
details will be developed and also economic calculations will be performed for each
scenario in order to compare the initial investments and also the life cycle costs. Also,
structural design aspects have to be considered taking in consideration the
corresponding seismic load for each location. For the locations chosen for this study,
only lasi has a seismic load higher than Timisoara. For this situation it is likely that

additional measures will be required to improve the seismic resistance of the building.
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Abstract: Considering the provisions of the new design codes P100/1-2013 and CR6-
2013 in this paper a comparison between structural responses for a building with
structural masonry walls made of vertical hollow ceramic blocks calculated according to
CR6-13 and P2-85 design codes requirements.
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1. Computation hypothesis

There has been realized two study cases for a building with 3 levels with confined
masonry structure, having the dimensions in plan about 16.35m with 8.85m and the
levels height of 2.75m. As a location Bucharest was considered which is characterized
by a peak ground acceleration a;,=0.30g and with the control period (corner period)
Te=1.6 seconds.

For the first study case computation vertical hollow ceramic blocks were considered; for
the external walls the thickness t = 30cm respectively for the interior walls t = 25cm.
The specific weight of the masonry was considered 1050 kgf/m?. The masonry is made
with a general purpose masonry mortar M5 and ceramic blocks with a standardized
compression strength f, = 10N/mm?, resulting the compressive strength of masonry
fi=3.65 N/mm? according to Table 4.2.b of CR6- 2013 code.

For the second study case were considered the same geometrical and weight ceramic
blocks. The masonry is made with a general purpose masonry mortar M5 (M50
according R=2.30 N/mm? (see table 3 of STAS 10109/1-82), shear resistance R¢= 0.16
N/mm? and characteristic strength for the main stretching efforts R, = 0.11 N/mm? (see
table 5 of STAS 10109/1-82).

For both study cases were determined the loads, level weights and the seismic base
coefficient.
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e The maximum ordinate for the elastic spectrum Bo = 2.50;

e The reduction factor for buildings with more than 2 levels A=0.85;

e The reduction factor which take into account the masonry critical damping
(E=8%) 1s n=0.88;

e The importance-exposure factor is yi=1.0 (current building type according to
table 4.2 from P100-1/2013 code;

e The behavior factor g=2.0 (according to paragraph 8.3.4(5) from code P100-
1/2013);

. : xAxn _ @ 2.5%0.85X0.88
e The global seismic coefficient c = y, B 29 — 1 x 23X085X088

9399 _ .28

e There was also calculated the horizontal levels seismic forces as F; =
it — (according to equation 4.5 from P100-1/2013 code).
j
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2. Establishing the 2D models for seismic computation

The building shows geometric and structural symmetry in the plan and meets also the
elevation conditions of regularity. It can be used to calculate it the equivalent static
seismic forces using two planar models; building - regardless of the used blocks type -
fit into the type 1.1 (Table 5.1. from CR6-2013 code). The two models are illustrated
below:
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Model plan de calcul - pereti ransversali
Modal plan de caleul - paret longitudinall
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Checking the structural walls density

Transverse Longitudinal
AXTHAXS =22 X (455X 030+ 235X | )\ A 4 AxC=>2x(2x03x2.175+3 x
0.30) =4.26m 0.30 x 2.50) = 7.11 m?
Ax2+ Ax4 => 2X_(3.40 X20.25+3.40X Ax B > 9% 0.25 x 3.30 + 0.25 x
0.25) = 3.40m 775235875 o2
Ax 3 —>8.85x0.25 = ' '
2.2125m2 ~ ~ ,
Total —> Avats =9.8725m* | 10% e
—p = 6.82% e

According to Table 8.9 from P100-1/2013 code for a 3 levels building located in a site
with the a;=0.30g, the minimum density of structural walls is pmin = 6.0% for confined
masonry structural system.

There were checked each wall p ratio (between the openings length and fullness masonry
length according to table 8.11 of P100-1/2013 code - checking were done for a site with
horizontal design acceleration a,=0.30g. Requirements: exterior walls p < 0.8, interior
walls p < 0.25 respectively.

Transverse Longitudinal
Ax 1 sau Ax 5 => lopenings = 1.75m | Ax A sau Ax C => lopenings = 4.50m
lmasonry= 7.10m Imasonry=11.85m
=>p = 0.246 < 0.80 (exterior walls) =>p = 0.38 < 0.80 (exterior walls)
Ax?2 Sau Ax 4 == lopenings = 180m lmasonry Ax B == lopenings = 200m
=7.05m lmasonry = 14.35m
=>p =(.25 < 0.25 (interior walls) =>p =0.14 < 0.25 (interior walls)

The conditions from code P100-1/2013 - Table 8.11 are satisfied.

Structural analysis models take into account the connections made between the wall
(cantilevers), which are made at every level by rigid floors (horizontal diaphragms) in
their plan. In this case, the shear distribution between the structural walls stemming
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came from the lateral displacement compatibility condition of the walls at each floor.
Spandrels effect is negligible.

The connections between the walls were modeled as compressed strut articulated at both
ends.

The walls were modeled as elastic rectangular bar (with respective values of the area,
the shear area and moment of inertia) at the + 0.00 fixed support.

With this model from the equal condition translational displacements using a computer
program for 2D analyses were calculated the sectional efforts (shear and bending
moment) on each wall.

Because the torsion components depend only on the geometry and geometric properties
of the walls, their values were considered proportional to those obtained by the method
of independent cantilevers.

Wall "" Wall "i+1"

The calculation scheme for compressed struts

Design values of shear and bending moment for each wall are given in the below tables
(for the transverse walls the values include increases from the torsional effect).

: Positive sense
First c .
level scismic action : Positive sense
pier Ved | Meg | VoM First seismic action
tf | tfim d level Ve I M Voo
> 136 pier Ed Ed Ed
T1 4 ' 3 "1 0.164 tf | tfim | Mk
10 L1 8.0 1455 0.176
T2 1' 54.7 | 0.185 L2 9.7 | 58.8 | 0.165
10 L3 9.7 | 58.7 | 0.166
T3 1648 | 0.164 L4 9.8 164.2 ] 0.153
6 30. | 284
T4 34. | 265. 0.130 L5 4 9 0.107
5 7
Transverse (including the torsional effects) Longitudinal (neglected torsional effects)

Further structural safety checks will be carried out using values obtained by applying
the cantilever sectional efforts attached to each level.
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3. The vertical loads for structural walls
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Total loads and compression unitary efforts on walls groups

Walls I Area | G gab | G masonry | G tevel | G 1™ level |G 2™ tevel | G 3™ level | 50 1™ level | G0 2™ tevel | G0 3™ tevel

groups | m’ |tones| tones |tones| tones | tones | tones |N/mm’| N/mm? | N/mm?
El 2 [2.6775| 7.69 | 8.84 [16.53| 49.58 | 33.05 | 16.53 | 0.185 | 0.123 | 0.021
E2 2 [1.3275]|3.163| 4.38 | 7.54 | 22.63 | 15.09 7.54 | 0.170 | 0.114 | 0.024
E3 4 | 1.525|584 | 503 [10.87| 32.61 | 21.74 | 10.87 | 0.214 | 0.143 | 0.019
E4 1 15.4375|20.88| 17.94 |38.83|116.48| 77.65 | 38.83 | 0.214 | 0.143 | 0.019

4. The capable bending moments calculation (1st level — Ceramic blocks masonry-
CR6-2013)

TRANSVERSAL
fi fy €| | A=txly | Gopuer | s=oo/fs | VBT DL | A | xe
Wall | Group ™ Y v parer oo xA| ° *
N/mm? N/mm? | m m m? N/mm? tone m | cm? m

T1 El 365 [1.9] 192 |0.30]4.55| 1.365 0.185 0.096 | 25.28 | 4.25 ] 6.15 | 0.585

T2 E2 365 [1.9] 192 |0.30]255| 0.765 0.170 0.089 13.04 | 2.25 | 6.15 | 0.302

T3 E3 3.65 |19 192 [0.25]3.40| 0.850 0.214 0.111 18.18 | 3.15 ] 6.15 | 0.505

T4 E4 3.65 | 1.9] 192 10.25]8.85] 2213 0.214 0.112 474 18.60]6.15]1.315

M4 (ZC)=
VEaw= Mrq (ZC
Mra (ZNA) Mra(A)=ls Au By Mra(As)* Mra | Mg VM| Ve Mra (ZO)x
Wall OBS Ve/MEg
(ZNA)

tm tm tm tm m-1 tone

T1 50.11 78.41 * 128.53 136.8 [NOK | 0.164 21.05
T2 14.66 41.51 56.17 54.7 | OK | 0.185 10.37
T3 26.32 58.12 84.43 64.8 | OK | 0.164 13.81
T4 178.55 158.67 337.22 265.7| OK | 0.130 43.79
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LONGITUDINAL
fi fq t lw A=t x Iy G0 parter s¢= oo/fq Neg= I Agt XRd
Wall | Group Y™ P cox A
N/mm? Nmm? | m | m m? N/mm? - tone m cm? m
L1 E2 3.65 1.9 1.92 03|22 0.653 0.170 0.089 11.12 | 1.875| 6.15 | 0.257
L2 E3 3.65 1.9 1.92 03|25 0.750 0.214 0.111 16.04 | 2.25 | 6.15 | 0.371
L3 E4 3.65 1.9 1.92 03|25 0.750 0.214 0.112 16.07 | 222 | 6.15 | 0.372
L4 El 3.65 1.9 1.92 03|33 0.825 0.185 0.096 1528 | 3.00 | 6.15 | 0.424
L5 E4 3.65 1.9 1.92 03| 7.8 1.938 0.214 0.112 415 | 7.50 | 12.05 | 1.152
Wall Mra (ZNA) Mra(As)=k Ast frafy— ( 2:;‘: (ﬁg ZNA) Mea | oo [VE/ME[Vea= Mra(ZC) X Ve/Mg
tm tm tm tm m! tone
L1 10.67 34.59 45.26 45.5| OK |0.176 7.96
L2 17.07 41.51 58.59 58.8 | OK |0.165 9.66
L3 17.10 41.51 58.51 58.7 | OK |0.166 9.69
L4 21.97 55.35 77.32 64.2 | OK |0.153 11.80
L5 135.92 271.13 408.05 284.9| OK |0.107 43.54

Conclusions available for the masonry structure made of ceramic blocks according
to design code CR6-2013.

The requirement of structural resistance to compression and bending is satisfied for the
whole building both directions.

* Transversely the T1 wall has insufficient strength Mrq=0.94 Mkq. Since this strength
is less than 15%, it is acceptable that the difference is covered by redistributing the total
resistance XMgrq = 1.15 ZMgq

5. The structural walls design shear strength computation
Failure mechanism by sliding in horizontal beds

The design slip strength in horizontal beds of confined masonry walls, Vrq is calculated
by adding:

* The design slip strength in horizontal beds of URM masonry panel corrected to take
into account the effect of confinement elements (Vra *);

* The design shear strength of reinforcement corresponding to compressed belt column
from the compressed wall edge (Vra2);

* The design shear strength of compressed belt column (Vrsc).

VRrda = VrRar™ + Vra2 + Vrse according to relation (6.35) from CR6-2013

Vrar* corrected strength calculation was made using the equation:
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*
VRd,l

Where NEd = NEd + O8VEd

1
YM

hp

lpa\n

hpan and lpan are the confined masonry panel dimensions.

In the following tables there used the notations:

1

Vaa = —fukotlag
Y™

V, = 0.4Ngq
The compressed belt column reinforcement shear strength where computed according
to CR6-2013, where for the longitudinal reinforcement of @14 fy4= 300N/mm?, 2"
strength category, and the stirrups of @8 fye= 210N/mm?, 1% strength category, it was
considered a Ac=0.25 (table 6.3 from CR6).
VRa2 = Ae Aascfya according to relation (6.36) from CR6-2013

— furotlag + 0.4Ng4 according to relation (6.35a) from CR6-2013

The shear strength value for the belt column concrete where computed with:
VRse = Apse X feva according to relation (6.37) from CR6-2013

fovd = fou/yc = 0.27 N/mm? / 1.5 = 0.18N/mm? ( concrete class C12/15 according to table
3.2 from EC 6)

It result the total shear strength of the compressed belt column as: Vrge= Vra2 + VRsc

= according to relation (6.35b) from CR6-2013

TRANSVERSE
Ved | Nea | Nea* | L h | La | V(W) | Vaa | Vra® | VRa2 | Vrse | VRste Vel
Element (ZC) | OBS
tone | tone | tone m m m tone | tone | tone | tone | tone | tone | tone
T1 22.39125.28 |35.1214.55|2.50]0.00 | 14.05 | 0.00 | 14.05 | 4.61 | 1.13 | 5.74 | 19.79 | NOK
T2 10.10 | 13.04 | 20.96 | 2.55|2.50 | 0.00 | 8.38 | 0.00 | 8.38 |4.61 |1.13|5.74 | 14.12 | OK
T3 10.64 | 18.18 | 24.44 ({3.40 {2.50 | 0.00 | 9.78 [ 0.00 | 9.78 | 4.61 | 1.13 | 5.74 | 15.50 | OK
T4 34.53 147.40|55.20 | 8.85|2.50 | 0.00 | 22.08 | 0.00 | 22.08 | 4.61 | 1.13 | 5.74 | 27.81 | NOK
LONGITUDINAL
Element Ved | Nea | Nea* | Ly h laa | V() | Vad | Vra* | Vra2 | Vrse | VRste | Vrai(ZC) OBS
tone | tone | tone m m m tone | tone | tone | tone | tone | tone tone
L1 8.00 |11.1218.48 |2.18 |2.50 [0.00 | 7.39 | 0.00 | 7.39 |4.61 |1.13|5.74| 13.13 OK
L2 9.69 |16.04 (23.7912.50{2.50]0.00| 9.52 [{0.00| 9.52 |4.61 |1.13|5.74| 15.26 OK
L3 9.72 |16.07 |123.85]2.50|2.50]0.00]| 9.54 {0.00 | 9.54 |4.61|1.13|5.74 | 15.27 OK
L4 9.79 |15.28121.21|3.30|2.50]0.00 | 848 |0.00| 8.48 |4.61 |1.13|5.74 | 14.22 OK
L5 30.42141.50 |49.35|7.75|2.50 |0.00 {19.74 | 1.00 | 19.74 | 7.23 | 1.13 | 836 | 28.09 |NOK
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Failure mechanism in inclined section

The design strength for inclined failure mechanism for the confined masonry walls (Vra)
1s computed by assuming;:
* The design strength for inclined section of a URM masonry panel corrected to
take into account the interaction with the confinement elements (VRdi*);
* The design shear strength due to compressed belt column reinforcement from the
compressed wall edge (VRd2);
* The design shear strength for the compressed belt column (VRsc).

VRd = VRdi* + VRd2 + VRsc
The Vra2 and Vgse values are identical with those determined for the horizontal slip
mechanism.
Characteristic tension strength of burned clay elements were considered as: f;; =
0.035f}, according to (4.5a) from CR6-2013
Standardize compression strength of burned vertical hollowed clay blocks were
considered: f,= 10N/mm?
Resulting that: fir = 0.035f, so  fir=0.035 x I0N/mm? = 0.35N/mm?
Characteristic unitary inclined strength for ceramic masonry where computed by:

fori = 0.22fp, /1 +5 :‘; = 0.077\/1 + 14.2850;  according to (4.4a) from
bt

CR6-2013
The design inclined strength became:

Vrai = ATW X % = ATW X fya; according to (6.34) from CR6-2013

b — correction coefficient that takes into account the aspect ratio of the masonry

panel

b=1.5forh/lw>1.5

b = 1.0 for h/1;<1.0

b =h/ly, for 1.0 <h/ly <1.5 according to 6.6.4.1.2. from CR6-2013

h=Hi for all the cantilever walls => Hi,; = 8.25m
The values Vrgi* and the confined masonry inclined strength appear in the following
tables:

TRANSVERSE
Element | n. Y | lw | Area | Nig* | 64*=Npg¥/A | fuei* foai* b | Vrai* | Vrse | Vrai (Z€) | pg
°| tones | m m? | tones N/mm? N/mm? | N/'mm? | --- | tones | tones tones
T1 212239 (455 | 1.37 | 35.12 0.257 0.166 | 0.0876 | 1.50 | 7.97 | 5.74 13.71 NOK
T2 2 1 10.10 | 2.55 | 0.77 | 20.96 0.274 0.170 | 0.0898 | 1.50 | 4.58 | 5.74 10.32 OK
T3 4 110.64 | 340 | 0.85 | 24.44 0.288 0.174 | 0.0915 | 1.50 | 5.19 | 5.74 10.93 OK
T4 1 | 3453 | 885| 2.21 | 55.20 0.249 0.164 | 0.0866 | 1.00 | 19.15 | 5.74 24.89 NOK
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LONGITUDINAL
Vea | lv | Area | Ned* | 0a*=Nea*/A | fui* fiai* b | Vrai* | Vrse Ve
Element | n ’ ’ ’ (ZC) | OBS
tones | m m? | tones N/mm? N/mm? | N/'mm? | --- | tones | tones | tones
L1 4 8.00 | 2.18 | 0.65 | 18.48 0.283 0.173 | 0.0910 | 1.5 396 | 5.74 9.70 OK
L2 4 9.69 | 2.50 | 0.75 | 23.79 0.317 0.181 | 0.0953 | 1.5 477 | 5.74 | 10.50 OK
L3 2 9.72 | 2.50 | 0.75 | 23.85 0.318 0.181 | 0.0954 | 1.5 477 | 5.74 | 10.51 OK
L4 2 9.79 | 3.30 | 0.83 | 21.21 0.257 0.166 | 0.0876 | 1.5 482 | 5.74 | 10.56 OK
L5 1 13042 | 7.75 | 1.94 | 49.35 0.255 0.166 | 0.0873 | 1.07 | 1691 | 8.36 | 25.27 | NOK

Associated shear force for bed joints reinforcement

The shear force taken by the horizontal bed joints reinforcements is calculated using the
equation: Vpgqs = 0.8lwASwayd according to (6.41) from CR6-2013. In the case of

ceramic with vertical hollow masonry block with reinforcement in the horizontal bed
joints will be with OB37 208 and fy¢=210N/mm? (Asw = 100.48mm?) from two rows
on the 1% floor s=2x250mm=500mm, respectively at the 2" and 3™ floor from row to

rows s=250mm. Vg4 (ZC) = min (Vrd, ; Vrdi) and Vrd (ZC+AR) = Vra(ZC) + Vra3

1" LEVEL - TRANSVERSE
Horizontal reinforcement design strength computation:

Ly Npas | diameter Asw nrrows | how S fyd VRa3
Element 2 )
m - mm mm --- mm mm N/mm tones
TI | 455 | 2 8 100.48 2 250 | 500 | 210 | 15.36
T2 2.55 2 8 100.48 2 250 | 500 210 8.61
T3 340 | 2 8 100.48 2 250 | 500 | 210 | 11.48
T4 8.85 2 8 100.48 2 250 | 500 210 29.88
The masonry walls shear strength
18 LEVEL — ceramic blocks masonry — CR6-2013
Element | Vrdizc | Vrdize | VRaar | Vra (ZCHAR)
Tl 13.71 | 19.79 | 15.36 29.07
T2 10.32 | 14.12 | 8.61 18.93
T3 1093 | 1550 | 11.48 22.40
T4 24.89 | 27.81 | 29.88 54.77

1 LEVEL - LONGITUDINAL
Horizontal reinforcement design strength computation:
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Element | ly Npars | diameter | Agw nrrows | hww | S fuq Vra3
m --- mm mm -—- mm | mm | N/mm® | tones
L1 2.175 |2 8 100.48 | 2 250 | 500 | 210 7.34
L2 2.5 2 8 100.48 | 2 250 | 500 | 210 8.44
L3 2.5 2 8 100.48 | 2 250 | 500 | 210 8.44
L4 3.3 2 8 10048 | 2 250 | 500 | 210 11.14
L5 775 |3 8 150.72 | 2 250 | 500 |210 39.25

The masonry walls shear strength
18 LEVEL — ceramic blocks masonry — CR6-2013

Element | Vraizc | Vraize | Vraar | Vrd (ZC+AR)
L1 9.70 13.13 7.34 17.04
L2 10.50 15.26 8.44 18.94
L3 10.51 15.27 8.44 18.95
L4 10.56 1422 | 11.14 21.70
L5 25.27 | 28.09 | 39.25 64.51

The shear safety check relation is: Vi, = 1.25Vg,, according to 8.8 from P100-1/2013
Where Ve is the the associate shear force value to eccentric compression failure which

were determined in the previous tables. The values comparison appear in the following

tables:
Ceramic masonry
Element | Vrd (ZC+AR) | Vga | 1.25%VEa

tones tones tones
T1 29.07 21.05 26.31
T2 18.93 10.37 12.96
T3 22.40 13.81 17.26
T4 54.77 43.79 54.73

1 LEVEL - TRANSVERSE
Units shear safety check is carried out for all masonry walls of the structure.

6. Shear safety check

Responses according to CR6-2013:

Ceramic masonry

Vrd
Element | (ZC+AR) | vew | 1.25"Vea
tones tones tones
L1 17.04 7.96 9.95
L2 18.94 9.66 12.08
L3 18.95 9.69 12.11
L4 21.70 11.80 14.75
L5 64.51 43.54 54.43
1 LEVEL LONGITUDINAL

TRANSVERSE DIRECTION
T CR6-2013
Level Positive seismic sense
Pier NEg VEd4 MEd VRra1 | Vrai | Vraze | Vraar | Veazear | Mrd
tf tf tfm tf tf tf tf tf tfim
T1 25.28 | 22.40 | 136.80 | 19.79 | 13.71 | 13.71 | 15.36 29.07 50.11
T2 | 13.04 | 10.10 | 54.70 | 14.12 | 10.32 | 10.32 | 8.61 18.93 14.66
T3 | 18.18 | 10.60 | 64.80 | 15.50 | 20.93 | 15.50 | 11.48 26.98 26.32
T4 47.40 | 34.50 | 265.70 | 27.81 | 24.89 | 24.89 | 29.88 54.77 178.55
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LONGITUDINAL DIRECTION
I8t CR6-2013
Level Positive seismic sense
Pier NEg VE4 MEq Vra1 | Vrdai | Vraze | Vraar | Vrazeiar | Mrd
tf tf tfm tf tf tf tf tf tfm
L1 11.12 | 8.00 | 45.50 | 13.13 | 9.70 | 9.70 7.34 17.04 45.26
L2 |16.04| 9.70 | 58.80 | 15.26 | 10.50 | 10.50 | 8.44 18.94 58.59
L3 16.07 | 9.70 | 58.70 | 15.27 | 10.51 | 10.51 | 8.44 18.95 58.51
L4 1528 | 9.80 | 64.20 | 14.22 | 10.56 | 10.56 | 11.14 21.70 77.32
L5 |41.50] 30.40 | 284.90 | 28.09 | 25.27 | 25.27 | 39.25 64.52 408.05
Responses according to P2-85:
TRANSVERSE DIRECTION
™ P2-85
Level | Temzna | Terzna | Tepzna | Tmingzna | Teme | Temze | Tetze | Tepze | Tminze | Tminzerar
Pier tf tf tf tf tf tf tf tf tf tf
T1 42.51 9.44 | 10.01 9.44 | 85.37|127.88 | 17.49 | 40.70 | 17.49 32.85
T2 13.35 4.87 5.61 4.87 58.97 | 72.32 | 12.60 | 22.80 | 12.60 21.21
T3 19.78 6.79 6.23 6.23 73.28 | 93.06 | 14.65 | 30.40 | 14.65 26.13
T4 134.03 | 17.70 | 16.23 16.23 | 77.18 | 211.21 | 44.79 | 91.50 | 44.79 74.67
15t LONGITUDINAL DIRECTION
P2-85
Level
Pier Tcm,ZNA ch,ZNA Tcp,ZNA Tmin,ZNA Tcm,c TCm,ZC Tcf,ZC Tcp,ZC Tmin,ZC Tmin,ZC+AR
tf tf tf tf tf tf tf tf tf tf
L1 9.71 4.15 4.79 4.15 50.94 | 60.65 | 11.83 | 19.46 | 11.83 19.17
L2 12.83 5.99 5.50 5.50 | 5436 | 67.19 | 13.80 | 22.36 | 13.80 22.24
L3 12.83 6.00 5.50 5.50 5432 | 67.15 | 13.81 | 22.36 | 13.81 22.25
L4 18.64 5.70 6.05 5.70 | 75.26 | 93.90 | 13.49 | 29.52 | 13.49 24.63
L5 102.79 | 15.49 | 14.21 14.21 |89.23 | 192.02 | 42.43 | 81.63 | 42.43 81.68
Comparisons between the responses:
TRANSVERSE DIRECTION RATIO
P2-85 1a
1* Level CR6-13 P2-85 CR6-13
Pier VRdl VRdi VRd.Z( VRd ARVRd.Z(‘+.~\R MRd TcmZNAchZNATMTminZNA Tcmc TCmZC chZC Tcp ZCTmm.ZCTrn|n.ZC+AR D1 | D2
tf | tf | tf | tf tf tfim | tf tf tf tf tf | tf | tf | tf | tf tf
Tl 19.79]13.71]13.71{15.36] 29.07 |50.1142.51]9.44 |10.01| 9.44 [85.37|127.88|17.4940.70[17.49| 32.85 |1.13]|1.28
T2 14.12]10.32[10.32| 8.61 | 18.93 |14.66|13.35|4.87 [ 5.61 | 4.87 [58.97|72.32(12.6022.80]12.60| 21.21 [1.12]1.22
T3 15.5020.93[15.50[11.48| 26.98 [26.32]19.78 [6.79 | 6.23 | 6.23 [73.28/93.06 |14.6530.40]14.65| 26.13 [0.97]0.95
T4 |27.81[24.8924.89(29.88| 54.77 |178.55|134.03|17.70[{16.23|16.23 [77.18211.2144.7991.50/144.79| 74.67 |[1.36[1.80
Average ratio for transverse 1.15]1.31
LONGITUDINAL DIRECTION
1 Level CR6-13 P2-85
PIZ:C VRd,l VRd,l VRd.Z('VRd,ARVRd](#AR MRd Tcm,ZNAch.ZNATcpZNATmin,ZNA Tcm,c TCm.ZC ch.ZC Tcp.ZCTmm](‘Tmi!L7(‘+AR D1 | D2
tf tf tf tf tf tfim tf tf tf tf tf tf tf tf tf tf
L1 13.13]19.70[9.70 | 7.34 | 17.04 |45.26] 9.71 |4.15|4.79 | 4.15 [50.94/60.65 [11.83[19.46[11.83| 19.17 |1.13|1.22
L2 |15.26]10.50{10.50| 8.44 | 18.94 |58.59[12.83[5.99 | 5.50 | 5.50 [54.36/67.19|13.8022.36|13.80| 22.24 |1.17|1.31
L3 15.27]10.51]10.51|8.44 | 18.95 |58.51[12.83]6.00 | 5.50 | 5.50 [54.32/67.15|13.8122.36|13.81| 22.25 |1.17|1.31
L4  |14.22]10.56[10.56[11.14| 21.70 |77.32[18.64|5.70 [ 6.05 | 5.70 [75.26{93.90 (13.4929.52|13.49| 24.63 [1.14]1.28
L5 |28.09[25.27|25.27|39.25| 64.52 #408.05[102.79(15.49|14.21| 14.21 89.23[192.0242.4381.63|42.43| 81.68 |1.27|1.68
Average ratio for longitudinal direction 1.17]1.36
Average ratio for both directions 1.16/1.34
Total average ratio 1.25
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Final responses comparisons:

TRANSVERSE DIRECTION RATIO
P2-85
- la CR6-13
15T LEVEL PIER DI Do
T1 1.13 1.28
T2 1.12 1.22
T3 0.97 0.95
T4 1.36 1.80
Average ratio for transverse 1.15 1.31
DTRANSVERSE DIRECTION
15T LEVEL PIER D1 D2
L1 1.13 1.22
L2 1.17 1.31
L3 1.17 1.31
L4 1.14 1.28
LS 1.27 1.68
Average ratio for longitudinal direction 1.17 1.36
Average ratio for both directions 1.16 1.34
Total average ratio 1.25

So there is a noticeable difference in overall average of 25% in addition to values derived
from calculations resilience made according to P2-85 and those completed under CR6-

13.

It can be said that in terms of structural responses obtained that the CR6-2013 design
code provides an increase of 25% versus safety requirements P2-85 former design code.

7. Using the pushover models

2 models were carried out for structural analysis, one for each type of structure
(longitudinally or transverse direction).
After pushover analyses the base shear force-displacements curve were obtained:
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Comparison on the behavior of confined masonry structures made with ceramic vertical hollow blocks in
correlation with CR6-2013 and P2-85 design codes requirements

The followings values may be observe:
- Transverse direction:

0 V,=42209 tf and Ay=4.44 mm respectively V.,=449.2 tf and A,=127.2 mm
- Longitudinal direction:

0 V,=328.6 tf and Ay=3.65 mm respectively V,=376.6 tf and A,=124.2 mm
- The differences between the both masonry direction structures are:

Difference
Characteristic 1 01? ;;:3?: al/ cﬁ::;?iiifsotli.c
transverse
z nom | oo
ii 221.46;;? 12.03%

It can be seen that the average differences for the two directions (longitudinal and
transverse) are approximately 23.99% between base shear forces and 12.03% between
deflections.

Ultimate plastic mechanisms
Transverse direction Longitudinal direction

8. Conclusions

The safety for shear is satisfied on the whole building, ensuring the favorable energy
dissipation mechanism by ranking seismic resilience of the structure used for the type
of masonry (vertical hollow ceramic blocks). This can be seen both in the simplified
calculations but also in pushover analysis.

Since confined masonry by some walls and some levels do not meet the requirement of
shear safety, a reinforcement in the horizontal bed joints was considered made with 208
OB37 (local 308 OB37 in walls T4 — 3™ floor and L5 — 1% and 2™ floor), arranged in
two rows on the 1% floor and on a rows for 2" and 3™ floor. So finally, for both types of
calculations were considered ZC + AR-type structure.
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Using the simplified calculation models (structural regularity permitting the 2D and
elevation of the structure considered), leading to a structural conformation, neglecting a
significant component show a computing collaboration on spatial structure.

The structural compliance can be optimized by the choice of models and methods for
calculating the minimum allowed higher, applied in this paper.

To obtain a safe structural conformation under the seismic action and economic and
functional optimal, were used models for nonlinear static behavior. To obtain more
reliable results it is recommended structural models using 3D and modal calculation, to
capture more accurately the real behavior of the structure.

It finds that structural responses obtained for the two types of calculations performed
for masonry structure made with ceramic vertical hollow blocks are quite close even for
normal or superior level analysis or different design strengths.

It can be said that in terms of structural responses obtained from CR6-2013 in force
design code provides an increase of 25% safety versus the requirements of P2-85 former
code.
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Rezumat: Dezvoltarea imobiliara a Bucurestiului urmeaza tendinta dezvoltarii
accelerate a fondului imobiliar pe verticala de pe plan mondial. Betonul armat realizat
cu betoane avand clase de rezistentd superioare se impune ca o solutie optima din punct
de vedere tehnico-economic pentru realizarea structurilor inalte. Bucharest One este o
cladire inalta de birouri, avdand inaltimea supraterana de 120 m, realizata in zona de
nord a Bucurestiului. Cladirea are in componenta trei subsoluri, parter, mezanin, 23
etaje si etaj tehnic. Indltimea mare a constructiei, hazardul seismic relativ ridicat din
amplasament §i proximitatea tunelurilor de metrou au impus, pentru proiectarea cladirii
Bucharest One, utilizarea unor sisteme structurale judicios configurate, a unor metode de
proiectare complexe si a unor solutii tehnologice performante. In aceasti lucrare se
prezintd pe scurt principalele aspecte privind conceptul structural al cladirii Bucharest
One si unele particularitati de executie si proiectare.

Cuvinte cheie: cladire Tnaltd, nuclee de beton, betoane de clasda superioara, proiectare
seismica

Abstract: The real estate development of Bucharest follows the trend of vertical
expansion of buildings. High strength reinforced concrete is the best choice from the
technical and economical point of view in the case of high rise buildings. Bucharest One
is an office building located in the north part of Bucharest, with a height of 120m. The
structure has three basement levels, ground floor, mezzanine, 23 floors and one technical
floor. The large height of the building, the seismic hazard of the location and the
proximity of the subway tunnels lead to the use of well-balanced structural systems,
complex design techniques and cutting edge technological solutions. The article presents
the main aspects of the structural concept of the Bucharest One building, with emphasis
on the design and execution particularities.

Key words: high rise building, concrete central core, high strength concrete, seismic
design
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1. Introducere

Dezvoltarea imobiliara a Bucurestiului pe segmentul spatiilor pentru birouri a
cunoscut o dinamica acceleratd in ultimii ani. S-au dezvoltat proiecte adecvate
chiriasilor care doresc sa ocupe suprafete mari, in multe situatii pe baza unor contracte
de pre-inchiriere. Principalii sustindtori ai cresterii imobiliare sunt companiile din
domeniul telecomunicatiilor. O dinamica deosebitd a cunoscut zona de nord a
Bucurestiului, in perimetrul soselelor Barbu Vacarescu si Pipera.

Dezvoltarea unor cladiri cu suprafete de inchiriere mari dotate cu parcari
subterane a condus si la o redesenare a solutiilor structurale adoptate. Se utilizeaza in
mod curent plansee cu deschideri mari, de 7,5 — 8,1 m. Elementele structurale verticale
cu rol in asigurarea rezistentei si rigiditatii la actiuni orizontale sunt amplasate de
regula in interiorul cladirii. In configurarea pozitiei acestora trebuie si se tini seama si
de exigentele arhitecturale privind asigurarea posibilitatii Inchirierii complete sau
partiale a unui nivel in conditiile deservirii directe a spatiilor inchiriate cu lifturi, scéri
de acces sau utilitati. Mai mult, in unele situatii, solutiile arhitecturale implica
realizarea unor structuri nalte, cu Tndltimi de peste 70m.

O astfel de cladire, dezvoltata in Bucuresti de catre fondul de investitii
Globalworth, este cladirea Bucharest One, alcatuita din doud corpuri, A si B, avand
functiuni diferite. Corpul A este o cladire de birouri cu 26 de niveluri supraterane si 3
niveluri subterane care addpostesc in principal spatii pentru parcéri. Corpul B este o
cladire cu regim de indltime 2S+P care adaposteste spatii comerciale la parter si spatii
pentru parcari in subsoluri si pe planseul de peste parter. Cele doud corpuri sunt
separate prin rost seismic pe toatd inaltimea. In cadrul acestui articol sunt prezentate
solutia structurald utilizata si principalele particularititi de proiectare si executie pentru
structura cladirii Bucharest One, corpul A (figura 1). O descriere mai largd a
proiectului este facutd de catre autorii acestei lucrari in cadrul revistei AICPS Review
1-2/2015 [1].

Structura cladirii Bucharest One a fost proiectatd de catre SC Allied Engineers
Grup SRL in acord cu proiectul de arhitectura realizat de catre SC Architect Service
SRL. Proiectarea lucrdrilor geotehnice a fost realizata de catre SC Metroul SA si SC
Saidel Engineering SRL. Proiectul de instalatii a fost intocmit de citre SC MC General
Construct SRL. Antreprenorul general al lucrarii este SC Bog’art SRL.

Amplasamentul constructiei, aflat in vecindtatea statiei de metrou Aurel Vlaicu,
este subtraversat de cele doua tuneluri apartinand magistralei de metrou M2, care fac
legatura intre statiile Pipera si Aurel Vlaicu. Pozitia tunelurilor, care intersecteaza
amplasamentul cladirii aproximativ in diagonala, a facut ca cele doud corpuri de
cladire sa fie proiectate avand forme trapezoidale in plan. Corpul A (turnul cu
inaltimea supraterana de 120m) a fost pozitionat in afara zonei cu restrictii de
construire, Insd Corpul B este realizat partial peste tunelurile de metrou care strabat
amplasamentul, acesta din urma avand restrictii majore de construire prin limitarea
regimului de ndltime.
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R o]

Fig. 1. Perspective imobil Bucharest One - reprezentare grafica (Arhitect: Architect Service)

Cladirea Bucharest One se poate clasifica in categoria cladirilor Tnalte. Dupa
Wood [2], clasificarea unei cladiri inalte depinde de caracteristicile acesteia (indltime,
proportii geometrice), de contextul in care ea este pozitionatd si de tehnologiile
utilizate la realizarea acesteia. Dupa Wood o cladire poate fi caracterizatd ca inalta
dacd 1naltimea sa depaseste SOm avand 14 sau mai multe niveluri. Aceleasi criterii de
clasificare sunt utilizate si de Council on Tall Buildings and Urban Habitat, CTBUH,
[3]. CTBUH defineste si categoriile cladirilor ”Super-inalte”, avand peste 300m
inaltime, si ,,Mega-inalte”, avand peste 600m inaltime. Trebuie remarcat contextul in
care cladirea Bucharest One este amplasata, cu cladiri Tnvecinate avand, in general,
inaltimea sub 50m, cu exceptia cladiri Sky Tower (137m indltime) din imediata
vecinatate. In afara acestor doud cladiri, in Bucuresti categoria cladirilor inalte este
constituita In principal din cladirile Cathedral Plaza (75m), BRD Tower (87m), Tower
Center International (107m), Intercontinental Bucuresti (77m), Crystal Tower (72m),
City Gate Towers (70m), Casa Presei Libere (104m) si Asmita Towers (92m). Toate
aceste cladiri, cu exceptia cladirii Intercontinental au fost realizate dupa anii 1992, pe
baza normelor de proiectare seismicd moderne. Din 2000 pana in 2010, 1inaltimea
medie a celor mai nalte constructii din lume a crescut accelerat de la 286 m la 349 m
[4]. Tendinta dezvoltarii pe verticala a cladirilor pentru birouri in Bucuresti o urmeaza
pe cea de pe plan mondial chiar dacd in valori absolute indltimile cladirilor din
Bucuresti sunt mai reduse, inscriindu-se in practica europeand. Dintre cele mai inalte
100 de cladiri din lume 1n anul 2010 sub 5% se regasesc in Europa [4].
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2. Structura

Corpul A al cladirii Bucharest One are functiunea principald de birouri. Forma
in plan a suprastructurii corpului A este de trapez dreptunghic cu o suprafata
desfasuratd de 2457 mp la parter, 1415 mp la mezanin si 1860 mp la nivelurile curente.
Subsolul este extins In plan comparativ cu nivelurile supraterane. Pentru realizarea
conceptului structural al cladirii Bucharest One au fost analizate diferite solutii si
materiale structurale.

O data cu cresterea calitatii betoanelor care se pot turna monolit in santier,
betonul s-a impus ca material structural pentru realizarea cladirilor inalte. Principala
limitare in utilizarea betonului o constituia rezistenta sa la compresiune in conditiile in
care fortele axiale in elementele verticale la cladiri ,,Super-inalte” sau ,,Mega-inalte”
sunt uriase. In lume, se pot folosi in mod curent betoane de inalti rezistentd, cu clasa
de rezistentd pana la C90/100, turnate monolit. Sapte din cel mai inalte zece cladiri
din lume terminate in anul 2009 au structura din beton [5]. Sunt incluse aici Trump
International Hotel and Tower (Chicago) , Arrraya Center Office Tower (Kuwait
City), dar si cea mai 1naltd cladire din lume, Burj Kalifa (Dubai). La aceasta cladire s-a
stabilit un nou record mondial privind turnarea betonului prim pompare la ndltimea de
606m [6] cu ajutorul unui echipament de pompare realizat de catre Putzmeister. S-au
turnat betoane de clasa C50/60 in plansee si C60/70 si C80/90 in peretii structurali.
Turnarea betoanelor de 1nalta rezistenta la nivelurile superioare poate ridica dificultati
legate de transportul betonului pe verticald si intarzierea timpului de punere in opera.
In cazul cladirii Burj Kalifa, transportul betonului la iniltimea de 606 m a durat 40 de
minute de la Tncdrcarea pompei, la nivelul solului. La betoanele de clasa superioara
rapoartele apd/ciment sunt reduse si se evita utilizarea aditivilor antrenori de aer pentru
sporirea lucrabilitatii. In cazul cladirii Bucharest One, s-au utilizat betoane de clasi
C40/50, C50/60 s1 C60/70 in functie de natura elementului structural si pozitia acestuia
in structura. Scopul utilizdrii betoanelor cu rezistentd ridicata s-a regasit in realizarea
unor sectiuni ale elementelor structurale cu gabarit compatibil cu cerintele estetice si
de functionalitate. Principalele limitari care au determinat alegerea unor clase inalte de
rezistentd ale betonului au fost date de valorile admise pentru efortul axial normalizat
in stalpii cadrelor perimetrale, rezistenta nodurilor si efortul tangential mediul
normalizat Tn peretii structurali. Se face observatia ca rezistenta betoanelor nu trebuie
sporita liniar cu regimul de indltime al cladirii.

In afara actiunilor gravitationale, cladirile inalte sunt supuse actiunilor
orizontale cauzate de vant sau cutremur. Tindnd seama de aceste actiuni, la conceperea
structurilor trebuie alese solutii structurale complexe Tn masura sa asigure:

a) Rezistenta la momentele de rasturnare cauzate de fortele orizontale prin
elemente plasate perimetral, cat mai departe posibil de centrul (geometric)
cladirii;

b) Transmiterea incarcarilor gravitationale catre elementele verticale care
contribuie la preluarea momentului global de rasturnare;

c) Rezistenta la forte tdietoare prin elemente structurale verticale cu inima
dezvoltata;
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d) Conectarea prin intermediul planseelor rigide si rezistente la actiuni In
planul lor a elementelor verticale perimetrale cu elementele structurale
rezistente la fortd tdietoare astfel incat perimetrul cladirii sa fie antrenat la
preluarea momentelor de rasturnare;

e) Compensarea fortelor axiale din incdrcari gravitationale a elementelor
perimetrale cu fortele axiale generate de efectul indirect pentru asigurarea
capacitatii la compresiune a elementelor structurale verticale perimetrale
chiar si 1n situatia de Incarcare seismica.

Pe plan mondial, s-au dezvoltat diferite solutii structurale pentru cladiri Tnalte.

In general, pentru cladiri cu iniltimea de peste 250m se utilizeaza structuri de tip tub
perimetral si nucleu interior. In cazul cladirilor inalte cu iniltimea de 100-140 m
libertatea in alegerea sistemului structural este mai mare. Se utilizeazd structuri cu
cadre rigide, eventual echipate cu sisteme de control al raspunsului (amortizori),
structuri cu tub perimetral, structuri cu nuclee de pereti si cadre perimetrale cu stalpi
rari.

In cazul cladirii Bucharest One analizele structurale preliminare au aritat ci o
solutie structurald eficientd din punct de vedere tehnico-economic si compatibila cu
cerintele arhitecturale o constituie realizarea unui nucleu central si a unor cadre
perimetrale cu stalpi rari. Sistemul dual pereti-cadre prezinta avantajul rigiditatii, prin
comparatie cu cadrele simple, al ductilititii si redundantei ridicate. De asemenea,
utilizarea acestui sistem structural nu permite formarea unor mecanisme de plastificare
locale, de etaj. In mod particular, configurarea spatiului interior la Bucharest One a
permis realizarea a doud nuclee cu gabarite inegale cuplate prin intermediul unor
grinzi relativ lungi. Astfel, structura de rezistentd principald este alcatuitd din doua
nuclee de beton si cadre perimetrale de beton (figura 2). Fortele taietoare generate de
incdrcarea seismica orizontala sunt preluate preponderent de cele doud nuclee alcatuite
din pereti de beton cuplati. Grosimea peretilor perimetrali ai tuburilor In suprastructura
este de 80 cm. Peretii din interiorul tuburilor au grosimea de 40 cm. Grinzile de
cuplare au latimi de 40-80 cm si ndltimi de 80-250 cm. Principalele documente
normative utilizate la proiectarea seismica a structurii au fost P100-1/2006 [7] si CR2-
1-1.1/2005 [8].

Cadrele perimetrale sunt alcatuite din stalpi circulari de beton sau compoziti cu
diametrul de 120 cm, cu sectiune constantd pe toatd indltimea cladirii. S-au realizat
cadre cu rigiditate si rezistentd mare pentru preluarea partialdi a momentelor de
rasturnare generate de actiunea seismicd orizontala si pentru limitarea deplasarilor
structurii la nivelurile superioare. Pentru preluarea fortelor axiale considerabile, la
nivelurile inferioare s-au utilizat stalpi compoziti realizati din profile de otel tip cruce
de malta si beton armat. Orientativ, fortele axiale din stalpii de colt pot atinge valori de
pana la 4000t in situatia de proiectare seismicd, din care 2100 t reprezintd incdrcarea
gravitationald. Grinzile cadrelor perimetrale sunt realizate din beton armat cu exceptia
celor de la mezanin care fac parte din cadrul cu stélpi inclinati la nivelul parterului si
mezaninului.

Planseele au deschideri curente de 8,10m pe ambele directii. Pe perimetrul
cladirii, planseele ies in consold fatd de cadrele perimetrale pe o deschidere de
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aproximativ 2,0 m. In urma analizelor efectuate s-a constatat ci o solutie eficienta de
planseu este cea a plangeelor de beton cu grinzi principale si grinzi secundare. Placa cu
grosimea de 10cm reazema pe grinzi secundare cu sectiunea de 20 cm x 60 cm ce sunt
dispuse la o distantd interax de 2,70 m. Grinzile secundare sunt dispuse ,,radial” si
reazema pe nucleul central, alcatuit din pereti de beton si pe cadrele perimetrale.
Local, in zonele cu incarcari mai ridicate placa a fost realizata cu grosimea de 15 cm.

Pentru a spori deschiderile structurii la parter, in zona de acces in cladire, la

nivelul parterului si mezaninului, pe latura paraleld cu tunelurile de metrou, s-au
utilizat stalpi inclinati de beton cu armatura rigida. Aceasta organizare a structurii a
permis cresterea deschiderii aparente de la 8,10 m la 16 m la parter.

r L B N N N N N B |
Cadru perimetral 1 7
de beton z‘l I Y, NLéclee de
— eton
! LLill _IA l'
Planseu cu S— _:_> ﬁ,.
grinzi Y 4
secundare 1 .
| Perimetrul

§ corpului A

Fig. 2: Structura de rezistenta la actiuni seismice (reprezentare schematica)

In concluzie, la conceptia suprastructurii s-au considerat trei componente

principale, cu roluri clar definite, pentru asigurarea unui raspuns favorabil la actiunile
seismice orizontale:

Nuclee de beton ,,lungi”, cu raspuns predominant de incovoiere cu fortd axiala,
avand rolul de a transmite integral fortele taietoare la infrastructura si, partial,
momentul global de rasturnare, de a limita deplasarile laterale la nivelurile
inferioare si de a asigura ductilitatea de ansamblu a structurii.

Cadre de beton perimetrale, realizate din stilpi si grinzi, avand rolul de a
transmite o parte din momentul global de rasturnare, cauzat de fortelor seismice
orizontale, la infrastructurd. Cadrele sunt proiectate astfel incat sa contribuie la
limitarea deplasarilor laterale ale structurii la nivelurile superioare. Cadrele sunt
parte a mecanismului global de plastificare contribuind intr-o masura
semnificativd la disiparea energiei seismice in structura prin deformatiile
plastice ale grinzilor.

Diafragme orizontale rigide de beton la fiecare nivel pentru asigurarea
conlucrarii dintre cadrele de beton perimetrale si nucleele de beton. Rigiditatea
la torsiune a cladirii este asigurata prin conlucrarea dintre cele doua nuclee de
beton si prin conlucrarea acestora cu cadrele perimetrale.

Sistemul de fundare este de tip radier de beton cu grosime variabila, cuprinsa

intre 2,0 m si 2,8 m, rezemat pe piloti de beton armat si pe pereti mulati perimetrali.
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Structura subsolurilor este alcatuita din stalpi, pereti si plansee groase de beton. Peretii
perimetrali sunt conectati pe toata inaltimea cu peretii mulati.

Transmiterea momentului global de rasturnare al suprastructurii, a fortei
taietoare asociate acestuia si a fortelor axiale catre terenul de fundare s-a facut prin
fundatii de adancime. Pentru incércarea pilotilor cu forte axiale, infrastructura cladirii
a fost conceputa ca o cutie rigida alcatuita din pereti perimetrali, pereti interiori, radier
si plansee. Practic, incastrarea corpului A s-a facut prin intermediul unor piloti de
beton si prin peretii mulati perimetrali care sunt Incarcati prin intermediul cutiei rigide
realizatd la nivelul infrastructurii. Transmiterea fortelor de la baza nucleelor catre
piloti s1 Incdrcarea acestora cat mai uniforma a impus realizarea unei infrastructuri cu
radier foarte gros si pereti structurali perimetrali si interiori dispusi suplimentar fata de
cei din suprastructurd. Intrucat in jurul nucleului central se desfisoard, din punct de
vedere functional, circulatia principald prin subsoluri, peretii interiori introdusi
suplimentar si cei perimetrali nu au putut fi racordati direct cu peretii nucleelor din
suprastructura. De aceea, incastrarea acestora s-a realizat in principal prin mecanismul
de menghina constituit la nivelul infrastructurii dar si prin legatura de moment cu
radierul de grosime mare.

3. Particularitati de proiectare si executie

Regimul mare de inaltime, utilizarea unor trame cu deschideri relativ mari a
condus la dezvoltarea unor forte tiietoare mari in pereti, la etajele inferioare, dar si a
unor forte axiale mari in stalpii cadrelor perimetrale. In astfel de situatii, utilizarea
claselor uzuale de beton pentru realizarea structurii este restrictionatd de cerintele
functionale incompatibile cu necesitatile privind gabaritul elementelor structurale.
Pentru a reduce gabaritul stalpilor s-a optat pentru utilizarea la etajele inferioare a
clasei de beton C60/75. Acesta a permis limitarea efortului axial normalizat in stalpi,
conditie esentiala pentru asigurarea ductilitatii adecvate a acestor elemente. De
asemenea, o parte din stalpii perimetrali au fost realizati, la etajele inferioare, n sistem
compozit otel-beton (beton cu armatura rigidd). Pentru a nu se produce variatii bruste
de rigiditate a stalpilor pe inaltime s-a realizat reducerea progresivd a sectiunilor
pofilelor de otel inglobate, de la un etaj la altul. Parametrul determinant considerat la
stabilirea sectiunilor pofilelor de otel a fost forta axiald din stalpi cauzata de incarcarile
gravitationale si seismice. Controlul fortelor axiale in stilpi s-a facut si prin armarea
longitudinald judicioasd a grinzilor cadrelor perimetrale astfel incat sa se limiteze
fortele tdietoare asociate plastificarii acestora din Incovoiere. Solutia compozita otel-
beton s-a utilizat numai pentru stalpii solicitati la forte axiale mari si pentru o parte din
grinzile de la mezanin. Nu s-au utilizat profile inglobate in peretii de beton si nici in
grinzile si stalpii de la etajele superioare.

In zona de acces in cladire, unde se afla receptia generala, cerintele arhitecturale
au impus realizarea unor deschideri mari la nivelul parterului. Aceastd zond de acces
este situata intre corpurile A si B in axul aliniat cu traiectoria tunelurilor de metrou. in
timp ce, in etajele superioare deschiderile cadrului marginal sunt de 8,1 m, in parter s-a
considerat necesara, din punct de vedere functional, realizarea unor deschideri de pana
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la 12-14m. Tinand seama de fortele axiale mari din stilpi la parter, pentru a nu
perturba traseul de descarcare a fortelor axiale din stdlpi catre infrastructura, prin
rezemarea indirecta a stalpilor din etaje pe grinzi de transfer, la nivelul mezaninului s-a
optat pentru realizarea unor stalpi inclinati in planul cadrului. Acest sistem este
compatibil cu cerintele functionale din parter, permite transferul direct al fortelor din
stalpi catre infrastructurd si nu a necesitat sporirea semnificativdi a gabaritelor
elementelor structurale in parter. Traiectoria verticald a stalpilor din acest cadru
perimetral este deviata pe o indltime de aproximativ 10 m, pe inaltimea parterului si a
mezaninului, in planul cadrului. Stalpii inclinati si grinda care ii uneste, in planul
cadrului, au fost realizati compozit otel-beton. Utilizarea unei solutii compozite pentru
grinda cadrului de peste mezanin este justificatd prin necesitatea de a echilibra
componentele orizontale ale fortelor axiale din stalpii inclinati. Conformatia de
ansamblu a structurii a permis utilizarea stalpilor inclinati deoarece fortele tdietoare la
nivelul parterului sunt preluate preponderent de peretii de beton din cele doud nuclee
iar momentele incovoietoare de ansamblu sunt echilibrate partial cumulativ prin
momentele din pereti si prin cuplul de forte axiale care se dezvolta in stalpii cadrelor
perimetrale. Astfel, acestia sunt solicitati predominant la forte axiale. Aceste forte sunt
cauzate de incarcarile gravitationale si de efectul indirect generat de actiunea seismica
orizontala. Din cauza ndltimii mari a acestor stalpi, au fost luate masuri speciale la
executie legate, in special, de turnarea betonului in cofraje inclinate.

Lobby-ul cladirii de birouri este organizat la nivelul parterului si mezaninului,
partial in zona aflatd in interiorul corpului A, intre nuclee si axul cu stalpi inclinati si
partial in afara corpului A, in spatiul format intre cele doud cladiri A si B. Aceastd
zona se acopera cu un luminator de sticld cu structurd de rezistentd metalica, avand
12m deschidere libera si 70m lungime. Structura metalicd a luminatorului este
alcatuita dintr-o retea de grinzi transversale paralele, de tip ,,macaz” cu talpa inferioara
intinsd, dispuse oblic fatd de axele celor doud corpuri de cladire. Grinzile sunt
conectate la un capat de structura de beton armat a corpului A (stalpi verticali, stalpi
inclinati sau grinzi, dupa caz) prin intermediul unor reazeme de tip articulat care
permit o rotire limitata in orice directie. Conditia de asigurare a rotirii in sistemele de
prindere a fost impusd pentru a evita distorsiunea in afara planului a structurii
luminatorului ca urmare a rotirii de ansamblu a structurii Corpului A sub actiunea
seismicd. Efectul de saiba este asigurat prin sistemul de contravantuiri orizontale de tip
bard plina, din otel S460, cu dispozitive individuale de intindere, conectat de reteaua
de grinzi. Pentru a permite deplasarea relativa dintre cele doud corpuri sub actiunea
seismica, la celalalt capat grinzile transversale s-au conectat de grinda longitudinala
rezematd pe un set de dispozitive de izolare seismicda de tip glisant — ,sliding
bearings”. Izolatorii sunt montati individual pe stalpi metalici fixati rigid intr-o retea
de grinzi de beton armat ,,intoarse” deasupra planseului de peste parterul Corpului B.
Cursa izolatorilor a fost dimensionata pentru a permite deplasarile relative maxime pe
orizontala ale celor doua structuri, determinate pentru actiunea seismica asociata starii
limite ultime.

Solutia structurala pentru plansee a fost aleasd a astfel incat sa se poata
implementa un sistem de prefabricare a grinzilor secundare. Acestea au toate aceeasi
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lungime, aceeasi sectiune de beton si detalii de armare care se repeta. Proiectarea
grinzilor secundare in solutie prefabricata a permis reducerea timpului de executie a
planseelor fatd de solutia beton-monolit. Tinand seama de numarul mare de plansee
asemenea, utilizarea prefabricarii reduce, de asemenea, necesarul de manoperd si
costurile totale de realizare a plangeelor. Totodatd, solutia de planseu cu grinzi
secundare conduce la reducerea masei totale a structurii si implicit a fortelor orizontale
de proiectare si a eforturilor de dimenionare a elementelor structurale si a
infrastructurii, inclusiv a pilotilor, cu efecte favorabile asupra costului total al
investitiei. Pentru a spori gradul de conlucrare a grinzilor prefabricate cu placa din
beton realizatd monolit, fard un spor semnificativ de armatura transversald, de-a lungul
grinzilor au fost prevazute asperitati sub forma unor praguri.

Pentru scurtarea perioadei necesare construirii infrastructurii, tindnd seama de
caracteristicile geotehnice ale terenului in amplasament si de conformatia generald a
infrastructurii, pentru corpul A, sprijinirea incintei de pereti mulati s-a realizat prin
intermediul placii de peste subsolul 3. La realizarea subsolurilor s-a utilizat o adaptare
a tehnologiei de executie a infrastructurilor de tip ,,top-down”. Placa de peste subsolul
3 cu grosimea de 40cm a fost realizata prin turnare directa pe teren, in excavatie
deschisa. Ulterior, excavatia generald a continuat sub nivelul placii, pana la cota
inferioard a radierului, pe o adancime de aproximativ 5 m. Dupd inceperea excavatiei
de sub placa, aceasta a rezemat direct pe profile metalice inglobate in piloti si
discontinuu pe peretii mulati perimetrali. Discontinuitatea a constat in realizarea unor
zone nebetonate pentru a facilita executia peretilor perimetrali de la subolul 3 si
pentru a evita subturnari generalizate pe intreg perimetrul cladirii. in dreptul nucleelor
de pereti care continud in suprastructurd s-au prevazut goluri in placd pentru a
simplifica executia peretilor si a excavatiei. In zonele in care nu s-au realizat goluri in
planseu pentru realizarea peretilor de subsol, continuitatea barelor verticale din acesti
pereti s-a realizat prin intermediul unor bare inglobate in placd prevazute la partea
inferioara cu dispozitive mecanice de imbinare. Placa de peste subsolul 3 a fost
calculata pentru a tine seama de incarcdrile gravitationale aplicate in timpul executiei,
dar si de fortele din planul ei generate de preluarea impingerilor din peretii mulati
perimetrali. S-a remarcat in planul placii prezenta nu numai a eforturilor de
compresiune, dar si a unor eforturi tangentiale importante cauzate de impingerile
distribuite neuniform pe peretii mulati perimetrali.

4. Concluzii

Bucharest One este o cladire inalta cu structura alcdtuitd din doud nuclee de
beton cuplate, cadre de beton perimetrale, plansee de beton cu grinzi secundare
prefabricate si placa turnatd monolit, rigide si rezistente la actiuni in planul lor.
Structura cladirii Bucharest One a fost dimensionata de actiunea seismica. Scopul
principal al proiectarii seismice a fost realizarea unei structuri cu raspuns ductil la
actiunea seismica, cu rigiditate si rezistentd adecvatd. Proiectarea structurii a ridicat
probleme specifice legate de inaltimea mare a cladirii, hazardul seismic din
amplasament si Invecinarea cu tunelurile de metrou. Aceste probleme au necesitat nu
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numai utilizarea unor metode de proiectare cu grad Inalt de complexitate dar si
considerarea unor tehnologii moderne de executie si materiale de constructie cu
caracteristici superioare.

Tindnd seama de regimul mare de indltime al cladirii, cresterea ritmului de
executie a constituit o prioritate. Utilizarea planseului de peste subsolul 3 pentru
realizarea sprijinirii temporare a peretilor mulati si realizarea planseelor in solutie
mixtd monolit/prefabricat au condus la cresterea calitatii lucrarilor si sporirea ritmului
de executie.

Solutiile structurale alese, prezentate in cadrul acestei lucrari, eficiente in
preluarea tuturor tipurilor de solicitari (incarcari gravitationale si forte laterale din
seism si vant), au condus la atingerea unor consumuri optime de materiale pentru o
cladire cu structura din beton armat cu regim mare de inaltime (120m), amplasatd in
municipiul Bucuresti
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Rezumat. Romdnia si in mod special orasele mari se confruntd cu o dezvoltare urbanad
importanta s§i de multe ori haoticd, cu asfaltari §i reasfaltari, constructii/renovari
rezidentiale, rezultand cantitati importante de deseuri din constructii si demolari.
Negestionarea corespunzatoare a deseurilor din constructii si demolari conduce la
aparitia unor probleme de mediu, sociale, juridice etc. Legislatia romdnesca stabileste,
pentru producatorii de deseuri §i autoritdtile administratiei publice locale, obligatia de a
atinge, pana in anul 2020, un nivel de pregdtire pentru reutilizare, reciclare si alte
operatiuni de valorificare materiald, de minimum 70% din masa cantitatilor de deseuri
nepericuloase provenite din activitati de constructie §i demolari. Articolul analizeaza
evolutia cantitatii de deseuri din constructii si demolari din Romania, gradul de reciclare
a acestor deseuri raportat la situatia din Uniunea Europeana si modalitati de finantare
prin intermediul fondurilor europene a unor proiecte care sa contribuie la atingerea
tintei de valorificare.

Cuvinte cheie: deseuri constructii si demolari, prevenire, reciclare, management

Abstract. Romania and especially the big cities are confronted with an important and
often chaotic urban development, with asphalt works for road surfacing and re-surfacing,
with residential constructions/rehabilitations, resulting in important quantities of
construction and demolition debris. The lack of appropriate handling of construction and
demolition debris contributes to the emergence of environmental, social, legal etc issues.
Romanian regulations stipulate the obligation for waste generators and local public
administrations to attain a level of preparedness for reuse, recycle and other operations
of material valorisation of 70% from the mass quantity of non-hazardous construction
and demolition debris. The paper analyses the quantitative evolution of the construction
and demolition debris in Romania, the rate of recycling of these wastes reported to the
situation in the European Union and the modalities of financing certain projects through
the European Funds, projects which serve to the attainment of the valorisation targets.

Key words: construction and demolition debris, prevention, recycling, management
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1. Introducere

Sectorul constructiilor are o importantd strategicad pentru tarile din intreaga
lume, deoarece oferda constructii si infrastructurd pentru societate si economie [1].
Dezvoltarea acestui sector conduce la cresterea cantitatii de deseuri din constructii i
demolari, compuse din: beton, cardmizi, tigle si materiale ceramice, lemn, sticla,
materiale plastice, amestecuri bituminoase, gudron de huild si produse gudronate,
metale, pamant, materiale izolante, gips etc. Compozitia deseurilor din constructii si
demolari depinde de lucrarile de constructii, dacd este vorba despre constructia unei
lucrari noi sau renovarea/modificarea unei constructii mai vechi, din lucrarile de
renovare/modificare rezultand mai multe deseuri.

In tarile Uniunii Europene deseurile din constructii si demoliri au ajuns la 25-
35% din cantitatea totald de deseuri municipale generate, motiv pentru care trebuie
acordata o atentie speciala politicilor si masurilor care duc la prevenirea si reciclarea
acestui tip de deseu [2].

2. Deseurile din constructii si demolari in Uniunea Europeana si in Romania

In anul 2013 au fost generate in Uniunea Europeana aproximativ 750 de milione
tone de deseuri din constructii si demolari, cantitate care a scazut in ultimii 7 ani cu
aproximativ 100 de milioane tone, datoritd crizei economice, dar si a eforturilor luate
la nivel european pentru reducerea cantitatii de deseuri (conform datelor inregistrate de
Eurostat). Aceastd cantitate reprezintd 30% din cantitatea totald de deseuri municipale
generate in Uniunea Europeand si variaza destul de mult intre tarile componente.
Deseurile din constructii si demolari sunt definite diferit in tarile din Uniunea
Europeana ceea ce duce la greutatea compararii acestora. Pamantul excavat este sau nu
considerat deseu din constructii si demolari. Compozitia deseurilor din constructii si
demolari este dependenta de dezvoltarea domeniului constructiilor, respectiv a
materialelor. Constructiile au durata de viata de mai multe decenii si resturile din
demolari obtinute astazi sunt din materialele de constructie de acum cateva decenii, iar
materialele folosite astdazi vor deveni deseuri peste 50-100 de ani. Decizia de a demola
sau nu o constructie depinde si de calitatea materialelor utilizate, daca sunt sau nu
materiale durabile. Anumite materiale folosite in trecut au devenit acum deseuri
periculoase, de exemplu azbestul si trebuie luate masuri speciale la gestionarea lor [2].

In anul 2015 Comisia Europeani a inceput studiul , Resource Efficient Use of
Mixed Waste”, cu finalizare in aprilie 2016, care are ca obiective analiza situatiei
actuale a deseurilor din constructii si demolari in statele membre ale Uniunii
Europene, identificarea obstacolelor in reciclare si a potentialelor deficiente care ar
putea conduce la nerespectarea legislatiet UE in domeniul deseurilor (a tintelor de
reciclare — vezi capitolul 4) [3]. Pana in acest moment fiecare tard membra a elaborat
cate un raport privind situatia deseurilor din constructii §i demolari. Pe baza celor 28
de rapoarte a fost calculata cantitatea de deseuri din constructii si demolari generata pe
cap de locuitor, cantitate care include si pamantul excavat, desi in unele tari aceasta
cantitate nu intrd in definitia deseurilor din constructii si demolari.
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Se observa variatii importante intre cantitatile de deseuri din constructii si
demolari generate in tarile din UE de la 4,1 tone/an persoana in Austria, la 0,07
tone/an persoand in Romania (fig.1). Desi la nivel european cantitatea de deseuri din
constructii si demolari generatd a scazut in ultimii ani, existd tari in care aceasta
cantitate a crescut, datoritd cresterii activitatii In sectorul constructiilor, dar si a
modificarii modului de colectare a datelor.
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Fig. 1. Generarea deseurilor din constructii si demolari pe cap de locuitor in state membre ale UE, 2012

La variatia cantitdtii de deseuri din constructii si demoldri contribuie in special
activitatea economica din sectorul constructiilor, dar si diversele tehnologii utilizate si
practicile Incetdtenite in domeniul constructiilor (in unele regiuni caramida este
materialul de constructie principal, in timp ce in altele betonul, iar lemnul este un
material de constructie important in tarile nordice precum Finlanda sau Suedia etc.),
necesitatea de a adopta anumite solutii constructive datorita conditionarilor ce tin de
structura geo-fizicd a terenului sau a altor conditionari cum ar fi caracterul seismic al
unei zone [4].

Cantitatea de deseuri municipale colectatd de catre firmele specializate in
activitati de salubritate, In Romania, in anul 2011, a fost de 5.085.082 tone. Din
aceasta cantitate 10,46% o reprezinta deseurile provenite din constructii si demolari
(531783tone).

Cantitatea de deseuri din constructii si demolari colectata in Romania, in ultimii
ani, inregistreaza valori mai mici de 10% din cantitatea totald de deseuri municipale
colectate (fig. 2). Comparand acest procentaj cu media Uniunii Europene, care se
regaseste in intervalul 25-35%, se observa faptul ca procentul inregistrat in Romania
este sensibil mai mic si se pune astfel problema acuratetei si integralitatii datelor
colectate si centralizate.
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Fig. 2. Variatia procentului de deseuri din constructii si demolari colectate din cantitatea de deseuri
municipale (sursa: Agentia Nationala pentru Protectia Mediului)

Legea nr. 211/2011 actualizatda privind regimul deseurilor prevede
obligativitatea producatorilor de deseuri, detindtorilor de deseuri, operatorilor
economici care se ocupa de cumpararea-vanzarea deseurilor, sau de valorificarea ori
eliminarea deseurilor, sau de tratarea deseurilor, inclusiv a intermediarilor ,,sd asigure
evidenta gestiunii deseurilor pentru fiecare tip de deseu, in conformitate cu modelul
prevazut in anexa nr. 1 la HG nr. 856/2002, cu completarile ulterioare, si sa o
transmita anual Agentiei Judetene pentru Protectia Mediului”. Raportarea acestor date
se realizeaza prin intermediul unei platforme online intitulatd Sistem Integrat de
Mediu. Cel mai recent ,,Raport National Privind Starea Mediului 2013 elaborat in
2014 nu a actualizat datele privind deseurile din constructii si demolari si sunt incluse
in raport datele colectate in anul 2011, la fel ca in raportul din anul precedent. Acest
fapt semnaleazd o functionare greoaie a Sistemului Integrat de Mediu, probabil
cumulata cu reticenta de conformare a operatorilor economici mentionati anterior de a
completa chestionarele prevazute pentru raportare.

Un alt impediment in colectarea datelor consta in faptul ca unele firme de
constructii au puncte de lucru multiple si dispersate pe intreg teritoriul national si nu
centralizeazad datele cantitatilor de deseuri produse. De multe ori detinatorii deseurilor
din constructii si demolari sunt greu de identificat de catre autorititile de mediu,
deoarece sunt operatori economici al caror profil de activitate nu necesitd detinerea
unei autorizatii de mediu. Nu de putine ori deseurile din constructii si demolari sunt
eliminate la depozitele municipale vechi, fara cantarire, sau cel mai grav sunt aruncate
ilegal pe terenuri virane cauzand poluarea aerului, a apei si a solului [5,6,7]. Trebuie
mentionat faptul cd Agentia Nationala de Protectia Mediului detine date furnizate de
companiile de salubritate, care colecteaza doar o parte din aceste deseuri. Astfel, in
anul 2011, doar 75,69% din populatie a fost deservita de serviciile de salubritate, din
care 90,45% s-au situat in mediul urban si 59,17% 1n mediul rural. Pentru calculul
cantitatilor de deseuri generate si necolectate se folosesc indici de generare.

Avand in vedere aceste neajunsuri, rata de colectare si de valorificare a acestei
categorii de deseuri ramane deocamdata subapreciata sau cel putin inexacta.
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3. Managementul deseurilor din constructii si demolari

Ierarhia deseurilor asa cum este prezentatd in cadrul Directivei Cadru
2008/98/CE privind deseurile, prezinta ordinea descrescdtoare a prioritatilor privind
gestionarea deseurilor: prevenirea aparitiei deseurilor, pregatirea pentru reutilizare,
reciclarea deseurilor, alte operatiuni de valorificare (ex. valorificarea energetica),
eliminarea deseurilor (in principal prin depozitare).

Prevenirea aparitieir deseurilor se concentreaza asupra etapelor vietii unui
produs inainte ca acesta sa fie preluat de un operator de gestionare a deseurilor (de la
extragerea materiilor prime, trecand prin productie pana la valorificare) [8]. Abordarea
de tip analiza ciclului de viatd (LCT) reprezintd o abordare conceptuald, care
urmareste sa identifice Tmbunatatirile si sa reduca impactul proceselor de productie si
servicii in toate etapele ciclului de viata asociat, de la extractia si prelucrarea materiilor
prime, la fabricare si distributie, utilizare si eliminare (la sfarsitul duratei de viatd).
“Proiectarea ecologica" are ca principal rol imbunatatirea performantei ecologice a
unui produs de-a lungul ciclului de viata, considerand toate etapele de la producere la
utilizare si generare de deseu (de la materia primd, productie, ambalare, transport si
distributie, instalare/utilizare, intretinere, scoatere din uz si generare deseu), integrand
aspectele ecologice in fiecare din aceste etape [9].

Prevenirea cantitatii de deseuri din constructii si demolari poate fi realizata prin:

e schimbarea conceptelor folosite in proiectare;
e selectarea materialelor si a metodelor de constructie.

Masurile si1 conceptele de proiectare cuprind standardizarea (luarea in
considerare a dimensiunilor standard ale materialelor si reducerea deseurilor rezultate
din tdierea acestora), utilizarea tehnologiilor cu deseuri minime (prefabricare, cofraje
metalice), evitarea modificarilor in stadiile finale ale proiectarii (care duc la demolari
partiale si refacerea lucrarilor) si furnizarea de proiecte detaliate (in vederea evitarii
refacerii anumitor lucrari). Studii recente au aratat cd pentru structuri din beton
utilizarea prefabricatelor poate reduce semnificativ producerea deseurilor pe santierele
de constructii.

Conformarea cu tintele asumate in legislatia Uniunii Europene inseamna ca
pana 1n anul 2020 sa fie finalizat stadiul de pregatire pentru reutilizare, reciclare si alte
operatiuni de valorificare materiald, inclusiv operatii de umplere cu deseuri pentru
minim 70% din masa deseurilor provenite din activitatile de constructii $i demolari.

O reciclare eficientd necesitd o selectare la sursd, prin separarea diferitelor
materiale reciclabile direct in cadrul santierului. Se utilizeaza mai multe containere de
depozitare, in functie de posibilitatile de reciclare avute in vedere. Ulterior, deseurile
sunt transportate la statiile de tratare sau reciclare, pentru ca in final sa reintre in
circuitul de productie ca materie prima secundara. Colectarea in amestec constituie
alternativa colectarii selective, prin aceastd metoda toate deseurile reciclabile sunt
colectate intr-un singur container. Deseurile colectate sunt transportate la o statie de
procesare, unde sortarea acestora se face manual sau automatizat. In cazul colectrii in
amestec existd pericolul contaminarii deseurilor nepericuloase prin contactul cu cele
periculoase.
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In general, 90-95% din deseurile nepericuloase din constructii si demoliri pot fi
reciclate, iar materialele principale care pot fi valorificate sunt [2,4,10]:

O materialul excavat (sol, nisip, pietris, argild, roci);

O materiale de la constructia drumurilor (bitum, smoald, pavaj, nisip, pietris, roci
zdrobite);

O materiale de la constructia sau demolarea cladirilor (sol, ciment, tigle, caramizi,
beton, ipsos, lemn, metale, sticld);

O materiale de pe santierele de constructii (lemn, plastic, hartie, carton, metale,
cabluri, solutii de lacuit si vopsit).

Rata de reciclare a deseurilor din constructii s1 demolari nepericuloase variaza
mult intre tarile din Uniunea Europeana de la 0% la peste 90%, desi potentialul de
reciclare este foarte mare. Rata de reciclare a fost calculata pornind de la rapoartele de
tara din cadrul proiectului ,,Resource Efficient Use of Mixed Waste” (vezi capitolul 2)
si considerand si operatiuni de umplere rambleiere (fig. 3).

Unele tari precum Olanda, Germania §i Danemarca au legislatie specifica
pentru reciclarea deseurilor din constructii si demolari, cu restrictionarea depozitarii
acestora, rezultand astfel rate mari de reciclare, mai mari de 80%. Masurile luate de
aceste state se referd adesea la taxe mai mari pentru depozitare, care pot sa fie de 10
ori mai mari pentru deseurile mixte decat pentru cele sortate, impozite si taxe pentru
utilizarea agregatelor naturale, stimulente financiare i fiscale pentru sortarea si
reciclarea deseurilor din constructii si demolari, pentru producerea si utilizarea de
agregate reciclate [10,11,12].

100 -~
0 Tl | il
80 THHN | | (AN N N
O7dNall __ HNN.! [ HNHAN N N
OTNNNNm NHNNN! [ HNHEN N N
SOTNENNN HNAN! Emifirnrmi
AWONENNN_HNAN! remffigaoimi
SOTHENNNNNNAN! imiinnnnnini
20N NNNNNNNNN! imiinnnnnini
llllllllll imiinnnnnini
L R LB e e
e 58 8505680580538 5605503388 5
2259 Y SERCLECE T §2E25025E835a%8
@ c & 9 =% 2N H =
I ) 5 a ®
[ 4 bt
[1°]
=

M rata reciclare

Fig. 3. Procentul deseurilor din constructii si demolari nepericuloase reciclate, 2012

Rata de reciclare mare a deseurilor din constructii si demolari poate fi obtinuta
numai cu realizarea unui “Plan de Management al Deseurilor” fezabil. Acesta este un
document care stabileste pentru fiecare investitie o strategie de reciclare. Planul de
Management al Deseurilor trebuie:
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e sa estimeze tipurile si cantitatile de deseuri C&D generate in fiecare etapa a
lucrarii;

e saidentifice cum fiecare deseu va fi gestionat si valorificat;

e sa furnizeze o estimare a ratei globale a activitatilor de reciclare;

e sa stabileasca planuri de instruire, intilniri si alte comunicari referitoare la

managementul deseurilor [10].

Tarile fara preocupari specifice de reciclare a deseurilor din constructii si
demoldri au rate mici de reciclare (de exemplu Lituania, Grecia, dar si Romania)
(fig.3).

In anul 2011, in Roménia, rata de reciclare a deseurilor din constructii si
demolari a ajuns la 47,7%, inregistrand o crestere in ultimii ani (fig.4). Trebuie
mentionat faptul ca rata de reciclare s-a calculat considerand cantitatea de deseuri
colectata, nu cea generatd, cum a fost calculatd pentru restul tarilor, ceea ce a condus
la un procent mai mare decat cel real. Datele inregistrate nu au considerat si
operatiunile de umplere rambleiere, care sunt principalele utilizari ale deseurilor din
constructii s1 demolari. De asemenea exista o piatd nedeclarata a reutilizarii deseurilor
din constructii si demolari, o piatd rezultatd in urma scumpirii materialelor de
constructie si a cresterii necesitafilor populatiei, precum si o reutilizare internd in
cadrul gospodariilor sau al firmelor de constructii.
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Fig. 4. Variatia procentului de deseuri din constructii si demolari reciclate In Romania (2003-2011)
(sursa: Agentia Nationala pentru Protectia Mediului)

Gradul de reciclare redus al deseurilor din constructii si demolari din Romania
poate fi din cauze de natura tehnica (inexistenta infrastructurii de colectare separata si
de sortare, respectiv lipsa capacitatilor de reciclare pentru anumite tipuri de materiale,
cum ar fi lemnul), dar si economicd (lipsa unor instrumente financiare care sa
stimuleze/oblige operatorii de salubrizare sa livreze deseurile colectate catre instalatii
de tratare/valorificare si nu catre eliminare). De asemenea, in Romania, agregatele
naturale sunt in cantitati suficiente si la pret redus, ingreunand intrarea pe piata a
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agregatelor reciclate. La calcularea costurilor agregatelor reciclate trebuie luate in
considerare, pe langd costurile propriu-zise cu reciclarea, costurile de colectare si
transport, costurile de investitii si de functionare a echipamentelor necesare si rezulta
astfel preturi mai mari decat ale agregatelor naturale. Costul depozitarii deseurilor in
Romania este mic, iar reciclarea are costuri mai mari si nu este rentabila.

Eliberarea autorizatiilor de construire/desfiintare de catre Consiliile Locale este
conditionatd, in baza Legii nr. 50/1991 privind autorizarea executarii lucrarilor de
constructii actualizatd, de existenta unui contract de prestari servicii incheiat cu un
operator de salubrizare pentru colectarea si transportul deseurilor din constructii si
demolari. Conform principiilor managementului deseurilor acest lucru ar presupune
transportul deseurilor la un centru de management integrat al deseurilor in vederea
sortarii, valorificarii si/sau depozitarii ulterioare. Neexistand o legislatie specifica
pentru deseurile din constructii si demolari si din cauza motivelor expuse mai sus,
mare parte din deseurile colectate de operatorii de salubrizare ajung sa fie depozitate in
depozitele de deseuri conforme si neconforme, impreund cu restul deseurilor
municipale. Materialele inerte reprezintd un procent important din deseurile din
constructii si demolari, iar la noi nu existd depozite de deseuri inerte. Depozitand
materiale inerte in depozitele de deseuri nepericuloase, impreund cu alte deseuri
municipale, se ocupd un spatiu pentru care cheltuielile de constructie si de protectie a
mediului sunt mult mai mari decat pentru un depozit de deseuri inerte.

4. Modalitati de finantare a managementului deseurilor din constructii si
demolari

Directiva Cadru 2008/98/CE privind deseurile contine, printre altele, prevederi
in domeniul reciclarii. Statele Membre ale Uniunii Europene trebuie sd organizeze
sisteme de colectare separata cel putin pentru hartie, metal, plastic, sticla pana in 2015.
Se impun tinte de pregatire pentru reutilizare si reciclare a deseurilor de minimum
50% din masa totala pentru deseurile menajere si asimilabile cu acestea, pana in 2020
si pregatirea pentru reutilizare, reciclare si alte operatiuni de valorificare materiala,
inclusiv operatii de umplere care utilizeazd deseuri pentru min 70% din masa
deseurilor provenite din activitatile de constructie si demolari. Legea nr. 211/2011 la
art. 17 stabileste pentru producatorii de deseuri si autoritatile administratiei publice
locale obligatia de a atinge, "pana in anul 2020, un nivel de pregatire pentru reutilizare,
reciclare si alte operatiuni de valorificare materiala, inclusiv operatiuni de umplere
rambleiere care utilizeaza deseuri pentru a inlocui alte materiale, de minimum 70% din
masa cantitdtilor de deseuri nepericuloase provenite din activitdti de constructie si
demolari, cu exceptia materialelor geologice naturale definite la categoria 17 05 04 din
Hotararea Guvernului nr. 856/2002, cu completarile ulterioare”.

Pentru a putea fi atinse fintele de reciclare stabilite pentru deseurile din
constructii si demolari pand in anul 2020 trebuie accesate fondurile structurale. Au fost
identificate programele operationale i axele prioritare din perioada de programare
2014-2020, prin care se pot finanta diverse activitati care sa conduca la prevenirea,
reutilizarea si reciclarea deseurilor din constructii si demolari.
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Pentru  perioada de programare 2007-2013 proiectele din domeniul
managementului deseurilor au fost finantate in special prin Programul Operational
Sectorial de Mediu (POS Mediu) 2007-2013, Axa Prioritara 2- Dezvoltarea sistemelor
de management integrat al deseurilor si reabilitarea siturilor istorice contaminate,
Domeniul major de interventie 2.1- Dezvoltarea sistemelor integrate de management al
deseurilor si extinderea infrastructurii de management al deseurilor. Investitiile pentru
acest domeniu de interventie au prevazut crearea de sisteme integrate de gestionare a
deseurilor la nivel regional, 1n paralel cu inchiderea depozitelor de deseuri neconforme
[13]. S-au finantat masuri si activitati de prevenire, colectare selectiva, sortare,
valorificare s1 reciclare, transport, depozitare, tratare, eliminare etc. [13]. Prin
POSMediu 2007-2013 au fost finantate proiectele de management integratal deseurilor
ce acopera aglomerarile urbane si rurale de la nivelul judetelor, iar pentru a putea fi
selectate a fost necesar ca acestea sa fie in acord cu Planul National si Planurile
Regionale de Gestionare a Deseurilor existente [13]. Printre activitatile finantate au
fost si cele referitoare la reciclarea deseurilor din constructii si demolari prin
achizitionarea de concasoare care sa transforme resturile de beton, caramizi etc. in
agregate reciclate.

Procesul de implementare al proiectelor finantate prin POS Mediu a avut un
ritm lent si s-a desfasurat anevoios ceea ce a determinat ca la 28.08.2015 sa fie
aprobate 32 de proiecte (valoare totald cca. 1,3 mld.€), cu un grad de absortie de
51,9% [14]. O parte din aceste proiecte Tnregistreaza intarzieri, drept pentru care nu se
vor finaliza in 2015 si vor fi continuate prin Programul Operational Infrastructura
Mare (POIM) 2014-2020 Axa Prioritara 3 - Dezvoltarea infrastructurii de mediu in
conditii de management eficient al resurselor - Obiectivul Specific 3.1 - Reducerea
numarului depozitelor neconforme si cresterea gradului de pregatire pentru reciclare a
deseurilor in Roméania. POIM prevede un buget de 351 milioane euro (Fondul de
Coeziune + Bugetul National) pentru investitii in sectorul managementului deseurilor
in vederea continuarii dezvoltarii proiectelor de management integrat al deseurilor de
la nivelul judetelor ce au ca beneficiar Asociatiile de Dezvoltare Intercomunitarad prin
Consiliile Judetene [15]. Prin POIM vor fi finantate intr-o primd etapa proiectele
pregdtite in perioada 2007-2013 si nedemarate Incd, asa numite proiecte ,,fazate”
(termen pe care il consideram inoportun datoritd lipsei sale din dictionarele limbii
romane) si sistemul de management integrat al Municipiului Bucuresti [15]. Dupa
finalizarea Planului National de Gestionare a Deseurilor 2014-2020, pe baza planului
de actiune propus se vor finanta si alte tipuri de investitii, POIM urmand a fi modificat
in acest sens [15].

Implicarea cercetarii §i a inovarii in managementul deseurilor din constructii si
demolari, promovarea unor materiale/tehnologii de constructii care previn aparifia
deseurilor (proiectare ecologicd), dar si constituirea unei baze de date cu operatorii
care recicleaza deseurile (e-comert) si o baza de date cu deseurile din constructii si
demolari pot fi realizate accesand fonduri prin Programul Operational Competitivitate:

AP1: Cercetare, dezvoltare tehnologicd si inovare (CDI) 1n sprijinul

......
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AP2: Tehnologia Informatiei si Comunicatiilor (TIC) pentru o economie
digitald competitiva

IMM-urile care au ca obiect managementul deseurilor pot obtine finantare prin
prin Programul National de Dezvoltare Rurala - masura sM 6.4: Investitii in crearea si
dezvoltarea de activitati neagricole.

Activitati legate de educatie si diverse cursuri privind managementul deseurilor
pot fi derulate prin Programul Operational Capital Uman pe toate axele prioritare:

AP1: Initiativa locuri de munca pentru tineri

AP2: Imbunititirea situatiei tinerilor din categoria NEETs (not in education,
employment or training)

AP3: Locuri de muncad pentru toti

AP4: Incluziunea sociald si combaterea saraciei

APS5: Dezvoltare locala plasatd sub responsabilitatea comunitatii

APG6: Educatie si competente.

Avand in vedere ca nu au aparut toate ghidurile solicitantului pentru programele
operationale, sau sunt 1n curs de consultare, situatia prezentatd poate sa sufere
modificari.

5. Concluzii

La nivel european se recicleazd mai mult de 50% din cantitatea de deseuri din
constructii si demolari generatd. Majoritatea tarilor din Uniunea Europeana recicleaza
beton, caramizi si asfalt, dar si un procent important din pamant, balast, criblura.
Procentul de reciclare al deseurilor din constructii si demolari din Romania e mai mic,
dar inregistreaza o crestere fata de anii anteriori. Pentru reusita reciclarii deseurilor din
constructii si demolari ar trebui o legislatie specifica cu obligatiile celor implicati in
procesul de reciclare, eliberarea autorizatiilor de construire sau de demolare
conditionatd de existenta unui Plan de Management al Deseurilor, cresterea taxei de
depozitare, cresterea gradului de utilizare a agregatelor reciclate. Utilizarea fondurilor
structurale din perioada de programare 2014-2020 poate sd conducd la cresterea
gradului de reciclare a acestor deseuri si la atingerea tintelor impuse de legislatia
nationald si europeana.
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Abstract. The present work presents a demonstrative application for defining the needed
measures to implement quality and environmental planning provisions at product level within
a furniture start-up company that seeks to transfer newly developed products into production.
The conceptual models of D. A. Garvin and N. Kano are used as basis for this endeavor and
the resulting proposals can constitute the basis for concrete approaches such as 1SO 9001
systems, Lean Six Sigma, Kaizen events or other. For the product related environmental
aspects, the Bill of materials generated by the CAD software CATIA is used as the starting
point for analysis. A modality of structured deployment of measures is presented, a “‘red
thread” that runs from identifying and understanding the customer requirements, to design
and development, to production and delivery and, ultimately, returns to the customers in
order to assess their overall satisfaction along the product lifecycle. The authors consider that
such an approach has the advantage of being, at the same time, scientifically sounds,
technically useful and practically implementable, offering a tool which is easy to use in a
company that combines R&D with market orientation against the usual background and
challenges of launching a new business.

Key words: quality planning, environmental planning, Garvin’s 8 dimensions of quality,
Kano model.

1. Introduction

The current paper proposes a possible scenario for developing the adequate
measures needed to perform product quality and environmental planning for a
furniture start-up company focused on developing innovative furniture by
incorporating RDI activities at the center of its business model, with the support of
European Funding in the form of the project POSCCE 12.P01.001 13 C3, Research for
developing and implementing into production innovative furniture, part of the
12.P01.001 Competitiveness Pole “Transylvanian furniture cluster”. As the project is
nearing completion, a product portfolio has been developed by the researchers and
designers and the company is considering its options in turning these products into
market successes with the help of the newly implemented production system. For this
purpose, a special focus will be dedicated to ensuring the proper realization of quality
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at product level, both by means of correct planning and optimized control, while at the
same time maintaining a minimal environmental footprint.

For the needs of the present endeavor, quality as a goal will be approached by
means of approaches proposed in the 1980s by professors David A. Garvin in the US
and Noriaki Kano in Japan. The choice of these approaches is based on the need to
define in an exploratory manner the possible future customer niches and to design into
the products all the possible measures to ensure their success from early on, no matter
what concrete form they take during implementation: ISO 9001 Quality management
system objectives, Lean Six Sigma DPMO targets, Kaizen events programs or other
means. This is due to the high degree of competitiveness on this market [1], both in
Romania and abroad, where, even an innovative product, can fail quickly and be rapidly
replaced if it does not meet the cost and performance expectations in a short time span
(furniture is leaning in the past decades more towards the commodity end of the product
novelty scale and attempts to push it towards the innovation end are still required to be
good and cheap from start). The product interactions with the environment are mainly
treated in this paper by means of analyzing and understanding the impact that the chosen
materials have on the sustainability of resources, the quality of affected environmental
factors (i.e. air) and the challenges of recycling at the product’s end of life.

2. Structuring customer requirements using the Kano model

The Kano model [2,3] groups the requirements of the customers into three
categories: mandatory (they must be fulfilled for the customer to perceive satisfaction),
performance (the more the better to entice satisfaction) and surprising (a few
unconscious requirements whose fulfillment brings a considerable return on
investment). In the case of the analyzed furniture start-up company, based on focus
group studies and the company policies, the market for residential and business
(office) work furniture, respectively, yields the following requirements (Table 1):

Table 1
Customer requirements analysis
Kano model category | Identified requirements Identified requirements
Residential work environment | Business work environment
Mandatory Durability Durability
Main function Easy maintenance
Main function
Cost effective
Performance Comfort Re-configurability
Easy to transport/Light Professional aspect/image
Customization possibilities Precision of execution
Precision of execution Distinction of materials
Distinction of materials Fireproofing
Integration into trends Office equipment readiness
Color/Texture/Aspect Ergonomic working position
Delivery/Installation Common spare parts / repairs
Cost effective Delivery/Installation/Recovery
Surprising Design approach Multi-functionality
Multi-functionality Smart capabilities
Re-configurability Recyclability
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3. Structuring quality measures using Garvin’s 8 dimensions

Prof. David A. Garvin proposed in his article from HBR in 1987 [4, 5], an
approach to quality structured on 8 main dimensions that relate both to product and
process levels: performance (main function), features (all other functionalities),
reliability (constancy of functionality), conformance (adherence to expected norms),
durability (time related behavior), serviceability (ability to be repaired), aesthetics
(design preferences), perceived quality (satisfaction generated).

We shall use these direction to continue the presentation of how the identified
customer requirements are used to generate product characteristics and an
individualized process structures within the production system. A typical furniture
type that can be included both in the residential and the business categories, namely a
work desk, is used in the following to exemplify the results of thinking up the
activities of the company through the dimensions mentioned above, using the proven
advantages CAD/CAM/simulation software [6]. The main design themes are based on
a survey of real customer requirements in terms of dimensions, functionality and
aspect.

The performance of the product is visible in Figure 1 below, which shows the
CAD model used for product design and indicates the main function of the product —
to support work related activities. Based on the 3D model, all the necessary data for
production can be derived: dimensions, tolerances, materials, fittings for assembly,
accessories, etc. In this way, the room for error between the design and the production
processes is minimized and time to customer is very short.

Figure 1. Example of a desk design (CATIA 3D model)

Also, some of the features of the product, which are design into it and then
manufactured, can be seen in Figure 1: extended working area with two side at 90°
angle, thick and stable working surface, mobile file and documents storage unit (roll
box) with 3 separate drawers, open space on both sides (no front covers), stiffening
elements connecting the wooden legs, one design and support metallic leg on the
corner, sober finishing. Besides this, some hidden characteristics must also be
mentioned: the wood particle boards must have the proper thickness and their edges
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must be processed with ABS before assembly, the assembly pins, holes and glue need
to be integrated and anti-slipping and anti-humidity legs need to be installed. Also, the
document cabinet has its own mechanism and accessories that must be included:
wheels, drawer guides, handles, etc. All the features are achieved through proper
design and manufacturing according to CAD specifications (Figure 2).
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§

Figure 2. Product related features (overview drawings)
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The reliability has been described in terms of FEA (finite element analysis)
study that has tested through simulation the stress that the product must endure, using
a uniformly distributed force of 2000N, 2 supports for each particleboard leg and 1
support for the metallic leg (Figure 3a). The results of the study indicate that the
maximum possible deformations do not exceed the allowable limits of the material,
thus the product is able to perform its function in a continued manner.

Figure 3. a) FEA setup; b) FEA results

In order to ensure conformance of the product with norms and regulations, the
following standards will be observed during product design and manufacturing:
e STAS 147-88 — Wood furniture. Work tables and desks (Romanian standard)
e EN 527-1:2011 — Office furniture. Work tables and desks. Part 1: Dimensions
(European norm)
e EN 527-2:2002 — Office furniture. Work tables and desks. Part 2: Mechanical
safety requirements (European norm)
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Following the provisions of these standards, the designed work desk will have
proper dimensions and relationships among dimensions, adequate functionalities and
ergonomics and will provide the users with a safe interior environment (e.g. proper
supports, proper distribution of load, positioning of joints and accessories, etc.).

In this case, durability and serviceability have been implemented by using a
standardized and simple parts and a reduced number of technological operations, along
with durable materials with a long useful life and easy to clean and maintain. In this
way, the product is a demonstration of the guidelines of the Design for X approach,
where X is replaced here no only by durability and serviceability, but also by quality,
cost, manufacturability and ease of assembly. The details of these combined
approaches can be better observed in the bill of materials (BOM) (Table 2):

Bill of materials for the proposed desk

Table 2

Nr. crt. | Name of component Material Dimensions No. of pieces
1. Large table top Melamine 1100x 700x 18 1

2. Small table top Melamine 400x 700x 18 1

3. Corner table top Melamine froo?;; deg(;(z))z)) 18 1

4. Legs of table Melamine 600x 732 4

5. Metallic leg Chromed metallic 732x 60 diam 1

6. ABS Plastic 2mm thick

7. ABS Adhesive Adhesive

8. Bungs Wood 6,5x 5 diam Approx. 30
9. Screws Metal 10x 2.5 diam 4

10. Connecting element (tablel) | Melamine 864x 200x 18 1

11. Connecting element (table 2) | Melamine 364x 200x 18 1

The aesthetics of the product are simple and lean, in accordance with the
customers’ requirements and current trends, without being the defining feature of this
product. It has been positioned from the beginning as a work desk, for the average
office worker, or, maybe, for some home office use. As such, it does not have
significant image related roles. However, it projects a sleek, modern and discreet look
that can make it attractive to a large customer base, while at the same time leaving
room for the user to customize it in use according to their own wishes (Figure 4).

168




Mihai Dragomir, Bela Zalany, Diana Dragomir, Florin Popescu, Sergiu Solcan

Fig. 4. Studies concerning the possible final aspect of the desk (w/o the roll box)

The perceived quality in the case of the studied product has been assessed
during a focus group with 10 natural persons, possible customers of the given product,
that have not been involved in the customer requirements gathering or other
development phases. Their feedback is summarized in the table below based on a
questionnaire with 10 items, 9 with a Likert scale and 1 open, aimed at determining
strong and weak points of the proposed design and the drivers of the purchasing
decision (Table 3):

Table 3
Summary of customer feedback regarding perception of the proposed desk

Nr. Investigated aspect Responses
crt.

0%-insufficient, 10%-barely enough, 80%-adequate,

1. | Useful space and its distribution 10%-a bit large, 0%-too large

30%-insufficient, 40%-barely enough, 30%-adequate,

2. | Storage capacity 0%-a bit large, 0%-too large

0%inflexible, 30%somewhat flexible, 70%-flexible

3. Flexibility of the arrangement enough, 0%-too flexible, 0%-unusable

0%-unstable, stable enough, adequate support, very

4. | Perceived support and stability stable. 0%-immovable
) 0=

80%-no connectivity, 20%-low connectivity,
5. | Connectivity, adequacy for equip. | 0%-adequate  connectivity, 0%-high connectivity,
0%-very high connectivity

6 Aspect, customization | 0%-unlikeable, 10%-tarnished, 30%-acceptable, 50%-
| possibilities good looking, 10%-great looking
. 0%-poorly designed, 10%-acceptable, 20%-adequate,
7. | Overall product evaluation 50%-g0od, 20%-very good
8. | Desired product life 10%-under 3 years, 40%-3-5 years, 50%-over 5 years
Other desired features based on Power outlets, modularity, coffeg mug area, storage trqys
9. pawls, roll box anchors, possibility to conceal/organize

h i . . :
the presented design (open) cables, more modern materials, more futuristic design

10%-not at all, 10%-not likely, 60%-likely,

10. | Likeliness to purchase 20%-very likely, 0%-for sure

Based on these responses and considering the development, production and
marketing costs, the decision of the company’s management leans towards producing
the desk both as an on-demand item and as a series item. Also, improvement
possibilities can be inferred from these responses.
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4. Environmental measures for the product life

There have been identified three main directions for acting upon the product in
order to increase its environmental compatibility with the current regulations and the
expectations of the target markets (Table 4). Each of these directions can be solved
with multiple solutions that have both positive and negative aspects. Without
providing final solutions, the authors recommend that the company make the
corresponding product development and manufacturing decisions from the
combinations below, after performing a cost-benefit analysis, a trade-off analysis and
possibly, after appealing to innovative solutions such as the ones provide by the
application of the TRIZ method (Theory of Inventive Problem Solving).

Table 4
Environmental planning for the proposed desk
Solutions Challenges

Studied
issue

Materials used and

Eco-friendly particle board

High price, customers will refuse

sustainability of | Use of recovered materials Raises aesthetic and durability issues

resources Replacement materials | Cheap look and feel of the product
(plastics)

Interactions with | Classic laminated surface Cheap look, poor product image

environmental Glass/Plexiglas covering Additional weight, sensitive

Chemical treatments
Particleboards,
adhesives

Metallic components

factors (mainly air)
Recyclability at the
end of active life

Additional costs, possible side-effects
Difficult to recycle, expensive to
dispose

Easy and cheap to recycle

edges,

A possible way out of this conundrum that balances the entire customer oriented
development against societal issues would be to create a family of products, where
different variants can be created by the clients themselves, thus encouraging them to
be co-creators.

5. Conclusions

The product used in this case study, a work desk, has both residential and
business viability, with minimal modifications or variations. It is essential that it is
designed and manufactured in conformance with way the customer perceive an
innovative, high quality and environmental friendly product, as they will spend
considerable time working on it and it will be featured in their relationships with other
persons (family, co-workers, customers). Our demarche showcases that by using
proper scientific approaches and tools, as well as adequate software tools, a simple
product (work table) can be transformed into a real partner for the customer (work
desk). In this way, the quality of their working indoor environment is constructed by
achieving the perception of satisfaction on the part of the customer, along the entire
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work day and by minimizing potential negative impacts of poorly designed furniture
(strains, aches, lack of functionality, air contamination, dissatisfaction, etc.).
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Abstract

In this paper the authors analyse a dynamic system, namely the independent wound DC
motor and a new automation mode for this. Starting from the voltage balance equation
and the torque balance equation, a Matlab/Simulink model is built for the motor and the
motor’s answer to unit level signal and a ramp signal is analysed. For the automation of
the system a PID regulator is used. By the fine tuning of the regulator’s parameters, an
optimal variation is obtained, which satisfies all the performances.

Key-words: Electrical drive, speed control, automation PID

1. Introduction

In the dc motor based systems the independent wound DC motor is the most
frequently used. For this motor, the excitation current is constant for a large interval of
motor speeds.

There is well-known from the literature [1-7, 9] that the operation of the independent
wound DC motor is determined by a voltage balance equation for the rotor wound
(electric balance) and a torque balance equation (mechanical balance), as follows:

u(t) =R-i(t) +L- 52 + e(t); (1)
JHE = €)= Co(8). 2)

By using the basic equations from [1] and [2], we obtain:
e(t) =D w(t)
Cr(t) = D-i(t)
GO =f w®)

w(t) = % (3)

* Lucrare inclusa in programul conferintei EENVIRO 2015
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By introducing these equations (3) into the above equations (1 and 2), we obtain:

WO _ Ry () — 2 w()
dt L L L ; (4)
dw®) _ ¢  .on T
bl i(t) ; w(t)
where:

u — is the powering voltage present at the rotor’s terminals;
o — 1s the rotation speed of the motor axis;

| - is the rotoric current;

R — 1s the rotor wound’s resistance;

L — is the rotor wound’s inductance;

e —1s the induced electromotive force;

@ — 1s the excitation magnetic flux;

J — is the inertia moment of the motor axis;

0 — is the angular displacement of the motor axis;
Cm — is the active torque of the motor;

Cr - is the resistive torque of the load;

Fr - is the friction coefficient.

The two system variables, the electric one (the current intensity) and the mechanical
one (the rotor axis rotational speed) can be found in each equation (4). In both (4)
equations the other system variable produces an adverse reaction, being opposite to
entry measure (in this case the power voltage present at the rotor circuit’s terminals),
realising the ,,coupling” between the two variables, a coupling necessary for the
electromechanical conversion. The electromotive force is opposed to the power voltage
present at the rotor circuit’s terminals and the resistive torque is opposite to the
electromagnetic torque, attenuating the mechanical speed’s dynamics. For the motor
mode, the difference between the electromagnetic torque and the load’s resistive torque
is strictly positive. If the entry value is not enough, the difference between the
electromagnetic torque and the load’s resistive torque becomes negative and the
electromechanical conversion is not possible. In this way a skip area of the
electromechanical conversion is introduced for the cases when the difference between
the electromagnetic torque and the load’s resistive torque is negative [9]. The
numerical integration of the (4) equation system leads to the preparation of the
system’s model (figures 1 and 2).

2. The analysis of the independent wound DC motor’s operation

By applying the Laplace transform for the (1-4) linear equations, we can obtain the
following algebraic equations for zero condition (i(0) = 0 and w(0) = 0) [2]:
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s-i(s)=—§-i(s)+%-u(s)—%-w(s)

5
s-w(s)=%-i(s)—f]—r-w(s) ()
which conduct to the followings [2]:
N 1 P
i(s) = L's+R u(s) L's+R w(s) 6)
w(s) =——-i(s)
Js+fr

3. The Matlab/Simulink model for the independent wound DC motor

By using the equations (5) and (6), the authors have built the numerical model for
the said independent wound DC motor, with transfer functions, described is Simulink,
as in figure 1 [2].

E us) ey N is) | 0ot smegais) [
yy 0.55+0.5 0.015+0.1

Step Transfer Fen Transfer Feni Scope

D.D1L
|

Gain

Fig. 1: The numerical model for the said independent wound DC motor for an unit
level signal.

The model has been constructed with the blocks available in Matlab/Simulink.

4. The answer of the analysed system to the unit level signal

For visualizing the indicial answer of the analyses system [1, 2], after setting the
values of the constants (by example ] = 0,01; f, = 0,1; R =1; L = 0,5; ¢ = 0,01) the
simulation has been proceeded (t=10 s) and the oscilloscope window displayed the
graphics showed in the below figure, showing the dependence of the output value (®
(s)) of an unit level input signal u(s)) (figure 2).
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Fig. 2: The indicial answer (®(s)) of the independent wound DC motor to an unit level signal.

5. The answer of the analysed system to a ramp signal

The analysed numerical model (built with the blocks available in Matlab/Simulink)
is shown in figure 3 below [1-2].

| cmegals)
uls) In1 outt 4p|§|

Ramp Scope

Fig. 3: The numerical model for the said independent wound DC motor for a ramp signal

The figure below (figure 4) shows the indicial answer (showing the dependence of
the output value (® (s)) of an ramp input signal u(s)), displayed by the oscilloscope
window. In this figure, the model of the DC motor is represented by a sub-system.

B Scope SNRCE X

@8 |[Q)w s ORS00 F -

Fig. 4: The answer (w(s)) of the numerical model of the independent wound DC motor to a ramp
signal.

6. The model’s automation

A few performances are necessary to be ensured for the analysed system, namely:
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e Zero stationary error;

e The less transient time;

e Over-switch less than 20%;

The reference value is a unit level signal [1-5]. Figure 5 shows the analysed motor’s
automation scheme, including a PID regulator and figure 6 shows the indicial answer
of the PID regulator close loop.

EL’ s FID(s) p{in1 oy - LIC N |

Step PID Controller Turatia
Mator de c.c motorului

Fig. 5: The automation circuit for the independent wound DC motor.

B scope =[5 [ |
EEIEEINFELEIELR -

Fig. 6: The indicial answer (»(s)) of the closed loop system including a PID regulator.

From figure 6 we can deduct that there is a stationary error and it is necessary an
integrative part. The over-regulation has a high value, being necessary the derivative
component of the regulator, too. By refining these values we find an optimal value
(figure 7), a value for which all the imposed requirements are satisfied.

uScope l‘:' @&1

aea<BofHOaR -

Fig. 7: The indicial answer (w(s)) of the closed loop system including a PID regulator.
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Fig. 8: The automation circuit (P=120; [=320; D=5) for the independent wound DC motor.

The stationary value of the system can be visualised by connecting at the output of a
display block, as that one from figure 8. This block displays the last value, that of
stationary mode (corresponding to t = 2 s.

7. Conclusions

The presented numerical models (figures 1 and 3) can be enhanced, considering the
regulating possibilities by an adequate algorithm, that uses the information received from
the transceivers — a current transceiver and a rotational speed transceiver. These can be
engineered as a low-pass filter, their necessity being determined by the ripples of the rotor
current, produced by the execution element or by the constructive structure itself.

In figure 2 there is shown the indicial answer of the system and we can notice that
for= 1s, the output of the model is zero, inconvenience that can be solved by setting
the Step time accordingly, so that the level signal will be applied at t = 1 s [2].

By the fine tuning of the regulator’s parameters, the overs-witch will be less and the
stationary value will be close to zero [2].

The stationary value of the analysed system can be visualized by connecting a
display block to the output, that will display the last value, meaning the stationary
regime value (corresponding to = 2 s).

In case of some more complicated building equipment processes, the
Matlab/Simulink Model of figure 5 can become more complex.
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Rezumat

Modalitatile actuale de evaluare ale confortului termic in autovehicule nu sunt optimizate
in acord cu cele doua directii importante si interdependente, confortul termic si consumul
de energie. Mai mult decat atat principiile de determinare sunt bazate pe metode de
evaluare confortului termic in interiorul cladirilor. Obiectivul prezentului studiu este de a
investiga confortul termic din interiorul automobilului. Cu ajutorul instrumentelor de
masurd, am urmarit variatia parametrilor interiori (temperatura §i viteza aerului,
temperatura medie de radiatie, umiditatea relativa ) si al celor exteriori (temperatura si
umiditatea, radiatia solara). Estimdnd rata metabolica si izolarea termica produsa de
imbracamintea pasagerilor si cunoscdand valorile parametrilor interiori, am calculat

indicele PMV, urmarind posibilitatea utilizarii acestuia in autovehicul.
Cuvinte cheie: confort termic, PMV, autovehicul, TSV, habitaclu

Abstract

The current methods for thermal comfort evaluation inside the vehicles are not optimized
in agreement with the two important and interacting directions, thermal comfort and
energy consumption. More than that, the determination principles are based on the
evaluation methods of thermal comfort inside the buildings. The primary subject of this
study is to investigate the thermal comfort inside the vehicles. By means of the measuring
tools, we followed the interior parameters variation (air temperature and speed, mean
radiation temperature, relative humidity) and the exterior ones (humidity and exterior
temperature, solar radiation). Estimating the metabolic rate and the thermal isolation
produced by the passengers clothing and knowing the interior parameters value, we have

calculated the PMV parameter, analyzing the possibility of applying it inside vehicles.

Key words: thermal comfort, PMV, vehicle, TSV, cabin
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1. Introduction

Le confort thermique est pergu et ressenti différemment par tout a chacun, il n'y
a donc pas de définition universelle de ce terme [1]. Il dépend principalement des
caractéristiques physiologiques, psychologiques, environnementales [2].

Pour lutter contre les zones présentant de 1'inconfort, 1'organisme humain peut
«s'autoréguler» thermiquement grace aux informations que le corps envoie a
I'hypothalamus car la température interne du corps doit de rester quasi constante.

Le corps humain s'adapte a son environnement, notamment grace au principe de
sudation (mécanisme physiologique inconscient permettant d'abaisser la température
corporelle), en grelottant (activation forcée des muscles pour se réchauffer), ou encore
en adaptant sa respiration (lors d'un effort ou non). On dit alors que I'organisme
humain est homéotherme [3]. Il possede aussi le sens de l'anticipation car, lorsqu'une
personne sait que la température extérieure est faible par exemple, il va se munir de
vétements en conséquence [4]. Cette anticipation représente 1’approche psychologique
de l'homme envers son environnement car il a conscience des limites de ses
mécanismes d'auto régulation.

Le sang, d'une température d'environ 37 °C, circule dans les vaisseaux sanguins
et perd en température lorsqu'il réalise un long trajet (des organes internes ou il est
réchauffé, comme le cceur ou le foie, vers l'organe en question, les doigts par
exemple). Si la température d'un local est inférieure a la température dite de confort
thermique, les vaisseaux sanguins se rétractent et le corps limite ses échanges
thermiques avec l'air ambiant; c'est le phénomeéne de vasoconstriction. A l'inverse,
apparait le phénomene de vasodilatation. Ces deux phénomenes témoignent d'un
inconfort notable dans un milieu donné.

La vitesse de I’air est aussi un parametre important dans pour la notion de
confort thermique car, plus sa valeur est €levée, plus la sensation de froid se fera
ressentir.

Encore aujourd'hui, il n'existe aucune équation réussissant a prendre en compte
tout les parametres en lien avec le confort thermique [5] (en sachant que ceux exposeés
ci-dessus n'en représente que la partie principale). Pourtant, certains scientifiques du
XXeme siécle ont essayé de comprendre et de se rapprocher d'une équation illustrant
le confort thermique dans un espace clos. Fanger fut celui qui laissa la plus grande
trace (aujourd'’hui encore) de ces travaux. Son travail de recherche était bas¢ sur un
modele empirique [6]. Il réalisa un grand nombre de tests sur des sujets humains sous
des conditions toutes plus différentes les unes que les autres (variation de la
température, de la vitesse de l'air en circulation, etc) pour finalement aboutir a une
situation ou le confort thermique est atteint. Il inventa un indice appelé PMV
(Predicted Mean Vote) allant de -3 (tres froid) a +3 (trés chaud) avec 0 symbolisant la
neutralit¢ pour définir le confort thermique d'une piéce. La définition du PMV est
valable seulement pour des personnes exposées de fagon prolongée a des conditions
constantes et avec un taux d'activité (métabolisme) constant.

Malgré tout, la notion de PMV n'est applicable que pour des températures
ambiantes variant de 10 °C a 30 °C et pour des température rayonnantes allant de 10°C
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a 40 °C d'apres les normes en vigueur dans le milieu du batiment aujourd'hui. Il n'y a
pas de norme adaptée au milieu automobile délimitant le calcul du PMV [2, 7-11].

En outre, il réalisa d'autres études pour connaitre le taux de personnes
insatisfaites d'une ambiance. Il proposa 1'équation du PPD (Predicted Percentage
Dissatisfied) qui est liée a celle du PMV [12, 13].

Tous les éléments influengant le confort thermique précédemment énoncés sont
a prendre en compte lorsqu'il est question d'aménager 1'habitacle d'une voiture. La
climatisation permet de contrdler les caractéristiques de l'air extérieur. La performance
du systéeme de ventilation dépend principalement de ces paramétres :

- composition des vitres (et proprete)

- incidence de l'angle solaire

- débit d'air

- radiations dues aux objets (composition) de 1'habitacle

A la suite de plusieurs expériences, des chercheurs ont démontré que les
conducteurs avaient une « meilleure conduite » lorsque le confort thermique est proche
d'étre optimum [14]. D'autres ont également démontré que 85 % des trajets se font sur
un distance d'environ 18 kilométres répartis sur une plage horaire de 15 a 30 minutes
[15]. 11 faut donc adapter le confort thermique a ce paramétre. En outre, on peut
réaliser une approche écologique du confort thermique. En effet, l'utilisation de la
climatisation entraine un surplus de la consommation d'essence pouvant atteindre 25 %
en ville et 10 % en extra-urbain [16]. Donc, en utilisant des matériaux adéquats, le
confort thermique et le respect de I'environnement peuvent éEtre améliorés
simultanément.

Une expérience fut réalisée sur une Skoda Octavia [17] pour comprendre
quelles étaient les caractéristiques de 1'air conditionné sortant des bouches d'aération.
Les étudiants de doctorat ont réalisé un cadre composé de divers matériaux permettant
a une caméra thermique de photographier en temps réel les divers profils de
température de l'air des bouches d'aération. Ce cadre est composé d'une multitude de
carrés en polyéthyléne également répartis pour que la caméra puisse capter les
températures en chacun des points du cadre. Les mesures de température ont été prises
a l'avant (coté passager et coté conducteur) et a l'arriére du véhicule en adéquation
avec les trappes de sorties d'air, en sortant des champs de température pour évaluer le
confort thermique.

Une autre expérience fut menée [18] dans le but de comprendre les critéres du
confort thermique au sein d'un habitacle. Les auteurs ont utilisé, contrairement a
l'expérience précédente, un systéme empirique en modifiant progressivement la
température et I'humidité relative avec et sans la présence d'un sujet humain placé a
l'avant de la voiture (co6té conducteur). En effet, la température de la peau est sujet a
de nombreuses contraintes. Elle augmente de maniére significative dés lors qu'elle est
exposée aux rayonnements solaires. Elle est aussi extrémement dépendante de
I'humidité relative. Si 'humidité relative n’est pas trop importante, la peau va pouvoir
procéder a la sudation. Au contraire, avec une humidité relative importante elle ne va
pas pouvoir le faire ce qui va donner une sensation d'inconfort. De plus, quand
I'humidité relative est trop basse, la température du corps a tendance a augmenter.
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Tout cela nous a conduits a proposer une campagne expérimentale dans une
automobile pour évaluer différentes modalités de quantifier et évaluer qualitativement
I’état de confort thermique. Cette ¢tude représente une partie de notre stage de
recherche licence et master et s’inscrit dans le projet INSIDE: Innovative strategies of
HVAC systems for high indoor environmental quality in vehicles - PN-1I-PT-PCCA-
2013-4-0569.

2. Méthode expérimentale

La partie expérimentale a utilis€¢ trois types de mesures: les capteurs de
température i-button, 1’évaluation Testo confort et les questionnaires des sujets
humains.

Le systéme Testo est un systéeme compact standardisé pour la détermination
globale des index PMV et PPD. Il permet de mesurer la vitesse de 1’air, I’humidité, la
pression, I’intensité lumineuse, la température de 1’air, la température rayonnante et le
taux de CO2. Dans nos expériences on utilisera surtout les deux températures — de ’air
et rayonnante, I’humidité et la vitesse de 1’air. Le thermomeétre mesure la température
ressentie dans un local, la sonde utilisé est de type k et sa plage de données va de 0°C
a 120°C. L’anémometre peut, quant a lui, mesurer de 0.06m*s-1 a 50m*s-1.

L’iButton est un capteur de température sans fil, & mémoire interne, sous la
forme d’une pastille, que 1’on peut placer sur n’importe quelle surface. Dans notre cas
il est utilis€ pour la prise de température sur les sujets humains. Il est placé par
exemple, sur le front et sur la main gauche des sujets humains. Pour le transfert de
données il faut le connecter a un ordinateur, muni du logiciel d’exploitation
«OneWireViewer », par un port USB. Le logiciel extrait les données et les exprime
sous forme d’un graphique de la température en fonction du temps.

O Conducteur O O Passager avant O

/
o Grille d'aération orientée vers la téte
Tableau
\ de Consigne pour faire varier la provenance de l'aération
4

Grille d'aération orientée vers les pieds

|} Consigne pour faire varier la vitesse d'air

1ére personne 2éme personne — ) i . .
Sonde température '  Consigne pour faire varier la tempéramre

extérieure ) ;—-‘._. P
-~ \ ) Pyranométre placé sur le toit de la voiture
A

\

~ -

Passager arriére Passager arriére

| Température plafond

~O

Sonde hygrométrique et sonde a température -tablean de bord-

\ Sonde hygromeétrique et sonde a tempeérature -fenétre-

3éme personne 4éme personne

Fig. 1. Schéma de I’habitacle de la voiture et la position des capteurs
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Les occupants de la voiture avaient des dispositifs placés sur un de leur poignet
et sur leur front. La voiture était également équipée de capteurs de mesure comme
nous l'illustre le schéma de la Figure 1.

De plus, les sujets d'expérience devaient, toutes les cinqg minutes, répondre a un
questionnaire pour décrire ce qu'ils ressentaient a divers endroit du corps.

1- Front

2- Buste avant

3- Buste arriére
4- Bras

5- Cuisses avant
6- Cuisses arriére
7- Tibias

8- Mollets

9- Pieds

10- Chevilles

11- Nuque

Fig. 2. Points de mesure sur le corps des sujets

Par la suite, nous avons eu a notre disposition des valeurs, données par le
systtme Testo, divisées en 6 sessions. De plus, nous étions munis d'une sonde de
température extérieure et d'un pyranomeétre. A la suite de nos mesures, nous obtenons
le flux solaire et la température suivante en fonction du temps (les séparations par
traits verticaux exposent le changement de sessions au fil de 1'expérience).

Flux solaire et température extérieure en fonction du temps

Température

. extérieure

| = oy

Flux
solalre

Flux solaire (W/m?)

Température extérieure (*C)

u Tsv=133]| TSVv=0.75

TSV=25 TSV=25] TSv=233 TSV =0.47 "

& [ L 14 L1 b
Temps (min)

Fig. 3. Flux solaire et température en fonction du temps
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L’utilisation des sujets humains nous a permis de recueillir la sensation
thermique sous la forme de la note TSV (Thermal Sensation Vote) par 1’intermédiaire
des questionnaires complétés au long d’une période de 30 minutes, tous les 10
minutes. Pour les expériences avec les sujets humains, les quatre personnes sont
placées dans la voiture. On fixe les iButtons sur leurs fronts et leurs mains gauches.
Ensuite nous fermons les fenétres, mettons en route la voiture et enclenchons la
ventilation. Les mesures sont enregistrées tout pendant que les sujets remplissent un
questionnaire leurs demandant leurs sensations a plusieurs niveaux du corps (téte, dos,
cuisse, chevilles ...), ainsi que leur sensation de confort. Tous ces éléments doivent
étre placés sur une échelle allant de -3 a +3, -3 étant une grande sensation de froid, +3
une grande sensation de chaud et 0 une ambiance neutre ou confortable.

3. Résultats

Les sessions 1 et 2 se rejoignent car les personnes ne se sentent pas trés bien
dans la voiture au regard de leurs réponses aux questionnaires. En revanche, les TSV
retranscris lors de la session 4 ne concordent pas avec ceux des sessions 1 et 2 car les
personnes se sentent globalement bien. Cela peut s'expliquer en jetant un ceil aux
variations du flux solaire et de la température extérieure. En effet, ces paramétres sont
¢levés lors des sessions 1 et 2. Par contre, le flux solaire est moins élevé lors de la
session 4 ce qui peut expliquer ces différences au niveau du ressenti des personnes
dans la voiture. En outre, la température extérieure est globalement égale a celle
présente lors des sessions 1 et 2.

Les sessions 3, 5 et 6 présentent toutes des caractéristiques différentes mais on
remarque que les sessions 5 et 6 sont globalement similaires. Plus les passagers de la
voiture restent longtemps dans I'habitacle et plus ils ressentent un inconfort di a la
chaleur alors qu'ils se sentaient bien au début de l'expérience. Par contre, lors de la
session 3, au début les personnes étaient partagées entre le fait de sentir un léger ou un
inconfort assez important, puis ils ont tous, au fil de l'expérience, ressenti un inconfort
trés important. Le flux solaire et la température extérieure descendent fortement au
début de la session 3 mais remontent fortement a partir du milieu de la session 3. Le flux
solaire et la température extérieure sont basses et constantes lors des sessions 5 et 6.

Par la suite, nous avons séparé toutes les valeurs en fonction des places que les
passagers occupaient. Ensuite nous avons exprimé le TSV et le PMV en fonction de
quatre parametres : - la température intérieure; - le flux solaire;- la température de
rayonnement; - la température du tableau de bord.

Nous avons divisé les résultats en deux parties différentes de celles exposées ci
dessus. En effet, nous avons remarqué que les résultats des sessions 1, 2, 3 et 4
concordaient. D'une part, dans la premiere catégorie de mesure, les valeurs du
coefficient de détermination sont proches de 0 pour chacune des régressions linéaires
de chaque graphique, que se soit pour les courbes de PMV et de TSV. Nous pouvons
donc assez simplement en conclure que ces résultats ne sont pas probants. Plusieurs
facteurs peuvent expliquer ces mauvais aboutissants.
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Fig. 5. Corrélation du TSV et PMV en fonction de température:
a) catégorie 1 session 1, 2, 3 et 4; b) catégorie 2 session 5 et 6

Les sujets humains testés lors de cette étude ont peut étre donné des conclusions
hatives et peu représentatives des conditions de l'habitacle. Effectivement, le confort
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étant une notion trés subjective et différente pour tout a chacun, ils ont di étre affectés
par les parameétres extérieurs a l'expérience.

D'autre part, dans la seconde catégorie de mesure, les valeurs du coefficient de
détermination sont proches de 1 pour les régressions linéaires du PMV, alors qu'il est
souvent proche de 0 pour celles du TSV. On peut donc en conclure que les sujets
humains étaient, comme précédemment, affectés par les parametres extérieurs a
I'expérience. Par contre, les valeurs obtenues relatives au PMV sont assez concluante.
Etant donné que la température extérieure et le flux solaire restent constants lors des
sessions 5 et 6, les valeurs obtenues pour le PMV sont globalement constantes car les
appareils de mesure (notamment le systeme Testo) prévus initialement pour le
batiment donnent des valeurs optimums. En effet, ces appareils ont un long temps de
réponse et lorsque les paramétres extérieurs au véhicule restent constants, cette
configuration est idéale.

4. Conclusions

Les recherches dans le domaine de 1’automobile étant axées sur l'efficacité
énergétique (consommation d'essence etc.), les instruments de mesure du confort
thermique, sont trés peu nombreux et ne conviennent pas a aux dimensions de
I'habitacle d'une voiture. Par exemple, l'appareil servant a mesurer la température
radiante du systéme Testo est adapté au domaine du batiment. Il est utilisé pour
collecter des données dans des espaces mois dynamiques en termes de variation des
paramétres du climat intérieur que celui de la voiture. Nous pensons donc qu'il est
nécessaire de modifier les normes concernant la prise de mesures dans I'habitacle des
voitures et inventer des nouveaux instruments de mesure, car I’approche et le matériel
utilisés actuellement pour ces mesures ne sont pas encore adaptés a ce type de
configuration.

Remerciements: Cet article a été réalisé pendant les projets PN-II-PT-PCCA- 2011-
3.2-1212 et PN-II-ID-PCE-2011-3-0835 avec le soutien financier de UEFICDI-
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Abstract

This article presents how greater impact has the flow rate determining the system
performance in the thermal solar panels. Starting from the general correlation between
flow rate of thermal agent and the solar energy received by a flat plate collector the
analysis is extended to an entire field of collectors where the flow rate is more or less
uniform.

The bad performance determined by the hydraulic unbalance is being presented in
relation to the general performance of the field. The drop in the performance of the
system is that point where for less energy used a smaller amount of energy is produced.

In this article, it is justified the medium range of values for the flow rate that must be
adopted in order to obtain a stable and balanced functionality of the entire system and
best performance for the system. According to that, if a flat plate collector needs a
minimum flow rate of 15 1/m2.h to work properly, for an entire field of collectors we
need at least 60 I/m2.h to get good performance.

The purpose of this paper work is to show the negative consequences that affect the
energy performance of solar panels, like the hydraulic unbalance inside the network that
unites the solar panels.

The research has the 2 main objectives:

1. Determining the correlation between the dispersion of flow rate and the reduce of the
system performance;

2. Determining the influence of initial designed flow rate to the correlation from point 1.

This aspect that we discuss in a solar panel network also appears in classic heating
networks. In the case of the solar panel field, lowering the performance means lowering
the power received from the sun, but in the classic heating networks lowering the
performance means lowering the power supplied to heated spaces. In other words, in the
case of the solar panel field the heat does not get high enough and in the case of the
heating network it does not get as low as it could get. The lowered performance in solar
panels field can be evaluated by reporting the new performance obtained to the maximum
performance that can be obtain.

Key-word: solar panels, performance
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1. Introduction

We consider a balance network that network where the flow rate in all the
nodes has the same value for all the solar panels, in opposition to an unbalance
network where the flow rate repartition is chaotic, even if the total flow rate generated
at the source of the network is the same in both cases (that is determined from the
project state).

The purpose of this paper work is to show the negative consequences that affect
the energy performance of solar panels, like the hydraulic unbalance inside the
network that unites the solar panels.

In the next chapters we will start analyzing one solar panel and then extend the
analysis to a field of solar

2. The evaluation of the solar thermal performance

The solar panel theory is well known to current day, so we will only appeal to
well know relations and we will utilize them in order to evaluate the solar power
received [4,9,13]. If you refer to a single solar panel the relations that are used to
evaluate the performance of the panel are:

n="Fg-(at)-F kB (1)

B=t0;te (2)

Fr =—P°.(1-E)

R ke (3)
F'k,

Ezexp(—a.ch )

Or if we refer to the medium temperature of the thermic agent:

n=F"(ot)-F"k-B' (5)
" tm_te
b I
ty =F-tg+(1-F)-tg (6)
_1-E
—-InE
tE:E—T-IHe (7)
C
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Solar panel efficiency- 1

0,7
0,6 - >
fﬂfﬂ%ﬁ_ﬂﬂ_—r )
0,5 ,,:""AI
Vs
: 0,4 /
0., ° | =300 W/m?
" ke =3 W/m2K
- 0,= 30°C
0,1
0
0 10 20 30 40 50 60 70
G/S, (I/m2.h)

Fig. 1- Representation of theoretical solar panel efficiency

In order to calculate the efficiency of a solar panel we use relations (1), (2), (3),
(4) or relations (5), (6), (7) depending what temperature of the thermal agent is used
(inlet or medium).

In fig. 1 it is presented the evolution of the capture efficiency depending of the
specific flow rate of thermal agent for a certain situation (I =300 W/m?, k¢ = W/m*K,

to = 30 °C). We can see that after the value of 16 I/m2.h of the specific flow rate of the
thermal agent, the value of the efficiency remains almost the same, the increase being
very little. We obtain the same result in other situations, changing the parameters.

Another way to express this thing is to represent in a graphic the thermal

characteristic of the solar panel. By thermal characteristic of a solar panel we
understand the graphic representation of relation 1 and 5.
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Thermal characteristic of a solar panel-

n = f(B,a)
0,6
a=181/m2.h
0,5
0,4 i 3=31 |/m2.h
— 0,3
& —8—2a=62|/m2.h
0,2
0,1 a=911/m2.h
0
0 0,02 0,04 0,06 0,08 0,1 0,12

B (m”.K/W)

Fig. 2 - The thermal characteristics of solar panels at different flow rate rates

From fig. 2 observe how the thermic characteristic representative lines for
different values of the specific flow rate of the thermal agent are starting to stock in the
upper part of the diagram starting from the value of the 16 1/m2.h. We can conclude
from this that for a single solar panel the performance values will not increase after the
flow rate value that we express. From fig 2 we can also see the lowering of the
performance at specific flow rate lower than 10 I/m?2.h.

In fig. 3 it is the presented the shape of the thermal characteristic of a solar
panel with absorption in the relation with the coefficient of entrance parameters 3’. In
this situation we have only one representative series for all the values of specific flow
rate. The series in diagram from fig. 3 have a different global coefficient of thermic
transfer kc of the solar panel.
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Thermal characteristic of the panel-n = (', kc)
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Fig. 3- Thermal characteristics of solar panels at different k.
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Fig. 4 — Representation of '

The influence of the specific flow rate can be pointed from the fig. 4. It can be
seen from here that the values of the specific flow rate below the value of 16 1/m*.h
lead to big increases of the values B’ and from here on, in fig 3 to lower values of
efficiency n.
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3. The influence of the hydraulic aspects to the thermal performance of
the solar panel surface

Those presented until now make reference to the direct influence of the flow
rate to the performance of the solar panels and this study was necessary to obtain the
final goal that will extend the study from one solar panel to a field of solar panels.
Balancing a hydraulic system requires that the flow rate of thermal agent that pass
different segments of the pipe network to be aligned with the panels that supply those
pipe nodes. Usually, the general scheme used to supply the panels is a Tichelmann
type that implies every solar panel network is equal in size and diameters to all other
panels. This way, from the linear hydraulic resistance point of view is almost the same
for all panels that will determine a low possibility to get a hydraulic unbalance. The
hydraulic unbalance of the system can easily come from mistakes made in designing
or building the system. If that happens some nodes of the network will have higher
values of flow rate than others. The increase of the flow rate in some regions does not
have any impact to the system but the lower values of flow rate in opposite regions
will impact negatively the energetic performance of the system. This is why we must
threat with attention this aspect and try to appreciate the consequences.

We want to evaluate what negative influence has the flow rate dispersion all
over the field of solar panels and over the performance of the solar intake surface.

The hypothesis of work is that the system is designed to a certain flow rate that
is considered to be respected.

Pg =1.163-ag -(1-Eg )-(tg —to)

Egr = exp(—NTUR) (8)
F'k
NTUR =—5—
1.163-ag

In the case which from the solar panel flow rates a different flow rate than the
base value, the thermic power will be also differ from the base value:

P=1.163-a*.(1-E)-(tg —t¢)

E =exp(-NTU) 9)
NTU __F'ke
1.163-a*

Reporting the thermal specific power P to the base thermal power Pr we obtain:

i_a* 1-E 10
Pr 1-Egr (10)

*
aR
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And now:
We have a total surface S and a total flow rate G. The specific base flow rate

will be G/S. The total surface it is considered to be composed from two surfaces Si
and S that have different percentages from the total surface S. Like this:

S =s¢-S
1=8 (11)
Sz =S8y S
In turn, the flow rates corresponding to those two surfaces will be :
Gy=g-G
1= 81 (12)
Gy,=2,-G
The specific flow rates from those two zones will be :
G_a S
Sl S1 S
13
G & G ()
Sz SH S
Or:
a* _ &.a*
81
(14)
az = g—z a
52

A measure of the disperse flow rates of thermal agent within the catchment
area, utilized in this paper work was the absolute value of the difference between the
two surface percentage and the percentage of flow rates that correspond to those two
zones [s1—g1| = [s2-g2|. It can be seen that the estimated dispersion is the same even if
we refer to the first or the second zone.

In fig. 5 and 6 it is presented a graphical representation of the situation in which
the surface collector is uniformly filled with the flow rate of thermal agent (fig. 5) and
another situation in which the surface collector has two zones, one with a little surface
that has a higher flow rate and other with a bigger surface and a lower flow rate (fig. 6)
— unbalance fluid circulation for the collector surface. The horizontal lines in each
graphic indicate the energetic performance for each surface. It can be seen that fig. 6
has lower performance than fig. 5.
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The analysis counted only two base values for the flow rates:

Dispersion-Performance Graphic
a, =8I1/m2h
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Fig. 5- Performance graphic representing the dispersion at 8 I/m*.h

In fig. 5 it is presented the correlation between energetic performance of the
intake solar system and the dispersion grade of the flow rate of thermal agent inside
the solar surface where the reference flow rate is 8 I/m?.h. It can be observed a great
influence of the flow rate dispersion in this situation.

Dispersion-Performance Graphic
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Fig. 6 Performance graphic representing the dispersion at 64 1/m”.h
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Fig. 6 is similar to the fig. 5, with the difference of the base designed flow rate
that was 64 1/m?.h this time. The resulted influence over the flow rate dispersion was
considerably low within the solar surface. In other words, the energetic performance of
the intake surface is more stable now than in the first case.

In both graphics from fig. 5 and fig. 6 are two series that limits a correlation
zone between the energetic performance and the flow rate dispersion. Each time
appears a new zone because of the fact there are multiple ways in making this
dispersions affecting the panel surface.

Flow rate dispersion- Energy performance
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Fig. 7 — Performance graphic representing the dispersion at different flow rate values

In fig. 7 it is presented on the same graphic the situation between the dispersion
grade of the flow rate and the energetic performance of those. It can be seen that the
characteristic zone of the flow rate value of 8 1/m?2.1 is considerably lower than the
zone corresponding to the flow rate of 64 1/m?.h value.

4. Conclusions

From the current paper we can set 2 big conclusions:

- The thermic performance of the plane solar panels with absorption will lower
very fast at flow rates lower than 15 1/m?.h and will raise very little above this value

- The working area of a solar panel field should be above the specific flow rate

of 60 I/m*.h
¢ A bigger value for the flow rate of the thermal agent supplies a better
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evacuation of air and a good functionality of the entire system;

¢ A bigger value for the flow rate protects from having big performance loses
when unexpected hydraulic unbalance occurs.

The first conclusion is referring to singular solar panels. We found the value of
15 I/m?.h the turning point where the more we increased the input energy, the energy
created by the system was starting to limit to a certain value and could not get a
slighter performance increase. But at values below of 15 1/m2.h even a small amount of
input energy increase will determine big increases for the output energy of the solar
panel.

The second conclusion refers to a solar panel field. We studied the quantitative
and qualitative aspects of the efficiency in relation with the specific flow rate. For the
quantitative aspect, the dispersion of flow rate is higher the lower the flow rate is. That
will decrease even more the system performance because will allow the system to run
at lower values that have a big performance drop in relation to the small increase at
higher values. So the dispersion of the flow rate just amplifies the influence of the flow
rate to the system performance. We strongly recommend to design systems (up to 30
solar panels) that are using specific flow rates above the value of 60 I/m?.h.

A practice usage for the current study is that we can determine the dispersion in
a hydraulic solar system using the performance losses. The theoretical and
experimental system performance can be compared and the difference between then
represents the reduced performance. If none other factors are involved in lowering the
system performance, we can determine the dispersion because we know how much the
dispersion influence the system performance.

Nomenclature

a. - absorption coefficient of the solar panel, -;

T - transparency coefficient, -;

F’ - efficiency factor of solar panels, -;

Fr - intake efficiency -;

n - efficiency of a plane solar collector, -;

B, B’ - synthetic parameter for input measurements, m?.K/W;

E - intrinsic feature, functional, for solar surface,-;

a - specific flow rate of thermal agent, m?/s;

0o - initial temperature of the thermal agent inside the solar panel, °C;

to - inlet temperature of the thermal agent inside at the solar panel, °C;
tm - medium temperature of the thermal agent inside the solar panel, °C;
te - outside temperature, °C;

I - solar radiation intensity, W/m?;

tg - equivalent temperature, °C;

kc - global transfer coefficient for solar panels, W/m?.K;

Pr - specific base power — thermic power for a surface of 1 m? de for the base
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flow rate demand (design), W;
ai; - specific base flow rate (design flow rate), I/m?.h;

s1 si s2 — percentage of the two zones of surface used, s1 +s1 = 1;
g1 si g2 — percentage of the two flow rates used for the two surfaces, g1 + g2 = 1;

aT - specific flow rate for zone 1, 1/m?.h;

a5 - specific flow rate for zone 2, I/m2.h;

1.163 — transformation factor, W.h/1.K;
NTU- number thermal units, -;
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Rezumat: Lucrarea de fatd aduce contributii in analiza managementul riscului la
inundatii §i dezvoltarea urband si regionald. Scopul acesteia este acela de a prezenta
puntea de legatura dintre cele doua discipline prin utilizarea fondurilor Europene, intr-
un mod integrat in vederea imbundtatirii procesului de elaborare a politicilor aferente.
Asadar, pentru reducerea riscului la inundatii se impune integrarea celor doud
discipline, atdt la nivelul datelor, cat si la nivel metodologic, datorita caracterul
interdisciplinar complex si dinamic al celor doud domenii si al relatiilor dintre acestea
dar si cu exteriorul, in contextul majorelor schimbari globale. Abordarea acestei
interactiuni prin fonduri Europene pdstreaza activitatile si eforturile concentrate spre
obiectivul propus, acela de a imbundtati procesul de elaborare a politicilor de
management al riscului la inundatii si dezvoltare urbana si regionald, intr-un mod
integrat i unitar.

Cuvinte cheie: dezvoltare urbana, risc la inundatii, fonduri Europene

Abstract: This paper makes contributions in the analysis of flood risk management and
urban and regional development. Its purpose is to provide the bridge between the two
disciplines through the use of European funds in an integrated manner to improve the
process of policy framework.

Therefore, to reduce the flood risk is appropriate to incorporate the two disciplines, both
in the data and the methodological level because of the interdisciplinary caracter
complex and dynamic of the two fields and relations between them and the outside, in the
context majorelor global changes. Addressing this interaction by European funds keep
activities and concentrated efforts toward the target, to improve the process of policy
making flood risk management and urban and regional development in an integrated and
unified.

Keywords: urban development, flood risk, European Founds
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1. Introducere

1.1. Dezvoltarea regionala

Dezvoltarea regionala reprezintd un concept initiat prin necesitatea indeplinirii
obiectivelor Uniunii Europene. De-a lungul timpului, datoritd adaptarii acestuia in
toate elementele planificarii spatiale, dezvoltarea regionald a primit o serie de definitii,
prin Legea nr. 350/ 2001 privind Amenajarea teritoriului si Urbanismul sau alte
documente oficiale. [1]

Pentru a putea fi aplicatd politica de dezvoltare regionald s-au infiintat opt
regiuni de dezvoltare, care cuprind tot teritoriul Romaniei. Fiecare regiune de
dezvoltare cuprinde mai multe judete. In momentul de fati, regiunile de dezvoltare nu
sunt unitati administrativ-teritoriale, nu au personalitate juridica, fiind rezultatul unui
acord liber intre consiliile judetene si cele locale. Insa, pentru eficientizarea absorbtiei
fondurilor europene disponibile, este in desfasurare procesul de reorganizare a
regiunilor de dezvoltare (regionalizare). Pentru aceasta, procesul de regionalizare si
continuarea descentralizdrii administrative si financiare au fost incluse in Programul de
Guvernare 2013-2016. Procesul de regionalizare constd in aplicarea unor masuri
privind reorganizarea administrativ-teritoriala, prin crearea cadrului institutional
regional pentru o mai buna functionare a administratiei publice. (dupa [2])

Dupd cum mentioneaza definitia dezvoltdrii regionale, Roméania trebuie sa
depaseasca decalajul pe care il are fata de Europa, prin dezvoltarea regiunilor, folosind
mai eficient resursele existente: resurse locale, fonduri guvernamentale si programe
europene.

Cele doua directii de actiune:

- reorganizarea administrativ-teritoriald, prin crearea cadrului institutional
regional pentru o mai buna functionare a administratiei publice, si

- reforma administratiei publice, prin descentralizare si simplificarea legislatiei si
a procedurilor administrative, pentru servicii publice mai eficiente, vor fi
realizate in acelasi timp, printr-o serie de masuri sustinute in special in cursul
anului 2013. [3]

Pentru atingerea obiectivului, institutiile nou formate in acest sens vor oferi
autoritatilor publice toate instrumentele necesare pentru proiectarea si indeplinirea
strategiilor de dezvoltare echilibrata. In acest fel, regiunilor vor evolua, se vor reduce
dezechilibrele dintre regiuni, ti se vor corela strategiile si politicile la nivelul
regiunilor. Aici se impune realizarea unor politici integrate, trans-sectoriale, ce ating
sincronizat obiective din directive diferite.

1.2. Politici de dezvoltare regionala

Politica de dezvoltare regionala reprezintd un ansamblu de masuri planificate si
promovate de autoritatile administratiei publice locale si centrale, in parteneriat cu
diversi actori (privati, publici, voluntari), in scopul asigurarii unei cresteri economice,
dinamice si durabile, prin valorificarea eficientd a potentialului regional si local, in
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scopul imbunatitirii conditiilor de viata. In UE, politica de dezvoltare regionald se
realizeaza la nivelul NUTS II [4].

Chiar daca nu existd reguli in aceastda privintd (in perspectiva, UE va stabili
reguli mai precise pentru clasificarea NUTS), experienta aratd cd o politica de
dezvoltare regionald nu este eficientd dacad se aplicd pe o structura teritoriald foarte
fragmentatd, cu unitafi mici si insuficient de puternice pentru a putea atrage si derula
programe complexe de dezvoltare. Principalele domenii care pot fi vizate de politicile
regionale sunt: dezvoltarea Iintreprinderilor, piata fortei de munca, atragerea
investitiilor, transferul de tehnologie, dezvoltarea sectorului [.M.M.-urilor,
imbunatatirea infrastructurii, calitatea mediului, dezvoltare rurald, sanatate, educatie,
invatdmant, culturd. Dezvoltarea rurald ocupa un loc distinct in cadrul politicilor
regionale si se referd la urmatoarele aspecte: inlaturarea/diminuarea saraciei in zonele
rurale; echilibrarea oportunitatilor economice si a conditiilor sociale dintre mediul
urban si cel rural; stimularea initiativelor locale; pastrarea patrimoniului spiritual si
cultural. [4]

Cadrul de implementare si de evaluare a politicii de dezvoltare regionala il
reprezintd regiunea de dezvoltare, constituitd ca o asociere benevola de judete vecine.

Obiectivele de baza ale politicii de dezvoltare regionald sunt urmatoarele:
 diminuarea dezechilibrelor regionale existente, cu accent pe stimularea dezvoltarii
echilibrate si pe revitalizarea zonelor defavorizate (cu dezvoltare intarziatd);
preintdmpinarea producerii de noi dezechilibre;

* indeplinirea criteriilor de integrare in structurile Uniunii Europene si de acces la
instrumentele financiare de asistentd pentru tarile membre (fonduri structurale si de
coeziune);

» corelarea cu politicile sectoriale guvernamentale de dezvoltare; stimularea cooperarii
interregionale, interne si internationale, care contribuie la dezvoltarea economica si
care este in conformitate cu prevederile legale si cu acordurile internationale incheiate
de Romania. [5]

1.3. Directiva Managementul Riscului la Inundatii

Directiva Europeana privind Evaluarea si Gestionarea Riscului la Inundatii, a
intrat 1n vigoare la 26 Noiembrie 2007. Acest document stabileste un cadru cu privire
la imbunatatirea gestionarii riscului la inundatii in toate statele membre ale Uniunii
Europene. Noua directiva a aparut in contextul semnificativelor inundatii din Europa
Centrald din deceniul precedent, care au condus la presiuni asupra Comisiei Europene
de a initia actiuni privind inundatiile, si care, de asemenea, au coincis cu o evolutie
rapidd 1n gandire cu privire la gestionarea inundatiilor si a riscului de inundatii.
Directiva se referd, prin urmare, la toate sursele inundatiilor (nu doar rauri, dar si la
inundatiile de coastd, urbane, sau inundatiile apelor subterane). Este nevoie de
planificare la o scard a bazinului si exista cerinte specifice pentru bazine la nivel
international, precum si in toate cazurile, potentialul impactului schimbadrilor climatice
asupra conditiilor de inundatii trebuie sa fie luate in considerare. Pana la sfarsitul
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anului 2011 evaluarea preliminara a riscurilor la inundatii ar trebui sa fie facuta in
toate bazinele fluviale europene, si pana la sfarsitul anului 2013 sa existe harti de risc
la inundatii, In toate zonele cu risc semnificativ. Directiva privind gestionarea
riscurilor de inundatii, are ca obiectiv reducerea riscurilor si a consecintelor negative
pe care le au inundatiile in Uniunea Europeand. Directiva prevede ca gestionarea
riscurilor de inundatii sa facd obiectul unor negocieri transfrontaliere si sd cuprinda
importante angajamente destinate sa sporeasca transparenta §i sa incurajeze o mai
mare implicare a cetdtenilor. Statele membre au obligatia de a identifica bazinele
hidrografice si zonele de coastd care prezinta riscuri de inundatii, de a intocmi harti ale
riscurilor de inundatii si de a elabora planuri de gestionare a riscurilor de inundatii
pentru respectivele zone [6]

Planurile de gestionare a riscului de inundatii trebuie sa fie realizate pana cel
tarziu in 2015; intrucat toate aceste evolutii sunt importante. Aceste rezultate de mare
anvergurd in domeniul riscului la inundatii in Europa devin din ce in ce mai legate de
activitatea mai ampla Tn gestionarea bazinelor hidrografice, condusa de Directiva
Cadru privind Apa (DCA). Aceasta a intrat in vigoare la sfarsitul anului 2000 si ofera
0 baza pentru gestionarea ecologica a starii corpurilor de apa, si include aspect legate
de management riscului la inundatii, desi nu ca un obiectiv principal. [6]

Legaturi intre Directiva Cadru privind Apa si Directiva privind inundatiile sunt
pe deplin recunoscute in Directiva privind inundatiile, cu cerinta catre structurile
administrative de a utiliza aceleasi limite si ori de cate ori este posibil. [7]

Directiva privind inundatiile urmareste un sistem european comun, $i, prin
urmare, stabileste un nivel minim pentru gestionarea riscurilor de inundatii, care
urmeaza sa fie interpretat in contextul fiecarui stat membru in cazul in care, conceptele
de gestionare a riscului de inundatii au fost in curs de dezvoltare pentru multi ani.
Astfel, in urma inundatiilor severe din 1993 de pe Raul Rin si din 1995, Guvernul
olandez a adoptat o politica de inundatii numita "mai mult loc pentru rauri", cu accent
pe stabilirea de noi locuri de depozitare si spatiu de transport.

Promisiune modernd si integrata, gestionarea riscului de inundatii este cu
sigurantd convingatoare, aceasta aduce totodata o complexitate considerabild. Bazata
pe evaluarea riscului, abordarea presupune analiza impactul probabil la inundatii intr-o
gama foarte largd de conditii si efectul de gama largd de masuri de atenuare a
efectelor.

2. Integrarea managementului riscului la inundatii in dezvoltarea urbana si
regionala

2.1. Metode de integrare

Componentele sistemului planificarii spatiale reprezintd totodatd principalele
componente ale sistemului global aflate in continud interactiune la toate nivelurile.
Urmarind acelasi tipar, se poate remarca aceeasi influentd in cazul relatiei dintre
sistemul planificarii spatiale si managementul riscului la inundatii. Analiza
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interactiunii dintre aceste douad sisteme dinamice este importanta pentru coordonarea si
corelarea directiilor de dezvoltare in spatiu, pentru dezvoltarea economica durabila din
punctul de vedere al mediului precum si pentru stabilirea liniilor directoare ale
politicilor si strategiilor in domeniul managementului riscului la inundatii.

Comisia Europeana a impus inca din 2007 analiza acestei relatii si totodatd
propunerea unor masuri. Este necesara luarea de masuri de adaptare din partea
autoritatilor publice, cum ar fi adaptarea amenajarii teritoriale si a planificarii spatiale
la riscurile de viituri.[...] Adaptarea la schimbarile climatice constituie o provocare
pentru autoritatile din Europa insarcinate cu planificarea, in special la nivel regional.
Planificarea spatiald este o chestiune trans sectoriald, asadar aceasta constituie un
instrument adecvat pentru definirea unor masuri de adaptare rentabile. Cerintele
minime pentru planificarea spatiala, utilizarea terenurilor si modificarea utilizarii
terenurilor, luand 1n calcul adaptarea, ar putea juca un rol esential pentru sensibilizarea
publicului, a factorilor de decizie si a profesionistilor si pentru initierea unei abordari
mai active la toate nivelurile. Legislatia propusa privind evaluarea si gestionarea
inundatiilor se concentreazd asupra prevenirii, protectiei $i pregatirii. Punerea In
aplicare include evaluarea amplorii fenomenelor extreme care s-ar putea produce in
viitor, in scopul reducerii riscurilor. Este necesar sd se acorde prioritate masurilor
,blande” nestructurale, si anume utilizarii cat mai largi a proceselor naturale pentru
reducerea riscurilor de inundatii, de exemplu utilizarea zonelor umede, maximizarea
capacitafilor de retentie la sursd, utilizarea durabild a terenurilor si o planificare
spatiala care sa limiteze expunerea si vulnerabilitatea. Dispozitivele structurale ,,dure”
de protectie vor raméne insd elemente importante n lupta Tmpotriva inundatiilor de
proportii [8].

2.2. Metodologia de integrare propusa

Prin caracterul cuprinzator si interdisciplinar al domeniului planificarii spatiale
(incluzand aici dezvoltarea urbana si regionald), se impune in permanenta abordarea
mai multor metode pentru prelucrarea si interpretarea datelor, in functie de specificul
problemei analizate.

De altfel, multe documente privind disciplinele planificarii spatiale sau
dezvoltarea regionald la nivel European recomanda integrarea abordarilor. Notiunile
traditionale de planificare locald in Europa Centrala si de Est, care subliniaza
dezvoltarea si utilizarea terenurilor intr-un mod controlat, trebuie sa fie inlocuita de o
abordare mai larga privind analiza politica [9].

In analiza coreldrii sistemului planificirii spatiale din perspectiva dezvoltarii
regionale cu managementul riscului la inundatii, se impune abordarea integratd a
diverse metode, precum: cercetarea amanuntitd a zonei de studiu (intotdeauna dupa
cele patru axe ale sistemului planificarii spatiale: social, economic, cultural si
ecologic), analiza GIS a datelor topo-hidro-geografice, modelarea hidraulica,
modelarea sistemelor, elaborarea scenariilor (prin corelarea scenariilor obtinute in
modelarea hidraulicd cu scenariile obtinute In modelarea sistemului planificarii
spatiale).
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Un model hidraulic realist este esential pentru a putea intocmi planurile de
planificare spatiald, reprezentand baza acestora. Modelul hidraulic utilizat in
planificarea spatiald trebuie sa fie cuprinzator, si nu local, pentru rezultate optime ale
procesului de planificare spatiala.

In vederea imbunatitirii dezvoltarii urbane si regionale din punctul de vedere al
managementului riscului la inundatii, din acest punct de vedere, se remarca importanta
hartilor de hazard obtinute prin modelarea hidraulica. Utilizarea hartilor de hazard si a
hartilor de risc ca pas in realizarea unei metodologii de planificare spatiald poate fi
esentiald pentru imbunititirea sistemului. Insi pe langd instrumentele modelrii
hidraulice, se propune introducerea unei metodologii cu rolul de a crea o punte de
legdtura intre cele doud discipline si astfel introduce inca trei metode de analiza:
calculul dimensiunii fractale, analiza sistemului cu ajutorul diagramelor de cauzalitate,
si dezvoltarea scenariilor utilizand metoda impactului Incrucisat (cross impact balance
analysis).

Rezultatele metodologiei, concretizate prin elaborarea viziunii pe baza
scenariilor dezvoltate dupa procesarea datelor cu ajutorul celor trei metode, ajuta la
imbunatatirea managementului riscului prin elaborarea unor politici de planificare
spatiala integrata.

2.3. Corelarea modelarii hidraulice cu modelarea sistemului planificarii
spatiale

Calitatea rezultatelor obtinute in modelul hidraulic depinde in mare parte de
disponibilitatea si calitatea datelor utilizate. In plus fati de datele topo- geografice,
nivelul apei si debitul de apa sunt, asa cum rezultd din capitolele anterioare, foarte
importante in modelarea hidraulici. In functie de parametrii reglabili (de exemplu,
rugozitatea fundului apei), nivelurile calculate de catre un model hidraulic pot fi
adaptate la nivelurile de apa misurate efectiv. In mod evident, modelul nu poate rula
fara parametri. Conditia valorii limitd (boundary) trebuie sa ramana in anumite limite.
In cazul in care modelul nu poate fi rulat, de obicei, aceasta inseamna ca existd o
eroare In conceptul schemei, care necesitd un pas inapoi pentru cdutarea si repararea
posibilelor erori.

Elaborarea unor planse de planificare spatiala (concepte spatiale), care pot fi
apoi Incorporate cu modelul hidraulic, este, de cele mai multe ori, influentata de
procesul decizional. GIS joaca un rol important atat in faza de pregatire a modelului
hidraulic, cat si pentru vizualizarea rezultatelor, cum ar fi hazardul si zonele afectate.

Managementul riscului la inundatii si managementul apei in general, in special
in zonele urbane, interactioneazd cu sistemul planificarii spatiale 1n doud moduri
principale:

- Prin utilizarea sistemului de planificare pentru a evita amplasarea noilor
investitii in zonele cu risc major

- Prin ameliorarea efectelor inundatiilor asupra suprafetei inundate din zonele
de aval punctelor critice. Politicile de planificare spatiald ar trebui sd se concentreze pe
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ameliorarea impactului inundatiilor, atat din punct de vedere cantitativ si ca suprafata,
cat si din punct de vedere calitativ (in privinta calitatii apei).

2.4. Premisele utilizarii scenariilor hidraulice Tn scenariile planificarii spatiale

Imbinarea conceptului hidraulic in aspectele de teorie, modelare si practica
planificarii spatiale este o preocupare tot mai des intalnita in studiile din ambele sfere.
Din acest punct de vedere se evidentiazd doud mari abordari- introducerea datelor din
scenariile hidraulice in planificare spatiald strategicd pentru realizarea unui
management integrat al riscului la inundatii, precum si utilizarea informatiilor din
scenariile hidraulice in scenariile planificarii spatiale pentru ameliorarea efectelor
inundatiilor.

In ambele cazuri, intelegerea Rolului Managementului Riscului la Inundatii in
Planificarea Spatiala reprezintd baza sistemului decizional in adaptarea si realizarea
strategiilor si politicilor la nivel regional sau local.

Concepte de scenarii spatiale pot fi elaborate cu mare dificultate in contextul
actual, intrucat diferentele mari dintre teorie/legislatie si practica, precum si caracterul
multidisciplinar al domeniului planificarii spatiale ingreuneaza si incetinesc
semnificativ abordarea.

Cu toate ca, in urma modelarii hidraulice, pot fi elaborate un numar mare de
scenarii, intrepatrunderea acestora cu scenariile planificarii spatiale include o serie de
ipoteze s1 inconsistente, iar cuprinderea intregului spectru de elemente nepredictibile
este, de cele mai multe ori, imposibild. Totusi, practicienii si planificatorii, sistemul
decizional, precum si cercetdtorii din domeniul dezvoltarii scenariilor, modelarii
sistemului planificarii spatiale, considerd esentiald imbinarea celor doud tipuri de
scenarii.

Comparativ cu actualele abordari, doar la nivel politic si decizional, (spre
exemplu supraindltarea digurilor), integrarea scenariilor hidraulice in scenariile de
planificare spatiala este o abordare complexd care poate fi aplicatd atat la scara
regionala, cét si la scard locala si creeaza oportunitdfi pentru noi abordari spatiale.

Insd introducerea unor masuri precum ridicarea sau eliminarea unor diguri in
anumite puncte, modificaA geomorfologia (impunand astfel o serie de modificari
spatiale fundamentale), precum si hidrologia locului. In aceasta situatie, de cele mai
multe ori apar schimbari esentiale in planificarea spatiald si functionala a zonei, ceea
ce impune o Iintelegere completd a sistemului complex al planificarii spatiale si
integrarea acestor informatii in sistemul decizional.

Premisele utilizarii scenariilor modeldrii hidraulice in realizarea scenariilor
hidrologice contribuie la consolidarea urmatoarelor aspecte:

- Scenariile modelarii hidraulice sunt relativ abstracte atunci cand sunt
integrate in modele spatiale mai detaliate, unde fiecare functie este armonizata cu
celelalte, si unde posibilitatile planificarii spatiale sunt luate in considerare.

- Sprijind utilizarea tuturor informatiilor intr-un mod integrat si participativ,
pentru realizarea unor planuri strategice (atat in domeniul planificarii spatiale, cat si in
domeniul managementului riscului la inundatii) pe termen scurt, mediu sau lung.
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- Dezvoltarea regionala sub aspectul noului concept de integrare si coeziune

2.5. Utilizarea cercetarii, dezvoltarii si inovarii in dezvoltarea urbana si
regionala, in contextul managementului riscului la inundatii

Comisia Europeana pune la dispozitia Romaniei in calitate de membru al
Uniunii Europene Fonduri specializate pentru dezvoltarea urbana si regionala.
Totodata, in vederea rezolvarii problemelor in gestionarea riscului la inundatii si a
planificarii spatiale, institutele de cercetare dezvoltare si inovare din tard au la
dispozitie instrumente pentru gasirea unor solutii optime In managementul riscului la
inundatii, prin prisma planificarii spatiale eficiente (Figura 1).

*1.Programul Cadru 7 (FP7)- Horizon 2020
2.Cooperare bilaterald
3.COST
4 ESF
S.NATO
6 EUREKA
7.0rganizatii internationale
8. ICGEB - Centrul International pentru
Inginerie Genetica si Biotehnologie
9. Programul pentru Competitivitate si
Inovare — CIP, LIFE +

*Planul National pentru Cercetare, Dezvoltare si
Inovare,

*Planuri sectoriale de cercetare-dezvoltare,
Programele Operationale Sectoriale derulate in
Romania.

*Finantarea in regim institutional se acorda prin
Programul Nuclen

Figura 1. Programe de cercetare disponibile in domeniul cercetarii In integrarea managementului
riscului la inundatii prin prisma dezvoltarii urbane si regionale

3. Concluzii

Pentru analiza interactiunii dintre sistemul planificarii spatiale si a sistemului se
impune stabilirea unei metodologii cat mai completd, care sd evidentieze caracterul
interdisciplinar complex si dinamic al celor doud sisteme si al relatiilor dintre acestea
si cu exteriorul. Abordarea acestei interactiuni printr-o metodologie integrata pastreaza
activitatile si eforturile concentrate spre obiectivul propus.

Din punctul de vedere al planificarii si dezvoltarii zonelor, regulamentele
aplicate la nivel local sunt corelate in prezent cu politicile nationale (corelarea dintre
documentatiile locale de urbanism si legislatia nationald sau chiar Europeana).
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Totusi, ca parte din sistemul national de reforma in domeniul (aici) a amenajarii
teritoriului national in legdturd cu riscul la inundatii, incercarea de promovare a
sistemului decizional centralizat in locul celui local micsoreaza rolul managementului
riscului la inundatii in planificarea spatialda. Un impact asemanator il are si realizarea
hartilor de risc la inundatii la nivel bazinal.
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Rezumat. Reglementarile tehnice in domeniul securitatii la incendiu precum si tendinta
continua de eficientizare a consumului energetic si de minimizare a pierderilor de
caldura fac obiectul comparatiei diferitelor solutii constructive ale termoizolatiilor
utilizate in constructii. Atunci cand sistemul termoizolant este implicat intr-un incendiu
de fatada apare riscul propagarii incendiului la etajele invecinate. Modalitatea punerii in
opera si discontinuitdtile placarilor exterioare reprezintd parametri care influenteaza
semnificativ propagarea incendiilor pe verticald. Articolul prezinta cercetari
experimentale efectuate de autori, cu privire la comportamentul termoizolatiei din
polistiren supusa actiunii focului, in scopul intarzierii propagarii verticale a flacarilor.

Cuvinte cheie: evolutie termicd, sisteme de bariere, stand experimental, incendiu de
compartiment, propagarea flacarilor pe verticala

Abstract. The technical regulations regarding fire safety and the ongoing trend of energy
efficiency and minimizing heat losses, all will lead to a comparison of different
constructive solutions for the thermal insulation used in construction. When the thermal
insulation system is involved in a facade fire, the risk of fire spread to adjoining floors
will occur. The way the insulation work is done and the external claddings discontinuities
are parameters that significantly influence the spread of fire on the vertical fagade of the
building. The article presents an experimental research done by the authors, to study the
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behavior of burning polystyrene insulation and its influence on the spread of fire (with
the intention to delay the spread).

Key words: thermal evolution, fire barriers systems, experimental stand, compartment
fire, vertically fire spread

1. Introducere

Legislatia Europeand impune, printr-o serie de reglementari tehnice, diferite
masuri pentru reducerea consumului de energie din sectorul constructiilor, cladirile
fiind responsabile pentru 40 % din consumul total de energie din Uniunea Europeana.
Conform directivei 2010/31/UE [1] statele membre vor impune cerinte privind
imbunititirea performantei energetice a cladirilor noi si existente. In Romania s-a
adoptat o metodologie de calcul MC 001/1 [2] prin intermediul careia se evalueaza si
se certifica performanta energetica atat pentru cladirile noi, cat si pentru cele existente.
Conform unui studiu realizat de Ministerul Dezvoltarii Regionale si Locuintei [3],
pana la inceputul anului 2013, s-au reabilitat termic aproximativ 2000 de blocuri de
locuit, urmand sa se demareze actiuni de reabilitare termicd pentru alte 3000 de
blocuri. Amploarea lucrarilor de reabilitare termica este foarte mare si implica costuri
deosebit de ridicate. Tindnd cont de costurile ridicate ale investitiilor trebuie sa se
asigure durabilitatea lucririlor executate. Pand in prezent, In Romania, nu existau
studii si teste privind raspunsul la actiunea focului, pe care il au elementele de placari
exterioare utilizate la reabilitarea termica a constructiilor. Un studiu recent de cercetare
aplicativa prezintad pe larg problematica propagarii focului pe verticald la constructiile
multietajate si oferd o serie de solutii constructive pentru Imbundtétirea performantei
fatadelor combustibile la actiunea focului [4].

In figura 1 este prezentat un ansamblu de locuinte multifamiliale, reabilitat
termic cu sistemul compozit de izolare termicd ETICS (External Thermal Insulation
Composite System). Reabilitarea termicad presupune urmatoarele etape de realizare [5]:
- izolarea termica a peretilor exteriori cladirii de locuit;

- inlocuirea ferestrelor si a usilor exterioare pentru intregul ansamblu de locuinte, in
vederea reducerii pierderii de energie prin elementele vitrate;

- termo-hidroizolarea acoperisurilor sau a terasei, termoizolarea planseului situat
deasupra ultimului nivel;

- izolarea termica a planseului peste subsol (pentru apartamentele de la parter);

- demontarea instalatiilor si echipamentelor aflate pe fatade si pe terasa blocului de
locuinte si remontarea acestora dupa finalizarea lucrarilor de reabilitare termica;

- reparatii finale ale finisajelor anvelopei.
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Fig. 1. Reabilitarea termica cu sistem de izolare compozit ETICS — Bd. Banu Manta, Bucuresti,
prelucrat dupa [4]

Punerea in operd a sistemelor compacte de termoizolatii necesitd o atentie
sporitd si trebuie executatd cu personal calificat. Pentru o executare corecta a
sistemelor compozite de termoizolatii, In Romania, s-a adoptat ,, Ghidul privind
proiectarea §i executarea lucrarilor de reabilitare termica a blocurilor de locuinte” —
indicativ. GP 123-2013 [6], iar detaliile de principiu pentru interventia la peretii
exteriori sunt prezentate In reglementarea tehnica ,, Solutii cadru pentru reabilitarea
termo-higro-energetica a anvelopei cladirilor de locuit existente” — indicativ SC 007-
2013 [7].

Pentru asigurarea durabilitatii lucrarilor de reabilitare a anvelopei este necesara
verificarea si pregatirea suprafetei suport, deoarece integritatea sistemului depinde de
stabilitatea acestuia. Suprafata exterioard suport pentru aplicarea termosistemului, a
cladirilor existente, este din beton armat, zidarie din blocuri de BCA (Beton Celular
Autoclavizat) sau caramizi ceramice. Aceste tipuri de pereti fac parte din categoria
suporturi tencuite care impun, suplimentar, fatd de operatiunea de lipire, fixarea
mecanica cu dibluri a placilor termoizolante.

2. Analiza experimentala a raspunsului la actiunea focului

La nivel international cerintele de proiectare pentru fatadele cladirilor iau in
calcul performanta energetica in vederea reducerii consumului de energie, reducerea
infiltratiilor de apa si de aer dar totodata incearcd sa ofere un design estetic si flexibil
[8]. Prin prisma acestor cerinte au aparut mai multe tipuri de materiale si sisteme de
placari exterioare combustibile, care sunt utilizate la realizarea si reabilitarea fatadelor
cladirilor noi sau existente.

2.1. Exemplificari privind propagarea incendiilor pe verticala

Atunci cand din interiorul compartimentelor, flacarile actioneaza pe fatadele
placate cu materialele combustibile, propagarea incendiului pe verticald se produce
intr-un timp scurt, uneori pe toatd inaltimea constructiilor. Statisticile arata ca la nivel
international, incendiile care implica aprinderea fatadelor si propagarea incendiului pe
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verticald sunt destul de rare, in raport cu incendiile produse in compartimente, dar
pagubele materiale rezultate in urma acestora sunt ridicate [9].

Cercetarile existente scot in evidentd faptul cd, pentru elementele de placari
exterioare, expunerea la un incendiu de compartiment (post-flashover), in urma caruia
flacarile actioneaza direct pe fatada, reprezinta o situatie mai severa de expunere la foc
decat expunerea la un foc de la o sursa exterioara [10], [11], [12].

B,

Fig. 2. Reabilitarea termica cu sistem de izolare compozit ETICS — Bd. Banu Manta, Bucuresti,
prelucrat dupa [4]

Sistemul de placari exterioare ETICS utilizat la reabilitarea termica blocului de
locuinte prezentat in figura 2, a fost realizat cu termoizolatie din polistiren. Din
investigdrile post-incendiu s-a constatat cd nerespectarea specificatiilor producatorului
la punerea In opera a sistemului si lipirea necorespunzatoare a placilor de polistiren au
contribuit la propagarea incendiului pe verticala [13].

2.2. Realizarea unui stand experimental pentru testare

Studiul experimental efectuat a urmarit modelarea unui incendiu de
compartiment, in care evolutia temperaturii va urmari curba standardizatd de
temperatura - timp ISO 834, descrisa de ecuatia (1).

Standul utilizat pentru testare, prezentat in figura 4 (stdnga), este alcatuit dintr-o
structura suport realizatd din zidarie BCA, cu o indltime totald de 340 cm. Golul de
fereastra, prin care actioneaza focul pe fatada, are dimensiunile de 50 x 90 cm (H x L).
Inaltimea standului de testare, considerata de la partea superioara a golului de fereastra
(h = 0 cm), este de 210 cm. Pe structura suport realizatd s-au montat elementele
componente ale sistemului de placari exterioare, in conformitate cu reglementarile
tehnice 1n vigoare.
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2.2.1. Parametri urmariti

Pentru sistemul testat s-a urmarit atat evolutia temperaturilor in compartimentul
de incendiu, cat si distributia temperaturilor pe suprafata exterioara a fatadei.
Termocuplurile pentru masurarea temperaturilor de pe suprafata exterioara a fatadei s-
au montat in special pe directia axei verticale de simetrie a sistemelor, la diferite
inaltimi. Pe baza testului efectuat s-a urmarit realizarea unei reprezentari grafice a
temperaturilor maxime, de pe suprafata exterioard a fatadei In raport cu inaltimea
(figura 8 - dreapta), pentru situatia de expunere la incendiu din interior.

2.2.2 Detalii de alcatuire si materiale utilizate

Sistemul testat reprezintd sistemele de placari exterioare ETICS, cu
termoizolatie din polistiren grafitat ignifugat, utilizate in practica curenta [14], [15].

Materialele utilizate pentru realizarea sistemului de reabilitare termica, cu
termoizolatie din polistiren, sunt prezentate in tabelul 1.

Tabelul 1
Descrierea materialelor utilizate la sistemul de reabilitare termica propus pentru testare
Nr. Crt Materiale folosite pentru realizarea sistemului | Caracteristici
T Sistem ETICS
1. Adeziv pentru placi termoizolante 2=0,80 W/mK
2=0,032 W/mK
2. Placi termoizolante din polistiren expandat grafitat | Clasa de reactie la foc: B-s2,d0 (E)
p=15 Kg/m’
3. Adeziv gpacluire 2=0,80 W/mK
4. Dibluri de plastic L=175 mm
5. Plasa fibra de sticld pentru sistem termoizolant 165¢g
6. Coltare metalice cu plasa
7. Grund densitate 1,65 Kg/m®
8. Tencuiala decorativa A=0,70 W/mK
o Z {7
- R
Detaliu de alcatuire B '

Fixari mecanice

Structura suport

Adeziv fixare
Polistiren

Masa de spaclu
¢ : Plasa de armare
[ g Tencuiala decorativa
- - - = e

Fig. 3. Detaliu de alcatuire pentru sistemul compozit de izolare termica (stdnga). Realizarea sistemului
compozit de izolare termica - n curs de executie (dreapta)
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Sistemul testat la actiunea focului a fost realizat respectdndu-se tehnologia
curentd de executie a sistemelor de placari exterioare, conform prevederilor din GP
123-2013 [6]. In figura 3 (stAnga) este prezentat un detaliu de alcituire utilizat in
practica curenti la realizarea sistemelor de termoizolatii. In figura 3 (dreapta) este
prezentat sistemul de placdri exterioare cu termoizolatie din polistiren grafitat, pe
durata procesului de executie.

2.2.2 Pozitionarea termocuplurilor pentru sistemul propus

In figura 4 este prezentati amplasarea termocuplurilor pe suprafata sistemului
pregatit pentru testare, in scopul masurarii valorilor de temperatura.

Pozitionarea termocuplurilor
sistern 1

Sectiune 1-1

Tt

340

Directia de |
actiunea a
focuki |

Fig. 4. Detaliu de pozitionare a termocuplurilor (stinga). Sistemul compozit de izolare termica pregatit
pentru testare - inainte de inceperea testului (dreapta)

Dupa efectuarea testului s-a decopertat sistemul si s-au evaluat avariile produse
de incendiu asupra termoizolatiei si nivelul de propagare a focului pe verticala.

3. Expunerea la actiunea focului

Sistemul de placari exterioare a fost expus la actiunea focului, simulandu-se o
situatie de incendiu provenit din interiorul constructiei, asa cum este prezentat in
figurile 5, 6. Expunerea la actiunea focului s-a efectuat in conformitate cu dezvoltarea
curbei de temperatura - timp ISO 834, iar durata de expunere a fost de 50 de minute.

Dupa minutul 5 de expunere la foc se observa o schimbare a culorii tencuielii
decorative intre inaltimea 2 = 0 ... 50 cm, fata de golul de fereastra.
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Tencuiala decorativa isi schimba culoarea din albd in gri-maroniu, asa cum se
observa in figura 5 (stanga).

Dupa 20 de minute de expunere la foc se observa schimbarea culorii tencuielii
decorative din maroniu n negru, pe o inaltime 4 = 60 cm, iar pe inaltimea 4 = 60 ...80
cm culoarea tencuielii decorative se schimba din alb in maroniu, asa cum se observa in
figura 6 (dreapta).

In tabelul 2 sunt prezentate valorile temperaturilor masurate la diferite momente
de timp, pe durata de expunere la actiunea focului.

Tabelul 2
Temperaturile masurate la minutul 5 si minutul 20 de expunere la actiunea focului

Valori ale temperaturilor inregistrate [°C]

Timp h=0cm | A=10cm h =50cm h =100 cm h =120 cm h =150 cm
min 5 395 199 200 50 122 51
min 20 639 298 336 89 184 88

Fig. 5. Minutul 5 de la Inceperea testului (stanga). Minutul 20 de la Inceperea testului (dreapta)
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Fig. 6. Minutul 39 de la inceperea testului (stdnga). Minutul 51 de la inceperea testului (dreapta)

Dupa minutul 39 de expunere la foc se observa aprinderea sistemului testat in
partea din dreapta-sus a golului de fereastra (figura 6 - stanga). Se constata picaturi
arzande, provenite din orificiul format, care au o duratd de ardere mai mare de 10
secunde.

Dupa oprirea actiunii termice asupra sistemului testat polistirenul arde cu
flacara in spatiul format intre tencuiala decorativd si structura suport (figura 6 -
dreapta).

Durata de ardere, dupa incetarea actiunii focului, a fost de 210 s. Dupa primele
30 de minute de expunere la foc se observa aparitia unor fisuri in stratul de tencuiala
decorativa.

In tabelul 3 sunt prezentate valorile temperaturilor masurate la diferite momente
de timp, pe durata de expunere la actiunea focului.

Tabelul 3
Temperaturile masurate la minutul 5 si minutul 20 de expunere la actiunea focului

Valori ale temperaturilor inregistrate [°C]

Timp h=0cm h =10 cm h =50cm h =100 cm h =120 cm h =150 cm

min 39 685 416 358 127 194 82

min 50 672 395 339 229 207 98

4. Analiza, prelucrarea si interpretarea rezultatelor

In urma testului de expunere la actiunea focului, efectuat pe sistemul compozit
de izolare termica, s-a decopertat stratul de tencuiald decorativa in vederea evaluarii
raspunsului global la actiunea focului. Rezultatele vizuale sunt prezentate in figura 7.
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T

Fig. 7. Sistem compozit de izolate termica, dupa expunerea la actiunea focului si decopertarea stratului
de tencuiald decorativa

Pe durata testului se observa autointretinea focului in interiorul sistemului, in
spatele tencuielii decorative. Propagarea focului pe verticala a avut loc prin interiorul
sistemului pe toatd indltimea parapetului placat si anume 4 = 200 cm.

Dupd actiunea focului se constatd ca tencuiala decorativd devine casanta.
Elementele de fixare mecanicd (dibluri de plastic) pozitionate in zona de actiune
directa a focului s-au topit.

Plasa de armare din fibra de sticla nu este afectatd de expunea la actiunea
focului. In partea de jos a ferestrei, polistirenul grafitat este afectat pe o distanti de
aproximativ 35 cm (figura 7). Se constata cad plasa de armare si coltarele metalice cu
plasa joaca un rol important in mentinerea stabilitatii sistemului.

Pe durata de expunere la actiunea focului au fost nregistrate temperaturile din
compartimentul considerat de incendiu (figura 8 - stinga), temperaturile in zonele de
fereastrd (figura 8 - dreapta). Se observa ca la minutul 50 de expunere la actiunea
focului, temperaturile in compartimentul de incendiu considerat au valorile medii de
879 °C. In partea dreapti a zonei golului de fereastrd se observa ci temperaturile au
avut valori maxime de 238 °C.
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Temperaturile inregistrate raportate la Temperaturile inregistrate in zona de fereastra
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Fig. 8. Temperaturile inregistrate in compartimentul de incendiu (stdnga) si in zonele de fereastra
(dreapta), pe durata de expunere la foc

Analizand rezultatele prezentate in figura 9 (stinga) se observa ca temperaturile
maxime in zona buiandrugului (Ia 2 = 0 cm fata de golul de fereastrd) au avut valori
maxime de 685 °C. Termoizolatia din polistiren este arsa si topita, asa cum se observa
din figura 7. La Indltimea de 50 cm, fatd de golul de fereastrd, temperaturile ating
valori maxime de 373 °C.

Temperaturile inregistrate pe inaltimea sistemului testat
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Fig. 9. Temperaturile inregistrate pe suprafata exterioara a sistemului testat (stinga). Variatia
temperaturilor inregistrate pe axa de simetrie a sistemului, la momentele de timp specificate, in raport
cu inaltimea (dreapta)

In figura 9 (dreapta) este prezentati evolutia temperaturilor inregistrate de
termocuplurile pozitionate pe axa de simetrie a sistemului analizat, la diferite momente
de timp, in raport cu inaltimea.

5. Concluzii

Analizand rezultatele obtinute in urma studiului experimental, se constata ca
pentru cladirile multietajate, placate cu termoizolatie din polistiren, trebuie efectuate
intreruperi ale izolatiei combustibile, cu materiale termoizolante incombustibile (ex:
vata minerala bazaltica, placi termoizolante multipor, etc.).
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De asemenea, se observa cd dupa 20 de minute de expunere la foc,
temperaturile inregistrate pe fatada, la inaltimea 42 = 50 cm, ating valori de 336 °C.
Temperaturile de aprindere pentru polistirenul expandat, aflat in contact cu aerul, sunt
cuprinse intre valorile 340 °C ... 370 °C, iar temperaturile de autoaprindere, fara o
sursd de flacara, sunt cuprinse intre valorile 400 °C ... 420 °C [16]. De aici, rezulta
necesitatea Intreruperii stratului de termoizolatie de la inaltimea 42 = 50 cm, fatd de
golul de fereastra.

In zona golurilor de fereastra trebuie montate coltare metalice cu plasi de
armare in vederea asigurarii stabilitatii sistemului de placari exterioare la actiunea unui
foc din interior.

Respectarea tehnologiei de executie a sistemelor de placari exterioare
termoizolante, cu termoizolatie din polistiren, este decisivd in comportarea la actiunea
focului a sistemului aflat in exploatare.

Studiul de cercetare privind analiza si testarea sistemelor termoizolante de
reabilitare termica, la actiunea focului, este cu caracter unicat in Romania, iar in
continuarea studiului se propune analizarea si testarea metodelor de intrerupere a
termoizolatiei, cu materiale incombustibile, in vederea reducerii riscului de propagarea
a incendiilor pe verticala, la constructiile multietajate.
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