THE HEAT DEMAND BASED ON A NEW CONCEPT OF DESIGN
OUTDOOR TEMPERATURE AND OF BUILDING —
SOIL BOUNDARY HEAT TRANSFER
Dan CONSTANTINESCU*

ABSTRACT

The dimensioning of the heating systems
equipping new and existing buildings, in the case
of their energy-related upgrading is an extremely
important activity in the context of reaching the
targets of the European Directive 31 /2010 / UE
concerning the Buildings Energy Performance
(PEC). The accurate determination, phenomeno-
logically based, of the buildingsthermal response
leads to determining the climatic parameters
representative for the climatic zones and for the
buildings structure.

Unlikethe EN 12831: 2003 European Regulation,
the design outdoor temperature in the conditions
of Romania svarious zoneswas determined by the
identification of the thermal response specific to
the transient conditions of the heat transfer
through the composite structures of the opaque
and glazing closing components with the thermal
response in idealized, steady-state conditions;
thus, the design outdoor temperature was
determined, which is conditioned by an acceptable
discomfort during the coldest pentads of a48 years
climatic statistics (1961-2008).

The climatic parameter which generates the
modeling similitude is the virtual outdoor tempe-
rature which allows the use of the steady-state
conditions mathematical formalisminissuesof heat
transfer in transient conditions. A dependency
relation between the design indoor temperature,
identical to the resulting indoor temperature
(different from the operational temperature) and
theair volume average temperature is emphasized.

Special attention is given to the heat transfer at
the building-soil boundary, in the form of various
practical solutions (buildings the basement of
which is not directly heated, equipped or not with
heating systems, directly heated and occupied, as
well as buildings on plinths); in all the cases, the
solutions approached are specific to the envelope
which is or not thermally insulated.

Key-words: heat demand calculation, heat transfer,
building-soil boundary, envelope thermal balance

REZUMAT

Dimensionarea instalatiilor de incélzire din dotarea
cladirilor noi si a celor existente, in cazul moder-
nizarii energetice a acestora, reprezintd o activitate
de maxima importantd in contextul atingerii
obiectivelor Directivei europene 31 / 2010 / UE
privind Performanta Energeticd a Cladirilor.
Determinarea corectd pe baze fenomenologice a
raspunsului termic al cladirilor conduce la
determinareaparametrilor climatici reprezentativi
pentru zonele climatice §i pentru structura
constructiva a cladirilor.

Spre deosebire de reglementarea europeana
EN 12831 : 2003, temperatura exterioara de calcul
pentru conditiile diferitelor zone ale Romaniei s-a
determinat prin identificarea raspunsului termic
propriu regimului variabil de transfer de caldura
prin structurile compozite ale elementelor de
inchidere opace si vitrare, cu raspunsul termic in
regim idealizat, stationar, ceea ce a condus la
determinarea temperaturii exterioare de calcul,
conditionata de un disconfort acceptabil in
pentadele cele mai reci dle unel statistici climatice
de48deani (1961-2008).

Parametrul climatic care realizeaza similitudinea de
modelare este temperatura exterioara virtuala care
permite utilizarea formalismului matematic al
regimului stationar in probleme de transfer termic
in regim variabil. intre temperatura interioara de
calcul, identica cu temperatura interioara rezultanta
(diferita de temperatura operativa) si temperatura
medie volumic a aerului se pune 1n evidenta o relatie
de dependenta.

O atentie deosebitd se acorda transferului de
caldura la frontiera cladire-sol sub forma variatelor
solutii practicate (cladiri cu subsol neincélzit direct,
cu si fara instalatii termice in dotare, incalzit direct
si ocupat, precum si amplasarii cladirii pe un soclu,
in toate cazurile aborddndu-se solutii proprii
anvelopei izolate sau neizolatetermic.

Cuvinte cheie: calculul necesarului de caldura,
transfer de caldurd, frontiera cladire-sol, bilantul
termic a anvelopel
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1.INTRODUCTION

The cal culation method further described is
based on the application of the principles presented
in chap. 4 of EN 12831:2003 ,, Principle of the
calculation method” of whichtwo are of specific
importanceasfollows:

1. The air temperature and the operative
temperature are assumed to be of the same
vaue

2. Theheat losses are calculated in steady
state conditions.

An analysis based on the buildings thermal
responseto random climatic loads combined with
theload specific to the meeting of themicroclimate
conditions in the occupied / dwelled spaces,
emphasizes the fact that the two calculation
hypotheses mentioned aboveareonly justified in
specid caseswhich cannot represent thegenerd rule
of acalculation (design) methodol ogy — precincts
equipped with radiant heating sysems—floor / celling
and dosingstructureswith no actud therma capacity
or periods of time associated to the cal cul ation of
the heat transfer by conduction numbering days (at
least 5 consecutive days) which are represented,
by average values of the outdoor temperatures, so
that the steady-state conditions of the heat transfer
can be considered without therisk of significant
errors. Asconcernsthe heet transfer at thebuilding
—s0il boundary, the hypothesis of the heat transfer
in steady-state conditionsis unacceptablein any
situation, taking into account the considerable
thermal capacity of the soil asahomogeneousand
isotropic environment, on one hand andthespatidly
variablevalueof thisthermal capacity intermsof
thelength and direction of the heat flow linesspecific
to the heat transfer through soil, onthe other hand.

Cons dering the d ementsdescribed above, and
taking into account the fact that the technical
regulation under analysis refers to the heating
systems sizing, which impliesthereferenceto a
situation which rarely occurs, the previously
mentioned cal culation hypotheseswill betakeninto
consideration only by adopting an intensive,
virtual thermodynamic parameter —the outdoor
design temperature — which observes the
mathemeatica formalism of thedesign (cal cul ation)
structure based on the above hypotheses, but
reflects, at the sametime, the phenomenol ogical

1.INTRODUCERE

Metodade calcul care seprezinta in continuare
Sehazeaza peaplicareaprincipiilor prezentatein cap.
4d EN 12831:2003,, Principleof thecalculation
method” dintrecaredoua sedisting caimportanta,
dupa cumurmeaza:

1. Temperaturaaerului interior si tempe-
raturaoperativa au aceeasi va oare;

2. Determinarea fluxului termic disipat
utilizeaza modelul decacul Tn regim stationar
detransfer decaldura.

Oandizi bazata peraspunsul termicd cladirilor
la solicitari climatice aleatoare combinata cu
solicitarileproprii realizarii conditiilor demicroclimet
Tn spatiile ocupate/ locuite, punein evidenta faptul
ca celedoua ipoteze de cal cul susmentionate nu se
justifica decét Tn cazuri exceptionale care nu pot
congtitui regulaunel metodologii decalcul —incinte
dotate cu sisteme de tip radiant de incalzire —
pardoseala / tavan si structuri deinchidere practic
lipsite de capacitatetermica sau intervaledetimp
asociate calculului de transfer de caldura prin
conductie deordinul zildor (minim 5zileconsacutive)
reprezentate prin valori medii aetemperaturilor
exterioare, astfel incét regimul stationar detransfer
de caldura sa poate fi luat in considerare fara
producerea unor erori semnificative. Tn ceea ce
priveste transferul de caldura lafrontieracladire-
90, ipotezatransferului decaldurd inregim stationar
devineinacceptabila n oricesituatie data, fiind atét
cagpacitateatermica condderabila asolului camediu
omogen si izotrop, pe de o parte, dar si valoarea
variabila spatial aacestel capacitati termicein raport
culungimeasi directia liniilor deflux termic spedifice
transferului decaldura prinsol.

Fata decdedemai sussi tindénd seamadefaptul
ca reglementarea tehnica analizata se adreseaza
dimensionarii instalatiilor termice, ceeaceimplica
raportarea la o situatie cu frecventa redusa de
aparitie, ipotezd edeca cul mentionate nu pot fi luate
Tn consideraredecét prin adoptareaunui parametru
termodinamic intensiv virtual — temperatura
exterioara de calcul — care respecta formalismul
matematic d structurii deca cul bazata peipotezele
demai sus, dar reflecta, in acelasi timp, redlitatea
fenomenologica proprie proceselor detransfer de
caldura prin e ementelede constructie aecladirilor.
Rezulta asadar ca temperaturaexterioara decalcul
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reality specific to the process of the heat transfer
through building members. It resultsthereforethat
the outdoor design temperature does not represent
aparameter exclusively resulted by processing a
number of outdoor temperatures, but alsoincludes
initsvaueanditsstructurethered thermal response
of structuresto random thermal |oads. Moreover,
the preservetion of theidentity betweenthe operative
indoor temperature and the volume average
temperatureof theair inthe heated spacesgenerates
an increased dispersion of the design outdoor
temperature values compared to the geometry
gpecific to heated spacesand in termsof the outdoor
envelopethermal protection. For thisreason, this
proposition recommends the use of two
temperatures specific to heated spaces, asfollows:

- the resulting indoor temperature t; (t),

variableor congtant according totime, defined
intermsof theair volumeaveragetemperature
and of the radiant average temperature of the
heated space, similar but not identical to the
operativetemperature;

- thevolumeaveragetemperature of theair
in the occupied space, defined by relation:

Nnu reprezinta un parametru rezultat exclusiv prin
prelucrareaunor temperaturi exterioareci include
Tnstructurasi in valoareasaraspunsul termic real
al structurilor lasolicitari termice de tip aleator.
Pe de alta parte mentinerea identitatii intre
temperatura interioara operativa si temperatura
medievolumica aaerului dinspatiileincilzite are
drept consecintad cresterea dispersiei valorilor
temperaturii exterioare de calcul in raport cu
geometriaspecifica aspatiilor incalzite, precumssi
cu gradul de protectie termica a anvelopei
exterioare. Dinacest motiv n propunereadefata se
recomanda utilizarea a doua temperaturi proprii
spatiilor incalzite, dupa cumurmeaza:

- temperaturainterioara rezultanta t; (t) ,

variabila sau constanta in functie de timp,
definita Tn functie de temperatura medie
volumica aaerului si de temperaturamedie
radianta a spatiului incdlzit, asemanatoare,
dar nuidentica cutemperaturaoperativa,

- temperaturamedievolumica aaerului din
spatiul ocupat, determinata curelatia:

ta(t) = to B +to (t):(1- B) @)
where ncae
— ar X FR
Bl_l+aixac\,@ (2)

thecoefficientsused areexplainedin chap. 1 of this
report, t is the design indoor temperature for a
dwelled / occupied space and t,, is the so-called
design“virtual outdoor temperature’ which takes
over initsstructure the mathematica formalism of
the transient heat transfer conditions. In design
conditions, the virtual outdoor temperature
becomes the design outdoor temperature and the
modality to assessit isdescribed inthefollowing
chapters (1and 2).

Therefore, in order to observethe simplified
design formalism of the current European standard
EN 12831:2003 (useful in heating systemssizing),
we proposeto settle, at the nationd level, based on
aunitary methodol ogy further described, thedesign
outdoor temperature values, according to the
specificcongructiveand dimatic characteridtics. This
report presentstheresults specific to the use of the
design (cal culation) method for Romania, results

Tncarecoeficientii 2expliciteaza incap. | d prezentel
lucrdri, iar t | estetemperaturainterioara de cal cul
pentru un spatiu locuit/ ocupat, si t, esteasa numita
»temperatura exterioard virtuala” decacul care
preiain sructurasaformaismul matematicdetrandfer
de céldura n regim nestationar (transient heat
transfer). In conditii decal cul, temperaturaexterioara
virtuala devinetemperaturaexterioara decacul iar
modalitateade stabilireaacestelaeste prezentata in
capitold ecareurmeaza.

In consecinti, pentru a putea respecta
formaismul deca cul Smplificat dinactuaul gandard
european EN 12831:2003, seimpune ca, pe baza
unel metodologii unitare prezentata in cele ce
urmeaza, Si Sestabileasca, lanivel national, valorile
temperaturilor exterioare de calcul, in functie de
caracteristicile constructive si climatice proprii.
Lucrarea prezinta rezultatele proprii aplicarii
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which led to anew climatic zoning of the country,
with referenceto the col d season. We mention that
the enforcement of therecommendationinthelast
paragraph of chap. 6.1 — CLIMATIC DATA, of
EN 12831:2003, in terms of assessing thedesign
climate for Bucharest, it led to results that are
unacceptablefrom the practical point of view. For
the period 1961-2008 (48 years) theresulting vaue
of the design outdoor temperatureist ,=—12.4°C.
Theanaysisof the dynamic thermal response of a
number of representative precincts, based on the
szing of the heeting system at the above mentioned
temperature, led to a number of 216 days when
therma comfort isnot achieved inthe unoccupied
spaces during the cold seasons of the 48 years,
which represents an average of 4.05 days/ year of
unachieved therma comfort inthe occupied spaces
(actudly intheyear 1963 such asizing would have
generated aserious discomfort for morethan one
week!). Intermsof theexigency resulting fromthe
recommendationin EN 12831:2003 which presents
an average of 1 day of discomfort per year, the
contradiction isobvious. The actua result of the
andysis, according to the proposition of themethod
of assessing the design outdoor temperature
presented in thisreport, isthat thelatter should be
assessed based on the coldest pentad within a
representative statistic of at least 25 years. This
option facilitates the achievement of thethermal
comfort during the entire cold season with
acceptable exceptions (the resulting indoor
temperatureisnever lower than 19°C) and leaves
out the complication induced in chap. 7.3 of the
standard, with reference to the calculation of a
thermal overload specific to the intermittent
operation of heating systems. With very few
exceptions, the intermittent operation generates
savingsof 5 % at themost, whichinmost casesdo
not justify the extra-investment. But if the
recommendation in chap. 6.1 is preserved
concerning the selection of the design climate, the
provisoninchap. 7.3 should dso be preserved, but
only asacorrection function of that in chap. 6.1,
which representsausd esscomplication. Moreover,
the sizing of the heating system implying that the
investment benefidiary takesadiscomfort higher than
the oneinvolved by the ca cul ation method presented
in the report (under 2 %) is possible, but as an
exception and not arule (seethediagraminfig. 6,

metodel de calcul pentru Roméania, rezultate care
au condus la 0 noua zonare climatica a tarii, cu
referirelasezonul rece.

Se mentioneaza faptul ca aplicarea recoman-
darilor din ultimul paragraf al Cap. 6.1 — DATE
CILMATICE - din standardul european
EN 12831 : 2003, conducelarezultateingplicabile,
cureferirelastabilireatemperaturii exterioare de
calcul, spre exemplu pentru orasul Bucuresti. Pentru
intervalul (1961-2008) (48 de ani) rezulta
temperatura exterioara de calcul de t , =—12.4°C.
Analiza raspunsului termic la solicitari climatice
dinamice pe un numar reprezentativ de structuri
constructive si avand in vedere dimensionarea
instalatiilor termice la temperatura exterioara de
calcul susmentionata, rezulta ca nu se realizeaza
confort termic 1n spatiile ocupate in 216 zile din
intervalul celor 48 de ani, ceea ce conduce la
4,05 zile/ an de disconfort termic (cu referire la
anul 1963 durata asumata de disconfort ar fi fost de
peste o sdptamand). Avand in vedere exigenta
inscrisa 1n standardul EN 12831 : 2003 de acceptare
in medie a 1 zi / an de disconfort termic, rezultd ca
aceasta conditie nu poate fi indeplinita. Rezultatul
analizei, avand caobiect propunereaunel metode
dedeterminareatemperaturii exterioaredecalcul,
este acela ca intervalul de timp care conduce la
rezultatul scontat este reprezentat de pentada
caracterizata de cea mai redusa temperatura
exterioara din intervalul de minim 25 de ani.
Conditia de determinare a valorii temperaturii
exterioare de calcul este ca valoarea minima a
temperaturii interioare rezultante sa nu coboare sub
19°C. Se evita astfel si complicatia (nejustificata
fenomenologic) inclusa in Cap. 7.3 al standardului
de adoptare a unui coeficient de suprasarcina aferent
exploatarii cu intermitenta a sistemului de incalzire
al cladirilor. Cu cateva exceptii exploatarea cu
intermitentd a instalatiilor conduce la reducerea cu
mai putinde 5 % a consumului de caldurd al cladirilor,
ceea ce nu justificd supradimensionarea instalatiilor
de incalzire. Dupd cum se arata in graficul din fig. 6
metodadedeterminareatemperaturii exterioarede
calcul permite asumarea de cétre beneficiarul de
investitie a unui grad de disconfort superior valorii
de 2 %, dar ca exceptie si nu ca reguld a procedurii
de dimensionare a instalatiilor termice ale unei cladiri.
In fine, actuala dependenti de importul de
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with referenceto Romania sclimatic zones, inthe
cold season). We add economic argumentationsto
thetechnicd ones; theformer refer to thedependency
on imported energy sourcesin thecase of certain
EU countries, which |eadsto the same conclusion
of thenecessity of themost accurate possblesizing
of heating systems, namely by takingaminimum risk
of discomfort in the cold season (about 2 %).

Asconcernsthe heat transfer at the building —
soil boundary, the report presents the method
indudedinthenationd regulationMc 001/ 1—2006,
particularized for design climate conditions. The
method isbased on the dynamic thermal response
of thesoil and of the building membersadjoiningit,
obtained by modeling based on the criteria-type
equationscorrdating Fourier and Biot dimensonless
numbersand generatesequivaent Smilar sructures.
Theintegration of thethermd responsefunctionwas
performed spatially according to thelength of the
“heat flow ratelines’ developed inthe proximity of
thebuildingswith basement or which are placed on
abaseon soil.

Thedesgntimescdeusadis1/ 360, equivdent
to onehour onthemodd, representativefor 15 real
climate days. Chap. 3 of this report presents
methodological details and results proposed in
connectionwiththeinclusoninthestandard.

Thedesign (calculation) methodsthat arethe
object of thisreport are based on the experimental
vaidation supported by along-term theoreticad and
experimental research program (2003-2009)
carried out on a full scale model (INCERC
Experimental Building) equipped with proper
devicesfor taking over and primarily processing the
datawhich have been continuousy measured. The
numerical validation and adapting to the design
climate conditions were performed based on
softwarein dynamic conditions, INVAR, experi-
mentally vaidated.

2.DESIGN (CALCULATION)
OUTDOORTEMPERATURE —
HEATING SEASON (SR 1907/1
procedure)

The assessment of the winter rated outdoor
temperatureisbased on thethermal response of a
typica precinct —with referenceto theover ground

combustibil a majoritatii tarilor membre ale
comunitatii europene, conduce la concluzia ca o
abordare cat mai exacta a problemei dimensionarii
instalatiilor termice evita situatiile de disconfort sever
asociate unor posibile diminuari ale resurselor
energetice necesare.

Tn ceea ce priveste transferul de calduri la
frontieracladire-sol, in lucrare se prezinta metoda
inclusi Tn reglementareanationala Mc 001/1—2006,
particularizata pentru conditii declima decalcul.
Metoda are la baza raspunsul termic dinamic al
solului si a elementelor de constructie adiacente
solului obtinut prim model areabazata peecuatiile
criteriale care coreleaza numerele adimensionale
Fourier si Biot si genereaza structuri similare
echivaente. Integrareafunctiei deraspuns termics-
aredlizat spatial in functie delungimeatuburilor de
curent care sedezvolta in proximitateacladirilor
dotate cu subsol sau asezate peun soclu direct pe
sol. Scaratemporala decalcul utilizata estede 1/
360, ceea ce echivaleaza cu 0 ora pe model,
reprezentativa pentru 15 ziledeclima reda. Detdii
metodol ogice sunt prezentatein cap. 3a lucrarii
defata.

Metodd edeca cul carefac obiectul lucrarii de
fata au suportul validarii experimentale pebazaunui
program de cercetareteoretica si experimentala de
lunga durata (2003-2009) redlizat pe un model la
scara naturaa (Cladirea Experimentala INCERC),
dotat cu aparaturaadecvata depreluaresi prelucrare
primara a datelor masurate continuu. Validarea
numerica si adaptarealaconditiile declima deca cul
s-aredizat prinintermediul programului decacul in
regimdinamic, INVAR.

2. TEMPERATURA EXTERIOARA
DE CALCUL —SEZON
DE INCALZIRE
(procedura SR 1907/1)

Determinareatemperaturii exterioaredecdcul
de iarna se bazeaza pe raspunsul termic al unor
Incinte reprezentative — cu referire la partea
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part of the envelope, in terms of the structure of
the envel ope adjoining the natural environment as
well asintermsof the frequency of occurrencein
the buildingsplaced in an urban environment. Two
precincts have been considered, placed in urban
condominiums, on anot extreme (EC 2) floor, on
thecorner, with 2 outsidewalls, and on the highest
floor respectively (UE 3), on the corner, with 3
outsidewalls (2 vertical and terrace). The opaque
closngmembersareof BCA (autoclaved lightweight
concrete), as support materials, in the following
variants: not thermally insulated on theoutsideand
thermally insulated to the outside. The thermal
resistance values taken into consideration are
R, =069mK/WandR =182nmK/W
respectively (thevauesincludethethermal bridges
effect as well). The outside windows are either
coupled with athermal resistance of 0,43n?K /W
or thermally insulating with athermal resi stance of
0,55mPK /W andtheglazing ratesare between 0,123
and 1 for the EC 2 case and 0,067 and 0,54
respectively for theUE 3 case.

The thermodynamic parameter with a
decisiond functioninthesdection of thecalculation
outdoor temperature is the resulted indoor
temperature of the heated spaces, namely its
minimumvaue, t . . Theheating conditionsof the
precincts under study is of the continuous heating
type, with asource whose power isQ,, where Q,
representsthe theoretical maximum power, namely
the cal culation heat demand corresponding to the
precinct and totheclosing structureconsidered. The
climatic support of theandysisisthevariation of the
outdoor temperaturet_(t) during five consecutive
days selected so that the average of the t_(t)
temperaturein the settled period should represent
the minimum value of the pentadic outdoor
temperaturesintheperiod under consideration. Two
periods have been considered, namely 1961-2008
(48 consecutive years) and 1994-2008 (15
consecutiveyears).

The indoor thermal comfort acceptability
conditionisprovided by relation:

supraterand a anvelopei, aét din punct devedere
al structurii anvelopei adiacentd mediului exterior
natural, cat si din punct de vedere al frecventei de
aparitie in randul cladirilor din mediul urban. S-au
avut in vedere doua incinte amplasate in cladiri de
tip condominiu, de tipul etaj curent (EC 2) pe colt,
cu 2 pereti exteriori, respectiv de tipul ultimul etaj
(UE 3) pe colt, cu 3 pereti exteriori (2 verticali si
terasd). Elementele de inchidere opace sunt realizate
dinBCA, camateria suport, invariantele: neizolat
termic pe exterior si izolat termic spre exterior.
Rezistentele termice luate in calcul au valorile
R, =0,69m’K /W, respectivR =1,82mK /W
(valorile includ si efectul puntilor termice). Ferestrele
exterioare sunt de tipul cuplata cu rezistenta termica
de 0,43 nK / W sau termoizolanta cu rezistenta
termica de 0,55 m?K / W si realizeaza rapoarte de
vitrare cuprinse intre 0,123 si 1, pentru cazul EC 2,
respectiv 0,067 si 0,54 pentru cazul UE 3.

Parametrul termodinamic cu functie de decizie
in ceea ce priveste alegerea temperaturii exterioare
de calcul este temperatura interioara rezultantd a
spatiilor incalzite, respectiv valoarea minima a
acesteia, L. Regimul de incélzire al incintelor
studiate este de tipul incalzire continud cu o sursa a
cdrei putere are valoarea Q,, in care Q, reprezinta
puterea maxima teoretica, respectiv necesarul de
caldura de calcul aferent incintei si structurii de
inchidere considerata. Suportul climatic al analizei
il constituie variatia temperaturii exterioare t_(t)
pedurataacinci zile consecutive d ese astfel incat
mediatemperaturilor t_(t) pe durata mentionata sa
reprezinte valoarea minima a temperaturilor
exterioare pentadicedinintervaul considerat. S-au
avut in vedere doua intervale de timp, respectiv
1961-2008 (48 de ani consecutivi) si 1994-2008
(15ani consecutivi).

Conditia de acceptabilitate a confortului termic
interior este datd de relatia:

min{t; (O} =t - DY, 3

where: min{t; (t)} —hourly minimum valueof the
resulting indoor temperature, t. (t) during thefive

in care: min{t,(t)} — valoarea minima orara a
temperaturii interioarerezultante, t. (t) pedurata
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calculation days, t, —indoor calculation tempera-

ture; Dt —admissibledeviation of theresuitingindoor
temperature compared to the indoor calculation
temperature.

Thevaueof thethermal |oad (cal culation heat
demand) Q, results from the thermal balance in
steady-state conditions of the envelope items
(opague and transparent) and from the heat demand
required by the heating of thefresh air rateflown
into the occupied space. According to the aim of
thebuilding, thefresh air rateis assessed so that the
noxious concentration, specificto human activity in
occupied spaces should be under theadmissibility
limit. In thethermal balance, thefresh air rateis
represented by theventilation rate, expressing the
number of air exchanges per timeunit performed
between the inside and the outside, n_, which
involvesthefreevolumeof the occupied spaces. In
thenormal case of thedwelling spaces, vauen_ is
not influenced by thewind vel ocity, asthebuilding
is equipped with efficient windows, with ahigh
tightening rate of themobilejoints. In the case of
other buildings (public, schools, kindergartensetc.),
valuen_is provided by the mass balance and the
fresh air rateissupplied by mechanical ventilation,
unlikethe dwelled spaceswherevaluen_variesin
time, according to the spaces natural aeration

moments. To consider theaveragevalue n, isan

2
acceptable smplifying hypothess.

Therefore, vaue Q, for the previously described
precinctsis provided by thesimplerelation:

)

Q=ag- *(t, —te)+

k € Ray

Thecd culation va ueof theoutdoor temperature

to, isan arbitrary value which will be assessed if

condition (3) ismet. Theanaysisisperformedin
transient heat transfer conditionsand isfocused on
thevariation of thetemperature pair of valuest, ()
and t, (t), where t_(t) is the volume average
temperature of theindoor air.

A secondary point of observation is the
evolution of thetemperature of theenvel ope opague
itemsat the boundary with theindoor environment,
namelytemperatur&ts (t), wherej istheindex of

celor 5ziledecalcul; t; —temperatura interioard

decalcul; Dt — abaterea admisibila a temperaturii
interioare rezultante in raport cu temperatura
interioara de calcul.

Valoarea sarcinii termice (necesarul de caldura
decacul) Q, rezulti ca urmare a bilantului termic Tn
regim stationar a elementelor de anvelopa (opace
si transparente) si a necesarului de caldura pentru
incdlzirea cotei de aer proaspat introdus in spatiul
ocupat. In functie de destinatia cladirii, cota de aer
proaspat se determind astfel Tncat concentratia
noxelor, proprii activitdtii oamenilor in spatiile
ocupate, sa se situeze sub pragul de admisibilitate.
In bilantul termic cota de aer proaspit este
reprezentatd de rata de ventilare, care exprima
numarul de schimburi de aer in unitatea de timp
realizat intre interior si exterior, Da’ care afecteaza
volumul liber al spatiilor ocupate. In cazul normal al
spatiilor locuite valoarea n_nu este influentata de
viteza vantului, ca urmare a dotarii cladirilor cu
ferestire performante, caracterizatedeun grad ridicat
de etansare a rosturilor mobile. In cazul altor cladiri
(publice, scoli, gradinite etc.) valoarea N, rezultd din
bilantul de masa, iar cota de aer proaspat se asigura
prin ventilare mecanicd, spre deosebire de cazul
spatiilor locuite in care valoarea N, variaza in timp,
in functie de momentele de aerisire naturald a

spatiilor. Considerarea valorii medii n, esteo

ipoteza simplificatoare acceptabila.
Prin urmare valoarea Q,, pentru incintele
mentionate, se obtine din relatia simpla:

N, VICpy X (t'ao -te, ) 4)

Valoarea temperaturii exterioare de calcul

teb este o valoare arbitrara care va fi determinata

ca urmare a indeplinirii conditiei (3). Analiza se
efectueaza in regim nestationar de transfer de caldura
si vizeazd variatia cuplului de temperaturi t_ (t) si
t (1), incaret, (t) este temperatura medie volumica
aaerului interior.

In secundar se urméreste si evolutia temperaturii
elementelor opace de anvelopa la frontiera cu mediul
interior, respectiv temperaturil ety (t),incarej este
indicele elementului opac deanvelopa. Valorile ®
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the envelope opaque item. Values tg (t) are
compared to thetemperature of the condensation
point and thefollowing conditionisproved:

ty (1) >t (1),

wheret_(t) isthe condensation point temperature
whosevalueisassessed accordingto t_ (t) and j,
therdativemoistnessof thear inthe occupied space.

Asconcernstheoutdoor temperaturein terms
of which the heat flow dissipated through the
envelope items is assessed, two classes of
temperaturesareemphasi zed, asfollows:

— transparent members and lightweight
members for which the reference outdoor
temperatureist (t);

— opague members for which the reference
temperature is the virtual outdoor temperature

tey oy, (D), whichisdetermined by relation:

se compara cu temperatura punctului de roua si se
verifica conditia:

()
incaret (t) este temperatura punctului de roud a
carei valoare este determinatd in functie de t_ (t) si
J, umiditatea relativa a aerului din spatiul ocupat.

In ceeace priveste temperatura exterioard in
raport cu care se determind fluxul termic disipat prin
elementele de anvelopa, se pun in evidenta doua
clase de temperaturi, dupa cum urmeaza:

—elemente de tip transparent si elemente
usoare si subtiri pentru care temperatura

exterioard de referinta este t_ (t);

—elemente opace pentru caretemperatura
de referinta este temperatura exterioara

virtuala t,, - (t), care se determina cu relatia:

tev, ey (0 = Ty, (€) xCp (1) (6)

whee unde:
tey, (0) =t = R;Qp;; (T) (6.1)
Rj:Rg+RSe+é§29 6.2

where: gp;; (t) —density of the heet flow dissipated

at theopague member —built environment boundary
(chap. 2),[W/m?; Rj—correded thermal resistance
of the opague building member j [m?K / W].

Thehest flow diss pated through alightwei ght
or transparent closing member is assessed by
relaion:

Qr, (t) = g%

In the case of an opaque envel ope member,
thedissipated heat flow isassessed by relation:

2SO

SICE ERCR ML)

'y

Temperaturet, (t) isassessed by relation:

tg(t) =[1- (R ),

incare: gp; (t) —densitateafluxului termic disipat
lafrontierael ement opac-mediu congtruit (cap. 2),
W/ m?; RJ — rezisteta termica corectata a
elementului de constructie opacj [m?K /W]

Fluxul termic disipat printr-un element de
inchidere usor sau transparent se determina cu
relatia:

20t (1) - 1, (1)
Om

)

In cazul unui element opac de anvelopa, fluxul
termic disipat se determind cu relatia:

®)

Temper aurat (t) se determina cu relatia:

O+ (@R ) ey, () ©
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wherea isthe heat transfer surface coefficient at
the envel ope—occupied environment boundary and
isassessed by relation:

incarea, este coeficientul superficid detransfer de
caldura la frontiera anevelopa-mediul ocupat si se
determina cu relatia:

S

a; = acv_{_arFRXg (10)

andisspecifictotheoccupied precinct, characterized
by the areaadj oining the outdoor environment S,
tota sideareaof precinct, S, andtheangular factor
F_, assessed by the goproximate rel ation:

si este propriu incintei ocupate, caracterizata de
suprafata adiacentd mediului exterior S, suprafata
totala laterald a incintei Sr, si factorul unghiular FR,
determinat cu relatia aproximativa:

Fr =0,2¢(6 - Np;) (1)

according to the number of partitionwalls, N,

Vauesa ,=3W/nm’Kanda =5W /K
respectively are used for the coefficients of heat
transfer by convectiona_ andradiationa,.

Two categories of opague structures are
consderedfor C_, , caculation:

- Homogeneous (or virtually homo-

geneous) not thermally insulated (Table 1)

where:

in functie de numdrul de pereti interiori, N,.

Pentru coeficientii de transfer de caldura prin
convectie @, si radiatie @, se utilizeaza valorile
a,,=3W/nvK,respectiva =5W / mkK.

Pentru calculul vaorilor C_  seauinvedere
doua clase de structuri opace, dupa cum urmeaza:

- Sructuri omogene (sau virtua omogene)
neizolatetermic (Tabelul 1) in care:

Table 1.

Hour 1 2 3 4 5 6 7 8 9 10 11 12

Criwv | 0931 0,907 0,819 0,650 0431 0,185 | -0,063 | -0,297 | -0,503 | - 0,669 [ —0,789 | - 0,857

Hour 13 14 15 16 17 18 19 20 21 22 23 24

Criw | -0,873 | -0,836 | - 0,749 | -0618 | —0,449 | -0,250 | - 0,030 | 0,200 0429 0,646 0,839 0,976

- Sructures thermally insulated at the
surface adjoining the outdoor environment.

The values in Table 1 are amplified by the
following coefficient:

.= (e

= 6529 andizistheinsulation symbol.

where R,
e I Biz

The assessment of valuest, (t) and t_ (t) is
based on the heat balance equation system, as
follows

- Air thermal balance:

R, §
Rs *+ R 5

— Sructuri izolate termic la suprafata
adiacenta mediului exterior.

Vaorileinscrisein Tabelul 1 se amplifica cu
codfidentul:
-1

(12)

&

D¢
ncare Rz = T
iz

e

Determinareavalorilor t (D) sit (1), arela
bazasistemul de ecuatii de bilant termic, dupa cum

urmeaza:

- Bilantul termic al aerului:

QO + navrcpate(t) = aCVSE X[ta (t) - fs (t)] + acvSP X[ta (t) - tP(t)] + navrcpata (t) (13)
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- Envelopethermal balance, providing:

- Bilantul termic al anvelopei:

f(t) =[1- (;R) "1t (1) + (&, R) ) (14)

wherethe average symbol refersto al the opaque
and transparent closing members.

Theresuitingindoor temperaturet, (t) isdefined
a thesametime:

in care simbolul de medie se refera la totalitatea
elementelor de inchidere opace si transparente.

In paralel se defineste temperatura interioara

rezultantd, t (t):

ti<t)=Z—fvxta(t)+%xFRx%fo(t) (15)
with: a
- -
Fo () = 61— E Sxt (1) + E AT, (t
(=f1- a0+ F (0 (16)

where: f, (t)—precinct radiant averagetemperature.

- Thermal balance of indoor building
membersasan indoor energy variation equation:

b(t): (M) T2

towhichthefollowinginitiad conditionisassociated:

t;(t) estetemperaturamedieradianta aincintei .

- Bilantul termic al elementelor de con-

structie interioare sub forma ecuatiei de variatie a
energie interne:

= 5,55 [ty (1) - t (0] - &, SpF [t () - (D) an

careia i se asociaza conditia initiala:

to(t=0)=tp . (17.1)

The solution of the system including equations
(13), (14) and (17) leadsto thefollowing solutions:

Rezolvareas semului format din ecuatiile (13),
(14) 51 (17) conduce la solutiile:

ta(t) = G xQy(te, ) + G, ¥tp (1) + G5(1) (18)

_¢e n _ md n ., m my

to(t) = atp(t - Dt) - — + —xexp(-H,Dt) + — + —=xDt - —
T T P T, e >

6 \ _
(1) = &L- 1 (14 At (D) +%xwta<t> + Ay1T, (D) (20)
e u
By imposing condition: Prin impunerea conditiei:

min{t (0} =t, - DY 3)

te, isassessed which thus becomes the outdoor
caculaiontemperaturewhichissearched.

Thethermal responses of precinctsrepresen-
tativefor thecitiesof Bucharest, Congtanta, lasi and
MiercureaCiuc have been analyzed.

For therma comfort rates lower than the
caculation value, thediagraminfig. 6 presentsthe

se determina t, care devine astfel temperatura

exterioara de calcul cautata.

S-au analizat raspunsurile termice ale incintelor
reprezentative pentru orasele Bucuresti, Constanta,
lasi si Miercurea Ciuc.

Pentru gradede asigurareaconfortului termic
inferioarevaoorii decacul seprezintaingraficul din
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variation of the outdoor cal culation temperature
accordingtothetherma comfort rateintheoccupied
space.

The diagramin Figure 1 presentsthet_(t),
t. (t) variation curvesfor the EC 2 type precinct,
located in Bucharest and climatically loaded by
climate 1 (1961-2008).

28

fig. 6 variatia temperaturii exterioaredecalcul in
functie degradul deasigurareaconfortului termic
din spatiul ocupét.

n graficul din fig. 1 se prezinta curbele de
variatie t_ (t), t (t) pentru incinta de tip EC 2,
amplasata in Bucuresti, si solicitata climatic de clima
1 (1961-2008).
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Fig. 1. Case-study — Bucharest, extreme calculation climate 1 (1961-2008) (thermally uninsulated /
insulated envelope and double / thermally insulating windows) — EC corner precinct
(Studiu de caz — orasul Bucuresti, clima de calcul extrema 1 (1961-2008) (anvelopa neizolata /

izolata termic si ferestre duble / termoizolante) — incinta colt EC)

Beside the significant differences of values
t. (t) andt, (t) according to the energy outline of
the precinct under analysis, it is noticed that the
thermal insulation hasan insignificant influence

onvalue te, (=15,4°Cfor thethermally insulated

precinct compared to — 15,6°C for the thermally
uninsulated precinct).

Thediagram in Figure 2 presentstheresults
concerning case EC 2, Constanta, climate 1.

Pe langa diferentele semnificative ale valorilor
'Fa (t‘) si 'ti () in functie de confi gur.a‘gla energetlcg a
incintei analizate, se constata ca izolarea termica
are o influenta nesemnificativa asupra valorii lg,

(= 15,4°C pentru incinta izolata termic, fata de
—15,6°C pentru incinta neizolata termic).

Ingrdficul dinfig. 2 se prezinti rezultatele pentru
cazul EC 2, Constanta, clima 1.
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Fig. 2. Case-study — Constanta, extreme calculation climate 1 (1961-2008) (thermally uninsulated /
insulated envelope and double / thermally insulating windows) — EC corner precinct

(Studiu de caz — orasul Constanta,
(anvelopa neizolata / izolata termic si fer

te, =—11°C and te, = — 13°C result (values

confirming SR 1907-97) for highly glazed buildings.
Case UE 3 presented inthediagraminfig. 3leads

tot, =—10°C, t, =—12,6°Crespectively (highly
glazed buildings). It results that variant EC 2 is
assuring for theselection of t, .

25

clima de calcul extrema 1 (1961-2008)
estre duble / termoizolante) — incinta colt EC)

Rezulta (valori care confirmd SR 1907-97)
te, =—11°C si to = —13°C pentru cladiri foarte
vitrate. Cazul UE 3 prezentat ingraficul dinfig. 3
conduce lavalorile ty = —10°C, respectiv tg =
= —12,6°C (cladiri foarte vitrate). Rezulta ca
variantaEC 2 esteasiguratoare pentru aegerea ty,) .
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Fig. 3. Case-study — Constanta, extreme calcul

2 84 96 108 120

ation climate 1 (1961-2008) (thermally uninsulated /

insulated envelope and double / thermally insulating windows) — UE corner precinct

(Studiu de caz — orasul Constanta,

clima de calcul extrema 1 (1961-2008)

(anvelopa neizolata / izolata termic si ferestre duble / termoizolante) — incinta de colt UE)
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ThediagraminFig. 4, spedifictothedity of lag, Graficul dinfig. 4, propriu orasului lasi, clima
climate 1, leadsto t, =—20°C (actually passage 1, conducela tq, = — 20°C (practic trecereadela
fromtheclimatic zoneof — 18°Cto—19°C). zona climatica de — 18°Cla—19°C).
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Fig. 4. Case-study — lasi, extreme calculation climate 1 (1961-2008) (thermally uninsulated /
insulated envelope and double / thermally insulating windows) — EC corner precinct
(Studiu de caz — orasul lasi, clima de calcul extrema 1 (1961-2008) (anvelopa neizolata /

izolata termic si ferestre duble / termoizolante) — incinta colt EC)

An exceptional case (ignoredinthe previous Un caz exceptional (ignorat de editiile anterioare
issues of SR 1907) is represented by the city of ale SR 1907) este prezentat de orasul Miercurea
Miercurea Ciuc. The diagram in fig. 5 presents Ciuc. Ingraficul dinfig. 5 se prezinti t(O)sit (O
t (t) and t_ (t) for the load of climate 1 type. pentru solicitareadetip climal. Practic, indiferent
Actually, regardless of the precinct glazing rate, degradul devitrared incintei, t, =—30°C (pentru

to, =—30°C(fortheV climaticzone, te, =-27°C). zonadlimaticaV, t, =—27°C).
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Fig. 5. Case-study — Miercurea Ciuc, extreme calculation climate 1 (1961-2008) (thermally uninsulated /
insulated envelope and double / thermally insulating windows) — EC corner precinct
(Studiu de caz — orasul Miercurea Ciuc, clima de calcul extrema 1 (1961-2008)
(anvelopa neizolata / izolata termic si ferestre duble / termoizolante) — incinta colt EC)
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Fig. 6. Correlation of the outdoor calculation temperature with the thermal comfort rate —
climate 1 (1961-2008) (Corelarea temperaturii exterioare de calcul cu gradul

de asigurare a confortului termic — clima 1 (1961-2008))

3.MODIFIED REFERENCE OUTDOOR
TEMPERATURE OFAN OPAQUE
CLOSING MEMBERADJOINING
THE OUTDOOR ENVIRONMENT

Thereference outdoor temperatureis specific
to the transient under conditions through non-
homogeneous opaque building members. Itsvaue
isdetermined by thethermo-physica characteristics
of themateria sused intheclosing member aswell
asby thevariation function of thedimatic parameters
intheform of the outdoor temperaturevariablein
time, thecharacteristic of the period of 5 consecutive
daysformingthedesign (calculation) pentad.

The modified reference outdoor temperature
of an opague closing member adjoining the outdoor
environment i sassessed by relation:

3. TEMPERATURA EXTERIOARA DE
REFERINTA MODIFICATA A UNUI
ELEMENT DETNCHIDERE OPAC
ADIACENT MEDIULUI EXTERIOR

Temperatura exterioara de referinta este
proprie transferului de caldura in regim nestationar
prin elemente de constructie opace neomogene.
Valoarea sa este determinatd de proprietdtile
termofizicedematerideor dinstructurae ementul ui
de inchidere si de functia de variatie a parametrilor
climatici subformatemperaturii exteriocarevariabila
intimp, caracteristicaintervaului detimpde5zile
consecutive care formeaza pentadadecalcul.

Temperatura exterioara de referinta modificata
aunui € ement deTnchidere opac adiacent mediul ui
exterior se determina cu relatia:

te () =t - Rxq(t;) (22)

where: t; istheresultingindoor temperatureof the
occupied space, considered as aconstant random
vaue(vauet; =20°Cisrecommended regardless

of theseason—cold, hot), in°C; t; isthemoment
(time); gistheheet flow density ontheinsdesurface
of the opaque outside member, in W/m?; Risthe
corrected thermal res stance of the opaguebuilding

incare: t;, este temperatura interioard rezultantd a

spatiului ocupat consideratd cu valoare arbitrara

constantd (se recomanda valoarea ti, = 20°C

indiferent de sezon — rece, cald), in °C; t; este

momentul (ora); g estedensitateadeflux termicla
suprafata interioard a elementului exterior opac, in
W / m?, R este rezistenta termica corectata a
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member, in m?K / W, assessed by the following
reldion:

elementului de constructie opac, in m?K / W,
determinata cu relatia:

R:Rs'+Rse+(:_M (22)

where: 1, isthetherma conductivity of thematerial

usedintheequivaent structure, inW/(mK); d,, is
the thickness of the structure made of equivalent
homogeneous materid, inmeters.

Thedensty of thehest flow ontheinsdesurface
of the opague outside member is assessed by the
followingreation:

B,

a(t;) = q(t; ;) exp(A D)+ WY

whee

g (t;_) isthe heat flow density at the moment

(tj - Dt), inW/m?, pt, isthetimepace (3,600's
recommended), ins.

Thenumerica coefficientsinrdation (23) are
determined according to the values of the
dimensionlessnumbersBi,, Bi_, where:

—Bi.isthe Biot dimensionless number for
theing desurface of the opaqueoutsdebuilding
member, assessed by relation:

- Bie the same, for the outside surface,
assessed by relation:

e

and according to the hourly va ues of the outdoor
temperatureduring the 120 design (cd culation) hours
as well as to the geometrical and physical
characteristics of the eguivalent homogeneous
materias, specific tothe precinctsenvel ope opagque

closngs.

Bi, = 3" Iu.

M

n care: I, este conductivitatea termica a
materialului din structura echivalenta, inW / (mK);

d,, este grosimea structurii realizatd din material
omogen echivdent,inm.

Densitatea de flux termic la suprafata interioara
adementului exterior opac, se determina cu relatia:

[exp(A1D1)- 0+ 4 lexp(A DY) L+ ADY)] (23

A

incare:

' (23)

q(t;_;) estedensitateadeflux termiclamomentul

(t; -Dt), in W/m?; Dt, este pasul detimp (se
recomanda 3600 s), ins.

Coeficientii numerici dinrelatia (23) sedeter-
mina n functie devaorilenumerelor adimensonde
Bi,Bi_, incare:

—Bi. este numérul adimensional Biot pentru
suprafata interioara a elementului de constructie
exterior opac, determinat cu relatia:

)
—Bi_ idem pentru suprafata exterioara,
determinat cu relatia:
()

T

si In functie de valorile orare ale temperaturii
exterioare din cele 120 de ore de calcul si de
caracteristicilegeometricesi fizicedemateriae or
omogene echivalente, proprii Tnchiderilor opace
deanveope incinteor.
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4. HEAT TRANSFERAT THE
BUILDING —SOIL BOUNDARY
(Mc 001/1 — 2006 procedure)

Thefollowing case-studiesare considered:

1. Space(area) (occupied or not) characterized
by temperaturet_(constant or variable, according
to the space heat balance), equipped/ not equipped
with therma systemsand equi pments, bordered by
soil adjoining vertica walls, thermally insulated or
not, h high under CTS (rated land level) and
thermaly notinsulated floor.

2. Buildingonah_ highbaseabove CTSwith
thefollowing sub-cases.

2.1. Base with no heat insulation and
building floor not thermdly insul ated;

2.2. Thermally insulated baseand floor;

2.3. Combinationsbetween theexisting base
and floor in terms of equipping with heat
insulation.

SYMBOLS:

t,—constant or variableindoor temperature of the
occupied or not occupied space in °C;

t, —temperature of the underground water, equal
to the yearly average outdoor temperature of
the locality / location where the building is
placed, in°C;

h,— depth of the floor, under CTS, in m
(h, £28m);

h, —depth of theunderground water, below CTS,
inm;

S — Side areaof the vertical building members
placed below CTS, inn;

Sparg —floOr area, inm?,

f, =017 +2.2d,, +

4. TRANSFER DE CALDURA LA
FRONTIERA CLADIRE-SOL
(Mc 001/1 — 2006)

Seauinvedereurmatoarele cazuri:

1. Spatiu (ocupat sau neocupat) caracterizat de
temperaturat, (constanta sau variabila, in functie de
bilantul termic al spatiului), dotat / nedotat cu instalatii
si echipamente termice, marginit de pereti verticali
neizolati/ izolati termic adiacenti solului cu indltimea
h_sub CTS (cota terenului sistematizat), precum si
de pardoseala neizolatd termic;

2. Cladire plasata pe un soclu cu indltimea h_
deasupraCTS, cu subcazurile:

2.1. Soclul fara termoizolare si pardoseala
cladirii neizolata termic;

2.2. Soclul si pardoseala izolate termic;

2.3. Combinatii intre starea soclului si
pardoselii din punct de vedere al dotrii cu
izolatie termica.

NOTATII:

t,—temperatura interioard constantd sau variabila
a spatiului ocupat sau neocupet, in °C;

t, — temperatura panzei de apa freaticd, egald cu

temperatura exterioard medie anuald a localitatii
in care este amplasata cladirea, in °C,;

h,— adancimea la care se afla amplasata
pardosedla, sub CTS,inm (h, £ 2,8m);

h, — adancimea panzei de apa freatica, sub CTS,
inm;

S, —suprafata laterald a elementelor de constructie
verticaleamplasatesub CTS, inm?;

Spara —Suprafata pardoselii, in m?

s |_ s [ekw)

S

f,= o,5o|£ [MK/W]
S

d;, —Weierstass-Kronecker symbol;

d;, =1—member equippedwith heet insulation;

d;, —simbolul Weierstass-Kronecker;

d;, =1 —element dotat cu izolatie termica;

42
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d;, =0—member with no heat insul ation;

I, — soil thermal conductivity (considered as
isotropic environment, in W/ (mK);

S, —areaof the basement envel ope adjoining soil
[];

§ ;- —Vverticd laterd areaof the basement envelope
adjoiningsoil [n7];

S, —Pasement floor areaadjoining soil [m?];

S, o —areaof the secondary zone z1, adjoining
basement (e.g. staircase) [m?];

sc—index meaning « base ».

Casesunder study:

1. Basement type space (occupied or not)
with specifictemperaturet_(constant or variable,
according to the space heat balance), equipped or
not withtherma systems, bordered by verticd walls
which areor not heat insul ated, adjoining h_under
CTSsoil, aswell asheat insulated / not insulated
floor. Thebasement i sthermally connected to heated
occupied spaces and to unheated overground
spaces.

- Thebasement spacetemperatureisassessed
usingthefollowingrdation:

d;, =0—element fara izolatie termicd

I .—conductivitatea termicd a solului (considerat

mediuizotrop), InW / (mK);

S, —suprafata anvelopel subsolului adiacenta solului
[l

S, — suprafata laterala verticala a anvelopei
subsolului, adiacentasolului [m7];

S, —suprafata pardoselii subsolului, adiacenta
solului [

¢ — Suprafata zonei secundare z1, adiacentd

subsolului (ex. casascarilor) [m?];

sc—indice cu semnificatia de “soclu”.

Cazuri tratate:

1. Spatiu de tip subsol (ocupat sau neocupat)
caracterizat de temperatura t_ (constantd sau
variabild, in functie de bilantul termic al spatiului),
dotat/ nedotat cu instalatii si echipamente termice,
marginit de pereti verticali neizolati / izolati termic
adiacenti solului, cu inéltimea h_sub CTS (cota
terenului sistematizat), precum si de pardoseala
neizolata / izolata termic. Subsolul se afla Tn
corespondenta termicacu spatii ocupateincalzite si
Cu spatii neincalzite amplasate suprateran.

- Temperaturaspatiului subsolului sedetermina
Curelatia:

s = A *tig @, Mgy T gy T Ay, tagtp, tag Es (26)

- Thetemperature of the unoccupied space 1
isassessed by relation:

- Temperatura spatiului 1 neocupat, se
determina cu relatia:

4, =Bt + Bty +E; 27

Thetemperature of the second unoccupied
space, 2, issettled by relation:

- Temperatura celui de al doilea spatiu
neocupat, 2, se determina cu relatia:

t, = Blip + Bts + By (28)
where: ncare
§§9 +g§9 XEl nasbxvsbXraxcpa+§§9
:eRﬂPL ROz 9 a., = € Rope ¢
. Num 2 Num
S Sr 23S0
= = 2xpnxd. x A G —~
_ R . _RK 5= pxd, :  _eRop,
8.3 1 a4 - Num a6 -
Num Num Num
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Num= =8 +830
um_eRﬂPL ROz 4

d, —Weierstass-Kronecker symbol;
d, = 1-existingthermal systems
d, =0—nothermal systems

Specific case-study:

é ®
X(EZ _1)+ Qna XVszra cha +Q_+

5 U
S0 u+§+_i+ZXdeaxA

eRopew R Ry

d, —simbolul Weierstass-K ronecker;
d, =1—suntinstalatii si echipamentetermice;
d, =0—nusunt instalatii si echipamente
termice.

Cazparticular:

2SO0 2SO
¢5>  =0-theunheated basement covers (5> =0 —subsolul neincalzit ocupa in
e RﬂZl,Sb € RgZLSb

theentire space under the building ground floor and
exclusively adjoinsthe heated occupied spaceson
ground floor or in the basement.

totalitate spatiul de sub parterul cladirii si este
adiacent exdugv spatiilor ocupateincalzite amplasate
laparter sau’in subsol.

Thefollowingitemsaredefined: Sedefinesc:

o Sr )
-y
Rv,e de,e

-1

Rv,e = (alxh52+a2xhs +a3)_l; de,e = (Cﬂ.xhsz'l'cths +C’3) ;

Satt +S

pard t
&0 R pdo
+ I%/e pde .

Levo = ‘R/ex(bl,oxhsz"'bz,oxhs"'tl’,,o)i Lo, = _deex(dl,oxhg*'dz,oxhsz +d3,0xhs+d4,0);

ﬁf :L,
S_AT + SPARD
Ia/,f de,f

R/f = f2hs “ :
g f, 0

In§1+ —< hsg

fi o

Rogr = f;

A—coeficient de transfer de caldura caracteristic

where: A—heat transfer coefficient specifictothe i s
echipamente or termicedin subsol:

basement thermad equipments:

L;

2 d. o '
ix|n91+ 2xif+@
IiZ deJ

Cjb

A=34
j
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and L; —lengthof j parts,inm; dej —outer diameter
of part j , in m (heat insulation included); dcj -

diameter of un-insulated pipej,inm; dizj —thickness

of theheat insulation of partj,inm; 1,,—insulaion

thermal conductivity, inW/(mK); t,,, o—tempera-

tureof theweter flown through the basement thermd
systems, assessed according to the rated outdoor

temperature specific to the building location:

tapao = O4SX(tTO +tR0) in°Cit, ;. t; ,—nomina
temperature values of the heat carrier used inthe
heating of the occupied spaces, in °C.

unde: L; — lungimeatronsoanelorj,inm; d, —
I

diametrul exterior a tronsonului j (inclusiv
termoizolatia), in m; dcj —diametrul conducte |

netermoizolata, in m; d iz, ~ grosimea termoizolatiei

aferenta tronsonului j, inm; I, —conductivitatea

termica aizolatiei, in W/ (mK); t,,, o—temperatura
apei vehiculatd prin instalatiile termice din subsol,

determinata in functie de temperatura exterioara de

calcul specifica localitatii in care se afla cladirea:
tapa0 = 0:45¢ (tro +1ro) ,IN°C; t,  t. —tempera:

turilenomindedeagentului termic pentru incalzirea
gpatiilor ocupate, in °C.

Fig. 7. Geometric definition of the heat carrier pipes
(Elemente de definire geometrica a conductelor de agent termic)

t.— underground water temperature (the air
temperatureaverageannud va ueof thebuilding
locationwill beused), in°C.

B,, B., B,,E,, E,, E;,—numerica coefficients
specifictothe heat transfer between the basement
and the secondary spaces of thebuilding, adjoining

the unheated basement

The following condition will be checked in
connection with the unoccupied basement:

wherethetemperaturevauetisseected according
to the conditionsof using the unheated basement.

- If condition (29) is not proved read, the
solutionfor thebasement heat insulation envelopeis
checked again aswell asthe basement ventilation
rate reduction (according to thelimitsimposed by
thelega regulations—e.g. existenceof natural gas
pipes) and the heat insulation of the over-ground
building members belonging to the unoccupied
basement, so asto meet condition (29).

t

t —temperaturagpel din panzafrestica (sevautiliza
va oareamedieanuda atemperaturii agrului din
localitateain care este amplasata cladirea), °C.

B, B,, B,, E,, E,, E; — coeficienti numerici
caracteristici transferului de caldura dintre
ubsol si goatiilesecundaredecladirii, adiacente
subsolului neincl zit.

Pentru subsolul neocupat severificaindeplinirea
conditiei:

3t (29)

incarevaloareatemperaturii t  seaegein functie
deregimul deutilizareasubsolului neincal zit.

- Daca nu severifica conditia (29) sereana
lizeaza rezolvarea izolarii termice a anvelopel
subsol ului, reducerearatel deventilareasubsol ului
(in functie de limitele impuse de reglementarile
legale—ex. existentaconductel or degaz naturd) si
izolarea termica a elementelor de constructie
supraterane apartinand subsolului neocupat, in
scopul indeplinireaconditiei (29).
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If condition (29) is met, temperature t_
resulted from relation (26) is adopted for the
basement whichisnot directly heated.

Temperaturest, andt, areassessed by means
of vauet_, ort whichareusedinmeeting condition
(29).

Inthe case of the heated occupied basement,
the heat flows dissipated towards the natural
environment areassessed by thefollowing relations:

- Daca se verifica conditia (29) se adopta,
pentru subsolul neincilzit direct, temperaturat_
rezultata prin aplicarearelatiei (26).

Temperaturilet, si t, sedetermini cuvaloarea
t., saut_pentru care seindeplineste conditia (29).

Tn cazul subsolului ocupat, incalzit, fluxurile
termice disipate catre mediul exterior natural se
determina cu relatiile:

:ix t. _1_:
Qe Fee(.o R;) (30)

Qf, = %X (tio - ta) (31)

2. Buildingonah_over CTShighbase, with
thefollowing sub-cases.

2.1. Basewith no heat insulation and floor
building not thermally insulated;

2.2. Thermally insulated base and fl oor;

2.3. Combinations between the state of
the base and floor interms of equipping with
heat insulation.

Thehest flowsareassessed usingthefollowing
reations
—totheoutdoor air:

N=01667x N ¢ = Nitor +28334(N 3 oe -2 ;N

where: N,
- at.ext.
environment (air);

— tothe underground water:

Q — Spard
fscy R

Define

is number of sides exposed to

2. Cladire plasata pe un soclu cu indltimea
h_ deasupraCTS, cu subcazurile:

2.1. Soclul fara termoizolare si pardoseala
cladirii neizolata termic;

2.2. Soclul si pardoseala izolate termic;

2.3. Combinatii intre starea soclului si
pardoselii din punct de vedere al dotarii cu
izolatie termica.

Fluxurile termice se determina cu relatiile:

—catre agrul exterior:

2
(s - tescy) (32)

11, 4]

lat.ext.

incare: N, ., —numdrul laturilor expusecitre
mediul exterior (aer);

—catre panzade apa freatica:

H(ts - 1) (33)

Se defineste:

where: unde:
2 0_ 2
b=¢1+nx Nee T R = Spard + N*hg;
Spardg Sa + Spard _Sal-l-nxhszc
Resc desc
46
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and relation (32) becomes: sirelatia (32) devine:
S _
Qge, = P;:C X(ts - tesco) (34)
resultingasfollows. din care rezulta:
Spard
Qu, ==t -1, ) 35
*  Rgcontur T (35)
where unde:
_ 4\
Rac. contur = (F&@]é + Rfslc) (36)
o fey 'Rt R an
€C - -
° R+ Ria
Sat Spard - Sat + nxhszc
i RESC xtesco + R xtp dsc,
tesc, = pdsc >
Sat + Spard - Sat + nxhsc
Resc desc
whae unde:

Re: = (8103 +a,rhy +a5)™
desc = (C.Lxhszc'l'cthsc'l'cs)_l
tos, = _chx(bl,oxr]szc+b2,oxr'a:+b3,0)

todscy = ~Rosc (G0 ¥, + Ao ¥ + dy g xhys +dly o)

Rfsc = flsc
where unde:
+
fie =017+22d;, + Mt he
S
d., —Weierstass-K ronecker symbol; d;, —simbolul Weierstass-Kronecker;
d., = 1—thermally insulated member d;, =1—element dotat cu izolatie termica
d., =0—member with no heat insulation d;, =0—element fara izolatie termica
Coefficientsa,, a,, &, C,, C,, ¢, areintroduced Coeficientii &, &, &,, C,, C,, C, se prezintd in
intables2 and 3 and coefficients bl,O’ bz,o’ b3,o’ dl,O’ tabelele 1 si 2, iar coeficientii bl,O’ bz,o, bs,o’ dl,O’ dz,o’
d, d,,andd, areintroducedintables4and5. d, 51 d, e prezintd in tabelele 3 si 4.
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- Vertical side walls (a,, a, &)

- Pereti |aterali verticali (a, a,, &)

Table 2.
Coefficients Uninsulated wall Insulated wall
a; 0,1868 0,0080
a —0,9596 —0,0647
as 1,9200 0,3415

- Floor (c,, c, c,)

- Pardoseali (C, C,, C))

Table 3.
Coefficients Uninsulated wall Insulated wall
c1 0,0632 4,15-10°°
C2 —0,2636 ~5,585-107
(o 0,4832 0,2352

- Vertical walls (b, ,, b, , b, )

- Pereti verticali (b, b, ., b, )

Table 4.
Uninsulated wall Insulated wall
bl,O bZ,O b3,0 bl,O b2,0 b3,0
0,0746 —1,0756 2,15 —0,0308 —0,3126 0,8227
- Floor (dl,O’ dz,o’ d3,o’ d 4,0) - Pardoseala (dl,o’ dz,o’ dS’O’ d 4,0)
Table 5.
Uninsulated floor Insulated floor
dl,O d2,0 d3,0 d4,0 dl,O d2,0 dS,O d4,0
-0,106 | 0,5523 | —-0,8013 | —1,9242 0 0,0734 | —-0,1295 | —1,3967

It should be mentioned that the values of the
numerical coefficientsindicated intables3and 4
are valid for the rated (calculation) outdoor
temperature encl osed between— 10°C and— 20°C.
Asfor the outdoor temperatures between — 5°C
and - 10°C, thevaluesof coefficientsbandd are
to be amplified by coefficients 0.80 and 1.25
respectively, and for therated outdoor temperatures
between — 20°C and — 30°C, coefficientsband d
are amplified by coefficients 1.25 and 0.8
respectively.

Expressions of the coefficients included in
relations (26), (27), (28):

Mentionam faptul ca valorile coeficientilor
numerici indicati in tabelele 3 14, sunt valabile pentru
temperatura exterioara de calcul cuprinsa intre —

10°C si— 20°C. Pentru temperaturi exterioare de
calcul cuprinse intre — 5°C si — 10°C valorile
coeficientilor b s1 d se amplifica cu coeficientii
0,80, respectiv 1,25, iar pentru temperaturi
exterioare de calcul cuprinse intre — 20°C si— 30°C,
coeficientii b §i d se amplifica cu coeficientii 1,25,
respectiv 0,8.

Expresiile coeficientilor inclusi in relatiile (26),
(27), (28):

E1:D2+BZXD3- E :L- E :w
1-B,:D, > 1-BD,’ ° 1-B,tD,
Cott ,+C.+C
D]_: 5 e,OClES 7; DZ:%; D3=%;D4:%
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o SPeCS- o
C = S,CS+SCS,S+SCS,P +8 , +aSFeCSn A\ AR TR T
R ,CS RCS, S RCS, P J RPeCSJ- n eCS,
S,CS SCS,P
C2 = R ; C3 = RC + nacsyp XVCSXra cha
¥,CS S,P
SCS S o SPeCS-
Cy=-— Cs=n, __ ®Veg!r,rcC Ce = =0
Res,s > s TGS TaTpa i Mpecs;
C7:éAFeCS”Xte’O Bzzi B3:§ B4:i
n Reecs, A A A
Sy S
Ai:S,P_l_SCS,P_I_é ACP; o “Ack, +n, XVPXraXCa-
) "R R P.E pa .
R P RCS, P J ACPJ- n Mack,
S Scs,p
AZ:_’ AS:—’-}_naC XVPXraXCpa
R.p Res,p >
& Sacp S 0
A =48 Sl PP s W Moy . *Vp M3 XCoa T Xteg
g i Racp,  n Rar, g

i1 -for thedirectly heated secondary area

-

%O - for the unheated secondary area

dCS

Note: The secondary area is of the corridor type
with a passage to the staircase.

Theuseof thecd culation method inthe case of
abuildinglocated in Bucharest, together with the
ca culation method accordingto SR 1907-1/ 1997
proves the differences between the value of the
specific thermd flow-ratesdissipated towardsthe
technica basement (fig. 8). Thedifferencesprevioudy
mentioned areconsequent to thetemperaturesof the
technical basement space, determined by the two
cal culation methods mentioned above(fig. 9). The
twodiagramsemphas zethesenstiveinfluenceof the
pipesflowing hot fluidsin the basement space and
which cannot beoverlooked inthecaseof determining
thebuildingsdesign heat demand.

5.CONCLUSIONS

1. Thispaper represents atheoretical substan-
tiation of the concept of design outdoor temperature

11 - pentru zonasecundaraincal zitadirect
%0 - pentruzonasecundaraneincal zita.

Cs ™~

Nota: Zona secundara este de tip culoar de trecere
sau casa scarii.

Aplicarea metodei de calcul in cazul unei cladiri
amplasata in orasul Bucuresti, alaturi de metoda de
calcul conform SR 1907-1/1997, demonstreaza
diferentele intre valorile fluxurilor termice specifice
disipate inspre subsolul tehnic (fig. 8). Diferentele
mentionate sunt consecinta temperaturilor spatiului
subsolului tehnic, determinate prin cele doud metode
de calcul mentionate (fig. 9). Cele doud diagrame
evidentiaza influenta sensibila a prezentei conductelor
prin care sunt vehiculate fluide calde in spatiul
subsolului si care nu poate fi neglijata in cazul
determindrii necesarului de cdldura de calcul al
cladirilor.

5.CONCLUZII

1. Lucrarea prezinta o fundamentare teoretica
a conceptului de temperatura exterioara de calcul
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BMc001/1 - cond.funct.
BESR1907/1

q[Wmp] 8- OMc001/1 - fara cond.

required by heating systemsdimensioningaswell as

tsb.[°C]

Mc001/1 - faracond.

SR1907/1 Calculation method /

Metodade calcul
Plnz,Anz Mc001/1 - cond.funct.

Pliz,Anz
PinzAiz
Case / Cazul Pliz,Aiz

Fig. 8. Ground floor specific heat flow rate — unoccupied unheated basement — 2" climatic zone
(Densitatea fluxului termic disipat spre sol — iarna de calcul zona II)

18

16 Wt.sb (Mc001/1-c.f) —

Mt.sb (SR1907)

Ot.sb (Mc001/1 - f.c
14 ™ )
12 |
10 |
8 4 I
6 4 N
4 I
2 I
0 4
Plnz,Anz Pliz,Anz Plnz,Aiz Pliz,Aiz

Legend: Case/Cazul

Pl — ground floor / pardoseala parter A - basement vertical envelope / anvelopa verticala subsol

iz — insulated / izolat nz — uninsulated / neizolat

Fig. 9. Basement calculation temperatures — 2" climatic zone
(Temperaturi de calcul ale subsolului — zona climatica Il)

of their components. €lementel or acestora.

2. Themathematical formalism of thedesign
heat demand determination is phenomenol ogical,

50
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cond. funct. — with heating pipes
fara cond. — without heating pipes

necesara dimensionadrii instalatiilor termice $i a

2. Formalismul matematic al determinarii
necesarului de cdldura de calcul este unul
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based on the spaces heat balance both at the level
of the envelope and at the level of the occupied
space, by theinside building componentsand by
natural convection of the air characterized by an
average temperature different from the resulting
indoor temperature.

3. Thedesign outdoor temperature, intermsof
this paper iscompared to the most severe pentad
of the period 1961-2008 and is based on an
acceptable discomfort characterized by a 1°C
reduction of theindoor temperatureresultinginthe
occupied spaces.

4. The thermal response of the rooms in
resdentid aswdl aspublic buildingsisrepresented
by the hourly variation of the resulted indoor
temperature and by thevariation of theair volume
average temperature provided by the envelope
therma responseasthevirtud outdoor temperature,
whichvariesintime.

5. Thethermal response at the building-soil
boundary compl etestheresponse of theover-ground
envelope in the form of an eastic and adaptive
calculation method, with referenceto the possible
casesinthedesign practice.

6. Thecalculation/ design mode of abuilding
heat demand is linear, based on the fact that the
design outdoor temperaturefor the building over-
ground zoneisknown aswell astheoutline outdoor
temperature and the building-soil boundary thermal
coupling coefficient.

7. The calculation method proposed in the
paper dlowstheadoption of design solutionswitha
lower ensurancerate according to theinvestment
beneficiary’soption.

8. Romania snew climatic zoning generates
climatic zone5 aswell astheclear modification of
the design outdoor temperatures compared to the
current climatic zoning (SR 1907-1/1997).[5]
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fenomenologic, bazat pe bilantul de caldura al
spatiilor atat la nivel de anvelopa, cat si la nivelul
mediului ocupat, prin elementele de constructie
interioare i prin convectie naturala la nivelul aerului
caracterizat de o temperaturd medie diferitd de
temperatura interioara rezultanta.

3. Temperatura exterioara de calcul, in
acceptiunea lucrarii, se raporteaza la cea mai severa
pentada din intervalul 1961-2008 si se bazeaza pe
redlizareaunui disconfort acceptabil caracterizat de
oreducerecu 1°C atemperaturii intericarerezultante
in spatiile ocupate.

4. Raspunsul termic al incintelor amplasate in
cladiri rezidentiale dar si publice este reprezentat de
variatia orard a temperaturii interioare rezultante si
de variatia temperaturii medii volumice a aerului ca
rezultat al raspunsului termic al anvelopei sub forma
temperaturii exterioare virtuale, variabila in timp.

5. Raspunsul termic la frontiera cladire-sol
completeaza raspunsul anvelopei supraterane sub
forma unei metode calcul elastice si adaptive, cu
referirelacazurileposibilein practicadeproiectare.

6. Modelul de calcul al necesarului de caldura
al unei cladiri este unul liniar, fundamentat pe
cunoagterea temperaturii exterioare de calcul pentru
zona supraterand a cladiri si pe cunoasterea
temperaturii exterioare de contur si a coeficientului
de cuplaj termic pentru frontiera cladire-sol.

7. Metoda de calcul propusa in lucrare permite
adoptarea unor solutii de proiectare cu un grad
inferior de asigurare in functie de optiunea
beneficiarului de investitie.

8. Noua zonare climaticd a Romaniei conduce
la aparitia zonei climatice 5, precum si la modificarea
sensibila a temperaturilor exterioare de calcul fata
de zonarea climaticd actuala (SR 1907-1/1997).[5]
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