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ABSTRACT

The energy-related upgrading of the existing
buildings involves the upgrading of the opaque
perimetric building members. Any technical
upgrading solution is based on the knowledge of
the heat transfer characteristics of the building in
its present condition. If the values of the 1, heat
transfer coefficients as well as of the r, and c
thermodynamic parameters, corresponding to
materialswith high stability intime (e.g. concrete)
are not modified even in a long time, the same
parameters, corresponding to the heat insulating
material layers are in time subjected to important
modifications (e.g. qualitative damage effect
because dampness of walls or condensation
occurrence in the structure). On the other hand,
even during the building erection stage, it is
possible for the design and real values I, of the
materials in the structure not to coincide, or, of
course, it is possible not to know any value (lack
of building technical documentation); these are
reasons requiring, in certain cases, the
identification of the real values of the coefficients
of thermal conductivity I, density r, and specific
heat ¢ which will be used in the calculation of
simulating the energy behaviour of the building
under upgrading.

Key words: thermal conductivity, thermodynamic
parameters, standard deviation, predictor-corrector
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1. Introduction

This paper introduces two methods of
identifying thethermo-physca characterigticsof the
materia sacting asheat insulation, includedinthe
gructureof theexisting buildings.

Thefirst method refersto the so-called field
zone of theenvel opestructural and non-structural
members. Thismethod alowsthe assessment of the
redl valueof thetherma conductivity of thematerids
acting asheat insulation in one-layer and multi-layer
structures. Based on thereal valuesof thethermal
conductivity and of the mass specific heat together
withthemateriad density, the assessment of thereal
thermal response of the structure may be

REZUMAT

Modernizarea energetica a cladirilor existente
implicd modernizarea elementelor opace de
anvelopa. Orice solutie de modernizare energetica
se bazeaza pe cunoasterea caracteristicii termice
reale a anvelopei in starea sa actuala. In timp ce
proprietatile termofizice ale materialelor cu mare
stabilitate Tn timp (spre exemplu betonul) nu se
modificad, aceiasi parametri corespunzatori
materialelor termoizolante suferd modificari
importante Tn timp (spre exemplu: ca urmare a
infiltratiilor de apa sau a condensului din structura).
Pe de alta parte, chiar in procesul de realizare a
cladirilor este posibil ca valorile reale ale materialelor
utilizate sa nu coincida cu cele din proiect sau sa
nu se cunoasca nici macar valorile de proiect din
cauza lipsei documentatiei tehnice a cladirii. Toate
acestea sunt motive careimpun, Tn anumite cazuri,
identificarea valorilor reale ale proprietatilor
termofizice ale materialelor, utile in activitatea de
simulare a raspunsului termic al cladirii si a
comportamentului energetic al acesteia, in functie
de solutiile de modernizare preconizate.

Cuvinte cheie: Conductivitate termica, parametri
termodinamici, abaterea medie patratica, metoda
predictor-corector, simulare in regim nestationar

approached in terms of the natural outdoor
environment stressesand of therestrictionsimposed
by the thermal comfort condition specific to the
building, taking into account the characteristics
modifications, aconsequenceof thetherma bridges
effect which amplifies the heat flow dissipated
through the opaque envel ope components. If itis
difficult to identify the detailed structure of the
opagque envelope components, the use of an
advanced method of the“inversemodeling” typeis
proposed for the identification of the above
mentioned thermodynamic and transport
parameters. Inthis casethe paper presents solutions
of thetypewith threeand four variable parameters,
based on cal culation algorithms of the predictor —
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corrector type. Both methods resort to the
measurement of several parameters specifictothe
thermal response function of the envelope
components, together with the parameters specific
to the heating systems reflecting the indoor
microclimate condition. Casestudiesare presented
for each method; they are at the sametime studies
validating the proposed methods. These methods
arescientificnewsinthefied and will be presented
within the CA2 (Concerted Action 2) European
project at the session which will be organized in
Prague at the end of the year 2008. The practical
application of the methods is facilitated by the
measured dataand processing procedures, including
those of selection of theuseful data, aswell by the
methodol ogi cal indicationsaccompanying thecase
studiesthat are presented.

2. ldentification of the thermo-physical
characteristics of the real building
membersin thefield zone

Theenergy-related upgrading of theexisting
buildingsd soinvolvesthe upgrading of the opaque
perimetric buildingmembers. Theaim of theexigting
buildings energy-rdated up-gradingisto reducethe
heat / cold consumption and at the same time to
ensure thermal and physiological comfort in the
dwelled/ occupied spaces. Any technica upgrading
solution is based on the knowledge of the heat
transfer characte-risticsof thebuildinginits present
condition. If the values of the I. heat transfer
coefficientsaswell asof ther, and ¢ thermodynamic
parameters, corresponding to materialswith high
dtability intime(e.g. concrete) arenot modified even
inalongtime, the same parameters, corresponding
to the heat insulating material layersarein time
subjected toimportant modifications(e.g. quditative
damage effect because dampness of walls or
condensation occurrenceinthe structure).

On the other hand, even during the building
erection stage, itispossiblefor thedesignand real
values I, of the materials in the structure not to
coincide, or, of course, it ispossiblenot to know
any vaue(lack of buildingtechnica documentation);
these are reasons requiring, in certain cases, the
identification of thereal valuesof the coefficientsof
thermal conductivity 1., density r, and specific heat

¢ whichwill beusedintheca culaion of smulating
theenergy behaviour of thebuildingunder upgrading.
The RTU (Unitary Therma Response) method
assodi ated with themeasurement of thetemperatures
andthermd flowsalowstheassessment of thevalues
of the previoudly mentioned parameters[24]. The
measurementsrefer to thetemperatures of theflat
building member surfaces, inthefield zone, aswell
astothedensity of theheat flow specifictothelimit
adjoining the occupied space, g, (t). Threesetsof
vauesresult therefore:

{t; O}, {t.. (O}, {q, (O}

Thethermd responseof theandyzed Sructureis
obtained usngthe INVAR software (or by theRTU
method), wherein order to achievethelimit conditions
imposed by the experiment, namely Dirichlet limit
conditions, thewind vl ocity w=>3 isrequired, which
ledstovauea, =¥ and, smilarly, a =¥isimposed
a thetwolimits(*boundary”) adjoining theoutdoor,
indoor respectively environment. The two
trandformationslead to theuseof themeasured va ues
t... (t) instead of valuest_ (t) specificto theoutdoor
climate ononehand, and of valuest, (t) instead of
the indoor temperature, on the other hand. The
unknownvauesof theidentification problemarethe
therma conductivity I of theheet insulating material
|ayer, inthefield zone, and product (rc), specifictothe
sameinuldingmaterid.

The two parameters mentioned above both
individualy (1), andinagroup (rc), areindependent
parametersand thereforemay be associ ated without
any restriction. The software isused in the variant
“variable therma conditions’ and provides the
temperature variation on theinsde area of theflat
buildingmember t,, (t), aswell asthevariaionof the
hesat flow dissipated through the building member,
g, (t), consequent to the known thermal boundary
condition, t,_ (t) (measured val ues).

Vauesq,, (t) arerequested by the software as
input data, and theoutput parameter t (t) isidentica
withvariationt, (t) consequent to the use of value

a; @ ¥ . Thesoftwareoperationisconditioned by the

input of anindoor temperatureinitidizationvaue The
influence of this (random) vaue is removed by
introducingalongenough“initidization” workingtime
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and the display of the results only during the
measurement period (T).

In order to consider accuratetheresult obtained
by thenumericd tegt, thefulfillment of two conditions

ishecessary:
— the necessary condition, involving the

equality of the daily average values of the
temperatures cal culated and measured at the

limit x=0 of the structure;

—the sufficient condition, whichinvolves
thecriterion of theminimum standard deviation
between the two rows of values, t, (t) si
t.. (t), where the index m means measured
vaues.

Theandysisinvolvestheuseof apair of vaues
{ Iij, (rc)ij} , Where | means the sequence number
and assessment, for each j value, of thetemperature
row of values t, () ° ti (t). The average
temperature of valuest,, (t)isgenerated aswell
astheaveragetemperature of theval uesca culated,

t (t), respectively:

— 17

tpim = —*Qlpim (1) (1)
T o

— 17

tpi :¥X?tPij (v 2)

Thevaluesobtained |ead to afinite number of
pairs{ Iij, (rc)ij} whichfulfill thenecessity condition
(fig. D).

Of l the s ftpy g valuesis determined the
]
minimum value corresponding to apair of values

{#.,(rc);} , representing theval uesidentified as

A —
P tpim

ta,
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o ° > » number]

Fig. 1. Necessity condition for the thermal
identification of a structure (field zone)

belongingtothegructureandyzedinthe“fidd’ zone
(not perturbed by thermal bridges).

Case study — synthesis

The experimental testing of the previously
presented method was performed ontheINCERC
— Bucharest pilot building in the year 2004.
Complementary experimentswere performed onan
outsidewall; the properties of thewall material —
BCA (autoclaved lightweight concrete) were
determined (and checked). The tests were
performedinthefollowing rooms:

— SW room, S wall, period 19.01-

20.01.2004 (19 h);

— SW room, S wall, period 20.01-

23.01.2004 (65 h).

Thefirst period of 19 h representstheidenti-
fication period, and the second, the validation
period.

As concerns the identification period, the
variation of function R wasassessed intermsof the
(rc), vaueswhereR isprovided by thefollowing
relaion:

~%*

i

1
S 1trijy
thlgg

tPim
The thermal conductivity value

I ecaa) @ 0.16W/ mK for dl thetested cases. The
resulting curve hasthefollowing expresson:

R =0,0159xx* - 0,0321xx° +
+0,0292x x? - 0,0096* x + 0,002

where x © (rc); .
The minimization necessary condition

d
R = O providesthereal solution:
d(rc);
(rc), = 0,251GIm*K
2 .
(Value dR where (rc), =0,251 is

d(rc)?

2
0.022063, therefore d'R > 0, which atteststhe
d(rc)?
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fulfillment of thesufficiency condition by theexistence
of aminimum of thefunction R =f ((rc),).)

Therefore, thethermo-physica characteris-tics
of theexamined materid arethefollowing:

il 5ca =016 W/mK
(rc)gea = 0,251 GIMK

—) -

The measurements specific to the vali-
dation period (fy =1901°C; tp, =2,49°C;

Opi =5,25W/nT)leadtovduel , =0165W /mK,

associated to (rc),., = 0,238 GJm*K. The error
of 3,13% correspondingtovaue I, isperfectly
acceptable and therefore the above-mentioned
values are admitted as specific to the BCA
(autoclaved lightwei ght concrete) structure. If the
vauesindicatedin codeC 107 / 3—2005 havebeen
used, wherefor BCA masonry withthinjointsare
indicated the following values:
1=0,27W/mK (GBN35)and I =0,30 W/ mK
(GBN 50), thecal culation errorswould have been
very important and would have influenced the
building therma protection solution (much more
severe) inthe case of the energy upgrading or the
energy-related mark in the case of the Energy
Performance Certificategranting.

An algorithm for assessing the thermo-
physical characteristics of the materials
(one layer) in the field zone of the multi-layer

flat structures

A. Measurementsin real conditions
(insitu) (cloudy days)

1. The temperature variation on building
member theoutsideareat, (t) ismeasured. The
measurementswill last for at least 24 consecutive
hours.

2. Thetemperaturevariation on the building
member inside area, t_(t), is measured. The
measurement period isthe samewith that specific
totemperaturet,,, (t).

3. Thevariation of the heat flow density a the
limit represented by theing de surface of thebuilding
member, g, (t) is measured. The measurement

periodisthesamewiththat of thetwo temperatures,
t, (t)andt__ (D).

B. Numerical analysisby ssimulation

1. The software (INVAR) usesthefollowing
outdoor climatic data:

—t. () asan outdoor temperaturesfunction;

—-1,1,=0;

—windvelocity w>500m/s.

2. For thelayersof materid with stablethermo-
physical characteristics (concrete, brick etc.) the
values I, r and c are taken from the values
catalogues.

3. For the layer of material subjected to
identification, random values are given (of the
physically possiblerangeof vaued) for I, and (rc)..

4. For the heat transfer surface coefficients
specific to closed spaces, the values provided are
thefollowing:

a, 0¥

5. Thesoftwareisinitidizedwithaperiod of time
necessary for theextinction of thegtructureinitidizing
temperatureeffect, t 396 h.

6. Thedisplay time of theresult equal to the
measurementtime, T, isset.

7. Thesoftwareisrun and thefollowing set of
vauesresults: t, (t), wheret T [1, T].

8. tp; isassessedusingtherdlation (2) anditis
compared to tp;,, determined usingrelation (1).

9. Asaresult of the necessity condition, the
pairsof values I and (rc) arepreserved, where:

t_Pi @ t_Pi m

(actually theerror may rangewithin 0,10°C).

10. For the pairs of values fulfilling the
necessity condition, thevaueof thesquareaverage

deflection between the cal culated valuest,, (t) and
themeasured vauest, (1), iscalculated.
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11. Theminimumvalueof st } belongsto
thepair of values :'l i (rc)ig,repr@entingthe
T

solution of theidentification procedure.

12. Inorder to vaidatetheresult, the procedure
is resumed for the same structure, but based on
measurements performed in adifferent period of
time

3. Thermal identification of the existing
buildings for their energy-related
upgrading — inver se modeling method

3.1. Target and object of the buildings
thermal identification

Thethermal identification isacomponent of the
technical expert analysis activity and meansthe
assessment of thereal characteristicsof asystem
or / and of its components. Based on these
characteridics, itispossibleto createamathematical
modd describing thebehaviour of thesystem, which
could beusedindiagnosing activitiesand activities
of issuing technica energy upgrading solutions. The
thermd identificationinvolvestheexperimentd deta
processing according to mathematical modelsthat
gpproximate as accurately aspossiblethe anayzed
phenomenon.

Thenecessity and a thesametimetheopportunity
of approaching the issue of the existing buildings
thermd identificationissupported by thefollowing:

1. The thermal balance of a building is
fundamentally influenced by the values of the
characteristics pecificto the envel opecompo-nents
(aress, thermo-dynamic potential, materia thermo-
physica characteristicsetc.);

2. Achievement of thethermd and physiological
comfort determined by the characteristic of theredl
operation of thethermal systems, by the thermal
capacity of thebuilding membersand by thequdity
of themobil e closing components of the building
envelope;

3. The hygro-thermal dimensioning charac-
teristics (laboratory thermo-physical characte-

ristics) are either not observed in the activity of
buildings erection or they are subjected intimeto
dterations(mechanica deformations, environment
aggressiveness—moisture, settling etc.);

4. The knowledge of thereal hygro-thermal
characterigtics providesthe possbility to examine
theenergy-rel ated energy upgrading of theexisting
buildings

5. Theuseof thetheoretical assessment of the
thermal resistance according to thelocal package
of codesinvolves, besidealaborious calculation,
the use of certain values of the material thermo-
physical characteristics specificto thelaboratory
tests; and therefore, in many cases, thevaueof the
cdculaed thermd resstancemay besensibly different
fromthered vaues.

Taking into account the above-mentioned
elements, theresultisthat the accurate use of the
local package of codesisstrictly limited toissues
related to the construction physicsin the phase of
design. Theupgrading of theexisting built stock is
still amagjor priority both interms of therateof the
buildingsandintermsof theremaining lifetime—
about 40 yearsfor most of theresidentia and public
buildings.

Theexperimenta procedurewhichmay provide
a partially correct response consists in the
assessment of the global thermal resistanceby “in
Vitro” measurements; therearesuch test facilitiesin
Romaniaat INCERC —las. There are objective
limitationsrelated to the use of thismethod inthis
casetoo, asitisactually impos-sibleto transport
theenvelopeinalaboratory typecell, eveninthe
case of panel type memberswhich apparently are
thermally individualized compared to the other
structura / non-structural components.

6. Taking into account the above-mentioned
eementsitresultsasfollows:

- It is opportune and useful to use the
calculation procedure specific to the heat
transfer steady-state conditions, providing the
definitionsof thecriteriathat makepossiblethe
practical useof thisprocedure;

- It is necessary to impose the issuing of
techniques of identifying the heat transfer
characterigticsof theexigting buildingsby usng

28
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“insitu” measurementsand their processing
accordingto aspecificandysismoded;

- Itispossibleto usethe thermo-physical
parameters|aboratory valuesof thematerias
stablefrom thethermo-technical point of view
and not subjected to severeinfluencesfromthe
environment (e.g. concrete or inside
homogeneous structures);

- Themathematical modelsdescribing the
characteristic balance should be as close as
possibletothephysica phenomenon.

Thereforetheidentification of thereal thermo-
physical characteristics of the existing buildings
envel ope componentsisanecessary activity and its
final target isthe energy-related upgrading of the
existing buildings. Besidethedetailed presentation
of themethodological structure, it isnecessary to
emphasizethewrong puttinginto practiceof certan
analysis proce-dures, theoretical or experimental,
presented in the literature as variants of existing
buildingsthermal identification. Weemphasizethd,
unfor-tunately, Romaniapaid aminimum attention
tothe procedures of identifying the characteristics
of existingand redl objects; thecd culation techniques
andthemeasurement techniquesweredtrictly limited
to theissuing of new solutions. If inthe sector of
building service, and especidly of theequipmentsin
thesystems, measurements may bea so performed
in laboratory conditions by the use of proper
procedures, no identification method has been
issued concerning the envel ope.

The procedurewhich form the object of this
paper isan absolute” premiere’, a least a thelevel
of thelocal literature and is among the very few
procedures developed in theworld. Fromthislast
point of view, thisprocedurefalsintothe“inverse
modeling” class. The specific of thismethod resdes
in using the effects as a measure of the transfer
function. The effects are due to the use of an
quantifiable excitation (heat flows, temperatures,
etc.) and their size, both asamodel and asvariable
functions in time is determined by the transfer
function specificto the building system —thermal
plant. Intheline of the above mentioned € ements
and takinginto account thetarget of identifying the
thermal characteristic of the existing buildings,

specific analysismodelsare presented aswell as
theuseof theresultsobtained in applying theenergy
upgrading of theexigting buildings.

3.2. Thermal identification procedure
of an existing building (model
with three variables)

Introduction

Thethermal balance of the outdoor perime-
tric componentsforming abuildingisfocused on
the thermodynamic outline defined by theindoor
areasof thebuilding members.

Themethod referred toin thischapter isbased
onthetherma ba ance equationsof thebuildingand
on the heating system therma response, in red
operationd conditions. Theissueinvolvestwo phases,
asfollows

- Theprdiminary phase, consisting of the
integration of the equation of the space, whichis
closed in thethermodynamic outlineddimiting the
dwelled enclosuresand is based on thevariation of
the virtual outdoor temperature of the closing
elements t_ (t) and on the reference outdoor
temperaturevariationincluding the solar radiation.
Inthese conditions, the association of values L (t)
to the R thermal resistance value of a building
member j isjustified by thevalue of theresulting
indoor temperature, t_ (t). Thecalculation model
isof bi-zond type: thecentra zone subjectedtothe
anaysisisformed by the dwelled enclosuresand
the periphera zone is that of the joint spaces.
Between thetwo zonesthereisaheat transfer, its
intensity being imposed by theindoor temperatures
resulting as specific environments. The bi-zonal
nature of the cal culation modd isaquality treat of
the used model. The peripheral spaces are aso
individualized according to their position and use
(e.g. sarcase, technical basement, dryingroom etc.).
Theresult of the preliminary phaseisthe settling of
acorrelation between thethermal resistance of the
opague building membersand the average number
of air exchanges, n, between the inside and the
outside.
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- The final phase represents, in fact, the
identification procedurefor the equivaent thermal
conductivity of theinsulating materia intheverticd
outside opagque walls, I _and of the real thermal
response of the central heating thermal response.
Theequivaent thermal conductivity, I _includesthe
effect of thelinear and punctua thermd bridgesand
isavalueusedin themono-dimensional model of
hest trangfer through the analyzed building members.
Thereal thermal response function of the heating
systemisrepresented by the assessment rel ation of
the heat flow released to the heating spacesin the

dwelled spaces:

1+m

; 0
¢ ty-tg <

q=0ox Arg———+ @
QI T a =
g tR_taa

where A isafunction depending onthetemperature
logarithmic average difference specific to the
laboratory conditions(Therma cell) influenced by
the m, index, specific to the above-mentioned
conditions. In real heating system operation
conditions, theindex misdifferent fromtheonein
the laboratory and varies according to the real
therma conditionsintheheated enclosure.

Actually, therdation aboverepresentsasemi-
empiric relation and the mindex transfersto the
enclosureair volume averagetemperature, t, the
quality of athermodynamic parameter associated
withtheconvectiveand radiative hest transfer from
the heating units surface to thetherma limit layer
closetoit and tothevery closeclosing membersof
theheated enclosure.

Thefind phase usesthehesat transfer modding
in unsteady-state conditions specificto the heated
endosure(sangleinthebuilding) inassessngthe heet
carrier outlet temperaturevariationt_ (t) and the
comparison with thesame noted parameter t_, (1),
assessed by processing the real operational
parameters of the heating system at thelevel of the
building heating systems connection. Intheend,
following the stati stic anal ysis of thetwo rows of
values, t_ (t) andt,, (t),therea valuesl_, n,m
are chosen, specific to the building in the
measurement period. The procedure is used in
severd rather closetime periods, andtheresultis
represented by rows of values, { 1.}, {n.}, {m}.

Thesinglevalue I _isassessed by thefulfillment of a
usual statistic criterion, represented by the upper
limitation of the ratio between the square average
deflection of thevduesand their average. Thelogica
schemeof theidentification procedureis presented
infig. 2.

The values mentioned above may be rather
easily estimated if thereis expertisein monitoring
the operation of heating systems in collective
dwellingsandif thebuilding technical book exists.
Asconcernsthe dwelling blocksin Romania, the
building memberswith stablecharacteristicsarethe
wallsbetween the dwelling spacesand the peripherd
spaces, windows, in terms of the glazing thermal
resistance and theterraces, representing the outside
horizontal closing member. Most of theblocksare
erected accordingto typified designs, andtheterrace
structure, with afew exceptions, isan invariant,
leading to aknown value of thethermal resistance.
This advantage derives from the low thermal
insulation achieved with stable materials, but
characterized by rather high thermal conductivity
vaues. Ontheother hand, therateof therma bridges
at thelevel of theterraceisnot significant, so that
the adoption of asub-unit coefficient r = 0,93...0,95
to correct thefield thermal resistanceisabsol utely
sufficient for therealistic eval uation of theterrace
thermal resistance. In the case of the other closing
componentsto the peripheral spaces, the catalogue
valuesof thetherma conductivity of thematerias
used will beused (thereinforced concrete prevails,
with I, = 1,74 W/mK).

Preliminary phase of the identification
of the existing buildings real thermal
characteristics

Thetherma baanceequation at theleve of the
thermodynamic outline delimitating the dwelling
gpaces hasthefollowing form:

o S0
Qs () +Q (t)= a§—: ([t (0 -t (O] +
+n (t) xeraxcpax
JRCRA I S
t
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Fig. 2. Logical scheme of the building thermal identification procedure —
three variable model

Theaverage number of air exchangesmay be
determined by thefollowing relation:

n, (t) =Cx[t, (O -t (O°*+C,  (6)

where

01:28,75anLth (7)
Vir,xc,,
iX 4/3
C,=1,25 ({1~ a)1 Ly o) dlt+ Lx(1- dt)]

Vxrx Cpo,
©)

Reation (6) takesinto account the d t average
period of windowsopening intermsof theintegration
pace (in this case 1 h), the average length of the

joints of the windows which do not open, Lj;_y)
and thewindowsopeningrate, a £ 1. Values dt,

La-a) and a are estimated based on tests by

cooperation with the occupants of the dwelled
spaces.

The heat input generated by thetenants may
be estimated by thefollowing rdation:

QM=a(f)rg, ©)

Thehest flow provided by the heating system
inthedwelled spacesisexpressed by thefollowing
relaion:

Qs (D =(1-¢)x(1-e)xQq, (V)

Coefficientse, and e, depend onthecondition
of thebasement distribution pipesand ontherate of
thethermally equivalent area of the heating units
meant for the dwelling spaces heating, of thetotal
areaof thebuilding under expertise.

Theintegration of equation (5) inatime period
[0, T] anditsratingtovaue T leadsto thefollowing
integral equiation:

(10)

000 = 1S o -ie )
S L ng%i R j

- S Dt,,
+r,XCy *Na XVX(ta—te)+ Mc— (11)
T
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Equation (11) isvaid asinnormal ventilation
conditions of the dwelling spaces, itispossibleto
admit an error under 0.70% thefollowing equality:

i (.0 -t (e

T

= on (el 0)-t (Ot (12)
0

o

Equation (11) settlesthefirst condition of the
physica experiment, namedy thesdection of aperiod
with gtabletherma conditionsinthedwelling space.
Thefulfillment of thiscondition changestheequation
(11) as.

Qs+ Q, = ((ti, - te, )+

gRaj

+ raXCpal Xﬁa v X(t_a - t_e) (13)

where

5 S0, 1)

fe,j:t'e+gR°5 ngz =f, (13)
R

%xfcs+§x'sb
t_en - Rcs Rsbs (]_32)

25, S

§Rs Rug

For T>T, (T,> 144 h) may be used the
thermd balancerelation in steady-state conditions
for closing members adjoining the outdoor
environment. Intheseconditions, equations(13) lead
tothefollowingsolution:

D1+A.1.Xna

R= (14)
D2 - na
wheae
& +ax 0
D, = ¢S SR A ey, )
e taM te [/}

D, = X(r rc,, V)™
N
M

16
ad (16)

Al:arXF_R’ :éix evnk_te

A, ' a; n I:\)n taM _te
17)

Thevduesof theheet trander codffidentsthrough
a radigionandthrough a_ convectionactudly are
constant and easy to assess. Theglobal hest transfer
coefficient, a, isassessed by therel ation:

ai =acv'l'arx'?in (18)
E

wherethe environment form factor Fisassessed
according to the geometry of the representative
enclosurefor thedwelling space.

Theair volume averagetemperatureinal the
precincts of the dwelling spaceis assessed based
onthe hesat transfer equati on specificto the heating
units.

tr YEg -t
oy = = (19)
Eg-1

Thefunction Eg isdetermined according to

the maverage coefficient specificto theheating units,
to the heat carrier measured temperatures, to the

heat carrier average massflow-rate, G , andthe
ingtalled thermal power, Q;

e S U

Q ot/
eXpe§OOO45X 2 mx(tT ~tg, )™
; GXC[J M M u

é U
(20)

Theaveragethermal resistance of the outdoor
opagque building membersisassessed by therdaion

(14) asfollows: .

O
N
|
-}
XQJO
= -l--1-O:

<]

kY

D> (D> (D> (D> (D> (D~

Rorac

£S5 |
§S|: (21)

-
+
>
-]
[
[ o =N N Y Y Y
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where éggg is assessed according to the
k ng

geometric outlineof the building and of thetherma

resistancevalues, actually known, of thebuilding

members separating the dwelling spacesfrom the

peripheral spaces and of the glazed building

members.

Taking into account the terrace thermal
resistance evaluation procedure, previously
mentioned, thevaueof thethermal resistance of the
opaque closing members of the overland walls,
adjoining the outdoor environment, isavauethat
results:

o s,
Rw —m (22)
Rorac  Rr

Thebuildingmembersthat form opagueoutsde
walls, regardlesstheir structure, embed the same
hest insulating materid sothat thefina equation of
the preiminary phasehasthefollowing form:

N
N | aSNn
é E SNI’I — n=i (23)
=107, + by xlg  Rw

whereb_ representsthethermal resistance of then
building member, without heet insul ation.

Reation (23), together with reations (22) and
(21), settle acorrelation between the equivalent
therma conductivity I _of theheet insulating méterial
and theaverage number of air exchanges, n..

The variation of the equivalent thermal
conductivity intermsof theair exchange number,
n,, for avalue of coefficient m, is presented in
qualitativetermsinfig. 3.

We mention thefact that thet ,, necessary in
setting the I_=f (n) correlation is assessed
accordingtotheredation (19) and usestheaverage
vaue of themeasured thermodynamic parameters,
namelyt .t andG. Itisaso mentionedthat the
parameter specificto themheating unitsissd ected
as an independent variable, as it is one of the
unknown values of the identification issues.
Therefore, theabove-mentioned corrd aionfunction
will be I_=f (n_, m), whereeach curve of theform

I= TW / mKl

Na
na[s™1
Fig. 3. Variation of the equivalent thermal
conductivity, I, according to the
number of air exchanges, n,

I.=f(n)isspecifictoan mvaueof theset sdlected
for the analysis. On the other hand, the t, (t)
temperature hourly averagevauesare considered,
to be compared to the va ues obtained by the use of
the procedure specific to the second, final phase.

Final phase in the identification of the
existing buildingsreal thermal
characteristics

Based onrelation (23), two rowsof vauesare

generated, { 1 } and{n} thetermsof whicharein
direct correspondence. The rows of values are
limited inferiorly and superiorly sothat:

min{1}31_, (24)

max {1} £1__ (24,
wherel

£ Fepresentstheminimum catal oguevaue
of therma conductivity of theinsulaing materid and
I, themaximumthermal conductivity of theused
buildingmaterids(e.g. concrete). Weemphasi zethat
thetwo rows of values are associated to aheating
unitstransfer function used asthemcoefficient vaue.
Therefore, to a value m, of the m coefficient
correspond the rows of values{ 1.}, si {n},, as
well asthe hourly values of temperaturet , (t).
Theobjectiveelements of themeasurement aret.,
(v, t,, (1), G generating the heat flow conveyed
by thesystem, Q,, (t).
Thesmulation software of the unsteady-state
conditionsof abuildingisused, INVAR invariable
conditions, with Q,, (t) input valuesfor ng

Q, (©) input values, for assessing the t,(t) air
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theoretical volume averagetempera-tures, while
thel ¢ and n_known pairsof valuesresulted from

the preliminary identification phase. TheINVAR
software, issued by INCERC expertsin 1993, is
based on the Unitary Thermal Response (RTU)
method and operates both for the achievement of
thermal comfort—by ng the heat demand —
in the cold season and for the assessment of the
variation of theresulting indoor temperatureand of
theair innaturd conditionsof random climatic hest.
Thecd culaion dgorithmwastested by experiments
performed at INCERC (Solar House CS3
Bucharest, 1982-1992) aswell ason buildingsin
Bucharest and Cluj-Napoca, in the period 1983-
1996.Thetestswerefocused both on the hot and
onthecold season.

Therefore, for an m, value, the thermal
conductivity of the heat insulating materia inthe
opagueoutsidewallsstructure, of 1_, , isselected,
aswell asthe proper number of air exchangeswith
aconstant valueof n_, .. By theuseof theINVAR
software, thet,  , (t) variation functionisobtained
and isassessed the theoretical variation of the heat
carrier outlet temperature, t_, (t), whichiscompared
tothet,, . (t) function. The comparison refersto
the corresponding hourly values. The following
conditionsareimposed:

\f Riy ~ tRM \ £e,=010°C (25)

Sins /Uy, £622008 (29
together with theadditiond condition:

|t —fac| £6,=0,10°C (26

where t,,, isassessed by therelation (19).
Temperaturet,, (t) isassessed by therelation:
Qs (1)
G(t)rc

tg (t) =t (t) + 0,90 {[Eg; (-1

(27)
whee

[N

Qs(t) er(t)u 1+m1
G(t)xc @ Qo H

i

Ex (t) = ex .lo 90+
)
T

and j is the sequence index of the m values
and values Q_(t) and G (t) are assessed
experimentaly.

A DI _thermal conductivity variation paceis
admitted, to which a sequence of n_values
corresponds. For m,, al the Il cand n_ cvalues
aretested, which together W|th Q (v generatethe
followingvaues

[tr,. ~tru | =My (29)
St /t - =M, (30)
compared respectively to e, ande.,

The decisioniscompleted with thefollowing
checking:

tam = t_acl,S

= M3,s£es

The value m_is modified, generating
m, =m, + Dm and the procedure is resumed. In
theend, thepair of valuesM,, M, ischosen, which
mostly fulfill conditions (25) and (26) to which
correspond thefina valuesm, I_andn_.

Takinginto account relation (6) andinthe case
that following apole performed together with the
tenants, therate of thewindowsopeningisknown
aswell astheaverage period of their opening, the
redl valueof thei air infiltration coefficient may be
assessed, which will becomparedtothei  catal ogue
vauefor thetype of window used.

We emphasize that the t,,, average valueis

knownandthereforethevariaiont, (t) resulted from
the use of the INVAR software should lead to the
known averagevalue.

The completion of theanalysisisreached by
theuseof theprocedurein severa different periods
of timewhichfulfill thecondition T> T, aswell as
the other conditions specified in the paper.

Each phase represents an instrument of
vaidaingthepreviousonemeaningthat novariaions
of theconductivity I _or of thei infiltration coefficient
areadmitted, except for amargin representing 5%
of theaveragevaueof al the assessed va ues.

34
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3.3. Procedure of thermal identification
with four variables (predictor-
corrector method in alternate paces)

The paper further presents an alternative
procedure of the existing buildings thermal
identification. The differencefrom the procedure
presented inthe previous chapter isrepresented by
theposs bility of separately assessing theequivalent
thermal conductivity of the heat insulation of the
terrace, of the vertical opaque outside walls
respectively. The logical scheme of the thermal
identification procedure with four variables is
presentedinfig. 4.

A parameter to be continuously measured is
thebuilding heatingthermd load, Q (t). Consdering
that theair conditioning system may operate or not
inthecold season aswdll, themethod is subdivided
into two connected sub-methods:

a. thermal load ensured by acogeneration

(centrd) heating system;

b. thermal load ensured by the air
conditioning—ventilation system.

The central heating systemis provided
with static heating units

The thermal balance of the building will be
written asfollows.

_ & Spe, S S 9
Q@Qé P4 2F 45T L ByVirrc 2 XNy X
(pRee, R Rr o e
X(fl _t_ev)_ a)(Sﬂ_oc (31)

where t,, isdetermined by relation (13)).

The corrected thermal conductivities
characterizethevertical wallsand theterraceand
aemarked by I ,and 1 .. The average tempe-
rature (in theworking period) of the heated spaces

INVAR software
— comfort <

l

Qi®

A4

si(Q))

Measured parameters

trm(t), trm(t), Qi(t)

|

Heating unit
equation

—[m]—

A

tan

|

Building global thermal [ n,j le— Namax
balance equation

Ice I

mj, Ice, 11, Na

m, lep, Iy, Ny

Fig. 4. Logical scheme of the thermal identification procedure — four variable models
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may be accurately assessed using the following
redion:
foxEg -1
t_i = ¥ (32)
ES - 1

where: t; and f; — heat carrier average

temperatures assessed from the hourly values
specific to the measurement time (at least 5
consecutivedays)

Index malso represents an unknown val ue of
thethermal utilities system. In phenomenol ogical
terms, index m represents the heat transfer
characteristic of the heating unit, by conduction as
well asby convection, totheair inthelimit layer,
and by radiation to the side (lateral) areas of the
hested enclosures.

The corrected therma resistanceva uesof the
perimetric building members are assessed by the
relaionsspecifictotheuni-dimensond hegt trandfer:

i: ler'S 3
Rr I xBr +diy,

where P—vertica wall index; T—terraceindex.

Thethermal balancerelation (31) becomes:
Spep + ler 5 S

alcp! =
p bep XA, +diz,  Ter *Br +digg
_Q +ax
__—_SLOC_E_CXna (38)
ti-te Re

where t; isassessed using relation (32) according
tothevaluesof index m. Relation (38), 1 ., 1., m
and n_, with a predictor function, is an equation
including asunknownvalues I ,and 1, mandn..

The calculation is further carried out as an
algorithm of the “predictor-corrector” type,
dternaively.

‘|RP 1 . &d 5 _p 4O Avalue 1% isproposed andthe I thermal
1 =—+—+ag—: t =A T L . .
i a, a, & § 15 Do S P conductivity isassessed fromthefollowing equetion:
]
< 1 1 _gdg d d . Sp
':'RPep :_+_+a§_i + :Akp = ICPXaI X ep+d -
¥ a; a, kélg, lep ler p fep A * iz
(33) _Qta'Se 5 Sy
Therefore: t(m)-f, Re R(ro) a
o Spe Sp Spe (39)
A=yttt Thefollowingisnoted:
p RPep Ak + 1z Ak + iz .
R P S P m_i_i:f«»(m)
(34) fm-f, R R
or (40)
. 5 and equation (39) becomes:
¢ ¥ S
2 P, - Xg Sq - Se, R 1o A ©p _
PR < ¢ iz dizp - P ICPXAkp +dizp
b (}ICPX'Ak1 t— Icprkp .
e Ier Ierg = fOm)-cin® = $O(m)
(35 (41)
di,. 1 1 _adg Taking into account thephysical significanceof
Rr=Br+—. Br=—+—+ a§_3 thetermsof equation (40), thefollowing condition
cT & 8 kel results
(36) n® < £ O (myxc (42)
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On the other hand, the mindex cannot vary
randomly, itsvaluesbeing controlled by the t; vaue
plausibility range, accordingtorelation (32). The
imposing of twolimit values (t_i mins G max) therange
mT[m m__] results. An Dmvariation paceis

min,

admitted so that thefollowing successivevauesare
generated:

m=m __+Dm 43)

J -1
Foran m vauechosenfromthe{m} set, vaue
% (m;) isassessed usingtheinegquality (42). A

amax
Dn_paceisadmitted, sothat successivevauesare
generated:

L —Dn, (44)

For each Ny (M;) value, equation (41) is

solvedanda I cp, valueresuits. Equation (41) isa

non-linear algebraic equation to be solved by one
of thegpecificmethods (e.g. modified Kani). Toeach

N, valuecorrespondsan lcp, valueand thisbi-

univocal correspondence in the sets of elements
{1} and{n } leavesroomtoone m valuechosen
fromthe{m} set of vaues.

We mention that any {{I CF,},{na}} combi-
nation leadsto thesamevalueof the Q heat flow

andtovarious f; (m j ) indoor temperature val ues.
Using the INVAR software — therma comfort
conditions, for { (mj ) and (I cp na) values,
together with 1%, Q,(t) is assessed where k is
the sequence number of the solution according to
the sequence of the Dn_ paces.

Thereaultis
24 -

Qi (Ddt=24:Q (45)
1

The square average deflection of the hourly
values of Qi (t) isassessed by INVAR and Q(t)
experimentaly determined.

s(Q,) = 0,042563: \/%_[ij(t) -QOF ()

For various (I, n,), valuesgenerated by the

samem value, valuesof the s squareaverage
deflection are obtained. The minimum value is
retained:
0 — mi (0)
Sj ‘m'”{sjk} (47)

whichwill beassociated with the m vaueof index
m. The procedureisresumed for severd m values
and theresult will berepresented by squareaverage
deflectionsassociated with the m vaues, withthe
decision madeby (47).

Of dl the s{” values, theminimumvalueis
preserved or acurveisgenerated:
s = f(m))
Inapolynomial form which, subjected to the
minimizing procedure, leadsto them© solution. To
this value is associated the pair (I P na)which

generated theminimumvaueof thesquare average
deflection, or isassessed according to the procedure
specifictoeach m vauepreviously presented.

A first result of the prediction is obtained,

namely: m®; 12),; n{ associated to the proposed
value 1Y

The next corrective step, named corrector,
supposes asreal value 12, and coversthe same
andysislinetothefollowing solutions:

. 0) . 1 1
mo; 195 n® 19,

The analysis further develops alternative
predictor — corrector steps; the prediction-
correction items are the values of the thermal
conductivity of thetwo respectivematerids | ..

The calculation stops when the following
inequditiesares multaneoudy fulfilled:

-1
m® - m(P )‘Ee1
-1
I(ch)> - I(cpP )‘E’ )

-1
I((:IOT) - I(CpT )‘ £e; (48)

ni? - ngp‘l)‘ £e,
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wherethefollowing are proposed:
e,=e,=e,=¢e,=0,002

Them mainresult of theanalysisisrepresented
byvauesl _,and I _, different fromthe catal ogue
values, and including thethermal bridge effect. If
the r and ¢ materia characteristic values are
associated, the RTU method for ng the heat
flow on the Q_ (t), respectively Q_(t) building
membersinside may beproperly used.

The heat demand is ensured by the
ventilation system (air conditioning)

Thedifferencefrom the previous procedureis
represented by the necessity of assessing theindoor
temperature by direct measurement.

Consequent tothisaim, themindex isnolonger
an unknown value, as it is removed from the
mathematical formalism. Theworking equationis
equation (42) wheref©@isexclusively assessed by

thepredictionof vaue 1Y accordingtoreetion (42).

A snglevauen,_ _ resultswhichisdetermined
fromtheinequdlity:

n,< fOxc™? (49)

Ny, vauesarefurther obtained, with corresponding

Icp, values. Foreachpar (Mo, » Icp, ), value 1%

is assessed according to the INVAR software,
Q (t); the working temperature is the one

experimental ly known, t; . From thismoment, the

caculation andimplicitly thedecison areidentical
to those presented at the end of the previousitem.

Thevauesl , I  areusedinthecalculation
for the hot season, in order to assess the Q_, (t)
and Q, (t) heat flows.

By association with the heat flows specificto
the glazed areasand with that corresponding to the
freshair rate, necessary for themodification of the
enthal py, thecold demand Q (t) will be assessed at
any moment in atypical summer day, aswell as,
implicitly, themaximum valueto be compared to
Q. Thefollowingsituationsare possible:

| Quax| > Qg —themicroclimate conditions
mentioned intheproject arenot fulfilled

| Qrax| < Qg —themicrodimateconditions
mentioned intheproject arefulfilled

The second conclusionis conditioned by the
efficiency of theair conditioning systemwhichis
assessed by itsexpert examination.

3.4. Measurement management criteria
for thethermal identification of
an existing building

The assessment of the building envelope

average thermal resistance, R, depends on the
windows permeability class, which was settled by
thebuilding visua expert examination. Wehaveto
mention that this permeability class includes
subj ective el ements (spaces aeration) which may
movethe permeability classinthecold season.

Thus, on dayswith very low outdoor tempe-
ratures and deficit of heat flow from the heating
system (situations specific to the blocks of flats
supplied by thedistrict heeting system), the aeration
of thedwelling spaceisminimum and actually the
permesbility classwill beof thenormal-tight or very
tight type.

An experiment performed during thetransition
season, when aerationisfrequent, may lead to the
conclusion of using thelow or very low tightening
permeability class, which dterstheconclusionon

R . Theoretically, theidentification of the R value

should remove the subjective perturbations and
should be based onthe condition of thebuilding and
of the system, assessed based on objective
elements. Inthisline, themain perturbationsarethe
fallowing:

—additiona heat flow —by local sources—
rel eased by the heeting system (emphasized by
theincreaseof gasand/ or power consumption),
which also involves additional ventilation
(compared to the normal one from the
physiological point of view) of the dwelling
spaceduring the human activity period;

—ventilation (aeration) beyond the normal
practical activity and generating fresh air
quantitieswhich exceed theinfiltrationsthrough
theoutdoor mobileitemsjointslack of tightness
(windows, doors).

38
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Thefollowing limiting measurement conditions
result:

—measurement period T 3 5 consecutive
days;

—cloudy days, characterized by low values
of thesolar radi ationintengty direct component;

—dry buildingterrace, uncovered by snow;

—indoor air volume average temperature
close to the value corresponding to the
physiological comfort (t, @ 22°C);

—outdoor air temperatures, averageduring
the measurements, within the range [ 3°C,
+5°C];

—minimum limitation of thedwelling space
aeration (by the heated space occupants

acceptance) or assessment of the a- windows

opening average rate, as an average hourly
va ue, by hourly noticesonthebuilding facades.

3.5. Case study focused on the thermal
identification of an existing dwelling
building (three variable model)

Wefurther present acase study concerning the
useof the preliminary thermal and energy diagnosis
and expert analysis procedure in the case of an
apartment building connected to the Bucharest
district heating system. Thebuildingwhichisthe
object of the prdiminary expert analysisispresented,
aswel asthemeasurements performedinthe 1998-
1999 winter.

Experiment presentation
Brief presentation of the building

Thebuildingislocatedin sector 6 of Bucharest
and is part of agroup of four identical buildings
designed by the “Proiect” (Design) Bucharest
Institutein 1973, erected in 1974.

Thestructure of the buildingisof thecellular
type, withlongitudinal and transversal reinforced
concrete digphragms, with interposed reinforced
concrete frames. The horizontal elements of the
structure are made of 12 cm thick reinforced
concrete precast plates. Thebuildingwasbuiltin
1974 and therefore does not reach ahesat insulation
rate corresponding to theva uesinthe present codes.

According tothe design data, the heat demand
isof Q,= 276 000 kcal / h (320 930 W).

A gdidicof thenumber of theradiator dements
leads to the total value of 2,646 of the 600 / 2
type, with anomina heat flow (95/ 75/ 20) of
116ked /h(135W) dement. Theresultingingta led
power is of about 306,940 kcal / h (356,900 W).
Anexcessof instaled power of h = 1,112results, a
value valid for most of the apartment buildings
heating systems. Thehegt carrier nomind flow-rate,
accordingtothedesign, isG, = 13,800 kg/h.

Thedesign of theindoor heating system was
carried out according to the cal culation normsvaid
in 1973, amongwhichthemost important wasSTAS
1907-68 on the assessment of the design heat
demand; asignificant differenceresultsintermsof
theradiator components/el ementsmeant to ensure
space heating. Fig. 5 presentsthedistribution of the
total number of radiator components/ eementsand
implicitly of theinstalled thermal power according
to thelocation of the gpartmentsin the building.

Thehest carrier distributionisperformed by a
bi-tube system with lower-side distribution and
vertical columns crossing thefloors. The columns
arevisible and connected in the upper side of the
building to the aeration vessel. In the technical
basement of the building the pipesare placed for
distribution intwo main branches, supplying the
gpartments on the South, respectively North part of
thebuilding. Thestatic unitsinthe apartmentsare
provided with double-adjustment va ves, with no
possibility of automatically adjusting thetemperature
intheenclosure,

Thebuildingsurvey ledtothefollowing vaues:

- outdoor wallsarea SPE =1,890.7 m?

- windows area SFE = 545.8 m?
- basement area S;=220.1n7
- indoor wallsarea S, = 7,940 m?

- dwellingspacevolume V| . = 6,864 m®
- daircasespacevolume V=750 m?

-dwelled area S oc = 2640 nv?
- areaof wallstothe

staircase S.=934n7
- terrace area S =254.2n¢
-glazingrate R,=0.203
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N
|
i
(c1) c2)
ny = 649 elem. e’ ny = 630 elem. R
Q" =75.284 kealth Q!" = 78.880 keallh
t,=20C t, =20 °C "_"_"_'__;::;_
.................................. (Ca )
Staircase t,=10¢C

ng = 612 elem.
Q% =70.992 kealh
t, = 20°C

ny, = 628 elem.
Q!7=72.848 kealh
t=20°C

Nannexe = 77 elem.
Q! =8.932 kealth

Nua = 2.646 elem.

Entrance M 28 (Aleea Arinii Dornei Nr. 4)

QL™ = 306.935 kealih (356,9 kW)

Fig. 5. Nominal thermal load distribution according
to the apartments location in the building

The heat engineering characteristics of the
building members forming the envelope are
presentedintable 1.

Description of the measurement chain used

Theexperiments performed in the basement of
the M 28 apartment building (block) allowed the
obtaining of thefollowing vaues:

t.(t) —secondary heat carrier inlet temperature

— Aquametro turbine flow meter,
SMH Dn 50, withRM 02 impul seemitter and
CALEC MCP heet computer with 4 and ogous
outlets,

— Sauter EGT 342 F021 immersed
temperature sounders, with Ni 200 sensors,
+ 0,12 % error — for the measurement of t.
andt_temperatures;

—Sauter EGT 420 indoor air temperature
sounderswith Pt 100 sensors, + 0,12 % error

[°C]; —fort_ andt, temperatures measurement;
t (t) —secondary hest carrier outlet temperature —Sauter EGT 300 soundersfor the outdoor
[°C]; artemperaurewith Ni 1000 sensors, + 0,12 %

G, (t) —heat carrier volumeflow-rate[m3/h];
t_(t) —outdoor temperature[°C].

Thetemperature of thetechnical basement and
of the staircase were assessed by thermal balance,
according to the outdoor and indoor temperaturein
the dwelling spaces, and checked by testsduring
themeasurements.

The equipment used in the measurements
includedthefollowingitems

error —for t, temperature measurement;
— DataTaker 50 data automatic recorder
with processor.

Theeguipmentsformingthemeasurement chain
were previoudy calibrated inlaboratory using the
caibrating device method.

The values are read once in 1 min. and are
mediated every 10 min. and recorded on the
memory card of Data Taker 50 and then taken over
inthememory of a“notebook” portable computer.

40
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Table 1.
Heat engineering characteristics of the envelope building elements
. Thermal
No. |Orientation Material [I\?vr?nl:])dKe; Thlcfrlzr}ess resistance Area [m?]
) [m2K/W]
Opaque outdoor walls:

Mortar 0.930 0.02

1 N B.C.A. 1. 0.25 f(hi,) 164.05
Mortar 0.930 0.03
Mortar 0.930 0.02

2 S B.C.A. I, 0.25 F(l,.) 155.80
Mortar 0.930 0.03
Mortar 0,930 0.02

3 E,V B.C.A. 1. 0.25 F(lig) 206.62
Mortar 0.930 0.03
Mortar 0.930 0.02
Reinforced concrete 1.744 0.20

4 N, S f(li,) 656.48
B.C.A. I 0.15
Mortar 0.930 0.03
Mortar 0.930 0.02
Reinforced concrete 1.744 0.20

5 E f(l,.) 49.14
B.C.A. 1 0.15
Mortar 0.930 0.03
Mortar 0.930 0.02
Reinforced concrete 1.744 0.20

6 v f(l,) 51.48
B.CA. I, 0,15
Mortar 0.930 0.03
Mortar 0.930 0.02
Reinforced concrete 1.744 0.30

7 N f(l,.) 84.40
B.C.A. I 0.15
Mortar 0.930 0.03
Mortar 0.930 0.02
Reinforced concrete 1.744 0.30

8 S f(li,) 80.56
B.C.A. I 0.15
Mortar 0.930 0.03
Mortar 0.930 0.02
Reinforced concrete 1.744 0.30

9 E,V f(l iz ) 326.88
B.CA. I, 0.15
Mortar 0.930 0.03
Mortar 0.930 0.02

10 E Reinforced concrete 1.744 0.20 0.3296 43.12
Mortar 0.930 0.03
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Thermal
No. Orientation Material [I\?vr?rEdKaj Thickness [m] | resistance Area [m?]
: [m2K/W]
Mortar 0.930 0.02
11 \% Reinforced concrete 1.744 0.20 0.3296 41.16
Mortar 0.930 0.03
12 \Y, Reinforced concrete 1.744 0.50 0.4478 30.96
Outdoor terrace:
Mortar 0.930 0.02 f(l,) 254.22
13 Horiz. Reinforced concrete 1.744 0.19
B.C.A. I 0.15
Mortar 0.930 0.05
Plate over basement:
Mortar 0.930 0.03
14 Horiz. Reinforced concrete 1.744 0.12 0.2949 220.09
Mortar 0.930 0.01
Staircase wall:
Horiz. Mortar 0.930 0.02
15 Reinforced concrete 1,744 0,20 0.3408 934.01
Mortar 0,930 0,02
Outside windows:
16 S 0.4300 119.76
17 N 0.4300 124.96
18 \Y 0.4300 149.68
19 E 0.4300 151.36
Measured data Measured data processing

Themeasurementswereperformedinthe 1998-
1999 winter and two periods of 5 days each were
s ected, which fulfilled the minimum mesasurement

24

The average val ues specific to the considered
measurement period are presented intable 2.

120.000

criteria(continuity in the heating system operation, [Eg] zz AN 7\ T o
aperiod characterized by reduced values of the oL\ ij \ . units
direct solar radiation, dry building terraceetc.). ° hnAA ‘v\ [ T~ A o0
For the selected period (3-7.02.1999), the i v ") \k ,' 1.
variation of themain operational parametersof the 10 MR ,'
. A 8 60.000
heating system aswel| asthevariation of theoutdoor 6 . VI A
air temperatureare presented infigures6 and 7. : A\ I TAC /\
The apartments power consumption values, 0 N N N oo
. . . n A | fHour
namely thetotal consumption of gasinthekitchen, ? Y —te['g
specific to the considered period: s —QW
-8 ! ! ] 0
Vv, [md 146 no e :
E [kWh] 693 Fig. 6. Outdoor temperature and heat flow released
by the heating system. Measurement period
3-7 Feb. 1999 — Block M 28
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Identification of the thermo-physical characteristics of the real buildings members

Takinginto account thethermal resistanceof — © 1 8.000
thewindows, of the building members separating N A e i Nt | Vol flow
thedwelling spacefrom the staircaseand fromthe carrier
technical basement, consideredinvariants, theuse /' A ——
of thepreliminary identification procedureled to the -
assessment of theindoor air temperaturevariation v I {
function intermsof themcoefficient, namey of the \Y
variation function of the equivalent thermal  © ||~ i \J} 6.000
conductivity of the heat insulating material in the e I L T VN ™
structure of the building envelope (BCA) and the
averageventilation rate of the heated spaces. o REC]  ——GIN

20 | | | | | | 5.000

According to the therma' |dent|f|cat|0n 03Feb 03Feb O4Feb OdFeh O5Feb O5Feb 06-Feb 06-Feb O7-Feb O7-Feb 08-Feb

0:00 12:.00 0:00 12:00 0:00 12:00 0:00 12:.00 0:00 12:00 0:00

preliminary phase, thefollowing valuesresulted: Hour

R= O,483m2K/W; R)PACzOﬁOlmZK/W and Fig. 7. Heating system operational parameters.

IE = 0,351 W/ mK aswell as n= 0,40 h-*. By Measurements period 3-7 Feb. 1999 — Block M28
using the INVAR software, the indoor air

Table 2.
tefmgleratu:evar iaBti;g;éa(t)tiﬁoﬁta nled’ 1;?r theth?-)r Heating system operational parameters
orvaueslin. ontnenourly vauest (1), measured values
the heat carrier outlet temperature variation is Gs [V] 7 647
obtained, t_(t). Theset of valuesm 1 [0,20...0,35] .
with apace of Dm= 0,025 was used. Associated tr ['C] 46.60
tothefinal solution m= 0,25, function t(t) results, R [°C] 36.93
represented in thegraph of fig. 8 together withthe te [°C] 0.48
t.,(D variation. tes [°C] 15.97

It resultsasfollows: tep [°C] 10.10
M, =|fry - fr[=0.015 as =Gg/G, [ 055
M, = stg/tgy =0.0636
85,050
M, = | Eau - fac|= 0.058 Qz e
80,932
which arecomparedtoe, =0,10°C (25),e,=0,08 Qe W
(26) ande, = 0,10°C (26,). Therefore, values 1, 2 4
n, and m correspond to the stated decision criteria. HELI G N Bt et N P R )
Value 1. =0,351 W / mK (including the ; 18 ™~ 2 E
thermal bridge effect aswell) is compared to the £, A ) " ‘;
catalogue value of the autoclaved lightweight g A / \k f\ ;
concretecata ogueva ueof thetherma conductivity, g M V * 5
1.,=0,22W/mK, and coefficient m=0.25 to : 1 L‘\f\ /\ % 8
thevaue obtainedinthe Thermal Cell, m= 0.30. g -
Value n_=0,40 h-* is compared to the T —umAR[Y Nl
rational value and leadsto theconclusionthat the i 2 g
gpaceventilaionisinsufficient. 8 || 30
0 12 24 36 48 60 72 84 95 108 120
Time [h]
Time

Fig. 8. Final phase of the building thermal
identification — Measurements,
Block M28, 3-7.02.1999
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4. Conclusions

The two methods presented in the paper are
proven useful by the case studiesreferring to two
real buildings, of which thefirstistheindividual
experimental building at INCERC Bucharest and
the second is a condominium (block M28 in the
Militari district of Bucharest); their heating systems
are connected to the urban district heating system.

Thefirst experiment performed according to
themethod specificto theidentification of thefield
zone of the opague closing members led to the
thermal conductivity valueof themasonry conssting
of smal BCA blocks(BCA: autoclaved lightweight
concrete) of 0.16 W / (mK), noticeably different
fromthecatal ogue va uesranging between 0.27 and
0.30W/(mK). We mention that the val ue proved
to berea by comparing thevauesof themeasured
heat demand to the one obtained by long time
dynamic smulation (monthly va ues).

Thesecond experiment emphasized an average
value of the heat insulation thermal conductivity
(BCA plates) of 0.351 W / (mK), avaluewhich
adsoindudestheeffect of thethermd bridgesspecific
to theenvel opestructural solution, associated to an
average ventilation rate of 0.40 exchanges/hour.
Compared to the catalogue val ue of the thermal
conductivity, 0.22W/ (mK), theimportant influence
of thethermal bridgesemphasizestheattention that
should be paid to thethermal upgrading solutions,
and thevaueof theventilation rate emphasizesthe

insufficient thermal ventilation of themain areaof
thebuilding.

According to the model of the two analyses
presented indetail in the paper, it isrecommended
to use the method of identifying the real thermal
characteristicsmainly in the case of old buildings
with complicated structural solutionsaswell asin
that of largebuildingsinvolving expensiveupgrading
works.
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