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Abstract. The paper started, based on the results of INCD URBAN INCERC
Iasi research project, from a series of questions raised by the long term
assessment for the hygrothermal behavior of building elements, often
belonging to cultural heritage.

The paper refers, to the efficient methods for investigation, to analyze
possible solutions, in the project proposals for intervention works. As an
option are the non invasive solutions to a long term assessment, most often
qualitative, through numerical simulation for the hygrothermal response of
the rehabilitated objective.

The paper includes results of numerical simulation on medium term with
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WUFI software for masonry brick elements of 75 cm thick.
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1. Issues raised by the long-term
evaluation for the hygrothermal behavior
of building elements

The paper started based on the results of
INCD URBAN INCERC Iasi research
project (Cobzaru, 2008), from a series of
questions raised by the long term
assessment for the hygrothermal behavior
of building elements, often belonging to
cultural heritage. Investigation of the state
of buildings elements, specifically belonging
to cultural heritage, generally affected by
humid phenomena is an important
technical stage to realize the feasibility
studies for projects of interventions works,

intending to restore, rehabilitate or even
rebuild them.

These studies usually require evaluations
and investigations of:

— The history of building objective and
its present stat;

— Proposal for possible solutions for
intervention works;

— Long term prediction of the items or
objectives evolution or behavior,
subjects to intervention works;

— The selection based on different
methods of multi criteria analysis,
the most effective ways to intervene.
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1.1 The present state and the history of the

building

The feasibility studies are usually based
on data coming from the building

environment, considering (Cobzaru,
2008):

the element history and significant
conditions which has undergone
over time

the degree of degradation (size of
the affected areas, the depth of the
damaged structures).

and causes:

external or outside circumstances
the ascension capillarity of water,
the groundwater level, etc.;
climatic adverse conditions from
the outside environment such as
extreme cold or hot temperature
and repeatedly frost - defrost
phenomenon;

direction, intensity and duration of
unfavorable rains, solar radiation
and/or winds;

inadequate treatments, coatings
and exterior finishing works, poor
maintenance and/ or lack of
maintenance

adverse environmental inside
conditions:

unfavorable inside climatic
conditions coming from large
temperature  variations,  high
humidity variations, lack of heat or
excessive heat, lack of ventilation
or excessive venting;

the moisture content of the
constituent  material of the
building elements;

the coatings films composition of
the surfaces treatments;

1.2 Methods for investigation

To

analyze possible solutions, the

efficient methods of investigation often
used, are:

a. Detailed analyzes of objectives'
degradations and/or of the whole site by
measurements in situ and in laboratory,
which include, for example:

— analysis of foundation conditions by
determining the geophysical and
mechanical characteristics of the land
to the quota of foundation and
throughout the depth of active area;

— analysis of the building materials
practicing extractions through core
drillings from the building
materials of the walls and theirs
analysis in laboratory (fig. 1a, b).
Note: Both lines of investigation are
invasive and need a direct contact
with the land or the location of
construction, acceptance of holders or
users to collect evidence and as far as
possible  designation of areas of
extraction not irreversibly damaging
the investigated space.

— different analysis of hygrothermal
parameters of the buildings
elements correlated with interior
and exterior climatic parameters,
on average periods, through 'in
situ' measurements made and data
registered with specialized
equipments mounted on the
masonry/walls surfaces in
significant degraded areas inside
or outside the studied
construction;

— the microbiological analysis of the
damp air and of the masonry
layers affected by mould for a
qualitative assessment of species
developed and for a measure to
assess the amount of mould can be
developed.

b. A detailed analysis on medium and
long term, of the degradations' history or
of the possible development of the whole
objective behavior studied by numerical
simulation of the hygrothermal response of
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the component elements of the building's
structure in an outer or/and inner climate
conditions in which history have been
subjected or to which will be subject to
the rehabilitated building.

1b. Cup of core drilling
extraction device

1c. Extraction cores with large surface
and volume of extraction

Fig. 1a, b, c. Invasive exploration.
Core drillings extractions to determine the moisture
content of masonry (Cobzaru A, 2008)

2. Specialized computing programs for
numerical simulation of the

hygrothermal behavior of building elements
The methods to investigate the
degradations using direct sampling
subsequently analyzed in the laboratory
or by measuring "in situ" some specific
parameters, with specialized probes for
measurement, mounted within the areas

of the construction elements, in the
environment or in the inside or outside
climate, have an indisputable importance
within the action to asses the real state of
degradation of the building element and
subsequently in formulating intervention
solutions.

But, a whole series of issues about:

1. the need for significant financial
and time resources and difficulties
raised by the involvement of
human resources, in the evaluation
stage of degradation through
methods on long term
investigation in the ground;

2. a full range of difficulties raised by
the mounting and the surveillance
of the necessary equipment for the
measurements in situ, or for the
long-term monitoring
hygrothermal response of the
damaged building elements or
treated for experimental data
collection, led, in practice, from the
need to choose and provide in
designing work interventions,
appropriate solutions to the state
of degradation of the heritage
objective affected by humid
phenomena for example, where
necessary the conservation of the
front walls, to non invasive
solutions to a long term
assessment, most often qualitative,
through numerical simulation of
the hygrothermal response of the
rehabilitated objective.

The numerical simulation behavior of these
elements can be achieved by means of
specialized programs (software). It states
that the assessment of the hygrothermal
behavior in dynamic regime is also very
necessary in determining the most
appropriate solution for the thermal
rehabilitation of buildings, with walls of
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brick masonry, in conjunction with the
inside facilities of the heating / ventilation /
conditioning installations, existing or to be
introduced, and the average climate
conditions.

In addition, in the intervention works for
rehabilitation or restoration, are sometimes
necessary structural reinforcements and to
redesign the functional of the building,
whose  consequence concerning  the
objective and very often the stability of the
site (land) must be estimated in the right
way, possible again by using simulation
software.

Note

The stability tests of a high wall or of an
inner slope, in a site, are performed with
specialized computing software, to allow
tracing transversal profiles of the analyzed
emplacement. This way, can be made
stability  calculations to indicate the
variation of the safety coefficients to
landfall, for different charge situations.

In the case of an advanced software
product, the simulation instrument is
especially  valuable in  designing
interventions work at construction
elements, as long as the 'in situ' research
or laboratory tests can not capture the
long-term developments in the dynamic
conditions of the  hygrothermal
behavior, in the proposed interventions
solutions.

It is also states that the numerical
simulation software allows the
integration of the 'in situ' measurements
or research results and their extension
in other similar conditions.

Consequently, the simulation allows the
selection of optimal solutions
intervention on the building elements, by
the prediction of the hygrothermal
behavior in time (during a desired

period: hours, months, years) under
dynamic  climate conditions (real
meteorological data, years of extreme
climate, etc., other simulation conditions)
and also in different assumptions
insurance of the inside climate (according
to various European or international
norms) which recommend only heating
or hot air heating or conditioning with
dehumidification, etc.).

3. Results of numerical simulation on
medium term with WUFI software for
masonry brick elements of 75 cm thick

To emphasize the importance and need to
use the numerical simulation of the
hygrothermal behavior of the buildings
elements, dynamic exterior and interior
climate conditions, mentioned above, the
authors present in this paper a compared
series of results of the numerical simulation
behavior of a type of brick wall frequently
met at the old buildings of heritage.

The numerical simulation of the
hygrothermal behavior of this masonry
element in the hypothesis below, was
designed with the help of the numerical
simulation program specialized WUF],
one of the best soft-current, made by the
famous institute of buildings' physics
Fraunhofer Institute for Bauphysik IBP -
Holzkirchen, Germany.

The software is based on the latest
research in the field of water vapors
diffusion and mass and liquids' transfer
in building materials, and was validated
with the experimental results of the
measurements made in laboratories or
outside (in situ) of IBP institute.

The simulation WUFI software,
comply with all the requirements of
the European standard EN 15026 -
Hygrothermal performance of
buildings components and building
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elements. Assessment of moisture coefficient of transporting water by
transfer by numerical simulation, absorbency or diffusion, the

adopted for Romania as the national
standard SR EN 15026: 2007.

Assessing the transfer of moisture through
numerical ~ simulation, provides the
minimum criteria for soft-wares products to
simulate the heat and mass / liquid /
moisture transfer phenomena in the multi-
layer building elements, under the variation
of the outside and inside climate parameters
in the building objective.

3.1 Simulation is done in the following
sequence of steps.

— Description/mathematical
formalization of the structure of the
building element: Each component
layer of a building element and their
thickness are placed in a table. Each
layer is then assigning a digitization
network with sizes and
characteristics set manually or
automatically, in conjunction with
temperature and humidity wanted
or recommended gradients.

— Input data referring on the
material. The hygrothermal
characteristics of each layer of
material can be read from the
internal database or may be
introduced by the user (depending
on the information listed in
catalogues of the producers or
determined by measurements). To
run the program are absolutely
necessary the following dates:
density, porosity, specific heat,
thermal conductivity and the
resistance vapors diffusion
coefficient. In relation to the object
and to the purpose in the
simulation, may be necessary and
introduced also other data: the
function of water retention, the

moisture dependence function of
thermal conductivity, or the
resistance coefficient diffusion of
steam. The coefficients of water

transport may be estimated
depending on the absorption
coefficients A.

— Input the weather data/
meteorological outdoor climate
parameters. The boundary

conditions imposed to the building
elements on the exterior surface are:
the temperature and the relative
humidity of the outside air, the
intensity, duration and direction of
the rain, the intensity, duration and
direction of solar radiation in
relation to the item. These data may
come from actual measurements
(introduced as data files) of data

collected  from  meteorological
satellites or statistical data set for the
reference years.

— Entering the parameters for the
interior calculating climate, may
be based on actual measured data
values or the values' variations
may be approximated by sinus
variations during the year.

— Simulation itself.

As the result of the simulation are curves
of variation about the developments of
the following parameters:

— The global behavior trend of the
studied building item, under
conditions of simultaneous action
correlation of the above
parameters (chart type details in
Annex 1, table, position 1);

— The temperature and of the dew
point evolutions (simulation data
table, positions 5... 8);
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— The relative humidity and moisture
content developments, in the
building item section, during the
analyzed or reviewed periods, under
dynamic conditions, on the interior
and exterior surfaces (details in the
data simulation table, chart type,
positions 2, 3 and 4);

The variations of the numerical simulation
model of the masonry element were:

— V1 - simple masonry brick, 75 cm
thick, frequently met in the struct ure
of the historical monuments.
And also the same masonry brick
wall in the following rehabilitation
hypothesis:

— V2 - simple masonry brick, 75 cm
thick, thermo-isolated at interior with
expanded polystyrene (6cm thick);

— V3a - simple masonry brick, 75 cm
thick, thermo-isolated on the outside
with expanded polystyrene (6cm
thick) and with a sinus wave variation
of the inside temperature, the values
ranging around 20...22°C;

— V3b - idem, with inside temperature
wave variation in the heated space,
under the requirements rules of the
ASHRE P 160 P Norm,

— V3¢ - idem, with heating,
conditioning and dehumidification,
after all the requirements rules of the
ASHRE P 160 P Norm,

Among the features of the component
layers of masonry, introduced in the
numerical simulation we mention:

— Full brick (25 x 125 x 75 am), density -
1670 kg/m3, porosity of 0,196 m? /m?,
thermal conductivity 04 W / mK;

— Layer of lime coating of cement
mortar type S, 2 cm thick, with the
density - 1885 kg/m3, porosity of
0464 m3 / m3, thermal conductivity
044 W / mK;

— Inside or outside thermo insulation
layer of expanded polystyrene, 6 cm
thick, with the density - 14,8 kg/m3,
porosity of 099 m? / m3, thermal
conductivity of 0,036 W / mK;

— Finishing interior layer of acrylic lime
type Stucco, density - 1795 kg/m3.

The masonry element exposure was

considered north - N;

The
considered in the appropriate heated space,
Ti oscillating between the values of a 20...
220 C, the inside humidity between 40...
60%, the interior air speed below 0,2 m/s;

inside climate conditions were

The conditions of the outside climate
were considered for the year with
extreme values, in temperate climate of
the past 10 years in Europe: the outside
air humidity between 20 and 90%, wind
velocity of 4,5 m/s;

Graphs simulation results are presented
centralized in Annex 1 and is in the order
of the vertical development parameters:

1. the global hygrothermal behavior
during an average duration (1 year),
simulated in a cross-section of the
masonry model;

2. the variation in total moisture content
(%), within the structure of the model
during the simulated duration;

3,4, - the variations in moisture content (%),
within the masonry layers (brick, mortar,
thermo insulation, acrylic finishing)
during the simulated duration;

5, 7 - temperature and relative humidity
variation on the outside surface of the
model during simulated duration;

6, 8 - the variation on the outside/ inside
surface temperature and of the dew point
temperature of the model during
simulated duration;
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Annex 1

Table with the comparative results provided by the numerical simulation of the
hygrothermal behavior of a full brick masonry wall, in the following hypothesis:

V1 - simple full brick masonry wall, 75 cm thick, frequently met in the structure
of the historical monuments, not thermo isolated,

V2 - brick masonry element, thermo- isolated at interior with expanded
polystyrene (6cm thick);

V3

brick masonry element, thermo- isolated at exterior, with the same

expanded polystyrene (6cm thick), in the following hypothesis:

V3a - indoor space, heated, with a sinus wave variation of the inside
temperature, with values ranging around 20... 22 °C;

V3b - same indoor space, heated, with the inside temperature wave variation
in the heated space, under the requirements of ASHRE P 160 P Norm;

V3c¢ - same indoor space with heating, conditioning and
dehumidification, under the requirements rules of ASHRE P 160 P
Norm;

Hypothesis V1: Hypothesis V2: Hypothesis V3 - brick masonry element, termo- isolated at exterior,
simple full brick brick masonry with the same expanded polystyrene (6cm thick)
masonry wall_, 75cm . element, tgr mo- V3a - with a sinus V3b - heating, with V3c - heating and
thick (section) 1501?1ted at interior wave variation of the the inside conditioning with
with expanded inside temperature, temperature wave dehumidification,
polystyr_ ene valuesranging variation in the heated under the
(6cm thick) around space, under the requirements of
20...22°C; requirements rules of ASHRE
ASHRE P160 P Normy;, P 160 P Norm

1 - global behavior of the
brick masonry element
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2. - global moisture content of the
masonry element in the structure

3. - the humidity content

in the brick layer
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4. - the humidity content in the
thermo insulation layer

exterior surface

5. - the temperature and
humidity variation on the

surface

6. - the temperature and

7. - the temperature and humidity|

..................

surface
|

8. - the temperature and
dew point variation on the interior | variation on the interior surface | dew point variation on the exterior

4. Conclusions

The above examples for the
numerical simulation have been
designated for the following reasons:
in the case of a hygrothermal
rehabilitation project for buildings
unaffected by moisture, the general
trend of designers, is for interior

thermo insulation of the wall,
regardless of the heating solution
and/ or ventilation / or conditioning,
adopted.

Unfortunately, this situation may lead
to rapid or gradual degradation of the
building element, due to reduced
average temperature of the layer of
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brick and accumulation of moisture in
the outside (about 20 cm) of masonry,
which favors the emergence of the
repeatedly frost - defrost phenomenon
in these layers.

This  phenomenon is
pregnant if the thickness of
building element is underestimated.

especially
the

An important conclusion provided by
the numerical simulation is linked to
the  heating /  ventilation /
conditioning solutions, appropriate in
this situation: the synthetic table in
Annex 1, notes that the only solution
which prevents the emergence of
condensation on the surface of the

interior, is the conditioning with
dehumidification (e.g., fig. V3c
version, the table, Annex 1 - the

temperature and relative humidity
variation on the interior surface of the
model, during  the  simulated
duration), while such an adaptive
heating leads to condense on the
surface and the ventilation stimulates
the absorption of moisture in the
masonry (e.g. in Annex 1, the table,
fig. V3b).

It specifies that knowing the
hygrothermal behavior is also very
necessary in the thermal rehabilitation
works for brick masonry buildings, in
order to select the most appropriate
solution in line with the facilities, i.e.
the existing inside heating /
ventilation / or conditioning or to be
introduced, correlated with the
environmental and climatic conditions.

In the case of a competitive software
product, the numerical simulation
instrument is especially valuable in
designing interventions work at
construction elements, as long as 'in

situ' research or laboratory tests can

not capture the long-term
developments of the hygrothermal
behavior, in the dynamic conditions,
of the proposed interventions
solutions.

Also, researches, 'in situ' and the

laboratory, on samples taken from
affected building objectives require
financial resources and important
time. It is also states that software
simulation allows the integration of
research  results or 'in  situ'
measurements, and extending them to

other similar conditions.

Consequently, as stated previously,
the simulation allows the selection of
the optimal solutions in the
intervention projects on the building
elements, by the prediction of the
hygrothermal behavior in time (during
a desired period: hours, months,
years) under dynamic climate
conditions (real meteorological data,
years of extreme climate, etc., other
simulation conditions) and also in
different assumptions insurance of the
inside climate (according to various
European or international norms)
which recommend or only heating or
hot air heating or conditioning with
dehumidification, etc.).
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