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ABSTRACT

The thermography method CAN NOT be used in
assessing thermal flows dissipated through
building members, namely assessments of the
thermal resi stance of building membersforming the
envelope of a building. In order to prove the lack
of the phenomenological support in using
thermography in quantifying the so-called “heat
losses” through the envelope of a building, a
homogeneous wall which is part of a heated
enclosure, made of concrete and provided with
expanded polystyrene heat insulation, has been
considered. The wall is exposed to the solar
radiation. Using the INVAR program, the thermal
response of the wall was assessed, under an
outdoor climatic load specific to an average winter
day in Bucharest, in two variants, namely:

- the heat insulation in placed inthe inside

of the building member,
- the heat insulation adjoins the outdoor
environment.

In both of the cases the thermal resistance of the
building member is the same. Based on so called
outside virtual temperature, the only thermo-
dynamic parameter used for thermal resistance
calculation, the fact that thermography is one
improper method for such type of calculation is
demonstrated.

Theinvestigation/ scanning of the buildingsusing
aninfrared visualization equipment isuseful inthe
buildings energy-related assessments either in
view of issuing the energy performance certificate,
or in view of analyzing the energy upgrading
solutions within the energy audit. A few of the
possible applications of the infrared thermography
in buildings energy analysis are further presented.

Key words: Energy simulation, infrared thermo-
grphy method, thermal bridges, air tightness

1. Introduction

The paper isstructured intwo complementary
parts, of whichthefirs demondratestheimpossbility
of usingtheinfrared thermography method in order
to assessthered thermd characteristic of abuilding,
and the second represents adatabase the content
of whichincludesvarious situations specifictothe

REZUMAT

Metodatermogrefiei Thinfrarogu nu poate fi utilizata
ca metoda pentru evaluarea rezistentel termice a
unui element de constructie, parte aanvelopel unei
cladiri. Tn scopul demonstririi celor de mai sus se
prezintd un experiment numeric avand ca suport
un element de constructie confectionat din beton,
prevazut cu izolare termica. Elementul decongtructie
este expus radiatiei solare. Raspunsul termic al
elementului detip perete plan afost determinat cu
ajutorul programului de calcul INVAR, in conditii
de clima proprie zilei de iarna medie a orasului
Bucuresti. [zolatiatermica este amplasata adiacent,
fie mediului natural, fie mediului interior, dar
rezistenta termica isi pastreaza nealterata valoarea
in ambele variante de calcul. Avandu-se Tn vedere
variatiatemperaturii exterioarevirtudeae ementul ui
de constructie plan, singura care permite
determinarearezistentei termicein cazul regimului
nestationar detransfer de cildura, se demonstreaza
imposibilitatea determinarii valorii rezistentei
termice exclusiv pe baza valorilor temperaturilor
obtinute prin masurari Tn spectrul infrarosu.

Investigareacladirii prin utilizareatermografiei in
infrarosu este 0 metoda calitativa deexpertizare. In
lucrare sunt prezentate céteva cazuri Tn care
termografiaininfrarosu poatefi utilizata cu succes
n expertizarea cladirilor supuse activitatii de
modernizare energetica.

Cuvinte cheie: simularea energetica, metoda
termografiel in infrarosu, punti termice, etansarea
laaer

infraredinvestigation of thebuilding aswell asof the
thermal systems in the buildings. In the case of
convex, concave corners, anumerical simulation
associated with infrared images is presented,
removing the paradoxical conclusion that a
perturbation characterized by coefficients of the
linear thermal bridgeswith negative values might
represent theenergy “virtua source’.
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2. Theor etical substantiation of the use of
infrared thermography in thefield of

Building Energy Performance

Thethermography method CANNOT beused
inassessing thermd flowsdiss pated through building
members, namely assessments of the thermal
resistanceof buildingmembersformingtheenvelope
of a building. In order to prove the lack of the
phenomenol ogica supportinusing thermography in
quantifyingthe so-called “ heat losses’ throughthe
envelopeof abuilding, wewill consider ahomoge-
neouswall whichispart of ahested enclosure, made
of 15 cmthick concreteand provided with 4.8 cm
thick expanded polystyreneheet insulaion. Thewall
isexposed to the solar radiation and its orientation
isS'W. Using the INVAR program, the thermal
response of thewall was assessed, under an outdoor
climatic load specific to an averagewinter day in
Bucharest, intwovariants, namely:

- theheat insulationin placed intheinsdeof
thebuilding member,

- the heat insulation adjoins the outdoor
environment.

In both of the casesthethermal resistance of
the building member is the same, namely
R, = 1,283 n?K/W. Fig. 1 representsthesignificant
temperaturesfor thewall thermal response, inthe
two variantsof placing the heat insulation, namely

16

the temperatures on the wall outside areat, , the
virtual outdoor temperaturesrespectively.

The t,, vaues are the consequences of the
assimilation a any moment t of therea heet transfer
with a virtual transfer process in steady state
conditions; thevalue of thereferencehest flow is
the one specificto theinside areaof the structure
under andysis, which ddlimitatesthethermodynamic
outline of the heated enclosure.

Qwi(t)
Sw

where: R, —thermal resistance of the analyzed

L=t - 2R,

structure [m?K / W]; S, — inside area of the
outside building member [m?].

The elements described above show that,
in order to assess the thermal resistance of
abuilding member withintheenvdopeaof abuilding,
it is necessary to know the indoor temperature
specifictothe heated space and thevirtua outside
temperature of thewall, namely thethermal flow
dissipated through the wall at the level of the
thermodynamic outline of the heated space. While
t isadimensiond easily assessed by measurements,
and Q,, may be determined knowing the surface
temperature of the wall at the level of the
thermodynamic outline of theenclosureandthe g,
heet transfer surface coefficient, thevirtual outside
temperature of thewall cannot be determined by
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Fig. 1. Variation of the significant temperatures — outside wall in a heated enclosure
(concrete + expanded polystyrene) — Bucharest average winter conditions
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short-time measurements (specificto theinfrared
thermo-graphy analysis method); this is the
consequence of the heat transfer in non-permanent
conditions through the building member under
andyss Thefunction of variation of theoutsdewall
outdoor temperature is characterized both by
damping and phaselag compared to the variation
of theoutdoor climatic parameters. Thephaselagis
trandated by the delay in the manifestation of a
variation of theenvironmental temperature(inthis
casethet_ equivaent outdoor temperature) at the
levd of theingdeareaof thebuilding member within
thebuilding and dependsonitsthermo-physical and
geometrical characteristics. Therefore, in order to
know thevirtud outs detemperatureit isnecessary
to know these characteristicsof thewall, which, in
fact, are to be assessed using the infrared
thermography method.

Ontheother hand, if thevariation of thewall
outside areatemperatureis known (by using the
infrared thermography method), the thermal
balance of the outside wall is:

@elt)_ o f0)- o 0] ok, (-t ]
S Ree

where: t, (t) —equivdent ingdetemperature of the
outsdewal [°C]; t;, (t) —virtua insdetemperature

of theoutsidewall [°C]; S,,—outsideareaof the
outside building member [m?].

Whilet_ , may be assessed by measurements
(outdoor air temperatureand solar radiaionintengty)
and the heat transfer surface coefficient specificto
thewall outside area, a_ may be esti-mated using
theMcAdamsrelation (a_ = 15,2 W/mK for the
caseunder study), thevirtua insidetemperature of
the wall cannot be determined by short-time
measurements (specifictotheinfrared thermography
andysismethod), asthey are, likethevirtud outsde
temperature, the consequences of the heat transfer
in non-permanent conditionsthrough the building
member under analysis.

Fig. 2 presentsthevariaion of thevirtua insde
temperature specific to the building member under
andysis, for thetwo positionsontheinsulaing layer
(ontheinside, respectively out-side part of thewal),
together withthevariation of theequivaent outside
temperaturet_ .

Thefactisnoticed that & any moment thevirtud
outs detemperaturehasahigher vauethantheinsde
temperature specific to the heated enclosure
(t. = 20°C) which represents the maximum
thermodynamic potentia specifictotheanayzed
system. Therefore, thevirtual insidetemperature,
representing thethermodynamic parameter interms
oh which thethermal flow dissipated through the
outs deareaof an outs de building member (within
abuilding) may bedetermined at any moment using
the mathematical formalism specific to the heat
transfer through wal | steedy state conditions, cannot
represent aphysical, measurabledimension.

16+ 250
=+=Outdoor temp equiv Indoor
out. 14 virtual
temp. . . : //'\\ temp.
equiv. 12 | —— Outdoor insulation - tiv = 200 e
[c] o \
10 Indoor insulation- tiv \
8 ANERS SR P
AN N
6- 1// \\ \
b
4 // \ N 100
/ \ )
2 \\
N % \
vd
2 > —_——
Tt
4 0

123456 7 8 9101112131415161718192021222324

Moment [ h ]

Fig. 2. Variation of the virtual inside temperatures for assessing thermal resistance
— outside wall of a heated enclosure (concrete + expanded polystyrene) —
Bucharest average winter conditions
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The elementsabove confirm the fact that by
short-time measurements (specificto theinfrared
thermography method) it is impossible to
determine the thermal resistance of the opague
building members forming the envelope of a
building.

Therefore, theinfrared thermography method
may bemainly used inemphasizingthevariationsof
thethermal properties, includingair tightness, of the
building membersformingtheenve opeof abuilding,
the presence of moisture in the structure of the
envelopecomponentsaswe| asidentifyingthearess
insystemswith heet insulation deficienciesor with
deficient flow of the heat carrier. The use of this
method in measuring thethermal insulationand air
tightnesslevel of the structure or, even more, in
assessing the thermal performance of buildings
envel opesisaserious phenomenol ogica mistake.

3. Examplesof usingtheinfrared
ther mography techniquein
identifying the char acteristics
of the envelope components and of
the equipmentsin buildingsthermal
systems

The infrared thermography is a method for
visuaizing and representing the distribution of
the apparent temperature on the surface of a
building envelope. The principle of the method
inbased onthefact that theirregul aritiesthat may
occur in the thermal properties of the building
members forming the envelope of abuilding are
trand ated by temperaturevariaionsonthestructure
surface. Thesurfacetemperatureisa so influenced

by the movement of the air inside or outside the
building or which crossesthe buildingenvelope. The
surfacetemperature distribution may therefore be
used in detecting thethermal irregularities caused
for instance by theinsul ation deficiencies, moisture
or arinfiltrationsin the building envel opeclosing
members.

Theinvestigation/ scanning of the buildings
using an infrared visualization equipment is
useful inthebuildings energy-rel ated asses-sments
either in view of issuing the energy performance
certificate, or in view of analyzing the energy
upgrading solutionswithin theenergy audit. A few
of the possible applications of the infrared
thermography inbuildingsenergy andysisarefurther
presented:

a. Identification of thelarge panels structure
(prefabricated panels), dimensions and position
of ribs, type of heat insulating materia (fig. 3,
4). Knowledge of construc-tion technol ogy, types
of structures/ joints, building erection technol ogies
iSnecessary.

b. Identification of thermd bridges (reinfor-ced
concretefloor / strap plate, beam, lintel). Thetherma
bridgesin abrick masonry wall can benoticedin
fig. 5 (reinforced concrete pierced components).

The zoneswherethe heating unitsare placed
may also be noticed infig. 5, asthey are warmer
(visible also because of the reduced thermal
resistance of thewall). The shutter of the ground
floor window of the building is noticeable.

Thereinforced concretestrap at thejoint with
theroof reinforced concreteplateisvisibleinfig. 6

Fig. 3. Large panel wall — plates insulation
(mineral wool, polystyrene)

Fig. 4. Large panel wall - BCA
(autoclaved lightweight concrete) strips insulation
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—supported onthe BCA (autoclaved lightweight
. i concrete) masonry walls.

c. Identification of thelessinsulated areas of
theenvelope(e.g. intheleft zone—fig. 7isnoticed
an extension of thehouse, made of materiaswitha
higher thermal conductivity that the brick masonry
—right zone —fig. 7) and of the sections of the
envel opewith very low thermal characteristics(e.g.

low quality joinery —fig. 7).

Object Parameter value  Label Value d. The assessment of the masonry walls
Emissivity 0.90 IR: Date Of Creation 15.02.20

Object Distance 7.0m IR: Time Of Creation 00:09:18 mnmaety(eg |nf|g 8, ﬂ'EWd|S$I’U(IUI’eISI’HhG'
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Fig. 6. INCERC experimental house — Fig. 7. Identification of less insulated sections
reinforced concrete strap of envelope
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because of organic and inorganic depositsinsdethe
heating units.

f. Identification of air exfiltrations or infil-
trations. Infig. 11isvisbleahot ar exfiltration behind
an outdoor wooden shutter, which madeimpossible
theingpection of thewindow inthevisiblerange.

0. Identification of fitting problemsinthecase
of decorativeor functiona inside or outside plating
(faience, sandstone, heat insulation etc.) by
emphasizing the zones where there are thermo-
physical propertiesdifferences. Ingenerd, they are
caused by thefact that the sticker isnot uniformly
applied, in a continuous layer. Air layers occur
therefore, withalower therma conductivity thanthat
of thebuilding materials. Thismethod may beused
in emphasizing the sectionswhere such problems
occur in connection with plating and where the
supporting plating layer may detach. Thisisof course
unpleasant in the case of inside plating, but very
important in the case of outside plating with heavy
finishing (facing brick, ceramics decorative
components, etc.) whose unfore-seeable detaching

pixels
Fig. 8. INCERC experimental house — North wall may damagethe personsin the zone.
(BCA masonry)
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V(0] 223096
--------------------------------------------- tmin ['T) 22,02
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Fig. 9. INCERC experimental house — SW bedroom heating unit
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1) 234
slope 0,004
w[0) 232,926
tin [C] 19,1
tmax ['C] 42,07
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Fig. 10. INCERC experimental house — kitchen heating unit
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Fig. 11. Air exfiltration identification

Figure 12 presents the thermography of a
faience plated wall. The colder zones are zones
where the faience plate is properly fixed on the
supporting plate. The warmer zones, although
favorable from the thermal point of view,
emphasize a low mechanical resistance. The
quantity analysis carried out in fig. 12 refers to
thetemperaturefied dispersion for thetwo defined
areas. A2 withalesslargeareaand arather uniform
apparent temperature, which may be considered a
“witness’ of proper plating, and A1 provingastrong
temperature dispersion, therefore a deficient
execution.

h. Identification of thezoneswhere conden-
sation may occur on the building members surface.
In fig. 13 is emphasized in green a zone whose
apparent |low temperature may alow the occurrence
of condensation onthewall surface.

i. Identification of thetrace-linesof hegt carrier
distribution and of the power supply networksif they
generate heat by the Joule effect (mainly if they are
improperly dimensioned, overloaded or with local
deficiencies) and in general of any zone whose
goparent temperaureisdifferent fromthat consdered
normd for theandyzed environment.
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Fig. 12. Identification of plating problems
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Fig. 13. Identification of plating problems
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Fig. 14.Tracking of heat carrier distribution
in the case of a system with concealed

distribution columns

.

Fig. 15. Thermal bridges — convex corner
and concave corner

| ¢ & |

Indoor
a=8W/mK

QOutdoor
a=17Wimk

Fig. 16. Temperature field in a section of the structure
with geometric perturbations of convex and

concave corners type — cold season

Fig. 17. Zone subjected to water leaks

Fg. 14 presentsaqudity andyssemphasizing
the heat carrier distribution network concealedin
thewal.

j- Emphasizing of thegeometric thermd bridge
effect. Fig. 15 presents a selection of the thermo-
graphy of acondominium facade, focused on the
vertical geometric thermal bridges (convex corner
and concavecorner). Thediffe-renceinthe gpparent
temperature distribution in the two structuresis
noticed, caused in thiscaseby the different values
of the areas of heat exchange between theindoor
and outdoor environments.

As concerns the apparent advantage of the
concave corner typethermal bridge, fig. 16 presents
the numerical solution of the heat transfer through a
corner structure, similar to that presented in the
thermography of fig. 15. It resultsthat thelow vaue
of the concave corner tempe-rature is a
conseguence of the differencein size betweenthe
indoor area (adjoining the warm space) and the
outdoor area (adjoining the outdoor space). The
temperature value in the concave corner zone,
adjoining thewarm spaceisimportant.

According to thes mulation and watching the
isothermsinthebuildingmember structure, itisclear
that theindoor corner temperatureislower thanthe
temperature of thewall inthe so-called field zone
(far from the thermal bridge). In the case of the
convex corner, thetemperature on the outdoor area
isclearly higher than that of theareaadjoiningthe
outdoor environmentinthefield zone. But theindoor
corner has an advantagein the presence of azone
whosetemperatureis higher than that of thefield
zone. Actually such azone specific to the convex
geometric perturbations in terms of the outdoor
environment has a minimum risk of surface
condensation occurrence, athough the outdoor
thermographicimage may represent analaromsigndl
suggesting a maximum thermal flow dissipated
towardstheoutside. Thisisaflow disspated outside
and not at thelevd of thethermodynamic outline of
the occupied space, theonly one of interest in any
energy expert anaysisof the occupied buildings.

Wementionthat theterms convex and concave
arecons deredin conformity with themathematical
definition of homologousfunctionsand intermsof
the outdoor environment.

10
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k. The thermography and the interpretation
of the results obtained should be examined by
specidistswith expertiseand extensive knowledge
inthefidd. Fig. 17 presentsadarker zone, marked
A1, ontheoutsidefacade of abuilding. Thiszone
which might be interpreted as a better thermally
insul ated zone, representsin fact amodification of
thethermo-physica characteristicsof thebuilding
member, because of thewater. Actually, thefigure
presentsawater infiltration from the building roof,
whichlocaly dtersboth thetherma conductivity and
thethermal capacity of thebuilding materids.

4. Conclusion

The message of the paper is very clearly
demonstrated both andytically and numerically but
mainly intermsof imagery, andissynthesizedintwo
conclusions, asfollows:

1. The measurements in the infrared
spectrum, in the case of buildings cannot be
usedin ngthered thermd characteridtics
of theenvelopeof abuilding;

2. Theimages specifictotheinvestigationin
theinfrared spectrum, which arepresented, are
useful in the investigation of the building
envelope in terms of quality as well as in
checking the operation of thethermal systems
inbuildings.
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