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Beteckningar / Symbols E energiflode per ytenhet W/rnZ 
energy flux per unit area I 
skillnad i isotermenheter rneUan tvi isotermmarke- 
ringar p i  gritonskalan 
difference in isotherm units between two isotherm 
markings on the grey scale 

infrarod 
infrared 

varmernotstdnd hos vaggkonstruktionen m', "C/W 
thermal resistance of the wall structure 

vheovergdngsmotstind p& konstruktionens insida m'. 'C/W 
surface resistance on the inside of the structure 1 '  

varmeovergingsmotstdnd p i  konstruktionens utsida m'. 'CIW 
surface resistance on the outside of the structure 

lufttryck p& insidan av vaggen N/m2 
air preassure on the inside of the wall 

lufttryck p i  utsidan av vaggen N/m2 
air preassure on the outside of the wall 

Pu (skillnaden i lufttryck, inne - ute) ~ / m ~  
(difference in air pressure, indoors - outdoors) 

varmeflode per ytenhet 
heat flow per unit area 

absolut temperatur 
absolute temperature 

temperatur 
temperature 

innetemperatur 
indoor temperature 

utetemperatur 
outdoor temperature 

A t  temperatursmnad motsvarande isotermskillnaden 'C 
i termogrammen 
temperature difference corresponding to the iso- 
therm difference on the therrnogram 

a varmeovergdngskoefficient w/m2, "C I i 
surface coefficient of heat transfer 

9' l/mi varrneovergdngskoefficient p i  konstruktionens in- W/m2. "C 
sida l i 
surface coefficient of heat transfer on the inside 
of the structure 

q, = l/mu varmeoverghgskoefficient pd konstruktionens ut- W/m2, 'C 
sida 
surface coefficient of heat transfer on the outside 
of the structure 

E emissionstal 
emissivity 

h viglangd (strdlning) 
wavelength (radiation) 

A varmegenomforingskoefficient 
thermal conductance 

P reflektionstal 
reflective index 



Problem, m5lsattning 
, . 

1 Problems and objectives ' .:I . 
v 

- Y 
5 

Inventeringar av byggnadsskador under senare 5r har 
visat att grova byggfel numera Zr i r g e n  vanliga 
hos nybyggda bostadshus, Carls~on & Nylander 
(1970) och Elmroth (1970). Bland de vanligaste fe- 
len som gsamkar husagaren AtskiIligt obehag kan 
n%mnas brister i varmeisolering och oathet  i fogar. 
Dessa fel fororsakar okad varmeforbrukning, sanitar 
olagenhet for de boende genom kalluftstrornning och 
straining fr5n kalla ytor samt ibland kondensbildning 
och nedsmutsning av vaggytorna Fe1 av namnda ty: 
per ar svhra att upptacka vid okukbesiktning av ny- 
byggnader och.uppdagas vanligen first nar huset an- 
v h t s  viss tid, ofta tyvarr efter det att garantibesikt- 
ning redan blivit utford. 

Det vore darfor av stort intresse for huskoparen om 
byggfel av typ varmeisolerfel och Iuftlackage kunde 
upptackas och repareras fore slutbesiktning. 

Under senare Ar har lokalisering av isoler- och lack- 
agefel forsijksvis U tforts i Sverige genom uppmiit- 
ning av temperaturfordelningen hos vaggytor. Ojiirnn- 
heter i varmelackage hos y t t e r v w  resulterar nam- 
ligen i en temperaturvariation utefter vaggytan. En 
kvalitativ bild av varmeflodesfordelningen i en bygg- 
nadskonstmktion kan dledes fAs genom bestamning 
av temperaturfordelningen langs med konstruktio-. 
nens yta. biven otatheter m m  t a t e r  en luftstrom- 

"' 

ning genom vaggen paverkar vaggens yta genom en 
lokal sankning eller hojning av ternperaturen hos 
vaggpartiet i narheten av Iackagesmet. Om yttem- 
peraturmatning kunde utforas p i  ett indarnalsenligt 
d t t ,  skulle den skisserade metoden bli rnycket an- 
vandbar for lokalisering av isolerfel hos byggnader. 
Tennografering med v h e k a m e m  (in frmiidkamera) 
har visat sig motsvara kraven pa en  ddan  matmetod. 
En varmekamera omvandlar i princip varmestrilning- 
en (infrarodstritningen) som ut-s frAn matobjek- 
tet till elektriska signaler som overfors til l  en gritons- 
bild pA en oscilloskopskarm. 

Termografering har foljande fordelar frarnfor andra 
temperaturmatmetoder: 

1. blitning sker momentant over stora ytor. 

2. hiatning sker utan storande kontakt mellan fore- 
mil och matinstrument. 

3. Matning kan utforas p i  stora a d n d  fran matob- 
je ktet varigenom svAri tkomliga ma tstPllen kan 
d s .  

4. Snabb undersiikning av stora ~ t y t o r  kan utfijras 
genom panorering fran en matposition. 

Vid tillampning av terrnografering far unders6kning 
av byggnader uppstar problem av t r i  slag: 

1. Hur kan tillfijrlitliga slutsatser om en vaggs inre 
egenskaper (isoleregenskaper) fAs ur en yttempe- 

Analysis of damage t o  buildings in recent years has 
shown that serious constructional defects are fairly 
common in newly constructed residential buildings, 
Carlsson & Nylander (1970) and Elmroth (1970). 

- 

Defects in heat insulation and heat leakage in joints 
deserve special mention among the most common 
defects which cause the owner of the property a con- 
siderable amount of inconvenience. These defects 
cause an increase in the consumption of heat and al- 
so give rise t o  sanitary inconvenience for those living 
in the premises owing to cold draughts and radiation 
from cold surfaces and possibly also condensation on  . 
the walls which makes these dirty. Defects of the 
above type are very difficult to detect during a visual 
inspection of new buildings and are usually discov- 
ered when the building has already been in use for 
some time, unfortunately often when the final in- 
spection for the building guarantee has already been 
carried out. 

It is therefore of great interest for purchasers of 
property that it should be possible for building de- 
fects of the heat insulation defect and heat leakage 
type to  be discovered and put right prior to final in- 
spection. 

Experiments have been carried out in the past few 
years in Sweden on the location of defects in insula- . 
tion and points of heat leakage by measurement of 
the temperature distribution over wall surfaces Vari- 
ations in leakage of heat through external walls re- 
sult in a variation of temperature along the -mrface 
of the wall, and it is therefore possible to obtain a 
qualitative picture of the heat flow distribution in a 
building structure by determination of the tempera- 
ture distribution along the surface of the structure. 
Points of leakage which permit flow of air through 
the wall also exert an influence on the surface of the 
wall by virtue of the fact that there is a local drop or  
rise in temperature over the part of the wall in the vi- 
cinity of the point of leakage. If it were possible to 
measure the surface temperature in the appropriate 
way, the method outlined above would be very suit- 
able for the location of insulation defects in build- 
ings. Thennography with an infrared camera has 
been found to satisfy the requirements applicable t o  
such a method of measurement. In principle, an in- 
frared camera transforms the heat radiation (infrared 
radiation) emitted by the object of measurement in- 
to electrical signals which are converted into a rnono. 
chrome image on the screen of an oscilloscope. 

Compared with other methods of temperature 
measurement, thermography has the following ad- 
vantages: 
1. Measurement is carried out instantaneously over 

large surfaces. 



ratufordelning hos vaggens ytteryta? Yttempera- 
turen hos en yttervagg paverkas ju iven av andra 
faktorer an vaggens varmemotst&nd. 

2. Hur inverkar ytans egenskaper, dsom emissions- 
tal och eventuell genomslapplighet for viirmestdl- 
ning pfi korrekt fitergivning av ytans verkliga tem- 
peratur? 

Foreliggande undersokning avdg att nirmare M;- 
lagga forutdttningarna for termografering av bygg- 
nader sarnt utarbeta regler for termografering och 
tolkning av termogram. Arbetet har utmynnat i dels 
forslag till anvisningar for faltmatningar dels forslag 
till tolkningsregler for termograrnmen. For anvisning- 
arna och tolkningsreglerna redogors i det foljande. 

2. Measurement is carried out without interference 
due to contact between the object and the meas- 
uring instrument. 

3. Measurement can be carried out at large distances 
from the object of measurement, and measure- 
ment sites which are difficult to approach can 
therefore be dealt with in this way. 

4. Quick examination of larie measurement surfaces 
is possible by panning the instrument from one 
measurement point. 

Two types of problems arise in applying thermo- 
graphy for the examination of buildings: 

1. How can reliable conclusions as to the internal 
properties (insulation properties) of a wall be 
drawn from a measurement of the temperature 
distribution along the external surface of the wall? 
The surface temperature of an external wall is af- 
fected by factors other than the thermal trans- 
mittance of the wall. 

2. In what way do the properties of the surface, 
such as its emissivity and possibly permeability to 
infrared radiation, affect correct reproduction of 
the actual temperature of the surface? 

The aims of this investigation were to examine in - 
greater detail the conditions applicable to thermo- 
graphy of buildings and t o  draw up rules for thermo- 
graphy and the interpretation of thennograms. The 
results of this work have been draft instructions for 
field measurements and draft interpretation rulesfor 
thermograms. The instructions and rules of interpre- 
tation will be described in the following. 



2 The method of operation of G c 
the IR-camera1 - 

2.1 Fysikalisk bakgrund fiir temperatur- 
ma tning med infrarateknik 

Ternperaturmatning rned i n f r d t e k n i k  bygger p i  
forhallandet att all materia p.ga sitt viirmeinnehhll 

S standigt utdnder energi i form av elektrornagnetisk 
str%lning. Den fAn ett f i j r e d  utstdlade energin, 
energiflodet, ar en hnktion av ytans ternperatur. 

'IR L fijrkortning av infra- Energflodet beror dessutom av ytans ernissionstal, 
rod. E och stdlningens ~Aglangdsomdde, Ah, se GriguK 
IR is an abbreviation of (1961). Forhallandet askadli@rs i FIG. 1 och 2. I 
infrared. FIG. 1 presenteras straningsintensiteten fran en 

I 

FIG. 1 
Stralningsintensitet 

FIG. 1. Stralningsintensitet- 
en for en absolut w a n  kropp 
vid olika ternperaturer sorn 

- funktion av vaglangden rned 
de for 6gat (0.37--0.75 pm) 
och I R-kameran 12.0-5.6 
pm) kansliga vhlangdsom- 
radena angivna. 

Intensity of radiation emitt- 
ed by an ideal black body at 
different temperatures as a 

- - function of the wavelength 
range to  which the eye 
(0.37-0.75pm) and the IR- 

S camera (2.0-5.6 p) are 
sensitive. 

FIG. 2. Jamforelse mellan 
str3lningsspektrurn for en 
absolut wart kropp och en 
verklig yta vid en ternpera- 
tur av ca 1 900 K. 

Comparison o f  the radiation 
spectrum for an ideal Hack 
body and that of an actual 
surface at a temperature of 
approx. 1900 K. 

2.1 The physical background to tempera- 
ture measurement using infrared tech- 
niques 

Temperature measurement using infrared techniques 
is based on the fact that all matter, owing to its heat 
content, continuously emits energy in the form of 
electromagnetic radiation. The energy radiating from 
an object, the energy flux, is a hnction of the tern- 
perature of the surface of this object. The energy 
flux is also dependent on the emissivity ( E )  of the sur- 
face and the wavelength range (A h) of the radiation, , 
Grigull(1961). This state of affairs is illustrated in 
FIGS. 1 and 2. FIG. 1 shows the radiation intensity 
from a black body as a function of the temperature 
and the wavelength of the radiation. 
The energy flux for a certain temperature and a 

certain wavelength range can be calculated from this 
curve by integrating it over the desired wavelength 
range. FIG. 2 shows the radiation intensity for an 
actual surface. As will be seen from the figure, the 
energy flux emitted by an actual surface is always 
less than that emitted by a black surface, i.e. the val- 
ue of e is less than unity. For the whole wavelength 
range, the energy flux emitted from the surface is 

FIG 2 

Stralningsintensitet 
Radiation intensity 
r l 



))svarb> kropp som funktion av temperatur och str% where 
ningens vAglangd. 

Energiflodet for viss temperatur och visst vaglangds- 
omrAde kan beriiknas ur dema  kurva genom integra- 
tion over onskat vA$angdsomrAde. I FIG. 2 v i w  
stralningsintensiteten for en verklig yta. Som fram- 
gir av figuren ar det utstralade energiflodet for en 
verklig yta alltid mindre an for en svart yta, dvs. E- 

vardet ar mindre an l .  Det frAn ytan utstrAlade ener- 
giflodet for hela viglangdsomrAdet ar: 

4 
E e = e l  ' ( 7 '  T 1  (1)  

dar 

Ee Energy flux emitted per unit area, w/mZ 
8 a Stefan-Bolzmann constant = 5.67 10- 

W/m2, IC4 

T 1  Temperature of the surface, K 

e1  Emissivity of the surface 

In practice, another item of knergy flux must be add- 
ed to the radiation emitted from the surface, that 
part of the energy flux received by the surface from 
the surrounding surfaces which is re-emitted by the 
surface. The re-emitted energy flux is 

Ee emitterat energiflode per ytenhet w/mZ 4 
E r = p l  . €2 o T2 t ' 

8 
( 2 )  

o Stefan-Bolzmanns konstant = 5,67 10- where 
W/m2 , K ~  

T 1  ytans temperatur, K E, Energy flux reflected, W/m2 

E ,  vtans ernissionstal p1 Reflective index of the surface 
l - 

T2 Temperature of the surroundings, K 
Till strillningen frin ytan addkras i praktiken ytterli- 
gare en energiflodespost, namligen den del av till ytan €2 Emissivity of the surroundings 

~nstrdlande energifliide fran omgivande Ytor, Kirchhoff S law states the following approximate re- 
Aterreflekteras av ytan. Det Aterreflekterade energi- lationship 
flodet blir: 

4 
E r = p l  € 2 .  U .  T2 

p l =  1 - e 1  ( 3 )  
( 2 )  The total energy flux emitted by the surface is there- 

dar fore 

Er reflekterat energiflode, W/mZ E = E e + E r &  :" 

p1 ytans reflektionstal 4 4 E = E , - U * T ~  + ( ~ - E ~ ) " E ~ - u ' T ~  
T2 omgivningens temperatur, K 

( 4 )  

If it were possible to measure the energy flux E and 
€2 omgivningens emissionstal if e2 and T2 were known, it would be possible by 
Enligt Kirchhoffs lag galler approximativt means of Equation ( 4 )  to obtain a measure, T 1 ,  of 

(3)  
the temperature of a surface. 

p l = l  - c l  The procedure is described in greater detail in the 
Det frin y tv l  utgiende energiflodet blir d3 totalt: following. 

E = EP + Er eller 
v .  

4 4 2.2 The principle o f  t h e  infrared camera 
E = E ~ . U -  T 1  + ( 1 - e l ) - e 2 - a .  T2 (4 )  

Determination of the enerm emitted by surfaces -- 
Kunde man u p ~ m a t a  energiflodet Each Om €1, €2  with a temperature of around 2 0 " ~ ,  i.e. the tempera- 
och T2 vore kanda skulle man medelst e h .  ( 4 )  kun- ture range which is of interest in building technology, 
na fAett matt, T 1 ,  p i  en ytas temperatur. was not technically feasible before since only camer- 

Tillvagagilngssattet beskrivs narmare nedan. as and types of film which utilized visible light were 
available. The very limited wavelength range which 

2.2 Principen f o r  inf rarodkameran 

For ytor med temperaturer omkring 2 0 " ~ ,  dvs. det 
temperaturomride som ar av intresse inom bygnads- 
tekniken var bestamning av utstrilad energi tidigare 
inte tekniskt mojlig d i  man endast hade tillgang till 
kameror och f h t y p e r  som utnyttjade synligt ljus. 
Det mycket begransade vaglangdsomridet som utgor 
det for ogat synliga (0,37-0,75 pm) framgir av FIG. 
1 .  I och med utveckling av infrarodtekniken har man 
emellertid numera skaffat sig hjalpmedel att i)sei) 
aven inom det for ogat osynliga strilningsornridet. 
Man kan med andra ord uppmata utstrilat energiflo- 
de f d n  foremal med en temperatur langt under 
5 3 0 ' ~  (rodvlrme), den tidigare 18gsta nsynliga tern- 
peratwen)). De moderna infrarodkamerorna, med 
kanslighetsomrade 2-5,6 pm, ar forsedda med ett 

is visible to the human eye (0.37-0.75 pm) is shown 
in FIG. 1. Owing to the development of the infrared 
technique, however, means are now available which 
enable us to ,)see)) even within the radiation range 
which is invisible to the eye. In other words, it is now 
possible to measure the energy flux emitted by an 
object with a temperature very much below 530°C 
(red heat) which was previously the lowest visible 
temperature. Modern infrared cameras with a sensiti- 
vity range of 2-5.6 pm are provided with a scanning 
system which makes possible the measurement of 
the individual energy fluxes emitted by a large num- 
ber of partial elements of a surface, and in this way a 
radiation image of the surface as a whole can be con- 
structed. 

There are at present about a dozen commercid in- 
frared equipments with a scanning system, among 



bildavsiikningssystem som m6jliggor uppmatning av 
den individuella energiutstr&&igen fdn  ett stort an- 
tal delelement av en yta och kameran kan darigenom 
bygga upp en ~stdlningsbilb av ytan. 

Det forekommer f.n. ett tiotal kommersiella infra- 
r6dutrustningar med bildavsijkning, &ribland tv& 
svenska, nhligen fr8n AB AGA och AB Bofors. En 
infrarodutrustnkg bestir dels av en kameraenhet for 
avsiikning och uppmatning av str;llningen, dels av en 
bildenhet for &skadliggiirande m matresultatet i form 
av en vmebild (termogram), Borg (1968) och Sund- 
strom (1968). 
Karneran har tv& uppgifter: bildavsokning och om- 

vandling av den fokuserade infrarijdstrilningen till 
en elektrisk signal (videosignal). 

Avsijkningen kan arrangeras ~ foljande satt, se 
FIG. 3. Den infallande st-gen reflekteras av en 
sfirisk spegel mot en oscillerande planspegel, vilken 
ger en vertikal avsiikning av bilden. Planspegeln re- 
flekterar strilningen mot en roterande, genomskinlig 

Den horisontella skalan p i  termogrammets nedre del 
ar en kontinuerlig griltonsskala fdn  svart till vitt. 
Skalan I r  indelad it io delstreck frAn noll till ett. Den 
vanstra och hogra vertikala skalan anger IR-kamerans 
olika matomdden (1 -1000 ismemenheter). Aktu- 
ellt matomdde anges av den svarta slitsens Iage p3 
den vertikala skalan (hir 10). 

them two Swedish ones, those made by AB AGA 
and AB Bofon. An infrared equipment consists of a- 
camera unit for the scanning and measurement of ' 
the radiation and a display unit for illustration of 
the results of measurement in the form of a thermal 
image (thennogram), Borg (1968) and Sundstrijm 
(1968). . ~ 

The camera ,has two duties, that of scanning the ob- 
ject and convsrting the focussed infrared radiation 
into an electrical signal (video signal). 

Scanning can be arranged in the way shown in FIG. 
3. The incident radiation is reflected by a spherical 
mirror towards an oscillating plane mirror which 
scans the image vertically. The plane mirror reflects 
the radiation towards a rotating translucent prism 
which scans the image horizontally, and the image is 
then focussed on the IR-detector of the camera and 
converted into a video signal. 
The apparatus continuously scans and focusses sev- 

eral frames per second, each containing about 10,000 
picture elements. This produces a greatly detailed 

position of the black slit on the vertical scale (in this 
case 10). 
In the thermal image, the density is a function of 

Signal fbr vert ibl  synkronisering 
Signal for vertical synchronisation 

Oscillerande planspegel 
Oscillating plane mirror 

FIG. 3. Principskiu for 
nralg8ngen i en I R-kamera. Spherical mirror 
Sketch showing path of rays 
in an I Rcamera. 
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IFIG. 4. Fotografi samt o l i b  
typer av termogram for sm- 
'na matobjekt. 

'hotograph and different 
-,ypes of thermogram of the 

same object. 

-3 .  Fotografi. 
Photograph. 

: "b. Termogram. I n g  isater- : mer inlagda (gratonsbild). 
l & 

I Thermogam. No imposed 
'isotherm kiwnochrom im- 
-bp. 

c. Termogram med en iso- 
termmarkering (isterm- 
bild). 

Thermogam with on@ isa- 
therm marking (isotherm 

d. Twmwram rned tlra iso- 
termmarkerin9 (isterm- 
bild). 

1 Thermgam with two i ~ ) -  
-)'therm markins (imsotkrm 

image). 

I varmebilden ar svartningsgraden en funktion av den 
utstralade energin och darned  temperaturen hos den 
undersokta ytans olika partier. IR-kamerans ternpe- 
raturomrade ar ca-30°C till + 2 0 0 0 " ~ .  I narheten 
av +30°C mater kameran temperaturen rned en u p p  
losning som ar battre an 0 , 2 ' ~ .  For underlattande av 
uppmatning av temperaturskillnader mellan olika yt-  
partier horn  varmebilden har IIR-kameran forsetts 
rned e2s.k. isotemfunktion. bled hjalp av d e ~ a  kan 
y tpartier inom varmebilden rned samma temperatur 
bringas at t  lysa upp - isoterrner uppstar i bildfaltet 
och man f&r en isotermbild (FIG. 4c). Isotermes kan 
forlaggas p% valfri temperatur och ornspanna v d a -  
belt temperaturomrade inom bilden. Vissa kameraty- 
per ar utrustade med tv i  isotermfunktioner (FIG. 4d) 
for underlattande av temperaturdifferensavlasning. 
Den &sUdli@orda temperaturnivan bestams av iiso- 

t e m a r k e r i n g e n s  (vit spalt) Iage p& bildens gd ton-  
skala. Isotemfunktionen kan anvandas dels vid over- 
slagsrnassig kontroU av temperaturfordehingen p% en 
yta dels for att bestamna skillnaden i yttemperatur 

energy emitted and therefore also of the temperature 
of the different parts of the surface under examina- 
tion. The temperature range of the [R-camera is ap- 
proximately -30°C t o  +2000"C, and near +30°C the 
camera measures the temperature with a resolution 
that is better than 0.2"C. In order to facilitate meas- 
urement of differences in temperature between dif- 
ferent parrs of  the surface in the thennograph, the 
IR-camera has been equipped with an isotherm func- 
tion. With the aid of  this, parts of  the surface which 
have the same temperature can be made to glow in 
the rhermograph - isotherms are imposed on  the 
frame and an isotherm image is obtained (FIG. 4c). 
The isotherms can be set at any temperature and a 
variable temperature range can be covered in the im- 
age. Some types o f  camera are equipped with two 
isotherm functions (FIG. 4d) in order to  facilitate 
determination of temperature differences. The tem- 
perature level thus revealed is determined by the po- 
sition of the isotherm marking (white) o n  the grey 
scale of the thermograpk. The isotherm mechanism 



FIG. 5. Fargtermogram av 
. r vtiggparti vid golvhorn. Den 

vertikala skalan anger IR- 
- kamerans olika matomraden 

(1  -1 000 isatermenheter). 

1 
Den wana slitsen i matskb 
lan anger dst aktuella mat- 
omradet (1  0). Varje fargton 

- ' mtwarar  e n  visst tempera- 
turomrade. 

"1 Colour thermogram of por- 
t tion of wall at corner of 

- ' floor. The vertical scale in- 
dicates the different ran- 

,. of measurement of the I R- 
camera (1 -1000 isotherm 
units). The black slit in the 
scale indicates the ran* of 
measurement in use (10). 
Each shade of colour m r r e  

' w n d s  to a certain temper- 
-'ature range. 

mellan valda punkter pa den betraktade ytan. I ter- 
mogrammets gdtonskala (nederst) kan skihaden 
mellan isotermmarkeringarna av&s+ Multiplieras 
detta viirde med aktuellt matomr4de (se den svarta 
slitsen) erhalls isotermskillnaden i isotermenheter. 
Motsvarande skillnad i celciusgrader CC) e r W s  om- 

' 

aktuella vkden indtts i kamerans kaltireringsfunk- 
tion (se exempel i kapitel2.3). 

I FIG. 4d kan man avlasa en skihad av ca 0,1 mel- 
lan isotermmarkeringarna. Multiplikation med 10 ger 
dA isotermskillnaden l i isotermenheter. Om man an- 
tar att emissionstalit for hud ar ungefar l och att hu- 
dens yttemperatur ar ca 3 0 ' ~  blir den verkliga tem- 
peraturskillnaden mellan isotermerna ca 1°C. 

Med hjalp av en arskild teknik, sorn beskrivs i resp. 
kameratillverkares instruktionsbok, kan aven fargter- 
mogram framstdlas diir varje fargton motsvarar ett 
visa temperaturintervall. God AsHdlighet av tempe- 
raturfordelningen uppnas p& detta dtt. Som exempel 
se fargbilden pi% omslagets framsida Samma figur vi- 
sas i wart-vitt i FIG. 5. 

Som ovan angivits b e s t m e r  IR-kameran endast 
relativa temperarurskillnader inom bildfdtet. dnskar 
man bestbma absolut ternperaturfordelning for den 
undersokta ytan erfordras dels krimedorn orn s m  
ternperatur i en referenspunkt horn miitytan, dels 
emissionstalet fiir referensytan och hela matobjektet, 
dels slutligen kamerans s.k temperaturfunktion och 
kalibreringskurvor. Nedan redogors for principen for 
kvantitativ besthning av en temperaturfordelning 
medelst termografering. 

2.3 Bestamning av absolut temperaturfor- 
delning medelst IR-karnera 

Vi bo jar med att harleda sambandet mellan pa ka- 
merans skarm uppmatt skillnad mellan isotermviir- 
den och motsvarande sann temperaturskillnad. 
F r h  en yta med temperaturen T1 och emissionsta- 

let e1 utstdlar enligt ekv. 4 foljande energiflode orn 
omgtvande (rnotstraande) ytor har temperaturen TR 
och emissionstalet ER : 

4 4 
E 1 = € l ' U * T 1  + ( ~ - E ~ ) E ~ ' U * T ~  (5) 

Befmer sig vid termografering dessutom en delyta 

11 

can either be used in general control of the distribu- 
tion of temperature over a given surface or to deter- 
mine the difference in surface temperature between 
the points selected on the surface studied. The dif- 
ference between the isotherm markings can be read 
off on the thermograph's grey scale (bottom). Lf this 
value is multiplied by the value for the current area 
of study (see the black slit), the isotherm differential 
in terms of isotherm units can be obtained. The cor- 
responding difference in degrees Celcius e ~ )  is ob- 
tained if the current values are inserted in the cam- 
era's calibration mechanism (see example in Chapter 
2.3). 

A difference of about 0.1 between isotherm mark- 
ings can be read off in FIG. 4d. Multiplication by 10 
then gives an isotherm difference of 1 in isotherm 
units. If it is assumed that the emissivity of skin is 
about 1 and that the surface temperature is approxi- 
mately 30°c the actual diffeience in temperature be- 
tween isotherms is about 1 '~ .  

By using a special technique which is described in 
the instruction manual of the camera manufacturer 
in question, it is also possible to produce colour ther- 
mograms in which every shade of colour corresponds 
to a certain temperature interval. The temperature 
distribution is illustrated very clearly in this way. 
For illustration see the figure on the front cover. The 
same figure is shown in black and white in FIG. 5. 
As stated above, the IR-camera determines only the 

relathe temperature differences in the image. If it is 
required to determine the absolute temperature dis- 
tniution over the surface being studied, it is neces- 
sary to know the true temperature of a point of re- 
ference inside the measurement surface, the emissivi- 
ty of the reference surface and of the whole object 
of measurement, and the temperature function and 
calibration curves of the camera The principle of 
quantitative determination of the temperature distri- 
bution by means of thermography is describedbelow. 

2.3 Determination of the  absolute tempera- 
ture distribution using an IR-camera 

We will begin by deriving the relationship between 
the difference between the isotherm values measured 
on the screen of the camera and the corresponding 
true temperature difference. 

If the surrounding (reflecting) surfaces have a tem- 
perature TR and emissivity ER, then according to 
Equation (4) the following energy flux will be emitt- 
ed from a surface with a temperature of T1 and 
emissivity E : 

If during thermography there is also a partial surface 
with the temperature T2 and emissivity e2 within 
the field of view, then the following relationship is 
obtained for this partial surface in the same way: 

If isotherms are imposed over the two partial sur- 
faces with temperature T1 and T2, the isotherm dif- 
ference measured on the screen of the camera, AIl2, 
will have the following value: 



med temperaturen T2 och emissionstalet e2 inom &Il2 = k (El - E2) (7) 
bildfdtet f i s  p& samma d t t  for denna delyta: 

4 2 where k is a constant which is dependent on the . - 
E 2 = e 2 - u 0 T 2  + ( ~ - E ~ ) E ~ - U * T ~  (6) properties of the camera. 

iwtermer over de b&da delytorna med tern. If the values in Equation (5) and (6) are substituted 

peratwen Tl asp. T2 fir  den pQ kamerans bildskarm into Equation (7). we have 
uppmatta isotermskillnaden A I1 foljande varde: 4 .  4 

U T1 -l- ER - U TR- 

AIl2= k (E1 - E2) (7) 
. 

4 
dar k ar en konstant som beror av kamerans egen- - E ~ * U * T ~ - ( ~ - € ~ ) - E ~ * U * T ~ ]  (8) 

skaper. If ER is put equal to unity, we have 

Med varden frin ekv. (5) och (6)  insatta i ekv. (7) 4 4 
A112=k.~l'~'(T1-TR)-k.E2'0' 

4 4 4 4 
AIl2= k e l - a - T 1  + ( ~ - E ~ ) ' E ~ ' u ' T ~ -  (T2 - TR) (9) f%s 

4 4 4 
- € ~ * U . T ~ - ( ~ - E ~ ) . E ~ . U . T ~ ]  (8) I f w e p u t k . u . ( T  -TR)=flT) (10) 

we have 
Valjes ER = 1 f%s 

4 T 4 ) - k . e 2 * u '  AIl2 = €1 f (T1) - €2 f (T2) 
A r 1 2 = k . ~ 1 ' u * ( T 1  - R 

(11) 

The function f (T) can be determined experimentally 
4 4 and is shown for the camera AGA 680 in FIG. 6 

(T2 - TR) (9) (there is a separate curve for each objective aperture). 
4 4 

S a t t e s k 0 u . ( T  -TR)=f (T)  (10) If the ambient temperature (counter-reflection tern- 
perature) TA which prevails during a time when a 

f is  measurement is carried out is not the same as the re- 

= €1 ' f (T1) - €2 . f (T2) (1 1) 
ference temperature TR chosen during calibration of 
the camera, we have 

Funktionen f (T) kan b e s t m a s  experimentellt och A I l 2  = 
framgar for kameran AGA 680 av FIG. 6 (en sarskild 

€1 [ f ( ~ ~ )  - f ( ~ ~ ) ]  - €2. 

kurva giller for va rje objektivapertur). 
6verensstimmer den vid ett valfritt mattillfalle rA- *[f(T2) -fVA)] (1 2) 

dande omgivningstemperaturen (motstralningstem- If Equation is solved for f ( ~ ~ ) ,  we have 
peraturen) TA ej med den valda referenstemperatu- 
ren vid kamerans kalibrering, TR f is  A112 €1 €2 

f ( T I ) = 7  1 + - - f ( T 2 ) + ( l  € 2  -€-)f(TA) 1 

~112= '1 '  [ f ( ~ ~ )  - f ( ~ ~ ) ]  - e2* 
(13) 

[ f ( T ~ )  f (TA)] 
where 

(12) 

h s e s f  (T1) ur ekv. (12) f ~ s  T1 Temperature at point 1 on the object of 
measurement 

A112 €2 €2 T2 Temperature at point 2 on the object of 
f ( T ~ ) '  7 + < - f ( T 2 ) + ( 1  -T ; )~ (TA)  measurement 

(13) TA Ambient temperature 

Isotermenheter f (77 
Isotherm units f (77 

Appertur f l l .8  Emissivity at point 1 on the object of 
Aperture f l l .8  measurement 

20 e2 Emissivity at point 2 on the object of 

T~ 
1 
F measurement 

- d 

-1 
FIG. 6. Kalibrerinwkurva 
med inlagt tillampningsex- 

m 

empel ftir AGA THV 680 
: (m taxten). I - 

Calibration curve with ex- - ample showing application 0 , to the AGA THV 680 cam- -m era (see the body of the r e  0 10 20 30 
-1 

port). Ynemperatur I Surface temperature ('C) 

A 112 Difference in isotherm units between the 
isotherm markings in the grey scale for 
points l and 2 on the screen 

f (T1) Value of the function according to the 
calibration curve of the camera for T1 

f (T2) Value of the function according to the 
calibration curve of the camera for T2 

f (TA) Value of the function according to the 
calibration curve of the camera for TA 

If the quantities on the right-hqd side of Equation 
(13) are known, f (T1) can be calculated. The value 



dar 

T1 Temperatur i punkt 1 pA matobjektet 

T2 Temperatur i punkt 2 p& matobjektet 

TA Omgivningens temperatur .- 
el  Emissionstal i punkt l pA matobjektet * 

e2 Emissionstal i punkt 2 pA matobjektet 

A 112 Skillnad i isotermenheter mellan iso- 
termmarkeringarna p& gr;ltonskalan for 
punkt 1 och 2 pi% bildskknen 

f (T1) Funktionsvardet for T1 enligt kamerans 
kalibreringskurva 

f (T2) Funktionsvardet for T2 enligt kamerans 
kalibreringskurva 

f (TA) Funktionsvardet for TA enligt kamerans 
kalibreringskurva 

Ar storheterna p i  hijgra sidan av ekv. (13) E n d a  kan 
f (T1) beri$nas. T1 kan a re f t e r  avlasas ur kamerans 
kalibreringsdiagram (se FIG. 6). 

Exempel 

Antag att 

t2 = 22OC [T= (t + 273) K] 

tA = 24Oc 

€1 = 0,85 

€2 = 0,97 

A I l 2  = -5 isotermenheter 

t l  s6ks 

Ur kalibreringsdiagrammet i FIG. 6 fas 

f (t2) = 16,2 isotermenheter 

f (tA)= 18,O isotermenheter 

Indtts  de kiinda uppgifterna i ekv. (13) fas 

f ( t l )  = -5,9 + 18,4 - 2,5 = 10,O 

Ur FIG. 6 fas t1 = 1 4 , 6 ' ~  

Ekv. (13) kan aven anvandas for bestiimning av emis- 
sionstalet e l  for en yta om ytans temperatur T1 och 
de ovriga storheterna i uttrycket 51 kinda (se nedan). 

2.4 Uppmatning av emissionstal for bygg- 
nadsma terial 

Sorn tidigare framhallits varierar emissionstalet ( E -  
vardet) for olika material med dvail temperatur som 
st ralningens viglangd. Emissionstale ts variation med 
temperaturen kan forsummas inom det for byggnado 
material aktuella temperaturomridet (0mkring 
- 2 0 ' ~  - + 30°C), medan beroendet h vaglangden 
d s t e  beaktas Emissionstalet anges for olika materi- 
al i standardtabeller. Vardet anges &r dels for vissa 
distinkta vaglangder, dels som ett totalvarde for hela 
viglbgdsomddet. 

Eftersorn IR-kameran endast kan uppmata stdl- 
ningen inom viglangdsomridet 2-5,6 pm ar det av 

of T1 can then be read off the calibration diagram of ' 
the camera (see FIG. 6). 

Example 

Assume that 

AIl2 = - 5 isotherm units 

The value of t l  is required. 

From the calibration diagram in FIG. 6, 

f (t2) = 16.2 isotherm units 

f (tA)= 18.0 isotherm units 

If the known information is substituted into Equa 
tion (13), we have 

From FIG. 6, tl = 1 4 . 6 ' ~  

Equation (13) can also be used for determination of 
the emissivity e l  of a surface if the temperature T1 
of the surface and the other quantities in the expres- 
sion are known, see below. 

2.4 Measurement o f  the emissivity of build- 
ing materials 

As poinied out before, the emissivity e of different 
materials varies both with the temperiture aqd the 
wavelength of the radiation. The variation in the val- 
ue of the emissivity with the temperature can be ig- 
nored within the temperature range of interest for 
building materials (from about -20°C to  +30°C), 
but the variation with the wavelength must be taken 
into account. The emissivity for different materials 
is tabulated in standard tables, where it is stated both 
for certain distinct wavelengths and also in terms of 
an overall value for the whole wavelength range. 

Since the IR-camera can only measure radiation 
within the wavdengh range 2-5.6 pm, it is of inter- 
est that values of the emissivity for this range should 
be determined for building materials. It is these val- 
ues of the emissivity which should primarily be used 
in determining the temperature distribution in the 
thermogram. 

A preliminary investigation has been carried out at 
the Heating and Ventilating Laboratory of the Na 
tional Swedish Institute for Materials Testing in or- 
der to determine values of the emissivity applicable 
for the IR-camera for a number of common building 
materials. The principle described in Section 2.3 was 
applied during the procedure, the value of E being 
calculated from Equation (13). (Equation (13) was 
solved for e1 .) The investigation was performed in 
a climatic installation equipped with a test room 



intresse att e-vardet for detta omrade faststdls for 
byggnadsrnaterial. Det ar dessa evarden sorn i forsta 
hand bor anvandas yid bestamning av temperaturfor- 
delningen i termogramrnen. 

Vid Statens provningsanstalts VVS-laboratorium 
har en orienterande undersokning utforts for att 
faststalla for IR-kameran tillampliga evarden pA ett 
antal vanliga byggnadsnaterial. Vid bestmningen 
tillampades den princip som beskrivits under 2.3, 
varvid e-vardet beranas  ur ekv. (13). ( E  i ekv. (13) 
sijks.) Undersijkningen utfordes i en Ua tan lagg-  
ning forsedd rned ett matrum och ett klirnatrum, bi-  
da temperaturreglerade och Atskilda genom en skilje- 
vagg av cellplast (se FIG. 7). 

Matrummets stralningsegenskaper valdes d att de i 
stort motsvarade ett bostadsrum. Strilningsegenska- 
perna definierades av foljande forhillanden: vaggar 
och tak var m%lade rned oljefarg och golvet tacktes 
av korkmatta. Vaggarnas, takets och golvets yttempe- 
ratur var konstant och omkring 20°C Under mat- 
ningens gang vistades en person i rummet nara karne- 
ran. Varmek$illan i matrummet placerades bakom en 
strillningsskyddad aluminiumplAt, FIG. 8. Tjugofyra 
provytor rned dimensionerna 20 X 20 cm fastes se- 
dan i dartill avsedda hill i skiljevaggen (se FIG. 9) 
mellan matrurn och klirnatrum. Matningarna utfor- 
des vid tre olika varden p% provernas yttemperat71r. 
Yttemperaturen reglerades genom installning av kli- 
matrurnrnets temperatur p i  lampliga varden. Det 
sokta E-vardet anges som medelvardet av de tre for- 
soksresultaten. Vid matningarna riktades varmeka- 
meran vinkelratt mot respektive provyta, pA ett av- 

-FIG. 8. Bild av varmekallans 
placering i ,,,atrummet. stand av 2 m fr%n prowaggen (X FIG. 7). En tempe- 

-'hotograph showing placing raturreferens typ AGA modell 1010 anvandes. Refe- 
,f the source of heat in the rensen var vid varje exponering placerad p% prowag- 

7est  rmm. gen i kamerans bildfalt, se FIG. 10. 

-=W Temperaturreferensens yttemperatur var reglerbar 
r lG.  9. Upprnonterade fran + 16°C - + 100°C med en noggrannhet av 
3rovytor for ernissionstals- 
Destamning. 2 0,2'C och med en korttidsstabilitet (1 tim.) av 

0 , 0 2 ' ~ .  Fore anvandningen kalibrerades referensen 
Mounted test surfaces for 

4 

of the emissi- mot en ekvivalent svartkroppstemperatur. (Detta in- 

.- vity. neba~ att om referensens temperatur installs pi% no- 

. .#% 

FIG 8 FIG. 9 

Matrum I Test room I 
I ning av 6nskad tempera- 

tur p?j provplattornas 
Provplattor ytor) 
Test surfaces 

! Climate room (for set- 
Varmekamera ting the desired temper- 
i Rcarnera ature on the surface of 

the test squares). 

FIG. 7. Skiss av klimatanlaggning rned prowegg for emis- 
sionstalsbestarnning (se iven FIG. 8 och 91. 

Sketch of climatic installation with test wall for deterrnina- 
tion of the emissivity (see also FIGS. 8 and 9). 

and a climate room, both of which were under tem- 
perature control and were separated by a partition 
of cellular plastic (see FIG. 7). 

The radiation properties of the test room were 
chosen in such sway that they approximated to 
those of a room inside a flat. The conditions which 
defined the radiation properties were that the walls 
and ceiling were painted with an oil paint and the 
floor was covered by a cork mat, and that the sur- 
face temperature of the walls, ceiling and floor 
were kept constant at around 20°C. One person 
was inside the room near the camera during the 
time measurements were carried out. The source of 
heat in the test room was placed b e h d  a radiation- 
protected sheet of aluminium, FIG. 8. Twenty-four 
test surfaces measuring 20 x 20 cm were then 
mounted in holes provided for this purpose in the 
partition between the test room and the climate 
room (see FIG. 9). Readings were taken for three 
different values of the surface temperature over the 
test surfaces, the different values being obtained by 
setting the temperature of the climate room at suit- 
able values. The value of emissivity quoted is the 
mean of the three test results. During the measure- 



%FIG. 10. Cirkullr tempera- 
turreferens av typ AGA MO- 

- dell 1010 placerad p8 prov- 
vijssen. 

rcircular AGA Model '1010 
te,nperature reference 

-placed on the resr wall. 

, FIG. 'I 1. Isotermbild av 
a provyta dar det hirqre iso- 
rermvardet (hogra vita spal- 

-- ten p3 den horisontella s b  
lanl rnotwarar temperatur- 

* referensens yttemperatur 
och det Iagre isotermvardet 
(vanstra spalten) motsvarar 
den kanda ynemperaruren 
hos provytan. 

S: 

Isotherm image of the rest 
surface in which the higher 
isotherm value (the right- 
hand white bar on the hori- 

B zontal scale) corresponds to 
the surface temperature of 
the temperature reference 
and +he lower isotherm 

a vi the left-hand bar) 
cortcsponds to the known 
surface temperature of the 
test surface. 

minellt 22"C, emitteras fr&n referemn en straining 
som motsvaear stralningen f d n  en wart kropp me8 
temperaturen 22°C.) 

Kamerans isoteemfunktion anvandes d att det ena 
isotemvardet motsvarade referensens yttemperatur 
och det andra isoteemvardet provytans yttemperatur. 
Provytans absoluttemperatur bestihndes medelst ter- 
moelement (se FIG. I I). 
Under matserien registrerades yttemperaturema p& 

skrivare. Temperaturvariationen hos provytoma un- 
der matserien var mindre i n  0,2"C, vaket v 3  fyllde 
uppstallda krav. 

Mtresultet (se BIL. l ,  TAB. 3) 

Ur ekv. ( 1 3 )  erhklles orn c2 Gtts = 1. 

ments, the infrared camera was positioned at a disr 
tance of 2 m from the test wall and was pointed at 
right angles towards the test surface in question 
(see FIG. 7). The AGA Model 1010 temperature re- 
ference used was placed on the test wall in the field 
of view of the camera during each exposure. See 
FIG. 10. 

The surface temperature of the temperature refer- 
ence could be regulated from +16"C t o  + l&C 
with an accuracy of k 0 . 2 O ~  and with a short-teem 
stability (1 hour) of 0 . 0 2 " ~ .  Prior to being used the 
reference was calibrated against an equivalent black 
body temperature. (This means that if the tempera- 
ture of the reference is set at the nominal value of 
2 2 " ~ ,  the reference will emit radiation which cor- 
responds to radiation emitted by a black body with 
a temperature of 22°C.) 

The I"sotherm function of the camera was used in 
such a way that one isothem value corresponded 
to the surface temperature of the refermce and the 

De uppmatta emissionstalen anges i TAB. 3 och ut- other isotherm value to the surface temperature of 
gor medelvarden for tre matningar vid olika yttem- the test surface. The absolute value of this tempera- 
peraturer hos provema. ture was determined using a thermocouple (see FIG. 11) 

During the measurement series, the surface lem- 
peratures were recorded on a plotter. The variation 
in the temperature of the test surfaces during the 
test series was less than 0 . 2 " ~ ,  which fully satisfied 
the requirements. 

Measurement res~alrs: (see Appendix I ,  TAB. 3) 

If is put = 1 ,  the following is obtained from 
Equation (13): 

f i e  values of emissivity measured are shown in 
TAB. 3 and are the means of the three mewre-  
ments carried out at. different surface temperatures 
over the rest surfaces. 



3 Termografering av byggnader 3 Thermography of buildings 

. 
3.1 Relationship between surface tempe- 

rature distribution and the thermal re- 
sistance of an external wall 

3.1 Samband mellan yttemperaturfordel- - 
ning och viirmemotstiind hos yttewagg 

Som tidigare niimnts framtrader oj-eter i varme- 
motstAndsfordelningen hos en vagg med olika ytter- 
och innertemperaturer som temperaturvariationer 
pA vaggens ytor. Det kan vara av intresse att narrna- 
re qdersoka vilka faktorer som piiverkar tempera- 
turfordelningen p& vaggytan. Sarnbandet mellan en 
planparallell vaggs varmemotstAnd och yttemperatur 
kan harledas p& foljande siitt: 

Temperaturfallet over en vagg vid endirnensionellt 
varmeflode raknat fran luft till luft framgar av FIG. 
12. Enligt varmeoverforingsteorin kan varmeflodet 
genom vaggen i detta fall uttryckas genom foljande 
ekvationer: 

Reference has been made previously to the fact 
that irregularities in the distribution of thermal re- 
sistance in a wall which has different exrernal and 
internal temperatures are manifested as tempera- 
ture variations over the surfaces of the wall. It may 
be of interest to ascertain in greater detail which 
are the factors that affect temperature distribution 
over the surface of a wall. The relationship between 
the thermal resistance of a wall with two parallel 
plane surfaces and the surface temperature of such 
a wall can be derived in the following way: 

The drop in temperature over a wall during single- 
dimensional heat flow from air to air is shown in 
FIG. 12. According to the theory of heat transmis- 
sion, the heat flow through the wall in this case can l 
be expressed by means of the following equations: 

dar 

q Varmeflode per ytenhet 

mi VarmeovergAngsmotst&nd vid vaggens varma 
Yta q Heat flow per unit area 

mj Surface resistance at the warm surface of the 
wall 

m, Surface resistance at the cold surface of the 
wall 

m Thermal resistance of the wall 

tj Air temperature on the warm side 

toi Surface temperature of the wall on the warm 
side 

to, Surface temperature of the wall on the cold 
side 

t ,  air temperature on the cold side 

If q is eliminated from Equations (15) and (1 8), 

if q is eliminated from Equations (17) and (181, 

I JIG. 12. Ternperaturfdr- 
IOW i v- vid endimensie 
nellt viirmflBde. 

%rap in temperature ower B ? wall in single-dimemional 
heat flow. I t  will be seen from Equations (19) and (20) that 



m, Vdrme6ver@ngsmotstand vid vagens kallayta the surface temperatlires toi and t ,  of the wall on a 

m Vaggens varmemotstiind the warm and cold sides respectively are determined 
by the thermal resistance (m) of the wall, on condi- 

ti Lufttemperatur p i  v m a  sidan tion that the other quantities in the expressions 

t,i Vaggens yttemperatur @ varma sidan 

to, Viggens yttemperatur p& kana sidan 

t, Lufttemperatur pii kalla sidan 

Elirnineras q ur e h .  (15) och (18) fis 

mi ( f i  - tu) 
toi = ti - 

m i + m + m ,  (19) 

Elimineras q ur ekv. (17) och (18) fis 

AV ekv. (19) och (20) framgar att vaggens yttempe- 
ratur p& varma sidan, toi respektive p& kalla sidan, 
t ,  bestiims av vaggens varmemotst&nd. m, under 
fdrutdttning aft de iuttrycken (19)och (20) ingaen- 
de ovriga storheterna, varmeovergAngsmotstiinden 
q, och mi och lufttemperaturen pB den kalla och 
vanna sidan, tU och ti ar b n d a  och konstanta d v d  
i tiden som i vaggens plan. (TiZmpning av ekvatio- 
net for endimensionellt vmeflode ppb en v a ~  med 
varierande varmernotstAnd innebar en approximation 
som dock kan godtagas vid denna principdisku&on.) 

Vid faltmatning av yttemperatur ar overgangsmot- 
stiinden vid vamtan normalt ej b d a .  Foljaktligen 
saknas mojligheter att med hjalp av enbart termogra- 
fering bestiimma vaggens viirmemotstandsfordelning 
kvantitativt. Daremot fims goda mojligheter att med 
termograferingens hjalp bilda sig en uppfattning om 
en relativ varmemotstpbndsfordelning for vagen och 
darmed lokalisera partier hos vaggen som inneuller 
isolerfel. Vid dema lokalisering foreleer viss fara 
for fow3xling av isolerfelsbetingade temperatu~aria- 
tioner pA vaggtan med ddana som fororsakas av 
lokala variationer i varmeoverghgsrnotstpbnd, Adam- 
son (1971). 

Sadana lokala andringar av ove@ngmotstAnd k m  
astadkommas av luftstromning och varmestralning 
fdn  varmek3llor. I hornpartier har man exempelvis 
alltid andra overgangsmotstAnd iin ppb vaggen i ovrigt, 
eftersom geometriska forhallanden paverkar luft- 
stromnings- och strAlningsforlopp. Som framgar av 
redogorelse b1.a. under 3.4 och 5.35 kan man dock 
genom anvandning av typtermogram for typvaggar 
och med erfarenhet av tidigare matningar oftast myc- 
ket v d  avgora skillnaden mellan temperaturvariatio- 
ner p& vaggytan betingade av byggfel och ddana som 
ar betingade av skilda varmeove~gmots t ind  i oli- 
ka vaggpartier. 

(19) and (20), the surface resistancet iu and mi and 
the air temperatures tu and ti on the cold and warm 
sides respectively are known and maintained con- 
stant both in'time and along the plane of the wall. 
(Application of equations for single-dimensional 
heat flow to a wall with a variable thermal resist- 
ance entails an approximation which can however 
be accepted in this general discussion.) 

During field measurements of the surface tempe- 
rature, the surface resistances at the surfaces of the 
wall are generally unknown, and there is conse- 
quently no possibility of quantitatively determi- 
ning the distribution of thermal resistance by 
thermography alone. On the other hand, however, 
the chances of forming an idea with the aid of 
thermography of the relative distribution of ther- 
mal resistance over the wall, and in this way loca- 
ting parts of the wall which contain defects in insu- 
lation, are very good. In this location process there 
is some risk that temperature variations over the 
surface of the wall which are due to defects in insu- 
lation may be mistaken for variations which are 
caused by local variations in surface resistance, 
Adamson (1971). 
Such Iocal changes in surface resistance may be . 

caused by air flow and thermal radiation from 
sources of heat. For instance, at corners the sur- 
face resistance is always different from that of oth- 
er parts of the wall, since geometrical conditions 

.. affect air flow and radiation processes As will be 
&en from Sections 3.4 and 5.35 and other Sections, 
however; it is very often possible by using typical , 

thennograms for typical walls and op the basis of 
experience acquired during previous measurements, 
to distinguish clearly between temperature varia- 
tions along the surface of the wall which are due to 
building defects and those caused by differences in 
surface resistance in different parts of the wall. 

3.2 Relationship between distribution of 
surface temperature and ingress of  air 
through small openings 

Defects in insulation in the form of small openings 
can also be detected by measurements of surface 
temperature. If the pressure in the building being 
studied is below that outside, air will flow into the 
room. Since external air flowing through narrow 
openings usually adheres to adjacent parts of the 
wall and cools these down, cold wall portions of 
characteristic shape are formed.  ring therm* 1 
graphy, the cold wall portions can be easily detect- i 

3.2 Samband mellan yftemperatuddrdel- ed and any air flow measured by mems of i 
@ ning och luftbckage genom otatheter mometer. In the same way, when he pressure in E 

Aven isolerfel i form av otatheter km uppt2ckas ge- the building being studied is higher than that out- 
nom yttemperaturmatning. Vid undertryck i den un- side, parts of the wall on the warm side, near points 
dersdkta byggnaden instrommar uteluft till rummet. where the air in the room flows outwards, will be- 
Uteluftstrommen genom smala oppningar widhaftan, come warmer. 



vanligen pii angransande vaggpartier och avkyler des- 
sa. Foljden blir att kalla vaggpartier med karakteris- 
tisk form uppstir. Vid termografering kan de kalla 
vaggpartierna latt kartlaggas och eventuell luftstrom- 
ning konstateras medelst anemometer- P i  motsvaran- 
de d t t  erhalls vid overtryck i den undersokta bygg- 
naden uppvarmda vaggpartier pii vaggens varma sida 
dar rumsluft strommar ut. 

3.3 IR-karnerans upplosningsformaga vid 
termografering av byggnader 

IR-kamerans temperaturupplosningsformaga i narhe- 
ten av rumstemperatur I r  hogst 0,2"C. Med kame- 
dom om denna uppgift kan man b e s t h m a  den min- 
sta reducering av en vaggs varmemotstAnd som IR- 
karneran natt och j h n t  kan upptacka vid olika ytt- 
re betingelser. 

Exempel 

En yttervagg bestaende i huvudsak av 15 cmomineral- 
ull med varmeledningsformigan 0,03 W/m, C testas. 
Ur detta f&s vaggens varmemotstiind, m = 0,15/0,03 
m2, "c/w. 

Varmeoverg&ngskoefficienten %te valjes till 20 W/ 
/m2, "C och ainne till 6 W/mZ , "C. Med hjalp av ekv. 
(15) och (18) fiis for luftternperaturskillnaden 1 0 " ~  
att en minskning av vaggisoleringen med 40 % natt 
och jamnt kan upptackas. Motsvarande isolerings- 
minskning for lufttemperaturskillnaden 20°C ar 25 % 
och for temperaturskillnaden 40°C 14 %. 
AV exemplet frarngsr, att en viss minimitemperatur- 

skillnad mellan rums- och ytterluft vid termografe- 
ring alltid miiste forutdttas for uppniiende av erfor- 
derlig upplosningsforrniga. Sambandet mellan till- 
ganglig temperaturgradient over vaggen och lagsta 
upptackbara isoleringsminskning frarngSr av FIG. 13. 

Vid termografering av otathetsfel ar forhillandena 
gynnsammare. Detta g a e r  Grskilt vid undertryck i 
rummet. Eftersom i detta fall ytterluften kommer i 
direkt kontakt med vaggens varma yta och kyler den- 
na ar det tillfyllest med endast nagon grads tempera- 
turskdlnad mellan rums- och ytterluft for att en tyd- 
lig indikation i form av lagre yttemperatur skall kun- 
na erhallas. 

3.4 Forslag till tolkningsregler 

Som tidigare angivits (se 3.1) miste yttemperatur- 
matningens (termograferingens) uppgift begransas 
till att lokalisera brister i yttervaggars varmeisolering 
och eventuellt bestamma bristernas art. Man kan 
aven f?rmulera matuppgiften d att yttemperatur- 
miitningen avser att konstatera om den underdkta 
vaggen besitter utlovade varmeisoleringsegenskaper 
utan att darfor kvantitativt bestamma viiggens var- 
memotstdnd. De ))utlovade varmeisoleringsegenska- 
perniu, for vaggen enligt ritning kan namligen omat -  
tas i en forvantad yttemperaturfordehing for den un- 
ders6kta ytan om mitbetingelser vid mattillfallet ar 
kinda. 

Vid f3ltmatning forfares p i  foljande satt: 
Den forvantade yttemperaturfordelningen jamfors 

med termogram av den undersokta vaggen. Konsta- 
teras avvikelser som ej kan forklaras av konstruk- 

3.3 Resolution capacity of the IR-camera 
during thermography of buildings 

The temperature resolution capacity of the IR-cam- f 
era near room temperature is a maximum of 0.2"C. 
On the basis of this information, it is possible to 
determine the least reduction in the thermal resist- 
ance of a wall which the IR-camera will just detect 
during different external conditions. 

Example 

An external wall consisting mainly of 15 cm miner- 
al wool with a thermal conductivity of 0.03 W/m,"c 
is being tested. From that the thermal resistance of 
the wall can be derived as m = 0.15/0.03 m', "c/W. 

The surface coefficient of heat transfer ae,, is put 
at 20 w/m2, 'C and aint at 6 W/mZ, "C. It is found 
with the aid of Equations ( l  5) and (18) that a reduc- 
tion in wall insulation of 40 % can just be detected 
for a difference in air temperature of 10°C. Corre- 
sponding reductions in insulation are 25 % for a dif- 
ference in air temperature of 20°C and 14 % for a 
difference in air temperature of 4 0 ' ~ .  
It will be evident from the example that there must 

always be a certain minimum difference in tempera- 
ture between the air in the room and that outside in 
order that the required resolution capacity may be 
attained during thermography. The relation between 
the available temperature gradient across the wall 
and the lowest detectable reduction in insulation is 
shown in FIG. 13. 

During thermography of leakage defects, conditions 
are more favourable, particularly if the pressure in 
the room is lower than that outside. Since in this 
case external air comes into direct contact with the 
warm surface of the wall and cools this down, a dif- 
ference in temperature of a degree or two between 
the air in the room and that outside is sufficient for 
a clear indication in the form of a lower surface tem- 
perature to be obtained. 

Isoleringsminskning, som natt och jamnt kan u p p  
tackas, i % av vaggens ursprungliga tjocklek 
Reduction in insulation which can just be detected 
as a percentage of the original thickness of the wall. 

--- m = 3 m 2 , ' ~ / ~  

FIG. 13. Samband rnellan minsta upptkkbara isoleringsre- 
duktion och tillgangliqt temperaturfall genom vagg ( S t e  = 
= llm, = 20 Wlmz, "C, a inn, = l lm; = 6 W/mz, 'C). 
Vaggens varmemotstand utgor parameter. 

Relation between the lowest detectable reduction in insula- 
tion and the available temperature drop acrosrothe wall ( a u  = 

= l ImU = 20 W/mZ. "C, ai = 1Im; = 6 Wlmz, C). The para- 
meter is the thermal resistance of the wall. 



fined to location of defects in the thermal insulation 
of external walls and possiily to determination of 

re distribution is 
f the wall examined. 

basis of the appear- 

boratorieffjrsiik frarnstIlls i f6rviig en f i i ~ b t a d  tern- most obvious for the dete'ation of 
praturf6rdelning. i form av ))WPtemogrm* fir the ex$ected temperature dbtributjonr rn analyti- 
vanligen fiirekomande vaggltonstruktfoner uid vism cal procedure using a or electdcd 
typiska klimatbetingelser. De rb ehUlna t y p t e m ~  gies. Tk merhod however far tm lenghy and 
grammen sadas ett t ~ ~ r e @ t e r  wdrn costly to be used for routine e x h a t i o n s  of build- 

.nan mm jamforelsemall. Vid praktiskt btuk utva.' ings, and it would therefore appear more appropriate 
ett typterrnograrn ur registret med ut@ngspu to apply the following procedure instead. On the ba- 
frin aktuell va&onstruktion 0ch vid Faltmatningen li, of tests in *e laboratory, rn tempera. 
f ldado betingelsera Bywelens art mre distribution is drawn up in advance in the form 
~ogt  siitt genom jamfarelse rned typtemogram fir a typical themopam for common wall construc- 
6'~iska och vanligen farekommande b~ggfel. PrOce- tions for certain typical clhatic conditions. The typ 
duren for tolkning av termogram framgar i princip icd themograms m obtained an collected in a cat* 
av blockdiagrammet i FIG. 14. logue and are then used a the standards of compari- 

son. In practice, a typical thermogam is selected 
from the catalogue on the basis of the wall construc- 
tion in question and the conditions applicable to the 
time field measurements are carried out. The type of 
building defect is assessed in a similar way by com- 
parison with typical thermograms for typical build- 
ing defects which are of usual occurrence. The pro- 
cedure for interpretation of thermograms is shown 
in principle in the block diagram in FIG. 14. 
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FIG. 15. Principskiu av kli- 
matanliggning for framstall- 
ning av typ-termogram. 

mSketch showing arrange- 
men1 of climatic installation 
for production of typical 
thermgram. 

4 Register med typtermogram 4 'JXe catalogue of typical 
thermograms 

4.1 Framstallning av typtermogram 
Typtexmograrnmen framstalldes i en klimatanlagg- 
ning pi3 Statens provningsanstalts WSlaboratorium, 
FIG. 15. Klimatanl'aggningen var S& beskaffad att ut- 
omhus- respektive inomhusforhhllanden kunde ska- 
pas pA bada sidor av en prowagg, se FIG. 16. Prov- 
vaggen uppbyggdes SA att ett hornparti motsvarande 
yttervaggshorn med del av innertak och ovanpA lig- 
gande yttertak bildades. Vaggen var forsedd med ett 
dubbeiglasfonster. Genom denna prowaggsform kun- 
de en stor del av i praktiken forekommande, for 
byggfel utsatta, vaggpartier intackas. 

4.11 Felfria prowaggar 
De valda prowaggstyperna frarngar av TAB. 1 och 
konstruktionsritningar FIG. 17, 18, 19 och 20. Prov- 
vaggarnas inre varmeovergAngskoefficient och emis- 
sionstal for innerytan anges aven i figurerna De ))fel- 
fria) provvaggarna uppbyggdes av yrkesman. Avsik- 
ten var att konstruktionerna skulle fA en medelgod i 
praktiken forekommande standard utan utforande- 
fel. Termografering utfordes av provvaggens varma 
yta for olika standardtemperaturer p& den kalla si- 
dan och vid stationart tillstand. 

Strcifningsfor~llonden: Provrummets varmekalla var 
placerad i en vagg parallell med provvaggen och ut- 
gjordes av en elradiator forsedd med stralningsskydd 
av blank aluminium. Rummets begransningsytor ut- 
om prowaggen hade yttemperaturen ca 2 1 ' ~ .  

9 

4.1 Production of typical thermograms 
The typical thermograms were produced in a clima- 
tic installation at the Heating and Ventilating Labor- 
atory of the National Swedish Institute for ~ a t e r i a l s  . 

Testing, FIG. 15. The climatic installation was such 
that indoor and outdoor conditions cmld be simu- 
lated on both sides of a test wall, see FIG. 16. The 
test wall was constructed in such a way that it form- 
ed a corner corresponding to the corner of an exter- 
nal wall with part of the ceiling and the roof above 
this. The wall was fitted with a double-glazed win- 
dow. By using this form of test wall, it was possible . 

to cover a large proportion of wall types subject to 
building defects which occur in practice. 

4.1 1 Test walls with no defects 

The selected types of test walls are shown in TAB. 1 
and the design drawings in FIGS. 17, 18, 19 and 20. 

- 

The internal thermal transmittance and the emissivi- 
ty of the internal surface is also given in the Figures. 
The test walls ))without defects) were constructed by 
craftsmen, the intention being that the construction 
should comply with a medium standard without de- 
fects in workmanship which can be met with in prac- 
tice. Thermography was carried out on the warm side 
of the test wall for different standard temperatures 
on the cold side and in the steady state. 

Radiation conditions: The source of heat in the test 
room was placed in a wall parallel to the test wall 

"FIG. 16. Fotografi av prov- 
v-. 

A 

Phorograph of rest wall. 



TAB. 1. Undersijkta ~Sggkonstruktioner. 

Regelv- nr  1 
Yttervagg med 110 mm mineralullsisolering, se FIG. 17. 
Den felfria viggen exponerades f6r klimat nr 1-12 err . 
ligt TAB. 2. Motsvarande vagg mecl inbyggda (avsiktliga) 
fel exponerades for klimat 1-1 1 enligt TAB. 2. 

Regelvw nr  2 
Yttervagg rned 100 mm mineralullsisolering och 30 mm 
tillaggsisolering av karbamidcellplast, se FIG. 18. Den fel- 
fria vaggen exponerades for klirnat nr 4, 5 och 6 enligt 
TAB. 2. Motsvarande vagg rned inbyggda (avsiktliga) fel 
exponerades for klimat 4, 5 och 6 enligt TAB. 2. 

Yttervagg med 80 mm polystyrenisolering mellan skivor 
av bnong, sa FIG. 19. Den felfriavkgen exponeradesfor 
klimat nr 1,4 och 8 enligt TAB. 2. Motsvarande v- 
rned inbyggda (avsiktliga) fel exponerades for klimat nr 
1-6 och 8.9.10 enligt TAB. 2. 

Yttewlgg av 250 mm Iattbetongblock, skrymdensitet 
500 kg/m3, se FIG. 20. Den felfria vaggen exponerades 
for klimat nr 1.4 och 8 enligt TAB. 2. Motsvarande v@ 
med inbyggda (avsiktliga) fel exponerades for klimat nr 
1-6 och 8-10 enligt TAB. 2. 

Lu ftstromningsforhdllanden: I de fall overtryck eller 
undertryck skapades pA prowaggens varma sida var 
provrurnmet anslutet till inblasnings- resp. utsug- 
ningsflakt. LuftstrAlen frAn inbUsningsflakten rikta- 
des med hjalp av en sMrm mot rumrnets mitt. Varme- 
overgAngskoefficienten vid prowaggarnas varma yta 
uppmattes i vissa punkter och anges i FIG. 17, 18, 19 
och 20. PA prowaggens kalla sida infordes ingen p& 
tvingad konvektion eftersom resulterande andring a? 
overghgsmotst.&nden utgor en ringa del av vagens 
totala varmemotsthd och ej n m v a r t  piverkar yt- 
temperaturen pA den varma sidan. 
For varje provvigg valdes tre utornhustemperaturer: 

-20°C, - 5 " ~  och + 1 0 ' ~  och for vaje utornhustem- 
peratur i huvudsak tre tryck i provrummet, +50, 2 0 
och -50 N/rn2 for Astadkomrnande av luftlackage. 
Lufttemperaturen i provrumrnet var konstant +2 1°C 
vid samtliga matningar. Dessutom utfordes en mat- 
ning med pikopplad elradiator placerad under prov- 
vaggens fonster. Provrurnrnets dimensioner medforde 
att prowiggsytan mAste uppdelas i fyra bildfalt i en- 
lighet med FIG. 2 1. 

Termograferingsarbetet utfordes med IR-karnera av 
typ AGA Thermovision hlodeU665 med bildvinkel 
20 X 20'. Som jamforelse utfordes aven termografe- 
ring av provvagg nr 4 med en [R-kamera av typ Bo- 
fors ))IR-Camera), se BIL. 55 och 56. 
Gritonsskalan inreglerades vid matningarna d att 

god balans mellan ljusare och morkare partier er- 
hoUs. Samtliga matfall anges i TAB. 2. 

4.12 Provvaggar med inbyggda fel 
Typtennogram av prowiggar med inbyggda fel fram- 
stalldes pA analogt a t t .  1 de fyra prowaggarna utfor- 
des ett antal byggfel av vanligen forekommande ty- 
per. De inforda byggfelen anges i detalj pA FIG. 22. 
23, 24 och 25 i form av ritningar, fotografier och be- 

2 1 

3- 
TAB. 1. Wall structures studied. - 

Framed cladding panel No. 1 

External wall with 110 mm mineral wool insulation, see 
FIG. 17. The wall without faults war exposed to climatic 
conditions Nos 1-1 2 according to TAB. 2. The corm 
sponding wall with deliberate faults was exposed to c l t  
matic conditions Not. 1-1 1 according to TAB. 2. 

Framed cladding panel No. 2 
External wall with 100 mm mineral wool insulation and 
30 mm additional insulation of expandad polyurethane, 
sea FIG. 18. The wall without faults was exposed to cli- 
matic conditions Nos. 4, 5 and 6 according to TAB. 2. 
The corresponding wall with deliberate faults wasex- 
posed to climatic conditions Nor  4, 5 and 6 according 
to TAB. 2. 

Sandwich wall 
External wall with 80 mm polystyrene insulation b 
tween slabs of concrete, see FIG. 19. The wall without 
faults was exposed to climatic conditions Nos. 1.4 and 
8 according to TAB. 2. The corresponding wall with de- 
liberate faults was exposed to climatic conditions Nos 
1--6,8, 9 and 10 according to TAB. 2. 

Light concrete wall 
External wall of 250 mm light-weight concrete blocks, 
bulk density 500 kg/m3, see FIG. 20. The wall without 
faults was exposed to climatic conditions Nos. 1.4 and 
8 according to TAB. 2. The corresponding wall with de- 
liberate faults was exposed to climatic conditions Nos. 
1 - 4  and 8-10 according to TAB. 2. 

and consisted of an electric radiator fitted with a ra- 
diation screen of bright aluminium. With the exceg 
tion of the test wall, the boundary walls of the test 
room had a surface temperature of about 21°C 

Airflow conditions: In cases when the warm side of 
the test wall was put at a higher or lower pressure 
than the cold side, the test room was connected to a 
blower or extraction fan respectively. With the aid of 
a'ereen, the air jet from the blower was directed to- 
wards the centre cd the room. The surface coefficient 
of heat transfer on the warm surface pf the test,walls 
was measured at certain points and is  show^ in FIGS 
17, 18, 19 and 20. No forced convection was im- 
posed on the cold side of the test wall, since the re- 
sulting change in the surface resistance constitutes 
only a slight proportion of the total thermal resist- 
ance of the wall and has no appreciable influence on 
the surface temperature on the warm side. 
Three outdoor temperatures, -20°c, - 5 " ~  and 

+ 1 0 " ~ ,  were chosen for each test wall and in prin- 
ciple three pressures, +SO, +O and -50 N/m3, in the 
test room for each of these outdoor temperatures in 
order to cause leakage of air. During all rneasure- 
rnents, the air temperature in the test room was con- 
stant at +21°C. A measurement was carried out in 
addition with a switched-on electric radiator placed 
below the window in the test wall. As shown in FIG. 
21, the dimensions of the test room were such that 
the surface of the test wall had to be divided into 
four frames. 

Thermography was carried out by means of an IR- 
camera AGA Thennovision Model 665 with a view 
angle of 20 X 20". Thermography of test wall No 4 
was also carried out by means of a ~ o f o r s  IR-camera 
in order to provide a comparison, see Appendices 55 
and 56. 
The grey scale was adjusted during measurements so 

that itisfactory balance waf, obtained between light 
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32 mm cslluloo cornant bowd linurnit) 

120 mm mimalullrrkiva. t l u y d ~ i f . t  50 kdm3 
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FIG. 17. Konstruktiomritning f6r regelvigg nr 1 (120 mm mineralull). 

Vlggens virmegenomf6rinqrkoefficient. A 0.28 Wlm2, "C (v* mdelvirde) 
Vsggens virmdvergangskoefficien2 a ;,medel = (5.4 i 0.4) W/m2. 'C 
Ytskikt: obehandlad gipsskiva. Emissionstal, c P 0,W. 

Design drawing for framed cladding panel No. 1 (120 mm mineral wool). 

Thermal conductarra, of wall, h 0.28 Wlm'. "C (weighted mean) 
Surface coefficient of heat transfer for wall, a;, mean = (5.4 t 0.4) Wlm2. ' C  
Surface layer: untreated plasterboard. Emissivity, e = 0.90. 

100 + W )  mm minsraluilpkrvor, r*ry&nritsf 50 kdm3 
l00 + 50 mm mineral wool Jab, bulk &mify 50 kdm' 

A m r  n plistfolm 
Vapour barriw of plastic foil 

13 mm planaboard 

30 mm kxbmidhR1 
30 mm urea-forrnaldehy& rnin 

2" x 4" radiaforfim 
1' X 4" radiator brackn 

100 mm mimrlullukiva, tkqmdso%iut 50 kdm' 
lu) mm mimal wool Jb,  bulk dmrity 50 kdm3 

AnprDin N plwtiolii 
V-r turriu of plastic foil 

10 mm dnskiwa 
10 mm chipboard 

U] mm mimalullukiva. skrymbmiuf 50 kdm' 
40 mm mimd wool Jab, bulk d.mify 50 kdm' 

FIG. 18. Konstruktionsritning f6r regelvia nr 2 (100 rnmrnineralull och 
30 mm cellplastl. 

Viggens virmegenornf6ringlkoefficient. A = 0.27 Wlm'. 'C (v@t medelvirdcl 
Vsmnr  vCrrndvergaIIgskafficient, a;, medel = ( 5 2  t 0.4) W/m2, 'C 
Ytskikt: obehandlad gipskiva. Emisionstal, c a 0.90. 

Design drawing for framed cladding panel No. 2 (100 mm mineral wool and 
30 mm cellular plastic). 

Thermal conductance of wall. .l = 0.27 W/mZ, "C (weighted mean) 
Surface coefficient of heat uamfer for wall, a i ,  = (5.2 t 0.4) Wlrn', "C 
Surface layer: untreated planerbard. Emissivity, e = 0.90. 



100 + 50 mm minmlulltJlira, Jvymdrnsitm W )  kglm' 
100+50rnmm**nlmold.br. 
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W4" r t r p M  
Wrurmmugrt- .'- 
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13 mm PI- 

90 mm lit&linkubmq. Jvymdmuimt 1 B00 Wn? 
90 mm clinker -, bulk dm-mify 16UI ~rp/m~ 

30mmtmmng -. 
30 mm ordinry ewro 
30 mm IlnklinlurMong Jvy ' 1 800 d 
30 mm dinkW carrm, k l k  k g 3  

W mm exp. polysiymn. Jvymbmirn 16 k g l d  
W mm expandrd ply-. bulk Mty l5 kdm3 

30 mm litfklinkmbscong, sluymd.nrin 1 B00 kdm' 
30 mm clinker soncram, bulk dmriry lB00 kdn'? 

lOmmsp%nskim . 
l 0  mm c h i i d  

40 mm mima lu i l r4~~ .  Qrymd.reiUt 50 k g l d  
U )  mm m i m d  d dab, bulk dnsiy 50 Irplrn' 

10 . 
FIG. 19. Konstruktionuitning f6r sandwich-vigg. 

Viggens virmegenornf6ringrkwfficient. A = 0.77 W/mZ, "C (v* medelvrirde) 
Viggens vimte6verghgskoeffiint. a i  (5.4 i 0.6) Wlm'. 'C 
Ynkikt: obehandlad betong. €rniaion&l. c = 0.97. 

Design drawing for sandwih wall uni t  

Thermal conductance of wall, A = 0.77 W/m2, *C (mighted mean) 
Surfaa? coefficient of hem transfer for wall, ai,  mean = 15.4 t 0.6) Wlm'. 'C 
Surfaa? layer: untreated cmcme. Ernisivity, c - 0.97. 

l00 + 50 mm mbmiullssk~r, skymbmim 50 kdm' 
100 + 50 mm minud d drb, bulk dnnify 50 kdm3 

I l I I 
FIG. 20. Kantrukticmritning f i x  linbnongu5gg. 

V-m vimwpmomf6ringrkodfiiisnt. A = 0.72 Wlrn', *C I* mcdd*da) 
V-m v i ~ r ~ n g s k a f f i i t ,  ai ,  = (5.5 t 1.01 Wlml,*C 
Ytskikt: vit smckpzkelfirg. Erninionrtal, e = 0.88. 

D- d m q  for l~ght conuam wall. 

Them1 cooductam of wall, .\ = 0 72 Wlm', 'C (wighted mean) 
Surface cafficrmt of h u t  transfer for wall, a,, man = (5  5 t I 0) Wlrnz ,  *C 

i Surfba, layer whits flllur. Ernlnrv~ty,  r = 0 88 



TAB. 2. Provklimat I Climatic conditions for testing purposes. 

Inomhustemperaturen, ti. har varit+21°c vid samtliga miit- 
ningar. Utomhustemperaturen, t,, temperaturskillnaden, A t, 

. ~ tryckskillnaden, Ap, 6ver p r o w w n  samt lufnemperaturen 
i prowSggens vindsutrymme, tVind anges nedan. 

The indoor temperature (ti) was +21°C during all measure-. 
ments. The outdoor temperature (t,),  the temperature differ- 
ence ( A t ) ,  the pressure difference (Ap) across the test wall 
and the air temperature (tattic) in the attic space of the test 
wall, are tabulated below. 

Klimat nr I t ,  At Ap bind I 
Climatic con- $attic 
dition No OC OC ~ l m ~  C 

I 'i)vertryck p3 varma sidan I Pressure higher on warm side 
4 
i 2~ndertwck p8 varma sidan l Pressure lower on warm side 

'uppv~rmnin~sradiator pekopplad I Radiator switched on. 

I*r 
FIG. 21. Provv5ggytans in- 
delning i bildfalt, regelvagg 
nr l .  

i 

Division of surface of test 
wall into frames, framed in- 

#- fill panel No. l .  

A FIG. 22a. Regelvagg nr 1 
1120 mm mtneralull) med 
inbyggda fel. De avsiktliga 
byggfelen ar markerade med 
siffror fran 1-21. 
i 

Franaed cladding panel No. 1 

*'m 
(120 mm mtneral wool). 
The dellberate budding d e  

i 
fects are marked wtth num 
bers 1-21. 

skrivande text. Samtliga matfall for vaggar forsedda 
med fel anges i TAB. 1. 

I BIL. 1-54 visas typbilder av vaggar, dval felfria 
som forsedda med inbyggda fel. Varje bilaga omfat- 
tar ett matfall och sammansatts av provvaggens fyra 
bildfalt. For vart ochett av bildralten presenteras dels 
en grbtonsbild, dels tvA isotermbilder. Pa isotermbii- 
derna anges temperaturskillnaden mellan tvA isoter- 
mer i O C .  For vissa matfall har aven medtagits ett 
fargtermogram. Pa vaje bilaga anges: Vaggtyp, kli- 
matfall, nfelfrb eller ofelforsedd,). Bilderna ar beteck- 
nade med bokstav (A,  B, C. D) som anger bildfalt p i  
prowagen och siffra som anger bildtyp: 1. grAtons- 
bild, 2 .  isotermbild och 3. fargtermogram. 

and dark portions of the image. All measuring con- 
ditions are described in TAB. 2. 

4.12 Test walls with deliberate faults 
Typical thermograms of test walls with artificial de- 
fects were produced in a similar way. A number of 
building defects of cornyonly occurring types were 
introduced into the four test walls. Details of these 
building defects are given in FIGS. 22,23,  24 and 25 
in the form of drawings, photographs and descriptive 
text. All particulars concerning walls with artificial 
defects are listed TAB. 1. 

Appendices 1-54 show typical pictures of walls, 
both those without defects and thos'e with artificial 
defects. Each appendix comprises one measuring oc- 
casion and is made up of the four frames relating to 
the test wall. One monochrome image and two iso- 
therm images are presented for each frame. The dif- 
ference in temperature between two isotherms is 
quoted in "C on the isotherm images. A colour ther 
mogram has also been included for some measuring 
conditions. Each appendix contains information re- 
lating to type of wall, climatic condition, ewithout 
defect)) or ))with artificial defect)). The pictures are 
denoted by letters (A,  B, C, D) which indicate the - 

frame on the test wall and a number which denotes 
the type of image: 1. monochrome image, 2. iso- 
therm image and 3. colour thermogram. 







n. Fa! n$ 'i X?. I r l ~ i ~ r i ng  ans4u4- 
ior  o j  nlor rcgel, sps!tbrcdd 
4.5 crzr. 

Fauix No. 32. Inuulariar~ nor 
in contact liiaiei? stucl, gap 
%rid-il.1 1.6 cm. 

Fcnll iVo. 33. lnsuS~rizsn noi 
in con'ii;b:f with stud, gap 
a-ridrh ? cm. 

P. Fel nr ?4. I :sole~ing on:;!r~- 
lar ej  mrrl rcgel, spa!tbrr?dd 
3 cm. 

'%W c j  rnox :qd!i, 
'2 cm. 

FauEr P!o, '15. Insularinn no!: 
'n t:ontar:l vx~i?h but-ion) 
nerrrk,zr, gap $,vitlrh 2 cm. 



.. Fel nr 20. Isolering fyller 
ei ut vid takfot. isolerings- 

~k i vans  bakre kant slutar 
cm hitom vaggens inner- 

,ta. 
- 4 

Fault No. 20. insulation not 
=~roperly laid at the eaves. 

'he rear edge of the insula 
ion stops 5 cm short of the 

inside of the wall. 

m .. Fel nr 21. Tatningslist 
mrttagen vid golvhorn och 

d. 

vld anslutning mellan prov- 
v2gg och golvyta mitt under 

-sGonsterparti mellan de tv3 
mikala reglarna som gBr p' 

J m s e  sidor om fonster. (Fo- 
tografi saknas). 

-9;auIt NO. 21. Sealing strip 
emoved at corner of floor 

~ n d  at the junction between 
t e a  wall and floor right un- 
derneath the window be- 

&-= 

w e n  the two vertical studs 
,n either side of the win- 

Fe1 nr 1. Mineralullsisolering helt borttagen. 

Fault No. 1. Mineral wool insulation completely removed. 

Fe! nr 2. Fem cm mineralullsisolering borttagen. 

Fault No. 2. Five cm of mineral WO! insulation removed. - 

Fel nr 3. Yre cm karbamidharts brttagen. 

Fault No. 3. Three cm -l of urea-formaldehyde resin removed. 

Fel nr 4. Mineralullsisolering mellan reglarna brttagen. 

Fault No. 4. Mineral wool insulation removed between studs. 

Fel nr 5. Regel i tak frilagd frSn isolering. 

Fault No. 5. Joist in ceiling has no insulation over it. 

Fel nr 6. Regel i tak frilagd fr3n isolering. 

Fault No. 6. Joist in ceiling has no insulation over it. 

Fel nr 7. lsolering ansluter ej mop regel vid horn. spaltbredd 
2 cm. 

Fault No. 7. lnsulation not in contact with stud at corner, 
gap width 2 cm. 

Fel nr 8. TvB st  h31 med 4 mm diameter. 
- 

&W (NO photograph). W 

Fault No. 8. TWY 4 mm dia. holes. 

A<ra Fel nr 9. Drevning och tatning vid fonsterkarm bortraen. 

Fault No. 9. Weatherstrip and sealing strip at window frame 
removed. 

&a Fe1 nr 10. lsolering ansluter ej mot rcgel, spaltbredd 9.5 cm. 

- Fault NO. 90. Insulation not in contxt with s~ud, gap width 
1.5 cm. 

i * m  
Fel nr 3 l .  Isolering ansluter ei moe regel i horn, walthredd 
2 cm. 

d 

Fault No. 11. Insulation nor in contact with stud at corner, ' FIG. 23. R v l v a g  nr 2 
! erss 

gap width 2 cm. 
(108 mm mineralull och 
30 mm cellplad) med in- Fel nr 12. lsolering ansluter ej mot regel, ~ a l t b r d d  3 cm. 

--trgma fel. DI arsiktliga Fault No. 12. Insulation not in contact with Stud, gap width 
kggfelen R% markerat% 3 cm. 

- m d  nummer mm forkla- 
ras nedan. Fel nr 13. lsclering anslurer ej mot yll, spalttsred 2 cm. 

-" Framd cladding panel NO. Fault No. '13. lnsuiation not in contact with bottom men?- 
\ 2 (100 mm mineral WO! h?, gap width 2 cm. 
a I, and 30 m c d u l x  plaric) 

with deliberate faults. Fel nr 84. Tatningdist boatagen. 
A Them have b e n  numb- 

+& GS explain& b low.  F a u l ~  No. 14. Seal~ng strlp removed. 

m 
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FIG. 24a. Sandwichw%!i! 
rned inbyggda fel. De av- 
siktliga byggielen har mar- 
kerats med nummer som 
forktaras nedan. 

Sandwich wall unit with de- 
liberate faults. These Rave 
been numbered as explained 
below. 

b. Fel nr 1. TvB h31 med 
4 mm diameter. 

Fault No. 3. Two 4 mm dia. 
holes. 

c. Fel nr 2. Fyra h31 med 
4 mm diameter. 

Fault No. 2. Four 4 mm 
dia. holes. 

d. Fel nr 3. EIP h31 med 
4 mm diameter. 

Fault 110. 3. One 4 mm dia 
hole. 

4. Fel q r  LB. Fogmasa for 

- tztning rnellan fonserkarm C 
och vagg p3 insidan bon tb  

,. .. wn. 

Fault No. 4. Sealing com- 
pound removed b e w e n  
window frame and wall an 
the inside. 

f. Fe! nr 5. Drevning rnellan 
fdnsterkarn och v& k a r t -  
t-n. 

Fault No. 5. Weathersrip 
krween window frame and 
ball removed. 

Fault Na. 6. Parts of s s -  
llng srrip on casement rEs- 
mnoved.lna photograph). 

h. Fe! nr '3. Ynre tatnins- 
list vid fog i hdrn hats- 
gen (foro saknas). 

Fault No. 7. Outer sealing 
sr;rio a2 ioin'c I P ~  corner re - 
moved (ntr photograph). f 



25. ~&thcong-viigg med inbyggda fel. De avsiktliga byggfelen har markerats med n u m  
m mm fijrklaras nedan. - 
Lwa concrete wall with deliberate faults. These have been numbered as explained below. 

assl 

lnbyggda f e l l  faults in- 
L o r p o r a t e d  i n  test walls 

=Nr 1. Regel i tak frilagd 
fran -solwing (foto saknas). 

--'b. 1. No insulation over 
a d  in ceiling (no photo- 

mgra&). 

- Nr 2. lsolering fyller ej ut 
vid takfot. lsoleringskivans 
bakre kant slutar 5 cm hi- 

B"tom v w n s  inneryta.(fo- 
to  saknas). 

- 
No. 2. Insulation not pro- 
perly laid at the eaves The 

m rear edge of the insulation 
slab stop 5 cm short of 

-the inside of the wall (no 
phtograph). 

- Nr 3. L5ttbetongstav till 
halva sin tjocklek bartta- 
gen. Djup 10 cm. 

m 
No. 3. Corner portion of 

, light-weight concrete plank 
- removed. Depth 10 cm. 

.&m 
Rlr.4. Witrnbit av Isttbetong- 

- staven borttagen. Djup 10 
cm. 

.I 
Corner portion of light- 
weight concrete plank re- 

- moved. Depth 10 cm. 

.B 
Nr 5. Vindskyddet p3 tak- 
isoleringen borttaget. Vin- 

- kelrat p3blSsning frSn ut- 
sidan arrangerades med en 

.t. hastighet av 1 mls. 

No. 5. Wind protection 
- foil removed from insula- 

tion in ceiling. Forced 
*I draught at a speed of 1 

mls arranged at right an- 
- g k  to the outside. 

MP 6. Sexton si h i l  med 4 
mm diameter. 

M. 6 Sixteen 4 mm dia. 
~l~ 



5 Anvisningar for fialtmatningar 5 hstruetions for field ' . ' , t. ?: 

measurements - * . % .  

5. l Temperaturfall over prowiiggen 
Forutdittningen f i r  termograferingsarbetet ar att ett 
tillrackligt temperaturfall foreligger i prowaggen. 
Gjorda matningar har visat att temperaturskillnaden 
+ 10°C utomhustemperatur. Termograferingsdsong- 
en kan dock forlangas genom en tillfuig hojning av 
+ 10'C utomhustemperatur. Termograferingsdison- 
gen kan dock forlangas genom en tillfallig hojning av 
rumstemperaturen fore och under matningen. Det a r  
t.ex. fullt realistiskt att i nodfall utfora termografe- 
ring av byggnader aven under sommaren vid ca+lSoc 
utomhustemperatur och mulet vader om rumstempe- 
raturen genom uppvarmning kan Mllas vid ca +25Oc 
eUer hogre varden. 

Forfarandet forutdtter vidare att i mojligaste m& 
konstant lufttemperarur rAder utomhus fore och un- 
der matning. (lnomhustemperaturen bor givetvis 
aven hillas konstant.) Vid noggramare matningar 
bor utomhuslufttemperaturen ej variera mer an 13OC 
under mattiden och 3 - 4  dagarfire matning. KIart 
och soligt vader med stora lufttemperatuivariationer 
mellan dag och natt och direkt solbestdlning av 
prowaggen ar olampligt for termografering. I de fall 
dar man nojer sig med att endast konstatera luftlack- 
agefel kan i nodfall tillrackliga temperaturkontraster 
p i  prowaggen uppnas aven vid mindre temperatufi-1 
fall over viggen an 10°C och en inom vidare granser 
varierande u tomhustemperatur. 

5.2 Termografering utomhus och inomhus 
En vaggs yttemperatur kan vid fdtmatning storas av 
en rad yttre klimatfaktorer vars effekter ar svirbe- 
stlmbara. Bland dessa kan namnas: 

1. Strilningsbyte med solen, rymden och angransan- 
de foremal. 

2. Nedfuktning av den undersijkta vaggytan genom 
nederbord eller vatteningkondensering. 

3. Luftstromning kring vaggytan. 

P.g.a. dessa faktorers komplicerade natur har deras 
inverkan ej studerats narmare vid frarnstallning av 
typtermogrammen. Det synes i stiillet vara hdarnals- 
enligare att vid fdtmatning inrikta sig p i  att genom 
arskilda itgarder diimpa inverkan av klimatfaktorer- 
na och invanta tidpunkt for termografemg nar gynn- 
sarnmare forhallanden foreligger. Foljande synpunk- 
ter kan darvid framlaggas. 

Vid termografering utornhus, dvs. av vifgars utsida, 
ar matobjektet oskyddat mot vaderfaktorer och 
stranga krav miste darfor stdlas p% ridande vaderfor- 
hallanden fore och under matarbetet. Eftersom idea- 
la vdderforhillanden av praktiska &l icke alltid kan 
invantas bor utornhustermografering normalt endast 
tillimpas vid orienterande matningar, forslagsvis vid 

l 

5. l Temperature drop across the test wall : 
It is a necessary condition of thermography that 
there should be a sufficient temperature drop in the I 

test wail. Measurements performed have shown that 
the difference in temperature across the wall should i 

not be less than loOc, see also FIG. 13. In the case 1 
of normal room temperatures, this means an outdoor 
temperature of about +10"~. The thermography 
can however be extended by temporarily raising the 
room temperature before and during measurements. 

l 
It is for instance quite realistic to perform #henna 
graphy of buildings in an emergency even during the . 

kept at about 4-25'~ or above by heating. 

i 
summer at an outdoor temperature of around'+lS°C I 
in cloudy weather if the room temperature can be I 

i 
The procedure also stipulates that, as far as possi- 1 

ble, the air temperature should be constant outdoors 
both before and during measurements (Naturally, 
the indoor temperature must also be kept constant.) 
In the case of measurements of a more exact nature, 
the temperature of the air outdoors should not vary 
by more than + . 3 " ~  during the time measurements 
are carried out and for 3 4  days prior to the meas- 
urements. Clear, sunny weather with large variations 
in air temperature between day and night and direct 

.sunshine on the test wall is unsuitable for thermo- 
g2aphy. In cases where it is sufficient only to locate 
points of air leakage, it is possible in an emergency , 
to attain sufficient temperature contmsts on the test 
wall even when the drop in temperature is kss than 
10°c and the outdoor temperature varies within 
wider limits. 

5.2 Thermography outdoors and indoors 
The surface temperature of a wall during field meas- 
urements may be subjected to interference by a num- 
ber of external climatic factors, the effects of which 
are hard to determine. Among these may be men- 
tioned: 

1. Exchange of radiation with the sun, space and ad- 
jacent objects. 

2. Wetting of the wall surface being studied by pre- 
cipitation or condensation of water vapour. 

3. Flow of air around the wall surface. 

Owing to the complex nature of these factors, their 
effects have not been studied in greater detail during 
production of the typical thermograrns. Ww 

uctbn ~fthizppicahhemogrand. It woul& in-- 2% ppear more appropriate &wdcavuur-Qtwing 
maticf-spsid meast tmd to post pone 
thermography until such time as conditions are more 
favourable. The following points of view may be put 
forward in this connection. 
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lokalisering av byggfel hos storre husfasader, d i r  
man inte s M e r  hogre krav pA nogrannhet. Ytterli- 
gate en faktor talar mot utomhustermografering. 
Normalt foreligger ldgre varmeoverg8ngsmotstAnd 
vid vaggens utsida an vid vaggens insida. Detta med- 
tZr att bidraget till yttemperaturen f d n  vaggens v k -  
memotstand (2: a termen p& hogra sidan av ekv. (19) 
respektive (20)) ar lagre p i  den kalla vaggytan an pa 
den varma, dvs. att kontrasterna hos temperaturfor- 
delningen p i  den kalla vaggytan blir mindre an p& 
den varma. Man f i r  alltd en samre upplosning p& 
matresultatet vid matning p i  den kalla ytan. Nog- 
grannare miintingar bor alltsd endast utforas inomhus 
dvs. pd viiggens vama sida Vid inomhusmatning 
skyddas matobjektet mot storande klimatfaktorer 
foie och under matningen s i  att storre variationer i 
vaderbetingelserna kan accepteras. 

5.3 Praktiska anvisningar 

5.3 1 Forberedelser 

Vaderforhallanden p i  matplatsen foljs antingen med 
hjalp av egna skrivande instrument eller uppgifter 
friin SMHI1 under ca 1 vecka. Skall dsongen for ter- 
mografering utnyttjas effektivt bor systematisk va- 
derobservation utforas parallellt for flera matobjekt 
och faltmatningar piborjas p i  matplatser dar gym- 
samma vaderforMllanden rider. Om tillracklig stabi- 
litet konstateras hos lufttemperatur, molnighet och 
vindforhillanden under minst 3 dygn och tempera- 
turskillnaden mellan ute- och imeluft I r  lagst lo°C 
pkborjas matningen. Ideala betingelser fore och un- 
der matning kan sagas vara mulet vader, oforandrad 
vindriktning och vindhastighet. En vindhastighet un- 
der 5 m/s och en konstans hos medellufttemperatu- 
ren battre an -+ 3 ' ~  bor efterstravas. 

5.32 Forberedelser pB matplatsen 

Ritningar over de undersokta vaggarna granskas och 
ytmaterialets emissionstal utvaljes ur TAB. 3. Inver- 
kan av eventuella varmekallor (ingjutna ror, radiato- 
rer 0.d.) p i  den undersokta vaggens temperatur kart- 
lags. Uppvarmningsradiatorer av Iatt konstruktion 
kan eventuellt avstangas under termograferingen for 
att eliminera lokal vagguppvarmning. Vid rnattillf'allet 
ridande temperaturfall och tryckfall noteras for den 
vagg som skall termograferas. Motsvarande ))forvan- 
tade)) termogram utvaljes ur bilagorna 1 -54 for 
prowaggarna. Pir de aktuella vaggarna av annan kon- 
struktion an de fyra i bilagorna upptagna typvaggar- 
na eller skiljer sig de undersokta vaggarnas emissions- 
tal vasentligt frdn dessa vaggars emissionstal mkste en 
bedomning av de forvantade varmebildernas utseen- 
de goras. 

Fore arbetets borjan noteras vaderdata dsom luft- 
temperatur, molnighet, nederbord, vindriktning, 
vindhastighet sarnt de undersijkta vaggamas geogra- 
fiska orientering. 

5.33 Genomforande  av termograferingen 

Stall in kameran i enlighet med tillverkarens anvis- 
ningar. Vid termografering av jlen.riningsbyggnader 

In the case of thermography outdoors, i.e. of the 
outsides of walls, the object of measurement is unpro- 
tected from climatic factors and stringent demands 
must therefore be imposed as regards prevailing cli- 
matic conditions before and during measurements. 
Since for practical reasons work cannot always be 
postponed until weather conditions are ideal, out- 
door thermography should normally only be used 
for preliminary measurements, for instance in lo- 
cating building defects over large building facades 
where there are no great requirements as to accuracy. 
There is one more factor which counts against out- 
door thermography, the fact that the surface resist- 
ance at the outside of a wall is norm~lly lower than 
that at the inside. This means that the contribution 
by the thermal resistance of the wall (the second 
term on the right-hand side of Equations (19) and 
(20) ) t o  the surface temperature isless on the cold 
wall surface than on the warm one, i.e. the contrasts 
in temperature distribution will be less pronounced 
on the cold wall surface than on the warm surface. 
There is therefore a less satisfactory resolution in 
the readings when measurements are performed on 
the cold surface. Measurements of  a more exact na- 
ture should therefore only be made indoors, i.e. on 
the warm surface of the wall. During indoor meas- 
urements the object of measurement is protected 
from the interference due to climatic factors before 
and during the measurements, so that greater varia- 
tions can be accepted in weather conditions.. 

5.3 Practical r ecommenda t ions  

5.3 1 Preparations 

Weather conditions at the site of measurement 
should be kept under observation eit$er with the aid 
of a plotting instrument owned by the surveying 
team or by means of information obtained from a 
weather forecasting station over a period of about l 
week. If the thermography season is to be made u x  
of effectively, systematic observations of the weath- 
er should be carried out simultaneously at a number 
of sites, and field measurements begun at the sites 
where weather conditions are favourable. Measure- 
ments can be started if the air temperature, cloudi- 
ness and wind conditions exhibit sufficient stability 
for at least 3 days and there is a difference of at least 
1 0 ' ~  between indoor and outdoor air temperatures. 
Cloudy weather, unchanged wind direction and wind 
velocity may be said to constitute ideal conditions 
before and during measurements. Wind velocity 
should be low 5 mls and variations in the mean tem- 
perature should be less than -+ 3 ' ~ .  

5.32 Preparations o n  t h e  si te 

The drawings of the walls to be studied are examined 
and the emissivity of the surface material is selected 
from TAB. 3. Effects due to any sources of heat 
(pipes cast into the wall, radiators etc.) on the tem- 
perature of the wall to be studied are investigated. 
Radiators of light construction may be turned off 
during thermography in order to eliminate local heat- 



TAB. 3. Emissionstal. inom v&llngdsomradet 2-56 p, 
fijr de u n d e d k t a  ytmaterialen. 

Ytmaterial Emissionstd 
-- 

Triifiberplatta (porcis), obehandlad 0,85 .;- 

Trjfiberplatta (hard), obehandlad 0.85- 
Plywood, obehandlad 0.83 
Furu (hyvlad), obehandlad 0.83 
Furu (ohyvlad). obehandlad 0.84 

Gipsplatta, obehandlad 
Spanplatta, obehandlad 
Sandspackelf %g, v i t  
Oljefarg, gra matt 
Oljefarg, grQ blank 

Oljefarg, svan matt 
Oljefarg, w a n  blank 
Plastfarg, v i t  
Plastfarg, wart 
Kaduvinlack, matt 

Tapet (svagt monstrad), ijusgrs 
Tapet (svagt rnonstrad), rod 
Plasttapet, v i t  
Plasttapet, rod  
Jutevav, ofargad 

Jutevav, gron 
Fasadtegel, rod  
Fasadtegel, gul 
Puts, grQ 

De i tabellen angivna vardena har bestamts rned en 
noggrannhet av * 3 %. 

utfors, om vaderforhallandena tillater, orienterande 
matningar fran vaggens utsida i syfte att snabbt loka- 
lisera eventuella byggfel i y t te~aggen.  Vid utomhus- 
rnatning efterstravas ideala vaderforhillanden (se 
ovan). Solens inverkan kan elimineras genom mat- 
ning under natten. Man bor dock undvika att teimo- . 
grafera vaggar som under dagen utsatts for direkt sol- 
bestr9lning. Utomhusmatningen utfors som panore- 
ring. bled panorering avses exponering av vagjytan 
fran en eller ett par matpositioner genom vridning av 
kameran. Eventuella rnisstankta fels lage noteras pa 
v igens  ritnir.g. Om utrymmet kring mitobjektet till- 
later k m  kameran placeras d att hela vaBen ses sam- 
tidigt. Darvid maste man rikna rned att kamerans 
upplosningsformrlga minskar SA att vissa mindre bygg- 
fel kan fijrbli oupptackta. Om dkrare dokumenta- 
tion av misstankta byggfel onskas utfors efter under- 
siikning enligt ovan en termografering frin vaggens 
insida av de vaggavsnitt som konstaterats inneMlla 
misstankta fel. 

Xven inomhusmatningen paborjas med panorering. 
Stall in kamerans matomr9de d att vaggens morma- 
lab yttemperatur motsvarar gratonsskalans hogre om- 
ride och de lagsta temperaturerna p2 vaggen (gallan- 
de t.ex. hornpartier och eventueua byafel)  motsva- 
rar gratonsskalans Iagre ornride. Patraffas vaggavsnitt 
rned misstankta byggfel avfotograferas varmebilden 
p i  oscilloskopskZrmen. Fotograferingen omfattar en 
ugritonsbildu och rninst en isotermbild. Isotermer 
forlags darvid dels p i  vaggens intakta del, dels pa 
felpartiets ligsta temperatur eller pA temperatur for 
karakteristiskt viggavsnitt. Ar n3got vaggparti av d r -  
skiid betydelse kan viggpartiets htla ternperaturfor- 
delning iiterges med fargtermogram. 

For bestiimning av absolut temperaturfordelning 
hos termogrammen kan en referenstemperatur p i  

P 

TAB. 3. Emissivities o f  the surface materials examined - 
within the wavelength range 2-5.6 pm. 

Surface material Emissivity 

Fibre board (porous), untreated 0.85 
Fibre board (hard), untreated 0.85 
Plywood, untreated 0.83 
Redwood (wrought), untreated 0.83 
Redwood (unwrought). untreated 0.84 

Plasterboard. untreated 0.90 
Chipboard, untreated 0.90 
Filler, white 0.88 
Oil paint. grey f lat  0.97 
Oil paint, grey gloss 0.96 

Oil paint, black flat 
Oil paint, black gloss 
Plastic paint, white 
Plastic paint, black 
Varnish, f lat 

Wallpaper [slight pattern). light grey 0.85 
Wallpaper (slight pattern), red 0.90 
Plastic paper, white 0.84 
Plastic paper, red 0.94 
Hessian fabric. uncoloured 0.87 

Hessian fabric, green 
Facing bricks, red 
Facing bricks. yellow 
Rendering. grey 

The tabulated values have been determined wi th  an 
accuracy o f  5 3 %. 

ing of the wall. The drops in temperature and pres- 
sure prevailing at the time of measurement are noted 
for the wall to be subjected to thermography. The 
corresponding )expected)) thennogram is selected 
from Appendices 1-54 for the test walls. If the walls 

. in question have a construction different from the 
four typical walls represented in the Appendices, or 
if the emissivities of the walls under study are appre- 
ciably different from the emissivieies of these walls, 
an assessment must be made of the appearance of 
the expected thennograms. 

Before work is started, weather data such as air 
temperature, cloudiness, precipitation, wind direc- 
tion. wind velocity, and also the geographical orien- 
tation of the walls being studied, must be recorded. 

5.33 Procedure during thermography 
Adjust the camera according to the maker's instruc- 
tions. During thermography of buildings of several 
srwies, preliminary measurements should be carried 
out from the outside of the wall, if weather condi- 
tions permit, in order to locate quickly any building 
defects which there may be in the external wall. En- 
deavours should be made in the case of outdoor 
measurements to ensure that weather conditions are 
ideal (see above). The effect of the sun can be elimj- 
nated by taking readings during the night, but ther- 
mography of walls which have been subjected to di- 
rect sunlight during the day should be avoided. The 
measurements should be taken by panning the cam- 
era, which means that the wall surface as a whole is 
photographed from one or perhaps two positions by 
turning the camera. The positions of any suspected 
defects should be noted on the drawing of the wall. 
If space around the object of measurement permits, 
the camera may be set up so that the whole surface 



vaggen bestSmmas antingen medelst kontakttermo- 
meter eller siirskild referensstralare rned kind tempe- 
ratur och emissionstal. (Bade AB AGA och AB Bo- 
fors tillverkar sldana referensstdlare.) Berakning av 
temperaturskiUnad utfors i enlighet rned exemplet i 
avsnitt 2.3, varvid ifdgavaraxide kameras kalibrerings- 
k u ~ a  (se FIG. 6 )  och emissionstalet for det aktuella 
byggnadsmaterialet utviiljs ur TAB. 3 enligt avsnitt 
2.4. Observers att om matobjektets yta samrnansiitts 
av flera ytmaterial (t.ex. tapet och tegel) skall va j e  
uppmatt yttemperatur tillordnas motsvarande till- 
Ihpl ig t  emissionstal. 

De dlunda framstiillda termogrammen (fotografier- 
na) av misstankta byggfel jamfors summariskt rned 
forvantade temperaturfordelning for ifragavarande 
vaggtyp och Mirnatfall. Typtermogram enligt bilagor- 
na 1-54 anvands for detta. Vid jamforelsen bedoms 
de faktorer som pilverkar varmeovergilngskoefficien- 
ten (a-vardet) vid vaggen genom orienterande u p p  
matning av luftstromningsforhilllanden i rummet 
medelst varmtr&dsanemometer'och bedomning av 
varmestrihingsforhallanden. Finns anledning att 
misstanka storre skillnad mellan a-vardet i det aktu- 
ella matfallet och det a-vkde som legat till grund for 
framstdhingen av typtermogrammet noteras detta. 

Kan de misstankta byggfelen inte forklaras rned 
konstruktionens utforande enligt ritning, variationer 
hos emissionstal eller a-varde, konstateras att sanno- 
lik awikelse foreligger fran onskat utforande. Felets 
art bestams genom jamforelse rned typtermograrn 
over vanliga byggfel (BIL. 1-54). Tyder termogram- 
mens utseende pA luftlackage genom vaggen k m  Eel- 
typen bekraftas genom lufthastighetsmatning me- 
delst varmtr8dsanemometer. Det ar tillfyllest rned 
endast kvalitativ matning i detta fall eftersom det 
uppmatta matvardet and& blir mycket osakert p i  
grund av ogynnsamma mitbetingelser. Tyder termo- 
grammens utseende p& isolerfel (varmelackage) kan 
man, dar detta ar mojligt, aven utfora kvantitativ be- 
stamning av varmemotstAndsfordehing p& det for- 
modat felaktiga vaggavsnittet med hjalp av vanneflo- 
desma tare. 

Vid undersokning av smrihus utfors termografering 
med fordel uteslutande inornhus. Arbetsproceduren 
blir densamma som angivits ovan. 

Rapporten frAn en termografering skall innehilla 
foljande punkter: 

1.  Husets orientering i forh9llande till ~Sderstrecken. 

2. Vaderdata under 4-5 dygn fore termograferingen 
och vid termograferingit dlfalle t. '. 

3. ~no&ustem~eratur och lufttemperaturfall over 
prowaggen. 

4. Tryckfall over prowaggen. 

5. Typ av ytmaterial hos prowaggen. 

6. Eventuellt anges varmeflode och temperaturfall 
over provvaggen for olika vfggpartier. 

7. Termogram av vaggpartier som innehiller miss- 
tinkta fel. 

of the wall is seen at the same time, although it must 
be borne in mind that this will cause a decrease in 
the resolution capacity of the camera, with the re- 
sult that certain smaller building defects may remain 
undetected. If it is required that suspected building 
defects should be documented in a more certain 
manner, the examination outlined above should be 
followed by thermography from the inside of the 
wall of those parts of thb wall in which it is suspect- . 
ed that there are defects. 

Indoor measurements should also be started by 
panning the camera. Adjust the measuring range of 
the camera so that the ))norm&) surface temperature 
of the wall corresponds to the higher range of the 
grey scale and the lowest temperatures on the wall 
(those applicable to e.g. corners and building defects) 
to the lower range of the grey scale. If a wall section 
with a suspected building defect is found, a photo- 
graph is taken of the thermal image shown on the 
screen of the oscilloscope. Photographs should be 
taken of one monochrome image and at least one 
isotherm image. The isotherms should be imposed 
partly over the intact portion of the wall and partly 
on the lowest temperature of the portion containing 
the defect, or on the temperature of a characteristic 
section of the wall. If some portion of the wall is of 
particular importance, the temperature distribution 
of the whole wall section may be illustrated by 
means of a colour thermogram. 

If the absolute temperature distribution of the ther- 
mogram is to be determined, a reference temperature 
on the wall can be determined either by means of a 
contact thermometer or a special reference emitter 
of known temperature and emissivity. (Both AB 
AGA and AB Bofors manufacture such reference 
emitters.) Calculation of the temperature difference 
is done in accordance with the example in Section 
2.3, the calibration curve of the camera i s  question 
(see FIG. 6) and the emissivity of the appropriate 
building material being selected from TAB. 3 in Sec- 
tion 2.4. Note that if the surface of the object of 
measurement is composed of a number of materials 
(e.g. wallpaper and brick) every surface temperature 
which is measured must be related to the correspond- 
ing applicable value of the emissivity. 

The thermograms (photographs) of suspected build- 
ing defects produced in this way are briefly compar- 
ed with the expected temperature distributions for 
the type of wall and climatic condition in question. 
The typical thermograms in Appendices 1-54 are to 
be used for this purpose. During the comparison, the 
factors which affect the surface coefficient of heat 
transfer (the value of a )  at the wall are assessed by 
means of background measurements of the air flow 
conditions in the room with a hot-wire anemometer 
and assessments of thermal radiation conditions. If 
there is reason to suspect that there is a major differ- 
ence between the value of a in the case being consid- 
ered and the value of a on which production of a 
typical thermogram was based, a note is to be made 
to this effect. 

If the suspected building defect cannot be explain- 
ed on the basis of the construction of the structure 



FIG. 26. Tranmisionskur- 
va far straining genom f i jn-  
sterglas. 

Transmission curvs for r b  
diation through window 
glass. 

5.34 Glas- och metallytor . . . ' 

Yttemperaturmatning pil blanka metall- och glasytor 
medfor Grskilda matproblem. Betraffande matning 
pil glas kan anforas foljande. Som fram@r av FIG. 26 
ar fonsterglas transparent for stdlning inom vig-. .. '. 
langdsomradet 0-5 pm, Wolfe ( 1965). Glaset genom- 
slapper dledes straining aven inom en del av IR-ka- . 
merans kanslighetsomrade (2-5,6 pm). Utfors ter- 
mografering av fonster pA vanligt s;itt kornmer ter- 
mogrammet darfor att innehillla genom glaset trans- 
mitterad varmestralning. Man mater inte endast glas- 
ytans temperatur utan aven temperaturen for bak- 
omliggande foremal. Matproblemet loses lampligen 
genom inforande av stdlningsfilter p i  kameran som 
avskarmar infallande straining k o m  ~Aglangdsornd- 
det 0-5 pm. Kameratillverkaren levererar erforderlig 
utrustning. 

Matning av yttemperaturen for blanka metallytor 
erbjuder ett marlosbart matproblem. Emissionstalet 
for blank metall ar namligen SA lggt, ca 0,1, att storre 
delen av den straining som avges fran ytan utgor re- 
flekterad strglning fran omgivningen. I princip kan 
IR-kamera icke anvandas for d e ~ a  matuppgift utan 
att matobjektets emissionstal okas. Detta kan ske 
forslagsvis genom anbringande av en for strilningen 
opak, tunn plastfilm med hogt emissionstal pa mat- 
objektets yta. 

5.35 Metodens tillfiirlitlighet 
Matresultaten frin ett termograferingsarbete avses 
b1.a. kunna anvandas som bevimaterial vid tvister. 
Det ar darfor av grundlaggande intresse att klarlagga 
risken for dels att vasentliga byggfel forblir oupp- 
tackta vid underdkningen, dels att de medelst term@ 
grafering lokaliserade misstankta byggfelen vid u p p  ' 
rivning i sjdva verket icke visar sig vara byggfel ())ha- 
sibyggfeb). 

Det har tidigare framhallits att visa mindre isoler- 
fel ej k m  upptackas om tillgan&g temperaturgradi- 
ent genom vaggen ar for liten. Exempel p5 minsta re- 

% Transmission I Transmission 

1 2 3 4 5 6 
\d3glangrJ I Wavelength, X (p) 

according to the drawings, variations in emissivity o r  
the value of a, it is evident that the discrepancy is  
probably due to  a difference in construction. The 
type of defect is determined by comparison with ty- 
pical thermograms for common building defects in 
Appendices 1-54. If the appearance of the thenno- 
gram indicates leakage of air through the wall, this 
type of defect can be confirmed by air flow meas- 
urement with a hot-wire anemometer. Qualitative 
measurement alone is sufficient in this case since the 
readings obtained will in any case be uncertain due 
to  unfavourable measuring conditions. If the appear- 
ance of the thermogram indicates a defect in insula- 
tion (leakage of heat), it is also possible, if this is 
feasible, t o  carry out a quantitative determination of 
the distribution of thermal resistance on the section 
of wall containing the supposed defect with the aid 
of heat flow meters. 
When single-family dwellings are investigated, i t  is 

best if thermography is performed only indoors. The 
operating procedure is the same as that described 
above. 

A report of a thermography examination must in- 
clude the following: 

1. Geographical orientation of the building 

2. Weather data for the period beginning 4-5 days 
prior to  measurements and during measurements 

3. The indoor temperature and the drop in air tem- 
perature across the wall tested 

4. Pressure drop across the wall tested 

5. The type of surface material in the wall tested 

6. If necessary, the heat flow and temperature drop 
-- across the wall tested are to be quoted for differ- '- 

ent sections of the wall 

7. Thermograms of sections of the wall containing 
suspected defects. - 

5.34 Surfaces of glass and metal 
Measurements of surface temperature on glass and 
shiny metal surfaces entail special problems The fol- 
lowing may be stated with regard to measurements 
on glass. As will be seen from FIG. 26, window glass 
is transparent to  radiation within the wavelength 
range 0-5 pm, Wolfe (1965). Glass therefore also 
transmits radiation within part of the sensitivity 
range (2-5.6 pm) of an IR-camera If thermography 
is therefore carried out in the usual manner, the ther- 
mogram of a window will contain thermal radiation 
transmitted through the glass, and the temperature 
measured will be not only that of the glass surface 
but also that of objects behind the glass surface. This 
problem of measurement is best solved by fitting a 
radiation filter to the camera which screens incident 
radiation within the wavelength range 0-5 pm- The 
camera manufacturer supplies the necessary equip 
ment. 

The problems involved in measuring the surface 
temperature of shiny nzetol mrfoces are difficult to 

solve, since the emissivity of shiny metal is so low. 
about 0.1, that most of the radiation emitted by the 



duktion av vaggens varmemotstand som ej kan u p p  
tiickas med temografering anges i FIG. 13. Nar det 
galler otatheter for luftstromning ar risken mycket 
liten for att felen blir oupptackta. Xven vid tempera- 
turgradienter under lo°C over prowaggen erhAllsvid 
undertryck p& vaggens varma sida tillriicklig nedkyl- 
ning av vaggytan for att IR-kameran skall kunna indi- 
kera felet. 

Risken for faststallande av ))kvasibyggfeb av typen 
isolerfel foreligger teoretiskt i foljande fall: 

1. Termografering utfors utan att termisk j h v i k t  in- 
vantats. 

2. VarmeovergAngskoefficienten (a-vardet) p i  prov- 
vaggytan varierar SA att temperaturvariationer pA 
ytan erhilles. 

3. Emissionstalet p i  vaggytan varierar SA att skenba- 
ra tem~eraturvariationer D% vtan erhilles. 

surface is reflected radiation from surrounding ob- 
jects In principle, an IR-camera cannot be used for 
such measurements without the emissivity of the ob- 
ject of measurement being increased. This can be 
done for instance by fitting over the surface of the 
object of measurement a thin film of plastic of high 
emissivity which is opaque to the radiation. 

5.35 The reliability of the method 
It is intended that one of the purposes for which it 
should be possible to use the measurement results 
from a thermographic examination will be as evi- 
dence in cases of dispute. It is therefore of funda- 
mental interest that it should be quite clear what the 
risks are that essential building defects W& remain 
undetected during an investigation and that suspect- 
ed building defects which are located by means of 
thennography will be found, when the structure is 

AV de n h n d a  felorsakema kan endast a-vardets in- 
verkan i princip medfora sv%righ.eter eftersom w a r -  
desfordelningen p i  matobjektets yta oftast ej ar 
kiind vid termograferingen. Man kan dock av termo- 
grammens utseende oftast sluta sig till om risk f ims 
att a-vardet piverkar temperaturfordelningen. Har de 
morka partierna oregelbunden form och tamligen 
distinkta konturer ar det oftast frigan om isolerfel 
eller koldbryggor (se BIL. 17, 18 och 19). Endast i 
de fall dar overgingen mellan ljusare och morkare 
partier p% termogrammet ar diffus behover inverkan 
av a-vardesvariationen befaras. I en kommande un- 
dersokning skall narmare klarlaggas vilka feltolknings- 
mojligheter som a-vardedndringar kan medfora. 

Risken for nkvasibyggfeb av typen otatheter i vag- 
gar ar i det narmaste obefintlig. Omfattande under- 
sijkningar av Svenska Riksbyggen (ca 4 000 term@ 
gram av bostadshus har tagits) har visat dels att ca 
85 % av forekommande byggfel utgor otathetsfel, 
dels att i samtliga fall dar byggfel har misstankts p i  
termogrammen fel o c k a  har konstaterats vid uppriv- 
ning av vaggarna, AxCn (1968). 

Sammanfattningsvis kan dgas foljande: 

Misstankta byggfel av typen luftlackage genom otata 
fogar och fel av typen kombination av luftlackage 
och ))rent)) isolerfel kan med tillracklig dkerhet veri- 
fieras, drskilt nar undertryck istadkommes i rum- 
met. Byggfel av typen otitlracklig isolering kraver 
storre omsorg vid planering och genomforande av 
termograferingen. Iakttages ovan angivna regler och 
tillampas jamforelse med ))f?rvantade)) termograrn 
kan meto$en dgas vara titlforlitlig vid faststallande 
av grova isolerfel. Dar mindre awikelser frin forvan- 
tade bilder konstateras rekommenderas varmeflodes- 
matning p i  de kritiska vaggavsnitten innan byggfelet 
faststalls. Allmant kan sagas att under tennografe- 
ringsarbetets forsta skede bor varmeflodesmatning 
p i  platsen tillgripas oftare for att samla erfarenheter. 
Anvandning av denna hjalpmetod kan sedan succes- 
sivt begransas till allt mer diskutabla fall. 

opened up, to be not building defects but quasi- 
building defects). 

It has been pointed out before that certain minor 
defects in insulation cannot be detected if the avail- 
able temperature gradient across the wall is too small. 
Examples of the least reduction in the thermal resist- 
ance of a wall which cannot be detected by meansof 
thermography are given in FIG. 13. With regard to 
points of leakage which allow the flow of air, the 
risk that the defect will not be found is very small. 
Even when the temperature gradient across the wall 
tested is less than IO"C, the warm side of the wall, 
if it is at a lower pressure than the cold side, is cool- 
ed down sufficiently for the IR-camera to be able to 
indicate the presence of the defect. 
There is a theoretical risk that a quasi-building de- 

fect)) of the insulation defect type will be found in 
the following cases: 

1. When thermography is carried out without ther- 
mal equilibrium being established " 

2. When the surface coefficient of heat transfer (a) 
over the surface of the wall tested varies so that 
there are variations in temperature over the sur- 
face 

3. When the emissivity varies over the surface of the 
wall so that apparent variations in temperature 
are obtained over the surface. 

Of the above sources of error, it is in principle only 
the effect of a which may cause difficulties since the 
distribution of the value of a over the surface of the 
object of measurement is very often not known 
when the thermographic examination is performed. 
It is however usually possible to decide on the basis 
of the appearance of the thermogram whether there 
is any risk of the value of a affecting the temperature 
distribution. If the dark places have an irregular 
shape and fairly distinct contours, it is usually amat- i 
ter of a defect in insulation or a thermal bridge (see 1 
Appendices 17, 18 and 19). It is only when the j 

transition between light and dark places on the ther- 
mogram is indistinct that there is any need to sus- 
pect an effect due to variation in the value of a. An 
investigation being planned will elucidate in greater 
detail what are the possibilities of erroneous inter- 

l 1 



pretation due to alterations in the value of a. - 
There is practically no risk that quasi-building de- 

fects, will be found due to leakage of air through 
walls. Comprehensive investigations carried out by 
the Co-operative Building Organization of the Swed- 
ish Trade Unions, in which about 4000 thennograms 
of residential buildings were taken, have shown that 
about 85 % of, all building defects found are of this 
nature and also that in all cases where a building de- 
fect was suspected on the basis of the thermogram, - 
such a defect was actually found when the wall in - 
question was opened up, Axdn (1968). 

Summing up, the following may be said: 

Suspected building defects of the type where there is 
leakage of air through joints and defects of the type 
where there is a leakage of air in combination with a 
))pure)> defect in insulation can be versed with suffi- 
cient reliability, especially when the pressure in the 
room is lower than that outside. Building defects of 
the type where insulation is insufficient necessitate 
greater care in planning and performing the tliermo- 
graphic examination. If the above rules are observed 
and a comparison is made with expected thermo- 
grams, the method may be said to be reliable for the 
location of major defects in insulation Where there 
are minor deviations from the expected conflgura 
tion, it is recommended that heat flow measurement 
should be carried out over the criticaI sections of 
the wall before the building defect is frnally confm- 
ed. In general, it may be said that heat flow meas- 
urements in situ should be carried out often during 
the introductory stage of thermographic work in 
order to acquire experience, while at a later stage 
the use of this aid can be gradually confined to cases 
of a more.doubtfu1 nature. 



6 Exempel p& bedSmdng av B Examples of asessments of 
b ~ g g f e l  b ~ l d i n g  defects . 

-- FIG. 27. UppstaSlning m 
krnerautrustning vid Per- 
~nografering av viiggparti vid 

-a takhosn. Terrnograrnmt 
Bterges ovan pB bildskasmen. - 
Str ing up of camera equip- 
m n a  in rhermography of " ' part of the wall at the cor- 
ner of she ceiiing. The rher- 

- m g r a m  is reproduced a b v e  
on the screen. 

Som exempel p5 hur en byggkontxoll rnedelse termo- 
grafering sker i Tale redogors nedan for .tv& kokre ta  
f d :  

Vid panorering over ett vaggavsnitt upptacks elt yt- 
Wti dar byggfel kan foreligga. Kmeran riktas mot 
derta vaggparti ock ett tennogram tas (se FIG. 27). 

B 

6.1 Rocedure for the - w e n t  of a ther- 
m s g m  obtained during measurements 
in situ 

Two actual cases wiU be described below to provide 
examples of how a building h checked in situ by 
means of thermography. /' 

When the camera is panned over a section of a wall, 
a section is found which may contain a building de- 
fect. The camera is directed towards this section of 
the wall and a thermogram is taken (see FIG. 27). 



ladding panel containing 
mm thick, with a skin of 
and plasterboard on the 

inside consists of a Light- 
. According to TAB. 3, 

- - " * 
- -- 



a. Ihermogray taken during field measurements on mi-t of a wall near the corner. A well-definecl rec- 
tangular cold area is shown in the middle of the thermgram ~monochrom imaw to the left. thermc 

b. Typical thermogra cla 1 with correct design, see 
Bhermog-ams 81 4, 

mi(8 B fiir r w k h  811 3 m d  in&@a fe8. W termogans 81-3, BIL. 19. 
Den ner&l& sektangulZra yten ovaofiir v?mstra hehan W fdnsrset t omkad aar fel nr 7 anti@ FIG. 22. 

Typical t h m q r m s  of wail a a i o n  E3 far frame% cldding p a d  No* 1 with delibrate faults, thwmap- 
grams B"1-3, APP. 19. The cold r e c t a n w l ~  area a- the left b8rl of the window is due to fault No. 7 
~ c o r d i q  to FIG. 22. 



b. T ~ ~ t o r m g r a m  W v h s n i n  C f6r regetv- nr 1 (feifri konbruktioo),se t e r m a m  C1-4 BIL- 6. 
b. TNJic;7! thorrnograms of m!! e t i o n  C for framd claddirq panel No. 1 { c o o r e  b i a n b  t h e m  
DrJma C1 -4, APP. 6. 

c' 'Wicd f h f ~ a ~  of wdB C for framd c f a d i w  ~ S I I Q B  No. 1 with h l i b c a t e  fm!@~ 
' h r w s a w  Cg-3, APP. 19, T b  e t i o n  w w  rki~tinql b a r d  is c o l e r  c9w to leak+%@ of ak 

th@ tart wall ad the f t m .  n~7na =map& contour a o m t  km mfl k m  air f'w 

W is d t g h ~  and ir un8Porrnly distribuQd along t k  @Q. 



c. Cold sections in the roof. The defect is faulw insulation with the bottom member, combined with leakas of air at 
around the roof truss. Cold air spreads ~ ~ e n  the joists. the iunction wirh the floor. Air velocitv measured at  the 
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gor / Appendices 

Catalogue of typical thermograms 

1 - 24 Regelvagg nr 1 /Framed cladding panel No. 1 

25 - 30 Regelvagg nr 2 /  Framed cladding panel No. 2 

3 1 - 42 Sandwichvigg / Sandwich wall unit 

43 - 56 Lattbetongvagg / Light concrete wall 



Rqelvagg nr 1 / Framed cladding panel No. 1 
1 -Felfri Pans&uktioo / Conect design 
! 

7 120 mm mineralull l Mineral wool 

iemperatur~killnad (inne - ute) / 
Difference in temperature (indoors - outdoors): ri - tu = 1 1'C 

a 

1 Tryckskillnad (inne - ute) / 
j Difference in preassure (indoors - outdoors): pi - p, = 0 N/mZ 

Bl lAGA I APPENDIX 1 

A4, 84, C4, D4 
vitlwhite 
gullyellow 
rijd/red 
violett/purple 
Ijusgr6nllight green 
morkgrdn/dark green 
Ijusbl4llight blue 
rniirkbl41dark blue 



z R g ~ e l v % a  EE f / Fmmd cladding pnnel Na, f 
' ~e l fd  I Lam-tiion / Gomeet d e d p  

Tempa?ratunkillnad (inm - urn) I 
9iHemnca in temperature (indoors - outdoors): ti - tu I t°C 

l 
~Tr~ckskil lnd (inne - 
niwam- in nmamre (indoors - outdoorrr): p; - p,, a +50 M/ma 

M, 84. U, 04 
vidwhitr 
~I lye l l ow  
rM1red 
violdpurple 
IjusgrcinAight gmn 
m6rkgrdnldark g m  
IjuJbli/light blue 
r&rkbla/derk blue 





" R % e l v % ~  m 8 1 I m m d  draddng pmel No, 1 
- FeiM kommkGon Camwt dmia 



RaelrPg% nr 1 / Frmed elad&g p m 8  No. 1 
Felfsi konstnui%dsn / Correct desiw 

120 mm mineralull / Minorat ~1 

~ ~ ~ ~ r a t u n k i l l n a d  (inne - U@) / 
QiffereniX in temperature (indoors - O M ~ ~ O O ~ :  ti - Q 

Tryckskillnd (inn@ - U@) 1 
Difference in preawm (indoors- curdcon): Pi - P" " +50 N/ma 



- tqelsf  m l: 1 /mm& c h d h g  pme1 No, 1 
"-'eIM kommkdon / Comeet dmI@ 

A4.84, W, 04 
wiPIwhi%@ 20.7 - 22.0" C 
gullyellow 19.1 - 20.6"C 
rcidlred 17.4 - B9.0°C 
violerP/purplr 15.9 - 19.3'6 
Ijusgradlight green 13.8 - 1 5.BoC 
rnarkgrciddark green 'B 'B .Q - 13.7"C 
ljusbla/ligh% blue 9.9 - ;8 1.8"C 
miirkblaldark blue 7.8 - 9.8-C 



- RegelvPgg m l / Framed elad&g pawg No. 1 
I;elM kassW@oan / C o ~ w t  desEw 



ael,gg nr 3 cdad&ng pane8 No, 1 eamoA I ~ E N O I X  g 

-- cud k o m M ~ @ @  J Comect dmiw 1 
l0 

M, BC W* 84 
vidwhits 18.8-21.3"C 

mm minmlull Miwml WOO! ~ l l y e l l w  38.2 - 1 9 . 7 ~ ~  
aid 16.5 - 1B.loC 

Tem~ratuoBti1IM (inn@ T up@$ vislel-P/purpIe 14.8 - 16.CC 
. w ~ e ~ n a  in & r n p f a e u r ~  [ indega - ~astdwn): ti - t, E 48°C Ijugr5qlighc g w ~ a  12.9 -- 14.7"C 

rPMirkgr6ddarak gswn 10.9 - 12.EIW%: 

ckakill& (Inne - u t d  I l]u&lUlight blaeca 8.8 - 1 Q.8"C 

i%li&enuw iin preawre (in&ors - outdoon): pi - pu 0 i"A/m3 d r k b l Q l d a r k  blue 6.6 - 8.7"C 



82 lax -; 3.7"C 



RqelvZa m 2 1 /mm& cladang pand Na, 1 
~ e l f d  k k ~ m m d ~ n  / C~mmf dw#@ 

1Xl mm mioemfu81/ Uinomstl wool 

M, 84.08.04 
yidwhite 
@!lyel lw 
redid 
violetl/pu~l@ 
!jusg(iin/light gmn 
miirkgrBdclark grew 
iljusblUligRt blue 
m6rkblUdark blur 





1a mm mimmlull/ Mimml wool 
E l d i s t w  mad sffekm 300 W inkopplac 

dcillnad (inm - ute) 1 
in emperaturn (indoors - out 

Di ' f feem in peassum (indoon - ourdol 

I I Electric radiator of 306) W raring wit1 

doors): t i -%,=4IoC 

oml: pi - pu = 0 NIm" 

C1 rnitornddelmeasuring range 10 h 
7 

C2 rnatornr2de/rneasuring range 20 



RqelvHgg mn 1 I Pram& dadding panel No, 1 
agocnswgon m& Sbyggda fel / I e s i p  d t h  deLlberate %ad& 

120 mm mineralull / Mineral wool 

~~mperaturskillnad (inm - urn) / 
Difference in temperature (indoors - outdoors): ti - k = T 9°C 

Tryckskillnad (inne - U@) / 
Difference in preassum (indoors - outdoors): pi - pu " 0 N/m" 



RegeIvggg nr f / Framed cladwg panel No. 1 
Konstruktion med inbyggda fel / D e i p  d t h  deliberate fad& 

' 

120 mm minaralull I Mineral wool 

Temperatunkii:aad (inne - ut%) I 
Difference in temperature (indoon - outdoon): ti - tu " l l o C  

Tiyekskillnad (inne - ute) / 
Difference in preassure (indoon - outdoon): Pi - Pu " '50 



~ ~ ~ l ~ c l r i g g  m 1 / Fmmd cladding pmel No. I 
ganr&tian med iobyggda f& I D@i@ with delibersb fad& 



ino - uwpu!) urue~adrua U! e a u c u a ~ ! ~  
/ (aan - wu!) W I I ! Y Q I U B J ~ w a ~  b 



120 mm mineralull / Mineral wool 

(inne - ute) / 
Difference in temperature (indoors - outdoom): ti - = 26°C 

Tryckskillnad (inne - uk?) / 
Difference in preassure (indoom - outdoon): pi - p, = 0 N/ml 



I ~ e $ v g a  m B / Fmmd cladding p a d  No, 1 
KanriQukdosr nod h b y g g d ~  fd I D&@ d a b  deliberate Bad& 

20 mm mimmiull I Mineral -- 
Temperaturokillnad linw -U%@ l I 

ifieenm in temperature (indoors - ourdoors): ti - P, E 2c0@ 

- hryckskil lnd (inn@ - uW 1 1 
DiNeence in preassure (indoors - outdo0i3): Pi - pu +50 Nlma 



Reelvlgg nr 1 / Framed eladdiog panel No. l 
1 gonstruktion m& inbyggda fe l l  Design with deliberate faults 

220 mm mineralull/ Mineral woof 

Temperstumkillnad (inn8 - U%?) / 
7 ~tfferenoa in temperature ( indwn - outdwm): g -h = 2 6 C  

.r.--A Tryckskillnad tinme - ute) l 
Difference in preassum (indoon - outdoon): pi - p, -50 N/mz 



120 mm mimralull/ Minemi wool 

Tempramnkilln& (inm - ute) / 

1 Differena in temperature (indoon - outdoors): ti - tu = 26°C 





g panel No. 3 
Design w l a  ddeEberate fainl& 

- outdoors): ti - t, = 41°C 

pi - p, +50 N/mz 



RegeOviia rolr B I Framd cliadang pmel No. 1 
Ksns&&don m& hbyggda fern I Dsigas d l h  deEberaCe fad& . 

4 
1- 4 720 rmv~ rnimlul l  I Minenl wool 



P ~ ~ ~ v H ~  1 / FramJ clnddiag pmel No, I 
CamMdoo m& hbyggda fe1 1 Desim with deliberate fadts 

-- I ' 0  mm mineralull/ Mineral WOO! 

-S%r\gehkillnd (inna - ute) / 
Diffeenm in *reassure (indoors - outdoon): Pi - P, = -400 Nlm' 

"S D1 D2 A t  = 27 2°C D3 it = t l S'C 



Regelvlgg m 2 / Framed cladding pmel No. 2 
Felfrf ksmtrukaan / Correct d d g n  

100 mm mineraluil och 39 mm @llplast I 
1133 mm mineral w w l  and 30 mm cellular plastic 

Temparatunkilld (inne - ute) / 
1 Differern in a m p r a m  (indoors - outdoors): ti - = 26°C 

2 inne - ute) I 
reassure (inclcars - outdoom): pi - pu 0 Mlm2 



tqelvfgg m 2 / F r m d  cladding panel No. 2 
Yelfri: konstruktion / Correct d m i p  

M mm mineralull och 30 mm cellplant 1 
NI mm mineral wool and 30 mm cellular plastic 

~mperatunkillnad (inna - ute) I 
ifference in temperature (indoon - 0 ~ t d 0 0 d :  ti - 5 2e°C 

ryckskillnad (inne - ute / 
ifference in preassvre (indoors - outdoon): pi - pu = +50 Nlm2 

BllAGA I APPENDIX 26 

A4.84, C4, D4 
vmdwhite 
gullyellow 
rixllred 
violett/purp!e 
Ijusgronllight green 
drkgrijnldark green 
!jusbl&llight blue 
rncjrkblaldark blue 



~ ~ m ~ r a t u n k i l ! m d  (inn@ - ut@ ) f 
Q i f f a r e n ~  in tempraam (indoors - ou"td0~): tj - h 2@C 



I W ~ e I v i i s  nr 2 / Framed e l a d ~ n g  panel No. 2 
l 

Koos(nrklion m& inbyggda fel / Design with delikrate fad& 

100 mm mineralull OCR 30 mm mllplad / 
1 l00 mm mineral wool and 30 mm cellular plastic 

Temperaturskillnad (inne - ute) I 
I Difference in temperature (indoors - outdoors): ri - tu = 26°C 

/ ~t.pckskillnad (inne - ute) / 
Difference in preassure (indoors - outdwrs): pi - pu = 0 N/m" 



fel / Design with dellberate fade 

- outdoors): ti - t" = 2GPC 
I 



0. 2 
with deliberate faults 

utdoon): t; - t,, = 2@C 





Tqckk i iBnd  {(inn@ - U&) BS 
Pifleuanm in pseamw (indmrs - outdooh): pi - p,, 0 N/ma 

AdL 84, CB, 04  
vi"twhite 18.7 - 20. i"a: 

37.3 - 'a8.8"C 
'25.7 - 97.2"c 
34.0- 15.8"C 

Ijusgr6nllight green 32.3 - 13.1)"~ 
mcirkgr6nIdark green 10.5 - 12.2"C 
!jusbl8/ligh& blue 8.8 - 10.4" C - - 

rk blue 6.8- 8.5"C 



Sandwfebr3gg ] Ssnd~tcb  WBU t d t  
Fclfri kons8~&6csxa / Camect design 

~~mperarumkillnad (inne - U E ~ )  
~ i ~ ~ ~ ~ m  in smperature {indooffi - outdoors): ti - t P 41°C 

Tpgckskillnd [inna - uie) i 
Differena in preassure (indoors - outdoon): Pi - pu " 0 Nlma 

A 4 , S 4 , ~ ,  D4 
viuwhite 17.1 - %0.0"1: 
gul/yellow 13.7 - 17.0aC 
rGd/rd 10.1 - 13.B°C 
violeZP/purplas 8.2 - lO.OeC 
ljusgrtin/light g m n  9.8 - 8.I0C 
miirkgrtin/dark green - 3.Q - I."i'°C 
Ijurbi8llighght blue - 8.2 --3.%"6 
miirkblg/dark hiue -%,5 ----9.I0C 



r Smd&chvga / Sandwich wa3i uSt ! Kaosmkaoo med inbyggda fel Deria with deliberate Bdtg 
1 1 s  1 1  

1 
m- 

Temperaturskillnad (inne - ute) I 
ni, Difference in temperature (indoors - outdoon): ti - tu = 11°C 

l 
I 

-_. i Tryckskillnad (inne - ute) I 

A1 A2 A t  = 4,1°C 

D1 D2 A t  = 5 O'C D3 O t  = 2.8" C 



Sandwichvagg / Sandwich wall unit 
Konstnrktion med inbyggda fel 1 Design with deliberate fa&& 

I Temperatunkillnad (inne - ute) / 

7 Differenw in temperature (indoors - outdoon): ti - 1" 11°C 

fryckskillnad (inne - ute) l 
Difference in preassure (indoors - outdoon): pi - pu = +50 ~ / m '  



Sandwich wall unit 
ed lnbyggda fel / Design with deliberate faults 

Temperaturskillnad (inne - ute) / 
Difference in temperatwe (indoors - outdoors): ti - t,, = 1 IoC 

outdoors): pi - p, = -50 N/m2 



esign &th deliberate faults 

- - 



ndwichviigg / Sandwich wait d.( 
lmtrvktion rned inbyggda fel / D e s i s  ~ 6 t h  ddiberate faults 

nperaturskillnad (inn@ - ute) / 
f e ~ n c e  in temperature (indoors - ~~ tdoors ) :  ti - Pu = 

(ckskillnad (inne - ute) I 
?erence in p r e a w e  (indoon - outdoon): Pi - Pu = ' S 0  



mperatunkillnad (inn% - I 
nerene in emperaturn (indoon - outdoors): ti - tu = 26 C 



SandwIchvagg / Sandwich wall 
Konshruktion med inbyggda fel 

r 

I 

Ternperatunkillnad (inne - ute) / 
Difference in temperature (indoors - 01 

Tryckskillnad (inne - ute) / 
Differenar in preassure (indoors - outd~ 

unit 
/ Design with deliberate faults 

BILAGA I APPENDIX 40 



sandwichvlgg / Sandwich wall unit BlLAGA I APPENDIX 41 

~onstruktion med inbyggda fel / Design with deliberate faults 

~~mperatunkillnad (inne - ute)/ 
Difference in temperature (indoors - outdoors): ti - tu = 41°C 

Tryckskillnad (inne - ute) / 
Difference in preassure (indoors - outdoors): pi - pu = +50 N/ma 



S d w i c h v g g g  / S a n d ~ c k  wall unit 
Konstmktion med inbyggda feI / Desigra d t h  delikrate fade 

Temperatunkillnad (inne - ure / 
Difference in temperature (indoors - ou 

Temperaturskillnad (inne - ute) / 
Differenca in temperature (indoors - OL 



Liittbetongvgigg I Lightweight concrete wall 
Felfri konstruktion / Correct design 

Temperatunkillnad (inne - ute) I 
Difference in temperature (indoon - outdoon): t i  - ' 11°C 

Tryckskillnad (inne - ute) 1 
Difference in preassure (indoors - outdoon): Pi - Pu ' 0 Nlm' 

A4,B4, C4, D4 
vitlwhite 
gullyellow 
rixllred 
violett/purpla 18.0 - 18.7"C 
Ijusgr8nllight green . 17.2 - 17.9'C 
drkgrbddark prarn 16.4 - 17.1°C 
IjusblUlight blue 15.5 - 16.3"C ' 

drkblaldark b l w  14.5 - 15.4'C 



Llghwefght concrete waE 
B / Correct de s ip  

I 

Ternperabrskillnad (inne - ute) / 

l 
Differenm in ternwratuiz (indoor$ - outdoors): ei - t; = 2 b C  

1 Tn/ckskillnad (inne - ute) / 
Differenm in preasurre (indoors - outdoors): pi - pu = 0 ~ l m '  

B I M G A  I AWENDix 

A4,84, M, D4 
vivwhite 19.6 - 21.I0C 
gullyellow 18.0 - 19.5"C 
rddlred 16.3 - 17.9" C 
violett/purple 14.5 - 16.2'C 
ljusgronlligh~ green 12.6 - I4.4"C 
mcirkgt6nldark green 10.6 - 4 2.5" C 
IjusblAllight blue 8.5 - 10.5" C 
rnijrkbleldark blue 6.3 - 8.4"C 



~ ~ ~ ~ r a t u n k i l l n a d  (inne - ute) I 
~ i f f ~ ~ ~ ~ c e  in temperature (indoors - outdoors): ti - tu = 41°C 

gryckskillnad (inn@ - ute) / 
nitferpnce in oreassure (indoon - outdoon): pj - Pu = 0 Nlma 

Ijusgr6tdlight green 11.0 - 12. 
rncirkgrijnldark green 8.9 - 10.9OC 

.7 - B.B°C 

.4 - 6.SC 





deliberate faults 



I Lightweight concrete wall 
nstruktion rned inbyggda fel 1 Design with deliberate faults 

peratunkillnad (inne - ute) / 
erence in temperature (indoon - outdoors): ti - t, = l lac 

preassure (indoors - oul 

BILAGA I APPENDIX 48 



t concrete wall 
yggda feI / Design with detikrate fad& 
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A1 Gratonsbild 12.5 x 12.5'. 
Nedkylt ytparti vid taWdrn (iwlerinqrfel, se 
FIG. 25 fsl nr 51. 
Det visada ytpartiet motsvarar den hEgra haC 
van av den fdrnorade gratonsbilden. 

A1 Morachrome image 12.5 X 12.5~. 
Section of lurfaca m cwnr of ceiling colder 
(fault in insulation, rea FIG. 25, fault No 5). 
The section of w r f w  shown is the same as 
the right-hand halt of the expanded m- 
chrome imaga. 

61 Gritonsbild 12.5 X 12.5'. 

Det v i d e  ytpaniet motwarar den vinnra 
halvan av &n fdrnorade gratonsbilden. 

61 Monochrome imqe 12.5 x 12.5'. 
Section of rbrfaca colder due to leak- of 
air (sue FIG. 25. fault No 6). 

C1 Gratunsbild 12.5 x 12.5'. En lanhtong 
Rav i mitten av bilden har en mdrkare griton 
(kallare). Dena baror pa an en del av batong 
naven ar bcmagen, se FIG. 25 fel nr 1. Avm 
limfogarna mellan betongstavarna framtraer 
wm mdrkare rander lkallare panier). D n  vi- 
sade ytpsniet motsvarar den mellersta delen 
av den fdrnorade gratonsbilden. 

C1 Monochrome image 12.5 x 12.5'. A light- 
weight concrete plank in the middle of the 
picture i s  a darker shads of grey (colder). This 
is due to pan of the plank having k e n  rsmov- 
ed, M FIG. 25. fault No 1. The glued joints 
between t h  planks also appear as darker 
n r i p  (colder wrtionsl. The soction of surf* 
a shown is the same a thc centre portion of 
the expanded moncchrom imags. 

D1 Gratonsbild 12.5 X 12.5~. 
Nsdkylt ytpani vid geivMrn (&l av Mrnsten 
bornagcn, se FIG. 25 f r l  nr 71. 
Det visada ytpartiet motwarar &n h w a  hat. 
van m den fdrstwade ~atonsbildun. 

D1 Monochrome image 12.5 x 12.5'. 
Section of wrfaos at mner  of flow colder 
(part of c o r m  M o d  remved, we FIG. 25, 
fault NO 7). The section of surface shown is 
t b  W m r  a t b  right.hand half of thr expand- 
sd monochrome image. 

A1 Gratcnsbild fdrstorad i horisontell led. 
25 X 12.5'. 

A1 Monochrome image expanded in the hori. 
zontal direction. 25 X 12.5'. 

B1 GrPtofsbild fdrstorad i horiwntell led. 
2 5 x  12.5 . 
61 Monochrome image expanded in the hori 
zontal direction. 25 X 12.5'. 

C1 Gratonsbild fdrstorad i horirontell led: 
25 X 12.5'. 

C1 Monochrome image expanded in the hori- 
zontal direction. 25 X 12.5'. 

D1 Grdtonsblld forstorad I hor~sontell kd 
25x125' 

Examples of thermgram taken 
with the BOFORS IRzarnera 
(compare with Appendix 54 ' 

which shorn themqrams of the 
* 

same surfaes taken with the AGA 
I R-camera). 
The BOFORS c a m  i s  equip ' 

ped with a funaion which rnaksr 
possible a dircct chaqe m e n  
two view angles, 125 X 12.5' 
and 25 x 12.5~. lb latter err 
abler exposures to be made of 
wrfafes with a larger horizontal 
dimension (see the smaller ther- 
mogram to tha left). 
Tha functions of tha AGA and - 

BOFORS cameraa am in pincipk 
, 

the rams There M m m  minor 
differems in the & i .  but 
thess do rat appreciably affect 
the appearance of the thermbgram. 

D1 Monochrome Image sxwnded in the h w ~ .  
zon:al CirNilon. 25 x 12.5". 



with deliberate faults 

n - outdoors): ti - t,, = 41°C 

n): pi - p, = -50 N/ml 

A1 Monochrome image 
Colder surface at the junction of 
wall and ceiling. The reason why 
this portion of the surface is colder 
is that there i s  a fault in insulation 
(see FIG. 25, fault No 5). 

Exempel pa ' 

tagna rned BOFO 

tl med term 

AD iwtermrnarkeringens Uge 
mitskalan. lsotermen kan 
Iage kan avlasas mera 

Example of the determination o 
temperature on the basis of ther 
BOFORS IR-carnera (compare with Appendix 54 which shows 
thermograms of the same surfaces 
camera). 

e temperature me 
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